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Vazeni Ctendri Casopisu Tunel,

dovoluji si vam predstavit druhé &islo naSeho asopisu v roce 2011, které opét obsahuje mnoho zajimavych ¢lanka. Predklddané &islo je vénovano dvéma vyznamnym
Ceskym odbornym firmdm, a to Prominecon Group, a. s., a Satra, s. . 0.

Prominecon Group, a. ., se jiZz v minulosti dspés$né podﬂela na vystavbé a rekonstrukcich kolektort a kabelovych tunelt v centru Prahy, coZ dokazuje i v soucasné
dobé. V tomto &isle je firma prezentovdna velmi zajimavym ¢lankem o vyuziti stifkané hydroizolaéni membrédny na stavbé vytahu do stanice metra Nérodni trida.
Prispévek je pokraéov;inim ¢lanku vydaného jiz ve tretim Cisle Casopisu Tunel 2010 a soustieduje se hlavné na podrobny popis vybéru druhu izolace a pribéhu prové-
déni izolacnich pram

Neméné zajimavym je také ¢lanek o piistupovém tunelu pro razbu stanice metra VA na Cerveném vrchu, jeho autofi poplsup technologii razby, ale také upozormuji
na vzniklé geologické problémy, které museli béhem razby tunelu piekonat. Znovu je zde prokézéno, jak dulezitou roli zaujima podrobny geologicky prizkum béhem
pripravy projektu.

Spolecnost Satra, s. r. 0., se predstavuje ¢lankem, ktery ¢tendfe podrobnéji sezndmi s tunelovyml stavbami pro dokonceni mestského okruhu v Praze.

Clanek o ¢innostech skupmy geotechnika ve spoleCnosti Satra, s. r. 0., popisuje velmi zajimavé projekty, na kterych se tato skupina odbornikili podili. Diikazem je
napriklad i razba vinného sklepu v Sérce a dalii.

Reseni pozdrni bezpecnosti v tunelech nebo zptisob dosazent pozadovane drovné bezpecnosti jiz pri pozdru jsou jednim z ne]duleznej Sich technickych pozadavki pro
bezpetny provoz tunell. Analyza poZdrn{ bezpecnosti v tunelu Blanka pfi pouZiti tésnych tunelovych klapek je jednoznacné velkym piinosem v této oblasti.

Myslim, Ze jsem vés sezndmil s vétSinou Eldnku tohoto &isla. Opét stoji za to si predist véechny, jelikoz jsou opravdu velice zajimavé. Rad bych ale jeste upozornil na
¢ldnek o vystavbé kanalizaéniho sbérace v Tdbore. I presto, Ze se nds Casopis specializuje zejména na vystavby tunelu, ¢ldnek o razbé kanalizaéniho sbérate md zde jisté
své misto. Neprehlédnéte také ¢lanky Ing. KuSnira o pripravovanych Zelezni¢nich tunelech na Slovensku i ¢ldnek doc. Hordka, ktery se vraci k vystavbé slovenského
tunelu na trati Handlova — Hornd Stubnia dokonceného v roce 1931. g

I presto, Ze globéln{ ekonomicka krize zpusobila ttlum stavitelstvi v celém svété, ktery v Ceské republice trvd i nadéle a je podporovan neustdlymi intrikami v politické
sfére, jsou realizovany velmi zajimavé projekty. V soucasné dobe je jednoznacné nejvice sledovanou uddlosti v oboru podzemnich staveb premiérové nasazeni dvou
plnoprofilovych tunelovacich strojii, které budou razit vétSinu tratovych tunelli prazského metra ze stanice Dejvickd do stanice Motol. Oba stroje se jmény Tonda a Adéla,
pojmenovanymi pacienty z kliniky détské chirurgie Fakultni nemocnice Motol, poprvé prinaseji do Ceské republiky technologii TBM — EPB (Tunel Boring Machine —
Earth Pressure Balance). Tato technologie je vhodna pro razbu v méstské vystavbe, tak drzme palce, at’'vse probéhne bez vétsich komplikaci! V ndsledujicich &islech se
jisté dockdme dalich ¢lanku o probihajici razbe.

V leto$nim roce, ktery bude pro vSechny stavebni firmy opét slozity, slavi 60. vyro¢i vzniku firma VOKD, a. s., kterd realizuje podzemni dila vétSinou v uhelnych
dolech ostravsko-karvinského reviru. Chtél bych ji touto cestou poprat mnoho tdspécht i mnoho vyraienych metra v dalgich letech.

Doufém, Ze vas Cislo, které pravé drzite v rukou, zaujme minimélné stejné jako viechna predch021 4G casoplsu se svym rozsahem a tloustkou jiz stava ,,mald kniha“,
coZ je dikazem jeho oblibenosti a dsp&snosti podzemniho stavitelstvi v Ceské republice. Preji viem ¢tendrtim prijemné stravené chvile u &isla 2/2011 Easopisu TUNEL'

Ing. Petr Szotkowski,
¢len redakéni rady casopisu Tunel

Dear readers of TUNEL journal,

I take the liberty of introducing to you the second issue of our journal in 2011, which again contains a range of interesting articles. The journal issue submitted to you
is dedicated to two important Czech professional companies: Prominecon Group a.s. and Satra s.r.o.

Prominecon Group a.s. has successfully participated in construction and reconstruction of utility tunnels and cable tunnels in the centre of Prague even in the past and
proves its abilities even today. In this issue, the company is presented by a very interesting article on the use of the spray-on waterproofing membrane at the construction
of a lift to Nédrodni Tfida metro station. This paper is a continuation of the article published in issue No. 3/2010 of TUNEL. It is focused first of all on the detailed desc-
ription of the choice of the type of waterproofing and the process of the waterproofing installation.

Not less interesting is also the article on the access tunnel for the excavation of Cerveny Vrch station of the VA metro line. Its authors not only describe the excavation
technique, but also call attention to geological problems they encountered and had to overcome during the course of the tunnel excavation. The paper is another proof of
the importance of detailed geological surveys during the work on the design.

Satra s.r.0. introduces itself by an article acquainting the readers in more detail with tunnel structures required for the completion of the City Circle Road in Prague.

A paper on activities of a team of geotechnicians in Satra s.r.o. describes very interesting designs this team of professionals has participated in, for example the exca-
vation of a wine cellar in Srka and other.

Solving problems of fire safety in tunnels or methods of achieving required levels of safety immediately after a fire is one of the most important requirements regar-
ding the safety of traffic in tunnels. The analysis of fire safety in the Blanka tunnel using air-tight dampers is undoubtedly a significant contribution in this area.

I believe that I have informed you about the majority of the articles contained in this issue. All of them are again worth reading because they are really very interesting.
I would further like to call your attention to the paper on the construction of a collector sewer in the town of Tabor. Despite the fact that our journal is focused first of all
on tunnel structures, the article on the excavation of a collector sewer certainly deserves it place in it. In addition, do not overlook the article by Ing. Kusnir on railway
tunnels under preparation in Slovakia and the article by docent Hordk, which gets back to the construction of a Slovak tunnel on the Handlovd — Hornd Stubnia rail line,
completed in 1931.

Very interesting projects are being implemented despite the fact that the global economic recession has put a check on the civil engineering industry worldwide and
continues further in the Czech Republic, being aggravated by incessant intrigues in the political sphere. At the moment the unambiguously most watched event in the field
of the underground construction industry is the premiere performance of two full-face shielded tunnelling machines, which will drive the majority of running tunnels of
the Prague metro from Dejvickd station to Motol station. The two machines, named Tonda and Adéla by patients of the Clinic of Paediatric Surgery, the Faculty Hospital
in Motol, have for the first time brought the EPB TBM technology to the Czech Republic. This technology is suitable for driving under urban developments, so let us wish
it well to complete the excavation without significant complications. We will certainly find other articles on the continuing drives in future issues of the journal.

This year, which is again going to be difficult for all construction companies, is also the year during which VOKD a. s., a company, which has implemented underg-
round structures mostly in coal mines of the Ostrava — Karvind coal district, will celebrate the 60t anniversary of its foundation. I would like to use this opportunity to
wish it lots of success and lots of metres driven in the years to come.

I believe that the journal issue you are just holding in your hands will capture your attention not less than all previous issues. The journal has already become a “small
book™ as far as its scope and thickness is concerned, which is a proof of its popularity and success of underground construction industry in the Czech Republic. I wish all
readers pleasant moments spent with TUNEL issue No. 2/2011! Ing. Petr Szotkowski,

Editorial Board member
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VAZENI CTENARI, VAZENI KOLEGOVE

Jsem upfimné rdd, Ze vds mohu na strankdch Casopisu Tunel pozdravit
jménem akciové spole¢nosti PROMINECON GROUP.

Ackoli je nase spole¢nost ¢lenem Ceské tuneldrské asociace ITA-AITES
teprve od roku 2008, v podzemnim stavitelstvi uz realizovala fadu projek-
ti. K vyznamnym stavbdm patif napriklad propojenf transformoven pomo-
cf kabelovych tunelt Katefinskd, Smichov a Vltava nebo vystavba kolekto-
ri na Véclavském ndmésti. Béhem jejich realizace se vytvoril odborné kva-
lifikovany tym, ktery byl posilen dal§imi pracovniky z jinych firem se zku-
Senostmi z vyznamnych tunelovych staveb. Nasi pracovnici se v predcho-
zich letech podileli na vystavbé zdsobniku zemniho plynu v Hdjich
u Pfibrami, trasy C metra v Praze, kolektoru Vodi¢kova a Piikopy, tunelu
Mrazovka, tunelovych ¢asti SOKP staveb 513 a 514, tunelu Klimkovice
a na dalSich projektech.

V minulosti spole¢nost podnikala také v oboru realitniho developmentu,
hotelnictvi nebo spravé nemovitosti. Restrukturalizace spole¢nosti vycleni-
la tyto Cinnosti do samostatnych pil{fa podnikdni v rdmci celého holdingu.
Kli¢ovou oblasti naddle zustavd stavebni vyroba, zejména podzemni stavi-
telstvi a vystavba infrastrukturnich projekti. V této oblasti po&itdme
s dalsim posilenim spolupréce se $panélskym PROMINECONem.

Priznivy vyvoj stavebnictvi, se kterym pocitaly v§echny stavebni spole¢-
nosti, byl po roce 2008 prerusen obdobim stagnace, které jesté zdaleka
nekondi. Vétsinou se dokoncuji pouze zakdzky z predchoziho obdobi, nové
nejsou vypisovany a kontinuita pripravy dalSich staveb prakticky neexistu-
je. Restrikce investic do dopravn{ infrastruktury rozhodné nejsou idedlnim
feSenim ekonomickych problému, protoZe bez dokonale funkéni Zelezni¢ni
a silni¢ni sit€ 1ze jen téZko oekdvat vyrazné hospodarské oziveni.

Piitom vySe investic do dopravni infrastruktury, kterou doporucuje
Evropskd komise, ¢ini 2,5 % HDP. V CR to predstavuje ¢astku 100 mld. K¢&
ro¢né. Skute¢nosti je vSak podstatné sniZovani financi na vystavbu doprav-
ni infrastruktury. V roce 2010 byla jeste v rozpo¢tu Stdtniho fondu doprav-
ni infrastruktury ¢astka 96 mld. K¢, pro rok 2012 a 2013 se pocitd uz jen
s 54, respektive 50 mld. K&. Omezeni novych investic do dopravni infra-
struktury, a tim pferuseni plynulého procesu jeji vystavby, vyrazné postihu-
je i podzemni stavitelstvi.

Dalsim problematickym feSenim je preruseni vystavby nékterych, zejmé-
na dopravnich staveb, které md pfinést ocekavané tspory. Pfitom se reali-
zace pouze odsouvd za cenu zvySenych ndkladd na nutnou konzervaci sta-
venist, na jejich ostrahu a pozdé&j§i nutnou revitalizaci pred obnovenim
vystavby. V nékterych pifpadech muze dokonce hrozit ztrita prostfedki
z evropskych fondu.

Presto, nebo prave proto jsem rad, Ze se v tomto Cisle Casopisu Tunel
muZete sezndmit aspon s dspéchy, kterych spolenost PROMINECON
GROUP dosdhla v oblasti podzemniho stavitelstvi. Pfipravili jsme pro vds
¢lanek o technologii stitkané hydroizolacni membrany, pouZité na neddvno
zkolaudované stavbé bezbariérového piistupu do stanice metra Nérodnf tfida
na trase B. Dodate¢nd vestavba vytahovych Sachet s mezilehlou podzemni
prestupni chodbou byla prostorové naro¢nou stavbou v méstské zastavbe pii
zachovani provozu metra. Hlavni ¢4st rekonstrukce stanice metra je spjata
s vystavbou obchodné-administrativniho centra, kterd na své zahajeni teprve
Cekd. Druhou prezentovanou stavbou v tomto Cisle je prodlouZeni trasy
A prazského metra. Ke stanici Cerveny Vrch byla nejdiive vyraZena piistu-
pova §tola Frantisek a vyhloubena vétraci Sachta. V soucasné dobe byly zaha-
jeny prace na razbé vlastni jednolodni stanice, jejiz profil je CElenén
v horizontdlnim a vertikdlnim sméru na Sest dil¢ich vyru-
bu. NaSe spolecnost se subdodavatelsky podili i na
vystavbé dal3ich stavebnich objekt metra.

Pral bych si, abyste v obou materidlech nasli zajimavé
informace, které roz3ifi vas prehled o podzemnim stavi-
telstvi v Ceské republice. Chci také podékovat viem
nasim partnerim a dodavatelum, se kterymi spolecné
odevzddvame kvalitni prici, za kterou si nds klienti vazi.

Zdaf Buh!
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DEAR READERS, DEAR COLLEAGUES!

I am sincerely happy that I can greet you on the pages of TUNEL magazine on
behalf of PROMINECON GROUP, joint stock company.

Despite the fact that our company has been a member of the ITA-AITES Czech
Tunnelling Association only since 2008, it has already completed a range of underg-
round construction projects. Among significant constructions there are, for example,
the connection between transformer stations by means of the Katefinskd, Smichov and
Vltava cable tunnels or the construction of utility tunnels under Wenceslas Square. The
technically qualified team which was formed during the operations was reinforced by
workers from other firms, who had gained their experience in other important tunnel-
ling projects. In the past, our employees participated in the construction of the gas sto-
rage cavern in Héje near Pfibram, the Prague metro line C, the Vodickova and Piikopy
utility tunnels, the Mrazovka tunnel, construction lots 513 and 514 of the Prague City
Ring Road, the Klimkovice tunnel and other projects.

In the past, the company was even active in the field of real estate development, the
hotel trade or real estate management. The restructuring of the company singled these
activities out to form independent business pillars within the framework of the entire
holding. Construction, first of all underground projects and infrastructural projects, has
further remained the pivotal field of our activities. We are expecting the collaboration
with Spain-based PROMINECON to be further strengthened.

The favourable development of the construction industry, which had been relied on
by all construction companies, was interrupted after 2008 by the period of stagnation,
which is still far from ending. The majority of construction work comprises contracts
from previous times being completed; new contracts are not being awarded and the
continuity of the process of the preparation of other projects is virtually inexistent.
Restrictions on investments in traffic infrastructure are by no means an ideal solution
to economic problems since substantial economic recovery without perfectly functio-
nal railway and road network is difficult to expect.

The volume of investment in transport infrastructure which is recommended by the
European Commission amounts to 2.5 per cent of the GNP, which means an annual
investment of 100 billion CZK for the Czech Republic. The reality is that funds avai-
lable for the development of the transport infrastructure have been continually signifi-
cantly reduced. In 2010, there still was the amount of 96 billion CZK in the State Fund
for the Transport Infrastructure Budget, whilst only 54 billions and 54 billions are plan-
ned for 2012 and 2013, respectively. Restrictions on new investments in transport
infrastructure, resulting in the suspension of the continual process of its development,
even significantly affect the underground construction industry.

Another problematic solution is the suspension of the work on some projects, first
of all transport-related ones, which is expected to yield the required savings. The result
is that the construction works are only postponed at the expense of increased costs
incurred due to the necessity to conserve the sites, guard them and subsequently revi-
talise them before the works are restarted. In some cases there is even a threat that the
means from European funds could be lost.

Despite this fact, or just because of this fact, I am glad that you can get acquainted
at least with the success PROMINECON GROUP has achieved in the underground
construction industry. We have prepared a paper for you dealing with the spray-appli-
ed waterproofing membrane technique, which was used at the recently commissioned
construction of the step-free access to Ndrodni Trida station on the Line B of Prague
metro. The addition of the lift shafts with a transfer gallery was a complicated task in
the restricted space within the urban setting available, with the metro operation unin-
terrupted. The main part of the metro station reconstruction is associated with the con-
struction of a commercial-administration centre, which has been still waiting for its
commencement. The other project presented in this magazine issue is the extension of
the Prague metro Line A. The FrantiSek access adit to Cerveny Vrch station and ven-
tilation shafts were the first structures to be carried out. At the moment, the excavati-
on of the one-vault station itself, the excavation sequence of which is divided both

horizontally and vertically into six partial headings, has started.
Our company is a sub-contractor participating in other metro con-
struction parts.

Pa I will be happy if you find interesting information in the two
papers, expanding your knowledge of the underground constructi-
on industry in the Czech Republic. In addition, I want to thank all
our partners and contractors helping us jointly to hand over the high
quality work, which has always been appreciated by our clients.

God speed you!

ING. PETR KUCHAR

predseda predstavenstva a generalni reditel PROMINECON GROUP, a. s.
Chairman of the Board and C.E.O. of PROMINECON GROUP, a. s.
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VAZENI PRATELE, VAZENI KOLEGOVE,
MILi CTENARI CASOPISU TUNEL!

Po nékolika letech stojim opét pred udkolem napsat tGvodnik
k aktudlnimu &islu Casopisu, vénovanému nasi spolecnosti. V letos-
nim roce je to vyro¢i kulaté, pokud bych pouzil primér k ¢lovéku,
dozivé se spoleCnost SATRA, spol. s r. 0., dvaceti let véku. Je to pri-
lezitost k vyCtu vieho, co se ndm za uplynuld dvé desetileti podafrilo;
moznost bilancovat a upozornit na viechny nase zdsluhy, na dspéchy
i na véci, které nds prili§ netési.

KdyzZ jsme pred dvaceti lety s mym kolegou a pfitelem, Josefem
Dvordkem, zaklddali vlastni projektovou a konzultaéni spole¢nost,
verili jsme, Ze nase spole¢nd vize bude dspésnd. Od pocétku jsme se
fidili heslem, Ze za nds musi hovofit naSe prace, vzdy komplexni od
prijeti zakédzky aZ po uvedenf celé stavby do provozu. Dusledné sle-
dovéni kazdého detailu a snaha nabizet svym klientim maximalné
kvalitni a precizni sluzby, to byl a stdle je nd§ specificky rukopis.
Slavime dvacdté vyro¢i a véfim, Ze na$i firmu vS§ichni znédte. Vim
jisté, Ze zndte naSe zakdzky. S nékterymi z naSich nejzajimavéjsich
praci se miZete sezndmit i v ¢ldncich uvnitf tohoto &isla.

Chci se vice zamyslet nad tim, jakd je pfitomnost a budoucnost
nasi price. Zijeme v dobé kongici hospodaiské recese; na kazdém
kroku c¢teme a slySime o nutnosti dspor. Rada projektu velkych
inZenyrskych staveb se pozastavuje nebo odkldd4 a podzemnf stav-
by bohuZel nejsou vyjimkou; jednd se vétSinou o stavby dopravni.
Je to nelehkd situace, jsem ale presvédCeny, Ze bychom ji méli chd-
pat i jako piileZitost. Jako projektanti, tvurci technického feSeni,
muZeme hledat moZnosti efektivnich dspor, hledat kompromisy
a pomoci tak odejmout z podzemnich staveb nelichotivé stigma
bezedné diry na vefejné finance. NaSe prace md bohuzel v zahrani¢{
Casto lepsi zvuk, nez pred domdcim publikem. A to bychom mohli
a méli napravit.

Jsem rad, zZe spolecnost SATRA, spol. s r. 0., je dnes nedilnou sou-
casti Ceského podzemniho stavitelstvi. Reprezentujeme obor na
domdci pudé€ i v zahranii. Intenzivné se podilime na organizaci rady
mezindrodnich konferenci. Jen namdtkou vzpomenu mezindrodn{
kongres WTC 2007 v Praze, konferenci Podzemnf stavby Praha 2010
nebo zaseddni pracovni skupiny WG2 vyboru PIARC TC.4 Tunely
v dubnu leto$niho roku. Vénujeme se riznym formdm publikalni
¢innosti, od vyddvani odbornych publikaci aZ po pravé vznikajici
internetovy portdl o prazskych dopravnich stavbach. Nasi odbornici
se podileji na fadé vyzkumnych i vzdéldvacich aktivit. Chceme, aby
i nadéle jméno nasi spole¢nosti melo dobry zvuk, aby bylo synony-
mem pro profesiondlné a ve vSech smérech precizné odvedenou
préci.

Preji Ceskému podzemnimu stavitelstv{
svétlou budoucnost!

%// W
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DEAR FRIENDS, DEAR COLLEAGUES,
DEAR READERS OF TUNEL JOURNAL!

After several years | am again facing the task to write a leader for the
current issue of the journal, which is dedicated to our company. This yea-
r’s anniversary is well-rounded. If I use a comparison to a man, our com-
pany SATRA, spol. s r. 0. has lived to see twenty years of age. It is an
opportunity for us to summarise everything we managed to succeed in
during the past two decades, an opportunity to review and point out all
our merits and achievements, as well as things we are not very proud of.

When we, me and my friend Josef Dvordk, were founding our own
designing office twenty years ago, we believed that our shared vision
would be successful. Since the beginning our motto has been that our
work, always complex from the acceptance of an order up to bringing
the complete project into service, has to speak on our behalf. Consistent
care of each detail and efforts to offer our clients with maximum quali-
ty and precision services was and still is our specific recognition mark.
We are celebrating the twentieth anniversary and I believe that you all
know our company. I am positive you know our designs. You can
acquaint yourself with some of the most interesting of them even in
articles contained in this issue.

I would like to contemplate the presence and future of our work. We
are living in the period of an ending economic recession; we can read
and hear on every step about the necessity for savings. Many large civil
engineering projects are being suspended or postponed; unfortunately,
underground construction projects, mostly traffic-related ones, are no
exception. This is no easy situation, but I am convinced that we should
even take it as an opportunity. In the role of designers and developers
of technical solutions, we can seek opportunities for effective savings,
look for compromises, thus to help to remove the unflattering stigma of
a bottomless pit swallowing public finances dedicated to underground
construction projects. Unfortunately, the reputation of our work is often
better abroad than with our domestic audience. This is a thing we could
and should rectify.

I am happy that SATRA spol. s r. o. is today inseparable part of the
Czech underground construction industry. We represent it both at home
and abroad. We intensely participate in the organisation of numerous
international conferences. Only randomly, I can remember the WTC
2007 in Prague, the conference Underground Construction Prague 2010
or the meeting of the working group WG2 of the PIARC TC4, Tunnels,
in April 2011. We devote ourselves to various forms of publishing, ran-
ging from technical publications to the Internet portal on traffic projects
in Prague which is just originating. Our experts participate in a range of
research and educational activities. We wish that the name of our com-
pany continues to enjoy good reputation, to be a synonym for professi-
onally performed work, precise in all aspects.

I wish the Czech underground construction
industry bright future!

LUDVIK SAJTAR

generalni Feditel SATRA, spol. s r. o
General Manager SATRA, spol. s r. o.
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STRIKANA HYDROIZOLACNI MEMBRANA MASTERSEAL 345
JAKO USPESNE ALTERNATIVNI RESENI
SPRAY-APPLIED WATERPROOFING MEMBRANE MASTERSEAL 345
- SUCCESSFUL ALTERNATIVE SOLUTION

JAROSLAV SIMA, ONDREJ KRCMAR, RADOVAN MATZNER, JAN DVORAK, LUBOS CHAMA

uvoD

Autofi (Sima, Zdrazila, TUNEL 3/2010) uvadé&ji na piikladu
stavby vytahu do stanice metra Néarodni tfida uspésné pouZiti
stiikané hydroizolaéni membrany Masterseal 345 — z pohledu
vy$§iho dodavatele stavby, dodavatele tésnicich hmot
a zdstupcu firmy provadéjici hydroizolaci [1].

V uvedeném c¢lanku byla problematika hydroizolace stavby
zminéna pouze okrajové. V tomto prispévku proto dopliujeme
podrobnosti o vybéru druhu izolace a popisujeme prubéh pro-
vadeén{ izolaénich praci.

Podle projektu byly v misté vybudovany dvé dvojice vytahu
pro imobilni obcany. Prvni dvojice o nosnosti 1200 kg
s dopravni vySkou 28 m vede z ulice M. Rettigové, navazujici
na Lazarskou ulici, do prestupni chodby. Tou se cestujici dosta-
nou ke druhé dvojici vytahu s nosnosti rovnéz 1200 kg, ktera je
dopravi na droven ndstupi$té stanice Narodni. Dopravni vyska
téchto vytahu je 10,9 m a dsti v ele ndstupisté stanice metra.

Ze stavebniho hlediska jde o hloubenou $achtu S1 ovalného
prufezu, na kterou navazuje prestupni chodba budovand ze

(T

Sachta §1
L Shaft $1
H

Ozub
Spur

Chodba CH1
Gallery CH1

Chodba CH2
Gallery CH2

Sachta 32
Shaft 52

Obr. 1 3D pohled
Fig. 1 3D view

INTRODUCTION

Using the construction of a lift to Narodni Tfida metro stati-
on as an example, the authors (Sfma, Zdrazila, TUNEL 3/2010)
presented a successful use of spray-applied waterproofing mem-
brane Masterseal 345 as viewed from the main contractor’s per-
spective as well as the perspective of the supplier of sealants
and representatives of the company installing waterproofing
systems. [1]

The problems of the waterproofing system used for the con-
struction were mentioned in the above-mentioned paper only
marginally. For that reason we add details on the selection of the
waterproofing type and describe the waterproofing installation
process in this paper.

According to the design, two pairs of lifts for mobility-impa-
ired persons were constructed on the site. The first pair with the
loading capacity of 1,200 kg and lifting height of 28 m leads
from M. Rettigové Street, linking Lazarskd Street, to a transfer
gallery. Through this gallery, passengers get to the other pair of
lifts, also with the loading capacity of 1,200 kg, which will
carry them to the level of the Narodni Tfida station platform.
The height of these lifts is 10.9 m. Their doors are at the front
end of the metro station platform.

From the civil engineering viewpoint, the structure consists of
the S1 shaft, oval in the cross section, with a transfer gallery lin-
king to it, which was driven from two very short galleries per-
pendicular to each other. The transfer gallery is connected to the
station itself through the other shaft ($2), which is rectangular
in ground plan (see Fig. 1).

SELECTION OF TECHNICAL SOLUTION AND SELECTION
OF WATERPROOFING SYSTEM

Several basic factors were taken into account when the
waterproofing system was being selected. In contrast to waterp-
roofing systems using foils, spray-applied waterproofing is
more suitable for underground structures with complicated geo-
metry, such as sidewall recesses, gallery intersections, bifurca-
tions and transition caverns. This applies to the construction of
the lift for Ndrodni Tfida station as well.

Spray-applied waterproofing is a continuous waterproofing
system without discontinuous parts, requiring no waterstops or
dividing of the structure into individual sections corresponding
to casting blocks. If a spot where the waterproofing was dama-
ged or where a reinforcement bar pierced through it is found
when the reinforcement is being placed, it is marked and the
repair is carried out in a simple manner. The waterproofing
compound with some water added to it is stirred with a spatula
and the defective spot is repaired with the putty. This possibili-
ty turned out to be an advantage when stop ends of the form-
work in galleries CHI and CH2 were being braced. The spray-
applied waterproofing layer had to be several times drilled
through so that the formwork was sufficiently secured and con-
crete could not leak from it. The spots were subsequently sim-
ply repaired.
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dvou na sebe navzdjem kolmych velmi kratkych Stol. Prestupni
chodba je spojena s vlastni stanici druhou hloubenou Sachtou
S2 obdélnikového prufezu (obr. 1).

VYBER TECHNICKEHO RESENI
A VOLBA TECHNOLOGIE PROVADENI IZOLACI

Pfi vybéru systému hydroizolace bylo pfihlédnuto k néko-
lika zdsadnim faktorim. Na rozdil od foliévé izolace je
systém stfikané hydroizolace vhodnéjsi do podzemnich kon-
strukci s komplikovanou geometrii, jako jsou postranni
vyklenky, kfiZeni chodeb, odbocky a prechodové kaverny. Tak
je tomu i v pripad€ stavby vytahu ve stanici metra Narodni
trida.

Stiikand izolace je souvisly hydroizolaéni systém bez
nespojitych ¢asti a nevyzaduje vodni zardzky v podobé sparo-
vych pdsu, ani rozdélovani na jednotlivé dseky po sekcich
betondZe. Zjisti-li se béhem armovani poruSeni nebo zdsah
armatury do izolace, misto se oznaci a provede se oprava izo-
lace jednoduchym zpusobem. Izolaéni hmota se rozmichd
Spachtli s vodou a porusené misto se zatmeli. To se ukdazalo
jako dalsi vyhoda pfi zapirani el forem v chodbiach CHI
a CH2, kde musela byt nékolikrat provrtdna izolace pres pro-
vedeny ndstrik, aby bylo bednéni dostate¢né zaji§téno a nedo-
chézelo k dniku betonu z formy. Potom byla mista jednoduse
opravena.

Stiikand hydroizolace, stejn€ jako f6liovd, byla jiZ v minu-
losti pouzita na stavbach Dopravniho podniku hl. mésta Prahy
— napriklad pfi vystavbé &dsti metra IVC2. VSechny nezbytné
doklady pro schvdleni materidlu investorem byly tedy
k dispozici.

Stiikand hydroizolace Masterseal 345 byla vybrdna proto,
7e nejlépe splnovala pozadavky na specifika uvedeného sta-
vebniho dila. Materidl se aplikuje stfikdnim na primarni pod-
kladni konstrukci prevdzné ze stiikaného betonu. Pri-
betonovanim sekunddrniho osténi dojde k vytvoreni kompakt-
ni sendvic¢ové skladby. Mezi prednosti mezilehlé membréany
patii jeji vyborna pridrznost k podkladu i k dal$im vrstvam.
Muze byt aplikovdna pfimo na ocelové spojovaci prvky, jako
jsou hlavy skalnich kotev, napojovaci tyCe vyztuZe pro vnitf-
ni konstrukce a vétraci podpéry. PfidrZznost k jinym materid-
lum se ukdzala jako dal§i vyhoda, napfiklad pfi napojeni izo-
lace na stdvajici tybinkové osténi tunelu metra.

Nastrik hydroizolaéni membrdny bylo mozno provadét fle-
xibilné po tsecich podle postupu realizace sekundarniho osté-
ni a néaslednych konstrukci. Jako celoplo$né spojeny systém
zaruCuje vyborné vodotésné vlastnosti v podzemnich stavbach
a zabranuje migraci vody na styku vrstev stifkané membrény
a betonu.

Jako nejlepsi realizdtor nastfikovych izolaci byla vyhodno-
cena spolecnost MATTEO, kterd ma kvalifikované pracovni-
ky na jejich provddéni a vyborné reference z realizovanych
staveb. Z oslovenych firem méla také nejlepsi predstavu
o ndro¢nosti celé pripravované akce a predlozila nejucelenéj-
$1 a nejvyhodnéjsi nabidku na provedeni izolaénich praci.

STRUCNA CHARAKTERISTIKA STRIKANE
HYDROIZOLACE MASTERSEAL 345

Unikatni vlastnosti hydroizola¢niho systému Masterseal 345
spoc¢ivaji v pevném kontaktnim spojeni mezi membrdnou
a vrstvou betonu z obou stran. Pfidrznost k betonovému pod-
kladu méfend po 28 dnech se pohybuje kolem 1,2 MPa. Silna
vazba snizuje riziko vniknuti vody eliminaci potencidlnich
cest pro migraci podzemni vody v sendvic¢ové konstrukci. A to
je hlavni prednosti uvedeného systému hydroizolace oproti
standardnim hydroizola¢nim féliim [2].

Obr. 2 Tybinkové osténi s injektdznimi hadicemi
Fig.2 Segmental lining with grouting hoses

Spray-applied waterproofing, as well as foil waterproofing,
was used in the past on Prague Public Transport Company’s
construction projects, e.g. during the construction of parts of the
Metro IV C2 line. All documents necessary for obtaining the
project owner’s approval to use this material were therefore
available.

Masterseal 345 spray-applied waterproofing system was
selected because it best of all met requirements for specifics of
the above-mentioned construction works. The material is app-
lied by spraying on the primary sub-base structure, mostly for-
med by shotcrete. When the secondary concrete lining is added,
a compact sandwich composition originates. Among merits of
the intermediate membrane there is the excellent bond to the
sub-base and other layers. It can be applied directly to steel joi-
ning elements, such as heads of rockbolts, coupling reinforce-
ment rods for internal structures and ventilation braces. The
bond to other materials turned out to be another advantage, for
example when the waterproofing is to be connected to the exis-
ting segmental lining of a metro tunnel.

The membrane could be sprayed in a flexible manner, section
by section, according to the progress of the erection of the
secondary lining and other structures. Since it is bonded toget-
her within the entire area, the system guarantees excellent
waterproofing properties in underground construction, preven-
ting the migration of water on the interface between the spray-
applied membrane and concrete.

MATTEO company was assessed as the best contractor for
spray-applied waterproofing. It has skilled operators and excel-
lent references from completed jobs. Of the companies invited
to the tender, MATTEO had the best idea of the difficulties of
the whole operation being prepared and submitted the most
cohesive and the most advantageous bid for the implementation
of the waterproofing system.

BRIEF CHARACTERISTICS OF MASTERSEAL 345
SPRAY-APPLIED WATERPROOFING

Unique properties of the Masterseal waterproofing system lie
in the firm connection on the contact between the membrane
and the concrete layer on both sides. The bond strength to conc-
rete sub-base measured after 28 days fluctuates about 1.2 MPa.
The strong bond reduces the risk of the intrusion of water by eli-
minating potential migration paths within the sandwich structu-
re. This is the main benefit of the above-mentioned system com-
pared to standard waterproofing foils [2].




Obr. 3 Sjednocenost povrchu po aplikaci druhé vrstvy
Fig. 3 Uniform surface after the application of the second layer

Masterseal 345 se vyznacuje ndsledujicimi technickymi
vlastnostmi [2]:

e odolnost proti tlakové vodé (max.) 15 bar,

e objemova hmotnost (pfi 20 °C) 590 = 100 kg/m3,

e aplikacni tloustka 3 az 10 mm,

e aplikacni teplota 5 °C az 40 °C,

e mez pevnosti (pfi 20 °C, po 28 dnech) 1,5 az 3,5 MPa,

e mez prutaznosti (do pretrzeni) (pfi 20 °C, po 28 dnech) >

100 %,
e pridrznost k betonu (po 28 dnech) 1,2 + 0,2 MPa,
e tvrdost podle Shorea 80 + 5.

Vyse uvedené vlastnosti a technické parametry predurcuji
stiikanou hydroizolaci Masterseal 345 pro nasledujici oblasti
pouZziti [2]:

¢ do konstrukci ze stfikaného betonu,

e jako ndhrada hydroizola¢nich féliovych membran,

e do sendvic¢ovych konstrukci (beton-membrana-beton),

e jako trvald jednoduchd izolaéni vrstva do tunelq,

*do podzemnich staveb s komplikovanou geometrii
a profilem,

* na vrtané a odstfelované podklady, kdy se uSetfi vyrovna-
vaci vrstva stfikaného betonu vyzadovaného pro féliové
membrany,

e jako primd aplikace na ocelové spojovaci prvky.

REFERENCE O MATERIALU Z CR A ZE ZAHRANICI

Technologie stfikané hydroizolaéni membrany Masterseal
345 je pomérné novd, ale pro své nezpochybnitelné prednosti
si nasla uplatnéni na mnoha zahrani¢nich i nékolika Ceskych
projektech.

Jednim ze zajimavych zahrani¢nich projektu je napfiklad
Tunel Viret ve Svycarském Lausanne, ktery je soucdsti nové
trasy M2 metra. Prochdzi pod historickym centrem mésta.
Uzemi nad tunelem je obzvlasté citlivé, protoZe v misté stoji
katedrdla a mistni zeminy jsou nasycené podzemni vodou.
Nejkritictej§i ¢dst tunelu, dlouha 275 m, je umisténa mélce
pod povrchem. NadloZni kvartérni sedimenty se sklddaji
z nasycenych pisku, $térku a morény. Stifkand hydroizolace
Masterseal 345 zde byla pouzita pravé v celé této kritické
¢asti tunelu pod stfedoveékou katedrdlou. Systém hydroizolace
byl pouzit jako celoplo$ny uzavieny bez drendZze.

Stiikand hydroizolace Masterseal 345 byla také uspésne
pouzita na ddlni¢nim tunelu Hindhead pobliZ Londyna, ktery
md dva tubusy dlouhé 1850 m. Diky pouziti stfikané hydro-
izolace bylo mozZné znacné uSetfit na Case vystavby
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Masterseal 345 features the following technical properties [2]:

e pressure water resistance (max.) 15 bar,

* specific weight (at 20° C) 590 + 100 kg/m3,

e application thickness 3 to 10 mm,

e application temperature 5° C to 40° C,

e ultimate strength (at 20 ° C, after 28 days) 1.5 to 3.5 MPa,

e yield strength (break strength) (at 20° C, after 28 days) >
100 %,

* bond strength to concrete (after 28 days) 1.2 + 0.2 MPa,

e Shore hardness 80 + 5.

The above properties and technical parameters predestine
Masterseal 345 spray-applied waterproofing for the following
fields of use [2]:

e shotcrete structures,

e substitution for waterproofing foil membranes,

e sandwich structures (concrete-membrane-concrete),

e permanent simple waterproofing layer for tunnels,

e underground structures with complicated geometry of pro-

files,

e concrete bases treated by drilling and blasting, where

a smoothing layer of shotcrete required for foil membranes
is unnecessary,

e direct application to steel coupling elements .

REFERENCES ON THE MATERIAL FROM THE CZECH
REPUBLIC AND ABROAD

The spray-applied waterproofing Masterseal 345 technology
is relatively new. Nevertheless, it has asserted itself in many
foreign and Czech projects for its unquestionable merits.

One of interesting foreign projects is, for example, the Viret
tunnel in Lausanne, Switzerland, which is part of the new metro
line M2. It passes under the historic centre of the city. The area
above the tunnel is especially sensitive because a cathedral
stands in that location and local soils are saturated with ground
water. The most critical part of the tunnel, 275 m long, is found
at a shallow depth under the surface. The overlying Quaternary
sediments comprise saturated sands, gravels and moraine depo-
sits. Masterseal 345 spray-applied waterproofing was used for
the entire critical part of the tunnel, running under the Medieval
cathedral. The waterproofing was designed as a closed system,
without drainage.

In addition, Masterseal 345 spray-applied waterproofing was
successfully used for the 1850 m long, twin-tube Hindhead tun-
nel near London. Owing to the use of the spray-applied waterp-
roofing it was possible to save construction time and, using the
sandwich-type structure, even the volume of secondary lining
concrete.

In Switzerland, the use of spray-applied waterproofing is
commonplace, for example for repairs of old rail tunnels, where
it is the only possibility for providing them with additional
waterproofing capacity.

Of projects implemented in the Czech Republic, let us menti-
on at least the IV C2 section of Prague subway, the reconstruc-
tion of Stodulky metro station or the old tunnel under Vitkov
Hill in Prague.

IMPLEMENTATION OF THE MASTERSEAL 345
WATERPROOFING SYSTEM

The construction of Ndrodni Tfida Station was found in the
centre of Prague and was highly restricted in terms of space.
The contractor had problems with storing materials and the exe-
cution of construction work itself. It was necessary to provide
a small site facility, variable in terms of space, for the applica-
tion of the polymer-cement waterproofing. At the same time it
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a vyuzitim sendvicové konstrukce také na mnoZstvi betonu
sekunddrniho osténi.

Ve Svycarsku se pouzivd stifkand hydroizolace bé&zné,
napiiklad pfi opravdch starych Zelezni¢nich tunelu, kde je
jedinou mozZnosti, jak je dodate¢né opatfit hydroizolaci.

Z projekti v Ceské republice jmenujme alespori vystavbu
prazského metra a jeji ¢ast IVC2, rekonstrukci stanice metra
Stodulky, nebo stary Zelezni¢ni tunel v Praze pod Vitkovem.

REALIZACE HYDROIZOLACNI MEMBRANY
MASTERSEAL 345

Stavba stanice metra Ndrodni se nachdzela v centru Prahy
a prostorové byla velmi omezend. Dodavatel mél problémy se
skladovdnim materidlQ i se samotnou realizac{ praci. Na stav-
bu bylo zapotiebi zajistit malé a prostorové variabilni zafize-
ni pro aplikaci stfikané polymercementové hydroizolace.
Zaroven bylo nutné respektovat postup stavby pri jednotli-
vych zdbérech realizace sekunddrniho osténi budovaného dila.
Vzhledem k omezenosti prostoru v zafizeni stavenisté
v ulici M. D. Rettigové musel byt materidl na stavbu navaZen
primo ze skladu BASF v Hornich Pocernicich podle okamzité
potreby.

Technologie nastfiku hydroizolaéni membrany

Materidl na stavbu byl doddvan v dvacetikilogramovych
pytlich. Aplikaci hydroizolace na podklad je mozné provadet
tzv. suchou nebo mokrou cestou podle zpusobu prfipravy
smési na nanaSeni [3].

Pfi nanaSeni suchou cestou je polymercementova smeés dav-
kovéna do strojniho zafizeni. S vodou a vzduchem se smicha
az ve strikaci trysce. U takové aplikace je tfeba pocitat
s pomérné velkou prasnosti a uréitym mnoZzstvim spadu.

Mokra cesta naopak spocivd v predmiseni smési s vodou,
teprve pak je dopravovdna ze Snekového cerpadla hadici
k trysce. Odtud je proudem vzduchu rozprasena na predem
pripraveny podklad.

ZkuSenosti z pfedchozich realizaci a specifika stavby vedla
k rozhodnuti nandset membranu mokrou cestou. Je témer bez-
pras$nd s minimdlnim mnoZstvim spadu, a proto se ukdzala pro
realizaci stavby jako nejvyhodnéjsi. A to pro samotné pracov-
niky pracujici s uvedenou metodou i pro veskerd femesla
pohybujici se souc¢asné na pracovisti.

ZkuSenosti realizdtora hydroizolaéni membrany stdly i za
pouzitim inovaéniho postupu, kdy se nastfik provadél ve vice
odlisné probarvenych vrstvach. Prvni milimetrova vrstva byla
opatrend specidlnim barvivem RHEOCOLOR 345 RED. Dalsi
dvoumilimetrovd jiz neméla probarveni. Vrstveni a probar-
vovani umoZnilo snaz§i a rychlejSi aplikaci, protoZe bylo
mozné kvalitnéji kontrolovat pozadovanou tloustku finalni
vrstvy a lépe rozpoznat anomadlie a vyrony vody z podkladni
VIStvy.

V prubéhu celé realizace ndstfiku membrany byla prubézné
kontrolovdna kvalita praci méfenim tloustky jednotlivych
aplikovanych vrstev vpichovacim tloustkomérem a peclivou
vizudlni kontrolou homogenity a souvislosti povrchu mem-
brany.

Pfiprava podkladu pro aplikaci stfikané
hydroizolace Masterseal 345

Hydroizolace se musi stiikat na Cisty a soudrzny povrch.
ZapraSeny nebo jinak znelistény povrch sniZzuje prilnavost
hydroizolaéni vrstvy. Pfed ndstfikem je proto nutné lokalitu
ocistit tlakovou vodou nebo stlatenym vzduchem. Stiikat se
smi pouze na dostate¢né provlhéeny povrch bez stékajici vody,
jinak suchy povrch odebere Cerstvé nastrikané hydroizolaéni

Obr. 4 Provedeni oSetfeni polymercementové hydroizolace v misté budouct
pracovni spdry definitivniho osténi

Fig. 4 Treatment of the polymer-cement waterproofing in the location of the
future construction joint in the final lining

was necessary to adjust the operations to the individual steps of
the secondary lining being erected. With respect to the restric-
ted space of the site facility in M. D. Retigové Street, materials
had to be supplied to the site directly from the BASF warehou-
se in Horni Pocernice according to immediate needs.

Waterproofing membrane application technique

The construction material was supplied to the site in twenty-
kilogram bags. The so-called dry process or wet process can be
used for the application of the waterproofing to the sub-base,
depending on the manner of the preparation of the mix to be
applied [3].

In the case of the dry-process application, the polymer-
cement mix is dosed to the spraying machine. Water and air are
only added later, for mixing in the spraying nozzle. At this
application it is necessary to allow for a relatively high rate of
airborn dust and a certain amount of rebound. Conversely, the
wet-process method lies in pre-mixing of the mixture with water
and only then feeding it through a worm pump and a hose to the
nozzle. From the nozzle it is sprayed on the pre-prepared sub-
base.

The experience from previous jobs and specific features of
the project led to a decision to use the wet process. It is nearly
dust free, with the amount of rebound minimised, therefore it
turned out to be the most advantageous for the project, both for
workers using this method and all trades present on site at the
moment.

The experience of a contractor from previous installation of
the spray-applied waterproofing membrane was the reason why
an innovative procedure was used, with the spraying divided
into several layers distinguished by colour. The initial millimet-
re-thick layer was coloured with a special colour, RHEOCO-
LOR 345 RED. The next two-millimetre thick layer was without
colouring. The colouring and dividing the membrane into lay-
ers made easier and quicker application possible as it was pos-
sible to improve the quality of checking on the required thick-
ness of the finish layer and anomalies and water leaks from the
sub-base layer were easier to find.

The quality of the work was continually checked by measu-
ring the thickness of individual layers after application during
the course of the entire process of the spray application of the
membrane, using a piercing thickness gauge and thoroughly




Obr. 5 Vyrony a poruchy tésnosti primdrniho osténi
Fig.5 Leaks and defects of the primary lining tightness

vrstvé zamésovou vodu, a tim dojde k podstatnému zhorSeni
fyzikdlnich vlastnosti hydroizolac¢ni vrstvy. Takové nebezpec-
ni hrozi zejména u suché metody ndstriku.

Podklad pro ndstfik membrany musi byt zbaven vSech te¢i
a dkapu. MuZe byt maximdlné zavlhly. V piipadé, Ze
z podkladu stéka voda, je nutné tomu zabranit vhodnym tech-
nologickym zdsahem. V mistech, kde dochdzelo ke stékani
vody, volili stavebnici z nékolika moZnosti napravy: utésnéni
mistnitho vyronu injektdzi, zapraveni vyronu rychletuhnouci
cementovou maltou nebo odvedeni vody pomoci drendZe. Pro

Obr. 6 Aplikace druhé vrstvy z manipulacni ploSiny bez probarveni na
chodbé CHI

Fig. 6 Application of the second layer without colouring from the handling
platform in the CHI gallery
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visually checking on homogeneity and consistency of the mem-
brane surface.

Preparation of substrate for the spray-application
of Masterseal 345 waterproofing

The waterproofing must be sprayed on a clean and coherent
surface. A surface that is dusty or contaminated in another way
reduces the bond strength of the waterproofing layer. It is there-
fore necessary before spraying to clean the location with high-
pressure water or compressed air. Spraying can be performed
only on a sufficiently wet surface without water running down
on it; otherwise the dry surface removes mixing water from the
freshly applied waterproofing layer, significantly worsening
physical properties of the waterproofing layer. Such the danger
exists first of all in the case of the dry process.

The substrate for the application of the membrane must be
free of leaks and dripping. It can be damp as a maximum. If
water flows down on the substrate surface, the flows must be
prevented by a suitable technological action. In the locations
where down-flowing water was encountered, the contractor
selected from several options for remedy: sealing local leaks by
grouting, sealing leaks with rapid-set grout or diverting the
water through drains. MEYCO MP 350/355 1K one-compo-
nent polyurethane was used for sealing leaks by grouting.
A similar procedure was used when the sealing of connection
between the membrane and the existing cast-iron lining was
being repaired.

The connection to the existing cast-iron lining was treated by
a system of MASTERFLEX 900 grouting hoses, ending in grou-
ting boxes installed during the assembly of the formwork for the
secondary lining.

Expansion joints at the interface between shafts and galleries
were sealed using MASTERFLEX 3000, a special elastic tape
which is applied the substrate by means of CONCRESIVE 1402
epoxy adhesive.

Membrane application

The sections to be provided with the spray were preliminarily
set in advance, before the operation started, depending on the
secondary lining casting plan. The procedure was operatively
adjusted according to requirements of the contractor for the
civil works.

Obr. 7 Sachta S1 pied zahdjenim praci
Fig. 7 Shaft S1 before the works commencement
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tésnéni prusaku injektdZi byl pouZit jednokomponentni polyu-
retan MEYCO MP 350/355 1K. Obdobné postupovali i pri
dotésnéni napojeni membrény na stavajici litinové osténi a pri
feSeni dilataci.

Napojeni na stavajici litinové osténi bylo oSetfeno systé-
mem injektdZnich hadic MASTERFLEX 900 vyvedenych do
injektdznich krabic osazenych pfi montdzi bednéni sekundar-
niho osténi.

Dilataéni spdry na rozhrani Sachet a chodeb byly utésnény
specidlnim trvale elastickym pasem MASTERFLEX 3000,
ktery se aplikuje na podkladni vrstvu pomoci epoxidového
lepidla CONCRESIVE 1402.

Nanaseni membrany

Pred vlastnim zahdjenim realizace byly predbézné stanove-
ny zdbéry ndstfiku v zdvislosti na pldnu postupu betondZe
sekunddrniho osténi. Postup byl operativné upravovéan podle
pozadavku dodavatele stavebni dsti.

V 1. etapé byly nejdfive pneumatickym jehlovacim zafize-
nim ocistény tybinky osténi tunelové trouby metra, na které
byly podle navrZzenych detaild upevnény pojistné injektdZni
hadice (obr. 2). Teprve pak bylo mozno provést néstfik hydro-
izolace v Sachté $2. Ve spodni &dsti Sachty se nastiik provadél
z prostorového leSeni, v hornich partiich z ploSiny manipulé-
toru. Potom byla hydroizolace nastfikdna na dno podlah na
chodbach CH1 a CH2. Po aplikaci byla oSetfena kryci vrstvou
betonu jako ochrana proti poskozeni ndsledujicimi femesly.

Realizace II. etapy spocivala v provedeni hydroizolace
klenby chodby CH2. Mezi etapami byla dvoutydenni pauza.
Veskeré priace na chodbdch se uskute¢nily ze samohybné
manipulaéni plosiny. Na chodbé CH2 se vyskytovaly etné
vyrony vody, kde musela byt provedena chemicka injektdz
jednoslozkovym polyuretanem MEYCO MP 350. Pii aplikaci
membrany bylo nutné dbat zvySené pozornosti na hrubych
mistech primdrniho osténi, aby bylo docileno jednotného
povrchu bez poruch nebo jinych negativnich faktora (obr. 3).
Na rozhrani chodby CH2 a Sachty S2 byla umisténa dilatadni
spdra, na kterou byl osazen dilata¢ni sparovy pds Masterflex
3000. V misté budoucich pracovnich spar sekundarniho osté-
ni byla hydroizolacni membrédna vyztuZena textilni paskou,
prestiiknutou dalsi vrstvou Mastersealu 345 (obr. 4). Prfi rea-
lizaci celé druhé etapy slouZzila chodba CH2 k odbednovani

Obr. 9 Nastiik prvni vrstvy v Sachté S1 ze zdvésného kose; pracovnik je zajis-
teny lezeckym vybavenim

Fig. 9 Spray-application of the initial layer in shaft SI from a suspension
cage. The worker is secured by climbing gear

Obr. 8 gachtavs‘l po oplachnuti tlakovou vodou a vzduchem
Fig. 8 Shaft S1 after washing with high-pressure water and air

In the first stage, the segments of the metro tunnel lining were
cleaned using a pneumatic needle-punching machine; safety
grouting hoses were fixed to it according to the design details
(see Fig. 2). Only then was it possible to spray-apply the
waterproofing in shaft $2. At the bottom part of the shaft, the
membrane was sprayed from spatial scaffolding, whilst
a manipulator platform was used in upper parts. Then the
waterproofing was sprayed on the bottom of floors in the galle-
ries CH1 and CH2. After the application, the waterproofing was
covered with a layer of concrete to provide protection against
damaging by subsequent trades.

The stage II consisted of the application of the waterproofing
layer to the vault of gallery CH2. A two-week break was betwe-
en the two stages. All work in the galleries was carried out using
a self-propelled handling platform. Numerous leaks were
encountered in the gallery CH2. They had to be treated by che-
mical grouting using one-component polyurethane MEYCO MP
350. During the course of the membrane application increased
attention had to be paid to coarse spots on the primary lining
surface so that a uniform surface free of defects or other negati-
ve factors was achieved (see Fig. 3). An expansion joint is found
at the interface between shafts CH1 and CH2. Masterflex 3000
sealing tape was applied to the joint. In the locations of future
construction joints in the secondary lining the waterproofing
membrane was reinforced by a textile tape and another layer of
Masterseal 345 was sprayed on it (see Fig. 4). During the cour-
se of the second stage the gallery CH2 was used for the process
of stripping the formwork for the final lining of shaft $2. Perfect
coordination of workers applying the waterproofing and wor-
kers casting the concrete lining was absolutely necessary. The
entire work on the gallery sections was difficult because of the
minimum space and the fact that trades were performed there in
parallel.

Stage III commenced by chemical grouting at the intersection
between galleries CH1 and CH2. Large inflows of ground water
were encountered in this location before, during the excavation
operations (see Fig. 5). It was the reason why this location had
to be improved by quality grouting. The technical exactingness
lied first of all in the fact that the diameters of the two intersec-
ting galleries differed from each other. The work was again per-
formed from a handling platform (see Fig. 6). The surface of the
primary lining of the CH1 gallery vault was very coarse. It
could adversely affect the coherence of the waterproofing mem-
brane. A decision was approved by the contractor to apply
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definitivniho osténi Sachty S2. Dokonald koordinace praci a third waterproofing layer so that a homogeneous surface was

izola&nich pracovniki a betonafi byla proto vic neZ nutnd. achieved in the whole vault area.

Celé provadéni tdsekl chodeb bylo ndro¢né vzhledem The implementation of stage IV was the most demanding of

k minimdlnimu prostoru a soub&zné provddénym femeslim. the whole contract (see Figures 7 and 8). Shaft S1 is approxi-
III. etapa zacala chemickou injektdZi priniku chodeb CH1 mately 30 m deep and it was impossible to erect scaffolding

a CH2. Na uvedeném misté bylo jiZ z doby razby velké mnoz- throughout its height. For that reason spraying was carried out

stvi tekouci vody (obr. 5), a tak bylo nutné lokalitu kvalitné
proinjektovat. Technickd naro&nost spocivala predevsim v pra-
niku dvou tunelovych trub odli§ného praméru. Prace byly opét
provddény z manipulaéni ploSiny (obr. 6). Priméarni osténi
v klenbé chodby CHI1 vykazovalo zna¢né hruby povrch, ktery
by mohl nepriznive ovlivnit spojitost hydroizoladni membrény.
Po dohodé s objednatelem bylo rozhodnuto provést tieti vrst-
vu nastriku, kterou stavbari docilili homogenniho povrchu
v celé plose klenby.

Provedeni IV. etapy bylo z celé realizace nejnaro¢néjsi (obr.
7 a 8). Sachta S1 je zhruba 30 m hlubokd a nebylo tu mozné

from a cage suspended from a crane (see Fig. 9). Another com-
plication was encountered in the ladder compartment and servi-
ces compartment, where it was especially necessary to carry out
the work with increased care, first of all while checking the qua-
lity of the membrane continuity. A “spur” was found under piles
in a third of the shaft height (see Fig. 1). There were numerous
leaks in this location, in which the shaft sinking technique had
been changed. The spur had to be perfectly cleaned, injected
with grout and stabilised. Taking into consideration the nume-
rous leaks at the spur with various intensity and scope, the con-

postavit leSeni na celou vysku. Néstfik byl proto proveden ze tractor decided to carry out the waterproofing around the entire
zavésného kose pripevnéného na jefdbu (obr. 9). Dalsi kompli- shaft with the exception of the spur. As the result, all leaks were
kaci bylo lezni a technické oddé&leni, kde bylo obzvl4st nutné concentrated only to this space. In the subsequent step the spur
dbét na zvySenou opatrnost a peclivost pfi provadéni praci, was sealed in small sections and treated with spray-application
zejména pii kontrole kontinuity membrany. Ve tfetiné Sachty se of Masterseal 345. Only then was the membrane around the
nachdzel ,,ozub* pod pilotami (obr. 1). V tomto mist€ zmény shaft closed.

technologie razby bylo velké mnoZstvi vyronu vody. Bylo The last stage, the 5th one, was carried out later, after the
nutné cely ozub fddné vycistit, zainjektovat a sanovat. completion of concrete casting operations. The works compri-
Vzhledem k mnoha netésnostem ozubu rizné intenzity sed the execution of a reverse joint, transferring the waterproo-
a rozsahu pfistoupili pracovnici k hydroizolaci celé Sachty fing from the primary lining to the external side of the founda-

s vynechanim ozubu. Tim doSlo ke svedeni prusaki pouze do
tohoto prostoru. V dalSim kroku byl ozub po malych usecich
dotésniovan a oSetfen nastfikem Masterseal 345. Teprve tim
byla membrana Sachty uzavrena.

Posledni V. etapa byla provedena aZ po dokonéeni betonar-

tion slab on which the above-ground part (the so called kiosk) is
founded. A safety grouting system was added to the waterproo-
fing layers to allow additional sealing if required. It consists of
grouting hoses ending in two points, which are accessible in the

. . .. R . L case of need. This stage was the last step of finishing the

skych praci. Spoc¢ivala v provedeni zpétného spoje napojeni . ) .

. _y < . Cive xx . waterproofing system for the new step-free access to Narodni
hydroizolace z primarniho osténi na vnéjsi ¢ast zakladu, na

PR 9 PN . Trida stati he Pre line B.
kterém je jiz zaloZzena nadzemni ¢ast, tzv. kiosek. Pro eventu- fida station on the Prague metro line

alni doté€snéni napojeni byl do hydroizola¢niho souvrstvi osa-

zen pojistny injektdzni systém. Ten je tvoren injektdZnimi CONCLUSION

hadicemi vyvedenymi do dvou, v pripadé potfeby pfistup- Despite the exactingness and complexness of the works, the
nych, mist. Tato etapa byla poslednim krokem dokonceni hyd- Masterseal 345 spray-applied waterproofing acquitted itself
roizolace na novém, bezbariérovém vstupu do stanice Narodn{ well. The working team believe that they will contribute to
tfida na trase B prazského metra. expanding the portfolio of modern waterproofing technologies

L used in tunnels and on other underground construction projects
ZAVER in the Czech Republic.

Pres ndro¢nost a slozitost celého dila se stfikand hydroizo- The additional building-in of the lift shaft in the metro station
la¢ni membrdana Masterseal 345 osvédcila. Realizacni tym was relatively difficult taking into consideration the spatial divi-
doufd, Ze pfispéje k rozsifeni portfolia modernich hydroizo- sion. Many problems were encountered during the installation
lacnich technologii pouZivanych v tunelech a ostatnich pod- of the waterproofing which would have been difficult to deal
zemnich stavbach v Ceské republice. with if waterproofing foils had been used.

Dodatec¢nd vestavba vytahové Sachty do stanice metra byla The spray-applied waterproofing membrane has a significant

svou prostorovou Clenitosti pomérné ndro¢nd a i v prubéhu
izola¢nich praci se vyskytlo mnoho problému, které by bylo
velice t€zké resit pfi pouziti féliové hydroizolace.

Stfikand hydroizolaéni membrdna ma velkou vyhodu
v tésné sendvicové skladbe, materidl Masterseal 345 navic pri
styku s vodou nepatrné nabobtnavd, a tim jesté zvySuje odpor
proti pronikdni vody. Dalsi velkou vyhodou je snadnd oprava
pripadnych poruch v izolaci. Cely ,,sendvi¢* (primér, hydroi-
zolace, definitiva) je pevnou skladbou, ve které jde vétSinou
jen o mistni poruchu. Za minimaln{ naklady ji lze opravit che-

advantage owing to the tight sandwich composition. In addition,
Masterseal 345 slightly swells on contact with water, further
improving the resistance against the passage of water. Another
great advantage is easy removing of contingent waterproofing
defects. The whole “sandwich” (the primary lining, waterproo-
fing layers and secondary lining) is a firm assembly where only
local defects may occur. They can be removed at minimum costs
by chemical grouting, in contrast with foil waterproofing, where
even a tiny crack or defect has to be solved by a whole-surface

mickou injektdZi, na rozdil od féliové hydroizolace, kde se grouting at costs which are not negligible.

i drobnad trhlinka nebo porucha musi fesit ploSnou injektdzi za Spray-applied polymer waterproofing systems are for the time

nemalé finanéni naklady. being the most advantageous and economic alternative substitu-
Stiikané polymercementové hydroizolace jsou zatim nejvy- ting foil waterproofing. Particularly advantageous is their use in

hodnéjsi a cenové nejdostupnéjsi alternativou nahrazujici f6li- the case of an articulated cross section of the primary lining,

ovou hydroizolaci. Zvlasté vyhodné je jejich pouziti v pfipadé where the installation of foil waterproofing would be complica-

¢lenitého profilu primédrniho osténi, kdy by bylo provadéni ted, increasing the risk of possible leakage.
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f(’)lif)vé izolace komplikované a zvySovalo by rizika moZnych BASIC PROJECT DATA
netésnosti.
Project name Lift from Narodni Tfida metro station
ZAKLADNI UDAJE O PROJEKTU Location Prague 1 — the New Town
Nazev stavby Vlytah ze stanice metra Narodni tfida Employerl Th? F’rague Public Transit Gompany Inc.
Lokalita Praha 1 - Nové Mésto Engmeenng.consultancy and supervision IDS Praha a.s.
Zadavatel Dopravni podnik hl. m. Prahy, akciova spolecnost General designer ) METROPROJEKT Praha ?'S'
Inzenyrsko-technicka &innost IDS Praha, a. s. Contrlactolr for tunnelling »Sdruzeni Narodni* consortium
Generélni projektant METROPROJEKT Praha, a. s. and final lining l(PROMINECOlN GROUP a.s. and OHL ZS, a.s.)
Dodavatel &4sti razeb Sdruzeni Narodn® Contractor for spray-applied waterproofing MATTEO s.r.0.
a definitivnino osténi  (PROMINECON GROUP, a. s., a OHL 7S, a. s.) Supplier of spray-applied wpf. materials BASF s.r.0.
Dodavatel stfikanych izolaci MATTEOQ, s. . 0.
Dodavatel materidlu pro stfikané izolace BASF, s. r. 0. Construction parameters
Shaft $1:
Parametry stavby Depth 30.38 m
Sachta $1: Inner diameter of the oval-profile lining 7.118 x5.14 m
Hloubka 30,38 m Volume of final lining concrete 487.40 m®
Vnitfni prdmér osténi ovalného prlfezu 7,118x5,14 m Area of waterproofing 561 m2
Objem betonu v definitivnim osténi 487,40 m3
. Transfer gallery CH1:
Plocha izolace 561 m?
. , Gallery length 13.45m
Prestupni chodba CH1: )
) Gallery height 9.75m
Délka chodby 13,45 m E ) 5
- xcavated cross-sectional area 62.9 m
ViySka chodby 9,75 m 5
Plocha wyrubu 62,9 m2 Excavated Yolumg 846 m
Objem vyrubu 846 m3 Volume of final lining concrete 436.60 m?
Objem betonu v definitivnim osténf 436,60 m3 Area of waterproofing 373 m?
Plocha izolace 373 m2 Transfer gallery CH2:
Prestupni chodba CH2: Gallery length 46m
Délka chodby 4,6 m Gallery height 8.75m
Vy$ka chodby 8,75m Excavated cross-sectional area 68.0 m?
Plocha vyrubu 68 m? Excavated volume 3128 m?
Objem vyrubu 3128 m? Volume of final lining concrete 220,0 md
Objem betonu v definitivnim osténi 220 m3 Area of waterproofing 301 m2
i 2
;Ioc:? |;o2|flce 301 m Shaft &2
HI“::Jb:a ’ 11,6 m (vzdélenost k vrcholu stanice 3,6 m) Depth . 11.6 ml (distance of 3.6 m from top of the station)
Vniteni profil osténi obdélnikového priifezu 7,74x4,24 m LI prof||e. el rfegtangular section T4 x 424 "3]
Objem betonu v definitivnim osténi 235,60 m3 Volume of fina I|n|r.1g conerete 285.60m
Plocha izolace 166 m2 Area of waterproofing 166 m?
Celkovi izolovand plocha &inila podle projektu 1401 m2. The total area provided with the waterproofing according to the
Skute¢nd vyméra pri realizaci byla ovlivnéna zaoblenim tvart design amounted to 1,401 m?. The real area during the implemen-
vyraZenych vyklenki, napojenim chodeb na Sachty a zejména tation was affected by rounding of corners of the excavated reces-
Sachty S2 na stdvajici tunel metra. ses, connections of galleries to shafts and, first of all, the conne-
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PRISTUPOVA STOLA PRO RAZBU STANICE METRA VA
NA CERVENEM VRCHU
ACCESS ADIT FOR EXCAVATION OF METRO STATION
IN CERVENY VRCH

ONDREJ MINICH

uvoD

V minulosti bylo rozpracovano nékolik variant rozvoje prazské
hromadné dopravy véetné zdkladnich koncepci ti{ patefnich tras
metra. K¥iZuji se v uzlovych bodech ve stanicich Florenc, Mustek
a Muzeum. Uvedend koncepce umoznuje, na rozdil od konku-
ren¢niho prstencového systému, roz§ifovéani a prodluzovani jed-
notlivych linii. Pokracovani vystavby trasy A metra zapadd praveé
do tohoto ramce. Za stanici Dejvicka, kterd byla dosud kone¢nou,
budou vybudovdny nové stanice Cerveny Vrch, Veleslavin,
Petfiny a Motol. Posledni stanice bude zkonstruovdna tak, aby na
ni bylo moZzné navdzat pri dal$im prodlouZeni trasy smérem
k ruzynskému letisti.

Rozhodnuti o prodlouZeni trasy A metra smérem k letisti bylo
motivovéano n€kolika faktory. Prvnim je vysokd intenzita dopravy
v husté obydlené méstské Cdsti Prahy 6. Druhym faktorem je
extrémni pretiZzeni ulice Evropské, kterd ztratila v dopravni $pic-
ce svoji puvodni funkci, kterou by méla mit étyfproudovd komu-
nikace vedend intravildnem. Jednim z divodu je, Ze obyvatelé
stiednich Cech, dojizdéjici do Prahy, presedaji z individudlni
dopravy na metro pravé ve stanici Dejvickd. Dalsim faktorem
svéd¢icim ve prospéch prodlouZeni trasy A metra je pldnované
spojeni mezi centrem mésta a ruzynskym leti§tém, které bude mit
vysokou prepravni kapacitu a pomuZe kromé jiného zvysit kon-
kurenceschopnost Prahy v regionu stredni Evropy. Tato faze je ale
predmétem az druhé etapy vystavby — VA2. V Casopise Tunel ji
byl vénovén prostor v jednom z jeho predchozich &isel, i kdyz
pouze v drovni piipravné projektové dokumentace (19. roénik —
¢.2/2010).

KONCEPCE PRISTUPOVYCH STOL

Pfi vystavbé obou tubusi nové budované trasy metra bude
nasazena technologie plnoprofilovych razicich §tita (EPB). Od

Obr. 1 Zahdjeni raZeb pod ochranou mikropilotového destniku
Fig. 1 Commencement of excavation under protection of canopy tube pre-
support

INTRODUCTION

Several variants of the development of Prague transportation
system were prepared, including basic concepts of three backbo-
ne lines of the metro. They intersect in nodal points in stations
Florenc, Mustek and Muzeum. The above-mentioned concept
allows, in contrast with a competing system of circles, the indi-
vidual lines to be expanded and extended. The continuation of the
construction of the metro Line A is part of this framework. New
stations, Cerveny Vrch, Veleslavin, Petriny and Motol, will be
built beyond Dejvicka station, which has been a terminal station
till now. The last station will be constructed in a way which will
allow the continuation of the line when it is to be further exten-
ded in the direction of the Ruzyne airport.

The decision to extend the Line A in the direction of the airport
was motivated by several factors. The first of them is the high
volume of traffic flow in the densely populated municipal district
of Prague 6. The other factor is the extreme congestion on
Evropska Street, which, during peak hours, lost its original func-
tion which a four-lane road running through should have. One of
the reasons is that it is Dejvicka station where people from
Central Bohemia commuting to Prague change individual means
of transport for metro. Another factor acting in favour of the
extension of the metro Line A is the planned link between the city
centre and the Ruzyne airport, which will have high carrying
capacity and will help, apart from other things, to increase the
competitiveness of Prague within the Central European region.
Although, this phase is the subject of the subsequent, second
stage of the construction — the V A2. This stage has already been
dedicated space in TUNEL journal, in one of previous issues,
even though only at the level of planning documents (volume 19
— No. 2/2010).

ACCESS ADITS CONCEPT

Earth Pressure Balance TBMs will be used during the con-
struction of both tubes of the newly developed metro line. It was
obvious from the very beginning that it would be impossible to
construct first of all station and transition structures without the
New Austrian Tunnelling Method (the NATM), which is very
popular in Czech conditions. The cut-and-cover method had to be
excluded by the builders because the area along the route is deve-
loped, first of all in its eastern part. For that reason three of the
four future new stations are driven using traditional mining tech-
niques with the working operations cyclically repeated.

The station structures have a linear character, with running tun-
nel tubes entering them in the longitudinal direction. This is why
access adits had to be constructed. They will secure all functions
vital for the implementation of the station structures during seve-
ral years to follow. Among them there are, for example, ventila-
tion, removal of muck or transport of all materials and persons.
The surroundings of the portal parts of the access adits are there-
fore affected by negative effects of the construction much more
than the surroundings of the future stations. Even their location
was a very hard nut to crack for the designer. The technologies
required by the construction of stations and the quantity of per-
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pocdtku bylo patrné, Ze bez Nové rakouské tunelovaci metody
(NRTM), v Ceskych podminkach velmi populdrni, neni mozné
realizovat zejména stani¢ni a prechodové objekty. Metodu hlou-
beni z povrchu museli stavbari vyloudit, protoZe na trase je izemi
zastavéno, zejména v jeho vychodni ¢dsti. Tri ze Ctyf budoucich
novych stanic jsou proto razeny tradi¢nim hornickym zpusobem
s cyklickym opakovédnim jednotlivych pracovnich operaci.

Stani¢ni objekty maji linearni charakter a tubusy do nich vstu-
puji v podélném sméru. Musely tu tedy byt vybudovdny pfistupo-
vé Stoly, které budou v nékolika ndsledujicich letech zajitovat
viechny Zivotné dulezité funkce realizace stani¢nich objekta.
Patii k nim napriklad vétrdni, odvoz vytéZené horniny a doprava
veskerého materidlu i persondlu. Okoli portdlovych &ésti pristu-
povych $tol je proto zatiZeno negativnimi vlivy stavby mnohem
vice neZ okoli budoucich stanic. JiZ jejich umisténi bylo pro pro-
jektanta mnohdy velmi tvrdym ofi§kem. Technologie, které
vystavba stanic vyZaduje, a mnoZstvi potfebného persondlu maji
vysoké naroky na znaéné prostory na povrchu terénu. I proto neni
mozné vybavit zafizeni stavenisté béZnymi mezideponiemi, dilen-
skymi halami nebo sklady materidlu. Zhotovitel musi projevit
velké organizacni a logistické schopnosti a dobrou komunikaci
smérem k vefejnosti, aby obhdjil nutnd opatfeni po dobu celé
vystavby. Mnohdy jde o nelehky tikol — naptiklad pfi trhacich pra-
cich, kterym se ve skaleckych kfemencich nelze vyhnout.

Pifstupové $toly etapy VA1 maji jednotny hruby profil 38 m?2.
Primérni osténi je kombinaci ocelové vyztuze a stifkaného beto-
nu. Podle zdsad NRTM se piedpokladd spolupusobeni horninové-
ho prostredi, které je zajisténo v€asnym zabudovdnim popsaného
vyztuZeni, a radidlnich horninovych kotev. Pfistupové $toly jsou
opatfeny mezilehlou féliovou izolaci a doplnény definitivnim
zelezobetonovym osténim v mistech, kde projekt predpoklada
jejich vyuziti pro zajisténi funkci budoucich stanic nebo tratovych
objekta. Ve dvou tfetindch své délky tak bude vypadat
i pristupova §tola na Cerveném Vrchu.

VETRACI OBJEKT SO 03-29

Hloubeni Sachty bylo zahdjeno pred razbami samotné Stoly.
Vystavba kruhové Sachty o praméru 7 m, hluboké 25,1 m, trvala

Obr. 2 Situace pristupové §toly
Fig. 2 Access adit plan

sonnel are very demanding in terms of large spaces on the ground
surface. This is one of the reasons why the site facilities cannot
have common intermediate stockpiles, workshop sheds or mate-
rial warehouses. The contractor has to apply great organisation
and logistic skills and good communication toward the public to
be ably to defend the measures which will be necessary throug-
hout the construction period. This is often an arduous task — for
example when blasting, which cannot be avoided in the Skalec
Quartzite, is applied.

The access adits for the V Al stage have a uniform excavated
cross-sectional areas of 38 m2. The primary lining is a com-
bination of steel reinforcement and shotcrete. According to the
NATM principles, it is assumed that the support will interact with
the ground environment, which is stabilised by the timely instal-
lation of the above-mentioned reinforcement and radial rock
anchors. The access adits are provided with an intermediate
waterproofing membrane. A reinforced concrete lining is added
in the locations where the design assumes that they will be used
for securing functions of the future stations or structures on the
running tracks. This design of the access adit in Cerveny Vrch
will be applied roughly to two thirds of its length.

VENTILATION STRUCTURE SO 03-29
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The shaft sinking operation started before the
excavation of the adit itself. The construction of
the 7 m-diameter, 25.1 m deep, circular shaft
lasted from August to October 2010. It was
excavated using the technique of mechanical
disintegration by an impact hammer, combined
with blasting when necessary. The exceptional-
ly favourable geological conditions allowed the
shaft support to be carried out using welded
mesh and shotcrete, supplemented by a system
of radial rock anchors, ten pieces per one 1.5 m
deep round. Lattice girders (BTX) therefore did
not have to be used for the primary lining sup-
port. When the shaft intersection with the
access adit had been completed, part of the equ-
ipment (ventilation and compressors) was
moved on the shaft collar. Taking into conside-
ration the favourable assess from Evropska
Street, the contractor assumed that it would use
the access adit for the transport of concrete for
casting of the final lining and steel support ele-
ments for the excavation of the station itself.

-
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at the upper surface

CERVENY VRCH ACCESS ADIT SO 03-24

The portal of the access adit for Cerveny

Obr. 3 Charakteristicky pri¢ny rez
Fig. 3 Typical cross section

Vrch station is found in a vacancy (a park) bet-
ween blocks of K Lanu Street. The adit enters




Fig. 4 A view of the ventilation structure SO 03-29

od srpna do fijna roku 2010. K jejimu hloubeni{ byla pouZita tech-
nologie mechanického rozpojovdni impaktorem a nutné trhaci
prace. Vyjime&né priznivé geologické poméry dovolily vyztuZit
Sachtu ocelovymi sitémi se stfikanym betonem, doplnénymi
systémovym radidlnim kotvenim deseti horninovymi kotvami na
1,5 m postupu. Nebylo proto zapotiebi vyztuzovat primarn{ osté-
ni piihradovymi rdmy (BTX). Po priniku s pristupovou Stolou
byla na ohluben vétraciho objektu premisténa &dst technologii —
vétrani a kompresory. Vzhledem k vyhodnému pfistupu
z Evropské ulice stavbafi predpoklddali, Ze pristupovou Stolu
vyuZiji pro dopravu litych betonu definitivniho osténi a ocelové
vyztuZe pro razbu stanice.

PRISTUPOVA STOLA CERVENY VRCH SO 03-24

Portél pristupové §toly pro stanici Cerveny Vrch je v proluce
mezi bloky budov u ulice K Lanu. V parku vstupuje Stola kolmo
ke Kladenské ulici do svahu a pod ndkupnim stfediskem Billa
protind Africkou ulici. Za napojenim na vétraci objekt SO 03-29
se sta¢i pod osu ulice Evropské, kde ve stani¢eni 222,81 m pre-
chézi do prostoru stanice Cerveny Vrch SO 03-20.

Smérové vedeni §toly je pfimé, se dvéma vloZenymi pravotoci-
vymi oblouky o poloméru 40 m. V podélném sméru je rozdélena
na tfi témér shodné &dsti, které je mozné charakterizovat sklono-
vymi poméry a velikosti profilu optimalizovanou vzhledem
k jejimu budoucimu vyuZiti.

Prvni ¢ast upada ve sklonu 12 % do masivu a ma sniZeny profil
— po zhotoveni stanice bude tento usek zruSen. Druha ¢dst ma
standardni, jiz zminény profil 38 m?2, ktery vede prakticky vodo-
rovné v misté kfiZzeni s vétracim objektem az do posledni treti
Casti. Tady prochdazi opét v dpadnici, tentokrat vsak jen 5 %, nad
budoucimi tratovymi tubusy do stiedu kaloty stanice Cerveny
Vrch.

ProtoZe je pristupovd §tola, respektive celd stanice realizovdna
v predstihu pred tratovymi tunely, md jeji tfeti dsek vyztuZené
dno, aby nedochézelo k ovlivnéni konstrukce razbou plnoprofilo-
vym Stitem. Horninovy celik mé v misté kfiZeni prumétu obou dél
jen 3 m mocnosti. Druhd a treti ¢dst §toly v kombinaci s vétracim
objektem bude v budoucnu slouZit k odvétrani prostoru stanice.
Proto také obsahuje kolmou rozrazku, kterd bude osazena strojo-
vnou vzduchotechniky a v dobé raZeb stanice bude slouzit jako
vyhybna.

V souladu se zdvéreCnou zpravou geotechniky, kterd byla v roce
2008 vytvorena pro celou etapu VA1, jsou horniny v trase pristu-
pové Stoly zatfidény podle Oborového tridniku stavebnich kon-
strukci a praci staveb pozemnich komunikact na kategorie TT3 az
TT5b. Ze zatiidéni je patrné, Ze trasa Stoly prochédzi né€kolika
polohami diskontinuit a geologické poméry se pohybuji od zdra-
vych, extrémné abrazivnich kfemencut, pres podrcené a zvétralé
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Obr. 5 Portdl pristupové §toly s ndkupnim stiediskem v pozadi
Fig. 5 The portal of the access adit with the shopping centre in the back-
ground

the slope perpendicularly to Kladenska Street, crossing Africka
Street under the Billa shopping centre. Behind the connection to
the ventilation structure SO 03-29 the route makes a turn under
the centre line of Evropska Street, where (at chainage 222.81 m)
passes to the space of Cerveny Vrch station (SO 03-20).

The horizontal alignment of the adit is straight, with two 40 m-
radius, right-hand curves inserted in it. In the longitudinal direc-
tion it is divided into three nearly identical parts, which can be
characterised by the gradient and the size of the cross section
which is optimised with regard to the future use.

The first part has a 12 per cent down gradient; its height is
reduced — when the station is completed this stretch will be can-
celled. The second stretch profile is standard, 38 m? as mentioned
above; it runs virtually horizontally from the intersection with the
ventilation structure up to the third, the last, stretch. This stretch
again runs on a down gradient, only of 5 per cent in this case,
above the future running tunnels, to the centre of the Cerveny
Vrch station top heading.

Since the access adit, or the entire station, is to be realised in
advance of the running tunnels, the third stretch is provided with
a reinforced bottom so that the structure is not affected by the
passage of the EPB TBM. The block of ground between the inter-
secting tunnels is only 3 m thick. The second and third stretch of
the adit, combined with the ventilation structure, will serve in the
future for ventilating the station spaces. This is the reason why it
comprises a perpendicular stub designed to house the ventilation
plant, which will serve during the excavation of the station as
a passing bay.

The ground mass found along the access adit route is categorised
according to the Final Report produced by Arcadis Geotechnika
a.s., which was prepared in 2008 for the entire stage V Al, using
the Special Classification Catalogue of Civil Engineering
Structures and Works on Subways. It assigned the rock mass clas-
ses TT3 through TT5b. It is obvious from the classification that the
adit route passes through several discontinuities and geological
conditions vary from hard, extremely abrasive quartzite through
crushed and weathered beds of Dobrotiva Shale up to unstable
superficial deposits and made-ground. The hydrogeological sur-
vey expected moderate to medium inflows, up to 6 litres per minu-
te, first of all in the locations of interfaces between geological lay-
ers and locations of rock mass heavily disturbed by weathering
processes. The average inflows during the excavation were at the
level of 0.9 litres per minute, with the peak value of 6.21 1/min,
confirming the assumptions of the hydrogeological survey.
A problem which could not be predicted lied in the chemistry of
ground water; it was the increased pH of effluent water discharged
to sewerage as a result of the action of quick-setting Portland
cement contained in the shotcrete. This led to the additional



Obr. 6 Misto pruniku pFistupové $toly a vétraciho objektu
Fig. 6 Location of the intersection of the access adit and the ventilation
structure

vrstvy dobrotivskych bridlic, aZ po nestabilni pokryvné ttvary
a navazky. Je vhodné uvést, Ze zprdva vychdzela z nedostatecného
geologického pruzkumu — v prostoru piistupové Stoly a ani
v prostoru budouci stanice nebyl proveden zadny prazkumny vrt.
To se projevilo zastizenim podstatné horsich podminek, nez byly
predpoklddané (viz nize).

Hydrogeologicky prazkum predpoklddal mirné aZ stfedni prito-
ky do 6 1/min, zejména v mistech rozhrani geologickych vrstev
a silného poruSeni masivu procesy zvétravani. V prubéhu razby
byly prumérné pritoky na drovni 0,9 1/min, Spi¢kové az 6,21
1/min, coZ potvrdilo predpoklady hydrogeologického pruzkumu.
Co vsak nebylo mozné predikovat, byl chemismus vod, které pri
pusobeni portlandskych rychlovaznych cementd ve stifkanych
betonech zvySovaly pH odpadnich vod vypousténych do kanali-
zace, coz vedlo k dodateCcnému osazeni neutralizaCni stanice
s technologii probubldavani CO,. Tim se snizovalo pH v rozmezi
9,2-10,3 na pripustné neutrdlni hodnoty pH 7-8.

Po zahdjeni razby z portdlu, pod ochranou mikropilotového
destniku, byly prdace provddény pomoci skalniho bagru v TT5
a zdbérem 1 m. Uvedend tfida vyztuzovani profilu poditala
s predrdZenim maltovanych jehel v pristropi dila — na jeden zabér
bylo pouzito dvacet jehel. Ani po zlepSeni geologickych podmi-
nek vSak nebylo mozné zrychlit proces vystavby. Brdnilo mu
ndkupni stredisko na povrchu, které je vzhledem ke svému stari
a technickému stavu velmi citlivé na projevy razby. Dokonce byla
nutnd i ochrana pohybu pésich v jeho okoli. Délka zdbéru se proto
stdle pohybovala na spodni hranici navrzené projektantem pro
danou technologickou tfidu, tedy 1,2 m.

TuHel

installation of a neutralising station with a CO, bubbler. This
technology reduced the pH ranging from 9.2 to 10.3 to admissib-
le neutral pH values of 7 — 8.

After commencing the excavation from the portal, under the
protection of canopy tube pre-support, the excavation through
TT5 was carried out using a rock excavator, with the round length
of 1.0 m. The above-mentioned excavation support class required
forepoling to be carried out in the top heading — twenty grouted
forepoles were installed in one round. Unfortunately, the con-
struction process could not be accelerated even when the geologi-
cal conditions had improved. The acceleration was impeded by
the shopping centre on the ground surface, which is highly sensi-
tive to manifestations of the underground excavation due to its age
and technical condition. Even the protection of pedestrians
moving in its vicinity was necessary. For that reason the excavati-
on round length had to be kept about the lower limit proposed by
the designer for the particular excavation support class,i.e. 1.2 m.

It was only beyond the tunnel chainage 65 tm that the monito-
ring board agreed on the round length of 1.5 m. In this location the
excavation arrived at a space where the major part of the excava-
tion face passed through quartzite layers. For that reason it was
necessary to use blasting for the rock disintegration. Both disinte-
gration variants, i.e. blasting or mechanical procedure using
impact hammers, generate noise exceeding acoustic load limit
values prescribed in the building permit. Therefore, all operations
had to be organised taking into consideration the limits. As the
result, the very concept of cyclic excavation was messed up.

At tunnel chainage 105 tm, where the access adit route passes
under the completed ventilation structure, the excavation got to
extremely unfavourable geology. In addition, it was worsened
owing to the impact of climatic conditions at the bottom of the
previously completed shaft. In the location where the measure-
ment station No. 09 was installed, convergences of stabilised
points started to develop in the top heading and bench in both the
longitudinal and transverse directions. The situation had to be
responded to by adding radial anchors to the tunnel sides; self-
drilling IBO anchors were installed in a diamond pattern.

All information and outputs regarding the geotechnical moni-
toring over the entire metro extension project are presented
through the BARAB on-line system, which is even the source of
Chart 1.

Despite all complications encountered during the course of the
excavation, the entire length of the adit excavation was finished
by the end of February. The beginning of March saw only casting
of infill concrete at the bottom and the installation of all additio-
nal structures necessary for the excavation of the metro station
itself.

Obr. 7 Dodatec¢né kotveni osténi pomoci IBO kotev
Fig. 7 Additional anchoring of the lining using IBO anchors
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Teprve od staniceni 65 tm byl radou monitoringu odsouhlasen
postup 1,5 m. Tady se razba dostala do prostoru, kde velkou ¢ést
Celby tvorily polohy kiemencl. Proto bylo nutné pristoupit pri
rozpojovéni horniny k uziti trhacich praci. Ob¢ varianty rozpojo-
vani — trhaci prace i mechanicky postup s uzitim impaktora — pro-
dukuji pfi své Cinnosti hluk, ktery pfesahuje mezni hodnoty akus-
tického zatiZzeni stanovené stavebnim povolenim. Veskeré prace
bylo proto zapotiebi organizovat s ohledem na dané limity. To ale
nabourdvalo samotnou koncepci cyklického razeni.

Ve staniCeni 105 tm, kde trasa pristupové $toly prochdzi pod
hotovym vétracim objektem, se razba dostala do extrémné nepriz-
nivé geologie. ZhorSovalo ji také pusobeni klimatickych podmi-
nek na dno jiz vybudované Sachty. V miste, kde byl osazen meri¢-
sky profil ¢. 09, se zacaly rozvijet konvergence stabilizovanych
bodl v kaloté a opéfi Stoly v podélném i v pficném sméru. Na
situaci bylo nutné reagovat dodate¢nym radidlnim kotvenim
v bocich dila pomoci Sachovnicového rastru samozavrtnych IBO
kotev.

Veskeré informace a vystupy ve smyslu geotechnického moni-
toringu na celé stavbé metra jsou prezentovdny prostfednictvim
on-line systému BARAB, z néhoZ pochdzi i graf 1.

Pres vSechny komplikace, vzniklé pfi razbé, byla §tola na konci
unora vyrazena v plné délce. Na zacdtku biezna se jen provadély
vyplnové betony dna a byly instalovdny vSechny dodate¢né kon-
strukce potrebné pro raZzbu samotné stanice metra.

ZAVER

Razba pristupové §toly upozornila na nékolik dskalf, s nimiz se
realizacni tymy podzemnich staveb, projektanti i stavebni odbory
méstskych ¢asti musi potykat.

Prvnim predpokladem dspé$ného dokonéeni viech praci je kva-
litni pfiprava projektu, zejména geologicky prizkum. Je nutné ho
provést, ackoli se k nému investofi v posledni dobé stavéji dost
maceS$sky. Z jejich perspektivy jde o ndklady, které neprinaseji
74dny zisk. Zpusob, jakym se ménila geologie v pfistupové §tole,
donutila investora provést dodate¢ny pruzkum v navazujici raze-
né stanici. Na zdkladé jeho vyhodnoceni bylo zapotfebi témérf od
zdkladu zménit projekt razeb. Nelze ani dovozovat, co by nastalo,
kdyby investor do nékolika dodate¢nych jadrovych vrtu neinve-
stoval.

Druhym predpokladem je opravdu redlny harmonogram, ktery
neni pod tlakem politickych nebo jinych vliva a ktery zohledriuje
napfiklad omezeni no¢nich praci. Pro tplnost — no¢ni limit hluku
je 45 dB. Pri nepretrZitém provozu kompresort, ventilatord nebo
pohybu vozidel po stavenisti, nemluveé o trhacich pracich, neni
takova podminka redlné splnitelnd.

Tretim, a jisté ne poslednim, predpokladem tspé$ného zbudo-
véni dila je pozornost a opatrnost vSech pracovniki v podzemi.
A s trochou nadsdzky i bdélost svaté Barbory, kterd nad nimi drzi
ochrannou ruku, za coZ ji ndlez{ nd§ vdék.

ING. ONDREJ MINICH, minich@prominecon.cz,
PROMINECON GROUP, a. s.

Recenzoval: doc. Ing. Vladislav Hordk, CSc.
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Graf 1 Vyvoj seddni v profilu ¢. 09 (ARCADIS GT)
Chart 1 Development of settlement at measurement station No. 09
(ARCADIS GT)

CONCLUSION

The excavation of the access adit showed that there are several
pitfalls the underground construction implementation teams,
designers and building departments of municipal regions have to
face.

The first condition for the successful completion of all works
is quality preparation of the design, first of all the geological sur-
vey. It is necessary to carry it out despite the fact that project
owners’ attitude to it has recently become rather unkind. From
their point of view, the costs of the survey yield no profit. The
way in which the geology in the access adit varied forced the
owner to conduct an additional survey at the adjacent station. The
survey assessment resulted in a nearly complete change of the
excavation design. It is even impossible to infer what would have
happened if the project owner had not put money into providing
several additional core holes.

The second condition is a works schedule which takes into con-
sideration the reality, which is not under the pressure of political
or other influences and takes into consideration e.g. night-time
restrictions. For the sake of completeness, the night-time noise
limit is set at 45 dB. With respect to the continuous operation of
compressors, fans of movement of vehicles on site, speak nothing
of blasting, such the condition is practically impossible to com-
ply with.

The third and certainly not the last condition for the successful
completion of the works is alertness and wariness of all workers
in the underground. With a little exaggeration, it is even vigilan-
ce from Saint Barbara, who holds protective hand over them; she
deserves our gratitude for it.

ING. ONDREJ] MINICH, minich@prominecon.cz,
PROMINECON GROUP, a. s.

MINICH, O. Piistupova §tola pro razbu stanice metra na Cerveném Vrchu. In Zpeviiovdni, tésnéni a kotveni horninového masivu

a stavebnich konstrukci. Ostrava : VSB TU Ostrava, 2011. s. 36-42.

Projektovd dokumentace z 04/2010 ,,SO 03-24/02 Pfistupovd §tola — RaZba a primarni osténi, SOD 03 Stanice Cerveny Vrch®,

Metroprojekt Praha, a. s.

Zavéretna zprava geotechnického pruzkumu pro stavbu ,,ProdlouZeni trasy A metra v Praze ze stanice Dejvickd‘ mezi stanicemi Dejvicka
a Motol — DSP v km 10,056 — 16,175, Stavebni geologie — GEOTECHNIKA, a. s., Praha 2008.




20. rocnik - €. 2/201

TuHel

TUNELOVE STAVBY PRO DOKONCENI MESTSKEHO OKRUHU V PRAZE
TUNNEL STRUCTURES FOR COMPLETING THE CITY CIRCLE ROAD
IN PRAGUE

PAVEL SOUREK

1 0voD

Na pravé realizovany soubor staveb Mestského okruhu (MO) v dseku
Malovanka — Pelc-Tyrolka s tunelovym komplexem Blanka (podrobné-
ji viz Tunel 03/2007) navazuje posledni pfipravovand ¢ast Méstského
okruhu s nékolika dal§imi tunelovymi stavbami. Z hlediska formélniho
jde o soubor staveb Méstského okruhu &. 0081 (dsek Pelc-Tyrolka —
Balabenka), &. 0094 (isek Balabenka — Stérboholskd radidla)
a Libenskou spojku (LS) ¢. 8313, jejichZ realizaci dojde ke kompletni-
mu dokoncen{ vnitrniho praz-
ského okruhu (obr. 1). Podle
predpokladu platného tzem-
niho pldnu hl. m. Prahy
z roku 1999 a zdroven i podle
konceptu z roku 2009 jsou
tyto tfi stavby v severovy-
chodnim segmentu mésta sou-
Casti nadrazeného systému
hlavnich komunikaci.

Po svém dokonceni nabid-
ne soubor staveb MO+LS
novou alternativni trasu
(napriklad oproti Severojizni
magistrdle) s nabidkou ply-
nulejsiho a rychlejsiho spoje-
ni méstem, nejen ve sméru
sever—jih a naopak. Prede-
v§im pak ale nabidne trasu
bezpe¢néjsi a ohleduplnéjsi
k Zivotnimu prostiedi nezZ je
stdvajici pretizend uli¢ni sit.
Cely dokonéeny Meéstsky
okruh jakoZto souddst radidlné-okruzniho systému zajisti objizdnou
komunikaci §ir§iho centra mésta, takZe bude moZné vyznamné ome-
zit prujezdnou dopravu centrem, preferovat hromadnou dopravu,
véetné dopravy pési a cyklistické, a pfistoupit k aktivni regulaci pro
mesto zbytné individudlni automobilové dopravy. Délka zbyvajici
pfipravované ¢asti MO je 8,8 km, délka Libenské spojky je 1.4 km
(obr. 2). Z této délky je predpokldddno vedeni trasy v raZenych
a hloubenych tunelech v celkové délce pres 5 km.

2 ZAKLADNI POPIS

S vedenim povrchovych kapacitnich komunikaci priblizné
v koridorech zde popisovanych staveb uvazovalo jiz dopravni feSen{
obsazené v koncepci Zdkladniho komunikacniho systému v Praze
(tzv. ZAKOS) schvilené na konci roku 1974. Nékteré koridory jsou
dokonce uréeny pro dopravni vyuZiti vyrazné déle, jesté¢ z obdobi
navrhu dopravniho feSeni Prahy z prvni republiky a 50.-60. let
(smérné a regulacni plany).

Stopa komunikaci ze ZAKOS byla viceméné prevzata do dnes
platného tizemniho pldnu z roku 1999. Oviem oproti ZAKOS byl
zpusob vedeni tras v dzemnim pldnu optimalizovén tak, aby ko-
munikace prochédzely dzemim s vét§im ohledem na okolni Zivotn{
prostredi (obr. 3 a 4). Navrzené feSeni celého souboru staveb stu-
dijné zpracované spolec¢nostmi Satra a Mott MacDonald Praha jesteé
vyraznéji rozvinulo tento poZzadavek zakomponovédnim rady opat-
feni, zejména rozsahlej$iho vyuZiti tunelovych dsekl (hloubenych

Obr. 1 Schéma sité hlavnich komunikaci v Praze
Fig. 1 Layout of the network of main roads in Prague

1 INRODUCTION

The package of structures of the City Circle Road being currently
under construction within the section between Malovanka and Pelc
Tyrolka, containing the Blanka complex of tunnels (for more details
see TUNEL 03/2007) will continue by the last section of the City
Circle Road (CCR) being under preparation, containing several other
tunnel structures. From a formal point of view, it is a package of the
City Circle Road lots No. 0081 (Pelc Tyrolka — Balabenka section),
No. 0094 (Balabenka-Stér-
boholy Radial Road) and the
Liben Link Road (LLR),
construction lot No. 8313,
which, when completed, will
mean the total completion of
the inner ring road in Prague
(see Fig. 1). According to the
assumption formed in the
valid Master Plan for the
City of 1999 and, at the same
time, according to the con-
cept dated 2009, the above-
mentioned three construction
lots, found in the north-eas-
tern segment of Prague, are
parts of the high level system
of main roads.

When completed, the pac-
kage of constructions (CCR+
LLR) will offer a new alter-
native route (e.g. an alternati-
ve differing from the North-
South Backbone Road), allowing more fluent and quicker connection
within the city, not only from the north to the south but also in the oppo-
site direction. But, first of all, it will offer a safer route, more considera-
te of the living environment than the existing congested street network.
After the completion, the entire City Circle Road, which is part of the
radial-circular system, will provide a route bypassing the wider city cent-
re, thus it will be possible to significantly restrict the transit traffic in the
centre and to prefer mass transport, including passenger and cycling traf-
fic, and to start to deal with the active regulation of dispensable car traf-
fic. The remaining parts of the CCR and LLR are 8.8 km and 1.4 km
long respectively (see Fig. 2). Of this length, over 5 km are expected to
run through mined or cut-and-cover / cover-and-cut tunnels.

Silniéni okruh (SOKP)
L m City Ring Road (CRR)

2 BASIC DESCRIPTION

The routes for at-grade capacity roads approximately following
the corridors of the constructions described in this paper were con-
sidered even in the traffic management scheme contained in the
concept of the Basic road system in Prague (the so-called ZAKOS),
which was approved at the end of 1974. Some of the corridors have
been designed for the transportation use for a significantly longer
time, even since the period when proposals for the traffic system in
Prague were dealt with during the so-called First Republic and since
the 1950s and 1960s (general extension plans and zone planning
documents).
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Obr. 2 Celkova situace souboru staveb Méstského okruhu a Liberiské spojky

Fig. 2 General layout of the package of structures of the City Circle Road and the Liben Link Road

i razenych) v souladu s modernimi trendy v ostatnich rozvinutych
zemich Evropy (obr. 5). Ochrana Zivotniho prostfedi a historické
urbanistické struktury mésta se stala jednou z prvoradych priorit
navrhu, spolu se zohlednénim dopravnich stavi a obsluhy tzemi
v prubéhu vystavby.

Pro vSechny tfi feSené stavby je rozhodujici nutnost spole¢ného
zprovoznéni, proto jsou stavby pro etapy piipravy, realizace
a zprovoznéni uvazovany jako jeden soubor staveb. Bez spole¢ného
zprovoznéni by doslo k vyraznym kapacitnim problémum v sou-
visejicim dzemdi, resp. k vyraznému sniZeni oekavané tucinnosti
provozovanych staveb a celého systému nadfazenych komunikaci.
Tim by byla znehodnocena ekonomickd a ekologicka efektivita
navrhovaného feeni.

Z casového hlediska byly vSechny stavby v tizemnim pldnu uva-
Zovény v horizontu do roku 2010. Dnes je vak zfejmé, Ze ke zpro-
voznéni v tomto terminu nedojde a jako redlny ¢asovy horizont 1ze
i s ohledem na potfebnou dobu vystavby a projektové pripravy
predpoklddat nejdiive obdobi aZ po roce 2015 ndvazné na dokon-
¢eni a zprovoznéni severozdpadni ¢dsti MO s tunelovym komple-
xem Blanka. VSechny tfi stavby jsou rozhodnutim zastupitelstva

Mysodanaka radidls

5 = = Ay spojkas .
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The footprint of the
roads contained in the
ZAKOS was more or less
taken over and incorpora-
ted into the plan from
1999, which has been valid
till now. Of course, the
routes were optimised in
the land use plan compared
with the ZAKOS, with the
aim of increasing the res-
pect to the surrounding
living environment when
passing through the areas
(see Figures 3 and 4). The
solution for the entire pac-
kage of construction lots
which was proposed at the
level of studies by SATRA
a.s. and Mott MacDonald
Praha s. . 0. developed this
requirement even  to
a higher level by incorpo-
rating a range of measures
into the solution, first of all
a more extensive use of
tunnels (both mined and
cut-and-cover / cover-and-cut) to follow modern trends in other
developed countries in Europe (see Fig. 5). The protection of the
living environment and the historic urban structure of the city,
together with the consideration of traffic states and services in the
area during the course of construction, has become one of the
design priorities.

It is crucial for all of the three projects being solved that they are
brought into service jointly. For that reason the projects are consi-
dered as a single package of constructions in terms of the stages of
planning, implementation and opening to traffic. Without putting
them into operation jointly, significant capacity-related problems
would originate within the linking area or the anticipated efficien-
cy of the constructions being operated and the whole system of the
high-level roads would be significantly reduced. As a result, the
economic and ecological effectiveness of the solution being pro-
posed would be devalued.

As far as the time is concerned, all of the constructions were con-
sidered in the land use plan to be implemented in the horizon of
2010. However, it is today obvious that the structures will not be
opened to traffic in this term; the term after 2015 at the earliest,

I~ q"

Obr. 3 Krizovatka U KriZe — nedokoncené dasti MO

Fig. 3 U KriZe intersection — the CCR parts to be completed

Obr. 4 Zenklova ulice — soucasnost
Fig. 4 Zenklova Street — current state
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Obr. 5 Profil tunelu — ndvrh
Fig. 5 Tunnel profile — draft

vedeny jako stavby vefejné prospesné, stejné jako ostatni stavby
nadrazeného dopravniho systému hlavniho mésta Prahy.

Z technického hlediska je pfi ndvrhu postupovéano podle plat-
nych norem a predpist, v pripadé tunelovych staveb potom podle
platné CSN 737507. Zérovein viak je vyuZivdno zku$enosti
z dalSich obdobnych staveb nejen v ¢eskych podminkéch, asi nej-
vice potom zkuSenosti z pripravy a vystavby tunelového komple-
xu Blanka v Praze. V neposledni fadé¢ jsou zapracovdvidny
i aktudlni poZadavky budouciho sprdvce TSK hl. m. Prahy.

Zékladni usporddani v celém navrzeném souboru staveb odpovi-
dé zvyklostem provozované ¢asti Méstského okruhu. Komunikace
MO a LS je navrzena jako mistni sbérnd funkéni skupiny B,
v zdkladnim uspofddédni 2x2 prubézné jizdni pruhy o Sifce 3,5 m.
Névrhovd rychlost na hlavni trase je 80 kilometrd za hodinu.
V tunelech je ndvrhovd rychlost 70 kilometra za hodinu.

Geologické poméry v trase jednotlivych tunelt jsou typicky prazské,
tedy proménlivé se striddnim mékkych a tvrdych hornin — ordovickych
bridlic s etnym tektonickym porusenim. Nad skalni bdzi se nachaze-
ji kvartérni pokryvy tvofené prevdzné svahovymi a spraSovymi hlina-
mi, s povrchovym krytim navdzkami. Jejich charakteristiky a mocnosti
pro potieby dosavadnich praci byly ziskdny pouze z archivnich materi-
4l Geofondu CR, pifpadné daliich subjektii. Nepfeberné mnoZstvi
zkuSenosti s danym geologickym prostfedim vSak poskytuji podklady
z dalich prazskych tunelt jiz zrealizovanych.

Vysledné feSeni staveb Méstského okruhu, které bylo predloze-
no mj. k posouzeni vliva staveb na Zivotni prostredi podle zdk.
100/2001 Sb. (EIA), obsahuje nékolik variant (2 varianty stavby
¢. 0081 a 4 varianty stavby ¢. 0094). Libenskd spojka byla nako-
nec predloZena jako invariantni. Jednotlivé varianty MO se lis{
v nékolika aspektech nejen z hlediska své dopravni funkce,
ale také z hlediska konstrukéné-technické ndro¢nosti, investi¢nich
naklada a z hlediska vlivu na Zivotni prostiedi. Pravé proces EIA
rozhodne o vybranych kone¢nych variantich tras.

3 STAVBA MO C. 0094 V USEKU

BALABENKA - STERBOHOLSKA RADIALA

Stavba Méstského okruhu v tseku Balabenka — Stérboholska
radidla se nachdzi ve vychodni Cdsti Prahy na tzemi méstskych
¢asti Prahy 3, 9, 10 a 15. Na severu navazuje na vySe popsanou
stavbu Méstského okruhu ¢&. 0081 Pelc-Tyrolka-Balabenka. Na
jizni strané se trasa napojuje na stavajici provozovanou ¢ést okru-
hu, tzv. Jizni spojku a Stérboholskou radidlu. Celkova délka trasy
stavby 0094 je 5,7 km (obr. 6).

V jizni ¢asti je vedeni trasy MO invariantni, v dal8{ ¢4sti potom
predstavuje dve zdkladni varianty s jednim dlouhym, nebo dvéma
kratSimi tunely. Obé varianty pak maji alternativy dopravniho napo-
jeni na povrchovou sit. V souladu s pozadavky ze zjiStovaciho fize-
ni procesu posuzovéni vlivu stavby na Zivotni prostredi jde o tyto
varianty:

— varianta razena,

— varianta hloubena.

Varianta razena
Mined variant

Obr. 6 Situace variant Méstského okruhu stavby v iiseku Balabenka — Stér-
boholskd radidla

Fig. 6 Layout of the City Circle Road variants within the Balabenka — Stér-
boholy Radial Road section

after the completion and inauguration of the north-western part of
the CCR containing the Blanka complex of tunnels, appears to be
realistic, even with respect to the time required for the constructi-
on and design preparation. All of the three projects are listed accor-
ding to a decision of the municipality as publicly beneficial, as are
the other projects forming the high-level traffic system in the City
of Prague.

From the technical point of view, the design has been carried out
in compliance with applicable standards and regulations; the cur-
rent CSN 73 7507 standard in the case of designing tunnel structu-
res. At the same time, the experience gained from other similar
construction projects, designed and implemented not only in the
conditions of the Czech Republic, is used, probably most of all the
experience from the planning and implementation of the Blanka
complex of tunnels in Prague. At last but not least, even new requ-
irements of the future administrator, Technical Administration of
Roads of the City of Prague, have been incorporated.

The basic configuration within the entire package of structures
being designed corresponds to the customs existing on the opera-
ting part of the City Circle Road. The roadway for the CCR and
LLR is designed as a function class B of a local distributor road, in
the basic configuration comprising 2x2 transit traffic lanes 3.5 m
wide each. The design speed along the main route is 80 kilometres
per hour. The design velocity for tunnels is 70 kilometres per hour.

Geological conditions along the alignment of individual tunnels
are typical of Prague, which means that they are variable with the




Obr. 7 Vizualizace kiizovatky — Méstsky okruh/Stérboholskd radidla (zdroj
Mott MacDonald Praha + C-Tech)

Fig. 7 Visualisation of the intersection between the City Circle Road and the
Stérboholy Radial Road (source: Mott MacDonald Praha + C-Tech)

Invariantni povrchova ¢ast v useku Stérboholska
radiala - Malesice

Zackdtek stavby €. 0094 je umistén do prostoru mimodrovinové kii-
7ovatky se Stérboholskou radidlou. V misté kifzeni s Rabakovskou
ulici navazuje na stavajici trasu MO vedouci od Lanového mostu.
Doposud je zde v provozu ziZeny tsek komunikace vedeny obou-
smérn¢ pouze v §ifi jednoho jizdniho pdsu. V souasnosti probihd
dostavba druhého jizdniho pasu ve sméru na vychod, kterd umozn{
zlepSeni dopravni propustnosti a vyznamné prispéje ke zvyseni bez-
pecnosti provozu (obr. 7).

Trasa okruhu pokracuje severnim smérem v soubéhu se zku$eb-
ni koleji metra, n¢kolika mostnimi objekty prekracuje kolejisté
metra trasy A u depa Hostivar a Zelezni¢ni ndkladovou spojku
MaleSice — VrSovice. Nasleduje mimoudroviovd kriZzovatka
V Ol8indch fesici napojeni hlavni trasy na sit' mistnich komunika-
ci. Déle trasa prochdz{ praimyslovou oblasti Novych Stra3nic, kfiz{
ulici Cernokosteleckou a podél ulice Diev¢ické je vedena do
oblasti MaleSic. Zde pred MaleSickym ndméstim povrchovy tsek
trasy konci. Jeho délka ¢inf 2,1 km.

Mimotroviiovéd kiizovatka s ulici Cernokosteleckou je fedena
vystavbou nového premosténi. Hlavni trasa MO bude zahloubena
pod stavajici komunikaci. Souddsti stavby je i prelozka okruhem
prerusené ulice Diev¢ické.

S ohledem na ochranu Zivotniho prostfedi a morfologii dzemi,
podminky realizace a dopady v prubéhu vystavby je v dal§im
dseku trasa Méstského okruhu vedena prevdzné v tunelech feSe-
nych ve dvou variantich. RaZend varianta vyuzivd ve veét§im roz-
sahu tunell raZenych a piedstavuje jeden souvisly tunelovy udsek
s mezilehlou kiizovatkou Ceskobrodska. Hloubend varianta nao-
pak vyuziva pievazné tunell hloubenych a sestdvd ze dvou samo-
statnych tuneld s mezilehlym povrchovym tisekem v MUK Cesko-
brodskd. U obou variant je jizni portdl tunelu umistén pred
Malesické ndmésti.

Varianta razena v Gseku MaleSice - MUK Balabenka

V razené varianté podzemni trasa Méstského okruhu pokracuje
od Zelezni¢niho nddrazi MaleSice severnim smérem do prostoru
mimotroviiové kiizovatky u Ceskobrodské ulice. Tento tsek bude
realizovdn s vyuZitim raZenych tunelu. Déle trasa pokracuje hlou-
benym tunelovym dsekem pod Ceskobrodskou ulici a opét vstupu-
je do razeného tunelu vedouciho az k Vysoanskému ndmesti.
Trasa je umisténa v tésné blizkosti noveé vzniklého obytného sou-
boru Zelené mésto a ndkupniho centra Kaufland. Severni portal
tunelu je umistén v ulici Spojovaci, jejimZ prostorem trasa okruhu
pokracuje od Vyso¢anského ndmésti jako hloubeny tunel. Celkova
délka tunelového komplexu je 2950 m. Za portdlem nasleduje
povrchové vedeni ke stdvajicimu podjezdu Zelezni¢ni traté¢ Praha
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soft and hard rock alternating on it — the Ordovician shales with
numerous tectonic disturbances. Above the rock base there are
Quaternary superficial deposits consisting mainly of slope loams
and secondary loess, with made ground covering the surface. Their
characteristics and thickness, the knowledge of which is required
for the works performed till now, were obtained only from archive
documents available at Geofond of the CR or other subjects, as the
case may be. In addition, an inexhaustible amount of experience
with the given geological environment is provided by documents
from other Prague tunnels which have already been completed.

The resultant solution to constructions on the City Circle Road
which has been submitted among others to the assessment of the envi-
ronmental impact of the structures according to the Law No. 100/2001
Coll. (the EIA) contains several variants (2 variants for construction
lot 0081 and 4 variants for lot 0094). The Liben Link Road solution
was eventually submitted as invariant. Individual variants of the CCR
differ in several aspects, not only as far as its traffic function is con-
cerned, but also in terms of the technical structural exactingness,
investment costs and the environmental impact. It will be the EIA
what will decide about the final winning variants of the routes.

3 CCR CONSTRUCTION LOT NO. 0094
IN BALABENKA - STERBOHOLY RADIAL ROAD SECTION

The construction of the City Circle Road in the section between
Balabenka and the Stérboholy Radial Road is found in the eastern
sector of Prague, in the area of municipal districts of Prague 3,9,
10 and 15. In the north it links to the above-mentioned constructi-
on of the City Circle Road - lot 0081 between Pelc Tyrolka and
Balabenka. On the southern side the route connects to the existing,
operating part of the circle road, the so-called Southern Link Road
and the Stérboholy Radial Road. The total length of construction
lot No. 0094 route is 5.7 km (see Fig. 6).

In the southern part, the CCR alignment is invariant, while two
variants exist for the adjoining section, comprising either one long or
two shorter tunnels. Both variants have alternatives for the traffic
connection to the surface road network. In compliance with the requ-
irements from the declaratory proceedings of the Environmental
Impact Assessment process, the following variants are dealt with:

- a mined variant

- a cut-and-cover tunnel variant.

The invariant at-grade part within the Stérboholy
Radial Road — MaleSice section

The beginning of the construction lot No. 0094 is placed to the
area of the grade-separated intersection with the Stérboholy Radial
Road. In the location of the intersection with Rabakovska Street it
connects to the existing route of the CCR leading from the suspen-
sion bridge. There is still a narrowed section of the road in opera-
tion, with the width of a single carriageway serving for both direc-
tions of traffic. The other carriageway, heading to the east, is cur-
rently under construction. It will make the improvement of the
road carrying capacity possible and will significantly contribute to
increasing the level of the operational safety. (See Fig. 7)

The circle road route proceeds northwards in parallel with a test
track of the metro. It crosses over the metro Line A rails (near the
Hostivar depot) and the MaleSice — VrSovice connecting rail line
used for freight transport on several bridges. The V Olsinidch
grade-separated intersection, solving the connection of the main
route to the local road network, follows. Further the route passes
across the industrial area of Nové Strasnice, crosses Cernokoste-
leckd Street and, running along Drev¢icka Street, heads toward the
area of MaleSice. Here, before MaleSice Square, the at-grade secti-
on of the route terminates. Its length amounts to 2.1 km.

The grade-separated intersection with Cernokostelecka Street is
solved by means of a new bridge. The main route of the CCR will be
depressed below the existing road. Part of the construction lot is also
a diversion of Dfev¢icka Street, which will be disrupted by the CCR.
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hlavni nddrazi — Praha Liben, za kterym stavba vstupuje do kfizo-
vatky Balabenka, kde kon¢i (obr. 10).

Trasa okruhu v tseku Ceskobrodskd — Vysotanské namésti je
umisténa mimo prostor ulice Ceskobrodské a Spojovaci tak, aby bylo
pri realizaci i vlastni stavbou okolni Gzemi zasaZeno co nejméné.
Toto feSeni je zménou oproti platnému tzemnimu pldnu, ale prindsi
fadu vyhod jak pro etapu vystavby, tak i pro kone¢né feseni:

— Vystavba raZenych tuneld znamend vyrazné mensi omezeni
dopravy ve Spojovaci a Ceskobrodské ulici v pribéhu realiza-
ce stavby.

— Jednad se o nalezeni urbanisticky vhodnéjsiho dopravniho fese-
ni v prostoru Jarova.

—UmoZni lep$i napojeni nové vystavby (Zelené mésto)
v pribéhu stavby.

— Dojde ke zlepSeni Zivotniho prostedi v oblasti Jarova, zejmé-
na s ohledem na hluk a krajinny rdz.

—Je vyhodnéjsi z provozné-technického hlediska (odpadd stii-
déni povrchového a tunelového tseku — zména podminek na
vozovce, vhodnéjsi pro provozni zabezpeleni).

— 1 proto bylo toto feSen{ variantné prevzato do konceptu tizem-
niho pldnu hl. m. Prahy z roku 2009.

— Dopravni feSeni mimotiroviiové kfizovatky Ceskobrodska je
usporddano do tif drovni (obr. 8 a 9).

— Podzemni vedeni hloubenych tunelt Méstského okruhu.

— V drovni terénu je navrZena okruzni kfizovatka, kterd umoz-
nuje napojeni povrchovych komunikaci do tunelu v&etné pla-
nované Jarovské spojky.

— V horni drovni je prostor kfiZzovatky doplnén pdsem zelené, za
kterym jsou umistény chodniky a stezky pro cyklisty.

Varianta hloubena v tseku Malesice — MUK Balabenka

U hloubené varianty je prvni ¢ast iseku s razenym tunelem
vedenym od MaleSického nadrazi shodnd s predchozi variantou
razenou. Tunel délky 1060 m vSak kon¢i u podjezdu
pod Zelezni¢ni trati MaleSice — Nékladové nadrazi Zizkov
u Ceskobrodské ulice. Za portdlem trasa mostnim objektem pre-
kracuje pldnovanou Jarovskou spojku, kterd propoji Jarov s ulici
Zelivského a na Méstsky okruh se napoji v mimotiroviiové kfizo-
vatce Ceskobrodska.

Po kritkém povrchovém tseku vedeném v prostoru Ceskobrod-
ské ulice hlavni trasa okruhu opét vstupuje do tunelu. Hloubeny
tunel délky 1760 m je veden pod povrchovou kiiZovatkou na
Jarové a pokracuje ddl pod Spojovaci ulici. Ukonéeni tunelu je
pldnovdno obdobné jako u varianty raZené za Vysolanskym
naméstim, opét s povrchovym pokra¢ovanim na Balabenku. Ulice
Spojovaci bude v ramci stavby obnovena a zrekonstruovana. Tato
varianta odpovidd puvodnimu feSeni podle platného tzemniho
pldnu z roku 1999.
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0br. 8 Vizualizace kiizovatky Ceskobrodskd
Fig. 8 Visualisation of the Ceskobrodskd intersection
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With respect to the environmental protection and morphology of
the area, implementation conditions and impacts during the course
of the construction, the next section of the City Circle Road route
is led mostly through tunnels, which are designed in two variants.
The mined tunnel variant uses mined tunnels to a larger extent, for-
ming one continuous tunnel section with the intermediate Cesko-
brodskd intersection. Conversely, the cut-and-cover / cover-and-
cut variant uses mainly cut-and-cover / cover-and-cut tunnels; it
consists of two independent tunnels with an intermediate at-grade
section at the grade-separated intersection (GSI) Ceskobrodska.
Both variants have the southern portal located before MaleSice
Square.

The mined variant in the MaleSice - GSI Balabenka section

In its mined variant, the underground route of the City Circle
Road proceeds from the MaleSice railway station northward, to the
area of the grade-separated intersection at Ceskobrodskd Street.
Mined tunnels will be used in this section. The route continues
further through a cut-and-cover tunnel section crossing under Ces-
kobrodskd Street and again enters a mined tunnel leading up to
Vysocany Square. The route is located in the close vicinity of the
newly developed residential complex Zelené Mésto (Green Town)
and a Kaufland shopping centre. The northern portal of the tunnel
is located in Spojovaci Street. The Circle Road route continues wit-
hin the footprint of this street from Vysocany Square through
a cover-and-cut tunnel. The total length of the tunnel complex is
2,950 m. An at-grade section follows behind the portal, up to the
existing subway under the Prague Hlavni NadraZi station — Prague
Liben rail line, behind which the construction enters the Balabenka
intersection, where it ends (see Fig. 10).

In the Ceskobrodsk4 Street — Vysocany Square section, the route
is designed to run outside the footprints of Cernobrodska and
Spojovaci Streets so that the surrounding area is affected by the
construction and the structures themselves as little as possible.
This solution is a deviation from the valid land-use plan, but it pro-
vides a range of benefits both for the construction stage and for the
final solution:

- The construction of mined tunnels means significantly lower
restrictions upon the traffic in Spojovaci and Ceskobrodskd Streets
during the course of the construction.

- It found a traffic solution for the area of Jarov which is more

suitable in town planning terms.

- It will make better connection of the new residential develop-

ment (Zelené Mésto) during the construction possible.

- The living environment in the area of Jarov will improve, first

of all with respect to the noise and scenery.

- It is more advantageous from the operation-technical point of

view (the alternation of the at-grade and tunnel sections,

Obr. 9 Vizualizace prostorového reSeni krviiovatkyva'eskobrodskd
Fig. 9 Visualisation of the spatial design for the Ceskobrodskd intersection




Obr. 10 Vizualizace portilu tunelu za Vysoéanskym ndméstim
Fig. 10 Visualisation of the tunnel portal behind Vysocany Square

Alternativy dopravniho fesSeni

Soucdsti obou ndvrhi je rovnéZ mimoudroviiova kfizovatka
K Zizkovu, umisténd do prostoru ulice Pod Sancemi. Tato kfizo-
vatka je navrZzena s cilem umoZznit napojeni z prostoru ulic
K Zizkovu, Spojovaci a Novovysotanské na trasu MO v tseku
mezi Balabenkou a Jarovem.

V rdmci posouzeni ruznych alternativ dopravniho feSeni byla
podrobné posouzena i moznost, kdy mimotroviovéd kfizovatka
K Zizkovu nenf navrZena. Z dopravniho hlediska je toto feSenf
méné vyhodné, protoze na stdvajicich povrchovych komunikacich
zastdva vetsi podil automobilové dopravy.

Soucdsti feSeni je zdroven i mostni ekodukt pres ulici Spojovaci
v oblasti Balkdn pro prevod biokoridoru a nekolik pésich lavek po
trase okruhu. V nezanedbatelné mife dojde vystavbou k revitali-
zaci dnes pomérné neutéSeného tizemi v okoli trasy, vyuzivaného
casto pouze jako sklddky, nebo stavebni dvory.

Tunely na stavbé MO 0094

Technické feSeni hloubenych tunelu v ulici Spojovaci je
s ohledem na potiebu zcela minimalizovat povrchové zdbory
a vyluky navrZzeno jako kombinace Celné odtéZovanych tunelu pod

Varianta s tunelem pod Bilou skalou
Variant with the tunnel under Bila Skala rock
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-

Obr. 11 Situace variant Méstského okruhu stavby v tiseku Pelc-Tyrolka — Balabenka
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i.e. changes in conditions on the roadway surface, is avoided,
which is more suitable for the operational security).

This is also a reason why this solution was incorporated as an
alternative into the concept of the Master Plan of the City of
Prague from 2009.

The traffic solution for the Ceskobrodskd grade-separated inter-
section has three levels (see Figures 8 and 9):

- An underground route for the City Circle Road running

through cut-and-cover tunnels.

- An at-grade roundabout is designed allowing surface roads,

including the planned Jarov Link Road, to link to the tunnel.

- At the upper level, the intersection space is complemented by

a green belt and pavements and cycle tracks running behind it.

The cut-and-cover variant
in the Malesice — GSI Balabenka section

As far as the cut-and cover / cover and-cut variant is concerned,
the initial part of the section with the mined tunnel running from
MaleSice railway station is identical with the previous mined vari-
ant. But the 1,060 m long tunnel ends at the subway under the
MaleSice — Zizkov freight station line, at Ceskobrodskd Street.
Behind the portal the route crosses on a bridge structure over the
planned Jarov Link Road, which will link Jarov with Zelivského
Street and will connect to the City Circle Road at the Ceskobrod-
skd grade-separated intersection.

After a short at-grade section running within the footprint of
Ceskobrodsk4 Street, the main route again enters a tunnel. The
1,760 m long cut-and-cover / cover-and-cut tunnel is led under an
at-grade intersection in Jarov and continues under Spojovaci
Street. The tunnel end is planned similarly as it is in the case of the
mined variant, i.e. behind Vysoc¢any Square, again with the at-
grade continuation toward Balabenka. Spojovaci Street will be
renewed and reconstructed within the framework of this project.
This variant corresponds to the original solution contained in the
valid Master Plan from 1999.

Traffic solution alternatives

Another part of the two proposals is the K Zizkovu grade-sepa-
rated intersection, which is located at the area of Pod Sancemi
Street. This intersection has been proposed with the aim of making
the connection from the area of K Zizkovu, Spojovaci and
Novovysocanska Streets to the CCR possible.

Even the option wit-
hout  designing  the
K Zizkovu grade-separa-
ted intersection was
assessed in detail within
the framework of asses-
sing various traffic soluti-
on variants. This solution
is less advantageous in
terms of traffic because
of the fact that a larger
proportion of vehicular
traffic remains on the
existing at-grade roads.

In addition, part of the
solution is an ecoduct
bridge over Spojovaci
Street, in the Balkan area,
transferring a bio-corri-
dor, and several pedestri-
an bridges to be built
over the Circle Road
route. Owing to the con-
struction, the today relati-
vely dreary area along the
route, which is often used

Fig. 11 Layout of the City Circle Road variants for the Pelc-Tyrolka — Balabenka section
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ochranou podzemnich stén a stropni desky nebo klasickych hlou-
benych tuneli. VZdy s rovnym stropem a s uvazovanim o spole¢-
né stredni sténé pro oba tubusy tunelu. Ostatni hloubené tunelové
¢asti jsou pldnovany pouze v klasickém usporadani s realizaci
z povrchu do predem zajisténé stavebni jamy. Konstrukce tunelu
jsou bud klenbového, nebo rdmového typu podle vysky nadloZi.

Razené tunely jsou opét navrzeny pouze konvenéné technologii
NRTM. MozZnost vyuZiti plnoprofilovych tunelovacich stroju vylu-
Cuje velkd variabilita profila tunelu dand situalnim a vySkovym
feSenim trasy. ZkuSenosti z geologického prostiedi v daném tizemi
je mozno ziskat hned z nékolika podzemnich dél v nedalekém
okoli. Napriklad Zelezni¢ni tunel MaleSicky s délkou 358 m
a zprovozneny v roce 1919.

4 STAVBA MO C. 0081 V USEKU
PELC-TYROLKA — BALABENKA

Stavba Méstského okruhu v dseku Pelc-Tyrolka — Balabenka se
nachdzi v severovychodni ¢dsti Prahy, v k. 4. Liben. Na severu
v prostoru mimotroviiové kfiZovatky Pelc-Tyrolka u mostu
Barikadniku tato ¢dst Méstského okruhu navazuje na realizovanou
stavbu MO ¢. 0079 s tunelem Kralovskd obora. Na jihu je tsek
ukonCen na Balabence, kde déle navazuje stavba Méstského okru-
hu Balabenka — Stérboholskd radidla. Celkova délka trasy stavby
0081 je 3,2 km (obr. 11).

Na zédkladé vyhodnoceni predchozich studijnich praci je navrze-
no vedeni ve dvou variantiach:

— s patrovym uspordddnim komunikace v ulici Povltavska,

— s jednosmérnym tunelem pod Bilou skdlou.

Varianta s patrovym uspoiadanim v Povitavské ulici

Smérem od Pelc-Tyrolky Méstsky okruh vyuziva koridor stiva-
jici Povltavské ulice, kterd prochdzi mezi vltavskym ndbfezim
a Zeleznilni trati tzv. holeSovické prelozky. Z davodu omezeného
prostoru je zde navrZzeno patrové vedeni, kdy jsou jizdni pasy hlav-
ni trasy umistény nad sebou.

Pravy jizdni smér (na Balabenku) je veden v udrovni stdvajici
Povltavské ulice. Levy jizdni smér (na Pelc-Tyrolku) v soubéhu
stoupd. Po dosaZeni drovné nad Povltavskou ulici se postupné
nasouva do polohy nad dolni komunikaci. V prubéhu zpracovani
projektové dokumentace byla pro tento ndro¢ny tsek trasy prove-
dena optimalizace vySkového, smérového a Sitkového feSeni.
Cilem bylo zmenSit dopad stavebni innosti do prostoru prirodn{
pamatky Bild skéla, kterd se nachdzi severné od navrzené trasy
(nad Zelezni¢nim tunelem Bil4 skdla, nebo taky Libensky).

Technické feSeni mostu pro patrové vedeni spociva ve vystavbé
tif konstrukéné odli§nych ¢dsti premosténi.

V prvni ¢dsti se vnéjsi (levy) pas komunikace postupné nasouva
nad Povltavskou ulici. Tato ¢dst je feSena pomoci nosné konstruk-
ce vetknuté do opérné stény.

Druhd &ast zajiStuje postupné smérové navedeni horni komuni-
kace nad spodni vozovku. Mostovka se vysouvd smérem od svahu
a je osazena na nosné pri¢né ramy.

Ve treti ¢dsti jsou oba sméry komunikace vedeny nad sebou.
Mostni konstrukce je navrZena s priénym nosnym systémem.
Volny boéni prostor umoznuje osvétleni a odvétrani vnitrniho pro-
storu vzniklé galerie (obr. 12).

Na konci galerie celkové délky 575 m se trasa Méstského okru-
hu postupné sniZuje, vnitini (pravy) pas se zahlubuje a prechdzi
v hloubeny tunel pod Povltavskou ulici délky 540 m. Tunel pro-
chdzi mezi Zelezni¢ni trati a zdstavbou Na KoSince. Jeden jizdn{
smér okruhu je zde veden v tunelu pod Povltavskou ulici, druhy
jizdni smér se nachazi na stropni desce tunelu, v drovni stavajici
Povltavské ulice. Vedeni komunikaci nad sebou zmenSuje naroky
na prostorové pozadavky stavby a omezuje zatiZeni okoli hlukem.

Za vychodnim portdlem tunelu ndsleduje prechodovy tsek trasy,
ve kterém se obé komunikace znovu dostivaji do soubéZného
vedeni. Zde je pravy jizdni smér veden na stavajicich mostech pres
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only for stockpiling or construction site facilities, will be revitali-
sed to a non-negligible extent.

Tunnels in the CCR construction lot 0094

The technical solution for the cut-and-cover tunnels in Spojovaci
Street is designed as a combination of cover-and-cut and cut-and-
cover tunnels, taking into consideration the necessity for totally
minimising land acquisition and closing of traffic. In either case,
flat roof decks and common central walls between the tunnel tubes
are proposed. The other tunnel parts are of the classical cut-and-
cover type, i.e. built in open trenches, in advance provided with
excavation support. The tunnel structures are either of the vaulted
type or rectangular frame type, depending on the overburden
height.

The mined tunnels are again considered to be driven using the
conventional NATM. The possibility of using full-face tunnel
boring machines is excluded because of the high variability of the
tunnel profiles, resulting from the horizontal and vertical align-
ment of the route. The experience gained in the geological envi-
ronment in the given area can be obtained from several underg-
round works in the not so distant surroundings, for example the
358 m long MaleSice railway tunnel, which was opened to traffic
in 1919.

4 CCR CONSTRUCTION LOT NO. 0081 WITHIN PELC
TYROLKA - BALABENKA SECTION

The construction lot within the Pelc Tyrolka — Balabenka secti-
on of the City Circle Road is found in the north-eastern part of
Prague, the cadastral district of Liben. In the north, in the area of
the Pelc Tyrolka grade-separated intersection next to the
Barikddniku Bridge, this part of the City Circle Road links to the
CCR construction lot No. 0079 being under construction, contai-
ning the Kralovskd Obora tunnel. In the south, the section ends at
Balabenka, where it is further continued by the Balabenka — Stér-
boholy Radial Road lot of the City Circle Road. The total length of
the construction lot No. 0081 route is 3.2 km (see Fig. 11).

Two variants of the route are under consideration on the basis of
the assessment of previous studies:

- A variant with a stacked configuration of the road in Po-

vltavska Street.

- A variant with a unidirectional tunnel under the B{la Skéla rock.

The variant with a stacked configuration
in Povitavska Street

In the direction from Pelc Tyrolka, the City Circle Road uses the
corridor running along Povltavskd Street, which leads between the
Vltava River embankment and the railway track of the so-called
HoleSovice Diversion Line. Because of the restricted space in this
area, a stacked configuration is designed here, with the carriage-
ways of the main route located one above the other.

The right-hand direction of traffic (toward Balabenka) is led at the
level of existing Povltavskd Street. The parallel left-hand direction
of traffic (toward Pelc Tyrolka) rises alongside. After reaching the
required level above Povltavska Street, it is gradually shifted to the
position above the lower roadway. The vertical and horizontal align-
ment and the width design for this difficult section of the route were
optimised during the course of the work on the design. The objecti-
ve was to diminish the impact of construction activities on the area
of the Bila Skala Natural Monument, which is found north of the
proposed route (above the Bild Skéla or Liben railway tunnel).

The technical solution for the bridge required for the stacked
configuration comprises three structurally different parts of the
bridge:

In the first part, the outer (left) carriageway is gradually shifted
above Povltavskd Street. This part is solved using a load-bearing
structure fixed in a retaining wall.

The second part provides gradual directional insertion of the
upper roadway over the lower carriageway. The bridge deck is
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Obr. 12 Vizualizace galerie patrového uspordddni MO v ulici Povitavskd
(v pozadi Zelezni¢ni tunel Liberisky) (zdroj Mott MacDonald Praha + C-Tech)
Fig. 12 Visualisation of the gallery at the stacked configuration of the CCR
in Povltavskd Street (the Liberi railway tunnel in the background) (source:
Mott MacDonald Praha + C-Tech)

Primatorskou a Zenklovu ulici. Pro levou polovinu okruhu je navr-
7ena novd soub€znd komunikace s novym premosténim ulic
Primdtorskd a Zenklova. Mimourovinové kiizovatka U KiiZe zaji$-
tuje napojeni Méstského okruhu severnim smérem na Proseckou
radidlu. Toto spojeni fe$i samostatnd pldnovand stavba Libenské
spojky popsand ddle. Od mimodroviové krizovatky U KiiZe trasa
okruhu vyuzivé jiz v 80. letech ¢dste¢né vybudovany dsek komu-
nikace v ulici Cuprova. Dobudovdna zde fakticky bude pouze
druhd polovina komunikace Méstského okruhu.

Podminkou dopravniho feSeni této Cdsti trasy je kromé jiného
umoznit vyhledové napojeni planované II. etapy Vysocanské radi-
aly. Trasa stavby 0081 je ukon&ena na mimouroviové kiizovatce
Balabenka.

Stévajici estakdda pres ulici Sokolovskou a ulici Na Zertvach
byla navrZena pro jednu polovinu Méstského okruhu, a proto bude
po rekonstrukci prevddét levy jizdni smér. Pro pravy jizdni smér
hlavni trasy je navrzena vystavba nového soubézného premosténi.
Pro napojeni uli¢ni sit¢ budou vyuZity stdvajici kfizovatkové
rampy, spolu s velkou okruzni kfiZovatkou umisténou na konci
ulice na Zertvach (obr. 13).

Varianta s tunelem pod Bilou skalou

Ve druhé varianté je v tdseku KoSinka — Pelc-Tyrolka polovina
Méstského okruhu ve sméru z Balabenky vedena razenym tunelem
pod Bilou skdlou délky 1490 m. Tunel je pouze jednosmeérny
dvoupruhovy a jeho trasa severné obchazi stary Zelezni¢ni tunel.

¥, A A, -
Obr. 13 Vizualizace Méstského okruhu v prostoru Balabenky
Fig. 13 Visualisation of the City Circle Road in the area of Balabenka
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shifted in the direction from the slope; it is placed on transverse
load-bearing beams.

In the third part, both directions of the road run one above the
other. A transverse load-bearing structure is designed for the brid-
ge. The open space on the side makes lighting and ventilation of
the inner space of the gallery possible (see Fig. 12).

At the end of the gallery with the total length of 575m, the City
Circle Road route gradually descends; the inner (right-hand) carria-
geway gradually sinks, passing into a 540 m long cut-and-cover
tunnel under Povltavska Street. The tunnel passes between the rail-
way track and buildings surrounding Na KoSince Street. One direc-
tion of traffic on the circle road in this location runs through the tun-
nel under Povltavskd Street, the opposite direction roadway is
found on the tunnel roof deck, at the level of the current Povltavska
Street. The stacked configuration reduces requirements of the struc-
ture for space and diminishes noise pollution in the surroundings.

A transition section of the route follows after the eastern portal
of the tunnel. In this section both carriageways get again into the
parallel position. The right-hand carriageway is led on existing
bridges over Primdtorskd and Zenklova Streets. A new, parallel
road with a new bridge over Primatorskd and Zenklova Streets is
designed for the left-hand half of the circle road. The U Kfrize
grade-separated intersection provides the connection of the City
Circle Road northward to the Prosek Radial Road. This connection
is solved by means of a separately planned construction of the
Liben Link Road, which is described below. From the U Kiize
grade-separated intersection the circle road route uses the road sec-
tion in Cuprova Street, which was partially developed in the 1980s.
Practically only the other half of the City Circle Road carriageway
will be added in this location.

A condition for the traffic solution for this part of the route is,
among others, that the future connection of the planned stage II of
the Vysocany Radial Road will be possible. The construction lot
0081 route terminates at the Balabenka grade-separated intersection.

The existing viaduct over Sokolovskd and Na Zertvéch Streets
was designed for one half of the City Circle Road. For that reason
it will carry the left-hand direction of traffic after reconstruction.
The construction of a new, parallel bridge is designed for the right-
hand direction of traffic on the main route. The existing intersecti-
on ramps together with a large roundabout located at the end of Na
Zertvich Street (see Fig. 13) will be used for the connection of the
network of streets.

The variant with the tunnel under Bila Skala rock

In the second variant, a half of the route in the KoSinka — Pelc
Tyrolka section of the City Circle Road in the direction from
Balabenka is led through a 1,490 m long mined tunnel running
under Bild Skdla rock. The tunnel is only unidirectional, with two
lanes; its alignment bypasses the old railway tunnel on the northern
side. Thus the space in Povltavska Street is vacated for the at-grade
alignment of the opposite direction of traffic on the circle road hea-
ding toward Balabenka. The remaining section of this variant bet-
ween KoSinka and Balabenka is identical with the variant using the
stacked configuration.

Part of the City Circle Road project is a design for flood preven-
tion measures concerning the road part running along the river
embankment. Flood defence embankments will link to barriers at
the Pelc Tyrolka intersection. Taking into consideration the appro-
priate incorporation into the landscape, the new embankment will
serve for the development of a new cycle way. In addition, several
pedestrian bridges and subways will be constructed and the area
associated with the project will be revitalised.

Tunnels within the CCR construction lot 0081

The tunnels including the gallery are assumed to be built using
the classical cut-and-cover method, i.e. in a shelf or a pre-stabili-
sed construction trench. The reinforced concrete structure is desig-
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Uvolnuje tak prostor v Povltavské ulici pro povrchové vedeni dru-
hého jizdniho sméru okruhu sméfujiciho na Balabenku. Zbyvajici
usek této varianty v useku KoSinka — Balabenka je shodny
s variantou s patrovym usporadanim.

Soucasti stavby Méstského okruhu je i navrh protipovodnovych
opatfeni podél ndbrezni ¢dsti komunikace. Protipovodniové valy
budou navazovat na bariéry u kfizovatky Pelc-Tyrolka. S ohledem
na vhodné zaclenéni do krajiny bude vzniklé zemni téleso slouZit
pro zfizeni cyklostezky. Vybudovédno bude rovnéz i nékolik ldvek
a podchodu spolu s revitalizaci souvisejiciho tzemi.

Tunely ha stavhé MO 0081

Hloubené tunelové ¢dsti véetné galerie jsou pldnovédny v kla-
sickém usporaddni s realizaci z povrchu do predem zajisténého
odfezu, nebo stavebni jamy. Zelezobetonova konstrukce je s ohle-
dem na nutnost minimélniho zahloubeni pod Zelezni¢ni trat nebo
druhy jizdni smér MO feSena jako rdmova s rovnym stropem.

Razeny tunel se predpoklddd vzhledem k rozsahu a dispozi¢nim
pozadavkim realizovat technologii NRTM. Pfi jeho vystavbé bude
tfeba zohlednit zkuSenosti z vystavby Zelezni¢niho tunelu
(Libensky, dl. 331 m), ktery byl realizovdn v letech 1966-1975
pomoci modifikované belgické (podchycovaci) metody. Béhem
vystavby se tehdy plné projevily nepfijemné vlastnosti kfemenco-
vych vrstev. Po vyhloubeni stavebni jamy obou kfidel vychodniho
portdlu se daly do pohybu zastiZzené mocné lavice kifemencu spa-
dajici do jdmy pod dhlem cca 45°. Jejich pohyb byl cca 10-20
cm/den. V takto komplikovaném geologickém prostredi bude
proto tfeba pocitat s velkymi deformacemi osténi tunelu, seddnim
nadloZzi a celkové s vysoce ndro¢nou razbou.

5 STAVBA C. 8313 LIBENSKA SPOJKA

Liberiské spojka je svym vyznamem duleZitou souddsti systému
hlavnich komunikaci v severovychodni ¢dsti Prahy. Tato stavba
zajiStuje uplné dopravni propojeni mezi Proseckou radidlou
a Méstskym okruhem, krom jiného dopliiuje nedplnou mimourov-
novou krizovatku Prosecké radidly a Méstského okruhu na Pelc-
Tyrolce, ¢imz odkldni dopravu jinak smeéfujici do ulice
V HoleSovic¢kéch. Proto musi byt pfipravovdna a uvedena do pro-
vozu spole¢né s navazujicimi stavbami Méstského okruhu ¢. 0081
a 0094. Cely usek Libenské spojky se nachdzi na tizemi méstské
casti Praha 8 a jeho délka Cinf 1,35 km (obr. 14).

hia 1 ! t.r !
Obr. 14 Situace Liberiské spojky
Fig. 14 Layout of the Liberi Link Road
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ned as a frame with a flat roof deck, taking into consideration the
necessity for minimising the depth of the crossing under the rail-
way track and the passage under the opposite CCR carriageway.

It is assumed, taking into consideration the extent and require-
ments for the route layout, that the mined tunnel will be construc-
ted using the NATM. In addition, the experience gained during the
construction of the railway tunnel (the 331 m long Liben tunnel)
will have to be taken into account. This tunnel was built in 1966-
1975 using the modified flying-arch (Belgian) system. At that time,
the unpleasant properties of quartzite beds took full effect. After
excavating the construction pit for both wings of the eastern por-
tal, thick quartzite beds dipping into the pit at the angle of about
45° started to move. The rate of their movement was approximate-
ly 10-20 cm per day. It is necessary to allow for complications
associated with this geological environment, manifesting themsel-
ves in the form of large deformations of the tunnel lining and sett-
lement of the overburden, resulting in a highly demanding tunnel-
ling process.

5 CONSTRUCTION LOT NO. 8313: LIBEN LINK ROAD

The Liben Link Road is, in terms of its importance, a significant
part of the system of main roads in the north-eastern part of
Prague. This structure secures full traffic connection between the
Prosek Radial Road and the City Circle Road. In addition, it supp-
lements the incomplete grade-separated intersection between the
Prosek Radial Road and the City Circle Road in Pelc Tyrolka,
diverting the traffic which would otherwise head to V Hole-
Sovickéch Street. For that reason the Liben Link Road must be
prepared and opened to traffic jointly with the linking City Circle
Road construction lots No. 0081 and 0094. The entire 1.35 km
long Liben Link Road is found in the area of the municipal district
of Prague 8 (see Fig. 14).

On the southern side, the route starts in the area of the Balabenka
— U Kifize intersection node, for which even the future connection of
the Vysocany Radial Road to the CCR is being prepared. On the nort-
hern side, it ends inside the Vychovatelna grade-separated intersecti-
on. A range of variants were examined within the framework of see-
king an optimal solution, first of all the possibility to lead the two car-
riageways of the Liben Link Road separately through cut-and-cover
tunnels under Zenklova, Vosmikovych and Braunerova Streets. The
possibility of using mined
tunnels was also examined.
These solutions did not turn
out to be suitable, first of all
for the reasons of the layout
and economy. On the one
hand, the resultant invariant
solution more or less main-
tains the effort to keep to the
footprint of Zenklova Street,
as it is stipulated in the
Master Plan, on the other
hand, it uses a progressive
technical solution. Owing to
taking advantage of the ter-
rain configuration in the
area of the connection of the
City Circle Road to Prosec-
k4 Street, the Liben Link
Road gets to the stacked
configuration. This solution
significantly reduces overall
requirements of the con-
struction for spaces and the
link road route can pass
across the most critical loca-
tions in Zenklova Street wit-
hout intervention in adjacent
buildings.




Obr. 15 Fotografie modelu piivodniho povrchového ieSeni Liberiské spojky
z 80. let

Fig. 15 A picture of the model of the original at-grade design for the Liben
Link Road from the 1980s

Na jizni strané zaéind trasa v prostoru kfiZovatkového uzlu
Balabenka — U KfiZe, kde je pripravovdno i budouci pripojeni
VysoCanské radidly na MO. Na severni strané pak koné{
v mimotrovnové kfizovatce Vychovatelna. V ramci hleddni opti-
madlniho feSeni byla zkoumdna fada variant, predev§im pak moz-
nosti vést oba sméry komunikace Libenské spojky samostatné
hloubenymi tunely, ulicemi Zenklovou, Vosmikovych a Brau-
nerovou. RovnéZ byla provéfena moZnost vyuZiti tuneld razenych.
Tato feSeni se vSak neprokdzala jako vhodnd, jednak z prostorove
dispozi¢nich divodu a jednak z duvoda ekonomickych. Vysledné
invariantni feSeni se tak sice z vétsi ¢dsti stdle snazi drzet stopu
Zenklovy ulice, jak je ddno v platném dzemnim pldnu, avSak za
pouziti progresivniho technického feSeni. Vyuzitim konfigurace
terénu v prostoru napojeni Méstského okruhu na Proseckou ulici
se komunikace spojky dostdvd do patrového usporddani. Tim se
vyrazné redukuji plo$né ndroky stavby a trasou spojky lze
v nejkriti¢téjsich mistech projit Zenklovou ulici bez zdsahu do
okolni zdstavby.

Stavba Libenské spojky zacind v oblasti mimotroviové kfizo-
vatky U Kfize, kde se napojuje na Méstsky okruh. Trasa LS nej-
drive kiizi Proseckou ulici, za kterou vchdzi do prostoru jiz zde-
molované zdstavby mezi ulicemi Zenklova a Fr. Kadlece. VySkové
feSeni v tomto useku vyuZzivd prostorové dispozice uzemi.
Stoupajici pas smérem na Vychovatelnu podchdzi Proseckou ulici
tunelem, zatimco smér klesajici ji prekondvd mostem tak, aby se
mohl napojit na stavajici zarodek mostni konstrukce na MO. Ve
stdvajici drovni je navrZena okruZni kfiZovatka umoZnujici napo-
jeni na Méstsky okruh a Libenskou spojku z uli¢nf sité (obr. 16).

Oba dopravni sméry Libenské spojky ddle pokracuji severnim
smeérem pod Zenklovou ulici ve spole¢ném hloubeném tunelu,
ktery je navrZen s vertikdlnim uspordddnim obou tubust nad sebou
(obr. 17). Od kiizovatky ulic Zenklova a Vosmikovych trasa smé-
fuje do dvorniho prostoru bloku mezi obéma ulicemi a pokraduje
k ndmésti Na StrdZzi. V tomto useku dochdzi k postupnému pre-
chodu od patrového usporddani k horizontdlnimu usporadani tune-
lovych tubusu vedle sebe.

Trasa Libenské spojky dile vede pod ndméstim Na Strazi opét
do prostoru Zenklovy ulice smérem pod mostni konstrukci mimo-
uroviové krizovatky Vychovatelna, kde je ukonena (obr. 18).
Napojeni na Proseckou radidlu a ostatni komunikace je zaji§téno
samostatnymi rampami. Celkovd délka tunelu dosahuje 865 m.

Navrzené feSeni Libenské spojky minimalizuje nutné demolice
podél Zenklovy ulice a diky origindlnimu technickému feSeni
omezuje trvalé i do¢asné stavebni zdsahy do dzemi. Vlivem dlou-
hodobé stavebni uzdvéry a nedokonéené asanace pro tehdy jesté
povrchové vedenou LS (obr. 15) je tdzemi kolem budouci LS
pomérné neutéSené se zcela naruSenou urbanistickou strukturou.
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Obr. 16 Vizualizace k¥iZovatky U KFiZe

Fig. 16 Visualisation of the U KriZe intersection

The construction of the Liben Link Road starts in the area of the
U Kirize grade-separated intersection, where it links to the City
Circle Road. Its route first crosses Prosecka Street and behind it
enters the area of already demolished buildings between Zenklova
and Fr. Kadlece Streets. The vertical alignment design for this sec-
tion takes advantage of the spatial configuration of the area. The
carriageway ascending in the direction of Vychovatelna passes
under Proseckd Street through a tunnel, whilst the descending
direction overcomes it by means of a bridge allowing it to link to
the existing stub of a bridge on the CCR. The roundabout allowing
the connection to the City Circle Road and the Liben Link Road
from the street level is designed to be at the existing level (see
Fig. 16).

Both carriageways of the Liben Link Road further proceed
northwards, under Zenklova Street, through a common cover-and-
cut tunnel, which is designed as a stacked configuration structure
(see Fig. 17). From the intersection between Zenklova and
Vosmikovych Streets, the route heads to a courtyard of the block
found between these streets and proceeds to Na Strdzi Square. In
this section the stacked configuration gradually passes to
a horizontal configuration with the tunnels running side-by-side.

The Liben Link Road is further led under Na Strazi Square back
to the footprint of Zenklova Street, in the direction heading under
the bridge structure of the Vychovatelna grade-separated intersec-
tion, where it is terminated (see Fig. 18). The connection to the
Prosek Radial Road and other roads is secured by independent
ramps. The total length of the tunnel amounts to 865 m.

The solution proposed for the Liben Link Road (LLR) minimi-
ses demolitions necessary along Zenklova Street and, owing to the
original technical solution, curtails both permanent and temporary
structural interventions to be performed in the area. As a result of
a long-term prohibition of construction and the fact that the reha-
bilitation of the area required for the at that time at-grade route of
the Liben Link Road has not been finished (see Fig. 15), the area
along the future LLR is in a relatively dismal condition, with the
urban structure completely disturbed. Despite this fact, the imple-
mentation of the solution contained in the valid Master Plan would
require a significant amount of demolition and other interventions
in private property. Anyway, the experience gained not only in
Prague suggests that the possibility of coping with these problems
is often beyond time-related and economic capacity of the project
owner. This is why a technically more complex variant was ado-
pted, requiring minimum intervention in the existing development
and, on the other hand, providing larger space for the possibility of
subsequent upgrading of the area. At the same time, these were
also the reasons why the new concept of the Liben Link Road with
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Obr. 17 Tunely vertikdlniho uspordddni tubusu v Zenklové ulici
Fig. 17 Stacked configuration tunnels in Zenklova Street

Presto by si realizace feSeni podle platného dzemniho pldnu vyZa-
dala znatné mnoZstvi demolic a dalSich zdsahu do soukromého
majetku. ZkuSenosti nejen z Prahy vSak naznacuji, Ze moZnost
vyporadani se s témito problémy Casto prekracuje jak Casové, tak
i ekonomické moznosti investora. Proto byla pfijata varianta tech-
nicky ndro¢néjsi, avSak s minimalnim zdsahem do stdvajic{ zdstav-
by, a naopak ponechdvajici vétsi prostor pro moznost ndsledného
dotvoreni dzemi. Zdroveti i z téchto divoda byla novd koncepce
Libenské spojky s patrovym tunelem zapracovdna do konceptu
nového tzemniho planu.

Tunely na stavbé LS 8313

Pro urychleni doby vystavby a omezeni jejich dopada na obslu-
hu tdzemi byl pro konstrukce hloubenych tuneld umisténych do
prostoru Zenklovy ulice navrzen systém ¢elntho odtéZovani profi-
lu tunelu pod ochranou konstrukénich podzemnich stén
a definitivni stropni konstrukce. Tento systém spocivéd ve vytvore-
ni svislych podzemnich stén vetknutych do tnosného podlozi
z povrchu. Ndsledné se do mélké stavebni jamy vytvor{ definitiv-
ni stropni deska uloZend na podzemnf stény. Po dokonéeni stropni
desky a jejim zasypani se realizuje definitivni dprava povrchu
a ndsledn¢ dojde k jeho zprovoznéni.

Vlastni odtéZovéani profilu tunelu bude probihat z otevienych
stavebnich jam umisténych mimo prostor dne$nich komunikaci.
Provéadéni se pak predpoklddd ve dvou drovnich danych mezileh-
lou deskou oddé€lujici oba tubusy tunelu.

Useky v otevienych stavebnich jamach mimo uliéni prostor
budou realizovany klasickym systémem vystavby hloubenych
tuneld z povrchu s ndslednym zdsypem.

6 ZAVER

Soubor staveb Méstského okruhu ¢. 0081 a 0094 a Libenské
spojky €. 8313 se v soucasné dobé nachdzi ve fdzi posuzovani
vlivi zdméri na Zivotni prostfedi podle zdkona 100/2001 Sb.
(EIA). Pfislusnym orgédnem pro vydéani stanoviska k posuzovani
vlivi stavby na Zivotni prostiedi je Ministerstvo Zivotniho prostie-
di CR.

Smyslem realizace popisovanych staveb je dokonceni
Méstského okruhu, které umozni prevedeni co nejvétsiho poctu
dopravnich vztaht ze stdvajici komunikaéni sit€ na nadfazeny
systém komunikaci. Dojde k oddélen{ prujezdné dopravy od hro-
madné dopravy, péSich a dopravy mistni. Tim muaZe byt naplnén
hlavni cil, a sice plo§né sniZeni negativnich G¢inkd dopravy na
Zivotni prostiedi a ochrdanéni obytné zdstavby ve mésté od exhalaci
a hluku.

Z dopravné-inZenyrskych vypoltu provedenych v rdmci technic-
kych podkladi pro dokumentaci EIA vyplyvd, Ze zprovoznénim
vychodni ¢dsti MO a navazujicich komunikaci dojde ke sniZen{

Obr. 18 Vizualizace krizovatky Vychovatelna a namésti Na StrdZi
Fig. 18 Visualisation of the Vychovatelna intersection and Na StrdZi Square

the stacked tunnel was incorporated into the concept of the new
land use plan.
Tunnels within the construction lot Liber Link Road LS 8313

The cover-and-cut technique with the excavation carried out
under the protection of structural diaphragm walls and the final
roof deck structure has been designed for the construction of the
tunnels in the footprint of Zenklova Street. This system is based on
the construction of vertical diaphragm walls installed from the
ground surface, fixed in a competent base. Then a final roof deck
is cast in a shallow construction trench, resting on the diaphragm
walls. When the roof deck is finished and backfilled, the final tre-
atment of its surface takes place and the slab structure is open to
traffic.

The tunnel profile excavation itself will proceed from open con-
struction trenches located outside the space of today’s roads. It is
expected that the excavation will be carried out in two stages given
by the intermediate slab dividing the two tunnel tubes.

The sections in open construction trenches outside the street
space will be constructed using the classical cut-and-cover tech-
nique.

6 CONCLUSION

The package of the City Circle Road construction lots No. 0081
and 0094 and the Liben Link Road No. 8313 is currently found at
the stage during which the impacts of the plans on the living envi-
ronment are being assessed according to the Law No. 100/2001
Coll. (the EIA). The administrative body competent to issue the
opinion on assessing of the environmental impact is the Ministry
of the Environment of the Czech Republic.

The purpose of the above-mentioned constructions is the com-
pletion of the City Circle Road, owing to which it will be possible
to transfer as large as possible number of traffic relations from the
existing road network to the high-level system of roads. The tran-
sit traffic will be separated from mass transport, pedestrians and
short-distance traffic. Accomplishing it, the main objective may be
met, i.e. the area-wide reduction of negative effects of traffic on the
living environment and protection of residential developments in
the city against exhaust emissions and noise.

It follows from traffic engineering calculations carried out wit-
hin the framework of technical feedback for the EIA documents
that by opening the eastern part of the CCR and linking roads to
traffic the traffic volume in many today critical locations will be
reduced. This is first of all the case of the following streets: Jana
Zelivského, Konévova, Malesickd, Ceskobrodské, K Ziikovu,
Freyova, Vysocanska, Proseckd, Zenklova, Kbelskd, Primyslova,
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intenzit dopravy na fad¢ dnes kritickych mist. Jednd se predevsim V HoleSovickdch and their intersections, but also Legerova,
o ulice Jana Zelivského, Konévova, Malesickd, Ceskobrodsk4, Wilsonova, Argentinskd and 5. kvétna Streets.
K Zizkovu, Freyova, Vysolanské, Proseckd, Zenklova, Kbelsk4, Because of the fact that the implementation of the above-menti-
Pramyslovd, V HoleSovi¢kdch a jejich kfiZovatky, ale rovnéZ oned constructions will result in the completion of the entire City
i Legerovu, Wilsonovu, Argentinskou a ulici 5. kvétna. Circle Road and an alternative will be available to many existing
ProtoZe realizaci predmétnych staveb dojde k dokonceni celého roads, it will be further possible to set about restrictions on the
Méstského okruhu a bude nabidnuta alternativa k fadé stavajicich through traffic and terminating traffic in the area encircled by the
komunikaci, bude ddle mozné redlné pristoupit k omezeni pri- City Circle Road. Opening of the entire City Circle Road to traffic
jezdné i cilové automobilové dopravy v oblasti uvnitr Méstského will make the introduction of some of the traffic management sys-
okruhu. Zprovoznéni celého Méstského okruhu tak umoZzni zave- tems (e.g. a distance-based tolling system) possible. It will be pos-
den{ nékterého ze zpiisobii regulace dopravy (napfiklad vykonové sible to use the means gained through the collection of toll, for
zpoplatnéni-myto). Ziskané prostiedky z vybéru myta bude mozné example as funds to be invested in the urban mass transit system.
zpétné vyuzit naptiklad jako investice do MHD. However, it is not enough for achieving a maximum positive
Pro dosaZeni maximalniho kladného efektu na Zivotni prostredi | effect on the environment and complying with legislative require-
a splnéni legislativnich poZadavki na hygienické limity viak ments for sanitary limits only to transfer traffic to a higher quality
nestali pouze prevést dopravu na kvalitn&j§f trasu. Je tieba pfi- route. It is necessary to adopt other measures which will lead to

more suitable distribution of traffic performance among individual
transportation modes and intensify the factors improving the urban
environment as the whole. It is not only the case of classical tran-
sport planning; it is rather an overall transportation and environ-
mental concept for Prague. For the above-mentioned reasons, seve-
ral measures were adopted aimed at further improving of the living
environment and complying with sanitary limits.
The following measures belong among the most important:
- Extensive placing of the route in tunnels
- Providing noise barriers and noise isolating green areas
- Introducing low emission zones in Prague, meeting EURO 3
and EURO 4 limits
- Proposing area-wide vehicular traffic regulation, e.g. by intro-
ducing a tolling system
- Restricting the entry of goods vehicles to the space encircled
by the City Circle Road
- Introducing effective means of active control of speed and
composition of traffic

jmout dalsi opatieni, kterd povedou k vhodnéjSimu rozdéleni pie-
pravni priace mezi jednotlivé druhy dopravy a k intenzifikaci fak-
torl zlepSujicich Zivotni prostiedi ve mésté vibec. Nejednd se tedy
pouze o klasické dopravni planovani, ale spiSe o celkovou doprav-
ni a enviromentdlni koncepci v Praze. Z téchto duvodu bylo
v ramci dokumentace EIA souboru staveb MO+LS prijato nékolik
opatfeni sméfujicich pravé k dalsimu zlepSovani Zivotniho pro-
stfedi a ke spInéni hygienickych limitu.
Mezi ta nejduleZitéjsi opatfeni patii:
— rozsdhlé vedeni trasy v tunelech
— realizace protihlukovych bariér a izolacni zelené
— zavedeni emisnich zén EURO 3 a EURO 4 na tizem{ Prahy
— ndvrh plo§né regulace automobilové dopravy napiiklad zave-
denim myta
—omezeni vjezdu ndkladnich vozidel do prostoru uvnitf
Méstského okruhu
—zavedeni u&innych prostfedka pro aktivni fizeni rychlosti
a skladby dopravy

The above measures were subsequently approved by the Prague
City Council in the resolution No. 1701 of 215t September 2010.
They will become an inseparable part of the opinion of the
Ministry of the Environment on documents issued within the EIA
process.

Some details regarding the planning process and the way in
which the proposed structures are to be implemented have not been
completely clarified yet. The final solution will certainly undergo

Tato opatfeni byla ndsledné schvdlena Radou hl. m. Prahy
v usneseni 1701 ze dne 21. 9. 2010 a stanou se nedilnou podmin-
kou stanoviska MZP CR k dokumentaci vydaného v rdmci proce-
su EIA.

V procesu piipravy a ve zpusobu realizace navrZzenych staveb
nejsou doposud zcela ujasnény veskeré detaily. Kone¢né feSeni
jisté doznd zmén, at'bude v procesu EIA vybréana jakdkoli varian-

ta. Pfesto véfme, . ze bu(.1e. pro dokonceni Méstskéh9 okruhu changes, no matter which of the variants is selected in the EIA pro-
v Praze dostatek vule (politické, obCanské) a dostatek finanénich | coqq Siill, let us believe that there will be sufficient goodwill
pr(?sEredku tak, aby mohl slouZit nejen vSem obyvatelum Prahy co (among politicians and citizens) and sufficient financial means
nejdrive. allowing the completion of the City Circle Road in Prague so that

. it can serve all Prague citizens at the soonest.
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PRIKLADY CINNOSTI SKUPINY GEOTECHNIKA VE SPOLECNOSTI SATRA
EXAMPLES OF ACTIVITIES OF A TEAM OF GEOTECHNICIANS
IN SATRA COMPANY

ALEXANDR BUTOVIC, JAROSLAV NEMECEK, FRANTISEK CERVENKA

Spole¢nost Satra je odbornou vefejnosti vétSinou spojovéana pouze
s projektovou pripravou velkych dopravnich staveb v Praze. Mezi nej-
znaméjsi patii bezesporu tunel Mrdzovka nebo tunelovy komplex
Blanka.

Vyjma zakdzek pro Armadu CR, které bohuzel neni mozné prezen-
tovat, se pracovnici skupiny Geotechnika v poslednich letech podileli
i na jinych zajimavych projektech, které jsou popsany v tomto ¢lanku.

VINNY SKLEP V SARCE

IN VINO VERITAS — ve viné je pravda. Stejnym heslem se fidil
i investor rodinného domu v Praze — Sérce. Soucdsti novostavby rodin-
ného domu je i razeny vinny sklep urc¢eny pro skladovani 20 000 lahv{
vina. Spojeni domu a sklepa je navrZzeno pomoci chodby z 1. podzem-
niho podlazi realizované jako presypavané Zelezobetonové konstrukce
obdélnikového tvaru.

Pri zahdjeni praci na realizaéni dokumentaci bylo k dispozici jen
velmi mdlo informaci o geotechnickych podminkdch v dané lokalité.
Dosavadni pruzkum byl zaméfen zejména na zakladové poméry
budouciho domu. Pfi postupném odkryvani portilové stény byla v ose
budouciho dila zastiZena tektonickd porucha charakteru zemin (obr. 1).
Z téchto duvoda bylo rozhodnuto o realizaci dodate¢ného geotechnic-
kého pruzkumu (K+K prazkum), v rdmci kterého byly provedeny tfi
jadrové vrty, doplnéné o zékladni zkousky mechaniky hornin a zemin
pro stanoveni vybranych pevnostnich a pretvarnych parametru.

Na zdklad@ zjisténych informaci byla mirné upravena poloha a smér
samotného podzemniho dila tak, aby vySe uvedena tektonickd porucha
byla pri razbé zastizena jen v minimdlnim rozsahu. Pfi navrhu byl
respektovan i poZadavek investora na nezasahovani do obnaZené skal-
ni stény v zédpadni ¢asti portdlu (velmi zjednodusené feceno byl ,,na
préani investora“ objekt umistén do horsich geologickych podminek).

InZenyrskogeologické poméry

Predkvartérni podklad zdjmového dzemi tvori horniny barrandienské-
ho proterozoika, které je zde zastoupeno sedimenty kralupsko-zbraslav-
ské skupiny. Toto souvrstvi je charakteristické stfiddnim prachovitych
bridlic, prachovct a drob, priemZ prizkumnymi vrty byly zastiZeny
silné zvétralé prachovité bridlice. Barva horniny je tmavé Sedd, rezavé
Smouhovand, stifjpky a drobné dlomky dosahuji velikosti 0,5-3 cm

e NS v e G e
Obr. 1 Tektonickd porucha zastiZend pri zahdjeni razby vinného sklepa
Fig. I Tectonic disturbance encountered at the beginning of the wine cellar
excavation

The technical public mostly associates Satra only with designs for
large traffic projects in Prague. The Mrazovka tunnel or the complex of
tunnels Blanka certainly belong among the best known.

With the exception of jobs for the Armed Forces of the Czech
Republic, which unfortunately cannot be presented, members of the
team of geotechnicians even participated in recent years in other inter-
esting projects, which are described in this paper.

WINE CELLAR IN SARKA

IN VINO VERITAS — In Wine There Is Truth. The client for a family
house in Prague — Sarka followed the same slogan. A part of the newly
built house is even a mined wine cellar, intended to store 20,000 bottles
of wine. The connection between the house and the cellar was designed
to be via a gallery from the basement level, which was built as a false
tunnel — a reinforced concrete structure rectangular in cross section.

On the commencement of the work on the detailed design, the infor-
mation on geotechnical conditions in the particular location was very spar-
se. The survey completed till now was focused first of all on foundation
conditions of the future building. A tectonic disturbance of the character
of soils (see Fig. 1) was encountered on the centre line of the future works
during the gradual uncovering of the portal wall. The decision was made
for this reason that an additional geotechnical survey would be carried out
(K+K Pruzkum). Three core holes were drilled within the framework of
the survey, supplemented by basic tests of rock and soil mechanics allo-
wing the determination of selected strength and stress-strain properties.

The location and direction of the underground structure was modifi-
ed on the grounds of the obtained information so that the above-menti-
oned tectonic disturbance was encountered to only a minimum extent.
The design even complied with client’s requirement not to touch the
exposed rock wall in the western part of the portal (in a very simplified
translation it meant that the structure was placed to worse geological
conditions on client’s request).

Engineering geological conditions

The pre-Quaternary basement in the area of operations consists of
Barrandian Proterozoic rock types, which are represented in this area by
the Kralupy-Zbraslav sedimentary unit. This formation is typified by
the alternation of silty shales, siltstone and greywacke; the survey
encountered heavily weathered silty shales. The colour of the rock is
dark grey, rusty streaked, with the sizes of small fragments reaching 0.5
to 3 cm; they are soft, bonded by a fill formed by heavily sandy clay of
stiff consistency. The surface of the pre-Quaternary bedrock fluently
dips from the west to the east.

The overlying deposits consist of fluvial to deluviofluvial and delu-
vial sediments and made ground. The youngest layer of the overlying
deposits is formed by heterogeneous fills, mostly having the character
of sandy loam with an addition of building rubbish. Fluvial to deluviof-
luvial sediments are found under the made ground in the area of the
river plain. These sediments are deposits formed by the Sérka brook.
They locally contain admixtures of deluvial clayey-stony sediments up
to debris from adjacent slopes, some of the layers can therefore be cate-
gorised as deluviofluvial.

No inflows of ground water were encountered on the route of the
underground structure within the framework of the survey operations.

Technical solution
The geometry and dimensions of the excavation and the length of the
structure itself were predestined by client’s requirement regarding the
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Jednoplastové osténi stfikany beton C25/30-XC1, tl. min. 400 mm
Single-shell lining in C25/30-XC1 shotcrete, min. thickness 400 mm
Prostor pro tolerance a deformace osténi 100 mm

100 mm space for tolerances and deformations of the lining
Hydroizolacni PE folie (Arkoplan 35 034, Fatrafol 803)

PE waterproofing membrane (Arkoplan 35 034, Fatrafol 803)
Cihelnd klenba 300 mm - Brick vault 300 mm

Ochranny destnik, ocel.trubky 114/10,
dl. 6 m, celkem 22 ks - Canopy tube
pre-support, steel tubes 114/10, 6 m
long, 22 pcs in total
1 Ochranny destnik, ocel.trubky 114/10,
(= dlI. 15 m, celkem 23 ks - Canopy tube
pre-support, steel tubes 114/10, 15 m
Iong,r 23 pcs in total
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volume and way of storing
wine, as well as the neces-
sity to secure sufficiently
high overburden guarante-
eing that constant tempe-
rature would be maintai-
ned throughout the year.
The resultant profile of the
wine cellar is presented in
Fig. 2.

The height of the over-

Vinny sklep - Wine cellar

burden in the portal secti-
on, resulting from the
minimised possibility to
change the location of the
portal wall, could not
exceed 1m. For that rea-
son, canopy tube pre-sup-
port using 114/10 mm
steel pipes was designed
for the initial section of the
excavation.

The excavation support
was designed to consist

Zelezobetonovy preklad
Reinforced concrete cap

of a 250 mm thick shotc-

04
5

rete primary lining using
C 25/30 grade concrete as
a minimum, lattice gir-
ders and welded mesh
150x150x6.3 mm. The

Mo s v

Obr. 2 Pricny rez vinnym sklepem — definitivni stav
Fig. 2 Cross section through the wine cellar — the final condition

a jsou mekké, spojené vyplni silné piscitého jilu pevné konzistence.
Povrch hornin predkvartérniho podkladu se plynule svazuje od zdpadu
k vychodu.

Pokryvné ttvary jsou zastoupeny fluvidlnimi az deluviofluvidlnimi
a deluvidlnimi sedimenty a navdzkami. Nejmladsi polohu pokryvnych
Utvart tvori nestejnorodé navazky charakteru prevazné piscité hliny
s primesi stavebniho odpadu. V podloZzi navdZzek se nachdzeji
v prostoru ddoln{ nivy fluvidlni aZ deluviofluvidlni sedimenty. Jednd se
o uloZeniny Sareckého potoka, které obsahuji lokdlné piimés deluvial-
nich jilovito-kamenitych sedimentl aZ suti z okolnich svahu, takze
nekteré polohy lze oznacit az jako deluviofluvidlni.

V rdmci prazkumnych praci nebyly zastiZeny v trase podzemniho
dila Zadné pritoky podzemni vody.

Technické feSeni

Tvar a velikost vyrubu a délka samotného objektu byly predurCeny
poZadavkem investora na objem a zpusob skladovéni vina a zajisténi
dostate¢ného nadloZi z davodu udrZen{ konstantni teploty béhem celé-
ho roku. Vysledny profil vinného sklepa je patrny na obr. 2.

Z duvodu minimélni moZnosti zmény polohy portéalové stény vycha-
zela v portdlovém dseku vyska nadlozi do 1 m. Z tohoto divodu byla
dvodni ¢ast razeb navrzena pod ochrannou mikropilotového destniku
z ocelovych trubek 114/10 mm.

Zajisténi vyrubu bylo navrZeno primarnim osténim tloustky 250 mm
ze stiikaného betonu tfidy nejméné C 25/30, vyztuzenym piihradovy-
mi rdmy a svafovanymi sitémi 150x150x6,3 mm. Délka zdbéru byla
pro predpoklddané slozité geotechnické podminky navrZzena 1 m.

Investor pri zpracovani dokumentace netrval na zajiSténi absolutni
vodotésnosti osténi. Z tohoto davodu bylo navrZzeno jednoplastové
osténi o celkové tloustce 400 mm z betonu C 25/30 XF2 bez vodotés-
né izolace. Pro dosaZeni maximalni t€snosti osténi byla pri razbé reali-
zovdna (po jednotlivych zdbérech) pouze 1. vrstva tl. 250 mm
s vyztuznymi rdmy a vnéjSimi svafovanymi sitémi. Po dokonceni
razeb v celé délce byly instalovany vnitin{ sité a najednou instalovana
zbyvajici ¢ast osténi v tl. 150 mm. Definitivni (architektonické) osténi
bude tvorit cihelnd klenba.

excavation round length

of 1.0 m was designed for

the anticipated complica-
ted geological conditions.

The client did not insist on the design to secure absolute watertight-
ness of the lining. For that reason a single-shell lining at the total thick-
ness of 400 mm in C25/30 XF2 concrete without waterproofing was
designed. With the aim of reaching maximum tightness of the lining,
only the initial layer of shotcrete with lattice girders and outer welded
mesh was applied during the excavation (in individual excavation
rounds). When the excavation had been completed throughout the gal-
lery length, the inner layer of welded mesh was installed and the rema-
ining 150 mm thick portion of the lining was completed in a single step.
The final (architectural) vault lining will be in brick.

The excavation support design was carried out on the basis of
a structural analysis using the Finite Element Method. The overall anti-
cipated deformation of the ground surface on the centre line of up to
4 mm and the deformation of the primary lining at the crown of the arch

Obr. 3 Pohled na éelbu pri razbé vinného sklepa
Fig. 3 A view of the face during the wine cellar excavation
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Névrh vystrojeni vyrubu byl proveden na zakladé statického vypo-
¢tu provedeného metodou kone¢nych prvka. Na zdkladé vysledku
matematického modelovéni byla celkova ocekdvand deformace terénu
v ose vyrubu do 4 mm, max. deformace primarniho osténi ve vrcholu
klenby 3 mm.

Soucasti dokumentace byl i ndvrh geotechnického monitoringu,
ktery byl soucdsti doddvky podzemniho dila (zajiStoval zhotovitel).
Bylo navrZeno geologické sledovani Celeb, nivelace povrchu terénu,
meéten{ deformaci primarniho osténi a portdlové stény.

ZkuSenosti z realizace

Hloubeni odfezu, zajisténi portdlové stény a razbu samotného dila
zajiStovala spole¢nost TRIMAX, a. s. Krétce pred zahdjenim razi¢skych
praci doslo k samovolnému uvolnéni ¢asti horniny v profilu budouciho
dila. Portdlova sténa v tomto misté byla jen doCasné zajisténa ocelovy-
mi tyCemi pruméru 32 mm a ochrannou vrstvou ze stifkaného betonu tl.
100 mm. Do vzniklého volného prostoru ohrani¢eného ochrannym
destnikem byl osazen 1.a 2. vyztuzny rdam (zabér cca 1 m) a instalovano
primédrni osténi. Dalsi raZba probihala bez vétSich komplikaci.
V kazdém zdbéru se ode dna zvetSoval rozsah kvalitnich a pevnych hor-
nin a pusobil zhotoviteli komplikace se strojnim rozpojovanim.

Po dokonéeni razeb a zajisténi posledni Celby byla provedena
v celém dile najednou 2. vrstva stfikaného betonu a vybetonovino
osténi ve dné. V rdmci geotechnického monitoringu byly v podstaté
potvrzeny predikované deformacni u€inky razeb.

Razi¢ské prace probihaly v lednu 2011 za nepriznivych klimatickych
podminek, které komplikovaly postup praci. V dobé zpracovani tohoto
¢lanku je jiz ,,hrubd stavba* sklepa dokoncena a dalSi prce na pohledo-
vém osténi z cihel budou pokraCovat az v dalSich etapéch realizace domu.
Zaveér

Stavba tohoto nevelkého podzemniho dila nasla i zna¢nou odezvu
v médiich. Ne snad proto, Ze by nékdo chtél chvalit kvalitni préci zho-
tovitele, ale z duvodu obav o poskozeni Zivotniho prostredi v piirodn{
pamitce Sarka. V médiich se pak oby&ejny divdk mohl dozvédst, Ze
v srdci prirodni pamétky (ve skute¢nosti aZ za jeji hranici) se buduje
buh vi jak velké podzemni dilo srovnatelné s prazskym metrem (ve
skute¢nosti plocha vyrubu pouhych 30,8 m2 a délka 14,4 m). Kazdy
den se ze staveni§té odvdzeji tisice tun zeminy (ve skute¢nosti nema
objem vyrubaného materidlu celého sklepa ani 1000 tun a razba trvala
cca 20 dni, rozdil mezi zeminou a horninou jiz zcela pomf{jim). Denné
Siroké okoli obtézuji nesnesitelné odstrely od trhacich praci (ve sku-
teCnosti nebyly pfi realizaci trhaci price vibec pouZity).

Nastesti se nakonec ukdzalo, Ze stavba je fddné povolena a Ze nedochd-
zi ani k devastaci pfirodnich hodnot, kterych nejen v Praze neustdle ubyva.

Secteno, podtrzeno — pokud vSechny ty reportdze byly o tplné jiném
projektu (vinném sklepé) nékde daleko v cizi zemi a jednalo se
o podobnost ¢isté ndhodnou, je vSe v naprostém poradku. Ale co kdyZ
ne ?7.....a jak je to s ostatnimi reportaZemi na jina témata?

PODCHOD POD TRATI CESKY DRAH V HOLESOVICICH

Soucdsti stavby ¢. 0079 Spejchar — Pelc-Tyrolka je i Novy trojsky
most, ktery propojuje holeSovické a trojské nabreZi. Stavajici podjezd
pod trati CD v Hole3ovicich pfi novém §itkovém usporadani komuni-
kace (tramvaj + 2x2 jizdni pruhy) neumoZnuje pohyb chodca
a z tohoto davodu bylo rozhodnuto o realizaci samostatného podcho-
du pro pési a cyklisty, ktery je navrzen cca 20 m vychodnim smérem
od stavajictho podjezdu.

V puvodni dokumentaci pro stavebni povoleni bylo uvaZovino
s realizaci podchodu hloubenim ve tfech samostatnych etapdch, pri
kterych dochézelo k vyluce vzdy dvou tratovych koleji nebo vlecky.
Pii intenzité provozu v Nédraz{ HoleSovice na trati Praha — Drazdany
jsou v8ak tyto proluky nepfijatelné, a proto bylo rozhodnuto o zméné
podchodu na raZeny objekt s vyuzitim technologie protlacovan{
s minimdlnim vlivem na provoz CD.

Geologické poméry

Zemnfi t€leso Zelezni¢niho ndspu, ve kterém se bude podchod razit,
je tvofeno pisCitymi Stérky s pfimési jemnozrnné zeminy. Hladina
podzemni vody koresponduje s hladinou nedaleké feky Vltavy
a nachdzi se cca 3,60 m pode dnem podchodu.
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of 3 mm were determined on the basis of the mathematical modelling
results.

Part of the design was also the design for geotechnical monitoring,
which was part of the contract for the underground construction (secu-
red by the contractor). It comprised geological observation of the exca-
vation face, levelling survey of the ground surface and measurements of
deformations of the primary lining and the portal wall.

Experience from the construction works

The excavation of the shelf, installation of the portal wall support and
the excavation of the cellar itself was provided by TRIMAX a.s. Shortly
before the underground excavation started a part of the rock mass wit-
hin the gallery profile spontaneously broke down. The portal wall in this
location was supported only temporarily by steel rods 32 mm in dia-
meter and a 100 mm thick protective layer of shotcrete. The empty
space which developed under the canopy tube pre-support was stabili-
sed by the first and second lattice girder (excavation round length of
about 1 m) and the primary lining was installed in it. The following
excavation proceeded without significant complications. The proporti-
on of hard and good quality rock, increasing with each new round, cau-
sed problems with mechanical disintegration.

When the excavation support of the last round and excavation face
had been finished, the second layer of shotcrete was applied and the
lining of the bottom was carried out throughout the excavation length.
The geotechnical monitoring in the main confirmed the predicted defor-
mational effects of the excavation.

The underground excavation was carried out in January 2011, under
unfavourable climatic conditions which complicated the works pro-
gress. At the time of writing this paper the cellar was structurally com-
plete and other work items, i.e. the architectural brick lining, will be car-
ried out in the subsequent house building stages.

Conclusion

The work on this small underground construction project has even
elicited significant response in the media. Of course, it was not so
because somebody would have wished to appraise good quality of con-
tractor’s work. The reason was the fears that the living environment in
the area of the Sdrka natural monument would be damaged. In the
media, a common bystander could learn that: nobody knows how large
underground structure, comparable with the Prague subway (in reality
the excavated cross-sectional area and length are a mere 30.8 m? and
144 m respectively), was being built in the heart of the natural monu-
ment (in reality the structure is even beyond its border). That thousands
of tonnes of earth were every day transported from the site (in reality, if
I overlook the difference between earth and rock, the volume of muck
from the entire cellar was less than 1,000 tonnes and the excavation
took about 20 days). That the wide neighbourhood is every day annoy-
ed by unbearable blasting operations (in reality blasting was not at all
used during the construction).

Fortunately, it eventually turned out that the building permit for the
construction had been granted and no devastation of natural values, the
numbers of which are continually reduced in Prague, was caused.

Summed up and underscored — if all newspaper reports were about
another project implemented somewhere in a remote foreign country
and it would have been an only accidental similarity, everything would
be perfectly all right. But if it was not? .... and how is it in general in
cases of other media reports on other topics?

PEDESTRIAN SUBWAY UNDER A CZECH RAILWAYS' LINE
IN PRAGUE - HOLESOVICE

Part of construction lot No. 0079 Spejchar — Pelc Tyrolka is also the
New Troja Bridge, connecting the Holesovice and Troja banks of the
Vltava. With the new road width geometry (tram + 2 x 2 traffic lanes),
the existing subway under Czech Railways’ line would not allow move-
ment of pedestrians. For that reason the decision was made that
a separate subway for pedestrians and cyclists would be constructed
about 20 m east of the existing subway.

It was assumed in the original final design that the new subway
would be carried out as a cut-and-cover structure, in three independent
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Steel pipes 762/9 mm to be jacked

— Zelezniéni nasep - Railway embankment
| Protlacované ocelové roury 762/9 mm

Primarni osténi stfikany beton C20/25, tl. 250 mm
Primary lining, C20/25 concrete, 250 mm thick
Hydroizolace (bentonitova rohoz VOLTEX DS 0,6)
Waterproofing (VOLTEX DS 0.6 bentonite mat)
Sekundarni ZB osténi C30/37-XF4, tl. 250 mm
Secondary lining - C30/37-XF4 concrete, 250 mm thick

stages, where always two tracks of
the rail line or a siding would be
closed to traffic. However, these
track possessions are unacceptable
taking into consideration the inten-
sity of traffic in Holesovice Station.
This was the reason why the cut-
and-cover subway construction
technique was switched to mining,
using jacking with minimal impact
on the Czech Railways’ services.
Geological conditions

The railway track embankment
through which the subway will be
driven consists of sandy gravels
with addition of fine-grained soil.
The water table corresponds to the
level of water in the near Vltava
River, about 3.5 m under the sub-
way bottom.

Launching area and thrust
wall

The launching area for jacking
the pipes is designed to be in front

Obr. 4 Pri¢ny Fez podchodu pro pési
Fig. 4 Cross-section through the pedestrian subway

Startovaci plocha a opérna konstrukece

Startovaci plocha pro protlacovéni rour je navrZena pred opérnou
zdi Zelezni¢niho ndspu. Vyskové se startovaci plocha nachdzi 1,20 m
pod trovni stdvajictho terénu. Minimdlni délka startovaci plochy, tj.
vzddlenost mezi opérnou konstrukci a opérnou zdi Zelezni¢niho
néspu, je 8 m. Siika startovaci plochy je 8,80 m. Startovaci plocha je
tvofena Zelezobetonovou deskou tloustky 150 mm z betonu C 20/25
— XO. JelikoZ osa protlaku neni kolma na opérnou zed Zelezni¢niho
naspu, je pred touto zdi jesté navrZeno vybetonovat klinovou sténu,
aby protlak byl provddén kolmo na sténu. Z desky startovaci plochy
je do stény klinového tvaru vytazena kotevni vyztuz. Sténa klinové-
ho tvaru je rovnéZ kotvena do stény Zelezni¢niho ndspu pomoci oce-
lovych trnt & 25 mm.

Opérnou konstrukei pro lisy bentonitového $titu bude tieba vybu-
dovat na povrchu a je navrZena pro protlacovaci silu F = 1500 kN,
kterd pusobi na konstrukei jako osamélé biemeno v ose protlatované
roury. Tedy celkem v 19 polohéach. Opérnd konstrukce je navrZena ze
Zelezobetonu C 20/25 — XO. Padorysné rozméry konstrukce jsou
4,80 x 8,80 m. Zdkladova deska md tloustku 900 mm. Celn{ opérnd
sténa a 3 vyztuznd Zebra maji tloustku 400 mm. Opérna konstrukce
je zaloZena na mikropilotdch. Je navrZeno celkem 12 ks mikropilot
& 70/12 mm. Délka mikropilot je 12 m, z toho 7 m je délka tdhla
a 5 m je délka kofene. Mikropiloty jsou umistény ve dvou fadach po
6 ks. Jedna fada mikropilot je tazend a druhd tlaend. V kazdé radé
jsou navrZeny 2 mikropiloty svislé a 4 uklonéné o thel 30 stupniu.

Po provedeni podchodu budou opérnd konstrukce a startovaci plo-
cha zbourany.

Technologie protlacovani rour

Razba podchodu a budovéni jeho osténi se budou provadét pod
ochranou destniku z mikrotuneld provedenych razicim strojem
a vyztuZenych ocelovymi trubkami 762/9 mm, vyplnénych prostym
betonem C 16/20 — XO.

Mikrotunely se budou realizovat japonskou technologii ISEKI.
Jednotlivé mikrotunely budou provddény razicim strojem — bentoni-
tovym miniStitem, ktery je pres ocelovou paZnici pomoci list tladen
do zemniho télesa. Na jeho konci (na druhé strané zemniho télesa)
bude premistén opét do startovaci polohy a ndsledné se bude budo-
vat dalSi mikrotunel.

of the retaining wall supporting the
railway embankment. In terms of
the level, the launching area is
found 1.20 m under the level of the
existing ground surface. The minimum length of the starting area,
i.e. the distance between the thrust wall and the retaining wall is 8.0 m.
The width of the launching area is 8.80 m. The launching area is formed
by a 150 mm thick reinforced concrete slab of C 20/25 — XO unrein-
forced concrete. Since the centre line of the drive is not perpendicular
to the railway embankment retaining wall, a wall with a wedge ground
plan is designed to be cast in front of this wall so that the jacking is car-
ried out perpendicular to the wall. Dowels are installed in the launching
area slab reinforcement, extending to the wedge-shape wall. In additi-
on, the wedge-shape wall is anchored to the railway embankment reta-
ining wall by means of steel dowels 25 mm in diameter.

The thrust wall for the slurry shield jacks will have to be constructed
on the surface. It is designed for the thrust force F = 1500 kN, acting on
the structure as a concentrated load in the direction of the axis of the
pipe to be jacked, distributed among 19 points in total. The thrust wall
is designed in C 20/25 - XO reinforced concrete. The ground plan
dimensions of the wall are 4.80 x 8.80 m. The foundation slab is
900 mm thick. The thrust wall and each of 3 reinforcing ribs are
400 mm thick. The thrust structure is based on micropiles. Twelve 70/12
mm-diameter micropile tubes are designed to support the structure. The
micropiles are 12.0 m long (8.0 m long shafts, 5.0 m long roots). The
micropiles are installed in two rows, 6 in each row. One row of the mic-
ropiles is tensioned and the other is forced down. Each row contains 2
vertical micropiles and 4 micropiles inclining 30 degrees off vertical.

Once the subway is completed, the thrust structure and the launching
area will be demolished.

Pipe jacking technology

The subway will be driven and its lining will be erected under the
protection of an umbrella consisting of microtunnels driven by a drill
set, reinforced by 762/9 mm steel tubes and filled with C 16/20 — XO
concrete.

The microtunnels will be carried out using Japanese equipment
ISEKI. Individual microtunnels will be driven using a bentonite slurry
mini TBM, which will be jacked into the embankment, with a steel
sheet pile between the mini TBM and the jacks. At the end of the
embankment (on the other side) the mini TBM will be returned back to
the launching location to carry out the next microtunnel.
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Bentonitovy $tit se osazuje u Cela protlaované roury. Privadi se
k nému bentonitova suspenze ke stabilizaci Celby. Razeni se provadi
rotaci fezné hlavy. Smés vykopu s piskem se suspenzi se odvadi do
separacni jednotky umisténé u startovaci plochy vytlaénym potru-
bim. V separa¢ni jednotce se zemina a pisek oddéluji od suspenze.
Zemina se odvazi ze zdsobniku na sklddku, suspenze se vraci na
Celbu piivodnim potrubim a cely postup se opakuje. Stroj Stitu je
vybaven zafizenim pro ddlkové ovlddani a fizeni, které umoznuje
okamzity zdsah a je ovladdno centralnim fidicim systémem zajistuji-
cim potfebnou bezpe¢nost a presnost razeni.

Ocelové roury, které jsou instalovany spolu s pohybem stroje,
budou opatfeny vnitinimi ocelovymi zdmky, které jsou ureny
k pfesnému vedeni navazujicich (sousednich) mikrotunela. Navrzend
metoda minimalizuje vliv ndsledné razby na zeminové prostredi.

JelikoZ pri¢ny profil podchodu je vytvofen z oblouku o tfech riz-
nych polomérech, li§i se i mista sty¢nych boda sousednich rour.
K tomu bylo tfeba prihlédnout pii vyrobé a osazeni vnitinich zdmku
v jednotlivych rourdch. Horni prvni protlatovand roura ma vnitrni
zamky dva. Dvé spodni roury nemaji zdmek Zadny. Jednotlivé mik-
rotunely se budou provéadét odshora dolu, stiidavé na obou strandch.
Otvory pro jednotlivé roury se budou realizovat v betonové sténé
Zelezni¢niho ndspu, jejiz tloustka je 2600 mm a ve sténé klinového
tvaru pro kazdou rouru zv1ast. Pramér otvoru je o 28 mm vétsi, neZ
je pramér rour, tj. 790 mm. Otvor pro dal3i rouru se vybourd aZ po
protlaceni predeslé roury. Po protlaceni rour se prostor mezi rourou
a licem otvoru vyplnuje injektaZni cementovou smési. Po protlacen{
se roura okamzité vypliuje betonem C 16/20 — XO.

Razba

Razba podchodu se bude provddét pod ochranou mikrotunelt
s ruénim rozpojovanim bez pouZiti trhacich praci. Délka zdbéru je
navrzena 1 m. Vyrub tunelového profilu je ¢lenén na dva diléi vyru-
by. Prvni vyrub zahrnuje vyraZeni klenby a opéfi, druhy vyrub zahr-
nuje vyraZeni spodni klenby. Nejprve se provede 5 zabéru v klenbé
a opéff a potom se v jednom zédberu provede vyrub spodni klenby
v délce 5 m.

Primédrni osténi je tvofeno stfikanym betonem C 20/25 — XO
tloustky 250 mm vyztuZenym svafovanymi sit¢émi a pfihradovymi
rdmy. Sekundérn{ osténi je tvoreno Zelezobetonem C 30/37 o tloustce
250 mm. Mezilehld izolace je navrZena z bentonitovych rohoZ{ systé-
mu VOLTEX DS 0,6 a VOLTEX s kombinaci s PE f6lif 0,6 mm.

Podle aktudlniho harmonogramu stavebnich praci zhotovitele bude
predmétny podchod realizovan od dubna 2012. V soucasné dobé,
v ramci hleddni dspor, probihaji jedndni mezi investorem tunelového
komplexu Blanka a SZDC o moZnosti realizace hloubené varianty
podchodu ve vyluce pri rekonstrukci predmétné trati (pokud v roce
2012 bude provadéna).
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The bentonite slurry TBM is set at the end of the pipe to be jacked.
The slurry to be used for the excavation face stabilisation is fed to it.
Ground is excavated by a rotating cutterhead. The mixture of the sandy
muck with the slurry is transported through a force pipeline to
a separation unit located at the launching area. In the separation unit,
soil and sand are separated from the slurry. The soil is transported from
a silo to a stockpile, the slurry is returned to the excavation face through
a feeding pipeline and the entire process is repeated. The tunnelling
machine is equipped with a remote control facility which makes imme-
diate intervention possible and is controlled by a central control system,
securing required excavation safety and accuracy.

The steel tubes, which will be installed simultaneously with the moti-
on of the machine, will be provided with inner steel locks which will
secure accurate guidance of the adjacent (neighbouring) microtunnels.
The technique designed for the subway minimises the influence of the
subsequent excavation step on the soil environment.

Since the cross section of the subway consists of three arches with 3
different radii, the locations of the junction points of two adjacent
tubes also differ. This fact had to be taken into consideration in the pro-
cess of fabricating and installing the inner locks in individual tubes.
The upper tube, to be jacked as the first one, has two inner locks. The
two bottom tubes have no locks. Individual microtunnels will be carri-
ed out from top to bottom, alternately on both sides. The openings for
individual tubes will be carried out through the 2,600 mm thick rail-
way embankment retaining wall and the wedge-shape wall separately
for each tube. The diameter of the opening is larger by 28 mm than the
tube diameter of 790 mm. The opening for the next tube will be bro-
ken out only when the jacking of the previous tube has been finished.
When the jacking of the tubes is completed, the space between the tube
and the surface of the opening will be filled with cement grout injecti-
on. When the jacking is finished, the tube will be immediately filled
with C 16/20 — XO concrete.

Excavation

The subway will be excavated by hand, under the protection of the
microtunnels, without blasting. The excavation round length is desig-
ned to be 1.0 m. The excavated cross-section sequence is divided into
two partial phases. The first phase comprises the top heading and
bench; the invert will be excavated in the second phase. First, five
rounds will be excavated in the top heading and bench and then the
invert excavation at the length of 5.0 m will follow in a single step.

The primary lining is formed by a 250 mm thick layer of C 20/25
— XO shotcrete, reinforced by welded mesh and lattice girders. The
secondary lining is a 250 mm thick C 30/37 reinforced concrete
structure. VOLTEX DS 0.6 bentonite mats and VOLTEX combined
with a 0.6 mm thick PE membrane is designed for the intermediate
waterproofing.

Protlacované ocelové roury
Steel pipes to be jacked

Docasna betonova zed
Temporary concrete wall

=S e

Opérna zed

Thrust wall

Pracovni plocha
Working area

Opérna zed Zelezniéniho naspu
Railway embankment retaining wall

Obr. 5 Podélny Fez podchodem
Fig. 5 Longitudinal section through the subway
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ODVODNOVACI STOLA STRAHOVSKEHO TUNELU According to the topical works schedule proposed by the contractor,
the subway in question will be constructed from April 2012. At the
moment, when savings are being sought, a possibility of a cover and
cut variant of the subway construction to be carried out during the
reconstruction of the rail track (if it is carried out in 2012) is under
discussion between the owner of the Blanka complex of tunnels pro-
ject and the Railway Infrastructure Administration.

Razené tunely Strahovského tunelu byly realizovany modifikova-
nou prstencovou metodou, kterd vychdzela ze zkuSenosti z vystavby
prazského metra. Definitivni osténi tunelt tvori dvé monolitické
betonové opéry, které byly realizovany v predstihovych opérovych
tunelech, hornf ¢4st tuneld je tvofena montovanou kruhovou klenbou
ze 7 ks Zelezobetonovych prefabrikéti a dno tunelu (protiklenba) je

ze 3 ks rovnych Zelezobetonovych prefabrikata. Toto sklddané, mon- STRAHOV TUNNEL DRAINAGE GALLERY

tované ostén{ tunelll ma velké mnoZstvi spar jak pii¢nych, tak podél-
nych, které nejsou nijak tésneny.

Tunely nejsou opatfeny zadnou izolaci proti vode.

Jiz pri vystavbé se zaaly projevovat silnéjsi prisaky podzemnich
vod do tuneld v mistech, kterd jsou vdzdna na partie se zhorSenou
geologii, rozhrani geologickych souvrstvi a geologické poruchy.
Podzemni voda aZ doposud prosakuje do tunelt pres spary montova-
ného osténi, a to i pres dno tunelt, pres podkladni vrstvy vozovky
a mikrotrhlinky v konstrukci vozovky. Podzemni vody prosakujici
pres spodni klenbu se dostdvaji do reviznich Sachet splaskové kana-
lizace a po zaneseni odvodnovaciho potrubi Sachet se voda vytlacu-
je pres poklopy na vozovku. Prosdkld voda, kterd se dostane az do
vnitintho prostfedi tuneld v zimnim obdobi pfi dlouhodobéjsim
pusobeni mrazti namrzd. Stdvajici drendZni potrubi ¢i splaskovd

The mined tubes of the Strahov tunnel were constructed using
a modified Ring Method, which was based on the experience gained
from the construction of Prague metro tunnels. The final lining of
the tunnel tubes is formed by two cast-in-situ abutments, which
were built in abutment tunnels driven in advance of the main tubes,
a circular vault consisting of 7 pre-cast reinforced concrete seg-
ments and the tunnel bottom consisting of 3 flat reinforced concre-
te segments. This segmental lining has great numbers of joints, both
radial and circumferential, lacking any sealing elements.

The tunnels are not provided with any waterproofing system.

It was already during the construction that manifestations of more
intensive seepage of ground water into the tunnels appeared in the
locations which were bound to sections displaying worsened geolo-
gy, interfaces between geological formations and geological faults.

kanalizace k odvadéni prisakovych vod je kapacitné i systémove Ground water has been seeping to the tunnels till now, through joints
nedostate¢nd, nepokryva cely rozsah raZenych tunelt a navic splas- in the segmental lining and even through the bottom, through the
kovd kanalizace je urcena k jiné funkci. roadway sub-base and microfissures in the roadway structure.
Vzhledem k vySe uvedenym skute¢nostem a vzhledem k tomu, Ze Ground water, even seeping through the invert, proceeds to manho-
s postupujici degradaci drendZniho systému se stav zhorSuje, navrhla les on foul water sewers. When the drainage gets clogged, water is
Satra, s. 1. 0., na zdkladé zkuSenosti z priizkumnych 3tol pro tunely discharged through the manholes to the roadway surface. Water that
Mrézovka a Kralovskd obora odvodnéni Strahovského tunelu pomo- got to the inner environment of the tunnel tubes during a winter sea-
ci odvodnovaci $toly. Vybudovanim této Stoly se mé docilit odvod- son freezes if the frost duration is longer. The existing drainage pipe-
néni horninového prostredi v okoli obou tunelovych rour, a tim se line or foul sewerage designed to remove seepage water is insuffici-
docili i podstatné sniZeni mnoZstvi prusakovych vod do tunelu. ent in terms of its capacity and the system does not cover the entire
Satra, s. 1. 0., byla také zpracovatelem dokumentace pro stavebni scope of the mined tunnels; in addition, the foul sewer is intended to
povoleni (DSP). be used for other purposes than evacuating water from leaks.
Navrzené feseni v DSP With regard to the above-mentioned facts and with respect to the

fact that the condition has been deteriorating with the progressing
degradation of the drainage system, SATRA s.r.o0. designed a drainage
gallery system for the Strahov tunnel on the basis of the experience
from exploration galleries for the Mrazovka and Kralovska Obora
tunnels. The aim of the gallery is to drain the ground environment in

Razba Stoly byla navrZena technologii NRTM z dolni &dsti piijez-
dové rampy spojujici ulici Holeckova s hloubenou ¢asti VIT. Dile je
trasa odvodnovaci §toly vedena v horninovém pilifi mezi ZTT a STT
Strahovského tunelu v hloubce cca 7 m pode dnem obou tunelovych

rour. Celkovd délka pristupové a odvodiiovaci Stoly je navrZena the surroundings of the two tunnel tubes, thus to achieve significant-

750 m. ly reduced amount of the water seepage into the tunnel tubes.
NavrZend Sifka vyrubu byla 3 m a vySka vyrubu 3,60 m. In addition, Satra s.r.o. was the author of the final design which is
Tloustka primdrniho osténi Stoly ze strikaného betonu C 16/20 part of the planning application.

byla navrzena 150 mm. Beton bude vyztuZen piithradovymi rdmy The solution proposed in the final design
z betondrské vyztuze a dvéma svarovanymi ocelovymi sitémi & 6,3

mm, oka 150/150 mm. Spodni klenba z betonu C 16/20 ma tloustku
100 mm a je vyztuZena jednou siti & 6,3 mm, 150/150 mm (obr. 3).

V mistech zvySenych priasaki podzemnich vod do obou tunela se
bude na sténu vyrubu osazovat geotextilie (napf. POLYFELT, DC
402 E), kterd bude svddét vodu podél osténi ke spodnim otvorim
v osténi & 100 mm, vyvedenym do odvodriovacich Zldbku po obou
strandch Stoly. Vzdalenost t€chto otvort bude 1 m.

Ve zvodnélych usecich se ddle budou provadét ze Stoly odvodno-
vaci vrty & 100 mm, délky 10 m, do kterych bude osazena perforo-
vand PVC trubka & 85 mm. Vrty budou dovrchni ve sklonu 20 °.
Vzddlenost vrtd se predpokldda 6 m. Podle potieby se pocet vrtu

The NATM technique was designed for the gallery excavation,
starting from the lower part of the access ramp connecting
Holeckova Street with the cut-and-cover part of the ETT. The drai-
nage gallery route proceeds further through the rock pillar between
the WTT and the NTT of the Strahov tunnel, at the depth of about
7.0 m under the bottom of the two tunnel tubes. The total length of
the access and drainage galleries is designed at 750.0 m.

The design excavation width and height are 3.0 m and 3.60 m, res-
pectively.

The 150 mm thick layer of C 16/20 shotcrete was designed for the
primary lining of the gallery. The shotcrete will be reinforced with
lattice girders fabricated from concrete reinforcement bars and two

a jejich vzdélenost mohou ménit. Dal§im navrzenym opatfenim ve layers of 150/150 mm welded mesh @ 6.3 mm. The C 16/20 con-
zvodnélych dsecich je razba 4 bocnich jimacich Stol o délce 25 m. crete invert structure is 100 mm thick and is reinforced with a single
Sekunddrni osténi §toly nebylo predmétem DSP. layer of 150/150 mm mesh @ 6.3 mm (see Fig. 3).

Odpadni drendZni vody se budou stahovat do Cerpaci jimky, odkud In the location of increased seepage of ground water into both tun-
budou Cerpany do odvodiiovaciho systému Strahovského tunelu | nels, geotextile (e.g. POLYFELT, DC 402 E) will be applied to the
a odvidény do Motolského potoka. excavated surface, which is designed to divert water down around

V soucasné dobe je razba odvodnovaci Stoly v realizaci. Realiza¢ni the lining to 100 mm-diameter bottom holes in the lining, ending in
dokumentaci zpracoval Pudis, a. s., ktery provedl nekteré zmény drainage channels running along both sides of the gallery. The holes

technického feSeni a vystrojeni §toly. will be spaced at 1.0 m.
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Obr. 6 Pohled na portdl tunelu Hnévkovsky I
Fig. 6 A view of the Hnévkov I tunnel portal

SUPERVIZE PRI REALIZACI ZELEZNICNICH TUNELU
KRASIKOV

Od ¢ervna 2004 do brezna 2007 zajistovala spole¢nost Satra super-
vizi vystavby tif Zelezni¢nich tuneld na stavbé Optimalizace tratové-
ho useku Zabreh na Moravé — Krasikov.

Stavba zajiStovala dpravu stdvajici dvoukolejné trati vedouci tdo-
lim Moravské Sdzavy na navrhovou rychlost 130 km/hod. Na dseku
délky 14,7 km jsou navrZeny tfi tunely ve sméru od Krasikova
k Zabtehu:

Mald Huba — zpracovatel RDS ILF, zhotovitel Subterra

Hnévkovsky I — zpracovatel RDS ILF, zhotovitel Subterra

Hnévkovsky II — zpracovatel RDS SUDOP, zhotovitel Metrostav

Celkové ndklady na vystavbu téchto tif tuneli dosdhly téméer 700
miliont K&, &4st pokryla dotace EU.

Ukolem supervize byla kontrola dodrzovani RDS, kontrola faktu-
race provedenych praci v souladu s predpisy FIDIC a spoluprice pri
feSeni problému pfi vystavbé. Po dobu vystavby s vyjimkou zimnich
mésicl (prosinec, leden, dnor) probihaly kazdy tyden koordinaéni
porady a jednou mési¢né kontrolni dny, na kterych byly podrobné
projednany prace v uplynulém obdobi a vyhled na dal$i obdobi.
Jednou za mésic byla provddéna také kontrola fakturace jednotlivych
zhotovitelu. Podle potfeby se supervizor vyjadfoval i k podanym
zménovym listim.

V prabéhu stavby doslo pouze k men§im problémum na zafizenich
stavenisté a pristupovych komunikacich pfi povodni v breznu 2005,
ddle s nestabilnim zaji§ténim vyjezdového portdlu tunelu
Hnévkovsky II, ktery narusil i funkénost mostniho provizoria,
vedouciho pres roh stavebni jamy a nestabilitou skalniho svahu vjez-
dového portdlu stejného tunelu. Diky provadéné supervizi bylo zajis-
téno Cerpdni dotaci z fondd EU, a tim i dokonCeni celé stavby
v pldnovaném terminu a potrebné kvalité.

Tunely byly stavebné dokonceny v Eervnu 2006, slavnostni preda-
ni celého dseku do provozu probéhlo 29. brezna 2007
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In addition, 100 mm diameter and 10.0 m long drainage boreho-
les will be drilled from the gallery in water-bearing ground sections
and perforated PVC tubes 85 mm in diameter will be inserted into
them. The boreholes will be inclined upwards at the gradient of 20°.
The spacing of the boreholes is assumed to be 6.0 m. The number of
the boreholes and their spacing may vary, depending on the need.
Another measure proposed for the water-bearing ground sections is
driving of four 25 m long abstraction galleries into the gallery sides.
The secondary lining of the gallery has not been dealt with in the
final design.

Foul water will be collected from the drainage to a pumping sump
to be pumped to the drainage system existing in the Strahov tunnel
and discharged to the Motol Brook.

At the moment, the excavation of the drainage gallery is in pro-
gress. The detailed design was carried out by PUDIS a. s., which
carried out some changes in the technical solution and support of the
gallery excavation.

SUPERVISION DURING THE CONSTRUCTION
OF THE KRASIKOV RAILWAY TUNNELS

SATRA spol. s r. 0. performed the supervision over the construc-
tion of three railway tunnels for the “Optimisation of the railway
track section between Zabreh na Morave and Krasikov” project
from June 2004 to March 2007.

The project provided the reconstruction of the existing double-
track line running along the Moravska Sdzava River valley for the
design speed of 130 km/h. There are the following three tunnels
designed for the 14.7 km long section, viewed in the direction from
Krasikov to Zabreh:

Maléd Huba — detailed design author ILF; contractor Subterra a.s.

Hnévkov T — design author ILF; contractor Subterra a.s.

Hnévkov II - design author SUDOP; contractor Metrostav a.s.

The total cost of the construction of the above-mentioned three
tunnels amounted to nearly 700 million CZK; a part was covered by
EU funding.

The supervision task was to check on the compliance with the
detailed design, to check whether invoices for completed work com-
plied with the FIDIC rules and to collaborate on solving problems
encountered during the construction. During the construction peri-
od, with the exception of winter months (roughly December,
January and February), weekly co-ordination meetings and monthly
progress meetings were held, where the work completed during the
previous period and the outlook for the next period were discussed
in detail. In addition, invoices submitted by sub-contractors were
checked once in a month. If needed, the supervisor gave his opinion
on change notices submitted to the client.

Only minor problems were encountered during the construction.
They were associated with the site facilities and access roads during
the flood in March 2005, the instable support of the exit portal of
Hnévkov II tunnel, which even disturbed the functionality of
a temporary bridge crossing over the corner of the construction
trench and the instability of the rock slope at the entrance portal of
the same tunnel. Owing to the supervision carried out by SATRA,
drawing on EU funds was secured and the entire construction was
completed in the planned term and required quality.

The tunnels were structurally completed in June 2006 and the
inauguration ceremony was held on 29th March 2007.
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ANALYZA POZARNI BEZPECNOSTI V TUNELU BLANKA PRI POUZITI
TESNYCH TUNELOVYCH KLAPEK
ANALYSIS OF FIRE SAFETY IN BLANKA TUNNEL WHEN AIR-TIGHT
TUNNEL DAMPERS ARE USED

JAN PORIZEK

1 INTRODUCTION

An analysis of the condition of the environment in the case of
the origination of a fire in the Blanka tunnel and its impact on the
safety of escaping persons had to be carried out in the context of
the implementation of the Law No. 133/1985 Coll. on Fire
Protection as amended and of the performance of the state fire
supervision, which is carried out by the Department of Prevention of
the Fire Rescue Brigade (FRB) of the City of Prague. The reason
was the requirement for dampers installed in ventilation ducts bet-
ween two fire compartments to be labelled with certificates of con-
formance and carry the marking documenting the EW90 normative
fire resistance. According to the currently valid standard CSN 73
7507 Road Tunnel Design, all fire compartments in a tunnel and
adjacent spaces are enumeratively categorised as fire safety degree
VII. Unfortunately, the standard even applies to such parts of the
structure where there is nothing to burn or the ambient temperature
cannot not reach the ignition temperature determined for paper, even
in the worst situations.

The objective of the completed analysis was to prove the fact that
the dampers proposed for the tunnel would fulfil the function of
a closing element in a fire separation structure in the case of a fire
despite of the fact that it is technically impossible to meet the partial
assessment criterion set by relevant CSN EN standards dealing with
fire dampers and, as a result, escaping persons cannot be at risk. With
respect to its limited length, this paper only describes the situation in
a part of the cut-and-cover Blanka tunnel found in the vicinity of the
Malovanka portal, at which a truck ignited close to the damper (see
Fig. 1). Other scenarios are presented in the report [9].

It is necessary to note that the European approach to the techni-
cal and, in a way, not only technical solution to everything is pure-
ly normative. It, on the one hand, carries comfortable “responsibi-
lity” with it, but on the other hand, results in a technically impro-
per solution or the respective requirement of the standard can
never be met, as it also is our case. This is the moment when the
engineering approach is to be applied.

Fortunately, the FRB of the City of Prague obliged the contrac-
tor for the Blanka tunnel ventilation system agreeing that, if the
respective certificate with the above-mentioned marking for the
tunnel damper could not be documented, the fire resistance of the
closing segments located between fire compartments could be
documented by a calculation and a corresponding analysis of the
condition demonstrating that persons escaping along the tunnel in
the case of a fire would not be put in danger due to the absence of
this certificate.

The analysis starts from a calculation conducted on a mathe-
matical-physical model and results of the test of fire resistance con-
ducted on an uninsulated multi-blade dampers according to BS EN
1366-2: 1999 Fire resistance tests for service installations, part 2 Fire
dampers (in the CR, this standard has been harmonised since 2000).

2 FRB PRAGUE REQUIREMENTS

It was required, with reference to the set of standards titled as CSN
EN 13 501, that dampers installed in openings between fire compart-
ments be labelled EW 90 and documented by the manufacturer (in
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V souvislosti s plnénim zdkona ¢&. 133/1985 Sb., o poZirni
ochrané, ve znéni pozdéjsich zmén a vykonem statniho pozdrniho
dozoru v pfipadé tunelu Blanka realizovaného HZS hl. m. Prahy
odborem prevence musela byt vypracovédna analyza stavu prostre-
di pfi vzniku poZdru v tunelu a jeho dopadi na bezpenost unika-
jicich osob. Duvodem byl poZadavek, aby uzaviraci klapky osaze-
né ve vzduchovodech mezi dvéma poZarnimi dseky byly oznaceny
certifikdtem shody a nesly oznaceni dokladujici normativni poZar-
ni odolnost EW90. Podle zatim platné normy CSN 73 7507
Projektovdni tunelii pozemnich komunikaci jsou vSechny pozarni
Useky v tunelu a prilehlych prostor taxativmé zafazeny do VII.
stupné pozarni bezpe¢nosti. BohuZzel, jednd se i o takové Casti stav-
by, kde bud nemiiZe nic hofet, nebo teplota prostiedi nedosdhne
ani v nejhorsich situacich teploty vzniceni papiru.

Cilem provedené analyzy bylo prokdzani skutecnosti, Ze navrze-
né tunelové klapky budou v pfipadé poZaru plnit funkci uzaviraci-
ho prvku v pozarné-délici konstrukci i presto, Ze principidlné nelze
splnit dil¢i hodnotici kritérium, které ma byt podle prislu§nych
norem CSN EN tykajicich se pozarnich uzdvéri splnéno a diky
tomu nemuZe dojit k ohroZeni unikajicich osob. Vzhledem
k omezené délce Clanku je popisovdna pouze situace v ¢dsti hlou-
beného tunelu Blanka v blizkosti portdld Malovanka, pii které
doslo ke vzniceni ndkladniho vozu tésné u klapky (obr. 1). Dals{
scéndrie jsou uvedeny ve zprave [9].

Je nutno pfipomenout, Z%e evropsky zpusob pfistupu
k technickému a vlastné nejen k technickému feSeni ¢ehokoli je
ryze normativni, coZ s sebou sice na jedné strané nese pohodlnou
,,zodpovédnost®, oviem na strané druhé je Casto vysledkem tech-
nicky nevhodné feSeni anebo vubec nelze prislusny poZadavek
normy splnit, a to je také nd$ pfipad. V tuto chvili se uplatni inZe-
nyrsky pristup.

HZS hl. mésta Prahy na$tésti vySel zhotoviteli systému vetrani
tunelu Blanka vstfic s tim, Ze pokud nelze u tunelovych uzavira-
cich klapek dolozit patfi¢ny certifikdt s vy$e uvedenym oznace-
nim, tak lze pozéarni odolnost uzaviracich segmenti umisténych
mezi pozdrnimi useky dolozit vypoctem a odpovidajici analyzou
stavu, ze které bude ziejmé, Ze nedojde z davodu absence tohoto
certifikdtu k ohroZeni unikajicich osob tunelem v pripadé vzniku
poZéru.

Analyza vychdzi z vypoctu matematicko-fyzikdlntho modelu
a vysledku testu poZzdrni odolnosti pro neizolované, vicelisté tune-
lové klapky podle BS EN 1366-2: 1999 Fire resistance tests for
service installations, part 2 Fire dampers (v CR je tato norma har-
monizovana od roku 2000).

2 POZADAVKY HZS PRAHA

S odvoldnim se na soubor norem s oznacenim CSN EN 13 501

bylo pozadovano, aby uzaviraci klapky v otvorech mezi poZarnimi

usekw nesly vvrobhcem (v nalem piipadse TRAX Malavsia SND
| o r Ir o

Bhd y zastoupeni TROX® Technik) dokladovang oznaceni EW 90.
Kde pznaleni ,,E*“ predstavuje schopnost prvku s délici funkei
odolavat pusobeni poZiru z jedné strany, bez/prenosu na neex-
ponovanou stranu v dusledku pruniku plam¢nu nebo horkych
plyng, které mohou zpusobit vzniceni neexponovaného povr-
chu,Tnebo jakéhokoli materialu leziciho v jeho blizkosti.
Oznadeni ,,W* predstavuje schopnost konstrukéniho prvku
odolavat expozici pouze z jedné strany tak, aby se sniZila prav-
dépodobnost prenosu poZiru nasledkem prostupu vyznamné-
ho salavého tepla jak prvkem, tak i z neexponovaného povrchu
prvku na sousedni materidly. Prvek m4 také chrdnit osoby v jeho
blizkosti.

3 TECHNICKE VLASTNOSTI TUNELOVYCH KLAPEK
Vybrané vlastnosti klapek typ JFM
PoZérni odolnost: odzkouseno
a) dle BS476 — 20, rok 1987 pro horizontdln{ a vertikdIni insta-
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our case TROX (Malaysia) SND Bhd, represented by TROX®
Technik). The “E” letter represents the ability of the element
having the function of separation to resist the effect of a fire from
one side, without transition to the non-exposed side caused by
flames or hot gases passing through it, which can cause the igni-
tion of the non-exposed surface or any material found in its vici-
nity. The “W” mark represents the ability of the structural ele-
ment to resist the exposure only from one side so that the proba-
bility of the transfer of significant radiant heat both through the
element and from the non-exposed surface to materials found in
the vicinity. In addition, the element is required to protect persons
found in its vicinity.

3 TECHNICAL PROPERTIES OF TUNNEL DAMPERS

selected properties of JFM-type dampers

Fire resistance: tested to

a) BS476 - 20, 1987, for both horizontal and vertical installation

b) EN 1366 — 2 fire dampers, 1999

Air leakage rate: 40 1/(s.m?) at the pressure difference

of 1,125 Pa

Tested material: galvanised low-carbon steel
STAINLESS STEEL 1.4404
CHROME-NICKEL STEEL austeni-
tic, non-stabilised, molybdenum, low-
carbon to CSN 10088-1 1.4404
(X2CrNiMo 17-12-2)

Required material:

TROX Technik documents the fire resistance of these dampers
by a report of the test to EN 1366-2 Fire dampers standard from
1999 [3].

4 ANALYSIS OF THE FIRE RESISTANCE PROPERTY

OF DAMPERS

The problem can be understood and the comparison with the cal-
culation results can be carried out only if the results obtained
during the test of the fire resistance of fire dampers with respect to
the limits set for individual criteria for the fire resistance of fire
shutters complying with requirements for the EI 90 marking (or
EI-S 90) according to EN 1366-2: 1999 are known. These results
are summarised in the tables below.

4.1 Integrity ,E*

The integrity is determined during the test as the time during
which the damper tightness 5 minutes after the beginning of the
test exceeds 360 m3/(m2.h), cracks or holes exceeding the set
dimension appear, a cotton cushion ignites and uninterrupted bur-
ning appears around the circumference of the non-exposed side at
the contact between the damper and the wall [1].

Breaching of the criterion for integrity due to cracks or holes
with dimensions exceeding the set limits or by uninterrupted
burning on the non-exposed side automatically means that the
criterion for radiation is breached.

The table contains results of the test according to [3]

INTEGRITY ,,E“
execution criteria results
1 | development of cracks or holes with 78 minutes
dimensions exceeding set limits
2 | ignition of a cotton cushion 48 minutes
3 | uninterrupted burning on the non-exposed side | 90 minutes
and more
4 | airleakage rate exceeding the set value 90 minutes
and more
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laci
b) dle EN 1366 — 2 pozérni klapky, rok 1999
Netésnost: 40 1/(s.m?) pfi rozdilu tlaka 1125 Pa
ZkpusSeny materidl: ozinkovand nizkouhlikova ocel
i EREZOVA OCEL 1.4404; CHROM
IKLOVA austenitickd nestabilizo-
and molybdenova nizkouhlikatd dle
CSN 10088-1 1.4404 (X2CrNiMo 17-
12-2)
Spole¢nost TROX Technik u téchto klapek doklddd pozarni
odolnost protokolem o provedené zkousce dle normy EN 1366-2
pozarni klapky z roku 1999 [3].

4 ROZBOR VLASTNOSTI POZARNI ODOLNOSTI KLAPEK

K pochopeni a srovnani s vysledky vypoctu je nutna znalost zis-
kanych vysledku pii zkouSce poZdrni odolnosti tunelovych klapek
vzhledem ke stanovenym mezim jednotlivych kritérii pozdrni
odolnosti poZzdrnich uzdvért spliujicich oznaeni EI 90 (pfip.
EI-S 90) dle EN 1366-2: 1999. Tyto vysledky jsou prehledné uve-
deny v tabulkach.

41 Celistvost E“
Celistvost se stanovi pfi zkousce jako doba, pfi niZ tésnost klap-
ky po 5 minutich od zacdtku pozdrni zkousky prekro¢i 360
m3/(h2.h), objevi se trhliny nebo ¢tvory presahujici stanoveny
Py e T bieui i1& hofent
obvoflé neexponované strany na sty(lj;l klapky se sténou [1].
Potuseni kritéria celistvosti zpusobené trhlinami nebo otvory
vetSimi neZ stanovené rozmery nebo souvislym horenim na
neexponované strané znamend automaticky poruseni kritéria
radiage.

V tabulce jsou uvedeny vysledky zkousky dle [3]

CELISTVOST ,E“

kritéria provadéni vysledky
1 vznik trhlin nebo otvord pfesahujicich 78 minut

stanovené rozméry

vzniceni bavinéného polstarku 48 minut

souvislé hofeni na neexponované strané 90 minut a vice

netésnost pfesahuijici stanovenou hodnotu 90 minut a vice

42 |zolace .I"

Je droven vlastnosti dand vzrustem primérné teploty na neexpo-
novaném povrchu omezenym na 140 °C nad pocédte¢ni primérnou
teplotu a vzrustem maximdln{ teploty v kterémkoli misté omeze-
nym na 180 °C nad pocatecni teplotu [1].

Prvek vyhovujici kritériu ,, I se hodnoti jako vyhovujici
i pozadavku ,,W* po stejnou dobu. Pro prvky, u nichZ se méfi
radiace, se klasifikace stanovi jako doba, po niZ maximalni hod-

Proudové ventilatory — Jet fans

= . Smér jizdy vozidel
Direction of traffic

Uzaviraci klapka 1 — Dampers No. 1

"‘-._ Prevodni strojovna Malovanka — Malovanka ventilation diversion facility

Obr. 1 Situace stavby Strahovsky tunel 2. stavba
Fig. 1 Plan map of the Strahov Tunnel 2 project
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4.2 Insulation I

This is the level of the property given by the increase in the ave-
rage temperature on the non-exposed surface to 140 °C over the
initial temperature and by the increase in the maximum tempera-
ture at any point limited to 180 °C over the initial temperature [1].

An element complying with the Criterion “I” is assessed also
as complying with Requirement “W” for the same time. As far
as the elements which are subjected to radiation measurements are
concerned, the classification is determined as the time during
which the maximum radiation value, measured according to the
specification contained in the standard for testing, does not exce-
ed 15 kW/m?2-

The table contains results of the test according to [3]

INTEGRITY I

| execution criteria | results

1 6 minutes (maximum increase)

Insulation ‘

4.3 Smoke tightness ,S" (if required)

As far as the dampers to which class “S” is applicable are con-
cerned, the rate of penetration through leaks in the fire damper
must not exceed 200 m?/(h.m?) at the ambient temperature before
the fire test (related to the ambient temperature of 20 °C); after the
initial 5 minutes of the fire test it must not exceed 200 m3/(h.m?)
(related to the ambient temperature of 20 °C).

The criterion for the property during the fire test for fire resistant
dampers is according to [2].

As far as “EI” classification is concerned, the limit for air lea-
kage during the fire test of 360 m’/(h.m?) is applicable and the
limit for the air leakage increase is set at 140/180 °C (average /
maximum values) chapter 10.4 according to [2].

As far as “EI-S” classification is concerned, the limit for air lea-
kage during the fire test of 200 m?/(h.m?) is applicable and the
limit for the air leakage increase is set at 140/180 °C (average /
maximum values) chapter 10.3 according to [2].

TIGHTNESS ,,S¢
Execution criteria results
1 | Air leakage rate at ambient 38mh

temperature (chapter 10.3)

The limit allowable for the air
leakage through the damper
was exceeded after 6 minutes
during the 90-minute test*

2 | Airleakage during fire testing
(chapter 10.4)

* The air leakage rate corrected to 20 °C reached 330m>/h; it was
exceeded after 6 minutes at the pressure difference of 300 + 15 Pa.

5 THE COURSE OF EVENTS AFTER THE ORIGINATION
OF A FIRE

From the perspective of the expected function to be fulfilled by
a damper installed between two fire compartments, the knowledge
of individual events during the time after the ignition of the vehic-
le is essential. The ventilation system has to fulfil various functi-
ons during the time. From this perspective, we distinguish three
phases. Evacuation takes place during the initial two phases,
whilst the fire is being suppressed in the third one. In the first
phase of the evacuation, before the FRB arrival, the tunnel venti-
lation system is operated in the automatic mode, with the tunnel
safety equipment focused on securing proper conditions for the
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] ) ] ] escape of people. During the second evacu-
Conberrict e STl g —._ | ation phuse, already asisted by the FRE,

= the person in charge of fire intervention
takes command; he is allowed to but does
not have to change the automatic mode.
The most important factors during the
process of securing the required degree of
safety are technological limitations of the

Klapka 1 - Damper No. 1 4 tunnel equipment installed and the beha-
Nuceny prevod 200 m¥s ze STT do JTT viour of the tunnel users during the first
Forced diversion of 200 m3/s of air from NTT to STT phase. More information on this topic is
g : * JTT smér Letnd - STT direction of Letnd available e .g. in [7].
= 4 JTT MO vjezd — CCR STT entrance
-‘§ : ® JTT za rozpletem — STT behind the bifurcation
g 1 = JTT rampa vjezd - STT entry ramp 6 FIRE SHUTI'ER BETWEEN THE
13 * STT MO wjezd - CCR NTT e NORTHERN AND SOUTHERN
@ - . STT pfed rozpletem a poZarem
% 'g NTT in front of bifurcation and fire TUNNEL TUBES
8 4 = STT rampa vyjezd - NTT exit ramp . . :
'§, 4 = STT smér Letnd — NTT direction of Letn& Opemngs in the se.paratloln Wz.ill betwe
€ 0 1 2 9 4 5 8 T B 9 W oM o113 oI5 en the tunnel tubes fitted with tight dam-
Cas (min) - Time (min) pers, including the Malovanka ventilati-

Obr. 2 Poédtecni podminky — rychlostni pole ve vySce 2 m a graf stredni rychlosti proudéni podle prirezu on plant itself, are results of a solution

Fig. 2 Initial conditions — the air velocity field at the level of 2 m above the roadway and a chart for ave- ~ Which was developed on the basis of
rage velocity of flow related to the cross-sectional area a requirement of the Air Protection

Department of the Prague City Hall. It
required that the amount of air to be exhausted from the tunnel
to the area of the Malovanka grade-separated intersection be
minimised. Thanks to this solution, which in its result secured
fulfilling and not exceeding of ambient air quality standards, the
building permit was obtained.
kritéria provadeéni vysledky In the case of a fire, the openings between fire compartments
PU 1 (the NTT) and PU 2 (the STT) (see Fig. 1) are closed and
the fan in the ventilation plant room is switched off. Owing to
this measure, spreading of smoke to the other tunnel tube is pre-
vented and the safety of people is secured.

In the case of the origination of a fire in the structure 0065,
smoke is evacuated longitudinally, in the direction of traffic,
toward the exit portals at the Malovanka intersection (the NTT)
or toward the StreSovice ventilation plant room (the STT).

When the fire originates at the damper 1 or damper 2, the res-
pective damper will fulfil the function of a vertical fire shutter in
the meaning of CSN EN 1366-2 Fire Dampers.

Pro klasifikaci ,EI* plati mez netésnosti p¥i poidrni zkousce It is possible that it can even take several minutes from the

360 m’/(h.m?) a mez vzriistu teploty 140/180 °C (priimérnd/max.) moment of the ignition to the event detection, its recognition and
kapitola 10.4 dle [2]. ' raising the fire alarm before the opening is closed. It is necessa-

ry to realise that during this time the damper, if it was open,

nota radiace, mérend podle specifikace ve zkuSebni normé, nepre-
sdhne 15 kW/m?.
V tabulce jsou uvedeny vysledky zkousky dle [3]

CELISTVOST , I

1 Izolace 6 minut (maximaini nardst)

4.3 Kouiotésnost ,S" (v piipadé potieby)

U klapek, pro které plati tfida ,,S*, nesmi pronikdni netésnostmi
pozérni klapky presdhnout pfi okolni teploté pred pozarni zkous-
kou 200 m3/(h.m?) vztaZeno na okolni teplotu 20 °C a nesmi po
prvnich 5 minutdch poZdrni zkousky presdhnout 200 m?/(h.m?),
vztazeno na okolni teplotu 20 °C.

Kritérium vlastnosti pfi pozarni zkouSce pro poZarné-odolné
klapky dle [2].

Pro klasifikaci ,,EI-S* plati mez netésnosti pri poZdrni zkouSce

200 m/(h.m?) a mez vzristu teploty 140/180 °C (primérnd/max.), remains further open, no matter which technical and structural
properties it features. This time interval can be

reduced first of all by the timely detection and
o mo quick response of the system, depending on dyna-
g = mic properties of individual components of the
£ m equipment.
g :: Dumper No. 1 or No. 2 is closed by the control
E 5&% system automatically, even before the fire alarm
T is confirmed by the operator on the basis of:
i 100 1. the detection of smoke by Fire Guard sensors
g w installed in the tunnel
g iy 2. the detection of smoke by ionisation sensors
g : installed in ventilation ducts of the fire ven-
s . tilation system in the structure 0065
o & w15 o, 2 M X M 4 N 4 e B8 0 TH M 8 50 3. information provided by the video-based fire
Cas (min) - Time (min) detection system, which identifies an incident
o Zasazeny tunel STT — NTT affected by fire  Nezasazeny tunel JTT - STT unaffected by fire 4. manual raising of the fire alarm
Then the following actions take place:
Obr. 3 Vysledny prubéh teploty vzduchu ve vzddlenosti 25 cm od povrchu klapky na exponované a) the fan in the Malovanka ventilation plant
a neexponované strané room is switched off and damper No. 1 is

Fig. 3 Resultant time-temperature curve for the air at the distance of 25 cm from the surface of

¢ closed (if it was open before);
the damper on the exposed and non-exposed sides
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Temperature Conlours (F)

E i j u=2.5m/s

f = # #f.?o___——-ﬂ'-__:ﬂ‘ﬁ

Obr. 4 Prubéh teplot pFi podélném vétrani a dosaZeni kritické rychlosti béhem redlnych zkousek v Memmorial tunelu v 90. letech (Zdroj: Memorial Tunnel Fire

Ventilation Test Program; interactive CD-ROM comprehensive test report)

Fig. 4 Temperature contours curve for longitudinal ventilation system and reaching critical velocity during real tests in the Memorial tunnel in the 1990s (sour-
ce: Memorial Tunnel Fire Ventilation Test Program; interactive CD-ROM comprehensive test report)

kapitola 10.3 dle [2].
CELISTVOST ,,8¢

kritéria provadéni vysledky

1 netésnost pfi okolni teploté 38 m3h
(kapitola 10.3)

2 netésnost pfi pozarni zkousce povoleny limit netésnosti klapky
(kapitola 10.4) byl pfekrocena po 6 minutach

pfi testu v délce trvani 90
minut*

* Netésnost korigovana na 20°C byla 330 m3/h a pfi tlakovém
rozdilu 300 + 15 Pa byla prekrocena po 6 minutich.

5 PRUBEH UDALOSTI PRI VZNIKU POZARU

Z pohledu oc¢ekdvané funkce, kterou ma uzaviraci klapka osaze-
nd mezi dvéma pozdrnimi dseky plnit, je nutnd znalost jednotli-
vych uddlosti v case, které po vzniceni vozidla nastanou.
Vzduchotechnické zafizeni musi v Case plnit rizné funkce.
Z tohoto pohledu rozezndvdme tfi fize. Béhem prvnich dvou pro-
bihd evakuace a ve tfeti je likvidovan ohen. V prvni fazi evakuace
pred prijezdem HZS je systém vétrani tunelu v automatickém rezi-
mu, pri¢emZ snahou systému bezpeénostniho vybaveni tunelu je
zajistit vhodné podminky pro tnik osob. Pii druhé fézi evakuace
jiz s asistenci HZS prebird veleni velitel zdsahu, ktery muZe, ale
také nemusi do automatického reZimu zasahnout. Pfi zajiSténi
pozadované miry bezpecnosti jsou nejdulezitéjsimi faktory tech-
nologickd omezeni instalovaného technologického vybaveni
a chovéni uZivateli béhem prvni fize. Vice k tomuto tématu lze
nalézt napriklad v [7].

6 POZARNI UZAVER MEZI SEVERNIM A JIZNIM TUNELEM

Otvory v délici pficce mezi tunely osazené uzaviratelnymi tés-
nymi klapkami v¢. samotné strojovny Malovanka jsou vysledkem
feSeni, jeZ vzniklo na zdkladé poZadavku odboru ochrany ovzdusi
MHMP. Timto poZadavkem byla minimalizace vyfukovaného
vzduchu z tunelu do oblasti MUK Malovanka. Diky tomuto fede-
ni, které ve vysledku posuzované rozptylové studie zajistilo splné-
ni a neprekroCeni zdkonem stanovenych imisnich limitt znedisté-
ni ovzdusi, doslo k udéleni stavebniho povoleni.

Pfi pozdru dochazi k uzavienf otvori mezi PU 1 (STT — severni
tunelovd trouba) a PU 2 (JTT - jizni tunelova trouba) viz obr. 1
a vypnuti ventildtoru ve strojovné. Diky tomu je zabranéno §ifeni
koure do druhého tunelu a zaji§téni bezpecnosti osob.

Pii vzniku pozdru ve stavbé 0065 je kouf odvadén podélné ve
sméru jizdy k vyjezdovym portilim na MUK Malovanka (STT)
nebo ke strojovné StreSovice (JTT).

Pokud dojde ke vzniku pozaru u klapky 1 nebo klapky 2, tak
klapka plInf funkci svislého pozdrniho uzavéru ve smyslu CSN EN
1366-2 PoZdrni klapky.

Od vzniceni az po detekci uddlosti, jeji rozpoznani a vyhlaseni
pozdrniho poplachu muZe ubéhnout a7z nékolik minut, nez dojde
k uzavfeni otvoru. Je nutné si uvédomit, Ze po tuto dobu, pokud jiZ

b) jet fans in the NTT are switched on so that the velocity of
the longitudinal flow is regulated to reach the critical velo-
city value (moving in the direction of traffic);

¢) jet fans in the STT are switched on so that the flow is rever-
sed against the direction of traffic as quickly as possible and
the velocity of 1.5m/s is reached.

It is only after the fire alarm is confirmed that the tunnel is clo-
sed and fire scenarios are initiated; controlling of the other ele-
ments of the tunnel equipment which related to the tunnel venti-
lation itself indirectly starts.

The speed of the response of signals of detection devices is
relatively high (several seconds), but the time between the igni-
tion and the fire detection can generally reach up to several
minutes. In our case we assume that the dampers will be closed
in 1 minute. This assumption was confirmed by the model being
solved on the basis of the smoke detection.

7 CALCULATION OF THE CONDITION OF ENVIRONMENT
IN THE TUNNEL AND VENTILATION DUCTS

It is very well possible to form the notion of the condition of
the environment (air temperature, temperature of walls, velocity
and direction of the flow, contents of smoke and heat flow) on
the basis of results of a calculation which were obtained through
solving three-dimensional models solved by means of mathema-
tical-physical modelling of the flow (the CFD). The problem was
solved using the Fire Dynamics Simulator (FDS) program versi-
on 5.4.3. The Smokeview 5.6 program and Microsoft Excel were
used for the visualisation and analysis of results.

The FDS project was developed by the National Institute of
Standards and Technology (NIST), an American governmental
institute for publishing standards and certificates regarding vari-
ous materials. The FDS solves Navier-Stokes equations by
means of a numeric scheme suitable for low velocities at non-
isothermal flow, with the stress placed on the transfer of smoke
and heat generated by the fire. Turbulence is solved by means of
a modified Smagorinsky scheme, the Large Eddy Simulation
(LES). It is also possible to use the Direct Numerical Simulation
— DNS, even though to a limited extent.

A structured uniform or non-uniform network in Cartesian
coordinates is used for designing the model network. The nume-
ric scheme works using the Finite Volume Method. The detailed
description of modelling in this program is beyond the scope of
this document, but all information is available free of charge on
web pages http://fire.nist.gov/fds/.

71 Mathematical-physical model

Ambient air temperature: 20 °C; 10 °C
Initial temperature of tunnel walls: 14 °C
Rock mass temperature: 10 °C

Fire characteristics:

Heat release rate (HRR): 30 MW (a standard fire)
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klapka byla oteviena, je oteviena i naddle at ma technické
a konstrukéni vlastnosti jakékoli. Tuto dobu lze zkratit predev§im
v€asnou detekei a rychlou reakci systému zdvislych na dynamic-
kych vlastnostech jednotlivych zafizeni.

Klapku 1 nebo 2 uzavird ridici systém automaticky jesté pred

potvrzenim poZérniho poplachu dispecerem na zdkladé:

1. Detekce koufe pomoci ¢idel FireGuard umisténych v tunelu.

2. Detekce koufe pomoci ionizaénich ¢idel umisténych ve vzdu-
chovodech pozéarniho vétrani stavby 0065.

3. Informace videodetekce, kterd identifikuje mimorddnou uda-
lost.

4. Ruéniho vyhldSeni pozarniho poplachu.

Daéle dojde:

a) k vypnuti ventildtoru strojovny Malovanka a uzavreni klapky
1 (pokud byla oteviena),

b) ke spusténi proudovych ventildtort v STT tak, aby byla rych-
lost podélného proudéni regulovdna na velikost rychlosti kri-
tické (ve sméru jizdy),

¢) ke spusténi proudovych ventilatora v JTT tak, aby doslo co
nejrychleji k reverzaci proudéni proti sméru jizdy a byla dosa-
Zena rychlost 1,5 m/s.

Po potvrzeni pozdrniho poplachu dojde teprve k uzavieni tunelu

a spusténi pozdrnich scéndil a fizeni ostatnich technologickych
zatizeni, které jiz se samotnym vétrdnim tunelu souviseji nepfimo.

Rychlost odezvy signdla detek&nich zafizeni je pomérné rychld

(nékolik sekund), ale doba mezi vznicenim a detekci poZdru muZe
byt obecné az nékolik minut. V naSem pripadé predpokladdme, Ze
k uzavreni klapek dojde do 1 minuty, coz potvrdil i feSeny model
na zdkladé detekce koute.

7 VYPOCET STAVU PROSTREDI V TUNELU

A VZDUCHOVODECH

Predstavu o stavu prostiedi (teplota vzduchu, teplota stén, rych-
lost a smér proudéni, obsah koufe a tepelny tok) si Ize velice dobie
vytvorit na zékladé vysledka vypo&tu, které byly ziskdny feSenim
trojrozmérnych modelu, feSenych pomoci matematicko-fyzikalni-
ho modelovéani proudéni (CFD). Uloha byla fe$ena v programu
Fire Dynamics Simulator (FDS) v. 5.4.3. Pro zndzornéni a rozbor
vysledkt byl pouzit program Smokeview 5.6 a Microsoft Excel.

Za projektem FDS stoji National Institute of Standards and
Technology (NIST), coZ je americkd vladni instituce pro vyddvdni{
standardl a osvéd&eni tykajicich se riznych materidla. FDS fesi
Navier-Stokesovy rovnice numerickym schématem vhodnym pro
nizké rychlosti pfi neizotermnim proudéni s durazem na prenos
koufe a tepla od pozédru. Turbulence je feSena pomoci upraveného
Smagorinskeho schématu Large Eddy Simulation (LES). Lze také
pouzit pfimou numerickou metodu (Direct Numerical Simulation —
DNS), ale pouze v omezené mifte.

Pro zasitovani modelu je vyuZivdna strukturovand rovnomérna
nebo nerovnomérnd sit’ v kartézskych souradnicich. Numerické
schéma pracuje s metodou kone¢nych objemu. Detailni popis
modelovani v tomto programu je nad rdmec tohoto dokumentu,
avSak veskeré informace jsou volné dostupné na webovych stran-
kach http://fire.nist.gov/fds/.

7.1 Matematicko-fyzikalni model

Teplota okolniho vzduchu: 20 °C; 10 °C

=
[
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Obr. 5 RozloZeni teploty povrchu v 60 minuté
Fig. 5 Distribution of the surface temperature during the 60" minute

TuHel

- gradual increase in the heat release rate till the 10th minute
following the curve presented in [4], which represents a single
heavy-goods vehicle 35 tonnes with no dangerous goods, with
the heat release rate of 125,000 MJ in the case of its ignition and
burning up. The dampers were modelled as a homogeneous flat
wall formed by a 3 mm thick stainless steel sheet.

The tunnel has concrete walls, with the rock mass behind them
conducting away and absorbing part of the heat generated by the
fire.

The transfer of energy (heat) comprises the convection, radia-
tion and transfer through the wall (conduction).

The following equations are being solved when the CFD is
used for the calculation:

1. Continuity equations
. Navier-Stokes equations of motion
. Equations for transfer of heat through convection
. Heat transfer through radiation and
. Heat conduction (Fourier’s Law)

. Stechiometric equations describing the process of burning
and generation of products of combustion and soot.

There is no point in quoting the above-mentioned equations
because their summary is contained in the FDS5 documents,
which are available free of charge on the above-mentioned web

pages.

A LB W

7.2 Initial and boundary conditions

The condition being solved is based on the assumption that the
2nd degree protection system covering the exit portals of the
NTT at the Malovanka grade-separated intersection is in opera-
tion during the peak traffic in the NTT with vehicles fluently
passing through at the velocity of 70 km/h. In the case of this
solution, the Malovanka ventilation diversion facility is in ope-
ration and the Damper No. 1 is open. Damper No. 2 is closed
(see Fig. 2).

The decrease in the piston effect of vehicles and the volume of
air flowing through the tunnel represent the so-called boundary
conditions for the model. They were determined by means of
a one-dimensional simulation of the flow [4]. The description of
the methodology of one-dimensional modelling of air flow in
road tunnels is presented at the same place.

Smoke detection:

In reality, detectors manufactured by SIEGRIST, which are
based on the principle of measuring diffused light with the res-
ponse time of 5 s, are used for detecting smoke inside the tunnel.
Ionisation detectors, known first of all from standard applicati-
ons of FAD systems in residential or administration buildings,
will be installed in ventilation ducts.

The FDS offers 5 pre-defined models of smoke detectors:
Cleary Photoelectric P2 type was used in the tunnel, whilst
Cleary lonization I1 type was used in ventilation ducts under the
ventilation plant room.

Operation time:

The 3D model calculation was carried out for an interval of
time of 0 — 90 minutes.

8 ANALYSIS OF RESULTS

The ignition of a vehicle is assumed to happen during the
peak traffic through the NTT. The Malovanka ventilation diver-
sion facility is in operation and Damper No. 1 is open. The con-
nection between fire compartments PU 1 (NTT) and PU 2 (STT)
is through a damper which is part of the fan assembly and sub-
sequently through the whole space of the ventilation plant room
(fire compartment PU 2).

A fire with the capacity of 30 MW with a linear growth up to
10th minute [4] was simulated for the purpose of this analysis. It
is a real fire approximation, where the fuel material gradually
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14 °C
10 °C

Pocdate¢ni teplota stén tunelu:
Teplota masivu:
Charakteristika pozaru:
HRR (uvolnovany tepelny vykon): 30 MW (normovy poZdr)

— postupny narust tepelného vykonu do 10 minuty podle kiivky
uvedené v [4], kterd predstavuje jedno 35 t t¢zké ndkladni vozid-
lo bez nebezpe¢ného ndkladu, pri jehoZ vzniceni a vyhoreni dojde
k uvolnéni energie 125 000 MJ.

Uzaviraci klapky byly modelovdny jako homogenni rovinna
sténa z nerezového ocelového plechu tloustky 3 mm.

Tunel je tvofen betonovymi sténami, za kterymi je horninovy
masiv, ktery odvadi a jimd ¢ast vyprodukovaného tepla pozarem.

Prenos energie (tepla) se sklddd z prenosu proudénim (konvek-
ce), sdlanim (radiace) a vedenim sténou (kondukce).

Pri vypocétu pomoci CFD jsou feSeny nésledujici rovnice:

1. rovnice kontinuity,

2. pohybové Navier-Stokesovy rovnice,

3. rovnice pro prenos tepla konvekeci,

4. prenos tepla radiaci,

5. pienos tepla vedenim (Fourieriv zdkon),

6. stechiometrické rovnice popisujici proces hofeni a produkci

spalin a sazi.

Rozepisovat zde uvedené rovnice nema cenu, nebot’ jsou opét

prehledné uvedeny v dokumentaci pro FDS5, kterd je volné

k dispozici na vyse uvedenych webovych strankach.

7.7 "~*%4~*-a okrajové podminky

]Qc.r = EQ«uvychéZf z predpokladu, Ze pfi $pickovém provozu
v STT za plynulého prijezdu vozidel rychlosti 70 km/h, je spustén
II. stupen ochrany vyjezdovych portdld STT na MUK Malovanka.

V tomto feSeni je v provozu pfevodni strojovna Malovanka a je

OtGTmax _ Qa +

] pr} ‘Cp ‘AT 'un

dapka 2 je uzaviena viz obr. 2.
“idel a objem protékajictho mnoZzstvi
vzduchu tunelem predstavuji tzv. okrajové podminky modelu. Ty
byly stanoveny pomoci jednorozmérné simulace proudéni [4]. Po-
pis metodiky jednorozmérného modelovani proudéni v automobi-
lovych tunelech je uveden tamtéz.

Detekce koure:

Pro detekovdni koure uwvniti tunelu jsou ve skuteéno$ti pouZity.

detektory firmy SIEGRIST zaloZené na prindipu mérfenf rozptyle-

ného svétla s dobou odezvy 5 s. Ve vzduchotechnickych kanédlech
budou instalovdny ionizacni detektory zndmé predevsim ze stan-
dardnich aplikaci systému EPS v obytnych a administrativnich
budovich.

FDS nabizi 5 preddefinovanych modela detektora koufe:
V tunelu byl pouzit typ Cleary Photoelectric P2 a ve vzduchovo-
dech pod strojovnou vzduchotechniky byl pouZit typ Cleary
Tonization I1.

Doba vypoctu:

Vypocet 3D modelu byl proveden pro Casovy interval 0-90

minut.
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burns off and is consumed until the maximum heat release rate is
achieved.

8.1 Air temperature inside the tunnel

The highest air temperature of about 620 °C (if we disregard
measurements taken directly in the flames) is reached under the
ceiling. The heat flow between the fire and the surface of the
damper is induced jointly by convection and radiation. In the
case of convection, the heat of the flame is transferred to the air
and, subsequently, from the heated air to the surface of the dam-
per. The radiation acts directly from the flame to the surface of
the damper. The resultant time-temperature curve for the vicini-
ty of the damper is presented in Fig. 3. During the first minute,
when the damper is still open, temperature inside the tunnel tube
unaffected by the fire rises to about 40 °C. After the damper is
closed, the temperature rapidly decreases and subsequently
again rises (copying the increase in the generated heat) to stabi-
lise after 10 minutes around 40 °C. The temperature value of
about 80 °C is considered to be the risk limit for an unprotec-
ted person.

The temperature of air inside the tunnel downstream of the fire
depends on the velocity and temperature of the incoming air. In
the case of one-dimensional calculations, the temperature of air
downstream of the fire can also be determined on the basis of
a simplified mathematical-physical description if the heat relea-
se rate is known. The generated heat is transferred to the air by
convection and to the walls through radiation. It has been known
from real tests that the transition of heat through radiation app-
roximately accounts for one third of the overall heat release rate;
therefore, the heat release rate transferred through convection
caused by heating of the flowing air can be simply determined
as [5]:

-
Q,=30, ™ M

The mean temperature immediately behind the fire is therefo-
re given by the following equation, from which it follows that
the magnitude of the resultant temperature depends on the velo-
city of the longitudinal flow and the size of the tunnel cross sec-
tion:

e )
P, A 1t
where
Ty ... temperature of fresh air supplied to the fire,
Io ... air density,
AT ... tunnel cross-sectional area,
Cp ... specific heat capacity of air.
Air velocity m/s 0.5 1 2
Temperature T, °C 617 318 170

The result is the fact that if the air velocity is doubled, the
resultant temperature of air downstream of the fire is reduced
approximately by a half. The results presented in the table were
determined for values Q = 30 MW; To = 20 °C; AT = 84 m2. The
critical air velocity ranging from 2 — 2.5 m/s is maintained in the
NTT (see Fig. 2).

The results obtained by this one-dimensional calculation can
be compared with the results measured during the test in the
Memorial Tunnel, conducted between 1993 and 1995. The tem-
perature field downstream of the fire, existing in the situation
where the forced longitudinal ventilation, maintains the critical
velocity upstream of the fire (ur = 2.5 m/s) and prevents back-
layering (see Fig. 4).
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8 ROZBOR VYSLEDKU The maximum temperature resulting from equation (2) is then
Ke vzniceni vozidla dojde za stavu, kdy se predpoklada $picko- 271 °C (520 °F). The maximum temperature calculated as the
vy provoz v STT. Je v chodu prevodni strojovna Malovanka arithmetic average from the results presented in Fig. 4 is 550°F
a oteviena uzaviraci klapka 1. Propojeni pozarnich tsekii PU 1 (287 °C). It follows from these simple calculations that, in the
(STT) a PU 2 JTT) je skrze uzaviraci klapku ventildtorové sesta- case of the longitudinal flow in the Blanka tunnel, the resultant
vy a nasledné cely prostor strojovny (PU 2). temperature of air downstream of the fire will differ from the
Pro tuto analyzu byl simulovdn poZir o velikosti 30 MW temperature of the air in the furnace and the linking duct, which
s linedrnim nértstem do 10 minuty [4]. Jedn4 se o aproximaci sku- is expected to be reached according to respective test standards
te¢ného poZéru, kdy dochézi k postupnému odhofivani a spotiebé (CSN EN 1366-2: the air velocity during the fire test is maintai-
paliva v ¢ase do dosaZeni maximdlniho tepelného vykonu. ned at 0.15 + 0.02 m/s.)
8.1 Teplota vzduchu v tunelu In reality, the temperature at the damper inside a tunnel is

always lower than the temperature in the furnace according to
the standard time-temperature curve. It would be more benefici-
al if the fire resistance of a damper structure was determined
“for a probable course of the fire, which is determined accor-

Nejvyssich teplot vzduchu cca 620 °C (nepocCitime-li primé
méfeni v plameni) je dosaZeno pod stropem. Tepelny tok mezi
pozdrem a povrchem klapky je sdilen konvekci a radiaci.
Konvekei je preddvano teplo z plamene do vzduchu a ndsledné

z ohftého vzduchu na povreh klapky. Radiaci pfimo z plamene na ding to particular conditions of the part of the building structu-
povrch klapky. Vysledny pribéh primémé teploty vzduchu re or technological structure (a fire compartment or its part,
v blizkosti klapky je zndzornén na obr. 3. Béhem prvni minuty, kdy usually with the temperature curve in the space under fire diffe-
je klapka je§té oteviena, dochézi k nariistu teploty na cca 40 °C ring from the standard course of fire, possibly including the coo-
v nezasaZeném tunelu. Po uzavieni klapky teplota prudce klesé ling phase) instead of determining it according to the standard
a nasledné opét pozvolné narustd (kopiruje ndrust uvoliiovaného temperature curve. The above text is the quotation of the stan-
tepla) a po 10 minuté se ustaluje kolem hodnoty 40 °C. Za riziko- dard CSN 73 0810 Fire safety of structures, which has already
vou hranici teploty ohfdtého vzduchu je pro nechranénou osobu | been cancelled. This standard has been only partially replaced by
povaZovana hodnota cca 80 °C [5]. CSN 13 501 Fire ratings for construction materials and civil
Teplota vzduchu v tunelu za poZdrem je silné zdvisld na rych- engineering structures.

losti proudéni a teploté privadéného vzduchu. Pfi jednorozmér- For more information on temperature distribution at the longi-
nych vypoctech lze také teplotu vzduchu za poZirem stanovit, na | tudinal ventilation system in a tunnel see e.g. [7].

zdkladé¢ zjednoduseného matematicko-fyzikdlniho popisu, pfi zna-
losti uvoliiovaného tepelného vykonu. Produkované teplo je sdile- 8.2 Temperature of wall and damper surfaces

no konvekci do vzduchu a pfimym vyzafovdnim do stén. The temperature of the surface of walls is the result of the
Z redlnych testi je zndmo, Ze pienos tepla sdldnim odpovidd asi solution to equations of motion and equations describing the heat
1/3 celkového tepelného v;’/konu, a tedy tepelny V)’/kon pfené§en)’/ transfer through CONVECTION, RADIATION and HEAT
konvekef jenZ zpusobi ohféti proudictho vzduchu lze tedy jedno- CONDUCTION THROUGH THE WALL.

due stanovit [5]: In the 60th minute, the maximum temperature of the surface of
the closed damper reaches about 315 °C (see Fig. 5).

The time-temperature curve for the surface of the damper
obtained from the CFD results and the curve for temperatures
measured during the fire resistance test according to EN 1366-2,
the position of which is clo-
sest to the surface of the dam-
per blades, is presented in
Fig. 6. The increase and cour-
se of these temperatures copy
the trend of the standard
time-temperature curve, ac-
cording to which the tempe-
rature in the furnace is con-
trolled. It is possible to say
on the basis of the trend in
the resultant temperatures
obtained by the CFD calcula-
tion that the temperature will
not significantly change after
0 5 10 15 20 2% 30 35 40 45 50 55 60 B5 TO V5 80 B 9 the 20th minute because the

B fire heat release rate no more
Cas (min) - Time (min) —g—  Pr(imérna stfedni teplota povrchu klapky 1 - Average mean temperature of damper No.1 . Lo
rises; on the contrary, it line-

TROX WARRES No. 128 022 - teplota T/C 9 - TROX WARRES No. 128 022 - temperature T/C 9 arly drops from the 60th
—e—  TROX WARRES No. 128 022 - teplota T/C 5 - TROX WARRES No. 128 022 - temperature T/C5 | minute.
~ Teplotni normova kfivka - Standard time-temperature curve For that reason the tempe-
rature of air in the vicinity
Obr. 6 Pritbéh vypoctené stiedni teploty povrchu klapky a priibéh teplot zméienych v peci podle testu EN 1366-2 prove- ©f the damper on the side of
deného zkuSebni laboratori Warrington Fire Research pro tunelové klapky vyrobce TROX® UK Limited spolecné s Trox  the tunnel affected by the

(Malaysia) SND Bhd fire fluctuates about 160 °C
Fig. 6 Time-temperature curve for the average temperature of the damper surface obtained by calculation and time-tem- roushly from the 20th mi-
perature curve obtained by measurements in the furnace according to the EN 1366-2 test conducted by the Warrington ghly

Fire Research test laboratory jointly with Trox (Malaysia) SND Bhd on dampers manufactured by TROX® UK Limited nute.

(W] ey

Stfedni teplota vzduchu ihned za poZdrem je ddna rovnici,

Teplota (°C) - Temperature (°C)




Obr. 7 Uzaviraci klapky ve svislé poloze oddélujici pravy tunel Komorany od
levého, ktery je soucdsti SOKP

Fig. 7 Vertically installed dampers separating the right tube of the Komorany
tunnel from the left tube (Prague City Ring Road Project)

ze které vyplyvd, Ze velikost vysledné teploty zdvisi na rychlosti
podélného proudéni a prufezu tunelu:

2
kde:
T, ... teplota privddéného Cerstvého vzduchu k poZéru,
r, ... hustota vzduchu,

Ar ... prifez tunelu,
c mérnd tepelnd kapacita vzduchu.

p e
rychlost proudéni m/s 0,5 1 2
teplota Trmax °C 617 318 170

Vysledkem je skuteCnost, Ze pfi zdvojndsobeni rychlosti prou-
déni dojde ke sniZeni vysledné teploty vzduchu za poZarem cca
o polovinu. Vysledky v tabulce byly stanoveny pro hodnoty
Q =30 MW; T, = 20 °C; At = 84 m2. V STT je udrzovéna kritic-
ka rychlost proudéni, kterd se pohybuje mezi 2-2.,5 m/s viz obr. 2.

Vysledky podle tohoto jednorozmérného vypoctu lze srovndvat
s naméfenymi vysledky z testi v Memorial Tunelu, které probiha-
ly mezi roky 1993 az 1995. Na obr. 4 je zobrazeno teplotni pole za
pozdrem, za situace, kdy nucené podélné vétrani udrzuje kritickou
rychlost pred pozdrem (uy = 2,5 m/s) a brani zpétnému §ifeni koure
(tzv. backlayering).

Maximalni teplota dle rovnice (2) pak vychdzi 271 °C
(520 °F). Maximdlni teplota spo&itand jako aritmeticky prumér
z vysledkt uvedenych na obr. 4 vychdzi na 550 °F (287 °C).
Z téchto jednoduchych vypo&ti vyplyvd, ze pfi podélném prou-
déni v tunelu Blanka bude vyslednd teplota vzduchu za poZdrem
odlisnd od teploty vzduchu v peci a navazujicim potrubi, které m4
byt podle prislusnych zkuSebnich norem dosazeno (CSN EN
1366-2: postup pri pozdrni zkousce se rychlost proudéni vzduchu
udrzuje na 0,15 + 0,02 m/s.).

Ve skuteCnosti je teplota u klapky v tunelu vZdy niZ$i nez pri
poZarnim zatiZeni v peci podle normové teplotni kiivky. Ugelnéjsi
by bylo stanovit poZdrni odolnost konstrukce klapky nikoli podle
normové teplotni kfivky, ale ,,pro pravdépodobny priibéh poZdru,
ktery je urcen podle konkrétnich podminek posuzované cdsti sta-
vebniho i technologického objektu (poZdrniho useku ¢i jeho
casti), zpravidla s odchylnym priibéhem teplot v horicim prostoru
od normového priibéhu poZdru, pripadné véetné fdaze chladnuti“.
Uvedeny vynatek je z normy CSN 73 0810 PoZdrni bezpecnost sta-
veb. Tuto normu &astecné nahrazuje CSN 13 501 PoZdrni klasifi-
kace stavebnich vyrobkii a konstrukci staveb.

Vice o rozloZeni teplot pfi podélném vétrdni v tunelu napriklad
v [7].
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Integrity Criterion ,,E* — assessment:

According to the test results (see chapter 4.2), cracks or holes
exceeding the specified dimensions will develop in the 78th
minute, during which the temperature measured closest to the
damper surface will be equal approximately to 650 — 700 °C. But
the calculated mean temperature of the damper surface does not
significantly change as early as from the 20th minute, approa-
ching the maximum calculated value of 315 °C. At this tempera-
ture no permanent deformations of the blades or of the damper
structure develop.

The cotton cushion on the non-exposed side ignited, according
to the test results, in the 48th minute, during which the tempera-
ture between 540 and 600 °C was measured on the damper.
Nevertheless, according to the CDF results, these temperatures
will not be reached for the period of 90 minutes.

Uninterrupted burning on the damper surface on the non-expo-
sed side was not observed for the period of 90 minutes during the
tests.

It is obvious on the basis of the submitted results and their
comparison with results of real tests that the integrity “E” crite-
rion conditions will not be achieved; thus, from the perspective
of complying with this criterial assessment, the designed dam-
per can be USED as the substitution for the fire damper bet-
ween the NTT (the PU 1) and STT (PU 2).

The insulation criterion ,,I* cannot be complied with for the
90-minute period of time because the temperature of the damper
surface on the non-exposed side exceeded the specified limit of
180 °C as early as about 6th minute, both during real tests and
in the CFD calculation.

This is also a proof that it is principally impossible for this
type of dampers to comply with the insulation criterion “I” or
“W?” for the 90-minute period of time as described in chapter 4.2
because the damper blades are made of steel without the insula-
ting property to prevent the transfer of heat.

Of course, air on the non-exposed side flows in the direction
identical with the direction of the flow in the tunnel tube affec-
ted by the fire. This flowing air takes the heat which passed
through the damper and cools the surface down. It is as close as
0.25 m from the damper surface that the average temperature of
air fluctuates under the limit of 40 °C. This temperature does not
pose risk for the health of tunnel users and does not cause igni-
tion of anything realistic which could be found in the vicinity of
the non-exposed surface. The maximum temperature of the air
heated by the damper surface on the non-exposed side fluctuates
between 30 and 40 °C at the level of 5 m above the roadway
surface.

On the one hand, the insulation criterion is not complied with,
and it is even impossible to be, on the other hand, the conditions
of the environment on the non-exposed side, as far as the heat
passed through is concerned, will not put escaping persons at
risk. Nothing found in the vicinity of the damper in the southern
tunnel tube can ignite because the air flows continually through
it, cooling the other surfaces down. The only possibility of
a potential risk to the health can take place only in the case of
a hand directly touching the damper surface. However, this risk
takes place always, despite the fact that the temperature limit of
the insulation criterion “I”” (140/180 °C) is complied with.

In the light of these results, the damper is SATISFACTORY
and can be used in this case as a substitute for the fire damper
between the NTT and STT.

8.3 Tightness of the damper and pressure acting
on its surface

The air leakage through the tunnel damper according to the
manufacturer is 40 1/(s.m2) at the pressure difference of 1,125 Pa
and the air temperature of 20 °C. With the rate of the air flow
through leaking joints in the damper (see [7]), recalculated in the
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8.2 Teplota povrchu stén a klapky

Teplota povrchu stén je vysledkem feSeni pohyb‘;’z‘(!.j‘};i;uiﬁ
a rovnic popisujicich pfenos tepla KONVEKCI, SALANIM
a VEDENIM TEPLA VE STENE.

V 60 minuté dosahuje max. teplota povrchu uzaviené klapky asi
315 °C viz obr. 5.

Na obr. 6 je zobrazen prubéh teplot povrchu klapky ziskany
z vysledku CFD vypoc¢ta a prubéh teplot méfenych pii zkousce
pozérni odolnosti dle EN 1366-2, které jsou svym umisténim nej-
blize povrchu listd klapky. Nérast a prubéh téchto teplot kopiruje
trend normové teplotni kiivky, podle které je fizena teplota v peci.
Z trendu vyslednych teplot povrchu vypoétu CFD lze fici, Ze se
teplota od 20 minuty nebude vyrazné ménit, nebot’ se jiZ nezvySu-
je tepelny vykon pozdru, ktery naopak od 60 minuty linedrné
klesa.

Proto teplota vzduchu u klapky na stran¢ zasazeného tunelu jiz

zhruba od 20 minuty kolisd kolem teploty 160 °C.
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30th minute according to the formula (/= EII HAP™ (where
i is for the joint diffusivity coefficient [(m3/s)/(m.Pa®®7)], ,,1¢
is for the length of joints [m]) and the resultant leakage rate is
about 8 m3/(h.m2) at the pressure difference at the damper of
8 Pa (the CDF calculation) and air temperature of 170 °C, the
resultant rate of leaking is 8 m3/(h.m2). In this particular case,
the damper tightness is even multiplied owing to the expansion
of the heated material (the above-mentioned formula does not
comprise this effect), which causes closing of joints (gaps) and
increasing of the overall tightness. The maximum differences in
the overall pressure in the tunnel during a fire reach several tens
of Pa. The leakage rate then fluctuates about 10 — 20 m3/(h.m?2),
which value is so small that contingent passage of air (smoke)
from one side to the other is imperceptible, therefore people can-
not be endangered by the smoke passing through the damper.
The smoke tightness criterion measured according to chapter 4.3
is therefore SATISFACTORY in this case.

9 CONCLUSION

The calculation using the Computational Fluid Dynamics in
combination with the transfer of heat provided results which,
when compared with the fire resistance test, makes it possible to
state that, if a fire originates in the Blanka tunnel in close vici-
nity of dampers located between two fire compartments, the
safety of persons found in the tunnel tube unaffected by the
fire or on the escape routes will not be jeopardised, despite
the fact that the dampers do not satisfy requirements for
standard fire dampers with the fire rating defined as EW 90.

First of all, the conditions which are achieved in the furnace, under
which the fire resistance tests according to EN 1366-2 are conduc-
ted, will not be achieved during a 30 MW fire of a heavy-goods
vehicle. It is possible to state on the basis of the comparison of these
tests with the results of calculations that JFM-type TROX fire dam-
pers are reliably capable of preventing smoke and excessive heat
from passing through them for 90 minutes if the proper conditions
are secured by the forced ventilation system. The passage of heat
through the damper body will not pose risk for human lives or any
tangible assets because the air flowing on the non-exposed side cools
the damper surface and the major proportion of the heat which pas-
sed through the surface of the damper is removed by the flowing air.

An example of the installation of these dampers is presented in
Fig. 7.

The opinion on this solution, either approving or disapproving,
is to be issued by the Fire Rescue Brigade of the City of Prague,
the Department of Prevention in Special Construction Projects.
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TUNEL PREZIDENTA T. G. MASARYKA /
BRALSKY TUNEL (VELKY TUNEL)

PRESIDENT T. G. MASARYK / BRALSKY (VELKY) TUNNEL

VLADISLAV HORAK

Slovenskd neelektrifikovand jednokolejna Zeleznicni trat
&. 145 spojuje Prievidzu a Hornd Stubiiu. Jeji souddsti je i tisek
Handlovd — Horna Stubna, ktery byl v mezivadle¢ném obdobi
pravem povazovan za stavebné nejnarocnéjsi ze vSech novée
budovanych trati v tehdejsi CSR. Vlastni tsek Zeleznice je
dlouhy sice pouze 18,6 km, nicméné musi zde prekonat fadu
prirodnich prekdzek. Z nich nejvyraznéjsi predstavuje sopecny
hieben Brala (775,77 m n. m.). Na tomto kratkém tuseku trati
bylo nezbytné vyrazit

The Slovak non-electrified single-track railway line No. 145
connects Prievidza and Horni Stubna. The Handlova-Hornd
Stubfia section is part of this line. In the interwar time it was
deservedly considered to be the most difficult to construct of all
newly developed rail tracks in the then Czechoslovak Republic
(CSR). It is true that the railway track section in question is only
18.6km long. Nevertheless, it has to overcome numerous natural
obstacles. The most distinctive of them is the Brala volcanic range

(77577 m asl.). It was

celkem pét novych tu-
nelt s celkovou délkou
4 445 m a postavit tri
viadukty [4] — obr. 1.
Ze zminénych péti
tuneld je svymi para-
metry zcela nejvy-
znamnéjS$im tunel T. G.
Masaryka (posléze pre-
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necessary to drive a total
of five tunnels at the
total length of 4445 m
and erect three viaducts
on this short section of
the track [4] — Fig. 1.
Of the above-mentio-
ned five tunnels, the
absolutely most impor-
tant in terms of their
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okolnosti vzniku a pro- z v
s Loy Kremnica

vozu byly jiZ viceméné J

podrobné popsany ruz-
nymi autory [1, 2, 5].
Bezprostfedni pohnut-
kou k pripomenuti
pravé tohoto tunelu je

vedle jeho nesporného vyznamu v neposledni fadé i ziskdni
dosud neznamého konvolutu fotografii z jeho stavby.

Obr. 1 Situace tratbvého tiseku Handlovd — Hornd Stubria se zakreslenim tunelovych
staveb [2, upraveno]

Fig. 1 Layout of the Handlovd-Hornd Stubiia track section with tunnels drawn in it
[2, modified]

parameters is the T. G.
Masaryk tunnel (later
renamed to Velky -
Large and currently
referred to as the
Bralsky tunnel), which
was the longest tunnel
of its time in the CSR.
It is an exceptional
underground structure,
the origination and ope-
ration circumstances of
which have already
been described in more

or less detail by various authors [1, 2, 5]. The immediate impul-
se to reminding TUNEL readers of this particular tunnel is, at

T T T

Obr. 2 Velké pritoky vody do Stoly/tunelu
Fig. 2 Large inflows of water into the gallery/tunnel

Obr. 3 Velké pritoky vody do Stoly/tunelu

Fig. 3 Large inflows of water into the gallery/tunnel
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Akl i
Obr. 4 Velké pritoky vody do Stoly/tunelu
Fig. 4 Large inflows of water into the gallery/tunnel

Struéné k parametrum jednokolejného Zelezni¢niho
tunelu TGM/Velkého/Bralského a k jeho stavbé.

Ustfedni stavebni sprava Ministerstva Zeleznic CSR zada-
la v omezené soutézi pripravné stavebni price pro tento
tunel firmé Ing. Zdenék Kruli§, podnikatelstvi staveb v Praze
VII dne 1. 11. 1927. Pro slozitost terénu bylo nutné jiz pred
zapocCetim, ale predev§im potom béhem stavby vyfeSit fadu
logistickych problému (pfistupy, energie a média, stavebni
materidly...). Pfipravné prace na raZeni smérové §toly jsou
datovany k 8. 11. 1927. Vlastni razba na handlovské strané
byla zahdjena 25. 10. 1928. Smérova Stola byla pri protileh-
1é vystavbe prorazena 13. 7. 1930. Dokonceni razeb je uva-
déno ke dni 13. 7. 1931. Po celkem 35 mésicich stavby byl
tunel dokoncen jiZ ve spolupraci se stavebni firmou
Ing. Jaroslav Jachymek, Brno v zafi 1931. Naklady na zfize-
ni celého tratového tseku Handlovd — Hornd Stubna udava
autor [3 a 4] 152 mil. K¢, podle Borovského [2] Cinily nédkla-
dy 150 mil. K&. Céstka vynaloZend jen na stavbu Tunelu
TGM /Velkého/Bralského spotfebovala z této sumy podstat-
nych 63 mil. K¢ [1, 5], kdyz Borovsky [2] uddvd o néco
méné (57 mil. K&).

Trasa tunelu je od Handlové vedena v délce 350 m (Streit
[1] uvadi 366 m) v pravoto¢ivém oblouku poloméru 850 m
a posléze prechazi do primé, ktera je soulasné i nejdelsi
pifimkou celého tratového tuseku. Stoupdni tunelu je od
Handlové 14 %o ([5] udava 15 %o). Délka tunelu raZeného

Obr. 5 Obsluha ¢erpadla
Fig. 5 Pump operator

last but not least, apart from its unquestionable importance, the
fact that a till now unknown collection of photographs taken
during the construction was obtained.

Briefly about parameters of the TGM/Velky/Bralsky sing-
le-track rail tunnel and its construction.

The Central Civil Engineering Administration of the Ministry
of Railways of the CSR awarded, in limited tender proceedings,
the contract for enabling construction works for this tunnel to

Obr. 6 Sbérnd jimka a ruéni éerpadlo
Fig. 6 A sump and a hand pump
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Obr. 7 Soustredény pramen v elbé Stoly svedeny do provizorniho drevéného
koryta

Fig. 7 Concentrated spring at the gallery face, diverted to a temporary woo-
den trough

modifikovanou (moderni) rakouskou metodou s dostropnim
zalomem ¢ini 3 011,6 m. Tunelové pasy jsou dlouhé 8 m.
Obezdivka je provedena z mistniho lomového kamene na
cementovou maltu, v suché horniné je betonova a v dsecich
s tla¢ivou horninou z tézkého kvadrového zdiva se spodni
klenbou (typu 14). Prumérna rychlost postupu razeni byla
3,9 m/24 hodin a nejveétsi dokonce 10,2 m/24 hodin [4].
Vylom tunelu je uddvdn kubaturou rubaniny 211 000 m3.
Masiv Brala se vyznacuje velmi sloZitou geologickou stav-
bou. Tunel je vyrazen v dolomitech, velmi tla¢ivych az bobt-
navych [1] tfetihornich (hlinitych [2]) bfidlicich a v ande-
zitech a andezitovych tufech rovnéz tretihorniho stari.
Znac¢né a Casté komplikace béhem stavby zpusobovaly vyso-
ké pritoky vody, Casto tlakové. Streit [1] a [5] uvadi nejvétsi
mnozstvi pritékajici vody pri nafardni pramene o vydatnosti
207 1s-! v roce 1928, Borovsky [2] hovori o max. pritoku
v fijnu 1929 (s vydatnosti 204 Is-1). Pritoky vody nejen
zdsadné komplikovaly postup stavby, ale zpusobovaly
i bobtnédni horniny s disledkem dplného zavaleni smérové
Stoly v délce 9 m. Musela byt proto provedena obchvatnd
Stola a poruseny usek predfeven kulatinou o & az 600 mm.

Obr. 9 Prolomeny podvoj — projev mimorddné vysokého horninového tlaku
(bobtndni?)
Fig. 9 Broken cap piece — manifestation of an exceptionally high pressure
(swelling?)

Obr. 8 Zdéni - na plosinovém voziku (rozchodu 760 mm?) ruéni Cerpadlo
Fig. 8 Masonry. A hand pump on a flat car (760 mm gauge?)

Ing. Zdenc¢k Kruli§, construction enterprise, in Prague 7 on
1/11/1927. Because of the complexness of the terrain, it was
necessary even before the commencement and, first of all,
during the construction to solve numerous logistic problems
(approaches, energies and media, construction materials ...). The
enabling works for the excavation of a pilot gallery date to
08/11/1927. The excavation on the Handlova side itself started
on 25/10/1928. The breakthrough of the pilot gallery, driven
simultaneously from both side, took place on 13/07/1930. The
completion of the tunnel excavation is dated to 13/07/1931. The
tunnel was completed after 35 months, in September 1931, alre-
ady in collaboration with Ing. Jaroslav Jachymek construction
company, Brno. The cost of the development of the entire track
section between Handlova and Horn4 Stubiia is stated by the aut-
hor [3 and 4] to be 152 million CZK, whilst according to
Borovsky [2] the cost amounted to 150 million CZK. The
amount spent only for the construction of the TGM
/Velky/Bralsky tunnel took substantial 63 millions from this sum
[1, 5], with Borovsky [2] stating a little less (57 millions CZK).

The tunnel route from Handlova at the length of 350 m (Streit
[1] states 366 m) runs on an 800 m radius right-hand curve, then
it passes to a tangent, which is at the same time the longest stra-
ight line within the entire track section. The tunnel inclines on
a rising gradient of 14 %o from Handlova ([5] states 15 %o). The
tunnel, which was driven by the Modified (Modern) Austrian
Method using the “heading to top of arch” technique, amounts to
3,011.6 m. The tunnel expansion blocks are 8m long. The lining
was constructed using local squared rubble in cement mortar;
concrete lining is in dry ground and heavy ashlar masonry with
an invert (type 14) is in sections passing through swelling
ground. The average excavation rate was 3.9 m per 24 hours and
the highest rate even reached 10.2 m per 24 hours [4]. The exca-
vation volume is presented by means of the volume of muck rea-
ching 211,000 m3.

The Brala mountain range is characterised by a very complex
geological structure. The tunnel was driven through dolomites,
highly squeezing to swelling [1] Triassic (loamy) shales and
andesites and andesite tuffs, also of the Triassic age. Significant
and frequent complications encountered during the construction
were caused by intense inflows of water, often water under pres-
sure. Streit [1] and [5] state that the highest rate of the water
inflow was encountered when a spring with the yield of 207 Is™!
was tapped in 1928; Borovsky speaks about the maximum
inflow rate in 1929 (the yield of 204 Is'!). Water inflows not only
basically complicated the construction progress, but they also
caused swelling of the rock mass, even resulting in a complete
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Obr. 10 Nasypka do dulniho voziku (rozchodu 760 mm?)
Fig. 10 Hopper to a muck car (760 mm gauge?)

Ze stavby bylo podle literatury [1, 5] odvedeno celkem
9 milionu litrd vody (= 9 000 m3). To je sice znalné mnoz-
stvi, nicméné z dne$niho pohledu a s prihlédnutim k délce
razeni jiz ne az tak ohromujici. Je vSak tfeba nicméné vzit
v dvahu technologické moZnosti tehdej$ich stavitelu
a predevs§im to, Ze standardné se jednalo o soustredéné
a tézce zvladatelné vytoky, a ty byly skute¢né mimorddné!
Slozité hydrogeologické poméry jsou ilustrovany i na histo-
rickych fotografiich.

Béhem stavby pracovalo na celkem 12 pracovistich sou-
Casné aZ 905 osob (Borovsky [2] uddvd max. polet razi¢u
&islem 1 200). Udajné cca 2/3 celkovych stavebnich ndklada
tvorily mzdy. To bylo velmi duleZité pro okolni velmi chudy
kraj, a to predev§im v dobé velké hospodarské krize.
Nicméné nespokojenost se mzdami vyvolala u razi¢u tunelu
v unoru 1930 stavku s poZzadavkem jejich zvySeni. Zajimavé
je, Ze asi 3 % pracovnikl na stavbé tvofili tuneldfi ze zahra-
ni¢i. Pracovni doba v tunelech byla 8 hodin ve tfech sme-
nach za den. O jak nebezpecnou prici se jednalo, ilustruje
fakt, Ze pri stavbé Tunelu TGM/Velkého/Bralského zahynu-
lo sedm délniku (4 Slovdci, 2 Moravéci a 1 RakuSan — tak je
uvedeno i na zvlastni pamétni desce na stanici Sklené).

Obr. 11 RaZeni $toly v kvalitni horniné
Fig. 11 Driving the gallery through good quality rock

collapse of the pilot gallery stretch at the total length of 9 m.
This was why a bypass gallery had to be driven and the timbe-
ring in the damaged section had to be replaced with round timber
up to 600 mm in diameter.

According to literature [1, 5], 9 million litres of water (= 9,000 m?)
were drained from the tunnel. This is a significant amount,
nevertheless, in hindsight, taking into consideration the excava-
tion length, it is not so astonishing. On the other hand, it is
necessary to take into account the technological limits for tun-
nellers of that time and, first of all, the fact that concentrated and
difficult to cope with, really exceptional inflows were encounte-
red as a standard. The complicated hydrogeological conditions
are even illustrated in historic photographs.

There were 12 simultaneously proceeding headings manned
by a total of 905 miners during the construction (Borovsky [2]
states that the maximum number of miners was 1,200).
Allegedly, about two thirds of the total construction cost were
made up by wages. It was very important for the region around
the construction, which was very poor, in particular during the
Great Depression. Nevertheless, a strike was called by miners in
February 1930, who were dissatisfied with the wages and requi-
red an increase. It is interesting that about 30 % of workers pre-
sent on site were foreign miners. The working time in tunnels
was 8 hours for three shifts. How dangerous work the tunnelling
was is illustrated by the fact that the construction of the
TGM/Velky/Bralsky tunnel claimed lives of seven miners (4
Slovaks, 2 Moravians and 1 Austrian — as it is shown on a special
commemorative table in Sklené station). Additional five fataliti-
es happened in stone quarries.

The tunnel builders expected that problems with the tunnel
ventilation could originate during the steam traction operation,
taking into consideration the significant length of the tunnel and
the grade, rising uniformly toward Horni Stubfia (trains on
a rising gradient generate a significant amount of smoke). For
that reason the tunnel was equipped with a ventilation chamber
in the middle of its length, which was designed to improve the
function of natural ventilation. Nevertheless, problems with the
ventilation continued, even causing a tragic event (in 1938, one
member of the train crew died from poisoning with combustion
gases). This was why some measures were adopted, for example:
Train crews were ordered to have gas masks with them, the use
of pushing locomotives in the direction of Hornd Stubiia were
banned, firing low-sulphur coal was ordered, ... However, the
problems with the steam traction persisted. For that reason
a 119 m deep and 4.20 m wide ventilation shaft was excavated
up from the ventilation chamber in 1950. By the way, this shaft
had been proposed already during the tunnel construction.
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In addition, the tunnel was affected by the war events: On the
eve of the Slovak National Uprising, during the night from 23td
to 24th August 1944, members of the 1st partisan brigade
obstructed it by demolishing rails and destructing a freight train
— it was impassable for 3 weeks.

After a series of catastrophic landslides in Handlova in 1960,
where the water main feeding the town was disrupted and
a water reservoir was damaged, the continuous outflow of water
from the TGM/Velky/Bralsky tunnel served as a replacement
source for the town of Handlova (the yield of 35+50 Is-1 in 1960;
currently 14+40 1s-1).

A beautiful commemorative medal was struck in silver and
bronze by Prague-based company Karnet-Kysely on the occasi-
on of the tunnel completion (see TUNEL No. 1/2011). It is cer-
tainly a pity that the lettering on the Handlova portal dedicating
the tunnel to the first president of the Czech Republic T. G.
Masaryk as well as a small national emblem of the CSR above
the arch keystone at the Klené portal perished a long time ago as
a result of historic events.

To conclude, it is possible on the basis of the above-mentioned
data and, first of all when viewing the historic photographs, to
express an immense admiration for the builders of the
TGM/Velky/Bralsky Tunnel. It is amazing how they managed to
overcome the exceptionally difficult geotechnical and, first of
all, hydrogeological obstacles put by Slovak nature on their way,
using means which seem to be so simple in hindsight. Despite
these difficult conditions they completed a structure which has
well served for nearly three-fourths of a century and is more than

Obr. 12 Zdeni tunelového osténi
Fig. 12 Tunnel lining masonry

K dal3im péti smrtelnym drazim potom do$lo v kame-
nolomech.

Stavitelé tunelu predpokladali, Ze pri provozu parni trakce
by mohly vzniknout problémy s vétranim tunelu, a to
s ohledem na jeho zna¢nou délku a s prihlédnutim k jeho jed-
nostrannému stoupani k Horné Stubni (vlaky ve stoupéni
produkuji znaéné mnozstvi koufe). Tunel byl proto vybaven
v poloviné své délky vétraci komorou, kterd méla podporit
funkci prirozeného vétrani. Nicméne problémy s vetranim
pfi provozu tunelu pretrvdvaly i s tragickym pripadem
(v roce 1938 jeden ¢len vlakové ety v dusledku otravy kou-
fovymi plyny zahynul). Byla proto pfijata fada opatfeni.
Persondl vlaku mél nafizeno s sebou vozit plynové masky,
postrky smérem na Hornii Stubfiu byly zakdzény, bylo prika-
z4no topit uhlim s malym obsahem siry... Problémy s parni
trakci vSak pretrvdvaly, a proto byla v roce 1950 zfizena
z vétraci komory 119 m hluboka a 4,20 m Siroka vétraci
Sachta, kterd byla mimochodem navrhovand jiz pfi stavbé
tunelu.

Tunel postihly i valecné udélosti. V predvecer SNP, v noci
z 23. na 24. 8. 1944, jej zatarasili demolici koleji a zni¢enim
ndkladniho vlaku prislusnici 1. partizanské brigady — byl tfi
tydny neprujezdny.

Po katastrofdln{ sérii sesuvi v Handlové v roce 1960, kdy byl
prerusen hlavni vodovodni pfivadé¢ pro mésto a zniCen vodo-
jem, slouZil stdly vytok vody z Tunelu TGM /Velkého/Bralského

Obr. 13 Handlovsky portdl, hold TGM u prileZitosti jeho 80. narozenin
Fig. 13 The Handlovd portal. The tribute to TGM on the occasion of his 80
birthday



20. rocnik - €. 2/201

jako ndhradni zdroj pro Handlovou (vydatnost v roce 1960
35+50 1s%!, v soucasnosti 1440 15°1).

K dokonceni tunelu byla prazskou firmou Karnet-Kysely
vyraZzena krdasnd pamétni medaile ve stiibie a v bronzu (viz
Tunel €. 1/2011). Je zajisté Skoda, Ze ndpis k dedikaci tunelu 1.
¢s. prezidentovi T. G. Masarykovi na handlovském portalu
a obdobné i maly &s. statn{ znak nad zdvérnym klendkem sklen-
ského portdlu vzaly vlivem déjinnych udélosti jiz ddvno za
své...

Zavérem lze na zakladé vySe uvedenych ddaju a predevsim
pri pohledu na historické fotografie vyslovit jen neskonaly
obdiv stavitelim Tunelu TGM /Velkého/Bralského. Je uZzasné
s jak, z dne$niho pohledu, jednoduchymi prostfedky dokazali
prekonat mimoradné slozité geotechnické a predev§im hydro-
geologické prekazky, které jim do cesty kladla slovenska pri-
roda. A v téchto tézkych podminkach vybudovali dilo, které jiz
témeér % stoleti dobre slouZi a s nejvyssi pravdépodobnosti
bude tak slouZit i naddle. A Uplné na zavér vzpomenout
i lidskych obéti pfinesenych této mimoradné stavbé.

Kratce o autorovi fotografii

Autorem priloZzenych pozoruhodnych a dnes jiZ bezesporu
historickych fotografii byl p. FrantiSek Kroupa. Narodil se
v roce 1905 ve Starém Liskovci u Brna. Vystudoval Obchodni
akademii ve VySkove a v dobé ekonomické krize ve 30. letech
ziskal zaméstnani u fy Kruli§ v Praze. Zde mél na starosti ucet-
nictvi firmy (véetné rodinnych financi Ing. Krulise) a postupné
se vypracoval az k funkci prokuristy. Zabyval se rovnéZ organi-
zacnimi zaleZitostmi na stavbach a, coZ je ve spojeni s t€matem
prispévku velmi zajimavé, zastupoval tuto stavebni firmu
i v pravnim sporu tykajicim se jejtho poskozeni v souvislosti se
$patné provedenym hydrogeologickym pruzkumem a s tim spo-
jenymi nepredpoklddanymi a obtizné zvladanymi pritoky vody
pravé do Tunelu TGM. Se svym synem &asto hovoril o stav-
béach, které realizovala zminénd firma na Slovensku v lo-
kalitdch: Banskd Bystrica, Diviaky, Handlovéd, Prievidza, Horna
Stubiia, Cachtice. Po zndrodnéni byla stavebni firma Kruli§
zaGlenéna do SSZ Praha. Zde p. Frantiiek Kroupa pracoval az
do dachodu (do kterého odesel v roce 1970) jako referent pro
stroje a zafizeni. Podilel se, mimo jiné, na prelomu 40. a 50. let
i na stavbé severovychodni Zelezni¢ni magistrdly v Bulharsku.
Zemrel v roce 1991 v poZzehnaném véku 86 let.

Konvolut celkem 48 fotografii pohlednicového formdtu
z vystavby Tunelu TGM daroval laskave autorovi tohoto ¢lan-
ku syn p. Frantiska Kroupy p. Xaver Kroupa z Rajhradu u Brna.

DOC. ING. VLADISLAV HORAK, CSc.,
horak.vi@fce.vutbr.cz,
Ustav geotechniky FAST VUT Brno
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Obr. 14 Zdéni portilu, v pozadi zarizeni staveniste
Fig. 14 Portal masonry. The site facility in the background

likely that it will serve even in the future. At the very end, we
must remember the human sacrifices made to this outstanding
construction.

Briefly about the author of the photographs

The author of the remarkable and today already unquestiona-
bly historic photographs attached to this paper was FrantiSek
Kroupa. He was born in Stary Liskovec near Brno in 1905. He
completed his studies at the Academy of Commerce in VySkov
and during the economic crisis in the 1930s was employed by
Prague-based firm KruliS. In this firm he was responsible for its
accounting (including Ing. Kruli§’s family finances). He gradu-
ally moved up to the confidential clerk position. In addition, he
dealt with organisation matters on sites and, which is very inter-
esting in connection with the topic of this paper, represented the
construction firm in a legal dispute regarding a damage to the
structure in the context of insufficiently performed hydrogeolo-
gical survey and the unexpected and hard-to-cope-with water
inflows into the TGM Tunnel. He often spoke with his son about
civil engineering projects completed by the above-mentioned
firm in Slovak locations of Banskd Bystrica, Diviaky, Handlova,
Prievidza, Hornd Stubtia and Cachtice. After the nationalisation,
Kruli§ construction firm was incorporated into the enterprise of
SSZ Praha. FrantiSek Kroupa worked with this company till his
retirement (he retired in 1970) in the position of an officer res-
ponsible for machinery and equipment. Among other projects, he
participated in the construction of the north-south backbone rail-
way line in Bulgaria at the end of the 1940s and beginning of the
1950s. He died at a blessed age of 86 in 1991.

The collection of 48 postcard-format photographs from the
TGM Tunnel construction was kindly donated to the author of
this paper by FrantiSek Kroupa’s son, Xaver Kroupa from
Rajhrad near Brno.
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KRITICKE ZHODNOCENI MOZNOST{ ZPETNE ANALYZY
CRITICAL ASSESSMENT OF LIMITS OF BACK ANALYSIS POWERS

ALES ZAPLETAL

ovoD

Smyslem zpétné analyzy tunelovych konstrukei je z davodu,
které zde nebudeme opakovat, oprava, resp. Uprava geotechnic-
kych parametri aplikovanych v deterministickém vypocetnim
modelu takova, aby vypoctené deformace vybranych bodu vyka-
zaly dobrou shodu s deformacemi méfenymi v téchto bodech in
situ. Pfitom se ml¢ky predpokladd, Ze tyto upravené geotechnic-
ké parametry vystihuji poméry in situ. V deterministickych
modelech pracujeme s jednoznaénymi veli¢inami a o¢ekdvame,
7e i upravené parametry horninového prostiedi budou jedno-
znacné stanovitelnymi veli¢inami. UkdZeme, Ze za urditych, ne
ojedinélych, okolnosti, postupy zp€tné analyzy toto ofekdvani
nezarucuji.

Uprava horninovych parametrii byva provadéna metodou
zkusmého vyhledani (pokus — omyl — pokus — trefa). Je-li hor-
ninovych parametrti, které je nutno analyze podrobit, vice,
stava se tento postup mdlo schudny, popf. neschudny.

V tomto ¢lanku popiSeme metodu, kterd umoznuje provedeni
zpétné analyzy pfimym vypoltem. V ni fenomén malé schud-
nosti ¢i neschudnosti odpada.

Na prikladu predvedeme postup pfi metodé primého vypoctu.

Porovndme ji s metodou zkusmého vyhleddni a budeme dia-
gnostikovat slabd mista obou téchto postupu.

1 ZAVEDENI POJMU

V terminologii ¢ldnku se vyskytnou matematické pojmy
Largument a ,,parametr”. Argumentem a nazyvame nezavisle
proménnou funkce (v naSem pripadé geotechnickou velidinu,
kterou budeme variovat), parametrem p pak argument, jehoZ
hodnota je v naSich dvahdach fixovana, takze Zadné variaci pod-
1éhati nebude.

Aby nedoslo v ndsledujicim vykladu k nejasnostem, musime
odstranit duplicitu pojmu ,,parametr, nebot’ jednou se bude
jednat o objekt matematicky a podruhé o objekt geotechnicky.
Duplicitu odstranime tak, Ze ndzev bez privlastku, tedy ,,para-
metr®, vyhradime pouze objektu matematickému, zatimco
objektu geotechnickému prisoudime oznaCeni s privlastkem,
tedy ,,geotechnicky parametr®.

Variac{ argumentu rozumime jeho zménu z hodnoty @ na hod-
notu a+Aa, tedy o diferenci Aa.

Pod pojmem ,,zakladni vypocet* rozumime vypocet provede-
ny s témi geotechnickymi parametry, které jsou zaddny geo-
technickym prizkumem. Je to ten vypocet, ktery byl pofizen
pred zapocetim razeb, podle kterého bylo v realizaéni doku-
mentaci dimenzovéano a ktery je soucdsti realizacni projektové
dokumentace.

Pojem ,,variovany vypocet™ pouZijeme pro vypocet, ktery se
od zdkladniho vypoctu bude liSit tim, Ze hodnota jednoho a jen
jednoho z argumentu a; zdkladniho vypoctu v ném bude vari-
ovédna o pevné zvolenou diferenci Aoy.

»Sblizenim® rozumime postup, pti kterém dosahujeme shody
(prakticky dostate¢né shody) mezi deformacemi vypoctenymi
a naméfenymi. Takové deformace nazyvame sblizenymi.

Pojmem ,,variovana veli¢ina“ ozna¢ime hodnotu geotechnic-
kého parametru ziskanou sbliZzenim.

Budeme hovofit o citlivostni analyze. Jedna se o soubor vari-
ovanych vypo&tu, jehoz smyslem je urdit, jak citlivé na variaci

INTRODUCTION

The purpose of the back analysis of tunnel structures is, for
the reasons we are not going to repeat here, to correct or refine
geotechnical parameters applied in a deterministic calculation
model so that the calculated deformations at the selected points
are in good conformity with deformations measured at these
points in situ. In doing so, it is silently assumed that the chan-
ged geotechnical parameters give a true view of conditions in
situ. In deterministic models we work with unambiguous quan-
tities and expect that even the changed parameters of the
ground environment will be unambiguously determinable
quantities. We are going to prove that, under certain sporadic
conditions, the back analysis procedures do not guarantee this
expectation.

Ground parameters are usually adjusted using the trial-and-
error search method (trial — error — trial — hit). If there are more
ground parameters to be analysed, this procedure becomes less
feasible or even unfeasible.

In this paper we are going to describe a method allowing
a back analysis to be carried out by means of a direct calculati-
on. The use of this method eliminates the phenomenon of low
practicability or impracticability.

We are going to demonstrate an example of the procedure
used in the direct calculation method.

We will compare it with the trial-and-error search method
and will diagnose weak points in these two procedures.

1 INTRODUCTION OF TERMS

Mathematical terms “argument” and “parameter” will be
used in the paper terminology. The term argument « is reserved
for an independently variable of a function (in our case it is
a geotechnical quantity we will subject to variation, parameter
p is used for the argument whose value is fixed in our contem-
plations, therefore it will not be subject to any variation.

To prevent ambiguity in the following interpretation, we have
to remove the duplicity in the term “parameter” because once
its meaning will be a mathematical object and in another case it
will be a geotechnical object. We will remove the duplicity by
reserving the term without a modifier, i.e. “a parameter” only
for the mathematical object, whilst the designation with the
modifier, i.e. “a geotechnical parameter” will be assigned to the
geotechnical object.

Under the term “argument variation” we understand its chan-
ge from the value a to the value a+Aa, which means a change
by the difference Aa.

Under the term “basic calculation” we understand a calcu-
lation carried out using the parameters set by the geotechnical
survey. It is the calculation which was carried out prior to the
excavation commencement, which was used in the detailed
design preparation for dimensioning and which is part of the
detailed design.

The term “varied calculation™ will be used for the calculati-
on which will differ from the basic calculation in the fact that
the value of one and only one of the arguments ay of the basic
calculation will be subjected to variation for a firmly selected
difference Aoy.
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argumentu reaguje veli¢ina, ktera je pfedmétem naSeho zdjmu
(v nasem pripadé to bude deformace).

Budeme pouZivat oznaleni ,testovaci bédze®, zkrdcené
,bdze“. Je to misto, ve kterém vypoctem nebo méfenim stano-
vujeme deformaci v jednom daném smeru. Testovaci bdze se
in situ realizuje bud pomoci extenzometru (jeden méfi¢sky bod
je jedinou testovaci bézi, a to pro svisly smér y) nebo pomoci
konvergen¢nich bodli (v jednom konvergeninim bodu jsou
sloueny dvé bdze; jedna pro vodorovny smér x, druhd pro
svisly smér y), popr. nivelaci v poklesové kotliné.

2 DEFORMACE NA MODELU MKP. ZMENA DEFORMACE
JAKO FUNKCE ZMENY ARGUMENTU
Na dvojrozmérném modelu MKP, nachdzejicim se ve stavu
rovinné deformace, budiz vektor deformace w;, i = x, y funkci
polohy mista, zadané vektorem r;, i = x, y, argumentu ay, k = 1,
2,....n, a parametra ppJj=1,2,..m. Jetedy

W, =w(ra.,p,)i=xy,j=12,..mk=12,.n (1)

Argumentem muZe byti kterykoli z geotechnickych paramet-
ru, tedy napr.:

¢ deformaéni modul alespon jedné vrstvy horninového masi-
vu E,

e alespon jeden koeficient bo¢niho tlaku K,

¢ vydechnuti horninového masivu P,

e soudrZnost ¢ a uhel vnitiniho tfeni ¢ vrstev horninového
masivu, kdyZ se hornina plastifikuje; kdyZ k plastifikaci
nedochdzi, jsou ¢ a ¢ parametry.

Parametry jsou ty geotechnické parametry, které nejsou argu-
menty a — pokud nerozhodneme jinak — veSkeré pevnostni
a pretvarné vlastnosti betonové &i jiné vystroje.

Zménime-li velikosti argumentl a; o hodnoty Ag; zméni se
deformace w;(r) v bode s vektorem polohy r o hodnotu Aw(r),
pro kterou plati:

twr) = (205, Ay @
da,

Vyberme vhodné (co rozumime pojmem ,,vhodné“ bude
objasnéno pozdéji) n testovacich bazi (tolik bazi, kolik je argu-
mentd) a aplikujme na né rovnici (2). ObdrZzime n rovnic,
jejichZ maticovy zdpis bude (symbolem BI, [=1,2,...n, vyjadru-
jeme prislu§nost rovnice k testovaci bazi Bl).

aw, dw; dw;
(ﬁh'i)m (a—alh Bl (‘EE)BI Ska (E(;:)m Aa,

dw, aw, dw,
(Aw,) g ('5;'")33 ('5;:’}32 ----- ("(:]_6._":)31 Aa,

= ‘ S 3)
i ow, aw, aw, -

Aw = halldit it Aa
(Aw )y, (&al )Hu (aaz Vs, (aa" )Hu 0

3 APLIKACE ROVNICE (3) PRO POTREBY ZPETNE ANALYZY
Rovnici (3) pouzijeme k formulaci tlohy zpétné analyzy

metodou primého vypodtu a jednotlivym jejim ¢lenum priradi-

me ten vyznam, ktery jim pfi aplikaci v této metodé prislusi.

3.1 Sloupcova matice absolutnich diferenci [(Aw,) /]

Sloupcovou matici [(Aw,),] nazveme matici absolutnich dife-
renci. Obsahuje n prvku. Pro kazdy prvek plati tento predpis:

(Aw))p, = (hodnota wi, zmérend in situ na testovaci bdzi B,
shodné s testovaci bdzi odpovidajiciho Fadku matice [(éw,[da,)s]
v zateZovacim stavu LF, shodném se zatéZovacim stavem odpo-
vidajiciho Fddku matice [(iw,/0a)y]) — (hodnota w;, vypoétend

TuHel

Under the term “approximation” we understand a procedure
during which we achieve consistency between the values obta-
ined by the calculation and the measured values. We call such
deformations “approximated deformations”.

We will use the term “varied quantity” for the value of the
geotechnical parameter obtained through the process of appro-
ximation.

We will speak about a sensitivity analysis. It is a set of vari-
ed calculations the purpose of which is to determine how sen-
sitively the quantity which is the subject of our interest (in our
case it will be deformation) responds to the variation of argu-
ments.

We will use the term “test base” or abbreviated term “base”.
It is the point where we determine the deformation, by means
of the calculation or measurements, in one given direction. In
situ the test base is established either by means of an extenso-
meter (one measurement point is the only test base, used for the
vertical direction y) or by means of convergence points (two
bases are joined in one convergence point; one base for hori-
zontal direction x, the other one for the vertical direction y) or
by levelling in the settlement trough.

2 DEFORMATION IN THE FEM MODEL. CHANGE
OF DEFORMATION AS A FUNCTION OF A CHANGE
OF ARGUMENTS.

In the two-dimensional FEM model in the state of plane defor-
mation, let the vector of deformation w;, i = x, y be a function of
the location of the place determined by the vector r;, i = x, y,
arguments ay, k = 1, 2,.... and parameters p_/-,j =1, 2,...m. Thus

wo=wilra..p h=xy =12 mk=12.n (1)

Any of the geotechnical parameters can be the argument, for
example:
¢ the modulus of deformation of at least one layer of the
ground mass E,
¢ at least one coefficient of lateral pressure K,
e ground relaxation P, i.e ground response to the stress relief
due to the excavation
e cohesion ¢ and angle of internal friction ¢ of ground mass
at the moment when the ground is getting plasticised; when
the plastification does not occur, the ¢ and ¢ are parameters.
Parameters are the geotechnical parameters which are not argu-
ments and, unless we decide otherwise — all strength-related and
strain-related properties of concrete or other means of support.
If we change the magnitudes of arguments @, by values Aqy,
deformation w;(r), in the point with the position vector r will
change by the value Aw,(r), for which is applicable:

Awi(r) = (“25)  #Aay 2)
o,

Let us properly choose (what we understand under the term
“properly” will be explained later) the number n of test bases
(the number identical with the number of arguments) and apply
the equation (2) to them. We will receive n number of equati-
ons whose matrix notation will be (symbol Bl, [=1,2,..n,
expresses the pertinence of the equation to the test base Bl) as

follows:

\ il e i
i ] | ) i | | |
I ke, 1 h
i (it} ¥
fAw ) L= | { } i | A
L) L (L V)
= (3)
WA 7y (20 2y J
f] thi Ter
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na téZe testovaci bdzi B, v tomtéZ zatéZovacim stavu LF, pFi zdklad- 3 APPLICATION OF EQUATION (3) IN A BACK ANALYSIS.

nim vypoctu) (PI) We will use the equation (3) for formulating the task of

Pfi vypoctu prvkii matice nutno ddvati pozor na znaménkovou kon- a back analysis using the direct calculation method and assign
venci. Je vhodné pouzivat konvenci vypocetniho modelu. Toto upo- the meaning to particular elements of the analysis which perta-
zornéni plati v tomto ¢ldnku veobecné. ins to them in a frame of this method.

3.2 Sloupcova matice neznamych diferenci [Aa
P v [Aa;] 3.1 column matrix of absolute differences [(Aw;) /]

We will call the column matrix [(4).] the matrix of absolu-
te differences. It contains n number of elements. The following
rule applies to each element:

(Aw))p; = (w; value, measured in situ on a test base By, iden-

Matice [Aa,] obsahuje n nezndmych diferenci Aq,, které vypoCteme
feSenim rovnice (3). Plati:

Aa, = veli¢ina, kterou je nutno pricist (s ohledem na znaménko)
k argumentu ay, (tj. k argumentu, se kterym byl proveden zdkladni
vypocet). Novy soubor argumentii a,+Aa,, dosazeny do modelu, sbli-

Siie vipodet s méFenim in sit (P2) tical with the test base of the respective matrix row [liw /i), ]
cuyje vypocel s merenint i St in the load case LF, identical with the load case of the respec-
3.3 Nesymetricka matice soustavy linearnich rovnic, tive matrix row [(w./4a).]) — ( w; value, calculated using the
typun/n, [(dw;/da;)p,],i=x,y;1 = 1,2,..nk=1,2,...n. same 'test base By, in the same loading case LF, in the basic cal-
culation) (P1)

Sestaveni matice [(w;/da;) ], kterd je matici numerickych deriva-
ci, predstavuje nejnarocnéjsi ¢ast metody primého vypoltu.

Nejprve provedeme citlivostni analyzu a také stanovime kritérium,
podle kterého bude mozno vysledky této analyzy vyhodnotit.
Vyhodnocenim budou geotechnické veli¢iny rozdéleny na argumenty
(na ty deformace reaguji citlive) a parametry (na ty deformace reaguji

It is necessary when calculating the matrix elements to attend to
the sign convention. It is beneficial if the calculation model con-
vention is used. This caution is valid generally in this paper.

3.2 column matrix of unknown differences [A¢,]

necitlivé popr. nereagujf viibec). Co je citlivé a co necitlivé reakce sta- The matrix of [Aa,] contains n number of unknown differences
novuje kritérium. Argumentt budiz 7. Aay; we will calculate them by solving the equation (3). It appli-
Pro né vypocteme prvky matice [(dw;/da,)p)], i = x,y;l = 1,2,..n; es that:
k =1,2,..n podle predpisu: Aay, = quantity which must be added (taking the sign into con-
(0w, /da,), = (deformace w; v zatéZovacim stavu LF, spolecném pro sideration) to argument ay, (i.e. the argument used in the basic
cely Fddek, na testovact bdzi B, spolecné pro cely Fddek, vypoétend ve calculation). The new set of arguments a,+Aa, inserted into the
vypoctu s argumentem a,, variovanym o hodnotu Ao, - deformace wi model brings the calculation results closer to the in situ measu-
v tomté? zateZovacim stavu LF, na téZe testovaci bdzi By, vypoctend pri rement. (P2)
zdkladnim vypoctu) / Aoy, (P3)
Prvky jednoho fadku musi podle (P3) patfit témuZ zatéZovacimu | 3.3 Non-symmetrical matrix of a linear equations system,
stavu. Nic vSak nebrdni tomu, aby jednotlivé radky matice patrily riz- the nxntype [(dw;/da,)p,),i=x,y;l=1,2,..n;k=1,2,.n.

nym zatéZovacim stavam. To je duleZité konstatovani, odlisujici meto-
du pfimého vypoctu od metody zkusmého vyhledani (ta si, kvuli prac-
nosti, néco podobného muze dovoliti jen stéZ{). Naskytd se totiz moz-
nost vybrat do matice takové radky, které zpusobuiji jeji lepsi podmi-

Y

nénost, a tim i spolehlivejsi feseni.

To assemble a matrix [(dw;/da;)g], which is a matrix of nume-
ric derivatives, represents the most difficult part of the direct cal-
culation method.

First of all we will carry out the sensitivity analysis and deter-
mine the criterion for assessment of the analysis results.
3.4 VIiv symetrie vypocetniho modelu According to the assessment, the geotechnical quantities will be
divided into arguments (deformations respond sensitively to
them) and parameters (deformations respond to them insensitive-
ly or do not respond at all). What is a sensitive and what is an
insensitive response is determined by a criterion. Let the number
of arguments be n.

We will calculate the elements of the matrix [(dw;/da,) g, i = x,y;
l=1.2,.nk=12,.nfor them according to the following rule:

(ow;/day)g = (deformation w; in the load case LF, which is
common for the entire line, on the test base B;, which is common
for the entire row, which is calculated in the calculation using

V kap. 2 jsme jiz fekli, Ze testovaci baze, pouZité pfi pfimém vypo-
¢tu zpétné analyzy, musi byt vybrany vhodné. To znamend, Ze musi byt
zvoleny tak, aby byl determinant matice numerickych derivaci rizny
od nuly. Na to nutno ddvat pozor pfi Glohdch symetrickych podle osy
symetrie. Ze dvou testovacich bazi, ulozenych vzhledem k této ose
symetricky, muZeme pouZit pouze jednu. V opalném piipadé je nulo-
vost determinantu zarucena. Nenulovost determinantu soustavy je ale
nutno kontrolovat v§eobecné, jak ukdZze priklad.

4 PR“(I"A? the argument a,, varied by the value Aay - deformation wi in the
4.1 Zadani same load case LF, on the same test base B;, calculated in the
Priklad md — mimo jiné — za tikol, pfedvést co nejjednoduseji meto- base calculation) | Aoy (P3)

According to (P3), elements of one row must pertain to the

du primého vypoétu zpétné analyzy. Proto se dopustime nékterych
P P P ey P Y same load case. Although, there is no obstacle to have particular

technickych nepredloZenosti. V zaddni prikladu se pak soustfedime na tainine to di ¢ load This i . cant st
udaje, které jsou z hlediska zdméru podstatné, zatimco véci nepodstat- rows pertaining to different load cases. This is an important sta-

. o 1. v ..o - tement, differentiating the direct calculation method from the
né potlacime. Fyzikdlni rozméry vypoctu, které jsou zde provedeny, . . o .
jsou [m, kN] trial-and-error method (where, something similar is almost impos-

sible because of its high labour consumption). There is an oppor-
tunity to choose such rows into the matrix which result in a more
stable solution.

Betonové osténi kruhového prufezu z betonu B30 a tloustky
h=40 cm bude do vyrubu o poloméru R=5,65 m vloZeno najednou, bez
¢lenéni vyrubu. Stred tunelové roury se nalézd v hloubce 50 m pod
terénem. Horninovy masiv, tvofeny jedinou vrstvou horniny, se nebu-

de plastifikovat. 3.4 The influence of the calculation model symmetry.
Budeme, v rozporu se skute¢nymi moznostmi, predpokladat, Ze tes- We have already stated in chapter 2 that the test bases used in the

tovaci baze, typu konvergencnich bodu, jsou osazeny jiz pred raZbou direct calculation of the back analysis had to be chosen suitably.

do horninového prostiedi (nikoli na osténi), takZe je mozno zmefit This means that they have to be chosen so that the determinant of

i deformace pred instalaci osténi, pri vydechnuti horninového masivu. the matrix of numeric derivations is non-zero. It is necessary to pay
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(To ndm umozni — bez rozsifeni zadani prikladu ¢lenénim na dalsi zaté-
7ovaci stavy — ziskat navic soubor ddaji, pomoci kterych budeme
demonstrovat, kterak je moZno sestavit rovnice piimého vypoctu jako
hybridni dlohu, posklddanou z ddaja, patficich raznym zatéZovacim

stavam.)

Geometrie vypocetniho modelu je zndzornéna na obr. 1. Model je

symetricky podle svislé osy. Proto je pouzitelnd pouze jedna
z testovacich bdzi, soumérnych podle této osy.
Zakladni vypocet provedeme pro horninu s horninovymi parametry

a vydechnutim podle tabulky 1.

Tab. 1 Geotechnické parametry zdkladniho vypoctu ZV

Tab. 1 geotechnical parameters of the basic calculation ZV

Deformaéni Poissonova Koeficient boéniho Vydechnuti
modul konstanta tlaku horniny
Modulus of Poisson’s Coefficient of Ground relaxation
deformation ratio lateral pressure ratio
Ezv [MPa] v[l Kzv [-] Pzv [-]
200 0,2 0,4 0,3

Kone¢nym cilem vypoctu je nalezeni hodnot E+difE, K+difK,
P+difP, sblizujicich vypoctené deformace s deformacemi méfenymi

in situ.

Hodnoty in situ ziskdme tak, Ze provedeme dalSi vypocet pro hor-
ninu s horninovymi parametry a vydechnutim podle tabulky 2. Tento
vypocet bude poméry in situ simulovat.

Tab. 2 Geotechnické parametry vypoétu, simulujiciho poméry in situ
Tab. 2 geotechnical parameters of the calculation simulating in situ conditions

Deformacni Poissonova | Koeficient boéniho Vydechnuti
modul konstanta tlaku horniny
Modulus of Poisson’s Coefficient of Ground relaxation
deformation ratio lateral pressure ratio
Ein situ [MPa] v[] Kin situ [-] Pin situ [-]
Ezv +difE=200+50= 0,2 Kzy +difK= Pzy +difP=
250 0,4+0,1=0,5 0,3+0,1=0,4

Budou nésledovat tfi vypocty, ve kterych postupné variujeme hod-
noty E, K, P na hodnoty E+AE, K+AK, P+AP, podle tabulek 3-5.

Tab. 3 Geotechnické parametry vypoctu pri variaci vydechnuti AP=0,2
Tab. 3 geotechnical parameters of the calculation with varying ground rela-

xation ratio AP=0.2.

Deformaéni Poissonova Koeficient boéniho Vydechnuti
modul konstanta tlaku horniny
Modulus of Poisson’s Coefficient of Ground relaxation
deformation ratio lateral pressure ratio
Eyq [MPa] vl Kvi [-] Pv1[]
200 0!2 0:4 sz+AP =
0,3+0,2=0,5

Tab. 4 Geotechnické parametry vypoctu pri variaci koeficientu bocniho tlaku
AK =0,2. Ky,= K,y + 0,2

Tab 4 geotechnical parameters of the calculation with varying coefficient of

lateral pressure AK =0.2. Ky,= K7y + 0.2

Deformaéni Poissonova Koeficient boéniho Vydechnuti
modul konstanta tlaku horniny
Modulus of Poisson’s Coefficient of Ground relaxation
deformation ratio lateral pressure ratio
Eyy [MPa] v Kvz [ Pva []
200 0,2 0,4+0,2=0,6 0,3

Obr. 1 Geometrie prikladu
Fig. 1 Geometry of the example

attention to problems with one axis of symmetry. We can use only
one of the two test bases placed symmetrically with respect to this
axis. Failing that, it is certain that the determinant will be equal to
zero. In addition, it is generally necessary to check whether the
determinant is non-zero, as it is shown it the example below.

4 EXAMPLE

4.1 Problem

The example is about, among other tasks, to demonstrate
a method of direct calculation of the back analysis in an as simple
as possible way. Therefore we will tolerate some acts of technical
incorrectness. In formulation of the problem, we will focus on data
substantial in terms of the intention, whilst unimportant things will
be suppressed. The physical dimensions used in the calculations are
[m, kNT.

A B30 grade concrete lining of a circular cross section with the
thickness h=40 cm will be inserted into the excavation with the radi-
us R=5.65 m inserted in one step, in one excavation sequence. The
center point of the tunnel tube is 50 m under the ground surface. The
rock mass, which is formed by a single rock layer, will not get plas-
ticised.

We will assume, unlike the real condition, that the test bases of
the convergence points were installed before the excavation, into
the rock mass (not on the lining) and therefore it was even possible
to measure deformations before the installation of the lining, at the
moment of the ground relaxation due to excavation. (It will allow us
— without expanding the example problem into other load cases — to
obtain an additional set of data. By means of them we will demon-
strate how it is possible to assemble equations for the direct calcu-
lation as a hybrid problem put together from data pertaining to dif-
ferent load cases.)

The calculation model geometry is represented in Fig. 1. The model is
symmetric with respect to the vertical axis. For that reason only one of
the test bases symmetric with respect to this axis is usable.

We will carry out the basic calculation with ground parameters
and the ground relaxation ratio according to Table 1.

The final objective of the calculation is to find values E+difE,
K+difK, P+difP bringing the calculated deformations closer to the
deformations measured in situ.
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Tab. 5 Geotechnické parametry vypoltu pri variaci modulu pruZnosti
AE=100MPa. Ey; = E;+100 = 300MPa

Tab. 5 geotechnical parameters of the calculation with varying modulus of
elasticity AE=100MPa. Ey; = E 7,+100 = 300MPa

Deformacni Poissonova Koeficient boéniho Vydechnuti
modul konstanta tlaku horniny
Modulus of Poisson’s Coefficient of Ground relaxation
deformation ratio lateral pressure ratio
Eyz [MPa] V[ Kv [ Pv3 [
200+100=300 ‘ 0,2 ‘ 0,4 0,3

4.2 Volba testovacich bazi

Zvolime Ctyfi testovaci béze podle obr. 2. (Stacily by tfi, chceme mit
vSak moznost vyberu, jako v pripad€, kdy in situ bude vice bézi, nez je
nutné.) Uloha je symetricka podle osy y, proto z kterychkoli dvou bazi,
sdruzenych podle této osy, muZeme pouZit pouze jednu bézi.

4.3 Tabulka deformaci ha testovacich bazich

Pro tyto testovaci bdze odefteme z péti provedenych vypoctu
deformace a umistime do tabulky 6. V ni pouZivdme pro variace
Aoy nasledujici oznaceni: AP = VAR.I = 0,2 je variaci vydechnuti,
AK = VAR.2 = 0,2 je variaci bo¢niho tlaku, AE = VAR3 =
100 000kPa je variace modulu deformace horniny.

Sloupec LF1 obsahuje deformace po vydechnuti horninového
masivu. (Vydechnuti je startem deformacniho procesu, proto zde
nelze rozli§it mezi prirustkem deformaci a celkovou souétovou
deformaci.) Sloupec LF2 obsahuje piiristkové deformace po vloZe-
ni osténi a vzdéleni Celby. Sloupec LF3 obsahuje souctové (celkové)
deformace, vyvolané stavbou tunelu. LF3 = LF1 + LF2.

4.4 Tabulky numerickych derivaci a tabulky absolutnich
diferenci

Pomoci tabulky 6 vytvorime tabulky 7-9. Tyto tabulky obsahuji
numerické derivace (obdélnikové soubory 4/3) a absolutn{ diference
(sloupcové soubory 4/1) pro vSechny testovaci bdze.

Pro kazdou tabulku uvadime predpisy, podle kterych byla tab. sesta-
vena. Tyto pfedpisy obsahové odpovidaji pravidlu P3, resp. P1 (viz
3.3,3.1), jen formulace je jind. Pro symboliku pfedpist tab. 7-9 plati:

¢ Prvky obdélnikového souboru 4/3, ktery je souborem numeric-
kych derivaci, oznaCujeme symbolem B(o p).

e Prvky sloupcového souboru 4/1, ktery je souborem absolutnich
diferenci, oznacujeme jako C(op);

e Prvky tab. 6, lezici ve sloupcich pod zdhlavim ZAKLADNI
VYPOCET*, resp. ,,VAR.1“, resp. ,,VAR 2%, resp. ,,VAR 3%,
resp. LMERENI IN SITU* oznacujeme symbolem Ao p).

e Variace VAR.p, p=1-3, budou nabyvat hodnoty 0,2 pro p=1,2
a hodnoty 100 000 pro p=3.

Tab. 7 je vytvorena podle ndsledujicich predpisu:
Bio : p) = (A(o ; VAR p, LF1) —A(0 ; ZAKL. VYP, LF1) ) / Varp
Clo,1)= Ao ; INSITU, LF1) =A(0 ; ZAKL. VYP., LF1)

Tab. 8 je vytvorena podle téchto predpisu:
Boo ; p) = (Ao ; vaR p, LF2) —A(0 ; ZAKL. VYP,, LF2) ) / Varp
Co,1)= Ao ; INSITU, LF2) =A(0 ; ZAKL. VYP., LF2)

Tab. 9 je vytvofena podle predpist:
B ;p) = (Ao ; VAR p, LF3) =A(o ; ZAKL. VYP., LF3) ) / Varp
Co,1) = Ao ; INSITU, LF3) —A(0 ; ZAKL. VYP., LF3)

4.5 Sestaveni rovnic

Rovnice piimého vypoctu sestavime tak, Ze jejich radky vhodné
vybereme z tabulek 7-9.

Sestavime nejprve tfi rovnice, postupné pro LF1, LF2, LF3 tak, Ze
v tabulkdch 7-9 vynechdme 3. fadek, jehoZ prvky vykazuji
v absolutni hodnoté nejmensi hodnotu.

Tyto rovnice doplnime ¢tvrtou rovnici hybridni, kterou demon-
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Obr. 2 Vyber testovacich bdzi
Fig. 2 Selection of test bases

The in situ values will be obtained by means of another calculati-
on carried out with ground parameters and the relaxation ratio accor-
ding the Table 2. This calculation will simulate the in situ conditions.

Three calculations will follow, in which we will vary the values E,
K, P to values E+AE, K+AK, P+ AP, according to the Tables 3 — 5.

4.2 Selection of test bases

We will select four test bases according to Fig. 2. (Three would
be sufficient, but we wish to have an option, like in the case when
the number of in situ bases is higher than necessary). The problem
is symmetric with respect to axis y; therefore we can use only one
base of any pair of bases symmetric with respect to this axis.

4.3 Table of deformations on test bases

Deformations in these test bases obtained from five calculations
will be put into Table 6. In the table we use the following denotati-
on for variations Aax:. AP = VAR.I = 0.2 is a variation of the
ground relaxation, AK = VAR.2 = 0.2 is a variation of the lateral
pressure, AE = VAR.3 = 100 000kPa is the variation of the ground
modulus of deformation.

Tab. 6 Deformace na testovacich bdzich
Tab. 6 Deformations on the test bases

ZAKLADNI RESENI / VAR. 1
BASIC CALCULATION
LF1 LF2 LF3 LF1 LF2 LF3

Béze/Base 1 (y) |-0,016894 |-0,008142 |-0,025036 |-0,028157|-0,005800 | -0,033957
Béze/Base 2 (x) | 0,001257 |-0,012028 |-0,010771 | 0,002095 -0,008574 | -0,006479
Béze/Base 3 (y) [-0,000139 | 0,005515 | 0,005376 [-0,000232/0,003943 | 0,003711
Béze/Base 4 (y) | 0,018488 | 0,019967 | 0,038455 | 0,030813|0,014250 | 0,045063

VAR. 2 VAR. 3

LF1 LF2 LF3 LF1 LF2 LF3

Béze/Base 1 (y) |-0,015555 |-0,003639|-0,019194 | -0,011263|-0,006103 | -0,017366
Béze/Base 2 (x) | 0,005205 |-0,007464-0,002259 | 0,000838 |-0,007881 | -0,007043
Baze/Base 3 (y) [-0,000065 | 0,005843 | 0,005778 | -0,000093/0,003565 | 0,003472
Baze/Base 4 (y) | 0,017162 | 0,015914 | 0,033076 | 0,012325|0,013841 | 0,026166

MERENT IN SITU
IN-SITU MEASUREMENTS

LF1 LF2 LF3
Baze/Base 1 (y)|-0,017306 |-0,004393 | -0,021699
Baze/Base 2 (x) | 0,003446 |-0,006587 |-0,003141

Baze/Base 3 (y) [-0,000109 | 0,003835 | 0,003726
Baze/Base 4 (y)| 0,019013 |0,012578 | 0,031591
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Tab. 7 Numerické derivace a absolutni diference pro LF1 (po vydechnuti
horniny)

Tab. 7 Numeric derivations and absolute differences for LF1 (after ground
relaxation)

-0,056315 0,006695 5,631E-08 -0,000412
0,004190 0,019740 -4,190E-09 0,002189
-0,000465 0,000370 4,600E-10 0,000030
0,061625 -0,006630 -6,163E-08 0,000525

Tab. 8 Numerické derivace a absolutni diference pro LF2 (prirustky defor-
maci po vsazeni osténi a vzddleni elby)

Tab. 8 Numeric derivations and absolute differences for LF2 (increments of
deformations after the lining installation and moving the face ahead)

0,011710 0,022515 2,039E-08 0,003749
0,017270 0,022820 4,147E-08 0,005441

-0,007860 0,001640 -1,950E-08 -0,001680
-0,028585 -0,020265 -6,126E-08 -0,007389

Tab. 9 Numerické derivace a absolutni diference pro LF3 (celkové deforma-
ce po vydechnuti horniny a vsazeni osténi)

Tab. 9 Numeric derivations and absolute differences for LF3 (cumulative
deformations after the ground relaxation and the lining installation)

-0,044605 0,029210 7,670E-08 0,003337
0,021460 0,042560 3,728E-08 0,007630
-0,008325 0,002010 -1,904E-08 -0,001650
0,033040 -0,026895 -1,229E-07 -0,006864

strujeme schopnost primého vypoctu, vybirat si pfi sestaveni rovnic
nejen mezi testovacimi bazemi, ale i mezi zat€Zovacimi stavy, a tim
moznost vybéru zvétsit. Hybridni rovnice sestavime ze dvou radka
tab. 8 (LF2) a jednoho fadku tab. 7 (LF1).

4.5.1 Rovnice ¢. 1 pro LF1 (pro deformace
po vydechnuti horniny)

Tab. 10 Prvni sloupec je (s dostate¢nou presnosti) —1E+06 ndsob-
kem sloupce tretiho, takZe determinant soustavy je prakticky roven
nule. Proto nelze rovnici ¢. 1 pouzit k vypoctu nezndmych dif.P,
dif K, dif E.

4.5.2 Rovnice ¢&. 2 pro LF2 (pro prirustky deformaci po
vloZeni osténi)

Tab. 11 Determinant soustavy je ruzny od nuly. Soustava zarucu-
je vypocet neznamych dif.P, dif K, dif E.

4.5.3 Rovnice ¢. 3 pro LF3 (pro celkové deformace od
vydechnuti a vloZeni osténi)

Tab. 12 Determinant soustavy je ruzny od nuly. Soustava zarucu-
je vypocet neznamych dif.P, dif K, dif E.

4.5.4 Rovnice ¢. 4 hybridni rovnice, sestavena ze dvou
radku tab. 8 (=LF2) a jednoho (prvniho) radku tab.
7 (=LF1)
Tab. 13 Determinant soustavy je ruzny od nuly. Soustava zarucu-
je vypocet neznamych dif.P, dif K, dif .E.

4.6 Vysledky

Resenim rovnic &. 2—4 ziskdme tfi soubory vysledku (dif P, dif-K,
dif .E) podle tab. 14. Tyto soubory jsou v téZe tabulce ke srovnan{
s presnymi hodnotami, které jsou opsédny z tab. 2.

Nalézdme dobrou shodu vysledkii vipoétu pro viechna reseni. To
odpovidd naSemu ofekdvéni, nebot’ geotechnické poméry in situ
jsou jednoznaéné, takZe i nase jednotliva reSeni musi byti navzdjem
shodnd (samoziejmé s ohledem na to, Ze v numerice je nutno pojem
,,shodny* chdpat jako ,,pfiblizné, popf. dostate¢né shodny*). Tato
shoda by neméla uniknout nasi pozornosti, pozdéji ji zdro¢ime jako
kritérium.

TuHel

Column LF1 contains deformations after the rock mass relaxation.
(The relaxation stage is the start of the deformation process, therefo-
re it is impossible to distinguish between the increment of deforma-
tions and the total (cumulative) deformation.) Column LF2 contains
incremental deformations after the lining installation and the exca-
vation face moved away. Column LF3 contains cumulative (total)
deformations induced by the tunnel construction. LF3 = LF1 + LF2.

4.4 Tables of numeric derivatives and tables of absolute
differences

Using Table 6, we will create Tables 7 — 9. These tables contain
numeric derivations (rectangular sets 4x3) and absolute differences
(column sets 4x1) for all test bases.

We present the rules for each table according to which it was
compiled. These rules correspond to the rules P3 or P1 (see 3.3,3.1)
with respect to their content but the formulation is different. As far
as the symbols of the rules for Tables 7 — 9 are concerned, the fol-
lowing applies:

* Elements of the rectangular set 4x3, which is the set of nume-

ric derivations, are marked with symbol B(o p).

¢ Elements of the column set 4x1, which is the set of absolute
differences, is marked as C(o,p);

e Elements of Table 6 found under the header “BASIC CALCU-
LATION” or VAR.I or VAR.2 or VAR.3 or IN SITU MEASU-
REMENT are marked with symbol A(o,p).

e Variations VAR.p, p=1-3 will result in the value of 0.2 for
p=1.2 and value 100 000 for p=3.

Table 7 was created after the following rules:
Bio;p) = (Ao ; VAR p, LF1) —A(0 ; ZAKL. VYP, LF1) ) | Var.p
Cio, 1) = Ao ; INSITU, LF1) =A(0 ; ZAKL. VYP., LF1)

Table 8 was created after the following rules:
Bo; p) = (Afo ; VARp, LF2) =A(o ; ZAKL. VYP., LF2) ) |/ Var.p
Co,1)= Ao ; INSITU, LF2) —A(0 ; ZAKL. VYP., LF2)

Table 9 was created after the following rules:
Bo; p) = (Afo ; VARp, LF3) =A(o ; ZAKL. VYP., LF3) ) / Var.p
Cio, 1) = Ao ; INSITU, LF3) —A(0 ; ZAKL. VYP., LF3)

4.5 Assembly of equations.

We will assemble equations for the direct calculations by taking
their lines properly rows suitably from Tables 7-9.

First of all we will assemble three equations for LF1, LF2, LF3
respectively by deleting row 3 in Tables 7-9, whose elements have
the lowest values in absolute terms.

We will add the fourth equation, a hybrid one, to these equations.
By means of this equation we demonstrate that in the direct calcu-
lation, through equation assembling, there is a possibility to choose
not only among test bases but also among load cases, and thus
expand the range of selection. We will assemble the hybrid equati-
ons from two rows of Table 8 (LF2) and one row of Table 7 (LF1).

4.5.1 Equation No.1 for LF1 (for deformations after the
ground relaxation)
TABLE 10 The first column is (with a sufficient accuracy) equal to
-1E+06 times the third column, therefore, the determinant is virtually

equal to zero. For that reason the equation No. 1 cannot be used for
the calculation of unknowns dif.P, dif K, dif .E.

4.5.2 Equation No. 2 for LF2 (for increments of
deformations after the lining installation)
TABLE 11 The determinant of the system differs from zero. The

system of equations guarantees the calculation of unknowns dif.P,
dif K, dif.E.
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Tab. 10 Rovnice &. 1 pro LF1 (po vydechnuti horniny) 4.5.3 Equation No. 3 for LF3 (for cumulative deformations
Tab. 10 Equation No. 1 for LF1 (after the ground relaxation) due to the relaxation and lining installation)

-0,056315 0,006695 5,631E-08 dif.P -0,000412 TABLE 12 The determinant of the system differs from zero. The

0,004190 0,019740 -4,190E-09 dift.K 0,002189 set guarantees the calculation of unknowns dif.P, dif K, dif.E.
0,061625 -0,006630 -6,163E-08 dif.E 0,000525

4.5.4 Equation No. 4. Hybrid equation assembled from

Tab. 11 Rovnice ¢. 2 pro LF2 (pro prirustky deformaci po vloZent osténi) two rows of Table 8 (=LF2) and one (the first one)

Tab. 11 Equation No. 2 for LF2 (for increments of deformations after the

lining installation) row of Table 7 (=LF1)
0,011710 0,022515 2,039E-08 ditP 0,003749 TABLE 13 The determinant of the system differs from zero. The
0,017270 0,022820 4,147E-08 dif K 0,005441 set guarantees the calculation of unknowns dif.P, dif K, dif.E.
-0,028585 -0,020265 -6,126E-08 dif.E -0,007389
4.6 Results

Tab. 12 Rovnice ¢. 3 pro LF 3 (pro celkové deformace od vydechnuti a vloZeni
osténi) Solving equations No. 2 — No.4, we will receive three sets of

Tab. 12 Equation No. 3 for LF 3 (for cumulative deformations due to the rela- results (dif.P, dif K, dif.E) according to Table 14. These In this table
xation and lining installation) the sets are compared with the accurate values copied from Table 2.

-0,044605 0,029210 7,670E-08 dif.P 0,003337 We find good conformity of the calculation results for all soluti-
0,021460 0,042560 3,728E-08 dif. K 0,007630 ons. This agrees with our expectation because of the fact that the in
0,033040 -0,026895 -1,229E-07 dif.E -0,006864 situ geotechnical conditions are unambiguous, and therefore, even
our particular solutions must be identical with each other (of cour-

Tab. 13 Rovnice ¢. 4 hybridni rovnice, sestavend z prvniho a druhého radku se, taking into consideration the fact that in numerics the term

tab. 8 a prvniho radku tab. 7

Tab. 13 Equation No. 4. Hybrid equation assembled from two rows of Table 8 . lden.tlcai must be understood E,is apprgx.lmate.ly or sufhcle.n.tly
(=LF2) and one (the first one) row of Table 7 (=LF1) identical”). We should pay attention to this identity, we will utilize

it later as a criterion.

0,011710 0,022515 2,039E-08 dif.P 0,003749
0,017270 0,022820 4,147E-08 dif.K 0,005441
-0,056315 0,006695 5,631E-08 dif. E -0,000412 4.7 Comment on the calculation inacouracy within
the scope of paragraphs 4.3 - 4.5
4.7 0 nepiesnosti vypoétu v rozsahu odst. 4.3-4.5 The inaccuracy of the calculation presented above lies in the too

high precision of the input deformation in situ. These are stated with
the accuracy in order of thousandths of millimetres, as they resulted
from the calculation, whilst the in situ measurements are carried out
only with millimetre accuracy.

Therefore we will round the in situ deformations contained in
Table 6 to the order of millimetres, then put them into the Table 15
and repeat the previous calculation again, step by step, using the

Neptesnost doposud prezentovaného vypoctu spocivd v tom, Ze je
prili§ presny v zadani deformaci in situ. Ty jsou uvedeny s pfesnosti
na tisiciny milimetru, tak jak byly vypocteny, zatimco skutecnd
méfeni jsou provadéna pouze s milimetrovou presnosti.

Proto v tab. 6 obsazené uidaje o deformacich in situ zaokrouhlime
na milimetry, vyneseme je do tab. 15 a predchozi vypocet zopakuje-
me, se zaokrouhlenymi hodnotami a krok za krokem, znovu.

Vysledky nového vypoctu obsahuje tab. 16. rounded values.
Komentaf k obsahu tab. 16 je nasledujici: Results of the new calculation are presented in Table 16.
Vysledky jiz nevykazuji tendenci sméfovat k jedingm hodnotam, jako Comments on the content of Table 16 are as follows:
tomu bylo v tab. 14. Jsou rozhozeny a vzdaleny od pfesnych hodnot. The results no more tend towards the one system of values, as it was
Duvod je tento: zaokrouhlené deformace jiZ nendleZi jednomu so in Table 14. They are scattered and distant from accurate values.
a témuZ horninovému prostredi. Jsou to deformace raznych prostie- Here is the reason: the rounded values of deformations no more
di s rozdilnymi geotechnickymi parametry. belong to one and the same ground environment. They are deformati-
Niésledkem toho se jediny soubor sprdvnych variaci geotechnic- ons of different environments with different geotechnical parameters.
kych parametrd, stanoveny pii vypoctu s nezaokrouhlenymi defor- Consequently, the only set of correct variations of geotechnical
macemi (tab. 14), po zaokrouhleni vétvi do celé skupiny pseudo- parameters, which was determined by the calculation using non-
souborl, z nichZ kaZdy obsahuje nepravé variace geotechnickych rounded deformations (see Table 14) splits after rounding into
parametru (tab. 16). Soubor sprdavnych geotechnickych parametri a group of pseudo-sets, each of which contains pseudo-variations of

leZi mimo tuto skupinu pseudosoubori.
O tom, jakych hodnot nepravé variace nabudou, rozhoduje kom-
binace volby bazi a zatéZovacich stavu, pouZitd pri sestaveni rovnic
metody piimého vypoctu. Tak napriklad aby (viz tab. 15):
e na bdzi 1 v zatéZovacim stavu LF2 (po vsazeni osténi) byla
naméfena svisld prirastkovd deformace wy = -0,004 m,

e na bézi 2 v zatéZzovacim stavu LF2 byla naméfena vodorovna
prirastkovd deformace wy = -0,007 m,

e na bdzi 1 v zatéZovacim stavu LF1 (po vydechnuti horniny)
byla naméfena svisld pfirastkovd deformace wy = -0,017 m,

mus{ (tab. 16, rovnice 4) geotechnické parametry nabyt nepravych

geotechnical parameters (see Table 16). The set of correct geo-
technical parameters lies outside this group of pseudo-sets.
What values the pseudo-variations will reach, depends on the com-
bination of the bases and load cases chosen for equation assembling
in the direct calculation . For example, to achieve (see Table 15):
* incremental vertical deformation wy = -0.004 m to be measured
on base 1 in load case LF2 (after the lining installation),
 incremental horizontal deformation wyx = -0.007 m to be mea-
sured on base 2 in load case LF2,
* incremental vertical deformation wy =-0.017 m to be measured

hodnot E = 200 000 + 27 979 = 227 979 kPa, K = 0.4 + 0,09 = on base 1 in load case LF1 (after the ground relaxation ),
049, P = 0,3+0,05 =0,35, the geotechnical parameters (see Table 16, equation 4) must gain
zatimco kdyZ md byti (viz tab. 15): unoriginal values E = 200 000 + 27 979 = 227 979 kPa, K = 0.4 +
* na bazi 1 v zatézovacim stavu LF2 (po vsazen{ osténi) naméie- 0.09 =049, P =0.3+0.05 =0.35,
na svisld prirastkovd deformace wy = -0,004 m, whilst if (see Table 15):
* na bazi 2 v zatéZzovacim stavu LF2 naméfena vodorovna pfi- * incremental vertical deformation wy = -0.004 m is to be measu-

rustkova deformace wy = -0,007 m, red on base 1 in load case LF2 (after the lining installation,
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Tab. 14 Vysledky reSeni rovnic 2—4
Tab. 14 Results of solving equations 2 - 4

Rovnice 2 Rovnice 3 Rovnice 4 Presna hodnota
Equation 2 Equation 3 Equation 4 The exact value
dif.P 0,09 0,08 0,08 0,10
dif.K 0,07 0,08 0,07 0,10
dif.E 55214 59716 59319 50000
Tab. 15 Deformace in situ s presnosti na milimetry
Tab. 15 In situ deformations with the millimetre accuracy
Méreni in situ
In-situ measurements
LF1 LF2 LF3
Baze/Base 1 (y) -0,17000 -0,004000 -0,021000
Baze/Base 2 (y) -0,003000 -0,007000 -0,004000
Béze/Base 3 (y) -0,000000 0,004000 0,004000
Béze/Base 4 (y) 0,019000 0,013000 0,032000

Tab. 16 Vysledky FeSeni rovnic 2—4 po zaokrouhleni deformaci in situ na mm
Tab. 16 Results of the equations 2—4 after rounding of in situ deformations to
millimetres

Rovnice 2 Rovnice 3 Rovnice 4 Pfesna hodnota
Equation 2 Equation 3 Equation 4 The exact value
dif.P 0,22 0,05 0,05 0,1
dif.K 0,08 0,10 0,09 0,1
dif.E -17536 44878 27979 50000

* nabdzi 4 v zatéZovacim stavu LF2 naméfena svisld piiristkovd
deformace wy = +0,013 m,

musi (tab. 16, rovnice 2) geotechnické parametry nabyt nepravych
hodnot £ = 200 000 — 17 536 = 182 462 kPa,K = 04 + 0,08 = 048,
P = 0,3+0,22 =0,52 (spravné hodnoty jsou E= 250 000 kPa, K =
0,5, P=04).

Dospivdme k zdveéru, Ze mald presnost méreni in situ znemoZnu-
Jje pri malych deformacich nalezeni pravého souboru variovanych
geotechnickych parametri.

Predchozi tvrzeni bude platit tim méne, &im vétsi deformace
budou razbu doprovdzeti. Pak totiZ milimetrovd presnost meéreni
nemusi znehodnocovat mérené deformace natolik, Ze jiZ nejsou
schopny poskytnout podklad pro ziskdni hodnovérnych vysledku.

K formulaci se nabizi toto kritérium KI1: pokud je stanoveni geo-
technickych parametri prostrednictvim primého vypodtu zpétné
analyzy sprdvné, musi vétsi pocet rovnic primého vypoctu poskyt-
nout srovnatelné vysledky. V opaéném pripadeé neni ziskand infor-
mace hodnovérnd.

5 SROVNANI METODY ZKUSMEHO VYHLEDAVAN(
A METODY PRIMEHO VYPOCTU. ZASADNI NEDOSTATEK
METODY ZKUSMEHO VYHLEDAVANI

Poté, co jsme popsali metodu primého vypoctu, naskytd se moz-
nost, pohlédnout na metodu zkusmého vyhleddni prizmatem primé-
ho vypoctu.

Metodu zkusmého vyhleddni miZeme simulovat postupem, pfi
kterém sestavime rovnice metody piimého vypocltu, nereSime je
vsak, nybrz hodnoty nékterych nezndmych nejprve zvolime a teprve
zbylé nezndmé vypocteme (vypoctem zde nahrazujeme zkusmé hle-
déni). Takto ziskany vysledek neni jednoznacny, vSe zdleZi na tom,
které nezndmé zvolime, jakou hodnotu jim pfisoudime a které rov-
nice ze souboru moznych pouzijeme (ubude neznamych, pocet rov-
nic tedy bude nadbytecny).

Takto, a za umluvy, Ze postup, pouzivany metodou zkusmého
vyhledani, nazveme iteraci, nalézdme toto tvrzeni:

Metoda zkusmého vyhleddni nezajistiuje konvergenci iteracniho
cyklu ke spravnému souboru variovanych geotechnickych para-
metru. Jeji aplikace nezajistije jednoznaénost reseni.

Toto je zdvazné zjisténi, vyznam metody zkusmého vyhleddni
znaéné snizujici.

MuzZeme se vSak opfit o ndsledujici kritérium K2: sprdvnost
variovanych geotechnickych parametru, stanovenych metodou

TuHel

e incremental horizontal deformation wy = -0.007 m is to be

measured on base 2 in load case LF2,

e incremental vertical deformation wy = +0.013 m is to be mea-

sured on base 4 in load case LF2,

¢ the geotechnical parameters (see Table 16, equation 2) must

gain unoriginal values E = 200 000 — 17 536 = 182 462 kPa,
K=04+0.08 =048, P=0.3+0.22 =0.52 (correct values
are E= 250 000 kPa, K = 0.5, P = 04).

We are getting to the conclusion that low accuracy of in situ
measurements rules out finding a true set of varied geotechnical
parameters in case of small deformations.

The above statement will be valid the less, the larger deforma-
tions will arise during the excavation. Then even with the milli-
metre accuracy, the measured deformations can be good basis to
get credible results.

The following criterion K1 can be formulated: if the geotech-
nical parameters determined in a direct calculation of the back
analysis are correct, a larger number of the direct calculation
equations must provide comparable results. Otherwise, the obta-
ined information is not credible.

5 COMPARISON OF THE TRIAL-ERROR-TRIAL SEARCH
METHOD AND THE DIRECT CALCULATION METHOD.
A BASIC WEAKNESS OF THE TRIAL-ERROR-TRIAL SEARCH
METHOD.

Once we have described the direct calculation method, we have
a chance to view the trial-error-trial search method through the
prism of the direct calculation.

We can simulate the trial-error-trial search method using
a procedure where we assemble direct calculation equations, but
we do not solve them; instead, we first choose values of some
unknowns and then calculate the remaining unknowns (we substi-
tute the trial-error-trial method by the calculation). The result
obtained by this technique is not unambiguous; everything
depends on which unknowns we select, which value we assign to
them and which equations from the set of the possible ones we use
(the number of unknowns will be reduced, therefore the number
of equations will be redundant).

In this way, and under the understanding that we will call the
procedure used by the direct calculation method the iteration, we
will arrive at the following statement:

The Trial-Error-Trial Search Method does not guarantee the
convergence of the iteration cycle to a correct set of varied geo-
technical parameters. Its application does not secure the uniqu-
eness of the solution.

This is a serious finding which significantly reduces the impor-
tance of the trial-error-trial- search method.

Nevertheless, the following criterion K2 can help us: We can
verify the correctness of the varied geotechnical parameters
which were determined by the trial-error-trial-search method by
verification of their validity even on the bases and loading sta-
tes which were omitted during the trial-error-trial-search met-
hod application. It is necessary to find correspondence between
the calculation and measurements even on these bases and at
these load cases. Failing that, the search is incorrect.

In addition, the situation is, complicated by the possible insuf-
ficiency of the in situ measurements. We know that, in this case,
findind of the true set of geotechnical parameters through the
direct calculation can fail and that only pseudo-sets can be avai-
lable. Then the trial-error-trial search method guarantees neither
the convergence to some of the pseudo-sets, let alone to the true
set. We are not able to verify the convergence to the pseudo-set
because of the fact that the criterion K2 is not applicable here. It is
not applicable because of the fact that after a change of the bases,
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zkusmého vyhleddvdni, ovérime tim, 7e ovérime jejich platnost
i na bdzich a v zateZovacich stavech, které byly pri zkusmém
vyhleddni opomenuty. I na téchto bdzich a v téchto zatéZovacich
stavech musi byt nalezena shoda mezi vypoétem a mérenim.
V opacéném pripadé je vyhleddni chybné.

Situace je navic komplikovdna moZnou nedostate¢nou presnosti
mefeni in situ. Vime, Ze v tomto pfipadé vyhledani pravého souboru
geotechnickych parametrd pfimym vypoétem nemusi byt mozné, Ze
dostupné budou pouze pseudosoubory. Metoda zkusmého vyhleddni

which is the principle of this criterion, another pseudo-set comes
into the process.

Therefore, if the excavation is characterised by the occurrence
of small deformations, we are not able to find the true set of vari-
ed geotechnical parameters under any circumstances, neither
using the trial-error-trial search method nor the direct calcula-
tion.

6 CONCLUSION

pak nezajiStiije ani konvergenci k nékterému z téchto pseudosouboru,
natoz pak k souboru pravému. Konvergenci k pseudosouboru nejsme
schopni ovéfit, nebot’ kritérium K2 zde neplati. Neplati proto, Ze po
zméné bazi — a na této zmené je kritérium zaloZeno — nastupuje jiny
pseudosoubor.

Pokud se tedy raZba vyznacuje vyskytem malych deformaci,
nejsme schopni pomoci metody zkusmého vyhleddni — stejné jako
pomoci primého vypoétu — nalézti pravy soubor variovanych geo-
technickych parametru za Zddnych okolnosti.

6 ZAVER

—

Navrhli jsme, paralelné k metodé zkusmého vyhledéni variova-
nych geotechnickych parametri, metodu piimého vypoctu téch-
to velicin.

Ukdzali jsme, Ze obéma postuptim jsou vlastni vyrazné problémy:

s

. Metoda ptimého vypoltu nardzi na omezenou presnost méfreni

deformaci in situ. Milimetrovd presnost t€chto méfeni muZe
primy vypocet znehodnotit, a to aZ do nepouzitelnosti. Nicméné
predchozi vyrok nechceme generalizovat. Cim budou deforma-
ce zpusobené razbou vétsi, tim vetsi bude Sance, Ze pfimy vypo-
et vyklouzne z pasti nedostate¢né presnosti méfeni.

. Metoda zkusmého vyhledani (pokud ji ozna¢ime za iteracni

postup) nezarucuje, Ze iterace konverguji k souboru pravych
hodnot geotechnickych parametra. Dva ruzni vypoc¢tdii mohou
dospét k riznym vysledkim, aniZ by se jeden z nich dopustil
chyby a 7ddny z vysledki nemusi byt sprdavny. Stanoveni
spravnych hodnot variovanych geotechnickych parametru touto
metodou je do zna¢né miry dilem Stésti. To za predpokladu, Ze
je vibec moZné. MoZné nenf, kdyZ deformace in situ jsou malé,
takZe jsou zdsadné zkresleny presnosti mérfeni.

Dile jsme stanovili kritéria, umoznujici stanovit, kdy je vysle-
dek sblizeni akceptovatelny:

e We have proposed the direct calculation method to be used
in parallel with the trial-error-trial search method of sear-
ching for geotechnical parameters being varied.

* We have demonstrated that both procedures have their own

significant inherent problems:

. The direct calculation method is held back by the limited
accuracy of in situ measurements of deformations. A mil-
limetre accuracy of these measurements may devalue a direct
calculation up to inapplicability. Nevertheless, we do not
wish to generalise the above statement. The larger deforma-
tions induced by excavation, the greater chance that the
direct calculation will escape from the trap resulting from the
insufficient accuracy of measurements.

2. The trial-error-trial method (if we consider it to be the itera-
tion procedure) does not guarantee that the iterations conver-
ge to the set of true values of geotechnical parameters. Two
different persons calculating the parameters may arrive at
different results, without any of them making an error, and
none of the results has to be correct. The determination of
correct values of the geotechnical parameters being varied
using this method is in a significant extent a matter of luck -
provided that it is possible at all. It is impossible when in situ
deformations are small, therefore fundamentally distorted by
the accuracy of measurements.

¢ In addition, we have defined criteria allowing us to determi-
ne whether the result of convergence is acceptable:

1. If the geotechnical quantities being varied are determined
using the direct calculation method correctly, they have to
pass a test conducted on more sets of equations for the direct
method (criterion K1).

s

1. Jsou-li variované geotechnické veli¢iny stanoveny pomoci meto- 2.If the geotechnical quantities being varied are determined
dy pfimého vypoltu spravné, pak musi pfi provérce vyhovét using the trial-error-trial search method correctly, not only the
testu na vicero soustavéch rovnic pifimé metody (kritérium K1). deformations determined on the bases and in loading states

2.Jsou-li variované geotechnické veliiny stanoveny pomoci under which the convergence was executed, but also defor-

metody zkusmého vyhleddni spravné, pak musi byt sblizeny
nejen deformace na bézich a v zatéZovacich stavech, pii kte-
rych bylo sblizeni provadéno, ale i deformace na jinych bazich
a v téch zatéZovacich stavech, které byly pii sbliZzeni ignorova-
ny (kritérium K2).

Veskeré predchozi tvahy pomiji skute¢nost, Ze mefeni in situ
nedoddvaji Cisté veliCiny, Ze jsou zatizeny chybami. Jednd se
napiiklad o presnost odeétu ¢i o chybu vyvolanou pozdnim
osazenim méfi¢skych bodi nebo o model, sestaveny
s vyraznymi nesrovnalostmi vudi skute¢nosti (prubéh deforma-
ce oboustranné vetknutého nosniku se nikdy nepodaii namode-
lovat pomoci nosniku prostého) atd. To vSe zatéZuje zp€tnou
analyzu dal$imi nejistotami a posouvd nase dosavadni zjiStén{
0 omezenich, se kterymi nutno pfi praci se zpétnou analyzou
pocitat, smérem k obezfetnosti. Ta ndm fikd, Ze zpétnd analyza
nemusi byti automaticky tim spolehlivym ndstrojem, za ktery
byva povazovdna, Ze jeji selhdni v konkrétnich aplikacich,
jejichz signalnim znakem je vyskyt malych (milimetrovych)
deformaci in situ, vylouditi nelze.

ING.ALES ZAPLETAL, DrSc., aleszapletal@seznam.cz,
SATRA, spol. s r. o.

Recenzoval: doc. Dr. Ing. Jan Pruska

mations on other bases and in the loading states which were
ignored in the process of converging, have to be converged
(criterion K2).

e All of the previous deliberations pass over the fact that in situ

measurements do not provide net values. They are burdened
by errors, such as, for example, the accuracy of readings or
an error due to delayed installation of measurement points, or
the model is developed with significant discrepancies betwe-
en the model and reality (the time-deformation curve for
a fixed-ended beam will never be successfully modelled by
means of a freely supported beam) etc. All of that burdens the
back analysis by additional uncertainties and shifts our previ-
ous findings regarding the limitations which must be allowed
for while working with the back analysis towards caution.
The caution suggests that the back analysis does not automa-
tically have to be the reliable tool for which it is often belie-
ved to be and that its failure in concrete applications, the sign
of which is the occurrence of small (millimetre) in situ defor-
mations, cannot be ruled out.

ING. ALES ZAPLETAL, DrSc., aleszapletal@seznam.cz,
SATRA, spol. s r. o.
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ZELEZNICNE TUNELY NA MODERNIZOVANOM USEKU TRATE
LIPTOVSKY MIKULAS - POPRAD - TATRY

RAILWAY TUNNELS ON THE MODERNISED SECTION
OF THE LIPTOVSKY MIKULAS - POPRAD - TATRY SECTION

JAN KUSNIR

ovoD

V Slovenskej republike prebiehaju v stcasnosti v rdmci
modernizdcie a rozvoja dopravnej infraStruktiry dva hlavné
prudy vyvoja — vystavba dialnic a rychlostnych komunikéaci{
a modernizdcia Zelezni¢nych trati na vyznamnych Zelezni¢nych
koridoroch.

Samotnid modernizicia trati Zeleznic slovenskej republiky
(ZSR) spociva v prestavbe Zelezni¢nej dopravnej cesty s ciefom
zlepSenia jej vybavenosti a pouZitelnosti zabudovanim moder-
nych a progresivnych prvkov a tym aj zlepSenia jej parametrov.

Nasim tizemim prechddzaji 3 multimodalne koridory (obr. 1),
ktoré boli Specifikované zdkladnymi medzindrodnymi dohoda-
mi (AGC — Eurépska dohoda o medzindrodnych Zelezni¢nych
magistralach a AGTC — Eurépska dohoda o najddlezitejSich
trasich medzindrodnej kombinovanej dopravy a suvisiacich
objektoch) Specifikovanymi na II. a III. paneurdpskej konfe-
rencii na Kréte a v Helsinkdch.

Ide o koridory (obr. 1):

e &. IV.:. Praha — $tdtna hranica Cesko/Slovensko — Kiity —

Bratislava — Stiirovo — §tdtna hranica Slovensko/Madarsko
— Balkan/Orient

INTRODUCTION

In the Slovak Republic, there are currently two main trends of
the development within the framework of the modernisation and
development of infrastructure — the development of motorways
and expressways and the modernisation of railway tracks within
important railway corridors.

The modernisation of railway tracks of Railways of the Slovak
Republic (RSR) lies in the reconstruction of railway infrastructure
with the aim of improving its availability and usability by installing
modern and progressive elements, thus improving its parameters.

Three multimodal corridors, which were specified by fundamen-
tal international agreements (the AGC — the European Agreement
on main international railway lines and the AGTC — the European
Agreement on international arterial rail routes and associated struc-
tures), specified during the pan-European conferences II and III on
Crete and in Helsinki, pass across the Slovak area.

The following corridors are in question (see Fig. 1):

* No.IV.: Praha — Czech Republic/Slovak Republic state bor-

der — Kity — Bratislava — Stirovo — Slovak Republic/Hun-
gary state border — Balkan/Levant

L A -/
P i Ay g — E—"
Roma “‘\\:'.‘: N 7
Budapes! i N \ Budopest
RIS S
Budagst
Bacgrad
Safia

AGTC Eurdpska dohoda o najddleZitejSich trasach medzinarodnej kombinovanej
dopravy a prislusnych objektoch

. AGTC - European Agreement on international arterial rail routes and associated
structures

M Av @ AGC Eurépska dohoda o medzinarodnych magistralnych zeleznicnych tratiach

AGC - European Agreement on main international railway lines

.. TEN Transeurdpska dopravna siet”
TEN - Trans-European Network - Transport
Paneurdpske koridory IV, V, VI - Pan-European corridors |V, V, VI

= = = Tatranské zeleznice — 1000 mm — Tatra railways
. Zelezniéné trate — 1520 mm — Railway tracks — 1,520 mm

Obr. 1 Koridory na tizemi SR
Fig. 1 Corridors in the territory of the Slovak Republic
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e & V.. Bratislava — Zilina — Cierna n/T — §tdtna hranica e No.V.: Bratislava — Zilina — Cierna n/T — Slovak
Slovensko/Ukrajina — Lvov Republic/Ukraine state border — Lvov
e ¢. VI.. Balt — Warszawa — Zwardon — $tdtna hranica e No.VI.: the Baltic — Warsaw — Zwardon — Poland/Slovakia
Polsko/Slovensko — Cadca — Zilina state border — Cadca — Zilina
Usek trate opisovany v tomto ¢lanku je sucastou koridoru The track section described in this paper is part of corridor No. V.
¢. V. One of the deciding parameters of a rail line to be modernised
Medzi rozhodujice parametre modernizacie patri dosiahnutie is achieving the passability through the UIC GC kinematic enve-
priechodnosti trate pre kinematicky obrys vozidla UIC GC lope and reaching of the minimum design speed of 160 km.h-1.
a dosiahnutie minimalnej pozadovanej rychlosti 160 km.h-1. This can be achieved by reducing differences in elevations of
Toto sa dd dosiahnut’ zniZzenim vys$kovych rozdielov vedenia a rail line and straightening the horizontal alignment. This requ-
trate a vyrovnanim smerového vedenia, k Comu sd potrebné ires many new artificial structures, with bridges and tunnels
mnohé nové umelé stavby, resp. objekty, medzi ktorymi si roz- being the most important among them. Seven new tunnels of dif-
hodujice mosty a tunely. Na tomto tseku vzniklo postupne cez ferent structure and length originated gradually in this section,
projektovy zdmer, posidenie vplyvu stavby na Zivotné prostre- starting from a conceptual design, through the Environmental
die (EIA proces) a projektovy stupen pre Uzemné rozhodnutie Impact Assessment (the EIA process) and the zoning process
(DUR) 7 novych tunelov rdznej konstrukcie a diiky. documents.
V sticasnosti je vydané tizemné rozhodnutie na cely tsek a po At the moment, the zoning and planning decision has been
etapach sa spracovdva projektovd dokumentécia pre stavebné issued for the entire section and the final design is being carried
povolenie. out in stages.

The subject of this paper is to describe the solution proposed
for individual tunnels at the current design stages they are found
in. In terms of the tunnel construction procedures, their compo-
sition is quite chequered. One tunnel is designed as a cover-and-
cut structure (the Palidza), 5 as structures mined by the NATM
(the Kolombiarok, Strba, Hencnava, Didbrava and Zam&isko)
and one of them, the longest, is to be driven using a full-face tun-
nel boring machine (the (vjerven}’/ Kut).

The general designer for the entire section is REMING
CONSULT, a.s., Bratislava, with Basler & Hofmann Slovakia
s.r.o. Bratislava acting as the designer for tunnel structures.

Predmetom tohto ¢lanku je opis navrhnutého rieSenia jedno-
tlivych tunelov v tych projektovych stupnoch, v akych sa
v sucasnosti nachddzajui. Z hladiska postupu vystavby tunelov
ide o niekolko variant. Navrhnuty je jeden tunel hibeny
z povrchu (Palddza), 5 razenych tunelov technolégiou NRTM
(Kolombiarok, Strba, Hencnava, Dibrava a Zamcisko) a jeden
z nich, a to najdlhsi, razeny pomocou TBM (Cerveny Kiit).

Generdlnym projektantom celého tuseku je spolo¢nost
REMING CONSULT, a. s., Bratislava a hlavnym projektantom
tunelovych objektov spolo¢nost’ Basler & Hofmann Slovakia,
s. r. 0., Bratislava.

2 ENGINEERING GEOLOGICAL CONDITIONS

According to the regional engineering geological categorisati-
on, the section in question is found in the area of inter-
Carpathian basins; it extends into the region of core mountain
ranges (the Low Tatras). The area of operations contains
a sandstone — marlstone — limestone lithological formation,
a limestone-dolomite formation, a flysch formation and
a formation of Quaternary superficial deposits. Conditions in the
tunnel locations can be divided into three groups. Five tunnels
are found in a limestone — dolomite environment (the
Kolombiarok, Strba, Dubrava, Zamcisko and Cerven}’/ Kiit); the
Hencnava tunnel is found in the flysch formation and the Palidza
tunnel is in the formation of superficial Quaternary deposits.

All rock complexes are intensely tectonically disturbed and
interspersed with faults with variable dips of the beds.
Encountering of karst features can be expected in the limestone

2 INZINIERSKOGEOLOGICKE POMERY

Podla regiondlnej inzinierskogeologickej klasifikdcie patr{
dany tusek do sustavy vnutrokarpatskych kotlin a zasahuje do
regionu jadrovych pohori (Nizke Tatry). V zdujmovom tzemi
sa nachddzaju: litologickd formécia pieskovcovo-slienovcovo-
vapencova, formdcia vdpencovo-dolomitickych hornin, flySova
formdcia a formdcia kvartérnych pokryvnych ttvarov. Pomery
v miestach tunelov sa dajd rozdelit' do troch skupin. Pit tunelov
bude vo vdpencovo-dolomitickom prostredi (Kolombiarok,
Strba, Dubrava, Zdmcisko a Cerveny Kiut), tunel Hencnava
bude vo flySovej formacii a tunel Palidza vo formacii kvartér-
nych pokryvnych ttvarov.

Vsetky horninové komplexy su intenzivne tektonicky poru-
Sené a prestipené zlomovymi poruchami s premenlivym sklo-
nom uloZenia vrstiev. Vo vdpencovych formdcidch sa dd ocaka-

vat’aj vyskyt krasovych ttvarov. formations.

Z hladiska geodynamickych javov sa ani jeden tunel nena- In terms of geodynamic phenomena, not a single tunnel is
chddza v zosuvnom tdzemi. found in a slide area.

Z hydrogeologického hladiska moZno podzemné vody From the hydrogeological point of view, ground water in the
v hodnotenom tzemi rozdelit' na podzemné vody mezozoika area being assessed can be divided into water of the Mesozoic
a podzemné vody kvartérnych komplexov. Mezozoicky kom- and water found in Quaternary complexes. The Mesozoic com-
plex reprezentuji silne popukané a CiastoCne skrasovatené plex is represented by heavily jointed and partially karstic limes-
véapence a dolomity. Puklinové a puklinovo-krasové vody tych- tones and dolomites.  Fissure water and fissure-karstic water
to komplexov vyvieraji bud ako pramene, alebo mdZu byt | found in these complexes either forms springs or can be tapped
narazen€é ako podzemné nddrze (krasové kaverny). as an underground reservoir. In the Quaternary complexes, fluvi-
V kvartérnych komplexoch su hlavnym kolektorom podzem- al sediments are the main collector of ground water.
nych vdd fluvidlne sedimenty. The above-mentioned conditions apply to the area as the

Uvedené pomery platia pre izemie ako celok. Pre jednotlivé whole. The conditions at the individual tunnels will be subjected
tunely budid vykondvané podrobné inZinierskogeologické pries- to detailed engineering geological surveys during higher stages
kumy vo vyssich stupnoch projektovej pripravy a bude mozné of the design preparation. The results will be available in the

sa s nimi zoznamit’ v budicnosti. future.




20. rocnik - €. 2/201

3 TECHNICKE RIESENIE TUNELOV

Pre technické rieSenie tunelov sd dblezité dva faktory: geolo-
gickd skladba horninového prostredia, ktorym tunel prechddza
a svetly prejazdny profil tunela (gabarit), ktory definuje tvar,
resp. dimenzie vnuitorného ostenia a tym aj celd skladbu tune-
la. Snahou projektanta bolo v ndvrhu ¢o moZno najviac zjedno-
tit’ konStruk¢né rieSenia tunelov, no z dévodu réznych dizok
tunelov a z troch technologickych postupov razenia nakoniec
vzislo 5 odliSnych technickych rieseni. Ide o dvojkolajny tunel
razeny pomocou NRTM, jednokolajny tunel razeny pomocou
NRTM, jednokolajny tunel razeny pomocou TBM, dvojkolajny
tunel hiben}’/ — v otvorenom vykope a dvojkolajny tunel hibeny
— budovany pomocou podzemnych stien.

Zatial' ¢o hriibka sekunddrneho ostenia by sa vo vSetkych
tuneloch mala zachovat konStantnd, primarne ostenie bude dia-
metralne odlisné. Toto bude v zavislosti na skuto¢nej geologic-
kej stavbe horninového prostredia zatriedované do jednotlivych
vystrojovacich tried a na zdklade geotechnického monitoringu
spresnované. Momentdlne navrhované postupy a vystrojenie
zodpovedaju sic¢asnému stavu poznania.

Odvodnenie tunelov bude realizované celoplosnou izolaciou
umiestnenou medzi primdrnym a sekunddrnym ostenim, ktord
zvedie vodu do bokov trate v tuneli a drendZnymi rdrami
pozdii tunela bude gravita¢ne zvaddzana k vyjazdovym portd-
lom.

Vo vsetkych tuneloch bude tvorit’ zvrSok ZelezniCnej trate
pevna jazdna draha (PJD).

4 TECHNOLOGICKE A BEZPECNOSTNE VYBAVENIE TUNELOV

Medzi prvky technologického a bezpecnostného vybavenia
Zelezni¢nych tunelov patria:

e pochddzkové osvetlenie a zasuvkovy okruh,

¢ nudzové osvetlenie,

e pochddzkové drzadlo na osteni tunela,

¢ navadzacie znacky k najkratSej unikovej ceste z tunela,

e zariadenia EPS,

¢ zariadenia na komunikaciu na portéloch,

e rozhlasovy vyZarovaci kdbel pripadne kdbel na Sirenie sig-

nélu GSM operdtora.

V3etky tunely su z hladiska bezpecnosti navrhnuté tak, aby sa
splnili poziadavky a odporicania definované v smernici MDPT
SR ¢. 6/2003, smernici TSI-SRT a kodexu UIC 779-9 R.

Medzi navrhnuté bezpecnostné tpravy patria:

e obojstranné bezpec¢nostné vyklenky (v sicasnosti sa vedu

obsiahle diskusie a konzultdcie o ich vypusteni),

e obojstranné tnikové chodniky Sirky min. 1,2 m v kaZzdej

tunelovej rure,

¢ hydranty osadené obojstranne,

e nudzovy vychod, umoZnujdci dodrZzanie poZiadavky mini-

malnej vzdialenosti od miesta ohrozenia 1000 m.

5 ZAKLADNE PARAMETRE A CHARAKTERISTIKY TUNELOV
(pozri tab. 1)

Tunel Kolombiarok

Tunelom Kolombiarok prechddza Zelezni¢nd trat’' v novej trase
v extravilane pod pahorkovitym dzemim rovnomenného nazvu
vychodne od obce Strba a juzne od jestvujiicej trate vedticej ddolim
Cervend voda (obr. 2). Tunel sa nachddza v staniCeni 213,380
—214.,595 nZkm a jeho dizka je 1215 m. Razeny usek tvorf ¢ast'dlhi
1185 m, na portdloch su Casti hibené (VP20 m, ZP 10 m).

Trasa kolaji v tuneli je tvorend oblikom (polomer cca 2000
m). Vyskovo stipa tunel od VP v sklone 0,972 % po stanicenie
214,560, dalej 0,627 % po zapadny portdl. PrevySenie oboch
kolaji je 84 mm. Vzdjomna vzdialenost kolaji je 5000 mm, ¢o
je oproti ostatnym tunelom, kde je Standartnd vzdialenost

TuouHel

3 TECHNICAL SOLUTION FOR THE TUNNELS

Two factors are important for the technical solution. The geo-
logical structure of the ground environment the tunnel passes
through and the clearance profile (gabarit), which defines the
geometry or dimensions of the inner lining, thus also the entire
composition of the tunnel structure. The designer tried to unify
the structural design for tunnels as much as possible.
Nevertheless, because of the different lengths of the tunnels and
the three tunnelling techniques, the following 5 types of the tech-
nical solution were eventually designed: a double-track tunnel
driven by the NATM, a single-track tunnel driven by the NATM,
a single-track tunnel driven by a TBM, a cut-and-cover double-
track tunnel built in an open trench and a vaulted cover-and-cut
double-track tunnel.

Whilst the constant thickness of the secondary lining should be
maintained in all tunnels, the thickness of the primary lining will
substantially differ. The primary lining will depend on the parti-
cular excavation classes of the actual geological structure of the
ground environment, which will be refined on the basis of geo-
technical monitoring. The today designed procedures and exca-
vation support correspond to the current state of knowledge.

Tunnel drainage is carried out by means of a sheet membrane
waterproofing system installed between the primary and secon-
dary linings. It will divert water to the sides of the track inside
the tunnel, from which it will be evacuated along the tunnel,
through a gravity drainage system to exit portals.

The slab track will form the trackwork in all tunnels.

4 TECHNOLOGICAL AND SAFETY EQUIPMENT

IN THE TUNNELS

The following items belong among technological and safety

equipment of railway tunnels:

¢ tunnel inspection lighting and a socket branch circuit

e emergency lighting

e tunnel inspection hand rail on the tunnel lining

¢ marking guiding toward the shortest route for escaping the
tunnel

e fire alarm and detection system

* communication equipment on portals.

 leaky feeder cable for radio or cable for propagating opera-
tor’s GSM signal

The safety system in all tunnels is designed to meet require-

ments and recommendations defined by the Directive of MDPT
SR No. 6/2003, Directive TSI-SRT and Codex UIC 779-9 R. The
following safety measures belong among the designed ones:

e safety recesses on both sides (at the moment, wide discussi-
ons and colsultations are held about removing them from the
design)

e escape walkways 1.2 m wide on both sides of each tunnel
tube

¢ hydrants installed on both sides

e emergency exits at a spacing corresponding to requirements
for the minimum distance of 1,000 m from the incident scene.

5 BASIC PARAMETERS AND CHARACTERISTICS OF THE TUNNELS
(see Table 1)

The Kolombiarok tunnel

Through the Kolombiarok tunnel the railway line passes along
a new alignment in the non-built-up area under a hilly area of the
same name east of the municipality of Strba and south of the exis-
ting rail track leading along the Cervend Voda valley (see Fig. 2).
The 1,215 m long tunnel is found at chainage km 213.380 —
214.595. The mined section forms a 1,185 m long part; there are
cut-and-cover sections at the portals (EP 20 m, WP 10 m).

The alignment of the track inside the tunnel is formed by
a curve (radius of about 2,000 m). The vertical alignment rises
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Tab. 1 Zdkladné parametre tunelov
Table 1 Tunnel characteristics

TUNEL Tunelova rura ucs Dizka tunelovej rary* [m]  Poznamky
TUNNEL Tunnel tube Project part  Tunnel tube length* [m]  Notes
KOLOMBIAROK 1 rira 404 1215 dvojkolajny, osova vzdial. kolaji 5,00 m
1 tube 404 1,215 double-track, track centre distance 5.0 m
STRBA JTR (kolaj €. 1) 404 2 806 juzna tunelova rura, od VP dvojkolajna rdra
JTR (track #1) 404 2,806 southern tunnel tube, from EP double-track
STR (kolaj €. 2) 404 2 841 severna tunelova rura, od VP dvojkolajna rdra
STR (track #2) 404 2,841 northern tunnel tube, from EP double-track
HENCNAVA 1 rira 404 1067 dvojkolajny, osova vzdial. kolaji 4,75 m
1 tube 404 1,067 double-track, track centre distance 4.75 m
DUBRAVA 1 rira 405 1372 dvojkolajny, osova vzdial. kolaji 4,20 m
1 tube 405 1,372 double-track, track centre distance 4.20 m
ZAMCISKO 1 rira 405 166 dvojkolajny, osova vzdial. kolaji 4,20 m
1 tube 405 166 double-track, track centre distance 4.20 m
CERVENY KUT  JTR (kolaj &. 1) 407 4 863 juzna tunelova rura (jednokolajnd)
JTR (track #1) 407 4,863 southern tunnel tube (single-track)
STR (kolgj €. 2) 407 4 866 severna tunelova rura (jednokolajna)
STR (track #2) 407 4,866 northern tunnel tube (single track)
PALUDZA 1 rira 411 750 dvojkolajny, hibeny, osové vzdialenost 4,20 m
1 tube 411 750 double-track, cut-and-cover, track centre distance 4.20 m

* Dizka tunela je uvazovana ako vzdialenost portalov tunela merana v trovni temena hlavy kolajnice (podla TSI-SRT, Smernica 2001/16/ES)
* The tunnel length is considered as the distance between tunnel portals measured at the level of the top of rail (to TSI-SRT, see Directive 2001/16/ES)

4200 mm, vyvolané umiestnenim kolajovej spojky pred from the EP on the gradient of 0,972 % up to chainage km

stanicou Strba, nachadzajicej sa v tesnej blizkosti tunela. 214.560, further 0.627 % up to the western portal. The superele-
Hlavnymi stavebnymi Castami tunela si dvojkolajna tunelo- vation of both rails is 84 mm. The track centre distance is

vd rdra, portdly a dnikova §tolna. 5,000 mm. This distance differs from the standard distance of
Unikov4 §tdlfia ako chrdnend nikovd cesta je vedend stbez- | 4.200 mm because of a crossover which is located before the

ne s tunelovou rdrou a vyustuje pri TD na zdpadnom portali. Strba station, in close proximity to the tunnel.

Dizka §t6lne je 400 m a pozdiiny sklon §télne je totozny The main structural parts of the tunnel are the double-track

s pozdlznym sklonom tunelovej riiry. Prierez §tolne je navrhnu- tunnel tube, portals and an escape gallery.

The escape gallery as a protected escape route is led in paral-
lel with the tunnel tube. The exit is at the services building at the
western portal. The gallery is 400 m long and its longitudinal
Tunel $trba gradient is ider?ticall with the gradient of the tunnelv tube. The gtd]—
lery cross-section is designed as passable for vehicles and, with
respect to the gallery length, a turning and passing lay-by.

ty ako prejazdny a vzhladom na dizku 3tolne je navrhnuty otd-
Caci a vyhybaci zaliv.

Tunelom Strba prechddza Zelezni¢nd trat v novej trase
v extravildne juzne od existujicej polohy trate pod pahorkovi-
tym tzemim s ndzvami LieStiny a Za hdjom. Tunel sa nachddza
v staniceni 216,111-218,949 nzkm a jeho dizka je 2838 m.

The Strba tunnel

Through the Strba tunnel, the rail track passes along a new
alignment under a non-built area, south of the existing location
of the track under a hilly area called Liestiny and Za Hajom. The
2,838 m long tunnel is found at chainage km 216.111 —218.949.

The alignment of track #1 in the tunnel leads from a straight
line to a transition curve to a curve (radius of 1,800 m), than back
to the straight line via a transition curve. The horizontal align-
ment of track #2 is similar, the radius of the curve is 1,700 m.
The vertical alignment ascends from both portals to a summit at
the gradient of 4 %oc. The superelevation of the rails is 93 mm
(track 1) and 98 mm (track 2).

The main structural parts of the tunnel are the double-track
tunnel tube, followed by two single-track tunnel tubes, cross pas-
sages and portals.

The double-track tunnel tube

Two types of cross-sections (see Fig. 3) are designed for the
mined part of the double-track tunnel tube — a double-track mined
. tunnel tube with a crossover (the type I) and a double-track mined
Obr. 2 Trasa tunela Kolombiarok tunnel tube with a bifurcation (the type II). The invert is designed
Fig. 2 The Kolombiarok tunnel alignment for both cross-section types. Theoretical excavated cross-sectional
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LEGENDA / LEGEND
iy 1 Striekany beton C16/20, hr. 50 mm
o) C 16/20 shotcrete, 50 mm thick
2 Drendzna a ochrann vrstva
() Drainage and protection layer
3 Plodné hydroizol4cia — Sheet waterproofing
4 Zelezobeton C30/37
Reinforced concrete C30/37
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5
6 50celové drzadlo - Steel handrail
7" 6 Kablovy multikandl

Multiple-way cable duct

8 7 Poziarny vodovod DN 150
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Hydrant main DN 150
8 Drenézne potrubie DN 200
Drainage pipeline DN 200
9 Prefabrikat pevnej jazdnej drahy
Precast element of the slab track
10 Betén C25/30 — Concrete C25/30
11 Z&kladové doska — Zelezobeton C30/37
Foundation slab - reinforced concrete
C30/37
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1 Lice sekundérneho ostenia jednokolajnych tunelovych rar
Inner surfaces of secondary lining

2 Zbera¢ DN 400 - Collector sewer DN 400

3 Vypliiovy betén C16/20 — C16/20 infill concrete

4 Spodna klenba - Zelezobeton C30/37
Invert - reinforced concrete C30/37

15845

5 Zbera¢ DN 500 — Collector sewer DN 500
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Obr. 3 Vzorové priecne rezy tunela Strba

a) hlbeny dvojkolajny tunel

b) razeny dvojkolujny tunel

Fig. 3 Typical cross-sections of the Strba tunnel
a) cut-and-cover double-track tunnel

b) mined double track-tunnel

Trasa kolaje 1 v tuneli vedie z priamej cez prechodnicu do
oblika (polomer cca 1800 m), potom prechodnicou spit’ do
priamej. Trasa kolaje 2 je smerovand podobne, velkost’ oblika
je 1700 m. Vyskovo tunel stipa od oboch portdlov
k vypuklému vrcholovému obliku v sklone 4 %o. PrevySenie
koTlaji je 93 mm (k.1) a 98 mm (k.2).

Hlavnymi stavebnymi Castami tunela sd dvojkolajna tunelo-
va rira, nasledne dve jednokolajné tunelové riry, priecne pre-

pojenia a portdly.

areas are 181.39 m?2 (cross-section type I) and 265.89 m2 (cross-
section type II). The primary lining will be in reinforced shotc-
rete C 20/25 with the guidance value of the thickness of 300 mm
and 350 mm respectively. The secondary lining and the invert are
designed in C 30/37 grade cast-in-situ concrete. The minimum
thickness of the secondary lining is 400 mm and 500 mm for the
types I and II respectively, the minimum thickness of the invert
is 575 mm and 850 mm for types I and II respectively. The
secondary lining will be constructed in blocks with the assumed
basic length of a block of 10 m.

The structure of the cut-and-cover part of the double-track tun-
nel consists of a structural frame in cast-in-situ reinforced conc-
rete C 30/37, a drainage layer, a waterproofing system and
a shotcrete protective layer. The frame structure is designed with
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Obr. 4 Tunel Hencnava — vychodny portdl
Fig. 4 Hencnava tunnel — the eastern portal

Dvojkolajna tunelova rira

V razenej Casti dvojkolajnej tunelovej riry (obr. 3) sd navrh-
nuté 2 typy priecnych rezov — dvojkolajnd razend tunelova rira
s kolajovou spojkou (typ I) a dvojkolajna razena tunelova rira
s rozpletom (typ II). V oboch typoch prie¢nych rezov su uva-
Zované vyruby so spodnou klenbou. Teoretické plochy vyrubu
si 181,39 m? (priecny rez typ I) a 265,89 m? (priecny rez typ
II). Primdrne ostenie bude z vystuzeného striekaného beténu C
20/25 orientacnej hribky 300 a 350 mm. Sekunddrne ostenie
a spodnd klenba su navrhnuté z monolitického beténu triedy
C30/37. Minimdlna hribka sekunddrneho ostenia je 400 mm
v type I a 500 mm v type II, minimdlna hribka spodnej klenby
je 575 mm v type I a 850 mm v type II. Sekunddrne ostenie
bude zhotovené po blokoch s uvazovanou zdkladnou dizkou
bloku 10 m.

Konstrukcia hibenej Casti dvojkolajnej tunelovej rury je tvo-
rend nosnou ramovou konstrukciou z monolitického Zelezobe-
ténu C 30/37, drendznou vrstvou, hydroizoldciou a ochrannou
vrstvou zo striekaného beténu. Rdmova konStrukcia je navrh-
nutd v dvoch Sirkovych profiloch z ddvodu umiestnenia vyhyb-
kovych kolaji v tejto hibenej Casti. Uvazované rozmery ramo-
vych konstrukcif su: svetla §irka 17,1 m a 13,3 m; hribka zéakla-
dovej dosky 0,9 m; hribka stien 0,9—1,4 m; hribka stropnej
dosky 1,2-1,6 m.

Jednokolajné tunelové riry

Podla geologickej stavby horninového prostredia si navrhnu-
té dva prierezy tunela — so spodnou klenbou (plocha vyrubu
79,02 m2) a bez spodnej klenby (71,55 m2). Primdrne ostenie
bude tvorené strieckanym beténom C20/25, sekundarne ostenie,
spodnd klenba a zdkladové pdsy si navrhnuté z monolitického
beténu triedy C30/37. Po podrobnom preskiimani geologickych
pomerov je mozné sekunddrne ostenie realizovat’aj z prostého
beténu. Zhotovenie sekunddrneho ostenia je uvaZované
v blokoch s dizkou 10 m. Pri razeni tunela budi zaroveri zho-
tovené aj zdarodky priecnych prepojeni.

Hibené tunely budd tvorené monolitickym Zelezobeténom
triedy C30/37, minimdlna hribka konsStrukcie je 400 mm
a dizka jedného bloku 10 m. Hribka zdkladovych pdsov je
900 mm a ich §irka 2800 mm.

Priecne prepojenia (PP1 az PP5) si navrhnuté kolmo medzi
dvoma jednokolajnymi tunelmi. Ich dizka je od 5,59 m (PP1)
do 33,72 m (PP3). Plocha vyrubu je 14,75 m2.

two widths of the profile with respect to the location of switches
in this cut-and-cover section. The following dimensions of the
frame structures are assumed: the net widths of 17.1 m and
13.3 m respectively; the thickness of the foundation slab of 0.9
m; the thickness of walls 0.9 — 1.4 m; the thickness of the roof
deck of 1.2 — 1.6 m.

Single-track tunnel tubes

Two cross-sections are designed for the tunnel with respect to
the geological structure of the ground environment: a cross-sec-
tion with the invert (the excavated cross-sectional area 79.02 m?2)
and without the invert (71.55 m2). The primary lining will con-
sist of C20/25 shotcrete; then secondary lining, invert and foo-
tings are designed in C 30/37-grade cast-in-situ concrete. After
detailed surveying of geological conditions will be possible to
construct the secondary lining even in unreinforced concrete.
The secondary lining will be cast in 10 m long blocks. Tunnel
stubs for cross passages will be excavated within the framework
of the tunnel excavation itself.

The cut-and cover tunnels will be formed by C30/37 cast-in-
situ concrete with the minimum thickness of the structure of
400 mm. One block will be 10 m long. The thickness and width
of footings are 900 mm and 2,800 mm respectively.

Cross passages (PP1 through PP5) are designed to be perpen-
dicular between two single-track tunnels. Their lengths vary
from 5.59 m (PP1) to 33.72 (PP3). The excavated cross-sectional
area is 14.75 m2.

The Hencnava tunnel

Through the Hencnava tunnel the rail line passes along a new
alignment in the non-built-up area, under a hill of the same name.
The tunnel is found at chainage km 220.916 — 221.983 and its
length is 1,067 m. The tunnel consists of a 980 m long mined part
and cut-and-cover parts (see Fig. 4) at portals (EP 44 m, WP 43 m).

The alignment of the tracks inside the tunnel is formed by
a straight section, followed by a transition curve and a curve
(radius of 1,285 m). The vertical alignment descends from the
east to the west at the gradient of 5.672 %o. The superelevation
of tracks is 106 mm and 105 mm respectively. The distance bet-
ween track centres is 4,750 mm.

The main structural parts of the tunnel are the double-track
tunnel tube, portals and an escape gallery.

The escape gallery as a protected escape route is led approxi-
mately from the midpoint of the tunnel, skew to the road /18,
where it ends at a rescue units mustering area. The gallery is
176.14 m long, its vertical alignment descends at 9.84 % from
the entrance portal. The gallery cross-section is designed to be
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Tunel Hencnava passable for vehicles; a turning and passing lay-by is designed
Tunelom Hencnava prechddza Zelezni¢nd trat’ v novej trase with respect to the gallery length.

v extravilane pod rovhomennou vyvyseninou. Tunel sa nachad-

za v stani¢eni 220,916-221,983 nzkm a jeho dizka je 1067 m. The Dubrava tunnel

Tunel je tvoreny razenou Castou diiky 980 m a hibenymi Casta- Through the Dubrava tunnel, the railway line passes along
mi (obr. 4) na portdloch (VP 44 m, ZP 43 m). a new alignment in a non-built-up area, under a hilly area of the

Trasa kolaji v tuneli je tvorend priamkou, ndsledne prechod- same name, west of the municipality of VaZec and north of the
nicou a oblikom (polomer cca 1285 m). Vyskovo klesa tunel existing rail track running along the Biely V4h River valley. The
od vychodu na zdpad v sklone 5,672 %o¢. PrevySenie kolaji je tunnel is found at chainage km 225.490 — 226.862 and its length
106, resp. 105 mm. Vzdjomnd vzdialenost kolaji je 4750 mm. is 1,372 m. The 1,285 m long mined tunnel forms a substantial

Hlavnymi stavebnymi Castami tunela si dvojkolajna tunelo- part; in addition there are cut-and-cover parts at the portals (EP
vd rira, portdly a tinikova §tolna. 50 m, WP 37 m).

Unikové $t6lia ako chrénend tinikova cesta je vedend priblizne The horizontal alignment of the tunnel inside the tunnel is for-
7o stredu tunela Sikmo k ceste 1/18 kde vyustuje k ndstupnej plo- med by a straight section (approximately 897 m), followed by
che. Dizka §tolne je 176,14 m a niveleta je v klesani 9,84 % od a transition curve (ca 89 m) and a curve radius of about 3,000 m).
vstupného portdlu. Prierez §tdlne je navrhnuty ako prejazdny The vertical alignment descends from the east to the west at the
a vzhladom na dizku §tolne je navrhnuty otdcacf a vyhybaci zdliv. gradient of 11.93 %o. The superelevation of both tracks is 56 mm.

The distance between track centres is 4,200 mm.
Tunel Dubrava The main parts of the tunnel are a double-track tunnel tube,

Tunelom Dibrava prechddza Zelezni¢nd trat’ v novej trase (see Fig. 5) portals and an escape gallery.

v extravildne pod pahorkovitym tzemim rovnomenného nazvu The escape gallery, as a protected escape route, is led in paral-
zdpadne od obce VaZzec a severne od jestvujicej trate veducej lel with the tunnel tube and its exit is at the services building at

udolim Bieleho Vdhu. Tunel sa nachadza v stanifeni the eastern portal. The gallery is 481.45 m long; the vertical
225,490-226,862 nzkm a jeho dlzka je 1372 m. Podstatnd Cast’ alignment descends from the entrance at the EP at 1.07 %. The

tvori razeny dsek — 1285 m, na portdloch st Casti hibené (VP50 gallery cross-section is designed to be passable for vehicles; with
m, ZP 37 m). respect to the gallery length, it will have a turning and passing
Trasa kolaji v tuneli je tvorend priamkou (cca 897 m), nésled- lay-by.

ne prechodnicou (cca 89 m) a oblikom (polomer cca 3000 m).
Vyskovo klesd tunel od vychodu na zdpad v sklone 11,93 %,. | The Zam¢isko tunnel

PrevySenie oboch kolaji je 56 mm. Vzajomna vzdialenost kola- Through the Zamcisko tunnel, the rail track passes along a new
ji je 4200 mm. route in a non-built-up area, under a nameless hill, north of the
Hlavnymi stavebnymi Castami tunela si dvojkolajna tunelo- existing track running along the Biely Véh River valley. The tun-
vd rdra (obr. 5), portdly a dnikova §tdlna. nel is found at chainage km 227.097 — 227.263 and its length is
Unikovi §tolha ako chranend tinikovd cesta je vedend stibe- 166 m. The mined section is 80m long. Cut-and-cover sections
ne s tunelovou rudrou a vyustuje pri TD na vychodnom portdli. are at the portals (EP 43 m, WP 43 m).
Dizka §tdlne je 481,45 m a niveleta je v klesani 1,07 % od vstu- The alignment of both tracks in the tunnel is on curves with the
pu na VP. Prierez §t6lne je navrhnuty ako prejazdny a vzhladom radii of about 3,000 m. The vertical alignment descends from the
na dizku §tdlne je navrhnuty otdcaci a vyhybaci zaliv. east to the west at the gradient of 11.93 %o. The superelevation of
)
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LEGENDA / LEGEND 6 Sekundarne ostenie — zelezobetén C30/37 12 Prefabrikat pevnej jazdnej drahy - Precast element of the slab track

1 Poistny priestor 300 mm — Safety margin space 300 mm Secondary lining — C30/37 reinforced concrete 13 Betén C25/30 — C25/30 concrete

2 Hrana vyrubu — Excavation contour 7 Qcelove drzadlo - Steel handrail 14 Vypliiovy betén C16/20 — C16/20 infill concrete

3 Primarne ostenie - striekany beton C20/25 8 Kablovy multikanal — Multiple-way cable duct 15 Spodna klenba — Zelezobetén C30/37 — Invert - reinforced concrete C30/37
Primary lining — C20/25 shotcrete 9 Poziarny vodovod DN 125 — Hydrant main DN 125 16 Zbera& DN 400 — Collector sewer DN 400

4 Drenazna a ochranna vrstva — Drainage and protection layer 10 Medzerovity drenazny beton C8/10 - Porous drainage concrete 17 Zékladovy pas - zelezobeton C30/37

5 Plo$na hydroizolacia — Sheet waterproofing 11 DrenéZne potrubie DN 200 - Drainage pipeline DN 200 Footings — C30/37 reinforced concrete

Obr. 5 Tunel Diibrava — vzorové priecne rezy a) razeny tunel bez spodnej klenby b) razeny tunel so spodnou klenbou
Fig. 5 Dubrava tunnel — typical cross-sections a) mined tunnel without invert b) mined tunnel with invert
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Tunel Zaméisko

Tunelom Zamcisko prechddza Zelezni¢nd trat’ v novej trase
v extravildne pod bezmennym pahorkom severne od existujicej
trate v udoli Bieleho Vdhu. Tunel sa nachddza v stanieni
227,097-227,263 nzkm a jeho dizka je 166 m. Razeny usek je
dizky 80 m, na portdloch st Casti hibené (VP 43 m, ZP 43 m).

Trasa oboch kolaji v tuneli je v obliku s polomermi cca
3000 m. Vyskovo klesa tunel od vychodu na zdpad v sklone
11,93 %o. Prevysenie oboch kolaji je 56 mm. Vzdjomna vzdia-
lenost kolaji je 4200 mm.

Hlavnymi stavebnymi Castami tunela sd dvojkolajna tunelo-
va rdra a portdly.

Tunel Cerveny Kut

Tunel prechddza masivom vrchu Vachtdrovd, ktory leZi na
zapadnom cipe pohoria Kozich chrbtov. V blizkosti zdpadného
portdlu tunela sa nachddza obec Kralova Lehota. Tunel sa
nachadza v stani¢eni 233,780-238,665 nzkm.

Trasa JTR je vedend v jednosmernom obliku s polomerom R
= 15 000 m (oblik ¢. 22), pokracuje priamkou, prechodnicou
do oblika s polomerom R = 3000 m (oblik ¢. 24), prechodni-
cou, priamkou a kon¢i prechodnicou v smere stani¢enia trasy
Zeleznice. PrevySenie kolaje v oblikoch je p = O mm (oblik
¢.22), resp. p = 56 mm (obldk ¢. 24).

Trasa STR je vedend v jednosmernom obliku s polomerom
R =15 000 m (oblik €. 23), pokracuje priamkou, prechodnicou do
oblika s polomerom R =2960 m (obluk €. 25), prechodnicou a kon¢{
priamkou v smere stanienia trasy Zzeleznice. Prevysenie kolaje
v oblikoch je p = 0 mm (oblik ¢. 23), resp. p = 57 mm (oblik ¢. 25).

Pozdiiny sklon oboch rur je klesanie 10,519%0 v smere sta-
nicenia od vychodného portdlu k zdpadnému portdlu.

Hlavnymi stavebnymi Castami tunela si dve jednokolajné
tunelové ruiry, prieCne prepojenia medzi nimi a portdly (obr. 7).

Tunelové rary

Vzhladom na podmienky horninového prostredia sa bude razit’
kombinovanym sposobom. Pred nasadenim TBM sa vyrazi
technolégiou NRTM Startovaci dsek tunela dlhy cca 26 m.

20. rocnik - €. 2/201

both tracks is 56 mm. The distance between the track centres is
4,200 mm.

The main construction parts of the tunnel are the double-track
tunnel tube and portals.

The Cerveny Kut tunnel

The tunnel passes across Vachtdrova hill, which is found in the
western tip of the Kozi Chrbty mounain range. There is the muni-
cipality of Krdlova Lehota in the vicinity of the western portal.
The tunnel is found at chainage km 233.780 — 238.665.

The alignment of the STT is led on a unidirectional curve with
the radius R = 15,000 m (curve No.22), continues by a straight
section and a transition curve passing into a curve with the dia-
meter of 3,000 m (curve No. 24), followed by a transition curve
and a straight section (in the direction of the rail line chainage.
The superelevation of the track on curves p = 0 mm (curve No.
22), or p =56 mm (curve No. 24).

In the direction of the rail line chainage, the NTT horizontal
alignment is led on a unidirectional curve with the radius of R =
15,000 m (curve No. 23), continues on a straight line, a transition
curve and a curve with the radius R = 2960 m (curve No. 25),
a transition curve and ends by a straight section. The supereleva-
tion of the track on curves p = 0 mm (curve No. 23), or p =
57 mm (curve No. 25).

The longitudinal gradient of both tunnel tubes descends at
10.519%o in the direction of the chainage, from the eastern por-
tal toward the western portal.

The main construction parts of the tunnel are two single-track
tunnel tubes, cross passages and portals (see Fig. 7).

Tunnel tubes

With regard to the ground environment conditions, a combined
mining technique will be applied. An about 26 m long starter tun-
nel will be excavated before the full-face TBM is launched, using
the cyclic NATM technique. The technique using the TBM was
selected on the basis of the tunnel length. The length is
a deciding factor when advantages of the construction are being
assessed from the aspect of the tunnel construction duration and
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Obr. 6 Vzorové priecne rezy TBM tunela C'ervenj Kiit a) severnd tunelovd rira b) severnd tunelovd riira so zdkladom pre posun raziaceho stroja
Fig. 6 Typical cross-sections through the TBM-driven tunnel Cerveny Kiit a) northern tunnel tube b) northern tunnel tube with the foundation for pushing the TBM
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LEGENDA / LEGEND : !
1 Dosypanie do vy$ky pévodného terénu — Filling up to the original terrain level :

3 Sklolaminatové tyCové kotvy dl. 8 m — Glassfibre reinforced plastic rod anchors 8 mlong -
4 Horninové lanové kotvy dI. 20 m - Ground cable anchors 20 m long

5 Kutova ocelova rozpera — Inside corner steel brace

6 Zelezobetonova piléta pr. 900 mm, di. 10,5 m - Reinforced concrete 900 mm in diameter, 10.5 m long
7 Sklolaminatové zemné kotvy dl. 16 m — Glassfibre reinforced plastic ground anchors 16 m long

2 Zelezobeténova piléta pr. 900 mm, dl. 18 m - Reinforced concrete pile 900 mm in diameter, 18 m'Iolnglg U ::
1L LU L=l JLY.

Obr. 7 Tunel Cerveny Kiit - vychodny portdl
Fig. 7 Cerveny Kiit tunnel — eastern portal

Metéda razenia pomocou TBM bola zvolend na zdklade
diiky tunela. Dizka je rozhodujicim faktorom pri posideni
vyhodnosti vystavby z pohladu casu realizdcie tunela
a finan¢nych ndkladov potrebnych na realizdciu. Na zdklade
dostupného IG a HG prieskumu sa horninové prostredie javi
ako homogénne, ¢o by malo umoZnit bezkolizny postup tune-
lovacieho stroja. Pre dali stupen projektovej dokumenticie
(DSP) bude potrebné vykonat podrobny IG a HG prieskum,
ktory modzZe ovplyvnit' navrhované rieSenie razenia, tak
z pohladu pouzitej technolégie, ako aj skladby primarneho
a sekunddrneho ostenia.

Startovaci tunel je tvoreny primarnym a sekundarnym oste-
nim s medzilahlou drendZnou geotextiliou a plosnou hydroizo-
laciou. Primdrne ostenie je tvorené striekanym beténom, vystu-
zené jednou alebo dvomi vrstvami ocelovych sieti
a priehradovymi oblikmi. Primarne ostenie je kotvené do hor-
ninového masivu pomocou horninovych svornikov. V pripade
potreby zaistenia stability ¢ela vyrubu navrhujeme pouZit sklo-
laminatové svorniky. Pri nedostatocnej stabilite nadloZia tune-
la sa pouzijui predhanané ihly pripadne mikropilétové dazdniky
na zniZenie nadvylomov pocas razenia.

Primdrne ostenie pri TBM je tvorené ZB segmentami uloZe-
nymi do prstenca (obr. 6) s vonkaj$Sim priemerom 10 m.
Prstenec je zloZeny zo 6 segmentov (1 vrchny, 2 bo¢né, 2 spod-
né a 1 dnovy, uzatvdraci).

Sekunddrne ostenie (definitivne) je tvorené monolitickym
beténom C25/30. Podla potreby sa pouzije prosty, alebo vystu-
Zeny beton. Dizka betondZneho bloku je navrhnutd 10 m.
Betonovat'sekundarne ostenie bude mozné az po ustéleni defor-
madcii horninového masivu.

Prie¢ne prepojenia

Prie¢ne prepojenia (PP) sliZia v tuneli ako dnikové chodby
z jednej tunelovej rdry do druhej v pripade nehody ¢i poZziaru.
Podla UIC — Codex-u 779-9 (¢l. I-43) maximdlna vzdialenost’
medzi dvoma bezpecnymi tinikovymi cestami je 500 m. Pre tunel
Cerveny Kiit tak navrhujeme vytvorenie 9 prie¢nych prepojeni
S priemernou dizkou 29 m. VSetky prepojenia si rovnakého

the costs required for the works. Based on the EG and HG sur-
vey results available, the ground environment appears to be
homogeneous, which should make the collision-free proceeding
of the tunnelling machine possible. The next design stage (the
final design) will require a detailed EG and HG survey, which
can provide new views of the excavation solution proposed in
terms of both the technique to be used and the composition of the
primary and secondary linings.

The starter tunnel structure consists of the primary and secon-
dary linings with an intermediate drainage geotextile and an
area-wide waterproofing system. The primary lining is formed
by shotcrete reinforced with one or two layers of steel mesh and
lattice girders. The primary lining is anchored to the rock mass
by rock bolts. If it is necessary to ensure the stability of the exca-
vation face, we propose glassfibre reinforced plastic bolts to be
used. If the tunnel overburden stability is insufficient, forepoling
or micropile umbrellas will be used with the aim of reducing the
volume of overbreaks during the course of the excavation.

The primary lining formed during the TBM drive consists of
RC segments forming a ring (see Fig. 6) with the outer diameter
of 10 m. The ring consists of 6 segments (one in the crown, 2 on
the sides, 2 at the bottom and a bottom keystone).

The secondary (final) lining is made up of C25/30 cast-in-situ
concrete. The use of unreinforced or reinforced concrete depends
on the need. The length of a casting block is proposed to be 10 m.
It will be possible to start casting of the concrete secondary
lining only when the rock mass deformations have stabilised.

Cross passages

Cross passages serve in the tunnel as routes for escaping from
one tunnel tube to the other in the case of an accident or a fire.
According to the UIC — Codex 779-9 (article 1-43), the maxi-
mum distance between two entries to escape routes is 500 m. For
that reason we have proposed 9 cross passages with the average
length of 29 m for the Cerveny Kut tunnel. All of the cross pas-
sages have an identical net cross-section, which is even passable
for small vehicles used by the Integrated Rescue System units.
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800 — 1400 mm thick, C30/37 concrete

Drendzne potrubie so $trkovym zasypom

Drainage pipeline buried under gravel

Podkladovy betén C8/10 pod drenazne potrubie hr.
150 mm - Blinding concrete C8/10 under drainage,
150 mm thick

Hydroizol4cia - Waterproofing

Podkladovy betén C8/10 hr. 250 mm

C8/10 blinding concrete 250 mm thick

N

Vyplitovy betén C20/25, hr. 500 mm
Infill concrete C20/25, 500 mm thick
Zelezobetdnové doska C30/37 XA2, hr. 500 mm
C30/37 XA2 reinforced concrete slab
Podkladovy betén C8/10 hr. 100 mm
Blinding concrete C8/10, 100 mm thick

4 Vodiace stienky — Guide-walls

5 Poistny priestor 300 mm
Safety margin space 300 mm
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N /. “ 7 1 Ochranna geotextilia — Protective geotextile 3 Chodnik - betén C30/37, hr. 70 - 120 mm — Walkway — / 7 6 Podzemnd monolitické ZB stena C30/37 XA2,
7 Strkovy zasyp hr. 500 mm - Ballast 500 mm thick C30/37 concrete, 70 — 120 mm thick A hr. 800 mm
7 7 Rohoz z PE hr. 35 mm - PE mat 35 mm thick g)'ér(;l/Zovy4bgtén ci(_)/is, hr. 450 mm — Infill concrete A gggt;lnr;sliht;cilaphragm wall, concrete C30/37 XA2,
7 PP o . 5, 450 mm thicl i
A / ;;rlder:;ﬂ::;r;ev :1;\::(3)2/:; d;lzi;ersrrogggg_ Iz:);zr; . 2 x kablovy multikandl - 2 x multiple-way cable duct / 7 Priestor pre Unikovi cestu — Space for escape route
s betén C30/37 - Reinforced concrete roof deck Odvodnenie PJD, DN 200 — Slab track drainage, DN 200 7/ g (B)ez?ecnf)ztr]y;)lrlestg: _|Shafe;y s.;l)ace
— cel” ové drzadlo — Steel handrai

10 Poziarny vodovod DN 100 s pieskovym obsypom
Sand-padded hydrant main DN 100

11 Drenazne potrubie DN 200 s medzerovitym beténom
C8/10 Drainage pipeline DN 200 with porous
concrete C8/10

Obr. 7 Tunel C‘ervenj Kiit — vychodny portdl
Fig. 7 Cerveny Kiit tunnel — eastern portal

svetlého prierezu, ktory je dostatocny aj na prejazd malych vozi-
diel integrovaného zachranného systému.

PP budi razené metédou NRTM z juZnej tunelovej riry
(JTR). Razenie bude prebiehat dovrchne, resp. podla vzdjom-
ného vyskového vedenia oboch tunelovych rir. Z razenim sa
zatne aZ po vybudovani primarneho ostenia JTR zo ZB seg-
mentov.

Tunel Paliidza

Tunelom Palddza prechddza Zelezni¢nd trat’ v novej trase
v extravilane pod bezmennym pahorkom juzne od existujicej
trate na pobreZi vodnej nddrze Liptovskd Mara, v blizkosti
Galovianskej zatoky. Tunel sa nachddza v staniCeni
257,250-257,880 nzkm a jeho dizka je 630 m. Cely tunel je
definovany ako razeny pod zastropenim.

Trasa oboch kolaji v tuneli je priama. VySkovo klesa tunel od
vychodu na zdpad v sklonoch 8,51 %o, resp. 9,69 %o. Prevysenie
oboch kolaji je 0 mm. Vzijomna vzdialenost kolaji je
4200 mm.

Hlavnymi stavebnymi Castami tunela sd dvojkolajna tunelo-
vd rdra a portdly.

Samotny tunel je tvoreny z dvoch radov podzemnych monoli-
tickych Zelezobeténovych stien, osovo vzdialenych 13,4 m, na
ktorych je umiestnend stropnd Zelezobeténovd doska (obr. 8).

The cross passages will be driven using the NATM, from the
southern tunnel tube (STT). The excavation will proceed uphill
or according to the vertical alignment of the two tunnel tubes.
The excavation will start only when the RC segmental primary
lining is completed in the STT.

Paliidza Tunnel

Through the Palidza tunnel, the railway line passes along
anew route in a non-built-up area, under a nameless hill south of
the existing track, along the bank of the Liptovskd Mara water
reservoir, near Galovianska Bay. The tunnel is found at chaina-
ge km 257.250 — 257 and its length is 630 m. The entire tunnel
is defined as a cover-and-cut structure.

The horizontal alignment of both tracks is straight. The verti-
cal alignment descends from the east to the west at gradients of
8.51 %o and 9.69 %o respectively. The superelevation of both
tracks is 0 mm. The distance between track centres is 4,200 mm.

The main construction parts of the tunnel are the double-track
tunnel tube and portals.

The tunnel itself is formed by two rows of cast-in-situ diap-
hragm walls with the distance between their centres of 13.4 m,
supporting a reinforced concrete roof deck.

The cast-in-situ reinforced concrete diaphragm walls will be
800 mm thick and 12.0 m long. At the toe level they will be
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Tab. 2 RieSenie portdlovych Casti tunelov
Table 2 Design for portal parts of the tunnels

TuHel

Portal
Portal

Tunel
Tunnel

Kolombiarok  vychodny (VP)

East (EP)

zapadny (ZP)
West (WP)

Strba vychodny

East

zapadny

West

Hencnava vychodny

East

zapadny

West

Dubrava vychodny

East

zapadny
West

Zaméisko vychodny
East
zapadny
West

Cerveny Kit  vychodny

East

zapadny

West

Paltidza vychodny

East

zapadny

West

Lokalizacia
Location

Gdolie potoka Cierna voda
Cierna Voda Brook valley

z&padna strana pahorku
Kolombiarok
Western side of Kolumbiarok Hill

medzi potokom Mlynica

a jestvujticou Zelezniénou tratou,
cca 0,95 km od obce Strba
Between Miynica Brook and
existing rail track, about 0.95 km
from the municipality of Strba

v blizkosti koryta jestvujliceho
Luéneho potoka cca 0.71 km
od sttoku potoka Zelezné voda
a Laény potok

Near the existing about 0.71 km

from the confluence of Zelezna Voda

Brook with Laény Brook

Upétie vyvySeniny v tesnej blizkosti

a pod Uroviiou cesty 1/18 nedaleko
cintorina nemeckych vojakov
Bottom of a hill, in close vicinity
and under the level of road 1/18
near cemetery of German soldiers

v blizkosti dialni¢nej estakady
pri obci Vazec, nedaleko
motorestu Krivan

Near a motorway viaduct near
the village of Vazec, near Krivan
rest house

vychodn4 strana vrchu Dibrava
nad obcou Vazec

Eastern side of Dubrava hill
above the village of Vazec

Udolie Belianskeho potoka
Beliansky Brook valley

Udolie Belianskeho potoka

Beliansky Brook valley

v zapadnom svahu pahorku
Zamcisko prechadzajlicom

do Udolia Bieleho Vahu

On western slope of Zamgisko hill
passing to the Biely Véh River valley

Udolie Bieleho Véhu, juzne od
obce Hybe

The Biely Véh River valley, south
of the village of Hybe

v blizkosti krizovatky ciest 1/18

a |/72 nedaleko obce Kralova
Lehota

Near intersection between roads
1/18 and 1/72, near the village

of Krélova Lehota

Walls of piles 800 mm dia, 9 m
long, RC sils, cable anchors

v z&padnom svahu pahorku
klesajiicom ku Galovianskej zatoke
In a western slope of a hill

descending toward Galovianské Bay

Technoldgia zabezpecenia stavebnej jamy
Construction pit stabilisation technique

klincovang zemina, striekany betén (SB), vystuzné
siete, mikropilétovy dazdnik (MP dazdnik)

Soil nails, shotcrete (SC), steel mesh,

micropile (MP) umbrella

klincovand zemina, horninové kotvy, SB
+ siete, MP dazdnik
Soil nails, rock anchors, SC + mesh, MP umbrella

klincovand zemina, horninové kotvy, SB

+ siete, MP dazdnik, dve stabilizaéné lavicky
0 irke 2 resp. 1,5 m

Soil nails, rock anchors, SC + mesh,

MP umbrella, two stabilisation berms

2 or 1.5 m wide

klincovang zemina, horninové kotvy, SB
+ siete, MP dazdnik

Soil nails, rock anchors, SC + mesh,
MP umbrella

klincovand zemina, horninové kotvy, SB
+ siete, MP dazdnik, horninové kotvy (len ZP)

Soil nails, rock anchors, SC + mesh,
MP umbrella, ground anchors (only at WP)

klincovang zemina, horninové kotvy, SB

+ siete, MP dazdnik, horninové kotvy (len ZP),
stabilizacné lavicka Sirky 2 m

Soil nails, rock anchors, SC + mesh, MP umbrella,

ground anchors (only at WP), stabilisation berm 2 m wide

ZB piltami _ 900 mm, dizky 18m, 5 Grovni ZB
kotevnych prahov, horninové lanové kotvy,
sklolamindtové tyCové kotvy, klincovan zemina,
horninové kotvy, SB + siete

RC piles 900 mm dia, 18m long, 5 tiers of RC
valers, cable anchors, GRP rod anchors, soil nails,
rock anchors, SB + mesh

klincovand zemina, horninové kotvy, SB + siete,

MP dézdnik, horninové kotvy, ZB prahy, stabilizaéné
lavicka Sirky 2 m

Soil nails, rock anchors, SB + mesh, MP umbrella,
ground anchors, RC walers, stabilisation berm

2 m wide

pilstové steny _ 800 mm, dizky 9 m, ZB prahy,
lanové kotvy,

Access road, mustering area ,SB, APS,
accumulation reservoir (only at WP)

klincovand zemina, SB + siete, lavicka Sirky 1,6 m,

Soil nails, SB + mesh, berm 1.5 m wide

Sklon celnej
steny / Front
wall slope

4:1

5:1

51,31, 1:1

5.1, 2:1

5:1

Vyska
zabezpecenia [m]
Support level [m]

14

14,5

18,6

21

22

22,9

85

Stavebné objekty umiestnené na portali
Structures located at the portal

pristupova komunikacia, technologicky
domcek (TD), nastupna plocha, vydstenie
Unikovej §tolne (US)

Access road, services building (SB),
mustering area, end of escape gallery

pristupova komunikacia, TD, ndstupna
plocha, poziarna nadrz
Access road, SB, mustering area, fire reserve

pristupova komunikacia, technologicky
doméek (TD), néstupna plocha, akumulaéna
nédrz, automaticka tlakova stanica (ATS)
Access road, services building (SB),
mustering area, accumulation reservoir,
automatic pressure station (APS)

pristupova komunikacia, TD, néstupna plocha,

Access road, SB, mustering area

pristupova komunikdcia, TD, ndstupna
plocha, akumulatné nadrz (len ZP)

Access road, SB, mustering area,
accumulation reservoir (only at WP)

pristupova komunikécia, technologicky
doméek (TD), néstupna plocha, vylstenie
tnikovej tbine (US), ATS a akumuladné nddr
Access road, services building (SB), mustering
area, end of escape gallery (EG), APS,
accumulation reservoir

néstupna plocha
Mustering area

pristupova komunikacia, nastupnd plocha,
TD (len ZP), akumulaéna nédrz (len ZP)

Access road, mustering area ,SB (only at WP),
accumulation reservoir (only at WP)

pristupova komunikacia, néstupna plocha, TD,

Access road, mustering area ,SB

pristupova komunikécia, nastupna plocha,
TD, ATS a akumulaéna nédrz (len VP)
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Zelezobeténové monolitické podzemné steny budi hriibky partially keyed into the sub-base. They are designed in C30/37

800 mm, diiky 12 m a v drovni pity budd Ciastocne votknuté grade concrete.

do podloZzia. Navrhnuté si z betonu pevnostnej triedy C30/37. The trench for the diaphragm walls is excavated by a hydraulic
Ryha pre podzemné steny ma byt hlbend hydraulickym dra- grab, which will be replaced by a hydro-cutter, depending on the

pdkom, ktory bude na zdklade postdenia konkrétnych geolo- assessment of the particular geological conditions. The width of

gickych podmienok nahradeny hydrofrézou. Sirka lamely pod-
zemnej steny je uvazovana 2,9 m.

Podzemné steny sa pouZiju aj na zaistenie Casti svahov na
portdloch tunela. Celkovd dizka podzemnych stien v tunelo-
vych predzarezoch je 24,6 m.

Stropnd ZB doska ma minimélnu hribku 800 mm v strede jej
rozpitia, teda v osi tunelovej riry. Smerom k podzemnym ste-
nam sa jej hribka zvic¢Suje. Navrhnutd je z beténu pevnostnej
triedy C30/37 s primesou PP vldkien na zvySenie poZiarnej
odolnosti, resp. kvoli odstrefovaniu krycej vrstvy beténu pri
poZiari. Betonovanie stropnej dosky je navrhnuté na debnent,

one diaphragm wall lamella is assumed to be 2.9 m.

Diaphragm walls are used even for supporting a part of slopes
at the tunnel portals. The total length of diaphragm walls in the
trenches in front of the portals amounts to 24.6 m.

The RC roof deck is 800 mm thick as a minimum in the midd-
le of the span, i.e. on the tunnel tube centre line. The thickness
increases in the direction toward the walls. It is designed in
C30/37-grade concrete with the addition of PP fibres increasing
the fire resistance or resistance against spalling during a fire. The
roof deck concrete will be cast into a form which will be instal-

ktoré sa vyhotovi po odstraneni cca 3 m hrubej vrstvy horniny led after removing a roughly3 m thick layer of ground after the
po dokonceni podzemnych stien. completion of the diaphragm walls.

Spodni &ast'tunela tvorf ZB doska sliZiaca na prenos zataZe- The tunnel bottom is formed by an RC slab transferring the
nia od dopravy do podlozia. Navrhnutd je z beténu pevnostnej loads induced by the traffic into the sub-base. The 500 mm thick
triedy C30/37 hribky 500 mm. KonStrukéne bude zapustend structure is designed in C30/37 concrete. Structurally, it will be
v podzemnych stendch do vopred vyfrézovanej drazky. Na tejto embedded in the diaphragm walls, into a groove milled in them

7B doske bude ulozend 500 mm hrubd doska z prostého bets- in advance. A 500 mm thick slab will be placed on this RC slab,
nu pevnostnej triedy C16/20 ako podklad pre pevnu jazdnu using C16/20-grade in situ concrete. It will form the base for the

drdhu. slab track.
6 SPOLOCNE KONSTRUKCNE PRVKY — TUNELY 6 COMMON STRUCTURAL ELEMENTS ~ THE KOLOMBIAROK,
KOLOMBIAROK, HENCNAVA, DUBRAVA, ZAMCISKO HENCNAVA, DUBRAVA AND ZAMCISKO TUNNELS

Primarne ostenie

Podla geologickej stavby horninového prostredia si navrhnu-
té dva prierezy tunelov — so spodnou klenbou (plocha vyrubu
125 m2) a bez spodnej klenby (105,70 m2). Primér bude tvore-
ny striekanym beténom C20/25.

Sekundirne ostenie

Sekunddrne ostenie, spodnd klenba a zdkladové pdsy su
navrhnuté z monolitického beténu triedy C30/37. Po podrob-
nom preskimani geologickych pomerov je moZné sekundar

Primary lining

Two tunnel cross-sections have been designed: with the invert
(the excavated cross-sectional area of 125 m22) and without the
invert (105.70 m2), depending on the geotechnical conditions.
The primary lining will be formed by C20/25 shotcrete.

Secondary lining

The secondary lining, invert and footings have been designed
in cast-in-situ C30/37-grade concrete. After a detailed survey of

realizovat’aj z prostého beténu. Sekundérne ostenie bude reali- geological conditions it will be possible to cast the secondary
zované po blokoch s dizkou 10 m. Hibené tunely budi tvorené lining even using unreinforced concrete. The secondary lining
monolitickym Zelezobeténom triedy C30/37, dizka jedného casting will be divided into 10 m long blocks. The cover-and-cut
bloku 10 m. tunnels will consist of C30/37 RC concrete. The length of one
Uprava portalov casting block is 10 m.
Definitivna tdprava portdlov bude rieSend spdtnym zdsypom Finishing of portals
z vystuZenej zeminy so zatrdvnenim v sklone 1:1,5, resp. 60° The portal finishes will be solved by means of backfill using
a v hornej Casti svahu na niektorych portaloch bude trvald tpra- reinforced earth, with sowing grass seed on slopes at the gradi-
va kamennym obkladom. ent of 1:1.5 or 60° and, in the upper part of the slope,

a permanent stone facing at some portals.

7 ZAVER

Na udseku modernizovanej Zelezni¢nej trate od Liptovského 7 CONCLUSION
Mikuladsa po Poprad je planovanych sedem tunelov. Kazdy je
iny. Sd odli$né, no nielen dizkou & geologickou skladbou
v ktorej budid razené. Su odlisSné konStrukénymi postupmi,
akymi budd budované a konStrukénymi prvkami, z ktorych
budd zloZené.

Projekt ,,Siedmych liptovskych tunelov® je v sudcasnosti
,.Statnicou” slovenskych tunelovych projektantov, no prajeme

si, aby Co najskor bol aj ,,talentovkami* slovenskych tunelo-
vych stavbdrov. a “state examination” of Slovak tunnel designers, but we wish to

become the “talent examination” for Slovak builders of tunnels

ING. JAN KUS‘NI'R, kusnir@reming sk, as soon as possible.
REMING CONSULT, a. s.

There are seven tunnels planned for the railway line section
between Liptovsky Mikulas and Poprad to be modernised. Each
tunnel is different. The tunnels differ not only in their length and
the geological structure to be driven through. They differ in the
construction procedures to be applied to them and structural ele-
ments they will consist of.

The project “Seven Liptov tunnels” currently represents

ING. JAN KUSNIR, kusnir@reming.sk,
Recenzoval: Ing. Miloslav Frankovsky REMING CONSULT, a. s.
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NAPRAVA STAVU KANALIZACNI SOUSTAVY AGLOMERACE
TABORSKO, CAST I, STAVBA I - STOLA

REMEDY TO THE STATE OF THE SEWERAGE SYSTEM IN TABOR
AGGLOMERATION, PART I, CONSTRUCTION LOT | - GALLERY

JIR(RUT, MARTIN CIMALA, OTAKAR FABIAN

SOUCASNY STAV

Duivodem vystavby kanalizaniho sbérade v Tdboie byla zcela
nevyhovujici dimenze sbérace v Udolni ulici. V disledku vel-
kych spddovych poméri a zavzdu$néného prutoku pri vétsich
srdzkdch byly vyplavovdny nemovitosti a smiSené vody vyvéra-
ly poklopy na ulici. Do sbéraée v Udolnf ulici bylo napojeno roz-
sdhlé povodi nékolika Ctvrti.

NOVE TECHNICKE RESENI

Koncepce technického feSeni predstavuje prevedeni splasko-
vych vod vletné &dsti prutoki deStovych vod pomoci $tol
z povodi COV Klokoty do aredlové COV, pfi¢em? retenéni objem
Stol je vyuzivan k akumulaci deStovych vod. Vedeni tras $tol pod
drovni Udolni ulice Tedi soutasné zkapacitnéni spadové problé-
mového sbérate ve zmifiované ulici. Uzemni fefeni tras §tol

EXISTING CONDITION

The reason for constructing a collector sewer in the town of
Téabor was the absolutely insufficient dimension of the sewer
in Udolni Street. Due to large gradients and air pockets in the
sewer during bigger rainfalls, real estates were inundated and
rainwater mixed with sewage sprang through covers up to the
street. The existing sewer in Udolni Street collected sewage
from a vast catchment area of several districts.

NEW TECHNICAL SOLUTION

The technical solution concept comprises the diversion of
foul water including a part of rainwater flows by means of gal-
leries from the catchment area of the Klokoty STW to an area
STW, with the retention volume of the galleries used for the
accumulation of rain water. At the same time, the routes of the

LEGENDA / LEGEND

SP1, SP2, SP4 — spadistové Sachty
SP1, SP2, SP4 - drop manholes
V1, V2, V3 = vyhybny - V1, V2, V3 - passing bays

1 Stola 1, dl. 834,81 m - Gallery No. 1, 834.81 m long
2 Usek B, dI. 297,52 m — Section B, 297.52 m long

3 Usek C, dl. 42,74 m - Section C, 42.74 m long

4 Stola 2, dl. 124,03 m — Gallery No. 2, 124.03 m long
5 Usek E, dI. 124,03 m — Section E, 124.03 m long

6 Smér razby SP1 - SP3
Direction of excavation SP1 - SP3
7 Smér razby SP1- RMO
Direction of excavation SP1 — Reg. Manhole
8 Smér razba SP1 - SP4 - Direction of excavation SP1 - SP4

Obr. 1 Situace stavby prubéhu trasy kanalizace
Fig. 1 Sewerage construction layout
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sleduje prevdzné trasy mistnich komunikaci. Nové technické galleries under the level of Udolni Street have solved an
feSeni vytvdfi prostor pro napojeni stok pomoci spadiStovych increase in the capacity of the sewer in the above-mentioned
objekta pfimo do $tolovych profilu. Dimenze raZenych §tol je street, the gradients of which are problematic. The layout of
technicky dostupné minimalizovdna a zajiStuje pfi navrzeném the galleries mostly follows the routes of local roads. The new
spadu mezni prutok cca 19-29 m*/s. Soucasné jsou §toly vyuzi- technical solution provides a space for connecting the existing
Vény jako retenéni nddrze hlavné de§t’0V§/Ch vod (Véetné StéVaijf sewers through drop manholes direct]y to the ga]]ery profﬂes,
Stoly). The dimension of the mined galleries is minimised using tech-

nically accessible techniques; it secures the capacity for the

TECHNICKE RESENI STAVBY A TECHNOLOGIE VYSTAVBY limit flow rate of about 19-29 m¥/s at the designed gradient. At
Kanaliza¢ni sbérad byl navrien v celkové délce 94225 m the same time, the galleries are used as retention tanks, first of

a probihd od spadiitového a manipulaéniho objektu SP3 pres | all for rainwater (including the existing gallery).

spadiStové objekty SPla SP2 ke spadiStové Sachté SP4

a regulanimu a manipulanimu objektu MRO, pres ktery pro- TECHNICAL SOLUTION FOR THE CONSTRUCTION

behlo napojeni do stdvajici Stoly (obr. 1). AND THE CONSTRUCTION TECHNIQUE

Pfed zapoCetim veSkerych stavebnich praci bylo nutné u vSech The collector sewer was designed at the total length of
dotCenych povrchovych stavebnich objektu, u kterych se pred- 942.25 m; it runs from the drop manhole and handling structu-
pokladalo ovlivnéni stavebnimi pracemi, provést pasportizaci re SP3 through drop manholes SP1 and SP2 up to the drop
a béhem. vystavby sbérace sledovat jejich stav. V mnoha pfipa- manhole SP4 and the regulation and handling structure MRO,
dech se jednalo o domy postavené na po¢dtku minulého stolet. through which the sewer was connected to the existing gallery
Mnohé z nich byly ve Spatném technickém stavu. Na nemovitos- (see Fig. 1).

tech probihalo méfeni ndklona, méfeni trhlin a nivelaéni méfent.
Soucasné s témito méfenimi probihalo i méfeni hladin okolnich
studni.

Before all construction operations could start it was neces-
sary to carry out a condition survey of all surface structures for
which it was anticipated that they could be affected by the
construction operations, and to monitor the condition during
the course of the construction of the sewer. In many cases there
were houses among them which had been built at the begin-
ning of the past century. Many of them were in a poor techni-
cal condition. The measurements conducted on the real estates
consisted of tilt measurements, measurements of cracks and
a levelling survey. The surface of water in adjacent wells was
measured concurrently.

Jesté pred samotnym zahdjenim stavebnich praci bylo nutné
provést prelozky kanalizaci, které kolidovaly s budoucimi sta-
vebnimi $achtami, a to zejména u spadi$tovych objekta SP1, SP3
a SP4. Ddle bylo nutné provést zajisténi stavebnich objektu
v okoli razby pred Gcinky pldnovanych trhacich praci. Podle
posouzeni projektantd stavby muselo byt zajisténi staveb reali-
zovano v ulici Udolni, kde byla situovéna razba $toly 2 — tseku
E v délce 124,03 m. Zajisténi bylo nutné provést, nebot se zde

razba nachézela na rozhrani baze skalni horniny a sedimentu. . .
The construction operations themselves could start only

after relocating the existing sewers which collided with the
future construction shafts, first of all shafts for drop manholes
SP1, SP3 and SP4. In addition, building structures in the vici-
nity of the underground excavation had to be secured against
impacts of the planned blasting operations. According to an
assessment carried out by the designer, structures had to be
stabilised in Udoln{ Street, where the excavation of a 124.03 m
long section E of gallery No. 2 was to be performed. The sta-
bilisation was necessary because of the fact that the gallery
excavation was found at the interface between the bedrock and
sediments.

Pro omezeni vliva razby s pouZitim trhacich praci na okolni
zdstavbu navrhl projektant pouZiti sloupt tryskové injektéze,
které mohly byt realizovény dvojim zplisobem.

V prvnim pripadé byly sloupy tryskové injektdZe navrZzeny
pod zéklady objektd tak, aby podepiely zdklad o skalni podloZi
a tvorily souddst zaloZeni objektu. V druhém piipadé mély byt
sloupy tryskové injektdze predsunuty pred objekty, aby tvorily
clonu objektt, kterd prerusi zdlomovy udhel horninového
a zeminového prostiedi, a tim i bariéru mezi objektem a stavebni
¢innosti. Takto provedend tryskova injektdz méla sniZit defor-
macni odezvu na povrchovou zédstavbu. Pfi predsunuti sloupu
tryskové injektdZe pied zdklady uz by zdklady objektu nebyly
piimo opfeny o skalni masiv. The designer proposed, with the aim of limiting the effects
of blasting on buildings found in the vicinity, that jet grouted

S ohledem na rychly postup realizace dila a naléhavost dokon-
columns be used. They could be carried out using two met-

eni byla pro zajisténi zdkladt budov zvolena druhd varianta. Od

varianty sloupt tryskové injektdZe navrZzenych pod zdklady hods.

objektl se upustilo mimo jiné z toho divodu, Ze tyto by se mohly In the first case, the jet grouted columns were designed to be
stat jasnym vodiCem seismickych vin ovliviiujicich nepfiznivé installed under the foundations of the buildings to lean them
podchycené budovy. NavrZené feSeni snizovalo ndroky na ome- against the bedrock and form permanent parts of the foundati-
zeni trhacich praci, coZ umoziovalo i rychlejsi postup razby §tol. on. In the other case, the jet grouted columns were to set off in

Samotnd rarba Stoly pro kanalizaci byla navrZena Novou front of the buildings to form a curtain disrupting the angle of
rakouskou tunelovaci metodou (NRTM) s pouzitim trhacich pull of the rock and soil environment, thus forming a barrier
praci. Na zdkladé geologického pruzkumu byly navrZeny tech- between the building and the construction activities. The jet
nologické tfidy NRTM 3, NRTM 4 a NRTM 5a (obr. 2). Mocnost grouting carried out in this way was intended to reduce the
nadloZi se pohybovala od 5 m do 20 m. deformational response of the surface buildings. If the jet

Pro kazdou technologickou tfidu byl navrzen zptisob rozpojo- grouted columns were shifted in front of the foundations, the
vanim horniny a zpusob zaji$téni vyrubu. Byly stanoveny dseky foundations of the buildings would not be directly supported
pro plné nebo jen ¢dstecné pouziti trhacich praci. by the bedrock.

Skladba horninového prostredi pfi hloubeni a razbach probi- Taking into consideration the quick advance of the works
hala v navazkach (0,0-3,0 m), v hlinitych a jilovitych piscich and the urgency of the completion, the second variant was
(3,0-5,4 m), ve skalnich hornindch tvorenych navétralou jemno- selected for supporting the foundations. The variant compri-
zrnnou pararulou (5,4-14,2 m) a slabé zvétralou aZ navétralou sing the jet grouted columns under building foundations was
jemnozrnnou pararulou (14,2-23,0 m). Hladina podzemni vody abandoned, among other reasons because they could become

byla zastiZzena v hloubkdch od 5 do 7 m. Podle geologického a clear conductor for seismic waves negatively affecting the
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Obr. 2a Vzorovy pricny Fez ve tF. NRTM 4 Obr. 2b Vzorovy pricny Fez ve tf. NRTM 3, §tola 1, tisek B
Fig. 2a Typical cross-section for NATM class 4 Fig. 2b Typical cross-section for NATM class 3, gallery No. 1, section B
LEGENDA / LEGEND LEGENDA / LEGEND
1 - Jehly Roxor pr. 25 mm, dl. 2 m (dle stability pfistropi) 1 - SN kotvy, dl. 1,5 -2 m (dle stability pfistropi) i N
Roxor dowels 25 mm dia., 2 m long (depending on top heading stability) SN anchors 1.5 — 2 m long (depending on top heading stability)
- Pfihradova vyztuz + 2 x Kari sit 6/150x6/150 — Lattice girders + 2 x KARI mesh 6/150x6/150 - Stfikany beton C20/25-XO tl. 70 mm — Shotcrete C20/25-XO, 70 mm thick
- Stfikany beton C20/25-XO tl. 170 mm — C20/25 shotcrete 170 mm thick - 1 x Kari sit 6/150x6/150 — 1 x KARI mesh 6/150x6/150
- Monoliticky zelezobeton C 30/37-XA1, tl. 150mm - Monoliticky Zelezobeton C 30/37-XA1, tl. 150 mm
Cast-in-situ reinforced concrete C30/37-XA1 150 mm thick Cast-in-situ reinforced concrete C30/37-XA1, 150 mm thick
2 Kameninova kyselinovzdornd dlazba 500x200x25; resp. 300x200x25 2 Kameninov4 kyselinovzdorna dlazba 500x200x25; resp. 300x200x25
Stoneware acid-resistant tiles 500x200x25 or 300x200x25 Stoneware acid-resistant tiles 500x200x25 or 300x200x25
3 Kameninovy stokovy Zlabek 120-KZ 1/3 — Stoneware sewer channel 120-KZ 1/3 3 Kameninovy stokovy Zlabek 120-KZ 1/3 — Stoneware sewer channel 120-KZ 1/3
4 PodéInd spara — bentonitovy pasek 18x24 mm, obsah bentonitu nad 70 %, lepeny 4 PodéIna spara — bentonitovy pasek 18x24 mm, obsah bentonitu nad 70 %, lepeny
Longitudinal joint — bentonite tape 18x24 mm, bentonite content over 70 %, glued Longitudinal joint — bentonite tape 18x24 mm, bentonite content over 70 %, glued
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Obr. 2¢ Vzorovy pri¢ny fez ve ti. NRTM 5a Obr. 2d Vzorovy pricny Fez — zvétSeny profil R4 — R10 ve ti. NRTM 4
Fig. 2¢ Typical cross-section for NATM class 5a Fig. 2d Typical cross-section — expanded profile R4 — R10 for NATM class 4
LEGENDA / LEGEND LEGENDA / LEGEND
1 - Paziny Union + vypliova injektdZ (+ochrana pazin stfikanym betonem) 1 - Jehly Roxor pr. 25 mm, dl. 2 m (dle stability pfistropi)
UNION sheet piles + filling grouting (+ protection of sheet piles with shotcrete) Roxor dowels 25 mm dia., 2 m long (depending on top heading stability)
- Ocelova dilni vystroj OR-0-00 K24 - Colliery steel arches OR — 0-00 K24 - Prihradova vyztuz + 2 x Kari sit 6/150x6/150 — Lattice girders + 2 x KARI mesh 6/150x6/150
- Stfikany beton C20/25-XO tl. 210 mm — C20/25-XO shotcrete 210 mm thick - Stiikany beton C20/25-XO tl. 190 mm — C20/25 shotcrete 190 mm thick
- Monoliticky Zelezobeton C 30/37-XA1, tl. 150 mm - Monoliticky Zelezobeton C 30/37-XA1, tl. 600 — 800 mm
Cast-in-situ reinforced concrete C 30/37-XA1, 150 mm thick Cast-in-situ reinforced concrete C 30/37-XA1, 600 — 800 mm thick
2 Kameninova kyselinovzdorna dlazba 500x200x25; resp. 300x200x25 2 Kameninova kyselinovzdorna dlazba 500x200x25; resp. 300x200x25
Stoneware acid-resistant tiles 500x200x25 or 300x200x25 Stoneware acid-resistant tiles 500x200x25 or 300x200x25
3 Kameninovy stokovy Zlabek 120-KZ 1/3 - Stoneware sewer channel 120-KZ 1/3 3 Kameninovy stokovy Zldbek 120-KZ 1/3 — Stoneware sewer channel 120-KZ 1/3
4 Podélna spara — bentonitovy pasek 18x24 mm, obsah bentonitu nad 70 %, lepeny 4 Podélna spara — bentonitovy pasek 18x24 mm, obsah bentonitu nad 70 %, lepeny
Longitudinal joint — bentonite tape 18x24 mm, bentonite content over 70 %, glued Longitudinal joint - bentonite tape 18x24 mm, bentonite content over 70 %, glued

Obr. 2 Typicky pri¢ny rez v raZenych Stoldch
Fig. 2 Typical cross-sections through mined galleries




Obr. 3 Razba Stoly — primdrni osténi $toly
Fig. 3 Gallery excavation — primary lining

pruzkumu bylo 6 % razeb zatiidéno do tiidy NRTM 3. V tomto
dseku se pocitalo s rozpojovanim horniny trhacimi pracemi.
Navrh byl zpracovan s ohledem na okolni zdstavbu a pocital
s vystrojenim §toly pomoci SN kotev délky 1,5-2,0 m ve spoje-
ni s jednou vrstvou ocelovych siti 6/150x6/150 mm a stiikanym
betonem C 20/25 v tloustce 70 mm.

Do tfidy NRTM 4 bylo zafazeno cca 65 % délky razeb. Pfi
razbé v téchto hornindch bylo v omezené mife rovnéZz pouzito
trhacich praci. Cést profilu bylo nutno rozpojovat strojné nebo
rucné. Zajisténi Stoly bylo provedeno ramy prihradové vyztuze
BRETEX ve spojeni s dvéma vrstvami ocelovych sit{
6/150x6/150 mm a stiikanym betonem C 20/25 v tloustce
170 mm. Pfistropi bylo podle potfeby stabilizovdno ocelovymi
jehlami délky 2 m (obr. 3).

Tiida NRTM 5a byla zastizena na 30 % délky razby. Zde roz-
pojovéni horniny probihalo prevdzné bez pouziti trhacich praci,
tj. strojné nebo ru¢né. Trhaci prace byly pouzity omezené jen pri
pristfelovani ¢dsti profilu. Trida NRTM 5a zahrnovala vystroje-
nf $toly pomoci ocelové dilni vyztuze OR—0-00 K24 ve spojeni
s ocelovymi paznicemi UNION typ IV, pres které se provadél
ndstiik stitkanym betonem C 20/25 v tloustce 210 mm.

S ohledem na pouzitou bezkolejovou vodorovnou dopravu ve
Stole byly na celé trase razenych tsekt navrZzeny vyhybny. Profil
Stoly 7,14 m2 byl v misté vyhybny zvétSen aZ na 15,02 m2.

Obr. 4 Definitivni profil stoly — sekunddrni osténi Stoly
Fig. 4 Gallery final profile — secondary lining
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underpinned buildings. The proposed solution diminished
requirements for restrictions on blasting operations, allowing
quicker advance of the excavation of the galleries.

The New Austrian Tunnelling Method (NATM) using the
drill-and-blast was proposed for the excavation of the sewera-
ge gallery itself. The NATM excavation support classes 3, 4
and 5a (see Fig. 2) were proposed on the basis of the geologi-
cal survey. The overburden height varied from 5 m to 20 m.

A method of ground disintegration and the means of support
were designed for each excavation support class. Sections
where blasting could be applied in full extent or only partially
were determined in the design.

The ground environment encountered during the shaft sin-
king and gallery excavation operations consisted of made-
ground (0.0 — 3.0 m), loamy and clayey sands (3.0 — 5.4 m),
the rock formed by slightly weathered, fine-grained paragneiss
(54 — 14.2 m) and moderately weathered to little weathered,
fine-grained paragneiss (14.2 — 23.0 m). The water table was
encountered at the depths of 5 to 7 m. According to the geolo-
gical survey, a proportion of 6% of the excavation was catego-
rised as the NATM class 3. In this section it was assumed that
the rock would be disintegrated by blasting. The design was
carried out taking into consideration the surrounding buil-
dings, with the gallery excavation support comprising 1.5 —
2.0 m long SN anchors, one layer of 6/150 x 6/150 mm steel
mesh and a 70 mm thick layer of C 20/25 shotcrete.

About 65% of the excavation were categorised as NATM
class 4. Blasting was also used, to a limited extent, when dri-
ving through this rock class. A part of the cross section had to
be excavated using mechanical equipment or by hand. The gal-
lery excavation support consisted of BRETEX lattice girders,
two layers of 6/150 x 6/150 mm steel mesh and a 170 mm thick
layer of C 20/25 shotcrete. If necessary, the top heading was
stabilised by 2 m long steel dowels (see Fig. 3).

The NATM excavation class 5a was encountered along 30%
of the excavation length. In this case, the ground was disinte-
grated mostly without blasting, i.e. mechanically or by hand.
Blasting was used to a limited extent, only in the form of con-
tour blasting in a part of the cross section. The the gallery
excavation support for NATM class 5a comprised colliery steel
arches OR — O-00 K24 combined with UNION type IV steel
sheet piles, and a 210 mm thick layer of C 20/25 concrete
sprayed over them.

Taking into consideration the trackless horizontal haulage
used in the gallery, passing bays were designed to be provided
along the whole route of the mined sections. The gallery cross-
section of 7.14 m2 was increased to 15,02 m2 in the passing
bays.

The majority of the excavation was carried out using blas-
ting operations for the rock disintegration. In the locations
where blasting could not be used, rock was disintegrated by
a JCB mini-excavator or by hand, using chippers.

Boreholes 32 mm in diameter were drilled for the blasting.
Blasting operations were performed using medium resistance
detonators of the DeM, Ded and DeP-S types. DANUBITE
explosives were used

The blasting was associated with a blasting design and the
technological procedure, which had to be carried out. These
basic documents described the blasting operations inclusive of
seismic and acoustic measurements, physiological effects of
noise and vibration, measurements of stray currents, calculati-
ons of isoseismal lines and dynamic loads acting on buildings.
The documents were submitted to the Regional Bureau
of Mines in Pribram, which, after several local enquiries,



Obr. 5 Odbocka ke spadistové Sachté SP2
Fig. 5 Branch to drop manhole SP2

U prevdzné &ésti razeb probéhlo rozpojovani hornin pomoci
trhacich praci. V mistech, kde nebylo moZno pouZzit trhaci prace,
se hornina rozpojovala strojné pomoci minibagru JCB nebo
ruéné sbijecimi kladivy.

Pro trhaci prdce byly provedeny vrty o praméru 32-38 mm.
Odstrely se provadély s pouzitim roznécovadel stfedni odolnos-
ti typu DeM, Ded a DeP-S. Pouzitou trhavinou byl DANUBIT.

S trhacimi pracemi souviselo vypracovani ndvrhu trhacich
praci a samotného technologického postupu. Tyto zdkladni
dokumenty obsahovaly technologii provadéni trhacich praci
véetné seizmického a akustického méfeni, fyziologickych d¢in-
ka hluku a vibraci, méfeni bludnych proudu, vypocet izoseist
a dynamického namdhdni stavebnich objekti. Dokumenty byly
predloZeny na OBU v P¥ibrami, ktery po nékolika mistnich 3et-
fenich povolil trhaci prace na vSech usecich. Rozsah trhacich
praci musel byt prizpusoben charakteru okolniho prostiedi
a blizkosti stavebnich objekta. Provddéla se dfedni a prubéznd
méfeni G¢inku trhacich praci. Pii jednordzovych drednich mére-
nich se plo$né prosetfovaly dynamické d¢inky na vét§im poctu
méficich mist (obytnd a ostatni zdstavba, inZenyrské sité apod.).
Tato méfeni méla prokdzat maximdlni hodnoty otfest v mistech
nejvétsiho priblizeni k odstfelu. Méfeni méla rovnéZ poslouZit
k proSetfeni Gtlumu vinéni. Na uréend stanovisté byly osazovany
bateriové vicekandlové prenosné seismografy s operativnim
umisténim snima¢i na uréend mista. Ufedni méfeni zahrnovala
vyhodnoceni dominantnich hodnot rychlosti kmitdni a vlivu
otfest na hodnocené objekty (dle CSN 730040), pfipadné hod-
noceni vibraci. Dédle bylo mozné z méfeni vycist frekvenéni ana-
1yzu, vyhodnoceni drdhy kmita a jejich zrychleni. Vyhodnocend
méfeni méla vliv na dal§i postup razby, potvrzeni spravnosti
technologie a parametra trhacich praci s pfipadnou dpravou vrt-
ného schématu i meznich nédlozi. Tato méfeni byla vykondvédna
pfi zkuSebnich odstfelech (zahdjeni TP na jednotlivych dilech),
pri zméné a tdpravdch meznich ndloZzi, v urfenych stani¢enich
(podchdzeni a priblizeni k zdstavbé). Méfeni se provadéla rov-
néZ pii stiznostech obland na realizované stavebni prace a pri
Setfeni jejich oprdvnénosti. Méfeni automatickymi seismografy
s ddlkovym prenosem dat umoZnovala pruabéZznou kontrolu pro-
vadéni trhacich praci, spravnosti stanovenych ndlozi a dodr-
zovéani pripustnych mezi dynamického zatiZeni sledovanych
objektu.

DuleZitou soucdsti technologie razby byla kontrolni méfeni —
geomonitoring, ktery byl zpracovavan v systému BARAB.
Zahrnoval méfeni na konvergenénich profilech ve $tole (5 bodu).

Obr. 6 Rozplet stoly 1 a Stoly 2
Fig. 6 Bifurcation of gallery 1 and gallery 2

permitted blasting for all sections. The scope of the blasting
operations had to be accommodated to the character of the sur-
rounding environment and the proximity of existing buildings.
Official measurements and continuous measurements of the
effects of blasting were conducted. Wide-area dynamic effects
of blasting were examined during official one-shot measure-
ments on a larger number of measurement points (residential
and other buildings, engineering networks etc.). These measu-
rements were designed to prove the maximum values of vibra-
tion in locations closest to the scene of blasting. In addition,
the measurements were to be used for examining the attenuati-
on of seismic waves. Battery-powered multi-channel portable
seismographs were installed in prescribed locations, with ope-
rative setting of sensors to specified points. The official mea-
surements comprised assessing of peak particle velocity valu-
es and the effect of vibration on the structures being assessed
(to CSN 730040), or assessing vibrations. In addition, it was
possible to use the measurements for performing the frequen-
cy analysis, assessing the vibration path and acceleration. The
assessed results of measurements affected the subsequent
excavation procedure, the confirmation of the correctness of
the technology and parameters of blasting operations, with
contingent modifications of the drilling pattern and limit
weights of charges. These measurements were conducted
during test blasting (performed on the occasions of starting the
blasting on individual sections), when the limit weights of
charges were being changed or modified, at pre-determined
chainages (passing under or getting close to buildings). The
measurements were also carried out when complaints of citi-
zens on the construction work were received, when the justice
of complaints was being examined. Owing to the measure-
ments using the automatic seismographs with a remote data
transfer facility it was possible to continuously check the blas-
ting operations, whether the weight of charges was determined
correctly and the permitted limits of dynamic loads acting on
the structures being monitored were adhered to.

Check measurements (geomonitoring) were an important
part of the excavation technology. They were processed in the
BARAB system, covering measurements in convergence mea-
surement stations installed in the gallery (5 points). These sta-
tions were installed depending on the progress of excavation
toward existing buildings. Where the situation allowed it, mea-
surement points at the ground level were added to the stations.
Parts of the measurements on the surface were measuring of
the tilt of buildings, levelling survey of settlement inside the




Obr. 7 Retenéni pricka s reguldénim Soupétem
Fig. 7 Retention dividing wall with a regulation valve

Tyto profily byly osazovidny podle postupu razby smérem
k zéastavbé. Umoznila-li to situace, byly profily dopliovany
méficimi body na povrchu. Souddsti monitoringu na povrchu
bylo méfeni ndklona budov, nivelaéni méfeni poklest povrchu
v uréené z6n€ ovlivnéné razbou a méreni poklesu hladin vody ve
studnich.

Vodorovna doprava ve Stole byla zajisténa kolovymi ¢elnimi
naklada¢i Lokust 352 schvédlenymi pro priace v podzemi. Pfi
vzddlenosti veétsi neZ 70 m se zfidila sklddka ve vyhybné
a vyuzivaly se dva nakladace.

Vétrani Stoly bylo zajiStovdno lutnovym tahem o profilu
400 mm s vloZzenim nékolika sériové zapojenych ventildtoru pro
zajisténi dostate¢ného odtahu zplodin po odstrelech.

Po vyraZeni §tol se provddéla dprava pocvy na pozadovanou
niveletu s pokladkou $térkového loze, drendZniho potrubi DN
100 mm, geotextilie a podkladniho betonu C 16/20.

Konstrukce definitivniho osténi $tol (obr. 4) byla provedena
z monolitického Zelezobetonu C 30/37 XAl s vdzanou vyztuZzi
a dvéma vrstvami ocelovych siti (vnitini 6/150x6/150 mm, vnéj-
§1 8/150x8/150 mm). Tloustka definitivni nosné konstrukce byla
pouze 150 mm, coZ prindSelo nemalé problémy. Pfi vystavbé pri-
marniho osténi bylo nutné s velkou presnosti vytyCovat smér
Stoly a také kontrolovat tlouStku stfikaného betonu, aby nezasa-
hoval do profilu definitivniho osténi. Podle pozadovanych para-
metra RDS bylo tfeba dodrzovat vnitini kryti vyztuze 20 mm
a vnéjsi kryti 30 mm. Presahy vyztuze v mistech napojeni &inily
problémy pfi betondzi osténi. Bylo nutné zvolit vhodny typ beto-
nu, ktery by vyplnil formu pfes armatury. Pfi betondZi se pouZi-
valo posuvné bednéni celoprofilové pro omezeni poétu pracov-
nich spar a bednéni dvoudilné, které se sklddalo z bednéni svis-
Iych stén. Zbytek profilu tvofila forma klenby. Soucdsti defini-
tivniho osténi bylo také vybudovani retenéni pricky s regulaénim
Soupétem pred spadistovym objektem SP1 (obr. 7) a vybudovéni
odbocky ke spadistové Sachté SP2 (obr. 5).

Vystrojeni podlahy definitivni konstrukce S$toly (zZlab
a pochozi chodnik) bylo provedeno kameninovou kyselino-
vzdornou dlazbou ve formdtu obkladi 500 mm x 200 mm
x 25 mm a kameninového stokového zlabu DN 500. Zejména
v misté soutoku Stoly 1 a Stoly 2 byly prdce na obloZeni nejna-
ro¢néjsi (obr. 6). V misté stavebnich Sachet, které pfi razbach
slouzily jako téZni Sachty, byly budovany spadistové, reguladni
a manipula&ni objekty. Konstrukce té€chto objekta byla provadé-
na jako Zelezobetonova monolitickd s definitivnim vystrojenim
néatoku z kanalizaénich cihel a s obloZenim stén Zulovymi kost-
kami. Soucasti kazdé vstupni Sachty byla ocelova lezni oddéleni
v provedeni nerez.
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zone affected by the excavation and measuring the subsidence
of water surfaces in wells.

Horizontal transport in the gallery was provided by Lokust
352 wheeled loaders, which were approved for working
underground. An intermediate stockpile in a passing bay and
two loaders were used when the distance from the face excee-
ded 70 m.

The gallery ventilation was provided by an air duct 400 mm
in diameter, with several fans connected in series inserted into
it with the objective to secure sufficient exhausting of gases
generated by detonated explosives.

When the gallery excavation had been completed, the bot-
tom was finished to the required level, ballast was spread on it
and drainage DN 100 mm, geotextile and C 16/20 blinding
concrete were placed.

The final lining of the galleries (see Fig. 4) consisted of cast-
in-situ C 30/37 XAl concrete with tie-up reinforcement and
two layers of steel mesh (the inner layer and outer layer dimen-
sions 6/150 x 6/150 mm and 8/150 x 8/150 mm respectively).
The final load-bearing structure was only 150 mm thick. This
design caused significant problems. The horizontal alignment
of the gallery had to be set out with high accuracy while con-
structing the primary lining and the thickness of the shotcrete
layer had to be checked so that it did not extend into the final
lining profile. According to the detailed design, it was neces-
sary to meet the parameters specified for the concrete cover of
20 mm and 30 mm on the inner and outer surface, respective-
ly. Reinforcement overlaps at joints caused problems during
the casting of the concrete lining. It was necessary to select
a suitable type of concrete, which would fill the formwork
through the reinforcement meshes. A full-profile traveller form
was used for the casting with the aim of reducing the number
of construction joints, and a two-piece form consisting of
forms for vertical walls. The remaining part of the profile was
cast using vaulted formwork. In addition, a retention partition
wall with a regulating valve before the drop manhole SP1 (see
Fig. 7) and the construction of a branch to the drop manhole SP
2 (see Fig. 5) were part of the work on the final lining.

The floor of the final gallery structure was provided with
a channel and a walkway coated with acid-resistant tiles
500 mm x 200 mm x 25 mm, and DN 500 mm stoneware sole
tiles. The cladding work was the most difficult first of all at the
confluence of gallery No. 1 and gallery No. 2 (see Fig. 6).
Drop manholes, regulation manholes and handling structures
were constructed in the locations of construction shafts, which
served as hoisting shafts during the course of the excavation.
These cast-in-situ reinforced concrete structures were provi-
ded with inlets clad in sewer bricks and walls clad in granite
sets. Stainless steel ladder compartments were installed in each
manhole.

EVALUATION

The completed construction appears to be very interesting
from the professional point of view. It was carried out under
a dense urban development, which placed huge demands on
the execution of works. Despite the great proportion of the
work carried out in critical areas, the builders managed to pre-
vent the surface settlement and significantly restrict damaging
of buildings on the surface within the settlement trough zone.
Both the levelling survey and measurements of tilting of the
buildings being monitored corresponded to degree one in the
classification of warning states, which is the state of high
degree of safety. These facts point towards the high quality of
the excavation support. This was also confirmed by results of
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VYHODNOCENI

Realizovana stavba se z odborného hlediska jevi jako velice
zajimavd. Stavélo se pod hustou zdstavbou mésta, coz kladlo
vysoké ndroky na provddeéné préce. I prfi velkém objemu staveb-
nich praci v kritickych oblastech se podafilo zamezit poklesum
povrchl a ve vyrazné mife omezit naruseni objektd na povrchu
v poklesové z6né. Jak nivelaéni méfeni, tak méfeni ndklond na
sledovanych objektech odpovidala v klasifikaci varovnych stavu
stupni jedna, coZ je stav vysoké miry bezpecnosti. Uvedené sku-
teCnosti svéd¢i o kvalitnim zaji§tén{ vyrubu, které v prabéhu
vystavby potvrzovala i pravidelnd konvergenéni méreni ve $tole.
Piedpokladem pro hladky prabéh vystavby byla také komunika-
ce s mistnimi obyvateli pfimo dotéenymi vystavbou, a to hlavne
pred zahdjenim praci. V prubéhu vystavby bylo ze strany obyva-
tel zaznamendno minimum stiZznosti. Za zminku stoji i dals{
dalezité momenty vystavby, které se bez vétsich problému poda-
filo zvladnout, napfiklad:

regular convergence measurements conducted during the cour-
se of the construction in the gallery. One of the conditions for
the smooth progress of the construction was the communica-
tion with local residents directly affected by the operations,
first of all before the works commencement. Only a minimum
of complaints were received from local residents during the
construction. Worth mentioning are also other significant issu-
es of the construction which were coped with bigger problems,
for example
e great demands for accuracy of the work (zero tolerance
between the primary and secondary linings) as far as the
direction of the excavation and the thickness of the final
lining were concerned
e high demands on the main underground surveyor securing
the correct horizontal and vertical alignment of the mined
gallery (long distances between individual shafts (manho-

« vysoké ndroky na presnost provadénych praci (nulov tole- les) and the fact that the mined sections were not straight)

rance mezi primdrnim a sekunddrnim osténim) ve vztahu ke
sméru dila a zajisteni tloustky definitivni obezdivky,

The contractor stood up to many influences making the con-
struction works unpleasant. Of the most interesting it is pos-

 vysoké poZadavky na hlavniho dilniho méfice s ohledem na sible to mention for example the following:

smérové a vySkové vedeni dalniho dila (velké vzddlenosti e the execution of the works in close vicinity of existing

mezi jednotlivymi Sachtami a raZené useky nevedené
v pfimce).

Zhotovitel dila se potykal s mnoha vlivy, které zneprijemtio-

valy vystavbu. Z téch nejzajimavéjsich 1ze jmenovat napriklad:

e provadéni praci v t€sné blizkosti inZenyrskych siti a s tim
souvisejici nutnost vystavby nékolika prelozek,

e provddéni armatury osténi $toly ve zna¢né stisnénych pod-
minkdch a s velice sloZit¢ ohybanou vyztuZnou siti
8/150x8/150 mm z duvodu nulové tolerance ve skladbé defi-
nitivniho osténi (tloustka prutd, vyztuZnych siti, zajisténi
vnéjsiho a vnitiniho pnuti vyztuZe, instalace t€snicich prvku
na pracovnich sparach),

¢ znaény objem praci na stisnéném a omezeném poctu praco-
vist' ve vztahu ke splnéni terminu dila podle uzaviené
smlouvy o dilo,

e Casté privalové desté, které omezovaly provadéni praci
a zpusobovaly $kody na zafizeni stavenisté i ve vlastnim
dile,

e dlouhé vzddlenosti dopravované betonové smési pri budo-
van{ definitivni konstrukce sbérace.

Velkd pozornost zhotovitele dila byla ddle zaméfena na:

e uvedeni rezimu podzemnich vod po ukonceni praci do
puvodniho stavu,

* snahu zamezit poklestim a ztratdm vody v soukromych stud-
nich,

* vysokou kvalitu pohledovych betond a maximdlni pfesnost
pokladané dlazby,

 prubézné uspokojovdni velkych pozadavku spravce stavby
souvisejicich se vztahem k okoli (napfiklad dodrzovani
hygienickych hodnot hluku, povolenych hodnot prasnosti
atd.), coZ omezovalo prace v no¢nich hodindch,

e znacné zdbory komunikaci a s tim spojend dopravni omeze-
ni v centru mésta.

JIRI RU T, jiri.rut@metrostav.cz,

ING. MARTIN CIMALA, martin.cimala@metrostav.cz,
METROSTAYV a.s.,

ING. OTAKAR FABIAN, fabian@pragoprojekt.cz,
PRAGOPROJEKT, a. s.

Recenzoval: Ing. Jan Korejéik

engineering networks and the necessity related to it to
carry out several diversions

¢ the installation of the reinforcement of the gallery lining
in significantly constricted conditions, using 8/150 x
8/150 mm steel mesh bent in a very complicated way with
the aim of complying with the zero tolerance in the com-
position of the final lining (the thickness of reinforcement
bars and steel mesh mats, securing the position of the
inner and outer reinforcement layers, installation of sea-
ling elements in construction joints)

* significant volume of the work to be carried out in con-
strained conditions of a limited number of work places in
respect of the contractual deadlines

e frequent storm rainfalls hampering the execution of the
works and causing damage to site facilities and the works
themselves

¢ long distances for transporting concrete mix during cas-
ting of the final lining of the collector sewer

Considerable attention of the contractor was further focu-

sed on:

e restoration of the ground water regime to the original con-
dition after the works completion

* the efforts to prevent the settlement and losses of water in
private wells

e high quality of architectural concrete finishes and maxi-
mum accuracy of placing floor tiles

e continuous satisfying of great requirements of the con-
struction administrator associated with the relationship to
the surroundings (e.g. continuous observing of sanitary
limits for noise, approved rates of airborn dust etc.), which
put significant restrictions on the night-time work

e considerable requirements for occupation of roads and
traffic restrictions in the centre of the town associated
with them.

JIRI Rl?T, Jiri.rut@metrostav.cz,

ING. MARTIN CIMALA, martin.cimala@metrostav.cz,
METROSTAYV a. s.,

ING. OTAKAR FABIAN, fabian@pragoprojekt.cz,
PRAGOPROJEKT, a. s.
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FOTOREPORTAZ Z PRIPRAVY NASAZENI TUNELOVACICH STROJU
TBM - EPB NA PRODLOUZENI TRASY VA PRAZSKEHO METRA

PICTURE REPORT FROM THE PREPARATION OF THE DEPLOYMENT
OF FULL-FACE SHIELDED EPB TUNNELLING MACHINES
ON THE EXTENSION OF PRAGUE METRO LINE VA

“ - .
e — | -

Obr. 1 Primdtor hlavniho mésta Prahy MUDr. Bohuslav Svoboda pFi projevu
pred slavnostnim kitem prvniho TBM — EPB dne 21. 3. 2011

Fig. 1 Mr. Bohuslav Svoboda, Lord Mayor of the City of Prague, speaking
during the event of christening the first EPB machine on 215 March 2011

Obr. 3 ... a pod dohledem sv. Barbory
Fig. 3 ... and under “supervision” of Saint Barbara

Obr. 5 TBM - EPB ,,Tonda‘ ve své plné sile a krdse
Fig. 5 EPB machine ,,Tonda“ — a symbol of power and beauty

Obr. 2 Vlastni kiest probéhl za velké pozornosti novindri ...
Fig. 2 The christening itself took place attracting great attention of journalists ...

- —

Obr. 4 Prvni tunelovaci stroj dostal jméno Tonda, které pro néj vybrali détsti
pacienti onkologické kliniky FN Motol

Fig. 4 The first tunnelling machine was given the name of Tonda; it was chosen
by patients of the Clinic of Paediatric Surgery, the Faculty Hospital in Motol

Obr. 6 Sestru Tondy EPB — TBM ,,Adélu‘ prevzal Metrostay a. s. 24. 3. 2011
ve vyrobnim zdvodé firmy Herrenknecht AG ve Schwanau
Fig. 6 Tonda’s sister, the full-face EPB machine “Adéla”, was taken over by
Metrostav a. s. at Herrenknecht AG factory in Schwanau on 24" March 2011
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FOTOREPORTAZ ZE STAVBY TUNELOVEHO KOMPLEXU BLANKA
PICTURE REPORT OF BLANKA COMPLEX OF TUNNELS
CONSTRUCTION

Obr. 1 Vystavba hloubenych tunelii v jamé Patockova
Fig. 1 Construction of cut-and-cover tunnels in Patockova construction trench

Obr. 3 Celba Jizniho tunelu Brusnice
Fig. 3 Excavation face in the southern tube of the Brusnice tunnel

- = y
Obr. 5 Rampa Svatovitskd ve stavenisti Prasny most
Fig. 5 Svatovitskda ramp at Prasny Most construction site

Obr. 2 VyztuZ klenby definitivniho osténi severniho tunelu Brusnice
Fig. 2 Reinforcement of the vault of the final lining of the northern tube of
the Brusnice tunnel

Obr. 4 Prordzka severniho tunelu Brusnice 11. 4. 2011
Fig. 4 The breakthrough of the northern tube of the Brusnice tunnel

i

Obr. 6 Stavebni jama Prasny most, podkladni betony dilatacniho dilu PG1
Fig. 6 Prasny Most construction pit, blinding concrete in expansion block
PGI
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Obr. 7 Stavebni jama dilatacniho dilu SJ10 v ulici Milady Hordkové Obr. 8 Otvor poZdrniho vétrani v dilataci D4 JTT na Letné
Fig. 7 Construction trench for expansion block SJ10 in Milady Hordkové Street Fig. 8 An opening for fire ventilation in expansion block D4, STT in Letnd

Obr. 10 Propojent vzduchotechnického kandlu 04 a severniho tunelu pod Letnou
Fig. 10 Interconnection of ventilation duct 04 and northern tunnel tube
under Letnd

Obr. 9 Otvor pro vétraci klapky v délici sténé mezi rampami 2/3 U Vorliku
Fig. 9 An opening for dampers in the dividing wall between ramps 2/3 U Vorlikit

Obr. 11 Napojeni kandlu 04 - 11 v raZené strojovné vzduchotechniky
Fig. 11 Connection of duct 04 in the mined ventilation plant cavern

~ .
Obr. 13 Definitivni osténi strojovny vzduchotechniky a napojeni TGC4
Fig. 13 Final lining of the ventilation plant cavern and connection to the Obr. 14 Vystavba TGC6 a klenbovych tunelu v Troji
services building TGC 4 Fig. 14 Construction of services centre TGC6 and vaulted tunnels in Troja




Kvalita, pfesnost a diislednost v kaZzdém detailu. Spoleéna koordinovana prace lidi

desitek obori a profesi. Schopnost fesit naroéna zadani a odvaha hledat nova feseni.

Je tohle uméni? MoZna ne. Jen to dobre umime.

Quality, accuracy and consistency in every detail. The coordinated effort of professionals

from many fields. The ability to solve problems and the courage to search for new approaches.
Is this an art-form? Maybe. In either case we do it well.

1|2 1/ Kanalizaéni §lnola, Tdhor / Sewerage gallery, Tabor
2/ Spadilova Sachta pro MO Blanka / Drop manhole for the Blanka complax of tunnals project
3/ Kolektor Vaclavské ndmésti, Praha / The Wenceslas Square utility tunnel, Prague
4/ Kabelovy tunel Vitava, Praha / The Vitava utility tunnel, Prague

Metrostav a.s., divize 1
www.metrostav.cz ll'le'l'H@STal.l

tlen DDM Group




\, Monitézni sachta pro TBM = "u"ﬂéi'éh
S L g

HOCHTIEF




20. rocnik - €. 2/201

Tunelové klapky TROX série JFM

Firma TROX GmbH dodava tunelové klépky )

TROX Austria GmbH,
- organizadni slozka,

Dablicka 2, 182 00 Praha 8,

tel. 283 880 380, fax. 286 881 870
www.trox.de

mail. trox@trox.cz

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

7. FORUM KOLAJOVEJ DOPRAVY
7™H FORUM OF RAIL TRANSPORT

The international conference “The 7th Forum of Rail
Transport” was held in Bratislava on 15th and 16th March
2011. The conference objective was to stress the need for
developing railway and urban rail traffic in Slovakia and link
it to the European Union’s strategy in this field. One of the key
topics was seeking a solution and sources for quicker moder-
nisation of rail tracks and integration of railway transport into
the transport infrastructure in Slovakia and the trans-European
rail network. In the framework of the conference, the prize
“Personality of rail and urban rail transport in Slovakia” was
awarded for the first time in Slovakia. The winner received it
from Ing. Vladimir Iuptdk, general director of ZSR (Slovak

Railways) and Ing. Slavomir Podmanicky for Spolo¢nost’

PSKD.

V dnoch 15. a 16. 3. sa v Bratislave uskuto¢nila medzind-
rodna konferencia 7. Forum kolajovej dopravy, ktorej cielom
bolo vyzdvihnit potrebu rozvoja Zelezni¢nej a mestskej kola-
jovej dopravy na Slovensku a nadviazat'na stratégiu Eurépskej
dnie v tomto smere. Jednou z klicovych tém bolo hladanie rie-
Seni a zdrojov na rychlejSiu modernizdciu Zelezni¢nych trati
a integrdciu Zelezni¢nej dopravy do dopravnej infraStruktiry
Slovenska, ako aj do transeurdpskej Zelezni¢nej siete. V ramci
konferencie sa po prvykrat na Slovensku udelovalo aj ocene-
nie ,,Osobnost’ Zelezni¢nej a mestskej kolajovej dopravy na

Slovensku*, ktoré vitazovi odovzdali generilny riaditel ZSR
Ing. Vladimir Cuptdk a Ing. Slavomir Podmanicky za Spolo¢nost’
PSKD.

V rdmci medzindrodnej konferencie odznelo 30 odbornych
prispevkov, ktoré boli rozdelené do Siestich ucelenych blokov.
Po prvykrit bol samostatne vytvoreny blok Tunely.

Celkovo sa konferencie ziicastnilo 240 dcastnikov z rdznych
krajin ako Cesk4 republika, Bulharsko, Rakisko, Nemecko,
Finsko, Portugalsko, Svédsko ¢i gvajéiarsko.

Blok Tunely pozostdval z troch komerénych prezentacii
a z piatich odbornych prednasok.

V prvej prednaSke sa Ing. Jdn KusSnir zo spolocnosti
REMING CONSULT, a. s., zameral na prezentdciu siedmich
projekéne pripravovanych Zelezni¢nych tunelov vrdmci
modernizdcie Zelezni¢nej trate na useku Liptovsky Mikuld§ —
Poprad. Zaujimavostou je pouZitie réznych postupov vystavby
tunelov, od klasickej NRTM, cez pouzitie TBM aZ po razenie
tunela pod vopred vybudovanym stropom (podrobne v samo-
statnom ¢lanku tohto Cisla Casopisu).

Ako druhy predniesol Ing. Alex Sala z Amberg Engineering
zo Svajtiarska prehlad priebehom stavebnych préc pri preraz-
ke najdlhSieho Zelezni¢ného tunela na svete — tunela Gotthard.
Tunel sa nachddza na novej Zelezni¢nej trati prechddzajicej
popod Alpy, ktord napija Svajéiarsko do vysokorychlostnej
siete Zeleznic. Dizka tunela je 57 km, tvoreny je dvoma




Obr. 1 Zlava Ing. Slavomir Podmanicky, vediici sekretaridtu spo-
lo¢nosti PSKD, drZitel’ ocenenia Osobnost’ Zelezni¢nej a mestskej
kolajovej dopravy na Slovensku, Ing. Jozef Antos, moderdtorka
Vera Wisterovd a generdlny riaditel’ ZSR Ing. Vladimir Luptdk
Fig. 1 Pictured left to right — Ing. Slavomir Podmanicky, head of
secretariat of Spolo¢nost’ PSKD, Ing. Jozef Antos, the holder of the
prize “Personality of rail and urban rail transport in Slovakia”,
Vera Wisterovd, presenter, and Ing. Vladimir Luptdk, general
director of ZSR

separdtnymi tunelovymi rdrami s mnoZstvom priec¢nych pre-
pojeni, s viacerymi unikovymi cestami na povrch a dvoma
podzemnymi prepojkami oboch tunelovych rir umoZznujicimi
prechadzat vlakovym sipravam z jednej tunelovej riry do dru-
hej. Slavnostnd prerazka tunela (razenie pomocou TBM) bola
15. oktébra 2010 a pldnované sprevdadzkovanie tunela je
v roku 2016.

V dvoch daliich predndskach projektanti Ing. Branislav
Neuschl a Ing. Robert Zwilling zo spolocnosti Basler &
Hofmann Slovakia, s. r. 0., detailnejSie rozobrali projektovi
pripravu tunelov Zamcisko (155 m, NRTM), Dibrava (1330
m, NRTM) a Palidza (630 m, razenie pod stropom) nachad-
zajicich sa na modernizovanej trati medzi Liptovskym
Mikuldsom a Popradom. Ing. Neuschl sa vo svojej prednaske
dotkol aj problematiky protipoZiarnej bezpecnosti v tuneloch
a prizvukoval potrebu vypracovania zdviznych predpisov ako

HERRENKNECHT FORMWORK DAYS 2011
HERRENKNECHT FORMWORK DAYS 2011

The Herrenknecht Formwork Days seminar was held by
Herrenknecht company on 3td — 4th March 2011. The venue
was the Colosseo hotel in the Europa-Park, an amusement
park found near Schwanau, the seat of the factory producing
Herenknecht full-face shielded tunnelling machines. Part of
the seminar was an opportunity to visit the factory shops.

The seminar was focused on reinforced concrete segmen-
tal linings, which are used in mechanical driving using full-
face shielded tunnelling machines. The total of 11 lectures
were presented during the two days; they were heard by
approximately 200 attendees from various European count-
ries. The topics comprised the concrete mixture, reinforce-
ment, forming technology, sealing of joints, connecting
joints with bolts, production logistics, storage and transport
of segments, defects of segments, experience from various
projects etc.
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Obr. 2 Odbornd exkurzia — severny portdl tunela Turecky vrch
Fig. 2 Technical excursion — the northern portal of the Turecky
vrch tunnel

zékladného podkladu pre projektovanie tunelov, ktoré na
Slovensku absentuju, resp. st pouzivané zahrani¢né smernice
¢i predpisy.

V poslednej predndske bloku Ing. Jdn Husdk, zamestnanec
ZSR, predstavil histériu, si¢asnost’ a budicnost’ Zelezniénych
tunelov na Slovensku. V 19. storo¢i — v storoci pary bolo u nas
postavenych 22 Zelezni¢nych tunelov. Najstarsi je Lamacsky
(dnes Bratislavsky ¢. 1) z roku 1848. Najviac¢si rozmach
vystavby bol v medzivojnovom obdobi v rokoch 1918-1940.
V roku 1966 dokoncenim dvoch tunelov na trati Podolinec —
Plave¢ bola vystavba tunelov na dlhé roky ukoncend.
V stcasnosti je na tratiach ZSR prevadzkovanych 75 tunelov
v celkovej stavebnej dizke 43,5 km.

Sucastou konferencie bola aj odbornd exkurzia na stavbu
dvojkolajného Zelezni¢ného tunela Turecky vrch, ktory sa
buduje v ramci modernizacie Zelezni¢nej trate na rychlost’ 160
km/hod v dseku Nové Mesto nad Vahom — Pichov. Pre mno-
hych bola tato exkurzia zaujimav4 a jedinecnd, o Com svedci aj
ucast’ zahraniénych hosti.

ING. JAN KUSNIR, kusnir@reming sk,
REMING CONSULT, a. s.

Obr. 1 Pohled do sdlu
Fig. 1 A view of the factory
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Obr. 2 Uvodni piedndska Dr. Martina Herrenknechta
Fig.2 Opening lecture delivered by Dr. Martin Herrenknecht

Ve dnech 3.—4. brezna 2011 se uskute¢nil seminaf Formwork
Days 2011 organizovany firmou Herrenknecht. Mistem koné-
ni akce byl hotel Colosseo lezici v zdbavnim parku Europa-
park nedaleko Schwanau, kde je vyrobna plnoprofilovych
tunelovacich stroju firmy Herrenknecht. Soudasti semindre
byla i moZnost prohlidky vyrobnich hal.

Semindr byl zaméren na segmentova osténi z prefabrikova-
ného Zelezobetonu, kterd jsou pouZivdna pri mechanizované
razbé pomoci plnoprofilovych tunelovacich stroju. Béhem
dvou dnu bylo predneseno 11 prezentaci, semindre se zilast-
nilo pfiblizné 200 dlastnikd z ruznych evropskych zemi.
Prezentovand témata zahrnovala betonovou smés, vyztuZeni,
technologii forem, t€snéni segmentl, spojovdni segmentu
Srouby, logistiku vyroby, skladovdni a dopravy segmentu,
defekty segmentu, zkuSenosti z ruznych projektu, atd. Nékteré
z prednasek jsou popsany podrobnéji v nasledujicim textu.

V udvodni predndSce Dr. Martin Herrenknecht uvedl infor-
mace o soucasném vyvoji v oblasti tunelovacich stroju.
V predndsSce byla uvedena rada realizovanych ¢&i pripravova-
nych tunela (napt. Hallandsas ve Svédsku, Lake Mead v USA,
Finne v Némecku, Socatop pro A86 ve Francii, Orlovski
v Rusku, SMART v Malajsii, Gotthard ve Svycarsku, atd.).
Mimo jiné byl také predstaven nejvétsi tunelovaci stroj —
zeminovy $tit o praméru 15,55 m pro italsky silni¢ni tunel
Sparvo, jehoZ vyroba byla dokoncena v lonském roce.

Prednaska Dietera Hansela ze spole¢nost Bekaert Gmbh byla
zaméfena na vyrobu segmentl z vldknobetonu. Alternativni
zpusob vyztuZeni miZe znamenat v porovndni s béZnym Zele-
zobetonem fadu vyhod (jednodussi vyroba, niZsi spotieba ocelli,
atd.). Byly prezentovany nekteré projekty, na kterych byly seg-
menty z vldknobetonu vyuzity (CTRL v Anglii, STEP v Abu
Dhabi, Wehrhahnlinie v Diisseldorfu, atd.).

Obr. 3 Uéastnici semindre
Obr. 3 Seminar attendees

Dr. Ulrich Maidl z Maidl Tunnel-consultants Gmbh prezen-
toval naro¢ny projekt vystavby trasy metra 12 v Mexico City.
Projekt je realizovdn v méstském prostredi, kde dlouhodobée
dochdzi k seddni povrchu cca 30 cm za rok (prostredi velmi
mékkych jila)! NadloZi tunelu se pohybovalo od 1 do 1,5 pro-
filu tunelu (vnitini pramér 9,1 m). Béhem pripravy byla moc-
nost osténi zvysena z 32 cm na 40 cm a vyztuZzeni segmenta
bylo zvySeno na 300 kg/m3.

Dipl.-Ing. Tim Babendererde z firmy Babendererde
Engineers se ve své prezentaci zaméfil na praktické zkuSe-
nosti s poSkozenim segmentu. Hlavn{ pfi¢iny poskozeni seg-
mentu byly rozd€leny na vnitini (napf. kvalita betonu, poloha
vyztuze, vzduchové bubliny v prostoru tésnéni, atd.) a vnejsi
(napf. nedostate¢ny tlak pfi instalaci segmenti, nepfesnd
poloha osazeni segment, atd.). MoZné problémy byly ilustro-
vany radou praktickych ukdzek.

Dipl.-Ing. Rudi Podjadtke ze spolecnosti Bochumer
Eisenhiitte Heintzmann predstavil zpuisoby zajisténi poddaj-
nosti segmentového osténi pomoci ruznych variant stladitel-
nych ocelovych prvka vloZzenych do prstencu segmentového
osténi. Podle autora je mozné pii vyuZiti danych prvku zajis-
tit vodotésnost osténi. Vzhledem k vyS§im konvergencim je
vSak nutné v danych pripadech zvétsit velikost profilu tunelu.

Semindf probehl ve velmi prijemné atmosfére, soucdsti
semindfe byla mimo jiné projizdka na horské drdze & §panél-
sko-maursky vecer. Dal$i obdobny seminar se pravdépodobné
uskutecni v roce 2014.

DOC. ING. MATOUS HILAR, Ph.D.,
hilar@d2-consult.cz,
D2 CONSULT PRAGUE,s. r. o.

ZASEDANI VYBORU PIARC C4 PRO SILNICNI TUNELY V CINE
PIARC C4 COMMITTEE MEETING ON ROAD TUNNELS IN CHINA

The south Chinese town of Xiamen hosted
the meeting of the technical committee on
road tunnels “Road Tunnel Operation” at the
end of March 2011. The Czech Republic was
represented by Prof. Pavel Pfibyl from
Eltodo EG. The two-day meeting of the com-
mittee was attended by 400 Chinese profes-

sionals. European professionals, mostly from
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Europe, presented papers on the maintenance
and reconstruction of tunnels carrying very
busy traffic, tunnel control systems or discus-
sed conclusions following from new emission
standards for ventilation design. Prof. Pribyl
published outputs from the research project
OPTUN concerning the training of operators,
E-learning and a simulator of emergency
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Obr. 1 Cdst schematického podélného profilu tunelu Xiangan
Fig. 1 Part of the Xiangan tunnel longitudinal profile

situations. This topic received significant response because
China has 1600 tunnels in operation and it is in particular the
training of operators and maintaining of their skills that pose
a serious problem.

An interesting presentation and following excursion led the
attendees to the Xiangan tunnel, which connects the town of
Xianmen, lying on an island, with the mainland. The conne-
ctions in the town are provided by many modern bridges.
Nevertheless, owing to frequent typhoons, the decision was
made to construct a sub-sea tunnel in the difficult geological
conditions. The total length of the tunnel amounts to 6 km;
4.2 km of that length lie under the sea. The distance between
the two triple-lane tunnel tubes is 52 m; an escape and servi-
ce tunnel runs in the middle between them. The greatest
depth under the sea surface is 70 m and the average distance
above the bottom is 30 m; the maximum longitudinal gradi-
entis 3 %.

Svétova silniéni organizace, v angli¢tiné PIARC
(Permanent International Association of Road Congresses)
je nejvyznamnéjsi organizaci, zabyvajici se silni¢ni dopra-
vou. Jejimi ¢leny je 118 vlddnich organizaci, které zasedaji
ve 20 technickych komisich ve Ctyfech strategickych téma-
tech.

JihoCinské meésto Xiamen hostilo koncem bfezna t.
r. zasedani technického vyboru pro silni¢ni tunely ,,Road
Tunnel Operation, v némz Ceskou republiku reprezentuje
prof. Pavel Pribyl z Eltodo EG. Vybor se nezabyva jen ndvr-
hem tunelt, jak tomu bylo v 60. a 70. letech, ale sleduje cely

Obr. 2 Razba tunelu byla provddéna konvenéni metodou
Fig. 2 Tunnel excavation was carried out using a conventional
method

fetézec zivota tunelu, a to od jeho ndvrhu, pfes provoz, aZ po
pripadnou renovaci. Vyznamnou roli hraji i organizani
vazby zajiStujici provoz a feSeni mimorddnych uddlosti
a déle je stfedem zdjmu i rozhrani na uzivatele tunelu, tedy
fidi¢e. VSechny aktivity maji spoleéného jmenovatele, kde
jsou tfi slova: bezpecnost, efektivita a ekologi¢nost.

Vybor pro tunely byl zaloZen jiZ v roce 1956 a ihned se
zalal zabyvat optimalizaci geometrie tunelu, ventilaci apod.
Podnétem byla kniha, kterd vyS$la v roce 1995 pééi hlavniho
vyboru Prvni silni¢ni tunel, kterou napsal Sir A. M. Wood. Za
dalSich patndct let vySlo 24 tituld, které zdsadnim zptusobem
menily nebo spi§ sjednocovaly nazor na urCitou problemati-
ku a ze kterych Eltodo vychézelo pri tvorbé vSech technic-
kych standardu. Zakladni oblasti, které jsou rozvijeny
v tomto cyklu:

e ZlepSeni provozovani a tdrzby tunelu (organizace mana-
gementu tunelu, vliv evropské direktivy, praktické pri-
klady tréninku obsluh).

* Rizeni a kontrola bezpe&nosti tuneli a management rizik.

e Chovéni uZivateld tuneld.

e Optimalizace ventilace tunelt a omezeni{ G¢inku poZédru.

e Ohodnoceni dosavadnich znalosti o tunelech a jejich
Sifeni.

Pro vySe uvedené oblasti vybor zpracoval deset zdsadnich

dokumentu:

1. Recommendations for strategic tunnel safety manage-
ment.

2. Good practice for road tunnel emergency exercises.
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Obr. 3 Pohled na jeden z portdlu
Fig. 3 A view of one of the portals
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3. Management of maintenance and technical inspections
of road tunnels.

. Life cycle aspects of electrical road tunnel equipment.

. Current practice for risk evaluation of road tunnels.

. Improving safety in existing tunnels.

. Drivers’ education.

. Vehicle emissions and air demand for ventilation.

. Design fire characteristics for road tunnels.

10. Road Tunnel Manual and Road Tunnel Dictionary.
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Dvoudenniho zaseddni vyboru C4 se Gcastnilo 20 zemi. Na
vybor navazovala mezindrodni konference, které se ticastnilo
400 &inskych odborniku. PfevdZzné evropsti odbornici zde
méli predndsky na téma ddrzby a rekonstrukci velmi zatize-
nych tuneld, zpusobu fizeni soustavy tunelt nebo diskutova-
li zavéry vyplyvajici z novych emisnich standarda pro névr-
hy ventilace. Prof. Pribyl publikoval vystupy vyzkumného
projektu OPTUN na téma vyuky obsluh, eLearningu
a trenazéru simulujiciho mimorddné situace. Toto téma se
setkalo se zna¢nou odezvou, nebot Cina provozuje 1600
tunelt a pravé trénink a udrZovdni znalosti dispeleru je
vazny problém. Jisté se zde naskytd i dobrd obchodni prileZi-
tost k praniku do zahranid&i.

Ze je v Ciné neuvéfitelny stavebni boom, dosvédEovaly
nejenom desitky jefdbu pfi pohledu na jakoukoli svétovou stra-
nu, ale i predndsky tykajici se vystavby tuneli. Kromé soucas-
né vystavby (ddajn€) stovky tuneld se rozviji teoretickd
zdkladna. Pro zajimavost bude uvedeno pdr titula predndsek:
Analysis on mechanical characteristics and safety of seconda-
ry lining structure for karst tunnel under high hydraulic pres-
sure; Measurement technologies of looseness range and
secondary stress and prevention of hazard in deeply buried
highway tunnels; Design of pseudo wall method in skew extra-
vation portal for highway tunnel.

Zajimavd prednaska i ndslednd exkurze nas zavedly do
tunelu Xiangan, ktery spojuje mésto Xiamen, lezici na ostro-
vé, s pevninou. Mésto je spojeno mnoha modernimi mosty,
ale kvuli Cetnym tajfunim bylo rozhodnuto vybudovat
v nelehkych geologickych podminkdch podmorsky tunel. Ten
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Obr. 4 Ridici dispelerské stredisko tunelu Xiangan
Fig. 4 Xiangan tunnel control centre

ma celkovou délku 6 km, z toho pod morem lezi 4,2 km.
Tvori jej dvé tiipruhové trouby vzdélené od sebe 52 m, pri-
¢emz v polovicni vzdalenosti je tnikovy a servisni tunel.
Nejvétsi hloubka pod hladinou je 70 m a pramérnd vzddle-
nost ode dna je 30 m, podélny sklon je maximaln€ 3 %.

Obe¢ trouby jsou propojeny 12 tnikovymi cestami a 5 pro-
pojkami pro vozidla. Cely tunel navrhovali a staveli ¢in§ti
odbornici a doba vystavby byla 4 roky a 8 mésicu.
Geologické podminky byly mimofadné slozité. Tunel pro-
chdzi mnoha zvétralymi vrstvami a navic v délce asi 450 m
i vrstvami pisku pfimo propojenymi s mofem. Na predndsce
ukazovali hruzostra§né video s vodou valici se z téchto vrs-
tev. Redenim bylo ,pfedsazovéni* ochranné zdi pred dohoto-
vovanym Usekem.

Tunel je vybaven modernim zafizenim odpovidajicim
evropskym standardum a je fizen z velkého dispecerského
centra.

PROF. ING. PAVEL PRIBYL, CSc., pribylp@eltodo.cz,
ELTODO EG, a.s.

KONFERENCE GEOTECHNICAL INSTRUMENTATION AND MONITORING, LONDYN 2011
GEOTECHNICAL INSTRUMENTATION AND MONITORING CONFERENCE LONDON 2011

An international conference ,,Geotechnical Monitoring and
Instrumentation was held on the 17th March 2011 in
London. A Pre-conference workshop called ,,Fundamentals of
Geotechnical Monitoring and Instrumentation” took place on
the 16th March.

The pre-conference workshop led by Mr. John Dunnicliff
was focused on the latest information about geotechnical
monitoring equipment, instrumentation and practise. Both
,classical* sensors as well as newly developed monitoring
systems were introduced: from vibrating wire displacement
transducer to satellite imaging technology for settlement
detection. Explanation of measurement principles, installa-
tion, data acquisition and evaluation was given together with
details from the experience of each lecturer. Mr. John
Dunnicliff also announced the March issue of his on-line
magazine ,,Geotechnical Instrumentation News®. It is
a professional source of theoretical and practical informa-
tion on monitoring. Free download is available at
http://www.bitech.ca/instrumentation_news.php.

The scope of the conference was the application of geo-
technical monitoring for mitigating risk. Most presentations
were based on case studies like monitoring during the con-
struction of the Heathrow Airport Terminal 2A or at the
Crossrail project. Very interesting event was a panel debate
about the statement ,,Monitoring is only of value on large pro-
jects®.

Several new monitoring techniques were introduced. For
example acoustic emission measurement which was presented
by professor Dixon. This method can be used for slope move-
ments monitoring. A wave guide with sensors installed into
the subsoil captures acoustic emission induced by soil partic-
les when the subsoil deformation occurs.

The conference and workshop was a very good opportuni-
ty to obtain an up to date overview of European geo-monito-
ring.

Mezinarodni konference Geotechnicky monitoring a instru-
mentace se konala 17. brezna 2011. Semindf (workshop)
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nazvany Zdklady geotechnnického monitoringu predchézel Tématem konference bylo vyuziti geotechnického monito-
konferenci a uskute¢nil se 16. bfezna. ringu k snizovéni rizik. VétSina pfispévku vychdzela z pri-
padovych studii jako kontrolni sledovani pri vystavbé Termi-
nalu 2A leti§té Heathrow nebo v projektu Crossrail. Velmi
zajimavou uddlosti byla panelova diskuse na téma Monitoring
je hodnotny pouze pro rozsdhlé projekty.

Semindr pred konferenci vedeny Johnem Dunnicliffem
byl zaméren na nejnovéjsi informace o vybaveni pro geo-
technické kontrolni sledovani, vystrojovani a provadeén{
monitoringu. Byly predstaveny ,klasické* snimace i nové
vyvijené monitorovaci systémy: od strunového snimace
posunu po technologii satelitniho snimkovani pro detekci
seddni. Principy meéfeni, instalace, sbér dat a vyhod-
nocovani byly vysveétleny spole¢né s podrobnostmi ze zku-
Senosti kazdého prednésejiciho. John Dunnicliff také ozna-
mil bfeznové vydani svého online Casopisu Geotechnical
Instrumentation News. Je to profesiondlni zdroj teoretic-
kych i praktickych informaci o monitoringu. StaZzeni je

zdarma dostupné na http://www.bitech.ca/instrumenta- ING. MAREK ZALESKY, Ph.D., zalesky@arcadisgt.cz,
tion_news.php. ARCADIS Geotechnika, a. s.

Bylo predstaveno nékolik novych technik kontrolniho sledova-
ni. Napriklad méfeni akustické emise, které prezentoval profesor
Dixon. Tato metoda muZe byt pouZita pro monitoring svahovych
pohybu. Vodi¢ zvukového vinéni se snimacdi osazeny do podlozi
zachycuje akustickou emisi zrn zeminy, kdyZ nastane deformace
podlozi.

Konference a seminar byly velmi dobrou prileZitosti pro
ziskani aktudlniho prehledu o evropském geomonitoringu.

KONFERENCE TUNNELS AND UNDERGROUND CONSTRUCTION TURKEY
CONFERENCE ,TUNNELS AND UNDERGROUND CONSTRUCTION TURKEY*

The international conference ,,Tunnels and Underground a zahrnuje jak modernizaci stdvajici sité, tak i zcela nové
Construction Turkey* was held in Istanbul, Turkey, on 7th and useky v&etné nového potdpeéného dseku pod Bosporem.
8th December 2010. Celkem bude na trase ddno v roce 2012 do provozu 9,8 km

The majority of conference papers were focused on the con- tunel budovanych TBM, 2.4 km hloubenych dsekil a 1.4 km
structions which are currently underway in the City of potdpeného tunelu. Atypické profily jsou na trase budoviny
Istanbul. First of all, the emphasis was put on the transporta- metodou NRTM.
tion linear construction project connecting Europe with Asia Tunel pod Bosporem je potdpény, jde o nejhlubsi potdpe-
under the Bospor Strait — the Marmaray Project. The immer- nou konstrukci na svété (60 m sloupec vody). Jednotlivé seg-
sed tunnel under Bospor is the deepest immersed structure in menty o délce 135 m, vySce 9 m byly ukldddny na morské
the world (a 60 m high water column). dno pomoci GPS navigace. Mezi jednotlivymi sekcemi jsou

Active seismicity poses a problem Istanbul has to perma- pruzné dily vyztuZené oceli, které musi umoZnit vzdjemné
nently face. As it was mentioned at the conference, earthqua- pooto&eni jednotlivych segmentu, ale pritom zustat vodotés-
kes are problem not only for traffic structures but first of all né pri silném zemétreseni. Zprovoznéna trasa Marmaray pro-
for residential developments. jektu bude prvni primou Zelezni¢ni spojnici mezi Evropou

a Asif v Turecku.

Ve dnech 7.-8. 12. 2010 se v tureckém Istanbulu konala Aktivni seismickd Cinnost je problémem, se kterym se
mezindrodni konference Tunnels and Underground Con- Istanbul musi soustavné potykat. Jak bylo zminéno na konfe-
struction Turkey. renci, zemétreseni nejsou problémem jen pro dopravni stavby,

Istanbul je kosmopolitni historické mésto rozkladajici se ale predevsim pro bytovou vystavbu. V poslednich desetile-
mezi Cernym a Stfedozemnim mofem na kontinentech tich se mésto vyrazné rozrostlo a nové objekty jsou Casto
Evropy a Asie. Celé Turecko ¢itd okolo 70 mil. obyvatel, postaveny bez patfi¢nych povoleni a nespliiuji technicka kri-
z toho v Istanbulu Zije asi 12 mil. lidi a jejich po&et se nadéle téria pro tuto seismicky aktivni oblast. V soucasnosti se tento
rozristd. Mé&sto je tedy velmi ru$né a neni zde nouze problém snaZi predstavitelé mésta fesit. Minuld zemétreseni
o dopravni zdcpy a kolapsy, situaci navic komplikuje nedosta- byla totiz Casto doprovdzena velkym poctem mrtvych
tek dopravnich spojeni pfes Bosporsky pruplav. v disledku kolapsi nevyhovujicich budov.

Prispévky na konferenci se ve velké mire tykaly konstrukci Prispévky na konference byly zajimavé, bohuZel nebyl
budovanych pravé ve mésté Istanbul. Vyzdvihnuta byla prede- vyddn zddny sbornik. Piisobivd byla rovn€Z atmosféra histo-
v§im stavba dopravni liniové stavby spojujici Evropu s Asii rické Casti mésta.
pod Bosporskym pruplavem - Marmaray projekt. Jde
o vyznamné liniové dilo slouZici soubézné potfebdm metra MILAN KOSSLER, kossler@arcadisgt.cz,
i vlakové dopravy. Celkovd délka stavby je 76,3 km ARCADIS Geotechnika, a. s.

JEDNANI PRACOVNI SKUPINY WG 2 TC.C4 PIARC V PRAZE
PIARC WG 2 TC.C4 WORKING GROUP MEETING IN PRAGUE

The meeting of the working group WG2 of the C4 PIARC The second day was dedicated to discussion on the draft
Committee on safety in road tunnels was held in Prague from outputs of the strategic orientation of the PIARC activities
11th to 12th April 2011. The meeting was attended by 19 pro- for the period of its activities 2012 — 2015. This meeting was
fessionals from 14 PIARC member countries. attended by Mr. Pierr Schmitz, president of the C4 PIARC
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Committee. The next day was dedicated to proposals for the
strategic focus of the PIARC activities for the period 2012 —
2015. A presentation on the technical solution and current
state of the construction of the Blanka tunnel, prepared by
Satra s. r. 0., was also incorporated into the programme of
the meeting.

Ve dnech 11.-12. 4. 2011 se v Praze konalo jednéni pra-
covni skupiny WG 2 vyboru C4 PIARC Bezpecénost
v silni¢nich tunelech. Jednani bylo posledni v obdobi ¢in-
nosti 2008-2011 pred kongresem PIARC v zari 2011
v Mexico City.

V souladu s predpokladem zpracovala pracovni skupina
WG 2 za uvedené obdobi dva dokumenty. Dokument
Current praktice for risk evaluation of road tunnels shrnuje
soulasné pouZivdni postupl pouZivanych na uze-
mich ¢&lenskych, zejména evropskych, &lenu spolecnosti
PIARC pri hodnoceni bezpenosti v tunelech pozemnich
komunikaci s pouzitim rizikové analyzy. Dokument
Improving safety in existing tunnels informuje o dosavadnich
zkuSenost s provedenymi Upravami podminek bezpecnosti
provozu ve dfive zfizovanych tunelech pozemnich komuni-
kaci. Zavéretné schviéleni obou dokumenta probéhlo krétce

PRAZSKE GEOTECHNICKE DNY 2011
PRAGUE GEOTECHNICAL DAYS 2011

The sixteenth event of Prague Geotechnical Days was held
at the Academy of Sciences on 9th and 10th May 2011. The
main organisers were ARCADIS Geotechnika a.s. jointly
with the Slovak Society for Soil Mechanics and Geotechnical
Engineering, in collaboration with the Czech Geotechnical
Society CSSI and under the auspices of the Institute of
Theoretical and Applied Mechanics ASCR.

As usual, the Prague Geotechnical Days featured four main
peaks: the Technical Seminar, the Award of Academician
Quido Zaruba Prize for young engineering geologists and
geotechnical engineers, the Workshop and the International
Prague Geotechnical Lecture. The topic of the lecture was
“Roots and Fibres in Soil Mechanics”. It was delivered by
Prof. David Muir Wood from the University of Dundee,
Scotland.

Ve dnech 9. a 10. kvétna 2011 se v budové Akademie véd
konaly jiZ Sestnacté Prazské geotechnické dny®. Hlavnimi
poradateli byly ARCADIS Geotechnika, a. s., spolu s Cesko-
slovenskou spolec¢nosti pro mechaniku zemin a geotechnické
inzenyrstvi ve spolupraci s Ceskou geotechnickou spole&nos-
ti CSSI, pod patronaci Ustavu teoretické a aplikované mecha-
niky AV CR.

Jako obvykle mely Prazské geotechnické dny 4 hlavni
vrcholy. Odborny seminér, vyhlaseni ceny Akademika Quido
Ziaruby pro mladé inZenyrské geology a geotechniky, mezi-
ndrodni prazskou geotechnickou prednédsku a workshop.

ODBORNY SEMINAR

Tématem odborného seminare byly Aplikace pravdépodob-
nostniho pristupu pri reseni geotechnickych iiloh. Na semina-
fi byly pfedneseny prednasky:

TuHel

pred prazskym jedndnim na jedndni celého vyboru C 4
PIARC v Xiamen v Cing.

Druhy den prazského jednani byl vénovan diskusi
k ndvrhim vystupu strategického zaméfeni ¢innosti PIARC
na dalSi obdobi jeho ¢innosti 2012-2015. Jedndni druhého
dne probihalo za udcasti prezidenta ¢asti C 4 PIARC pana
Pierra Schmitze. Do programu byla zarazena prezentace
technického feSeni a stavu vystavby tunelu Blanka priprave-
né spolecnosti Satra, s. 1. 0.

Prazské jednani skupiny WG 2 probéhlo za ucasti celkem
19 ucastnika ze 14 ¢&lenskych zemi spolecnosti PTARC.
Z uvedeného potu byli &tyfi Gcastnici jednani z CR.

Dvoudenni jednani skupiny WG 2 konané na Novotného
ldvce v Praze bylo organizovano sekci Tunely CSS a finan-
covano ve spoluprici Ceské silni¢ni spole¢nosti a Ceské
tuneldrské asociace ITA/AITES. Diky tuspé$né spolupraci
probéhlo zavére&né jednéni skupiny WG 2 jako dustojnd pre-
zentace podilu &innosti CR na &innostech PIARC v kon&icim
obdobi 2008-2011.

ING. JIRT SMOLIK, Jjsmolik@subterra.cz,
SUBTERRA, a. s.

Obr. 1 Ing. Jana Frankovskd, Ph.D., predsedkyné CSSMZGI
preddvd Ing. Donékovi cenu Akademika Q. Zdruby. V pozadi
prof. Vanicek (foto: Stanislava Kyselova)

Fig. 1 Ing. Jana Frankovskd, Ph.D., Chairman of the
CSSMZGI, presenting the Academician Q. Zdruba award.
Prof. Vanicek in the background (photo: Stanislava Kyselova)

e Vyznam pravdepodobnostniho pristupu pro inZenyrskou
praxi
doc. Ing. Alexandr Rozsypal, CSc.,
ARCADIS Geotechnika, a. s.




Obr. 2 prof. David Muir Wood pri PraZské geotechnické
predndsce (foto: Stanislava Kyselovd)

Fig. 2 Prof. David Muir Wood delivering the Prague geotech-
nical lecture (photo: Stanislava Kyselova)

e Spolehlivost a rizika geotechnickych konstrukct
prof. Ing. Milan Holicky, DrSc., Klokneruv ustav, CVUT
Praha

e Pragmaticky pravdépodobnostni model pro kvantifikaci
rizika pri razbé tunelu
prof. Ing. Jif{ §ejnoha, DrSc., Vyzkumné centrum CIDE-
AS, FSv CVUT Praha

e The Stochastic Characterisation of Soil Heterogeneity
and Reliability of Long Slopes
prof. Michael Hicks, Delft University of Technology,
Netherlands

* Robust Assessment of Shear Parameters in Geotechnics
prof. Wolfgang Fellin, University of Innsbruck, Austria

e Analyza pravdépodobnosti vzniku havdrie pri razbé
tunelu
Ing Olga Spackovd, Ing D. Straub, CIDEAS CVUT
Praha, TU Munchen

e Priklady pravdépodobnostniho reSeni nékterych geotech-
nickych uloh
Ing. Petr Kucera, ARCADIS Geotechnika, a. s.

Ze seminare vyplynul prakticky pfinos konceptu pravdépo-
dobnosti v inzenyrskych, tudiz i v podzemnich stavbach
a v geotechnice. Ten spoc¢ivd zejména v:

e vtazeni investort do odpovédnosti za rozhodovéni

o akceptovatelném riziku,

¢ ekonomitéj$im zpusobu provadéni staveb.

V podzemnich stavbach rozbor bezpecnosti a rizikova ana-
lyza staveb, na zdkladé analyzy pravdépodobnosti moznych
nezddoucich jevu a jejich dusledku, vedou k zavedeni systé-
mového pristupu v fizeni i pfipravé kazdé velké inzenyrské
stavby. Metodika fizenf rizik je pak zaloZena na optimalizaci
mezi ndklady na opatfeni vedouci ke sniZeni moZnych $kod
v dusledku uskutecnéni potencidlnich nezadoucich jevu
a snizenim velikosti téchto $kod dosazenych pfijatymi opat-
fenimi. A toho bez pravdépodobnostniho pristupu neni mozné
dosdhnout.

Bylo zduraznéno, Ze pravdépodobnostni piistup nespo&iva
jen v zavedeni metod pravdépodobnostniho poétu, ale prede-
v8§im v aplikaci uréité filozofie pravdépodobnosti, kterd spo-
&ivéd ve skute€nosti, Ze rozhodovan{ inZenyrskych problému
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probihd pri ur€ité mire neznalosti a predpovédi o budoucim
chovéni posuzovaného systému jsou vice ¢i méné nejisté. To
je situace, se kterou jsou subjekty dcastnici se na vystavbé
podzemnich staveb neustdle konfrontovany.

VYHLASENI CENY AKADEMIKA QUIDO ZARUBY
PRO MLADE INZENYRSKE GEOLOGY A GEOTECHNIKY

Cenu udéluji kazdoro¢né Ceskd asociace inZenyrskych
geologii, Ceskd geotechnicka spolecnost, Slovenska asociace
inZenyrskych geologu a spole¢nost ARCADIS Geotechnika,
a. s., ktera cenu také sponzoruje. Nominace posuzuje a hod-
noti nezdvisld komise sloZend z reprezentanti profesnich
spolec¢nosti a kateder geotechniky ¢eskych a slovenskych sta-
vebnich fakult. Za rok 2010, za ktery byla vyhldsena jiz 10
jubilejni cena, komise hodnotila celkem pét nominaci.

Jako nejleps$i prace byla vyhldSena nominace Ing. Michala
Donéka, doktoranda Ustavu geotechniky Stavebni fakulty
Vysokého uceni technického v Brné, na téma: Problematika
skupin a osove zatiZenych vrtanych pilot pro vnitini podpéry
mosti.

Ocenéni autorovi predali Ing. Jana Frankovska, Ph.D.,
predsedkyné CSSMZGI, prof. Ing. Ivan Vani&ek, DrSc., pred-
seda Ceské geotechnické spole¢nosti CSSI a mistopredseda
pro Evropu mezindrodni spole¢nosti pro mechaniku zemin
a geotechniku, a doc. Ing. Alexandr Rozsypal, CSc., feditel
rozvoje spolec¢nosti ARCADIS Geotechnika, a. s., kterd cenu
sponzoruje. Poté ndsledovalo vystoupeni ocenéného geotech-
nika Ing. Michala Donéka, ve kterém seznamil pritomné
s ocenénou praci.

PRAZSKA GEOTECHNICKA PREDNASKA

K predneseni prazské mezindrodni prednasky je pravidelné
zvan vyznacny zahrani¢ni odbornik. V letoSnim roce meéla
prednaska, ve svém poradi jiz 19., téma Roots and Fibres in
Soil Mechanics, a prednesl ji prof. David Muir Wood,
z University of Dundee, Scotland. Velmi zajimavou prednés-
ku si vyslechlo pres 80 odborniku.

Predndska ukdzala vyznam vegetace a jejich korenovych
systému spolu s vyztuzenim zemin umélymi vldkny pro zlep-
Seni vlastnosti zemin v zemnich konstrukcich.

Prof. Wood prezentoval rozsdhly experimentdlni program
doprovozeny v néekterych pripadech i fyzikdlnim modelo-
vanim.

WORKSHOP
Workshop byl vénovéan tématu ZlepSovdni zemin pojivy.
O uvod do problematiky a zasvécené moderovani workshopu
se postarali prof. Ing. Peter Turcek, Ph.D. z katedry geotech-
niky, SvF STU Bratislava a Ing. Jan Bohac, CSc. z Ustavu
hydrogeologie, inZenyrské geologie a uzité geofyziky
Prirodovédecké fakulty UK Praha.
Jako vstupni prednasky do diskuse byly predneseny:
e Zlepsovanie zemin pojivami — prehl'ad a priklady pou-
Zitia
prof. Ing. Peter Turcek, Ph.D., STU Bratislava, SvF
o Smes jilu s cementem — mechanické viastnosti a model
Mgr. Jana Trhlikovd, UK v Praze, PfF
e Zmeény mineralogie jemnozrnné zeminy vdpnénim
a jejich vliv na mechanické vlastnosti
Mgr. Zdenka Metelkové, UK v Praze, PiF
e ReSeni praktickych problémii na stavbdch
RNDr. FrantiSek Kresta, Ph.D., ARCADIS Geotechnika, a. s.
e Deep soil mixing“ v ceskych podminkdch
Ing. Petr Svoboda, Ph.D., Keller — specidlni zakladdni
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e Stav technologie vipravy zemin pojivy po dvaceti letech
Ing. Jaroslav Havelka, TPA CR
Na zdvér workshopu probéhla diskuse, kterd se zaméfila na
fadu praktickych otdzek z technologie zlepSovani zemin,
nazvoslovi, standardizace a normalizace.
V inspirujicim prostiedi hlavni budovy Ceské akademie véd se
Prazskych geotechnickych dnu zidastnilo téméf 100 specialista.

TuHel

Organizdtori zvou vSechny zdjemce na dal$i roénik PGD,
jehoz soucasti bude jiz Jubilejni 20. Prazskd mezindrodni
geotechnickd predndSka opét v kveétnu 2012.

DOC. ING. ALEXANDR ROZSYPAL, CSc.,
rozsypal@arcadisgt.cz,
ARCADIS Geotechnika, a. s.

VYROCI / ANNIVERSARIES

40. VYROCI SPOLECNOSTI METROPROJEKT PRAHA
40™ ANNIVERSARY OF METROPROJEKT PRAHA

Forty years ago, 15t May 1971 saw the foundation of DP
METROPROIJEKT, the direct predecessor of today’s
METROPROJEKT Praha a. s. This company belongs among
the most important civil engineering companies in the Czech
Republic. It is inherently associated with the concept of
designing for Prague metro. Among its designs there are also
many other significant underground and civil engineering
constructions in the Czech Republic. We are going to get
back to this anniversary in more detail in future issues of
TUNEL journal.

Pred 40 lety, 1. kvétna 1971, byl zaloZen projektovy dstav
DP METROPROJEKT, pfimy predchudce dnesni spole¢nosti
METROPROIJEKT Praha, a. s. K tomuto vyroc¢i se vratime
podrobnéji v pristich dvou &islech naseho ¢asopisu. Dovolte
mi zde alespon malé ohlédnuti za tim, jak se v Metroprojektu
vyvijelo navrhovan{ tuneli a podzemnich staveb.

Metroprojekt vznikl v dobé, kdy se v hlavnim mésté teh-
dejsiho Ceskoslovenska sjednotil ndzor, Ze pro mésto s vice
nez milionem obyvatel je pro rychlou, spolehlivou
a bezpeCnou dopravu osob spravnym feSenim systém
s metrem, jako zdkladnim paternim dopravnim prostredkem.

Prvnim vyznamnym meznikem v historii Metroprojektu je
rok 1974 — do provozu byl uveden prvni tsek trasy C praz-
ského metra Florenc — Kacerov. Metro bylo v té dobé navr-
hovdno za asistence poradcu z vychodu, technicky kontakt
s ostatnim svétem byl téméf nemozny. Presto jiZ na prvnim

dseku trasy projektanti navrhli technologie, jako je tunelova-
ni tzv. prstencovou metodou, razba na plny profil pod ochra-
nou nemechanizovaného §titu, pazeni otevienych stavebnich
jam pilotovymi st€énami nebo tzv. mildnskymi podzemnimi
sténami. Vystavba stanice metra I. P. Pavlova pak byla navr-
Zena technologif ,,cut and cover®, kde po vybudovani obvo-
dovych pilotovych stén a zastfeSeni prefabrikovanymi nosni-
ky byla celd stanice postupné budovédna odshora dola.

Po prvnim dspéchu nésleduji dalsi trasy metra. V roce 1978
je to dsek trasy A Dejvickd — Namésti Miru. Projektant se zde
uspésné vyporadal s ndvrhem technologie razby pode dnem
Vltavy technologii Stitovani za pouziti osténi z lisovaného
betonu. V roce 1985 se predstavuje Metroprojekt verejnosti
prvnim udsekem na tfeti trase B. S rostoucimi zkuSenostmi
postupné dostavaly razené stanice metra novy vyraz, stavaly
se vzdu$n€j$imi, podzemni prostory ztratily na své stisné-
nosti.

Po roce 1989 Metroprojekt vyznamné zeStihluje svij
kolektiv, zdravé jadro, které je nositelem rozhodujicich zku-
Senosti, zustav4.

Vystavba prazského metra sice ponckud stagnuje, ale moz-
nost zahrani¢nich kontakta vede k technickym novinkdm — na
prodlouzenich tras B a C se tak na metru poprvé uplatnuji
razby tunelt Novou rakouskou tunelovaci metodou.

Spektrum ¢&innosti Metroprojektu se rozsifuje, zejména
o navrhovdni Zelezni¢nich tunelu a tuneli pozemnich komu-
nikaci.

Obr. 1 Stanice prazského metra Staroméstskd (1974)
Fig. 1 Staroméstskd station of Prague metro (1974)

Obr. 2 Jednolodni stanice Kobylisy na trase C (2004)
Fig. 2 Kobylisy single-span station on the Line C (2004)
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V oboru silni¢nich a ddlni¢nich tunela jsme zpracovali pro- I prazské metro se v poslednich letech zacalo zas vyznam-
jekty ddlni¢nich tunelli Libouchec, Radejéin, Panenskd na | néji rozvijet. Opét jsme pri§li s technickymi novinkami
ddlnici D 8, slovenského tunelu Branisko, tunelu Lahovice na v podzemnim stavitelstvi — na trase C jsme navrhli technicky

prazském silni¢nim okruhu a dalSich. Vyznamné jsme se unikdtni feSeni naplavovanych tunell, usazenych na dno

podileli i na projektu tunelového komplexu Blanka v Praze Vltavy mezi HoleSovicemi a Tréjou, v Kobylisich vznikla

v tseku Prainy Most — Spejchar. U fady tunelé jsme zpraco- v Praze prvni raZend jednolodni stanice metra o profilu vyru-
bu 220 m2.

vali kompletni  projekty  bezpecCnostniho reSen{
a technologického vybaveni, napt. pro 2 km dlouhy tunel
Panenskd a pro fadu ddlni¢nich tuneld na Slovensku
(Ovéiarisko, Cebrat a dalsi).

Ze 7elezniCnich stoji za pozornost zejména ndvrhy péti

Pri navrhu prodlouZeni trasy A prazského metra Dejvicka —
Motol definitivné prestdva byt Nova rakouskd metoda novou
(oznacuje se jako ,konvencni tunelovani“) — podle naseho
navrhu se na Vypichu zacaly v Ceské republice poprvé razit
) ) ) . ) . tunely pro dopravni stavbu Stity TBM.
dvojkolejnych Zelezni¢nich tunell na dsecich koridoru Ceska orer Yo D g .

§ ) L A v soucasné dobé? Pripravujeme novou cCtvrtou trasu D
Wirelaid = Lareleny & [edaory = Zabue . v rozsahu Ndmésti Miru — Depo Pisnice, kde se naSe ndvrhy

Zelezni¢ni tunely v posledni dobé zacaly vyrazné narustat technickych novinek soustredi spiSe do technologického vyba-

na délce, bohuzel zatim jen v ndvrzich projektantd. veni — vlaky zde budou jezdit bez fidi¢u, s nejmodernéj$im
Metroprojekt byl u zrodu prakticky vSech ndvrhli pouZiti | zabezpelovacim a fidicim systémem. A nasazeni §titi TBM
nové technologie raZeb dlouhych tuneld pomoci $titt TBM zde bude jiz rutinni samozrejmosti.

v Ceské republice. Bylo to u tunelu na Zelezniénim spojeni Viézeni kolegové, dékujeme, Ze si spolu s ndmi pripomene-
Praha — Beroun o délce 25 km (tento tunel budoucnosti byl te 40 dspésnych let projektovdni tunelt v nasi spole¢nosti.
navrzen s parametry pro vysokorychlostni trat) nebo u navrhu

Zelezni¢niho tunelu pod Dunajem v Bratislavé, jako souddsti ING. DAVID KRASA, generdlni Feditel spolenosti
stavby ,,Prepojenie koridorov*. METROPROJEKT PRAHA, a.s.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA THE CZECH REPUBLIC
SOUBOR STAVEB MO V USEKU MYSLBEKOVA - PELC-TYROLKA SECTION OF THE
MYSLBEKOVA - PELC-TYROLKA ngY CIRCLE ROAD
PEJCHAR - PELC-TYROLKA TUNNEL
TUNEL SPEJCHAR - PELC-TYROLKA (KRALOVSKA OBORA)

(KRALOVSKA OBORA)

The work on the final lining of both tunnel tubes and venti-

Pokracuji prace na definitivnim osténi obou tunelovych lation structures has continued. As of April 2011, casting of the
trub a vzduchotechnickych objektiu. K letosnimu dubnu je invert has been completed in the STT (151 casting blocks in
dokoncfena betonaZ celé Spodnf k]enby tunelu JTT’ t_] 151 the double-lane tunnel at the total length of 1,7896 m and 42
sekci dvoupruhového tunelu v délce 1789,6 m a 42 sekcf tii- blocks in the triple-lane tunnel at the total length of 435 m)
pruhového tunelu v délce 435 m. Tim je zajistén prijezd Owing to this completion, the passage from Troja to Letn4 is

p . p possible on hard concrete surface. Of the upper vault of this
z Trgi g Lsimem po pennam beionenen potldadii. Z ronm tunnel, casting of the last, 42nd, block in the triple-lane tunnel

klenby tohoto tunelu zbyvé v tripruhovém dokoncit betonaz and 11 blocks of the total of 151 in the double-lane tunnel
posledn{ 42. sekce a v dvoupruhovém tunelu potom jeste 11 remain to be completed. In the NTT double-lane tunnel, the
sekci z celkovych 151. Ve dvoupruhovém tunelu STT je jiz entire invert has also been finished (1,664 m) and the upper
také celd spodni klenba (1664 m) zabetonovédna a betondZz vault casting has reached the middle of the tunnel. In the NTT

horni klenby je Vv jeji poloving. Ve tiipruhovém tunelu STT | triple-lane tunnel, the only work currently in progress is cas-
probihaji price zatim pouze na spodni klenbé, kde je dokon- ting of the invert, where 17 blocks (182 m) of the total of 52
Gone 7 el (169 ) 7 cellxeridh 57 (570 m). e dlokenis (570 m) have been finished. The final lining of service cross

TR 2 . passages TP 19 and TP 18 has been completed, whilst cross
no definitivni osténi technologickych propojek TP 19 a TP passages TP14 to TP 17 have the invert finished.

18, propojky TP 14 az TP17 maji dokonCenou spodni klenbu. At the same time, the work on the final lining of ventilation
Soucasné pokracuji i prace na definitivnim osténi vzducho- structures has continued. The finished bottom of the linking
technickych objekti. Dokongené dno propojovaciho kandlu duct SO 9021.03 is used as a roadway for the transport of mate-

SO 9021.03 slouZi jako dopravni cesta pro dal3i zdsobovéani | rials. Part of the concrete bottom of the linking duct SO
materidlem. Je zabetonovéna &4st dna propojovaciho kanalu | 2V21.04 passing under the NTT and STT has been completed.

RS The largest structure, the ventilation plant cavern, 12 casting
f]o .9(3%1, .04b.pzdchaze.]101}:o godh t“"}flyk STTI ka {TT' blocks of the invert and 7 blocks of the upper vault of the total
Dejvetsim objektu strojovne vzduchotechniky je dokonceno of 22 have been finished; the work on the other blocks is in full

12 sekef spodni klenby a 7 sekef horn klenby z celkovych 22 swing. The final linings of the services centre TGC 4 (lot SO
a prace na dalSich sekcich pokracuji v plném tempu. | 9021) and the ventilation duct SO 9021.08 have been finished;
Definitivni osténi TGC 4 (SO 9021.06) a vzduchotechnického dividing walls and internal structures remain to be carried out.
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kandlu SO 9021.08 jsou jiz dokonceny, zbyva zhotovit pricky
a vnitini konstrukce. U vzduchotechnického kandlu SO
9021.07 je dokoncena celd spodni klenba a hydroizolace horni
klenby.

Stdle plati, Ze betondze vSech definitivnich osténi ma
Metrostav, a. s., dokoncit do konce tohoto roku.

Tunel Mysibekova - Prasny most (Brushice)

V soucasné dobé (k 18. 4. 2011) byla dokoncéena razba
536 m dlouhé severni tunelové trouby (STT). Razba STT
byla ukoncena 11. 4. 2011 prorazkou ve stanic¢eni 13.075 km
priblizné ve vzddlenosti 100 m od stavebni jamy PraSny
most. Timto datem tak také byla dspesné dokoncena likvida-
ce mimorddné udélosti z Cervence 2010 této ¢asti tunelového
dila.

V JTT probihd razba s vertikdlnim ¢lenénim Celby, ktera je
ve vzddlenosti cca 490 m od portdlu Myslbekova a do pro-
razky tak zbyva vyrazit poslednich 62 m. V STT probiha
betondz definitivniho osténi tunelu véetné izolaci. Spodni
klenba je dokoncena v délce 370 m a je pripravena forma pro
zahdjeni betondZe horni klenby. Rovnéz byly zahéjeny préace
na izolaci a betondzi definitivniho osténi vzduchotechnické-
ho tunelu (VZT), ktery je dlouhy 114 m a vede k vétrac{
Sachte.

PRODLOUZENI TRASY METRA VA

Vyuziti technologie razby pomoci plnoprofilovych razicich
Stitt TBM-EPB se stdvd skute¢nosti. Po tspé$né montdzi
v 34 m hluboké Sachté na stavenisti BRE 1 byl prvnf §tit uve-
deného typu v Ceské republice dne 21. 3. slavnostné pokitén
jménem Tonda, ten samy tyden byla od firmy Herrenknecht
ve Schwanau dne 24. 3. prevzata jeho sestra Adéla
a nejdulezitéjsim datem se stal den 13. 4. 2011, kdy prvni na
fadé Tonda zahdjil razbu levého tratového tunelu (LTT). Od
Adély se potom ocekdvd, Ze bude ndsledovat svého bratra ve
stopé PTT od konce ¢ervence 2011.

Kromé zahdjeni raZeb jednokolejnych tratovych tunela
technologii TBM pokracuji i razby dvoukolejnych tratovych
tunelt pied a za hloubenou stanici Motol pomoci technologie
NRTM.

Z razenych stanic trasy nejdale postoupila vystavba jedno-
lodn{ stanice Petfiny, kde v sou¢asné dobé je vedena predsti-
hové razba bo¢nich opérovych Stol, které umozZni protaZeni
Stitt TBM. Z celkové délky 217 m dispozice stanice je jiz
z téchto §tol vyrazena jejich vetsi polovina. Razba probiha
i nadédle v ustdlenych geologickych podminkdch korycan-
skych piskoveu uloZenych vodorovné na vrstvé kiidového
peruckého souvrstvi. Je pouZivdna technologie NRTM bez
pouZiti trhacich praci.

Zahdjeni razeb trojlodni stanice Veleslavin je stdle zdvislé
na dokonéeni vSech pripravnych praci a s tim i vSech souvi-
sejicich legislativnich tkona potfebnych k dokonéeni souse-
dici stavebni jamy jako nutného to vstupu do vlastn{ stanice.
Vrtdni zapor pro ¢ast pristupové rampy a vrtani pilot pro pilo-
tovou sténu stavebni jamy bylo dokonéeno. V soucasné dobé
se provadi hloubeni stavebni jamy v&etné hloubeni dsti pri-
stupové rampy. V dobé uzdvérky &isla se hloubeni nachdzelo
na prvni kotevni udrovni a provadélo se i osazovdni
a aktivovéni vlastnich kotev. Ocekdva se, Ze pres portél sta-
vebni jamy budou razby stanice zahdjeny koncem léta tohoto
roku.
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The ventilation duct SO 9021.07 has the entire invert and
waterproofing of the upper vault finished.

The deadline for Metrostav a.s. to complete all final linings
by the end of 2011 is still valid.

Mysibekova — Prasny Most (Brusnice) tunnel

At the moment (as of 18th April 2011), the excavation of the
536 m long northern tunnel tube (NTT) has been completed.
The NTT excavation was finished on 11th April 2011 by the
breakthrough at chainage km 13.075, roughly 100 m from the
Prasny Most construction pit. On this day, the emergency from
July 2010, which happened in this particular section of the tun-
nel, was also successfully finished.

In the STT, the excavation using the side-drift-and-central-
pillar sequence is underway. The face is at the distance of
about 490 m from the Myslbekova portal and last 62 m rema-
in to be excavated before the breakthrough. In the NTT, the
final tunnel lining including the waterproofing is being instal-
led. The invert has been completed at the length of 370 m and
the formwork is prepared for the start of casting of the upper
vault. The work on the waterproofing and casting of the final
lining of the 114 m long ventilation tunnel leading to the ven-
tilation shaft has also started.

METRO LINE VA EXTENSION

The use of full-face shielded EPB tunnelling machines has
become reality. After successful assembly in a 34 m deep shaft
on BRE 1 shaft, the first machine of the above-mentioned type
in the Czech Republic was christened Tonda during
a celebration held on 21 March. On the same week, on 24
March, the sister machine, Adéla, was taken over from
Herrenknecht AG in Schwanau. The day of 13 April 2011, on
which the machine standing first, Tonda, was launched to start
driving of the left tunnel tube (LTT), has become the most
important day. Adéla is subsequently expected to follow her
brother from the end of July 2011, driving the RTT.

Apart from the commencement of the excavation of single-
track running tunnels using the full-face shielded tunnelling
machines, the excavation of double-track tunnels continue
before and behind Motol cut-and-cover station using the
NATM technique.

Of the mined stations, the station which has advanced most
of all is Petfiny station, where the advance excavation of side-
wall drifts designed to make the passage of the shielded tun-
nelling machines possible, is currently underway. Of the total
length of the station of 217 m, over a half of the drifts has been
completed. The excavation proceeds even further through stab-
le geological conditions formed by the Korycany Sandstones
lying horizontally on a layer of a Cretaceous Peruc Formation.
The NATM is used without the application of blasting.

The commencement of the excavation of Veleslavin triple-
vault station still depends on the completion of all enabling
works and all associated legislative transactions required for
the completion of the adjacent construction pit, which is
a prerequisite for entering the station itself. Drilling for soldi-
er piles supporting a part of the access ramp and drilling for
piles for a pile wall bracing the construction pit has been finis-
hed. Today the construction pit is being excavated, including
the excavation for a part of the access ramp. As this TUNEL
issue went to press, the excavation bottom was at the level of
the first tier of anchors and the anchors were being installed
and activated. It is expected that the station excavation opera-
tions will commence via the portal of this construction pit at
the end of this year.

On the other hand, the access gallery FrantiSek, leading to
Cerveny Vrch station, was completed as early as March. Thus
it was possible to start the excavation of the one-vault station

itself in April 2011.




TuouHel 20. rocnik - €. 2/20M

V poloving brezna leto$niho roku byly dokonceny prace na This year, in the middle of March, the work on the excavati-
razbéch a betondzi dna v pristupové Stole FrantiSek, kterd je on and casting of the concrete bottom of FrantiSek access adit
tak pripravena pro zahdjeni raZeb samotné stanice Cerveny was finished, thusvthe adit is ready for the commencement of
Vrch v dubnu. Provad&ji se pfipravné price pied samotnou the excavation of Cerveny Vrch station itself in April. Enabling
razbou stanice a dopliiujici protihlukovd opatieni ve formg | Work is being carried out before the commencement of the

excavation of the station itself; noise abatement measures in the
form of a prefabricated shed enclosing the entire site facility
are being implemented. Owing to this measure the negative
effects of construction activities on the immediate surroundings
of the gallery portal, which will be in uninterrupted operation
for hauling of muck and materials, will be prevented.

montované haly nad celym zafizenim stavenisté. To odstrani
negativni projevy stavebni ¢innosti na bezprostredni okoli
portdlu Stoly, kterd bude slouzit v nepretrzitém provozu
k dopravé rubaniny a materidlu.

DALNICE D8 - 805 — LOVOSICE — REHLOVICE

Pro tunely Prackovice a Radej¢in posledné dokon&ovaného D8 MOTORWAY - CONSTRUCTION LOT 805:
tseku délnice D8 je i naddle rok 2011 ve znameni betondZe LOVOSICE-REHLOVICE

sekunddrniho osténi tunelu Radej¢in. V jiZznim tunelu probi- For the Prackovice and Radej¢in tunnels, which are on the
ha betondZ spodni i horni klenby, kde Metrostav, a. s., jiZ | last section of the D8 motorway being completed, the year
v soucasné dobé vybetonoval 42 desetimetrovych sekci spod- 2011 is still into token of casting of the secondary lining in the
ni klenby a 23 sekci horni klenby. V severnim tunelu je Radejcin tunnel. Casting of the invert and upper vault is under-
potom dokonceno 10 sekci spodni klenby. way in the southern tube, where Metrostav a.s. has finished

Dne 18. 4. 2011 bylo mozné zacit s vykopem a zaji§ténim casting of 42 ten—meter blocks of the invert and 23 blocks of
stén prazského portilu tunelu Radejéin, ktery byl pro tuto the upper vault. As far as the northern tube is concerned, 10
¢innost doposavad dlouhodobé legislativné odklddén. Na sta- blocks of the invert have been completed.

The excavation and installation of support of walls of the
Prague portal of the Radej¢in tunnel was allowed to start on 18
April 2001. This work had been delayed for a long time due to

TUNELY VMO DOBROVSKEHO legislative problems. At the Pr;lckov1.ce ’tum’lel, Y\/thh has been
structurally completed, the services building is being constructed.

vebné jiz dokonceném tunelu Prackovice se potom realizuje
provozné-technologicky objekt.

K 17. 3. bylo na stavbé obnoveno stavebni povoleni, a tak
bylo mozné obnovit veskeré stavebni prace v plném rozsahu. DOBROVSKEHO TUNNELS
Jedna se predev§im o betonaz podkladnich betont pod ON THE LARGE CITY CIRCLE ROAD IN BRNO

vozovkou, které jsou v obou tunelovych rourach hotovy asi As of 17th March, the building permit for the project has been
z 50 %. Dile se dokonCuje betondZ chodnikii a nétéry. Ostatn{ renewed, thus all construction operations could be resumed to
instalac¢ni a dokoncovaci prace budou ndsledovat. Vzhledem full extent. They comprise first of all casting of blinding conc-
k tomu, Ze jiz ubéhlo vice nez 6 mésict od dokon&eni defini- rete under the roadway, which has been completed in both tun-
tivni obezdivky a vzhledem k tomu, Ze deformace na povrchu nel tubes roughly up to 50 %. In addition, casting of walkways
doznivaji, pristoupilo se uz i k prvnim opravam poSkozenych and surface coating is being completed. The other installation
povrchovych objekti dotéenych razbou. Price provadéji and finishing operations will follow. Taking into consideration
firmy Subterra, a. s., a OHL 7S. the fact that over 6 months have passed since the completion of

the final lining and the fact that the surface deformations are
TUNELY NA ZELEZNICNI TRATI settling, it was possible to start the work on repairs of surface
PRAHA - CESKE BUDEJOVICE structures damaged by the underground excavation. The work

_ is carried out by Subterra a.s. and OHL ZS.
USEK VOTICE - BENESOV U PRAHY

Hlavni proud provddénych praci na této vyznamné liniové TUNNELS ON VOTICE - BE[\IESOV U PRAHY SECTION
ZelezniCni stavbé definitivné opustily razby a nové t€Zisté OF PRAGUE - CESKE BUDEJOVICE RAILWAY LINE

stavby se ndm posunulo mezi provddéni definitivnich obe- Mining operations have definitely abandoned the main flow

zdivek a dokoncovaci prace. of the work operations carried out on this important linear rail-
Zahradnicky a Olbramovicky tunely jsou véetné definitiv- way construction. The new centre of the construction has shif-

nich obezdivek dokoncCeny, nyni se provadeji findlni zemni ted to the installation of the final lining and finishing work.

a instaladni prace. Na tunelu Tomice I probihd betondZ defi- The Zahradnice and Olbramovice tunnels have been com-

nitivni obezdivky do pojizdného bednéni. V dobé uzivérky pleted inclusive of the final lining; groundwork finishes and

&isla byly vybetonovény jiz &tyfi jeho sekce. Na tunelu final installation are being carried out. The final lining is being

cast behind traveller formwork in the Tomice I tunnel. Casting
of four blocks had been completed as this issue went to press.
At the Tomice II tunnel the top heading (204 m long) had been
broken as TUNEL went for press and only several days rema-
ined to the completion of all mining operations. The excavati-
on was carried out using the NATM, with two rounds comple-
ted during 24 hours with the lengths of 1.5 — 2.0 m, depending
on the excavation classes. All operations proceeded in stan-

Tomice II byla v dobé uzdvérky tohoto &isla prorazena kalo-
ta (v celkové délce 204 m) a do ukonceni vSech razicich praci
tak zbyvalo pouze nékolik jednotlivych dni. Razba byla rea-
lizovdna podle principi NRTM a dafilo se realizovat dva
postupy béhem 24 hodin se zdbéry 1,5-2 m podle zatfideni.
Vsechny prdce probihaly zcela standardné a v souladu
s harmonogramem. Préace na vSech vySe zminénych razenych

tunelech provadi Subterra, a. s. dard ways, in compliance with the construction schedule. The
Prace na hloubeném Votickém tunelu provddéné firmou work on all above-mentioned mined tunnels has been perfor-

HOCHTIEF CZ, a. s., pokracuji podle pldnovaného harmo- med by Subterra a.s.

nogramu. Stavebni jama je témér dokoncend. K 30. 4. 2011 The work of HOCHTIEF CZ, a.s. on the cut-and-cover

zbyva k dohloubeni na zdkladovou sparu tsek délky 40 m. Votice tunnel continues according to the planned programme.
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Patky osténi jsou vybetonovany v délce 450 m a klenba
v délce 380 m z celkovych 590 m. Predpoklad dokonéeni
betondzi osténi naseho aktudlné nejdel$iho hloubeného tune-
lu je Cervenec 2011. Byly zahdjeny i prdce na vnitfnim vyba-
veni tunelu.

ZELEZNICNI TUNEL JABLUNKOV C. 2

Na havarovaném tunelu Jablunkov byly zahdjeny prace na
zpevnujici injektdZzi pred zahdjenim razicich praci. Ty by
mély byt zahdjeny v kvétnu. Postupovat se bude s dé€lenim
Celby na Sest Casti (horizontdln€ na dvé Cdsti, vertikdlné na
tfi). Bude se kombinovat vyztuZ Hebrex, HEB a Bretex
v ur¢ité analogii podle zkuSenosti z razby tunelu Dob-
rovského, ktery, jak se ukdzalo, vykazuje urcitou podobnost
v geologickych podminkach. InjektdZe se provadéji z povrchu
cementopolilkovou smési pomoci kolmych vrtu Sachovnico-
vé rozmisténych s odstupy 3x3 m.

TUNEL OSEK V USEKU BEROUN - ZBIROH

Hloubeny dvoukolejny tunel Osek délky 324 m se
v soucasné dob¢ dokoncuje. Nad zpétné zasypanym zhotove-
nym tubusem tunelu probihaji findlni zemni prace ve smyslu
svahovani a kone¢nych tprav terénu. Ve vlastni tunelové
troubé se v soucasné dobé dokoncuje bezpecnostni znaleni,
osazovéni madel, poklopt a kompletace suchovodu.

Zacatkem kvétna zahdjil zhotovitel spole¢nost HOCHTIEF
CZ, a. s., navozem S$terkodrté prace na Zelezni¢nim kolejo-
vém svrsku.

NOVY VYTAH DO STANICE PRAZSKEHO METRA
NARODNI TRIDA

Otevreni bezbariérového pristupu a zprovoznéni vytahu do
stanice metra Ndrodni tfida se uskute¢nilo 6. kvétna 2011. Na
konci lonského roku bylo dokonceno definitivni osténi Sach-
ty vytahu, ndsledné se realizovaly dokoncujici stavebni
prace, jako jsou obklady nebo dlazba a naplno probihala
montaZ technologii vytahu.

K terminu ukonceni praci se na okolnich objektech proved-
la zdvéreCnd repasportizace, aby bylo moZné ovérit
a vyhodnotit do jaké miry byly zasazeny vystavbou bezbari-
érového pristupu.

VYSTAVBA KABELOVEHO TUNELU BOHDALEC
V PRAZE 10

Prdace na vystavbé nového kabelového tunelu Bohdalec
firma PROMINECON Group, a. s., zahdjila 14. bfezna 2011.
Stola kabelového tunelu délky 215 metrli vede ze startovaci
Sachty umisténé pred severni sténou transformovny Jih 110
kV na Bohdalci smérem do koncové Sachty pod drazni aredl
ve VrSovicich. Kabelovy tunel fesi zpusob vyvedeni vykonu
110 kV z aredlu transformovny 110/22 kV Jih severnim smé-
rem do prostoru odstavného nddrazi VrSovice jih. Pred zaha-
jenim vlastniho hloubeni Sachty K39 a razby kabelového
tunelu se pred rozvodnou preklddaji existujici kabelovy kanal
a veSkeré sit€¢ umisténé v kabelovodu.

ING. BORIS §EBESTA, sebesta@metrostav.cz,
METROSTAYV, a. s.,

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.
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The construction trench has been nearly completed. As of 30th
April a 40 m long section remains where the excavation has
not reached the foundation base level. The concrete footings
and vault have been finished at the lengths of 450 m and 380
m, respectively, of the total length of 590 m. It is expected that
casting of the lining of our currently longest cut-and-cover
tunnel will be finished in July 2011. Even the work on the
inner equipment of the tunnel has commenced.

JABLUNKOV NO.2 RAILWAY TUNNEL

The work on the consolidation grouting has started at the col-
lapsed Jablunkov tunnel, before the commencement of the tun-
nel excavation. It should commence in May. The excavation
sequence will comprise partial headings (two headings in the
horizontal system and three in the vertical system). Hebrex,
HEB and BRETEX types of steel supports will be combined,
using the experience from the Dobrovského tunnel excavation,
which, as it has turned out, exhibits a certain similarity as far as
geological conditions are concerned. The grouting is carried
out from the surface, injecting cement cinder grout into vertical
boreholes staggered at the spacing of 3 x 3 m.

OSEK TUNNEL WITHIN THE BEROUN - ZBIROH
SECTION

The 324 m long double-track cut-and-cover tunnel Osek is
currently under completion. Final surface treatment (sloping and
terrain finishes) is being carried out above the backfilled tunnel
tube. Inside the tunnel tube itself, the installation of safety mar-
king, handrails, covers and the dry fire main is being completed.

The beginning of May saw HOCHTIEF CZ, a.s. start laying
ballast on the track.

NEW LIFT TO NARODNI TRIDA STATION
OF PRAGUE METRO

Opening of a step-free access and bringing a lift to Narodni
Trida metro station took place on 6th May 2011. The end of the
past year saw the final lining of the lift shaft completed; finis-
hing civils works such as wall cladding or floor tiling followed
and the installation of the lift equipment was in full swing.

Before the completion deadline the final condition survey of
neighbouring buildings was carried out so that the verification
and assessment of the impact of the construction of the step-
free access on them was possible.

CONSTRUCTION OF BOHDALEC CABLE TUNNEL
IN PRAGUE 10

The work on the construction of the new Bohdalec cable tun-
nel was started by PROMINECON Group a. s. on 14th March
2011. The 215 m long cable tunnel leads from the starting shaft
located in front of the northern wall of the transformer station
South 110 kV in Bohdalec toward the end shaft under the railway
yard in VrSovice. The cable tunnel solves the problem of tran-
sfering 110 kV power from the area of the transformer station
South northward to the area of the rail storage yard VrSovice
South. An existing cable duct and all networks installed in the
cable duct in front of the substation are being relocated before
sinking of shaft K39 and excavation of the cable tunnel can start.

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAYV, a. s.,

ING. KAREL FRANCZYK, Ph.D., kfranczyk@subterra.cz,
SUBTERRA, a. s.
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SLOVENSKA REPUBLIKA
TUNEL TURECKY VRCH

Vystavba Zelezni¢ného tunela Turecky vrch pokracuje na
jar 2011 betondZami sekunddrneho ostenia od oboch portdlov,
na konci aprila je uZ hotovych 57 blokov diiky 10 m, ¢o pred-
stavuje pribliZne tretinu diiky tunela. Dvojkolajny tunel diiky
1775 m je sucastou useku Nové Mesto nad Vdhom — Zlatovce
na Zelezni¢nej trati Bratislava — Zilina. Tunel Turecky vrch
bude prvym slovenskym modernym Zeleznicnym tunelom
budovanym po viac ako 40ro¢nom obdobi bez vystavby Zelez-
ni¢nych tunelov. Ukoncenie stavebnych prac v tuneli sa pred-
pokladd na jesefi tohto roku. Investorom stavby st Zeleznice
Slovenskej republiky, projektantom Reming Consult, a. s.,
zhotovitelom zdruzenie vedené spolo¢nostou OHL 7S, a. s.,
pricom dal§imi &lenmi zdruZenia sd Skanska BS, a. s.,
Vahostav Sk, a. s., Doprastav, a. s., a Eltra, spol. s . o.

ING. MILOSLAV FRANKOVSKY,
frankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s.
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THE SLOVAK REPUBLIC
TURECKY HILL TUNNEL

The construction of the Turecky Vrch tunnel has proceeded
in the spring of 2011 by casting of the secondary lining from
both portals; 57 ten-metre long casting blocks was completed
till the end of April, which is roughly a third of the tunnel
length. The 1,775 m long double-track tunnel is part of the
Nové Mesto nad Vdhom — Zlatovce section on the Bratislava
— Zilina rail line. The Turecky Vrch tunnel will be the first
modern railway tunnel built in Slovakia after an over 40-year
period during which no railway tunnel was constructed. The
completion of civils works in the tunnel is planned for this
autumn. The project owner is Zeleznice Slovenskej republiky
(Slovak Railways), the designer is Reming Consult a.s., the
contractor is a consortium consisting of OHL 7S, a.s. (the lea-
der), Skanska BS, a.s., Vdhostav - Sk, a.s., Doprastav, a.s. and
Eltra, spol. s r.o..

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

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
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TUNELARSKE ODPOLEDNE 1/2011
TUNNELLERS' AFTERNOON 1/2011

The first of the regular half-day seminars in 2011 organised
under the title of Tunnellers’ Afternoon by the CzTA ITA-
AITES, took place on Wednesday the 23rd March 2011. It dealt
with railway tunnels on the rail track between Votice and
Benesov.

Part of the seminar was an afternoon excursion to the site. At
the Tomice I and Tomice II tunnel sites, where there is
a shallow overburden, the attendees saw the excavation of the
Tomice I tunnel and waterproofing and concrete casting works

Obr. 1 Portdl Olbramovického tunelu
Fig. 1 Olbramovice tunnel portal

on the final lining of the Tomice II tunnel. The production line
technique applied to the construction works, starting from the
excavation of the construction pit through the installation of
self-supporting reinforcement up to casting of the final conc-
rete lining, formed the contents of the visit to the Votice tun-
nel. This 590 m long tunnel is being constructed in a deep con-
struction trench, in hard rock mass significantly affected by
faulting. Coming to this site, the attendees passed through the
Olbramovice tunnel, where concrete casting operations are
under completion.

Obr. 2 Nestabilita skalni stény stavebni jamy hloubeného tunelu Votice
Fig. 2 Instability of a rock wall of the construction trench for the Votice cut-
and-cover tunnel
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Obr. 3 Montaz samonosné vyztuZe tunelu Votice
Fig. 3 Assembly of the self-supporting reinforcement of the Votice tunnel

Prvni z pravidelnych puldennich seminéfa v roce 2011, které
pod ndzvem Tuneldrské odpoledne poradd CzTA ITA-AITES,
se konal ve stredu 23. brezna 2011. Jeho tématem byly Zelez-
ni¢ni tunely na trati Votice — BeneSov.

Soucdsti semindre byla také dopoledni exkurze na stavbu,
kam tucastniky exkurze dovezly dva autobusy. Na stavenisti
tunela Tomicky I a II, které maji nizké nadloZi, si dlastnici
prohlédli razbu tunelu Tomicky I a izolatérské a betondrské
prace na definitivnim osténi tunelu Tomicky II. Proudové pro-
vadéné stavebni prace od hloubeni stavebni jamy pres montaz
samonosné vyztuZe az po betondz definitivniho osténi byly
ndplni prohlidky stavenisteé tunelu Votického. Jeho délka je
590 m a realizuje se v hluboké stavebni jame ve skalnich hor-
nindch, které byly zasaZeny vyraznou tektonikou. Pfi pfistupu
ucastnici prosli Olbramovickym tunelem, na kterém se dokon-
¢uji betonarské prace.

Prubéh odpoledniho seminare fidil doc. Ing. Dr. Jan Pruska.
Nejprve zaznély dvé predndsky pracovniku firmy Sudop Praha,
a.s., Ing. Milo§ Krame$ promluvil obecné o koncepci IV. Zelez-
ni¢niho koridoru. O tunelech na IV. Zelezni¢nim koridoru mezi
BeneSovem a Ceskymi Budé&jovicemi promluvil Ing. Michal

Obr. 5 Razba tunelu Tomice I1
Fig. 5 Tomice II tunnel excavation

Obr. 4 Proudovy postup praci na tunelu Votice
Fig. 4 Production line technique applied to the Votice tunnel

Gramblic¢ka. Projektové feSeni tuneld Voticky, Olbramovicky
a Tomicky I byl ndzev prednasky Ing. Libora Marika (IKP
Consulting Engineers, s. r. 0.). Mimoradné zajimava byla pasdz
o hloubeni stavebni jadmy tunelu Votice. Tektonicky poruseny
skalni masiv si vyZddal zménu hloubeni a zabezpeceni staveb-
ni jamy i zménu postupu betondze osténi. Z hlediska provadé-
ni praci na tuto prednaiku navézali Ing. Ladislav Stefan
a Ing. Eva Tatickova (oba Hochtief CZ, a. s.).

Po prestdvce vystoupil Ing. Radim Sponar (Subterra, a. s.)
na téma Projektové feSeni Zahradnického tunelu (tuto ¢ast pri-
pravil Ing. Jifi Médra — Metroprojekt Praha, a. s.) a pak uvedl
zkuSenosti z vystavby tunelu Zahradnicky, Olbramovicky,
Tomicky I a II.

Posledni prednasky se zabyvaly geotechnickym monitorin-
gem a inZenyrskogeologickymi poméry na stavbé tunelu
VOBEN a prednesli je Ing. Milan Kossler a Mgr. Martin
Knizek (Acadis Geotechnika, a. s.).

ING. MILOSLAV NOVOTNY , ita-aites@metrostav.cz,
sekretdr CzTA ITA-AITES

Obr. 6 Ucastnici exkurze pied portilem vyraieného tunelu Tomice 1
Fig. 6 Excursion attendees in front of the Tomice I tunnel where the excava-
tion work has been completed
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SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE
SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.sta-ita-aites.sk

VALNE ZHROMAZDENIE SLOVENSKEJ TUNELARSKEJ ASOCIACIE STA ITA-AITES
GENERAL MEETING OF THE SLOVAK TUNNELLING ASSOCIATION STA ITA-AITES

The General Meeting of the Slovak Tunnelling Association
STA ITA/AITES was held at the premises of Doprastav
Services in Bratislava on 28th April 2011. The General Meeting
was attended by representatives of over 30 member organisati-
ons, individual members and several guests. An important item
of the programme was the election of members of the new
Board, since the 4-year electoral term for the Board and the
chairman of the STA ends in 2011.

In the last item of the programme Ing. Miloslav Frankovsky
led the election of the members of the new board. Based on the
ballot results, the following persons became members of the
Board: Ing. Rébert Turansky (Doprastav, a.s.), Ing. Stefan
Choma (Basler-Hofmann Slovakia, s.r.0.), Ing. Peter
Witkovsky (Skanska SK, a.s.), Ing. Viktéria Chomova
(Narodnd dialhi¢nd spolocnost, a.s.), Ing. Karol Grohman (Alfa
04, a.s.), Ing. Peter Dinga (Geoconsult, spol. s r.0.),
Ing. Miloslav Frankovsky (Terraprojekt, a.s.), Ing. Mikuld§
Pdkh (Doprastav, a.s.), RNDr. Anton Matejcek (Geofos, spol.
s 1.0.), Ing. Jan KuS$nir (Reming Consult, a.s.) and Ing. Iveta
Snaukové (University of Zilina).

The members of the STA Board will elect the new chairman
from among themselves at the following meeting in June 2011.

Dna 28. 4. 2011 sa v zariadeni Doprastav Services
v Bratislave uskutocnilo valné zhromazdenie Slovenskej tune-
larskej asocidcie STA ITA-AITES. Valného zhromazdenia sa
zucastnili zastupcovia viac nez 30 ¢lenskych organizacii, indi-
vidudlni ¢lenovia a tieZ niekolko hosti. Délezitym bodom pro-
gramu bola volba ¢lenov nového komitétu, pretoZe sa v roku
2011 konéi Stvorrocné volebné obdobie komitétu aj predsedu
STA.

Rokovanie valného zhromazdenia otvoril predseda STA
Ing. Robert Turansky. Uvodom privital hosti a vietkych &lenov
asocidcie. Hlavnymi hostami boli predseda CTA Ing. Ivan
Hrdina, investi¢na riaditelka NDS Ing. Viktéria Chomova
a generalny riaditel Doprastavu Ing. Dusan Samudovsky.

Predsednictvo valného zhromaZdenia STA ITA/AITES
The STA ITA/AITES General Meeting Board

K pritomnym sa v mene hostitelskej organizdcie prihovoril
Ing. Du$an Samudovsky, CSc. V svojom prihovore pripomenul
vazne problémy, ktoré slovenské stavebnictvo prekondva.
Svetova kriza sice odznieva, na Slovensku tieZ pozvolna rastie
priemyselnd vyroba, len v stavebnictve sa pokles vyroby neza-
stavil.

S velmi o¢akdvanym prihovorom vystipila investi¢na riadite-
Ika NDS a zaroven stdle aj ¢lenka komitétu STA Ing. Viktéria
Chomovda. Naznacila predpoklady naStartovania dialni¢ného
programu pre obdobie nasledovnych mesiacov a rokov.
Pripomenula pritomnym, Ze jej srdcovou zdlezitostou zostava
tunel Visnové, bez vystavby ktorého nebudeme mdct prehlasit
dialhi¢nd siet' na Slovensku za dokoncend.

Predseda Ceskej tuneldrskej asocidcie Ing. Ivan Hrdina zhod-
notil tizku spolupricu STA a CTA. Spolo¢nym dielom je najmi
Casopis Tunel, mnohé spolo¢ne organizované podujatia, ako aj
spolo¢nd dcast'na medzindrodnych podujatiach.

Nasledne predniesol predseda STA Ing. Robert Turansky spra-
vu o ¢innosti organizacie za posledné 4 roky od volieb v roku
2007. Napriek problémom vyplyvajicim z nedostato¢ného inve-
stovania §tatu do podzemnych diel vykazuje ¢innost’ STA mnoz-
stvo pozitivnych vysledkov, ako aj priliv novych clenov.
K dne$nému dnu eviduje STA 48 ¢lenov — pravnickych os6b,
4 Cestnych ¢lenov a 1 individudlneho ¢lena. Predseda vyzdvihol
vo svojej sprave aktivnu dcast’ STA na svetovom kongrese 2007
v Prahe, dalej tcast' ¢lenov STA pri tvorbe technickych predpi-
sov a tiez aktivnu tucast na konferencii Dopravné a mestské
tunely v Prahe. Menej dspesna bola z hladiska vysledkov snaha
STA vytvorit’ pozitivhu atmosféru vnimania podzemnych diel
v ociach verejnosti. Predseda spomenul vo svojej sprave aj via-
cero odbornych semindrov a prezentdcii. Doraz bol v ¢innosti
STA kladeny tiez na podporu Studentov a mladej generdcie
v snahe o ziskanie vysokoskolskej a stredoskolskej vzdelanej
novej generdcie do podzemnych profesii.

Stcastou programu boli aj tri hodnotné prezentacie, ktorych
autormi boli Ing. Sebesta (Metrostav), Ing. Vitek (Metrostav)
a Ing. Harangozé (MC Bauchémie).

V poslednom bode programu Ing. Miloslav Frankovsky viedol
volebny akt na volbu ¢lenov nového komitétu. Na zdklade tajnych
volieb sa ¢lenmi vyboru stali Ing. Rébert Turansky (Doprastav,
a. s.), Ing. Stefan Choma (Basler-Hofmann Slovakia, s. r. 0.),
Ing. Peter Witkovsky (Skanska SK, a. s.), Ing. Viktéria Chomova
(Néarodna dialni¢né spolocnost, a. s.), Ing. Karol Grohman (Alfa
04, a.s.), Ing. Peter Dinga (Geoconsult, spol. s r. 0.), Ing. Miloslav
Frankovsky (Terraprojekt, a. s.), Ing. Mikulas Pakh (Doprastav,
a. s.), RNDr. Anton Matejéek (Geofos, spol. s r. 0.), Ing. Jan
Kusnir (Reming Consult, a. s.) a Ing. Iveta Snaukovd (Zilinskd
univerzita).

Clenovia komitétu STA si spomedzi seba zvolia nového pred-
sedu STA na nasledovnom zasadani komitétu v jini 2011.

ING. MILOSLAV FRANKOVSKY,
Jfrankovsky@terraprojekt.sk,
TERRAPROJEKT, a. s.



