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Vazené Ctenarky a ¢tendri ¢asopisu Tunel,

po uplynuti docela prijemného podzimu, ktery kromé préce a zdbavy jisté mnozi z vés vyuZili k ndvstévé nekteré z mnoha konanych odbornych
exkurzi nebo konferenci, dostavéte do rukou posledni leto$ni &islo Casopisu Tunel. Rovnym dilem se o néj podélily dvé spole€nosti, které jiz dlou-
hou dobu puisobi na vyznamnych tunelovych a geotechnickych stavbach u nds i v zahrani¢i a které nenf tieba nijak zv14st predstavovat.

Spolec¢nost Subterra a.s. slavi letos dokonce padesatiny a kromé prispévku o své historii pro vés pfipravila dva zajimavé ¢lanky o svych zahra-
ni¢nich zakdzkach — organizacné velmi naro¢né rekonstrukei Zelezni¢niho tunelu Alter Kaiser Wilhelm v Némecku a nelehké vystavbe nového dél-
ni¢niho tunelu Bancarevo v Srbsku. Treti ¢lnek zahrnuje informace o neddvno zahdjené razbé pruzkumné Stoly pro plénované tunely Radlické
radidly v Praze.

Spole¢nost ARCADIS CZ a. s. prichystala ¢lanek o geotechnickém dozoru a monitoringu Sudoméfického Zelezni¢niho tunelu, ktery je prave ve vystav-
bé, a dile novinky z vyzkumu tepelného namahéni hornin provadéném in-situ v prostordch podzemni laboratore Josef ve stfednich Cechach. Posledni
piispévek pojednavé o geotechnickém monitoringu délniéniho tunelu Sibenik na Slovensku a zpracovala ho deefind spolenost Geofos, s. 1. 0.

Na dalSich strankdch jiz tradiéné naleznete informace z podzemnich staveb a odbornych konferenci u nds i ve svété a také kratké ohlédnuti do
historie. Zajimavosti jsou aktuality ze slovenskych dalni¢nich tuneli. MoZnd mnohé prekvapi poet neddvno rozestavénych tuneli na Slovensku.
V Cechéch si zfejmé na takto &ily tuneldfsky ruch budeme muset néjaky ¢as pockat. Kvili nedostatku domdcich projekti byla v posledni dobé
fada naSich spole¢nosti nucena obratit svou pozornost také na zahrani¢nf trhy. Jejich pocindni jste mohli Casto sledovat také na naSich strankach.
Je pozitivni, Ze i pres mnoZstvi problému zpusobenych jazykovymi, technickymi nebo kulturnimi odli§nostmi GispéSné reprezentuji nai tuneldi-
skou tradici od Skandinévie az po Balkdn. Pfél bych jim, aby dostaly vice prileZitosti uplatnit své zkuSenosti ziskané v zahrani¢i také na domécich
stavbach.

Nejblizsi vyznamnou tuneldrskou udélosti u nds bude zahdjeni zhruba rok odklddané razby tunelu Ejpovice s prvnim vyuZitim moderniho
mechanizovaného tunelovani na Ceskych Zeleznicich. Jinak se jevi prvni polovina roku 2015 spiSe ve znameni ukoncovani nékolikaletych rozséh-
Iych projektu. Na jare by mélo dojit k dlouho ocekdvanému zprovoznéni Tunelového komplexu Blanka, ktery pomuZe 1épe zvlddat stdle nartsta-
jici automobilovou dopravu v Praze. Zahdjeni provozu na prodlouZeni trasy A prazského metra se Ctyfmi novymi stanicemi zase ulevi cestujicim.
Budme viak do nového roku optimisté a véfme, Ze i diky politickému zklidnénf po podzimnich volbach nastanou co nejdifve vhodné podminky
pro pripravu a realizaci velkych infrastrukturnich projekta zahrnujicich i tunelové stavby. ING. JAN KOREJCIK,

clen redakcni rady
Dear readers of TUNEL journal,

After the passage of the quite pleasant autumn, which many of you used, in addition to work and entertainment, for a visit to some of the nume-
rous technical excursions or conferences which were organised, you are getting into your hands the last this year’s issue of TUNEL journal. Two
companies, which have participated in important domestic and foreign tunnelling and geotechnical projects and which do not have to be especial-
ly introduced, shared its preparation equally.

Subterra a.s. this year even celebrates the fiftieth birthday and, apart from a paper on its history, has prepared two interesting papers on its fore-
ign contracts — the organisationally very complicated reconstruction of the Alter Kaiser Wilhelm tunnel in Germany and the difficult construction
of the new Bancarevo motorway tunnel in Serbia. The third paper contains information about the recently commenced excavation of an explora-
tory gallery for the planned tunnels on the Radlice Radial Road in Prague.

ARCADIS CZ a. s. has prepared a paper on the geotechnical surveillance and monitoring of the Sudomerice railway tunnel, which is currently
under construction, and new information about the research into the thermal stress of ground conducted in-situ in the spaces of the Josef underg-
round laboratory in Central Bohemia. The last paper deals with the geotechnical monitoring of the Sibenik motorway tunnel in Slovakia. It was
prepared by Geofos, s. 1. 0., its daughter company.

Other pages present, already traditionally, information about from domestic and foreign underground construction and technical conferences and
a short look back into history. An interesting point are current news from Slovak motorway tunnels, which may surprise many readers by the number
of recently started constructions of tunnels in Slovakia. In Bohemia, we will probably have to wait for a similar tunnel construction boom for some
time. Because of the lack of domestic projects, many of our companies were forced to turn their attention even to foreign markets. You could often fol-
low their activities also on our pages. It is a positive fact that, despite numerous problems caused by language, technical or cultural differences, they
successfully represent our tunnelling tradition from Scandinavia to the Balkans. I would like to wish them to get more opportunities for applying the
experience gained both abroad and on domestic construction projects.

The nearest important tunnel construction event in the Czech Republic will be the approximately the one year postponed commencement of dri-
ving the Ejpovice tunnel using a modern mechanised tunnelling method on Czech railways. In other respects, the first half of 2015 appears to be
rather in the sign of finishing several years lasting extensive projects. The opening of the Blanka complex of tunnels to traffic is expected to take
place in the spring. It will help to better cope with the permanently growing vehicular traffic in Prague. The putting of the extension of the Prague
metro Line A comprising four new stations will relieve the problems of passengers. Nevertheless, let us be optimists in the new year and believe
that conditions suitable for the planning and realisation of large infrastructural projects comprising even tunnel structures will come about even
thanks to the political calming down after the autumn elections. ING. JAN KOREJCIK,

Editorial Board Member
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VAZENI CTENARI,

¢islo, které méte pred sebou, vam nabizi moZznost
seznamit se s padesatiletou historif nasi firmy — fir-
my zndmé od roku 1990 pod jménem Subterra. Toto
jméno prisluselo nejdiive statnimu podniku, poéina-
je rokem 1992 pak akciové spolecnosti. Historie
firmy vSak saha mnohem hloubéji, az do roku 1964,

Ofi nehE’Z 9dV°ZPJeflle nase 1?E05,m vyroct. Odstepn}j 1964, which is the year we derive our current anniver-
zévod vZthka, _]enz“byl soucdsti koncernu Uranove. ) sary from. In that year, the Zelivka branch plant, which
doly Piibram, zahdjil tehdy price na stavbé padesdtikilometro-  was part of the Uranové Doly Piibram concern (the Uranium Mines
vého privadéce pitné vody z vodni nadrze Zelivka do Prahy. To  Pfibram), commenced with the work on the project for the con-
byl zaddtek historie podniku, ktery se pak v pribéhu dalSich let  struction of a fifty-kilometre aqueduct tunnel designed to supply
postupné vyvijel az do podoby dnesni akciové spolecnosti. drinking water from a water reservoir on the river Zelivka to

Z této historie vystupuje impozantni fada vyznamnych Prague. It was the beginning of the history of our company, which
a asto unikdtnich staveb, které Subterra v segmentu podzem-  gradually developed during the following years up to the present
niho stavitelstvi za pil stoleti vytvofila, & se na nich vyznam- form - a joint-stock company. ) )

< . < _— ¥ Many important and often unique construction projects emerge
né podilela. Vyrazné stopy za sebou zanechala pri vystavbé . L .

PR < N < o o . from the history that were completed, or significantly participated

vodohospodarskych dél, kanalizanich sbéracu, kolektoru, sil- . . . L

o . T . L. L in by Subterra in the underground construction segment of civil
ni¢nich a Zelezni¢nich tunelu vcetné vystavby praZského

o R y - engineering during the half-century. The company left behind
metra. Z tohoto vyctu si jmenovité pripomenime alespon stav-  gigtinct traces in the development of hydraulic engineering works,

bu, kterd v nvedavne dobé zvitézila v internetové soutéZi  trunk sewers, road tunnels and railway tunnels, including Prague
»Sedm divu Ceska®; jde o preCerpdvaci vodni elektrdrnu metro tunnels. From this list, let us remember at least a structure

DEAR READERS,

The journal issue you have just in front of you offers
you an opportunity to get acquainted with the fifty-year
history of our company, which has been known since
1990 under the name of Subterra. This name was initi-
ally born by a state-owned company; since 1992 it has
been the name of our joint-stock company. However,
the history of our company goes much deeper, back to

Dlouhé strané. which recently placed first in the Internet survey “the Seven
Hodnoceni vyznamu &i prospésnosti jednotlivych projekt je ~ Wonders of Czechia” — the Dlouhé Strané pumped storage scheme.
na vas{ uvaze, av§ak nezpochybnitelnym faktem je skute¢nost, The assessment of the importance or benefits of particular pro-

e Subterra byla opravdovym priikopnikem tunelafskych tech- jects depends on your discretiog. Nevertheless, the fa'ct that
nologif a podzemntho stavitelstvi v na$f zemi. Pomohla je Subterra has been a r_eal pioneer in tunpelhng teghnologles and
vybudovat a pozvednout na troveii srovnatelnou se svétovou underground construction in our country is unquestionable. .It hel-
konkurenci. Ve svém dal$im vyvoji pak diverzifikovala svoji ped to develop tlhem anq raise them to a level comparable with the
ginnost do mnoha dalsich stavebnich obordi, podzemni stavi- global competition. During the subsequent development, the com-

P . P . > pany diversified its activities into many other construction sectors,
telstvi viak vzdy bylo a stdle je jeji vlajkovou lodf. Tato lod md ¢ underground construction remains to be the company’s flagship.

svoje pevné kotvisté v Ceské republice, vzhledem k neutéSe-  This ship has its permanent mooring in the Czech Republic, but
nému stavu v domdcim pfistavu se vSak v poslednich letech  with respect to the dismal state in the domestic harbour, it has taken
rozjela i po Evropé. Pracuje tak v souc¢asné dobé na ,,zivych  off around Europe. At the moment we are working on “live” tunnel
tunelovych projektech ve tfech evropskych zemich — Srbsku, construction projects in three European countries — Serbia,
Némecku a Svédsku. Germany and Sweden.

Ve starovéku byl 50. rok rokem vyjime&nym. Byl povazovan In antiquity,. th@ 50th year was an exceptional year. It was consi-
za jubileum, kdy 1idé, po uplynuti sedmi sedmiletych dered to be a Jubllee when people b.alanced the past 49 years after
ddobi-heptdd, v nichZ se tehdy Eas potital, bilancovali pred- the passage of seven seven-year periods — heptads, which were the

. . . o . ... ancient measures of time. At least this is what the Old Testament
chozich 49 let. Alespon tak to pravi Stary zdkon. Cely rok méli . o
. . . L says. People had all year available then for thinking what had hap-
tehdy lidé na to, aby zvaZzovali, co se za tu dobu uddlo, ¢eho

S < 5 ; 8 o277 pened, what they had achieved, what they had lost, where they had
dosdhli, co ztratili, v ¢em chybovali a co viechno jde jeSt€ ), de mistakes and what it was still possible to correct for them to

napravit, aby o€isténi a pouceni mohli vykroc€it do dalSich sed-  be able to step into the next seven-year periods. We also balance.
mileti. Bilancujeme i my. Ohlédnuti zpét po naSich stavbach, Looking back at construction projects completed by our company,
po usili nasich predchudcu i nasem vlastnim, nds maZe naplnit  the efforts of our predecessors and our own efforts can fill us with
pocity hrdosti. Souc¢asné si uvédomujeme, Ze historii firmy pisi  the feelings of pride. At the same time, we realise that the history of
lidé. Lidé majici vizi, odvahu, pevnou vuli a chut tvofit hod- @ company is written by people - people having the vision, courage,
noty. Pieji si, aby Subterra méla takovychto lidf co nejvice. At strong will, people eager to create values. I wish that such people
ti, co za dalSich padesat let pfijdou po nds, mohou mit ve svém were as many as possible in Subterra so that thpse who will come
$titu . Subterra — since 1964, after the next fifty years can have “Subterra — since 1964” on their
Na zdvér mné, vdZeni ¢tendfi, dovolte poprat vam prijemné signboard.

. o Sitf vino&nich svatkd ho $testi. zd Dear readers, let me, in conclusion, wish you pleasant and undis-
a/n1c1m nerusene prozm} vanocnich svatku a mnoho Stesti, zdra- ¢ heq Christmas holiday and lots of happiness, good health and
vi a spokojenosti v novém roce.

contentment in the New Year.

ING. ONDREJ FUCHS

generalni feditel Subterra a.s.
General Director of Subterra a.s.
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VAZENI CTENARI CASOPISU TUNEL,

moznost sezndmit vas v tomto respektovaném caso-
pise s rozsahem ¢innosti nasi spole¢nosti ARCADIS
CZ a. s., se zaméfenim na aktivity a zdmery divize
Geotechnika v oboru podzemniho stavitelstvi, je pro
mne i pro celou nasi spole¢nost vyznamnou poctou.

K firmé jako takové jisté neni zapotfebi uvadet
mnoho. Jsem presvédCen, Ze nds vSichni pravidelni
i ndhodni Ctendri Casopisu velmi dobre znaji. To, 0 co
neustdle usilujeme, je snaha, aby pri vysloveni jména
ARCADIS se vam vybavily pojmy jako odbornost, kvalita, spo-
lehlivost, duvéryhodnost a mnoho dalsich, které 1ze shrnout pod
nami Casto pouzivanym heslem — spolehlivy partner.

Vyse uvedend slova se snazime naplnovat tim, Ze se v rdmci
podnikatelské strategie dlouhodobé orientujeme na komplexni
konzulta¢ni a inZenyrskou Cinnost v oboru geotechniky. A sa-
moziejme i v oblasti geotechniky pro podzemni stavitelstvi chce-
me poskytovat tyto sluzby naSim klientim na odpovidajici, to
znamend co nejlepsi drovni.

Poslednich patndct let je ve firmé obdobim nové drovné rozvo-
je aplikované geotechniky pro tunely na pozemnich komunika-
cich a zelezni¢nich koridorech. Impulzem k tomu byla rozsahla
ucast na vystavbé mestského silni¢niho tunelu Mrédzovka. Tento
projekt byl podnétem pro zahdjen{ intenzivni aplikace modernich
geotechnickych monitorovacich postupi. Dnes uZ nikoho na
stavbé neprekvapi vyuzivani takovych metod, jako jsou laserové
skenovani, optické sledovani deformaci totalnimi automatickymi
stanicemi ¢i vyuzivani databazového systému BARAB®. Vy-
nechat nemohu ani pokrok v metoddch a metodikdch pouZiva-
nych laboratof{ mechaniky hornin a zemin, matematické modelo-
véani geotechnickych problémi, oblast terénniho zkuSebnictvi
a inzenyrské geodézie.

Vysledkem ¢innosti nasich zaméstnancu je Gcast firmy na vice
neZ 30 tunelovych stavbdch u nds i v zahrani¢i za onéch zmino-
vanych 15 let. Pro potvrzeni rozsahu aktivit firmy snad stoji za
zminku fakt, Ze v souCasnosti se v rizném stupni rozpracovanos-
ti podilime na 11 tunelovych stavbach. A to nezminuji nase dals{
aktivity napriklad v banském stavitelstvi.

Konstantou podnikatelské strategie firmy je pozornost vénova-
nd na jedné strané investicim do pristrojového vybaveni a metod
ana druhé strané samoziejmé Glast specialista firmy na vyzkum-
nych a rozvojovych projektech a tkolech. Vystupy z téchto pro-
jektu se v mnohych pripadech uZ staly rutinnimi metodami a pos-
tupy v nasi préci.

K vysoké drovni konzultacnich sluzeb v oblasti podzemniho sta-
vitelstvi v poslednich letech pfispivd i to, ze ARCADIS CZ a. s. je
soucdsti mezindrodnitho uskupeni inZenyrskych firem, z nichZ
nékteré se na svétové drovni vénuji konzultaéni a inZzenyrské in-
nosti pravé pro tunely.

Je jen prirozené, Ze nase spole¢nost ARCADIS CZ a. s. sou-
stavné podporuje aktivity narodni skupiny CzTA. Byla napriklad
zlatym sponzorem 12. mezindrodni konference Podzemnf stavby
Praha 2013. Nasi specialisté se podileji na ¢innosti redak¢ni rady
Casopisu Tunel a aktivné se ucastni Tuneldrskych odpoledni.
A velice nds tési, Ze i diky organizacni struktufe nasi firmy pri-
spivame k rozvoji vztahli v tuneldfské komunité mezi Cechy
a Slovéky.

Preji vSem c¢tenafum Casopisu Tunel a ¢lenim CzTA mnoho
ispécht v podnikatelské Einnosti i radosti v osobnim Zivote.

DEAR TUNEL JOURNAL READERS,

The opportunity to acquaint you with the scope of acti-
vities of our company, ARCADIS CZ a. s., with the focus
on the activities and plans of the Geotechnika Division in
the field of underground construction, is a significant
honour for the entire company and me.

It is certainly not necessary to present much information
regarding the company. I am convinced that all regular as
well as random readers of the journal know us very well.
What we constantly seek is that whenever you hear our
name ARCADIS, such terms as expertise, quality, reliability, trustwort-
hiness and many other, which can be summed up under the motto used
by us — a reliable partner, come to your mind.

We try to fulfil the above-mentioned terms by the long-term orientati-
on of our business strategy also towards comprehensive consultancy and
engineering in the field of geotechnics. Of course, we want to provide
our clients with these services at the appropriate, which means as high
as possible, level even in the field of geotechnics for the underground
construction industry.

The period of the last fifteen years is for our company a period of
a new level of the development of applied geotechnics for tunnels on
roads and railway corridors. The impetus for it was given by the exten-
sive participation in the construction of the Mrdzovka urban road tun-
nel. This project was an impulse towards the commencement of the
intense application of state-of-the art geotechnical monitoring procedu-
res. Nobody at construction sites is any more surprised by the use of
such methods as laser scanning, optical observation of deformations
using automatic total stations or the use of the BARAB® database sys-
tem. I cannot leave out the progress in methods and methodologies used
by the laboratory of rock and soil mechanics, mathematical modelling
of geotechnical problems, the area of field testing and engineering geo-
desy.

The activities of our employees yielded during the above-mentioned
15 years the participation of our company in over 30 tunnel constructi-
on projects at home and abroad. The fact is probably worth mentioning
for the confirmation of the scope of our company activities that at the
moment we are participating in 11 tunnel construction projects at vari-
ous stages of completion. By the way, I am not mentioning other our
activities, for example in the mining industry.

A constant of the business strategy is the attention devoted on the one
hand to investments into instrumentation and methods and, on the other
hand, of course, to the participation of company specialists in research
and development projects and problems. Outputs of these projects have
in many cases become routine methods and procedures in our work.

The fact that ARCADIS CZ a. s. is part of the international group of
engineering companies, some of which are dedicated to consulting and
engineering activities specifically for tunnels, has in recent years contri-
buted to the high level of consulting services in the field of underground
construction.

It is only natural that our company, ARCADIS CZ a. s., systematically
supports the activities of the national branch of the CzTA. It was, for
example, becoming a Golden Sponsor of the 12th International
Conference Underground Construction Prague 2013. Our specialists par-
ticipate in the work of the Editorial Board of TUNEL journal and active-
ly attend the Tunnel Afternoon events. And we are very pleased that it is
also owing to the organisational structure of our company that we contri-
bute to the development of relationships between Czech and Slovak tun-
nelling communities.

I wish all TUNEL journal readers and CzZTA members much success
in business activities and lots of delight in personal lives.

Y

ING. VACLAV HOREJSI, MBA

Feditel divize Geotechnika a €len predstavenstva ARCADIS CZ a.s.
Director of Geotechnika Division and member of the Board of Directors ARCADIS CZ a.s.
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REKONSTRUKCE TUNELU ALTER KAISER WILHELM, VPO?
RECONSTRUCTION OF ALTER KAISER WILHELM TUNNEL, VP07

JIRI MATEJICEK, JIRI PATZAK

ABSTRAKT

Cldnek popisuje stavbu ,,Rekonstrukce tunelu Alter Kaiser Wilhelm* v Némecku (ddle jen AKWT). Tento Zeleznicni tunel leZi na trati
Koblenz — Perl a jeho stdri je priblizné 140 let (obr. 1). Rekonstrukce spocivd v kombinaci sanace stdavajiciho tunelu, cdstecné razby (pro-
hloubeni dna tunelu) vietné zajisténi primdrnim osténim a vystavby nového definitivniho osténi. Profil tunelu bude zmensen ze stdvajictho
dvoukolejného na profil jednokolejny. Druhd kolej je v soucasnosti provozovdna v novém, paralelné vybudovaném tunelu (NKWT), zpro-
voznéném v dubnu 2014. Generdlnim zhotovitelem stavby je Subterra a. s.

ABSTRACT

The paper describes the project for “Reconstruction of the Alter Kaiser Wilhelm tunnel* in Germany (hereinafter referred to as the
AKWT). This railway tunnel is locateds on the Koblenz — Perl track. It is approximately 140 years old (see Fig. 1). The reconstruction lies
in the combination of refurbishment of the existing part of the tunnel and partial tunnel excavation (increasing the tunnel bottom depth) inc-
luding the installation of a primary lining and construction of a new final lining. The tunnel cross-section will be reduced from the current
double-track design to a single-track profile. The second track is at the moment operated in the new tunnel (the NKWT), which was carri-

ed out in parallel and was brought into service in April 2014. Subterra a. s. is the general contractor.

uvob

Rekonstrukce AKWT je svym rozsahem ojedinéld, velmi ¢le-
nitd a rozmanitd stavba, protoZe kombinuje prvky rekonstrukce
s prvky novostavby. Jejim predmétem (objekt VP0O7) je dprava
profilu tunelu a vybudovani nového definitivniho osténi tunelu.
Navazujici prace (pevnd jizdni dréha, trakéni vedeni, dokonco-
vaci préace) jsou obsahem dalSich stavebnich objektu.

Projekt je zajimavy tim, Ze ackoliv je tunelova trouba pod hla-
dinou podzemni vody, je vestavba navrZena bez mezilehlé izola-
ce. Vestavba je tedy navrZena jako ,,bild vana“ (beton s ome-
zenym prusakem vody, difve oznalovdn jako vodostavebni
beton). Tésnéni konstrukce bude provedeno pouze v pracovnich
a dilata¢nich spdrdch pomoci tésnicich sparovych profila.

Tunel je soucasti koridorové trati. Cilem vystavby nového
a rekonstrukce starého tunelu je zvySeni tratové rychlosti z 90
km/h na 120 km/h a zdroven zvySeni bezpecnosti provozu na
trati — nahrazeni dvoukolejného tunelu dvéma jednokolejnymi
v¢. zfizen{ dnikovych cest nové vybudovanymi tunelovymi pro-
pojkami.

ZAKLADNI UDAJE O STAVBE

nazev: Erneuerung Alter Kaiser Wilhelm Tunnel, VP07
investor stavby: DB ProjektBau, oblast stfed
zhotovitel stavby: Subterra a.s.
trat: 3010 Koblenz — Perl
umisténi stavby: spolkova zemé Poryni — Falc, Némecko (obr. 2)
mésto Cochem (severni portal)
obec Ediger - Eller (jizni portal)

rok vystavby: kvéten 1874 (zahajeni praci) — leden 1878
(zkuSebni provoz)

délka tunelové trouby: 4205 m

materidl plvodni fadkové kamenné zdivo, stfidavé piskovec

obezdivky: a bfidlice

termin stavby: cerven 2014 (zahajeni praci v tunelu)
- leden 2016 (pfedani stavby)
naklady stavby: 25 mil. eur (objem praci Subterra a.s. - VP07)

HISTORIE TUNELU

Vystavba AKWT zacala v roce 1874 ze strany portdlu Eller,
o tfi mesice pozdéji z cochemské strany. Teprve v roce 1875
zalali stavbari pouZivat stavebni stroje, do té doby probihala

INTRODUCTION

The AKWT reconstruction is a project unique in terms of its extent,
very dissected and diverse because it combines elements of recon-
struction with elements of a new construction. Its subject (structure
VPO07) is the modification of the tunnel profile and construction of
a new final tunnel lining. The follow-up work (slab track, catenary,
finishing work) is contained in other construction objects.

The design is interesting because the built-in structure is desig-
ned without intermediate waterproofing despite the fact that the
tunnel tube is located under water table. The built-in structure is
designed as a “white tank” (concrete with limited seepage of
water, formerly referred to as hydrostructural concrete). The struc-
ture sealing will be carried out only in construction and expansion
joints using joint sealing profiles.

The tunnel is part of a railway corridor track. The objective of
the construction of the new tunnel and reconstruction of the old
tunnel is to increase the speed limit over the track from 90km/h to
120km/h and, at the same moment, to improve the operational
safety along the track — to replace the double-track tunnel with two
single-track tubes including installing escape routes by building
New Cross passages.

BASIC PROJECT DATA

name: Erneuerung Alter Kaiser Wilhelm Tunnel, VP07
project owner: DB ProjektBau, region Middle

contractor: Subterra a.s.

track: 3010 Koblenz — Perl

project location:  Rhineland — Palatinate, Germany (Fig. 2)

Cochem (northern portal),

Ediger — Eller (southern portal),

year of construction: May 1874 (works commencement) — January 1878
(trial operation)

tunnel tube length: 4205m

original lining

material:

project deadlines:

range masonry, alternating sandstone and schist
May 2014 (commencement of work in the tunnel)
- January 2016 (construction acceptance)

EURO 25 mill. (the volume of Subterra a.s. work
- VP07)

project cost:
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Fig. 1 Historic view of the Cochem portal (1934)

stavba pouze s vyuzitim lidské sily. Prordzka probéhla v roce
1877. Ve stejném roce byla vybudovdna obezdivka tunelu
z kamenného fddkového zdiva. Do provozu byl tunel oficidlné
uveden v srpnu 1879 (zprovoznéni tratového tseku).

Az do roku 1988 byl AKWT nejdelSim Zelezni¢nim tunelem
v Némecku. Jeho vystavbou byla zkrdcena trasa mezi
Cochemem a obci Neef z ptuvodnich 30 km na 5 km. Tuto zkrat-
ku tvori kromé AKWT jeste ocelovy dvoukolejny most pres
feku Moselu a tunel Petersberg dlouhy 367 m.

S nérustem poc¢tu vlakd, nasazenim vykonnéjsich a rychlejsich
lokomotiv a tedy se zvySenou exhalaci zplodin museli némecti
inZenyfi jiz pocatkem 20. stoleti vyfeSit problém s odvétranim
tunelu. ReSenim bylo zabudovani dvojice ventilatori o priméru
3.5 m a vykonu 100 m3/s na cochemském portalu (v roce 1904).
Tyto ventildtory vSak nebyly svym vykonem dostacujici. Proto
byla v letech 1913-1915 vybudovéna odvétravaci Sachta. Jeji
poloha je asi 1125 m od ellerského portdlu, praimér je 4 m,
hloubka 230 m. Ani dobfe fungujici kominovy efekt nestacil
k dostate¢nému odvétrani tunelu, a bylo nutné osadit na ust{
Sachty saci zafizeni. Veskera tato opatfeni se pozdéji opét ukdza-
la jako nedostatecnd. V roce 1937/1938 byly dva velké ventila-
tory u portdlu Cochem nahrazeny deseti vysoce vykonnymi tur-
binovymi ventildtory znacky Siemens-Bentz. Z téchto deseti
vZdy byly v chodu jen &tyfi. Pfi zapnuti vSech deseti ventildtora
bylo mozné poustét do tunelu 400 m3 vzduchu rychlosti 8 m/s.

V roce 1974 byla trat’ elektrifikovdana. Vétraci Sachta tim
pozbyla na vyznamu, bylo ale nutné vyresit jeji nechténou funk-
ci sbérné Sachty pro podzemni vodu v okoli. Sachta prakticky
fungovala jako studna hloubky 230 m, se zna¢nymi pritoky
vody. Dochdzelo k vymyvani pojiva z obezdivky Sachty

Obr. 3 Portdly obou tunelu v Cochemu v dobé dokonceni razeb NKWT,
vpravo historicky portdl

Fig. 3 Portals of both tunnels in Cochem at the time of excavation completion
NKWT, the historical portal on the right side
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Obr. 2 Mapa dotcené oblasti
Fig. 2 Map of the affected area

TUNNEL HISTORY

The AKWT construction commenced in 1874. The excava-
tion proceeded from the Eller portal and, three months later, it
started from the Cochem portal. It was only in 1875 that buil-
ders started to use construction machines; till that time only
human power was used for the construction. The breakthrough
took place in 1877. The coursed masonry tunnel lining was
carried out in the same year. The tunnel was officially brought
into service in August 1879 (inauguration of the track secti-
on).

The AKWT was the longest tunnel in Germany till 1988. Its
construction reduced the length of the route between Cochem
and the village of Neef from original 30km to Skm. This
shortcut contains, in addition to the AKWT, a double-track
steel bridge across the river Mosel and the 367m long
Petersberg tunnel.

With the growing number of trains, the deployment of more
powerful and faster locomotives, therefore with the producti-
on of higher amounts of exhalations, German engineers had to
solve as early as the beginning of the 20th century the problem
with the tunnel ventilation. It was solved by the installation of
a pair of fans with the diameter of 3.5m and output of 100m?3/s
on the Cochem portal (1904). However, these fans were insuf-
ficient in terms of the output. A ventilation shaft was for that
reason built in 1913—-1915. It is located about 1125m from the
Eller portal; its diameter and the depth are 4m and 230m, res-
pectively. However, the chimney effect, even though functio-
ning well, was not still sufficient for the evacuation of smoke
from the tunnel and it was necessary to install a suction devi-
ce on the shaft mouth. All these measures later again turned
out to be insufficient. The two big fans at the Cochem portal
were replaced in 1937/1938 by ten Siemens-Bentz high-per-
formance turbine fans. Only four of the ten fans were always
in operation. When all ten fans were switched on, it was pos-
sible to supply 400m3 of air to the tunnel, with the velocity
of 8m/s.

The track was electrified in 1974. The ventilation shaft the-
refore lost importance. It was however necessary to solve its
undesired function of a shaft collecting groundwater from the
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surroundings. The shaft virtually
worked as a 230m deep well with sig-
nificant water inflows. Binder was
gradually washed out from the shaft
lining and the masonry dilapidated.
The rehabilitation was possible only
by a mining way, which means very
high costs. The decision was therefo-

slipping layer

vestavba ze Zelezobetonu
reinforced concrete built-in
structure

“— odvodnéni tunelu - tunnel drainage

re made to backfill the shaft and close
its top with a deck.

THE NEW TUNNEL (NKWT)

The new Kaiser Wilhelm tunnel
with the inner diameter of 8.8m and
the outer diameter of 0.15m (see Fig. 3)
was driven in parallel with the
AKWT using the TBM technology.
Reinforced concrete segments were
used for the lining.

The realisation lasted from August
2008 to April 2014. The trackwork in
the tunnel is solved by the slab track

Obr. 4 Vzorovy pri¢ny rez

Fig. 4 Typical cross-section

a postupnému rozpadani zdiva. Sanace by byla mozna pouze
hornickym zpusobem a tedy velice ndkladnd. Bylo tedy roz-
hodnuto Sachtu zaplnit a nahote zaslepit.

NOVY TUNEL (NKWT)

Novy tunel Kaiser Wilhelm byl vyraZen paralelné s AKWT
technologii TBM s vnitinim primérem 8.8 m, vnéj§{ prumér
10,15 m (obr. 3). Osténi tunelu je ze Zelezobetonovych tubingu.

Realizace trvala od srpna 2008 do dubna 2014. V tunelu je
Zelezniéni svrsek feSen pevnou jizdni drdhou.

KONCEPT TECHNICKEHO RESENI

Rekonstrukce AKWT spociva v celoplosném zajisténi stava-
jiciho osténi tunelu vestavbou ze Zelezobetonu. Profil definitiv-
ni obezdivky je ddn normovym prijezdnym prufezem pro jed-
nokolejnou trat’ a minimdln{ staticky nutnou tloustkou osténi
40 cm. Zbyvajici prostor mezi rubem definitivniho a licem sté-
vajictho osténi bude vyplnén stifkanym betonem (obr. 4).
Maximadlni pfipustnd tloustka definitivy bude ¢init 1,5ndsobek
standardni tloustky, tj. 60 cm.

Dno tunelu bude prohloubeno tak, aby bylo moZzné vybudo-
vat protiklenbu z litého Zelezobetonu a nahradit stdvajici
nefunkéni odvodnéni novym. VySkovy posun nivelety koleje
bude o 35 cm smérem dolu.

Obr. 5 Pohled do tunelu v dobé demontdZe kolejového svrsku
Fig. 5 A view down the tunnel at the time of dismantling the trackwork

system.

TECHNICAL SOLUTION CONCEPT

The AKWT reconstruction lies in the stabilisation of the
whole surface of the existing tunnel lining by a reinforced
concrete structure built in the tunnel. The definite lining pro-
file is given by the standard clearance profile for a single-
track line and the minimum structurally necessary lining
thickness of 40cm. The remaining space between the outer
surface of the final lining and the outer surface of the existing
lining will be filled with shotcrete (see Fig. 4). The maximum
allowable thickness of the final lining will be 1.5 times the
standard thickness, i.e. 60cm.

The depth of the tunnel bottom will be increased so that an
invert from cast-in-situ reinforced concrete can be installed
and the non-functional existing drainage can be replaced with
a new system. The vertical alignment will be shifted 35cm
down.

Both historic legacy portals with stone female eagles will be
preserved and will be rehabilitated.

Dismantling of the tunnel equipment

It will be necessary to dismantle the existing equipment
of the tunnel before the main construction work starts (see
Fig. 5). The items to be dismantled comprise complete cable
lines (installed on the tunnel walls and in a cable duct), rail-
way signalling equipment, the cable duct, the dry fire main
and the tunnel lighting. Part of the tunnel equipment will be
handed over to the project owner to be reused.

In the conclusion, the trackwork will be dismantled on both
rails and in portal areas. Trackwork (sleepers and rails) will be
dismantled to separated track lengths using two-way faciliti-
es. They will be transported to an intermediate stockpile
where they will be disassembled into individual components.
Ballast will be excavated using a front-end loader or an exca-
vator and will be transported by trucks to a recycling plant.

Stone masonry lining stabilisation

At the entrance (northern) portal, where the greatest inter-
vention into the lining is necessary (virtually the lining will be
broken), the space behind the lining (which is currently filled
with stone packing) will be filled with cement grout along the
length of about 18m (see Fig. 6). A protective umbrella for-
med by self-drilling spiles and anchors will be installed sub-
sequently. The stone masonry lining up to 40cm thick will be
gradually dismantled under the temporary lining created in
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Oba historické, pamatkové chranéné portaly s kamennymi
orlicemi, budou zachovany a bude provedena jejich sanace.

Demontaz vystrojeni tunelu

Pred zahdjenim hlavnich stavebnich praci bude nutno provést
demontaz stdvajiciho vystrojeni tunelu (obr. 5). Demontaz se
bude tykat kompletnich kabelovych vedeni (umisténych na sté-
ndch tunelu a v kabelovém kandlu), drdzniho zabezpecovaciho
zafizeni, kabelového kandlu, pozarniho suchovodu a osvétleni
tunelu. Cést vybaveni tunelu bude preddna investorovi stavby
pro opétovné vyuziti.

Na zdvér bude demontovin kolejovy svrsek obou koleji v tu-
nelu a priportdlovych oblastech. Kolejovy svrek (prazce a ko-
lejnice) bude pomoci dvoucestnych zafizeni demontovén po jed-
notlivych kolejovych polich a dopraven na mezideponii, kde pro-
béhne jeho rozebrani na jednotlivé soucasti. Kolejovy $térk bude
odtézen pomoci Celniho nakladade, resp. bagru a ndkladnimi
vozidly odvezen na recyklaci.

Zajisténi stavajici kamenné obezdivky

Na vjezdovém (severnim) portdlu, kde je nutny nejvétsi zasah
do obezdivky (prakticky dojde k pfebourani obezdivky), bude
na délce cca 18 m zajiS§tén prostor za obezdivkou (ktery je
v soucasné dobé vyplnén kamennou zakladkou) cementovymi
injektdZemi (obr. 6). Poté bude proveden ochranny destnik ze
samozavrtnych jehel a kotev. Pod takto vytvorenym docasnym
osténim bude postupné probihat odbourani kamenné obezdivky
v tloustce az 40 cm. Navazovat bude montdz svarovanych siti,
prihradovych rdmu a aplikace stifkaného betonu.

V &éstech tunelu, kde pavodni obezdivka zasahuje do teore-
tického obrysu vestavby, bude ofrézovédna a poté zajiSténa stii-
kanym betonem. V udsecich, kde nebude potreba obezdivku fré-
zovat, bude pfidrznost stifkaného betonu zaji$téna otryskdnim
zdiva specialni smési.

Jesté pred profilaci stifkanym betonem budou pravidelné po
vzddlenosti 10 m témér na celé délce tunelu pripevnény 1 m
Siroké pri¢né pédsy drendzniho systému. Ty budou slouZit pro
odvedeni prasaka vody z osténi. Pfipadné vyznamnéjs{ pritoky
vody na lic obezdivky budou svedeny bud pasem nopové félie,
nebo drendZnimi svodnicemi — tzv. omega Zldbky. VSechna tato
drendzni opatfeni budou svedena do nové zbudované stiedové
stoky.

Prumérny postup profilanich praci je v harmonogramu uva-
Zovan 80 m za den.

Prohloubeni a zajisténi dna

Kvali nutnosti vybudovat protiklenbu bude stdvajici dno
tunelu prohloubeno o cca 130 cm. Razba bude probihat v brid-
licich a piskovcich pomoci tunelového bagru. Podle dosavad-
nich pruzkumt je mozné, Ze v urCitych partiich tunelu bude
nutné pro rozvolnéni horninového prostredi pouZit trhaci
préace. Souddsti razeb je i vyhloubeni ryhy pro uloZeni tunelo-
vé drendze.

Zajisténi vyrubu dna je rozdéleno do péti tiid, které se lisi
tloustkou stifkaného betonu a stupném vyztuZeni v zavislosti na
zastizenych geologickych pomérech. Tyto tiidy se lisi také
maximalni povolenou délkou zdbéru (odstupem razby od zajis-
téni). V nejvyssi = nejhorsi tiidé (tfida razby 4.5), kdy je oce-
kdvana nesoudrznd hornina, je délka kroku pouze 80 cm.
Vzhledem k tomu, Ze soucasné s razbou musi byt nainstalova-
na i drendz véetné reviznich Sachtic, pfi¢né a podélné drenazn{
pdsy s néaslednou aplikaci stiikaného betonu, bude tato oblast
celkové délky cca 60—-80 m z hlediska provadéni velice naroc-
nd. Ve zbyvajicich, majoritné zastoupenych technologickych
tridach, se délka zabéru pohybuje v rozpéti 3 az 15 m.

Razbu dna bude nutno vzhledem k technologickym a logistickym
moznostem zah4jit na portdlu Cochem. Rubanina bude odvédZena
tunelem na mezideponii v blizkosti jizniho portalu (Eller).

Piedpoklddand prumérnd rychlost razby je stanovena 30 m
za den.

Fig. 6 Drilling set during the execution of drillholes for cement grouting

this way. The installation of welded mesh, lattice girders and
the application of shotcrete will follow.

In the tunnel parts where the original lining interferes with
the theoretical contour of the built-in structure, the lining will
be milled and subsequently stabilised with shotcrete. In the
sections where there will be no need for milling the lining, the
adhesion of shotcrete will be ensured by blasting the masonry
with special mixture.

One metre wide transverse strips of the drainage system will
be attached to the substrate at regular 10m intervals nearly
throughout the tunnel length before the profiling with shotc-
rete starts. The strips will serve to divert water seepage from
the lining. Contingent more significant flows of water on the
inner surface of the lining will be channelled either by a strip
of dimpled sheet membrane or by drainage collecting ducts —
the so-called “Omega grooves”. All these drainage measures
will be directed to a newly built central duct.

The average profiling advance rate is assumed in the pro-
gram to be 80m per day.

Increasing the depth and installing the support
of the bottom

The existing tunnel bottom depth will be increased by ca
130cm with respect to the necessity of constructing the invert.
The excavation will proceed through shales and sandstone
using a tunnel excavator. It is possible according to the till
now completed surveys that it will be necessary to use blas-
ting in some parts of the tunnel with respect to the loosening
of the rock environment. Part of the excavation is in addition
the digging of a trench for the placement of tunnel drainage.

The support of the bottom excavation is divided into five
classes differing in the thickness of shotcrete and the reinfor-
cement content, depending on the geological conditions
encountered. These classes in addition differ in the maximum
permitted length of the excavation round (the distance of
excavation face from the installed support). In the highest =
worst case class (excavation class 4.5), where incoherent rock
is expected, the excavation round length is a mere 80cm. With
respect to the fact that the drainage including manholes, trans-
verse and longitudinal drainage strips, with the subsequent
application of shotcrete have to be installed concurrently with
the excavation, this area with the total length of 60—80m will
be very difficult in terms of the work execution. In the remai-
ning majority excavation support classes the excavation round
length ranges from 3 to 15m.




TuHel

23. rocnik - €. 4/2014

Cistici potrubi - cleaning pipeline

shérné potrubi
collecting pipeline

propojovaci potrubi — connecting pipeline
drenaz DN200 — DN200 drainage

shérna Sachtice - collecting shaft

Obr. 7 Odvodneéni tunelu
Fig. 7 Tunnel drainage

Odvodnéni tunelu

Odvodnéni tunelu je feSeno stredovou drendzi. Do vyrazené
ryhy bude uloZena perforovand drendZni roura DN200 (v co-
chemské portdlové oblasti DN400), v obsypu z filtracniho $tér-
ku. Po vzdélenosti 50 m budou na drendZi umistény Sachtice,
které po vybudovani definitivntho osténi nebudou pristupné
(funguji pouze jako sbérné). Ze Sachtic bude voda odvadéna
propojovacim potrubnim DN100 do sbérného potrubi DN150,
které bude osazeno na povrchu desky protiklenby a bude napo-
jeno na odvodnéni mimo tunel. Vedle $achtic bude je$té umis-
téno Cistici potrubi DN150 pro moZnost pozdejsich revizi dre-
ndze a jejiho ¢isténi tlakovou vodou (obr. 7).

Tésnost ,,bilé vany* je pozadovdna do vnéjsiho tlaku pod-
zemni vody 3 bary. Odvodnovaci systém bude napojen na Cer-
paci Sachtu u portélu Eller. Jakmile dosdhne tlak vody 3 baru,
sepne se automaticky Cerpani a voda bude odvddéna mimo
tunel. Z tohoto duvodu je veskeré propojovaci a odvddéci
potrubi dimenzovdno jako tlakové potrubi s tésnosti vSech
spoju minimdlné 3 bary. To klade velky duraz na kvalitu prova-
déni a materiél potrubi.

Definitivni osténi

Definitivni osténi je navrzeno z litého Zelezobetonu C30/37
XC4 XF1 XA1 WU, vyztuzeného betondrskou vyztuzi B500B.
Bude déleno na dilataéni celky o délce 10 m. Z duvodu zvyse-
ni pozarni odolnosti definitivniho osténi bude pouzit beton
s pfimési polypropylenovych vldken. Doddvku betonu zajisti
mobilni betondrka umisténd na ploSe zafizeni staveni§té
v Elleru.

Spodni klenba bude betonovdna s vyuzitim ztraceného bed-
néni (elementy Trigosys® vyrobce Trigoform GmbH). Tyto ele-
menty urychli betonaz, jejich dvoudilné provedeni umoznuje
pomérné jednoduché osazeni sparového pdsu.

Vyztuz definitivniho osténi je navrzena z jednoosych siti,
kladenych vZdy ve dvou vrstvich na sebe. Divodem je zejmé-
na snadnéj$i manipulace. Tyto sit€ budou zavésené na samo-
nosné lehké piihradové ramy. Nosnd vyztuz bude doplnéna
konstrukéni prutovou vyztuzi. Instalace vyztuze horni klenby
bude probihat z armovaciho vozu.

Betondz zacne s Casovym odstupem za razbou na portdlu
v Cochemu. Pro spodni klenbu pocitd harmonogram stavby
s pramérnou rychlosti 2 bloky za den, pro horni klenbu 1 blok
za den. Po dokonceni razeb bude zahdjena betondZz v protisméru.
Ve $picce bude tedy rychlost provadénych praci 4 spodni a 2
horni klenby za den.

Horni klenba bude betonovdna pomoci dvou betondznich
komplext, sestdvajicich z celkem 15 vozu (1 x profiladni,

The bottom excavation will have to start at the Cochem por-
tal with respect to the technological and logistic possibilities.
Muck will be transported along the tunnel to an intermediate
stockpile at the vicinity of the southern portal (Eller).

The assumed average excavation rate is set at 30m per day.

Tunnel drainage

The tunnel drainage is solved by a central duct. A perforated
tube DN200 will be laid into an excavated trench (DN 400 in
the area of the Cochem portal) in gravel pack. Shaft will be
located at intervals of 50m. They will be inaccessible after the
completion of the final lining (they will work only as collecting
structures). Water will be directed from the manholes through
DN100 connecting lines to a DN150 collecting pipeline, which
will be installed on the surface of the inverted slab and will be
connected to the drainage system outside the tunnel. In addition
to the manholes, a DN150 cleaning pipeline will be installed to
allow subsequent checks of the drainage and its cleaning with
pressurised water (see Fig. 7).

The sealing capacity of the “white tank” is required up to the
external pressure of 3 bars. The drainage system is connected to
the pumping shaft located at the Eller portal. Immediately when
the pressure reaches 3 bars, automatic pumping will be switched
on and water will be evacuated outside the tunnel. For that rea-
son the dimensions of all connecting and discharging pipelines
are designed as pressure pipeline with the minimum tightness of
joints of 3 bars. This requirement places great stress on the qua-
lity of work and material of the pipeline.

Final lining

Cast-in-situ C30/37 XC4 XF1 XA1 WU concrete reinforced
with B500B steel bars is designed for the final lining. The lining
will be divided into 10m long expansion blocks. Concrete with
the admixture of polypropylene fibres will be used because of
a requirement for increasing the fire resistance of the final
lining. Concrete will be supplied by a mobile batching plant
located in the area of the construction site arrangement in Eller.

The concrete invert will be cast using sacrificial formwork
(Trigosys® elements manufactured by Trigoform GmbH). These
elements will accelerate the concrete casting process; the two-
piece design allows the relatively simple installation of water-
bars.

The reinforcement of the final lining will be formed by two
layers of single-axis mesh. The reason is that the handling is
easier. The mesh will be suspended from self-supporting light-
weight lattice girders. The main reinforcement will be supple-
mented by structural bar reinforcement. The reinforcement of
the upper vault will be installed from a travelling scaffold.
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2 x izola¢ni, 2 x armovaci, 2 x kontrolni, 2 x betonazni, 6 x oSe-
tfovaci vuz).

Pracovni spary mezi spodni a horni klenbou budou té€snény
sparovymi plechy 300x1,5 mm, zZirové pozinkovanymi. Dila-
taéni spary mezi jednotlivymi bloky budou tésnény vnitfnimi
sparovymi pdsy z elastomeru, s ocelovymi pdsnicemi (obr. 8).
Pasnice budou také z pozinkovaného ocelového plechu a maji
pripravenu perforaci pro uchyceni pdst k armatute a pro jedno-
dussi osazeni injektdZnich hadicek. Tyto hadi¢ky budou slouZzit
jako opatfeni k zatésnéni spdr v pripade, Ze bude dochdzet
k prusakim vody ve spérdch. Jsou navrzeny perforované jed-
nopldstové hadicky DN6 pro chemickou injektdZ. Napojeni
sparovych plechd a pasu bude provedeno navafenim.

Mezi primarnim osténim ze stiikaného betonu a definitivnim
osténim z lit€ho betonu bude instalovana separaéni vrstva z PE
félie. Pavodné byla navrzena HDPE f6lie tloustky 0,5 mm.
S ohledem na manipulaci byla zvolena alternativa z tfivrstvé
bublinkové félie. Poklddka této f6lie bude provadéna nastrele-
nim do stfikaného betonu.

Tunelové propojky

Vzddlenost obou tuneld je cca 30 m. Po vzdilenosti cca
500 m bylo pii vystavbé NKWT vyrazeno 8 tunelovych propo-
jek, slouzicich jako dinikové cesty a prostor pro umisténi tech-
nologického vybaveni tunelu. Propojky jsou cca do 2/3 své
délky provedeny v definitivnim osténi. Soucdsti rekonstrukce
AKWT je doraZeni stavajiho profilu propojky v dseku pfiléha-
jicim k AKWT (zvétSeni profilu propojek, zajisténi radidlnimi
kotvami a primdrnim osténim ze stfikaného Zelezobetonu) a na-
pojeni definitivniho osténi propojek na tunel.

ATYPICKE ASPEKTY PROJEKTU

Na zdvér si autori dovoli malé shrnuti zajimavych technic-
kych aspektu této stavby.

Ackoliv je tunel pod hladinou podzemni vody, nemd ani dest-
nikovou, ani uzavrenou izolaci. Tésnost konstrukce je zajisténa
Zelezobetonovym osténim se sparovymi t€snicimi vloZkami. Pii
zvySeném tlaku podzemni vody bude fungovat automaticky
Zerpaci systém, udrzujici v systému tlak do 3 bara.

The casting of concrete will start with a time lag after the
excavation of the portal in Cochem. The average rate of the cas-
ting of the invert and the upper vault is planned in the schedule
to be 2 blocks per day and 1 block per day at the invert and the
upper vault, respectively. After the completion of excavation,
the casting of concrete will commence in the opposite direction.
It means that during the peak period the rate of casting will be
4 blocks of the invert and 2 blocks of the upper vault per day,
respectively.

The upper vault will be cast using two concrete casting com-
plexes consisting of 15 scaffolds (1 x for profiling, 2 x for the
installation of waterproofing, 2 x for placing reinforcement, 2 x
for checking, 2 x for casting concrete, 6 x for curing).

Construction joints between the upper vault and the invert
will be sealed by 300x1.5mm, hot dip galvanised metal water-
bars. Expansion joints between individual blocks will be sealed
by inner elastomer waterbars with steel flanges (see Fig. 5). The
flanges will also be from galvanised steel sheet; they have per-
foration prepared for fixing the flanges to reinforcement bars
and for simpler installation of grouting hoses. The hoses will
serve as a measure for sealing joints in a case that water seepa-
ge through joints appears. Perforated single-shell hoses DN6 for
chemical grouting are proposed. The metal waterbars and strips
will be connected together by welding.

A separation PE membrane will be installed between the shot-
rete primary lining and the cast-in-situ final lining. HDPE mem-
brane 0.5mm thick was originally designed. With respect to the
handling process, the alternative with a triple-layer bubble foil
was adopted. The foil will be fixed to the shotcrete lining by
shotfiring.

Tunnel passages

The distance between the two tunnels is approximately 30m.
Eight cross passages were excavated at intervals of ca 500m
during the course of the NKWT excavation. They serve as esca-
pe routes and spaces for the installation of tunnel equipment.
The cross passages are provided with the final lining up to two
thirds of their lengths. Part of the AKWT reconstruction is the
completion of the excavation of the cross passage existing pro-
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Fig. 8 Detail of an expansion joint




Obr. 9 Zarizeni stavenisté Ediger — Eller
Fig. 9 Ediger — Eller construction site arrangement

Tunel je dlouhy 4205 m. Veskera logistika a postupy praci
musi tento fakt zohlednovat. I kdyZ se jedna ,,pouze® o rekon-
strukci starého tunelu, svym rozsahem a sloZitosti odpovida
spiSe nové razbé ve slozitych geotechnickych podminkach, na-
vic se spoustou nezndmych vliva typickych pro rekonstrukce
starS$ich podzemnich staveb.

Vnéjsi podminky (zejména rozsah a umisténi ploch zarizen{
staveni$té a investorem poskytnuty ¢as pro provedeni stavby)
do zna¢né miry determinujf i POV stavby. Zatimco na ellerské
strané je k dispozici pomérné velkd plocha pro zafizeni stave-
nisté, prakticky neomezeny prijezd do tunelu a mezideponie
(obr. 9), v Cochemu témef zaddny manipulacni prostor pred
tunelem neni. Z davodu nutnosti dodrZeni termini musi veske-
ré pracovni operace probihat paralelné a vétSina materidlu bude
navdZena po mostni konstrukci v centru historického meésta.
Teprve po dokondeni betondzi protiklenby bude tunel prijezd-
ny pro ndkladni vozidla a zdsobovani bude mozZno realizovat
z vyhodnéj§i strany jiZniho portdlu. Z téchto duvodu byla do
urc¢ité doby zvazovdna technickd varianta premosténi pracovist’
mobilni piihradovou konstrukci délky asi 100 m, umoZznujici
prepravu rubaniny pasovym dopravnikem nad pracovistem
betonaze protiklenby, a tedy zasobovdni a odvoz rubaniny
z razby z jednoho sméru. Od této varianty bylo upusténo zejmé-
na z davodu malého efektu urychleni vystavby a finan¢ni
naro¢nosti tohoto feseni.

Vsechny pracovni postupy — razba a zajiSténi protiklenby,
poklddka kluzné vrstvy, instalace vyztuZe, sparovych plechu
a pdsu, injektdZnich hadi¢ek, montdZ prvku odvodnéni, betonaZ
— budou probihat paralelné. Pfi pozadovaném maximalnim den-
nim vykonu to znamend, Ze nesmi dojit k preruSeni doddvek
jednotlivych materiélu, Ze bude nutné detailné koordinovat jed-
notlivé ¢innosti, neustdle hledat Casové rezervy a tspory, a to
v8e pri zajiSténi pozadované kvality provadénych praci pod
dohledem ndro¢ného investora.

Ing. JIRI MATEJiC‘EK, Jmatejicek@subterra.cz,
Ing. JIRI PATZAK, jpatzak@subterra.cz,
Subterra a.s.

Recenzovali: prof. Ing. Josef Aldorf, DrSc., Ing. Pavel Poldk
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file in the section adjacent to the AKWT (expanding the profi-
les of the cross passages, installation of support with radial
anchors and reinforced shotcrete primary lining) and the conne-
ction of the final lining of cross passages to the tunnel.

DESIGN ATYPICAL ASPECTS

To conclude, the authors will take the liberty of presenting
a brief summary of the technical aspects of the project.

Despite the fact that the tunnel is under the water table, it has
neither “umbrella” waterproofing nor a closed waterproofing
system. The sealing capacity of the lining is secured by the rein-
forced concrete lining with waterbars sealing the joints. In the
case of increased groundwater pressure an automatic pumping
system maintaining the pressure in the system under 3 bars will
be started.

The tunnel is 4205m long. All logistics and work procedures
have to take this fact into account. Even though it is only recon-
struction of an old tunnel, it rather corresponds in terms of its
extent and complexness to new excavation through complicated
geotechnical conditions, moreover covering numerous unknown
effects typical for the reconstruction of older underground
structures.

External conditions (in the first place the extent and location
of construction site arrangement areas and the time allowed by
the project owner for the construction) significantly determine
the project planning. Whilst a relatively large area for the site
arrangement is provided with virtually unrestricted access to the
tunnel and an intermediate stockpile on the Eller side (see Fig.
9), nearly no space for handling is available in front of the
Cochem portal. Because of the necessity to meet deadlines, all
working operations have to proceed in parallel and the majority
of materials will be transported along a bridge structure in the
centre of the historic town. Only after the completion of the cas-
ting of the invert will the passage through the tunnel be possib-
le for trucks and supplies from the other more suitable side of
the southern portal. For these reasons a certain technical variant
of bridging over the workplaces by an about 100m long mobile
trussed structure was considered till a certain time. It would
have allowed the transport of muck on a belt conveyor above
the invert concrete casting workplace, therefore the supplies and
removal of muck from one direction would have been possible.
This variant was abandoned mainly because of the small effect
on the works acceleration and financial demands of this soluti-
on. .
All working procedures — the invert excavation and support,
installation of the slipping layer, placement of reinforcement,
installation of metal waterbars and elastomer watterbars and
grouting hoses, the assembly of the elements of drainage and
casting of concrete — will proceed in parallel. It means, taking
into consideration the required maximum daily advance rate,
that supplies of individual materials must not be interrupted,
that it will be necessary to coordinate in detail individual acti-
vities, permanently seek time reserves and savings, all of that
with ensuring the required quality of work under the supervisi-
on of the demanding project owner.

Ing. JIRT MATEJfC‘EK, Jjmatejicek@subterra.cz,
Ing. JIRI PATZAK, jpatzak@subterra.cz,
Subterra a.s.
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TUNEL BANCAREVO - SRBSKO
BANCAREVO TUNNEL - SERBIA

JOSEF BACA, OTA JANDEJSEK, MIROSLAV RYPACEK, TOMAS NEMECEK

ABSTRAKT

Zahranic¢ni zakdzka, kterou v soucasné dobe realizuje spolecnost Subterra a. s. v Srbsku, je dobrou prileZitosti ke srovndni zku-
Senosti a praxe ziskané p¥i realizaci tunelovych staveb podobného charakteru v Ceské republice, se kterymi md firma Subterra
bohatou zkuSenost. Ndsledujici text popisuje srbsky projekt vystavby tunelu Bancarevo vcetné nastinéni pristupu mistnich
InZenyru (pozn. pojem InZenyr je podle terminologie smlouvy pouZivdn pro technicky dozor projektu, a proto je takto pouZivdn i
v textu) a projektantii. V jednotlivych kapitoldch jsou popsdny obecné informace o vyznamu stavby, technickych parametrech stav-
by, nékterych pouZitych technologiich, nékterych vzniklych komplikacich a o aktudlnim vyvoji projektu.

ABSTRACT

The foreign contract Subterra a. s. is currently working on in Serbia is a good opportunity for comparing the experience and
practice gained during the realisation of tunnel structures of a similar character in the Czech Republic, which Subterra a. s. has
wealth of experience with. The following text describes the Serbian project for the development of the Bancarevo tunnel, inclu-
ding outlining the approach of local engineers (note: the term “Engineer” is used in the contract for technical supervision and
is for that reason used for Engineer’s team also in this paper). Individual chapters contain the description of general informati-
on about the project importance, technical parameters of the construction, some technologies used, some complications encoun-

tered and the current development.

1 UvVOD

Srbsko je svou polohou duleZité pro zemé stiedni a zd-
padni Evropy zejména jako tranzitni zemé, skrze kterou po-
vede jeden z hlavnich panevropskych dalni¢nich koridoru,
Koridor X, jehoZ td¢elem bude spojit Evropu s rychle se roz-
vijejicim Tureckem a také dokoncit napojeni fecké ddlni¢ni
sité. Znaéné zdroje na vystavbu tohoto koridoru jsou proto
poskytovany z evropskych instituci, jako jsou Evropskd ban-
ka pro rekonstrukci a rozvoj (EBRD) ¢i Evropska investi¢ni
banka (EIB).

Dalniéni sit'Srbska, respektive Koridor X na srbském tzemf,
je funk&ni od hranic s Madarskem aZ po mésto Ni3 na jihu
zemé. Srbsko momentdlné intenzivné pracuje na dokonceni
useku mezi méstem Leskovac, jeZ se nachazi jizné od mésta
Ni$, a hrani¢nim prechodem s Makedonif a déle na dseku mezi
méstem Ni§ a hrani¢énim prechodem s Bulharskem. Soucasti
prave této vétve, Ni§ — hraniéni prechod Dimitrovgrad, je stav-
ba tunelu Bancarevo, ktera se nachazi v hornaté oblasti 20 km
na vychod od mésta Ni§ (obr. 1).

1 INTRODUCTION

Serbia’s location is important for Central and West
European states, mainly as a transit country which Corridor
X, one of the main pan-European motorway axes the purpo-
se of which will be to connect Europe with rapidly develo-
ping Turkey and to finish the connection of the Greek net-
work, will pass across. Significant sources required for the
development of this corridor are therefore provided from
European institutions, such as the European Bank for
Reconstruction and Development (the EBRD) or the
European Investment Bank (the EIB).

The Serbian motorway network, or the Corridor X on
Serbian territory, is functional from the border with Hungary
up to the town of NiS in the south of the country. Serbia is at
the moment working on the completion of the section bet-
ween the town of Leskovac, which is located south of Nis,
and the border crossing to the Former Yugoslav Republic of
Macedonia and further the section between Ni§ and the bor-
der crossing to Bulgaria. Part of this particular branch, the
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Obr. 1 Lokalita stavby (www.maps.google.com)
Fig. 1 Construction location (www.maps.google.com)




Obr. 2 Pohled na nestabilni levy svah zdpadniho portdlu
Fig. 2 View of the instable left-hand slope at the western portal

Vystavbu tunelu koordinuje stdtni organizace Koridori
Srbije d.o.0. prostrednictvim sdruZeni firem, které zajistuji
dozorovani vystavby (tzv. InZzenyr). V pripadé tunelu Ban-
carevo se jednd o $panélskou firmu Eptisa, kterd provadi
technicky dozor na vét$iné dseku ddlnice.

2 TECHNICKY POPIS STAVBY

Tunelovd stavba je sloZena ze dvou samostatnych tunelo-
vych trub, kazda pro prislu$ny jizdni smér, raZenych podle
zdsad NRTM. Levd trouba méri 685 m, prava pak 705 m.
Souldsti tuneld jsou zna&né€ rozsdhlé hloubené portdlové
useky, patfici mezi nejvétsi, které firma Subterra a. s. rea-
lizovala co do objemu zemnich praci (vyhloubeno okolo
260 000 m3). Hlouben4 &ist vychodniho portilu je dlouhd
89 m, na zdpadnim portdle pak nové 40 m. Projektant pri-
stoupil k prodlouzeni zdpadniho hloubeného tunelu o 20 m,
aby tak vyreSil problémy se stabilitou svahu zdpadniho por-
talu (obr. 2). Levd tunelova trouba je vedena v primé trase,
zatimco pravd v oblouku tak, aby mezi tubusy vznikl
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Ni§ — Dimitrovgrad border crossing, is the Bancarevo tun-
nel project. The tunnel construction site is located in
a mountainous region, 20km east of the town of Ni§ (see
Fig. 1).

The construction of the tunnel is coordinated by Koridori
Srbije d. o. o. state organisation through a consortium of
companies providing supervision over the works (the
Engineer). In the case of the Bancarevo tunnel it is Eptisa,
a Spanish company, which fulfils the role of the Engineer on
the majority of the motorway sections.

2 TECHNICAL DESCRIPTION OF THE CONSTRUCTION

The tunnel structure consists of two separate tunnel tubes,
each one for the respective direction of traffic, which are
driven in accordance with the NATM principles. The left-
hand tunnel tube and right-hand tunnel tube are 685m and
705m long, respectively. Extensive cut-and-cover portal
sections are parts of the tunnels. They belong among the lar-
gest Subterra a. s. has ever realised as far as the volume of
earthmoving is concerned (about 260,000 m3). The cut-and-
cover part of the eastern portal is 89m long; its length at the
western portal is newly 40m. The designer decided to
extend the length of the western tunnel tube by 20m to solve
problems with the stability of the slope at the western por-
tal (see Fig. 2). The left-hand tunnel tube route is straight,
whilst the right-hand tunnel tube route is on a curve. In this
way a 30-45m wide rock pillar originates between them.
Seven fire protection niches and seven SOS niches are in
each tunnel tube (five in the mined tunnel and two in the
cut-and-cover tunnel). Both tunnel tubes are interconnected
by three cross passages so that escaping to safety in emer-
gency cases is possible. Cross passage No. 2 in addition
contains a structure for the installation of a diesel generator
providing power if necessary. This structure is not easy to
realise. The cross passage cross-section is rapidly enlarged
within a 17m long section from 4.8m to 13.8m (see Fig. 3).

Tunelova propojka ¢. 2 — Trafostanice
Cross connection with transformer station
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Right tunnel tube
Pravy tunel

Left tunnel tube
Levy tunel

Obr. 3 Skokové rozsireni propojovaciho tunelu
Fig. 3 Rapid enlargement of the cross passage cross-section
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30-45 m Siroky horninovy pilif. V kazdé tunelové troubé je
navrzeno sedm protipoZzdrnich a sedm SOS vyklenku, z toho
pet v razeném a dva v hloubeném tunelu. Pro moZnost uniku
do bezpedi v pripadé nouze jsou ob¢ tunelové trouby v celé
délce propojeny tremi propojkami. Propojka ¢. 2 navic obsa-
huje realiza¢né nelehky objekt pro umisténi diesel agregatu
zajistujictho dodavku energie v pripadé potreby. Propojka
se na useku dlouhém 17 m skokové rozsifuje ze 4,8 m na
13,8 m (obr. 3).

Obé tunelové trouby jsou projektované pro dva jizdni pasy
o celkové $ifce 8,5 m. Na kazdém boku tunelu jsou pochozi
chodniky o S$ifce 1,15 m. Minimélni vySka tunelu nad
vozovkou &ini 4,75 m, nad chodniky pak 2,25 m. Pfi¢ny
sklon vozovky se pohybuje od 2,5 % do 4,5 %. Ob¢ tunelo-
vé trouby klesaji od zdpadniho portdlu po vychodni ve sklo-
nu pohybujicim se od 0,3 % do 3,8 %.

3 GEOLOGICKE POMERY

Zdjmova oblast se nachazi na jiznich svazich pohofi zvané-
ho Suva Planina. Suva Planina je rozsdhlym antiklindlnim
komplexem, ktery je dominantni morfologickou jednotkou
celého jizniho Srbska. Regiondlni horizontalni pohyby vedly
k nasunuti vdpencu spodni kiidy pies stari permské piskov-
ce a prachovce s ndslednymi éetnymi fazemi vrasnéni vytva-
fejicimi antiklindlni tvar (obr. 4). Oblast vystavby tunelu je
odvodnovina toky Kunovacka a Crvena reka. Nejvetsi vliv na
formovani krajinného reliéfu méd zejména tektonickd
a fyzikdlné-chemickd degradace horninového materidlu spo-
le¢né s eroznimi procesy. Vysoké rozdily v mechanické odol-
nosti horninového masivu proti degradaci a denudaci vedou
ke vzniku selektivni eroze, jejimZ vysledkem je vytvareni
rozmanitych morfologickych tvart s velmi proménlivymi
sklony svahu. Proces eroze a denudace je dominantni i pres
velmi krdtké vzddlenosti mezi nejvy$§imi body krajiny
a eroznimi tdolimi. Kvuli témto procesum je terén velmi ¢le-
nity, s ¢astym vyskytem hlubokych rokli, zejména v mistech
tektonickych poruch. Na obou portdlovych oblastech takové-
to rokle dosahovaly hloubek v rozmezi 10 az 20 m a Sitek vét-
§ich neZ 15 m (obr. 5). Hlavni svahy rokli jsou ddle tvarova-
ny druhotnymi eroznimi ryhami.

Oblast zdpadniho portdlu se nachdzi v nadmorské vysce cca
490 m n. m., sklony okolnich svahu se zde pohybuji kolem 25°.

Both tunnel tubes are designed for two traffic lanes, with
the roadway width of 8.5m. Walkways 1.15m wide are on
either side of the tunnel tube. The minimum tunnel height
above the roadway and above the walkways is 4.75m and
2.25m, respectively. The roadway transverse gradient ran-
ges from 2.5% to 4.5%. Both tunnel tubes descend from the
western portal to the eastern portal on a gradient ranging
from 0.3% to 3.8%.

3 GEOLOGICAL CONDITIONS

The area of operations is located on the southern slopes of
the mountain range called Suva Planina. The Suva Planina
is an extensive anticline complex, which forms a dominant
morphological unit of the entire southern Serbia. Regional
horizontal movements led to the thrusting of lower-
Cretaceous limestones over older Permian sandstones and
siltstones, with subsequent numerous folding phases for-
ming the anticline shape (see Fig. 4). The tunnel constructi-
on area is drained by the Kunovacka and Crvena Reka
Rivers. The greatest influence on the formation of the lands-
cape relief has, in the first place, the physical and chemical
degradation of the rock material, together with erosion pro-
cesses. High differences in the mechanical resistance of the
rock mass against degradation and denudation lead to the
origination of selective erosion the result of which is the
development of various morphological shapes with very
variable gradients of slopes. The erosion and denudation
processes are dominant even despite very short distances
between the highest points of the landscape and erosion val-
leys. Owing to these processes, the terrain is very dissected,
with the frequent occurrence of deep ravines, first of all in
the locations of tectonic failures. The depths of such the
ravines reached 10 to 20m at both portals and their width
exceeded 15m (see Fig. 5). The main slopes of the ravines
are, in addition, shaped by secondary erosion gullies.

The area of the western portal is located at the altitude of
ca490m a. s. 1.; the gradients of the surrounding slopes fluc-
tuate about 25°. The eastern portal is at the altitude of ca
460m a. s. l. and the gradients of surrounding slopes are
about 16°. The area of the highest, 75m high, tunnel over-
burden is located in the central part of the tunnel, where the
terrain is nearly flat, with the altitude ca 575m a. s. 1.

Udoli Sigevo / The Sicevo Valley

Tunel Bancarevo / Tunnel Bancarevo

Perm - piskovec a aleuron
Permian period — sandstone and aleurone

- Devon - piskovec a vapenec
Devonian period — sandstone and limestone

Horsky hrbet Suva planina / The Suva planina mountain range

Jura - vapenec / Jurassic period - limestone

Kfida — vapenec / Cretaceous period - limestone

Obr. 4 Geologicky profil celého pohofi Suva Planina s vyznacenim umisteni tunelu Bancarevo
Fig. 4 Geological profile of the whole Suva Planina mountain range with the Bancarevo tunnel location marked in it




Obr. 5 Puvodni terén vyjezdového portdlu po odstranéni vegetace (kvéten
2012)

Fig. 5 The original terrain at the exit portal after the removal of vegetation
(May 2012)

Vychodni portdl je ve vySce cca 460 m n. m. se sklony prileh-
Iych svahu okolo 16°. Oblast nejvys§siho nadloZi tunelu vyso-
kého 75 m se nachdzi ve stiedni ¢4sti tunelu, kde je terén témér
rovinaty s nadmorskou vyskou cca 575 m n. m.

Vrch, kterym tunel Bancarevo prochdzi, je tvoren vyhrad-
né prachovitymi (pis¢itymi) jilovei permského stari, které
jsou charakteristické svou Cervenou barvou. Béhem hloube-
ni jdmy vychodniho portdlu a razby tunelu byly tyto jilovce
dokumentovéany jako silné degradované, s velmi hustou
a vSesmérnou siti diskontinuit vyplnénych jilovitym materi-
dlem. Pokryvné utvary tvori jilovitopis¢itd deluvia
s proménlivym obsahem hrubozrnnych ¢&éstic. Mocnost
téchto kvarternich pokryvu je také velmi proménlivd od 2
do 10 m.

V prubéhu hloubeni portélu a razeb tunelu byly odhaleny
vyrazné odliSnosti redlné zastizené geologie od projektem
predpokladané. Vrstva deluvidlnich, resp. deluvidlné-fluvi-
dlnich piscitych hlin dosdhla aZ dvojndsobné mocnosti opro-
ti projektu. Prachovité (piscité) jilovce, které jsou domi-
nantnim geologickym typem, byly vyrazné postiZené jak
erozni, tak zejména tektonickou c¢innosti. V hloubkovych
drovnich vykopu, kde projekt predpoklddal skalni materidl,
byl redlné téZen material na rozhrani zemin a poloskalniho
masivu.

Obr. 6 Ukdzka vrtdni SN kotev pomoci vysokozdviZnych plosin
Fig. 6 Demonstration of drilling for SN anchors using a lifting platform
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The hill the Bancarevo tunnel passes under is formed
solely by silty (sandy) claystones of the Permian age, which
are characterised by their red colour. During the course of
the excavation of the pit for the eastern portal and the tun-
nel excavation, these claystones were documented as heavi-
ly degraded, with very dense and omni-directional network
of discontinuities filled with a clayey material. The cover is
formed by clayey-sandy deluvia with a variable content of
coarse-graded particles. The thickness of these Quaternary
deposits is very variable, ranging from 2m to 10m.

Significant differences between the actually encountered
geology and the geology assumed by the design were disco-
vered during the course of the excavation for portals and the
tunnel. The layer of deluvial or deluvial-fluvial sandy loams
was even twice as thick as that anticipated by the design.
The silty (sandy) claystone, which is the dominant geologi-
cal type, was significantly affected by both erosion and,
first of all, tectonic action. The material bordering with soils
and semi-rock mass was really excavated at the excavation
depth levels where the design assumed hard rock.

4 ADDITIONAL MEASURES AND THEIR IMPACT ON
WORKS SCHEDULE

Worsened engineering geological conditions resulted into
the need for changing the slope stabilisation design, which
originally took into account only the stabilisation of the por-
tal face by means of 5m long SN anchors, Q139 mesh
(4.2mm-dia rods spaced at 100x100mm) and a 10cm thick
layer of shotcrete. The new design for the portals prescribed
backfilling of the already excavated pit (32,000m?), the
application of 5-10m long SN anchors at the total length of
32km, 70 ton of steel mesh, 1800m3 of MMB 30 shotcrete
(note: the designation MMB-Marka Mlaznok Betona is used
in Serbia for sprayed concrete and the number behind it is
for cube strength); the volume increase amounts to
70,000m3. These amounts, including the difficult access and
the necessity for installing 20% of anchors from lifting plat-
forms, resulted into a delay of the construction by 9 months
(see Fig. 6).

The driving of the right-hand tunnel tube commenced in
October 2012. The work was interrupted during the period
of the stabilisation of the portal slopes according to the new
design, i.e. from December 2012 to June 2013. Several
shorter interruptions were necessary because of very unfa-
vourable geological conditions in the locations of tectonic
faults, which always caused the necessity for new solutions
unexpected by the design. Nevertheless, the tunnel was
successfully broken through in March 2014. The breakt-
hrough ceremony was held even in the presence of the
Serbian minister of transport and the Czech ambassador.

It was proved after the completion of the underground
excavation that the excavation had been completed in geo-
logical conditions differing from those assumed by the
design. The geological structure of the massif was docu-
mented in detail and a longitudinal geological profile of the
tunnel was developed on the basis of regular geological
mapping of the headings (see Fig. 7). The difference betwe-
en the real geology and design assumptions is obvious from
Fig. 8. It presents in a simplified way the excavation support
classes in the right-hand tunnel tube as they were determi-
ned in the design and as they were encountered in reality.
The worsened conditions, which were more demanding in
terms of the work execution, and the additional stabilisation
elements ordered by the designer, resulted in the extension
of the tunnel excavation time by 7 months.
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4 DODATECNA OPATRENI A JEJICH DOPAD
NA HARMONOGRAM PRACI

Kvali zhor§enym inZenyrskogeologickym pomérum
vyplynula potfeba zménit projekt zajis§téni svahu, ktery
puvodné uvazoval pouze s ji§ténim cela portdlu pomoci
SN kotev dlouhych 5 m, siti Q139 (pruty & 4,2 mm, roz-
te¢ 100x100 mm) a 10 cm vrstvou stifkaného betonu.
Novy projekt portdlu nafidil zpétné zdsypy jiZz vyhloubené
jamy (32 000 m3), pouziti 32 km SN kotev délky 5-10 m,
70 tun ocelovych siti, 1800 m?3 stifkaného betonu MMB 30
(pozn. ozna¢eni MMB-Marka Mlaznog Betona je v Srbsku
pouzivané znaleni pro strikany beton, &islo za nim pak
urcuje krychelnou pevnost v tlaku) a navySeni objemu
vykopti 0 70 000 m3. Tyto rozsahy praci v&etné obtizného
pristupu a nutnosti instalace 20 % kotev z vysokozdviznych
plosin mély za nédsledek zpoZdéni vystavby o 9 mésicu
(obr. 6).

Razba pravé tunelové trouby byla zahdjena v rijnu 2012.
V obdobi zaji§tovéni portdlovych svahtu podle nového pro-
jektu, tj. od prosince 2012 do Cervna 2013, byly préce pre-
ruSeny. Ddle doslo jesté k nc¢kolika krat§im preruSenim vli-
vem velmi nepfiznivych geologickych podminek v mistech
tektonickych zlomua, které vzdy vyvolaly novd, projektem
nepredpoklddana reSeni. Nicméné tunel byl zdarné prorazen
v breznu 2014 a patfi¢né oslaven i za pritomnosti srbského
ministra dopravy a ¢eské velvyslankyné.

Po dokonceni razeb se prokdzalo, Ze razby probéhly
v odlisnych geologickych podminkach, nez jaké projekt
stavby predpokldadal. Geologickd stavba masivu byla
podrobné zdokumentovana a na zdkladé pravidelného geo-
logického mapovani Celeb (obr. 7) byl vytvofen podélny
geologicky profil tunelu. Rozdil mezi skuteCnou geologii
a predpokladem projektu je patrny z obr. 8, ktery zjednodu-
Sené zndzornuje tunelové tiidy v pravé tunelové troubé, tak
jak je udaval projekt a jak byly skutené zastizeny.
ZhorSené, na provadéni naro¢néjsi geologické podminky
a projektantem nafizené dodate¢né zajiStovaci prvky zpuso-
bily prodlouZeni raZby tunelu o 7 mésicu.

Obr. 7 Ukdzka Celby v pravé tunelové troubé (TM 190 478,8)
Fig. 7 Demonstration of the excavation heading in the right-hand tunnel
tube (TM 190 478.8)

5 TECHNOLOGY

5.1 Excavation and primary support of excavated
opening

Six types of primary support were designed for the
Bancarevo tunnel. The excavation support class 7/7a is
designed for the passage across the anticipated tectonic
weakness zones; it is the only class at which the tunnel pro-
file is closed by an invert. Remaining support classes (6, 5,
4 and 3) are designed for the variable geological conditions
both tunnel tubes were expected to pass through. The tun-
nel lining geometry is horseshoe shaped, which means
semicircular top heading and flat bench for all tunnel types
(see Fig. 9).

The primary lining consists of basic elements typical for
the NATM excavation, i.e. lattice girders (BTX), KARI
mesh reinforced shotcrete (from 7.5 to 30cm) and SN
anchors (@ 20, @ 28). The main parameters (dimensions,
spacing, geometry, amount etc.) are variable for all above
mentioned elements, depending on the particular excavation
support class. The design did not consider any stabilisation
of the face-advance core or stabilisation of the excavation

Cut & Cover  Tunneling

Tiidy vyrubu dle ptvodniho projektu / Physical condition as per original design
Cut & Cover

Tunneling

Tfida vyrubu
Tunnnel type

Provedené tfidy vyrubu / Encountered physical conditions 63

Obr. 8 Porovndni projektem pldnovanych a skuteéné realizovanych typu primdrniho osténi v pravé tunelové troubé
Fig. 8 Comparison of the planned-by-design and actually realised types of the primary lining in the right-hand tunnel tube
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Obr. 9 Tvar primdrniho osténi — TYP 5a s modifikaci (tato tfida zajisténi vyrubu byla pouZita na 60 % tunelu)
Fig. 9 Primary lining geometry — TYP 5a with a modification (this excavation support class was applied to 60% of the tunnel)

5 TECHNOLOGIE

5.1 Razba a primarni zajisténi vyrubu

Pro tunel Bancarevo bylo vyprojektovédno celkem 6 typu pri-
mérniho osténi. Tunelova tfida 7/7a je navrZzend pro pruchod
pres predpokldadané tektonicky oslabené zony a je jedinou,
u které je cely profil tunelu uzavien spodni klenbou. Zbylé
tunelové tridy (6, 5, 4 a 3) jsou dimenzovany na proméenlivé
geologické podminky, kterymi mély obé tunelové trouby pro-
chdzet. Tvar osténi je podkovovity, tedy pulkruhovd kalota
a rovné opéfi, a to ve viech tunelovych typech (obr. 9).

Primdrni osténi sestdvd ze zdkladnich prvku typickych pro
razby pomoci NRTM. Jednd se o pfihradové ramendty (BTX),
stiikany beton (od 7,5 do 30 cm) vyztuZzeny KARI sitémi a SN
kotvy (& 20, & 28). U viech vySe zminénych prvku jsou pro-
ménné jejich hlavni parametry (rozméry, rozte¢, geometrie,
mnozstvi apod.) v zdvislosti na dané tunelové tridé. Projekt
neuvazoval s zadnym jiSt€énim predpoli vyrubu ani Zadnym
zajiSténim Celby. Krétce po zahdjeni razeb se ukdzalo, Ze bude
nutné vzhledem k nepredpokladanym geologickym podmin-
kam prijmout dodate¢nd opatfeni ke zvySeni stability Celby
a kaloty. Pfevazné byla pouzivana jistén{ pfedpoli pomoci SN
jehel dlouhych 4-9 m. V mistech, kde toto feSeni selhdvalo,
byly instalovdany IBO kotvy o priméru 32-51 mm s délkou do
9 m. Didle se v usecich se zhorSenou kvalitou horninového masi-
vu Celba zajistovala pomoci sklolaminatovych kotev dlouhych
6-9 m v kombinaci se stfikanym betonem.

face. It turned out shortly after the commencement of the
tunnel excavation that, with respect to unpredicted geologi-
cal conditions, it would be necessary to adopt additional
measures for increasing the stability of the excavation face
and the top heading. SN spiles 4-9m long were used most
frequently for the stabilisation of the front zone. IBO
anchors with the diameter of 32-51mm and the depth up to
9m were installed in the locations where this solution failed.
In addition, the headings in locations with worsened quality
of the rock mass were secured by 6-9m long fibreglass
anchors in combination with shotcrete.

The excavation advance per round set by the design is
variable, ranging from 0.75m to 5m. The actually perfor-
med maximum advance per round at the top heading was
1.25m. The excavation support class 3 was the only class
which was designed for full-face excavation. Classes 4-6
are designed with the so-called horizontal excavation sequ-
ence consisting of top heading and bench. The excavation
of the tunnel bottom is supplemented for class 7. The disin-
tegration of rock depends on the quality of rock mass. Both
the mechanical disintegration of rock using a heavy tunnel
excavator and disintegration by blasting were taken into
account. Nevertheless, it was never applied during the con-
struction. The Type 5a, Type 5.1 (newly introduced) and
Type 7 were the only types applied.
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Graf 1 Typicky prubéh deformaci
Graf 1 Typical development of deformations

Délka zabéru raZeb podle projektu je proménlivd, a to od
0,75 m po 5 m. Skute¢ny provedeny maximdlni zdbér v kaloté
tunelu byl 1,25 m. Jedind tunelova tfida 3 byla projektovdna
na razbu v plném profilu. Tridy 4-6 jsou navrZzeny
s horizontdlnim ¢lenénim na kalotu a opéfi. U tfidy 7 je dopl-
néna razba dna tunelu. Rozpojovani hornin je odvislé od kva-
lity horninového masivu. Pocitalo se jak s mechanickym roz-
pojovanim horniny téZkym tunelbagrem, tak i za pomoci trha-
cich praci, ke kterym se vSak beéhem vystavby ani jednou
nepristoupilo. Jedinymi uplatnénymi typy byly Typ 5a, Typ
5.1 (nové zavedeny) a Typ 7.

5.2 Hydroizolace

Pro tunel Bancarevo neni navrzena celopldstova izolace, ale
varianta ,,deStnik, kde je zaizolovdna pouze klenba a boky
tunelu. Podzemni voda zachycend membranovou izolaci je
svedena do bo¢nich drenazi a ndsledné odvadéna mimo tunel.
Hydroizola¢ni félie byla puvodné navrZena z materidlu LDPE
(low-density polyethylene) tloustky 1,5 mm. Po dohodé
s hlavnim projektantem tunelu bude pouzito PVC tloustky
2 mm. Materidl PVC stejné tloustky bude pouZzit také
v hloubenych tunelech, pri¢emZ bude chranén vrstvou geotex-
tilie a stfikaného betonu proti poruseni pfi zpétném zasypava-
ni hloubenych tunela.

5.3 Sekundarni osténi

Sekunddrni osténi je konstrukce zajiStujici stabilitn{
a tvarovou stdlost tunelu po dobu jeho Zivotnosti a také je na

5.2 Waterproofing

No closed waterproofing system is designed for the
Bancarevo tunnel. Instead of it an “umbrella” variant is desig-
ned, where only the vault and sidewalls are provided with
waterproofing. Groundwater collected on the waterproofing
membrane is directed to side drains and subsequently is dis-
charged outside the tunnel. The waterproofing membrane was
originally designed to be from LDPE (low-density polyethy-
lene) material 1.5mm thick. It was agreed by the main tunnel
designer that a PVC membrane 2mm thick would be used
instead of it. PVC material with the same thickness will also
be used in cut-and-cover tunnels, where it will be protected
by a layer of felt and shotcrete against damage suffered
during the course of backfilling of the cut-and-cover tunnels.

5.4 Secondary lining

The secondary lining is a structure ensuring the structural
and geometrical stability of the tunnel structure throughout
its life; in addition, the majority of tunnel equipment is
installed on it. The Bancarevo tunnel final lining is designed
as a structure 30cm thick, with radiit R1 = 5.5m and R2 =
5.8m, respectively. With respect to the significantly excee-
ded convergence limits, probably caused by the improper
geometry of the primary tunnel lining, the designer introdu-
ced a new design for the final lining, which allows of local
reducing the thickness to 20cm. Another consequence of the
exceeded convergences is the necessity for substantial repro-
filing of the primary lining. The approach of the tunnel
designer, who, in his own words, designed the final lining as
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n¢j instalovdna vétSina technické vybavenosti tunelu. a structure serving only to fixing tunnel equipment to it, is
Definitivni osténi tunelu Bancarevo je projektovédno o tloust- | also interesting. In his opinion, the stability is provided by
ce 30 cm a polomérech R1 = 5,5 m, resp. R2 = 5,8 m. the primary lining throughout the structure life.

Vzhledem k znatné piekrofenym konvergenénim limitim, Service walkways with power distribution channels under

them are designed on either side of the tunnel. All liquids are
evacuated through continual longitudinal ducts, which run
along the kerbs of elevated walkways, at the lowest point of
the transverse slope of the roadway. The ducts are polymer-
. o . RS . based concrete pre-cast elements covered with grating. The
gencl je nutnostv zn?cne reprofilace primédrniho osténi. liquids collected by the ducts are directed through inspecti-
Zajimavy je rovnéZ pristup projektanta tunelu, ktery, podle on and cleaning manholes to the main drainage for contami-
jeho slov, projektoval definitivni osténi jako konstrukci nated water.

slouZici pouze k upevnéni technologii v tunelu. Stabilitu po
celou dobu zivotnosti stavby tak podle néj zajistuje primarni 6 CEOTECHNICAL MONITORING
osténi.

Po obou strandch tunelu jsou navrZzeny obsluZzné chodniky,

pravdépodobné zpusobenych nevhodnou geometrii primdr-
niho osténi tunelu, predstavil projektant novy projekt defini-
tivniho osténi, ktery dovoluje lokdln¢ redukovat tloustku
osténi na 20 cm. Dalsim dusledkem prekrofenych konver-

6.1 Convergence measurements of tunnel tubes
The convergence measurement of the primary lining was
determined by the design documentation to be the main tool
of geotechnical monitoring (GTM). It serves to the monito-
ring of geometrical changes in the primary lining on the
v nejniZ$im misté piicného sklonu komunikace. Kandly jsou basis of repeated measurements on stabilised points installed
prefabrikdty z polymerbetonu zakryté mrizi. Kazdych 25 m | on the lining in vertical profiles perpendicular to the tunnel
jsou kapaliny zachycené kandly svedeny pres kontrolni axis. The development of a change in the spatial position of

pod kterymi jsou vedeny energetické rozvody. Veskeré kapa-
liny jsou z vozovky odvddény prabéZznymi podélnymi kandly,
které jsou umistény u obrubniki vyvySenych chodnika,

a Cistici Sachty do hlavniho odvodnéni kontaminovanych vod. a monitored point serves to the interpretation of the deve-
Bancarevo . .
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Graf 2 Charakteristicky vyvoj deformaci profilu s realizovanou spodni klenbou
Graf 2 Characteristic development of deformations of profiles with the invert installed in them
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6 GEOTECHNICKY
MONITORING

6.1 Konvergenéni méieni
tunelovych trub
Hlavnim ndstrojem geotech-
nického monitoringu (GTM)
bylo projektovou dokumentaci
uréeno konvergenéni méreni
primérniho osténi, které slouzi
ke sledovéani tvarovych zmén
primarniho osténi tunelu, na ~
zdkladé opakovaného méreni
stabilizovanych bodu osaze-

ARCADIS CZ a s, divize Geotechnika

Vrt / Borehole: BI-05

hloubka
depth [m]

nych do osténi ve svislych pro- -
filech kolmych na osu tunelu.
Vyvoj prostorové zmény sledo- ®

vaného bodu slouzi k interpre-
taci vyvoje deformace. Nameé-
fené hodnoty by mély byt po-
rovnavany s vysledky, které
predpoklada staticky vypocet
zpracovany projektantem stav-
by.

Pro razby tunelu Bancarevo
byly navrzeny pétibodové kon-
vergentni profily. Tfi body ~N
byly umistény v kaloté, dva
v udrovni opéfi tunelu. V tu-
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trub v roztec¢i 10-15 m. V mis-
tech s velmi nepfiznivou geolo-
gif po 5 metrech.
Charakteristicky prubéh de-
formaci je zobrazen v grafu 1.
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vektorové feseni — vector-based solution
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referenéni hloubka - reference depth 39,0 [m]

dobé trendy uklidnéni defor-
maci. Hlavni faktory, které
tento nepriznivy stav zapficini-
ly, 1ze hledat v nepriznivych IG podminkach a nevhodné volbé
geometrie vyrubu spolu s nechuti Investora/InZenyra tento stav
zménit.

V nékolika dsecich s velmi nepriznivou geologii (tektonické
poruchy), kde konvergenéni méteni kaloty vykazovaly mimo-
fddné rychlé nérusty deformaci (pfevdzné sedéni), InZenyr
stavby pristoupil k realizaci protiklenby. Charakteristické pru-
behy deformaci profilu s realizovanou protiklenbou jsou zna-
zornény v grafu 2. Z obou grafu je ziejmé, Ze realizovand pro-
tiklenba vedla k okamZitému zastaveni deformaci. BohuZel tato
skuteCnost nepriméla InZenyra stavby protiklenbu pouzivat
Cast€ji zejména v portdlovych oblastech.

Graf 3 Grafické zndzornéni meéreni presné inklinometrie BI-5
Graf 3 Graphic representation of precise inclinometry BI-5 measurements

lopment of deformation. The measured values should be
compared with the results which are assumed by the structu-
ral analysis carried out by the construction designer.

Five-point convergence profiles were designed for the
Bancarevo tunnel excavation. Three points were installed in
the top heading, two at the tunnel bench level. Three-point
measurement profiles were installed in cross passages.

The spacing of the measurement profiles was designed
depending on the excavation support classes. In reality, they
were installed throughout the length of both tunnel tubes at
10—15m spacing, which resulted from the unfavourable geo-
logical conditions. In places with highly unfavourable geo-
logy the profiles were spaced at Sm.
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ARCADIS CZ a.s., divize Geotechnika
MERENi PRESNE INKLONOMETRIE
PRECISE INCLINOMETER MEASUREMENT
vektorové feSeni - vector-based solution

Vrt / Borehole: BI-06 lokalita: tunel Bancarevo
locality: Bancarevo tunnel

kumulovany horizontalni posun
accumulated horizontal displacement [mm]

hloubka
depth [m]

10 0 40

T 81 5]
2

™

12

14

16

Cislo datum ¢islo datum ¢islo datum | islo datum éislo datum  éislo datum

9d7i-va The characteristic deve-
lopment of deformations is
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EG conditions and the
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very unfavourable geology

o (tectonic failures), where

convergence measurements
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ths of deformations (most-
ly settlement). The charac-
. _ teristic profile deformation
s / curves with the invert rea-
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~_ B Graph 2. It is obvious from
e the graphs that the realised
invert led to immediate
stopping of deformations.
Unfortunately, this fact did
A not force the Engineer to
VA use the invert more frequ-
£/ e ently, in the first place in
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» L s 6.2 Monitoring of portal
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fundamental differences

4

Graf 4 Grafické zndzornéni méreni presné inklinometrie BI-6
Graf 4 Graphic representation of precise inclinometry BI-6 measurements

6.2 Monitoring portalovych jam

Puvodni projektovd dokumentace neobsahovala pozadavek
na realizaci geotechnického monitoringu hloubenych porta-
lovych jam. Z davoda zdsadnich rozdild mezi IG stavbou
horninového masivu popisovanou v PD a zastiZenou realitou,
které vyvolaly realizaci nového projekéniho feSeni zajisténi
svahu zejména u vychodniho portélu, vzesel i pozadavek na
roz§iteni GTM.

Na vychodnim portdlu bylo celkem naistalovdano 87 geode-
tickych bodu seskupenych do 12 méficich profilu. Na zdpad-
nim portdlu 25 geodetickych bodu tvofilo 8 méficich profilu.
Hlavni deformace portali byly registrovdny v prubéhu hlou-
beni a béhem pruchodu jednotlivych vyrubu tunelovych rour.
Po odeznéni vlivu téchto praci byly méfeny pozvolné, plou-

between the EG structure

of the rock mass described

in the design and the struc-
ture encountered in reality, which brought about the realisa-
tion of the new design solution to the stabilisation of slopes,
first of all at the eastern portal.

The total of 87 survey points were installed at the eastern por-
tal. They were grouped into 12 measurement profiles. At the
western portal, 25 survey points made up 8§ measurement profi-
les. The main deformations of the portals were registered
during the pit excavation and during the passage of individual
tunnel tubes. After the influence of these operations faded away,
only gradual, slowly developing deformations were measured,
which visibly accelerated in the periods rich in rains.

The decision to monitor the eastern portal by means of precise
inclinometry was adopted concurrently with the requirement for
the realisation of the geodetic survey monitoring of portal pits.
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zivé deformace, které byly viditeln¢ akcelerovany ve sraz-
kové bohatych obdobich.

Spolu s pozadavkem na realizaci geodetického sledovéni
portdlovych jam bylo prijato rozhodnuti vychodni portdl sle-
dovat pomoci presné inklinometrie.

Po obvodu stavebni jdmy vychodniho portdlu bylo celkem
instalovdno 6 ks vertikélnich inklinometra, 2 inklinometry
byly zhotoveny v Cele portdlu, po dvou pak na kazdém
z bo&nich svahu. Nejvyssi deformaéni aktivity byly sledové-
ny u inklinometru (BI-5 a BI-6) instalovanych za levym sva-
hem (po sméru staniceni), 40 m hluboky inklinometr BI-5
vykazoval pozvolny, avSak dlouhodob¢ plynuly ndklon osy
vrtu smérem do stavebni jamy s dosaZenym maximem
k 6/2014 60 mm (graf 3). Na inklinometru BI-6 byl naopak
sledovan projev deformace po smykové ploSe s dosaZzenym
maximem k 06/2014 cca 40 mm (graf 4).

Vsechna namérend data ziskand vykonem GTM byla ukla-
déana do informac¢niho databdzového systému BARAB,
k némuz méli pfistup vSichni zastupci jednotlivych dcastni-
ku vystavby.

7 ZAVER

Dovrchni razba obou tunelovych trub opakované zazna-
menala velké Casové skluzy oproti smluvnimu harmonogra-
mu. Diky riznym organizaénim opatfenim (zména poradi
razeb, prodlouzeni protirazby, razby na vice Celbach zaro-
ven) se podafilo zmirnit dopad mnohem nepfiznivéjsich
geologickych podminek neZ predikovanych v pavodnim
projektu stavby. Napriklad pred definitivnim vyhloubenim
a zajiSténim portdlovych jam jiz bylo vyrazeno 300 m
v kaloté a 220 m v opéfi. Pfesto posledni metr levé tunelové
trouby byl vyrazen 26. 7. 2014 a kompletni dokonceni vSech
primérnich osténi probéhlo 6. 8. 2014.

V soucasné dobé (konec srpna 2014) jsou vybetonovany
zéklady v celé pravé a v 80 % levé tunelové trouby, 8 ze 14
blokt hloubené ¢dsti vychodniho portdlu a 6 blokl raZené
Casti pravé tunelové trouby. SoubéZné s betondZemi raze-
nych &asti probihaji v dostate¢ném predstihu reprofilace
zdeformovaného primdrniho osténi, hydroizolace a ar-
movdani sekundarniho osténi. Zpétné zdsypy jsou planované
na jaro 2015 soubézné s provddénim kabelovodu, kanaliza-
ce, pozarniho vodovodu, chodniku a vozovky. Termin
dokonceni je nyni planovan na podzim roku 2015.

Firma Subterra vyuZivd pfi vystavbé svych dlouholetych
zkuSenosti s obdobnymi tunely v Ceské republice a v jinych
tuneldrsky vyspélych zemich. Pfi zastiZeni neoCekdvanych
problému poskytuje Investorovi/InZenyrovi vitané ndméty
k prekondni situace a zdroven vykondva prace k plné spoko-
jenosti Investora. Za kvalitu odvedeného dila je firma
Subterra Investorem vysoce cenéna a jsou ji nabizeny dals{
zakazky v regionu.

Ing. JOSEF BACA, jbaca@subterra.cz,

Ing. MIROSLAV RYPACEK, mrypacek@subterra.cz,
Bc. TOMAS NEMEC’EK, tnemecek@subterra.cz,
Subterra a.s.,

Ing. OTA JANDEJSEK, ota.jandejsek@arcadis.cz
ARCADIS CZ a.s.

Recenzovali: Ing. Vladimir Prajzler, Ing. Pavel RuZicka
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The total of 6 vertical inclinometers were installed around
the circumference of the construction pit; 2 inclinometers were
installed at the front end of the portal and 2 pieces were instal-
led on each of the side slopes. The highest deformational acti-
vities were observed on inclinometers (BI-5 a BI-6) installed
beyond the left-hand slope (viewed in the direction of chaina-
ge). The 40m deep inclinometer BI-5 displayed slow but con-
tinual in the long-term inclination of the borehole axis in the
direction into the construction pit, with the maximum of 60mm
registered as of 06/2014 (see Graph 3). On inclinometer BI-6,
the manifestation of deformation along a shear plane was
observed, with the maximum of ca 40mm registered as of
06/2014 (see Graph. 4).

All measured data obtained by the realisation of the GTM
was stored in the information database system BARAB, which
was accessible for all representatives of individual parties to
the project.

7 CONCLUSION

The uphill excavation of both tunnel tubes repeatedly expe-
rienced significant time delays in comparison with the con-
tractual schedule. Owing to various organisational measures (a
change in the excavation sequence, extension of the counter-
heading, excavation at more headings simultaneously), the
impact of much more unfavourable geological conditions than
predicted in the original project design was successfully miti-
gated. For example, the excavation of 300m and 220m of the
top heading and bench, respectively, was completed in an
advance, before the final excavation of the portal pits and their
stabilisation. Despite this fact, the excavation of the last meter
of the left-hand tunnel tube was finished on 26/07/2014 and all
primary linings were completed on 06/08/2014.

At the moment (the end of August 2014), the casting of
concrete foundations is finished in the whole right-hand tunnel
tube and 80% of the work ins finished in the left-hand tunnel
tube; 8 of 14 blocks of the cut-and-cover part of the eastern
portal and 6 blocks of the mined part of the right-hand tunnel
tube. The reprofiling of the deformed primary lining, the
installation of waterproofing and placement of the secondary
lining reinforcement proceeds concurrently in a sufficient
advance. Backfilling is planned for the spring of 2015, concur-
rently with the work on cable ducts, sewerage, the fire water
main, walkways and the roadway. The completion deadline is
currently planned for the autumn of 2015.

During the construction, Subterra a. s. has used its years-
long experience with similar tunnels in the Czech Republic and
other countries advanced in the field of tunnelling. When unex-
pected problems are encountered, the company provides the
Engineer with welcomed proposals how the situation should be
overcome and, at the same time, performs the work to full pro-
ject owner’s satisfaction. Subterra a. s. is highly appreciated by
the project owner for the completed work quality and new con-
tracts are being offered to it in the region.

Ing. JOSEF BACA, jbaca@subterra.cz,

Ing. MIROSLAV RYPACEK, mrypacek@subterra.cz,
Bc. TOMAS NEMEC’EK, tnemecek@subterra.cz,
Subterra a.s.,

Ing. OTA JANDEJSEK, ota.jandejsek @arcadis.cz
ARCADIS CZ a.s.
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RADLICKA RADIALA - GEOTECHNICKY PRUZKUM
A PRUZKUMNA STOLA TUNELU RADLICKY

RADLICE RADIAL ROAD - GEOTECHNICAL INVESTIGATION
AND EXPLORATORY GALLERY FOR RADLICE TUNNEL

VACLAV DOHNALEK, JAN PANUSKA, ALEXANDR BUTOVIC, RADOVAN CHMELAR

ABSTRAKT

Radlickd radidla md v systému pdterni ulicni sit¢ hlavniho mésta Prahy nezpochybnitelny vyznam. V budoucnosti bude propojovat vnéj-
§T silnicni a vnitini méstsky okruh v vizemi Jihozdpadniho mésta. Tim prevezme dst dopravniho zatiZeni zejména ulic Radlickd, Plzenskd
a K Barrandovu. Na zdpadnim okraji mésta bude napojend na prazsky okruh a ddlnici D5 a v prostoru Zlichova bude zaiisténa na méstsky
okruh s pokracovdnim na Barrandovsky most, ulici Strakonickou, nebo do tunelu Mrdzovka. Uzemi, kterym md Radlickd radidla od zdpa-
du na vychod projit, vytvdri pro trasu specifické terénni i urbanistické podminky, jeZ provdzely jeji sloZity vyvoj a nedovoluji jeji Cisté povr-
chové vedeni. Proto je 7 celkové délky cca 5,50 km FeSeného tiseku vedeno 2,68 km povrchové a zbytek, tedy prakticky polovina, v hloubenych
a raZenych tunelech. NejdelSim z nich bude ve vychodni &dsti trasy raZeny tunel Radlicky s délkou 2,2 km. V trase tohoto dila se viak mohou
vyskytovat nebezpecné krasové jevy, které zpusobily nemalé $kody pri budovdni jiného podzemniho dila v této lokalité. Proto je nutné co
nejditkladnéji zmapovat tuto zdjmovou oblast. Nejen z toho divodu bylo rozhodnuto, Ze soucdsti geotechnického prizkumu bude

i priizkumnd Stola pro vychodni &dst trasy tunelu Radlicky. Realizace tohoto dila je v soucasné dobé (3. ctvrileti 2014) zahajovdna a bude
vyZadovat profesiondlni a vysoce odborny pristup v§ech ziicastnénych stran vystavby.

ABSTRACT

The Radlice Radial Road has unquestionable importance in the arterial system of the street network in the City of Prague. In the future
it will connect the outer City Ring Road with the inner City Circle Road in the area of the South-Western Satellite Town. It will take over
a part of the volume of traffic, mainly that existing on Radlickd, Plzenskd and K Barrandovu Streets. On the western outskirts of the city, it
will be connected to the Prague City Ring Road and the D5 motorway and, in the area of Zlichov, it will be connected to the City Circle
Road and will further continue to the Barrandov Bridge, Strakovickd Street or to the Mrdzovka tunnels. The area the Radlice Radial Road
is to pass across from the west to the east forms a specific terrain and urban planning conditions for the alignment. These conditions atten-
ded the complex development of the area and they do not allow a purely at-grade design. For that reason the length of 2.68km of the total
length of the section being designed of the about 5.50km long alignment is designed to run at grade and the remaining part, virtually a half,
will run through cut-and-cover and mined tunnels. The longest of them will be the 2.2km long Radlice mined tunnel, which will be located
in the eastern part of the alignment. Unfortunately, karst formations may be encountered along the tunnel alignment. They caused signifi-
cant damage during the work on another underground structure in this location. It is therefore necessary to map this area of activities as
thoroughly as possible. It was not only for this reason that the decision was made that even an exploratory gallery would be part of the geo-
technical investigation for the eastern portion of the Radlice tunnel. The realisation of this working is currently (the 374 quarter of 2014)

being commenced and will require a professional and highly expert approach.

HISTORIE, KONCEPCE A AKTUALNI STAV

Radlickd radidla je souddsti systému nadfazenych komunikaci
(NKS) hlavniho mésta Prahy (obr. 1). Jednd se o dopravni stavbu
prioritniho vyznamu, nezbytnou soucdst zvolené dopravni kon-
cepce radialné-okruzniho systému, ktery je dlouhodobé, jiz asi 30
let, pripravovdn a po etapach realizovan. Situovani Radlické radi-
aly je v souladu s platnym Gzemnim pldnem hl. m. Prahy (déle
UP) z roku 1999, se zrufenym konceptem UP z roku 2009
i strategickym pldnem z roku 2008.

Z dopravniho hlediska se jednd o dokonceni jiZ provozované
&asti (tzv. Rozvadovské spojKy), jeji napojeni na méstsky okruh
(ddle MO). Zprovoznénim této stavby dojde k vyznamnému
poklesu intenzit dopravy na dnes pretézovanych komunikacich,
zejména Plzenskd, Vrchlického, Duskova, Bucharova, Jinonicka,
Ivieporyjské, Karlstejnska, Radlickd (v dolnich Radlicich),
Peroutkova a K Barrandovu. Soustfedénim dopravy na nové
vybudovanou komunikaci, kterd je pro tyto tcely navrzena, dojde
v predmétné lokalité ke zrychleni vybranych dopravnich vazeb,
sniZeni emisi vyfukovych plynu a tim ke zlepSeni Zivotnich pod-
minek obyvatel.

V rdamci projektové pripravy stavby byl veden spor, zda trasu
Radlické radidly vést co moznd nejvice ve stope stavajici ulice
Radlickd (tzv. varianta méstskd), nebo mimo obytnou zdstavbu
(varianta segregovand). Vyslednd varianta, vybrand na zakladé

HISTORY, CONCEPT AND CURRENT CONDITION

The Radlice Radial Road is part of the system of higher-ranking roads
in the City of Prague (see Fig. 1). It is a transportation structure of prio-
rity importance, a necessary part of the approved transportation concept
of the radial-circular system which has been under preparation for a long
time, about 30 years, and has been realised in stages. The Radlice tunnel
is situated in line with the valid Master Plan of the City of Prague from
1999, with the cancelled concept of the Master Plan from 2009 and the
strategic plan from 2008.

From the transportation aspect, it is the problem of the completion of
the already operating part (the so-called Rozvadov Link Road), its conne-
ction to the City Circle Road. After this structure is brought into service the
intensity of traffic will significantly decrease on the today overloaded
roads, in the first place Plzenskd, Vrchlického, Duskova, Bucharova,
Jinonickd, Reporyjskd, Karlitejnskd, Radlickd (in the district of Dolni
Radlice), Peroutkova and K Barrandovu Streets. By concentrating traffic
on the newly built road, which has been designed for these purposes, the
selected transportation links will be accelerated, exhaust emissions will be
reduced, therefore the living conditions of residents will be improved.

There was a dispute within the framework of the design preparation
whether the Radlice Radial Road alignment was to follow the current
Radlickd Street as much as possible (the so-called “urban variant™) or was
to lead outside the residential area (the so-called “segregated variant™).
The resultant variant which was selected on the basis of a multicriterial
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multikriteridlntho hodnocent, je varianta segregovana, kterd byla
doporucena k dalsimu dopracovani v rdmci dokumentace vlivu
stavby na Zivotn{ prostredi (2009) a dokumentace pro tizemn{ roz-
hodnuti (2013). V soucasné dobé probihaji jeji drobné tpravy na
zékladé podnétd dotlenych obcani a oblanskych sdruZeni.
Predpoklad vydani izemniho rozhodnuti je asi v poloviné roku
2015.

Celkova délka navrhované stavby je cca 5,5 km, z toho 2,68 km
ve volné trase a zbytek, tedy vice nez polovina, v tunelech (obr.
2). Z hlediska kategorizace se jednd o étyfpruhou smérové rozdé-
lenou mistni sbérnou komunikaci s pridatnymi pruhy podle potre-

Radlicka radiala
Radlice Radial Road

by, navrZenou tak, Ze ndvrhové parametry se postupné snizuji od m1

komunikace dalni¢niho typu Rozvadovské spojky ke komunikaci m2

charakteru méstského okruhu. Mistni uli¢nf sit’ je napojovéna pro-

stfednictvim péti mimouroviiovych kfizovatek. 3
Stavba obsahuje mimo jiné 15 mostnich objektu, tfi ldvky pro H4

pési, operné a zdrubni zdi a dalSi souvisejici objekty. Kromé
samotné hlavni komunikace re$i projekt i pomérné obséhlé navaz-
nosti na §irsi izemi, zejména na méstskou infrastrukturni vybave-
nost. Na celé trase Radlické radidly jsou navrhovany celkem tfi

Obr. 1 Schéma systému hlavnich komunikaci hl. m. Prahy, 1 — praZsky okruh,
2 — méstsky okruh, 3 — Radlickd radidla JZM - Smichov, 4 — radidly a nava-

g zujici komunikace
tunely. RaZeny tunel Radlicky o celkové délce cca 2220 m Fig. 1 The system of main roads in the City of Prague: 1 — Prague City Ring
a hloubené tunely Jinonicky a Butovicky shodné délky 299 m. Road; 2 - City Circle Road; 3 - Radlice Radial Road SWST — Smichov; 4 —
Razeny tunel Radlicky radial roads and roads linking to them

Vlastni tunelovd trasa je tvorena tunelovymi tubusy severni
(ddle STT) a jizni (ddle JTT) a dvéma vjezdovymi a dvéma
vyjezdovymi rampami napojujicimi se na jiz zminénou ¢ast MO.
Celkova délka tunelovych trub razenych je 4089 m, hloubenych
616 m.

Z pohledu $itkového usporadani se jednd o tunely tfipruhové
a dvoupruhové. Z hlediska konstruk¢niho se jednd o tunely klen-
bové i tunely s rovnym stropem. Z hlediska pozdrniho o tunely
s odvodem koufe pod stropem nad komunikaci a z hlediska
ochrany proti podzemni vod¢ o tunely s uzavienou tlakovou izo-
laci i s dseky tunela s tzv. izolaci destnikovou.

K tunelu Radlicky déle pfislusi celkem 2 prijezdné a 5 pru-
chozich propojek (tj. cca po 250 m), technologicka centra zdpad

assessment is the segregated variant, which was recommended to further
development within the framework of the documentation for the
Environmental Impact Assessment (2009) and the documentation for the
zoning and planning decision (2013). At the moment, minor modificati-
ons of this variant based on requirements of citizens and civic associati-
ons affected by the project are being carried out. The zoning and planning
decision is assumed to be issued around the half of 2015.

The total length of the structure being designed is about 5.5km;
2.68km of this length runs in the open air and the remaining part,
i.e. over a half, in tunnels (see Fig. 2). From the aspect of categorisation,
it is a four-lane, dual carriageway local collector road with lanes added
as needed; the design parameters are gradually reduced from the motor-

a vychod, Gerpaci stanice a odvodiiovaci stoka slouZici pro odvod way type of the Rozvadov Link Road to the City Circle Road character
podzemnich vod z tseku tunelii s destnikovou izolaci. Vyika pri- road. The local street network is connected via five flyover junctions.
jezdného profilu je uvazovédna 4,5 m. Pfi¢ny profil ddle zohled- The project comprises, among other structures, 15 bridges, three pede-
fiuje umisténi a rozméry dopravnich znacek, toleranci na jejich strian bridges, retaining and revetment walls and other associated struc-
osazeni a ddrzbu, ddle tolerance nutné pro provadén{ primarniho tures. In addition to the main road, the design even solves extensive lin-
a definitivniho osténi, tlou$tku poZadovaného keramického king to a wider area, in the first place linking to the urban infrastructural
obkladu osténi tuneli provedeného do vysky cca 3,25 m nad amenities. Three tunnels in total are being proposed along the whole
chodnikem. route of the Radlice Radial Road: the about 220m long Radlice mined
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Obr. 2 Prehlednad situace trasy Radlické radidly s vyznadenim tunelovych iseku
Fig. 2 Synoptic layout of the Radlice Radial Road with tunnelled sections marked in it
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Hloubené tunely Butovicky a Jinonicky tunnel and the cut-and-cover Jinonice and Butovice tunnels with identi-
Konstrukci tunel tvori uzavieny monoliticky rdm ze Zelezobe- cal lengths of 299m.
tonu, ktery respektuje tvar prujezdného profilu a nezbytny prostor Mined Radlice tunnel
pro umisténi dopravniho znacenf a dalSich zafizeni. Pro rozmér- The tunnel route itself consists of two tunnel tubes, the northern tun-
néjsi \V/entilétory pozarniho vétrdni jsou ve strop€ navrZena navy- nel tube (the NTT) and the southern tunnel tube (the STT), two entry
Seni. Zelezobetonova stropni deska je uloZena J ak na krajnich sté- ramps and two exit ramps, which are connected to the above-mentioned
ndch, tak i na stfednf sténé. Ze statickych divodi je navrZena part of the City Circle Road. The total lengths of the mined tunnel tubes
v proménné tloustce s ndbehy ke stiedni sténé. Uzaviend Zelezo- and cut-and cover tunnels amount to 4089m and 616m, respectively.
betonovd konstrukce tunelu bude chrdnéna proti vodé a zemni From the aspect of the roadway width geometry, there are triple-lane and
vlhkosti hydroizolaci. double-lane sections there. From the structural point of view, there are both
V soucasné dobé se provddi podrobny geotechnicky priizkum vaulted and flat-roof-deck tunnel structures. From the aspect of fire safety,
nejen pro tunel Radlicky (véetné razby priizkumné stoly), ale i pro smoke is evacuated from the tunnel tubes under the tunnel crown, above
celou trasu Radlické radidly od Rozvadovské spojky po Zlichov the intermediate deck; from the aspect of the groundwater protection, there
(v€etné hloubenych tuneli Jinonicky a Butovicky). Investorem | ure tunnel sections with a closed pressure-resisting waterproofing system
této zakdzky s ndzvem Stavba ¢. 9567 Radlickd radidla JZM — and sections with the so-called “umbrella” waterproofing system.
Smichov, Podrobny inZenyrskogeologicky priizkum je odbor strate- The other structures making up the Radlice tunnel comprise the total
gickych investic hlavntho mésta Prahy, zastoupeny na zdklad¢ plné of 2 cross passages passable for vehicles and 5 cross passages for pede-
moci spolecnosti VIS a. s. Zhotovitelem je Subterra a. s. s dvéma strians (carried out approximately at 250m spacing), service centres
hlavnimi podzhotoviteli. Témi jsou spole¢nost PUDIS a. s., kterd West and East, pumping stations and a drainage duct evacuating water
zajiStuje kompletni prizkumné price jak v prizkumné Stole tune- from the tunnel section provided with the “umbrella” waterproofing sys-
lu Radlicky, tak i v celé trase Radlické radidly, a spolenost | tem. The height of the traffic clearance is assumed at 4.5m. The cross-
SATRA a.s. zpracovavajici realizatni dokumentaci a dokumentaci section further takes into consideration the placement and dimensions of
skute¢ného provedeni prizkumné Stoly. traffic signs, tolerances for their placement and maintenance, tolerances
. . . required for the execution of the primary and secondary liners, the thick-
GEOLOGICKE A HYDROGEOLOGICKE POMERY ness of the tunnel lining cladding of the tunnels, which is carried out up
TUNELU RADLICKY to the height of ca 3.25m above the walkway.
Tunel Radlicky je pfevdzné umistén do ndhorni plosiny Divéich Butovice and Jinonice cut and cover tunnels
hradu, kterd je omezena strmymi udolimi (napf. zndmého The structure of these tunnels is formed by a closed cast-in-situ rein-
Prokopského udoli) a idolim Vltavy. forced concrete frame, which respects the geometry of the traffic clea-
Predpoklddand geologickd stavba okoli tunelu Radlicky je rance profile and the space necessary for the placement of road signal-
z pohledu geologa ,klasickd*, nebot toto misto je také nalezistém ling and other facilities. Extended-height recesses are designed in the
zkamenélin a pusobi§tém otce Ceské, ale i evropské paleontologie ceiling to house rather big fire ventilation fans. The reinforced concrete
Joachima Barranda (1799-1883). Geologické poméry tunelu roof deck is supported both by side walls and the central wall. A variable
Radlicky jsou dobre patrné z podélného geologického fezu (obr. thickness of the deck diminishing towards the central wall is designed
3). Horniny skalniho podlozi, ve kterych je tunel Radlicky navr- for structural reasons. The closed reinforced concrete tunnel structure
Zen, jsou horniny paleozoického stéri. Patii do regiondlnégeolo- will be protected against water and ground dampness by waterproofing.
gického ttvaru Barrandien. Jsou to od zdpadu jednak horniny The detailed geotechnical investigation is currently being carried out not
ordovické (bohdalecké, kralodvorské a kosovské souvrstvi), dale only for the Radlice tunnels (including the excavation of the exploratory

ylevna vulkanoklastickd hornina)
effusive rocks, volcaniclastics)

calcareous shales in places with limestone inserts
Kosovské souvrstvi ordovické bridlice a prokfe-
menélé piskovce / Kosov formation (ordovik

Liberiské souvrstvi (Silur) / Liben formation (silur)
shales and quartz sandstones

Kopaninské vapnité bridlice s viozkami vapencli
vapnité bidlice mistné s vapennymi viozkami

(Silur) / Kopanina formation (silur) calcareous
shales with limestones inserts

diabazovy ¢edi¢

PFidol formation (silur) limestones with shale
diabase-basalt

Dvorecko-Prokopské vapence (Devon)
Dvorce-Prokop formation (devon) limestones
Lochkovské vapence (Devon)

Lochkov formation (devon) limestones
Pridolské vapence s vlozkami bfidlic (Silur)
inserts

Kralovodvorské bridlice (Ordovik)

KralGv Dvdr formation (ordovik) shales
Bohdalecské bfidlice (Ordovik)

Bohdalec formation (ordovik) shales
Zahofanské bridlice a vapnité prachovce
(Ordovik) / Zahorany formation (ordovik)
shales calcareous siltstones
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Obr. 3 Podélny geologicky rez tunelem Radlicky s pruzkumnou $tolou
Fig. 3 Longitudinal section through the Radlice tunnel with the exploratory gallery
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pak silurské (liteniské, kopaninské a pridolské souvrstvi) a na vy-
chodé, nejblize k Vltavé, horniny devonské (lochkovské a dvo-
recko-prokopské souvrstvi).

Na horninédch paleozoika v nekterych mistech spo¢ivaji subho-
rizontdlné uloZené relikty kiidovych sedimentq, které modelova-
ly celou ndhorni ploSinu. Kvartérni pokryvné ttvary, tvorici nej-
svrchnéjsi geologickou vrstvu, tvoii v prostoru ploSiny Div&ich
hradu predev§im eolické a deluvidlni sedimenty. V ddoli Vltavy
pak to jsou jesté fluvidlni terasové sedimenty Vltavy a navazky.

Hydrogeologické poméry v dané lokalité jsou zavislé jednak na
geologické stavbe prirodniho prostiedi, jeho fyzikalnich vlastnos-
tech, na vydatnosti sraZek, pfipadné na lokélni dotaci podzemi
vody z reliktd kifdovych sedimenti do horninového prostredi
tunelu Radlicky. Generelné lze podzemni vody v zdjmovém tze-
mi fadit ke dvéma typum. Jednak je to podzemni voda v hor-
ninovém prostied{ s prulinovou propustnosti (v kvartérnich pok-
ryvnych ttvarech, reliktech kifidovych sedimentu nebo v zemi-
novych vyplnich hlubokych krasovych jev) a jednak podzemni
voda v prostfedi s puklinovou propustnosti v hornindch paleozo-
ického skalntho podlozi. Hydrogeologické poméry jsou tedy po-
mérné komplikované.

V predstihu pred realizaci pruzkumné 3toly bylo provedeno
v roce 2009 v rdmci podrobného hydrogeologického pruzkumu
v oblasti vychodni &ésti pruzkumné $toly 5 hydrogeologickych
vrtu, které jsou dlouhodobé monitorovany a nyni budou doplnény
o dalsi vrty. Pfi razb€ pruzkumné §toly by se pomoci téchto mére-
ni méla potvrdit, ¢i vyvratit moZnost ovlivnéni predpoklddané
pfipovrchové zvodné v lokalité Div&ich hrada razbou budoucich
tuneld.

KRASOVE JEVY A HAVARIE STOKY ,P" V ROCE 1981

Mimorddnd uddlost (havdrie) pri razbé kanaliza¢ni stoky ,,P*
v dseku Hlubocepy — Radlice se stala v roce 1981 a objevila
v zdjmové oblasti Div¢ich hradu do té doby zde nepredpoklddané
vyrazné a velmi hluboké vertikalni krasové poruseni devonskych
a silurskych hornin (pfevazné vdpencu). Tyto krasové jevy, hlu-
boké az 120 m a mocné az 30 m (ovéfeno ve stoce ,,P“), jsou
vyplnéné kiidovymi zvétralinami charakteru zvodnélych zemin
(pisky a jily). Nafdrdni zminénych hlubokych krasovych jevu
s vyplni zvodnénych nesoudrznych zemin je redlnym rizikem pro
razbu navrZeného tunelu Radlicky. Stoka ,,P* (o prufezu cca 3,5x3
m) je v dseku Divéich hradu situovand vice nez 100 m pod povr-
chem a kolmo mimodroviové protind trasu budouciho tunelu
Radlicky, cca 800 m od Sachty navrzené pruzkumné §toly. Dne 2.
7. 1981, po odpalu v noéni sméné, doslo k prorazeni Stoly do
vyrazné krasové dutiny vyplnéné zvodnénym piskem. Diive nez
mohlo dojit k jejimu zajiStén{ vyztuzi, doslo k vyvalenf priblizné
800-1000 m3 siln¢ zvodnéného materidlu charakteru hlinitych
a jilovitych jemnozrnnych pisku s vlozkami pis¢itych jila. V ze-
mindch zavalu byly zjistény i propldstky a dlomky uhli a zuhel-
natélych rostlinnych zbytka kiidového stari.

Vlivem privalu zminéné zeminové vyplné krasového dtvaru doslo
ke vzniku kaverny cca 800-1000 m3. Zdval ve Stole stoky ,,P* tvoril
plochy kuZel, dlouhy 140-150 m (obr. 4, 5). Tésné po pravalu byl
odhadovén podle Cerpani podzemni vody pritok do $toly 50-60 1.s-!.
Tento pritok klesl za asi 10 dni na 13 L.s-!. Pritok do $toly se nakonec
ustalil cca 1 mésic po uvodnim zdvalu na 8 1.s-1.

Nésledné realizované prizkumné vrty z povrchu terénu v misté
zévalu sbérae ,,P“ v rdmci dopliujiciho IG prazkumu potvrdily
existenci dal§ich velmi hlubokych krasovych depresi v devon-
skych vapencich na Div¢ich hradech. Nafarani zminénych hlubo-
kych krasovych jevu s vyplni zvodnénych nesoudrZznych zemin je
redlnym rizikem pro razbu navrzeného tunelu Radlicky.

VOLBA ZPUSOBU PODROBNEHO GEOTECHNICKEHO
PRUZKUMU

S ohledem na vySe uvedené skutecnosti a dokumentovand geo-
logickd rizika byl zvolen zpusob geotechnického pruzkumu
v oblasti horninového prostredi tam, kde Ize ocekédvat hluboké

gallery) but also for the entire alignment of the Radlice Radial Road from
the Rozvadov Link Road up to Zlichov (including the Jinonice and Nové
Butovice cut-and-cover tunnels). The owner of this project named
“Construction package No. 9567 — the Radlice Radial Road from the
South-Western Satellite Town to the district of Smichov; detailed enginee-
ring geoplogical durvey” is the Department of Strategic Investment of the
City of Prague, which is represented by VIS a. s. on the basis of a power
of attorney. The contractor is Subterra a. s. with two main sub-contractors
—PUDIS a. s., ensuring complete survey work both in the exploratory gal-
lery of the Radlice tunnel and throughout the Radlice Radial Road align-
ment, and SATRA a. s., preparing the detailed design and as-built design
for the exploratory gallery.

GEOLOGICAL AND HYDROGEOLOGICAL
CONDITIONS OF THE RADLICE TUNNEL

The Radlice tunnel is mostly located under the Div¢i Hrady plateau,
which is bounded by steep valleys (for example the well known
Prokopské Valley) and the Vltava River valley.

The assumed geological structure of the Radlice tunnel surroundings
is, from geologist’s point of view, “classical” because this location is also
a fossil site and the place of activities of Joachim Barrande (1779-1883),
the father of the Czech as well as European palacontology. The geologi-
cal conditions of the Radlice tunnel are well obvious from the longitudi-
nal geological section (see Fig. 3). The rocks of bedrock which the
Radlice tunnel is designed to pass through are of the Palacozoic age.
They are parts of the Barrandiene regionally geological formation.
Viewed from the west, there are Ordovician rock types (the Bohdalec,
Krdlav Dvar and Kosov members) followed by Silurian rock types (the
Liten, Kopanina and Pridoli measures) and, in the east, closest to the
Vltava River, Devonian rock types (the Lochkov and Dvorce-Prokop
Measures).

Sub-horizontal relics of Cretaceous sediments, which modelled the
entire plateau, locally lay on the Palaeozoic rocks. The Quaternary
superficial deposits forming the uppermost geological layer in the area
of the Div¢i Hrady plateau, are formed by aeolian and deluvial sedi-
ments. In the Vitava River valley they are in addition made up of the
Vltava terrace sediments and made-ground.

Hydrogeological conditions in the particular location depend on the geo-
logical structure of the natural environment, its physical properties, the
amount of precipitation or on the local supply of groundwater from the
relics of the Cretaceous sediments into the rock environment of the Radlice

Obr. 4 Zdval ve §tole stoky ,,P*“ v roce 1981
Fig. 4 Collapse of the sewer “P” gallery in 1981
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Obr. 5 Detail zdvalu ve §tole stoky ,,P* (1981)
Fig. 5 Detail of the sewer “P” gallery collapse (1981)

krasové poruseni horninového masivu (devonské a silurské hor-
niny s polohami vdpenct) — tedy od vychodniho portdlu aZ po
mimotroviové kifzeni se stokou ,,P*, formou prizkumné Stoly.
Jing zpusob geotechnického prazkumu (napf. pomoci vrtu
z povrchu) nemuZe dostate¢né a hodnovérné poskytnout podkla-
dy pro ndsledny ndvrh razeného tunelu Radlicky. Omezujici sku-
teCnosti pro realizaci vrtnych prizkumnych praci z povrchu je
i rozsah prirodni pamétky Ctirad. Navic terén je zde velmi svazi-
ty a vrtné priace by musely dosahovat hloubky az 100 m.
Vysledkem by byly pouze bodové informace, které by s velkou
pravdépodobnosti neodhalily kritickd mista s krasovym poruse-
nim, tak jak se to stalo pfi razbé stoky ,,P“ (obr. 6). Pozitivnim
piinosem realizace prazkumné §toly je i moZnost sanovat proble-
matickd mista v horninovém masivu jiz s predstihem pred raZzbou
tunelt — napifklad pomoci injektdzi. Co je téZ velmi dulezité —
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tunnels. In general, groundwater in the area of activities can be assigned to
two types. It is groundwater in the rock environment with interstitial per-
meability (in the Quaternary cover, relics of Cretaceous sediments, or in
the earth filling the karst formations) or groundwater in the environment
with fissure permeability in the Palaeozoic rocks forming the bedrock. The
hydrological conditions are therefore relatively complicated.

Five hydrogeological boreholes were carried out in 2009, in advance of
the realisation of the exploratory gallery, within the framework of the detai-
led hydrogeological survey in the area of the eastern part of the explorato-
ry gallery. They have been monitored in the long term and now they will
be supplemented by additional boreholes. The possibility of influencing
the assumed aquifer located shallow under the surface of the Div¢i Hrady
location by the excavation of the future tunnels should be verified during
the excavation of the exploratory gallery.

KARST FORMATIONS AND A COLLAPSE
OF SEWER “P” TUNNEL IN 1981

An extraordinary event (excavation collapse) happened during the exca-
vation of the tunnel for Sewer “P” in its HluboCepy — Radlice section in
1981. It revealed a significant and very deep vertical karstic failure of the
Devonian and Silurian rock (mostly limestone), which had not been assu-
med in the area of Divci Hrady till that time. These up to 120m deep and
up to 30m thick karst formations (verified in sewer “P”) are filled with
Cretaceous products of weathering of the character of saturated earth
(sands and clays). Hitting the above-mentioned deep karst formations fil-
led with saturated incohesive earth is a realistic risk for the excavation of
the proposed Radlice tunnels. Sewer “P” (with the cross-section of
3.5x3m) is in the Div¢i Hrady section located over 100m under the surfa-
ce; it perpendicularly intersects the alignment of the future Radlice tunne-
Is in a grade-separated way, about 800m from the shaft on the proposed
exploratory gallery. On 02/07/1981, after blasting during the night shift, the
gallery broke through to a pronounced karst cavity filled with saturated
sand. Approximately 800-1000m3 of heavily saturated material with the
character of loamy and clayey fine-grained sands with sandy clay interca-
lations broke into the excavation before it could be secured with the sup-
port. Intercalations and fragments of coal and carbonised plant remains of
the Cretaceous age were even identified in the collapsed material.

A cavern of about 800—1000m3 developed as the result of the breakout
of the above-mentioned earth which filled the karst formation. The collap-
sed material formed a 140-150m long flat cone in Sewer “P” (see Figures
4 and 5). The rate of the groundwater flow into the gallery immediately
after the collapse was estimated to be 50-60L.s-1. Approximately after 10
days this rate dropped to 13L.s-I. After approximately 1 month, the rate of

the inflow eventually stabilised at 8L.s-1.

The survey boreholes realised subsequent-
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ly from the terrain surface in the location of
the collector sewer “P” within the framework
¥ of a supplementary EG survey confirmed the
existence of other deep karst depressions in
i the Devonian limestones on Divéi Hrady.
[ The hitting of the above-mentioned deep
karst formations filled with saturated incon-
sistent earth is a realistic risk for the excava-
tion of the proposed Radlice tunnels.
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SELECTION OF THE DETAILED
GEOTECHNICAL SURVEY SYSTEM

Taking into consideration the above-
%, mentioned facts and the documented geolo-
gical risks, the system of the geotechnical
investigation for the area of the rock envi-
i ronment where deep karst failures of the
7 L& rock mass (Devonian and Silurian rocks
ke with limestone interbeds) are expectable,
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[ — i.e. from the eastern portal up to the grade-
separated crossing with the sewer “P”, by
means of an exploratory gallery was cho-

Obr. 6 Situace pruzkumné §toly tunelu Radlicky
Fig. 6 Layout plan of the exploratory gallery for the Radlice tunnel

sen. Another method of geotechnical inves-
tigation (e.g. by means of boreholes drilled
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z vysledki monitoringu hladiny podzemni vody v okoli razby
pruzkumné Stoly l1ze poskytnout seriézni podklady k rozhodnuti
o rozsahu jednotlivych navrhovanych systému izolace osténi
tunelu.

V navazujici zdpadni oblasti horninového prostredi tunelu
Radlicky, kde prevladaji ordovické horniny (tj. bez rizika kraso-
vého porusent), byl prozatim zvolen geotechnicky pruzkum reali-
zovany pouze z povrchu terénu. Aktudlni vysledky téchto pru-
zkumnych praci vSak zastihly i mimo rizikovou oblast moZného
krasového porusenf (feSenou prizkumnymi pracemi z prazkumné
Stoly) i vyrazné tektonické naruseni horninového masivu v oblasti
ordovickych hornin (mimo dosah 850 m dlouhé pruzkumné
Stoly).

V celém prubéhu investorské a projektové pripravy stavby se
nezbytnost prazkumné §toly potvrdila. Je poZadovana ve vyjadre-
ni Obvodniho banského uradu v Kladné a podporena odbornym
stanoviskem Ceské geologické sluzby.

LOKALIZACE PRUZKUMNE STOLY

Nédvrhu technického feSeni pruzkumné Stoly byla vénovdna
znacnd pozornost. V roce 2006 byla zpracovéna studie realizova-
telnosti, kterd specifikovala 4 technicky pfijatelné zpusoby reali-
zace.
Jednalo se o realizaci:
e s tézni Sachtou hloubky 91 m umisténou cca ve staniceni
STT km 4,450 (lokalita Div¢i hrady),

s tézni Sachtou hloubky 21 m umisténou cca ve stanien{
JTT km 5,340 (u ulice Novy Zlichov),

e zportalu rampy ,,I v blizkosti ulice Novy Zlichov (bez Sachty),

e s téZni Sachtou hloubky 13,5 m umisténou cca ve staniceni
STT km 5,460 (u ulice Ke Sklarné).

Na zdkladé multikriteridlntho hodnoceni byla pro realizaci
vybrdna 4. varianta, a to i za stavu, kdy prochdzela pod jiZ provo-
zovanou Casti méstského okruhu, kde pozadavky na ziskani infor-
maci o inZenyrskogeologickych podminkéch jsou minimalni. Mezi
hodnotici kritéria patiila efektivnost realizace, celkové nédklady,
vliv na okolni prostfedi, dopravni napojeni a dostupnost nezbyt-
nych pozemka. Pro vybranou variantu byla zpracovdna dokumen-
tace pro zadani stavby.

GEOTECHNICKY PRUZKUM PRO TUNEL RADLICKY

Dosud posledni ucelenou etapu pruzkumnych praci pro zdjmo-
vou stavbu predstavuje archivni reSerSe pro DUR InZenyr-
skogeologicky prazkum stavby Radlickd radidla JZM — Smichov
k 5/2007 (PUDIS, 2007), z jejichZ vysledku byla v zdvéru opét
jednoznatné doporudend realizace horizontdlni prizkumné $toly
s umisténim v jednom z navrhovanych tunela. Nésledné byly
v roce 2009 provedeny podrobné hydrogeologické pruzkumy pro
prazkumnou $tolu a dalsi nové poznatky shrnuty v pfedbéZném
geotechnickém prizkumu pro prazkumnou $tolu Radlice (PUDIS,
2009). V ramci navrzeného podrobného geotechnického pruzku-
mu, realizovaného pomoci pruzkumné Stoly v &asti tunelu
Radlicky, bude realizovan komplexni soubor priazkumnych praci
a méfeni. Zdkladni typy prizkumnych praci zahrnuji zejména
detailni prubéZnou geotechnickou a geologickou dokumentaci
vlastni pruzkumné $toly, ddle dokumentaci geologickych vrtu,
realizovanych jak z povrchu, tak z podzemi, soubory presiome-
trickych zkouSek a zatéZovacich zkouSek deskou, hydrogeologic-
ké sledovani, doprovodné laboratorni zkouSky mechaniky skal-
nich hornin a zemin i zkou$ky technologickych vlastnosti (u hor-
nin abrazivnost, rozpojitelnost, vrtatelnost), korozni pruzkum
a ddle zejména ruznd geofyzikdlni méfeni jak z pruzkumné $toly,
tak i z povrchu terénu.

Realizace podrobného geotechnického pruzkumu pro tunel
Radlicky, uskute¢niovaného prevazné z pruzkumné Stoly, je pro-
vadéna ve tfech zdkladnich Casovych etapach: prazkumné prace
a méfen{ pred razbou prizkumné $toly, v prubéhu razby a po vyra-
Zeni pruzkumné $toly.

TuHel

from the surface) cannot provide sufficient and credible basis for the sub-
sequent design for the Radlice mined tunnels. Another fact limiting the rea-
lisation of drilling survey operations from the surface lies in the extent of
the Ctirad natural monument. In addition, the terrain slope in this location
is quite steep and the drilling operations would have to reach the depths up
to 100m. The survey results would provide information only in points,
which, with great probability, would not reveal critical places with karst
failures, similarly to the survey for the excavation of the tunnel for sewer
“P” (see Fig. 6). The possibility of stabilising problematic places in the
rock mass in advance of the tunnel excavation — for example by grouting
— is a positive contribution of the realisation of the exploratory gallery.
What is also very important is the fact that it is possible to provide serious
source documents for deciding on the extent of individual proposed sys-
tems of the waterproofing of the tunnel lining from the results of the moni-
toring of the groundwater table in the exploratory gallery excavation sur-
roundings.

Geotechnical investigation realised from the terrain surface system
was selected for the time being for the linking western area of the Radice
tunnel rock environment, where the Ordovician rock types (without the
risk of karst failures) prevail. However, the current results of these sur-
vey activities revealed a significant tectonic disturbance of the rock mass
in the area of the Ordovician rock (beyond the reach of the 850m long
exploratory gallery), outside the area with the risk of potential karst fai-
lures (which is solved by exploration from the exploratory gallery).

The necessity for the exploratory gallery was confirmed during the
whole course of the project investment and design preparation. The gal-
lery is required in the opinion of the Regional Mining Authority in
Kladno and is supported by an expert opinion of the Czech Geological
Survey.

DETERMINATION OF THE EXPLORATORY GALLERY LOCATION

Considerable attention was devoted to the proposal for the technical
solution to the gallery. The feasibility study was carried out in 2006. It
specified 4 technically acceptable ways of the realisation. They compri-
sed the following excavation systems:

* a system with a 91m deep hoisting shaft located approximately at

the NTT chainage km 4.450 (the Div¢i Hrady locality),

 a system with a 21m deep hoisting shaft located approximately at

the STT chainage km 5.340 (near Novy Zlichov Street),

e excavation from the portal of ramp “I” near Novy Zlichov Street

(without any hoisting shaft),

 asystem with a 13.5m deep hoisting shaft located approximately at

the NTT chainage km 5.460 (near Ke Sklarn¢ Street).

The variant No. 4 was selected on the basis of a multicriterial assess-
ment, even despite the fact that it passed under the already operating part
of the City Circle Road where the requirements of obtaining informati-
on about engineering geological conditions are minimum. Among the
assessment criteria there were the effectiveness of the realisation, the
total cost, the influence on surrounding environment, the linking traffic
and accessibility of necessary plots of land. The tender documentation
was prepared for the selected variant.

GEOTECHNICAL INVESTIGATION FOR THE RADLICE TUNNEL

The till now last comprehensive stage of the investigation work is repre-
sented by the archival research for the Construction Location Decision tit-
led “The Engineering geological survey for the South-Western Satellite
Town (SWST) — Smichov Radlice Radial Road as of 5/2007” (PUDIS,
2007). The realisation of a horizontal exploration gallery following the
alignment of one of the proposed tunnel tubes was again recommended on
the basis of the survey results. Detailed hydrogeological surveys for the
exploratory gallery were carried out subsequently in 2009 and the additio-
nal new findings were summarised in a preliminary geotechnical investiga-
tion for the Radlice exploratory gallery (PUDIS, 2009). A comprehensive
set of exploratory operations and measurements will be realised within the
framework of the proposed detailed geotechnical investigation to be carri-
ed out by means of the exploratory gallery in a part of the Radlice tunnel.
The basic types of exploration work comprise, in the first place, the detai-
led continual geotechnical and geological documentation of the exploration




Priizkumné prace a méreni pred razbou prizkumné stoly

Pred zahdjenim raziCskych praci bylo provddéno dlouhodobé
hydrogeologické sledovéni hladiny podzemni vody na jiz vybu-
dované siti monitorovanych hydrogeologickych vrti. Hladina
podzemni vody v téchto vrtech je sledovéna jiz od roku 2009. Tato
sit monitorovanych vrti se nyni rozSifuje o vrty u konce pru-
zkumné Stoly a v dostate¢ném predstihu pred razbou budou i tyto
vrty monitorovdny. SoubéZné probéhla i aktualizace pasporti
studn{ a pfirozenych pramenu.

V dostate¢ném predstihu pred postupem razby pruzkumné Stoly
se provadi soubor geofyzikdlnich méfeni z povrchu podél celé
prazkumné $toly. Tato méfeni zahrnuji komplex geofyzikédlnich
méfeni za pouZiti seismickych, geoelektrickych, gravimetrickych
a georadarovych metod. Cilem zminénych méfeni je v predstihu
lokalizovat prubéhy poruchovych zén a predevsim indikaci pri-
mérnich krasovych jevl (zdvrtd, koroznich diskontinuit, kaveren
s riznou zeminovou vyplni).

Prizkumné prace a méfreni v pribéhu razby
prizkumné Stoly

Zékladnf{ Cinnosti podrobného geotechnického pruzkumu reali-
zovaného ve Stole je geotechnické a geologické sledovani neza-
jisténého Cela vyrubu $toly a dna i stén téZni Sachty. Tato ¢innost
je provadéna kazdy zdbér pfi nepretrzitém provozu a musi byt
velmi podrobnd s ohledem na jeji vyuZiti k ndsledné interpretaci
(prognéze) slozitych geologickych poméra do obou tubusu tunelu
Radlicky, ale i jako vstupni parametry pro zatfidéni horninového
masivu do geotechnickych klasifikaci horninového masivu QTS,
RMR ¢i GSI. Na zdkladé vyhodnoceni diskontinuit v horninovém
masivu je pribéZné provddéna strukturni kinematickd analyza
nezaji§téného horninového masivu s ohledem na mozné vyjizdéni
a vypadavani horninovych bloku z nezajisténé &4sti ¢ela vyrubu
Stoly a ndsledné predikce pro samotné tubusy.

V ndvaznosti na prubéZné geotechnické a geologické sledovani
budou operativné vyhodnocovany bezpecnostni jadrové predvrty
0 délce 20 m v mistech s predpoklddanym zvySenym geologickym
rizikem pro razbu Stoly.

S urgitym odstupem za raZbou se budou, obdobné jako na pra-
zkumnych $toldch Mrazovka, Blanka ¢i na stavbe SO 514 (tunel
Lochkov), realizovat z pruzkumné Stoly radidlni presiometrické
véjite, v ramci kterych se ve vrtech provedou soubory presiome-
trickych méfeni za Ucelem zjiStén{ pretvarnych vlastnosti horni-
nového masivu. Tyto vrty budou téZ vyuZity pro geofyzikdlni
meéreni.

V prubéhu razby pruzkumné Stoly bude s vét3i intenzitou pro-
vadéno méfeni hladiny podzemni vody v monitorovanych vrtech
a samozfejmé bude i zaznamendvan jak inicidlni pritok podzemni
vody na Cele vyrubu, tak i celkovy pritok z pruzkumné §toly mére-
ny induk&nim pritokomérem. V soudinnosti s razbou bude prove-
deno i korozni geoelektrické méfeni bludnych prouda.
Priizkumné prace a méreni po vyrazeni priizkumné stoly

Po vyrazeni prizkumné Stoly v celé své délce budou realizova-
ny pruzkumné vrty (vrtné profily) do oblasti jizntho tubusu. Jejich
umisténi bude zvoleno na zdkladé vyhodnoceni a interpretace
geologickych pomért zastizenych priazkumnou $tolou. Tyto pra-
zkumné vrty budou geologicky popsany, geotechnicky odzkouse-
ny a bude v nich proveden soubor geofyzikdlnich méfeni. Z konce
prazkumné $toly bude vyvrtén, obdobné jako na pruzkumné $tole
Blanka, 70 m dlouhy subhorizontélni vrt ve sméru razby budouci-
ho tunelu. Po vyraZeni pruzkumné $toly budou v mistech zpraco-
vavanych statickych vypoétu pro tunel Radlicky realizovdny
v pruzkumné Stole rozpérné zat€zovaci zkouSky deskou a pri-
padné provedena dal$i geofyzikdlni méfeni. Bude také nadéle
pokraCovat jak méfeni hladin podzemni vody na siti monitorova-
nych vrtu, tak i méfeni celkového piftoku ze $toly.

PRUZKUMNA STOLA
Prizkumni §tola v predpoklddané délce 850 m s prevaZujicim
pri¢nym profilem 13,46 m2 je vedena v profilu rampy G budouciho
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gallery itself, the documentation of the geological boreholes carried out
both from the terrain surface and from the underground, sets of pressure-
meter tests and plate load tests, hydrogeological monitoring, accompanying
laboratory tests of rock and soil mechanics, tests on technological properti-
es (abrasiveness, breaking characteristic of rock), corrosion investigation
and, first of all, various geophysical measurements both from the explora-
tory gallery and from the terrain surface.

The detailed geotechnical investigation for the Radlice tunnel, which
is realised mostly from the exploratory gallery, is carried out in the fol-
lowing three basic time stages: exploration work and measurements
prior to the excavation of the exploratory gallery, during the course of
the excavation and after the completion of the exploratory gallery exca-
vation.

Exploration work and measurements prior
to the exploratory gallery excavation

A long-term hydrogeological observation of groundwater table was
conducted on the already completed network of the monitored hydroge-
ological boreholes prior to the commencement of the excavation. The
groundwater table has been monitored on these boreholes since 2009.
This network of monitored boreholes is currently being expanded by the
addition of boreholes located at the end of the exploration gallery; these
boreholes will be also monitored in a sufficient advance of the excavati-
on. The condition survey of wells and natural springs was checked con-
currently and records will be updated.

A package of geophysical measurements from the surface is being
carried out in a sufficient advance before the progress of the exploratory
gallery excavation along the whole exploratory gallery. These measure-
ments comprise a complex of geophysical measurements with the use of
seismic, geoelectric, gravimetric and georadar methods. The objective of
the above-mentioned measurements is to locate the courses of failure
zones and, above all, to indicate primary karst formations (sinkholes,
corrosion discontinuities, caverns with various earth filling) in an advan-
ce.

Survey work and measurements during the course
of the exploratory gallery excavation

The geotechnical and geological observation of the unsupported exca-
vation face of the gallery and the bottom and walls of the hoisting shaft
is the fundamental activity of the detailed geotechnical investigation rea-
lised in the gallery. This activity is carried out in each excavation round
during the uninterrupted operation and it has to be very detailed with res-
pect to its use not only for subsequent interpretation (prognosis) of the
complex geological conditions in both tubes of the Radlice tunnel, but
also as input parameters for the categorisation of the rock mass into the
QTS, RMR or GSI geotechnical classes. A structural kinematic analysis
of the unsupported rock mass is carried out on the basis of the assess-
ment of discontinuities in the rock mass, with respect to the potential
slipping and falling of rock blocks from the unsupported part of the exca-
vation face of the gallery and subsequent prediction for the tunnels the-
mselves.

As a follow-up to the continual geotechnical and geological observa-
tion, 20m long safety cored boreholes carried out into the gallery exca-
vation front zone in locations with an increased geological risk for the
gallery excavation will be operatively assessed.

Radial pressuremeter fans will be realised from the exploratory galle-
ry at a certain distance behind the excavation face, similarly to those car-
ried out in exploratory galleries for the Mrazovka and Blanka tunnels or
in construction lot SO 514 (the Lochkov tunnel). Sets of pressuremeter
measurements will be carried out in the boreholes with the aim of deter-
mining the deformational properties of the rock mass. These boreholes
will in addition be used for geophysical measurements.

Measurements of the groundwater table level in the monitoring bore-
holes will be conducted with greater intensity during the course of the
exploratory gallery excavation. Of course, both the initial groundwater
inflow at the excavation heading and the total inflow from the explora-
tory gallery measured using an induction flowmeter will be recorded.
Corrosion geo-electric measurement of stray currents will be carried out
in cooperation with the excavation team.
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tunelu Radlicky do oblasti za jeji kiiZzeni s kmenovym sbe-
ratem ,,P“, ktery Stola vySkové nadchézi. Profil Stoly je
umistén excentricky uvniti kaloty budouciho profilu tunelu
(obr. 7). BEhem ndslednych raZeb tunelu Radlicky bude celé
osténi prizkumné §toly likvidovéno.

Razba Stoly je provadéna z tezni Sachty o hloubce 13,5 m
nepravidelného Sestitihelnikového tvaru s profilem 56 m2,
umisténé 15 m jizn€ od vyjezdového portdlu provozované-
ho tunelového podjezdu Zlichov — Radlickd. Maximdlni
podélny sklon prazkumné Stoly je 6,06 %. Z tohoto duvodu
je pro realizaci navrZena doprava kolovd, nikoli kolejova.

Razba se bude provadét observaéni metodou — technolo-
giif NRTM se strojnim rozpojovanim smérem od Sachty na
délku cca 53 tunelmetri pii podchodu jiz provedené ma-
sivni ochranné desky komunikace méstského okruhu
a mistni komunikace Ke Skldrné. Od 53 tunelmetru do
konce Stoly se predpokldda pouziti trhacich praci. V pri-
padé€, Ze strojni zpusob rozpojovani nebude do 53 tunel-
metru realizovatelny, je v projektu trhacich praci navrzen
zpusob ,,opatrné trhaci prace*, a to ve spodni poloviné pro-
filu $toly. Technologické tfida NRTM je definovédna jako
vztah kvality horniny vyjddfené poctem klasifikacnich
bodu QTS, velikosti vyrubu a reakci horniny na otevien{
vyrubu. Z vyhodnoceni parametra plyne odpovidajici tech-
nologické a bezpecnostni opatieni. Souldsti pruzkumné
Stoly jsou 4 vyhybny (obr. 8), kazdd délky 25 m o pri¢ném

Gallery axis

Profil tunelu 99,83 m?

N 2
0sa &toly s Tunnel profile 99.83m

Profil toly 13,46 m?
s ~Gallery profile 13.46m?

| Niveleta Stoly
Gallery vertical
alignment

Niveleta tunelu ! Osa tunelu
Tunnel vertical alignment :/ Tunnel axis

profilu 23,35 m2. Podle projektové dokumentace se pied-
poklada tento rozsah technologickych trid (zkr. TT):

- TT2M 50,69 m
- TT2 176,84 m
- TT3 273,85 m
- TT4 145,00 m
— TT 5a 5475 m
— TT5b 48,87 m
— TT 3 vyhybna 100,00 m

Béhem realizace pruzkumné $toly bude zajistovan pro investo-
ra geotechnicky pruzkum a geotechnicky monitoring jako prvotn{

Obr. 7 Umisténi $toly v pri¢ném profilu budouciho tunelu
Fig. 7 Location of the gallery within the future tunnel cross-section

Survey work and measurements after the completion
of the exploratory gallery excavation

Survey boreholes to the southern area of the southern tunnel tube will
be carried out after the completion of the whole length of the explorato-
ry gallery excavation. Their locations will be chosen on the basis of the
assessment and interpretation of the geological conditions encountered
by the exploratory gallery. These survey boreholes will be geologically

logged, geotechnically tested and a set of
geophysical measurements will be con-
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ducted in them. A 70m-long sub-horizon-
tal borehole will be carried out from the
end of the exploratory gallery in the direc-
tion of the future tunnel excavation, simi-
larly to the drilling from the exploratory
gallery for the Blanka tunnel. After the
completion of the exploratory gallery
excavation, the bracing plate load test and
other required geophysical measurements
will be realised in the exploratory gallery
in the locations of the preparation of struc-
\ tural analyses for the Radlice tunnels. The
measurement of the water table levels on
b the network of monitored boreholes as
\ well as the measurement of the total
I inflow from the gallery will also continue.

EXPLORATORY GALLERY

The exploratory gallery with the expec-
ted length of 850m and the prevailing
cross-sectional area of 13.46m? is led insi-
de the profile of the G ramp of the future

. Radlice tunnel to the area behind its inter-
section with the trunk sewer “P”’, which is
crossed over by the gallery. The gallery
profile is placed eccentrically inside the

Obr. 8 Technologickd tiida 4 a 3 — vyhybna, 1 — primdrni osténi ze stiikaného betonu s 2 KARI sitémi
a prihradovym ramem, 2 — radidlni svornik délky 2 m, 3 — lutnovy tah, 4, 5 a 6 — profily strojii, 7 — dno §toly

bez vyztuze, 8 — osa Stoly, 9 — osa vyhybny

Fig. 8 Excavation support classes 4 and 3 — the passing bay: 1 — primary lining from shotcrete with 2 layers
of KARI mesh and a lattice girder; 2 — radial rock bolt 2m long; 3 — ventilation duct; 4, 5 and 6 — profiles of
machines, 7 — gallery bottom without support; 8 — gallery axis; 9 — passing bay axis

top heading of the future tunnel profile
(see Fig. 7). The complete lining of the
exploratory gallery will be removed
during the subsequent excavation for the

Radlice tunnel.




Obr. 9 Fotografie zafizeni stavenisté pruzkumné 3toly s tézni Sachtou
a jerdbem RDK 300-1, v pozadi na horizontu vrch Divéi hrady s prirodni
pamdtkou Ctirad

Fig. 9 Photo of the exploratory gallery construction site arrangement with the
hoisting shaft and RDK 300-1 crane; Div¢i Hrady hill with Ctirad natural
monument on the horizon is in the background

cil razby. Proto jsou ndroky u téchto ¢innosti na prostor a ¢as nad-
fazeny potfebam realizace §toly. Pfi raZeni budou provadéna ndsle-
dujici méfeni geotechnického monitoringu:

e nivela¢ni méfeni povrchu terénu,

* trigonometrické méfeni objektd nadzemni zdstavby,

e méfeni a sledovan{ poruch objekti nadzemni zéstavby,

¢ konvergenéni méreni

¢ méreni na klouzavych deformetrech,

¢ seismickd a akustickd méfeni,

¢ meéfeni namdhdni primarniho osténi,

e mérfeni na Sachtich,

* kontrolni zkousky betonu a svornika,

e méfeni vlhkosti pudnich horizonta.

Omezeni a o¢ekavané komplikace vystavby
prizkumného dila

Vzhledem k umisténi a vedeni podzemniho dila v intravildanu
a v bezprostiedni blizkosti provozovanych dopravnich staveb pro-
vézi vystavbu mnohé negativné pusobici faktory.

Pii realizaci Sachty a Stoly budou povrchové objekty ovliviiova-
ny deformacemi a seismickymi UGcinky trhacich praci. NavrZeny
projekt se snazi i¢inky minimalizovat. Pro stavbu to prindsi urcitd
omezeni. Zasadni ¢innosti z tohoto hlediska bude podchod Zelez-
niéni traté ¢. 122 Praha — Smichov — Hostivice v 61,16 tunelmetru,
kde je dovoleno provadét trhaci prace jen mimo obdobi prajezdu
vlaki (v soucasnosti 28x denné), a to v koordinaci s Cesk)’{mi dra-
hami. V tomto misté je délka zdbéru omezena na 1,25 m bez moz-
nosti prodlouzeni. Trhaci prace jsou vylouceny jiz pfi podchodu
rampy Zlichovského podjezdu, jenz je soucdsti provozovaného
méstského okruhu. Dal$im omezenim na pocétku vystavby zafize-
ni staveni$teé a téZni Sachty je stanoveni pracovniho ¢asu pouze od
7 do 22 hodin. Podstatnym limitujicim faktorem je také rozloha
zafizeni staveni§té (obr. 9), které je situovdno v okoli t€Zni Sachty
u byvalé opravny vozu Zlichov v ulici Ke Skldrné. Ndvrh rozsahu
zafizeni staveni$té vychdzi predev§im z mistnich podminek
a Castene z potreb realizace $toly. Velmi omezeny rozsah ZS znac-
né ovliviuje jeho provoz a v dusledku vyZaduje striktni poZzadavek
na dodévky materidld pro stavbu v reZimu ,.just in time*, ktery byl
uveden jiz v zaddvaci dokumentaci stavby. Dal§im vyznamnym
faktorem jsou pritoky podzemnich vod do dila, které jsou predpo-
kladany v objemu 7 1/s z horninového prostfedi s uvazovanym
maximem 20 I/s. Jak je vySe zminéno, v prubéhu raZeb je prediko-
véno zastizeni krasovych jevi, obdobnych jako pfi vyse uvedené
havérii v rdmci provadéni stokového privadéce ,,P“. Z tohoto
duvodu jsou navrzeny geologické predvrty v kazdé &elbé pri
razbé ve vapencich a vapnitych bridlicich.
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The gallery excavation is carried out from the 13.5m deep hoisting
shaft. The shaft is hexagonal in ground plan; its cross-sectional area is
56m3. It is located 15m south of the exit portal of the operating Zlichov
tunnel. The maximum longitudinal gradient of the exploratory gallery is
6.06%. For that reason a wheeled transportation system is designed for
the realisation instead of track haulage.

The excavation will be excavated using an observational method — the
NATM with mechanical disintegration proceeding in the direction from
the shaft along the length of 53 tunnel metres during the passage under
the already completed massive protective slab of the City Ring Road and
the local road Ke Sklérn¢ Street. The application of blasting is assumed
to continue from tunnel metre 53 up to the end of the gallery. In the case
that the mechanical disintegration method is not viable up to tunnel
metre 53, a “careful blasting” technique is described in the blasting
design to be used for the lower part of the gallery profile. The NATM
excavation support class is defined as a relationship between the rock
mass quality expressed by the number of the QTS classification points,
the size of the excavated opening and the response of rock mass to the
opening of the excavation. The relevant technological and safety mea-
sures follow from the assessment of the parameters. Parts of the explo-
ratory gallery are 4 passing bays (see Fig. 8), 25m long each, with cross-
sectional areas of 23.35m?2. The following extent of excavation support
classes (SC) is expected:

- SC2M 50.69 m
- SC2 176.84 m
- SC3 273.85m
- SC4 145.00 m
— SC5a 5475 m
— SC5b 48.87 m
— SC 3 passing bay 100.00 m

Geotechnical investigation and geotechnical monitoring will be ensu-
red for the project owner as a primary objective of the exploratory gal-
lery excavation. For that reason the demands of these activities for space
and time are given preference over the requirements of the realisation of
the gallery. The following geotechnical monitoring measurements will
be conducted during the excavation:

¢ levelling of the terrain surface,

e trigonometric survey of existing buildings,

¢ measurement and observation of defects on existing buildings,

° convergence measurements,

e measurements on sliding deformeters,

e seismic and acoustic measurements,

* measurements of stresses in the primary lining,

* measurements on shafts,

e check testing of concrete and rock bolts,

e measurements of moisture of soil horizons.

Restrictions on the construction of the exploratory gallery
and expected complications

With respect to the location and alignment of the underground wor-
king in an urban area and at an immediate vicinity of operating traffic
structures, the construction is attended by numerous negatively acting
factors.

Surface structures will be affected by deformations and the seismic
effects of blasting operations during the construction works. The propo-
sed design tries to minimise the effects. It causes certain restrictions for
the construction. The passage under the Prague — Smichov — Hostivice
railway track No. 122 at tunnel metre 61.16, where blasting is permitted
only outside the periods of the passage of trains (at the moment 8 times
aday) and in coordination with Czech Railways, will be the activity fun-
damental from this point of view. The excavation round length is restric-
ted in this location to 1.25m, without any possibility of extending.
Blasting operations are excluded already during the passage under the
Zlichov tunnel ramp, which is part of the operating City Circle Road.
Another restriction lies in the limiting of the working time only from 7
a.m. to 10 p.m. at the beginning of the development of the construction
site utility and the hoisting shaft. The size of the construction site aran-
gement (see Fig. 9), which is located at the vicinity of the hoisting shaft
near the former Zlichov car repair shop in Ke Sklarné Street is another
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Pfiprava a zahajeni vystavby

Ve 2. &tvrtleti 2014 byla vystavba prizkumné $toly na svém
pocatku. Od kvétna do Cervna probihaly prace na vybudovani
zafizeni stavenisté, jez spolivaly v Gpraveé terénu, vystavbe bun-
koviste, pripojce vody, vysokého napéti a kanalizace.

Soubézné s vystavbou ZS byly na konci mésice kvétna zaha-
jeny prace na tézni Sachté. Nejprve byly provedeny zdpory a na
zadtku Cervna pak zapocalo hloubenf t€Zni Sachty. Zajisténi stén
Sachty je feSeno dvojim zpusobem. V pokryvnych utvarech
zdporovym pazenim s lanovymi kotvami a prevdazkami. Nize ve
skalnim podlozi stiikanym betonem se svarovanou KARI siti
a kotvami z ocelovych ty&i. V zdf{ 2014 bylo hloubeni a zajisténi
Sachty provedeno do hlouby cca 10 m.

Tato Sachta je zdsadnim objektem celého dila prazkumné
Stoly. Jednd se o jediny pfistupovy bod a spojnici mezi podze-
mim a povrchem. Dopravovat se tudy budou jak pracovni osad-
ky, materidly a stroje sméfujici do podzemi, tak i rubanina, Cer-
pand voda a mdlé vétry aj. z podzemi. Kli¢ovou roli tedy hraje
spravné navrzené vyztuZzeni Sachty a svisld doprava se zdviha-
cim prostfedkem — jefdbem RDK 300-1.

Predpoklad zahdjeni raZeb profilu $toly byl v fijnu 2014.
V dostate¢ném predstihu byla navrZena optimdlni strojni sesta-
va pro razbu ve specifickych podminkdch projektu. Omezu-
jicimi faktory pritom byly padorysné rozméry tézni Sachty
(svetld plocha po vyztuZeni 40 m2), pri¢ny profil dila (svétly
11,5 m2), sklonové poméry, absence prostoru pro opravu stroju
a také vzddlenost vyhyben navrzenych v projektu (po 150 m).
Dulezitymi faktory ndvrhu se stalo nakldddni s rubaninou,
doprava betonu, vrtdni pro trhaci prace, poZadované geologické
predvrty, kotveni vyrubu a v neposledni radé také zajisténi opti-
madlniho klimatu (ndvrh vétrani) v podzemnim dile s celkovou
délkou 850 m.

Nakladén{ s rubaninou je fe$eno specidlnimi kontejnery (,,stra-
ger vany*) o objemu 6,5 m3. Cast kontejnert byla zdrovefi upra-
vena pro prepravu suché betonové smési z betondrky a k jeji
doprave na Celbu dila s ndslednym ddvkovanim pfimo do ndsyp-
ky stroje na aplikaci stffkaného betonu. Rozpojovani rubaniny
a jeji primé naloZeni do kontejnert (obr. 10) zajisti kolovy kon-
tinudlni naklada¢ Haggloader 7HR-B (Atlas Copco) s hfeblovym
dopravnikem a kombinovanym pohonem (elektro/diesel). Jeho
hlavni vyhodou je elektropohon hydraulické soustavy, ktery sni-
7uje ndroky na vétrani a ndklady na rozpojovani a odtéZeni.
Kontejner s rubaninou (pfipadné se suchou betonovou smési)
bude nesen dilnim vozidlem PAUS Universa 50-2, které muselo
byt pro tyto dlely upraveno. Kontejner s rubaninou v jamé
Tatra 815 — nosi¢ kontejneru. JelikoZ je doprava rubaniny kon-
tejnery na povrchu vzhledem k celkovému prepravovanému
objemu velmi ndkladnd, byla ve vzddlenosti 1,5 km od stavby
zajisténa mezideponie rubaniny.

Pro provadéni vrtnych praci byl vybran jednolafetovy vrtaci
stroj Boomer T1 D (Atlas Copco) s kombinovanym pohonem
(elektro/diesel), ktery je vhodny do malych profild do max. plo-
chy 23 m?. DileZitym kritériem vybéru byla délka lafety, umoz-
fiujici vrtdni radidlnich kotev a vyvrta pro trhaci prace ve vyso-
kém vykonu.

Névrh zpusobu vétrdni pro zaji§téni optimélniho klimatu na
pracovisti v podzemi byl znatné komplikovany. Puvodné byla
navrZena varianta saciho lutnového tahu priméru 630 mm se
Styfmi dulnimi ventildtory APXE 630 zapojenymi v sérii
a pomocnym foukacim lutnovym tahem s ventilaitorem APXE
315 v blizkosti celby. Tato varianta vzhledem ke své neekono-
micnosti z hlediska spotfeby elektrické energie a dlouhého ¢asu
pro odvétrani po odstfelu byla revidovana. Vysledkem byl novy
projekt vétrdni, ve kterém je navrZen lutnovy tah pruméru
700 mm kombinovany s jednim dvoustupnovym ventildtorem
Zitrén gEL/dEL 7-74 G/GF a odprasovaci jednotkou OM-800.
Kombinovany zpusob spocivd ve vyuziti foukactho vétrdn{
s ventildtorem umisténym na povrchu pro razbu prvnich 300 m
(po druhou vyhybnu) a v ndsledném presunuti ventilatoru do
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substantial restricting factor. The proposal for the extent of the construc-
tion site arrangement is based, in the first place, on local conditions and,
partially, on the needs of the realisation of the gallery. The highly restric-
ted extent of the site arrangement significantly affects its operation and,
consequently, it poses a strict requirement for the just-in-time system of
supplying construction materials. This regime was contained in require-
ments as early as the project tendering design. Another significant factor
is the inflows of groundwater into the underground working. Their rate
is expected to amount to 7L/s, with the maximum assumed at 20L/s. As
mentioned above, encountering karst formations similar to the above-
mentioned collapse during the execution of the collector sewer “P” is
predicted for the course of the excavation. Geological boreholes into the
excavation core are designed to be carried out for each excavation round
when limestones and calcareous shales are to be passed through.

Preparation and commencement of construction

In the 2nd quarter of 2014, the construction of the exploratory gallery
was at its beginning. The work on the development of the site arrange-
ment, consisting of the shaping of ground, the development of the con-
tainer yard and the installation of connection lines for water, high tensi-
on power and sewerage continued from May to June.

The work on the hoisting shaft commenced concurrently with the
development of the site arrangement at the end of May. The first opera-
tion lied in the installation of soldier beams and lagging. The sinking of
the shaft started at the beginning of June. The support of the shaft walls
is solved by two ways. Soldier beams and lagging with cable anchors
and waling are designed for the superficial deposits. Lower, in the bed-
rock, shotcrete, KARI welded mesh and anchor rods are used. In
September 2014 the shaft sinking and the support installation was com-
pleted approximately up to the depth of 10m

This shaft is a fundamental structure of the whole exploratory gallery
construction. It is the only access point and link between the underg-
round and the surface. It will serve to the transport of not only working
crews but also materials and machines to the underground; muck, pum-
ped water and exhaust air etc. will pass through it from the underground.
The key role is therefore played by correctly designed shaft support and
vertical transport using hoisting equipment — RDK 300-1 crane.

The commencement of the gallery profile excavation was assumed to
take place in October 2014. An equipment set optimal for the excavati-
on in the specific project conditions was designed in an advance. The
limiting factors comprised the ground-plan dimensions of the hoisting
shaft (the net area after the installation of support of 40m2), the cross-
sectional area (net ) of 11.5m2, the gradient conditions, the absence of
space for equipment repairs and also the spacing of designed passing
bays (every 150m). The handling of muck, transport of concrete, drilling
for blasting operations, the required boreholes ahead of the excavation
face, the installation of anchors and, at last but not least, also ensuring
optimal climate (ventilation design) in the underground working with the
total length of 850m became important factors of the design.

The handling of muck is solved by special containers (“Strager dum-
psters”) with the volume of 6.5m3). A proportion of the containers were
at the same time modified for transporting dry concrete mix from the
batching plant and its transport to the excavation heading, with subsequ-
ent dosing directly to the shotcreting machine hopper. Muck will be
disintegrated and directly loaded into the containers (see Fig. 10) by
Haggloader 7HR-B (Atlas Copco) wheeled continual loader with
a scraper conveyor and combined drive (electro/diesel). The main
advantage of this machine is the electric drive, which reduces demands
for ventilation and the cost of disintegration and loading. A container
with the muck (or dry concrete mix) will be carried by PAUS Universa
50-2 mine vehicle, which had to be modified for these purposes. The
container loaded with muck will be lifted from the shaft bottom up to the
surface by the above-mentioned crane. Then it will be taken over by
a TATRA 815 container carrier. Because of the fact that the transport of
containers on the surface was very expensive with respect to the total
volume to be transported, an intermediate stockpile of muck was ensu-
red at the distance of 1.5km from the construction site.

A Boomer T1 D (Atlas Copco) single-boom drilling set with
a combined drive (electrical / diesel), which is suitable for small profiles




Obr. 10 Ndvrh strojni sestavy (podélny rez s vloZenym pricnym rezem),
1 — Lutnovy tah, 2 — ¢elba s vyvrty pro trhaci prdce, 3 — vrtaci stroj Boomer
TD-1, 4 — dulni vozidlo PAUS Universa, 5 — kolovy kontinudlni naklada¢
Haggloader 7THR-B

Fig. 10 Equipment set design (longitudinal section with a cross-section inser-
ted in it): 1 — ventilation duct line; 2 — excavation face with boreholes for
blasting; 3 — Boomer TD-1 drilling set; 4 — PAUS Universa mine vehicle,
5 — Haggloader 7THR-B wheeled continual loader

podzemi (do druhé vyhybny) pred foukaci tah. Pfed ventiléto-
rem bude tah saci pro zbyvajicich 550 m Stoly.

ZAVER

Realizace pruzkumné $toly v rdmci geotechnického prazkumu
pro tunel Radlicky je ndro¢nym dilem zejména z hlediska koor-
dinace praci ve $tole a v tizemi ovlivéném vystavbou dila. Z to-
hoto davodu jsou pldnovany vyluky v razi¢skych pracich pro nej-
naro¢néjsi inzenyrskogeologické a monitorovaci ¢innosti ve §to-
le. Ostatni prace budou probihat sou¢asné s razbami, cozZ vyZzadu-
je vysoké ndroky na soucinnost a bezpe¢nost pracovniku v celém
rozsahu raZeného dila. Komplexni geotechnicky pruzkum zdjmo-
vého dzemi celé Radlické radidly v&etné pruzkumné $toly tunelu
Radlicky v pldnovaném rozsahu a podrobnosti lze jednoznaéne
povazovat za velmi prinosny proces. Profitovat z néj budou nas-
ledné vSechny strany ziCastnéné na vystavbé Radlické radidly,
a to jak v povrchové ¢ésti, tak v ¢astech hloubenych a raZenych.
Objem a druh provadénych zkousek odpovidaji rozsahu, sloZitos-
ti a rizikim stavby, coZ nebyvalo v minulosti pravidlem. Stavebn{
projekty, jimz nepredchazel dostate¢ny geotechnicky pruzkum, se
v ramci Ceského stavebniho trhu objevovaly velmi casto.
Negativni dopad byl v prubéhu jejich vystavby vice nez patrny.
Nezbyva neZ vyslovit pfédni, aby se zpusob piipravy této stavby
stal uritym standardem v podminkach naSeho stavebnictvi a to
predevsim pfi realizaci podzemnich staveb.
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with the maximum cross-sectional area of 2m? was selected for the exe-
cution of drilling. The length of the boom, which allows the drilling for
radial anchors and boreholes for blasting at high drilling rates, was an
important criterion for the selection.

The design for the ventilation system providing optimum climate at
the underground workplace was very complicated. The original variant
of the proposal contained a suction ventilation duct 630mm in diameter,
with four APXE 630 mine fans connected in series and an auxiliary blo-
wing ventilation duct with an APXE 315 fan near the excavation face.
This variant was reviewed with respect to its uneconomic characteristics
as far as power consumption and the long time required for the evacua-
tion of smoke after blasting is concerned. The new ventilation design
comprised a ventilation duct 700mm in diameter combined with one
Zitrén gEL/dEL 7-74 G/GF two-stage fan and an OM-800 dust extrac-
tor. The combined technique lies in the use of a blowing ventilation sys-
tem with a fan located on the surface for the excavation of the initial
length of 300m (up to the second passing bay) and subsequent shifting
of the fan underground (to the second passing bay) ahead of the blowing
ventilation duct. An exhausting ventilation duct to be used for the rema-
ining 550m of the gallery will be installed ahead of the fan.

CONCLUSION

The realisation of the exploratory gallery within the framework of
the geotechnical investigation for the Radlice tunnels is a demanding
work mainly in terms of the coordination of operations inside the gal-
lery and in the area affected by the construction. Breaks in mining
works are for that reason planned for the most demanding engineering
geological and monitoring activities inside the gallery. The other acti-
vities will proceed concurrently with the excavation operations. This
system places demands on the cooperation and safety of workers
throughout the length of the mined working. The comprehensive geo-
technical investigation of the area of operations for the Radlice Radial
Road, including the exploratory gallery for the Radlice tunnel, in the
planned extent and detail, can be unambiguously considered to be
a very beneficial process. Its profit will subsequently serve to all par-
ties participating in the Radlice Radial Road construction project, both
in the at-grade part and the mined tunnel and cut-and-cover tunnel
parts. The volume and types of the conducted tests is adequate to the
extent, complexness and risks of the construction, which fact usually
was not a custom in the past. Construction designs which were not pre-
ceded by sufficient geotechnical investigation appeared on the Czech
construction market very frequently. The negative impact during the
construction was more than obvious. We can only express a wish for
the system of the preparation of this project to become a certain stan-
dard in the conditions of our construction industry, in the first place
during the realisation of underground structures.
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VYZKUM TEPELNEHO NAMAHANI HORNIN
RESEARCH INTO THERMAL STRESS OF GROUND

KAREL SOSNA, JIRl ZARUBA, JAN FRANEK

ABSTRAKT

Vyizkum tepelného namdhdni hornin spojeny s podzemnim skladovdnim tepelné energie v prostiedi horninového masivu pri teplotdch
do 100 °C je zapricinén soucasnou celoevropskou snahou o vsporu energii. Spolehlivé zpracovdni zvoleného tématu vyZaduje podrobné
studium teplotnich, hydrodynamickych, mechanickych a chemickych vztahi (THMC coupling), které pri zahiivdani hornin probihaji.
Zvoleny pristup tak umoZiuje zodpovédét Fadu obecnéjsich otdzek spjatych se Sifenim a piisobenim tepla v granitoidech. Vysledky jsou
prinosné nejen v oboru skladovdni tepla, ale poskytnou uZitecné informace pro hydrogeologii, geomechaniku, geochemii, posuzovdni
rizika tepelného zatiZent, planovdni hlubinného geologického ukladdni radioaktivniho odpadu ¢i posuzovdni vlivu vysokych teplot vznik-
Iych nap¥. pri poZdru v tunelovych stavbdch. Dosavadni vysledky in-situ cyklického zahfivdni granitického horninového prostredi uka-
zuji vyrazné in-situ termdlné indukované napéti, které je rddové shodné s tahovou pevnosti horninového masivu. V zdvislosti na fluktu-
acich vytdpéni horniny dochdzi k velmi rychlému ndristu/relaxaci napéti a deformace. TermdlIné indukovand deformace je plné reverzi-
bilni. Ddle dochdzi ke zvySené mikrobiologické aktivité, pravdépodobné spjaté s ohfevem horninového masivu. Termdlni ovlivnéni hor-
ninového masivu md méritelny vliv na hydraulické propustnosti horninového prostredi.

ABSTRACT

The research into the thermal stress of ground associated with underground storing of thermal energy in an environment formed by
ground mass at temperatures up to 100°C is brought about by the current Europe-wide effort for energy savings. The reliable proces-
sing of the chosen theme requires detailed studying of thermal, hydrodynamical, mechanical and chemical relationships (THMC coup-
ling), which take place during the heating of ground up. In this way the chosen approach allows of answering many more general ques-
tions associated with the propagation and action of heat in granitoids. The results are beneficial not only in the field of storing heat, but
they will also provide information useful for hydrogeology, geomechanics, geochemistry, assessing the risk of thermal loading, planning
of deep geological repositing of radiocactive waste or assessing the impact of high temperatures originating, for example, during a fire
in a tunnel structure. The till now obtained results of in-situ cyclic heating of a granitic rock environment show a significant stress indu-
ced thermally in-situ, which is identical in the order of magnitude with the tensile strength of the rock mass. Very quick increa-
selrelaxation of stress and strain originates, depending on the rock heating fluctuation. A thermally induced deformation is fully rever-
sible. In addition, increased microbiological activity takes place; it is probably associated with the rock mass heating. The thermal influ-

ence on rock mass has a measurable effect on hydraulic permeability of a rock environment.

uvob

Studium podzemniho skladovéni tepelné energie v prostredi
krystalinickych hornin pri relativné nizkych teplotich (cca 95 °C)
vychdzi ze soucasné celoevropské snahy o usporu energii
a zdroven z dlouhodobého trendu zdraZovani tepelné energie
spolu s postupnym vycerpdvdnim primdrnich geologickych
zasob fosilnich energetickych surovin. Spolehlivé zpracovani
zvoleného tématu vyZaduje podrobné studium teplotnich, hyd-
rodynamickych, mechanickych a chemickych vztaha (THMC
coupling), které pri zahfivani hornin probihaji. Zvoleny pristup
tak umoznuje zodpovédét radu obecnéjsich otazek spjatych se
Sifenim a pusobenim tepla v granitoidech. Je nutné uvaZovat
nékolik kvalitativné odli$nych fyzikdlnich veli¢in, jejich ade-
kvétni monitoring a relevanci ziskanych dat s ohledem na dals{
znamé nebo pravdépodobné jevy majici vliv na jejich objektiv-
ni zhodnoceni. Vysledky jsou pfinosné nejen v oboru sklado-
vani tepla, ale poskytnou uZite¢né informace pro hydrogeolo-
gii, geomechaniku, geochemii, posuzovani rizika tepelného
zatiZeni Ci pldnovéni geologického ukladdni.

K reverzibilnimu skladovani elektfiny i termalni energie
slouZi fada technologickych zafizeni vyuZivajicich ruznd mé-
dia vSech skupenstvi. Z nich nejéastéjsi je voda. Skladovani
elektrické energie z nadprodukce, kterd je pfeménéna na ter-
malni energie, je vét§inou projektovano do podzemdi, kde je
horninové prostredi jako vhodny izolant i zdsobnik zdrukou
Cerpani této energie v dobé zvysené poptivky. Ekonomicky
prinos podzemniho skladovani termalni energie vychazi dosud
vétSinou z modelu a empirie poloprovoznich zkouSek podle
geologickych podminek a petrofyzikdlnich charakteristik

INTRODUCTION

The study of underground storage of thermal energy in the
environment formed by crystalline rocks under relatively low
temperatures (ca 95°C) stems from the current Europe-wide
effort to save energies and, at the same time, from the long-term
trend towards increasing the cost of thermal energy in conjunc-
tion with the gradual depletion of primary geological stock of
fossil raw materials. The reliable processing of the selected
theme requires detailed studying of thermal, hydrodynamical,
mechanical and chemical relationships (the THMC coupling),
which exist during the process of heating rocks. In this way the
chosen approach allows of answering many more general ques-
tions associated with the propagation and action of heat in gra-
nitoids. It is necessary to consider several qualitatively different
physical quantities, the adequate monitoring of the quantities
and the relevance of obtained data with respect to other known
or probable phenomena having influence on the objective asses-
sing of them. The results are beneficial not only in the field of
heat storage; they in addition provide information useful for
hydrogeology, geomechanics, geochemistry, assessing the risk
of thermal loading or planning of geological storage.

Several technological facilities using various media in all sta-
tes are used for the reversible storage of electrical power and
thermal energy. Water is used most frequently. The storage of
electrical power from the overproduction which is converted
into thermal energy is mostly designed to be in the underground,
where the rock environment provides both a suitable insulator
and a storage reservoir for this energy during a period of incre-
ased demand. The economic contribution of the underground




hornin na konkrétnich lokalitdch. Realizace podzemniho skla-
dovéni termdlni energie neni bez rizika ireverzibilniho posko-
zeni horninového prostiedi. K tomu dochdzi zejména pfi jeho
prili§ rychlém a vysokém zahrati. Vysledkem mohou byt ire-
verzibilni zmény puvodnich vlastnosti hornin, tak potfebnych
k cyklické akumulaci a t€Zbé uskladnéné termadlni energie.
Dokazuji to vysledky in-situ experimentd s ohfevem hornin,
dokonce jen na teplotu nepresahujici 100 °C, v podzemnich
laboratorich ve Svycarsku, Skandindvii a v Kanadé zabyvaji-
cich se skladovdnim radioaktivnich odpadu. Napiiklad Kwon
et al., 2013, Chan et al., 1981, Andersson and Martin, 2009,
SchneefuB3 et al., 1989 a Berchenko et al., 2004.

V rdamci in-situ cyklického ohfevu granitického masivu
v opuiténém zlatém dole Josef ve stiednich Cechich (GPS:
49,7306183°N, 14,3484903°E) probihd monitoring, ktery je
mozné rozdélit na dvé skupiny:

 kontinudlni sbér dat;

» kampanovad méfeni v zdvislosti na prubéhu experimentu.

Samotny in-situ experiment pak zahrnuje cyklické zahriva-
ni horninového prostredi a ndsledné ochlazeni na puvodni tep-
lotu, oboji azZ po dosaZeni semiustdleného stavu. Projekt je
napldnovdn na Ctyfi roky, v nichZ probéhnou dva cykly dlou-
hodobé (délka trvdni jednoho asi devét mésica) a ddle Ctyfi
cykly kratkodobé, které budou trvat asi Gtrnact dni. Ulelem
téchto kratkych cykla je simulace rychlejsiho, kratkodobého
dodani, resp. odbéru tepla. V souvislosti s in-situ podzemnim
experimentem bylo provedeno vet§si mnozstvi laboratornich
testd a experiment malého a stfedniho méfitka. Nékteré z la-
boratornich a zejména in-situ experimentl, jsou paralelné
simulovany 3D numerickymi modely. Projekt je prezentovan
na webové adrese http://www.geology.cz/mokrsko/, kde lze
mimo jiné sledovat aktudlni stav vybranych méficich boda
v podzemi formou grafa. Podrobné vysledky geotechnickych
méfeni jsou prezentovany v ¢lanku Sosny et al. (2014).

POPIS HORNINOVEHO PROSTREDI STUDOVANE LOKALITY

Podzemni vyukové stiedisko Josef Stavebni fakulty CVUT
vyuzivd podzemnich dél a povrchovych prostor, které od
konce 70. let do pocatku 90. let 20. stoleti slouZily k priz-
kumu zlatonosnych loZisek Celina a Mokrsko historického
reviru Psi hory. Rozsah prizkumnych praci detailné popiso-
vanych v knize Mordvka (1996) umozZnil podrobné studium
geologické stavby celé oblasti. Vzhledem k tomu, Ze se
nachézi na styku dvou vyznamnych stavebnich prvki Ceské-
ho masivu — granitoidu stfedo¢eského plutonického komplexu
variského stari (cca 350 mil. let) a vulkanosedimentéarnich
hornin jilovského pdsma neoproterozoického stari (650-540
mil. let), je tato oblast unikatni nejen z hlediska surovinového
potencidlu zlata, ale i pfitomnosti hornin raznych petrogene-
tickych typu, odlisného sloZeni a fyzikédlné-mechanickych
vlastnosti — a to v relativné malém prostoru.

Horniny neoproterozoického vulkanosedimentdrntho kom-
plexu zahrnuji dvé skupiny:

¢ spodni kralupsko-zbraslavskou skupinu tvori vulkanické
a vulkanosedimentarni horniny bazického az kyselého
slozeni. Nejsvrchnéjsi davelské souvrstvi veetne Cernych
tufitickych bridlic jsou produktem doznivajici vulkanic-
ko-exhalacéni aktivity;

e svrchni §téchovickou skupinu tvori sedimenty flySového
charakteru — bridlice, prachovce a droby, s polohami sle-
pencu na jeji bdzi.

Cely tento horninovy komplex byl na konci neoproterozoika

postizen kadomskym vrasnénim, které mu vtisklo zdkladni struk-
turni rysy: vrdsovou stavbu, linedrni usmérnéni, zbridli¢naténi
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storage of thermal energy has been till now based mostly on
models and empiricism of semi-operational tests depending on
geological conditions and petrophysical characteristics of rocks
in particular localities. The realisation of underground storage of
thermal energy is not free of the risk of irreversible damaging
the rock environment. It happens first of all during excessively
quick and high heating of the environment. It can result into irre-
versible changes in the original properties of rocks, which are so
needed for cyclic accumulation and exploitation of the stored
thermal energy. This fact is proved by results of in-situ experi-
ments with the heating of rocks even only to temperatures not
exceeding 100°C which are conducted in underground laborato-
ries in Switzerland, Scandinavia and Canada, dealing with the
storage of radioactive waste. For example, Kwon et al., 2013,
Chan et al., 1981, Andersson and Martin, 2009, Schneeful3 et al.,
1989 and Berchenko et al., 2004.

The monitoring which is in progress within the framework of
cyclic heating of a granitic massif in the abandoned Josef gold
mine in central Bohemia (GPS: 49,7306183°N, 14,3484903°E)
can be divided into the following two groups:

e continual data collection;

* measurement campaigns depending on the development of

the experiment.

The in-situ experiment itself comprises cyclic heating of rock
environment and subsequent cooling to the original temperature
(both activities only after the semi-steady state is reached). The
project is planned for four years, during which two long-term
cycles will take place (one cycle duration about nine months)
and four short-term cycles, which will last approximately for
a fortnight. The purpose of these short cycles is to simulate the
quicker, short-term supply or extraction of heat. A larger num-
ber of laboratory tests and a small-scale and medium-scale expe-
riment were conducted in the context of the in-situ experiment.
Some of the laboratory tests and, first of all, the in-situ experi-
ment are simulated in parallel by 3D numerical models. The pro-
ject is presented on http://www.geology.cz/mokrsko/ web
address, where it is possible, apart from other things, to follow
the current state of selected measurement points in the underg-
round in the form of graphs. The detailed results of geotechnical
measurements are presented in a paper by Sosna et al. (2014).

DESCRIPTION OF ROCK ENVIRONMENT
IN THE LOCALITY BEING STUDIED

The Josef underground educational centre of the Faculty of
Civil Engineering of the Czech Technical University uses the
underground workings and premises on the surface which served
to the survey of the Celina and Mokrsko gold ore beds in the Psi
Hory historic district from the end of the 1970s till the beginning
of the 1990s. The extent of the survey, which is described in
detail in a book by Moravek (1996) allowed of detailed studying
the geological structure of the whole area. With respect to the fact
that it is located at the contact between two significant structural
elements of the Czech massif — the granitoids of the central
Bohemian plutonic complex of the Variscan age (about 350 mil-
lion years) and the volcanosedimental rocks of the Jilové zone of
the Neo-Proterozoic age (650-540 million years), this area is
unique not only in terms of the raw material potential — gold, but
also in terms of the presence of various types of petrogenetic
types of rocks with different composition and physically mecha-
nical properties — all of that within a relatively small space.

Neo-Proterozoic rocks of the volcanosedimentary complex
comprise the following two groups:
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hornin a systém jejich rozpukdni. Vulkanické a vulkano-
sedimentdrni horniny kralupsko-zbraslavské skupiny vystupuji
v antiklindlnich ¢astech této vrasové stavby a tvori kozohorské
a jilovské pasmo. Jilovské pasmo, které je podstatné vyznamnej-
§i a horninové pestiejsi, ve stavbé centralni &dsti Ceského masi-
vu tvori lukovité prohnuty, 65 km dlouhy a 1-5 km Siroky pés
sméru SSV-JJZ, probihajici od Jilového u Prahy az do okoli
Breznice. Oblast Psich hor se $tolou Josef je situovédna ve stred-
ni ¢asti tohoto pruhu.

Zapadni hranici jilovského pdsma a nadloznich neoprotero-
zoickych sedimentu tvorfi hlubinné vyvreliny stfedoleského
plutonu variského stari, reprezentované amfibolicko biotitic-
kym granodioritem (podle proménného obsahu plagioklasu az
tonalitem) sdzavského typu, resp. jeho slapskou apofyzou.
Tento intruzivni kontakt upadd podle vysledka vrtného pra-
zkumu strmé k V (hloubkové ovéfeno do 700 m), misty je pro-
vézeny vznikem plochych aZ subhorizontélnich apofyz. Zilny
doprovod granitoidu stfedoceského plutonu je podle jeho geo-
logické pozice predstavovan tfemi horninovymi typy:

e apofyzy a Zzily v endokontaktu sdzavského granodioritu

s neoproterozoikem, reprezentované biotitickymi grano-
diority, aplity a pegmatity;

 granitové porfyry az gabrové porfyrity, aplity, biotitické

granity a spessartity tvori horninové Zily sméru prevazné
V-Z, situované v pri¢nych zéndch s extenznim reZimem;
* nehojné kersantity a minety jsou vétSinou vazany na
mlads$i zlomy sméru V-Z az SZ-JV, které porusuji zapad-
ni kontakt jilovského pdsma se stredo¢eskym plutonem.

V ramci podrobného strukturniho mapovani byla vycerpa-
vajicim zplisobem popsdna vybrand podzemni lokalita.
Identifikovdny a popsdny byly predevSim zdkladni struktury
kfehkého poruseni (zlomy, zlomové zony, stfizné a extenzni
pukliny). Na zdklade téchto dat byl vygenerovan 3D struktur-
ni model kfehkého poruSeni rozrazky (obr. 1), vyuZzity pro
extrapolaci struktur do prostoru budouciho in-situ experimen-
tu za Celbu a presny ndvrh experimentdlni vrtné sité.
Topidlo/chladi¢ se sklada z elektrokotle, tepelného Cerpadla,
rezervodru na chladnou vodu, obéhovych ¢erpadel a PEX-AL-
PEX trubek. Centralni horizontdlni (vyhfivaci) vrt, ktery ma

TuHel

e the Lower Kralupy — Zbraslav group is formed by volcanic
and volcanosedimentary rocks with the composition ran-
ging fro basic to alkaline. The uppermost Davle Measures,
including black tuffitic shales, are the product of the fading-
away volcanic-exhalation activity;

* the upper Stéchovice group is formed by flysh-character
rock — shales, siltstone and greywacke, with intercalations
of conglomerates at its base.

The entire rock complex was affected at the end of the Neo-
Proterozoric sub-period by the Caledonian orogeny, which
impressed the basic structural features on it: a folded structure,
linear alignment, the schistosity development of rocks and the
system of their jointing. The volcanic and volcanosedimentary
rocks of the Kralupy — Zbraslav group rise up in anticlinal parts
of this folded structure and form the Kozi Hory and Jilové zone,
which is significantly more important and more variable in
terms of rocks; it forms a bowlike-curved, 65km long and
1-5km wide, NNE-SSW running strip extending from Jilové
u Prahy up to the surroundings of the town of Bfeznice. The Psi
Hory Mountains area containing the Josef gallery is located in
the central part of this zone.

The western boundary of the Jilové zone and overlying Neo-
Proterozoic sediments is formed by intrusive rocks of the
Central Bohemian Pluton of the Variscan age, which are repre-
sented by amphibole-biotite granodiorite (even tonalite, depen-
ding on the variable content of plagioclase) of the Sdzava type
or its Slapy apophyse. According to the results of the drilling
survey, this intrusive contact steeply dips toward E (verified up
to the depth of 700m) and locally is attended by the origination
of apophyses ranging from flat up to sub-horizontal. According
to its geological location, the venous accompaniment of grano-
diorites of the Central Bohemian Pluton is represented by the
following three rock types:

e apophyses and veins at the endocontact of Sdzava granodi-
orite with the Neo-Proterozoic, which are represented by
biotite granodiorite, aplite and pegmatite;

e the granitic porphyry to gabro porphyrite, aplite, biotite gra-
nite and spessartite form rock veins running mostly in the
E-W direction, which are located in transverse zones with

an extensive regime;

*N=230 [
- puklina - crack
* zlom - fault
= zlomova zdna - fault zone

e scarce kersanite and minette
are mostly bound to younger
E-W up to NW-SE oriented
faults, which break the wes-
tern contact of the Jilové zone
with the Central Bohemian
Pluton.

The selected underground locali-
ty was exhaustively described wit-
hin the framework of detailed
structural mapping. Basic brittle
failure structures (faults, fault
zones, shears and extensive fractu-
res) were identified and described
in the first place. A 3D structural
model of the brittle failure in
a gallery side stub (see Fig. 1) was
generated on the basis if the data.
The model was used for the extra-
polation of structures into the area

Obr. 1 Pohled na pldst’rozrdZky ze skalniho masivu, syntéza 3D laser scanu rozrdzky s podrobnou dokumentaci

kiehké tektoniky (zlomu a puklin)

Fig. 1 A view of the gallery side stub excavation surface from within the rock mass; the synthesis of the 3D laser

of the future experiment, ahead of
the excavation face, and for the
exact design of the experimental

scan of the side stub with detailed documentation of the brittle tectonics (faults and cracks)




prumér 0,85 m a délku 2,2 m, je osazen navinutymi PEX-AL-
PEX trubkami v hloubkové turovni 1,7-2,2 m. Prvnich 1,7
vrtu je izolovano proti dniku tepla, resp. chladu pomoci péno-
vého skla (FOAMGLAS). Teplota vody, kterd je pouZita jako
vyhfivaci/chladici medium, je bud 95 °C nebo 10 °C
v zavislosti na fdzi vyhfivaciho/chladiciho cyklu. Tato teplota
je udrZovana konstantni pomoci elektrokotle, resp. rezervoaru
na chladnou vodu a tepelného Cerpadla.

Pro dcely geomechanickych méfeni byla z kaZzdého
z monitorovacich vrtu vytvorena sada vzorku, na nichZ byly
provedeny a vyhodnoceny tyto zkousky:

 objemovd hmotnost vysuSenych vzorku (2738 kg.m-3);

e oteviend porovitost (0,19 %);

e koeficient hydraulické vodivosti (< 1x10"" m.s'!);

e ultrazvukové prozafovéani na suchych i nasycenych vzor-

cich (5,6-6,3 km.s-1);

e modul pruZnosti (75 GPa), modul pretvarnosti (73 GPa)

a Poissonovo ¢islo (0,26);

e pevnost v prostém tlaku (104 MPa) a pevnost v pri¢ném

tahu (11 MPa).

Vysledky geotechnickych analyz z vrtnych jader indikuji
zna¢nou miru homogenity testované horniny v celém objemu
realizovaného terénniho experimentu.

Termdlni vodivost a tepelnd kapacita tonalitu z expe-
rimentdln{ lokality se pohybuje okolo A=3,67 W.m-1.K-1I, resp.
¢,=2,16x106 J.m>3.K-!. Laboratornim méfenim termdlni dila-
tace 4 vzorku zdejsiho tonalitu byl stanoven primérny koefi-
cient teplotni roztaznosti o = 8,3.10-6 K-1 pri maximalni zatée-
zovaci teplote 100 °C. Méfenim anizotropie termdlni vodi-
vosti bylo zji§téno izotropni chovani téchto hornin.

MONITOROVACI VYBAVA IN-SITU EXPERIMENTU

Kontinualni sbér dat zahrnuje veli¢iny duleZité pro maximal-
né veérnou konstrukci matematického modelu zahrivani granito-
idniho prostiedi a Sifeni tepla v ném. Patfi sem teploméry vhod-
né umisténé v trojrozmérném horninovém okoli zahtfivané ¢asti
Celby, seismické snimace, seismo-akustické senzory, termo-
kamera, senzory mechanického napéti, dilatometry (osazené na
vyznamnych trhlindch v Celbé a v zahfivacim vrtu), snimace
tlaku vody ve vrtech, méfeni vzdu$né teploty, vlhkosti
a atmosférického tlaku v rozrazce (obr. 2). Vzdalené vrty umoz-
nuji srovndvaci monitoring okolniho prostiedi neovlivnéného
experimentem.

Geotechnicky monitoring zmén napéti a pretvofeni
v horniné zpusobenych zménami teploty je realizovdn pomo-
cf strunovych snimaé&u spole¢nosti Geokon. Hlavni vyhodou
pouZiti téchto strunovych snimalu je umisténi termistoru
v téle sondy, ktery zaznamendvd teploty v mist¢ méfeni.
Pomoci termistoru lze méfeni opravit o tepelnou roztaznost
sondy samotné, coZ je pfi monitoringu zmén parametru
v dusledku teplot zékladni vlastnost takovych sond. Dal§imi
vyhodami jsou dlouhodobd stabilita méfeni, vodotésnost
a schopnost pouziti dlouhych signdlnich kabeli. Monitoring
se skldda z nasledujicich prvku:

e Pérové tlaky: piezometry model 4500SH jsou umistény
v tuzkych kolmych vrtech realizovanych z hlavniho §iro-
koprofilového vrtu s topidlem;

e Zmény napéti v hornin¢: stressmetery model 4300BX jsou
umistény v péti vrtech VG-1 az VG-5 o priméru 60 mm;

e Posuny na puklindch: micro crackmetery model 4422
jsou umistény v hlavnim Sirokoprofilovém vrtu s topid-
lem na blocich horniny, které protinaji pukliny;

* 3D posun na pukliné: 3D crackmeter se tfemi snimaci
posunu model 4450 je umistén v hlavnim Sirokoprofilovém
vrtu s topidlem na blocich horniny, které protind puklina;
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drilling network. A heater/cooler consists of an electric boiler,
a heat pump, a cold water reservoir, circulating pumps and PEX-
AL-PEX tubes. The central horizontal (heating) borehole with
the diameter of 0.85m and the length of 2.2m has PEX-AL-PEX
tubes winded in it at the depth level of 1.7-2.2m. The initial
1.7m long section of the borehole is insulated against the esca-
pe of heat, or cold, by cellular glass FOAMGLAS. The tempe-
rature of water which is used as a heating/cooling medium is eit-
her 95°C or 10°C, depending on the phase of the heating/cooling
cycle. This temperature is maintained constant by means of an
electric boiler or a cold water reservoir and a heat pump.

The following set of samples which these tests were conduc-
ted and assessed on was created for the purpose of geomechani-
cal tests from each of the monitoring boreholes:

e density of dried samples (2738kg.m?);

 open porosity (0.19%);

e coefficient of hydraulic conductivity (< 1x10'* m.s™!);

e ultrasound analyses of both dry and saturated samples

(5.6-6.3km.s");
* modulus of elasticity (75GPa), modulus of deformation
(73GPa) and Poisson’s ratio (0.26);

e unconfined compressive strength (104MPa) and transverse

tensile strength test (11MPa).

The results of the geotechnical analyses of drill cores indicate
a significant degree of homogeneity of the tested rock within the
whole volume of the field experiment.

The thermal conductivity and thermal capacity of tonalite
from the experimental locality fluctuates about 1=3.67W.m' . K!,
or c¢v=2.16x106J.m>3K-!. The average coefficient of thermal
expansion o = 8,3.10°K"! at the maximum loading temperature
of 100°C was determined by the laboratory measurement of
thermal dilatation of 4 samples of local tonalite. The isotropic
behaviour of these rocks was determined by the measurement of
the anisotropy of thermal conductivity.

IN-SITU EXPERIMENT MONITORING EQUIPMENT

The continual collection of data comprises quantities impor-
tant for the maximally true structure of the mathematical model
of the heating of a granitoide environment and propagation of
heat in it. The equipment comprises thermometers properly
distributed in the three-dimensional rock surroundings of the
excavation face part being heated, seismic transducers, seismo-
acoustic sensors, a thermal camera, mechanical stress sensors,
dilatometers (installed in significant cracks in the excavation
face and in the heating borehole), sensors of hydraulic pressure
in boreholes, measurements of air temperature, humidity and
atmospheric pressure in the tunnel side stub (see Fig. 2). Remote
boreholes allow of the comparative monitoring of the surroun-
ding environment unaffected by the experiment.

The geotechnical monitoring of changes in the rock stress and
strain caused by changes in temperature is carried out by means
of Geokon vibrating wire temperature sensors. The main advan-
tage of the use of these vibrating wire temperature sensors is the
installation of the thermistor recording temperatures in the mea-
surement place inside the body of a probe. It is possible by
means of the thermistor to correct the measurement by incorpo-
rating the thermal expansion of the probe itself. This is
a fundamental property of such probes used in the process of
monitoring the changes in parameters attributable to temperatu-
res. Other advantages comprise the long-term stability of mea-
surements, waterproofing capacity and possibility of the use of
long signal cables. The monitoring consists of the following
elements:
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MERIDLA LEGENDA
MEASUREMENT APPARATUSES LEGEND

trhlinomér / deformace / crackmeter/strain

trhlinomér / napéti — piezometry
crackmeter/stress-piezo

rosny bod / dew point

hydrostaticky tlak / hydrostatic pressure
pozice / position

relativni vihkost / relative humidity
napéti horniny (tah) / rock stress (tension)
seismoakustika / seismo-acoustics
seismometr / seismometer

méfidlo napéti / stressmeter

teplota / temperature

termokamera / thermo camera

Obr. 2 Model instrumentace monitorovacich vrti za sténou vstupni chodby, délka vrtu 2,5 a7 12 m
Fig. 2 A model of the instrumentation of monitoring boreholes behind the wall of the entry gallery; boreholes 2.5m to 12m long

¢ Posun horninového masivu: extenzometr se tfemi kotvami
v hloubkéch 2,4 a 6,4 m a tfemi snimaci posunu model 4450
je umistén ve vodorovném vrtu VEXT-1 priméru 76 mm;

 Svirdni horninového masivu: tfi snimade pretvoreni mo-
del 4000 jsou umistény v predvrtu priméru 400 mm hlav-
niho Sirokoprofilového vrtu s topidlem.

Vsechna méreni musi byt mozné Casové presné zaradit, aby
bylo mozné rozliSit mezi lokdlnim vlivem ohfevu a d¢inkem
globdlniho fenoménu, napr. silného zemétreseni, zmény hla-
diny podzemni vody apod. Proto je k méfenim pripisovan Cas
z prijimace GPS, ktery je umistén pred vchodem do dolu.
Periodu ohfevu na ~95 °C a ndsledného ochlazovani masivu
na ~10 °C zobrazuje graf na obr. 3, obr. 4 vykresluje distribu-
ci teplot v dobé dosaZeni semiustdleného stavu, tedy v zavéru
1. zahtivaciho cyklu.

MERENI PROVADENA V HORNINOVEM PROSTREDI
IN-SITU EXPERIMENTU

V lokalité in-situ experimentu probihaji kontinudlni monito-
ring a kampanova méfeni. Kampanova méfeni predstavuji ¢in-
nosti souvisejici s popisem masivu pred zac¢dtkem experimen-
tu, pfi vyznamnych zménéch v prabéhu experimentu a po jeho
skonleni. Jednd se zejména o méfeni uderovou seismikou,
geo-elektrickd mérfeni, ultrazvukové prozarovdni a studium
zmény tepelné kapacity a vodivosti. Vzhledem k charakteru
podzemnich ¢innosti bylo tfeba nékteré méfici ndstroje speci-
dlné pripravit nebo upravit. Automaticky jsou monitorovany
externi parametry, jako hladina podzemni (dulni) vody, teplo-
ta, tlak a vlhkost vzduchu, seismickd aktivita, reZimné jsou
méfeny vytoky z vrtu.

e Pore pressures: 4500SH-model piezometers are installed in
narrow perpendicular boreholes carried out from the main
wide-profile borehole housing the heater;

e Changes in rock stress: 4300BX-model stressmeters are
installed in five 60mm-diameter boreholes VG-1 to VG-5;

* Displacements across cracks: 4422-model micro crackme-
ters are installed in the main wide-profile borehole housing
the heater on rock blocks intersected by cracks;

e 3D displacement across a crack: a 4450-model 3D crack-
meter with three displacement transducers is installed in the
main wide-profile borehole housing the heater on rock
blocks intersected by cracks;

* Rock mass displacement: an extensometer with three
anchors at the depths of 2m, 4m and 6.4m and three 4450-
model displacement transducers is installed in the 76mm-
diameter VEXT-1 horizontal borehole;

* Rock mass constriction: three 4000-model deformation trans-
ducers are installed in a 40mm-diameter borehole carried
out ahead of the excavation face of the main wide-profile
borehole containing the heater.

It is necessary to be possible to assign exact time to all mea-
surements so that it is possible to differ between the local effect
of heating and the effect of a global phenomenon, e.g. a strong
earthquake, a change in the water table level etc. It is the reason
why the time from a GPS receiver, which is installed in front of
the mine entrance, is assigned to the measurements. The period
of heating to ~95°C and subsequent cooling of the rock mass to
~10°C is represented in Fig. 3. Figure 4 depicts the thermal
distribution at the moment of achieving the semi-steady state,
i.e. at the end of the 1st heating cycle.
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Obr. 3 Graf ohFevu a ochlazeni horniny in-situ experimentu (v tésné blizkosti zah¥ivaciho vrtu) v prithéhu roku 2013
Fig. 3 Graph of the heating and cooling of rock of the in-situ experiment (at a close vicinity of the heating borehole) during 2013

V deseti vrtech byly provedeny sumarni vodni tlakové zkousky,
které umoZnuji popis hydrodynamickych vlastnosti pukli-
nového systému experimentélni lokality, napf. stanoveni propust-
nosti horninového prostiedi. Ze srovndni hodnot koeficientd hydrau-
lické vodivosti vyhodnocenych vrtu je patrné, Ze v prostredi in-situ
experimentu existuji vyznamné preferencni proudové cesty
(puklinovy systém). Pokud vrt tento systém zastihl, koeficient hyd-
raulické vodivosti se pohybuje v fddu 108 m.s"!. Pokud vsak ani
dlouhy vrt zddnou vyznamnou puklinu umoZziujici proudé-
ni vody nezastihl, koeficient hydraulické vodivosti klesne aZ

MEASUREMENTS CONDUCTED IN THE IN-SITU
EXPERIMENT ROCK ENVIRONMENT

Continual monitoring and measurement campaigns are
being conducted in the in-situ experiment locality. The measu-
rement campaigns represent activities associated with the rock
mass description before the beginning of the experiment, on
the occasions of significant changes in the experiment course
and after its completion. They comprise in particular measure-
ments using seismic impacts, geoelectrical measurements, ult-
rasound analyses and studying changes
in thermal capacity and conductivity.

Temperature
El109-111
i -123
123 -128
Bi128-136 -
136 -163
Bi6.3-171
17.1 - 18.1

With respect to the character of underg-
round activities, it was necessary to
specially prepare or modify some mea-
surement instruments. External para-
meters, such as the (mine) water table
level, temperature, pressure and humi-

[18.1-189
[lis9-216
[121.6-233
[J23.3-276
[ 127.6-29.7
[]129.7 - 317

[ ]31.7-350

[135.0-38.4
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dity of air and seismic activity are
monitored automatically; a regime is
applied to the measurement of outflows
from the boreholes.

Summary hydraulic pressure tests were
carried out in ten boreholes. They allow
of describing hydrodynamical properties
of the fissure system in the experimental
locality, for example determining the per-

B ss6-77.5
Bl 77.5 - 92.0

AN

meability of rock environment. It is obvi-
ous from the comparison of the values of
hydraulic conductivity coefficients that
significant preference flow paths (a fissu-

Obr. 4 Graficky zndzornéné hodnoty teploty dosaZené na jednotlivych teplotnich ¢idlech v horninovém
masivu pobliZ zah¥ivaciho vrtu, délka Sirokoprofilového zahrivaciho vrtu &ini 2,20 m

Fig. 4 Graphically depicted values of the temperature measured on individual thermal sensors in the rock
mass near the heating borehole; the wide-profile heating borehole length is 2.20m

re system) exist in the in-situ experiment
environment. In the case that the boreho-
le encounters this system, the hydraulic
conductivity coefficient fluctuates about
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Obr. 5 Zmény napéti ve vrtu VG-2
Fig. 5 Changes if stress in VG-2 borehole

o dva fady na droveni 10710 m.s"!. Hydraulickd vodivost, kterd
byla méfena na vzorcich neporuSeného tonalitu z vrtnych ja-
der, byla stanovena na k < 10714 m.s"!. Pfesnéjii stanoveni se
v danych laboratornich podminkach nedalo urcit. Sumérni zkou-
Sky byly nésledovany referennimi intervalovymi tlakovy-
mi zkouSkami na 4 vybranych dsecich 2 vrtd. Pfed ukonle-
nim prvn{ vyhfivaci faze in-situ experimentu byla provedena dru-
ha série intervalovych tlakovych zkouSek. Porovnéni vysledki
druhé série vodnich tlakovych zkouSek s referenénimi zkou-
Skami ukdzalo, Ze teplotni zatiZeni horninového masivu muze
zpusobit oboustranné zmény hydraulické vodivosti. Podrobné;jsi
analyzu bude moZno provést aZ po dal$im zahrivacim cyklu.

Z hydrochemickych analyz vyplyva zvySend variabilita obsaht
sodiku, drasliku, hydrogenuhli¢itana, a chloridi. Hydroche-
mické analyzy podzemnich vod byly doplnény o studium mine-
ralogického sloZeni novotvorenych minerdlnich fazi vysra-
zenych z téchto podzemnich vod, kde dominuji karbonaty Ca
a oxidické slouéeniny Fe. Ddle bylo v podzemni vodé vytékaji
z monitorovacich vrtd mikrobiologickym rozborem objeveno
zhruba dvacet blize nespecifikovanych kmend mikroorga-
nismu z fadu bakterif, hub i plisni, pricemZ béZné jsou v podzemnich
dulnich voddch zastoupeny dva az tfi kmeny. Biochemické pro-
cesy maji v mnoha pripadech vliv na chemické procesy
nejen v samotném horninovém prostredi, ale mohou negativ-
né ovliviovat i technickd zafizeni instalovand v experimentu
nebo pii budoucim vyuziti vysledkt vyzkumu.

Deformaé¢ni moduly horninového masivu byly stanoveny pred
ohfevem masivu pomoci zkousky Goodman Jack test. Celkem
bylo realizovéno 50 testu v deseti monitorovacich vrtech prumér
76 mm. Kazdy test se sklddal ze dvou zatéZovacich a dvou
odleh¢ovacich vétvi s tlakovacim krokem 5 MPa. K vypoctu
deforma¢niho modulu byly pouzity hodnoty z druhé zatéZovaci
vétve, kdy byl tlak postupné zvySovan z 20 MPa na 40 MPa.
Vypocet probihal podle Heuze (1984). Zjisténd prumérna hodno-
ta 9 GPa modulu in-situ byla pouzita k vypoftu zmén napéti
registrovanych v horniné, jak doporu¢uji Chan et al. (1981).

Nejvyznamnéjsi je vliv tepelného namédhani na zmény napéti
v hornin€. Napr. z grafu (obr. 5) je patrné, Ze po instalaci tri
snimacu ve vrtu VG-2 vzdéleného 0,24 m od vrtu s topidlem

the order of 10m.s"!. However, if no significant fissure allowing
the flowing of water is encountered even by a long borehole, the
hydraulic conductivity coefficient drops even by two orders
of magnitude, to the level of 10-°m.s’!. The hydraulic conducti-
vity which was measured on the samples of undisturbed tonalite
obtained from drill cores was determined at k < 10-'*m.s"!. More
precise determination could not be made in the particular labora-
tory conditions. The summary tests were followed by reference
interval pressure tests on 4 selected sections of 2 boreholes. The
second series of interval pressure tests was carried out before the
completion of the initial heating phase of the in-situ experiment.
The comparison of results of the second series of hydraulic pres-
sure tests with the reference tests proved that the thermal loads
acting on the rock mass can cause double-sided changes in the
hydraulic conductivity. It will be possible to carry out a more
detailed analysis only after the next heating cycle.

It follows from biochemical analyses that the variability of
the content of sodium, kalium, hydrogencarbonates and chlo-
rides is increased. Hydrochemical analyses of groundwater
were complemented by a study into mineralogical compositi-
on of newly created mineral phases precipitated from this
groundwater, where Ca carbonates and Fe oxidic compounds
dominate. In addition, about twenty closer unspecified strains
of microorganisms from the order of bacteria, fungi and mil-
dew were identified by the microbiological analysis of ground-
water flowing from the monitoring boreholes; the common
practice is that only two to three strains are represented in
mine groundwater. Biochemical processes in many cases influ-
ence chemical processes not only in the rock environment
itself, but they may even negatively influence technical facili-
ties installed in an experiment or during the future application
of research results.

The moduli of deformation of the rock mass were determi-
ned prior to the heating of the mass, using the Goodman Jack
test. The total of 50 tests were realised in ten 76mm-diameter
monitoring boreholes. Each test consisted of two loading bran-
ches and two relief branches with SMPa pressurising step. The
values from the second loading branch, where the pressure was
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Obr. 6 Maximdlni a minimdlni napéti v roviné kolmé na vrty VG-2 a VG-3
Fig. 6 Maximum and minimum stress in a plane perpendicular to boreholes
VG-2 and VG-3

dochdzelo k poklesu napéti zpusobeného relaxaci napéti po prede-
pnuti méfidla a dale chlazenim masivu po inicidlnim vyhfati masivu.
Po zahdjeni ohfevu vystoupala napéti az na hodnotu 4,3 MPa. Tti
kratkodobé poklesy jsou zpusobeny ochlazenim masivu, které bylo
zpUsobeno ztratou vykonu topidla v disledku vypadki doddvky el.
proudu. Po zahdjeni chlazeni experimentu pak napeti rychle kleslo.
Vyse uvedené hodnoty dosaZeného napéti jsou obdobné jako hodno-
ty publikované v ¢lanku Kwon et al. (2013). Ti uvadéji maximaln{
tlak priblizné 5 MPa ve vzddlenosti 0,5 m od topidla, které bylo 2 m
dlouhé a mélo vykon 5 kW.

Diky pouziti trojice sond vzdjemné pootoCenych o 45° lze ve
vrtech VG-2 a VG-3 podle rovnic uvedenych v (Merrill a Peterson,
1961) vypocitat hlavni napéti rovinné napjatosti, které pusobi
v rovin€ Celby.

Ve vrtu VG-2 vzddleném 0,24 m od topidla pfi nejvy$S§im napéti
platilo:

0,=9,2 MPa; smér 107° od vertikdly

0,= 6,0 MPa; smér kolmy na o,

Ve vrtu VG-3 vzddleném 0,32 m od topidla pri nejvyssim napéti
platilo:

0, = 6,3 MPa; smér 152° od vertikdly

0, = 3,0 MPa; smér kolmy na o,

Graficky jsou hlavni napéti vykreslena v obrazku (obr. 6). Z néj je
patrné, Ze nejmensi napéti pusobi smérem k vrtu s topidlem, kam se
muZe hornina volné deformovat.

Pérové tlaky podzemni vody v horniné zpusobené jeji teplotni roz-
taznosti byly monitorovény pomoci piezometra tésnénych pomoci
pakru. Po po&éte¢nim ustalovani tlakt byl v grafu (obr. 7) patrny ndrust
porovych tlaku a teplot. Ten odpovidal zaGdtku vyhfivani centrdlniho
vrtu. Ve vrtu dlouhém 870 mm byl narast pérovych tlaki pomérmné
rychly, 76 dni po zacatku topeni bylo dosazeno 0,234 MPa. Poté
dochézelo k pozvolné disipaci pérovych tlaka. Ve vrtu dlouhém
1040 mm byl ndrast tlaku pozvolny, maximum 0,184 MPa bylo

23. rocnik - €. 4/2014

gradually increased from 20MPa to 40MPa, were used for the
calculation of the modulus of deformation. The calculation
according to Heuze (1984) was used. The identified average
value of 9GPa was applied to the calculation of changes in stres-
ses registered in the rock, as recommended by Chan et al. (1981).

The influence of thermal loading on changes in stresses in rock
is the most important. It is obvious, for example, from graph (see
Fig. 5) that stresses induced by the relaxation of stress after pre-
stressing of the measuring apparatus and further by the cooling
of the massif after the initial heating of the mass, were reduced
after the installation of three transducers in VG-2 borehole,
which was located at the distance of 0.24m from the borehole
housing the heater. The stresses grew up to the value of 4.3MPa
after the beginning of heating. The three short-term peaks are the
result of the mass cooling which was caused by a loss of the per-
formance of the heater due to a power supply failure.
Nevertheless, the stress quickly dropped after the start of the
experiment cooling. The above-mentioned values of the achie-
ved stress are similar to the values published in a paper by Kwon
et al. (2013). They present the maximum pressure of approxima-
tely 5MPa at the distance of 0.5m from the heater, which was 2m
long and its power was SkW.

Thanks to the use of three probes rotated against each other
by 45° it is possible to calculate in boreholes VG-2 and VG-3
the main stress of the plane stress state acting in the excavati-
on face plane, using the equations presented in (Merrill and
Peterson, 1961).

The following applied to VG-2 borehole located at the
distance of 0.24m from the heater, at the highest stress:

o, = 9.2MPa; direction 107° from vertical

0, = 6.0MPa; direction perpendicular to o,

The following applied to VG-3 borehole located at the
distance of 0.32m from the heater, at the highest stress:

0, = 6.3MPa; direction 152° from vertical

0, = 3.0MPa; direction perpendicular to o,

The main stresses are depicted graphically in the picture (see
Fig. 6). It is obvious from the picture that the smallest stress
acts in the direction of the borehole housing the heater, in
which rock can freely deform.

The pore pressures of groundwater in the rock which are
induced by the rock thermal expansion were monitored using
piezometers sealed by means of packers. An increase in pore
pressures and temperatures was obvious in the graph (see Fig.
7) after the initial stabilisation of pressures. It corresponded to
the beginning of heating of the central borehole. The increase
in pore pressures in the 870mm long borehole was relatively
quick; the value of 0.234MPa was reached 76 days after the
beginning of heating. Subsequently the pore pressures slowly
started to dissipate. The increase in pressures in the 1040mm
long borehole was slow; the maximum of 0.184MPa was rea-
ched only after 150 days from the beginning of heating. In the
415mm long borehole there was moderate negative pressure.
The sharp increase in pressure on the 264th day of measuring
was caused by the realisation of a hydraulic pressure test in
VM-3 borehole. The fluctuations about the 136th, 181st and
199th day of measuring were caused by power failures. The
pore pressures dropped after the commencement of cooling.

The displacements of rock blocks and the massif induced by
thermal stress range within the orders of hundredths to tenths of
a millimetre. As an example, the movement of cracks in the
central borehole registered by means of Micro Crackmeters is
presented in the picture (see Fig. 8). The cracks started to open
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Obr. 7 Pérové tlaky vody v horniné
Fig. 7 Pore pressures of water contained in rock

dosazeno az po 150 dnech od zacitku topeni. Ve vrtu dlouhém
415 mm byl miny podtlak. Prudky ndrust tlaku 264. den méten{ byl
zpusoben realizaci vodni tlakové zkousky ve vrtu VM-3. Vykyvy
okolo 136., 181. a 199. dne méfeni byly zpusobeny vypadky elek-
trické energie. Po zahajeni chlazeni doslo k poklesu pérovych tlaka.

Posuny horninovych bloka a masivu v dusledku tepelného namé-
hani se pohybuji pouze v fadech setin az desetin milimetru. Jako pfi-
klad je uveden na obrdzku (obr. 8) pohyb puklin v centrdlnim vrtu
registrovany pomoci microcrackmetert. Po zacdtku vyhiivéani dochd-
zelo k rozvirani puklin. Pukliny se snimaci 2 a 6, které jsou blizko vol-
nému okraji horniny, se pii konstantni teploté pozvolné sviraly zpét.
Na pukliné osazené snimaci 3 a 4 byl vétsi posun ve sméru k volnému
prostoru Celby nez rozvirani pukliny mérené napiic. Vykyvy okolo
124.,169. a 187. dne méfeni byly opét zpusobeny vypadky elektrické
energie. Po zahdjen{ chlazeni doslo k svirani trhlin.

Z grafu na vy$e zminénych obrdzcich (obr. 5, 7, 8) je rovnéZ patr-
ny okamzity prudky pokles mérenych hodnot po vypnuti topného
télesa, ktery je zplisoben malym rozmérem topného télesa oproti hor-
ninovému masivu. Tento jev potvrdilo numerické modelovani.

Modelovéni teplotniho pole je v soucasnosti pokryto modelem
v programu COMSOL, ktery v sob¢ zahrnuje i mechanické naméha-
ni horniny. Vzhledem k dobré shodé modelu s experimentem ve vel-
kém méfitku lze pouZit vypoctené hodnoty (at’uz v uréitém konkrét-
nim ¢ase, ¢i pri modelovani staciondrniho stavu) jako okrajové pod-
minky pro jemnéjsi dlohu na mensi oblasti, ov§em s podrobnéjsi geo-
metrii topidla a s moZnosti zahrnut{ puklin.

ZAVERY

Z dosavadnich vysledku in-situ cyklického zahfivén{ granitoidniho
horninového prostredi vyplyvaji tyto nejduleZitéjsi zavéry:

e Vyrazné in-situ termdlné indukované napéti je rddové témér
shodné s tahovou pevnosti horniny.

¢ Dochdzi k velmi rychlému ndrustu / relaxaci napéti a deformace
v zévislosti na fluktuacich vytdpéni horniny.

e Termdln¢ indukovand deformace je pIné reverzibilni.

* Dochazi ke zvy$ené mikrobiologické aktivité, pravdépodobné
spjaté s ohfevem horninového masivu.

after the beginning of heating. The cracks measured with trans-
ducers No. 2 and 6, which are near the free edge of the rock,
again slowly closed at a constant temperature. On the crack
observed by transducers No. 3 and 4, greater displacements
were measured in the direction of the free space of the exca-
vation heading than the opening of the crack measured trans-
versally. The fluctuations around the 124th, 169th and 187th
day of measurements were again caused by power failures.
The cracks again started to close after the commencement of
cooling.

A sharp drop in the measured values immediately after swit-
ching the heater off, attributable to the small size of the hea-
ter in comparison with the rock mass, is in addition obvious
from the graphs in the above-mentioned pictures (Figures 5,7
and 8). This phenomenon was confirmed by numerical model-
ling.

The modelling of a thermal field is currently covered by the
model in the COMSOL program, which even comprises the
mechanical stress of rock. Owing to the good agreement bet-
ween the model and the large-scale experiment it is possible to
use the calculated values (both at a particular time and in
modelling a stationary state) as boundary conditions for a finer
problem on a smaller area, but with the more detailed geomet-
ry of the heater and with the possibility for incorporating the
fissures.

CONCLUSIONS

The following most important conclusions follow from the

cyclic heating of the granitoid rock environment:

e The considerable in-situ thermally induced stress is near-
ly identical in the order of magnitude with the tensile
strength of the rock.

e A very rapid increase / relaxation in stress and strain takes
place depending on the fluctuation of the heating of the
rock.

e The thermally induced deformation is fully reversible.

e Increased microbiological activity takes place, probably

associated with the heating of the rock mass.
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Obr. 8 Pohyb puklin v centrdlnim vrtu
Fig. 8 Movement of cracks in the central borehole

 Termdlni ovlivnéni horninového masivu md mefitelny vliv na e The thermal affecting of rock mass has a measurable influ-
hydraulické propustnosti horninového prostredi. ence on hydraulic permeability of rock environment.
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RAZBA SUDOMERICKEHO TUNELU NA IV. TRANZITNIM KORIDORU
Z POHLEDU GEOTECHNIKA

SUDOMERICE TUNNEL EXCAVATION ON 4™ RAILWAY TRANSIT
CORRIDOR FROM GEOTECHNICAL ENGINEER'S PERSPECTIVE

MILAN KOSSLER, MARIAN STEIGER, VLADIMIR TABORSKY

ABSTRAKT

V loniském roce se rozbéhly stavebni prdce na modernizaci IV. tranzitniho Zeleznicniho koridoru v tiseku Tdbor — Sudomeérice u Tdabora.
Souddsti této stavby je i novy dvoukolejny tunel celkové délky 444 m budovany konvencnim zpuisobem podle zdsad NRTM. Razba tunelu
probihala v prostredi moldanubickych hornin, které byly na tunelu reprezentovdny prevdzné pararulami. Ty byly zastiZeny v riuzném stup-
ni zvétrdni a poruSeni od zcela rozloZenych hornin charakteru zemin aZ po relativné pevné horniny tridy R2. V priibéhu razby byl na
tunelu provddén soustavny inZenyrskogeologicky a geotechnicky dohled, jehoZ vysledkem byla doporuceni pro zatrideni do jednotlivych
technologickych trid vyrubu. Nedilnou soucdsti pri razbé byl rovnéZ komplexni geotechnicky monitoring, ktery v sobé zahrnoval soubor
geodetickych sledovdni, hydrogeologicky monitoring, seismickd a akustickd méreni, pasportizaci stavajicich objekti, tenzometrickd
méreni a dal$i. V cervnu letoSniho roku byl tunel v&. opéFi a vyklenkii tispésné doraZzen a mohlo byt pokracovdno ndvaznymi pracemi —
budovdnim zdkladovych pasii a drendzntho systému, poklddkou hydroizolaci, montdzi armatury a vlastni betondZ?i sekunddrniho mono-
litického osteén.

ABSTRACT

The work on the modernisation of the Tabor — Sudomerice u Tabora section of the 4th railway transit corridor section commenced last
year. A new double-track tunnel with the total length of 444m, which was built using the principles of the NATM, was a part of this pro-
ject. The tunnel excavation proceeded through the environment formed by Moldanubic rock types, which were represented mostly by
paragneiss. Various degrees of the paragneiss weathering and faulting were encountered, ranging from completely decomposed rock
with the character of soil up to relatively sound rock categorised as class R2. Systematic engineering geological and geotechnical inves-
tigation was conducted during the course of the tunnel excavation; it resulted into recommendations regarding the determination of par-
ticular NATM excavation support classes. Comprehensive geotechnical monitoring, comprising a set of seismic and acoustic measure-
ments, the condition survey of existing structures, strain gauge measurements and others, was also an inseparable part during the cour-
se of the tunnel excavation. The tunnel excavation, including the excavation of the bench and recesses, was successfully completed in
June 2014, and it was possible to proceed with subsequent work activities — building the strip footings and the drainage system, instal-
ling waterproofing membranes, concrete reinforcement and the secondary cast-in-situ lining.

uvop

V srpnu 2013 zapocaly stavebni prace na Sudoméfickém tunelu,
ktery je budovédn v rdmci modernizace IV. tranzitniho Zelezni¢niho
koridoru v tratovém udseku Tédbor — Sudomérice u Tébora. Koridor
Praha — BeneSov u Prahy — Tabor — Ceské Bud&jovice — Horni
Dvori§té patii k nejdilezitéjsim tratim Ceské republiky. Spojuje
aglomeraci hlavniho mésta s Taborskem a jiznimi Cechami.
Zaroven je vyznamnou transevropskou Zelezniéni trasou sit¢ TEN-
T na severojizni ose Balt — Jadran (Berlin — Bad Schandau — Dé¢in
— Praha — Horn{ Dvoristé — Linz — Salzburg — Villach — Tarvisio —
Venezia — Bologna/Trieste). Po dokonceni modernizace I'V. korido-
ru dojde ke zkréceni jizdni doby vlakd na celé trase z Ceskych
Budéjovic do Prahy z pivodnich 2 h 30 min na 1 h 45 min.

Z duvodu nevyhovujicich smérovych parametri v tseku
Chotoviny — Sudoméfice u Tdbora je stdvajici téleso Zeleznice
opusténo. Novd trasa napfimuje pivodn{ oblouky malého polomé-
ru, &imz dochdzi ke zvySeni maximdlni rychlosti vlaku az na 160
km/h z puvodnich 90 km/h. Napfimena trat’v tomto dseku prochd-
z{ relativné ¢lenitym terénem, ve kterém projektant navrhl nékolik
novych mostu, estakddu a také dvoukolejny tunel. Ten svym jiznim
portdlem podchézi pod stavajici silnici &. /3 Ceské Bud&jovice —
Praha, kterd je jiz v této lokalité nahrazena novou soubéznou dal-
nici D3. Celkova délka tunelu ¢ini 444 m, z toho je 420 m razenych
(37 dilatanich pdsu), jeden dvandctimetrovy pés naleZi jiZznimu
portdlu a jeden dvandctimetrovy pas severnimu portalu.

INTRODUCTION

The construction work on the Sudomerice tunnel, which is
built within the framework of the Tabor — Sudomerice u Tabora
track section of the 4th railway transit corridor, started in
August 2013. The Prague — Benesov u Prahy — Tabor — Ceske
Budejovice — Horni Dvoriste corridor belongs among the most
important railway lines of the Czech Republic. It connects the
capital city agglomeration with the Tabor region and southern
Bohemia. At the same time, it is an important trans-European
railway route of the TEN-T network on the north-south axis lin-
king the Baltic Sea with the Adriatic Sea (Berlin — Bad
Schandau — Decin — Prague — Horni Dvoriste — Linz — Salzburg
— Villach — Tarvisio — Venezia — Bologna/Trieste). After the
completion of the 4th corridor modernisation, the travel time of
trains on the entire route from Ceske Budejovice to Prague will
be reduced from the original 2 hours and 30 minutes to 1 hour
and 45 minutes.

With respect to unsatisfactory directional parameters existing
in the Chotoviny — Sudomerice u Tabora section, the existing
track bed has been abandoned. The new alignment straightens
the original small-radius curves and allows the maximum train
speed to be increased from the original 90km/h up to 160km/h.
In this particular section, the straightened track passes across
a relatively dissected terrain. Designers proposed several new
bridges, a viaduct and also a double-track tunnel for it. The
southern portal of the tunnel passes under the existing 1/3 road
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STRUCNY POPIS STAVEBNETECHNICKEHO RESEN(

Razeny Sudoméficky tunel byl budovan konvenéné tzv. Novou
rakouskou tunelovaci metodou (NRTM) a je konstruovdn jako
dvouplastovy (primérni a sekundédrni ostén{) s mezilehlou féliovou
hydroizolaci. Primérni osténi bylo v projektu realizaéni dokumen-
tace rozdéleno do péti technologickych trid vyrubu (TTV), ze kte-
rych byly pfi vlastni razbé vyuzity jen tiidy Ctyfi oznacené III, IV,
Va a Vc. Nejsubtilnéjsi tiida IT nebyla pii razb€ v danych geologic-
kych podminkach vyuZita. Primarni vystrojeni je tvoreno ocelovy-
mi prthradovymi rdmy, stifkanym betonem C 20/25 tloustky od
20 cm do 30 cm (podle pouzité TTV) vyztuZenym ocelovymi sité-
mi, svorniky a ocelovymi jehlami pro ochranu pfistropi.
Sekunddrni osténi je lité z Zelezobetonu, pfip. z betonu nevyztuze-
ného tfidy C 25/30. Pouze dva pfiportalové pasy z kazdé strany
tunelu byly z divodu agresivity prostredi navrZzeny z monolitického
Zelezobetonu C 30/37 XF3. Sekunddrni osténi md v razené Casti
navrzenou tloustku 30 c¢cm, pod Zelvou ¢ini tloustka 35 cm a jiZzni
a severni hloubeny pas maji tloustku definitivniho osténi 60 cm.

Razba tunelu probihala dovrchné smérem od vjezdového jizniho
portalu smérem k portdlu vyjezdovému. Pfi razbé bylo dodrzovano
horizontalni ¢lenéni — v predstihu raZena kalota (cca 60 m2) s nds-
lednym dotéZenim opéfi (cca 40 m2). TTV III byla vyuzita
v nejpriiznivéjsich geologickych podminkach, a byla tudiZ nejsubtil-
n&ji vystrojena a méla nejdelsi stavebni postup (max. 2 m). Naopak

Vv,

tiida Va byla aplikovdna do nejnepiiznivéjsich geologickych poméri,

from Ceske Budejovice to Prague, which has already been
replaced by the new D3 motorway, running in parallel with it.
The total length of the tunnel amounts to 444m; the length of
420m is built by mining (37 expansion blocks); one 12m-long
block is part of the southern portal and one twelve-meter block
is part of the northern portal.

BRIEF DESCRIPTION OF THE STRUCTURAL
AND TECHNICAL DESIGN

The mined Sudomerice tunnel is being built conventionally,
using the New Austrian Tunnelling Method. It is designed as
a double-shell structure (with primary and secondary liners)
with an intermediate waterproofing membrane. The primary
lining was divided in the detailed design into five NATM exca-
vation support classes (TTVs); only four of them were applied
during the excavation itself (classes No. III, IV, Va and Vc¢). The
weakest class II was not applied to the excavation in the parti-
cular geological conditions. The primary support consists of
steel lattice girders, a layer of C 20/25 grade shotcrete with the
thickness ranging from 20cm to 30cm (depending of the exca-
vation support class applied), which is reinforced with steel
mesh, rock bolts and steel spiles designed to support the crown.
The secondary lining is designed as a cast-in-situ structure
made of C 25/30 grade un-reinforced concrete. Cast-in-situ
C30/37 XF3N grade concrete was designed only for two portal

investor Modernizace trati Tabor - Sudoméfice u Tabora — geotechnicky monitoring monitoring Q
project owner Modernisation of Tabor - Sudomerice u Tabora rail track - geotechnical monitoring monitoring ]
InZenyrskogeologicka dokumentace stavebni objekt — construction structure vyrub / excavated opening
Engineering geological documentation Chotoviny - Sudoméfice, novy tunel — Chotoviny - Sudomerice - new tunnel kalota / top heading
razba/excavation €. dokum. datum cas dok | i(km)| TM ram €. dl. zab. volnd dl. |nadvylom | rozp./span | TT - proj. TT - skut.
jizni portal document No. date time d 1 by hainage (km) | TM lattice girder No. | excavation round | unsuppor- | overbreak| TP, me- | excav. sup- | excav. sup-
southern portal 0053 3.2.2014 13:00 Steiger 93,3204 82,40 m 76 length ted length [ V 0,50 m® | chanicky | port-des- | port - reality
1,50 m 1,70 m mechanicaly ign 5a 4
[*] hnické typy (dle ISO EN 14689 - 1) - geotechnical types (to ISO EN 14689 - 1) méfitko / scale 1: 175
typ | pojmenovani, popis zvétrani | pevnost | blok-typ| velikost
type | name, description weathering| strength | block - type size
p3 | biotiticka pararula, migmatitizovana, rezavé mirné hranolo- | stredni L]
o hnéda, stredné zrnitd, foliovana, mirné zvét- | zyatrala R3 vity medium —
2% rald, v levém pfistropi kaloty / biotite parag- | 1 odera. prismatic
neiss, migmatitised, rusty-brown, medium tely weat-
grained, foliated, slightly weathered in the Y
left-hand top heading hered
P2 biotitickd pararula, migmatitizovana, svétle slabé hranolo- | stfedni I 11
(80%) Seda, foliovan, slabé zvétrald, pevna - bioti- | zvétrala R2 vity medium —t—
te paragneiss, migmatitised, light grey, folia- | slightly prismatic
ted, slightly weathered, hard weathered ==
diskontinuity (dle ISO EN 14689 — 1) - discontinuities (to ISO EN 14689 — 1) i i
typ ér/skl g ie pribéz rozte¢ |rozevieni | vypli |orientace/ ori-
type [trend /dip % g y | persi m | spacing |aperture mm{ filling | entation RMR
2vIinéné, hladké seviené Fizniva
v 34020 fundulated, smooth 3.0-50 0005001} “cjosed F faelourable
rovinné, drsné oteviené nepizniva
™ 20030 planar, coarse 2040 0305 open FX unfavourable
rovinné, drsné seviené elmi nepfizniva
T2 | 26028000 planar, coarse L0 0105 | “cosed F ery unfavourable
T3 110/80 rovinné, drsné 1,530 0,1-0,5 | seviené F elmi nepfizniva
planar, coarse closed ery unfavourable
T4 220/60 rovinné, hladké|  1.5-3.0 0515 | seviené F $patnéa
planar, smooth closed poor
T5 30030 lrovinné, hladké| ~ 3.0-5.0 1015 | oteviené | F X pfizniva
planar, smooth open favourable S /_,L--“' \ ﬂ{ \
vmtia, prisaky 0 <10 vihky k10-'25' lmll'slyl 2§'i1%(515ﬁe3i 3,1' 2?( 7ill1nyh
water, seeping 1 moist apani / local- | pfitok / medi- | pfitok / hi
i, L digging J)m inflow rate pinflow rat% V 34020 T1200/30 T2 260-280/80 T3 110/80 T4 220/60 T5 300/30
RQ[: (115-3,3J,) Jy (v 1m7) S\;zr:‘)lrjll(gs Dal3i zaber tfida 4 s obdobnou geologii. / Next | giskontinuity - vyplii diskontinuity - typ dalsi / next
56% - B62% 16 - 18 excavation round class 4 with similar geology discontinuities - filling dlscomlm.unes - type ohlaz. plotna J beton, osténi
Poznémka GT: V levém pfistropi dochézi Poznamka technologie C jil/ clay T ::gg::g slllaciléenmded <<l concrete, lining
k tvorbé klinovych bloku omezenych dis- Geotechnician’s notes K karbonat / carbonate . P pararula dle zvét-
kontinuitami / Geotechnician’s notes: O kiemen / quartz Z tekt. pasmo . lekt porucha P 1 rani/ paragneiss
Vedge-shaped blocks limited by discontinu- ’ tectonic zone tectonic failure depending on
ities develop in the left-hand top heading S pisek/sand D dislokace — _ nadvlomy weathering
mocnost nadlozi 9,05 | GT podminky odpovids RDS X podrﬁe(rj\a hokrnma dislocation ¥ ™ overbreaks . soustfedén pfitok
overburden thickness GT conditions _corresponds to detailed design crus 'el rock V' vrstevnatost rubanina Fofrcentrated
Klasifikace QTS 4B - ©64|prognéza ocekava se procentudlni nardst objemu horniny F limonit /limonite bedding muck nflow _
Classification QTS prognosis  tridy P2 (R2) - percentage increase in class P2 W voda / water nesoustfedény
Klasifikace QTS (R2) volume is expecte A aplit/ aplite 8 ' ggﬁ?rg {e?-",{ﬁg"'
Classification QTS P2 (R2) ow
doporuceni - recommendation prevzal / taken over by: 1 zpracoval / carried out by:

Obr. 1 Geologicky pasport vyrubu
Fig. I Geological data list for the excavation
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Obr. 2 Zahdjeni praci na jiznim portdle ve zcela zvétralych ruldch
Fig. 2 The commencement of the work on the southern portal in completely
weathered schist

a byla tudiz nejmasivnéji vystrojena a méla nejkrats$i stavebni
postup (max. 1 m). Tfida Ve byla uréena pro dsek dl. 50 m prileh-
1y jiznimu portdlu, ktery podchdzi stdvajici silnici ¢. I/3. Pro pod-
chod pod touto komunikaci bylo v realiza¢ni dokumentaci zvoleno
alternativni feSeni. To spoCivalo ve vybudovdni Zelezobetonové
klenby délky 50 m pod predmétnou silnici v oteviené pazené sta-
vebni jamé, ndsledném zasypani jamy a tunelovanim pod ochranou
této konstrukce (Zelvy). Podminkou bylo ziskani povoleni pro pre-
rueni dopravy od spravee komunikace (RSD) v dobé otevieni jamy
(cca 2 mésice). Toto povoleni se zhotoviteli dila podarilo ziskat
diky tomu, Ze silnice I/3 je dnes jiZ nahrazend novou paralelni dél-
nici. Podrobné se vystavbé Zelvy a tunelovani pod ni vénoval ¢la-
nek v Casopisu Tunel ¢. 1/2014.

Podélny sklon tunelu 8,6 %o umoziiuje jeho prubézné podélné
odvodnéni. Voda je odvddéna bo¢ni a stiedovou tunelovou drendzi
k vjezdovému portalu tunelu. Systém odvodnéni je navrzen tak, Ze
sklon tunelové drendze je shodny se sklonem trati. V kazdém dru-
hém zdchranném vyklenku (vzdalenost 48 m) je umisténa Sachta na
¢isténi bo¢ni tunelové drendze.

Jizni i severni portdlovd jdma byla budovdna jako svahovand se
sklony od 5:1 ve skalni horniné az po sklony 1:1,5 v pokryvnych
zemindch. Ve spodnich strmych etdZich je zajisténi svahu provede-
no pomoci SN kotev a stitkaného betonu vyztuzeného ocelovou
siti. Ve svrchnich etdZich s mirnéj§im sklonem jsou svahy proti
erozi zajistény plastovymi kotvenymi sitémi. Severni portdl byl
vybudovan véetné ochranného predstitku (falesného primaru) ze
stiikaného betonu, ocelovych prihradovych rdma a ocelovych siti.

Pro potfeby vystavby tunelu byl zaveden pojem ,,tunelovy metr
(oznaceni TM), ktery definuje v ose tunelu vzdalenost od jizZniho
provizorniho portalu, ve kterém byla zahdjena razba.

INZENYRSKOGEOLOGICKE POMERY
ZAJMOVEHO UZEMI

Trasa tunelu prochdzi pod bezejmennym kopcem, jehoZz
vrchol s nadmorskou vyskou 570 m n. m. lez{ asi 500 m
vychodné od trasy tunelu. Povrch terénu je nad tunelem svazi-
ty piiblizné vychodnim smérem do tdoli Cerného potoka, ktery
asi 1,5 km ve sméru JJZ dsti do KoSinského potoka. Ten se po
dalSich cca 6 km JJV vlévd do tdborského rybniku Jorddn
a nasledné do reky Luznice. Nadmorskd vyska terénu v ose
tunelu stoupd od mista jizniho portdlu z kéty 535 m n. m. na
nejvys$si bod s hodnotou 555 m n. m. a poté se opét svazuje
k mistu severniho portdlu na kétu 543 m n. m. VétSina tzemi
nad tunelem je zemédé€lsky vyuZivdna, pouze v jizni pfiporta-

Moo

lové ¢asti krizi tunel silnice ¢. 1/3.

blocks on each tunnel sides taking into consideration the
aggressive action of the environment. The thickness of 30cm is
designed for the secondary lining in the mined part, whilst the
thickness of 35cm is designed for the vault in the cover-and-cut
section (the so-called “tortoise method”) and the southern and
northern cut-and-cover blocks have the final liners 60cm thick.

The tunnel was driven uphill in the direction from the entran-
ce (southern) portal toward the exit portal. The so-called “hori-
zontal excavation sequence” (top heading, bench and invert)
was maintained during the excavation. The top heading (ca 60
m?) was driven in advance and the bench excavation (ca 40 m?)
was completed subsequently. Excavation support class III was
applied to the most favourable geological conditions; the sup-
port was therefore the weakest and the advance per cycle was
the longest (the maximum of 2m). On the contrary, class Va was
applied to the most unfavourable geological conditions; the
excavation support was therefore the strongest and the advance
per cycle was the shortest (the maximum of 1m). Excavation
support class Vc was designed for a 50m long section adjacent
to the southern portal, which passes under the existing I/3 road.
An alternative solution was selected in the detailed design for
the passage under this road. The solution lied in the constructi-
on of a 50m long reinforced concrete vault under the road in
question, in an open construction pit which was subsequently
backfilled. The tunnel was excavated under the protection pro-
vided by this structure (the so-called “tortoise shell”). There
was a condition that an approval to suspend traffic on the road
had to be obtained from the road administrator (the Road and
Motorway Directorate of the Czech Republic) during the pit
opening period (ca 2 months). The contractor managed to obta-
in this approval owing to the fact that the I/3 road had already
been replaced by the new parallel motorway. The construction
of the “tortoise shell” and tunnelling under its protection was
dedicated a more detailed paper in the TUNEL journal issue No.
1/2014.

The longitudinal gradient of the tunnel of 8.6 %0 allows the
installation of continual longitudinal drainage. Water is evacua-
ted along sidewall and central tunnel drains to the entrance tun-
nel portal. The drainage gradient design is identical with the gra-
dient of the track. A manhole for cleaning the sidewall drainage
is located in every other safety recess (the spacing of 48m).

Both the southern and northern portal pits were carried out as
sloped cuts with the slopes ranging from 5:1 in rock to 1:1.5 in
overlying soils. The slopes at the lower, steep stages support
was provided by SN anchors and shotcrete reinforced with steel
mesh. At upper, moderately sloped stages, the slopes are pro-
tected against erosion with anchored plastic mesh. The northern
portal, including a protective canopy protruding from the portal
(a false primary liner), was built using shotcrete, steel lattice
girders and steel mesh.

The term of “tunnel meter” (marked as TM), defining the
distance measured on the tunnel axis from the southern tempo-
rary portal, at which the underground excavation commenced,
was introduced for the tunnel construction needs.

ENGINEERING GEOLOGICAL CONDITIONS
OF THE AREA OF OPERATIONS

The tunnel route passes under a nameless hill, the top of
which with the altitude of 570m a.s.l. is located about 500m east
of the tunnel route. The terrain surface above the tunnel is slo-
ping towards the east, to the Cerny Brook valley. The brook
empties into the Kosinsky Brook approximately 1.5km in the
SSW direction. This brook empties after additional ca 6km flo-
wing SSW to Jordan pond in Tabor and, subsequently, to the
Luznice River. The altitude of the terrain on the tunnel axis rises




Podle geomorfologického &lenéni CR na ,http://geopor-
tal.cenia.cz” Gzemf ndleZi do systému Hercynského, provincie
Ceskd vysocina, subprovincie Cesko-moravskéa soustava, ob-
lasti StredoCeskd pahorkatina, celku VlaSimskd pahorkatina,
Téborskda pahorkatina, podcelku MladovoZickd pahorkatina,
Sobéslavska pahorkatina a okrsku Jankovskd pahorkatina, Se-
zimousteckd pahorkatina.

Kvartérni pokryv je v trase tunelu zastoupen deluvidlnimi
sedimenty, jejichz mocnost se pohybuje od nékolika decimetru
az do 1 m. Pokryvné tdtvary jsou reprezentovdny prevazné hli-
nitopis¢itymi zeminami, nejsvrchnéj$i vrstva je humézni.
Kvartérni sedimenty byly zastizeny a dokumentovény pfi hlou-
beni portdlovych jam.

Tunel prochdzi v celé své trase horninami pestré moldanu-
bické série. Konkrétné se jednd o biotit-silimanitické pararuly
(dale v textu ruly), které jsou misty migmatitizované a s oje-
dinélymi vyskyty intruzi aplitickych granitd. Horniny byly pie-
vazné stiedné aZ jemné zrnité, s riznym stupném alterace podél
tektonickych poruch, ¢i podle mocnosti nadlozi. Foliace rul
byla generelné ve sméru Z — V, tj. pfiblizné kolmo na osu raze-
ného dila. Ruly byly mirné provrasnéné se sklonem foliace
10-30° severné ve sméru razby po celé délce tunelu. Foliace
masivu méla tedy priznivé uklonéni — hornina zapadala do
Celby. Plochy foliace rul mély prevazné vzdéalenost 10 aZ
20 mm. Hornina byla vSesmérné rozpukand, pukliny byly
s vyplni oxidi Fe, Mn, podrcené horniny, ¢i s vyplni mékkého
jilu az $térku jilovitého mocnosti az 10 mm. Diskontinuity byly
prevazné seviené ¢i mirné oteviené do 2 mm, jejich hustota
byla mald az stredni.

Ruly byly nejprve v oblasti jizniho portdlu zcela zvétralé (R6
az R5), postupné velmi zvétralé (R4, misty az R3) v celém
vyrubu. S postupnym zahlubovdnim do hory severnim smérem
klesal stupen zvétrani a kvalita horniny rostla az do zdravé pev-
nosti R2. Ke konci razby v oblasti severniho portdlu se kvalita
horniny opé€t zhorSovala — byly zastiZeny ruly mirné zvétralé
tridy R4.

V trase tunelu byly dokumentovdny vyraznéjsi tektonické
linie fddové v mocnosti centimetri a7z decimetru (5-20 cm)
vyplnéné podrcenou horninou s mekkym Stérkovitym jilem ¢&i
podrcenou horninou. Diskontinuity mély ruzny smér (kosy

Tab. 1 Pritoky podzemni vody pri razbé Sudomeérického tunelu
Table 1 Groundwater inflows during the Sudomerice tunnel excavation
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from the southern portal location, 535m a.s.l., to the highest
point with the altitude of 555m a.s.l. and then it again slopes
down to the altitude of 543m a.s.l. at the northern portal locati-
on. The majority of the area above the tunnel is used agricultu-
rally, with the exception of the southern portal area, where the
1/3 road crosses the tunnel.

According to the geomorphological categorisation of the
Czech Republic on ,.http://geoportal.cenia.cz”, the area is part
of the Hercynian system, the Czech Highlands province, the
Czech-Moravian system sub-province, the Central Bohemian
Uplands, the Vlasim Upland and the Tabor Upland region unit,
the Mlada Vozice Upland and Sobéslav Upland sub-unit and the
Jankov Upland and Sezimovo Usti district.

The Quaternary cover of the tunnel alignment is represented
by deluvial sediments the thickness of which ranges from seve-
ral decimetres up to 1m. The superficial deposits are mostly
represented by loamy soils; the uppermost layer is humic. The
Quaternary sediments were encountered and documented
during the excavation of the portal pits.

The tunnel passes through rocks of a varied Moldanubic seri-
es throughout its route length. There are biotite-sillimatic parag-
neiss types (hereinafter referred to as gneiss) there, which are
locally migmatitised, with sporadic occurrences of aplitic grani-
te intrusions. The rocks were mostly medium to finely grained,
with various degrees of alteration along faults or alterations
depending on the thickness of the cover. The gneiss foliation
generally trended W-E, approximately perpendicularly to the
axis of the mined working. The gneiss was slightly folded, with
the foliation dipping 10-30° north in the direction of the tunnel
excavation throughout the tunnel length. The dip of the massif
foliation was therefore favourable — the rock dipped into the
excavation face. The foliation surfaces were mostly spaced at
10 to 20mm. The rock was omnidirectionally jointed, with the
joints filled with Fe and MN oxides, crushed rock or up to
10mm wide joints with the filling ranging from soft clay to
clayey gravel. Discontinuities were mostly closed, up to 2mm
thick; their spacing ranged from wide to medium.

At the beginning, in the area of the southern portal, the gne-
iss was completely weathered (R6 to R5), gradually passing to
highly weathered (R4, locally up to R3) material within the

TM [m ; T
[m] LZilk:h Pritoky podzemni vody do vyrubu Razici tfida
od do : Groundwater inflows to the excavation Excavation
from to (m] support class
0,00 49,80 50,00 vyrub pfevazné suchy az vihky Ve
0.00 49.80 50.00 excavation mostly dry to moist Ve
49,80 74,30 24,50 vyrub pfevazné vihky, tekt. poruchy — misty kapani s vydatnosti do 0,01 I/s Va
49.80 74.30 24.50 excavation mostly moist; faults — local dripping with the yield up to 0.01L/s Va
74,30 107,90 33,60 tekt. poruchy — misty kapani s vydatnosti do 0,01 I/s \Y
74.30 107.90 33.60 faults — local dripping with the yield up to 0.01L/s v
107,90 142,90 35,00 tekt. poruchy — misty kapani s vydatnosti do 0,01 I/s M1
107.90 142.90 35.00 faults — local dripping with the yield up to 0.01L/s 1l
142,90 192,40 49,50 vyrub pfevazné vihky, tekt. poruchy — misty kapani s vydatnosti do 0,01 I/s v
142.90 192.40 49.50 excavation mostly moist; faults — local dripping with the yield up to 0.01L/s v
192,40 399,20 206,80 suchy az vlhky, tekt. poruchy — misty kapani s vydatnosti do 0,01 I/s 11l
192.40 399.20 206.80 excavation dry to moist, faults — local dripping with the yield up to 0.01L/s [
399,20 420,00 20,80 suchy az vihky 1Y
399.20 420.00 20.80 excavation dry to moist v
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i kolmy k ose tunelu) i sklon a vétSinou probihaly skrze cely
vyrub.

Pritoky podzemni vody do vyrubu byly ovlivnény klimatic-
kymi podminkami (minimdlni mnoZzstvi deStovych srdzek), tek-
tonickym poruSenim hornin, stupném zvétrani a mocnosti skal-
niho nadloZzi.

Vyrub byl v prubéhu razby pievazné suchy az vlhky. Pouze
v mistech vyraznéjsich tektonickych poruch byly dokumento-
vany nesoustfedné pritoky podzemni vody do raZeného dila.
Vydatnost piitoku byla do 0,01 1/s. Vydatnost piitoka po délce
tunelu — viz tab. 1.

GEOTECHNICKY DOZOR PRI RAZBACH

Hlavnimi ¢innostmi v rdmci geotechnického sledovéni razeb
byla geologickd dokumentace nezajisténych &édsti vyrubu
a technicky dohled nad provadénim stavebnich praci.

V ramci geologické dokumentace byly zaznamendvany jed-
nak inZenyrskogeologické udaje dualeZité z hlediska geotech-
nickych podminek razby a jednak ddaje souvisejici s tech-
nologii a provddénim samotné razby. Vystupem dokumentace
jsou grafické geotechnické pasporty (M 1:175) s textovym zdz-
namem zji$ténych skute¢nosti. Kazdy stavebni postup byl rov-
néz dokumentovan fotograficky. Kvalita horniny byla v kaz-
dém zabéru bodoveé ohodnocena podle zdsad klasifikaci RMR
a QTS a byla spolu s naméfenymi vysledky monitoringu pod-
kladem pro uréeni zpusobu vystrojeni TTV. Piiklad geologic-
kého pasportu vyrubu je zpracovdn na obr. 1. Po délce tunelu
byly zastizeny &tyfi zdkladni geotechnické typy, jejichZ zastou-
peni po délce tunelu popisuje tab. 2.

Razby byly zahdjeny 2. 12. 2013 z jizniho portdlu — fotogra-
fie ze zahdjeni praci na obr. 2. Hornina byla v jizn{ ¢asti tune-
lu ve stani¢eni TM 0,0 aZ TM 79 4 rozpojovédna pouze mecha-
nicky za pomoci tunelbagru, od stani¢eni TM 79,4 bylo rozpo-
jovéno kombinované (trhavinou a strojn¢).

Zcela zvétralé biotit-silimanitickeé ruly (typ P5)

Jednalo se o horniny jemné az stfedné zrnité, rezavé Sedo-
hnédé barvy s povlaky oxida a hydroxidua Zeleza a jilu na plo-
chdch diskontinuit. Rula méla deskovity tvar bloka — velikost
velmi malou aZ malou. Misty byla hornina charakteru tuhého
jilovitého $térku. Pevnosti jednotlivych fragmentu byly téidy
R5 az R6. Tento geotechnicky typ se vyskytoval v oblasti jiz-
niho portdlu v dseku pod Zelvou v TM 0,0 az TM 50,0.

Tab. 2 Zastoupeni geotechnickych typu po délce tunelu
Table 2 Representation of geotechnical types along the tunnel length

whole excavation face. The weathering degree dropped with the
excavation proceeding deeper into the massif in the northern
direction and the rock quality grew up to the sound rock
strength R2. Towards the end of the excavation in the area of
the northern portal, the rock quality again deteriorated — slight-
ly weathered gneiss classified as R4 was encountered.

More pronounced fault lines with the thickness in the order of
magnitude ranging from centimetres to decimetres (5-20cm),
filled with crushed rock with soft gravelly clay or crushed rock,
were documented along the tunnel route. The orientation of dis-
continuities varied (skew or even perpendicular to the tunnel
axis) as well as the dip; they mostly ran across the entire exca-
vation face.

Groundwater inflows to the excavated opening were affected
by climatic conditions (the minimum amount of rain), faulting
of rocks, weathering degree and the rock cover thickness.

The excavation was mostly dry up to moist during the work.
Non-concentrated inflows of groundwater into the mined wor-
king were documented only in the locations of more pronoun-
ced faults. The yield of the inflows did not exceed 0.01L/s. For
the yield of inflows along the tunnel route see Table 1.

GEOTECHNICAL SUPERVISION DURING TUNNEL
EXCAVATION

The main activities within the framework of geotechnical
monitoring of the tunnel excavation comprised the geological
documentation of unsupported portions of the excavated ope-
ning and the technical surveillance over the execution of con-
struction operations.

The work on the geological documentation comprises both
recording engineering-geological data significant from the
aspect of geotechnical conditions of the excavation and data
associated with the technology and execution of the excavation
itself. The documentation output is formed by graphic geologi-
cal data lists (1:175scale) with text recording of established
facts. In addition, each construction procedure was documented
photographically. The quality of rock was assed in each exca-
vation round pointwise, according to the RMR and QTS prin-
ciples. Together with the measured monitoring results, it was
the basis for the determination of the excavation support in the
particular excavation support class. An example of the geologi-
cal data list is presented in Fig. 1. Four basic geotechnical types
were encountered along the tunnel length; their representation
along the tunnel length is described in Table 2.

Délka Body RMR | Body QTS RQD Zastoupeni geotech. typt [%] TT dle
TM [m] Length | RMR points | QTS points RQD Representation of geotechnical types [%] NRTM
[m] [%] NATM
support
od/from | do/to P2 P3 P4 P5 class
0,00 49,80 50,00 32 38 30 - 0-20 0-80 0-100 Ve
49,80 74,30 24,50 41 50 45 - 40-60 40-60 - Va
74,30 107,90 33,60 47 55 59 45-85 15-55 - - v
107,90 142,90 35,00 55 63 60 70-90 10-20 0-20 - Il
142,90 192,40 49,50 41 49 58 15-60 20-80 40-80 - 1%
192,40 399,20 206,80 56 61 50 80-100 0-20 - - 11}
399,20 420,00 20,80 36 45 25 - 0-100 0-100 - v




Obr. 3 Celba ve zdravych ruldch (Vladimir Lender)
Fig. 3 Excavation face in sound schist (Vladimir Lender)

Velmi zvétralé biotit-silimanitické ruly (typ P4)

Tento typ byl jemné aZ stredné zrnity, svétle Sedé barvy,
s povlaky oxidu a hydroxidu Zeleza a jilu na plochdch diskon-
tinuit. Hornina se vyznaovala deskovitym tvarem bloku — veli-
kost bloku velmi mald a7 mald. Z hlediska pevnosti byla rula
zarazena do tfidy R4 (misty az R5). Tento geotechnicky typ se
vyskytoval v oblasti oslabenych tektonickych z6n a v mistech,
kde byly pro razbu vyuzity TTV IV a V.

Mirné zvétralé biotit-silimanitické ruly (typ P3)

Slo o stfedné zrnité horniny, hnédosedé az $edé barvy
s povlaky oxidu a hydroxida Zeleza, manganu nebo aplitu na
plochéch diskontinuit. Tvar bloku byl kosothly a deskovity
s velikosti blokt malou aZ stfedni. Jednalo se o horninu tfidy
pevnosti R3. Tento geotechnicky typ se vyskytoval v oblasti
diskontinuit a v mistech, kde byly pro razbu vyuzity TTV III
alVv.

Slabé zvétralé az zdravé biotit-silimanitické ruly
(typ P2)

Horniny byly stfedn€ zrnité, svétle Sedé az Sedozelené barvy,
foliované, ojedinéle s povlaky oxidu a hydroxidu Zeleza na plo-
chach diskontinuit. Horniny byly misty prokfemenclé — téZce
§lo rozbit kladivem. Tvar bloku byl kosothly a deskovity
s velikosti bloku stfedni. Jednalo se horninu tiidy pevnosti R2,
na vzorcich horniny odebranych z kaloty z TM 264 byla namé-
fena pramérnd pevnost v prostém tlaku kolmo na foliaci 70
MPa. Tento geotechnicky typ se vyskytoval prevdzné v use-
cich, kde byla pro razbu vyuzita TTV III. Na obr. 3 je fotogra-
fie Celby s geotechnickym typem P2.

Tab. 3 Porovndni skute¢né pouZitych TTV s prognézou z projektu

The tunnel excavation commenced on 02/02/2013 from the
southern portal — see the photo from the works commencement
in Fig. 2. From the TM chainage 0.0 to TM 79.4, rock was disin-
tegrated only mechanically using a tunnel excavator; from TM
chainage 79.4 the disintegration techniques were combined
(blasting and mechanical).

Completely weathered biotite-sillimanitic gneiss (PS type)

It was the case of rocks with fine to medium grain sizes, rusty
grey and brown, with discontinuity surfaces coated with iron
oxides and hydroxides and clay. The shape of schist blocks was
tabular with small to very small dimensions. The rock had local-
ly the character of stiff clayey gravel. The strengths of indivi-
dual fragments corresponded to classes R5 to R6. This geotech-
nical type was encountered in the area of the southern portal, in
the section under the “tortoise shell” at chainage TM 0.0
through to TM 50.0.

Highly weathered biotite-sillimanitic gneiss (P4 type)
This type was finely to medium grained, light grey, with dis-
continuity surfaces coated with iron oxides and hydroxides and
clay. The rock was characterised by the tabular shape of blocks
— the block dimensions ranged from very small to small. In terms
of strength, the schist was categorised as class R4 (locally up to
R5). This geotechnical type was encountered in the areas of
weakness tectonic zones and in the locations where the excava-
tion support classes IV and V were applied to the excavation.

Slightly weathered biotite-sillimanitic gneiss (P3 type)

It was the case of medium grained rock, brown-grey to grey,
with discontinuity surfaces coated with iron oxides and hydro-
xides, manganese or aplite. The shape of blocks was oblique
and tabular, with the size of blocks ranging from small to medi-
um. The rock strength was categorised as class R3. This geo-
technical type was encountered in the area of discontinuities
and in the locations in which excavation classes III and IV were
applied to the excavation.

Slightly weathered to sound biotite-sillimanitic schist
(P2 type)

These rocks were medium-grained, light grey to grey-green,
foliated, sporadically with discontinuity surfaces coated with
iron oxides and hydroxides. The rocks were locally quartzife-
rous — hard to break with a hammer. The shape of blocks was
oblique and tabular, with the medium size of blocks. The rock
strength was categorised as class R2; the average unconfined
compressive strength of 70MPa, measured perpendicularly to
the foliation, was determined on samples taken from the top
heading at TM 264. This geotechnical type was encountered
mostly in the sections in which excavation class III was applied

Table 3 Comparison of actually applied excavation support classes with the design-based prognosis

Technologicka tfida vyrubu Délka dle DZS [m] Délka dle RDS [m] Skute¢na délka [m]
Excavation support class Length according to Length according to Real length

tender documentation [m] detailed design [m] [m]

I 0,0 0,0 0,0

1] 216,0 216,0 241,8

v 84,0 84,0 103,9

Va 66,0 70,0 24,5

Vb 27,0 0,0 0,0

Ve 0,0 50,0 49,8

Suma / Summary 393,0 420,0 420,0
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Lze konstatovat, Ze nezajiStény vyrub byl po délce tunelu
stabilni. K vyznamnéj§imu vypadnuti horniny, ¢i k vyraznéj-
$im deformacim v prabéhu razby nedoslo, v jednotlivych sta-
vebnich postupech byly dokumentovény jednotlivé nadvyruby
do 2 m3. Geotechnické podminky razby byly v prab€hu razby
mirné priznivéjsi, nez bylo predikovano v dokumentaci pro
zaddni stavby, resp. v podrobném geotechnickém prazkumu.
Pozitivné se na dobré stabilité masivu projevily zejména dva
faktory — priznivy smér sklonu vrstev horniny a velmi slabé
pritoky podzemni vody vlivem suché zimy a jara. V geotech-
nickém prazkumu byl smér vrstev rul popsdn jako proménlivy
— pfi pruzkumu je z vrtného vynosu vlivem pootoceni horni-
nového jadra problematické spravné stanovit smér diskonti-
nuit. Pfi razbé byl v8ak po celé délce zastizen konstantni sméer
vrstev V — Z se sklonem 10-30° k severu. Hornina tedy zapa-
dala do Celby, coz se priznivé projevilo na dobré stabilité Celby
i pristropi. Porovndni skutecného zatiidéni TTV v prubéhu
razby a prognézy z dokumentace pro zadani stavby je zpraco-
véno v tab. 3.

V ramci technického dohledu nad stavebnimi pracemi
v prubéhu razeb byla provddéna kontrola mnoZstvi, spradvného
typu a rozmisténi jednotlivych vystrojovacich prvku — jehly,
ocelové sité, kotvy, vyztuzné ocelové ramy a beton. Byl pro-
vadén rovnéZ dohled pfi provadéni kontrolnich a prukaznich
zkousek kotev a betonu. Z kazdého stavebniho postupu zpra-
coval zhotovitel stavebnich praci samostatny protokol, tzv.
zébérovy list vyrubu, jehoZ spravnost byla vZdy odsouhlasena
geotechnickym dozorem a investorem. PocCty a typy vystrojo-
vacich prvku uvedené v zdbérovém listu byly potom podkla-
dem pro fakturaci zhotovitele.

MONITORING V PRUBEHU RAZEB

V prabéhu stavby byly méfeny, dokumentovdny a vy-
hodnocovény ddaje monitorujici chovani horninového prostre-
di, budovanych stavebnich konstrukci a také stavajici okolni
zastavby. Vysledky geomonitoringu byly spolu s geotech-
nickym sledovdnim raZeb podkladem pro zatfidovani do pfi-
mérfené TTV. Pro jednotlivda méreni byly v projektu monitorin-
gu stanoveny varovné stavy, jejichZ prekro¢eni bylo nezddou-
ci. Konkrétni hodnoty varovnych stavii vychdzely bud z pred-
pokladanych deformaci stanovenych v projektové dokumenta-
ci (konvergence), nebo byly stanoveny na zdkladé zkuSenosti
ziskanych na jiz realizovanych tunelovych stavbach (poklesy
terénu, deformace portdlovych stén), prip. byly prevzaty
z norem, ¢i jinych predpisu (seismika, akustika). V ramci geo-
monitoringu byla mimo jiné provadéna tato konkrétni méfeni
a sledovdani:

e konvergen&ni méfent,

* geodetické sledovani povrchu — nivelace,

» geodetické sledovdni deformaci svahu stavebnich jam,

» geodetickd dokumentace vyrubu kaloty (profilace),

¢ hydrogeologicky monitoring okolnich studni,

* pasportizace okolni zastavby,

¢ seismickd a akustickd méreni,

e méfeni zatiZeni primarniho osténi — tenzometry,

e méfeni tvaru primdrniho osténi — skenovdni.

Vysledky jednotlivych méreni geomonitoringu byly nepro-
dlené po zméfeni vyhodnoceny a byly ukldddny do pfiprave-
nych adresdii. Ty byly zpfistupnény na internetovém portéle
BARAB. On-line pfistup k témto vysledkim mély predem
ur¢eni a investorem (objednatelem) schvdleni ucastnici
vystavby tunelu.

TuHel

to the excavation. A photo of the excavation face formed by P2
geotechnical type is presented in Fig. 3.

It is possible to state that the free-standing unsupported exca-
vation was stable throughout the tunnel length. No more signi-
ficant falling of the rock or more pronounced deformations took
place during the course of the excavation. Individual overbreaks
up to 2m3 were documented at individual construction procedu-
res. The geotechnical conditions of excavation during the cour-
se of the works were slightly more optimistic than those predic-
ted in the tender documentation or in the detailed geotechnical
investigation report. Namely two factors positively contributed
to the good stability of the massif: the favourable orientation of
rock layers and very low groundwater inflows owing to the dry
winter and spring seasons. The trending of gneiss layers was
described in the geotechnical investigation report as variable —
the correct determination of the trend of discontinuities during
the investigation is problematic due to the rotation of recovered
rock cores. Nevertheless, a constant E-W trend of layers, dip-
ping 10-30° north, was encountered during the excavation
throughout the tunnel length. It means that the rock dipped into
the excavation face. This fact positively affected the good sta-
bility of the excavation face and the crown. The comparison of
the actual categorisation of the excavation support class during
the works and prognoses based on the tender documentation is
presented in Table 3.

The quantities, correct types and placement of individual sup-
port elements (spiles, steel mesh, anchors, lattice girders and
concrete) were checked within the framework of the technical
surveillance of the construction operations. In addition, the exe-
cution of check tests and preconstruction tests of anchors and
concrete was subjected to the surveillance. The construction
contractor carried out separate records, the so-called “excavati-
on round sheets” for each excavation round. The correctness of
the sheet was always approved by the geotechnical supervision
and the project owner. The quantities and types of support ele-
ments contained in the excavation round sheet subsequently
became the basis for contractor’s invoices.

MONITORING DURING THE COURSE
OF TUNNEL EXCAVATION

The data monitoring the behaviour of ground environment,
construction structures being installed and buildings existing in
the surroundings were measured, documented and assessed
during the course of the construction operations. The geomoni-
toring results were, together with the geotechnical surveillance
of excavation, used as the basis for assigning appropriate exca-
vation support classes. Warning state values, exceeding of which
was undesirable, were specified for individual measurements.
The particular values of the warning states were either based on
assumed deformations determined in the design (convergences)
or were determined on the basis of experience obtained during
already finished tunnel construction projects (terrain settlement,
deformations of portal walls), or were borrowed from standards
or other regulations (seismic values, acoustic values). The follo-
wing particular measurements and observations were conducted
within the framework of the geomoninoring:

* convergence measurements,

e geodetic surveying of terrain surface — levelling,

* geodetic surveying of deformations of the slopes of con-

struction pits,

e geodetic survey documentation of the top heading excava-

tion (profiling),

* hydrogeological monitoring of wells in the surroundings,

 condition survey of buildings existing in the vicinity,

e seismic and acoustic measurements,
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Konvergencni méreni * measurements of loads acting on the primary lining using
Radidlni deformace byly naméfeny relativné malé, pohybo- strain gauges,

valy se do cca 15 mm, pouze ve staniceni TM 39 a TM 320 * measurements of the primary lining geometry — scanning.

byly deformace do 25 mm. Varovny stav, ktery pro TTV II1, TV Results of individual geomonitoring measurements were

a Vc ¢&inil 30 mm a pro TTV Va 50 mm, nebyl tedy dosaZen. assessed immediately after the completion of the measurement

Nulté méieni bylo provedeno se zpozdénim za raZbou, and were stored in prepared directories. The directories were

v okamZiku nultého méfenf byla éelba minimalné o dalsi zabér | made accessible on the Barab Internet portal. The parties invol-

v predstihu. Body méficiho profilu se totiZ osazujf az do prvni | ved in the tunnel construction who were pre-approved and pre-
vrstvy stifkaného betonu. Lze tedy predpoklddat, Ze skute¢nd | determined by the project owner, had the on-line access to the
deformace byla vétsi nez deformace zmérend. Lze odhadnout, results.

Ze konvergenénim méfenim nezaznamenand deformace pro- Convergence measurements

béhnuvsi pred nultym mérfenim, ¢inila dal§ich cca 40 % z de-

Relatively small radial deformations ranging up to ca 15mm
formace naméfené. K hodnoté 40 % se dospélo na zdkladé

A were measured, with the exception of deformations at chanages
zkuSenosti z razeb jiz realizovanych tunelu IV. koridoru TM 39 and TM 320. which did not exceed 25mm. It means that
v tseku Votic,e - Benenéov. Tii tunely byly Vv tomto Useku raze- the warning state values, which were determined to be 30mm
ny v obdobné geologii (pararula moldanubika) a hodnota de- for the excavation support classes III, IV and Vc and 50mm for

formace probchnuvsi pred nultym merenim zde byla potvrze- | gypport class Va, were not reached. The zero measurement is
na extenzometrickymi mérenimi. Na Sudomérickém tunelu

conducted with a time lag after the excavation; the excavation
nebyly zadné extenzovrty navrZeny.

face was in an advance equal to the next excavation round

Nivelaéni méieni length as the minimum at the moment of the zero measurement.
Po délce tunelu byly osazeny &tyfi jedendctibodové nivelac- The reason is that the measurement profile points are fixed in
ni profily. Deformace terénu nad osou tunelu se ustdlily do the first layer of shotcrete. It is therefore possible to assume that
10 mm a smérem od osy tunelu se jejich hodnota zmen$ovala. the real deformation was greater than the measured deformati-
Sitka poklesové kotliny &inila cca 40 m s max. sklonem cca on. It can be guessed that the amount of deformations not regis-
1:1000. Varovny stav seddn{ stanoveny v projektu monitoringu tered by the convergence measurement, which happened before
na hodnotu 25 mm nad osou tunelu dosaZen nebyl. Varovny stav the zero measurement, will make up additional 40% of the mea-
pro maximaélni ndklon stanoven nebyl. V poklesové kotliné sured deformation. It has been arrived at the value of 40% on
tunelu se totiz nevyskytuji zadné stavebni objekty, které by the basis of the experience from the excavation of tunnels reali-
mohly byt vlivem nerovnomérného sedéni poSkozeny. Prubéh sed earlier on the 4th corridor in the Votice — Benesov section.
deformaci nivelaéniho profilu v TM 60 je uveden na obr. 4. Three tunnels were driven in this section through similar geolo-
Zvysené seddni bodu ¢. 310 vuci sousednim bodum &. 309 gy (Moldanubic paragneiss) and the value of the deformation
a €. 311 na obr. 4 bylo pravdépodobné zpusobeno poskozenim which passed before the zero measurement was confirmed by
bodu. Bod €. 310 se totiz nachdzel v blizkosti vjezdové komu- extensometer measurements. No extensometer boreholes were
nikace na pole. designed for the Sudomerice tunnel.
sledovani studni a stavebnich objektt Levelling measurements
Vv 26né ovlivhéni Four eleven-point levelling profiles were installed along the
Hydrogeologicky monitoring probihal a nadile stdle probi- tunnel length. The deformation of the terrain above the tunnel
hd na vytipovanych vodnich zdrojich v zéné ovlivnéni razba- axis settled at the value up to 10mm. The values diminished in
mi zhruba v mési¢ni Cetnosti. Pro sledovani byly zvoleny the direction from the tunnel axis. The settlement trough width
studny v obci Sudoméfice u Tédbora a Morave¢ u Chotovin, amounted approximately to ca 40m, with the maximum diffe-
studny u dvou samot situovanych u stdvajici trati zdpadné od rential settlement of ca 1:1000. The warning state, which was
tunelu a pramen s méficim profilem CHMU situovany asi determined for the settlement in the monitoring design at 25mm
200 m JZ od jiZzniho portédlu tunelu. Z naméfenych vysledka above the tunnel axis, was not reached. The warning state deter-
vyplyvd, Ze béhem sledovaného obdobi doslo u vétsiny studni mined for the maximum tilting was not specified. The reason is
ke sniZeni hladin o cca 0,5 m az 2 m. Ubytek vody se viak that no buildings which could be damaged due to differential
neprisuzuje vlivu tunelovéni (tunel byl v prabéhu raZeb pre- settlement exist within the settlement trough. The development
vazné suchy), nybrz suchému obdobfi, které trvd v podstaté od of deformations of the levelling profile at TM 60 is presented in
pocatku razeb. Fig. 4. The increased settlement of point No. 310 in comparison
V zari 2013 v predstihu pred razZbami byla provedena prvot- with neighbouring points No. 309 and 311 was probably caused
ni pasportizace okolni zdstavby. Bylo vytipovédno pét obytnych by damage to the point. The reason is that point No. 310 was
domu v katastrech Sudoméfice u Tdbora a Moravel located in the vicinity of an access road to a field.
u Chotovin, v¢. prilehlé Eerpaci stanice RobinOil. Po ukonce- Monitoring of wells and construction structures in the
ni stavebnich praci na zacdtku pristiho roku je planovdna zave- zone of influence

re¢nd repasportizace. JelikoZ jsou okolni budovy pomérné
vzdalené od podzemniho dila, tak se nepredpoklada, ze by vli-
vem stavebni Cinnosti mohlo na téchto objektech dojit
k rozvoji stavajicich, ¢i vzniku novych poruch.

Hydrogeological monitoring proceeded and further proceeds
on tipped water sources located within the zone influenced by
the tunnel excavation, roughly at monthly intervals. Selected for
the monitoring were wells in the municipalities of Sudomerice

Seismicka a akusticka méreni u Tabora and Moravec u Chotovin, wells near two secluded

Meéfeni seismickych ucinka je nedilnou souddsti bezpec- dwellings located at the existing track, west of the tunnel, and
nostnich méreni v predpoklddanych zéndch negativnich ucin- a spring with the Czech Hydrometeorological Institution’s mea-
ku od trhacich praci. Méfeni se provadi z divodu optimaliza- surement profile, which is located about 200m SW from the
ce technologie trhacich praci, kvuli minimalizaci jejich nega- tunnel southern portal. It follows from the measured results that
tivnich G¢inkad, aby bylo moZzné chrénit prava a pravem chré- the water surfaces in the majority of wells dropped during the

néné zdjmy tretich osob. Pro Sudomeéricky tunel byly osazeny monitoring period by ca 0.5m to 2m. Nevertheless, it is not
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Sudomeéricky tunel / Sudomerice tunnel

sekce: tunel
section: tunnel

profil: Prf_3 (60)

profil / profile profile: Prf_3 (60)

TM: 60,0 m

[mm]

st. trasy / route chainage: 93 298 m

0 mer / zero measurement

n mer / nth measurement
tisk / print

MéFeni

* 10.1.2014 0:00:00
= 12.1,2014 0:00:00
= 15.1.2014 0:00:00

18.1.2014 0:00:00
= 19.1.2014 0:00:00
21.1.2014 0:00:00
= 22.1.2014 0:00:00
= 24.1.2014 0:00:00
= 28.1.2014 0:00:00
7.2.2014 0:00:00
= 18.2.2014 0:00:00
28.2.2014 0:00:00
== 20.3.2014 0:00:00
= 10.4.2014 0:00:00
= 29.4.2014 0:00:00
= 7.5.2014 0:00:00
= 15.5.2014 0:00:00

OSA TUNELU / TUNNEL AXIS
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Obr. 4 Prubéh deformaci na nivelaénim profilu v TM 60 (Ing. Filip Cermdk)

Fig. 4 The development of deformations measured on the levelling profile at TM 60 (Ing. Filip Cermdk)

tfi seismické stanice na okolnich objektech — Cerpaci stanice
RobinOil vzddlena asi 440 od tunelu, samota situovand zapad-
né od tunelu v blizkosti stdvajici Zelezni¢ni traté¢ vzdalend asi
220 m od tunelu a dim v Sudoméficich u Tabora &. p. 123
vzdéleny asi 420 m od tunelu. Na téchto tfech objektech byla
provddéna prubéZnd méreni s vyhodnocenim G¢inku na stavby
dle CSN 73 0040. Doposud byly naméfeny rychlosti kmitan{
pod hodnotou 1,0 mm/s, pouze 3. 2. 2014 byla naméfena hod-
nota 1,3 mm/s. Z hlediska normy 73 00 40 ,, ZatiZeni staveb-
nich objektii technickou seismicitou a jejich odezva“ jsou tyto

cv v

hodnoty nizs§i nez limity uvedené v tab. 14 této normy. Jsou
tedy niz$i nez minimélni hodnoty, pfi kterych vznikaji $kody
na konstrukcich.

Akustickd méfeni byla v prubéhu raZeb provedena &tyfikrat
na obytnych objektech v katastrdlnim tzemi Sudomérice
u Tédbora a Morave¢ u Chotovin. Vysledky mérfeni bohuzel
ukézaly, Zze hluk od trhacich praci prekracuje limit pro no¢ni
dobu (22:00 hod az 6:00 hod), ktery je stanoven v nafizeni
vlady ¢. 272/2011 hodnotou 40 dB. Denni limit 83 dB byl
dodrZen s dostate¢nou rezervou. Zhotovitel byl tedy nucen sla-
dit jednotlivé stavebni kroky tak, aby odstfely masivu probi-
haly kratce pred 22. hodinou a v no¢ni dob¢ probihaly nasled-
né priace (odvoz rubaniny, vystrojeni vyrubu).

Méreni tvaru primarniho osténi

Po ukonceni raZzeb kaloty i opefi bylo provedeno skenovani
povrchu primérniho osténi laserovym skenerem Leica Scan-
Station P20. Tvar naskenovaného povrchu byl vztazen
k nomindlnimu profilu, za ktery byl zvolen rub sekunddrniho
osténi prebrany z realiza¢ni dokumentace stavby. Vysledky
méfeni byly prezentovany v mapé rozvinutého pohledu osténi
tunelu a v pri¢nych fezech zpracovanych v rozteCi 1 m.
Z obou vystupu jsou patrné konkrétni vzdalenosti (odchylky)
mezi tvarem skute¢ného povrchu priméarniho osténi
a nomindlnim profilem. Mista, kde povrch primarniho osténi
nepfipustné zasahoval do profilu sekunddrniho osténi, byla
prebrousena. Naopak mista, kde byl povrch primarniho ostén{
vyrazné nad teoretickym rubem sekundarniho osténi, byla

attributed the loss of water to the influence of tunnelling (the
tunnel was mostly dry during the excavation). We attribute it to
the dry season, which lasted in substance from the beginning of
the tunnel excavation.

The initial condition survey of buildings at the vicinity was
carried in September 2013, in advance of the tunnelling opera-
tions. Five residential buildings including a RobinQil petrol
station were tipped in the cadastral areas of Sudomerice u Ta-
bora and Moravec u Chotovin. The final condition resurvey is
planned to be carried out after the completion of construction
works planned for the beginning of 2015. Because the buil-
dings are at a relatively great distance from the underground
working, it is not expected that existing defects could develop
or new ones could originate on the buildings due to the con-
struction activities.

Seismic and acoustic measurements

Measurements of seismic effects are an inseparable part of
safety measurements in the anticipated zones of blasting indu-
ced negative effects. The measurements are conducted for the
reason of the optimisation of the blasting technique with the aim
of minimising its negative effects so that the rights and third
parties’ interests protected by law can be protected. Three seis-
mic stations were installed for the Sudomerice tunnel on buil-
dings in the vicinity of the tunnel — the RobinOil petrol station
located about 420m from the tunnel, a secluded dwelling loca-
ted at the distance of about 220m west of the tunnel near the
existing railway track and a house in Sudomerice u Tabora No.
123, at the distance of about 420m from the tunnel. Continual
measurements were conducted on these three structures and the
effects on them were assessed in accordance with the
CSN 73 0040 standard. The vibration velocities measured till
now remained under the value of 1.0m/s, with the exception of
the value of 1.3m/s which was measured on 03/02/2014. From
the aspect of the CSN 73 0040 standard “Loads of technical
structures by technical seismicity”, these values are lower than
the limits contained in Table 14 of this standard. They are
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Staniéeni: 23.000 m / Chainage: 23.000m
méfitko stan. 1:80 / chainage scale 1:80
méfitko vySek 1:80 / height scale 1:80

s. rovina: 524.00 m / reference plane: 524.00m
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therefore lower than the minimum
values at which damage originates
on structures.

Acoustic measurements were
= carried out during the tunnel exca-
vation four times on residential
buildings in the cadastral district
of Sudomerice u Tabora and Mo-
ravec u Chotovin. The measure-

wh ment results unfortunately showed
@ that the noise from blasting excee-
- ded the limit for night (from 22:00
82 to 6:00 hours), which is set in the
=i Decree of the Government No.
o 272/2011 Coll. at 40dB. The dayti-
149 me limit of 83dB was maintained
bos with a sufficient reserve. The con-
. tractor was therefore forced to

bring individual construction steps
into harmony so that blasts took

n o® % 1 ¢ ¢ ¢

Datum méfeni: 23.5.2014
Measurement date
2014/05/23

primarni osténi / primary lining

SO 65-25-01 Chotoviny - Sudoméfice, novy tunel / new tunnel

place shortly before 10 p.m. and
subsequent operations (the remo-
val of muck and installation of
excavation support) proceeded

Staniceni: 23.000 m
Chainage: 23.000m

Obr. 5 Odchylky primdrniho osténi od teoretického rubu sekunddrniho osténi v pricném rezu (Ing. Vdclav Kudldéek

a Ing. Ivo Kohousek)

during the night shift.

Measurements of the primary
lining geometry

Fig. 5 Deviations of the primary lining from theoretical outer surface of the secondary lining in a cross-section

(Ing. Viclav Kudldicek and Ing. Ivo Kohousek)

dostfikdna betonem. Probéhla tzv. reprofilace primarniho
osténi. Pfiklad vystupu takovéhoto pri¢ného fezu je uveden na
obr. 5.

ZAVER

Z naméfenych vysledki monitoringu vyplyvé, Ze béhem
raZzeb nedosSlo k vyznamnéj$im ndrustim deformaci. Po celé
délce tunelu se sledované veli¢iny pohybovaly pod stanoveny-
mi varovnymi stavy.

Doporuceni pro zatfidéni do prislusnych TTV, kterd geo-
technicky dozor ddval, byla tedy zpravidla urCovdna na
zékladé zastizené kvality horninového masivu. Masivnéji
vystrojené TTV Vc a Va byly pouZity v jiZni ¢4sti tunelu, kde
byly zastiZeny prevdzné horninové typy P4 a P5 (ruly silné
zvétralé a rozpukané). Typ P4 byl ve vetsi mife zastizen rov-
néZ v severnim priportilovém tdseku v cca poslednich 20 m
razby, ¢emuZz odpovidalo i nizké bodové ohodnoceni RMR
a QTS (tab. 2). V tomto poslednim useku bylo nutno rozhod-
nout, zda prejit az do TTV Va (podobné jako v jizni &asti
tunelu), ¢i zda ddt prednost zatfidéni do TTV IV. Jelikoz
v této fazi vystavby jiZ bylo zndmo, Ze deformacni chovani
horninového masivu v predchozich cca 400 m razeb bylo
priznivé, tak se dala prednost subtilnéjsi varianté TTV IV.
Délka postupu vsak byla z davodu niz§{ kvality horninového
masivu omezena na 1,3 m, namisto projektem povolenych
1,5 m. Predpoklad zatfidéni do TTV prezentovany v rea-
liza¢ni dokumentaci stavby byl mirné pesimisti¢téjsi nez sku-
teCnost (tab. 3). Jak bylo jiZ uvedeno vySe, hornina byla
béhem stavby relativné stabilni, nedochédzelo tedy k vy-
padavdni objemnéj$ich kusi horniny z obnaZenych c&dsti
vyrubu. Pozitivné se na dobré stabilité masivu projevily zej-
ména dva faktory — prfiznivy smér sklonu vrstev horniny
a velmi slabé pritoky podzemni vody vlivem suché zimy
a jara. Pokud by razba probihala opaénym smérem (od severu
k jihu) a navic by obdobi raZeb bylo bohat§i na atmosférické

The surface of the primary lining
was scanned after the completion
of the top heading excavation using a Leica ScanStation P20
laser scanner. The geometry of the scanned surface was related
to the nominal profile, which was specified as the outer surface
of the secondary lining taken over from the detailed design. The
measurement results were presented in a map of the unwrapped
tunnel lining and in cross-sections spaced at intervals of Im.
Concrete distances (deviations) between the geometry of the
actual surface of the primary lining and the nominal profile are
obvious from both outputs. The places where the primary lining
surface inadmissibly interfered with the secondary lining profi-
le were reground. Conversely, the places where the primary
lining surface was markedly beyond the theoretical outer surfa-
ce of the secondary lining were coated with additional shotcre-
te. The so-called primary lining re-profiling took place. An
example of such a cross-section is presented in Fig. 5.

CONCLUSION

It follows from the monitoring results obtained by the measu-
rements that no more significant increases in deformations ori-
ginated during the course of the tunnel excavation. The quanti-
ties being monitored varied under the set warning state limits
throughout the tunnel length.

The recommendations for the determination of relevant exca-
vation support classes given by the geotechnical supervision
were therefore usually based on the rock mass quality encoun-
tered. The more massively supported excavation support clas-
ses Vc and Va were used in the southern part of the tunnel,
where P4 and P5 types (heavily weathered and fractured gne-
iss) were mainly encountered. The P4 type was encountered to
a greater extent also in the northern portal section, approxima-
tely in the last 20 metres of the excavation. Even the pointwise
RMR and QTS assessment corresponded to this fact (see Table
2). It was necessary in this last section to decide whether the
excavation support was to pass into class Va (similarly to the
southern part of the tunnel) or class IV was to be given prefe-
rence. With respect to the fact that it was already known in this
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construction phase that the deformational behaviour of the rock
mass in previous 400m of the tunnel excavation was favourable,
the weaker variant, class IV, was given preference. Neverthe-
less, taking into consideration the lower quality of rock mass,
the excavation round length was restricted to 1.3m instead of
the length of 1.5m permitted by the design. The assumption of
the excavation support classes presented in the detailed design
was slightly more pessimistic in comparison with the reality —
see Table 3. As already mentioned above, the rock was relati-
vely stable during the course of the construction, which means
that the falling of bulkier pieces of rock from the exposed parts
of the excavation did not take place. Namely two factors posi-
tively contributed to the good stability of rock mass — the
favourable direction of the dip of rock layers and the very weak
inflows of groundwater attributable to the dry winter and spring
seasons. Should the excavation have run in the opposite direc-
tion (from the north to the south) and, in addition, the tunnel
excavation period have been richer in precipitation, the falling
of rock from the face and crown would have been more exten-
sive, which means that shorter excavation round lengths would
have to be applied. The determination of excavation support

Obr. 6 ProraZend kalota na severnim portdle
Fig. 6 Top heading broken through at the northern portal

srazky, pravdépodobné by dochédzelo k vétsimu vypadavani
horniny z Celby i pristropi, a tudiZ by bylo tfeba pouZit krat-

§f stavebni postupy. RovnéZ zatiidéni do TTV po délce tune- classes along the tunnel length would not have been so opti-
lu by pii razbé ze severu zfejmé nebylo tak optimistické. Na mistic in the case of driving the tunnel from the north. It is pos-
tomto piikladu je vidét, Ze spravné stanoveni sméru razby sible to see on this example that proper determination of the
v dob& piipravy podzemniho dila miZe eliminovat pfipadné direction of the excavation during the underground working
problémy s nestabilitou horninového masivu a ovlivnit tedy preparation may eliminate contingent rock mass instability pro-
i zastoupeni jednotlivych TTV po délce tunelu. blems and influence the proportions of individual support clas-
Razici prace byly na Sudomeéfickém tunelu definitivné ses along the tunnel length.
ukon&eny 20. 6. 2014 vybouranim poslednich vyklenkd. Slav- The excavation work on the Sudomerice tunnel was definiti-

nostni prorazka kaloty se uskuteCnila 5. 6. 2014 (obr. 6). vely finished on 20/06/2014 by the excavation of the last reces-
V dobé psani piispévku jiZ na tunelu probihaji poklidky hyd- | ses. The top heading breakthrough ceremony took place on
roizolaci a betondZe kleneb sekunddrniho osténi. Vzhledem 05/06/2014 — see Fig. 6. To date, the work on the tunnel alrea-

k rozpracovanosti dila 1ze predpokladat, Ze sekundarni osténi, dy comprises the installation of waterproofing and casting of
v&. chodniki a drendZniho systému bude ukon&eno do konce concrete vaults of the secondary lining. Taking into considerati-
leto$niho roku. on the stage of completion of the working, it is possible to
Na dplny zdvér zbyvd predstavit jednotlivé tdcastniky expect that the secondary lining, including walkways and the
vystavby. Investorem akce je SZDC, stitni organizace, zhoto- drainage system, will be finished before the end of 2014.
vitelem stavebnich praci je spole¢nost OHL ZS, a. s., zhotovi- At the very conclusion of the paper it only remains to introdu-
telem geotechnického dozoru a monitoringu je firma ARCA- ce individual parties involved in the construction. The project
DIS CZ, a. s. Na projektovych pracich se podilely organizace owner is the Railway Infrastructure Administration, state organi-
SUDOP Praha, a. s. — zpracovatel dokumentace pro zadani sation, the construction contractor is OHL ZS, a. s., and the con-
stavby a IKP Consulting Engineers, s. r. 0. — zpracovatel reali- tractor for geotechnical supervision and monitoring is ARCA-
zacni dokumentace stavby. DIS CZ, a.s. SUDOP Praha, a. s., and IKP consulting Engineers,

s. 1. 0., participated in the designing work by preparing the
Ing. MILAN KOSSLER, milan.kossler@arcadis.cz, design for tendering and the detailed design, respectively.
Mgr. MARIAN S TEIGER, marian.steiger@arcadis.cz,

ARCADIS CZ, a. s., Ing. MILAN KOSSLER, milan.kossler@arcadis.cz,

VLADIMIR TABORSKY , taborskyv@szdc.cz, Mgr. MARIAN STEIGER, marian.steiger @arcadis.cz,

SZDC, s.o0. ARCADIS CZ, a. s.,

VLADIMIR TABORSKY , taborskyv@szdc.cz,

Recenzovali: Ing. Viastimil Hordk, Ing. Jaromir Augusta SZDC, s.0.
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GEOTECHNICKY MONITORING TUNELA SIBENIK
GEOTECHNICAL MONITORING OF SIBENIK TUNNEL

TOMAS MOLCAN, LUBOMIR LAUKO

ABSTRAKT

Masiv horského chrbta kéty Sibenik juzne od Levoce tvori prirodzenii bariéru plynulosti cestnej premdvky v smere vychod — zdpad
v blizkosti mesta Levoca. V rdmci vystavby dialnice D1 v tiseku Jdnovce — Jablonov II. tisek je rieSenim uvedeného problému realizd-
cia dialnicného tunela Sibenik. Raziace prdce na tunelovych rirach boli zacaté 15. 6. 2013 a diia 21. 3. 2014 bola uskutocnend sldv-
nostnd prerdzka tunela. Raziace prdce na tunelovych riirach boli ukoncené 28. 3. 2014. V siicasnosti prebieha betond? sekunddrneho
ostenia v juZnej tunelovej rire. V predkladanom ¢ldnku autori by vdam chceli pribliZit' prdce geotechnického monitoringu, ktoré na tejto
stavbe v obdobi 6/2013 az 5/2014 realizovala firma GEOFOS s. r. 0. zo Ziliny.

ABSTRACT

The massif of the mountain range of the Sibenik hill, located south of the town of Levoca, forms a natural barrier to fluent traffic in
the east-west direction at the vicinity of Levoca. The realisation of the Sibenik tunnel is the solution to the above-mentioned problem wit-
hin the framework of the development of the Jdnovce — Jablonov section Il of the DI motorway. Excavation for the tunnel tubes com-
menced on 15/06/2014 and the tunnel breakthrough celebration took place on 21/03/2014. The excavation of both tunnel tubes was finis-
hed on 28/03/2014. At the moment the casting of the secondary concrete lining is underway in the southern tunnel tube. The authors of
this paper would like to give you an idea of the work of geotechnical monitoring conducted on this project by Zilina-based GEOFOS s.

r. 0. during the period from 06/2013 to 05/2014.

1 OvVOD

Tunel Sibenik je navrhnuty ako dialni¢ny, dvojriirovy tunel
s jednosmernou premdvkou a s navrhovou rychlostou 80km/h.
Orientdcia trasy tunela podla svetovych stran je v osi zdpad —
vychod, podla ktorej sa rozliSuji oznaCenia portdlov tunela
a tunelovych rur. Dizka severnej tunelovej riry (dalej STR) je
588 m a juznej (JTR) je tiez 588 m. Sirkové usporiadanie
tunela je (po zmene prejazdného prierezu objedndvatelom)
predpisané kategdriou 2T-8,0 v zmysle STN 73 7507
(02/2008), tj. kazda tunelova rira s dvoma jazdnymi pruhmi
$irky 3,75 m a niddzovymi chodnikmi Sirky 1 m po oboch stra-
ndch. Zéakladnd vySka prejazdného prierezu je 4,8 m, v osi
jazdného pdsu je vySka prejazdného prierezu zvySend na
5,2 m.

Tunelové riry sd navzdjom prepojené jednym priechodnym
prie¢nym prepojenim.

2 GEOLOGICKA STAVBA

Uzemie, ktorym tunel Sibenik prechddza je tvorené sever-
nym vybezkom Medvedich vrchov, a tunel tak prepdja
Levodskud a Podhradsku kotlinu, ktoré su sti¢astou Hornadskej
kotliny. Budované je horninami paleogénu, ktoré su reprezen-
tované zubereckym a bielopotockym sudvrstvim patriacim do
podtatranskej skupiny. V oblasti zdpadného portélu je zube-
recké suvrstvie zastipené keZmarskymi vrstvami, v ktorych
prevladaji hrubo lavicovité pieskovce, medzi ktorymi sa
nachadzaji tenké polohy ilovcov az siltovcov (obr. 1).
Pieskovce sd strednozrnné az hrubozrnné, modrastosivej az
hnedosivej farby, z petrografického hladiska ich mozno cha-
rakterizovat’ ako droby, v men$om mnoZstve arkézy. flovce
a siltovce su slabo vépnité, tenko doskovité azZ laminované,
sivej aZ tmavo sivej farby. Ide o sedimenty podmorskych
ndplavovych kuZzelov, Casto postihnutych rozplavovanim.
Vrstvy majud mierny sklon (cca 20°) k vychodu aZ juhovycho-
du. V oblasti vychodného portdlu je zuberecké suvrstvie
zastipené typickym flySovym stvrstvim, v ktorom prevladaju
flovce a siltovce nad pieskovcami (obr. 2). flovce a siltovee sd
sivé az tmavo sivé, tenko doskovité, prechddzajice az do

1 INTRODUCTION

The Sibenik tunnel is designed as a twin-tube motorway
tunnel with one-way traffic, for the design speed of 80km/h.
The orientation of the route axis is west-east. The marking
of the portals and tunnel tubes is distinguished according to
this orientation. The length of the northern tunnel tube
(NTT) is 588m and the length of the southern tunnel tube
(STT) is also 588m. The tunnel width geometry (after a chan-
ge in the clearance profile by the project owner) is determi-
ned by the 2T-8.0 category in the meaning of the STN
73 7507 (02/2008) standard, i.e. each tunnel tube with two
3.75m wide traffic lanes and 1.5m wide emergency walk-
ways on either side. The basic clearance profile height is
4.8m; the height on the roadway axis is increased to 5.2m.

The tunnel tubes are interconnected by one cross passage
passable for pedestrians.

2 GEOLOGICAL STRUCTURE

The area the Sibenik tunnel passes across is formed by
the northern spur of Medvedi Vrchy uphills. The tunnel
interconnects the Levoca and Podhradska basins, which are
parts of the Hornad River basin. It is made up of
Palacogene rock types, which are represented by the
Zuberec and Biely Potok Members, which are parts of the
foothils of the Tatra Mountains Group. In the area of the
western portal, the Zuberec Member is represented by the
Kezmarok Member, where thick sandstone beds prevail,
with thin layers of claystone to siltstone between them (see
Fig. 1). The sandstones are medium-grained to coarse-grai-
ned, blue-grey to brown-grey; from the petrographical
point of view they can be characterised as greywacke or, to
a smaller extent, as arcose. The claystones and siltstones
are weakly calcareous, thinly bedded to laminated, grey to
dark grey. They are sediments of marine alluvial cones,
which are frequently affected by dilution. The beds slightly



23. rocnik - €. 472014

doskovitych. Minerdlne zloZenie je pomerne pestré, pritomny
je kremen, kalcit, dolomit, illit, albit, v menSom mnoZstve su
pritomné chlorit, mikroklin, montmorilonit. Pieskovce su pri-
tomné len v malom mnoZstve vo vrchnej Casti izemia, sd do-
skovité, hnedosivej farby [1].

Maximaélna vy$ka nadloZia v STR je 69,3 m, v JTR je 80,6 m,
nachddza sa v dseku, kde prebieha kontakt prevazne pieskov-
cového suvrstvia a ilovcového suvrstvia. Minimédlna vyska
nadloZia v STR je 11,4 m v oblasti vychodného portdlu v pre-
vazne flovcovom stvrstvi, minimdlna vyska v nadlozia v JTR
je 16,2 m v oblasti zdpadného portdlu v prevazne pieskovco-
vom suvrstvi.

Na zdklade vysledkov inzinierskogeologického prieskumu
[2] sa predpokladal prechod z prevazne pieskovcovych stvrst-
vi do iflovcovych stvrstvi pribliZzne v polovici dlzky tunelo-
vych rur, pricom prechod medzi stvrstviami bol prieskumom
potvrdeny ako litofacidlny, nie tektonicky.

Z hydrogeologického hladiska je pre uvedené horniny pa-
leogénu typickd puklinovd priepustnost’ a v menSom mnoz-
stve, najmi v pieskovcovych hornindch sa uplatiuje i pérova
priepustnost. Z vysledkov inZinierskogeologického priesku-
mu [2] vyplynulo, Ze hladina podzemnej vody v oblasti
zapadného portdlu sa nachadza pod niveletou dialhice a aZ po
cca 260 m od zdpadného portdlu bola zistend nad droviou
tunelovych rur. V oblasti vychodnej Casti tunelovych rir bola
hladina podzemnej vody zistend cca 12 m nad troviou tune-
lovych rir a bol tu predpoklad vyraznejSich sustredenych pri-
tokov (do 0,2 1.s") podzemnej vody.

3 PRACE GEOTECHNICKEHO MONITORINGU

3.1 Geologicka dokumentacia

Podstatnou Castou pric geotechnického monitoringu je geo-
logickd dokumentdcia jednotlivych vyrazenych usekov tune-
lovych rir. Geologickd dokumentdcia tunelovych rir tunela
Sibenik prebichala kontinuidlne. Polas dokumenticie sa
zaznamendavala litologickd stavba vyrazeného useku, smer
a sklon diskontinuit, pritomnost’ podzemnej vody a geotech-
nické parametre pritomnych hornin. Na zdklade klasifikac-
nych kritérii (RMR — Rock Mass Rating od Bieniawského) sa
stanovilo bodové ohodnotenie horninového masivu vo vyraze-
nom useku, ktoré slizilo ako podklad pre urcenie vystrojova-
cej triedy (VT). Bodové rozhranie pre jednotlivé VT bolo pred
zaCatim raziacich prdc stanovené projektantom stavby
(Valbek, s. r. 0). Na zdklade zdokumentovanej geologickej

Obr. 2 Tenko doskovité aZ doskovité ilovce azZ siltovce, zubereckého sitivrstvia
v oblasti vychodného portdlu
Fig. 2 Thinly plated to plated claystone to siltstone of the Zuberec Member in
the area of the eastern portal

k - F y e e i ]
Obr. 1 Polohy hrubo lavicovitych pieskovcov keZmarskych vrstiev v oblasti
zdpadného portdlu

Fig. 1 Interbeds of thickly tabular sandstone of the KeZmarok Member in the
area of the western portal

dip (about 20°) east up to south-east. In the area of the eas-
tern portal, the Zuberec Member is represented by a typical
flysh series of strata, where claystone and siltstone prevail
over sandstone (see Fig. 2). The claystone and siltstone
rocks are grey to dark grey, thinly tabular passing up to
tabular. The mineral composition is relatively varied, with
the presence of quartz, calcite, dolomite, illite and albite;
chlorite, microcline and montmorillonite are present in
smaller amounts. Sandstone is present only in a small
amount in the upper part of the area; it is tabular, brown-
grey [1].

The maximum NTT and STT overburden height is 69.3m
and 80.6m, respectively. It is located in the section where
the mostly sandstone series of strata is in contact with
claystone series. The minimum NTT overburden height is
11.4m in the area of the eastern portal, where claystone
series prevail; the minimum STT overburden height is
16.2m in the area of the western portal, where sandstone
layers prevail.

The transition from mostly sandstone series of strata to
claystone strata was assumed on the basis of the enginee-
ring geological survey [2] to be located approximately in
the middle of the tunnel tubes lengths. The transition bet-
ween the series of strata confirmed by the survey is lithofa-
cial, not tectonic.

From the hydrogeological point of view, fissure permea-
bility is typical for the above-mentioned Palacogene rock
types and pore permeability also asserts itself to a smaller
extent, mainly in sandstone. It followed from the results of
the engineering geological survey [2] that the water table in
the area of the western portal is located under the vertical
alignment of the motorway; the water table level above the
level of tunnel tubes was identified at the distance of ca
260m behind the western portal. In the area of the eastern
part of the tunnel tubes, the water table level was identified
to be about 12m above the level of the tunnel tubes and
there was an assumption of more significant concentrated
groundwater inflows (up to 0.2L.s-1).
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Tab. 1 Porovnanie predpokladanej a skutocnej dfiky vystrojovacich tried JTR
Table 1 Comparison of the assumed and actual lengths assigned in the STT to particular excavation support classes

Vystrojovacia trieda Celkova metraz Celkova metraz Rozdiel [m] Zmena v %
predpoklad [m] skutocnost [m]
Excavation support Total length Total length Difference [m] Change in %
class assumption [m] reality [m]
7 36 8,9 -27,1 -75,27
6 72 17,9 -54,1 -75,14
5 168 2542 +86,2 +51,3
4 144 131,4 -12,6 -8,75
3 120 121,6 +1,6 +1,3
Tab. 2 Porovnanie predpokladanej a skutocnej dfiky vystrojovacich tried STR
Table 2 Comparison of the assumed and actual lengths assigned in the NTT to particular excavation support classes
Vystrojovacia trieda Celkova metraz Celkova metraz Rozdiel [m] Zmena Vv %
predpoklad [m] skutoénost [m]
Excavation support Total length Total length Difference [m] Change in %
class assumption [m] reality [m]
7 36 4 -32 -88,9
6 48 20,1 -27,9 -58,1
5 168 198,4 +30,4 +18,1
4 156 190,7 +34,7 +22,24
3 132 120,8 -11,2 -8,5

3 GEOTECHNICAL MONITORING ACTIVITIES

3.1 Geological documentation
A substantial part of geotechnical monitoring is formed by

stavby bol upraveny a optimalizovany pdvodny predpoklad

pouZzitia jednotlivych VT. V tabulkdch 1 a 2 je uvedené porov-

nanie predpokladanej a skuto¢nej diiky pre jednotlivé VT.
Ako je vidiet' z uvedenych tabuliek, najvacési rozdiel medzi

skuto¢nostou a predpokladom bol u vystrojovacich tried 6 a 7,
nakolko sa ukdzalo, Ze geologickd stavba masivu v tivodnych
usekoch od zdpadného aj vychodného portdlu nebola az taka
nepriaznivd ako sa pdvodne predpokladalo.

Geologickou dokumentdciou skuto¢nej horninovej stavby
sa zistilo, Ze oproti predpokladom z prieskumu bol prechod
medzi pieskovcovym a flovcovym sdvrstvim cca v 2/3 diiky
tunelovej riry od vychodného portdlu (obr. 3). Taktiez sa
nepotvrdili sustredené pritoky podzemnej vody do tunelovej

~¢if€- --':- - % | ..-" :
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Obr. 3 Prechod masivnych pieskovcov (spodnd cast) do tenko doskovitych
ilovcov v staniceni 340,0 m v severnej tunelovej riire
Fig. 3 Transition of massive sandstone (the bottom part) to thinly plated
claystone at chainage 340.0m in the northern tunnel tube

geological documentation of individual completed sections
of the excavation of the tunnel tubes. The geological docu-
mentation of the Sibenik tunnel tubes proceeded continual-
ly. The lithological structure of the completed section of
excavation, the trend and dip of discontinuities, the presen-
ce of groundwater and geotechnical parameters of the
encountered rock were recorded during the work on the
documentation. Point-wise assessment of rock mass in the
section of completed excavation was determined on the
basis of classification criteria (RMR — Rock Mass Rating by
Bieniawski). It served as a basis for the determination of the
excavation support class (ESC). The points of individual
ESCs interfaces were specified by the project designer
(Valbek, s. r. 0.) before the commencement of tunnel exca-
vation. The original assumption of individual ESCs was
modified and optimised on the basis of the documented geo-
logical structure. The comparison of the assumed and actu-
al lengths assigned to individual ESCs is presented in Tables
1 and 2.

As it is obvious from the tables above, the greatest diffe-
rence between the reality and assumptions was at excavati-
on support classes 6 and 7. It was so because of the fact that
the geological structure of the massif in the initial sections
from the western and eastern portals was not so much unfa-
vourable as expected in the beginning.

It was determined by the geological documentation of the
actual geological structure that, contrary to the assumptions
from the survey, the transition from the sandstone series of
layers to claystone series was located approximately at 2/3
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Tab. 3 Vysledky laboratérnych skiSok na stanovenie ndchylnosti na napii¢avost’ilovcov v JTR
Table 3 Results of laboratory tests determining the propensity for swelling of claystone in the STT
Lab. éislo vzorky Stanicenie/blok

Napucaci tlak [MPa] Sucinitel linearnej

napucavosti [%]

Lab. sample Chainage/block Swelling pressure Linear swelling
number [MPa] coefficient [%]
339 JTR 410,0/ PR35/ STT 410.0 / PR35 1,006 / 1.006 1,17/1.17
338 JTR 438,0 / PR37 / STT 438.0 / PR37 0,650/ 0.650 1,15/1.15
341 JTR 465,0 / PR39 / STT 465.0 / PR39 0,892/ 0.892 2,7712.77
89 JTR 494,0/ PR42 / STT 494.0 / PR42 0,894/ 0.894 0,49/0.49

Tab. 4 Vysledky laboratérnych skiiSok na stanovenie ndchylnosti na napii¢avost’ilovcov v STR
Table 4 Results of laboratory tests determining the propensity for swelling of claystone in the NTT

Lab. éislo vzorky Stanicenie/blok

Napucaci tlak [MPa] Sucinitel linearnej

napucavosti [%]

Lab. sample Chainage/block Swelling pressure Linear swelling
number [MPa] coefficient [%]
337 STR 375,0 TM/NTT 375.0 TM 0,632/ 0.632 0,98 /0.98
340 STR 410,0 TM/ NTT 410.0 TM 0,620/ 0.620 1,82/1.82
88 STR 436,0 TM / NTT 436.0 TM 0,861/ 0.861 0,65/ 0.65
342 STR 476,0 TM / NTT 476.0 TM 0,487/ 0.487 1,57 /1.57
343 STR 502,0 TM / NTT 502.0 TM 0,891/ 0.891 1,24/1.24

Tab. 5 Vysledky laboratornych skiSok na stanovenie ndchylnosti na napicanie ilovcov na vychodnom portdle
Tab. 5 Results of laboratory tests determining the propensity for swelling of claystone at the eastern portal

Lab. éislo vzorky Umiestnenie Hibka [m] Napucaci tlak Sucinitel linearnej
[MPa] napucavosti [%]
Lab. sample Location Depth [m] Swelling Linear swelling
number pressure [MPa] coefficient [%]
3303 JTR-VP1/STT-VP1 0,5/05 0,020/ 0.020 0,47/ 0.47
3304 JTR-VP2 / STT-VP2 0,7/0.7 0,079/0.079 7,23/7.23

rary. Pritoky podzemnej vody boli zvicSa rozptylené vo forme
kvapkania, resp. zavlhnutia. Kvapkanie bolo miestami inten-
zivne a odtok podzemnej vody z tychto miest dosahoval cca
0,1 az 0,2 1.s"! na 10 m dlzky. Problémy sp6sobovalo len hro-
madenie technologickej a podzemnej vody v lokalnych depre-
sidch v plani a dne tunelovej rary.

Pocas razenia tunelovych rir sa z geologického hladiska ako
najvacsi problém ukazala nachylnost' na napucavost pre pri-
tomné ilovce vo vychodnej Casti oboch tunelovych rir. Vo
vysledkoch inzZinierskogeologického prieskumu [3] bolo upo-
zornené na pomerne vysoky napucaci tlak flovcov, ale tento
bol dokumentovany len vo vzorkdch z dvoch miest tunelovej
riry. Nakolko sa pocet a rozmiestnenie vzoriek javilo ako
nedostato¢né, bolo pocas razenia odobratych 11 vzoriek {lov-
cov na stanovenie nachylnosti na napucavost. Vysledky sku-
ok potvrdili nepriaznivy predpoklad. Aj ked pocas raziacich
priac neboli zistené prejavy zvySenej napucavosti v zas-
tihnutych flovcoch, kedZe ide o fenomén, ktorého ¢asové ohra-
ni¢enie nie je eSte dostatone preskimané a mozZe byt pomer-
ne dlhodobé (aj niekolko rokov), bolo projektantom upravené
vystrojenie dna tunelovej riry v tisekoch budovanych ilovcami
upravou protiklenby tak, aby sa predislo pripadnym nepriazni-
vym vplyvom na konStrukciu tunelovych rir. P6vodne navrho-
vanu vystrojovaciu triedu bez spodnej klenby nahradil vystro-
jovacou triedou VT6 s protiklenbou z prostého beténu (obr. 4).
Vysledky skiSok si uvedené v tabulkdch 3,4 a 5.

of the tunnel tube length from the eastern portal (see Fig. 3).
Even the concentrated groundwater inflows to the tunnel
tube were confirmed. The groundwater inflows were mostly
scattered in the form of dripping or moistening. The drip-
ping was locally intense and the rate of groundwater flow
from these locations reached ca 0.1 to 0.2L.s"! per the length
of 10m. Problems were caused only by the accumulation of
process water and groundwater in local depressions in the
subgrade and on the tunnel tube bottom.

The propensity for swelling because of the presence of
claystone in the eastern parts of both tunnel tubes turned out
to be the greatest problem from the geological point of view
during the course of the tunnel excavation. The relatively
high swelling pressure of claystone was cautioned against in
the results of the engineering geological survey [3]. Because
the number and distribution of samples appeared to be
insufficient, 11 samples of claystone were collected during
the tunnel excavation for the purpose of the determination
of the propensity for swelling. The results of tests confirmed
the unfavourable assumption. Despite the fact that no mani-
festations of increased propensity for swelling in the clays-
tone encountered were identified, because it is a pheno-
menon the time borders of which have not been sufficiently




Tab. 6 Minerdlne zloZenie celohorninovych vzoriek
Table 6 Mineral composition of ,,whole-rock* samples
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Vzorka/TM Qtz hm. [%] Plg Ms+lI Chl Cal Dol Fe-Dol 1+S Kin Py Rt
Sample/TM Qtz weight [%]
JTR/494 / STT/494 35 13 15 10 8 5 8 8 2 1
STR/436 / STT/436 38 15 13 9 6

+ pritomny v nekvantifikovatelhom mnoZstve
+ present in an unquantifiable amount

Na zistenie minerdlneho zloZenia flovcov a na zistenie pri-
tomnosti minerdlov majicich vplyv na ich nachylnost na na-
pucanie boli odobraté 2 vzorky na rtg. difrakénu analyzu. Rtg.
analyzou bola potvrdend pritomnost' mineralov majicich vplyv
na nachylnost'na napicanie smektitov v mnozstve 6-8 hm. %.
Rtg. difrakénd analyza celohorninovych vzoriek ukdzala pri-
tomnost’ tychto minerdlov: kremen (Qtz), plagioklas (Plg),
muskovit (Ms), illit (I11), chlorit (Chl), kalcit (Cal), dolomit
(Dol), Fe-dolomit (Fe-Dol), zmieSanovrstevnaty illit-smektit
(I+S), kaolinit (KIn), pyrit (Py) a rutil (Rt). Semi-kvantitativne
vyhodnotenie minerdlneho zloZenia je uvedené v tabulke 6.

3.2 Meranie konvergencii

Meranie konvergencii patri medzi najdoleZitejSie merania
geotechnického monitoringu, ktoré su sucastou technoldgie
NRTM. Merania konvergencii v tuneli Sibenik boli realizova-
né Standardnymi metédami. Konvergen¢né profily v tunelovych
rdrach boli 5bodové, v dsekoch budovanych pieskovcami vo

explored yet and may be relatively long-term (even several
years), the support of the tunnel tube bottom in the section for-
med by claystone was changed by the designer by means of
a modification of the invert in a way preventing contingent unfa-
vourable effects on the structure of tunnel tubes. The originally
proposed excavation support class without invert was replaced
by support class ESC6 with an unreinforced concrete invert (see
Fig. 4). The results of tests are presented in Tables 3,4 and 5.
Two samples were collected for the X-ray diffraction analy-
sis designed to determine the mineral composition of claysto-
ne and determine the presence of minerals affecting its pro-
pensity for swelling. The X-ray analysis confirmed the pre-
sence of minerals affecting the propensity of smectites for
swelling at 6—8 weigh percent. The X-ray diffraction analysis
of “whole-rock” samples proved the presence of the following
minerals: quartz Qtz), plagioclase (Plg), muscovite (Ms), illite

JuZné tunelova rura — profil bez spodnej klenby, ochrana dna v flovcoch

Southern tunnel tube — profile without invert, protection of bottom in claystones

prim. ostenie C20/25-X0 hr. 10-20 cm
prim. lining C20/25-X0, 10-20cm thick

ochranné geotextiia, 500 gim?
protective geotextile 500g/m?

sekundarne ostenie — beton C30/37-XC3, HF4 (SK, min. hr. 30 cm)
secondary lining — C30/37-XC3, HF4 concrete (SC, min. thickness 30cm)

prejazdny prierez plosna hyaroizoacna folia hr. min. 2 mm
tunela podla (so signalnou vrstvou) — waterproofing mem-
STN 73 7507 brane min. 2mm thick (with a signal layer)

tunnel clearance
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vypliovy betén
C12/15 - X0 — mass fill
concrete C12/15 - X0

I— cementobetonovy kryt CBI, hr. 25 cm

cement concrete CBI cover, 25¢m thick

| cementové stabilizécia SCI, hr. 22 cm

cement stabilisation SCI, 22cm thick

|— drenazna a protimrazové vrstva SD 0-32, hr. min. 30 cm
drainage and frost blanket course CG 0-32 min

30cm thick

I— wypliiovy a spadovy betén C12/15 - X0, min. hr. 40 cm
mass fill and sloped concrete C12/15-X0, min. thickness 40cm
L realiz4cia iba v flovcov - realisation only in claystone

drenazne potrubie
drainage pipeline
plnostenna, perforacia 2 mm
v kruhovej vyseci 107°

felt, perforation, 2mm thick
in circle sector 107°

DIALNICA D1 JANOVCE - JABLONOV ,, TUNEL SIBENiK*
D1 MOTORWAY JANOVCE - JABLONOV “SIBENIK TUNNEL”

vzorové prieéne rezy — typical cross-sections

prim. ostenie C20/25-X0 hr. 25 cm
prim. lining C20/25-X0, 25¢m thick
ochranna geotextilia, 500 g/m?
protective geotextile 500g/m’
plosna hydroizoacna folia hr.

min. 2 mm (so signélnou vrstvou)
waterproofing membrane min.
2mm thick (with a signal layer)

Profil so spodnou klenbou z prostého betonu (VT6)
Profile with unreinforced concrete invert (support class 6)

sekundarne ostenie — beton C30/37-XC3, HF4 (SK, min. hr. 30 cm)
secondary lining — C30/37-XC3, HF4 concrete (SC, min. thickness 30cm)
1

prejazdny prierez 8
tunela podla
STN 73 7507
tunnel clearance
profile to
STN 73 7507
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- road'w
L

0s vozovky
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1 probetdnovanie,
L cementobetonovy kryt CBI, hr. 25 cm vyplfiovy beton
cement concrete CBI cover, 25¢m thick C25/30 - XF2

filling with concrete,
mass fill concrete
C25/30 - XF2

| cementova stabilizdcia SCI, hr. 22 cm
cement stabilisation SCI, 22cm thick

| drenazna a protimrazova vrstva SD 0-32, hr. min. 30 cm
drainage and frost blanket course CG 0-32 drenézne potrubie
min 30cm thick drainage pipeline

— betonova spodna klenba C12/15 - X0, hr. 35— 80 cm  plnostenna, perforécia 2 mm
concrete invert C12/15 - X0, 35-80cm thick v kruhovej vysedi 107°

- realizacia iba v flovcov felt, perforation, 2mm thick
realisation only in claystone in circle sector 107°

Obr. 4 Vzorové priecne rezy tunela Sibenik pre masiv budovany ilovcami a — pévodny ndvrh; b — tiprava po potvrdeni ndchylnosti na napucavost’ ilovcov

(Ing. P. Senk, Valbek s.r.o0.)

Fig. 4 Typical cross-sections through the Sibenik tunnel for the massif made up of claystone a - original design; b — modification after the confirmation of the

propensity for claystone swelling (Ing. P. Senk, Valbek s r. 0.)
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Geolos, s.ro.

vektorové feseni — vector-based solution
vrt — borehole: INKZ-1

MERENI PRESNE INKLONOMETRIE - PRECISE INCLINOMETER MEASUREMENT

lokalita — locality: D1_JA-JA_II. sek

hloubka

depth kumulovany horizontalni posun — accumulated horizontal displacement [mm]

[mm] 10 20 30 a0 50
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ad7i-v8 (I11), chlorite (Chl), calcite
(Cal), dolomite (Dol), Fe-
dolomite (Fe-Dol), mixed-
layered illite-smectite (I+S),
kaolinite (Kln), pyrite (Py)
and rutile (Rt). The semi-
quantitative assessment of
the mineral composition is
presented in Table 6.

3.2 Convergence
measurements
Convergence measure-
ments belong among the
most important measure-
ment of geotechnical mo-
nitoring. They are current-
ly parts of the NATM tech-
nology. Convergence mea-
surements in the Sibenik
tunnel were realised using
standard methods. The
convergence profiles in
the tunnel tubes consisted
of 5 points; in the sections
made up of sandstone the
profiles were installed at
the spacing of about 35m,
whilst in the
made up of claystone they
were spaced at about 25m.
The application of 6-point
profiles was considered
for the sections made up of
claystone; one point was to
be located on the tunnel
tube bottom so that the con-
tingent heaving of the bot-
tom could be monitored.

sections

Cislo datum |[¢islo datum |éislo datum | Cislo datum | éislo datum | éislo  datum
number date |number date | number date | number date | number date | number date

0 16.04.2013 13 3.10.2013
18 30.07.2014

The total numbers of the
profiles were as follows:

14 22102013 | 15 27.11.2013 | 16 21.01.2014 17 28.05.2014

referencni hloubka — reference depth: 18.0 [m]

22 (5-point) in the southern
tunnel tube; 20 (5-point) in
the northern tunnel tube

Obr. 5 Vystup z merani vertikdlnou inklinometriou vo vrte INKZ-1 v oblasti zdpadného portdlu, kde v tirovni cca 7,0 m je

zreteliy vyvoj Smykovej plochy

Fig. 5 Output from vertical inclinometry measurements in INKZ-1 borehole in the area of the western portal, where the

development of a shear plane is obvious at the level of approximately 7.0m

vzdialenosti cca 35 m od seba, v dsekoch budovanych flovca-
mi vo vzdialenosti cca 25 m od seba. V usekoch budovanych
flovcami bolo uvazované aj s pouZitim 6bodovych profilov,
pricom jeden bod mal byt'umiestneny v dne tunelovej riry, aby
sa mohlo sledovat’ jeho pripadné zdvihanie.

Celkovo bolo osadenych 22 (Sbodovych) profilov v juznej
tunelovej rure, 20 (5bodovych) profilov v severnej tunelovej
rire a 1 (6bodovy) profil v severnej tunelovej rire. Jeden
3bodovy profil bol osadeny v prepojovacej chodbe.

Projektantom boli stanovené maximdlne predpokladané
hodnoty konvergencii vo vystrojovacej triede VT 7 na 55 mm,
vo VT 5 na 38 mm, vo VT 4 na 33 mm, vo VT 3 na 25 mm.

Maximélne hodnoty skutocne nameranych konvergencii sa
pohybovali do 17 mm v juZnej tunelovej rire a 18 mm
v severnej tunelovej rire. Meranim konvergencii neboli zistené

and 1 (6-point) in the nort-
hern tunnel tube. One 3-
point profile was installed
in the cross passage.

The maximum expected convergence values set by the
designer were as follows: 55mm in the excavation support
class ESC 7; 38mm in ESC 5; 33mm in ESC 4 and 25mm in
ESC 3.

The maximum values of the actually measured conver-
gences ranged up to 17mm in the southern tunnel tube and
18mm in the northern tunnel tube. No values approaching or
exceeding the warning states were detected by the conver-
gence measurements. It was not therefore necessary to
implement any measure ensuring additional increasing of
the stability and safety of the workings being realised.

3.3 The other geotechnical monitoring activities

The following other measurements were proposed and
realised for the observation of the geotechnical behaviour of




hodnoty bliZiace sa alebo prekracujice varovné stavy a nebolo
potrebné realizovat’ Ziadne opatrenia na dodatocné zaistenie
zvySenej stability a bezpec¢nosti realizovanych diel.

3.3 Ostatné prace geotechnického monitoringu

Okrem vySSie spomenutych prdc a merani boli na sledova-
nie geotechnického sprdavania horninového masivu navrhnuté
a realizované dalSie merania. I§lo o nasledujiice merania:

¢ inklinometrické merania na sledovanie stability masivu

v oblasti zdpadného a vychodného portdlu;

e geodetické 3D merania bodov na portdlovych a zarub-

nych stendch na vychodnom a zdpadnom portdli;

* geodetické 3D merania bodov niveldcie v poklesovej kot-

line nad tunelovymi rdrami;

e extenzometrické merania v tunelovych rirach;

¢ inklinodeformetrické merania nad tunelovymi rdrami;

e merania napiti na kontakte horninové prostredie — ostenie

a v primdrnom osteni.

Uvedenymi meraniami neboli zistené vyrazné anomdlie,
resp. hodnoty bliZiace sa alebo prekraCujice varovné stavy
a nebolo potrebné realizovat’ Ziadne opatrenia na zaistenie
zvySenej stability a bezpecnosti realizovanych diel.

Zaujimavostou bolo vysledovanie tvoriacej sa $Smykovej
plochy v oblasti zdpadného portdlu inklinometrickym mera-
nim. Pocas odkopovych priac bola na zdpodnom portdle
v inklinometri s oznacenim INKZ-1 zistend vyvijajica sa
Smykova plocha smerom do stavebnej jamy (obr. 5). Pohyby
boli zaznamenané v hibke 7 m a ich velkost'sa pohybovala do
7 mm. Uvedené pohyby boli potvrdené i realizovanymi geo-
detickymi meraniami na uvedenej zdrubnej stene. Po zakotve-
ni a zabeténovani jednotlivych etdZzi boli zistené pohyby
zastabilizované. Geologickou dokumentdciou odkopov bolo
ziskné, Ze pohyb bol spdsobeny posivanim pieskovcovych
blokov po vrstevnej ploche na kontakte s flovcami.

4 ZAVER

Realizovanymi prdcami geotechnického monitoringu na
stavbe dialni¢ného tunela Sibenik boli zdokumentované odlis-
nosti skutoCnej geologickej stavby horninového masivu opro-
ti zdverom z inZinierskogeologickych prieskumov. Taktiez bol
potvrdeny nepriaznivy predpoklad vyskytu flovcov ndchyl-
nych na napuicanie, na zdklade ktorého projektant upravil pou-
Zitie vystrojovacich tried v masive budovanom flovcami.

Zaverom mozno konstatovat, Ze ddsledny geotechnicky
monitoring pocas razenia podzemnych stavieb je ddleZitou
sticastou NRTM a slizi projektantovi a zhotovitelovi ako pod-
klad na optimdlnu reakciu (dprava ostenia) na aktudlne zastih-
nuté geotechnické podmienky.

RNDr. TOMAS MOLCAN, tommolcan@gmail.com,
Mgr. CUBOMIR LAUKO, lubomir.lauko@geofos.sk,
GEOFOS, s. r. 0., Zilina

Recenzovali: Ing. Branislav Neuschl,
Ing. Miloslav Frankovsky
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rock mass in addition to the above-mentioned work and
measurements:

e inclinometer measurements for the monitoring of the
rock mass stability in the areas of the western and eas-
tern portals;

e 3D geodetic survey of points on portal and revetment
walls at the eastern and western portals;

e 3D survey measurements on levelling points within the
settlement trough above the tunnel tubes;

e extensometer measurements inside the tunnel tubes;

¢ inclinometer measurements above the tunnel tubes;

* measurements of stresses on contact between the rock
environment and the lining and in the primary lining.

No significant anomalies or values approaching or excee-
ding the warning states were identified by the above-menti-
oned measurements; it was not therefore necessary to imple-
ment any measure ensuring increased stability and safety of
the workings being realised.

An interesting thing was the detection of a shear plane
developing in the area of the western portal by inclinometer
measurements. During the slope cutting at the western por-
tal, a shear plane developing in the direction inside the con-
struction pit was detected in the inclinometry marked
INKZ-1 (see Fig. 5). Movements were registered at the
depth of 7m and their magnitude ranged up to 7mm. These
movements were even confirmed by geodetic survey mea-
surements carried out on the above-mentioned revetment
wall. After the completion of anchoring and casting of conc-
rete at individual stages it was found that the movements
were stabilised. It was determined by the geological docu-
mentation that the movement was caused by the shifting of
sandstone blocks along the bedding plane on the contact
with claystone.

4 CONCLUSION

Deviations from the real geological structure of the rock
mass from the conclusions of the engineering geological
surveys were documented by the geotechnical monitoring
work realised on the Sibenik motorway tunnel construction.
Even the unfavourable assumption of the occurrence of
claystone prone to swelling was confirmed. The designer
modified the application of excavation support classes in
the mass formed by claystone on the basis of this finding.

To conclude, it is possible to state that thorough geotech-
nical monitoring during the excavation for underground
structures is an important part of the NATM. It serves the
designer and contractor as a basis for optimal response
(modification of the support) to the actual geotechnical con-
ditions encountered.

RNDr. TOMAS MOLéAN, tommolcan@gmail.com,
Mgr. CUBOMIR LAUKO, lubomir.lauko@geofos.sk,
GEOFOS, s. r. 0., Zilina
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FOTOREPORAZ Z ODBORNEHO ZAJEZDU DO NEMECKA
KONANEHO 22. - 25. RIJNA 2014 (FOTO ING. OTAKAR HASIK)

PICTURE REPORT FROM THE TECHNICAL EXCURSION TO GERMANY
HELD ON 22ND - 25TH QCTOBER 2014 (PHOTO ING. OTAKAR HASIK)

Obr. 1 Stavba podzemni tramvaje v Karlsruhe, vystavba hloubené stanice
Marktplatz

Fig. 1 Construction of the underground tram in Karlsruhe, construction of
the Markplatz cut-and-cover station

Obr. 3 Stavba podzemni tramvaje v Karlsruhe, pohled do prostoru budouci
stanice Durchlacher Tor

Fig. 3 Construction of the underground tram in Karlsruhe, a view down the
space of the future Durchlacher Tor station

" e

Obr. 5 Rekonstrukce AKWT, pohled na otvory po vétracich turbindch
Siemens-Bentz

Fig. 5 Reconstruction of the AKWT, a view of openings remaining after
Siemens-Bentz ventilation turbines

b\ y \\_

podzemni tramvaje v Karlsruhe, opérny rdm Stitu ve startovaci

Obr. 2 Stavba
Sachté

Fig. 2 Construction of the underground tram in Karlsruhe, the shield shove
frame in the launching pit

Obr. 4 Rekonstrukce starého tunelu cisare Wilhelma (AKWT) v Cochemu,
pohled na novy a stary portdl

Fig. 4 Reconstruction of the Old Kaiser Wilhelm tunnel (AKWT) in Cochem,
a view of the new and old portals

Obr. 6 Rekonstrukce AKWT, pohled na proinjektované pristropi
Fig. 6 Reconstruction of the AKWT, a view of the top heading stabilised by

grouting
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GEOTECHNICKY
PRUZKUM

A MONITORING
PODZEMNICH STAVEB

InZenyrskogeologickeé,
hydrogeologickeée
a korozni pruzkumy

1 prorazené tunely (NRTM, TBM)

1 pro hloubené tunely a podzemni garaze

1 pro podzemni inzenyrskeé sité véetné
mikrotunelovani

1 prizkumné stoly

Geotechnika
1 polni a laboratorni geotechnické zkousky
1 geotechnicke posudky
1 geotechnickeé vypocty

Diagnostika staveb
1 stavebné technické prizkumy
I pasportizace staveb

Monitoring podzemnich staveb
1 vedeni geotechnického monitoringu
1 geologickeé sledovani a dokumentace razeb

1 bezpecénostni méreni (konvergence
a extenzometrie)

1 tenzometricka méreni pretvoreni tuneloveho
osténi s odvozenim napjatosti

1 méreni a sledovani deformaci povrchu
a nadzemni zastavby

1 hydrogeologicky monitoring
1 monitoring hluku pfi vystavbée
1 geoelektrické korozni méreni

1 informacni systém monitoringu BARBORA
s interaktivnim zobrazenim pomoci GIS

88 PUDIS

PUDIS a.s.

Nad Vodovodem 2/3258 1 100 31 Praha 10
tel.: +420 274 776 645 1 e-mail: info@pudis.cz
www.pudis.cz




KAMKOLIV SE VYDATE...

...naleznete produkty a systémy Sika

www.sika.cz STAVIME NA DUVERE

projekty - inzenyring - konzultace

Spole¢énost s tradici
vice nez 60 let ptuisobi jako
generalni projektant
nejvétsich staveb modernizaci
zelezniénich koridoru,
napr.
Praha hl. n., Nové spojeni,
aktualné Rokycany - Plzen.

Olsanska 1a, 130 80 Praha 3
tel.: 267 094 304
fax: 224 230 316
e-mail: praha@sudop.cz
www.sudop.cz



geotechnical software suite

Shaft - Circular Shaft Design

Program Shaft serves for analysis of spatial earth pressures on
circular shaft and determination of internal forces on the structure.

« Allows more economical design of shaft and
thereby decrease costs.

» Calculation of load on flexible, semi-rigid and rigid shaft.

» Spatial earth pressure according V.G. Berezantsev, Cheng&Hu.

« Correction of uniform load on the shaft according to standards
DIN V 4034-1 or CHuI I1-94-80.

= Any surcharge around the shaft.

» Design shaft construction according to Eurocodes.

« Interaction between shaft lining and soil.

» Determination of internal forces in whalers by polygonal method
(non-linear soil model).

News in version 19

» FEM Consolidation - (FEM module).

« Pile Group - general shape of pile cap and general coordinates
of piles, inclination of piles.

« Gravity Wall - general shape of wall.

« Wall programs - interfacing with Piles, Pile Group.

» Import of table data from text and spreadsheet files
(TXT, CSV, XLSX, ODS).

* Sheeting Check - Normal force for verification of steel structures.

... for more information visit our website.

_ (((’ Fine spol. s ro. tel.: +420 233 324 889
= Zavérka 12 fax: +420 233 321 754
WWW. ﬁ n eSOftwa re.eu fl N oo 169 00 Praha 6 E-)r(nail: hotline@fine.cz

ITAWTC 2015 fc\

41% General Assembly and Congress of
International Tunnelling Association ITA-AITES

SEE TUN

PROMOTING TUNNELLING IN SEE REGION

LACROMA VALAMAR CONGRESS CENTER DUBROVNIK, CROATIA

MAY 22-28,2015

. ITA CROATIA —_— ITA-AITES
www.wtc15.com @ Commsetnonts O s

Association

Structures
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA

NOVE ZELEZNICNI SPOJENI
AZERBAJDZAN - GRUZIE — TURECKO

Soucdsti nového Zelezni¢niho spojeni mezi Baku, Tbilisi
a mestem Kars v Turecku je také 2,3 km dlouhy tunel na hrani-
ci Gruzie a Turecka. Stavbu tunelu provdadi turecké firmy, které
jiz dokoncily 800 m dlouhy usek na tureckém tzemdi.
Vnitropolitické problémy v Gruzii v§ak zpusobily, Ze gruzinsky
dsek délky 1500 m byl zahdjen aZ koncem roku 2013.

NEJMENSI STIT NA STAVBE CROSSRAIL

Nejvétsi evropskda podzemni stavba Crossrail oplyva mnoha
nej... Proto maZe prekvapit, Ze tam byl také nasazen maly $tit
o pruméru jen 1,45 m délky 3,3 m. Jeho tikolem je vyrazit kana-
liza¢ni stoku dlouhou 564 m, kterd nahradi tsek stoky puvodni
a je v kolizi se stavbou tunelii Crossrail. Stit je ovladan dalkové
z povrchu a razbu ma dokoncit koncem roku 2014.

Zajimavé je srovndni s rozméry béZného §titu o pruiméru 7,1 m
a délce 150 m raziciho tratové tunely. Jeden z téchto tunelova-
cich stroju vyrazil neddvno za tfi mésice dsek 2,7 km, pri¢emz
jeho maximalni postup za 24 hodin ¢inil 72 m.

Pokud jde o tratové tunely, pfiblizné v srpnu 2014 byly dokon-
ceny z 82 %.

RAZBA DALSIHO TUNELU NA NOVE TRATI MEZI
WENDLINGENEM A ULMEM

Tunel Albabstieg je ¢tvrtym tunelem, jehoZz razba byla zahdje-
na na vySe zminéném duseku vysokorychlostni Zzeleznice

Stuttgart — Ulm. Délka tunelu je 5,9 km, ma dvé samostatné trou-
by a je raZzen Novou rakouskou tunelovaci metodou (NRTM).
Razby budou probihat celkové ze Sesti Celeb, z toho dvé jsou
u severniho portdlu u Dornstadtu. Z ddoli Lehrer jizné od Ulmu
se razi pristup k rozrdZce, odtud bude probihat razba ze dvou
Celeb smérem k Dornstadtu a z dalsich dvou smérem k Ulmu.

Slavnostni zahdjeni razeb se konalo v ¢ervnu 2014 u portdlu
Dornstadt. Kmotrou tunelu byla manZelka premiéra regiondlni
badensko-wirttembergské vlady, kterd ovSem v roce 2013
odmitla stejnou funkci pfi zahdjeni razeb tunelu Filder. Ten je
soucdsti projektu Stuttgart 21, se kterym nesouhlasi strana zele-
nych a badensko-wirttenbergsky premiér je jejim clenem.

Dokoncenf tunelu Albabstieg je pldnovdno na rok 2018 a jeho
uvedeni do provozu md probéhnout v roce 2021.

NOVY TUNEL CISARE VILEMA UVEDEN DO PROVOZU

Novy jednokolejny Zelezni¢ni tunel vyrazeny soub€zné se sta-
rym dvoukolejnym tunelem z roku 1877 (Alter Kaiser-Wilhelm
Tunnel) byl uveden do provozu 7. dubna 2014. Novy tunel bude
dlouhy 4242 m a byl vyraZen tunelovacim strojem od dubna
2010 do listopadu 2011. M4 jednoduché segmentové osténi
a bude propojen se starym tunelem osmi propojkami. Po zahgje-
ni provozu nového tunelu mohlo byt pristoupeno k rekonstrukci
starého tunelu na tunel jednokolejny. Jeho uvedeni do provozu
se predpoklada v roce 2016.
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ZAHAJENY PRIPRAVNE PRACE NA GRAND PARIS
EXPRESS

Pripravné prdace na prvnim 33 km dlouhém useku okruzni
expresni linky kolem PafiZe byly zahdjeny. Usek se nachdzi jizné
od mésta a vede z Pont de Sévres do Noisy Champs. Je v celé

délce veden pod zemi a razba ma byt zahdjena v roce 2016.

DVACET LET PROVOZU TUNELU POD KANALEM LA
MANCHE

Dne 6. kvétna 2014 oslavil Channel Tunnel dvacdté vyro¢i
svého uvedeni do provozu. Mezistatni smlouvu o jeho vystavbé
podepsali v lednu 1986 francouzsky prezident Mitterrand
a britskd premiérka Thatcherovd. Smlouva obsahovala ustanove-
ni, Ze tunel bude financovéan pouze privatnimi investory, k cemu
Margaret Thatcherovda poznamenala: , To znamend bez jediné
penny z vefejnych prostiedku. K prvni proraZce v rdmci sedmi
let vystavby doslo 100 m pod hladinou more na servisnim tune-
lu.

Za dvacet let pouzilo tunel 330 miliona cestujicich. Denné
projede tunelem az 400 vlakovych souprav.

DALNICNI TUNEL POD ZENEVSKYM JEZEREM?

Zenevska statni rada rozhodla o zpracovani studii na propoje-
ni Svycarské dédlnice Al s francouzskou ddlnici A40, které by
pomohlo vyrazné sniZit dopravni zatéZ mésta. Trasa spojky dal-
nic by vedla vychodné od Zenevy mezi Vengeronem na pravém
brehu Zenevského jezera a Belotte na levém brehu. Soudasti
vychodniho obchvatu mésta by musel byt i tunel pod jezerem.

SEVERNI CAST SILNICNIHO OBCHVATU ANTVERP

Investor silni¢niho obchvatu Antverp vypsal soutéZ na zpraco-
vani vlivu stavby severni ¢dsti obchvatu na Zivotni prostfedi.
Stavba by méla byt zahdjena v roce 2016 nebo 2017 a jeji sou-
¢asti jsou tfi mimorddné ndro¢né tunelové stavby. Prvni je

PAMETNI MINCE ,TUNNELBAU" 25 €

Pocatkem roku 2013 vyrazila Rakouskd mincovna pfitaZlivou
a v kontextu stavebniho oboru rovnéz velmi zajimavou pamétni
minci ,,Tunnelbau* s nasledujicimi parametry:

e bimetalovd mince s niobovym jadrem

e autor: Herbert Wihner

e razba: Rakouskd mincovna

e nomindlni hodnota: 25 eur

e primér: 34 mm

e hmotnost celkem: 16,5 g, hmotnost jadra: 9 g

e ryzost prstence: 900/1000 Ag, ryzost jadra: 99,8/100 Nb

e hrana: hladka

e provedeni: bankovni kvalita (special uncirculated)

e Cislovani: ne

e limit: 65 000 ks

e emise: 23.1.2013

Timto pocinem se jen potvrzuje vdzZnost, jaké se tunelové stavi-
telstvi t€81 u nasich jiznich sousedu.

1,7 km dlouhy naplavovany tunel pod tokem Scheldty. Pak
ndsleduji dva tunely celkové délky 2,7 km pod doky v severni
&asti Antverp. Doba vystavby se predpokldda 5 let.

VZDUCHOTECHNICKA SACHTA NA BRENNERSKEM
BAZOVEM TUNELU

PobliZ Innsbrucku byla 4. zari 2014 dokoncena vystavba vzdu-
chotechnické $achty priméru 5,8 m a hloubky 180 m. Sachta,
kterd bude slouzit pro vétrani jak pfi stavbé bazového tunelu, tak
pfi jeho budoucim provozu, usti do pristupového tunelu Ahrental.
Ten bude pod Sachtou rozsiten v délce cca 240 m na vzducho-
technickou kavernu vysky 20 m a o profilu vyrubu 240 m2.

Hloubeni Sachty bylo zahdjeno 22. dubna 2014. Price do
hloubky cca 20 m probihaly v mékkych hornindach, pak se postu-
povalo pomoci trhacich praci. Vrty pro nédloze i vodorovné vrty
pro svorniky se provadély ruéné, stejné i stiikany beton osténi.
Presto byl dosaZen prumérny postup 1,5 m denné.

ZAVERECNA PRORAZKA SILNICNIHO TUNELU
U GDANSKU

U polského Gdansku se stavi novd komunikace, kterd ma pro-
pojit pfistav s mezindrodnim leti§tém a navazat na vnitrostatn{
silni¢ni sit’ a tim uleh&it komunikacim pfeplnénym tranzitni
dopravou. Soucdsti komunikace jsou dva 1076 m dlouhé tunely
razené pod vodnim tokem. Prvni z nich byl prorazen v listopadu
2013 a druhy 9. ¢ervence 2014. Razba probihala pomoci kombi-
novaného Stitu (mixshield) o pruméru 12,56 m a délky 90 m
dodaného firmou Herrenknecht.

Dno vodniho toku bylo v hloubce az 35 m a nadloz{ nad Stity
v tomto misté bylo jen 6 m. Pro zajiSténi stability a ochrany proti
vztlaku maji segmenty osténi tlouStku 60 cm a vazi 18 t. Vnitin{
prumér tunelu je 11 m.

Ing. MILOSLAV NOVOTNY, novotny@ita-aites.cz

Zajemce o koupi tohoto zajimavého sbératelského a pamétniho
predmeétu pripadné velmi pékného darku odkazujeme na interne-
tovou stranku: www.zlate-mince.cz/Mince_stribro.htm?id=5958

doc. Ing. VLADISLAV HORAK, CSc.,
horak.vl@fce.vutbr.cz, VUT BRNO

TUNELOVY KOMPLEX BLANKA — TAKTICKE CVICENI 1ZS
BLANKA COMPLEX OF TUNNELS - IRS TACTICAL EXERCISE

An extensive exercise of the Integrated Rescue System (the IRS)
took place in the Blanka complex of tunnels on 25th September
2014. The exercise scenario was based on a traffic accident of two
cars with a subsequent fire of one of them, followed by a crash of
an articulated bus travelling behind the above-mentioned cars into
the tunnel lining. The accident and the subsequent IRS intervention

took place in the area of the bifurcation of the tube B of the Dejvice
tunnel (the inner roadway of the City Circle Road) and the exit
ramp in Letnd. The tactical exercise was beneficial for all involved
parties because it allowed all components of the IRS to try the envi-
ronment of the complex of tunnels in conditions approximating

a real intervention.




Obr. 1 Taktické cviceni IZS v Tunelovém komplexu Blanka
Fig. I The IRS tactical exercise in the Blanka complex of tunnels

V dokoncované stavbé Tunelového komplexu Blanka jsou
v soucasné dobé provadény nutné tkony pro odzkouseni instalova-
nych technologickych zafizeni a systému zajistujicich bezpe¢né pro-
vozovani stavby. Bezpe¢nostni hledisko dila v§ak neni jen pod dohle-
dem tuc&astnika vystavby, ale jiZ i orgdnu stdtni spravy.

A prave proto dne 25. 9. 2014 probéhlo v Tunelovém komplexu
Blanka rozsdhlé taktické cviceni sloZek Integrovaného zdchranného
systému (IZS). Scénér cvieni byl zaloZen na dopravni nehodé dvou
osobnich vozidel (s ndslednym poZdrem jednoho z nich) a ndrazu
kloubového autobusu (jedouciho za zminénymi vozidly) do ostén{
tunelu. Nehoda i zdsah IZS se odehrdly v oblasti rozpojeni tunelové
trouby B Dejvického tunelu (vnitrni jizdni pas méstského okruhu)
a vyjezdové rampy na Letné.

Cilem cviCeni bylo oveérit akceschopnost a reakce sloZek integro-
vaného zdchranného systému, krizového §tdbu Magistrdtu hl. m.
Prahy a dal3ich zainteresovanych subjektu pri realizaci a koordinaci
zéchrannych a likvidaénich praci pii této mimorddné uddlosti. Uce-
lem celé akce bylo procvidit spoluprici slozek IZS, provéfit redlné
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Obr. 2 Taktické cviceni IZS v Tunelovém komplexu Blanka
Fig. 2 The IRS tactical exercise in the Blanka complex of tunnels

dojezdové &asy k portdlim tunelu v béZném provozu ve viedni den,
zpusob ndjezda do tunelovych trub, kapacity ndstupnich ploch na
povrchu i v tunelu, komunikaci mezi opera¢nimi stredisky slozek IZS
a tunelovymi dispecinky dopravy a technologii a procvicit taktiku na
zasah s velkym poctem ranénych a v soucinnosti s Leteckou sluzbou
PCR procviéit prepravu zranénych a dalSich &innosti.

Pii feSeni této mimorddné uddlosti se z hlediska vybavenosti
tunelu uplatnila fada technologickych systému, jako jsou systém
videodetekce, detekce koure, poZdrni ventilace, nouzové tinikové
osvétleni, mistni rozhlas, komunikaéni systémy pro IZS, sité mobil-
nich operétora a dalsi.

Zavérem lze jen konstatovat, Ze taktické cviceni bylo pro vsechny
zuCastnéné strany prinosem, protoZe (v navaznosti na seznamovaci
Skoleni a exkurze do tunelového komplexu konané v listopadu lon-
ského roku) umoznilo vSem slozkdm IZS si prostiedi tunelového

s o

komplexu vyzkouset v podminkéch blizicich se redlnému zdsahu.

Ing. LUKAS RAKOSNiK, lukas.rakosnik@satra.cz,
SATRA, spol. s r.o.

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

INFORMACE O KONFERENCI POLNI GEOTECHNICKE METODY 2014
INFORMATION ON THE FIELD GEOTECHNICAL METHODS 2014 CONFERENCE

The 32nd international seminar titled Field Geotechnical
Methods was held in the city of Usti n/L on 4th and 5th September
2014. AZ Consult s. r. 0. was the main initiator and organiser of
the event. The papers were published in the conference procee-
dings, which are available at the organiser. The papers dealing
with the fields of the determination of the swelling capacity of
soils, the stability of rock walls and the stability of earth slopes
can be considered to be the most important.

Ve dnech 4. a 5. z4ii 2014 se v Usti n/L. konal tradi&ni jiz 32.
mezindrodni seminaf Polni geotechnické metody. Hlavnim inici-
4torem a poradatelem byla spole¢nost AZ Consult. Uast na roz-
dil od jinych let nebyla prili§ velkd, protoZe se ve stejné dobé
v Liberci konal inZenyrskogeologicky a hydrogeologicky kon-
gres. Je Skoda, Ze se poradatelé nedomluvili o terminech, proto-
Ze tim jsou zdjemci ochuzeni o zajimavé informace.

Prednasky byly prezentovany ve sborniku, ktery je u pora-
datele dostupny. Za nejvyznamnéjSi lze povazovat prispevky
v oborech jako je zjiStovani bobtnavosti zemin, stability skalnich
stén a stability zemnich svahua.

Z oblasti zjistovani bobtnavosti zemin a jejiho vlivu na geotech-
nické konstrukce stoji za zminku mimo jiné prednasky Sindelare
a Kurky (AZ CONSULT) Bobtndni zemin jako prehliZeny fenomén

a Slavika (SVST) Objemové zmeny zemin ako sekunddrna pricina
portich retencnich nddrZi.

Dalsim velmi zajimavym oborem byly piispevky tykajici se stabi-
lity starych skalnich stén, ze kterych jasné vyplyva, Ze i na skaln{
stény pusobi dlouhodobé a ruku v ruce atmosférické vlivy a gravita-
ce. Prikladem byly prednasky Pavlika, Bulgurovské a Ruppa (GEO-
test) ReSent stability zdvérnych stén byvalych lomii s pouZitim lase-
rového scanneru a prednaska Bartdka, Schroeffela (CVUT) Stabilitni
problémy skalniho masivu nad trati Zbraslav — Davle.

Z oboru stability zemnich svaht byl velmi poucny prispévek
Turceka a Sulovské (STU) Verifikdcia Smykovej plochy geotech-
nickymi a geofyzikdlnimi metédami. Jsou zde charakterizovany
stabilitni problémy zemin flySového vyvoje.

Soucdsti konference byla exkurze na lokalitu Dobkovicky — sesuv.
Zastupce AZ Consult RNDr. Suchy podal informaci o provedeném
pruzkumu sesuvu, zejména o zji§ténych hydrogeologickych podmin-
kdch. Kromé odlesnéni a piistupovych cest pro prizkumné vrty
nebyly dosud Zadné stavebni prace provedeny. Pro zdjemce 1ze dopo-
rudit rozhovor s Ing. P. Kyclem (Ceské geologick4 sluzba) na adrese:
http://video.aktualne.cz/dvtv/d8-rok-a-pul-po-zavalu-proc-se-po-ni-
stale-nejezdi/r~daa5d92e561d11e4840b002590604f2¢/.

Ing. RICHARD BARVINEK, barvinek@metrostav.cz,
METROSTAY a.s.
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XV. DUNAJSKO-EVROPSKA GEOTECHNICKA KONFERENCE
XV. DANUBE-EUROPEAN CONFERENCE ON GEOTECHNICAL ENGINEERING

The 15" Danube-European Geotechnical Conference unify-
ing geotechnical engineering professionals not only from the
Danube region was held on 9th — 11th September 2014. The
main theme of the already 15th conference event was Geotech-
nics of Road and Railways. This year’s conference was held
under the main technical auspices of Prof. Heinz Brandl from
the Vienna University of Technology, who opened the pro-
gramme by a lecture dedicated to the historic development of
the conference. Three key lectures were delivered in total. In
the first one, Prof. Correia from Portugal devoted himself to
new knowledge, experience and future prospects in the areas of
the design, structure, rehabilitation and maintenance of the
bases of transport-related structures and embankments. Dr. Ana
Petkovsek from Slovenia delivered the other one; it was dedi-
cated to secondary materials used for embankments and bases
of transport-related structures. The third key lecture was deli-
vered by Dr. Martin Ziegler from Germany on the third confe-
rence day; it was dedicated to ground-reinforcing geosynthetic
materials. The last part of the conference was focused on the
problems of tunnels. Part of the conference programme lied in
excursions to the Koralm Base Tunnel, the Semmering Base
Tunnel or the extension of the Vienna subway.

Ve dnech 9.—-11.9.2014 se konala na Technické univerzité ve
Vidni /5. Danube-European Geotechnical Conference sjedno-
cujici geotechnické odborniky nejen z dunajského regionu.
Misto kondni bylo vybrdno zdmérné. Prave pred 50 lety se zde
konal prvni ro¢nik této konference u prileZitosti vzpominky na
umrti prof. Karla von Terzaghiho (25. 10. 1963), ktery na
videnské Technické univerzité pusobil.

Nosnym tématem jubilejni 15. konference byla Geotechnika
v silni¢nim a Zeleznicnim stavitelstvi (Geotechnics of Road and
Railways), stejné jako tomu bylo pred 50 lety (Soil Mechanics
in Road Engineering). Hlavni odbornou zastitu leto$ni konfe-
rence prevzal prof. Heinz Brandl z Technické univerzity ve
Vidni, ktery zahdjil program predndskou vénovanou historické-
mu vyvoji konference, uvedenou i v obsdhlém dvoudilném
sborniku, ktery &itd 182 piispévku ze 43 zemi.

Kli¢ova prednaska prvniho dne konference, kterou prednesl
prof. Correia z Portugalska, byla vénovédna poznatkum, zkuge-
nostem a vyhledum do budoucnosti v oblasti navrhu, konstruk-
ce, sanaci a ddrzby podlozi dopravnich staveb a dopravnich
nasypu. RozSifend verze této predndsky bude k dispozici
v periodiku ,, Transporation Geotechnics“. Odpoledni program
byl poté rozdélen do dvou sekei. Jedna sekce byla vénovana
zhutfiovdni zemin a dalSich granuldrnich materidla a déle
hloubkové udpravé zemin, druhd pak stabilitnim problémum

TUNELARSKE ODPOLEDNE 3/2014
TUNNEL AFTERNOON 3/2014

The Tunnel Afternoon on the topic of the Sudoméfice tunnel
was held on Wednesday the 24th September 2014. A morning
excursion to the Sudomérice tunnel was part of the event. Four
lectures were delivered in the afternoon - Ing. Toma§ Just
(OHL ZS a. s.) delivered the first lecture on the Sudoméfice
tunnel, in which he described basic data from the construction
realisation. Ing. Libor Marik with Ing. Zuzana Novdkova (IKP
Consulting Engineers, s. r. 0.) spoke about the design for the
Sudomeérice tunnel — they compared the assumptions they built
upon during the work on the design with the reality that was

svahu (v této sekci prednesli rovnéZ zajimavé prispévky kole-
gové ze Slovenské technické univerzity v Bratislaveé).

Klicova prednaska druhého dne, prednesend Dr. Anou
Petkovsek ze Slovinska, byla vénovdna druhotnym materidlim
pouzivanych do ndsypovych téles a podlozi dopravnich staveb.
Obsahem této predndsky bylo sumarizovat poznatky specific-
kého chovani nékterych druhotnych materidla ziskanych za
poslednich 35 let na slovinskych stavbach. V prispévku se Dr.
Petkovsek mimo jiné vénovala podrobnéji nékterym vlastnos-
tem té€chto materialu, které je duleZité mit pii praktické aplika-
ci na zreteli. Pfednaska byla jisté inspirativni i v souvislosti s
aktudlnimi problémy spojenymi s vyuZitim druhotnych materi-
il v Ceské republice, a to nejen na dopravnich stavbach.
Urcité problematické aspekty druhotnych materidlu (napf.
objemové nestélost téchto materidli) se projevily i v zdvéru
prednasky, kterd byla ukonCena slovy: ,,What we estimate as
safe or acceptable today may be recognized as not acceptable
tomorrow.” Odpoledni program byl opét rozdélen do dvou
paralelnich sekci, které se ddle vénovaly druhotnym materia-
lim, zdkladim mostu a opérnym konstrukcim.

Treti kliCova predndska tretiho dne konference byla predne-
sena Dr. Martinem Zieglerem z Némecka a byla vénovdna
vyztuznym geosyntetickym materidlam (jejich aplikace a moz-
nosti pouziti, experimentalni zkusenosti, inteligentni geotexti-
lie, piiklady z praxe, zajimavé srovnéni testd na vyztuZenych a
nevyztuzenych vzorcich). V této Casti konference rovnéz
vystoupil se svym prispévkem zaméfenym na vyuziti vyztuZe-
nych zemin v mostnim stavitelstvi Ing. Martin Vanic¢ek Ph.D.
(firma Geosyntetika s. r. 0.), jediny aktivné prezentujici Gcast-
nik Ceské republiky na této konferenci.

Posledni ¢ast konference byla vénovédna problematice tuneld.
V této sekci odeznély celkem &tyfi piispévky. Uvodni piispé-
vek pripravil kolektiv autorti pod vedenim prof. Katzenbacha a
zabyval se geotechnickou interakci mezi dopravni infrastruktu-
rou, konstrukcemi a podzemni vodou. Dalsi tfi prispévky
rakouskych autoru se zabyvaly zkuSenostmi s projektovanim a
realizaci rakouskych tunelovych staveb.

Soucdsti programu konference byly rovnéz exkurze na
Koralm Base Tunnel, Semmering Base Tunnel nebo prodlouZe-
ni videnského metra.

doc. RNDr. EVA HRUBESOVA, Ph.D.,
eva.hrubesova@vysb.cz,
Fakulta stavebni VSB-TU Ostrava

eventually encountered on site. Ing. Milan Kossler (Arcadis
CZ a. s.) further presented his lecture on geotechnical conditi-
ons during the Sudoméfice tunnel construction. The last lectu-
re of the whole afternoon was dedicated to a wider view of tun-
nels on the railway corridor IV. Ing. Michal Gramblicka enu-
merated and described basic data on all tunnels that are plan-
ned to be built on this corridor.

Ve stredu 24. zaii 2014 se uskute¢nilo teti Tunelarské odpo-
ledne v tomto roce na téma Sudoméricky tunel. ProtoZe jeho sou-
¢asti byla i exkurze na Sudoméricky tunel, konalo se tentokrat




Obr. 1 Izolace v tunelu Sudomérice (foto Ing. Maridn Chotdr)
Fig. 1 Sudomeérice tunnel waterproofing (photo Ing. Maridn Chotdr)

v Tabore v hotelu Palcdt. U portdlu Sudomérického tunelu se
seSlo vice nez 30 zdjemcu, které privital Ing. Tomas Just
(OHL ZS, a. s.), ktery byl i hlavnim organizitorem semindfe.
Ucastnici si prosli cely tunel od jizniho k severnimu portélu,
a méli proto moZnost spatfit fadu praci, které v tunelu soucas-
né probihaly. Jizni portédl je jiz témér dokoncéen, za nim byl
v dobé exkurze tsek s dokon¢enym sekundarnim osténim, dale
bylo nutno projit skrze pracovisté, kde probihalo armovéani
a betondz sekundarniho osténi. Pak ndsledovala ¢ést, kde byla
vidét hotovd izolace z PE LLD a jesté blize k severnimu por-
tdlu byla tato izolace teprve provadéna.

Odpoledne prof. Bartdk zah4jil prednaskovou ¢ast. Poté se jiz
ujal slova Ing. Tomas Just s Gvodni prednaskou o Sudomé-
fickém tunelu, kde popsal zdkladni ddaje z realizace stavby. Ti,
kdo dopoledne tunel navstivili, méli jiz i praktickou predstavu.
Ing. Libor Marik s Ing. Zuzanou Novédkovou (IKP Consulting
Engineers, s. r. 0.) promluvili o projektu Sudomérického tune-
lu, na jedné strané o predpokladech, ze kterych vychézeli pri
projektovani tunelu, a porovnavali je se skuteCnosti, kterd byla
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Obr. 2 Jizni portdl tunelu Sudomeérice (foto Ing. Maridn Chotdr)
Fig. 2 Southern portal of the Sudomérice tunnel (photo Ing. Marian Chotdr)

nakonec na mist€ zastiZzena. Popsali i nékolik prikladu, jak byly
rozpory mezi predpoklady a skutednosti feSeny, zduvodnili
nékteré odchylky od puvodniho projektu.

Po prestavce vystoupil Ing. Milan Kdssler (Arcadis CZ a. s.)
s predndskou na téma geotechnické podminky pfi vystavbé
Sudomeérického tunelu. Posledni prednaska celého odpoledne
se vénovala Sir§imu pohledu na tunely na IV. koridoru.
Ing. Michal Gramblicka vyjmenoval a popsal zdkladni udaje
o vSech tunelech, které jsou na tomto koridoru pldnované.
MuZeme jen doufat, Ze se brzy dockdme realizace dalSiho
z planovanych dél.

Prednésky si prislo vyslechnout pres tyficet zdjemcu, které
neodradila ani vzdédlenost od nejcastejstho mista kondni
Tuneldrskych odpoledni.

Veskeré prezentace je mozné vyhledat na webovych strdn-
kdch asociace www.ita-aites.cz.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, CzTA ITA-AITES

14. ROCNIK MEZINARODNI KONFERENCE GEOTECHNIKA 2014

14™ BIANNUAL CONFERENCE GEOTECHNICS 2014

The 14" biannual international conference Geotechnics 2014
was held in Horni Smokovec in the High Tatras on 2nd — 3rd
October 2014 under the sub-title Structures, Technologies and
Risks. The technical content of the conference was focused on
the areas of new technologies and materials in the geotechnical
and mining structural engineering, advanced methods of structu-
re foundations and progressive foundation structures, current
issues of the underground structural engineering and mining,
slope failures and their stabilisation, geotechnical problems of
flood districts, geotechnical monitoring and risk analysis in geo-
technics, selected problems of the geomechanics and geophysics
in the underground structural engineering and mining and on the
field of current problems of education and scientific-research
activities at universities.

Ve dnech 2-3. 10. 2014 se konal v Hornim Smokovci ve
Vysokych Tatrach 14. roénik mezinarodni konference Geotech-
nika 2014 s podtitulem Konstrukce, technologie a rizika. Hlav-
nimi organizdtory této konference byla jiz tradi¢né katedra geo-
techniky a podzemniho stavitelstvi Fakulty stavebni Vysoké Skoly
banské-Technické univerzity v Ostravé a firma ORGWARE,

vedend pani ing. Norou Badikovou. Konferenci vSak podporily
i daldi geotechnickd vysokoskolskd pracovisté z Ceské,
Slovenské i Polské republiky, dile Ustav geoniky AV CR, Ustav
geotechniky SAV, firma Arcadis CZ, a. s., organizacni slozka
Slovensko, z&stitu prevzala Ceskd tuneldfskd asociace,
Slovenskd tuneldrska asociace i Cesko-slovenska spolecnost pro
mechaniku zemin a geotechnické inZenyrstvi.

Odborna néapln konference byla dosti Sirokd a byla zaméfena
do oblasti novych technologii a materidla v geotechnickém
a podzemnim stavitelstvi, pokrokovych metod zakladani staveb
a progresivnich zakladovych konstrukci, aktudlnich problému
podzemniho stavitelstvi a hornictvi, svahovych poruch a jejich
sanaci, geotechnickych problému zdplavovych dzemi, geotech-
nického monitoringu a rizikové analyzy v geotechnice, vybra-
nych problému geomechaniky a geofyziky v podzemnim stavi-
telstvi a hornictvi i oblasti aktudlnich problému vyuky
i védecko-vyzkumné Cinnosti na vysokych skoldch. A prave
prispévky tykajici se vychovy a vzdeélavani nasi mladé
geotechnické generace otevrely odbornou &ast celé konference.
Prednesené prispeévky dokumentovaly mimo jiné nutnost uni-
verzitnich pracovist’ vyrovndvat se s problémy vyplyvajicimi
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z niz8tho zdjmu o studium technickych oboru, kdy tento jiz
dlouhodobé tradi¢ni jev je v soucasné dobé do jisté miry jesté
podporen klesajici demografickou kfivkou v obou naSich re-
publikdch. VSichni prezentujici zastupci vysokoskolskych pra-
covist'se dédle shodli na tom, Ze vyzkum na vysokych Skoldch
se v soucasnosti neobejde bez podpory firem, za coZ jim patii
velky dik.

Konferenéni prispévky se zabyvaly nejen problémy vztahuji-
cimi se k realizaci novych staveb, kterych spolu s vyraznym
omezenim investic do stavebnictvi neni mnoho, ale i problémy
souvisejicimi s potfebou sanaci, stabilizaci a rekonstrukci loka-
lit a staveb stdvajicich. Zna¢n4 Cdst piispévku se tedy zabyvala
svahovymi poruchami, metodami zlepSovéni vlastnosti zemin,
vyztuZzenymi zemnimi konstrukcemi, nechybély ani prispévky
dokumentujici vznik poruch staveb v souvislosti se zménou kli-
matickych podminek doprovazenych enormnimi sraZkami.
V této souvislosti byl velmi zajimavy prispévek ,, Povodné na
Slovensku a v Evropé — geotechnické problémy“, predneseny
prof. Hullou. Poruchy staveb mohou byt mnohdy rovnéz zpuso-
beny dynamickymi dcinky spojenymi s projevy technické seis-
micity a i tyto problémy byly ndmétem nekolika prednesenych
prispévka.

Problematice tunelovych staveb se vénovaly prispevky druhého
dne konference — jednalo se o prispevky z oblasti bentonitovych

KONFERENCE EETC 2014 ATHENY
EETC 2014 CONFERENCE IN ATHENS

The second biannual Eastern European Tunnelling Con-
ference, the EETC 2014, was held in Athens from 28th Sep-
tember to 1t October 2014. The conference was preceded by
a session of the ITA-AITES Executive Committee (ExCo).
Corporate lectures and a meeting of the group of young ITA-
AITES members were on programme on Sunday afternoon.
A meeting of representatives from East European ITA-AITES
member states was held on Sunday afternoon. The Czech
Tunnelling Association was represented by doc. Ing. Matous
Hilar, Ph.D., who delivered presentation on the possible venue
of the next biannual EETC 2016 in Prague, within the frame-
work of the conference the Underground Construction Prague
2016. The EETC 2016 venue in Prague was approved in the
meeting. The EETC 2014 itself started on Monday the 29th
September. The initial speeches delivered by representatives of
the Greek Tunnelling Society were followed by a lecture titled
The Copenhagen Metro with respect to ecological challenges,
which was delivered by Mr. Sgren Eskesen, the ITA-AITES
chairman. In his presentation, Mr. Davorin Koli¢ reminded the
participants of the WTC 2015, which will be held in the Spring
of 2015 in Dubrovnik, Croatia. The Technical Excursion was
focused on the project for the extension of the Line 3 of the
Athens Metro — Attiko Metro.

Ve dnech 28. zari az 1. fijna 2014 se uskute¢nil v Athénéach
druhy ro¢nik Vychodoevropské tuneldrské konference (Eastern
European Tunnelling Conference) EETC 2014. Konferenci
predchazelo jednani vykonného vyboru (ExCo) ITA-AITES.
V nedéli v odpolednich hodindch byly na programu firemni
pfedndsky a jedndni skupiny mladych &lenu ITA-AITES.
V nedéli veler se pak uskute¢nilo jedndni reprezentantu
z vychodoevropskych ¢lenskych stitd ITA-AITES. Ceskou
tunelarskou asociaci zastupoval doc. Ing. Matous Hilar, Ph.D.,
ktery prednesl prezentaci o mozném kondni priStiho ro¢niku
EETC 2016 v Praze v rdmci konference Podzemni stavby Praha

izolaci, stfikanych izolaci, chovani ocelobetonovych tunelo-
vych osténi, betonového osténi s rozptylenou ocelovou vyztu-
Zi. Ing. Baca z firmy Subterra a. s. sezndmil ucastniky konferen-
ce s problémy, které bylo nutno feSit v prubéhu vystavby tunelu
Bancarevo v Srbsku. Kolektiv autort z firmy Metroprojekt Praha
a. s. se vénoval v prispévku problematice vystavby razenych sta-
nic na prazském metru. Velmi inspirativni a aktudlni byl rovnéz
prispevek prof. Bartdka, zabyvajici se aplikaci norem Eurokdd 7
v numerickych modelech. Tuneldiskou sekci pak zakonlily dva
prispévky z oblasti analyzy rizik, kterd mohou nastat jak pri
vystavbé tuneld, tak i pri jejich ndsledném provozovani.

Hornickd tematika byla zastoupena pouze peti prispevky,
jeden z nich se vénoval prevenci dulnich otfesu, dalsi proble-
matice geotechnickych aspektu splyfiovéani uhli, nechybéla ani
problematika termickych procest na haldovych télesech.

Lze si jen prat, aby pristi jubilejni 15. ro¢nik mezinarodni
konference Geotechnika v roce 2016 byl stejné dspésny jako ten
leto$ni, a ur¢ité se muZeme té§it, Ze prinese mimo jiné
i zajimavé informace z realizace dlouho oéekdvanych tuneld na
Slovensku.

doc. RNDr. EVA HRUBESOVA, Ph.D.,
eva.hrubesova@vysb.cz,
Fakulta stavebni VSB-TU Ostrava

2016. Konani EETC 2016
v Praze bylo na jedndni
schvdleno. V pondéli 29.
z4r{ byla zahdjena vlastni
konference EETC. Po
uvodnich projevech zds-
tupcli Recké tuneldiské
asociace nasledovala pred-
naSka prezidenta ITA-
AITES, pana Sgrena Eske-
sena s nazvem Kodariské
metro s ohledem na vyzvy
z oblasti ekologie. Pan
Davorin Koli¢ ve své pre-
zentaci pripomenul ko-
nani WTC 2015, které se
uskute¢ni na jare pristiho
roku v chorvatském Dub-
rovniku. Bezesporu velmi
zajimavy byl prispévek
Dr. G. Leottsakose na
téma vystavby metra
v Athénéch — Attiko Metro.
Odpoledne jiz probihaly prednasky paralelné¢ ve dvou sek-
cich, stejné jako ndsledujici den. Ceskou republiku reprezento-
val doc. Matou§ Hilar dvéma prispévky — prvni den hovoril na

Obr. 1 Reckd Barborka
Fig. 1 Greek St. Barbara statuette

téma Prehled nejdelSich Zelezni¢nich tunelii a druhy den mél
prednasku s ndzvem Aplikace statistické analyzy na numerické
modelovdni tunelii.

Prvni den konference byl zakonéen spolecenskou vecefi, ktera
se uskute¢nila pfimo v konferenénim Royal Olympic Hotel, kde
si dcastnici mohli nejen sdelit své dojmy z konference a po-
povidat si o svém oboru, ale také vychutnat nddherné prostory

stie¥ni restaurace s vyhledem na athénskou Akropoli.
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Obr. 2 Osazovdni segmentu trny
Fig. 2 Fixing dowels in segments

Konference se zicastnilo okolo 180 tcastniku. Bylo prihlase-
no 58 ustnich prezentaci, z toho 31 z lviecka, po 2 z Rumunska,
Ceské republiky a Madarska, 1 z Albénie, zbylé byly ze zemi
mimo tzemi vychodni Evropy.

1. fijna se uskutecénila technicka exkurze na stavbu prodlou-
zeni 3. linky athénského metra — Attiko Metro. Nyni je ve
vystavbe Sest stanic od souc¢asné kone¢né stanice modré linky
Aghia Marina — Aghia Varvara, Korydallos, Nikea, Maniatika,
pres stanici v pristavu Piraeus, kde dojde k propojeni s nejstars{
zelenou linkou, a ddle bude modré linka pokracovat az do sta-
nice Dimotiko Theatro.

Kontrakt byl podepséan v breznu 2012. Projekt by mél vyresit
dopravni problémy v prilehlych dzemich. ProdlouZzeni by mélo
obslouzit denné 132 tisic pasazéru, celkova délka jizdy trasou,
kterd vede z mezindrodniho letisté, bude po dostavbé 45 minut.
Vlastni prodlouzeni ma délku 7,55 km.

V mnoha stanicich se potyka stavitel s velmi stisnénymi pro-
story. Stani¢ni tunely jsou projektovdny jako dvoukolejné
o celkové délce 6,5 km razené pomoci TBM. Segmenty jsou
univerzalniho typu 7+1. V dobé exkurze bylo pomoci TBM
vyrazeno jiz 1460 m.

Ukastnici exkurze byli nejprve seznimeni s bezpe&nostnimi
opatfenimi, protoZe se navstéva stavby odehrdla za plného pro-
vozu. Poté se prvni ¢dst skupiny presunula na staveniSté pristu-
pové Sachty pro TBM, kterd byla 40 m hluboka. Zajimavé bylo,
7e vzhledem k malym prostorim na staveni§ti je rubanina
dopravovana pasovymi dopravniky do pripravené nadrze, ktera
je z davodu nedostatku prostoru projektovdna na objem odpo-
vidajici deseti segmentum. Sta&i pak, kdyZ nakladni automobi-
ly, odvézejici rubaninu do nedaleké deponie pro jeji trvalé
umisténi, uviznou v dopravni zacpé (o které v Athénach neni
nouze) a TBM nemuZe pokrafovat ve své praci. Stejné potize
vznikaji pri dopravé segmentu ze 40 km vzdédlené vyrobny, pro-
toZe na stavenisti je také neni mozné ve vetsi mife skladovat.
Ukastnici exkurze byli dilnim vla¢kem dopraveni az k TBM
a méli moZnost sledovat sestavovani prstence osténi. DalSi sta-
veniste, které méli moznost zdjemci navstivit, byla stavebni
jama budouci stanice metra Agia Varvara. V dobé exkurze se jiz
TBM nachdzelo nékolik stovek metrd za touto stanici.

63. GEOMECHANICKE KOLOKVIUM V SALCBURKU

Ve ¢tvrtek 9. a v pétek 10. fijna 2014 se v Salcburku konalo tradic-
ni kazdorocni Geomechanické kolokvium, které zahdjil prof. Wulf
Schubert, predseda Rakouské geomechnické spole¢nosti. V sobotu 11.
fijna 2014 byla moznost zicastnit se odborné exkurze na probihajici
prace na brennerském bazovém Zelezni¢nim tunelu u Innsbruku.
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Obr. 3 Vystavba hloubené stanice Agia Varvara
Fig. 3 Construction of Agia Varvara station

Po vlastni exkurzi jeSté probéhla prednaska o vystavbé pro-
dlouZeni metra, kde bylo fe¢eno mnoho zajimavého. Napriklad
byly popsdny potiZe s archeologickym pruzkumem, kdy kvuli
jeho provadéni byl opozdén zalétek vystavby jedné stanice
o celych 18 mésicu. Dal§im problematickym mistem je vystav-
ba stanice Piraeus, protoZze se nachdzi v tésné blizkosti more
a je tedy témer celd pod hladinou podzemni vody. Vzhledem ke
stisnénym prostordm na povrchu jsou stanice Maniatika
a Nikea stavény ¢dste¢né hloubenim a ¢asteéné jsou razené,
u stanice Maniatika je navic moznd jen vertikdlni doprava (jak
veskeré techniky, tak i pracovniku). TBM je stanicemi prota-
hovano obdobné jako tomu bylo pri vystavbe prodlouZeni linky
V.A prazského metra.

Je prekvapujici, ze i pres veliké vleklé ekonomické potize
Recka dochézi neustdle k investicim do dopravni infrastruktu-
ry (a nejen do ni), protoZe tento projekt nenf jedinym. I kdyZz
bez spolufinancovani Evropskou unii by nebyl myslitelnym.
Na druhou stranu tfimilionové Athény si jisté vystavbu dalsi-
ho prodlouZeni metra zaslouZi, protoZe dopravni problémy na
vétsiné dulezitéjsich komunikacich maji téméf celodenni cha-
rakter.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, CzTA

O odborné exkurzi a 0 9. Rakouském tunelarském dni, ktery
se konal pred kolokviem ve stfedu 8. fijna 2014, prineseme
podrobnéjsi informaci v &isle 1/2015 ¢asopisu Tunel.

Vsechny prednasky prednesené na kolokviu, jejichz prehled
nasleduje, jsou otisteny v ¢isle 5/2014 Casopisu Geomechanics and
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Tunnelling/Geomechanik und Tunnelbau, ktery vydavd Rakouskd
geomechanickd spolecnost.

1. blok predniSek — Rubanina z tunelu — odpad nebo mate-
rialovy zdroj?

Rubanina z tunelii — nové postupy jak zménit odpad na materid-
lovy zdroj (H. Erben, R. Galler)

Prdvni rdmec pro moZnosti vyuZiti rubaniny z tunelii (M. Danzer)

Rubanina — deponovdni nebo konec definovdni rubaniny jako
odpadu? (P. Reichel)

Rubanina jako surovina pro stavbu ddlnic — jeji obhajitelné pou-
Ziti na prikladu stavy rychlostni komunikace S10 (C. Mlinar,
F. Sempelmann, G. Koch, M. Steiner, F. Kubin)

Materidl z razby tunelii — konflikt mezi odpadem nebo novym
pouzitim na prikladu tunelu Koralm, cdst KAT2 (H. Posch,
R. Murr, H. Huber, M. Kager, E. Kolb)

Rubanina jako zdroj materidlu pro stavbu podzemni hydroelekt-
rdrny a betonové prehrady (B. Raderbauer, A. Wyss)

Pozn.: Je pochopitelné, Ze vyuziti rubaniny predevs§im z dlouhych
alpskych tunell by prineslo velké sniZeni ndklada na deponovant,
protoze prebytky vyrubané horniny jsou mimoradné velké.

2. blok prednasek — Razba na plny vylom oproti ¢lenénému
vyrubu

Razba na plny vylom v obtiznych geotechnickych podminkdch
(P. Lunardi, G. Barla)

Razba na piny vylom oproti &lenénému vyrubu — pripad silnic-
niho tunelu Chamoise v pohori Jura ve Francii (M. Putz-Perrier,
N. Gilleron, E. Bourgeois, A. Saitta)

Razba tretiho useku trasy U2 méstské drdhy ve Stuttgartu —
vyzva pro tunelovdni v méstské zdstavbe (R. Gradnik, M. Kicherer,
M. Zwick)

Razba na piny vylom oproti lenenému vyrubu pri pouZiti NRTM
(C. Gamper)

Kritéria pro volbu mezi razbou na plny vylom a raZbou
s Clenénym vyrubem z geotechnického a logistického hledisek
(P. Schubert, J. Voringer, B. Hofmann)

3. blok prednasek — Zvlastnosti pruzkumu a zkousek horni-
novych charakteristik pro razbu tunelovacimi stroji

Stanoveni parametri duleZitych pro provddeni a vihradu ndkla-
du pri razbé tunelovacimi stroji — State of art (D. Handke,
R. Galler, M. Nolden)

Specifickd vyhodnocovaci metoda pro pripadnou lepivost horni-
ny pri razbé tunelovacimi stroji (M. Thewes, F. Hollmann)

Virtaci metody pro priizkum horninového masivu a hydrogeolo-
gickych podminek ve spojeni s raZbou tunelovacimi stroji
(K. Kogler, H. Krenn)

Soubézny priizkum prizkumnymi vrty a geofyzikdlnim mérenim
na prikladu tunelu Koralm (A. Radinger, F. Fasching, G. Pack,
1. Kreutzer, D. Kostial)

Pozn.: méii se odezva seismickych vin, jejichZ zdrojem je razi-
ci stroj — metoda TSWD (Tunnel Seismic While Drilling)

Predstihovy pruzkum pri TBM razbé jizni cdsti gotthardského
bdzového tunelu — zkuSenosti a zdvéry pro dalsi projekty
(M. Rehbock-Sander, G. Wieland, T. Jesel)

Stanovent chovdni systému na zdklade analyzy dat stroje TBM
pri razbé v tvrdych hornindch (N. Radoncic, M. Hein, B. Moritz)

4. blok prednisek — Projektovdni zamérené na udrzbu
a Zivotnost tunelu

Zivotnost staveb — prenositelnost hodnoticich metod z pozem-
nich staveb do inZenyrského stavitelstvi (P. Maydl)

Stanoveni ekonomické prijatelnosti ndkladii souvisejicich
s Zivotnosti tunelii (S. Engelhardt, J. Schwarz, M. Thewes)

Optimalizacni proces stavby brennerského bdzového tunelu
zahrnujici jak vdrzbu tak Zivotnost dila (W. Eckbauer, R. Insam,
D. Zierl)

Whaveni dlouhych Zelezni¢nich tunelii — vzdjemné ovliviiovdani
ndkladi na stavbu a jeji udrZbu na prikladu tunelu Koralm
(H. Steiner, J. Rodler)

Rekonstrukce tunelii na ddlnicich a hlavnich silnicich — zkuSe-
nosti a poZadavky z hlediska provozovatele (G. Rattei, W. Lorber)

Optimalizace drendZniho systému nového bdzového tunelu
Semmering a tunelu Pummersdorf z pohledu idriby (O. K.
Wagner, D. Koch, T. Petraschek, H. Druckfeuchter. J. Lemmerer)

Pozn.: Dulezité je, Ze rakousti kolegové se snazi systematicky
poucit z realizovanych staveb a jejich provozu a ziskané poznatky
uplatnit v pfipravé novych tunela.

Celkové hodnoceni 63. Geomechanického kolokvia by nepfine-
slo nic nového oproti minulym ro¢nikam — vysokd odborn4 tro-
ven, vysokd dc¢ast i poCet vystavovateld, atd. Jeden rys je ale vhod-
né zduraznit — velmi aktivni a vysoce odborné zapojeni zédstupca
investorskych organizaci.

64. Geomechanické kolokvium prob¢hne v Salcburku od 7. do
10. fijna 2015 spole¢n€ s konferenci Eurock 2015. Vice informa-
ci 1ze ziskat na www.oegg.at.

Ing. MILOSLAV NOVOTNY,
novotny@ita-aites.cz

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU MYSLBEKOVA
— PELC-TYROLKA (BLANKA)

Stavebni prace na tunelovém komplexu Blanka byly dokon-
¢ené podle harmonogramu a rozhodnuti rozhod¢iho soudu k 29.
9. 2014. Jako soucdst stavby byl dne 6. 10. 2014 predstihové
uveden do provozu Trojsky most v&etné provozu tramvaji
a individudlni automobilové dopravy v okoli trojského portalu.
Také byly dokonceny terénni a sadové dpravy na letenské plani,
kterd byla po 7 letech pfedand zpét Prazanum k uZzivéni.

V tunelovém komplexu probéhlo cviceni Integrovaného
zéchranného systému jako souédst prukazu budouciho bezped-
ného provozu dila. V soucasné dobé probihaji komplexni

THE CZECH REPUBLIC

CONSTRUCTION LOTS WITHIN
MYSLBEKOVA — PELC-TYROLKA SECTION
OF THE CITY CIRCLE ROAD (BLANKA TUNNEL)

All construction work on the Blanka complex of tunnels was
completed on 06/10/2014, in compliance with the works pro-
gramme and the decision of the Court of Arbitration. The Troja
Bridge, including the operation of trams and individual automo-
bile traffic in the Troja Bridge surroundings, was brought into
service in advance, on 06/10/2014, as a part of the project.
Terrain finishes and landscaping were also completed on the
Letnd Plain, which was handed back to Prague citizens for their

use after 7 years.




zkousky technologickych zarizeni stejné jako montaZzni prace
v gardzich Letnd a PraSny most.

Veskeré ¢innosti tak sméruji k hlavnimu cili, a to k touzebné
ocekavanému uvedeni stavby do provozu.

PRODLOUZENI TRASY METRA V.A

Vystavba prodlouzeni prazského metra provozniho tseku V.A
Dejvickd — Nemocnice Motol spéje do své finalni faze pred uve-
denim do provozu.

Vnitfni architektura stanic, kterou uréuji zejména obklady kle-
neb a dlazby ndstupist,, jsou jiz prakticky dokonceny. Venkovni
&asti stanic a vestibulu ziskdvaji svoji kone¢nou charakteristic-
kou podobu. Vrcholi montéZe eskaldtort a vytahu véetné jejich
uvedeni pod definitivni napéti.

Vétsinove dokoncend stavebni ¢dst a vysokd rozpracovanost
technologickych celku dila pak umoZni zahdjeni technickych
prohlidek a naslednych prejimek v listopadu a prosinci tohoto
roku. Jednim z rozhodujicich faktort potom bude véasné testo-
vani a odzkou$eni zabezpecovaciho zafizeni v podob¢ komplex-
nich zkousek jako nutné podminky k prokazani mozného
budouciho bezpecného provozovani dila.

Podle platného harmonogramu stavby by pak mél byt na jare
roku 2015 zahdjen ovérovaci provoz a nasledné potom i vSemi
ocekdvany vlastni provoz nové trasy linky prazského metra.

MODERNIZACE TRATI ROKYCANY - PLZEN

2

V zaf{ 2014 bylo ukonéeno hloubeni a zajisténi vjezdového
portalu pro razby tuneld Ejpovice. Aktudlné probihd betondz
startovaciho 1a7ka a pfipravy pro montdZ stroje TBM razby jiZzni
tunelové trouby. Pokracuji prace i na odtéZovani a zajiStovani
zarezu, ktery primo navazuje na vjezdovy portdl a jehoZ realiza-
ce je nutnd pro dopravu ¢asti stroje TBM na misto montaze, jejiZ
zahdjeni je napldnovédno na polovinu listopadu leto$niho roku.
Prvni nejtéz3i dily stroje byly naloZeny 8. 10. 2014 na lod URA-
NUS v némeckém Kehlu a byly dopraveny po fekdch Ryn
a Labe do mésta Lovosice. Zbylé ¢asti se dopravi nakladni auto-
mobilovou dopravou v Casech potfebnych pro plynulou montaz
stroje. Od srpna tohoto roku byl jiz také zahdjen plny provoz
vyroby segmentu z dratkobetonu v obci DySina.

DALNICE D8 — 0805 LOVOSICE — REHLOVICE

V tunelu Prackovice se dokonuje provozné-technicky objekt
véetné Casti vzduchotechniky a elektroinstalace. Stavebné je
dokonéeno odvodnéni tunelu a jsou zde provedeny i kamerové
a tlakové zkousky odvodnovaciho potrubi. V tunelu Radejéin
probihaji prace na interiérech a na tpravdch povrcha stavebni
&4sti provozné-technického objektu. U obou tunelt je potom
proveden sjednocujici a ochranny natér vrchliku horni klenby
definitivniho osténi a jsou zde osazeny $térbinové Zlaby.

Zhotovitel dokoncuje projektovou dokumentaci technologic-
kého vybaveni obou tunelu Prackovice a Radej¢in, a to pfi zacho-
vani souladu se zdkonem o verejnych zakédzkach ¢. 137/2006 Sb
a piislusnymi smérnicemi RSD CR o zmé&néch staveb.

Ing. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAV a. s.

PRUZKUMNA STOLA PRO RADLICKOU RADIALU
JIHOZAPADNI MESTO - SMICHOV

Na stavbeé ¢. 9567 Radlicka radidla JZM — Smichov — (podrob-
ny inZenyrskogeologicky pruzkum) byly v kvétnu tohoto roku
zahdjeny prace spocivajici ve vybudovani zafizeni stavenisté
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An exercise of the Integrated Rescue System took place in the
complex of tunnels as a part of proving the future safe operation
of the structure. Comprehensive testing of tunnel equipment is
currently underway, as well as the assembly work in the Letnd
and Prasny Most Bridge parking garages.

All activities are therefore heading towards the main objective,
the eagerly awaited inauguration of the project.

METRO LINE V.A EXTENSION

The development of the 5th operational section of the Metro
Line A (the 5th A extension) between Dejvickd station and
Nemocnice Motol station is drawing to the final phase before it
is brought into service.

The internal architecture of stations, which is presented in the
first place by the cladding of vaults and tiling of floors on plat-
forms, is virtually finished. External parts of stations and con-
courses are getting their final characteristic appearance. The
assembly of escalators and lifts, including their connection to
definite power, is culminating.

The civils part, the majority of which has been completed, and
the high degree of the progress of tunnel equipment systems will
allow of commencing the technical checks and subsequent han-
dovers in November and December 2014. One of the deciding
factors will subsequently be the timely testing and trying of the
interlocking system in the form of comprehensive testing as
a necessary condition for proving the possibility of the safe ope-
ration of the works in the future.

According to the valid works programme, the verification ope-
ration should commence in the spring of 2015; subsequently, the
by-all-awaited operation of the new Prague metro line itself
should start.

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

The excavation of the portal pit and stabilisation of the entran-
ce portal for driving the Ejpovice tunnels was completed in
September 2014. At the moment, the launching bed for the full-
face tunnelling machine (TBM) is being cast and the preparation
for the assembly of the tunnelling machine planned to drive the
southern tunnel tube is underway. The excavation and stabilisa-
tion of the open cut directly connecting the entrance portal, the
realisation of which is necessary for the transport of the tunnel-
ling machine to the assembly location and the commencement of
which is planned for the middle of November 2014, continues.
The first, heaviest, parts of the machine were loaded on
08/10/2014 on the URANUS ship in Kehl, Germany, and were
being transported along the rivers of Rhine and Elbe to the town
of Lovosice. Remaining components will be transported by road
haulage at the times required for the fluent assembly of the
machine. The plant for manufacturing the steel fibre reinforced
concrete lining segments in the village of Dysina started the full
operation in August 2014.

D8 MOTORWAY — CONSTRUCTION LOT 805: LOVOSI-
CE-REHLOVICE

The operational-technical structure including parts of ventila-
tion and electrical installations is being completed in the
Prackovice tunnel. The tunnel drainage has been completed as
far as the civils are concerned. The camera inspection and pres-
sure tests of the drainage pipeline have also been finished. The
work underway in the Radej¢in tunnel comprises the interior
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pruzkumné Stoly. V uplynulém obdobi (kvéten — fijen) byla vy-
hloubena téZzni Sachta v blizkosti portdlu provozovaného
Zlichovského tunelu, ze kterého se nyni provadi hloubeni pod
ochrannymi deskami méstského okruhu, v soucasné dobé (zaca-
tek rijna) ve vzdélenosti 28 m od této Sachty. Prace budou pokra-
Covat pod méstskym okruhem, provozovanou Zelezniéni trati
a dale az do celkové délky Stoly 850 m. Soubézné je realizovan
inZzenyrskogeologicky pruzkum celé zdjmové oblasti (povrch
1 Stola) Radlické radidly, kterd v budoucnu zajisti spojeni mezi
vnéj$im a vnitfrnim méstskym okruhem. Konkrétne toto dilo
spoji Rozvadovskou spojku se Zlichovskym tunelem.

Ing. JAN VINTERA, JVintera@subterra.cz,
Subterra a.s.

SLOVENSKA REPUBLIKA
TUNEL SIBENIK

Na stavbe dialni¢ného tunela Sibenik diiky 588 m bolo dokon-
¢ené beténovanie sekunddrneho ostenia a v sicasnosti prebieha
betondz Zlabov, obrubnikov a kdblovodov. Zacala sa aj injektdz
stropu a priprava podkladu pre hlbent &ast’tunela. Tunel Sibenik
bude sucastou tseku dialnice D1 Janovce — Jablonov s celkovou
dizkou 9.5 km. Zhotovitelom stavby je zdruzenie Eurovia SK,
a. s., Eurovia CS, a. s., Stavby mostov Slovakia, a. s. Ukoncenie
stavby a uvedenie dialni¢ného useku do prevadzky sa predpokla-
da v roku 2015.

TUNELY POLANA A SVRCINOVEC

Na stavbe D3 Svréinovec — Skalité, ktorého stcastou su aj
tunely Polana (890 m) a Svr¢inovec (445 m), v sti¢astnosti je na
tuneli Polana vyrazenych 112 m v kalote a 90 m v lavici. Razenie
sa realizuje od zdpadného portdlu. Na vychodnom portdli sa
dokoncuju pripravné prace pred samotnym zacatim razenia. V tu-
neli Svr¢inovec je v sicastnosti vyrazenych 8 m v kalote od zapad-
ného portalu. Vystavbu tseku zabezpe€uje zdruZenie Styroch spo-
locnosti Vdhostav — SK, a. s., Doprastav, a. s., Strabag, a. s.,
a Metrostav SK a. s.

TUNELY OVCIARSKO A ZILINA

Na tseku D1 Hricovské Podhradie — Lietavskd Lucka, ktorej
sucastou su tunely Ov¢iarsko (2367 m) a Zilina (651 m), sa zala-
li razi¢ské prace. Na tuneli Ovciarsko prebieha razenie od zdpad-
ného portdlu; v severnej tunelovej rire je vyrazenych v kalote
183 m a v juZnej tunelovej rdre 173 m, takisto v kalote.
Realizicia tunela Zilina sa predpokladd aZ na obdobie konca
roka 2014. V sicastnosti prebiehaji zemné prace na zdpadnom
portdli. Stavbu realizuje zdruZenie Doprastav, a. s., Vdhostav —
SK a.s., Strabag, a. s., a Metrostav SK, a. s.

TUNEL CEBRAT

Na tseku D1 Hubové — Ivachnovd, ktorej sti¢atou je tunel Ceb-
rat’ (1994 m), v sucastnosti doslo ku dokonéeniu vychodného
portalu, z ktorého sa zaCne razenie v juZnej tunelovej rire, ako aj
razenie v severnej tunelovej rire. Zhotovitelom stavby bude
zdruZenie spolo¢nosti OHL a Vahostav — SK, a. s.

TUNEL POVAZSKY CHLMEC

Na dseku D3 Zilina StrdZov — Zilina Brodno, ktorého siastou
je aj tunel Povazsky Chlmec (2250 m), doslo k zacatiu prac 30.
6. 2014. V sucastnosti vrcholia projekéné prace na samotnom
tuneli. Predpokladané zacatie razenia tunela Povazsky Chlmec je

finishes of the civils part of the operational-technical structure.
The unifying and protective coating of the final lining upper
vault crown has been finished and the installation of the slotted
drainage duct was completed in both tunnels.

The contractor is finishing the design for the equipment of
both Prackovice and Radej¢in tunnels, maintaining compliance
with the Public Procurement Act No. 137/2006 Coll. and respec-
tive directives of the Road and Motorway Directorate of the CR
regarding design changes.

Ing. BORIS §EBESTA, sebesta@metrostav.cz,
METROSTAYV a.s.

EXPLORATORY GALLERY FOR THE RADLICE RADIAL
ROAD BETWEEN THE SOUTH-WESTERN SATELLITE TOWN
AND SMICHOV

The work on the construction package No. 9567 “The Radlice
Radial Road between the South-western satellite town and the
Prague district of Smichov (the detailed engineering geological
survey)” commenced in May 2014. The work lies in the develop-
ment of the construction site arrangement for the exploratory gal-
lery. During the past period (May — October), a hoisting shaft was
sunk at the vicinity of the portal of the operating Zlichov tunnel.
The gallery is being excavated from the shaft, under the protecti-
on of slabs of the City Circle Road; at the moment the excavati-
on face is at the distance of 28m from the shaft. The work will
proceed under the City Circle Road, an operating railway track
and further on, up to the total gallery length of 850m. The engi-
neering geological survey of the entire area of the operations on
the Radlice Radial Road (the surface and the gallery), which will
in the future ensure the connection between the City Ring Road
(the outer circle) and the City Ring Road (the inner circle), is in
progress in parallel. In concrete, this project will connect the
Rozvadov Link Road with the Zlichov tunnel.

Ing. JAN VINTERA, JVintera@subterra.cz,
Subterra a.s.

THE SLOVAK REPUBLIC
SIBENIK TUNNEL

The casting of the concrete secondary lining was finished in
the 588m long Sibenik motorway tunnel; concrete troughs, kerbs
and cableways are currently being cast. Injecting grout into the
crown and preparing the base for the cut-and-cover part of the
tunnel has commenced. The Sibenik tunnel will be a part of the
Janovce — Jablonov section of the D1 motorway, the total length
of which amounts to 9.5km. The contractor is a consortium con-
sisting of Eurovia SK, a. s., Eurovia CS, a. s. and Stavby mostov
Slovakia, a. s. The construction completion and opening of the
motorway section to traffic is planned for 2015.

POLANA AND SVRCINOVEC TUNNELS

Regarding the D3 Svréinovec — Skalité construction package,
parts of which are the Polana tunnel (§90m long) and Svr¢inovec
tunnel (445m), the excavation of 112m of top heading and 90m
of bench has been finished in the Polana tunnel. The excavation
is proceeding from the western portal. At the eastern portal, the
preparation preceding the commencement of the excavation
itself is being finished. As far as the Svrcinovec tunnel is con-
cerned, 8m of the top heading excavation heading from the wes-
tern portal have been finished. The construction of the section is




Obr. 1 Tunel Ovciarsko, zahdjenie razenia, zdpadny portdl
Fig. 1 Ovciarisko tunnel — commencement of tunnelling, western portal

Obr. 3 D1 Hubovd-Ivachnovd, sv. Barborka (foto J. Mravec)
Fig. 3 Hubovd-Ivachnovd section of the DI1; St. Barbara statuette
(photo J. Mravec)

planované na koniec roka 2014. Zhotovitelom stavby je zdruze-
nie Eurovia a. s., Hochtief a. s., a Stavby Mostov Slovakia, a.s.

TUNEL VISNOVE

S vystavbou tunela Visnové (7500 m), ktory je stcastou tseku
D1 Lietavska Lucka — Visniové — Dubna Skala, sa zacalo dna 27.
6.2014. Zhotovitelom useku je zdruZenie firiem SALINI-IMPRE-
GILO a Duha a. s. V stcastnosti zacali projekéné prace na samot-
nom tuneli. Zaciatok vystavby sa predpokladd na jar v roku 2015.

Ing. MILAN MAJERCIK,
milan.majercik@ndsas.sk, NDS a. s.
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sy growENaRE TUNEEEES

Obr. 2 Tunel Cebrat, zahdjenie razenia, vychodny portdl
Fig. 2 Cebrat’tunnel — commencement of tunnelling, eastern portal

provided by a consortium formed by the following four compa-
nies: Vahostav — SK a. s., Doprastav, a. s., Strabag, a. s. and
Metrostav SK a. s.

OVCIARSKO AND ZILINA TUNNELS

Tunnelling operations commenced in the Hricovské Podhradie
— Lietavskd Lucka section of the D1 motorway. Parts of this sec-
tion are the Ov&iarsko tunnel (2367m) and Zilina tunnel (651m).
The excavation of the Ov¢iarisko tunnel proceeds from the wes-
tern portal; the excavation of 183m and 173m of top headings has
been finished in the northern tunnel tube and southern tunnel
tube, respectively. The realisation of the Zilina tunnel is assumed
to commence at the end of 2014. Earthmoving operations are cur-
rently underway at the western portal. The construction is carri-
ed out by a consortium consisting of Doprastav, a. s., Vahostav —
SK, a. s., Strabag, a.s. and Metrostav SK a. s.

CEBRAT TUNNEL

Regarding the Hubova — Ivachnova section of the D1 motor-
way, part of which is the Cebrat’ tunnel (1994m), the eastern por-
tal has recently been completed. The excavation of the southern
tunnel tube as well as the northern tunnel tube will start from this
portal. The construction contractor will be a consortium formed
by OHL and Viahostav — SK,, a. s.

POVAZSKY CHLMEC TUNNEL

Construction works on the Zilina StraZov — Zilina Brodno sec-
tion of the D3 motorway, a part of which is the Povazsky Chlmec
tunnel (2250m), commenced on 30/06/2014. The work on the
design for the tunnel itself is at the moment at its top. The com-
mencement of the Povazsky Chlmec tunnel excavation is expec-
ted to take place at the end of 2014. The contractor is
a consortium formed by Eurovia a. s., Hochtief a. s. and Stavby
Mostov Slovakia, a.s.

VISNOVE TUNNEL

The construction of the Visnové tunnel (7500m), which is part
of the Lietavskd Licka — Visnové — Dubnd Skala section of the
D1 motorway, commenced on 27/06/2014. The construction con-
tractor is a consortium consisting of SALINI-IMPREGILO
and Duha a. s. The work on the design for the tunnel itself has
started recently. The construction work commencement is expec-
ted in the Spring of 2015.

Ing. MILAN MAJERCIK,
milan.majercik @ndsas.sk, NDS a. s.
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VYROCI / ANNIVERSARIES

75 LET DOC. ING. RICHARDA SNUPARKA, CSc.

75™ ANNIVERSARY OF BIRTH OF DOC. ING. RICHARD SNUPAREK, CSc.

Dne 9. fijna 2014 se doc. Ing. Richard Siu-
péarek, CSc. dozil 75 let. Nam, jeho dlouhole-
tym prdtelam, se této skutec¢nosti nechce véfit,
protoZe jeho Zivotni vitalita, pracovni nasazeni
a dalsi, predevsim sportovni aktivity doklddaji
vek podstatné nizsi.

Doc. Stupdrek po gymnazidlnich studiich
v Ostravé vystudoval obor geologického inZe-
nyrstvi na hornicko-geologické fakulte¢ Vysoké
Skoly banské v Ostravé, kterou ukoncil v roce
1961. Po ukonceni vysokoSkolskych studii
pusobil tfi roky jako geolog v Geologickém pruzkumu ura-
novych dolu v Pifbrami.

V roce 1964 nastoupil do Védecko-vyzkumného uhelného
tistavu v Ostravé-Radvanicich (VVUU), kde postupné zis-
kéaval vedouci posty v oblasti vyzkumu stability podzemnich
dél jako vedouci stfediska geomechaniky. V prdci ve
vyzkumném tustavu se vénoval radé otazek hornické geome-
chaniky a dobyvani loZisek. Jeho nejvetsi zasluha ale patii
rozvoji vyzkumu v oblasti stability a vyztuZze podzemnich
dél, predevsim pak ve vyzkumu, vyvoji a aplikacich svorni-
kové a kotevni vyztuze v dalnich dilech a podzemnich stav-
bach.

Jeho publikaéni Cinnost byla zamérena do Siroké oblasti
hornictvi, ale jeho nejduleZitéjsi prace, jejichz pocet presihl
250, jsou vénovdny problematice svornikové vyztuze, jeji-
mu navrhovani a monitorovani. Pro tyto aplikace zpracoval
fadu vypocetnich metod pro ndvrh svorniku i pro kontrolu
jejich chovéni v podzemnich a dulnich dilech. Vyrazné se
zaslouzil o zpracovdni oborové normy z oblasti kotveni.
Jeho priace byly zaméfeny i do oblasti stability ocelové
vyztuze a jejiho zkouSeni, kde se i jeho zdsluhou, v dobé
jeho plisobeni ve VVUU, tistav dostal mezi predni evropské
i svétova pracovisté v této oblasti.

V roce 1994 presel do nové zalozeného Ustavu geoniky
AV CR v Ostravé, kde nejdiive pusobil jako vedouci stie-
diska geomechaniky, od roku 1998 po dvé funkéni obdobi
jako jeho feditel a od roku 2006 do roku 2010 zde vykona-
val funkci zdstupce reditele.

V dobé svého pusobeni v tomto tstavu se intenzivné
vénoval zejména rozvoji pozndni v oblasti zpeviujicich
a tésnicich injektdzi horninového masivu a pokracoval
i v rozvoji svornikové vyztuze a jejich aplikaci. V pos-
lednich letech se podilel na zpracovdni komplexni metodi-
ky dimenzovani vyztuZe duilnich chodeb v OKR vé&etné vy-
poletnich programu, zahrnujicich vSechny pouZzivané dru-
hy vyztuzi.

V tomto obdobi se rovnéz habilitoval na VSB-TU Ostrava
v oboru geotechnika a stéle pusobi jako Skolitel doktorandu
ve spoluprdci s katedrou geotechniky a podzemniho stavi-
telstvi Stavebni fakulty VSB-TU.

V téchto souvislostech je nutno také zduraznit vyrazny
podil doc. Siiupérka na rozvoji odborné a védecké komuni-
kace mezi banskymi a stavebnimi odborniky pracujicimi
v oblasti geotechniky a podzemniho stavitelstvi. Jeho zaslu-
hou bylo i intenzivnéjsi a sofistikované€jsi zavadeéni svorni-
kové vyztuze a kotev zejména pri rozvoji a aplikacich Nové
rakouské tunelovaci metody na takovych vyznamnych

On 9th October 2014, doc. Ing. Richard §ﬁupérek, CSc.
lived to see seventy five. We, his long-standing friends,
do not wand to believe this fact because his vitality, work
commitment and other activities, in the first place spor-
ting ones, demonstrate a significantly lower age.

After finishing studies at a grammar school in Ostrava,
Doc. Stiupdrek graduated from the Technical University
of Mining in Ostrava, the Faculty of Mining and Geology,
with a degree in geological engineering, in 1961. After
finishing the university studies, he worked for three years
in the position of a geologist with the Geological Survey
of Uranium Mines in Piibram.

In 1964, he entered the Scientific and Research Institution in Ostrava-
Radvanice (the SRIU), where he gradually got leading positions in the
area of the research into the stability of underground workings as a chief
of the Center of Geomechanics. At work, he devoted himself to nume-
rous issues of mining geomechanics and the extraction of deposits.
However, the greatest credit of his belongs to him for the development
of research in the area of stability and support of the excavation of
underground workings, in the first place the research, development and
application of rock bolt and anchor-based support in mines and underg-
round structures.

His publication activities were focused on wide areas of mining, but
the most important pieces of his work, the number of which exceeded
250, are dedicated to the problems of rock bolt support, designing and
monitoring it. He developed a number of calculation methods for the
design of rock bolts and for checking on their behaviour in underground
and mine workings. He significantly contributed to the preparation of a
departmental standard from the field of anchoring. His activities were
focused even on the area of the stability of steel reinforcement and its
testing, where it was also thanks to his work with the SRIU that the insti-
tute got among leading European and world-wide working places.

In 1994, he changed his employer and entered the newly founded
Institute of Geonics AS CR, v. v .i. in Ostrava, where he in the begin-
ning worked in the position of the chief of the centre of geomechanics;
from 1998, he worked for two terms in the position of the director and,
from 2006 to 2010, he performed the function of the deputy director.

During the period of his work at this institute, he intensely dedicated
himself mainly to the development of knowledge in the field of conso-
lidation and sealing grouting into rock mass and continued even in the
development of rock bolt support and its applications in mine galleries
in the Ostrava-Karvind Mining District (the OKMD). In recent years he
participated in the development of the comprehensive methodology of
designing dimensions of the support of mine galleries in the OKMD,
including calculation programs comprising all means of support used.

During this period, he, in addition, habilitated at the VSB - Technical
University of Ostrava from the field of geotechnics; he is still active as
an adviser of doctoral students in collaboration with the Department of
Geotechnics and Underground Construction of the Faculty of Civil
Engineering of the VSB-TU.

In this context, it is in addition necessary to emphasise the significant
contribution of doc. Stiuparek to the development of technical and sci-
entific communication among mining and construction professionals
working in the field of geotechnics and underground construction.
Among his merits also belongs the more intense and more sophisticated
introduction of rock bolt support and anchors, mainly in the develop-
ment and applications of the New Austrian Tunnelling Method to such
important construction projects as Prague metro, the Hrebe¢ tunnel, the

Mrazovka, Klimkovice, Jablunkov and other tunnels.




stavbéch, jako je prazské metro, tunel Hrebe¢, tunel Mra-
zovka, Klimkovice, Jablunkov a dalSich.

Jak uZ jsme uvedli, doc. Stiuparek publikoval vice neZ
250 praci a je autorem 12 patentd, zejména v oblasti svorni-
kové vyztuze. Dlouhodobe je ¢lenem Ceské narodni skupiny
ISRM, ¢lenem hornické spolecnosti CVTS, <¢lenem
ITA-AITES a dlouhodobé téZ ¢lenem redakéni rady Casopi-
su Tunel. Doc. Stiupédrek se rovnéZ podilel vyznamnou
mérou na pripravé a fizeni tuneldrskych konferenci PS Praha
2010 a 2013 a WTC 2007.

Jeho odbornd i védecka aktivita rovnéz souvisi s dlou-
hodobym sportovanim, kde se velmi aktivné vénuje prede-
v§im tenisu a lyZovéni. Doc. Sfiuparek mél vzdy velmi prd-
telsky vztah ke svym spolupracovnikim a pfdtelum, nikdy
neodmitl pomoc pfi feSeni odbornych i osobnich zalezitosti
svych kolegu, spolupracovniki a prétel. Svou odbornou
a védeckou Cinnosti se zaradil mezi predni ¢esko-slovenské
odborniky v oblasti geomechaniky a stdle udrzuje aktivni
mezindrodni styk s fadou svétové uzndvanych odborniku
v Polsku, Rusku, Velké Britdnii, Némecku, Indii a v dalSich
hornicky vyspélych stitech. Jeho nespornou zasluhou je
i rozvoj Ustavu geoniky AV CR a vytvoreni §pi¢kového pra-
covi§té z tohoto tstavu. Do dal3ich let prejeme doc. Stu-
parkovi predev§im pevné zdravi, eldn, dspéchy ve sportu
a dal3f dspéchy v jeho vyzkumné préci.

prof. Ing. JOSEF ALDORF, DrSc.
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As we have already mentioned, doc. Siiupérek published over 250
papers; he is the author of 12 patents, mainly in the field of rock bolt sup-
port. He is a long-standing member of the Czech national group of the
ISRM, a member of the Mining Society of the CVTS (the Czech
Association of Scientific and Technical Societies), a member of the ITA-
AITES and a long-standing member of the editorial board of TUNEL
journal. Doc. Stupirek in addition significantly participated in the pre-
paration and management of tunnel conferences Underground
Construction Prague 2010 and 2013 and the WTC 2007.

His professional and scientific activities are also connected with long-
term sports, where he very actively dedicates himself mainly to tennis
and skiing. Doc. Stiupérek has always had very friendly relationships
with colleagues and friends. He has never refused help in solving pro-
fessional of personal problems of his colleagues, co-workers and friends.
Through his professional and scientific activities he has ranked himself
among outstanding Czech-Slovak experts in the field of geomechanics
and continually maintains active international relations with many
world-renowned experts in Poland, Russia, Great Britain, Germany,
India and other states with advanced mining industries. Among his
undisputable merits, there is in addition the development of the Institute
of Geonics AS CR, v. v. i. and the creation of a top workplace from this
institute. We wish doc. Stiuparek good health, vitality, success in sports
and other success in his scientific work in the years to come.

prof. Ing. JOSEF ALDORF, DrSc.

Ing. JIRI HUDEK, CSc. — DOVRSENI TRI CTVRTIN STOLETI
Ing. JIRI HUDEK, CSc. -~ TOPPING OFF THREE QUARTERS OF A CENTURY

V casopisu Tunel 4/2009 bylo jiz pred 5 lety
pripomenuto 70 let Ing. Jifiho Hudka a tedy neni
treba jeho profesni Zivot zde zcela rekapitulovat.
Proto bude moznd zajimavejsi se zamefrit na jeho
hlavni prinos pro tuneldfskou geotechniku. Tou
je bezesporu celozivotni prace na zjiStovani geo-
mechanickych charakteristik horninového pro-
stiedi a jejich celkové zhodnoceni s interpretaci
pro predani prislusnému projektantovi konstruk-
ce — statikovi. Toto je mnohdy tloha regiondlni,
zdvisld na pravé pripravovanych stavbéch.
Jubilantovi se naskytla od konce 60. let 20. stol. moZnost
takové zaddni dlouhodobé fesit predev§im pro tizemi hlavni-
ho mésta Prahy, kde v téchto letech nastal po deli pauze
silny rozvoj vystavby podzemnich staveb, od tuneld metra
pres Zelezni¢ni a silni¢ni tunely po kolektory.

Jifi Hudek mad tento rok jeste€ jedno jubileum — 50 let nepre-
trzitého pracovniho poméru ve firmé PUDIS (resp. s diive
uZivanym celym ndzvem Projektovy dustav dopravnich
a inzenyrskych staveb — PUDIS). Byl totiZ v z4fi 1964 pfijat
do tehdy jesté malého stiediska geologického prizkumu PPU
(Prazského projektového tstavu), ze kterého byl PUDIS
v dubnu 1966 delimitovdn pro ucely projektovani prazské
podzemni tramvaje. V souvislosti s touto velkou tunelovou
stavbou, kterd se od roku 1967 koncepéné zmeénila na praz-
ské metro, se J. Hudek vénoval predevs§im oboru mechanika
skalnich hornin. Ve stredisku inZenyrskogeologického pru-
zkumu se v roce 1968 stal prvnim vedoucim nove ustanove-
ného oddéleni geotechniky, které se rychle po strance pri-
strojové a persondlni rozvijelo.

Pri piipraveé a realizaci prazskych dopravnich tuneltd byl
jubilant nejprve v letech 1967-1977 vedoucim zpracovatelem

The 70th anniversary of Ing. Jifi Hudek’s birth was
remembered in TUNEL journal already 5 years ago, in the
issue No. 4/20009. It is therefore unnecessary to complete-
ly recapitulate his professional life. For that reason it may
be more interesting to focus on his main contribution to
the tunnelling geotechnics. It undoubtedly lies in the life-
time work on determining geomechanical characteristics
of rock environment and their overall assessing, with the
interpretation to be handed over to the respective designer
— a structural engineer. This is frequently a regional task
depending on construction projects being under preparati-
on at the moment. From the end of the 1960s the jubilarian got an
opportunity to solve such a long-term task, first and foremost for the
area of the City of Prague, where, after a longer break, strong develop-
ment came in the field of underground construction, from metro tunne-
Is through railway and road tunnels up to utility tunnels.

This year, Jifi Hudek will even celebrate another anniversary — 50
years of uninterrupted employment in PUDIS (or formerly the
Designing Institute for Transport-related and Civil Engineering
Structures - PUDIS). The reason is that he was employed from
September 1964 in a small centre of geological survey of the PPU (the
Prague Designing Institute), from which PUDIS was delimited in April
1966 for the purpose of designing the Prague LRT line. In the context
of this large tunnelling project, the conception of which was changed to
the Prague metro in 1967, J. Hudek devoted himself mainly to the field
of rock mechanics. In 1968, he became the first chief of the newly
established department of geotechnics of the centre of engineering geo-
logical survey. The department rapidly developed as far as the instru-
mentation and personnel were concerned.

During the preparation and realisation of Prague transport-related
tunnels, the jubilarian worked first from 1967 through to 1977 in the
position of the chief processor of geotechnical parts of surveys for the
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geotechnickych ¢dsti prizkuma pro prvni provozni tseky tras
metra ,,C*“, ,,A“ a ,,B“. Nasledné v 80. letech minulého stole-
ti se vyrazné podilel na rozsédhlych pruzkumnych &innostech
pro vystavbu Strahovského automobilového tunelu a také
dostavby III. Vinohradského Zelezni¢niho tunelu. V 90. letech
to byl zase prazsky silniéni tunel Mrdzovka, na kterém ridil
vSechny etapy geotechnickych ¢dsti pruzkumu. Ndsledné od
zacatku nového tisicileti spolupracoval na terénnich geotech-
nickych zkouskdch v rdmci pruzkumu a monitoringu pro
tunelovy komplex Blanka a také pro tunel Lochkov na silnic-
nim okruhu kolem Prahy. Z Zelezni¢nich tunelt lze zminit
i realizaci presiometrickych zkouSek pro Nové spojeni —
Tunely Vitkov. V dobé soucasné se jubilant Gcastni jiz aktu-
dlné zahdjeného inZenyrskogeologického pruzkumu pro
Radlickou radiédlu, predev§im v rdmci realizace prizkumné
Stoly pro tunely Radlice.

V dobé zaldtku geotechnickych pruzkumu pro vyse popsa-
nou sérii dopravnich tunelt v Praze (rok 1967) byla mechani-
ka hornin je$té velmi mladym oborem. Proto metodika zkou-
Seni se zde teprve vyvijela a pristrojové vybaveni mélo pre-
vazné prototypovy charakter. Jifi Hudek v té dobé navdzal na
své driivejsi vysokoskolské kontakty — u terénnich zkousek to
byla predevsim katedra geotechniky VUT Brno vedena jiz ten-
krat svétové uzndvanym odbornikem na mechaniku hornin
prof. Ing. Dr. V. Menclem, DrSc. S timto pracovistém Jif{
Hudek spolupracoval pri provadéni terénnich zkouSek na hor-
ninovych blocich (napf. triaxidlni zkousky in-situ). Prislu§né
prace za toto pracovisté v Praze fidili doc. Ing. I. Kamenicek,
CSc. a prof. Ing. I. Travnicek, CSc.

Po zahrnuti vysledku terénnich zkouSek i z dalich praz-
skych staveb Jifi Hudek od této doby dlouhodobé dopliuje
a vyhodnocuje ucelenou databdzi gemechanickych vlastnosti
horninového masivu ,,prazské geologie. Zakladem je vysoky
pocet terénnich zkouSek z prizkumnych $tol &i Sachet — napfi-
klad cca 2 tisice zatézovacich zkouSek deskou, 300 terénnich
smykovych zkouSek a 4000 presiometrickych zkousek ve
vrtech provedenych od 60. let minulého stoleti firmou PUDIS.
Ziskané vysledky doplnil J. Hudek i o dostupné zkousky
ci zkousky, rizené Akademikem prof. Ing. Dr. Q. Zarubou,
nebo prukopnické terénni smykové zkousky z roku 1964 od
Ing. M. Bukovanského (Stavebni geologie Praha), provadéné
v rdmci prizkumu pro Zelezni¢ni tunel pod Bilou skédlou
v Libni. Ze stejného pracoviste radu zkousek v prazské oblas-
ti pozdeji fidili napriklad doc. Ing. K. Drozd, CSc., doc.
Ing. A. Rozsypal, CSc. a Ing. J. Libal.

J. Hudek celkovy soubor vysledku geotechnickych zkousek
v Praze komplexné zpracovdval, prubézné doplioval
a interpretoval. Za zminku urcité stoji sestavovani mistnich
geotechnickych charakteristik pro podrobné inZenyrskogeolo-
gické mapy Prahy (v méfitku 1:5000). Pro zndmou odbornou
publikaci ,,Praha a inZenyrskd geologie*, vydanou PUDIS
v roce 1979 k vyroci osmdesatych narozenin Akademika Q.
Zaruby, sestavil J. Hudek dnes jiZ ,.klasicky* uceleny prehled
mistnich geotechnickych charakteristik v Praze.

Své zkuSenosti se Jifi Hudek také pokusil zobecnit a in-
terpretovat pro vSechny druhy hornin — predevs$im v zdvislosti
na pevnosti zdkladniho materidlu, systému diskontinuit
(zejména rozpukdni) a typu pretvdreni a poruSovani hornin.
Napriklad v roce 1987 spole¢né s doc. Ing. K. Drozdem, CSc.
publikovali na 6. svétovém kongresu mezindrodni spole¢nosti
pro mechaniku hornin (ISRM) v kanadském Montrealu me-
todiku sestaveni prehledu pretvarnych charakteristik. Tato
byla ve stejném roce také prevzata do nasi CSN 73 1001

first operational sections of metro lines ,,C“, ,A*“ and ,B*.
Subsequently, in the 1980s, he significantly participated in extensive
survey activities for the construction of the Strahov Automobile Tunnel
and, in addition, the completion of the Vinohrady railway tunnel No. 3.
In the 1990s, it was the Mrdzovka road tunnel in Prague where he was
in charge of all stages of the geotechnical parts of the survey.
Subsequently, from the beginning of the new millennium, he collabo-
rated on field geotechnical tests within the framework of the survey and
monitoring for the Blanka complex of tunnels and for the Lochkov tun-
nel located on the Prague City Ring Road. Regarding railway tunnels,
it is possible to mention the realisation of pressuremeter tests for the
New Link project — the Vitkov tunnels. Currently the jubilarian is par-
ticipating in the recently started engineering geological survey for the
Radlice Radial Road, mainly within the framework of the realisation of
an exploratory gallery for the Radlice tunnels.

At the time of starting geotechnical investigations for the above-men-
tioned series of transport-related tunnels in Prague (1967), rock mecha-
nics was still a very young discipline. The methodology of testing was
therefore in the stage of developing in the Czech Republic and the
instrumentation had mostly the character of prototypes. At that time Jif{
Hudek built on his previous university contacts — regarding field testing
he contacted first and foremost the Department of Geotechnics of the
Brno University of Technology, which was led by Prof. Ing. Dr.
V. Mencl, DrSc., a worldwide renowned expert in rock mechanics. Jifi
Hudek collaborated with this workplace during the execution of field
tests of rock blocks (e.g. in-situ triaxial tests). The respective work of
this workplace was managed in Prague by doc. Ing. I. Kamenicek, CSc.
and Prof. Ing. I. Travnicek, CSc.

Since the incorporation of the results of field tests even from other
Prague construction sites, Jifi Hudek has been complementing and
assessing in the long term a comprehensive database of geomechanical
properties of the rock massif forming the “Prague geology”. It is based
on a high number of field tests conducted in exploratory galleries or
shafts — for example approximately 2 thousand plate loading tests, 300
field shear tests and 4000 pressuremeter tests in boreholes which have
been carried out by PUDIS since the 1960s. The results obtained in this
way were complemented by Jifi Hudek by adding tests available in
other organisations. The oldest of them (provided already in 1928) were
results of loading tests managed by Academician Prof. Ing. Dr. Q.
Zaruba, or pioneering field shear tests from 1964 gathered by Ing. M.
Bukovansky (Stavebni Geologie Praha), which were conducted within
the framework of the survey for the Pod Bilou Skdlou railway tunnel in
the Prague district of Liben. Numerous tests conducted in the Prague
area by the same workplace were later managed, for example, by
doc. Ing. K. Drozd, CSc., doc. Ing. A. Rozsypal, CSc. and Ing. J. Libal.

J. Hudek comprehensively processed, continuously complemented
and interpreted the whole package of results of geotechnical tests in
Prague. The compilation of local geotechnical characteristics for detai-
led engineering geological maps of Prague (at a scale of 1:5000) is cer-
tainly worth mentioning. J. Hudek compiled the, today already “classi-
cal”, comprehensive overview of local geotechnical characteristics in
Prague, which was required for the well-known technical publication
“Prague and Engineering Geology”, which was published by PUDIS
in 1979 on the occasion of the eightieth anniversary of Academician Q.
Zaruba’s birth.

Jifi Hudek in addition tried to generalise his experience and interpret
it for all types of rock — first and foremost depending on the strength of
the constituent material, the system of discontinuities (in particular the
jointing) and the type of deformation and disturbance of rock. For exam-
ple, he, together with doc. Ing. K. Drozd, CSc., published a methodology
of compiling an overview of deformational characteristics at the 6th
world congress of the International Society for Rock Mechanics (the
ISRM) in Montreal, Canada, in 1987. This methodology was borrowed
into Czech CSN Standard 73 1001 “Subsoil under shallow foundations”




., Zdkladovd puda pod ploSnymi zdklady “. T dnes je Jifi Hudek
zapojen do normotvorné ¢innosti v oblasti terénnich geotech-
nickych zkouSek.

J. Hudek se samoziejmé podilel na geotechnickych pruzku-
mech pro ndroéné podzemni stavby (v&etné hlubinnych dolt)
i mimo Prahu, a to v riznych ¢éstech nasi republiky. Jeho pro-
fesni Cinnost se neomezovala jen na naSi zemi, ale pusobil
i v zahrani&{ (napriklad na za&dtku 90. let se ucastnil pruzku-
mu pro tunely v rakouském Semmeringu, ¢i o néco dfive pru-
zkumu pro podzemni vyruby u piehrad v alzirském Atlasu).

K ¢innosti Jiftho Hudka se vaZe vice nez 100 prispévku do
sbornikt technickych konferenci a publikovanych &lanku
v odbornych &asopisech. Je aktivnim prispévatelem asopisu
TUNEL a v prvé poloviné devadesatych let byl také Clenem
jeho redak¢nf rady.

Jirko, za vSechny Tvé spolupracovniky si preji, at’ i v té
nésledujici étvrting stoleti jsi pordd takovy, jakého T¢€ zndme —
odbornik s grécii a noblesou, smyslem pro humor i nadhledem.
Prejeme Ti pevné zdravi, §tésti a mnoho radosti do dalSich let.

RNDr. RADOVAN CHMELAR, Ph.D.
¢len redakcni rady

SUBTERRA SLAVI 50 LET

SUBTERRA CELEBRATING 50-YEAR ANNIVERSARY

The first blast for the excavation of the Zelivka aqueduct
tunnel in September 1964 was the moment at which the histo-
ry of one of the oldest construction companies not only in the
independent Czech Republic but also in former Czecho-
slovakia began to be written. During the previous 50 years,
Subterra passed through many phases of conversion — from an
independent department of Uranové Doly Prfibram (the
Uranium Mines of Piibram) through the Zelivka branch plant,
the Podzemni InZenyrské Stavby (Underground Civil Engi-
neering Construction) state-owned enterprise, the Vystavba
dolt uranového prumyslu (Development of Uranium Mines)
concern enterprise, the state-owned enterprise Subterra up to
the current Subterra a.s., joint stock company.

The company engaging in purely underground construction
projects over time developed into a company with a diver-
sified production programme both at home and abroad.
Through its four divisions it currently offers the realisation of
construction projects covering underground, transport-related,
hydraulic, ecological, industrial, community and residential
structures and even building services and supplies of techno-
logical equipment within the framework of large equipment
complexes.

Prvnim odpalem na razbé §tolového privadéée Zelivka v z4fi
1964 se zacala psdt historie jedné z nejstarSich stavebnich spo-
leCnosti jak v samostatné Ceské republice, tak i v byvalém
Ceskoslovensku. Za uplynulych 50 let Subterra pro§la mnoha
fdzemi premény — od samostatného ttvaru Uranovych dolu
Piibram pres od§tépny zdvod Zelivka, narodni podnik Pod-
zemni inZenyrské stavby, koncernovy podnik Vystavba dola
uranového prumyslu, stdtni podnik Subterra aZ na dne§n{ akci-
ovou spolecnost Subterra a.s.

Z podniku, ktery se zprvu zabyval ryze podzemnimi projek-
ty, se postupem Casu vyvinula spolecnost s diverzifikovanym
vyrobnim programem jak doma, tak v zahrani¢i. V soucasnosti
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in the same year. Jifi Hudek is engaged in standard setting activities in
the area of field geotechnical testing.

Naturally, J. Hudek participated in geotechnical investigations for
complex underground construction projects (including underground
mines) even outside Prague, in various parts of our republic. His pro-
fessional activities were not restricted only to our country. He was acti-
ve even abroad (for example, he participated in surveys for Austrian
tunnels at Semmering at the beginning of the 1990s or, slightly earlier,
surveys for underground excavation for dams in the Atlas mountain
range, Algeria).

Jifi Hudek’s activities are associated with over 100 papers published
in technical conference proceedings and papers published in technical
journals. He has been an active contributor to TUNEL journal and was
a member of its editorial board in the first half of the 1990s.

Jirf, I wish you on behalf of all your collaborators to remain the same
as we know you — a professional with grace and noblesse, sense of
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nabizi prostfednictvim svych ¢tyf divizi realizaci staveb pod-
zemnich, dopravnich, vodohospodarskych, ekologickych, pru-
myslovych, obCanskych, bytovych, rovnéz i technické zafize-
ni budov a doddvky technologif v rdmci velkych technologic-
kych celku.

PRVNI TRI DESETILET(

Podzemni stavitelstvi v civilnim méfitku bylo v Ceskoslo-
vensku po roce 1945 aZz do roku 1964 mdlo vyznamné. Pro
investi¢ni ¢innosti v banském priamyslu sice byly pro tehdej-
§i téZebni organizace, zabyvajici se t€Zbou uhli a uranu, zfi-
zovany od konce 50. let samostatné vystavbové podniky, ale
s razbou tuneld nemély stavebni podniky v té€ dobé Zddné zku-
Senosti. Tyto podniky provddély jak potiebné dalné-stavebni
préace pod zemi, tak i pruimyslové stavby na povrchu. Pro ura-
novy prumysl to byl napiiklad pravé podnik Vystavba dola
uranového prumyslu, dne$ni Subterra.

S planovanym vyraZenim padesatikilometrového privadéce
pitné vody z Zelivky do Prahy proto vyvstala otdzka, kdo vy-
stavbu tohoto ndro¢ného dila zajisti. K jeho realizaci se nako-
nec zavazaly Uranové doly Pribram. Za timto d¢elem vznikl
oditépny zdvod Zelivka, ze kterého se postupem Zasu stala
soucasnd spolecnost Subterra. Cesta k soucasné akciové spo-
le¢nosti vSak byla dlouhd a mnohdy i trnit4.

V prubéhu vystavby Zelivského pfivadéce se z odst€pného
zavodu stal oborovy podnik Podzemni inZenyrské stavby.
Realizoval vyhradné zakazky, které nespadaly do oboru ura-
nového prumyslu, vyjimku tvofily vlastni investice bytového
a socidlniho charakteru. Podnik postupem ¢asu rozsitil svou
¢innost prakticky do vSech oblasti tykajicich se podzemnich
staveb.

Dal$im historickym milnikem byl rok 1976, kdy doslo
k transformaci oborového podniku na koncernovy podnik
Vystavba dola uranového prumyslu (VDUP). Stalo se tak
v obdobi posledniho rozmachu Ceskoslovenského uranového
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prumyslu. Dosavadni zkuSenosti v§ech pracovniku s realizaci
podzemnich staveb v ndro¢nych podminkdch matefsky kon-
cern vyuzil a béhem dalSich let se podnik preorientoval i na
hloubeni novych pruzkumnych jam pro nédslednou téZbu uranu
— napriklad jamy Milasin (530 m) a Nova Velnice (690 m),
jamy J6 a J7 na Hamru (kazd4 cca 300 m) nebo jama Vitkov
v zdpadnich Cechdch. V dobé svého nejvétsiho persondlniho
rozvoje podnik zaméstndval vice nez 3000 zaméstnancu puso-
bicich zhruba na 140 stavbich v sedmi krajich.

V roce 1988 bylo postaveni Ceskoslovenského uranového
prumyslu zménéno z koncernu na stdtni podnik. Na scéné se
v roce 1990 poprvé objevil ndzev Subterra, tehdy jesté jako
statni podnik.

Postupny utlum téZby a Upravy uranu a vyvoj situace na sta-
vebnim trhu na zacdtku 90. let minulého stoleti si vynutil
zna¢nou diverzifikaci vyrobniho programu spolecnosti.
Subterra zalala postupné rozSifovat své aktivity do vSech
oblastni podzemniho i pozemniho stavitelstvi. Diky tomu,
a zejména v souvislosti s prvni vlnou privatizace, doslo v roce
1992 ke vzniku akciové spolecnosti Subterra.

STAVBY, KTERE SE ZAPSALY DO HISTORIE

Zasobovani pitnou vodou
Vodovodni piivadéc Zelivka

Prvni odpal na pokusné 3tole u Stépanovského potoka v zaii
roku 1964 zahdjil vystavbu vodovodniho privadéce pitné
vody pro Prahu a sou¢asné tim nastartoval do té doby stagnu-
jici obor podzemniho za stavitelstvi (obr. 1). Toto dilo bylo
budovédno v letech 1964-1972 a a jeho soucdsti je hydrotech-
nicky komplex, jehoz hlavnim objektem je prehradni nddrz
Zelivka u Svihova a vodarensky komplex, ktery tvorii Stolovy
privadéc pitné vody vedeny z tipravny vody u Soutic do vodo-
jemu u Jesenice pobliZz Prahy. Délka pfivadéCe s proménnym
nadlozim od 7 do 176 m je necelych 52 km o svétlém profilu
2,6 m, osténi je z monolitického betonu. Pfivadé¢ o celkovém
vyrubu cca 500 000 m3 byl budovén hornickym zpisobem
a pri jeho razbé bylo spotfebovdno okolo jednoho milionu
kilogramt trhaviny typu Perunit a vice neZ jeden milion
rozbusek.

RaZba S$toly byla obtizna nejen pro horniky provadéjici jeji
razbu, ale byla také dokonalou provérkou kvality zemémeéricu
a geologu, kteff museli vyfeSit nepredvidané potiZze s geolo-
gickymi anomadliemi. Pamétnici poukazuji na fakt, Ze pfi této
délce privadéce musel byt pri vypoétech bran v dvahu i vliv
zakulaceni zemé.

Stolovy privadée pitné vody ze Zelivky do Prahy je dodnes
unikatem hodnym obdivu a svym maximalnim vykonem témer
7 000 I/s se radi i k nejvétsim v Evropé.

Dalsi vodarenské projekty

Na zékladé pozitivnich zkuSenosti z prubéhu vystavby pfi-
vadée Zelivka se zalaly pfipravovat a realizovat na celém
uzemi republiky dalSi projekty.

Subterra byla od svého vzniku do té doby téméf vyhradnim
dodavatelem podzemnich objektu, které byly souddsti vétSiny
velkych vodohospoddrskych staveb. Mezi nejvyznamnéjsi
dila, na kterych se Subterra vedle vystavby §tolového privadé-
e Zelivka podilela &asto i s nasazenim plnoprofilovych razi-
cich stroju, se zejména fadi:

Oblastni vodovod Prisecnice (1970-1976) — vodovodni tla-
kova Stola pro zasobovani pitnou vodou meésta Chomutova
a jeho okoli. Do historie spolecnosti se tato stavba zapsala prv-
nim nasazenim plnoprofilového raziciho stroje v tuzemsku.

Obr. 1 Prvni odpal na vodovodnim privadéci z Zelivky do Prahy (zdFi 1964)
Fig. 1 The first blast for the excavation of the aqueduct tunnel from the Zelivka
to Prague (September 1964)

Vodni dilo Rimov (1971-1978) — bylo vybudovano na fece
Malsi jizné od Ceskych Budéjovic a zdsobuje pitnou vodou
velkou &ast jiznich Cech.

Vodni dilo Stanovice (1972—1978) — krom¢ ochrany mésta
Karlovy Vary pred povodnémi je hlavnim dcelem tohoto dila,
realizovaného na Lomnickém potoce, predev§im zdsobovani
Karlovarského kraje pitnou vodou.

Vodni dilo Josefiv Dul (1976-1984) — timto voddrenskym
komplexem na fece Kamenici je zajiStovana doddavka pitné
vody do vodovodni sité Liberecka a Jablonecka.

Slezskd Harta (1987—-1997) — vystavba tidolni nddrZe na fece
Moravici u obce Slezskd Harta byla realizovdna na zdkladé
uvah o nutnosti posilit niZe leZici vodni nddrz Kruzberk.
Postupem casu byla nddrZ vyuZita pro voddrenské tucely a ke
zlepSen{ prutoka na Moravici, Opavé i Odrfe.

Virsky oblastni vodovod (1988—2000) — tento oblastni vodo-
vod byl realizovan za téelem feSit problém se zdsobovanim
pitnou vodou pro obyvatele skoro 150 obci situovanych na
tizemich byvalych okresti Zdir nad Sézavou, Brno-venkov
a samotného mésta Brna z ddolni nadrze Vir.

Podzemni objekty na téchto stavbach mély spoleény liniovy
charakter, vét§inou kruhovy pri¢ny profil 2,1-3,5 m
s betonovym osténim. Slo bud o tlakové $toly, nebo toly pro
poklddku vodovodniho potrubi. Pocinaje tlakovou Stolou na
Prise¢nici, kde byl poprvé u nds nasazen plnoprofilovy razici
stroj, vyrazila Subterra s témito stroji skoro 40 km vodovod-
nich Stol.

PieCerpavaci vodni elektrarna Dlouhé strané (PVE)

V poloviné roku 1978 byla zahdjena v Jesenikach vystavba
preerpdvaci vodni elektrarny Dlouhé strané, jednoho
z nejdalezitéjiich energetickych dél v tehdejiim Ceskosloven-
sku, které se v historii spole¢nosti Subterra radi jednozna¢né
mezi nejvyznamnéjsi dila, na jejichZ vystavbé se rozhodujicim
zpusobem podilela.

Hlavnim dkolem PVE je zabezpeceni stability energetické
soustavy, kterou je vytvoreni nezbytné rovnovdhy mezi aktu-
alni spotfebou elektrické energie a vykonem doddvanym ener-
getickymi zdroji. Elektrdrna s dvéma Francisovymi turbinami
(kazda o vykonu 325 MW), je umisténa v podzemni kaverné
a ke své funkci vyuZiva pulkilometrového vyskového rozdilu
mezi spodni nddrzi na Divoké Desné a horni nadrzi vybudo-
vané na vrcholu hory Mravenecnik ve vySce 1350 m n. m.
S horni nadrzi je elektrarna propojena dvéma potrubnimi pri-
vadéci délky 1,5 km o praméru 3,6 m, s dolni nddrZzi dvéma

tunely o pruméru 5,2 m délky 350 a 390 m.




Obr. 2 Prelerpdvaci vodni elektrdrna Dlouhé strané (1978-1996)
Fig. 2 Dlouhé Strdné pumped storage scheme (1978-1996)

Subterra se na vystavbé PVE podilela realizaci celé jeji pod-
zemni Cdsti tvorené 35 objekty. Klasickou razbou s vyuzitim
bezkolejové mechanizace byly vytvoreny kaverna pro elekt-
rdrnu o rozmérech 87x25x50 m, kaverna pro trafostanici veli-
kosti 117x16x21 m a Stoly a tunely v celkové délce 8,5 km.

S vystavbou elektrarny bylo zapocato v kvétnu roku 1978
a dilo bylo uvedeno do provozu v prosinci roku 1996.
Zajimavosti je, Ze PVE Dlouhé strané zvitézila pred nékolika
lety v internetové soutdZi o nejvétsi technicky div Ceské
republiky (obr. 2).

Kabelové tunely v Praze

Jednd se o prvni energetické stavby v podzemi Prahy. Na
pocatku sedmdesatych let minulého stoleti bylo nutno zacit
fesit v Praze posileni a zdlohovdni rozvodu vysokého napéti
110 kV a 22 kV, zejména v souvislosti se zahdjenim vystavby
prazského metra. Tradi¢ni zpusob ukldadéni vysokonapétovych
kabelu do tvarnicovych tras nardZel na neprekonatelné prekéz-
ky v podobé stavajici infrastruktury. Resenim této sloZité situ-
ace se stala vystavba kabelovych tunelu, u jejichz zrodu stdla
opét Subterra. Realizace téchto kabelovych tunelt probihala
v obdobi 1972-1985 a vytvorila v centru mésta sit, jejiz celko-
va délka dosdhla skoro 15 km. Jednalo se o KT- stfed v¢. pro-
dlouzeni (Rajskd zahrada a Vaclavské nam.), KT — jih (Boh-
dalec — Rajska zahrada), KT — HoleSovice (Cimice — rozvodna
HoleSovice) a KT — Prazacka (Rajska zahrada — Prazacka).

Razba probihala bud konvenéni metodou s pouZitim trhavin,
nebo plnoprofilovymi razicimi stroji. Definitivni profil kabelo-
vych tuneli byl tvofen monolitickou betonovou obezdivkou
kruhového tvaru o pruméru 2,16-2,64 metru. Pfirozenym tech-
nologickym vyvojem zde doslo k prvnim aplikacim hydroizo-
lace Sachet a tunelu pomoci f6lif & k pouziti antikoroznf
ochrany ocelové vystroje tryskanou metalizaci.

V néasledujicich obdobich se vSak samostatné kabelové trasy
volily jiZ jen vyjime¢né a s rozvojem vystavby kolektoru se
prikro¢ilo se k ukladdni VN kabelu 22 kV do téchto modernich
sdruzenych tras.

Kolektory

Velky rozmach pfi rekonstrukcich objektu, jejich prestav-
bach a modernizacich v centrech velkych mést od polovi-
ny osmdesdtych let minulého stoleti s sebou prindsel i velky
ndrust spotreby vSech médii. V té souvislosti bylo proto nutné
feSit tuto novou situaci tak, aby byl pfi posilovdni a re-
konstrukcich siti co nejméné narusen chod mésta na povrchu.
Jako nejlepSim feSenim se tehdy zvolila cesta vystavby
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podzemnich kolektora v centrdlnich dstech velkych mést.
Vétsina kolektoru byla razena pomoci Nové rakouské tunelo-
vaci metody (NRTM). Spole¢nost Subterra u toho byla od
samého zacdtku a od té doby se velmi vyznamné podili na
vystavbé téchto podzemnich kolektora v Praze, Brné, Ostrave.

Prazské kolektory

Sit’ podzemnich kolektoru v centru Prahy se zadala stavét
v prvni poloviné osmdesétych let minulého stoleti. Vystavbou
byl tehdy povéren Magistrdtem hl. mésta Prahy podnik
Vystavba doli uranového primyslu Praha, dneSni Subterra.
Celkové délka kolektorti vybudovanych v centru Prahy dosa-
huje necelych Sestndcti kilometra a spole¢nost Subterra na této
vystavbé podili vice nez 90 %. Jednd se kolektory:

Kolektor Centrum I (1985-2002) — jediny hlubinny patefni
kolektor II. kategorie, ktery privadi do dané lokality v centru
naSeho hlavniho mésta média s vétsi kapacitou. Kolektor
o profilu necelych 13 m2 probiha zhruba 30 m pod povrchem
a jeho celkova délka je necelé 4 km. Jako jediny kolektor
v centru Prahy byl razen pomoci razicich stroju s frézou na
vylozniku Eickhoff a Alpine.

Kolektor Krdlovskd cesta Celetnd (1986—1988) — kolektor
II1. kategorie byl budovén v soubéhu s rekonstrukci Kralovské
cesty. Celkova délka kolektoru je cca 700 m.

Kolektor Tylovo divadlo (1988—1991) — vystavba tohoto
kolektoru bezprostfedné navazovala na kolektor v Celetné
ulici v okoli Tylova divadla. Jedn4 se o kolektory II. i III. kate-
gorie a jejich celkova délka je cca 700 m.

Kolektor Rudolfinum (1990-1992) — kolektor III. kategorie,
jehoz jeden kilometr dlouha trasa vede v okoli Rudolfina pod
namestim Jana Palacha.

Kolektor Centrum I. A (1994-1998) — kolektor III. kategorie
je veden pod ulicemi Panské, Politickych véznu a Jindfi$skd
v hloubce 10-12 m pod povrchem. Celkova délka kolektoru je
2,3 km a pro razbu pod ulici Panska zde byl pouzit noZovy §tit
Alpine Wesfalia (obr. 3).

Kolektor Prikopy (1997-2000) — kolektor III. kategorie pro-
bihd pod ulicemi Prikopy, Senovdzna a v okoli Obecniho
domu. Celkova délka kolektoru je 1,9 km.

Kolektor Vodickova (2003-2007) — kolektor III. kategorie
zalind napojenim na stavajici kolektor CI.A na rohu Jindrisské
ulice a Vaclavského ndmésti a pod ulici Vodi¢kova vede az na
Karlovo namésti, jeho celkova délka je 1,4 km.

Kolektory Viclavské ndamesti ,,A*“, ,B“ a ,,C*“ (2003-2009)
— jednd se o vystavbu a rekonstrukci kolektoru ve spodnfi &4sti
Viclavského namésti v celkové délce cca 1,5km.

Brnénské kolektory

S vystavbou podzemnich kolektora v Brné zapodala
Subterra v poloviné sedmdesdtych let, zejména v souvislosti
s opravami starych siti &i v rdmci projekta EU.

Kolektory II. kategorie — trasy téchto kolektora, budovanych
spolec¢nosti Subterra v rozmezi let 1976-1994, obepinaji svym
jednim okruhem historické jadro mésta, druhy okruh je veden
v okoli prumyslové zény. V soucasné dobé je v provozu kolem
7 km tras vedenych v hloubce 20 a7 30 metri pod povrchem,
Pri¢ny profil kolektoru dosahuje az 20 m2.

Kolektory IlI. kategorie — v téchto kolektorech vybudova-
nych v letech 1995-2000 je na rozdil od prazskych kolektort
vedena i kanalizace. Kolektory jsou umistény v menSich
hloubkdch do 6 m a odbocuji z nich jednotlivé domovni pri-
pojky pro napojeni siti véetné kanalizace. Razeny profil téch-
to kolektoru je cca 10 m2. Délka téchto sekundérnich kolekto-
ru je téméf 6 km. V rdmci projektu ISPA doSlo v letech
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2003-2005 k rozsiteni stavajicich brnénskych sekundarnich
kolektora vystavbou 1,7 km dlouhého kolektoru, ktery jiz
zasahuje do historického centra mésta Brna.

Ostravské kolektory

Ostravskou sit’ kolektora zacala Subterra budovat od konce
devadesatych let minulého stoleti. A stejné jako v Praze
a Brné, i zde byla potieba vystavby kolektorti v centru mésta
vyvoldna stéle se zhorSujici situaci ve stavu podzemnich inZe-
nyrskych siti.

Kolektor Podébradova (1997—-1999) — prvni ostravsky
kolektor III. kategorie zasahuje do historické &dsti mésta
a jeho délka je téméf 800 m. Kolektor raZeny v hloubce
8-10 m pod povrchem dosahuje profilu o svétlém prufezu
7,7 m2.

Kolektor Centrum (2003-2005) - predstavuje mestsky
kolektor III. kategorie v samotném centru Ostravy a navazuje
na existujici kolektor Podébradova. Vystavba kolektoru, ktery
dosahuje délky 1,7 km a je v ném uloZeno i kanaliza&ni potrubi,
spadala do projektu ISPA. Jeho hlavnim cilem bylo rozsifeni
kanaliza¢niho systému mésta Ostravy. Vedle vystavby tohoto
kolektoru realizovala Subterra rovnéz kompletaci kanalizac-
nich sbéradu. Za zminku stoji razba kanalizaéniho sbéraée F ve
Staré B¢Elé, kde Subterra uspésné zurolila své zkuSenosti
s fizenym mikrotunelovdnim strojem Iseki.

RazZené kanalizaéni shérate

Subterra m4 tento typ staveb ve vyrobnim programu od roku
1971, kdy se zaCaly razené kanalizani sbérale realizovat
poprvé, a pri jejich vystavbe plné navdzala na dobré zkusenos-
ti s budovanim podzemnich d€l v predchdzejicich letech. V té
dobé se jednalo o vystavbu kanaliza¢nich sbéradu vyhradné
v Praze spojenou s rozvojem vystavby sidlist’ v okoli naseho
hlavniho mésta.

Prvnim a urdité nejvyznamnéj$im dilem, které Subterra
v tomto novém segmentu realizovala, byla vystavba Sroky
, K*“. Tato pétefni stoka zacind u Branického pivovaru, pro-
chazi pod levym bfehem Vltavy a na Vytoni podchdzi shybkou
Vltavu. Odtud pokraCuje pod levym brfehem, podchdzi Petrin
a dale smerfuje az do Bubence, kde je na Ergonu napojena na
¢istirnu odpadnich vod. Délka stoky, jejiz vystavba probihala
v letech 1971 az 1979, je 11,15 km a jeji nejvetsi profil je
o pruméru 3,6 m. Na celém tuseku stoky byla pouZita nova
technologie pro obloZeni stoky v celém profilu pomoci berolo-
vych desek, které byly velice odolné proti kyselindm
a mechanickému poSkozeni.

Vybudoviéni Stoky ,,K“ mélo v té dobe zcela stéZejni vyznam,
nebot’ do ni mé€ly byt napojovany nove vznikajici sbérace pro
odvod splasku zejména ze sidli$t Jizni a Jihozdpadni Mésto
a sidlist¢ Barrandov. Z nich Subterra realizovala vystavbu
sbéracu JZM 1. a JZM 1II., Splaskovy sbera¢ Barrandov
a LevobrezZni kunraticky sbérac.

Vyvoj technologii vystavby na téchto raZenych kanalizacich,
které Subterra vyuzivala, vedl od konvenéni razby pres pouZi-
ti razicich stroju plnoprofilovych, nebo s frézou na vylozniku,
az k prvnimu nasazeni tunelovaciho stroje pro fizené mikrotu-
nelovani u nas od japonské firmy ISEKI na Stoce ,, Y v Usti
nad Labem.

Mezi stavby v segmentu odpadniho hospodérstvi umisténé
v podzemi se ur¢ité fadi i podzemni Cistirny odpadnich vod.
Na tizemi Ceské republiky jsou dosud vybudovény pouze dvé
a vystavbu obou zajiStovala spole¢nost Subterra.

Podzemni Cistirny odpadnich vod
Prvni je podzemni COV v Peci pod Snézkou, jejiz vystavba
probihala od zari 1985 do fijna roku 1988, kdy byla uvedena
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Obr. 3 Kolektor Centrum I. A, Praha (1994-1998)
Fig. 3 Centrum 1A utility tunnel, Prague (1994-1998)

do provozu. Varianta ulozeni COV do podzemi byla zvolena
s ohledem na ndaro¢né podminky jejtho zimniho provozovani
a zejména na ochranu této krajinné oblasti. Cistirenské nadrze
jsou umistény do podzemni kaverny o Sifce 13 m, vySce 11 m
a délce 91 m. Sou&isti COV je i natokovy tunel dl. 45 m,
odpadni Stoly dl. 110 m a vétraci komin o vySce 45 m. Razba
byla zajiStovdna pomoci NRTM s vyuzitim bezkolejové
mechanizace.

Druhou podzemni &istirnou je COV v Lokti nad Oh¥i, ktery
se nachdzi v CHKO Slavkovsky les. Tato Cistirna je podstatné
mlad$i nez v Peci pod Sné€Zkou, jeji realizace probihala
v letech 1993-1998 a do podzemi byla uloZena téz
z ekologickych divodi. COV je umisténa do dvou samostat-

A

nych kaveren o §ifce 6, resp. 11 m, vySce 9 m a délce 25 m.

Razba kaveren byla provadéna ve dvou vyskovych etdzich
pomoci NRTM s vyuzitim bezkolejové mechanizace.
Vyvoj technologii a strojni razby

Spole¢nost Subterra vyrazné prispéla v oblasti rozvoje tune-
lafskych technologii. V prostfedi Ceskoslovenského uranové-
ho primyslu, ktery patfil mezi prioritni odvétvi, dokézala pori-
dit technicky vyspé€lé moderni technologie. Jeji zaméstnanci
tim dostali prilezitost naucit se s modernimi mechanismy
a technologiemi pracovat, ovladat je a na zdkladée téchto zku-
Senosti vyvijet i vlastni zafizeni. Jednalo se predevsim o vrtaci
a naklddaci techniku, injektdZn{ soupravy, teleskopicka bedné-
ni a zejména o plnoprofilové razici stroje, predchudce dne$ni-
ho TBM. Tyto stroje byly vyuzity zejména v oblasti zdsobova-
ni vodou pfi razbach vodovodnich privadéca, ale i pii vystav-
bé mnoha dal3ich tunelu a §tol v oblasti likvidace odpadnich
vod a energetice, jako jsou kanalizaéni sbérale a kabelovody,
nebo i pfi otvirkdch doli v Cechidch a ve Spanélsku. Celkova
délka vyrazenych dél, ktera Subterra vystavéla pomoci plno-
profilovych razicich stroju, byla témér 67 km.

NOVA ERA

Rokem 1992 Subterra vstoupila do nové faze vyvoje, kdy se
ze stdtniho podniku stala samostatnd akciova spolecnost. Jeji
prednosti byl fakt, Ze se jiz nékolik predchéazejicich let nesou-
stiedila vyhradné na podzemni stavitelstvi, ale svij vyrobni
program roz$ifila i do dalSich segmentd. Pritom nadéle patfi-
la ke Spicce v oblasti podzemnich staveb a podilela se tak na
realizaci téch nejvétSich a nejvyznamnéjsich projekta na
naSem dzemi. VétSina téchto staveb se provadéla podle zdsad

NRTM.




Obr. 4 Vystavba tunelu Mrdzovka, Praha (1998-2004)
Fig. 4 The Mrdzovka tunnel construction (1998-2004)

Patii mezi né:

Silni¢ni tunely VMO Prazskd radidla v Brne (1995-1998) —
projekt zahrnoval vystavbu dvou dvouproudych silni¢nich
tunelt délek 512 m a 497 m. V té dobé se jednalo se o prvni
silniéni méstsky tunel dalni¢niho typu u nés.

Tlakové uzdvery kavernového zdsobniku plynu Hdje
u Pribrami (1996—1998) — §lo o zhotoveni 2 ks betonovych tla-
kovych uzdvéra na jamé &. 16 v Hdjich u Pfibrami jako velice
dulezité souddsti vystavby kavernového zdsobniku plynu. Tyto
uzdvéry zcela hermeticky uzaviely prostor velikosti 620 000 m3
vytvoreny v hloubce 1000 m a umoznily soucasné odebirani
i napousténi zdsobniku plynem. Subterra ziskala na této velice
obtizné stavbe dalsi neocenitelné zkusenosti.

Tunel Mrdzovka (1998-2004) — jedna se o dva témeér 1300 m
dlouhé tunely, které realizovaly spolec¢nosti Subterra a Metro-
stav. Subterra se podilela na vystavbé dvoupruhovych tunela
na obou tubusech v&etné rozpleta v prechodu na trojpruhové
tunely, obou odbo¢nych vétvi a razby podzemni strojovny
vzduchotechniky v celkové délce cca 1500 m. Dilo bylo raze-
no NRTM s vyuzitim raziciho stroje s frézou na vylozniku
(obr. 4).

Metro IV.C1 (2000-2002) — Subterra se zde poprvé podilela
na vystavbé prazského metra. V tseku HoleSovice — Ladvi rea-
lizovala v Troji hloubeny tunel v oteviené stavebni jame
v délce 96 m a z nf navazujici dvoukolejny tunel v délce cca
1700 m do stanice Kobylisy, ktery byl razeny pomoci NRTM
s razicim strojem s frézou na vyloZniku.

Krasikovské tunely (2002—2004) — v ramci Optimalizace tra-
tového tiseku Krasikov — Ceska Trebova Subterra vyrazila dva
dvoukolejné tunely — Krasikov (1101 m) a Tatenice (143 m).

Tunely Mald Huba a Hnevkovsky Il (2004-2006) — Subterra
provadéla v ramci stavby Optimalizace tratového useku Za-
bieh na Moravé také dva razené tunely — Mald Huba (324 m)
a Hnévkov II (180 m).

Tunel Klimkovice (2004-2006) — vystavbu tuneli na délnici
D47 uskutecnila Subterra ve sdruZeni se spole¢nostmi Metro-
stav, Skanska a Strabag. Tunely jsou dlouhé 1088 m a 1076 m.
Subterra zajiStovala vystavbu jednoho z nich.

Metro IV.C2 Lddvi — Letnany (2004—2008) — na prodlouzeni
trasy metra IV.C2 Ladvi do Letnan Subterra realizovala
vystavbou 970 m dlouhého dvoukolejného tunelu, ktery vede
ze stanic Ladvi ke stanici Stfizkov. Subterra se podilela i na
vystavbé stanice Letnany.

Nové spojeni (2004-2010) — stéZejnimi objekty tohoto, pro
nafe hlavni mésto velice dulezitého projektu, ktery umoznil
spojeni mezi vSemi prazskymi nddrazimi, byly dva dvouko-
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lejné tunely vedouci pod vrchem Vitkov, jeden o délce
1329 m a druhy 1372 m. Subterra jako clen sdruZzeni
s firmami Skanska, Metrostav a Eurovia zajiStovala vystavbu
severniho tunelu.

Krdlovopolské tunely (2006-2012) — souldsti tohoto duleZi-
tého projektu pro mésto Brno bylo vybudovani dvou paralel-
nich dvoupruhovych tuneli ve velmi sloZité geologii pod ulici
Dobrovského v Brné délky 1237, respektive 1258 m. Subterra
zajitovala stavbu jizniho tunelu.

Cholupicky tunel (2007-2009) — Subterra provadéla vystav-
bu tohoto tfipruhového tunelu, ktery je soucasti useku 513 na
meéstském okruhu v Praze. Celkova délka tunelu je 1972 m. Na
usek délky 1676 m navazuje hloubend Cast v délce 296 m. Pred
zahdjenim razeb zde Subterra v predstihu vyrazila prazkum-
nou Stolu.

Tunel Prackovice (2008-2009) — dalni¢ni tunel o dvou
samostatnych tubusech délky 260, respektive 270 m je soucds-
ti stavby délnice D8 v tseku Lovosice — Rehlovice. I na této
stavbé v ramci jeji pripravy realizovala Subterra v roce 2005
v trase tunelt pruzkumnou $tolu, kterd poskytla zdsadnf{ infor-
mace pro uréen{ zpusobu razby budouciho délni¢niho tunelu.

Tunely na trati Votice — Benesov u Prahy (2009-2013) —
v ramci modernizace tohoto Zelezni¢niho dseku vybudovala
Subterra Ctyfi razené tunely — Olbramovicky tunel (480 m),
Zahradnicky tunel (1044 m), tunel Tomice I (324 m) a tunel
Tomice II (252 m, obr. 5).

Jablunkovsky tunel (2008-2011) — rekonstrukce tunelu
v délce 576 m.

Kanalizace Karvind (2007—2009) — vystavba kanaliza¢niho
sbérace délky cca 2,5 km ve dvou profilech 1 a 1,4 m, razba
byla provddéna pomoci mikrotunelovaciho stroje ISEKI.

15 LET NA ZELEZNICI

V roce 2012 si Subterra pfipomnéla patndcté vyro¢i od vstu-
pu do oblasti Zelezni¢niho stavitelstvi.
V druhé poloviné 90. let minulého stoleti se spole¢nosti
Subterra podafilo rozsifit své portfolio vyrobniho programu
o tento segment, ktery se postupem casu stal jednim
z jejich nejvyznamnéjsich segmentu.
Prvni realizovanou koridorovou stavbou byla Modernizace
tratového tseku Hodonin — Moravsky Pisek na Il. tranzitnim
koridoru. Objemové nejvétsi stavbou se stala Modernizace
tratového tseku Votice — Benesov u Prahy na IV. tranzitnim
koridoru. Zfejmé doposud nejndro¢néj$i stavbou je pak
Optimalizace trati st. hranice se Slovenskou republikou —
Mosty u Jablunkova — Bystrice nad OI5i, a to predev§im pro
mimorddné ndroéné geologické a geotechnické podminky,
které zdsadné ovlivnily prestavbu tuneli v Jablunkovském
sedle i vystavbu novych mostu zfizovanych zejména pro
umoznéni migrace velkych savcu.
Vyznamné koridorové projekty:
e Modernizace tratového tseku Hodonin — Moravsky Pisek
na II. tranzitnim koridoru (1997-1999);

* Optimalizace tratového tseku Krasikov — Ceskd Trebova
(2002-2005);

e Optimalizace tratového tdseku Zdbreh na Moravé —
Krasikov (2004—-2006);

e Optimalizace tratového tdseku Breclav — st. hranice
CR/SR (2004-2007);

+ Modernizace tratového tseku Cervenka — Zabieh na
Moraveé (2005-2008);

e Optimalizace trati Plzen — Stfibro (2006-2009);

e Modernizace trati Veseli nad Luznici — Tabor, 1. ¢ast, usek
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Plasina
2300 m

Obr. 5 Modernizace tratbvého tseku Votice — BeneSov u Prahy (2009-2013)

Fig. 5 Modernisation of the Votice — BeneSov u Prahy track section
(2009-2013)

Obr. 6 Vystavba tunelu Plasina, Chorvatsko (2002-2004)
Fig. 6 Construction of the Plasina tunnel, Croatia (2002-2004)

modernizaci Zelezni¢niho uzlu Székesfehérvar. Poslednim
uspéchem spoleénosti je prvni misto ve vybérovém fizeni na
projekt vystavby Sestikilometrového silnicniho obchvatu mésta
Vdrpalota.

Na realizaci tunelovych staveb v Némecku navdzala
Subterra i v soucasnosti prave probihajici rekonstrukci Zelez-
nic¢niho tunelu Alter Kaiser Wilhelm u mésta Cochem.

Nejnovéjsim zahraniénim projektem spole¢nosti Subterra je
vystavba dvou tunelu zaji§tujicich pristup pro realizaci plano-
vaného podzemniho obchvatu Stockholmu v zdpadni casti

Doubi u Tabora — Tabor (2006-2009);

 Optimalizace trati Bystfice nad OI§i — Cesky Té&Sin
(2009-2012);

e Modernizace tratového useku Votice — BeneSov u Prahy
na IV. koridoru (2009-2013);

e Optimalizace trati Zbiroh — Rokycan (2009-2012);

e Modernizace trati Rokycany — Plzen (ve vystavbé od
11/2013).

ZAHRANICI

Historie pusobeni spole&nosti Subterra v zahraniéi se zaca-
la psat jiz v 80. letech minulého stoleti v tehdejsi Jugoslavii,
kde Subterra realizovala v obdobi 1982-1983 razbu 120 m
dlouhé $toly z prehrady Batlava do mésta PriStina v dne$nim
Kosovu, kterd umoznila zdsobovani mésta pitnou vodou.

Po roce 1990 zacala spole¢nost Subterra rozsifovat své akti-
vity i do dal3ich zemi Evropy, zejména Némecka a Spanélska.
V Némecku se podilela na vystavbé ddlni¢niho tunelu
Lowenhert; Annweiler a na vystavbé Zeleznicniho tunelu
Niederhausen na trase Frankfurt — Kolin. RaZbou iinikovych
tuneli jako doprovodnych ¢&dsti hlavnich tuneld Eurwang
a Irlahiill se Subterra podilela i na vystavbe stfedni ¢asti trasy
vysokorychlostni Zeleznice Ingolstadt — Norimberk.

V devadesitych letech zacala Subterra stavét téZ ve Spanél-
sku. Jednalo se napriklad o prevedeni vodotece pobliZ mésta
Meirama, o razbu odvodnovaciho tunelu u Corto Cortéz
a zejména o strojni razbu tunelii pro dopravu v dole Figaredo.

Na své historické pusobeni na Batlavé navdzala Subterra
v minulém desetileti i realizaci dalSich zakdzek v zemich
byvalé Jugosldvie. V Chorvatsku zrealizovala dva ddlni¢ni
tunely — funel Plasina na trase Zahteb — Split a tunel Tuhobic
na trase Zéhreb — Rijeka. Uplatnéni na dzemi Chorvatska
nachdzi Subterra i dnes realizaci n¢kolika Zelezni¢nich staveb
mensiho rozsahu (obr. 6).

Nejvyznamnéjsi stavbou soucasnosti v zahraniéi je vystav-
ba tunelu Bancarevo v Srbsku. Tunel je souldsti projektu
vystavby srbské ddlnice E80 Ni§ — Dimitrovgrad v useku
Prosek — Crvena Reka pobliz mésta Ni$. Jednd se o dva dvou-
pruhové tunely, délka kazdého z nich je cca 700 m, a jejich
razba se provddéla pomoci NRTM s vyuZitim trhacich praci.

Vyznamnou kapitolou plisobeni v zahraniéi je Madarsko, kde
se Subterra prosazuje predev§im na Zeleznici. Prvni zakdzkou
zde byla Rekonstrukce tratového tiseku Budapest— Kelenfold —
Tdrnok. K této stavbe pribyla v roce 2013 zakdzka na vystavbu
osmndcti silni¢nich mostui pres a na ddlnici M43 a zakdzka na

§védského hlavniho mésta. Tunely Sétra a Skdrholmen budou
dlouhé 518 a 515 metru. Profil tuneld bude pfiblizné 75 m2.
Jejich dokonceni je planované na zacatek roku 2016.

Prehled nejvyznamnéjsich zahrani¢nich zakazek:

Stola pro pfivod vody, Batlava, Jugosldvie (1982—1983);
Tunely pro dopravu v dole, Figaredo, §panélsk0
(1990-1997);

Prevedeni vodotece, Meirama, §panélsko (1991-1992);
Odvodnovaci tunel, Coto Cortéz, §panélsko
(1992-1997);

Silni¢ni tunel Annweiler, Némecko (1993);

Vystavba bytu, Stuttgart a Mnichov, Némecko
(1992-1994);

Zelezni¢ni tunel Niederhausen, Némecko (1999-2000);
Zelezni¢ni tunel, Ingolstadt — Niirnberg, Némecko
(1999-2000);

Silni¢ni tunel Plasina, Chorvatsko (2002-2004);
Silni¢ni tunel Tuhobi¢, Chorvatsko (2006-2007);
Modernizace trati PieStany — Nové Mesto nad Vahom,
Slovensko (2006-2009);

Rekonstrukce tepldrny, Bratislava, Slovensko
(2010-2012);

Rekonstrukce zelezniéni trati Budapest — Kelenf6ld —
Tarnok (2011-2013);

Vystavba tunelu Bancarevo, Srbsko (2012-2015);
Vystavba 18 silni¢nich mostu na dalnici M43,
Madarsko (2013-2014);

Modernizace zelezni¢niho uzlu Székesfehérvar,
Madarsko (2014-2016);

Rekonstrukce Zelezni¢niho tunelu Alter Kaiser Wilhelm,
Cochem, Némecko (2014-2015);

Silni¢ni obchvat mésta Varpalota, Madarsko
(2014-2018);

Pristupové tunely Sitra a Skdrholmen, Stockholm,
Svédsko (2014-2016).




Diraz kladeny na ziskdvéni zakdzek mimo Ceskou republi-
ku Subterra v uplynulych letech podporila vznikem organi-
za¢nich sloZek v nékolika statech Evropy. Nyni md svou orga-
nizaéni slozku na Slovensku, v Srbsku, v Chorvatsku, v Ma-
darsku, v Némecku a nové také ve Svédsku. Vzhledem k vel-
kému potencidlu, zejména Zeleznicnich zakdzek v Madarsku,
letos Subterra zalozila v této zemi dcefinou spolecnost
Subterra — Raab Kft., ktera sidli v Gyoru.

ZMENA AKCIONARE

Rok 2004 byl vyznamny hned v nékolika smérech. Subterra
oslavila 40 let od svého vzniku, pro dal3i pasobeni spolecnos-
ti vS§ak byl mnohem zdsadnéjsi fakt, Ze v poloviné tohoto roku
byl na rddné valné hromadé ozndmen vstup nového vétsino-
vého vlastnika, spolecnosti Metrostav a. s., kterd spole¢nost
Subterra vlastni dodnes. Spole¢nost Subterra se tak stala sou-
¢asti koncernu Skupina Metrostav.

SOUCASNOST

V soucasnosti je vyrobni program spole¢nosti naplnovan
prostrednictvim ¢tyr divizi.

Divize 1 — je specializovand predevSim na realizaci raze-
nych a hloubenych podzemnich staveb. Ve vyrobnim progra-
mu jsou zahrnuty silni¢ni a Zelezni¢ni tunely, prostorova pod-
zemni dila, méstské kolektory, liniové inZenyrské sité, pod-
zemni energeticka dila, podzemni vodohospodarska dila apod.

Nejvyznamnéjsi projekty soucasnosti:

e Vystavba pruzkumné $toly Radlickd radidla, Praha — zjis-
téni geologickych podminek v trase budouciho tunelu
Radlice;

¢ Rekonstrukce Zelezni¢niho tunelu Alter Kaiser — Wilhelm
(Némecko);

e Vystavba tunelu Bancarevo na ddlnici Ni§ — Dimitrov-
grad (Srbsko);

e Vystavba pristupovych tunelt S#tra a Skirholmen,
Stockholm (Svédsko).

Divize 2 — soustfeduje se zejména na oblast pozemniho sta-
vebnictvi. Zabyvd se vystavbou a rekonstrukci bytovych,
oblanskych a prumyslovych staveb. Dal§imi obory jsou re-
konstrukce historickych a pamaétkovych objektd, vystavba
a rekonstrukce inZenyrskych siti, Cistiren odpadnich vod
apod. Ve své organiza¢ni strukture ma zahrnutu slozku dilen-
ské vyroby pro vlastni doddvky i objednanou zakizkovou
vyrobu.

Nejvyznamnéjsi projekty soucasnosti:

e Vystavba stanice metra Nadrazi Veleslavin na trase metra

V.A, Praha;

¢ Rekonstrukce Klementina, Praha;

e Vystavba Velkého svéta techniky (Science and Techno-
logy Center), Ostrava.

Divize 3 — vyrobni program divize 3 je zaméfen predevsim
na dopravni stavby. Hlavni oblasti jeji ¢innosti je Zelezni¢ni
stavitelstvi. Divize rovnéZ realizuje ekologické stavby, zejmé-
na likvidace starych ekologickych zdtezi, vystavbu protihlu-
kovych stén a dal$i inZenyrské stavby. Jako jedind z divizi
sidli mimo naSe hlavni mésto — v TiSnove, cca 25 km od Brna.

Nejvyznamnéjsi projekty soucasnosti:

e Modernizace trati Rokycany — Plzen;

e Rekonstrukce Zelezni¢niho uzlu éesk}'f TéSin;

e Rekonstrukce Zelezni¢niho uzlu v Székesfehérviru
(Madarsko).
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Divize 4 — je zamérena predev§im na zajisténi sluzeb v oblasti
technického zafizeni budov véetné doddvek technologii v rdmci
velkych technologickych celka. Ddle se zabyvad vystavbou
a rekonstrukef inZenyrskych siti, pusobi rovnéz jako generdl-
ni dodavatel men§ich pozemnich staveb.
Nejvyznamnéjsi projekty soucasnosti:
e TZB pfi vystavbé tuneli na dalnici D8, Prackovice,
Radejcin;

e TZB pri vystavbé trasy metro V.A, Praha;

e TZB pri vystavbé obchodné-administrativniho centra
Florentinum, Praha;

e TZB pri vystavbé tunelového komplexu Blanka, Praha.

VYZNAMNA OCENENI ZA POSLEDNICH DESET LET

e Tramvajova trat Hlubocepy — Barrandov, Praha, 2. faze —
Stavba roku 2004

e Tunel Mrazovka — méstsky okruh, Praha — Dopravn{ stav-
ba roku 2005

* Optimalizace tratového tseku Krasikov — Ceskd Tiebovi
— Dopravni stavba roku 2005

e Protipovodnova opatfeni na ochranu hl. m. Prahy, etapa
002 Mald Strana a Kampa — Vodohospodarskd stavba
roku 2005

e Optimalizace tratového tseku Zdbreh na Moravé — Krasi-
kov — Dopravn{ stavba roku 2006

e Rozsiteni kanaliza¢niho systému mésta Ostravy — stavba
II. Kolektor Centrum — Cena za ekologicky prinos pro-
jektu v roce 2006

e Stokova sit mésta Brna — Nejlepsi stavba vodniho hospo-
darstvi v roce 2006

e Kolektor Centrum I. A etapa 0004 Vodickova, Praha —
Cena ABF (nadace pro rozvoj architektury a stavitelstvi)
v roce 2008

e Tunel Klimkovice — Stavba Moravskoslezského kraje
2009

e Tunel Klimkovice — Hlavni cena za stavbu v kategorii
Dopravni, inZenyrské a vodohospodarské stavby roku
2009

e Prazské metro, IV. provozni dsek trasy C metra, Ladvi —
Letnany — Dopravni stavba roku 2008 (Kat. B)

e Tunel Klimkovice — Dopravni stavba roku 2008 (Kat. A)

e Modernizace trati Veseli na Luznici — Tabor (1. ¢ast, usek
Doubi u Tabora — Tabor) — Dopravni stavba roku 2009
(Kat. A)

e Silnice 1/42 Brno, VMO Dobrovského B — Stavba Jiho-
moravského kraje 2012

e Silnice 1/42 Brno, VMO Dobrovského B — Stavba roku
2013

e Modernizace trati Votice — BeneSov u Prahy — Dopravni
stavba roku 2013

Ing. JAN VINTERA, jvintera@subterra.cz,
Ing. JIRI NOVY, jnovy@subterra.cz,
STEPAN SEDLAC’EK, ssedlacek@subterra.cz,
Subterra a.s.

Foto: archiv Subterra a.s.
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TuMel

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

EVROPA - POHLEDNICE S ALPSKYMI TUNELY

EUROPE - PICTURE POSTCARDS WITH ALPINE TUNNELS

This part of the series dedicated to picture postcards with tunnels
presents postcards showing Alpine tunnels — the Semmering,
Gotthard and Simplon tunnels, the Tauern railway line, the Mont
Blanc tunnel, the Lotschberg base tunnel and the Martinswand tun-
nel. The paper presents only a fraction of existing postcards with
tunnels in the Alps. Only the most famous or most interesting ones
from the paper authors’ collection are mentioned. The fact that post-
cards with tunnels are published even today and continue to find
their sympathisers is undoubtedly gratifying.
uvobp

Kalendar:

* 17.7. 1854 byla oteviena prvni horska trat'vedouci pres Alpy; ty
byly poprvé prekondny v Semmeringu.

* V srpnu 1867 byl zahdjen provoz mezi Némeckem a Italii pres
Brenner (kdyz stavebni price byly zapocaty v roce 1864). Tato
trat’ nemd vrcholovy tunel.

e 17.9. 1871 byla dédna do provozu teti transalpskd draha vedou-
ci pres Mont Cenis, mezi Itdlii a Francii. Prace na vrcholovém
tunelu dlouhém 12 847 m byla zapocata 1. 8. 1857.

e Pocdtkem roku 1882 byla zahdjena doprava na Gotthardské
drize. Tim byly spojeny Zeleznici Svycarsko s Itdlii. Stavba
trvala deset let.

e V srpnu roku 1898 byla zahdjena stavba Simplonského tunelu.
Tunel byl dan do provozu 1. 6. 1906 [1, 4, upraveno].

1. SEMMERING

Projektovanim Zelezni¢nf trati pres Semmering byl v roce 1841
povéren Carl Ritter von Ghega. Na stavbé se podilelo mezi lety

=S\ Sernmering. Weinzettel-Tunnel.
o

Obr. 1 Semmering. Weizettel-Tunnel. 1915. P. Ledermann, Wien I. Fleisch-
markt 20 [sbirka autori] ) )
Tunel se spravné jmenuje Weizettelwand Tunnel, a to podle ndzgvu skalntho
litvaru, ktery piekondvd. Vasti tunel sestdvd ze 3 tunelovych iisekii a 2 gqle—
rii, s ihrnnou délkou 688 m. Nachdzi se na trati Wien Siidbahnhof — szelfevld:
Straf3 a je dvoukolejny. Na pohlednici je vyobrazen jeho dodvnizs /neovl'wezdefty
zdpadni portdl. O zFizeni tohoto tunelu bylo rozhodnuto po nestvesn, pri kter:em,
zahynulo 14 délnikii pFi skalnim ziicent na trat vedenou v odrezu predméiné
stény. ) '
Fig. 1 Semmering. Weizettel-Ti unnel. 1915. P. Ledermann, Wien 1. Fleis-
chmarkt 20 [authors’ collection] '

The correct name of the tunnel is the Weizettelwand Tunnel, according to.the
rock formation it passes under. The tunnel itself consists of 3 tunnel .?‘ectwns
and 2 rock protection galleries, with the aggregated length of 688m. This d.oub—
le-track tunnel is located on the Wien Siidbahnhof — Spielfeld-Straf3 railway
line. Its western portal, which has been unlined till now, is depicted on the post-
card. The decision to build this tunnel was made after an incident during wh@h
14 workers perished when rock fell on the line leading along a side-hill cutting
in the rock in question.

1848 a 1854 témér 20 000 délniku, z toho tfetina Zen. Pfi pracov-
nich nehoddch zde zahynulo 89 lidi, dalsi stovky zemrfely na
ndsledky ruznych nemoci. Jde o prvni horskou Zeleznici
s normalnim rozchodem. Nachdz{ se zde 14 tunelt a 16 viadukta,
nékteré i dvoupatrové, dédle 118 menSich kamennych a 11 Zelez-
nych mostd. Celkové délka tunela Cinf 4,5 km. Nejdel3{ je stary
vrcholovy Semmering Tunnel dI. 1 431 m a novy Semmering
Tunnel dl. 1 512 m. Nejkrat$i je Krausel Tunnel — pouze 14 m.
V roce 1999 byla priddna na seznam ,,Svétového dédictvi UNE-
SCO“ -obr. 1 a2[l,2,3,upraveno a doplnéno].

2. GOTTHARD

Gotthardsky vrcholovy Zelezni¢ni tunel je veden z Goschenen
(S kanton Uri) do Airolo (J kanton Ticino). Tunel je dvoukolejny,
jeho délka se uddvd nejCastéji 14 984 m (14 982 m raZeno).
Stavba trvala pres 9 let, provoz byl zahdjen 1. 1. 1882. Stavba
byla realizovdna ve velmi obtizné geologii a ve svizelnych financ-
nich pomérech. Béhem vystavby zahynulo asi 200 pracovnika
(pfesné &islo neni zndmé), dalsi dmrti byla zpusobena epidemif
dplavice. Dne 28. 7. 1875 za vzpoury délniku, potlacené §vycar-
skou armddou, byli zabiti 4 a zranéno 13 lidi. Budoucnost tohoto
vrcholového tunelu po otevieni nového Gotthardského bazového
tunelu v roce 2017 je nejistd — obr. 3 a 4 [4, 5, upraveno].

Gotthardsky silni¢ni{ tunel sméfuje prakticky v drovni slavného
zelezni¢niho vrcholového tunelu z Goschenen (S) do Airolo (J);
na rozdil od néj je vSak trasovan pudorysné v oblouku, vyklenu-
tém k Z. Je proto del§i — meri celkem 16 918 m (z toho razenych
16 322 m). Stavba byla zahdjena 5. 5. 1970 a 5. 9. 1980 byl tunel
otevien béZnému provozu. Pavodné byl zamyslen oddéleny tubus
pro kazdy jizdni smér. Dokoncen byl vSak jen jeden obousmérny
tunel, podél kterého vede tnikovd cesta. Dne 24. 10. 2001, po
srazce dvou kamionu, zahynulo pfi pozdru 11 lidi. V duasledku
nehod je doprava podminéna prikdzanou vzdalenosti 150 m mezi
jednotlivymi projizdéjicimi vozidly. U kazdého dsti tunelu je ve
dne v noci pripraven tym &tyf profesiondlnich hasi¢a. V roce 2012

0br. 2 Semmering. Weizette

vySce 1 000 m) 1918-19 Ku
Pnhledni?e byla vytvorena podle neprilis zdarilé
Je severni (zdény) portdl tunely.

Fig. 2 Semmering. Weizettelwand tunnel with the Southern Railway’s hotel (at the

%Znﬁi?{ 1 Z/}Om as.l,) ]911 8-19 K unstverlag S. Frank, Grazg [authors* collection ]
¢ postcard was createa according to a not very successfi 1

¢ pos , . Y successful mannerism-style
painting. The western (masonry-lined) tunnel portal is depicted on it -

lwandtunnel s hotelem JiZnt drdhy (v radmorské
nstverlag S. Frank, Graz [sbirka autors]

malifské manyry. Wobrazen




Obr. 3 St. Gotthard — Tunel u Goeschenen. 2? Wanderer-Serie No. 7/5. St.

Gotthardbahn [sbirka autori] . o )
Dynamicky piisobici pohlednice s parni lokomotivou vyjiZdejici ze severntho
portdlu tunelu byla vytvofena podle kresby. StdFi pohlednice Ize odhadnout na

konec IX. ¢i pocdtek XX. stol. )
Fig. 3 St. Gotthard — Tunnel near Goeschenen. ?? Wanderer-Series No. 7/5.

St. Gotthardbahn [authors* collection] .
This dynamically acting postcard with a steam engine emerging from the nort-
hern tunnel portal was created according 1o a drmving: The age of rll?e postcard
can be guessed to be the end of the 19 or the beginning of the 20™ century.

rozhodla $vycarskd vldda dostavét druhou rouru s predpokladem
otevieni nejdiive v roce 2027 — obr. 5 [4, 6, upraveno].

Schollenenskd drdha je jednou z kratkych Svycarskych ozubni-
covych Zeleznic (kanton Uri). Je spojkou mezi tratémi Furka
Oberalp Bahn z méstecka Andermatt do Goschenen, s prestupem
na Zeleznici SBB. Trat’s rozchodem 1 000 mm, s pouZitim Abtovy
ozubnice a max. sklonem 179 %o byla dokonéena za aktivn{ icas-
ti Svycarské armady a otevrena v roce 1917. Pro ochranu trate
pred snéhem je témer celd vedena snéhovymi galeriemi. Je elekt-
rifikovana na stridavé napéti 11,5 kV — obr. 4 [7].

Obr. 5 St. Gotthard — Silnicn? tunel. Gischenen, Airolo, velin, silniéni tunel.
Po roce 1980. Rud. Suter AG, 8942 Oberrieden — Ziirich, Nr. 1974 [sbirka
autorui]

Moderni typ fotopohlednice se 4 sektory: Pohled na krajinu v okoli severniho
a jizntho portdlu tunelu. Velin se znakem kantonu Uri (severni portdl). Znak
kantonu Ticino a vnitini &dst jizniho portdlu. Patrnd je mimorddnd koncentra-
ce dopravnich staveb, a to predevsim na severu (v Gischenen). Jizni vyusteni
tunelu zde bohuZel nezobrazuje predportdlovy krakorec ve tvaru charakteris-
tickych ,vlastovek“.

Fig. 5 St. Gotthard — road tunnel. Géschenen, Airolo, control centre, road
tunnel. After 1980. Rud. Suter AG, 8942 Oberrieden — Ziirich, No. 1974 [aut-
hors* collection]

A modern 4-sector photo postcard: A view of the landscape in the surroundings
of the northern and southern tunnel portals. The control centre with the Uri
canton emblem (northern portal). The Ticino canton emblem and the inner part
of the southern portal. The exceptional concentration of transport-related
structures, especially in the north (in Géschenen), is obvious. The southern end
of the tunnel — the pre-portal structure in the form of characteristic “swallows”,
is unfortunately not depicted here.

Obr. 4 Goschenen. Gotthardskd 7
b 5 a Schollenenskd driha. Okol z
}5?081 Edttwn' Photoglob, Ziirich [sbirka autorii] oo roku 1920.
! ;Jthopohl’edmc?' ukazuje znacnou koncentraci komunikact a predeviim Zeleznic-
ch trati v Géschenen. Vievo se nachdzi portdl vrcholového Gotthardského

tunelu, vpravo ndstupisté 5 5 .
lulgalerie. ipiste Schéllenenské drdhy s portdlem iivodniho tune-

Fig. 4 Goschenen. The Gotthard and 0! ] ]
e Photoglop g and Schollenen railway lines. About 1920.

ch [authors* collectio
! :,-(/, {)h();{) po‘}lcard shows the significant concentration of roads and, mainly
N, Y oXy ‘ ) .
ay lines in Goschenen. The Gotthard summir tunnel portal is pictured le)‘}'

the Sch(‘)‘/lenen railway li 1
9 § 'y line ,D/at orm with the rta “the initi
; pl i lg ) f port [Uf the initial fll}’li’l(’//{’(tl[(‘ry

3. SIMPLONSKY TUNEL

Z levnéjsi varianty kratSsiho vrcholového tunelu (s budovdnim
ramp) a draz8i varianty badzového tunelu byla zvolena varianta druh4.
Staviteli tunelu byli Hermann Héustler a Hugo von Kager. Dne 22.
11. 1898 bylo zahdjeno razeni na severni (§vycarské) strané, 21. 12.
téhoz roku pak na strané jizni (italské). Na jizni stran¢, kromé
mohutnych pramenu studené a teplé vody, komplikoval stavbu
i mimorddny tlak nadloZi. Projekt jiz v této dobé predpoklddal,
s ohledem na bezpecnost, stavbu dvou paralelnich tuneld. V prvni
etap¢ byl prorazen pouze jeden tunel, otevieny k 1. 6. 1906, za

SOUVENIR A L'INAUGURATION + 8
DU TUNNEL DU SIMPLON
2631 MAL 19067 g

" COMMENCE LE A00T 18987~
_ MISE DE LA PIERRE FONDAMENTALE LE 4 DEC.1898.
PERCAGE LE 23 FEVR.1905. DELIVRATICE LE 23 FEVR.1906.

Obr. 6 Pamdtka na slavnostni otevieni tunelu Simplon 28.-31. kvetna 1906.

Zapocat 1. srpna 1898. PoloZeni zdkladniho kamene 4. prosince 1898.
Prordzka 23. iinora 1905. Dokonéeni stavby 23. iinora 1906. 1906.
Dr. Trenkler Co., Leipzig Bob. 274 [sbirka autoru] 5

Krdsnd slofend pohlednice na podkladnim rastru horniny. Zobrazuj.e postftpnev:,
Italsky krdl Viktor Emanuel III. Symbol/postava mytické Helve:tze,’Nacfrazl
v Brigu ( Svycarsko). Severni portdl Tunelu Simplon I u Brigu (v tidol{ Rhéne).
Nddrazni budova v Mildnu (Itdlie). . .

Fig. 6 Commemoration of the Simplon tunnel ceremonial inauguration on
28th — 315t May 1906. Commenced on st August 1898. Laying the corners-
tone on 4™ December 1898. Breakthrough on 23" February 1905. Works
completion on 237 February 1906. 1906. Dr. Trenkler Co., Leipzig Bob. 274
[authors* collection] o

A beautiful composite picture postcard with rock background. It depicts in
sequence: Victor Emanuel I1I, the king of Italy, the symbol/character of mythy
Helvetia. Railway station in Brig (Switzerland). The northern portal of the
Simplon I tunnel near Brig (in the Rhone river valley). The railway station buil-
ding in Milan (Italy).
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Tauerntunnel (8520 m lang). Nordportal.

Obr. 7 Tauerntunnel (8520 m dlouhy). Severni portdl. 1914. Ferd.
V. Kleinmayr, Klagenfurt. Nr. 626/2 [sbirka autoru]

Vircholovy a soucasné nejdel$i tunel drdhy se nachdzi na tratovém useku
Schwarzach — St. Veit — Vilach Hbf. Je dvoukolejny a dnes je, vzhledem
k pravdm trati, oproti idaji na pohlednici o néco kratsi — meri 8 371 m.
Kolorovand fotografie zobrazuje nyni jiZ sneseny severni portdl s dedikaci cisa-
7i Frantisku Josefovi 1. Za pozornost stoji, Ze pohlednice byla odesldna do
Prahy pouhych 14 dnii pred zahdjenim 1. svétové vdlky.

Fig. 7 Tauern tunnel (8520 m long). Northern portal. 1914. Ferd. V. Klein-
mayr, Klagenfurt. Nr. 626/2 [authors‘ collection]

The summit tunnel, which is the longest tunnel on the railway line, is located on
the Schwarzach — St. Veit — Vilach Hbf track section. It is a double-track struc-
ture. Today it is slightly shorter in comparison with the data on the postcard with
respect to modifications of the alignment — it is 8371m long. The coloured photo
depicts the today already dismantled northern portal with a dedication to
Emperor Franz Joseph I. Worth noting is the fact that the postcard was sent to
Prague a mere 14 days before the beginning of World War 1.

Ucasti italského kréale Viktora Emanuela III. a prezidenta Svycarské
Narodni rady Ludwiga Forrera. Druhy tunel byl dokonen v roce
1922. Oba tunely prosly v letech 1985-2003 rozsahlymi tpravami
—obr. 6 [4, 8, upraveno].

4. TAUERNSKA DRAHA

Tauernbahn oznacuje Zelezni¢ni trat' mezi Schwarzach — St. Veit ve
spolkové zemi Salzburg a Spittal a. d. Drau v Korutanech. Jde o kla-
sickou horskou drahu, prekondvajici hieben Vysokych Taur na délce
79 km, s maximalnim stoupanim 25 %o a vrcholovym tunelem dlou-
hym (nyni) 8 370 m. Stavba zahdjila roku 1901 a v roce 1909 bylo
dosazeno cile — spojeni s jadranskymi pristavy s napojenim na
Karawankenbahn do Terstu. Elektrifikace probéhla v letech
1933-1935. Od roku 1969 byly postupné a rozsahle rekonstruovany
sekce této Zeleznice pro provoz na dvou kolejich, vyS8i dopravni

Tauernbahn.

Falkensteiner Tunnel mit Ruine Qber-Falkenstein.

Obr. 8 Tauernskd drdha. Falkensteiner tunel se zriceninou Horniho
Falkensteinu. 1910-11. 750-9 Kunstverlag S. Frank, Graz [sbirka autori]
Kolorovand fotografie zachycuje &dst drdhy, kterd byla opustena behem moder-
nizace puvodniho tratového tseku Schwarzach — St. Veit — Vilach Hbf.
Jednokolejny tunel délky pouhych 67 m byl uzavien 13.7.1974. Na pohlednici
Jje zachycen jeho zdpadni portdl s malebnym nddraZickem.

Fig. 8 Tauern railway. The Falkensteiner tunnel with ruins of the
Oberfalkenstein castle. 1910-11. 750-9 Kunstverlag S. Frank, Graz [author-
s’ collection]

The coloured photo captures a part of the railway track which was abando-
ned during the course of the modernisation of the original Schwarzach — St.
Veit — Vilach Hbf track section. The only 67m long, single-track tunnel was
closed on 13/07/1974. The postcard shows its western portal with a pictures-
que little station.

zatizen{ i vySsi tratovou rychlost, a to vetné zfizeni nekolika zcela
novych tseku — obr 7 a 8 [2, 9, upraveno].

5. TUNEL MONT BLANC

Délni¢ni tunel pod horou Mont Blanc v Alpdch spojuje
Chamonix v Haute-Savoie ve Francii a Courmayeur ve Valle
d'Aosta v Itdlii. Lezi na evropské trase E25 a Itélie pres n¢j reali-
zuje az 1/3 své ndkladni silni¢ni dopravy do severni Evropy. Dne
30. 5. 1959 byly oficidlne zahdjeny razi¢ské prace, 4. 8. 1962 byl
tunel prorazen a 16. 7. 1965 slavnostné otevien prezidenty
Francie (Charles de Gaulle) a Itdlie (Giuseppe Saragat). Tunel
je dl. 11,611 km, je jednorourovy, obousmérny. Az do roku 1978
byl zdaleka nejdel$im silniénim tunelem svéta; nyni je 5. nejdel-
$im. Dne 24. 3. 1999 doslo v tunelu k pozaru ndkladniho kamio-
nu, pfi kterém zahynulo 39 osob. Tunel byl tfi roky uzavren, doslo




TUNNEL DV MONT-BLANC
TRAFORO DEL MONTE BIANCO

Obr. 9 Tunel Mont Blanc. 502 — CHAMONIX — MONT BLANC. Tunel Mont

Blanc. Propojeni Chamonix — Mont Blanc (Francie) na Entréves-Courmayeur
(Itdlie). Nejdelsi tunel na svété. Délka tunelu: 11 km, 600. Sivka: 2 pruhy 3 m, 50.
Vyska klenby: 6 m. Doprava Fizena radary. Vstupni plocha a portdl na strané
Francie. Pohled na Chamonix a La Flégere. 2. polovina 60. let XX. stol. (67)
Compagnie des Arts Photoméchaniques. 44, rue Letellier, Paris-15 [sbirka autori]
Severni portdl. Dvojjazycné pojmenovdni tunelu s francouzskou a italskou tri-
kolorou.

Fig. 9 The Mont Blanc tunnel. 502 — CHAMONIX — MONT BLANC. The
Mont Blanc tunnel. Chamonix — Mont Blanc (France) to Entreéves-
Courmayeur (Italy). World’s longest tunnel. Tunnel length: 11.600 km.
Width: 2 3.50m wide lanes. Vault height: 6 m. Radar controlled traffic.
Entrance area and portal on French side. View of Chamonix a La Flégere.
2nd half of the 1960s (67) Compagnie des Arts Photoméchaniques. 44, rue
Letellier, Paris-15 [authors¢ collection]

Northern portal. Bilingual tunnel name with French and Italian tricolours.

k rozsdhlé rekonstrukci a zdsadnf reorganizaci zdchrannych slo-
zek. Plany na rozsiteni o 2. tunelovou rouru dlouhodobé nardzeji
na nedostatek financi a odpor mistnich obyvatel — obr. 9 a 10 [10,

upraveno].

6. LOTSCHBERG - BAZOVY TUNEL

Novy Zelezni¢ni bazovy tunel na 2. Alpské Zelezni¢ni transversa-
le. Stavba bazového tunelu byla zahdjena 5. 7. 1999, prordzka
(1. tubusu) 28. 4. 2005 a uvedeni do provozu 9. 12. 2007. Délka se
udava 34,577 km (Casto jen 34,6 km). Dnes jde o 3. nejdelsi tunel
svéta. Je dvoutroubovy, po jedné koleji, kompletni je vSak jen
vychodni tubus. Zapadni je vyraZen ze 3/4 a jen CasteCné vybaven
kolejemi a je 21 km dlouhy. Duvodem omezeni byla finan¢nf situa-
ce pri zahdjeni stavby Gotthardského bazového tunelu. Celkova
délka vSech Casti tunelu (tratové tunely, multifunkéni zastavka, tune-
lové propojky, pristupové a inikové tunely etc.) se uddva 91,8 km —
obr. 11 a 12 [11, upraveno].

Obr. 10 Tunel Mont Blanc, 16432 CHAMONIX-Mt_BLANC (Hte Savoie)
NEJDELSI SILNICNI TUNEL NA SVETE POD NEJVYSSi HOROU EVRO-
PY. (:’elkovd délka: 11 km. 600. Nadmoiskd vyska na strané Francie: 1274
metru. Nadmorskd vyska na strané Itdlie: 1381 metrs. 2. polovina 60. let
XX. stol. Societé Editions de France 2, rue Clapier, Marseille [sbirka autori]
SloZend pohlednice. V 1. poli je piivodni portdl na italské strané (rekonstrukci
byl zménen). V 2. poli vyjizdéji vozidla 7 tunelu na Jfrancouzské strané. Ve 3. a 4.
poli je vidét prostor pod zastiesenim, resp. charakteristické zastieSeni portdlu
Srancouzského vjezdu.

Fig. 10 The Mont Blanc tunnel, 16.432 CHAMONIX-Mt_BLANC (Hte
Savoie) WORLD’S LONGEST ROAD TUNNEL UNDER EUROPE’S HIG-
HEST MOUNTAIN. Aggregated length: 11.600 km. Altitude on French side:
1274 metres. Altitude on Italian side: 1381 metres. 2nd half of the 1960s.
Societé Editions de France 2, rue Clapier, Marseille [authors* collection]
Composite picture postcard. The original portal on the Italian side (changed by
reconstruction) is shown in the 15! sector. Vehicles emerging from the tunnel 11;7
the French side are shown in the 2" sector. The space under the
canopy and the characteristic canopy over the French entrance.

7. MARTINSWAND TUNEL

Martinswand — Tunnel 2 (v siti OBB jsou 2 tunely stejného
ndzvu) se nachdzi na Karwendelské drdze (nazyvané tézZ Mitten-
waldskd). Ta spojuje Innsbruck (Tiroly, A) s Mittenwald a Ga-Pa
(Bavorsko, D). Byla postavena Josefem Riehlem a Wilhelmem
Carlem von Dodererem jako elektrickd lokdlni drdha v letech
1910-1912. Martinswand — Tunnel 2 prekonava vyraznou vapenco-
vou sténu stejného jména, vysky cca 1 200 m nad fekou Inn. Podle
legendy do této stény vystoupil roku 1484 pri lovu kamziku cisaf
Maxmilidn 1., nemohl najit cestu doli a docasné utolisté nalezl

pre-portal

Obr. 11 NEAT Litschbersky bazovy tunel. 2007. BLS AG [sbirka autori] .
Krdsné moderni portdly vyistujici na jiznt strané Lotschberského masivi
u Raronu na most pies feku Rhonu. Ze zobrazeného iihlu pohledu se jevi kon-
strukce aZ kubisticky. )
Fig. 11 The NEAT Litschberg base tunnel. 2007. BLS AG [authors* collgzlrtwn]
Beautiful modern portals on the southern side of the Litschberg masa:zf near
Raron, linking a bridge over the Rhone. From the depicted angle of view, the
structure even appears to be in cubist style.
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2007. BLS AG [sbirka autorit]

b V bdzovy tunel. gy
Obr. 12 NEAT Létschbersky bazony ty pohled do prostoru Zelezni¢niho

Moderni fotopohlednice potvrzujici, Ze i pros
unelu miie piisobit velmi dynamicky.
Fig. 12 The NEAT Lotschberg bas'e tu
A modern photo postcard confirming it e .
a railway tunnel may give a very dynamic impression.

nnel.2007. BLS AG [authors* collection]
that even a simple view into the space of

v polojeskyni v zdpadni ¢asti stény, kterd dodnes nese jeho jméno. Ze
stény jej mél vysvobodit and¢l, ktery na sebe vzal podobu selského
chlapce... Sténa je vyznamnou turistickou a lezeckou dominantou —
obr. 13 [2, 12, upraveno].

ZAVER

Prispévek prezentuje jen zlomek existujicich pohlednic s tunely
ky autort Clénku. PotéSitelné je bezesporu také to, Ze pohlednice
s tunely jsou vydavany i v soucasnosti a stdle nachdzeji své priznivce.

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. RICHARD SVOBODA, Ph.D.

Podékovani: Prispévek byl vypracovdn s finanéni pomoci EU ,,OP
Vyzkum a vyvoj pro inovace“, projekt reg. ¢. CZ.1.05/2.1.00/ 03.0097,
v rdmci cinnosti regiondlniho centra AdMasS ,,Pokrocilé stavebni
materidly, konstrukce a technologie “ a programu Centra kompetence
Technologické agentury Ceské republiky (TACR) v rdmci projektu
Centrum pro efektivni a udrZitelnou dopravni infrastrukturu (CESTI),
cislo projektu TE01020168.
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Karwendelbahn, Marlinswand.

Obr. 13 Karwendelskd drdha, Martinova sténa. 1920? F 4053. Karl Redlich,
Innsbruck, Meranestr. 6 [sbirka autoru]

Kolorovand fotografie. Jihovychodni portdl tunelu Martinswand — 2 se zdénou, cha-
rakteristicky stupriovitou portdlovou deskou. Tunel je jednokolejny, dl. 1 810,23 m.
Nachdzi se na tratovém viseku Innsbruck Westbf — Scharnitz. Dominantou pohledni-
ce je mohutnd vdpencovd sténa. Vlevo je reka Inn a jeji vidoli.

Fig. 13 The Karwendel railway, Martin‘s Wall. 1920? F 4053. Karl Redlich,
Innsbruck, Meranestr. 6 [authors* collection]

A coloured photo. The south-eastern portal of the Martinswand — 2 tunnel with
a characteristically stepped masonry portal wall. The single-track tunnel is
1810.23m long. It is located on the Innsbruck Westbf — Scharnitz track section.
A monumental limestone wall dominates the postcard. The Inn River and its val-
ley are on the left side.

[1] PACOVSKY, J. Lidé, vlaky, koleje. 1. vyd. Praha: Panorama, 1982, 216 s.

[2] Rakouské Zelezni¢ni tunely [online]. 2014 [cit. 2014-09-17]. Dostupné na internetu
<http://de.wikipedia.org/wiki/Liste_von_Tunneln_in_%C3%96sterreich>

[3] Horska drdha Semmering [online]. 2014 [cit. 2014-07-29]. Dostupné na internetu <http://cs.advisor.travel/poi/Horska-draha-

Semmering-3187>

[4] KOVARI, K., FECHTIG, R. Historical Tunnels in the Swiss Alps. 1. vyd. Ziirich: Gesellschaft fiir Ingenieurbaukunst, 2000, 128 s.
[S]  Gotthardsky Zelezni¢ni tunel [online]. 2014 [cit. 2014-09-17]. Dostupné na internetu

<http://en.wikipedia.org/wiki/Gotthard_Tunnel>

[6] Gotthardsky silni¢ni tunel [online]. 2014 [cit. 2014-09-17]. Dostupné na internetu

<http://en.wikipedia.org/wiki/Gotthard_Road_Tunnel>

[7]  Schollenenskd drdha [online]. 2014 [cit. 2014-09-17]. Dostupné na internetu

<http://cs.wikipedia.org/wiki/Sch%C3%B6llenenbahn>

[8]  Simplonsky tunel [online]. 2014 [cit. 2014-09-17]. Dostupné na internetu

<http://cs.wikipedia.org/wiki/Simplonsk%C3%BD_tunel>

[9] Tauernskd drdha [online]. 2014 [cit. 2014-09-17]. Dostupné na internetu

<http://en.wikipedia.org/wiki/Tauern_Railway>

[10] Tunel Mont Blanc [online]. [cit. 2014-09-17]. Dostupné na internetu

<http://cs.wikipedia.org/wiki/Montblanck%C3%BD_tunel>

[11] Tunel Lotschberg [online]. [cit. 2014-09-17]. Dostupné na internetu
<http://cs.wikipedia.org/wiki/L%C3%B6tschbergsk%C3%BD_%C3%BApatn%C3%AD_tunel>
[12] Tunel Martinswand 2 [online]. [cit. 2014-09-17]. Dostupné na internetu

<http://de.wikipedia.org/wiki/Martinswand>




23. rocnik - €. 472014

ZPRAVODAJSTVI CESKE A SLOVENSKE TUNELARSKE ASOCIACE ITA-AITES
CZECH AND SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORT

www.ita-aites.cz

ODBORNY ZAJEZD CZTA ITA-AITES
ITA-AITES CZTA TECHNICAL EXCURSION

The ITA-AITES Czech Tunnelling Association organised the traditional
technical excursion even this year. Its programme was focused on excursi-
ons to important underground construction projects abroad. The excursion
was held from 220d through to 25t October 2014. Germany was this time
its target. It was attended by 30 underground construction professionals,
who had the opportunity to visit the underground tram and fast train net-
work construction site in Karlsruhe and the Alter Kaiser Wilhelm railway
tunnel under reconstruction.

Ceskd tuneldiskd asociace ITA-AITES uspofddala i letos tradiéni odbor-
ny zdjezd, jehoz ndpln tvorily exkurze na vyznamné podzemni stavby
v zahrani¢i. Uskute¢nil se od 22. do 25. fijna 2014, jeho cilem bylo tento-
krat Némecko. Zi¢astnilo se jej 30 odborniku na podzemni stavby, ktefi
méli mozZnost navstivit stavbu podzemni tramvaje v Karlsruhe
a rekonstruovany Zelezni¢ni tunel Alter Kaiser Wilhelm (AKWT).

Prvni exkurze se konala ve Ctvrtek 23. fijna na stavbu podzemni tram-
vaje v Karlsruhe. Zahdjena byla v informa¢nim centru celého projektu na
namesti Ettlinger Tor, kde zdstupce investora — spole¢nosti KASIG podal
zékladni informace o celé stavbe, kterd ma po svém dokonceni zajistit
zklidnéni centra mésta prevedenim tramvajové a &dsti automobilové
dopravy pod povrch.

Budovand ¢ést trasy md tvar ,,T*, je dlouhd celkem 4,6 kilometru, z toho
necelé Ctyri kilometry predstavuje raZeny tunel, zbytek tvorf tfi tseky trati
v zéfezu a kratky hloubeny tunel. Celkem vznikne sedm hloubenych pod-
zemnich stanic. Po pfednéSce jiz pracovnici spolecnosti BeMo provedli
ucastniky po centru Karlsruhe a ukdzali jim nejzajimavéjsi Casti projektu.
Prohlidka zacala na ndamésti Ettlinger Tor, pokracovala na Marktplatz, kde
bude trasa tvofit tvar ,,T. Uastnici méli moZnost vidét pravé probihajici
injektdZe zeminového prostredi, provadéni monolitickych podzemnich
stén a hlouben{ stavebni jamy vCetné zajisténi paméatniku hrobky zaklada-
tele mésta nachdzejictho se uprostied stavebni jamy.

Dile prohlidka pokracovala az k namésti Durchlacher Tor, kde byl jiz ve
startovaci Sachté smontovany bentonitovy Stit S869 firmy Herrenknecht,
pripraveny na slavnostni roztoeni. Vlastni t€lo $titu md délku 9,9 m, cel-
kovd délka i s navésy je témef 80 m. Pramér fezné hlavy je 9,3 m, celkova
védha 1300 t, vykon je 1210 kW. Zabudovéno bude 6000 tubingti o vnéjs$im
pruméru 9 m a vnitinim praméru 8,3 m. Délka tubingu je 2 m, vdha 9 t, cely
prstenec bude sloZen ze Sesti segmentu, jeho vdha bude celkem 54 t.

Z hlediska pouzité technologie vystavby je velmi zajimavy tusek dl.
250 m pod ulici Karl-Friedrich-Strasse mezi ndméstim Marktplatz
a Ettlinger Tor. Zde bude pouzita Novd rakouskd tunelovaci metoda, ale
vzhledem k vysoké hladiné podzemni vody bude razba probihat pod pre-
tlakem vzduchu. NadloZi i profil vlastniho tunelu bude navic tlakové pro-
injektovan. Dalsi informace o projektu lze vyhledat na webovych strdn-
kéch http://www.diekombiloesung.de.

Druhd exkurze se konala v pétek 24. f{jna v Cochemu, kde v soucasnosti
probihd rekonstrukce Zelezni¢niho tunelu AKWT. Tento tunel se zacal
budovat v roce 1874, prvni vlak projel v roce 1878. Tunel md velmi zaji-
mavou historii. Kvili parnimu provozu a zejména zvySujici se dopravni

zé4té€Zzi mél problémy s vetrdnim, které byly pIné vyreSeny a7 instalaci
systému deseti velmi vykonnych turbin Siemens-Bentz. Parni provoz byl
ukoncen v roce 1973.V roce 2014 byl dokoncen novy tubus AKWT, tepr-
ve pak mohla zapocit rekonstrukce puvodni tunelové trouby.

Prestavbu AKWT provadi spole¢nost Subterra a. s. Jeji pracovnici
poskytli i¢astnikim mnoho zajimavych tdaja a také jim umoznili pro-
hlidku rekonstruovaného tunelu nejen u portdlu v Cochemu, ale i na druhé
strané u obce Edinger-Eller. Na cochemské stran¢ probihala injektdZ sta-
vajictho ostént, které bude posléze profilovéno na potrebny tvar. Zatimco
vzdy polovina tG¢astniki poslouchala predndsku o probihajici rekonstruk-
ci, dal8f skupinka si mohla projit rekonstruovany tunel k prvni propojce
a sledovat probihajici injektdZ pristropi. Potom byli tcastnici dovezeni
k Ellerskému portélu, kde byl odtéZovén Stérk kontaminovany dlouhole-
tym parnim provozem. Zajimavé je, ze predpisy platné v Némecku nedo-
voluji uZitf pisku k otryskdvani povrcht kvili nebezpedi vzniku silikézy.
Misto toho je aplikovén specidlni materidl, kterého je v8ak az Ctyrndsobné
Vetsi spotreba. Tento materidl je jiZ také po pouZiti povaZovan za konta-
minovany a s jako takovym je nutno ddle naklddat. Velmi rozsdhlé infor-
mace z historie i soucasnosti AKWT jsou dostupné na webovych stran-
kéch http://www.nkwt.de.

Zédjemci si mohli ve zbylém Case prohlédnout malebné meéstecko
Cochem leZici na brehu feky Mosely. Jeho vyraznou dominantou je roz-
lehly hrad vystavény na jedné z vyvySenin ty¢icich se nad Moselou.

Velky dik za zajisténi prohlidek patii Ing. Robertu Dostdlovi z Me-
trostavu a.s. za exkurzi v Karlsruhe a Ing. Janu Vinterovi ze Subterry
a.s. za exkurzi v Cochemu.

Ing. MARKETA PRUSKOVA, Ph.D., pruskova@ita-aites.cz,

CzTA ITA-AITES

Obr. 1 Uéastnici odborného zdjezdu pred Ellerskym portilem AKWT
Fig. 1 Attendees to the technical excursion in front of the Eller portal of the AKWT

ZPETNA ANALYZA MELCE ZALOZENYCH TUNELOVYCH KONSTRUKCI

Préce autorti Ing. A. Zapletala, DrSc. a Ing. TomaSe LouZenského, kterd je k dispozici na webu CzTA, se vénuje deterministickym matematickym geo-
technickym modelim. Dokazuje se v ni cestou geometrické interpretace, Ze zpétnou analyzou nelze nalézti skute¢né parametry horninového prostredi.
Stoji tomu v cesté neprekonatelnd bariéra, tvorend instrumentdlnimi prekdzkami.

Prvn{ instrumentdlni pfekdzkou je nepresnost ode¢tu deformaci in-situ. Druhou a podstatnéjsi je skute¢nost, Ze pocita¢ ,,mysli* jinak nez priroda. A tak,
kdy?Z je pocita¢ konfrontovan s méfenimi in-situ, vyvodi z toho své zavery odlisné od prirodnich. M4 problém s prirazenim vSech porizenych mérent jedi-

nému horninovému prostied{ a nenalézd ho.

Préce ddle upozorfiuje na to, Ze béZny postup, pouZivany ve zpétné analyze, je chybny. Prace zavadi jiny postup, odstratiujici teoretické ndmitky vuci
postupu béznému. Ten ale je kvuli ,,rozdilnému mySleni pifrody a poditae* rovnéz zavadéjici, nékdy kolabujici.

Za této dosti choulostivé situace, kdy puvodni predstavy o moZnostech zpétné analyzy jsou boteny, nabizi prace rozumné vychodisko.

Zpétnd analyza je Zivou disciplinou. O jejich modernich trendech se do¢teme v piispévku doc. Prusky Zpétnd analyza pFi ndvrhu tunelii ve sborniku

konference Zakladani staveb Brno 2014. Konference se konala ve dnech 2.-3. 11. 2014.

Ing. ALES ZAPLETAL, DrSc.
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UNDERGROUND CONSTRUCTION PRAGUE 2016 CONFERENCE

S ohledem na posun terminu kondni svétového tuneldrského kon-
gresu, ktery se uskutecni ve dnech 22.-28. 4. 2016 v San Francisku,
doslo k posunu terminu konani konference na 23.-25. 5. 2016. Misto
kondn{ a schéma konference zustévaji beze zmény. Spole¢né s PS
Praha 2016 probéhne i 3. roénik Vychodoevropské tuneldrské kon-
ference (EETC 2016). Vice informaci naleznete na webovych stran-
kach konference www.pspraha.cz.

EKURZE CZTA
EXKURZE NA STAVBU PRODLOUZENI METRA V.A

Dne 18. zafi 2014 se konala exkurze CZTA na prodlouZeni metra
V.A v Praze. Exkurzi pro asociaci pripravil Ing. Junek ze spole¢nos-
ti Metrostav a.s. ProtoZe o exkurzi byl veliky zdjem, stavbu nakonec
navstivily dvé skupiny zdjemcu, celkem témér 40 1idi.

Na zacdtku exkurze dostali vSichni zdjemci zdkladni informace
o soucasném stavu stavby. Potom presli na staveni$té stanice Nadraz{
Veleslavin, kde v té dobé probihaly dokoncovaci prace, montdz
obkladu, poklddan{ dlazby apod. Tratovym tunelem prosli do stanice
Cerveny Vrch, kterd byla v podobném stupni rozpracovanosti.
Névstévu podzemnich prostor ukoncili vystupem po schodi§ti pod
budoucimi eskaldtory. Po ndvratu na zafizeni staveniSt¢ E2 na
Evropské jesté zbyl ¢asovy prostor pro zodpovézeni dalSich otdzek,
na které odpovidali pracovnici Metrostavu a.s. Ing. Petr Hybsky
a Ing. Maridn Chotar.

EXKURZE DO TUNELOVEHO KOMPLEXU BLANKA

V pondéli 22. zari 2014 se uskute¢nila druhd exkurze, které se
zh¢astnilo pres 50 lidi. Jeji organizaci zajistil Ing. Lubos Rys ze spo-
le¢nosti Metrostav a.s. Zdjemci se setkali na zafizeni staveni§té na
Malovance, potom presli k zacatku Tunelového komplexu Blanka

Taking into consideration the shift in the date of the World Tunnel
Congress, which will be held on 22nd trough to 28th April 2016 in
San Francisco, the date of the Conference was shifted to 23rd — 25th
May 2016. The conference venue and scheme remain unchanged.
The UC Prague 2016 will be held jointly with the 3rd Eastern
European Tunnelling Conference (the EETC 2016). For more infor-
mation visit the conference web pages www.pspraha.cz.

(TKB), kde na né jiz ¢ekal turisticky vla¢ek. Jim byli dopraveni ke
strojovné vzduchotechniky, kde jim podal podrobny vyklad
Ing. Padevét z Metrostavu a.s. za staveni ¢ast a Ing. Oldrich Bartl
z CKD DIZ a. s. za technologickou &ast. Kdo navstivil strojovnu
vzduchotechniky v dobé tésné po jejim vyrazeni, mél moZnost po-
rovnat, co v§e se za tu dobu vybudovalo. Teprve kdyZ navstévnik ma
moznost vidét i neverfejné prostory TKB, pochopi rozsah praci, které
zde byly provedeny.

Dal3{ cesta vlacku smérovala na trojskou stranu, kde si navstévni-
ci mohli prohlédnout pravé dokoncovany Trojsky most, jen nékolik
dnf pfed jeho uvedenim do provozu. Ing. Petr Koukolik z divize 5
z Metrostavu a.s. ochotné zodpovédél mnoho otdzek jednotlivych
ucastniku, protoZe bohuzel stdle nejsou nékterd fakta o konstrukci
mostu dostate¢né roz§ifena mezi verejnosti.

Kdo mél zdjem, mohl si jesté jednou vychutnat jizdu vlackem,
ktery se vracel opét na Malovanku, protoZe lze predpoklddat, Ze
takové dopravni prostfedky nebudou tvorit Casté uZivatele TKB
v béZném provozu.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, CzTA ITA-AITES

VYDANI UZIVATELSKE PRIRUCKY PRO MECHANIZOVANE TUNELOVANI V PODMINKACH CR

V Cervenci 2011 byla zaloZena pri Ceské tuneldiské asociaci Pracovni skupina pro mechanizované tunelové-

ni. Novd pracovni skupina vznikla v souvislosti s nasazenim modernich tunelovacich stroji na stavbé prodlou-
Zeni trasy V.A praZského metra a také vzhledem k perspektivni moZnosti nasazeni stroji TBM nebo $titt na pfi-
pravovanych stavbich v Ceské republice.

Jednim z hlavnich dkola skupiny se tak i z logiky véci stalo zpracovéni dokumentu, ktery by zachytil a popsal
obsah a mozZnosti plynouci ze vztahu celosveétové se prudce rozvijejici technologie mechanizovaného tunelo-
véani a moznosti jejiho uplatnéni v Ceské republice.

Préce na prirudce si vyZadala velké mnozZstvi Casu a energie viech autort a to i proto, Ze vyzva tématu byla
velmi motivujici a nasazeni zpracovatelského tymu tomu tedy i odpovidajici.

Nakonec se vSe podarilo a tak na zaldtku Cervence 2014 vySel v edici Dokumenty CzTA ITA-AITES novy,
v pofadi jiz sedmy svazek s nazvem UgZivatelskd pFirucka pro mechanizované tunelovini v podminkdch CR,
kterd je dnes pro zdjemce k dostdni zdarma az do vycerpdni zdsob v sekretaridtu CzTA.

Na zdvér je nutné podékovat autorskému kolektivu ve sloZeni prof. Ing. Jifi Bartdk, DrSc., Ing. Tomas
Ebermann, Ph.D., Ing. Karel Franczyk, Ph.D., Ing. Michal Grambli¢ka, Ing. Otakar Hasik, Mgr. David Hruska, Ing. Pavel Poldk, Ing. Karel
Rassler, Ph.D., Ing. Filip Schiffauer, Ing. Bohuslav Ste¢insky, Ing. Boris Sebesta, Dr. Ing. Petr Vitek a Ing. Zdenék Zizka za dobie odve-
dené dilo a skvélou spolupréci.

_WIVATELSKA PRIRUCKA

Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz,
vedouci pracovni skupiny pro mechanizované tunelovdni

VidZeni étendri,

omlouvdme se v za chybu v popisu obrdzku 4 a 6 v Elanku Ing. J. Rotta, Ph.D. Homogenizace a modifikace sloZeného ocelobetonového osténi
s Casovym ndrustem modulu pruznosti stiikaného betonu v Cisle 3/2014 naSeho Casopisu. U obr. 4 m4 spravné byt Vyvoj modulu pruznosti homo-
genizacniho osténi v Case zrdni starsi vrstvy SB pro 2 vrstvy strikaného betonu SB 20, Er = 18 GPA a ocelovy profil HEB 240 a u obr. 6 Vyvoj
modifikované vysky homogenizovaného osténi v Case zrdni starsi vrstvy SB 20, Ef= 18 GPa. Dékujeme za pochopeni. Redakce ¢asopisu.

Dear readers,

let us apologise for an error in the description of Figures 4 and 6 in the paper by Ing. Rott, Ph.D. Development of the modified thickness of the
homogenised lining during the time of curing of the older SC layer, SC 20, Ef = 18GPa published in TUNEL issue No. 3/2014. The correct text
under Fig. 4 is “The development of the modulus of elasticity of the homogenised lining during the course of the aging of the older SC layer for
2 layers of SC 20, Ef = 18GPa shotcrete and a HEB 240 steel profile and the correct text under Fig. 6 is to be The development of the modified
thickness of the homogenised lining during the course of the aging of the older SC 20, Ef = 18GPa shotcrete layer. Thank you for your under-
standing. Editors of the journal.



Vystavba metra V.A (Dejvicka - Motol), Praha
stanice Nemocnice Maotol

NASE
 RESENI _

Stavime pro vas metro

Specializace na razené i hloubené podzemni stavby je nasi nosnou technologil. Disponujeme tymem zkuenych
technikd a mame potfebné vyrobni kapacity umoznujici optimalizaci vasich projekt podle poslednich technologickych
poznatk(. Své zkusSenosti jsme upevnili a rozsifili na fadé vyznamnych a technicky narocnych tunelovych projekt,
mezi které patfi i realizace stanic Nemocnice Motol a Bofislavka a ¢asti tratovych tunell v rdmci projektu prodiouzeni
trasy metra V.A v Praze.

HOCHTIEF CZ a. s.
Pizenska 16/3217
150 00 Praha 5

wwhochtetcz Z vizi tvofime hodnoty HOCHTIEF
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ARCADIS CZ a.s., divize Geotechnika
nabizi investorim, projektantim, zhotovitelim

Komplexni feseni geotechnickych

problémd

« inzenyrskogeologické, stavebni a geotechnické prizkumy
numerické modelovani a stabilitni vypocty

projektovani, fizeni a realizace geotechnickych staveb
odborné geotechnické konzultace, supervize a stavebni dozor
geotechnicky monitoring a fizeni rizik

laboratorni a terénni zkousky

www.arcadis.cz

Pro pfesné zaméreni skutec¢ného stavu nabizi
ARCADIS CZ a.s., divize Geotechnika vyuZiti
nejmodernéjsiho laserového skeneru v CR,
Leica ScanStation P20






