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Vézeni ¢tendri, kolegové tunelari,

(v tom spravném a dobrém slova smyslu), do vagich rukou se dostdvé dal3f &slo naseho asopisu Tunel, Gasopisu Ceské
tunelarské asociace a Slovenskej tuneldrskej asocicie. Je skuteénosti, Ze v Ceské republice na rozdil od Slovenska nepa-
nuji zrovna ¢asy hojnosti, ba co vice je zrejmé, Ze ani jen tak panovat nezaénou. V tuto chvili se vlastné realizuje pouze
Zelezni¢ni tunel u Ejpovic na Plzensku, pokud nepocitdme doposud nezprovoznéné dva tunely na ddlnici D8 (Prackovice,
Radej¢in). Ani pifprava dalSich projekta zatim nepfedstavuje pozitivni vyhlidky. Na Slovensku je stav o poznani lepsi s
probihajici vystavbou tunell Povazsky Chlmec, Ov&iarsko, Svréinovec, Polana, Zilina a Vifiové a s celou fadou dalsich
pripravovanych projektu.

Pres tuto skute¢nost a s prihlédnutim k faktu, Ze prave probéhla konference Podzemni stavby Praha 2016, kde se aktu-
alni projekty dostate¢né predstavily, je velice prijemné, Ze i toto ¢islo Casopisu Tunel prindsi nové ¢lanky z tuneldrského
prostiedi Ceské republiky. To neni nacionalistickd proklamace, ale jednak prijemné zjisténi, Ze stale mame fadu zajima-
vych témat z oblasti vystavby a provozu tuneld, o které je pifnosné se podélit, ale zdroven i pobidkou pro vSechny tcastniky slovenskych projekta,
aby se se svymi zkuSenostmi a poznatky rozdélili se Etendri Casopisu.

V krétkosti mi prosim dovolte obsah tohoto ¢isla predstavit.

Velkd Cdst Casopisu je vénovéana pozarni bezpecnosti tunelovych staveb. Téma mnohokrat probirané, ¢asto aZ zneuZivané, ale zcela nepochybné
zdvazné. Na otdzky vyuZiti protipoZdrnich, nebo spiSe pozarmé odolnych materidlu z produkce spole¢nosti Promat, véetné jejich aplikace na tune-
lovém komplexu Blanka, odpovidaji prvni dva ¢lanky. Navic doplnéné o téma provedenych pozérnich zkousek v tunelu Runehamar v Norsku.

Sifi informaci o tunelovém komplexu Blanka pak dopliiuje podrobny popis poZdrniho vétrani shrnujici zkuSenosti projektanta od prvotnich Gvah
aZ po odzkouSeni, doladéni a ovéfeni realizovaného dila. Poslednim tématem na téma Blanky, presnéji tunelu Brusnického, Dejvického a
Bubeneéského, je odpovéd viem pochybovadiim o technickych diivodech, resp. dopravni vhodnosti a funkénosti této vyjimeéné stavby. Uz prvot-
ni zkuSenosti z provozu tunelu totiZ potvrzuji predpoklady a cile projektu.

A abychom se netotili jen okolo tunelového komplexu Blanka, muZeme najit fadu zajimavych informaci o rozsahu Zelezni¢nich tunelovych sta-
veb, ale i jejich budovani a technickych specificich v sousednim Némecku. Tento ¢lanek rozhodné vede k zamysleni. Stejné tak i jediny ¢lanek s
geotechnickym tématem o razbé v poruchovych zénéch. Jako by se zddlo, Ze s odlivem projektu zmizely i technické a teoretick€ problémy pri jejich
realizaci. Myslim, Ze by tomu mélo byt pravé naopak a Ze bychom méli prechodné obdobi (v to pevné véfim) vyuZit pro roz$ifeni nasich vlastnich
znalosti a zkuSenosti o zkuSenosti prenesené. A pravé proto zde jsou stranky Easopisu Tunel!

Vérim milé Ctendrky a mil{ Ctendri, Ze aktudlni ¢islo Casopisu Tunel se fadi k mnozstvi Cisel Casopisu predeslych a patiicich svou odbornou drov-
ni k cenénym Casopisum i mimo Ceské a slovenské kraje. VErim, Ze budou pro vds informace zajimavé a piinosné, a Ze se ke strdnkdm Casopisu
budete i naddle radi vracet. )

Srde¢né zdravi Ing. PAVEL SOUREK, clen redakcni rady a odborny redaktor

Dear readers and colleagues,

arriving in your hand is the new issue of our Tunel journal published by the Czech Tunnelling Association and the Slovak Tunnelling Association.
It is the fact that the presence is not just the time of abundance that, in contrast with the Slovak Republic, currently reigns in the Czech Republic, but
what’s more, it is obvious that it will not any soon. As a matter of fact, the railway tunnel near Ejpovice in the region of Plzen is the only tunnel being
currently under construction, if we do not count in the two tunnels on the D8 motorway which have not been brought into service yet (the Prackovice
and Radej¢in). Not even the preparation of new projects for the time being represents positive outlooks. The condition in Slovakia with the ongoing
construction of the Povazsky Chlmec, Ové&iarsko, Svr&inovec, Polana, Zilina and Vi§fiové tunnels and a number of other projects under preparation
is considerably better.

Despite this fact and with respect to the fact that the conference Underground Construction Prague 2016, where the current projects were suffici-
ently introduced, has just ended, it is very nice that even this Tunel journal issue brings new papers from the environment of tunnel builders in the
Czech Republic. This is not a nationalistic proclamation. It is a pleasant finding that we still have many interesting topics from the field of construc-
tion and operation of tunnels sharing of which is beneficial, and, in addition, it is encouragement for all participants in Slovakian projects to share
their experience and knowledge with the journal readers.

Allow me, please, to briefly introduce the content of this issue.

A large part of the journal is dedicated to the fire safety of tunnel structures. This topic has been many times discussed, often even misused, but
undoubtedly serious. Questions regarding the use of fireproof, or rather fire resisting materials from the production program of the company of
Promat, including their application to the Blanka complex of tunnels, are answered by two initial papers. They are in addition complemented by the
topic of fire tests carried out in the Runehamar tunnel, Norway.

The broad information about the Blanka complex of tunnels is further complemented by a detailed description of the fire ventilation summing up
the experience of the designer from initial considerations up to testing, tuning and verifying the completed work. The last paper on the topic of the
Blanka, more specifically the Brusnice, Dejvice and Bubene¢ tunnels, provides an answer to all doubters regarding technical reasons, respectively
traffic suitability and functionality of this exceptional project. The reason is that even the initial experience from the complex of tunnels confirms the
correctness of the project assumptions and objectives.

And, not to circle only round the Blanka complex of tunnels, we can find lots of interesting information about the extent of railway tunnel struc-
tures, their construction and technical specifications in neighbouring Germany. This paper certainly leads to rumination. The same applies to the only
paper on a geotechnical theme about driving tunnels through fault zones. It seems as if technical and theoretical problems of the realisation of tun-
nels have disappeared with the outflow of tunnel construction projects. I suppose that it should be just the opposite and we should use the interim
period (I firmly believe that interim) for expanding our own knowledge and experience to cover even transferred experience. And this is just the rea-
son why Tunel journal pages are here!

I believe, dear readers, that the current issue of Tunel journal rates itself among the many previous issues belonging through their professional level
among journals valued even outside Czech and Slovakian countries. I believe that the information will be interesting and beneficial for you and you
will be happy to return to the journal pages even in the future.

Cordially greeting you Ing. PAVEL SOUREK, Member of the Editorial Board and Technical Editor
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VAZENE CTENARKY A CTENARI
CASOPISU TUNEL,

je mi cti, Ze vdim mohu na téchto strankdch fici
nekolik slov o nasi spole¢nosti Promat s.r.o. I kdyz
se podzemnimi stavbami zabyvdme v ramci koncer-
nu hodné dlouho, je mozné, Ze pro velkou ¢ést bude-
me firmou nezndmou. Nerazime tunely, Stoly, nebe-
tonujeme osténi a neprovadime hydroizolace pod-
zemnich staveb. Nasim tkolem je chranit podzemni
stavebni konstrukce a unikajici osoby pred ucinky
pripadného pozaru.

Ceské spole¢nost Promat s.r.o. patif do celosvétové skupiny
Promat International, jejimZz vlastnikem je spolecnost Etex.
Firma Promat vznikla v roce 1957 v Némecku jako specializo-
vand odbornd spolecnost, pusobici na poli pasivni poZdrni bez-
pecnosti staveb v§eho druhu. Do dne$nich dob se firma vyprofi-
lovala do nékolika specializaci. NaSe vyrobky a konstrukce se
uplatiuji v pozarni bezpe¢nosti pozemnich staveb, podzemnich
staveb, petrochemickém a chemickém pramyslu, ve vyrobé lodi,
kolejovych vozidel a v aplikacich specidlnich izolaci tepelnych
zafizeni a technologickych procesu, které doprovazeji vysoké
teploty.

V oblasti aplikaci protipozarnich konstrukci se opirdme
o bohaté zkuSenosti naSich zahrani¢nich kolegl. Vzdyt nase
prvni materidly byly pouZity jiZ v roce 1963 v Anglii v silni¢nim
tunelu ve mésté Dartford. Firma Promat s.r.o. byla zaloZzena
v roce 1993 a postupné, jak se rozvijela jeji ¢innost, zamérovala
svou pozornost i na oblast podzemnich staveb. MoZnd mdlokdo
vi, Ze naSe materidly byly pouzity jiz pfi vystavbé Strahovského
tunelu. Jednalo se o obklad osténi deskami GLASAL®-T, které
dodnes — i po tolika letech — slouZi svému tcelu. Také v navazu-
jicim tunelu Mrazovka se uplatnily nasSe materidly; tentokrate se
jednalo o protipozarni konstrukci v oblasti nasdvacich $térbin,
kde byly pouZity desky PROMATECT®-H. A nebyly to aplika-
ce posledni. DEl4 mi radost, kdyZ se podivdm po nas$i nevelké
zemi a vidim, Ze i kdyZ se tu zase tak moc tunela nestavi, na vét-
§iné jsme se néjakou mérou podileli — Klimkovice,
Kréalovopolsky, Panenskd, Libouchec, Valik, Komoransky,
Lochkovsky a v posledni fadé tunelovy komplex Blanka.

Za ty roky uz vime, Ze podzemni stavitelstvi je ndro¢nd dis-
ciplina. Pozadavky investor, projektantd a zhotovitelti nds neu-
stdle pohdneji kupfedu a nuti nds neusnout na vavrinech.
Podilime se na ruznych vyzkumnych programech a projektech,
at'uz v zahranici, nebo i u nés v CR. Tyto projekty jsou spojeny
nejcastéji s vyzkumem chovéni tunelového osténi pri pozaru.
Pozarni bezpecnost staveb, i téch podzemnich, je vdznou a nedil-
nou souldsti stavebniho dila. Nékdy mdm pocit, Ze tato ,,sou-
Cast* neni vitdna, Ze je vnimdna jako zbytecnd a drahd. O tech-
nické drovni a bezpe¢nosti stavebnich dél se rozhoduje na jiném
poli. My muZeme garantovat, Ze budeme vzdy pfipraveni fesit
pozadavky norem a legislativy, investorl a projektantu. Pro tento
proces mame jiz dostate¢ne zkuseny tym a dostatek zkuSenosti.

Na zdvér chci poprat vSem hodné optimismu a sil pro dalsi
podzemni dila a lou¢im se s pozdravem — ,,Promat — ohen Vam
nedd mat!*
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DEAR TUNEL JOURNAL READERS,

I am honoured that I can say a couple of words about our
company, Promat s.r.o. (Promat Limited) using these jour-
nal pages. It is possible that, despite the fact that we deal
with underground construction within the framework of the
concern for a very long time, we will be a firm unknown to
a large proportion of readers. We do not drive tunnels or gal-
leries, do not carry out concrete liners and do not install
waterproofing systems in underground structures. Our
objective is to protect underground structures and protect
escaping people against the effects of a contingent fire.

The Czech company of Promat s.r.o. is part of the worldwide group
Promat International, the owner of which is the company of Etex. The
firm of Promat originated in Germany in 1957 as a specialised professi-
onal company operating in the field of passive fire safety of all kind of
structures and buildings. Until now, the firm has profiled itself into seve-
ral specialisations. Our products and structures are used in the field of fire
safety of underground structures, underground construction, petrochemi-
cal and chemical industries, manufacture of ships, rolling stock manu-
facture and applications of special insulations of thermal applications and
technological processes attending high temperatures.

In the field of the application of fire-protective structures we rely on
the wealth of experience of our foreign colleagues. After all, first our
materials were used as long ago as 1963 in England, in a road tunnel in
the town of Dartford. The firm of Promat s.r.o. was founded in 1993 and
gradually, with developing its activities, focused its attention even on the
field of underground construction. Perhaps few know that our materials
were already used during the course of the construction of the Strahov
tunnel. It was the application of GLASAL®-T cladding boards, which
serve their purpose until now, even after so many years. Our materials
asserted themselves even in the subsequent Mrazovka tunnel; PROMA-
TECT®-H boards were used there as fire-protective structures in the
areas of air suction slots. And it has not been the last application. It makes
me happy if I look around our small country and can see that, even
though tunnels constructed here are not so many, we have contributed to
some extent to the majority of them — the Klimkovice, Krdlovo Pole,
Panenskd, Libouchec, Valik, Komorany, Lochkov tunnels and, at last but
certainly not least, the Blanka complex of tunnels.

We have learned during the years that underground construction is a
challenging discipline. Requirements of project owners, designers and
contractors keep driving us forward and force us not to fall asleep on lau-
rels. We participate in various research programs and projects, both abro-
ad and in our country, the Czech Republic. Those projects are most fre-
quently associated with the research into the behaviour of tunnel linings
during the course of fires. Fire safety of buildings, even of underground
structures, is a serious and inseparable part of construction workings.
Sometime I have a feeling that this “part” is not welcomed, that it is per-
ceived as unnecessary and expensive. Decisions dealing with the techni-
cal level and safety of underground structures are made somewhere else.
We can guarantee that we will always be prepared to solve requirements
of standards and legislation, project owners and designers. We already
have got a sufficiently experienced team and enough experience availab-
le for this process.

At the conclusion, I want to wish everyone lot of optimism and
strengths for future underground construction projects. I
say goodbye with greeting — “Promat — fire will not
checkmate you!”

i __—

ING. LADISLAV ZAJIC

jednatel Promat s.r.o.
Promat s.r.o. Executive Head
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VAZENI CTENARI,

dne 17. &ervence 1991 byla stfeda. Administrativa prezidenti
Bushe a Gorbacova dosdhla dohody nad prvnim draftem budouc{
smlouvy START II. Vznikla nové vldda Chorvatského demokra-
tického spolecenstvi. Nase zemé byla dosud federaci. A byla zalo-
Zena spolecnost SATRA, spol. s r.0.

Celkem 25 let je ¢islo, které svadi k melancholickému bilancova-
nf nad dlouhym vy¢tem dosazenych milnika, srovndvani a vyvaZov-
4nf dspéch i netispéchu a malovéni svétlych zitiku. Zejména pokud
prijmeme formulaci ctvristoleti jako oznaleni stejného Casového
tiseku, md najednou stejné vyroli v onom jiném méfitku vétsi nalé-
havost; 25 let je jen ¢islo, ale ctvrtstoleti zavazuje.

Uplynulou dobu muZeme charakterizovat ruznym pohledem. Jako nejpriroze-
néji se jevi méfitko lidského Zivota. Néktefi z tech, se kterymi jsme v roce 1991
odchézeli z Vojenského projektového dstavu, jiz s ndmi bohuZel nase vyroci sla-

DEAR READERS,

there was Wednesday the 17t July 1991. The administration of pre-
sidents Bush and Gorbacov reached an agreement on the first draft of the
future START II treaty. A new government of the Croatian Democratic
Alliance originated. Our country was still a federation. In addition, the
company of SATRA, spol. s r.0. was founded.

The total of 25 years is a number tempting to melancholic balancing
over a long summary of reached milestones, to comparing and balancing
success and failure cases and to painting the bright future. In particular if
we accept the formulation a quarter century as marking of the same peri-
od of time, the same anniversary has all of the sudden greater urgency on
that other scale. 25 years is only a number, but a quarter century obliges.

The elapsed time can be characterised from various points of view. The scale of
human life appears to be most natural. Some of the people with whom we left Vojensky
Projektovy Ustav (the Military Designing Institute) in 1991 unfortunately can no more
) ., o vew L , ) . celebrate this anniversary with us. Many of our colleagues came for a short period of
vit nemohou. Rada nasich kolegu pfisla na kritké obdobf a SATRA je pro né e g SATRA was olr'ﬁy a partial episﬁde of life for them. Some of them spgnt a part

pouze dilcf Zivotnf epizodou. Nekteff strdvili delSf ¢ast Zivota uvnitr firmy, neZ o their Jife inside the company which was longer than the time they had spent before.
kOh.k proZili predtim. A mame i kolegy, kterf jeSté nebyli na svét¢, kdyZ firma e eyen have colleagues who had not been born yet when the firm originated.
vznikla. o ) . o We are technicians and this fact in a certain way determines even how we regard the

Jsme technici, a tento fakt uréitym zpusobem determinuje i to, jak nazirime na  coherence of life and the passage of time. Even another comparison is offered allowing
souvislosti Zivota a béhu ¢asu. Nabiz{ se i jiny piimér, jimZ je moZno popsatnaSe  for describing our past quarter century. We began to participate in the project for the
uplynulé Ctvrtstoletf. Na projektu tunelového komplexu Blanka jsme se zacali ~ Blanka complex of tunnels at the time when this project even did not have its name yet.
podilet v dobe, kdy tento projekt ani nemél své jméno. Blanka byla pouze jednou  Blanka was only one of the variants to be assessed, which were represented only by an
z posuzovanych variant, které byly reprezentovdny jen pomyslnou Carou na  imaginary line on the map. We submitted a verification study, we were there when
mapé. Odevzdali jsme ovéfovaci studii, byli jsme u toho, kdyZ Blanka zustala ~ Blanka remained as the only variant and we led it through the zoning process and the
jako jedind a postupné jsme ji provedli izemnim a stavebnim fizenim. V letech ~ building permission proceedings. An exploratory gallery for a part of the current
2002-2004 vznikla prazkumna Stola pro ¢4st dnes Bubene¢ského tunelu. Bylo ~ Bubenet tunnel originated in the 2002-2004 period of time. Biological assessment of
zpracovéno biologické hodnoceni pifrodnich pamitek Kralovskd obora — natural monuments Kralovskd Obora (Royal Game Reserve) and Jablonka was carried
a Jablofika. V roce 2006 jsme vydali zaddvaci dokumentaci pro vybér zhotovite-  0ut. In 2006, we issued the tender design for the selection of the contractor for the civil
le stavebn a technologické &asti a nasledujicich téméf 10 let jsme plisobili jako ~ engineering and technological parts and during the following nearly 10 years we acted
projektant a koordindtor celého severozdpadntho tseku Méstského okruhu the consulting engineer and coordinator for the entire north-western section of the City
v Praze. Potykali jsme se s problémy, které casto nebylo mozno predvidat a které Circle Road in Prague (the inner circle). We faced problems which frequently could not
nemély v nasi realité obdoby. BohuZel, ne vidy to byly problémy technické, &fm be anticipated and were unprecedented in our reality. Unfortunately, the pr'oblems were
ddl Gast&ji jsme byli zapojovani do politickych a pravnich her. Nijak tomu nepo- Eot alwiys technlcgl..More and more frequently were we engaged in political anq legal
mdhal ani medidln{ obraz projektu, silné ovlivnény iraciondln{ touhou Cdsti vefej- games”. The media image of the project was of no help because of the fact that it was
nosti po negativnich informacich, které média tolik ochotné vychézeji vstfic. f}i%gt)ﬁrfa&%iycglgienmc:i:ﬁg;1;; agglrilili rf; ?}\/fmg of a part of the public for negative infor-

g a 7 ’ k=4 N

V sobotu 19. zff 20} 5 byl} cely Vt unglovyvk?fn Plex Blanka uve den do Provo- Saturday the 19th September 2015 was the day when the entire Blanka complex of

zu. Tomuto momentu predchdzel nékolikamésicni maraton zkousek, ktery vyvr-

il dspesny enfm slojek Kifkait edves it 0d tunnels was opened to traffic. This moment was preceded by a several months lasting
cho 1} USpesnym CVICenim §/0z¢ QS ¢ IXaJIC v predvecet Zprovoznenl. O marathon of tests, which culminated by a successful exercise of the Integrated Rescue
prvnich minut bylo zfejmé, Ze projekt slouZzi spolehlivé a prindsi fadu pozitiv-

r tnut b zep > ; 1 System, so to say on the eve of bringing Blanka into service. It has been obvious since
mCl} efektu,!)oslo.k razantnimu ulgyt}(u Intenzit pgvrchove dopravvy. Tam,kde se  ihe first minutes of the operation that the project serves reliably and brings many positi-
zdteZ lokdlné zvysila, je doprava vétsinou plynulejsi, nebo se prosté cekd na dal$i  ve effects. The surface traffic flow volume sharply decreased. Where the traffic flow
pokraCovani v dopravni koncepci mésta. Tunelovy komplex Blanka md jeden  volume locally increased, the traffic is mostly more fluent or further continuation of the
specificky dopad, ktery Prazané charakterizuji jako ,zmen3en{“ metropole.  transportation concept is simply awaited. The Blanka complex of tunnels has one speci-
Vzdalenost, kterou diive trvalo prekonat 45 minut, je nyni mozné zvlddnout za  fic consequence, which is characterised by Prague citizens as “reducing the size” of the

tretinovy Cas. metropolis. The distance for overcoming of which the time of 45 minutes was formerly
Zdalo by se, Ze nase ¢innost u této stavby jiz pomalu konéi s blizicim se kon-  necessary can now be overcome in a third of that time.
cem zkusebniho provozu. Nase role v projektu vSak shodou prekotngch okol- It could seem that our work on this project is slowly ending with the approaching end

nosti i nadéle zustdvd vyznamna. Od leto$niho ervna zajiStujeme provoz tune-  of the trial operation. But owing to turbulent circumstances our role in the project will
lového komplexu Blanka. S timto projektem jsme progli celym jeho dosavadnim  continue to be important. We ensure the operation of the Blanka complex of tunnel since
Zivotnim cyklem, a tfm jsme potvrdili komplexnost naich znalosti a schopnos- ~ June 2016. We have passed through the entire life cycle to date with this project, thus
ti. Ve vizi spole¢nosti SATRA, spol. s 1. 0. se piSe: ,,Nase prdce nekonéi odevz- confirming the comprehensive character of our knowledge and experience. The follo-
ddnim projektu, ale aZ po kolaudaci a uvedeni dila do provozu. Jdeme jesté ddle wing statement is contained in the SATRA, spol. s r. 0. vision: ,, Our work ends only after

a prebirdme odpovédnost za provoz dila, se kterym jsme strdvili vice nez dvé the certificate of practical completion is issued, not with handing a completed project
desitky let Zivota.” over. We go even further and take over responsibility for the operation of the tunnels

which we spent over two tens of life with.

When we take stock of the achievements of our work, we should ask: Did all our
efforts have sense? Is it true that our work is more than a business case? Over 14 milli-
on vehicles passed through the Blanka complex of tunnels during the first six months of
the operation. If each of the drivers who use the tunnels twice a day for travelling to the
work and back saves a mere 5 minutes in one direction in comparison with the original
PRV g, > R o o v condition, the total saving in this period of time would amount to 22 hours. It is nearly
téme cely den, ktery mohl stravit s rodinou, s priteli nebo jej ekonomicky zhod- 1 4ay he could spend with the family or friends or increase its value. And if each of the
notit. A Eokud}by kazdy z fidi¢u, ktery ve stejném obdobi pougll, tunely,v usetril  rivers who used the tunnels during this period of time saved again the 5 minutes, the
oproti puvodnimu stavu opét onech 5 minut, inila by celkova dspora Casu za  aoeregate saving for the first half year of the operation in comparison with the original
P{Vﬂf 13“1 rok provozu ce:,lkem 135 let. Nase préce tak pozitiv- condition would amount to 135 years. In this way our work has posi-
ne zménila Zivot statisicu obyvatel. tively affected lives of hundreds of thousands citizens.

ViézZeni tendri éasopisu Tunel, dékllji vam, ze jste vV onom Dear TUNEL joumal readers, allow me to thank you for being

—
uplynulém Ctvrtstoleti byli s ndmi. Pfeji vam i nas{ spole¢nosti / with us during the past quarter century. I wish you lots of future com-
hodné dalSich spole¢nych let a véfim, Ze i nadéle budeme tento % mon years and believe that we will continue to supply this good qua-
kvalitni Casopis zdsobovat zajimavymi piispévky z nasi prace. / lity journal with contributions from our work.

ING. LUDVIK SAJTAR

jednatel a generalni Feditel SATRA, spol. s r.o.
Executive Head and General Manager of SATRA, spol. s r.o.

Budeme-li bilancovat dspéchy nasi prace, méli bychom se ptét: melo celé to
snazen{ smysl? Je skute¢né nase préace vic, neZ jen obchodni ptipad? Za prvniho
pul roku provozu projelo tunelovym komplexem Blanka vice neZ 14 miliond
vozidel. Pokud by kaZdy z fidi¢u, ktery pouZiva tunely dvakrét denné pro cestu
do prace a nazpét, usetiil oproti pivodnimu stavu pouhych 5 minut v jednom
sméru, celkovd dspora v tomto obdobi by pro néj €inila celkem 22 hodin. To je
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POZARNI OCHRANA TUNELOVEHO OSTENI
FIRE PROTECTION OF TUNNEL LININGS

LIBOR FLEISCHER

ABSTRAKT

VSechny podzemni stavby, kde se pohybuji lidé, jsou sloZitymi stavebnimi a technologickymi dily. Nejen svym provedenim, ale zejmé-
na ndslednym provozem. Stejné jako objekty pozemniho stavitelstvi i ty podzemni musi spliiovat veskeré bezpecnostni podminky. Mezi
nejzdkladnejsi poZadavky patri zajisteni stability objektu a poZdrni bezpecnost. Podminky pro bezpenou evakuaci jsou ddny v norma-
tivnich poZadavcich na tyto stavby. Jsou nedilnou soucdsti poZdrné bezpecnostniho reSeni stavby, které stanovuje zdsady poZdrni bez-
pecnosti kazdého konkrétniho dila. Aby osoby mely moZnost bezpecného tiniku, musi stavebni konstrukce vykazovat takovou poZdrni
odolnost, aby nedoslo k jejich poruseni v prilis krdtkém Case. Tady je zdsadni rozdil mezi poZdrem objektu stojiciho na povrchu a poZd-
rem, ktery vznikne v podzemi. PFi poZdru pozemniho objektu teplo vznikajici horenim muze volné unikat do okoli a objekt je ochlazovdn
okolni atmosférou. Naopak pri poZdru v podzemi se teplo kumuluje uvniti- a stavba ukrytd v podzemi neni tak ti¢inné ochlazovdna, v pod-
staté se z tunelu stane pec. Samozrejmé zdleZi na zdroji horlavych ldtek, ale jak ukdzaly mnohé experimenty, staci k témto extrémnim
projeviim bézné a na prvai pohled bezpecné materidly. Proto je diileZité posoudit poZdrni odolnost hlavni nosné konstrukce tunelu — osteé-
ni. Pro splnéni navrZenych parametrii existuje nékolik zpiisobii a je na projektantovi, jaky systém poZdrni ochrany osténi zvoli. P¥i ndvr-
hu by se méla zhodnotit veskerd rizika a zvdZit i pripadné ndklady na sanaci, ¢i ekonomické dopady spojené s uzavienim podzemni
dopravni tepny po dobu oprav.

ABSTRACT

All underground constructions with people moving inside are pieces of complex construction and technological work. It is so not only
due to their execution but, in particular, due to the subsequent operation. As well as buildings, even underground constructions have to
satisfy all safety conditions. Ensuring structural stability and fire safety belongs among the most basic requirements. Safe evacuation
conditions are specified in standard requirements for these structures. They are an inseparable part of the fire design for the construc-
tion, which sets the principles of fire safety of each particular construction. Building structures have to exhibit fire safety preventing
their damaging within a too short time so that persons are able to safely escape. Here is the basic difference between a fire in a buil-
ding standing on the surface and a fire originating in the underground. In the case of a fire in a building on the surface, the heat gene-
rated by burning can freely escape to the surroundings and the structure is cooled down by the ambient atmosphere. On the contrary, in
the case of a fire in the underground, heat is accumulated inside and the structure hidden in the underground is not cooled down so effec-
tively and, in substance, the tunnel turns into a furnace. Of course, it depends on the source of flammable substances, but, as shown by
numerous experiments, common and at first glance safe cargos suffice to these extreme manifestations. It is therefore important to assess
the fire resistance of the main load-bearing tunnel structure, the lining. Several ways of meeting design parameters exist and it depends
on designers which fire protection system they select. When a design is being carried out, all risks and potential costs of rehabilitation
or economic consequences associated with closing the underground thoroughfare during repairs should be assessed.

ovoD

Dnesni doba je charakteristickd volnym pohybem osob
a zbozi. Zejména v Evropé v poslednich desetiletich jsou
patrné velké investice do dopravni infrastruktury. Tento trend
se tykd samozfejme i vSech rozvinutych ¢asti sveta. Se zahus-
tovanim sité komunikaci prichdzi i potfeba budovani pod-
zemnich dopravnich staveb, a to bud z divodu zkracovani
tras, nebo ukryvani dopravy pod povrch ve velkych mést-
skych aglomeracich za Géelem zklidnéni povrchové dopravy.
Tento trend se nevyhybd ani Ceské republice a zejména jeden
z nejvétSich projektd posledni doby — tunelovy komplex
Blanka — je toho dukazem.

Podzemni stavebni dila jsou velmi ndro¢né projekty nejen
pro sloZity zpusob vystavby, ale také pii jejich provozovani.
Jelikoz se v dopravnich tunelech pohybuji lidé, jsou na tyto
stavby kladeny prisné pozadavky, mezi které spadd i pozarni
bezpecnost. Tento ¢ldnek se zabyva jen jednou Cdsti pozZarni
problematiky, a to odolnost{ ostén{ proti i¢inkim poZarua spa-
dajici do pasivni oblasti pozarni odolnosti.

ZAKLADNI NORMOVE POZADAVKY

Zakladni poZadavky pro projektovdni tunelu obsahuji
normy CSN 73 7507 Projektovdni tunelii pozemnich komuni-
kaci a CSN 73 7508 Zeleznicni tunely.

INTRODUCTION

The present time is characterised by the free movement of
people and goods. Large investments into transport infrastruc-
ture have been apparent in recent decades in particular in
Europe. Of course, this trend relates to all developed parts of the
world. A need for developing underground transportation struc-
tures comes with increasing the road network density, carried
out either for the reason of reducing the lengths of routes or
hiding transportation under the surface in large urban agglome-
rations with the aim of reducing surface traffic flow. This trend
even does not avoid the Czech Republic. The Blanka complex
of tunnels, one of the recent largest projects, is a proof of it.

Underground construction projects are very exacting not only
because of complicated construction processes but also because
of the complex operation. Since people move through traffic and
transport tunnels, strict requirements are imposed on them, with
fire resistance among them. This paper only deals with one part
of fire protection problems, the resistance of a lining to the effects
of fires, which falls into the passive area of fire resistance.

BASIC STANDARD REQUIREMENTS

Basic requirements for designing tunnels are contained in
standards CSN 73 7507 Design of Road Tunnels and CSN 73
7508 Railway Tunnels.
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Predmétem prvné jmenované normy je navrhovdni tunelt
pozemnich komunikaci a variant jejich Sitkového usporada-
ni, prijezdny prostor tunelu, jeho pfi¢né usporddani, sméro-
vé a vySkové vedeni komunikace v tunelu. Obsahuje kon-
strukéni pokyny, bezpecnostni tpravy i zdsady poZarni bez-
pecnosti. Norma plati pro projektovani nové navrhovanych
tunelu silnic, ddlnic a mistnich komunikaci. Pro projektovan{
rekonstrukci a nového technického vybaveni stdvajicich
tunell plati ustanoveni této normy v maximalné vyuZitelném
rozsahu. Norma neplati pro tunely mistnich komunikaci
a tunely s méstskou kolejovou hromadnou dopravou, pro
samostatné tunely nemotoristickych komunikac{ a pro tunely
ucelovych komunikaci. Norma také neplati pro podjezdy
a tunely do 100 m délky. Druhd vyse uvedend norma plati pro
projektovéni tunela drdznich pro kolejovd vozidla do rych-
losti 160 km/h.

Obé normy obsahuji kapitoly zabyvajici se pozdrni bez-
pecnosti a opiraji se o zdkladni normy pozdrni bezpecnosti
staveb: CSN 73 0802 Pozdrni bezpecnost staveb — Nevyrobni
objekty, CSN 73 0804 Pozdrni bezpecnost staveb — Vyrobni
objekty, CSN 73 0810 PoZdrni bezpecnost — Spolecnd usta-
noveni, CSN 73 0873 PoZdrni bezpeinost staveb -
Zdsobovdni poZdrni vodou, CSN 73 0875 PoZdrni bezpecnost
staveb — Stanoveni podminek pro navrhovdni elektrické
poZdrni signalizace v rdmci poZdrné bezpecnostniho rFeSeni,
CSN 73 0848 Pozdrni bezpecnost staveb — Kabelové rozvody.

Dopravni prostor tunelové trouby je podle CSN 73 0875
taxativné zatfidén do pédtého stupné pozarni bezpelnosti
u kritkych tunelu (kratky tunel je tunel s délkou 100 az
500 m v¢&etné), stiedni a dlouhé tunely pak do sedmého stup-
né pozarni odolnosti (stfedni tunel ma délku 500 az 1000 m
v&etné, dlouhy tunel pres 1000 m). Coz znamend, Ze tunelo-
vé osténi, pokud plni nosnou funkci, musi mit pro kratké
tunely pozarni odolnost REI 120, pro stfedn{ a dlouhé tunely
REI 180. Konstrukce a materidly pouZzité na osténi musi byt
tridy reakce na ohen A1l.

V Ceské republice se

Tuel

The subject of the former standard is designing road tunnels
and the variants of the roadway width geometry, the tunnel cle-
arance profile, the transverse arrangement of the clearance pro-
file and the horizontal and vertical alignment of the road in
a tunnel. The standard contains construction instructions, safe-
ty modifications and fire safety principles. It is applicable to
designing newly proposed tunnels for roads, motorways and
local roads. As far as designing for reconstruction and new tech-
nical equipment of existing tunnels is concerned, the provisions
of this standard are applicable to the maximum usable extent.
The standard is not applicable to tunnels on local roads and tun-
nels carrying urban track-bound mass transport, to independent
tunnels on non-motoring roads and to tunnels on tertiary roads.
In addition, the standard is not applicable to underpasses and
tunnels with the length of up to 100m. The latter above-menti-
oned standard is applicable to designing railway tunnels for rail
vehicles with the maximum velocity of 160km/h.

Both standards contain chapters dealing with fire safety. They
are based on the following fundamental standards on the fire
safety of buildings: CSN 73 0802 Fire protection of buildings —
Non-industrial buildings, CSN 73 0804 Fire protection of buil-
dings — Industrial buildings, CSN 73 0810 Fire protection —
General requirements, CSN 73 0873 Fire protection of buil-
dings — Equipment for fire-water supply, CSN 73 0875 Fire pro-
tection of buildings - Setting specification for design of fire
detection systems, CSN 73 0848 Fire protection of buildings —
Cable line.

Road space in a tunnel tube is exhaustively categorised by
CSN 73 08 7507 as the fire safety degree five for short tunnels
(the short tunnel is a tunnel with the length of 100-500m, inclu-
sively), whilst medium-length and long tunnels are categorised
as fire resistance degree seven (the medium-length tunnel is 500
to 1000m long, inclusively; the long tunnel length exceeds
1000m). It means that the fire resistance class of a tunnel lining
fulfilling a bearing function has to be REI 120 for short tunne-
Is and REI 180 for medium-length and long tunnels. The fire
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Obr. 1 Teplotni kifivky poZdrnich scéndiu
Fig. 1 Temperature curves of fire scenarios
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reaction class A1 is prescribed for structures and
materials used for the lining.

In the Czech Republic, the ETK curve is assu-
med for the temperature scenario for underg-
round tunnel structures, which is a standard fire
in a closed room. However, no consensus exists
in this respect among individual countries and

each country follows its own requirements and
regulations. There are several applicable curves

available and opinions on the course of a tunnel
fire among professionals differ. They are pre-

teplota [°C] / Temperature [°C]

sented in Fig. 1.

If we compare temperatures at the ETK curve
and the most stringent RWS curve in the thirti-
eth minute, the difference amounts to 478°C. As
proved by several realistic tests (for example the

T
gas.T1,+10m

Runehamar test conducted in Norway in 2003,
which is discussed in the same issue of TUNEL

0 10 20 30 40

¢as [min] / Time [min]

journal), where temperatures reached by bur-
ning realistic commonly occurring cargos wit-
hout any special risk (wooden pallets, plastic
materials) exceeded 1300°C. In addition, it tur-

60

Obr. 2 Prubéh teplot plynu v porovndni s teplotnimi kfivkami
Fig. 2 History of temperatures of gases compared with temperature curves

ve stejném &isle Casopisu Tunel), kdy se nechaly hotet redl-
né, bézné se vyskytujici ndklady bez zvlastniho rizika (dre-
véné palety, plastové materidly), dosahované teploty prekra-
Zovaly 1300 °C. Navic se ukdzalo, Ze nérust teplot je mno-
hem rychlejsi a jiz v paté minuté dosahovala teplota plyna
pres 1200 °C. Prub¢h teplot plyna v porovnani s teplotnimi
kfivkami je vidét na grafu v obr. 2.

U kazdého nové navrhovaného tunelu je nutnd analyza pri-
padnych rizik. Na zdkladé této analyzy a ndsledné pozdrné
bezpeénostniho feSeni stanovuje projektant podrobné poza-
davky na zajiSténi pozdrni bezpecnosti stavby. V minulych
letech se odehrdlo nékolik vdZnych poZdri v dopravnich
tunelech. Tyto uddlosti vedly k diskusi o trovni zabezpeceni
podzemnich staveb a snaze zvysit bezpecnost vSeobecné.
Pfi porovnéani umrti doprovézejicich havérie spojené s poza-
ry v tunelech a na béznych komunikacich hovori statistiky
jasné. Tunely jsou bezpelné€jsi nez oteviené komunikace.
JenZe kolik kilometrt je otevienych komunikaci a kolik kilo-
metru je tunelG?

Podzemni stavby maji velmi rozdilnd specifika oproti stav-
bdm na povrchu:

e evakuace osob — je moznd jen smérem ven k portdlu
tunelu, druhym tubusem nebo tnikovou Stolou, z tunelu
nejde vybéhnout ze dveri, vyskocit oknem, slézt po Zeb-
riku nebo odletét ve vrtulniku;

e vétrani — odvod koufe a tepla — velké objemy, specifika
tlakovych poméru v tubusech tunela;

¢ kolaps stavebnich konstrukei — poruseni tnosnosti osté-
ni muZe vést k zdvalum, zaplaveni, zejména u mélce
zaloZenych podzemnich staveb nachdzejicich se v mést-
skych aglomeracich a pod vodnimi plochami;

e zdsah jednotek integrovaného zachranného systému,
zejména jednotek HZS;

e omezeni fungovani infrastruktury po dobu sanace posko-
zené stavby;

¢ technologické vybaveni slouzici pro béZny provoz
a zejména pak pri krizovych situacich.

ned out that the temperature increase rate is
much faster and the temperature of gases excee-
ded 1200°C as early as the fifth minute. The his-
tory of the temperatures of gases in comparison
with temperature curves is presented in Fig. 2.

An analysis of potential risks is necessary for each newly
designed tunnel. Detailed requirements for ensuring the fire
safety of a structure is set by the designer on the basis of this
analysis and the subsequent fire design. Several serious fires
happened in traffic tunnels during the recent years. These
events led to discussions about the level of fire safety of
underground structures and the effort to improve the safety in
general. When death tolls accompanying incidents associated
with fires in tunnels and on common roads are compared, sta-
tistics speak clearly. Tunnels are safer than open roads.
However, how many kilometres of open roads exist and how
many kilometres of tunnels exist?

The specifics of underground structures significantly differ
from at-grade buildings:

e evacuation of persons — it is possible only in the direction
toward the tunnel portal, through the other tunnel tube or
through an escape gallery. It is not possible to run away
from a tunnel through a door, jump out a window, climb
down a ladder or fly away by a helicopter;

¢ ventilation — removing smoke and heat — large volumes,
specifics of pressure conditions in tunnel tubes;

e a collapse of building structures — bearing failure of
a lining may lead to collapses or inundation, mainly in
shallowly founded underground structures located within
urban agglomerations and under water areas;

 intervention of the Integrated Rescue System units, in par-
ticular the Fire Rescue Service;

e restricted functioning of the infrastructure during the cour-
se of the damaged structure rehabilitation;

e tunnel equipment serving during common operation and, in
particular, during crisis situations.

PROPERTIES OF CONCRETE AND VARIANTS
OF ITS PROTECTION

Concrete itself is an excellent material and is certainly most
suitable for the construction of underground structures. On the
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VLASTNOSTI BETONU A VARIANTY JEHO OCHRANY

Beton sdm o sobé je vyborny materidl a pro stavbu pod-
zemnich staveb ur€ité nejvhodnéjsi. Z hlediska pozarni odol-
nosti md vSak své limity. Je mozné zabezpecit vlastni odol-
nost pouhym betonem. Je to otdzka zejména tloustky kryt{
ocelové vyztuze a celkové tloustky Zelezobetonové konstruk-
ce. Pri zahrati betonu nad 100 °C dochazi k neékolika reak-
cim. Fyzikdlné, Cdste¢né také chemicky vdzand voda se
v betonu uvolniuje a unikd ven. Expanzni faktor voda : vodni{
péra je 1:1700. CoZ zpusobuje odpryskavéani kusu betonu do
velkych hloubek a dochazi tak k oslabovani nosné vyztuze
a rychlejsi ztraté nosnosti. Tento jev je o to intenzivnéjsi, ¢im
je beton kvalitnéjsi, hutnéjsi a tedy méné propustny pro uni-
kéani vodni pary. Odpryskany beton je patrny na obr. 3, kde je
zachycen vzorek betonového dilce ze standardniho betonu
s vyztuzi. Na obr. 4 je zaznamendn stav betonu po redlném
poZaru.

Rozhodujici je také rychlost ndrastu teploty, kdy se jesté
vyraznéji projevuji rozdily v uvaZzovanych teplotnich scéna-
fich oproti kfivce ETK a napriklad RWS. Dal§im projevem je
teplotni degradace betonu. Tato degradace je nevratnd a zna-
mend vzdy rozsdhlé sanacni prace do velkych hloubek
poskozeného betonu. Pro beton jsou zdsadni teploty nad
300 °C a doba pusobeni téchto teplot. Pfi teploté 100-200 °C
dochdzi ke ztraté fyzikdlne€ vazané vody a k enormnimu zvy-
Seni vnitrniho tlaku vyvolaného expanzi vodni pary.
Soucasné dochédzi k rozkladu sddry. Kolem teploty
300-350 °C zalind praskat kfemicCité kamenivo. Pri teploté
400 °C se rozkldda Portlandit. Kolem teploty 500 °C docha-
zi ke zménam z krystalové faze z B na a. Pfi teplote¢ 700 °C
nastava rozklad uhliCitanu védpenatého. Jednd se o silnou
endotermickou reakci, kterd je doprovidzena uvolnovdnim
oxidu uhlic¢itého, 800 °C znamena zaclatek vzniku keramic-
kych vazeb. Pii teplote 1100-1200 °C se tvori Wollastonit.
Teplota 1300 °C znamend celkovy rozklad betonu a taveni
nékterych slozek. Shrnuti t€chto skutecnosti muze byt jedno-
duse interpretovano tak, ze konstrukéni beton pfi teploté
500 °C ma pouze 50 % unosnost a pri teploté 800 °C jiZ jen
10 % tnosnost. A velmi podobné s unosnosti je na tom ocel.
Na obr. 5 je zndzornén graf ztraty pevnosti betonu a oceli
v zdvislosti na rostouci teploté.

Zalezi vzdy na konkrétn{ skladbé betonové smési, na star{
betonu, na vlhkosti betonu, ale u béZnych stavebnich betonu

Obr. 4 Opryskdni betonu aZ na nosnou vyztuz
Fig. 4 Concrete suffering spalling up to the depth of the bearing reinforcement

Obr. 3 Ukdzka odpryskaného betonu aZ po ocelovou vyztuz
Fig. 3 Demonstration of concrete flaked off up to steel reinforcement

other hand, it has got its limitations from the aspect of fire
resistance. It is mainly the matter of the concrete cover of steel
reinforcement and the total thickness of the reinforced concrete
structure. When concrete is heated over 100°C, several reacti-
ons take place. Water physically and partly even chemically
bound in concrete releases and escapes out. The water : steam
expansion factor is 1:1700. This phenomenon causes spalling
off of the concrete surface up to great depths resulting into
reducing the strength of bearing reinforcement and more rapid
loss of the load-bearing capacity. This phenomenon is the more
intense the higher the quality and density of concrete (the less
permeable for escaping steam). Examples of flaked off concre-
te surfaces are presented in Fig. 3, where a sample of a concre-
te lining segment made of standard concrete containing steel
reinforcement is exhibited. The condition of concrete after
a real fire is recorded in Fig. 4.

The increase in the temperature, where the differences in the
assumed temperature development scenarios in comparison
with the ETK curve and, for example, the RWS curve manifest
themselves even more noticeably, is also crucial. The thermal
degradation of concrete is another manifestation. This degrada-
tion is irreversible and always means the extensive rehabilitati-
on of the damaged concrete reaching to large depths.
Temperatures over 300°C and the duration of the action of these
temperatures are crucial for concrete. Physically bound water is
lost and the internal pressure induced by the expansion enor-
mously increases at temperatures ranging from 100 to 200°C.
At the same time gypsum starts to decompose. Around the tem-
perature of 300-350°C siliceous aggregates begin to crack.
Portlandite decomposes at 400°C. Around the temperature
around 500°C, crystalline phase B starts to convert into phase a.
At the temperature of 700°C, calcium carbonate begins to
decompose. It is a strong endothermic reaction, which is
accompanied by releasing carbon dioxide; 800°C means the
beginning of the origination of ceramic bonding. Wollastonite
develops at the temperature of 1100—1200°C. The temperature
of 1300°C means the overall decomposition of concrete and
melting of some components. Summing these facts up can be
simply interpreted as the fact that structural concrete at the tem-
perature of 500°C has only 50% bearing capacity, whilst the
capacity is only 10% at the temperature of 800°C. The strength
of steel behaves very similarly. A chart of the loss of strength of
concrete and steel depending on growing temperatures is pre-
sented in Fig. 5.
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Obr. 5 Zdvislost pevnosti betonu a oceli na teploté
Fig. 5 Dependence of the strengths of concrete and steel on temperature

pujde o velmi podobny prubéh. Existuji samoziejmé i speci-
alni Zarobetony, ty ale nejsou vhodné jako konstrukcni beto-
ny pro stavebni konstrukce.

Kromé slozeni betonové sméesi md na celkovou odolnost
vliv i tvar osténi. Jako nejvhodnéjsi tvar se jevi klasicka
zakrivend klenba. Naopak osténi sklddajici se ze svislych
stén a vodorovného stropu odoldva tepelnému zatiZeni dale-
ko obtiznéji. Takovému osténi se nejde Casto vyhnout ani
u tunelu s klasickou klenbou, kde u rozsdhlejsich a sloZitéj-
Sich dé€l se v podzemi nachdzeji naptiklad odbocky, z duvoda
Sitky vozovky se v takovych Eastech voli vodorovnd nosna
konstrukce. Na zdkladé mnoha testi provddénych akredito-
vanou zkuSebnou Efectis na modelech tunelovych tubusu
pravouhlého tvaru se ukdzalo, Ze kromé standardnich proje-
vu betonu dochdzi vlivem kumulace napéti v rozich na styku
sténa — strop k selhdni konstrukce, kdy vznikaji trhliny na
celou tloustku osténi. Tento typ osténi se pouZivd nejcastéji
u melkych hloubenych tunelovych staveb v méstskych aglo-
meracich, kde na povrchu stoji budovy nebo tam jsou povr-
chové komunikace. Destrukce osténi pak muZe zpusobit
zédval a poskozeni povrchové infrastruktury.

Varianty ochrany betonového osténi

a) Kryti vyztuze betonem

Chovani betonu pfi vysokych teplotich jiz bylo popséno.
Presto jednou z variant, jak zajistit poZarni odolnost kon-
strukce, je zejména navrh kryti betonu odpovidajici pozado-
vané pozarni odolnosti. Tato praxe je béZnd v pozemnim sta-
vitelstvi. Betonové kryti ocelové vyztuZe nabizi poZarni
ochranu po urcitou dobu, vys$si betonové kryti prodluZzuje
tuto dobu az do doby dosaZeni kritickych teplot na vyztuzi.
V zdsadé muze zvySené kryti betonem prodlouzit ¢as do
néstupu kritického odpryskdvani. Ma to vSak své hranice.
ZkuSenosti z pozéru a vysledky zkouSek s modelovymi poZa-
ry ukazuji dokonce tvorbu trhlin s odpryskdnim do hloubek
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It always depends of the particular composition of conc-
rete mix, the concrete age and the concrete moisture, but the
course will be very similar in the cases of common structu-
ral concrete types. Of course, special high temperature
resisting concrete types for building structures exist, but
they are not suitable as structural concrete for common buil-
ding structures.

Apart from the composition of concrete mix, even the
lining geometry affects the overall resistance. A classical
curved vault appears to be the most suitable geometry. On
the contrary, a lining consisting of vertical walls and a hori-
zontal ceiling resists thermal loads with much more diffi-
culty. Such a lining type cannot be often avoided even in
tunnels with a classical vault, where, for example, branches
are located in the underground in more extensive and more
complicated structures, where, with respect to the roadway
width, horizontal bearing structures are selected for such
parts. It turned out on the basis of numerous tests conducted
on models of rectangular geometry tunnel tubes by Efectis,
an accredited testing laboratory, that, apart from standard
manifestations of concrete, the structure fails at corners at
the wall — roof interface due to the accumulation of stress
and cracks develop throughout the lining thickness. This
lining type is used most frequently in shallow cut-and-cover
tunnel structures in urban agglomerations, where buildings
stand on the surface or where there are at-grade roads. In
such the case the destruction of the lining may cause a col-
lapse and damage to the surface infrastructure.

Concrete lining protection variants

a) Covering steel reinforcement with concrete

The behaviour of concrete at high temperatures has already
been described. Despite this fact one of the variants how to
ensure fire resistance of a structure lies in the concrete cover
corresponding to the fire resistance required. This practice is
common in building. Covering steel reinforcement with concre-
te offers fire protection for a certain time; thicker concrete
covers extend this time until the critical temperatures are rea-
ched on the reinforcement surface. Basically, the increased
thickness of concrete cover may extend the time to the onset of
critical spalling. Of course, it has got its limits. However, expe-
rience from fires and results of tests with model fires show the
development of cracks up to the depths exceeding 40mm.
A concrete structure damaged by fire requires expensive and
long-running repair measures.

The fire in the Eurotunnel in 1996 led to serious damages to
the tunnel lining along the length of 500m. Concrete flaked off
up to the depth of two thirds of the lining thickness. The repair
of the damaged section took 6 months and claimed ca 55 milli-
on Euros. The damage and losses incurred due to the suspensi-
on of the tunnel operation climbed to 300 million Euros.

b) concrete with the content of polypropylene fibres

One of the ways how to restrict concrete flaking lies in crea-
ting sufficient space in concrete for the expansion of the steam
originating during the course of heating the concrete. To this
end, adding of polypropylene fibres to concrete mix started. It
is currently the most common method of increasing the fire
resistance of concrete tunnel linings. The method takes advan-
tage of the low melting temperature of the fibres, fluctuating
about 160°C. After the fibres are melded, a network of free
canals develops in the concrete layer, allowing steam to escape
to the surface. In this way the pressure is reduced and massive
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vy$§ich neZ 40 mm. PoZdrem poSkozend betonovd konstruk-
ce vyzaduje drahd a dlouhou dobu trvajici sanaéni opatreni.

Pozar v Eurotunelu v roce 1996 vedl k vdznému poskozeni
osténi tunelu v délce 500 m. Doslo k odpryskdni betonu do
hloubky dvou tretin sily osténi. Oprava poskozeného dseku
trvala 6 mésicti a vyzddala si cca 56 milionti eur. Skoda a fi-
nanéni ztrdty za neprovozovani tunelu po dobu oprav se
tehdy vy$plhaly na ¢dstku 300 miliont eur.
b) Beton s obsahem polypropylenovych viaken

Jednou z cest, jak omezit odpryskavani betonu, je vytvorit
v ném dostate¢ny prostor k expanzi vodni péry, vznikajici pri
zahrati betonu. Za timto dcelem se zacala do betonu priddvat
polypropylenova vldkna. V dne$ni dobé se jednd o nejbez-
n¢j$i metodu ke zvyseni pozarni odolnosti betonovych ostén{
tunelt. VyuZivé se nizké teploty tdni téchto vldken, kterd se
pohybuje kolem hodnoty 160 °C. Po jejich roztaveni se
vytvori v betonové vrstvé sit’ volnych kandlka, jimiZz muZe
k povrchu unikat vodni pdra, ¢imz se sniZi tlak a nedochazi
k masivnimu odpryskdvani. Pro spravnou funkci je dalezité
pravidelné rozptyleni vldken v betonu. Tato technologie pro-
dlouzi zachovani celistvosti betonové konstrukce, nedokaze
vSak ochrédnit vlastni beton pred uCinky vysokych teplot,
které zpusobuji jeho rozpad. I kdyZ se muZe po poZzdru
povrch betonu jevit v porddku, jeho vlastnosti budou zméné-
ny a me¢l by byt posouzen rozsah sanace.

V roce 2009 az 2010 probihaly ve zkuSebné PAVUS a. s. ve
Veseli nad LuZnici zkous$ky vodorovného tunelového osténi.

flaking does not take place. Regular dispersion of fibres in
concrete is important for proper functioning. This technology
extends maintaining the integrity of the concrete structure, but
it is not able to protect the concrete against the effects of high
temperatures causing its decomposition. Even if the concrete
surface may appear to be in order, its properties will be changed
and the extent of rehabilitation should be assessed.

In 2009 to 2010, tests were conducted on the horizontal tun-
nel lining at PAVUS a. s. testing laboratory in Veseli nad
LuZnici. The tests were organised within the framework of the
CIDETAS Exploration Centre at the Czech Technical
University, under the auspices of the Ministry of Education,
Youth and Sports of the Czech Republic, project No. 1IM0579.
The purpose of the tests was to verify linings loaded during
a fire according to the hydrocarbon curve. Two samples with the
dimensions of 4600x1500x300mm, produced from C30/37
grade concrete, containing polypropylene fibres (reinforcing
steel grade 10 505 R, seven longitudinal rods @ 16mm, mini-
mum concrete cover 50mm; transverse rods @ 12mm, spaced at
250mm) were always tested. The samples were loaded by
70kN. The drawing is in Fig. 6. The required fire resistance was
R 180 and the values of the deflection limit and deflection rate
limit were adopted as criteria for reaching the limit states. The
value of the deflection limit D = L2/400d = 154.1mm and the
deflection rate limit dD/dt = 6.85mm/min were prescribed.

The good effectiveness of the fibres manifested itself during
the course of the test; no significant scaling appeared. On the
other hand, deformations grew relatively rapidly; sample DI did
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Obr. 6 Schéma modelu stropni desky
Fig. 6 Diagram of the model of a roof deck




Obr. 7 Vzorek po zkousce s viditelnou velikosti deformace
Fig. 7 A sample after testing, showing a visible magnitude of deformation

Testy byly organizovdny v rdmci Vyzkumného centra CIDE-
TAS pii CVUT za podpory MSMT CR, projekt &. 1M0579.
Piedmétem testu bylo ovéfit chovdni osténi se zatiZenim
pri pozdru, probihajiciho podle hydrokarbonové kfivky.
Testovaly se vidy 2 vzorky o rozmérech 4600x1500x300 mm
vyrobené z betonu tridy C30/37 XF2 s obsahem polypropyle-
novych vldken (ocel vyztuze 10 505 R, podélnd v sedmi
kusech @ 16 mm minimélni kryti 50 mm, pri¢nd vyztuz
@ 12 mm po 250 mm). Zatizeni vzorku bylo 70 kN. Vykres
konstrukce je na obr. 6. PoZadovana pozarni odolnost byla
R 180 a kritérii dosazeni meznich stavi byly hodnoty mezni-
ho prihybu a mezni rychlost prihybu. Pro dané vzorky byla
hodnota mezniho prohybu D = 1.2/400d = 154,1 mm a mezn{
rychlost pruhybu dD/dt = 6,85 mm/min.

V prubéhu zkousky se projevila dobrd dcinnost vldken,
nedochdzelo k velkému odpryskdvani betonu. Na druhou
stranu deformace rostly pomérné rychle, vzorek D1 nevyho-
veél na mezni velikost deformace a vzorek D2 jen tésné.
Vysledky jsou patrné z grafu na obr. 9. Dal$im zji§ténim po
odebran{ vzorku bylo, Ze beton byl tepelné degradovan a jeho
struktura poskozena do velkych hloubek. Objevily se také
trhliny do vice nez 2/3 tloustky vzorku, které jsou patrné na
obr.7 a 8.

Zkouska ukdzala, Ze polypropylenovd vldkna omezila
odpryskdvani betonu, coZ umoznilo vyrazné prodlouzit odol-
nost zku$ebnich vzorkd. Ukdzalo se ale také, Ze beton ma
limitni izolani schopnosti pro ochranu ocelové vyztuZze,
pokud je pouZzito namdhdni podle hydrokarbonové kfivky.
Duikazem jsou velikosti deformaci. Vldkna také nezabrdni
teplené degradaci betonu do velkych hloubek.
©) Protipozarni omitky

Dalsi z variant ochrany betonového osténi je pouziti spe-
cidlnich protipozarnich omitek. Maji velikou vyhodu, Ze
jejich aplikace je moZznd na jakykoliv zakfiveny povrch. Jevi
se jako dobry materidl pro sanace. Nevyhodou naopak je pro-
blematickd pridrznost k podkladum, na které jsou aplikova-
ny. U novych beton na povrchu zustdvaji zbytky pripravka
usnadnujici odbednovani. Lze je bézné smyt vodou a dopo-
ruCuje se oplach studenou tlakovou vodou pfi minimalnim
tlaku 200 bart. To plati, pokud bednéni je odstranéno po tpl-
ném vytvrdnuti betonu. Pokud se z duvodu zvyseni produkti-
vity a v souladu s technologickym predpisem provadi odbed-
novani drive, pouzivaji se k zabranéni rychlého vysychdan{
povrchu ochranné pripravky, které mohou vsdknout do beto-
nu do hloubky 1-2 mm. V tomto pripadé oplach tlakovou
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not satisfy the criterion for the deformation value limit and sam-
ple D2 passed only narrowly. The results are obvious from
graph in Fig. 9. Another findings made after taking the samples
were that the concrete was thermally degraded and its structure
was damaged to great depth. Even cracks reaching deeper than
2/3 of the sample thickness appeared. They are shown in
Figures 7 and 8.

The test proved that polypropylene fibres restricted concrete
spalling, which fact allowed for significant extension of the
duration of the resistance of the test samples. However, it in
addition turned out that the concrete has got limit insulation
properties regarding the protection of steel reinforcement if the
stressing according to the hydrocarbon curve is applied. The
magnitude of deformations is a proof of it. In addition, the fib-
res do not prevent thermal degradation of concrete to great
depths.
©) Fire-protective plastering

Another variant of the protection of concrete linings is the
application of special fire-protective mortars. The great advan-
tage of them is the fact that their application is possible to any
curved surface. They appear to be a good material for repairs.
Conversely, the problematic bond to the substrate to which they
are applied is their disadvantage. In the cases of new surfaces,
remains of concrete form release agents stick to the surface.
Usually they can be washed off with water; rinsing with cool
high-pressure water under the minimum pressure of 200bar is
recommended. This applies if the formwork is struck after
concrete completely hardens. If stripping is carried out sooner
for the reason of increasing productivity and in compliance with
a technological regulation, protective agents preventing quick
drying of the surface are applied, which can soak into concrete
up to the depth of 1-2mm. In this case rinsing with 200bar high-
pressure water is not sufficient and it is necessary to use ultra-
high-pressure washing with the application of the water pressu-
re of 700bar. Perfect cleaning of the substrate is absolutely
necessary in the cases of the reconstruction of older structures.
It is possible to use special detergents removing all sediments
from the concrete surface. Concrete linings of longer operated
tunnels is usually strongly contaminated with dirt and emissions
produced by passing vehicles. Rinsing with 700bar high-pres-
sure water is also recommended, depending on the lining surfa-
ce condition. An inseparable part is the creation of an adhesion
bridge prior the application of the plastering. It will allow for
perfect bonding of the plaster with the concrete substrate. The

Obr. 8 Detail velikosti trhlin
Fig. 8 A detail of the magnitude of cracks
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Tuel

application of a reinforcing mesh anchored into the tun-
nel lining is not necessary and depends on the manu-
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facturer’s specifications. But if it has to be used, we

/ recommend exclusively stainless steel. In the cases of

= deska 2/slab 2

old linings it is recommended that a bonding test is
conducted using proper equipment, for example

PosiTest® tester.
As far as the plaster is concerned, the resultant quali-
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ty, which does not have to meet requirements for visu-
al properties of the lining, is often problematic. It is
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impossible to achieve a smooth surface only by spray
application. Smoothing the surface is possible, but it is
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carried out by hand. It increases labouriousness and
extends the duration of the application.
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A typical and worldwide used representative of fire-

2:52 protective plastering material is Cafco FENDOLITE®

MII, which is based on Portland cement and vermiculite.
d) Cladding with fire-protective slabs

Obr. 9 Deformace desky v zdvislosti na case
Fig. 9 Deformation of a slab in dependence on time

vodou 200 baru nesta¢i a musi byt pouzito ultra vysokotlaké
omyti, kdy se pouziva tlaku vody 700 bart. U rekonstrukci
starSich staveb je bezpodminecné perfektni ocisténi podkla-
du. Je moZno pouZit specidlni detergenty, které odstrani
z povrchu betonu veskeré usazeniny. Betonové osténi u déle
provozovanych tuneld byva silné kontaminovano necistotami
a emisemi od projizdéjicich vozidel. Podle stavu povrchu
osténi se doporuéuje provést rovnéz oplach takovou vodou
700 bart. Nedilnou souddsti pred aplikaci omitkoviny je
vytvorfeni adhezniho mustku, ktery umoZni perfektni spojeni
malty s betonovym podkladem. Pouziti vyztuzné sité kotve-
né do osténi tunelu neni nutné a zdleZi na predpisu konkrét-
niho vyrobce. Pokud vSak musi byt pouZzita, doporucuje se
vyhradné nerezova. U starych osténi se doporucuje provést
zkousku prilnavosti vhodnym zafizenim, napriklad odtrhava-
cf zkousekou PosiTest®.

U omitek byva problematickd vyslednd kvalita povrchu,
kterd nemusi vyhovovat poZzadavkim na pohledové vlastnos-
ti osténi. Pouhym néstfikem nelze dosahnout hladkého povr-
chu. Je mozné zahlazeni, které se vSak provadi ru¢né, coz
zvySuje pracnost a prodluZuje dobu aplikace.

Obr. 10 Poskozeni betonu poZdrem
Fig. 10 Damage to concrete by a fire

Cladding linings with slabs belongs among the most
effective methods of protecting the linings. It is not at
all a new technology. The first documentable applicati-
on was in England, in the town of Darford, in 1963.
The advantage of cladding with slabs is that it fulfils several
functions. The first and most basic of them is fire protection —
securing the bearing capacity and stability of tunnel linings. The
cladding can be designed for the effects of the most stringent
temperature scenarios so that temperatures in concrete and steel
reinforcement do not exceed the critical limit. In addition, the
cladding works as a filter against aggressive substances, such as
chlorides from road salt or exhaust emissions, thus reducing the
corrosion of concrete reinforcement. In addition, cladding can
act as a safety umbrella in leaking tunnels, such as that in
Hamburg, where the cladding in tunnels under water areas
ensures flowing of seeping water down to the lining footings,
where water is diverted through a pipeline to storage tanks to be
pumped outside the tunnel from them.

A great advantage in the case of a tunnel fire lies in the quick
replacement of damaged slabs. Of course, the lining is checked,
but experience from real fires shows that the lining is not at all
damaged or the damage is miniscule in comparison with the
other systems of protecting linings against the effects of fires.
The fire in one of Hamburg tunnels which happened in 2011 can
be used as a proof. Fortunately, it was not a big fire and nobody

w PAVUS, 5.5,
POZARNI zx USEBNA

= CVUT prana’

Obr. 11 Stav osténi po 180 minutdch — minmdlni deformace
Fig. 11 Lining condition after 180 minutes — minimum deformation
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lost the life. The fire originated in the motor

space of a truck-tractor and it was great luck
that it did not spread to the cargo itself (20

tonnes of ray). The tunnel roof part including
overlaps to vertical walls was formed by clad-
ding with 2 x PROMATECT®-H 12mm slabs.
Even though it was a small fire, the first layer
of the cladding slabs was damaged, but the
lining itself remained undamaged. The repair
was very quick. It consisted of replacing seve-
ral slabs. This work was carried out using

a dry way, without wet processes. By contrast,
the remaining part of the vertical lining wit-
hout the cladding was significantly damaged
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by spalling of a concrete layer, see Fig. 10.
The lining clad in PROMATECT®-T,
25 mm slabs (see Fig. 11) as well as the sam-
ples containing polypropylene fibres were tes-
ted within the framework of the CIDETAS

200

Obr. 12 Prubéh deformace na vzorcich osténi s obklady
Fig. 12 Development of deformation on lining samples with cladding

Typickym a celosvétové pouzivanym predstavitelem proti-
pozérni omitkoviny je materidl Cafco FENDOLITE® MII,
jeho zdkladem je portlandsky cement a vermikulit.

d) Obklady protipoZarnimi deskami

Obklady osténi deskami patfi k neju¢innéj§im zpusobum
ochrany osténi a nejednd se vubec o novou technologii. Prvni
dolozitelna aplikace byla v Anglii ve mésté Darford v roce
1963. Vyhodou deskovych obkladu je, Ze plni vice funkei.
Tou prvni a nejzdkladnéjs$i je pozdrni ochrana — zajiSteéni
tnosnosti a stability tunelového osténi. Obklad muze byt
navrzen na G¢inky nejpiisnéjsich teplotnich scéndru tak, aby
teploty v betonu a ocelové vyztuzi neprekrodily kritickou
mez. Obklad ddle funguje jako filtr proti agresivnim latkam,
jako jsou chloridy z posypovych soli nebo emise vyfukovych
plynu, &imZ je omezena koroze ocelové vyztuze. Déle muze
obklad slouZit jako pojistny deStnik u prosakujicich tunelu,
jako je to ve mesté Hamburk, kde obklad v tunelech pod vod-
nimi plochami zajiStuje stékdni prosakujici vody k patim
osténi, kde je voda odvedena potrubim do zachytnych jimek
a odtud Cerpdana mimo tunel.

V pfipadé pozdru v tunelu je velkou vyhodou rychld vymé-
na poSkozenych desek. Je samoziejmé, Ze se provede i kon-
trola osténf, ale zkuSenosti z redlnych poZaru ukazuji, Ze osté-
ni neni poSkozeno vubec nebo jen v nepatrném rozsahu
v porovndni s ostatnimi zpusoby zajiSténi osténi proti d&in-
kam pozdru. Dukazem muZe byt pozér pravé v jednom z ham-
burskych tunelt, ke kterému doslo v roce 2011. Nastésti se
nejednalo o velky pozar a nikdo neprisel o zivot. Ohen vznikl
v motorovém prostoru tahafe navesu a bylo velké $tésti, Ze se
neroz§ifil na vlastni ndklad, 20 tun kukufice. Stropni &dst
tunelu véetné presahu na svislé stény byla tvorena obkladem
z desek 2 x PROMATECT®-H 12 mm. I kdyZ se jednalo
o maly pozdr, byla poSkozena prvni vrstva deskového obkla-
du, ale vlastni ostén{ zustalo neposkozené. Oprava byla veli-
ce rychld a sestdvala z vymény nékolika desek, coz se d€je
suchou cestou bez mokrych procesu. Naproti tomu zbyvajici
Cast svislého osténi bez obkladu byla znatelné poSkozena
odpryskdnim vrstvy betonu, jak je vidét na obr. 10.

Stejné jako vzorky s polypropylenovymi vldkny bylo v ramci
projektu Vyzkumného centra CIDETAS také testovano osténi

Research Centre. In contrast to the samples
containing fibres, the samples with the clad-
ding behaved significantly better. The maxi-
mum deformation of sample D1 was only
25mm, which is 4.8 times better result than the deformation
when fibres were used. In the case of sample No. 2 a part of the
cladding fell off at the end of the test course, but the deformati-
on amounted to 33mm even at this sample, which was 3.6 times
better in comparison with the use of fibres. The condition of the
lining after 180 minutes is documented in Fig. 11; the deforma-
tions are very small. The results are shown in the graph in
Fig. 12. Both samples satisfied requirements by a sufficient mar-
gin. The cause of falling a part of the cladding off could lie in the
fact that the samples were produced including the cladding in
Prague and were subsequently transported to the testing laborato-
ry. This is not a standard procedure. Samples should be produced
and assembled in the testing laboratory. Nevertheless, despite this
fact, the results with the cladding were unambiguously best.

In practice, the slabs are installed either by placing them into
the mould and subsequent placing of reinforcement and concre-
te or by attaching them additionally on the completed lining
after stripping the formwork. The two ways are shown in
Figures 13 and 14.

The application of cladding with slab-type materials offers
even other advantages. For example, PROMATECT®-H 2 calci-
um silicate slab has got 5 times better insulation properties than

Obr. 13 Ukldddni obkladovych desek do bednéni
Fig. 13 Placement of cladding slabs into moulds
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s obkladem z desek PROMATECT®-T 25 mm (obr. 11). Oproti
vzorkum s vldkny se vzorky s obkladem chovaly vyrazné Iépe.
U vzorku D1 byla maximdlni deformace jen 25 mm, cozZ je
4 8krat lepsi vysledek nez u vldken. U vzorku ¢. 2 doSlo ke
konci prubéhu testu k odpadnuti ¢asti obkladu a i u tohoto vzor-
ku ¢inila deformace 33 mm, tj, 3,6krdt lep$i hodnota oproti
vldknum. Stav osténi po 180 minutdch je zachycen na obr. 11,
deformace jsou velmi malé. Vysledky jsou zndzornény v grafu
na obr. 12. Oba vzorky tak s rezervou vyhovely. Pfi¢inou
odpadnuti ¢asti obkladu mohla byt skutecnost, Ze vzorky byly
vyrdbény v Praze vCetné obkladu a pak nasledné transportova-
ny do zkusSebny, coZ neni standardni postup. Vzorky by se mély
vyrabét a montovat ve zkuSebné. Ale i pres tuto skute¢nost byly
vysledky s obkladem jednozna¢né nejlepsi.

V praxi se pak desky montuji bud uloZenim do bednéni
s ndslednou montdZi vyztuZe a betondZi, nebo dodateCnym
obkladem na hotové, odbednéné osténi. Oba zpusoby jsou
patrné z obr. 13 a 14.

Pouziti obkladu z deskovych materidli md i dal§i vyhody.
Napriklad kalciumsilikdtovd deska PROMATECT®-H
2,5krét 1épe izoluje nez beton. Takze napriklad deska silna
20 mm nahradi 50 mm betonu, ¢ehoZ by se dalo vyuzit ke
zmenSeni celkové tloustky betonového osténi a soucasné

vyuzit tyto desky pro ochranu betonu pfi poziru.

SHRNUTI

Nutnou soucdsti kazdého projektu podzemni stavby je
podrobna analyza vSech rizik. Na zdkladé této analyzy se
projektant rozhoduje, jak se s t€mito okolnostmi vyrovnd.
Proto velmi duleZitou souddsti projektové dokumentace kaz-
dého podzemniho dila je poZarné bezpe&nostni reseni stavby,
které stanovuje podminky poZarni bezpecnosti ve vSech ohle-
dech a dusledcich. Dnes$ni doba naStésti prindsi celou fadu
materidlovych a konstrukénich moZnosti. At uz se projektant
rozhodne pro jakoukoliv vySe uvedenou ochranu osténi tune-
lu, musi si byt jisty, Ze v pfipadé mimordadné udélosti bude
moznd v€asnd evakuace osob, nedojde ke kolapsu konstruk-
ce a bude umozZnén zédsah jednotek HZS.

DuleZitym a sledovanym faktorem je ekonomi¢nost kazdé-
ho stavebniho dila. Kromé vlastnich ndkladu na vystavbu je
potfeba zohlednit také budouci ndklady na ddrzbu, opravy
a rekonstrukce pro pripadné prodlouzeni Zivostnosti. Kromé
téchto aspektl je nutné také zvazit pripadné ndklady spojené
s dobou neprovozovani tunelu pri rozsdhlé opravé a vliv této
skute¢nosti na okolni infrastrukturu. U tunelu situovanych
mélce nebo v nestabilnich hornindch také rizika spojend
s pripadnym zdvalem a propadem terénu v misté ztraty Gnos-
nosti tunelového osténi.

Tento prispévek se vénoval jen malé Casti pasivni pozarni
bezpe¢nosti podzemnich staveb se zaméfenim na pozarni
odolnost tunelového osténi. Problematika pozarni bezpe¢nos-
ti v té€chto stavbéch je samoziejmé daleko obsdhlejsi. Kazda
podzemni stavba je slozité inzenyrské dilo a je jisté pranim
vSech, aby takovych dél pribyvalo. ProtoZe zejména dopravou
pretiZzend meésta potiebuji dobudovat dopravni infrastrukturu,
ktera vSem usnadni rychlejsi a svobodnéjsi pohyb.

Ing. LIBOR FLEISCHER, fleischer@promatpraha.cz,
Promat s.r.o.

Recenzovali | Reviewed: prof. Ing. Jan Vitek, CSc.,
prof. Ing. Frantisek Wald, CSc.

Obr. 14 Dodateény obklad poZdrné ochrannymi deskami
Fig. 14 Additional cladding with fire protection slabs

concrete. So, for example, a 20cm thick slab substitutes 50cm of
concrete. This fact could be taken advantage of for reducing the
concrete lining thickness and, at the same time, these slabs could
be used for the protection during the course of a fire.

RESUME

A part necessary in each underground construction design is
a detailed analysis of all risks. The designer decides on the way
he or she will cope with these conditions on the basis of this
analysis. For that reason the fire design determining fire safety
conditions in all respects and concequences is a very importan
part of the design for each undeground construction.
Fortunately, the present time brings a range of material and
structural options. Whichewer of the above-mentioned tunnel
lining protection systems is selected, the designer has to be cer-
tain that the timely evacuation of persons will be possible,
a collapse of the structure will not take place and the interven-
tion of the Fire Rescue Service units will be be allowed for.

Economy of any construction working is an important and
observed factor. It is necessary to take into account not only the
cost of construction but also the future costs of maintenance,
repairs and reconstruction required for contingent extension of
the life length. Apart from the above-mentioned aspects it is
even necessary to consider potential costs associated with the
duration of the suspension of operation in the case of an exten-
sive repair and the impact of this fact on the infrastructure in the
surroundings. Regarding tunnels at shallow depths or in instab-
le ground, there are additional risks associated with a condin-
gent collapse and sinking of the ground surface in the location
of the loss of the bearingv capacity of the tunnel lining.

This paper was dedicated to an only small part of passive fire
safety of underground structures with the focus on the fire resi-
stance of tunnel linings. Of course, the issue of fire safety in
these structures is much more extensive. Each underground
structure is a piece of complex engineering work. It is certainly
the wish of all people that the number of such workings increa-
ses. The reason is the fact that mainly the cities overburdened
by traffic need to finish the development of transportation
infrastructure, which will facilitate faster and freer movement
for everybody.

Ing. LIBOR FLEISCHER, fleischer@promatpraha.cz,
Promat s.r.o.
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TUNELOVY KOMPLEX BLANKA A VYBRANA
POZARNE BEZPECNOSTNI ZARIZENI

BLANKA COMPLEX OF TUNNELS - SELECTED
FIRE SAFETY EQUIPMENT

PETR KEJKLICEK

ABSTRAKT

Dnesni velkomésta se jiz neobejdou bez dopravy umisténé do podzemi. Podivdme-li se kamkoliv do svéta, tak doprava postup-
né mizi v tunelovych sitich. Tento proces neni novodoby. Typickym predstavitelem je metro, které je ve velkych aglomeracich nej-
rozSirenéj§im podzemnim dopravnim systémem. S rostoucim poltem obyvatel ve mésté a tim i rostoucim poctem automobilii se
trend podzemnich silni¢nich komunikaci stavd &im ddl tim vic aktudlni. Spolecné s meéstskymi okruhy tunely prispivaji ke zklidne-
ni dopravy v centrech mést a usnadnuji priijezd rozsdahlymi aglomeracemi. Predpokladem toho, Ze icastnici provozu budou pod-
zemni komunikace vyuZivat, je jejich duvéra v bezpelny prijezd a v pripadé nehody bezproblémové vyreSeni této situace. Z téch-
to divodu jsou novodobé tunely vybavovdny sloZitymi systémy, které hlidaji bezpecny pohyb dopravnich prostiedkii a usnadruji
Fesit komplikace, které mohou vlivem nepozornosti ridice nebo z diivodu technické zdvady v tunelu vzniknout. V tunelech se nachd-
zeji, mimo jiné, systémy pro odvod tepla a koure, které eliminuji tepelné namdhdni konstrukci, umoZnuji bezpecnou evakuaci
a zdsah jednotek HZS. Tunely jsou také protkdny hustou siti kabelu, které prochdzeji poZdrnimi useky, na jejich? hranicich se musi
poZdrne tesnit. To ve je i souddsti tunelového komplexu Blanka, ktery vzhledem ke svému ojedinélému rozsahu je technologiemi
vyborné vybaven.

ABSTRACT

Today’s cities can no more cope without traffic put underground. If we look anywhere in the world, traffic gradually disappe-
ars in networks of tunnels. This process is not new. Metro is a typical representative. It is the most common underground tran-
sportation system in large agglomerations. With growing population of cities, thus also growing numbers of vehicles, the trend
towards underground roads becomes more and more current. Together with city ring roads, tunnels contribute to easing traffic
flows on roads in centres of cities and facilitate passage through large agglomerations. A condition for the use of underground
roads by road traffic participants is that they will trust in the safe passage through the tunnel and that, in the case of an accident,
the situation will be solved without problems. For these reasons current tunnels are equipped with complicated systems watching
over the safe movement of means of transport, facilitating solutions to the complications which can originate due to inattentive-
ness of a driver or because of a technical defect inside the tunnel. In tunnels there are, apart from other things, heat and smoke
evacuation systems eliminating thermal loading on structures and allowing for safe evacuation and the intervention of fire rescue
service units. Tunnels are, in addition, interwoven with a dense network of cables passing along fire compartments; they have to
be provided with fire sleeves at the borders of the compartments. All of that is also part of the Blanka complex of tunnels, which
is, with respect to its unique extent, provided with excellent equipment.

uvoD

V soucasné dobe je tunelovy komplex Blanka nejvétsi pod-
zemni silni¢ni dopravni stavbou, kterd byla realizovdna
v Ceské republice. Jedna se o soustavu na sebe navazujicich
tunelt (Brusnicky, Dejvicky a Bubene&sky) s celkovou dél-

v s

kou tunelovych téles 5,5 km, patfici k nejdelsim méstskym

Obr. 1 Otevieny tunelovy komplex Blanka
Fig. 1 Commissioned Blanka complex of tunnels

INTRODUCTION

The Blanka complex of tunnels is currently the largest
underground road project realised in the Czech Republic. It
is a series of tunnels linking to each other (the Brusnice,
Dejvice and Bubenec¢ tunnels) with the total length of the
tunnel bodies reaching 5.5km, thus belonging among the
longest urban tunnels in Europe. Through its parameters the
construction ranks among the state-of-the-art and safest pro-
jects of this type in the world. In terms of traffic, this com-
plex of tunnels is interconnected with the part of the City
Circle Road (the inner circle) realised in the past, containing
the Zlichov, Strahov and Mrazovka tunnels, which have alre-
ady been in operation for some time. This system gave rise
to traffic connection from the Barrandov Bridge on the
Southern Link Road up to the municipal district of Troja,
where the complex of tunnels is, for the time being, termina-
ted, led to the surface and connected to existing at-grade
roads.

The tunnel was open on 19/09/2015 at 14:39 hours, after
a relatively short and intimate speech, in Letna. First car
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entered the underground space, thus
starting a new stage of Prague traffic
(see Fig. 1). The operation safety is
1214 70 ple!2 taken care of by numerous systems ser-
ving to manage common operation and,
in addition, to solve extraordinary
events. Among them, there are mainly
traffic accidents or, in an extreme case,
the origination of a fire after an acci-
dent or on a vehicle passing along the
. tunnel. All these systems are fed by
VZ_';.lk?.nal duct tunel - dopravni prostor power and communicate among each
ventiation auc tunnel - road space other by means of cable distribution
systems passing through fire compart-
ments, which have to be sealed in all

nerezovy Jakl

70/7011 5 fire dividing structures in compliance

stainless steel section Wlth requlfements of the project fire

Jakl 70/70/1.5 design. It is necessary in the case of

/ a fire in the tunnel to ensure quick eva-

T S el _ cuation of smoke from the tunnel by

T ..--~*"""-------r / — means of effective smoke and heat eva-

nerezova sponka . nerezovy nyt cuation systems. In this way the evacu-
stainless steel tie stainless steel rivet ation of people and the intervention of

Fire Rescue Service units are secured
and facilitated.

B Cementovy flexibilni EVACUATION OF SMOKE AND
bl B \ IIIIIIIIIIIII tmel / flexible cement HEAT FROM TUNNEL TUBES OF
compound THE MINED PARTS OF THE BLAN-
KA TUNNEL

Approximately a half of the total

tunelova deska —> length of the tunnels was carried out
PROMATECT®-H < tunelova deska using the cut-and-cover method, whilst
12 mm ’ PROMATECT®-H, the other half was constructed using
tunnel slab 15 mm mining methods. The system of opera-
PROMATECT®-H, tunnel slab ting ventilation in the Blanka complex
192mm PROMATECT®-H, of tunnels is based on a combination of
15mm semi-transverse and longitudinal venti-

lation, using the piston effect of passing
vehicles. During the course of the com-
mon operation, air is supplied through
entrance portals and local intake gates
distributed in individual sections of the

Obr. 2 Schéma konstrukce zdakrytit
Fig. 2 Cover structure chart whole tunnel.

tunelim v Evrop€. Svymi parametry se fadi k nejmoder-
néj$im a nejbezpecnéjSim stavbam tohoto typu na svéte.
Tento tunelovy komplex je dopravné propojen s casti
Méstského okruhu realizovanou v minulosti a s jiz néjaky Cas
provozovanymi tunely Zlichovskym, Strahovskym a tunelem
Mréazovka. Bylo tak vytvofeno dopravni spojeni z ,,jiZni spoj-
ky* od Barrandovského mostu az do Troje. Tam je tunelovy
komplex prozatim ukoncen, vyveden na povrch a napojen na
stdvajici pozemni komunikace.

V sobotu 19. 9. 2015 v 14.39 byl po relativné kratkém
a komornim proslovu na Letné tunel otevien a do podzem-
nich prostor vjelo prvnf civilni auto, ¢imZ byla odstartovdna
nova etapa prazské dopravy (obr. 1). Bezpe¢nost provozu md
na starosti velké mnoZstvi systému slouZzicich pro fizeni béz-
ného provozu a také pri feSeni mimorddnych udalosti. Patfi | op,. 3 Nasdvaci stérbina
mezi né zejména dopravni nehody nebo v krajnim pripadé Fig. 3 Suction slot
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Obr. 4 Pozdrni tésnéni prostupu kabeli
Fig. 4 Fire-stop sealing of openings for cables

vznik pozaru po nehodé ¢i na projizdejicim vozidle. VSechny
tyto systémy jsou napdjeny elektrickou energii a komunikuji
mezi sebou pomoci kabelovych rozvodu, které prochdzeji
pozarnimi dseky a musi byt ve vSech pozarné délicich kon-
strukcich utésnény podle pozadavkd pozarné bezpednostniho
feSeni stavby. Pfi poZdru v tunelu je nutné zajistit jeho rychlé
odvétrani G¢innymi systémy pro odvod koure a tepla. Tim se
zabezpeci a usnadni evakuace osob a zdsah jednotek HZS.

ODVOD KOURE A TEPLA Z TUNELOVYCH TRUB
RAZENYCH CASTI TUNELU BLANKA

Z celkové délky tunelu byla priblizné polovina tunelovych
trub provddéna technologii hloubenou a druhd technologif
razenou. Systém provozniho vétrani v tunelovém komplexu
Blanka je zaloZen na kombinaci polopri¢ného a podélného
vétrani s vyuzitim pistového efektu projizdéjicich vozidel. Za
bézného provozu je vzduch do tunelu privddén vjezdovymi
portdly a lokdlnimi pfivody po jednotlivych dsecich celého
tunelu.

V pripad¢ pozaru je odvod tepla a zplodin hofeni v hloube-
né &asti tunelu zajistén proudovymi ventildtory, které jsou
osazené ve vrchliku osténi tunelu.

V raZenych dsecich tunell je navrzen nuceny odvod tepla
a koufe pomoci ventilaénich kanali a ventildtorii. Ukolem
téchto kandlu je odvddét vzduch, piipadné zplodiny hofeni
pri pozéru, z vrchliku tunelového télesa do spodniho, centrdl-
niho vzduchotechnického kandlu pod vozovkou. Tento hlav-
ni kandl je napojen na centrdlni ventilatory, které odsdvaji
v pripadé pozaru kouf a teplo mimo telesa jednotlivych trub
tunelt. Nasdvaci systémy jsou umistény ve vzdélenosti cca
80 m v nice betonového osténi raZenych tuneld (severni
a jizni tubus).

Nasédvaci $térbiny a zakryti odvétravacich kandlu jsou
vytvoreny specidlni technologii Promat, navrZenou a realiz-
ovanou primo pro tento typ a charakter stavby. Tato polygo-
nova konstrukce, kopirujici po cca S00 mm obloukovy tvar
tunelového osténi, ma za udkol uzavrit vzduchotechnické
kandly v osténi, které se nachdzeji v osténi tunelu. Obvod
téchto kandlu je tvofeny ze tif stran Zelezobetonovou kon-
strukei osténi tunelu, kterd sama o sobé splnuje pozadované
parametry pozarni odolnosti. Oproti tomu Celnf strana (vlast-
ni zdkryt kandlu) je provedena specidlné navrZzenou sendvi-
Covou konstrukci, tvorenou pomoci skladby tunelovych
deseck PROMATECT®-H, v kombinaci s vodorovnymi nos-
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In the case of a fire, the evacuation of smoke and heat from
the cut-and-cover parts of the tunnels is provided by jet fans,
which are installed under the tunnel lining vault crown.

In the mined sections of the tunnels, a forced heat and
smoke removal system is designed, using ventilation ducts
and fans. The task of these ducts is to remove air or com-
bustion products during a fire from the top of the tunnel
body and lead it to the central ventilation duct at the bottom.
This main duct is connected to central fans, which suck
smoke and heat in the case of a fire, and divert them outside
individual tunnel tubes. The suction systems are located at
the spacing of approximately 80m, in niches in the concrete
lining of the mined tunnels (the northern and southern
tubes).

The suction slots and the cover of the ventilation ducts are
formed using a special technology, Promat, which was desig-
ned and realised specifically for this type and character of
the structure. The task of this polygonal structure copying at
ca 500mm spacing the vaulted geometry of the tunnel lining
is to close the ventilation ducts carried out in the tunnel
lining. The circumference of these ducts is formed from
three sides by the reinforced concrete structure of the tunnel
lining, which meets the required fire resistance parameters
by itself. In contrast, the front side (the duct cover itself) is
carried out using an especially designed sandwich structure
formed by means of the composition of PROMATECT®-H
tunnel boards in combination with horizontal load-bearing
ribs made from closed stainless steel square profiles
70/70/1.5mm or 70/70/2mm. Stainless steel grade 1.4404
ensuring the resistance not only to water but also to contin-
gent aggressive substances was prescribed. The composition
of the structure and the suction slot are obvious in Fig. 2 and
Fig. 3, respectively.

The requirement for the fire resistance value was set by the
designer to be EI30 DPI1-S, with the temperature scenario
according to the ISO 834 curve. The project owner in additi-
on required resistance to oil products, road salt, frost, water,
moisture, mildew etc.

The following two types of the ducts occur on this con-
struction site: ducts in a tunnel tube for two traffic lanes (41
sets) and for three traffic lanes (28 sets).

The procedure of the assembly of the covers comprised
anchoring PROMATECT®-H 12mm thick tunnel boards into
cut-to-measure PROMATECT®-H boards. Stainless steel
closed sections were subsequently anchored with stainless-
steel anchors at ca 500mm spacing for the purpose of crea-
ting the required polygon copying the tunnel lining vault.
The whole system is subsequently closed by a 15mm thick
PROMATECT®-H tunnel board for the reason of better
mechanical properties.

Structural steel parts of the suction gates were transported
to the construction site as semi-finished products and were
installed under the tunnel crown as a whole using a lifting
mechanism. Level irregularities were removed during the
course of the assembly by cement and the smoke tightness
parameter was secured at joints with special PROMASE-
AL®-Aspray sealant.

The covers were installed in ca 3 months in continually
operated shifts, during which 69 double sets were assem-
bled. This assembly proceeded “hand in hand” with the
maximum possible detailed preparation and suitable timing
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nymi Zebry z nerezovych uzavienych &tvercovych profila
70/70/1,5 mm nebo 70/70/2 mm. Pozadavkem byla tfida
nerezu 1.4404, kterd zajiStuje odolnost nejenom vaci vode,
ale také i pfipadnym agresivnim latkdm. Skladba konstrukce
je patrnd na obr. 2 a nasdvaci §t€rbina na obr. 3.

Pozadavek poZzarni odolnosti byl stanoven projektantem na
hodnotu EI30 DP1-S s teplotnim scéndfem podle krivky ISO
834. Investor také pozadoval odolnost vuci ropnym produk-
tum, posypovym solim, mrazu, vodé, vlhkosti, plisnim, apod.

Na této stavbé se vyskytuji dva druhy téchto kandli, a to
kandly v tunelové troubé pro dva prujezdné pruhy vozidel (41
sestav) a pro tii prujezdné pruhy vozidel (28 sestav).

Postup montéZe zakryta probihal tak, Ze do prifezu z desek
PROMATECT®-H byly ukotveny tunelové desky PROMA-
TECT®-H o tl. 12 mm. Nasledné pomoci nerezovych kotev
byly kotveny nerezové uzavrené profily ve vzdélenosti cca
500 mm z divodu vytvoreni poZadovaného polygonu kopiru-
jictho osténi klenby tunelu. Cely systém je pak uzavien tune-
lovou deskou PROMATECT®-H tl. 15 mm z davodu lepsich
mechanickych vlastnosti.

Ocelové konstrukéni ¢dsti nasdvacich otvort byly na stav-
bu dopraveny jako polotovar a pomoci zdviZzného mechanis-
mu jako celek osazeny do vrchliku tunelu. Vlastni nerovnos-
ti pfi montdzi byly vyrovnany cementovym tmelem a para-
metr koufotésnosti byl zaji§tén v misté spoju specidlni stér-
kovou hmotou PROMASEAL®-Aspray.

MontdZ zakryta probihala v 24hodinovém nepretrZitém pro-
vozu cca 3 mésice, kdy bylo celkem namontovano 69 zdvoje-
nych sestav. Tato montdZ $la ,,ruku v ruce s maximdlni moz-
nou detailni pfipravou a vhodnym nacasovanim dodavek ves-
kerych komponenta uréenych pro zakryty vCetné presného
formdtovén{ piffezl z tunelovych desek PROMATECT®-H.

Zajimavosti je, Ze vzhledem k poZadovanym pevnostnim
charakteristikdm na nosné nerezové uzaviené ¢tvercové pro-
fily nebylo mozné tunelové desky PROMATECT®-H kotvit
klasickou technologii (tj. vruty se zdpustnou hlavou). Byl
proto zvolen netradi¢ni zpusob kotveni pomoci nerezovych
nyta, ktery se v praxi vyborné osveéd<il.

POZARNI TESNENI INSTALACI A SPAR
V TUNELOVEM KOMPLEXU BLANKA

Dalsi oblasti pasivni poZdrni bezpecnosti bylo komplexni
feSeni veSkerych poZédrnich dotésnéni vSech druhu instalaci
a spar prochdzejicich pres jednotlivé pozarni predély. To, Ze
téchto mist bude zna¢né mnozstvi, vyplynulo z velkého pocétu
technologickych zafizeni, kterd se ve stavbé vyskytuji a jsou
navzdjem propojena hustou siti kabeldZe. Cely tunelovy
komplex ma sedm technologickych center zajiStujicich kom-
pletni chod tunelu a 23 technologickych propojeni tunelo-
vych trub. To jsou pravé ta mista v tunelu, kde je extrémni
mnoZstvi rozvodu technologii, pfevdzné kabell, prochézeji-
cich pres jednotlivé pozarni predély do dalSich pozérnich
tseku. Parametr poZdrni odolnosti poZdrnich ucpavek a spér
byl z pozdrné bezpelnostniho feSeni stanoven na hodnotu
EI90. Prvotnim tkolem bylo vytvofit tzv. vstupni pasportiza-
ci s popsdnim jednotlivych prostupu a stanoveni nejvhodnéj-
§i technologie systému Promat. NavrZené poZdrni ucpdavky
v danych prostordch kombinuji systémova feSeni do suchého
a také do vlhkého prostredi. Do vlhkych mist (pod droven
komunikace tunelového télesa) byly nejcastéji pouzity des-
kové prepazky tvorené hydrofobizovanou minerdlni vinou

TuoufHel

of the supplies of all components designed for the covers,
including precise formatting of the cut-to-measure PROMA-
TECT®-H tunnel boards.

It is an interesting fact that it was not possible to anchor
the PROMATECT®-H tunnel boards using the classical tech-
nology (i.e. screws with countersunk heads) with respect to
the strength-related characteristics prescribed for the load-
bearing closed stainless steel square profiles. For that reason
a non-traditional way of anchoring with stainless steel rivets
was chosen, which excellently proved itself in practice.

FIRE-STOP SEALING OF INSTALLATIONS AND
JOINTS IN BLANKA COMPLEX OF TUNNELS

The comprehensive solution to the completion of fire-stop
sealing of all kind of installations and joints passing through
individual fire barriers was another area of passive fire safe-
ty. The fact that the fire-stop points will be plentiful follo-
wed from the large number of equipment sets existing in the
construction, which are interconnected by a dense network
of cables. The whole complex of tunnels has got seven tech-
nology centres ensuring the complete operation of the tunnel
and 23 technology links between the tunnel tubes. They are
just the places in the tunnel where there are extreme numbers
of technology distribution lines, mostly cables, passing
through individual fire barriers to other fire compartments.
The parameter of the fire resistance of fire-stop sealing
points and joints was set in the fire design at EI90. The pri-
mary task lied in carrying out the so-called condition survey
describing individual passages and determining the most

Obr. 5 Pozdrni tésnéni prostupu kabelu
Fig. 5 Fire-stop sealing of openings for cables




Obr. 6 Spdra s poZdrni odolnosti v klenbé tunelu pod gardZemi Prasny most
Fig. 6 Fire resistant joint at the tunnel crown under Prasny Most Bridge garages

a stérkovou hmotou PROMASEAL®-Aspray. Oproti tomu do
suchého prostedi (nad droven komunikace tunelového téle-
sa) byly aplikovany systémy minerdlni viny se stérkou PRO-
MASTOP®-1. Ukazky pozdrniho t€snéni prostuptu kabelt
jsou zobrazeny na obr. 4 a 5.

Podobné principy ndvrhi a montdZi platily i pfi t€snéni
nékterych stavebnich a dilataénich spér. Zajimavosti bylo, Ze
ve vzduchotechnickych kandlech vzhledem k vysoké vlhkos-
ti a nutnosti umoznit dilatace spary ve vSech tfech moznych
smérech byla pouzita specidlni technologie vkladaného dilce
Promat®, nasledné mechanicky kotveného ve spare nerezo-
vymi priponkami. Pfiklad spary s pozarni odolnosti v klenbé
tunelu pod gardZemi PraSny most je na obr. 6.

V ramci findlni pasportizace pri predani se dospélo k jisté
zajimavému celkovému ¢&islu 3506 ks pozarniho tésnéni
instalac{ a spdr.

Dal3{ oblasti pasivni poZarni odolnosti byla ochrana vzdu-
chotechnického plechového potrubi u pozarnich klapek.
Doizolovédni potrubi ke klapkdm se provadélo systémem
desek PROMATECT®-L500. V mistech délicich pricek
v propojovacich chodbédch nad prujezdnymi vraty uréenych
pro hasi¢skou techniku byly pouZity konstrukce z desek
PROMATECT®-H.

ZAVER

Vlastni vystavba takto rozsdhlé stavby byla pro vSechny
zlGCastnéné subjekty, podilejici se na realizaci, velmi ndro¢na.
Kazdy se ve své oblasti potykal se spoustou tézkosti. Je dob-
rou zpréavou, Ze se dilo podafilo. Malokdo z uZivatelt vi, co se
nachdzi za osténim tunelu, v propojovacich chodbdch a tech-
nologickych centrech. Jaké sloZzité systémy bdi nad jejich bez-
pe¢nosti. Je nutné posilovat obecné povédomi, Ze podzemni
stavby jsou bezpecné, a Ze velké aglomerace se s rostoucim
poétem obyvatel a dopravnich prostiedkt bez podobnych sta-
veb neobejdou. Sta¢i se podivat kolem sebe do blizkého evrop-
ského svéta. Prvni mésice provozu ukazuji, Ze Tunelovy kom-
plex Blanka ma nezastupitelné misto v soucasné i budouci
dopravni infrastrukture Prahy a prispél k lepSi dopravni
obsluznosti. Lze jen doufat, Ze v brzké buducnosti budou rea-
lizovéany dal$i navazujici dopravni stavby, které dale posunou
dopravu v hlavnim mésté na jeSte vyssi droven.

Ing. PETR KEJKLICEK, kejklicek@promatpraha.cz,
Pomat s.r.o.
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suitable technology of the Promat systems. The fire seals
designed for particular rooms combined the system solutions
for both dry and wet environments. Barriers formed by hyd-
rofobised mineral wool and PROMASEAL®-Aspray sealant
were applied to wet places (under the roadway level in the
tunnel body). In contrast, systems of mineral wool with
PROMASTOP®-I sealant were applied to the dry environ-
ment (above the roadway level in the tunnel). Examples of
fire-stop sealing of cable passages are presented in Figures 4
and 5.

Similar design and assembly principles were applied even
to the sealing of some construction and expansion joints. An
interesting fact was that a special Promat® segment inserti-
on technology was applied in ventilation ducts with respect
to high humidity and necessity for allowing joints to expand
in all three possible directions; the segment was subsequent-
ly anchored in the joint using stainless steel ties. An example
of a fire resistant joint in the tunnel vault under PraSny Most
Bridge garages is presented in Fig. 6.

A certainly interesting total number of 3506 places of the
fire-stop sealing of installations and joints was arrived at
within the framework of the final condition survey during
the process of handing over.

The protection steel sheet ventilation ducts at fire dam-
pers formed another area of passive fire resistance. Com-
pleting the insulation up to the dampers was carried out
using a system of PROMATECT®-L500 boards. Structures
from PROMATECT®-H boards were used in the locations
of dividing walls in cross passages above gates passable for
fire fighting equipment.

CONCLUSION

The construction itself of such the extensive structure
was very challenging for all subjects participating in the
realisation. Each of them was faced with lots of problems
in their particular areas. It is good news that their work has
succeeded. Few users know what is found behind the tun-
nel lining, in cross passages and technology centres, which
complex systems keep watch over their safety. It is neces-
sary to increase the general awareness that underground
structures are safe and that, with the population and the
number of means of transport growing, big agglomerations
cannot cope without similar projects. Just take a look
around into the close European environment. The initial
months of the operation show that the Blanka complex of
tunnels has an irreplaceable role in the current and future
transportation infrastructure of Prague and that it has con-
tributed to better transport accessibility. It is only possible
to hope that other linking transportation projects will be
soon realised to shift transportation in the capital to even
a higher level.

Ing. PETR KEJKLICEK, kejklicek@promatpraha.cz,
Pomat s.r.o.
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PREHLED POZARNICH ZKOUSEK V TUNELU RUNEHAMAR
V NORSKU PROVADENYCH V ROCE 2003

SUMMARY OF FIRE TESTS CONDUCTED IN RUNEHAMAR TUNNEL,
NORWAY 2003

LIBOR FLEISCHER

ABSTRAKT

Nasimulovat redlny poZdr v tunelové stavbé neni jednoduchd zdleZitost. Je to ddno zejména velikosti viastnich zkouSenych kon-
strukci. Existuji samoziejmé certifikovand zkuSebni laboratorni zarizeni, kterd umi overit vlastnosti poZdrnich konstrukci nebo
zmenSenych modelii, ale rozméry zkuSebnich peci jsou limitované. Jak se ukazuje i pri zkouskdch konstrukci pro pozemni stavi-
telstvi, velkorozmerové vzorky se chovaji odlisné od vzorkii mensich. U standardnich nadzemnich objektii se pocitd, Ze po uply-
nuti uréené doby poZdrni odolnosti dojde ke kolapsu stavebnich konstrukci, ktery konci zpravidla ziicenim stavby nebo jeji ¢dsti.
MiiZe takovy stav nastat i v podzemni stavbé? Samoziejmé pokud se tunelovd stavba nachdzi v pevné a soudrzné horniné, hrozi
maximdlné opaddni poZdrem poskozeného osténi nebo Cdsti horniny. U mélce uloZenych podzemnich staveb ovSem miiZe vlivem
poruseni tinosnosti osténi dojit k rozsdhlym zdvaliim nebo zaplaveni podzemnich prostor. Projekt Runehamar byl prvnim rozsdh-
Iym projektem, ktery se pokusil najit odpovéd na otdzku, co se skutecné déje v tunelu, pokud v ném dojde k poZdru kamionu s béz-
nym ndkladem, jako je direvo nebo plast. Vysledky experimentu mohou byt pro nékoho prekvapivé, pro nékoho poucné. Namérené
a zaznamenané hodnoty jsou odrazem redlnych déju, které se odehrdly v rdmci Ctyr zkouSek s riznymi ndklady.

ABSTRACT

Simulating a fire in a tunnel structure is no simple matter. It is given first of all by the dimensions of the structures to be sub-
Jected to testing. Of course, certified testing laboratory facilities capable of verifying properties of fire structures or scaled-down
models exist, but the dimensions of testing furnaces are limited. As it turns out even in the tests of structures for the structural
engineering industry, large-size specimens behave differently from smaller ones. In the cases of standard surface buildings, it is
taken into account that after the prescribed duration of fire resistance elapses, the structures will collapse, ending usually by the
fall of the structure or its part. Can such a state take place even in an underground structure? Of course, if the tunnel structure
is located in firm coherent ground, the maximum threat is that the tunnel lining or rock affected by the fire flakes off. However, in
the cases of near-surface underground structures, extensive collapses or inundation of underground spaces can take place as the
result of the bearing failure of the tunnel lining. The Runehamar project was the first extensive project which tried to find the ans-
wer to the question what actually goes on in a tunnel if a truck carrying a common load, such as timber or plastic ignites. The
results of the experiment can be surprising for somebody or illuminating for somebody else. The measured and recorded values
are the reflection of the real processes which took place within the framework of four tests using different cargos.

ovoD

Ube¢hlo jiz par let, co byly provadény rozséhlé poZzarni zkousky
ve starém tunelu Runehamar v Norsku. Jednalo se o jedny z nej-
rozséhlejSich zkouSek zaméfenych na zkoumdni redlnych poZéru
nékladnich vozidel. Impulzem k t€émto zkouskdm byly vdzné poza-
ry v tunelech v 90. letech, zejména pozary v Eurotunelu, tunelu
Mont Blanc, Tauernském tunelu a Svatogothardském tunelu.
U téchto pozart doslo kromé zniceni samotnych vozidel a techno-
logického vybaveni tuneld také k destruktivnimu poskozeni samot-
ného tunelového osténi. Dusledkem bylo v nékterych pfipadech
zastaveni provozu tuneli na dlouhé mésice. Doslo zde i ke ztrdtdm
na zivotech.

Dal3im davodem téchto testl bylo zjisténi, Ze mezi dopady redl-
nych pozdrt a vysledky zkouSek provddénych v malém rozsahu
jsou stdle velké rozdily. V rdmci Svédského a evropského vyzkum-
ného programu bezpecnosti v tunelech byly v zafi roku 2003 pro-
vedeny komplexni rozsdhlé zkousky. Konkrétné byly posuzovany
poZéry navésu v rozsahu, ktery priblizné odpovidal vyse uvedenym
vaznym pozarim. Zkousky byly provadény Svédskym ndrodnim
zkuSebnim a vyzkumnym ustavem ve spoluprdci s partnery pro-
jektu UPTUN: Vyzkumem staveb a konstrukci, strediskem poZar-
niho vyzkumu TNO z Nizozemi a Norskou laboratofi pro vyzkum
pozaru (SINTEF/NBL). Do projektu UPTUN bylo zapojeno 41
partnert ze 17 evropskych zemi. I kdyZ zkousky probéhly jiz pred

INTRODUCTION

Several years have already passed since extensive fire tests were
conducted in the old Runehamar tunnel in Norway. They were ones of
the most extensive tests focused on the examination of real truck fires.
The impulse towards those tests was given by serious fires in tunnels
during the 1990s, fist of all fires in the Eurotunnel, the Mont Blank tun-
nel, the Tauern tunnel and the St Gotthard tunnel. Apart from the dama-
ge to vehicles themselves and tunnel equipment, the tunnel lining itself
suffered destructive damage in the cases of those fires. As a result, the
operation of the tunnels was in some cases stopped for long months.
Even lives were lost.

Another reason for the tests lied in the fact that there still are great
differences between the consequences of real fires and the results of
small scale tests. Extensive comprehensive tests were carried out in
September 2003 within the framework of a Swedish and European
research programme focused on safety in tunnels. Concretely, semitra-
iler fires were assessed within a range approximately corresponding to
the above-mentioned serious fires. The tests were carried out by the
Swedish National Test and Research institute in collaboration with the
UPTUN project partners: the TNO Building and Construction
Research, Centre for Fire Research in the Netherlands and the
Norwegian Fire Research Laboratory (SINTEF/NBL). There were 41
partners from 17 countries involved in the UPTUN project. Even
though the tests were conducted some time ago, their results are a good
source of knowledge even today.
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Tab. 1 Komodity uZité jako palivo ve ¢tyfech zkouskdch
Table 1 Commodities used as fuels in four tests

zkouska ¢.

test No.

popis pozarniho zatizeni

fire load description

360 dfevénych palet o rozmérech 1200x800x150 mm,

25. rocnik - €. 3/2016

20 drevénych palet o rozmérech 1200x1000x150 mm,
74 PE palet o rozmérech 1200x 800x150 mm

1 360 wooden pallets with the dimensions of 1200x800x150mm,
20 wooden pallets with the dimensions of 1200x1000x150mm,
74 PE pallets with the dimensions of 1200x 800x150mm

2 216 drevénych palet a 240 PUR rohozi o rozmérech
1200x800x150mm

2 216 wooden pallets and 240 PUR mats with the dimensions
of 1200x800x150mm

3 nabytek a pfisluSenstvi (zabalena dvitka skiini, alounéné

loketni opérky, ¢alounéné pohovky, vycpana zvifata,
plastové kvétiny, kvétinaCe, drevény domeCek propanenky,
plastové hracky, 10 velkych gumovych pneumatik

3 furniture and accessories (packed doors of cabinets,
upholstered armrests, upholstered sofas, stuffed animals,
plastic flowers, flower pots, a wooden dollhouse, plastic toys,

10 big rubber tyres

4 600 krabic z vinité lepenky s napini plastovych pohark
(18 000 pohark) z nevytlaGovaného polystyrenu

4 600 corrugated cardboard boxes filled with not extruded

polystyrene plastic tumblers (1800 tumblers)

Casem, jejich vysledky jsou dobrou studnici poznatki i v dne$ni
dobg.

VVVVV

vyzkumu.

CILE PROJEKTU

Z politického a spolecenskoekonomického pohledu jsou tunely
v celoevropské dopravnfi siti velmi duleZité. Pro volny a konkuren-
ceschopny evropsky trh mé dobre fesend dopravni situace prvorady
vyznam. Pro uZivatele — dopravce, soukromé osoby je nezbytné
dulezité, aby byly tunely bezpecné a soucasné ekonomicky piinosné.
Preruseni jakékoliv dopravni sité md vzdy spolecenskoekonomicky
dopad. Diky celoevropskym politickym zméndm a ekonomickému
rustu dochézi ke zvySovani mobility obyvatel a evropské dopravni
dopravu v silni¢nich a Zelezni¢nich tunelech. Z technického hledis-
ka se projekt Runehamar zaméfil na ziskdni detailnich poznatka
o prubéhu pozdr ndkladi na ndvésech a sledoval tcinky tepla na
osténi tunelu v blizkosti pozaru. Tyto zkouSky poskytly védecky
podlozené vysledky a vyznamné informace, které mohou vyuzit
schvalujici orgdny, projektanti tunelu a hasi¢ské zéchranné sbory.

Detailngjsi informace o celém projektu lze nalézt v publikaci [1]
nebo na internetovych strankédch [2] uvedenych v pouzité literature.

PRIPRAVA

Pred vlastnimi pozarnimi zkouskami byly v laboratofich prove-
deny predbézné zkousky sestdvajici ze zkouSek volného horeni
pod velkou digestofi (prumyslovym kalorimetrem). Cilem téchto
zkouSek bylo ziskat predbéZné poznatky o rozvoji poZdru.
Usporadéni vzorku u predbéZnych zkousSek je na obr. 1. Celkem

celkova teoreticka hmotnostni
hmotnost tepelna podil plastu
(kg) energie (GJ) (%)
total weight theoretical weight
(kg) thermal energy percentage of
(GJ) the plastic (%)
10 911 240 18
10911 240 18
6853 129 18
6853 129 18
8500 152 18
(bez pneumatik)
8500 152 18
(without tyres)
3120 67 19
3120 67 19

This paper brings the basic information about the completed research.

PROJECT OBJECTIVES

From the political and socioeconomic point of view, tunnels on the
European transport network are very important. Freedom in transport
has got paramount importance for the free and competitive European
market. For users — carriers as well as private persons, it is of essenti-
al importance that tunnels are safe and, at the same time, economical-
ly beneficial. Interruption of any transport network has always a soci-
oeconomic impact. Thanks to European political changes and econo-
mic growth, the mobility of the population grows and European
transport networks are expanded and modernised. It is necessary to

Obr. 1 Volné odhorivini dievénych palet pod prumyslovym kalorimetrem
Fig. I Free process of burning wooden pallets under an industrial calorimeter
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Obr. 2 Zavéseni zkuSebniho panelu v pribéhu zkousky
Fig. 2 Hanging a test board during the course of the test

byly provedeny tfi zkousky s vyuZitim dvou palet daného druhu
nakladu. Vyska palet byla 1,5 metru, coz odpovida zhruba polovi-
né vys$ky ndkladu poZzdrniho zatiZeni pri zkouSce ve skute¢ném
méiitku. Pro zkousky pod prumyslovym kalorimetrem byly pouZi-
ty ndsledujici druhy ndkladu:

1. drevéné a plastové palety (82/18 %);

2. drevéné palety a PUR (polyuretanové) rohoze (82/18 %);

3. kartonové krabice s PS (polystyrénovymi) pohdrky (81/19 %).

S ohledem k o¢ekdvanému vysokému tepelnému naméhani bylo
nutné tunel izolovat materidly, které odolavaji vysokym teplotdm.
Bylo rozhodnuto pouzit panely PROMATECT®-T misto napiiklad
ndstiiku. Pred zkouskami v tunelu Runehamar nebyly zndmé G¢in-
ky zvySeného poZzarniho zatizeni na mnoZstvi uvolnéného tepla
a teplotni krivku pozaru teplota/Cas. Proto bylo doporu¢eno provést
pozarni zkousku uvazované konstrukce podle nizozemské teplotni
kiivky pozaru RWS. Kvuli prudkému narustu teploty v prvnich péti
minutdch, ktery zpusobi ostén{ tunelu tepelny $ok, a dosahované
maximalni teploté 1350 °C, je tato teplotni krivka poZaru RWS stéle
povazoviana za nejnepriznivejsi typ uhlovodikového pozaru.

Pozadavky na panely PROMATECT®-T lze popsat ndsledovne:

* systém mél byt schopen odolat ¢tyfem poZdrim s maximdlni-

mi teplotami az do 1400 °C;

e kritérium teploty na povrchu horniny, v niZ je tunel vyrazen,

bylo stanoveno na 250 °C.

Z hlediska minimalizace $kod byla tato teplota vnimdana jako pro
horninu bezpe¢nd. Systém nesmél projevit Zadné poruchy celistvos-
ti. To se tykalo paneld PROMATECT®-T a podpérného rdmu véetné
upevnovacich soucasti. MontdZ systému byla jednoduchd, ¢imz se
omezil potfebny ¢as montdze celého systému. V nepravdépodobném
pripadé poskozeni paneli (mechanicky nédraz) systém umoZiioval
rychlou vyménu poskozenych paneli. Promat také poZzadoval moz-
nost vyjmuti paneld, které byly vystaveny G¢inkim poZéru, z tunelu
za Ucelem jejich prozkoumdni ve Vyzkumném a technologickém
stredisku spole¢nosti Promat (PRTC).

Aby bylo mozné provést vice nez jednu zkousku, byly desky
sestaveny ze dvou tencich desek (20 a 25 mm), navzdjem spoje-
nych vrstvou lepidla. Toto feSeni sice neni bézné a praktické, ale
v tomto pripadé bylo zvoleno proto, aby byla zaruCena integrita
panelu po dobu vice nez jedné extrémni pozarni zkousky.

PREDBEZNE ZHODNOCENI NAVRZENEHO SYSTEMU

V laboratofi GERCO se provedly tfi pozarni zkousky, aby se
posoudila celistvost desek po tfech pozarnich zkouskéch a celist-
vost zvolenych upevnovacich sou¢dsti pro montaZ konstrukce. Jak

TuoufHel

ensure trust in safe traffic in road and railway tunnels. From the tech-
nical point of view, the Runehamar project was focused on obtaining
detailed knowledge about the course of cargo fires on semitrailers and
followed the effects of heat on tunnel linings in the vicinity of a fire.
These tests provided scientifically founded results and important infor-
mation, which can be used by approving authorities, tunnel designers
and fire rescue services.

More detailed information about the whole project can be found in
reference [1] or on web pages [2] contained in References.

PREPARATION

Preliminary tests comprising the testing of free burning under a large
extractor hood (an industrial calorimeter) were conducted in laborato-
ries prior to the fire tests themselves. The objective of those tests was
to obtain preliminary knowledge regarding the development of fires.
The arrangement of the specimens used for the preliminary tests is pre-
sented in Fig. 1. The total of three tests was carried out, using two pal-
lets of each particular cargo type. The pallets were 1.5m high. This
height roughly corresponds to a half of the height of the cargo during
the course of a full-scale test. The following types of cargo were used
for testing under an industrial calorimeter:

1. wooden and plastic pallets (82/18 %);

2. wooden pallets and PUR (polyurethane) mats (82/18 %);

3. cardboard boxes with PS (polystyrene) tumblers (81/19 %).

With respect to the expected high thermal stress it was necessary to
insulate the tunnel with materials resisting high temperatures. The
decision was made that PROMATECT®-T boards were to be used
instead of a spray-applied layer. Before the tests in the Runehamar tun-
nel, the effects of increased fire loading on the amount of the released
heat and the time/temperature fire curve had not been known. It was
for that reason recommended that the fire test of the structure under
consideration be carried out according to the Netherlands standard - the
RWS fire curve. With respect to the steep increase in temperature
during the initial five minutes, which causes a thermal shock to the tun-
nel lining, and to the maximum temperature of 1350°C reached, the
RWS fire curve is still considered to be the most favourable type of
a hydrocarbon fire.

Requirements for PROMATECT®-T boards can be described as fol-
lows:

* the system should be able to resist four fires with the temperatu-

res up to 1400°C;

e the criterion for the temperature on the surface of the ground

which the tunnel is driven through was set at 250°C.

Obr. 3 Ohfivané desky PROMATECT®-T a jejich upevnéni
Fig. 3 Heated PROMATECT®-T boards and their fixation
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From the aspect of the mini-
misation of damage, this tem-

¢as [min] / time [min]

250 perature was considered as
safe for rock. The system was
o 200 —— deska 1/ board 1 not allowe‘d to .manif'est any
o — deska 2/ board 2 damage to integrity. This apph—
E Kotva chranéna ed to PROMATECT®-T
3 ; 150 — - anchor protected boards and the supporting

g p pp
= kotva nechranéna frame including fixing materi-
= 100 anchor unprotected als. The assembly of the sys-
o —— deska 3/board 3 tem was simple, which meant
£ —— deska 4/ board 4 areduction in the time required
g 50 - for the installation of the whole
system. In the unlikely case of
a damage caused to the boards
0 L TS TS, TN T (S . NN T S O W T (a mechanical impact), the sys-

o O O Q O 8 o O o 8 c OO0 C o O L
- N M T © ™~ © ©C - N M T W tem allowed for the quick
LB B R

replacement of the damaged
boards. The company of
Promat in addition required

Obr. 4 Teploty béhem zkousky 3 na neexponované strané

Fig. 4 Temperatures during the course of the Test No. 3 on the unexposed side

je vidét na obr. 2 a 3, desky byly zavéSeny na kotevnich Sroubech
MB6. Tento zpusob se u obkladi ve standardnich tunelech neprova-
di, ale tady byl zvolen z divodi moZné rychlé opravy. Zkoumén
byl také vliv izolace na ocelovych upeviovacich Sroubech. Dva ze
Ctyf Sroubu byly ponechény bez izolace a byl méfen nérust teploty
na neexponované strané kotevnich Sroubu. Jak je vidét na obr. 4,
rozdil teplot byl zanedbatelny. Na nechranénych Sroubech 193 °C,
na izolovanych 174 °C.

Béhem teéchto zkouSek byla zaznamendna maximadlni teplota
v peci 1350 °C, coz odpovidd maximalni teploté kiivky pozaru RWS.
Po tfech provedenych zkouskéach teplota na neexponované strané
desek neprekrocila hodnotu

a possibility of removing the
boards which were exposed to
the effects of the fire from the
tunnel for the purpose of exa-
mining them at the Promat Research & Technology Centre (PRTC).
The boards were assembled from two thinner boards (20 and 25mm)
connected to one another by a layer of an adhesive. Of course, this
solution is not common and practical, but it was chosen in this case so
that the integrity of the board for more than one extreme fire test was
maitained.

PRELIMINARY ASSESSMENT OF THE PROPOSED SYSTEM

Three fire tests were carried out in the GERCO laboratory with the
aim of assessing the integrity of the boards after three fire tests and the

200 °C, kterou bylo tfeba
srovndvat s maximalni dovo-
lenou teplotou na povrchu
okoln{ horniny 250 °C.

Vysledkem predbéznych
zkousek bylo konstatovani, Ze
béhem tri po sobé jdoucich
pozarnich zkouskach nebyly
u desek PROMATECT®-T
a podpérného ramu zazname-
ndny Zadné poruchy celistvos-
ti. Na neexponované strané
byla namérena maximalni
teplota desek 186 °C a nepro-
jevil se Zadny vyznamny vliv
tepelného mostu v misté
kotevnich Sroubt. Diky témto
zévérum byl systém nabidnut
konsorciu tunelu Runehamar
pro pouZiti v programu poZar-
nich zkousek ve skute¢ném
méfitku.

PRUBEH VLASTNICH
ZKOUSEK

Misto pozaru bylo ve

vzdalenosti 560 m od zapad-
niho vjezdu, smér proudéni
vzduchu uvnitf tunelu byl

Obr. 5 Prubéh poZdru po 5 minutdch

Fig. 5 Development of fires recorded at 5-minute intervals



25. rocnik - €. 3/2016

integrity of the components
used for the fixation during
the installation. As obvious
from Figures 2 and 3, the
boards were hung with M6
anchoring bolts. This system
is not applied to cladding in
standard tunnels, but it was
chosen in this case so that
a quick repair was possible.
In addition, the effect of the
insulation on the steel fixati-
on bolts was examined. Two
of the four bolts were left
without insulation and the
rise of temperature on the
non-exposed side of the
anchoring bolts was exami-
ned. As shown in Fig. 4, the
difference in temperatures
was negligible. The tempera-
tures measured on unprotec-
ted as well as insulated bolts
amounted to 193°C and
174°C, respectively.

The maximum temperature
recorded during these tests

Obr. 6 Prubéh poZiru po 30 minutich
Fig. 6 Development of fires recorded at 30-minute intervals

z vychodu na zdpad. Prufez tunelu v misté poZdru je zndzornén na
obr. 8. V ramci programu byly provedeny Ctyfi zkousky s poZarem
v ndkladovém prostoru uvnitf ndvésu. Ve tiech zkouskach byly pou-
Zity smési riznych vybranych celulézovych a plastovych materidlt.

V jedné zkouSce byl pouZzit redlny druh nékladu, ktery
obsahoval nabytek a bytové prislusenstvi. Ve trech zkous-
kdch byl hmotnostni pomér priblizné 80 % celulézy a 20 %
plastu. Néklady byly prekryty standardni polyesterovou
plachtou. Druhy nékladu jsou uvedeny v tabulce 1.

MERENI A VYHODNOCENI
Priibéh pozard

Na obr. 5 a 6 jsou zobrazeny pozdry pri jednotlivych
zkousSkdch, a to po 5, respektive 30 minutdch. Pfi prvni
a druhé zkousce (Test 1, Test 2) zustal ndklad a fotoapa-
rat ve stejné poloze. Pri treti zkouSce (Test 3), byl naklad
a fotoaparat posunut proti sméru proudéni o 5 m. Pfi ¢tvr-
té zkousce (Test 4) byl ndklad posunut o dal§ich 5 m proti
sméru proudéni. Obr. 6 a 7 pomérné jasné ukazuji, Ze
vSechny pozéary po 30 minutdch stdle horely a pri prvni
a teti zkouSce pozar jesté vyznamné vzplanul.

Teploty spalin

Ctyfi druhy ndklad( pouZité pii zkouskach byly zvole-
ny tak, aby umoZznily simulovat prubéh pozdru a aby pri
nich byla riznd maximalni velikost uvolnéného tepla.
Prvni zkouSka méla nejvyssi celkovy energeticky obsah
a vykazovala nejvyssi maximalni hodnoty uvolnovani
tepla (obr. 7). Velké mnozstvi hoflavého materidlu také
zajistilo del§i dobu uvolnovani vysokoteplotnich spalin,
maximalni dosazend teplota byla 1365 °C.

Teplota spalin je v blizkosti stropu pfi prvni zkousce
(odstup 10 m) porovndna se Ctyfmi raznymi teplotnimi
krivkami pozdru (viz obr. 2 v ¢lanku Ing. Fleischera na
str. 6). Je dobfe vidét, Ze ndrust teplot u prvniho poZaru

amounted to 1350°C. This

value corresponds to the maxi-
mum temperature for the RWS fire curve. After the completion of the
three tests, the temperature on the non-exposed side of the boards did
not exceed 200°C. This value had to be compared with the maximum
temperature of 250°C permitted for the surface of the surrounding
rock.
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T1 - teploty zaznamenané pfi prvnim testu s odstupem 10 m

T2, T3, T4 — teploty zaznamenané pfi 2., 3., a 4. testu s nulovym odstupem

T1 - temperatures recorded during the first test at the distance of 10m

T2, T3, T4 — Temperatures recorded during tests No. 2, 3 and 4 with zero separation

Obr. 7 Namérené teploty spalin v blizkosti pozdru béhem vSech 4 testu
Fig. 7 Temperatures of products of combustion near the fire measured during all 4 tests
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The preliminary testing led to the statement that no failu-
re of integrity of PROMATECT®-T boards and the suppor-
ting frame were recorded during three successive fire tests.
The maximum temperature of the boards measured on the
non-exposed side amounted to 186°C and no significant
influence of a thermal bridge manifested itself in the locati-
on of the anchoring bolts. Owing to these conclusions, the
system was offered to the Runehamar consortium for the
use in the programme of full-scale fire tests.

THE COURSE OF THE TESTS THEMSELVES

The fire location was at the distance of 560m from the
western entrance; the direction of the air flow inside the tun-
nel was from the east to the west. The tunnel cross-section
in the location of the fire is presented in Fig. 8. Four tests
were conducted in the framework of the programme, with
the fire inside the cargo space. Mixtures of various selected
cellulosic and plastic materials were used in three tests. In
one test, a realistic cargo type was used. It consisted of fur-

| niture and household accessories. In three tests the cellulo-
se to plastics weight percentage was approximately 80% to

Obr. 8 Schéma protipoZdrniho obkladu osténi deskami PROMATECT®-T v misté zkuSeb-

niho télesa

20%. The cargos were covered with a standard polyester
canvas. The cargo types are presented in Table 1.

Fig. 8 Chart of PROMATECT®-T protection boards for safety in the location of the test

specimen

je velmi prudky a priblizné tfi minuty od vzplanuti teplota témér
presné odpovidd uhlovodikové kiivce. Déle teplota narastd a sle-
duje taktka presné krivku RWS. Pritom krivka RWS byla navrze-
na na modelovani poZaru cisterny s benzinem nebo motorovou naf-
tou, trvajiciho 120 minut a uvaZovanym uvolnovanim tepla 300
MW. Pii zkouSkdch v Runehamaru nebyla hodnota 120 minut
dosaZena, ale poZéry presto s velkou presnosti v po¢atku kopirova-
ly krivku RWS. Pii tvrté zkouSce bylo pouzito pouze 3210 kg kar-
tonovych krabic a polystyrenovych pohérku, ze vSech zkouSek mél
tento naklad teoreticky nejnizsi tepelnou energii. AvSak zazname-
nané teploty odpovidaly prvni zkousce, i kdyZ jen kratsi dobu.
Tepelna izolace a odpadavani skaly

Jak je videt na obr. 8, tunel byl izolovan deskami PROMA-
TECT®-T. Izolace byla provedena z bezpe¢nostnich divodu, aby
se zabrdnilo paddni kust skdly tunelového osténi. Izolovand délka
stropu byla 75 m, stény byly izolovény v délce 25 m — kolem cent-
ra pozdru. Za izolovanymi sténami ve sméru proudéni byla skéla
chrdnéna keramickymi rohoZemi, zejména k omezenf{ pruniku hor-
kych zplodin nad stropni izolaci. Tyto horké zplodiny by jinak
mohly narusit jak skalni strop, tak ocelovou konstrukci, na které
byly zavéSeny izolaéni desky. Také proti sméru proudéni byly

Tab. 2 Spickové hodnoty rychlosti vyvinu tepla
Table 2 Peak values of heat release rates

MEASUREMENTS AND ASSESSMENT

Development of fires

Figures 5 and 6 display the fires in individual tests, taking the snaps
at 5-minute respectively 30-minute intervals. During the first test and
second test (Test No. 2; Test No. 2) the cargo and the camera remained
in the same positions. In the third test (Test No. 3) the cargo and the
camera were shifted against the airflow direction (upstream) by Sm. In
the fourth test (Test No. 4) the cargo was shifted upstream by additio-
nal 5m. Figures 6 and 7 relatively clearly show that all fires continued
to burn after 30 minutes and, during the first and third tests, the fire
repeatedly significantly flared up.
Temperatures of products of combustion

The four types of the cargos used in the tests were chosen with the inten-
tion that they allow the simulation of the fire development and that the
maximum magnitude of the heat released during them varied. The first test
had the maximum energy content and exhibited the highest maximum heat
releasing values (see Fig. 7). The big amount of the combustible material
in addition secured a longer time of releasing high-temperature products of
combustion; the maximum temperature reached 1365°C.

The temperature of products of combustion close to the tunnel roof
measured during the first test (at the distance of 10m) is compared with
four different fire temperature curves (see Fig. 2 in the paper Fire

zkouska ¢.  doba od vzplanuti k dosazeni linearni rychlost Sireni Spickové hodnoty odhad na zakladé
nejvyssi hodnoty uvolfiovani pozaru (R=koeficient rychlosti vyvinu tepla laboratornich zkousek
tepla (min) linearni regrese) (MW) (Mw)
(MWmin-1)
test No. time from flaring to reaching linear velocity of spreading peak values of heat estimation based on
the highest heat release value the fire (R=coefficient release rate laboratory tests
(min) of linear regression) (Mw) (Mw)
(MWmin-1)
1 18,5 20,5 (0,997) 203 186-217
2 14,3 29,0 (0,991) 158 167-195
3 10,4 17,0 (0,998) 124,9 -
4 77 17,7 (0,996) 70,5 79-95
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Obr. 9 Padajici kusy skdly; a) za izolovanou oblasti ve sméru proti proudéni, b) za izolovanou oblasti ve sméru proudeni
Fig. 9 Falling pieces of rock; a) beyond the insulated area (upstream from the fire), b) beyond the insulated area (downstream from the fire)

stény izolovdny keramickymi rohoZemi do vzdalenosti 9 m, i kdyz
ne v celé vysce az k vozovce. To proto, aby se spaliny, vracejici se
proti sméru proudeéni, udrzely pod stropni izolaci. Béhem prvni
zkousky a po ni se jasné ukézalo, jak takova pridavnd izolace byla
zapotrebi, protoZe v obou smérech — po sméru proudeéni, i proti —
za hranicf izolace na vozovku padaly velké kusy skdly (obr. 9). Za
izolaci na strané po sméru proudéni byl tunel poskozen prakticky
po celé délce az k zdpadnimu vjezdu.

Paddni kusu skdly za izolovanou oblasti na strané proti sméru
proudéni bylo zpusobeno sta¢enim zplodin, a to i pies protichudny
vliv vétrani. Toto vraceni bylo zpusobeno tim, Ze s rostouci inten-
zitou poZéru se snizovala rychlost, takze nad poZaristém dochdze-
lo k nérustu tlakového spadu. Vysledky je moZné vidét na obr. 10,
kde jsou zndzornény teploty béhem pozaru pii prvni zkousce. Je
vidét, ze ve vzdalenosti 40 m od pozaru proti sméru proudéni se
teplota dlouhou dobu drzi vysoko nad hodnotou 100 °C a az do

Protection of Tunnel Linings). It is well visible that the increase in tem-
peratures in the case of the first fire is very steep and the temperature
measured approximately three minutes after flaring of the fire nearly
exactly corresponds to the hydrocarbon curve. Further on the tempera-
ture grows and follows nearly exactly the RWS curve. However, the
RWS curve was designed for modelling a fire involving a tank contai-
ning petrol or diesel oil, lasting for 120 minutes, with the assumed heat
release of 300MW. The 120-minute value was not reached during the
tests in the Runehamar tunnel; nevertheless, in the beginning the fires
copied the RWS curve with great accuracy. In the fourth test, only
3210kg of cardboard boxes and polystyrene tumblers were used; of all
tests the thermal energy of this cargo was theoretically the lowest. But
the temperatures recorded corresponded to the first test, even though
for a shorter time.

Thermal insulation and flaking off of rock
As shown in Fig. 8, the tunnel was insulated with PROMA-

TECT®-T boards. The insulation was carried out for safety reasons,
to prevent falling of pieces of the rock lining

the tunnel. The length of the ceiling provided
with the insulation was 75m; walls were insu-
lated along the length of 25m — around the

1400 ! T
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fire centre. Beyond the insulated walls, upst-
ream from the fire, the rock was protected
with ceramic mats, mainly for restricting the
passage of hot products of combustion over
the insulation of the ceiling. The hot products
of combustion could otherwise damage both
the rock roof and the steel structure carrying
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teplota [°C] / temperature [°C]

400

200

¢as [min] / time [min]

the insulation boards. Also upstream from the
fire, the walls were insulated with ceramic
mats up to the distance of 9m, even though
not covering the whole height down to the
roadway. It was so with respect to the pro-
ducts of combustion returning against the
direction of the flow to be kept under the roof
insulation. During the course of the first test
and after the test it clearly turned out that such
the additional insulation was necessary
because of the fact that big pieces of rock (see
Fig. 9) were falling in both directions — upst-
ream and downstream — beyond the insulation
borders. The tunnel suffered damage beyond
the insulation on the side in the direction of

Obr. 10 Teplota na strané proti sméru proudéni v ruznych vzddlenostech od poZdiru

Fig. 10 Temperature on the upstream side at various distances from the fire

airflow virtually throughout the length, up to
the western entrance.
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Falling of pieces of rock beyond the
insulated area on the side upstream from

the fire (against the direction of airflow)

-

N

—— Test 1 was caused by turning of products of com-
b —— Test 2 bustion back, even despite the contradic-
* —a— Tost 3 tory effect of the ventilation. This turning
—o—Test4 back was caused by the fact that the flow

velocity was reducing with the growing
fire intensity, therefore the pressure gradi-

]
,Yﬂ

ent was growing above the seat of the fire.
The results can be seen in figure 10, pre-

4 Dn

senting the temperatures during the fire in
the first test. It can be seen that the tempe-

\

délka hofici ¢asti [m] / burning length [m]
»

rature value at the distance of 40m upstre-
am from the fire is kept for a long time

===

¢as [min] / time [min]

0 2 4 6 8 10

high above 100°C and is still near to
12 100°C up to the distance of 100m upstre-
am from the fire.

Temperature inside cargo and
spreading of fire

Obr. 11 Délka horici édsti ndakladu v zdvislosti na case
Fig. 11 The length of the burning portion of the cargo in dependence on time

vzdalenosti 100 m od pozaru proti sméru proudeni je teplota stale
blizka 100 °C.
Teplota uvniti nakladu a Sifeni pozaru

Vsechny zkousky vykazuji mezi 10. az 15. minutou teploty
uvnitf ndkladu v rozmezi 900 °C aZ 1000 °C, maximdlni hodnota
pri prvni zkousce je 1200 °C. Pri prvni zkousce se prvni termoe-
lektricky ¢lanek v blizkosti poZaru ohfdl zhruba 3 minuty po vzpla-
nuti. Pouhych 7 minut na to byl cely ndklad v plamenech. Pfi druhé
zkousSce je doba mezi ohfevem prvniho a posledniho termoelek-
trického ¢lanku jeste kratsi, 4 minuty. Pfi v§ech zkouskdch byl cely
ndklad v plamenech v rozmezi od 8 do 10 minut po zapdleni. Na
obr. 11 je zndzornéna ,,délka horici ¢asti nakladu® v zdvislosti na
Case, vztaZend k teploté 600 °C. Prvni a treti zkouska vykazuji
témér monoténni narust ,,délky horici ¢dsti* v Case odpovidajicim
konstantn{ rychlosti $ifeni pozdru zhruba 18 mm/s pro ,,délku hofi-
cf ¢asti” v rozmezi 1,3 az 6,5 metru. Jinak je tomu u druhé a ¢tvr-

vvvvvv

v této délce. Kvuli padajicim ¢dstem nédkladu béhem zkousek je

Between the 10th to 15th minute, all
tests exhibit temperatures within the range
of 900°C — 1000°C; the maximum value

in the first test is 1200°C. During the first test the first thermoelectric
couple in the vicinity of the fire heated up approximately 3 minutes
after the fire burst. A mere 7 minutes later the whole cargo was in fla-
mes. In the second test, the interval between the first and last thermo-
couple heating up is even shorter, 4 minutes. In all tests the whole
cargo was in flames within the range of 8 to 10 minutes after ignition.
Fig. 11 presents the “length of the burning portion of the cargo” in
dependence on time, related to the temperature of 600°C. The first test
and third test exhibit nearly monotonous growth of the “length of the
burning portion” with time, which corresponds to a constant velocity
of spreading the fire of approximately 18mm/s for the “length of the
burning portion” between 1.3 to 6.5m. This is different as far as the
second test and fourth test are concerned. The fourth test suggests even
faster spreading of fire along this length. Unfortunately, more detailed
analysing is difficult because of the parts of the cargo falling down (see
Fig 11). This fact could even be the reason for the unrealistic behavi-
our during the test No. 3, where it looks as if the “length of the burning
portion” of 6.5m took place sooner than the “length of the burning por-
tion” of 4.5m.

250

Heat development rate
The following apparatuses were used
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rychlost uvoliovani tepla [MW] / heat release rate [MW]

¢as [min] / time [min]

for determining the heat release values:
e 5 bidirectional differential pressure
Sensors;

¢ 12 thermoelectric couples;

¢ 3 oxygen (O,) analysers;

e 2 carbon dioxide (CO,) and carbon

monoxide (CO) analysers.

The measurements are not presented
in this paper. All more detailed informa-
tion is contained in reference [1] which
was published after the tests and from
which this paper draws. Pulsation of the
fire was recorded during the course of
the initial two fire tests (Test No. 1 and
Test No. 2) at the time when the heat
release rate exceeded 130MW. Owing to
this fact the measurement station recor-

w— Test 1
e Test 2

Test 3
e Test 4

Obr. 12 Rychlost vyvinu tepla étyr velkorozmérovych poZdrnich zkouSek s poZdrnim zatiZenim tézkych ndklad-

nich automobilit

Fig. 12 Heat buildup rate for four large-scale fire tests with fire loads on heavy trucks

ded the state of air flow pulsation, where
the measurement results proved that the
maximum velocity pulsated in the range
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Obr. 13 Sdldni tepla sestavy ndvésu na strané proti sméru proudént; a) hustota toku tepla ve vzddlenosti 10 metri od sestavy ndvésu proti sméru proudént,
b) hustota toku tepla ve vzddlenosti 5 metru od sestavy ndvésu proti sméru proudéni

Fig. 13 Heat radiation of the semitrailer set on the upstream side of the fire; a) the heat flow density at the distance of 10m from the semitrailer set upstream
from the fire, b) the heat flow density at the distance of 5m from the semitrailer set upstream from the fire

vSak podrobnéjsi analyza obr. 11 obtiznd. To by také mohl byt
duvod nerealistického chovdni pfi zkousce 3, kdy to vypadd, jako

by ,,délka horici C4sti* 6,5 m nastala dfive neZ ,,délka hotici C4sti‘
4.5 m.
Rychlost vyvinu tepla

Ke stanoveni hodnot uvolnéného tepla bylo pouZito nékolik raz-
nych pristroju:

* 5 obousmérnych snimacu tlakového rozdilu;

* 12 termoelektrickych Eldnku;

e 3 kyslikové (O,) analyzatory;

e 2 analyzétory oxidu uhli¢itého (CO,) a oxidu uhelnatého (CO).

Meéreni nejsou v tomto ¢lanku uvedena. Veskeré podrobnéjsi
informace jsou v publikaci [1], kterd byla po zkouSkach vydana
a ze které tento ¢lanek Cerpd. Béhem prvnich dvou poZarnich zkou-
Sek (zkousky 1 a 2) bylo zaznamenano pulzovani poZaru v dobé¢,
kdy rychlost uvolnovaného tepla prekracovala 130 MW. Diky
tomu byl v méfici stanici zaznamendn stav pulzovéani proudéni
vzduchu, kdy vysledky méfeni prokdzaly, Ze maximdlni rychlost
pulzovala v rozmezi 3 azZ 4 ms-! smérem k minimdlni rychlosti
v rozmezi 1 az 1,5 ms-!1. Perioda maximdlni rychlosti byla v této
dobé zhruba 45 sekund. Kfivky hodnot uvolnovani tepla jsou zna-
zornéné na obr. 12 a predstavuji jiz skute¢né hodnoty (pramér
v dobé pulzovani pro prvni a druhou zkousku) po provedeni korek-
ce doby prenosu.

KdyZ se hodnota uvolnéného tepla pozaru dostala nad 5 MW,
u vSech zkousek se rychlost ndrastu poZéru jevila linedrni aZ do
100 MW, s vyjimkou ¢tvrté zkousky, kdy je hodnota uvolnéného
tepla rovna 70 MW. K aproximaci hodnot uvolnéného tepla v roz-
mezi 5-100 MW (pro prvni az treti zkousku) a 5-70 MW (pro Ctvr-
tou zkousku) byla proto pouZita linedrni regrese. Korelaéni koefi-
cient uvedeny v tabulce 2 v zdvorkéch je ve vSech pripadech velmi
vysoky (>0,99), coz ukazuje na prakticky linedrni chovani rych-
losti uvolnovani tepla v daném rozmezi. Tabulka 2 ukazuje, Ze nej-
rychlejsi ndrast poZdru (29 MWmin-!) vykazuji dievéné palety
arohoZe (druhd zkouska), nasleduji dievéné palety a plastové pale-
ty v prvni zkousce (21 MWmin-1). Rychlosti narustu poZédru pri
treti a Ctvrté zkousce byly velice podobné (17-18 MWmin-1).

of 3 to 4ms™' towards the minimum velocity in the range of 1 to
1.5ms™. At this time the maximum velocity period was approximate-
ly 45 seconds. The heat release curves are displayed in Fig. 12; they
already represent actual values (the average at the time of pulsation
for the Test No. 1 and Test No. 2) after the correction of the transfer
time.

When the fire heat release value got over SMW, the fire buildup
rate appeared linear up to 100MW in all of the tests, with the excep-
tion of the fourth test, where the heat release value is equal to 70MW.
For that reason linear regression was applied to the approximation of
the released heat values in the range of 5—-100MW (for the first
through to third test) and 5-70MW (for the fourth test). The correla-
tion coefficient presented in Table 2 in brackets is in all of the cases
very high (>0.99), which indicates the virtually linear behaviour of
the heat release rate in the given range. Table 2 shows that the fastest
fire buildup rate 29MWmin'!) is exhibited by wooden pallets and
mats (the second test), followed by wooden pallets and plastic pallets
in the first test 21MWmin™!). The fire buildup rates in the third and
fourth test were very similar (17-18MWmin™!).

Intensity of heat transferred through radiation
in the vicinity of the fire

High temperatures induce strong radiation of heat, which is cruci-
al for spreading a fire to other vehicles in a tunnel. Another important
question associated with the radiation of heat is how close fire figh-
ters can get to the fire before further progressing is prevented by
strong radiation. Tests conducted by fire fighters in protective clot-
hing determined the upper limit of the exposition to be approximate-
ly 5kWm=2. When this limit is exceeded, the work of fire fighters is
difficult and they begin to feel pain after approximately 5 minutes.

The results of measurements conducted during the course of the
extensive tests are presented in Fig. 13. They show that this upper
limit was exceeded in all tests at the distance of 10m from the semit-
railer set. Fire fighters have to be able not only to resist radiated heat,
but also to work in the heat. The radiation at the distance of 20 met-
res from the fire upstream from the fire is an important criterion for
assessing whether fire fighters can reach the fire with the water jet or
not. The values of the density of heat flow rate measured at this

distance are presented in Fig. 14.
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Obr. 14 Hustota toku tepla 20 metru od poZdru proti sméru proudéni (test 4: 15 m od poZdru)

Fig. 14 The heat flow density 20m from the fire (test 4: 15m behind the fire)

Intenzita tepla salanim v blizkosti pozaru

Vysoké teploty vyvoldvaji silné salani tepla, které je zdsadni pro
Sifeni pozéru na ostatni vozidla v tunelu. Dal$i daleZitou otdzkou
souvisejici se sdldnim tepla je, jak blizko se hasici dostanou k poZa-
ru, neZ jim v dal$§im postupu zabranf silna radiace. Zkousky, které
provedli hasi¢i v ochranném obleku, stanovily horni mez expozice
zhruba 5 kWm2. Pfi prekrocenti této meze je prace hasi¢l obtiznd
a zaCinaji citit bolest jiz po zhruba 5 minutach.

Vysledky méfeni provedenych béhem rozsahlych zkousek jsou
zndzornény na obr. 13. Ukazuji, Ze tato horni mez byla pfi vSech
zkouskach prekrocena ve vzddlenosti 10 m od sestavy. Hasici
nejen ze musi byt schopni odolat sdlani tepla, ale musi také byt
schopni v horku pracovat. Sdldni ve vzddlenosti 20 metrti od poZé-
ru proti sméru proudéni je dulezitym kritériem pro to, zda hasic¢i
dosdhnou na pozdr vodnim proudem, ¢i nikoliv. Naméfené hustoty
toku tepla v této vzdalenosti jsou zndzornény na obr. 14.

Je vidét, ze vSechny hodnoty tepelného toku jsou pod kritickou
mezi 5 kWm2. Hasici proto budou schopni pfibliZit se k hoficimu
nékladu na vzddlenost 20 metra a s poZdrem bojovat.

Ve vzdélenosti 20 metru od poZdru proti sméru proudént,
v oblasti, kde jiZ skdla nebyla chrdnéna pred d¢inky poZdru, bylo
pii teplotach 80 az 100 °C zaznamendno odpadavani horniny.
Velké kusy skdly padaly do oblasti, kde by hasi¢sky sbor ziejme
zasahoval. Tato skutecnost by mohla ohroZovat hasice a naruSovat
jejich schopnost bojovat s poZarem.

Intenzita salani v blizkosti pozaru a riziko Sifeni poZaru

Béhem 15 minut prvni zkousky byly u podlahy zaznamenény
nejvys¥{ hodnoty 250 kWm2. Pfi téZe zkousce bylo mozno u stén
pozorovat priimérné hodnoty zhruba 120 kWm2 a nejvyssi hodno-
ty 200 kWm2. Ve vzddlenosti 5 metrii za poZdrem byl tepelny tok
stale jesté 50 kWm2. Kritickd mez pro $ffeni pozdru byla ve vzda-
lenosti 5 m za pozdrem prekroCena pri vSech zkouskdch. Riziko
rozsifeni pozdru na vozidlo v této poloze proto existuje pri vSech
zkouskdch, ale po razné dlouhou dobu. Pfi prvni zkousce toto rizi-
ko trvd 55 minut. Pfi dalSich, méné naro¢nych zkouskdch, je toto
riziko kratsi, zhruba 7 az 10 minut.

It can be seen that all heat flow rate values are under the critical
limit of 5kWm2. Fire fighters will therefore be able to get closer to
the burning cargo up to the distance of 20m to fight the fire.

At the distance of 20 metres upstream from the fire, in the area
where rock was no more protected against the effects of fire, falling
off of rock was recorded at temperatures of 80 to 100°C. Big pieces
of rock fell to the area where the fire rescue brigade would evidently
fight the fire. This fact could threaten the fire fighters and impair their
ability to fight the fire.

Intensity of heat transferred through radiation in the
vicinity of the fire and the risk of spreading the fire

During 15 minutes of the first test, the highest values recorded at
the floor level amounted to 250kWm2. During the course of the
same test it was possible at the walls to observe average values app-
roximately of 120kWm2 and the highest values of 200kWm2. At the
distance of 5 metres behind the fire, the heat flow still reached
50 kWm2. The critical limit for spreading of the fire at the distance
of 5m behind the fire was exceeded in all tests. The risk of spreading
the fire to a vehicle located in this position therefore exists in all tests,
but it is so for various lengths of time. In the first test, this risk lasts
for 55 minutes. In the other tests, which are less demanding, this risk
duration is shorter, approximately 7 to 10 minutes.

RESULTS AND BEHAVIOUR OF INSULATION CLADDING

Because of the irregular geometry of the Runehamar tunnel cross-
section, the PROMATECT®-T insulation boards were hung on a steel
frame; there is no direct contact between the boards and the rock (see
Fig. 15). The objective of the tests was to assess the behaviour of this
type of fire insulation under various fire conditions without the pre-
sence of concrete structures (concrete, in general, contributes to resi-
stance to high temperatures because of the fact that it has a cooling
effect), without the insulation of joints and when the boards are expo-
sed to the effects of several successive fires.

Temperatures measured during the first test in the tunnel (the red
curve; the scale is on the left side of the graph) and on the unexposed
side of the boards (the scale on the left side of the graph) are dis-
played in Fig. 16.
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VYSLEDKY A CHOVANI IZOLACNIHO OBKLADU

Kvuli nepravidelnému tvaru tunelu Runehamar byly izoladni
desky PROMATECT®-T zavéSeny na kovovém ramu; mezi deska-
mi a skalou neni Zadny primy kontakt (obr. 15). Cilem téchto zkou-
ek bylo posoudit chovéni tohoto druhu protipozarni izolace v ruz-
nych podminkdch poZdru bez pritomnosti betonovych konstrukci
(beton obecné prispivé k zdrovzdornosti, protoze ma chladici Gci-
nek), bez izolace spoju a pii vystaveni desek i¢inkim nékolika po
sobé jdoucich pozaru.

Na obr. 16 jsou zndzornény teploty naméfené béhem prvni
zkousky v tunelu (Cervend krivka, stupnice na pravé strané grafu)
a na neexponované strané desek (stupnice na levé strané grafu).

Diky technologii minerdlniho inZenyrstvi maji desky PROMA-
TECT®-T ,,minerélni indikdtory teploty*, které mohou poskytovat
informace o pribéhu teploty v kterémkoliv mist¢ desky. Na zdkla-
dé prostupu tepla je mozné stanovit maximum 1150 °C v hloubce
3 mm pod exponovanym povrchem, ddle dosazeni 900 °C
v hloubce 7 mm a teplotu 200 °C v hloubce 20 mm pod expono-
vanym povrchem desky. Je dulezité zduraznit, Ze desky byly pri
této zkousce vystaveny teplotim az 1365 °C.

Analyza metodou rentgenové difrakce z horké strany k chlad-
néjsi prokazuje, Ze na exponované strané se pri teplotich 1150 °C
az 1350 °C vytvorila 3 azZ 4 mm silnd vrstva keramického izolantu.
Béhem tohoto procesu nedoslo k Zddnym strukturdlnim vaddm.
Analyzy prokazuji dokonalou stabilitu struktury desek, kterd si
uchovala nezbytné vlastnosti z hlediska pozarni ochrany.

Zkousky jasn¢ prokdzaly Ze:

* Vyrobek je schopen odolat vysoké intenzité radiace a vyso-
kym teplotdam, které jsou dosahovany prfi poZdru v tunelu
(maximdlné 223 MW, 1365 °C).

e Uméld minerdlni struktura (Mineral Engineered Matrix) je
zcela novym piistupem v konstrukci materidla poZdrni ochra-
ny a zlepSuje chlazeni a tepelnou izolaci konstrukce a Casti
tunelu.

* V prfipadé pouziti desek vypoétené tloustky lze na strané chra-
néné tunelové konstrukce po dlouhou dobu snadno udrzovat
teplotu pod 200 °C.

* Po nékolika po sobé jdoucich pozarech byla celistvost desek
prokazatelné zachovéna i v mikroskopickém méfitku.

e V pripadé potieby je montdZz a vyména desek v té ¢dsti tunelu,
kterd byla vystavena poZaru, snadnd, coz sniZuje ndklady
a umoznuje rychlé opravy a opétovné uvedeni tunelu do pro-
VoZzZu.

ZAVERY A DOPORUCENI

Byly provedeny cCtyfi rozsdhlé poZzarni zkousky simulujici
poZér ndkladu na ndvésu v tunelu. Ndklad byl simulovén ruzny-
mi kombinacemi celulézy a plastu (v hmotnostnim pomeéru zhru-
ba 80/20). To odpovidd béZznym druhtim nékladu, které jsou kaz-
dodenné prevazeny po silnicich a také Casto projizdéji tunely.
Druh a mnoZstvi pouZitych hoflavych materidlt se v jednotlivych
zkouskéch liil, ale vSechny ¢tyfi naklady vykazovaly velmi
prudky nérust teploty po pocdteni prodleve. Vysledky také uka-
zaly, Ze konstrukce tunelu a izolace musi odolat velmi vysokym
teplotdim. Standardni teplotni kfivka pozaru, kterd nejlépe repre-
zentuje vysledky zkousek, je kfivka RWS.

Pri vSech zkouSkdch doSlo k prudkému rozsiteni pozdru,
béhem 5 az 10 minut byl cely ndklad v plamenech. Prvni pokus
odhadnout §ifeni pozdru byl ¢dste¢né tspéSny u prvni a treti
zkousky. Pfi prvni zkous$ce nastalo velké riziko rozsifeni poZaru
na dal$i vozidla ve vzdélenosti 5 m za hoficim ndkladem (tj. ve
smeéru proudéni) a trvalo po dobu 55 minut. Toto riziko nastalo
i pri dalSich zkou$kéch, trvalo vSak krat$i dobu, 7 az 10 minut.

Owing to the mineral engineering technology, PROMATECT®-T
boards have “mineral indicators of temperature” capable of provi-
ding information about the development of temperature at any point
of the board. It is possible on the basis of heat passage to determine
that the maximum of 1150°C is reached at the depth of 3mm under
the exposed surface, 900°C at the depth of 7mm and 200°C at the
depth of 20mm under the exposed surface of the board. It is impor-
tant to emphasise that the boards were exposed to temperatures up to
1365°C during the course of this test.

An X-ray diffraction analysis from the hot side toward the cooler
side proves that a 3 to 4mm thick ceramic insulator developed on the
exposed side at temperatures ranging from 1150°C to 1350°C. No
structural defects originated during this process. The analyses prove
the perfect stability of the structure of the boards, which maintained
properties necessary in terms of fire protection.

The tests clearly proved that:

e The product is able to resist the high intensity of radiation and
high temperatures reached during a fire in a tunnel (maximum
223MW, 1365°C).

e The Mineral Engineered Matrix means an absolutely new app-
roach to the structure of fire protection materials; it improves
cooling and thermal insulation of the structure and parts of the
tunnel.

* In the cases of using calculated thickness boards, it is possible to
easily maintain the temperature on the side of the protected tun-
nel structure under 200°C for a long time.

e After several successive fires, the integrity of the boards was
provably maintained even on the microscopic scale.

e In the case of a need, the assembly and replacement of the
boards in the portion of the tunnel exposed to the fire is easy,
which fact reduces the costs and allows for quick repairs and
bringing the tunnel back into service.

CONCLUSIONS AND RECOMMENDATIONS

Four extensive fire tests simulating a fire of cargo on a semitrailer
in a tunnel were carried out. The cargo was simulated by various
combinations of cellulose and plastic (in the weight ratio approxima-
tely 80:20). It corresponds to the common sorts of cargo which are
every day transported on roads and often pass through tunnels. The
kinds and amounts of flammable materials used in individual tests
varied, but all four cargos exhibited very steep heat buildup after an
initial delay. The results in addition showed that a tunnel structure
and insulation have to resist very high temperatures and that the RWS
curve is the standard temperature curve best representing the results
of the tests.

In all tests the fire spread very rapidly, the whole cargo was in fla-
mes in 5 to 10 minutes. The first attempt to estimate the spreading of
the fire was partially successful in the first and third test. In the first

Obr. 15 NavrZeny systém poZdrni ochrany pro zkousky v tunelu Runehamar
Fig. 15 Fire protection system designed for testing in the Runehamar tunnel
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Obr. 16 Prubéh teplot naméienych v tunelu a na povrchu desek béhem piisn

¢jSi prvni zkousky

Fig. 16 Development of temperatures measured in the tunnel and on the surface of the boards during the more stringent first test

Byl uinén také prvni pokus stanovit vzajemny vztah mezi tepel-
nym tokem pfijimanym sténou a intenzitou pozdru. Pfi vSech
zkouskéch tepelné namdhdni stén prekracovalo teplotni kiivku ISO
pro stavebni konstrukce namdhané pozarem v mistnosti po dobu 15
az 30 minut. Zd4 se, Ze presnéjsi aproximaci tepelného namahéani
stény béhem této doby nabizeji jiné teplotni kiivky, napr. uhlovo-
dikova krivka. Je zapotrebi uvést, Ze veskerd méreni probihala ve
vysce jeden metr nad trovni vozovky. V soucasné dobé jsou stény
tuneld ¢asto ponechdny bez izolace. Vysledky zkousek jasné pro-
kazuj{ potfebu protipoZarnich izola¢nich obkladu stén.

Tento rozséhly experiment prispél ke zpiisnéni poZzadavku na
pozarni odolnost osténi tuneli. V CR lze nalézt v Nafizeni vlady
o bezpec¢nostnich poZadavcich na tunely pozemnich komunikac{
del3i nez 500 metrt ¢. 264/2009 Sb., v priloze ¢. 1 — Minimdln{
bezpecnostni pozadavky na tunely pozemnich komunikaci delsi
nez 500 metru v ¢ldnku &. 7. — PoZdrni odolnost stavebnich kon-
strukci, tuto definici: ,, Nosné stavebni konstrukce vSech tuneli
musi zajistit dostatecnou tiroven poZdrni odolnosti tam, kde mist-
ni poruSeni stavby miiZe mit katastrofické ndsledky, napriklad
u tunelu prochdzejicich pod vodou nebo u tunelii, které mohou
zpusobit zhroucent duleZitych souvisejicich staveb. Stavebni kon-
strukce a poZdrni uzdvery musi u téchto tunelu vykazovat poZdr-
ni odolnost odpovidajici 7. stupni poZdrni bezpecnosti.*

Ing. LIBOR FLEISCHER, fleischer@promatpraha.cz,
Promat s.r.o.
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Ing. Otto Dvorik, Ph.D.

LITERATURA / REFERENCES

test, a big risk developed that the fire would expand to other vehicles
at the distance of 5Sm behind the burning cargo (downstream from the
fire) and lasted for 55 minutes. This risk developed even in the other
tests, but it lasted for a shorter time, 7 to 10 minutes. In addition, an
attempt was made to determine the mutual relationship between the
heat flow received by the wall and the fire intensity. During the cour-
se of all tests the heat stress exceeded the ISO temperature curve for
civil engineering structures exposed to stressing by a fire in a room for
15 to 30 minutes. It seems that more accurate approximation of the
heat stress during this period is offered by other temperature curves,
for example the hydrocarbon curve. We should note that all measure-
ments were carried out 1m above the roadway level. Currently tunnel
walls are frequently left without insulation. The results of the test cle-
arly indicate that fire insulation cladding of walls is necessary.

This extensive experiment contributed to tightening the require-
ments for fire resistance of tunnels. In Czech republic can be found
the following definition in the Decree No. 264/2009 Coll. of the
Government of the Czech Republic on requirements for road tunne-
Is longer than 500 metres, Annex No. 1 paragraph No. 7 - Fire resi-
stance of civil engineering structures: , Load-bearing civil enginee-
ring structures of all tunnels shall secure sufficient level of fire resi-
stance wherever a local damage to the structure can have catastrop-
hic consequences, for example in the cases of submerged tunnels or
tunnels which can cause collapsing of important associated structu-
res. Civil engineering structures and fire shutters shall exhibit fire
resistance corresponding to Degree No. 7 of fire safety.”
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POZARNI VETRANI TKB - OD PROJEKTU KE ZPROVOZNENI
FIRE VENTILATION - FROM DESIGN TO BRINGING INTO SERVICE

JIRI ZAPARKA

ABSTRAKT

Projekt poZdrniho vétrdni tunelového komplexu Blanka (TKB) zacal pred témer 20 lety. Prispévek volné navazuje na ¢ldanek ,, PoZdrni
vétrdni tunelového komplexu Blanka k zajisténi bezpecného zdsahu IZS“ [1] a jeho cilem je v hlavnich bodech pribliZit postupny pro-
ces projektovdni, zprovoznovdni a hlavné zkouSeni poZdrniho vétrdni, s bezprostiedné navazujicimi soubory, aZ do stdavajictho stavu.
Rozsdhlost dila, ménici se profil, sklon, vjezdové a vyjezdové rampy, to vse vyZadovalo komplexni pFistup a stanoveni spole¢nych prin-
cipui pro cely tunelovy komplex a pro poZadovanou iroven bezpecnosti. Zpiisob odvodu koure se v riiznych cdstech lisi, ale zpuisob Fize-
ni sméru a rychlosti podélného proudéni v tunelech je spoledny pro cely TKB v pribéhu vyvoje poZdru, podle poZadavkii na vétrdni.
Kromé poZdrniho vétrdni je hlavni pozornost vénovdna detekci koure. Prispévek uzavird ¢dst vénovand zkouSent technologie a prové-
Fovdni komunikace jednotek IZS (Integrovany zdchranny systém) a obsluhy tunelu.

ABSTRACT

The work on the fire ventilation design for the Blanka complex of tunnels started nearly 20 years ago. This contribution is a free fol-
low-up to the paper ”Fire ventilation of Blanka tunnel for ensuring safe Integrated Rescue System intervention” [1]. Its objective is to
outline in main points the gradual process of designing, bringing into service and, first of all, testing of the fire ventilation system toget-
her with immediately relating units, up to describing the existing state. The extensiveness of the project, the varying tunnel profile, the
gradient, entrance ramps and exit ramps required a comprehensive attitude and defining common principles for the entire complex of
tunnels and for the required level of safety. The smoke evacuation system is different in different parts, but the system of controlling the
direction and velocity of the longitudinal airflow in the tunnel is common for the whole Blanka complex of tunnels during the course of
the development of a fire, depending on requirements for ventilation. Apart from the fire ventilation, the main attention is focused on the
detection of smoke. The paper is closed by a part dedicated to testing of equipment and verifying communication between the units of
the Integrated Rescue System (the IRS) and the tunnel operators.

1. STAVEBNI A DOPRAVNI RESENI VE VZTAHU
K POZARNIMU VETRANI TKB

Stavebni feSeni TKB bylo ovlivnéno zvolenou trasou a polohou
portdld, kterd byla vybrdna z nékolika variantnich feSeni. Varianta
pojmenovand Blanka byla potom déle rozpracovdvéna v roce 1998
v overovaci studii. Celkovd délka trasy od portdlu Malovanka k por-
talu Troja je 5,5 km s vyjezdem na povrch a ndslednym vjezdem do
tunelu v mistech kfizovatky Pragny most a ktizovatky U Vorliku, které
deli trasu na tfi tunely: Brusnicky, Dejvicky a Bubebecsky (obr. 1).

1. STRUCTURAL AND TRAFFIC-MANAGEMENT DESIGN
IN RELATION TO THE FIRE VENTILATION SYSTEM OF
THE BLANKA COMPLEX OF TUNNELS

The structural design was influenced by the alignment and loca-
tions of portals selected from several variant solutions. The variant
named Blanka was subsequently worked out in a verification study
in 1998. The aggregate length of the alignment from the Malovanka
portal to the Troja portal amounts to 5.5km. Exits to the surface and

Tunely Brusnicky a Bubenecsky jsou kromé portdlovych &asti
razené a oba tunely obsahuji dlouhé tseky s podélnym sklonem 5
%. Pii pozaru v tsecich s klesdanim -5 % tla¢i vztlakové sily pri
pozaru kouf tunelem (tzv. kominovy efekt) proti sméru jizdy tém
vozidlim, kterym blokuje poZdr vyjezd z tunelu.

Prostredni ¢dst leZici pod ulici Milady Hordkové (Dejvicky tunel)
je celd hloubend, stejné jako rampy a dseky na vyjezdech/vjezdech
z/do tunelu. Tyto hloubené useky jsou velice blizko pod povrchem
a jejich pri¢ny profil omezuje kfiZzeni se stanici metra A —
Hradcanska a s mnoZstvim dalSich mistnich inZenyrskych siti pod
povrchem. Tato prostorovd omezeni neumoznila jednotny systém
odvodu koure po délce tunelu, tak jak je tomu v raZenych dsecich.

subsequent tunnel entrances in the locations of the PraSny Most
Bridge and U Vorliku intersections divide the alignment into three
tunnels: Brusnice, Dejvice and Bubene¢ (see Fig. 1).

The Brusnice and Bubene¢ tunnels are mined structures (with
the exception of portal parts). They contain long sections with
the longitudinal gradient of 5%. During the course of a fire in
sections with the longitudinal gradient of —5%, buoyancy for-
ces induced by the fire force the smoke along the tunnel (the so-
called chimney effect) against the direction of the moving
vehicles the exit of which from the tunnel is blocked by the fire.

The middle part lies under Milady Hordkové Street — the

tunel Brusnicky / Brusnice tunnel tunel Dejvicky

tunel Bubenecsky / Bunenec tunnel

=

Dejvice tunnel

portal Malovanka

portal Troja

Malovanka portal

longitudial gradient 5%

Troja portal

Obr. 1 Podélny rez TKB od portilu Malovanka, kdy tunel klesd aZ pod Stromovku a Vitavu a ndsledné stoupd k portdlu Troja
Fig. 1 Longitudinal section through the Blanka complex of tunnels from the Malovanka portal, from which the tunnel descends under Stromovka Park and the

Vlitava River and subsequently ascends toward the Troja portal



Dal$im pozadavkem ovliviiujicim feSeni systému vétrani byla
technickd chodba pod vozovkou tunelu po celé délce trasy. Udrzba
tak md piistup do vSech Casti tunelového komplexu nezdvisle na
tunelovém prostoru.

Tvar pri¢ného fezu tunelu raZenych tseku byl ddn statickym zati-
Zenim na obezdivku tunelu. Proto maji razené tseky strop ve tvaru
klenby oproti hloubenym, které maji rovny strop. Technologicka
chodba pod vozovkou v raZenych dsecich svou prichozi vyskou
zpusobuje velké vyklenuti protiklenby a vytvaii tak velky prostor
k vyuZiti pro odvodni poZarni kandl. Velikost a tvar pricného rezu
byl provéfovan ve dvou verzich: kandl pod vozovkou nebo kandl
nad faleSnym stropem tunelu. Z ekonomického i vzducho-
technického hlediska se ukdzala varianta s kandlem pod vozovkou
vyhodnéjsi. Z hlediska vzduchotechnického je pti poZéru vétsi pric-
ny profil priznivéjsi, protoZe vychozi rychlost podélného proudéni
je nizsi a kour ma nésledné vice prostoru pro Siteni, nez zakouif cely
profil. Tim se prodluzuje doba pro evakuaci.

Z dopravniho hlediska se jednd o méstsky tunelovy komplex
s jednosmérnym provozem ve 2 aZ 3 pruzich. Vzhledem k vysoké
intenzité dopravy pres 60 000 vozidel za 24 hodin v jednom smeéru,
s vyhledem na 75 000 vozidel a vzhledem k charakteru dopravy je
nutné pocitat s moznosti dopravni kongesce (stojici nebo pomalu
jedouci kolona vozidel). V pripadé pozaru pak i vozidla ve sméru
jizdy za poZzarem nemohou okamZzité vyjet z tunelu a ohroZené
osoby se tak vyskytujf na obou strandch pozaru.

Dalsim specifikem je mnozstvi vjezdovych a vyjezdovych porta-
10 a ramp. V celém TKB je jich v rdmci kiiZzovatek v obou smérech
patnéct. MnoZstvi portdlu je problematické pri poZdru v hloubenych
tsecich v blizkosti portdl a ramp, kdy poZérni vétrdni musi zabra-
nit prevodu koure z jednoho tunelu do druhého pres portély blizko
u sebe.

2. BEZPECNOSTNI KONCEPT

Pozédrni vétrani je zaloZeno na rychlé detekci mimoradné uddlos-
ti a okamZitém fizeni sméru a rychlosti podélného proudéni
[21[31[41(5].

Pro detekci a lokalizaci mista poZaru jsou v TKB celkem tfi
druhy detektor — liniovy teplotni hldsi¢, koufové detektory
a video-detekce. Pri detekci liniovym teplotnim hldsi¢em reaguje
systém automaticky vyhldSenim poZiru. Liniovy teplotni hlési¢ je
spolehlivy, ale je Casto zatiZen zpozdénim reakce pfi vysSich rych-
lostech podélného proudéni v tunelu. Kromé rychlosti reakce je
u pricného odvodu pres nékolik klapek duleZitd presnost lokaliza-
ce poZéru, protoZe klapka oteviend na $patném misté miZe zpuso-
bit fatdlni nasledky.

V roce 2007 probéhl v silni¢nim tunelu Gotthard dspés$ny zku-
Sebni provoz s detekei poZdru zaloZenou na nove vyvinutych detek-
torech koure, konkrétné pro silni¢ni tunely. Prokdzand spolehlivost
detekce umoZnila zahrnut{ detektoru do automatiky poZdrniho vét-
rani bez potvrzeni obsluhy [7]. Na zdkladé téchto zkusenosti byly
detektory koure zahrnuty do systému detekce TKB. Cely TBK byl
rozdélen do 125 detekénich tseku, kde kazdému tseku odpovidd
jeden detektor koute. Délka detekénich dseku je 80-90 m, v raZe-
nych ¢astech od jedné odsdvaci vyustky k ndsledujici. Také samot-
ny kamerovy systém je vybaven video-detekci, kterd je schopna
rozpoznat kour nebo zastaveni vozidla.

Cilem vc¢asné detekce pritomnosti koure v tunelu a mozného
pozéru je ridit smér a rychlost podélného proudéni, protoZe ta roz-
hoduje o charakteru $iteni kourové vlecky a zakoufenosti profilu,
&imz zdsadnim zpusobem ovliviiuje podminky pro evakuaci.

Jak detektory koure, tak video-detekce reaguji velmi rychle na
mimoradné uddlosti a umoznuji tak zajisténi priznivych podminek
pro §ifeni koure pri pfipadném poZaru. Dispecer tak md vice ¢asu na
spravné vyhodnoceni a lokalizaci udélosti pred potvrzenim vyhla-
Seni poZdru.
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entire Dejvice tunnel as well as ramps and sections at exits/ent-
rances from/to the tunnel are cut-and-cover structures. These
cut-and-cover tunnel sections are very near to the surface and
their cross-section is limited by the intersection with
Hrad¢anskd metro station on the Line A and numerous other
local engineering networks under the surface. These spatial
restrictions did not allow designing the same unified smoke
evacuation system throughout the tunnel length as designed for
mined tunnel sections.

Another requirement affecting the solution to the ventilation
system lied in the utility corridor under the tunnel roadway
throughout the tunnel route. In this way maintenance teams
have access into all parts of the complex of tunnels indepen-
dently of the space above the tunnel roadway.

The geometry of the tunnel cross-section was determined by
the static load acting on the tunnel lining. This is the reason
why the vaulted roof is designed for mined sections, in contrast
to cut-and-cover tunnel sections having flat roof decks. The uti-
lity corridor under the roadway in mined sections causes large
arching of the inverted vault, thus creating large space availab-
le for the smoke evacuation fire duct. The dimensions and geo-
metry of the cross-section was verified in two versions: a duct
under the roadway or a duct above an intermediate tunnel floor.
From the aspects of economy and ventilation, the variant with
the duct under the roadway turned out to be more advantage-
ous. From the aspect of ventilation, a larger cross-section is
more favourable because of the fact that the initial velocity of
longitudinal airflow is lower and smoke has subsequently more
space for spreading before filling the whole cross-section. In
this way the time available for evacuation is extended.

From the traffic-related point of view, the structure is an urban
complex of tunnels with unidirectional traffic on 2 to 3 lanes.
Taking into consideration the large traffic volume exceeding
60,000 vehicles per 24 hours in one direction, with the prospect
for 75,000 vehicles, and with respect to the character of traffic,
it is necessary to reckon with the possibility of traffic congesti-
on (a standing or slowly moving column of vehicles). In the case
of a fire even the vehicles found in the direction of travel behind
the fire cannot immediately leave the tunnel, threatened people
are therefore found on both sides of the fire.

Another specific feature is the number of entrance portals,
exit portals and ramps. Their number in the entire complex of
tunnels in both directions amounts to fifteen. The number of
portals is problematic in the case of a fire in the cut-and-cover
tunnel sections near the portals and ramps, where the fire ven-
tilation has to prevent the transition of smoke from one tunnel
to the other via portals located close to each other.

2. SAFETY CONCEPT

The fire ventilation system is based on the fast detection of
an extraordinary event and immediate control of the direction
and velocity of the longitudinal airflow [2][3][4][5].

There are three types of detectors detecting and locating
a fire in the Blanka complex of tunnels — a linear heat detector,
smoke detectors and video-detection. When the linear heat
detector is activated, the system responds automatically by
automatic triggering a fire alarm. The linear heat detector is
reliable, but it is frequently burdened by delayed reaction at
higher velocities of the longitudinal airflow in a tunnel. In addi-
tion to the reaction rate, the accuracy of the fire location is
important in the case of the transverse removal system via
several dampers because a damper opened at a wrong place
may have fatal consequences.
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V pripade detekce pozdru v nékteré Casti tunelu dochazi k oka-
mZité uzavirce vech piijezdu do tunelu, doprava v tunelu je pre-
smerovana na vyjezdy.

Béhem pripravy projektu probihala dobrd komunikace s hasici
HZS hl. mésta Prahy, coZ umoznilo stanoveni zdsad pro postupy
jednotek HZS podle stavu poZarniho vétrani, pripadné podle mista
pozéaru. Béhem komplexnich zkousek probéhlo i nékolik kourovych
zkouSek s riznymi zdroji zkuSebniho koufe a ¢lenové HZS se mohli
sami presvedCit o postupu zprovoznovani pozarniho vétrani
a o uéinnosti odsdvani. Na zdvér po uzavieném komplexnim
vyzkoueni probéhlo cvi¢eni IZS, kde byl nejvetsi duraz kladen na
komunikaci mezi jednotlivymi sloZkami IZS a obsluhou tunelu.

3. PROJEKT POZARNIHO VETRANI

V méstskych tunelech s velmi vysokou intenzitou dopravy a pra-
vdépodobnosti kongesce je cilem v prvnich minutdch ustdlit podélné
proudéni nizkou rychlosti ve sméru jizdy. Pfi nizkych rychlostech
ma kour tendenci $ifeni pod stropem tunelu v obou smérech.

3.1 Regulace podélného proudéni a systém odvodu koure

V tunelu byva Casto detekovan kouf, ktery nemusi nezbytné zna-
menat poZdr, nebo se zdroj koufe muZe pohybovat a dispecer proto
nesmi vyhldsit pozar v misté prvniho zji§téni. DispeCer musi situa-
ci vyhodnotit a pozdr vyhldsit aZ po ovéfeni, Ze se jednd skute¢ne
0 poZdr, a Ze se zdroj koure/pozar nepohybuje. Nésledné musi pres
video-detekci oveéfit, Ze se skutecné jednd o tsek vyhodnoceny ridi-
cim systémem a az poté vyhldsit pozar. Rychla detekce je zdsadni
hlavné v usecich s podélnym sklonem — 5 %. Pro tento tcel byl
navrzen a implementovédn reZim ,,predvétrani, ktery jesté pred
spusténim pozarniho vétrani vytvari podminky podélného proudéni
obdobné 1. fazi pozdrniho vétrani (bez odsavani) a dava tak dispe-
Cerovi delsi Cas na reakei. ,,Predvétrani je zajiSténo expertnim
systémem, ktery fidi provozni vétrdni. Regulace zajiStuje smer
a minimalni rychlost podélného proudéni 1,2 m/s. Pokud je rychlost
vys$i, napriklad vlivem doznivajiciho pistového efektu, reguldtor
nezasahuje. Jednotlivé stavy jsou prehledné vidét z prabéhu rych-
losti méfené v tunelu pii zkouskéch automatiky prechodi mezi jed-
notlivymi stavy na obr. 2.

Vychozi podminky pro uvedenou zkousku byly zvoleny co nej-
nepriznivéjsi. V tunelu zasaZzeném pozarem bylo vychozi podélné
proudéni proti sméru jizdy, coZ by mohlo nastat pouze v noci, pri
velmi malé intenzité dopravy, protoZe jinak pistovy efekt vozidel
pohybujicich se tunelem zajistuje proudéni ve sméru jizdy. V rdmci
predvétrani bylo dosaZeno rychlosti Zddané a ta byla spolehlive udr-
Zovana. V okamziku vyhlaSeni poziru je expertni systém odstaven
a funkci prebira pozarni regulator podélného proudéni. Prechod na
pozarni reguldtor je v grafu vidét v malém podkmitu po iniciaci
pozéarniho vétrani. Proudéni v nezasaZeném tunelu je tieba reverzo-
vat proti sméru jizdy, aby nezasaZeny tunel pres portdl nepodsal
kour unikajici z portdlu zasaZeného tunelu.

V piipadé vypadku nékterych ventildtoru, klapek nebo celé stro-
jovny, nebo v pripadé pozaru nad navrhové parametry existuje moz-
nost poloautomatického spusténi vSech dostupnych proudovych
ventildtort v pfimém sméru na maximdlni vykon.

K ovlddani podélného proudéni v TKB slouZi celkem 88 kusu
proudovych ventildtor, z ¢ehoZ je 25 proudovych ventildtort vyba-
veno frekvenénim méni¢em umoznujicim plynulou regulaci ota¢ek
a 63 je vybaveno soft startéry, které ovlddaji ventildtory pouze zpu-
sobem start/stop.

3.2 Systém odvodu koure

V 1. féazi pozarniho vétrani (déle jen 1. faze), je v raZenych dsecich
kouf odsdvan pres 2 vydstky v klenbé tunelu: jednou pred a jednou
za pozarem. Tuto situaci z pohledu fidie stojictho cca 40 m pred
pozarem lze vidét na obrazku 3. Uvedené ukdzky z rozloZeni koure,
teploty a rychlosti v pfi¢ném fezu tunelem vychdzeji z parametri

Tuel

In 2007, a successful trial operation of the tunnel with fire
detection based on smoke detectors newly developed for road
tunnels took place in the Gotthard road tunnel. The proved
detection reliability allowed for the incorporation of the detec-
tors into the automatic fire ventilation system not requiring
confirmation by an operator [7]. On the basis of this experien-
ce, the smoke detectors were incorporated into the detection
system for the Blanka complex of tunnels. The entire complex
of tunnels was divided into 125 detection sections, where each
section has one smoke detector assigned. The lengths of the
detection sections vary between 80 — 90m; in the mined tunnel
sections it is the length between one smoke extraction nozzle to
the next one. Even the camera surveillance system is equipped
with video-based fire detection facility capable of identifying
smoke or vehicle stopping in the tunnel.

The objective of the rapid detection of the presence of smoke
and a possible fire in a tunnel is to control the direction and
velocity of the longitudinal airflow, because they are crucial
regarding the character of the spreading of the trail of smoke
and filling the tunnel profile with smoke. In this way it funda-
mentally influences the evacuation conditions.

Smoke detectors as well as the video-based smoke detection
react very quickly to extraordinary events and allow for ensu-
ring favourable conditions for spreading of smoke in the case
of a contingent fire. Owing to this fact the management centre
has more time for correct assessing and locating the event befo-
re the confirmation of triggering the fire alarm.

In the case of the detection of a fire in some part of the tun-
nel, all points of access to the tunnel are immediately closed
and traffic in the tunnel is redirected to exits.

The communication with the units of the Fire Rescue Brigade
of Prague during the preparation of the design was good, which
fact allowed for setting the rules for the fire fighting procedu-
res according to the condition of the fire ventilation or, as the
case may be, according to the location of the fire. Even several
smoke tests with various sources of the testing smoke were
conducted during the comprehensive testing and the members
of the Fire Rescue Brigade could check the procedure for put-
ting the fire ventilation into operation and the smoke evacuati-
on effectiveness. The Integrated Rescue System exercise took
place in the conclusion, after the comprehensive testing had
finished. The biggest stress was put on the communication bet-
ween individual components of the Integrated Rescue System
and the tunnel operators.

3. FIRE VENTILATION DESIGN

In the first minutes, the objective in urban tunnels with the
large volume of traffic flow and the probability of congestion is
to stabilise the longitudinal airflow at low velocity in the direc-
tion of traffic. At low velocities smoke tends to spread under
the ceiling in both directions.

3.1 Regulation of longitudinal airflow and the smoke
evacuation system

It is a frequent case that smoke which does not necessarily
mean a fire is detected in a tunnel or the smoke source can
move and the operator must not trigger the fire alarm in the
location of the initial detection. The operator has to assess the
situation and trigger the fire alarm only after the verification
that it is really the case of a fire and that the smoke source/fire
is not moving. Subsequently he/she has to verify, using the
video-based detection system, that it is really the case of the
section assessed by the management system and only than to
trigger the fire alarm. Quick detection is fundamental first of all
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phase 1
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pre-ventilation
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Obr. 2 Priubéh mérené rychlosti podélného proudeéni v tunelu béh

zkousek automatiky poZdrniho vétrdni, poZadovand rychlost v 1. fdzi byla 1,2 m/s a ve 2. fdzi 2,5 mls

Fig. 2 The course of the velocity of the longitudinal airflow measured during the tests of the fire ventilation automation; the velocity required in Phase 1 and

Phase 2 was 1.2m/s and 2.5m/s, respectively

skute¢ného pozéru. Vpravo dole je vidét klapka v misté zadsténi
svodu do odvodniho kandlu pod vozovkou, kterd ovladd odvod jed-
nou vyustkou.

V pripadé ndvrhového pozaru 30 MW a pri produkovaném mnoz-
stvi koufe 80 m3/s v 10. minut€ od vzniku poZéru (ktery odpovidd
pozédru ndkladniho vozidla), zatne koufovd vleCka zapliovat cely
profil béhem nékolika minut a kour za¢ne ohroZovat vozidla, kterd
jsou ve smeru jizdy zablokovand pozarem. V této chvili dispecer akti-
vuje (nejpozdéji na povel velitele zdsahu) 2. fazi pozarniho vétrani.

2. fdze poZzéarniho vétrani m4 za cil zabranit $ifeni koufe na stranu
vozidel stojicich pred pozdrem (proti sméru proudéni), a tim rovnéz
umoznit pristup zdchrannych slozek k mistu pozdru. Pozadovana
rychlost proudéni vzduchu se navysi na 2,2-3,6 m/s a rovnéZ se
navysi i odsdvany prutok vzduchu strojovnou na maximdln{ vykon.

Strojovny odvadéji kouf na maximadlni vykon. V raZenych use-
cich se uzavira klapka pred poZdrem (na strané zablokovanych vozi-
del) a otviraji se dalsi dvé (ve dvoupruhovych tsecich tunelu) az tfi
klapky (ve tifpruhovych dsecich tunelu) ve smeru jizdy.

V hloubenych usecich je odvod koure fesen hromadnym odvo-
dem, kdy misto nekolika vyustek je kouf odsdvan pouze v jednom
miste.

V hloubenych dsecich konéicich vyjezdovym portdlem je kouf
odvéden Cisté podélne.

Nezdvisle na zpusobu odvodu koufe (rozloZeného pres nékolik
klapek, hromadné nebo &isté podélné) je vzdy pozadovand regulace
na nizkou rychlost v 1. fazi a kritickou rychlost uksc — zajiStujict
Siteni koure pouze jednim smérem.

Pro odvod koure v prfipadé pozdru slouzi celkem pét strojoven:
Troja, Letnd, Prainy most, Spejchar a Stiesovice, tj. celkem 30 axi-
dlnich ventildtort s moZnosti plynulé regulace otacek.

in the sections with the longitudinal gradient of — 5%. The so-
called “pre-ventilation” was designed and implemented for this
purpose. It creates longitudinal airflow conditions similar to
Phase 1 of the fire ventilation (without exhaustion) even befo-
re the fire ventilation system is started. It provides the operator
with longer time for responding. The “pre-ventilation” is ensu-
red by an expert system managing the ventilation system. The
regulation ensures the direction and minimum velocity of the
longitudinal airflow of 1.2m/s. If the velocity is higher, for
example owing to the fading piston effect, the controller does
not intervene. Individual states can be synoptically seen from
the course of the velocity measured in the tunnel during the
course of the tests of the automation of the transition between
individual states in Fig. 2.

As much as possible favourable initial conditions for the
above-mentioned test were chosen. The air in the tunnel hit by
the fire flew longitudinally against the direction of traffic. This
situation could take place only during a night, at very low
intensity of traffic, because otherwise the piston effect induced
by vehicles moving along the tunnel ensures flowing in the
direction of travel. The required velocity was achieved within
the framework of the “pre-ventilation” and was reliably main-
tained. The expert system is disconnected at the moment of
triggering the fire alarm and the function is taken over by the
controller of the direction and velocity of the longitudinal airf-
low. The transition to the airflow controller can be seen in the
graph in the form of a small undershoot after the initiation of
the fire ventilation. It is necessary to reverse the airflow against
the direction of travel so that the unaffected tunnel does not
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teplota
temperature

rychlost Sifeni
isoplocha 2 m/s
flow velocity isosurface 2m/s

Obr. 3 Siieni kouiové viecky odpovidajici 1. fizi pozdru, kdy je oteviena jedna klapka ovlddajici odvod zobrazené vyiistky a druhd klapka na vzddlené strané od

poZdru

Fig. 3 Spreading of the smoke trail corresponding to Phase 1 of the fire, where one damper controls the extraction through the depicted outlet and another dam-

per controls it on the remote side of the fire

3.3 Dimenzovani odvodu kouie

Pro dimenzovani pri¢ného odvodu koure byla rozhodujici tzv.
kritickd rychlost v, coZ je potfebna rychlost v 2. fazi pozarniho
vétrani pro Sifeni koufe pouze jednim smérem, ve sméru jizdy.

Kritickd rychlost uy; [m/s] vyndsobend pri¢nym profilem [m?2],
uddvd potrebny prutok [m3/s], ktery je urlujici pro stanoveni vyko-
nu odvodu strojovnou pri pozdru.

Na obr. 4 je porovnéno §ifeni kourové vlecky pri pozéru v klesa-
jicim a ve stoupajicim tunelu. Cilem poZdrniho vétrani je tlacit kouf
pomoci proudovych ventildtora ve sméru jizdy a zajistit pretlakove
chranénou stranu pozéru pro zdsah. Kour je odvadén tremi vyustka-
mi za poZarem, ve sméru Sifeni koure. Rozdil je v potrebné rych-
losti. V klesani je potfeba k udrzeni koufe ve sméru jizdy rychlost
podélného proudéni 3,6 m/s, a ve stoupani staci k dosazen{ stejné-
ho stavu rychlost pouze 2,2 m/s. Na obrazku stoupani je vidét, jak
je odvod koufe pfi niz$im pratoku tunelem mnohem efektivné;jsi.

Minimdln{ vykon odvodu koure na jednu vyustku je 80 m3/s. Pri
odvodu z dvoupruhové &asti pres 3 vyustky celkem 240 m3/s a pri
odvodu z tripruhové &asti pres 4 vyustky celkem 320 m3/s. V hlou-
benych dsecich s hromadnym odvodem je stejné minimalni mnoz-
stvi odvadéno strojovnou v jednom misté.

suck the smoke escaping from the portal of the affected tunnel
through its portal.

In the case of a failure of some of fans, dampers or the whole
ventilation plant or in the case of a fire exceeding the design
parameters, there is a possibility of automatic starting of all jet
fans available in the straight direction at the maximum perfor-
mance level.

There are 88 jet fans in total installed for the purpose of con-
trolling the longitudinal airflow in the Blanka complex of tun-
nels, 25 of which are equipped with a frequency converter allo-
wing fluent regulation of rotation and 63 are equipped with soft
starters controlling the fans only by starting or stopping them.
3.2 Smoke removal system

During Phase 1 of the fire ventilation (hereinafter referred to
as Phase 1) smoke in mined tunnel sections is extracted through
two extraction outlets in the tunnel vault: one before the fire
and one behind it. This situation as seen by a driver standing
approximately 40m before the fire is shown in Figure 3. The
presented examples of the distribution of smoke, temperature
and airflow velocity within a tunnel cross-section are based on
real fire parameters. A damper in the location of the outlet into
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2. faze - podminky pro bezpecny zasah HZS / phase 2 - conditions for safe intervention of FRS

12. - 90. minuta - odvod koufe na maximalni vykon a pfetlakové vétrani
minute 12-19 - maximum power of smoke removal flow and pressurized ventilation

klesani — 5 % / downward — 5% stoupani +5 % / upward + 5%

smér jizdy z leva do prava, fialova barva zvyraziuje hranice teploty T =60 °C
direction of travel left to right, violet isosurface stressing the temperaure limit T=60°C

Obr. 4 Vliv vztlaku poZdru na tvar kourové vlecky v klesajicim a stoupajicim tunelu pri ndvrhovém poZdaru 30 MW
Fig. 4 Influence of the fire-induced buoyancy on the shape of the smoke trail in a descending tunnel and an ascending tunnel during a 30MW design fire

4. ZKOUSKY BEHEM REALIZACE A ZPROVOZNENI the extraction duct under the roadway controlling the extracti-

4.1 Zkousky pozarni odolnosti jednotiivych zafizeni pred on thro.ugh one outlet can be seen at the bottom right of the pic-
instalaci ture (Fig. 3).

In the case of a 30MW design fire and the smoke generation
rate of 80m3/s in the tenth minute from the origination of the
fire (corresponding to a lorry fire), the smoke trail starts to fill
the entire tunnel profile during several minutes and smoke
starts to threaten the vehicles which are blocked by the fire in
the direction of travel. At this moment (on the command of the
commander of the intervention at the latest) the operator acti-
vates Phase 2 of the fire ventilation.

The objective of Phase 2 of fire ventilation is to prevent spre-
ading of smoke in the direction of vehicles standing before the
fire (upstream) and in this way also to allow for the access of
rescue units to the fire location. The required airflow velocity
is increased to 2.2-3.6m/s and the flow rate of air extracted by
the ventilation plant is increased to the maximum.

The ventilation plants are removing smoke at the maximum
rate. In mined tunnel sections the damper before the fire (on the
side of the blocked vehicles) is being closes and other two (in
double-lane tunnel sections) up to three dampers (in triple-lane
tunnel sections) in the direction of travel are being opened.

In cut-and-cover tunnel sections, the extraction of smoke is
solved by a bulk extraction system, where smoke is extracted
only at one point instead of through several outlets.

In cut-and-cover tunnel sections ending by an exit portal,
smoke is evacuated solely longitudinally.

Independently of the smoke removal system (through several
dampers, by a bulk system or solely longitudinally), regulation
to low velocity is always required in Phasel and the regulation
to the critical velocity ucri¢ is required to ensure spreading of
smoke only in one direction.

The following five ventilation plants in total are designed for
the extraction of smoke in the case of a fire: Troja, Letn4,
Prainy Most Bridge, Spejchar and StieSovice. They contain
a total of 30 axial fans allowing the fluent regulation of the
rotation speed.

3.3 Designing smoke extraction system dimensions

The so-called critical airflow rate, which is the rate required
in Phase 2 of the fire ventilation for spreading of smoke solely
in one direction - the direction of travel, was the parameter cru-
cial for designing the transverse smoke evacuation system.

The critical velocity [m/s] multiplied by the cross-sectional
Obr. 5 Zkouvikalmz‘drni odoln'osti chodtt hlavniho ventildtoru pro strojovny area [m2], gives the required airflow rate [m3 /s] required for the
odvodu koure pri odvodu spalin o teploté 400 °C po dobu 90 minut determination of the ventilation plant throughput during a fire.
Fig. 5 Testing of fire resistance, the performance of the main fan for smoke X . R N . . N
extraction ventilation plants where 400°C products of combustion are being The comparison of spreading of the smoke trail during a fire
removed for 90 minutes in a descending tunnel and an ascending tunnel is presented in

Jednotlivd zafizeni systému odvodu koufe byla pred instalaci pro-
véfena ve zkuSebnéch, kde byla dokladovédna u ventildtora poZarni
odolnost a u klapek hlavné tésnost pri odvodu horkych spalin (obr. 5).
4.2 Komplexni zkousky

4.2.1 Zkousky jednotlivych prvkii systému poZdrniho vétrani

Jednotliva zarizen{ byla postupné zprovoziovana v mistnim ruc-
nim ovladan{ a poté ovladanim z fidiciho systému. Déle byla pro-
véfovdna reakce detektorii poZéru (detektory koure, kamery, linio-
vy teplotni hldsi¢) a byla kalibrovdna méfeni rychlosti podélného
proudéni v tunelu a ve strojovnéch.
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Cilem kalibrace ¢idel méfeni rychlosti podélného proudéni v tune-
lu bylo zjisténi stfedni rychlosti ust, potiebné pro zjisténi prutoku
tunelem. Prutok tunelem zustdvd stejny a je ddn soucinem plochy
a rychlosti: Q[m?/s]=A[m?] x ust [m/s], kde A je plocha svétlého

Voo o

pricného profilu tunelu, ktery se po délce trasy vyrazné méni.

V souvislosti s pficnym odvodem kouie byl méfen in-situ pru-
tok a dopravni tlak u odsdvacich ventildtora a prutoky v poZarnich
kandlech. Na zédkladé takto ziskanych vysledku probéhla kalibra-
ce ventildtort strojoven na poZadovany stav podle projektu tam,
kde byla zjisténa odchylka od pozadovaného stavu tak, Ze doslo
k pretoCeni lopatek obéZnych kol o 5° ve prospéch potieby narus-
tu dopravniho tlaku. Na zdkladé téchto vysledku byla také stano-
vena opravnd zavislost stfedn{ rychlosti proudéni u ¢idel umisté-
nych ve vzduchotechnickych kandlech (obr. 6).

V této etape probéhlo i provéfeni ndvrhovych parametra vyko-
nu odvodu a tahu proudovych ventilatoru.

4.2.2 Zkousky automatiky rizeni

Po provéfeni jednotlivych prvka nédsledovala etapa provéreni
automatiky fizeni jednotlivych souboru, kdy probéhla optimaliza-
ce automatickych algoritma:

* sekvence otvirani klapek odvodu koufe;

* spousténi ventildtoru ve strojovndch;

* nastaveni parametru reguldtoru podélného proudént;

e algoritmus detekce pohybujiciho se zdroje koure.

Soucdsti zkousek bylo i overeni chodu pfi poruchich a vypad-
cich urcitych zarizeni, kterd jsou soucdsti systému poZarntho vét-
rani.

V ramci komplexnich zkousek bylo provedeno nékolik kouro-
vych zkousek potfebnych k aktivaci koufovych detektort a k vizu-
alizaci proudéni pri odsavani vyustkou v klenbé tunelu (obr. 7).

Obr. 6 Méreni tlaku na hlavnich ventildtorech pro ovéreni dosaZent projekto-
vanych hodnot vykonu odvodu

Fig. 6 Measurements of pressure on main fans to verify that design values of
the smoke removal are reached

TuoufHel

Figure 4. The objective of the fire ventilation is to force smoke
by means of jet fans in the direction of travel and ensure the
side of the fire protected by positive pressure for the fire inter-
vention. Smoke is removed through three outlets downstream
of the fire. The difference lies in the required airflow velocity.
In a descending tunnel, the velocity of the longitudinal airflow
required for keeping the smoke moving in the direction of tra-
vel amounts to 3.6m/s, whilst in an ascending tunnel, the velo-
city of 2.2m/s is sufficient for achieving the same condition. It
can be seen in the ascending tunnel picture how the removal of
smoke at a smaller rate of the airflow along the tunnel is much
more effective (Fig. 4).

The minimum smoke removal flow rate per one outlet is
80m?/s. In the case of removing smoke from a double-lane tun-
nel section through 3 outlets the rate amounts to 240m?/s and in
the case of a triple-lane tunnel section through 4 outlets it
amounts to 320m¥s in total. In cut-and-cover tunnel sections
with the bulk removal system the same minimum amount is
evacuated by a ventilation plant at one point.

4. TESTS DURING REALISATION AND PUTTING INTO
SERVICE

4.1 Tests of fire resistance of individual pieces of equip-
ment prior to the installation

Individual pieces of the smoke removal system equipment
were checked prior to the installation in laboratories where the
fire resistance and, first of all, the tightness during the passage
of hot products of combustion were documented for fans and
dumpers, respectively (see Fig. 5).

4.2 Comprehensive testing

4.2.1 Testing of individual elements of the fire ventilation
system

Individual pieces of equipment were put into service in the
manual controlling system and subsequently in the management
control system. In addition, the response of fire detectors
(smoke detectors, cameras, the linear heat detector) was exami-
ned and the measurements of the velocity of longitudinal airf-
low in the tunnel and ventilation plant rooms were calibrated.

The objective of the calibration of the sensors measuring the
velocity of longitudinal airflow in the tunnel was to determine
the mean velocity Umean required for the determination of the
rate of the airflow through the tunnel. The rate of the airflow
through the tunnel remains unchanged; it is given by the pro-
duct of the area and velocity: Q[m?/s]=A[m?] X Umean [mM/s],
where A is the net cross-sectional area of the tunnel, which sig-
nificantly varies along the tunnel alignment.

The flow rate and the transport pressure at the smoke
extraction fans and the flow rates in the fire ventilation ducts
were measured in-situ. The fans in ventilation plants were
regulated to the state required by the design on the basis of the
results obtained in the above-mentioned way in the cases
where a deviation from the required condition where the
angular displacement of the vanes of fan propellers changed
by 5° in favour on the need for an increase in the transport
pressure was identified. The corrective dependence of the
mean velocity of airflow at the sensors installed in ventilation
ducts was also determined on the basis of these results (see
Fig. 6).

The design parameters of the extraction output and the draft

of the axial fans were also checked in this phase.




Obr. 7 Ovérovani saciho icinku vyiistky v klenbé tunelu pomoci ,,studeného
koure‘

Fig. 7 Verification of the suction effect of an outlet in the tunnel vault using
“cold smoke”

Pri zkousce byl pouzity tzv. studeny kouf, tj. kour o okolni tep-
loté (dymovnice). U ,,studeného koure* se ukazuje saci schopnost
odvodu od drovné vozovky na rozdil od ,teplého koure®, ktery
stoupd prirozenc.

Pri zkouskach algoritmu detekce koure pohybujiciho se zdroje
se ukdzalo, ze v TKB hraji velkou roli ménici se pri¢né profily
tunelu véetné ramp, které zpusobuji prodlevu detekce u uréitych
detektoru. Proto byla detekce vyjmuta z automatické reakce
a pozar je vyhlaSovéan aZ po potvrzeni dispecerem. Algoritmus tak
umoznuje dispecerovi sledovat §ifeni koure tunelem béhem jizdy
a po pripadném zastaveni, aZ vyhodnoti zdroj jako staciondrni,
nabidne ridici systém dispecerovi prislusny detekéni dsek k potvr-
zeni. Dispecer ma pro ovéreni k dispozici kamerovy systém, ktery
mu prfi pozastaveni na monitoru ukaze situaci v tunelu v misté
zdroje koure (obr. 8).

4.2.3 ZkousSky vazeb mezi systémy

Po provéreni jednotlivych soubort byly provéfeny névaznosti
mezi soubory. Po vyhlaSeni poZzaru byla ovéfovana spravna reak-
ce celého systému. Béhem zkousek byly provéreny vSechny vari-
anty detekce poZaru v¢etné pohyblivého zdroje koure.

4.2.4 Koordinacni cviceni IZS

Poté, co bylo provéfeno technologické vybaveni, probehlo cvi-
Ceni, pri kterém byly provérovany postupy zasahu a komunikace
mezi jednotlivymi slozkami IZS. Béhem projektové pripravy byl
optimalizovédn postup zdsahu. Bezpecny pristup k pozaru v zasaze-
ném tunelu zajistuje 2. faze pozarniho vétrani, kdy je pretlakové
chranén tdsek tunelu od pozdru proti sméru jizdy (obr. 9). Pokud
neni tento stav jiz v dob¢ prijezdu HZS, velitel zdsahu zaveli obs-
luze tunelu, kterd 2. fazi pozarntho vétran{ aktivuje. Na obrdzku 9
jsou uvedeny tfi ukdazky sméru zdsahu (zluta ¢ara) ve trech vybra-
nych pripadech. Zakourend st tunelu je zobrazena Cervené, pre-
tlakove chranénd ¢ast modre a nezasazeny tunel zelené.

Y | ‘ ~——
Obr. 8 Zkousky algoritmu detekce koure s pohybujicim se zdrojem koure

Fig. 8 Testing of the algorithm for the detection of smoke with the moving
source of smoke
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4.2.2 Testing of the control automation

The stage of the control of individual units during which the
following automatic algorithms were optimised followed after
checking individual elements:

* the sequence of opening smoke extraction dampers;

e starting the fans in ventilation plants;

e setting the parameters of the longitudinal airflow controller;

e the algorithm for the detection of the moving source of

smoke.

The verification of the function during failures and outages
of certain facilities which are components of the fire ventilati-
on system was also part of testing.

Several smoke tests were carried out within the framework of
the comprehensive testing. They were required for the activation
of smoke detectors and the visualisation of airflow when smoke
is extracted through an outlet in the tunnel vault (see Fig. 7).

The so-called “cold smoke”, i.e. smoke at the ambient tem-
perature (a smoke bomb) was used in the test. The “cold
smoke” shows the suction capability of the extraction from the
roadway level, in contrast with the “hot smoke”, which rises
naturally.

It turned out during the tests of the algorithm for the detecti-
on of smoke from a moving source that the varying tunnel
cross-sections including ramps causing a delay of the detection
at certain detectors play a significant role in the Blanka com-
plex of tunnels. For that reason detection was taken out of the
automatic response and a fire alarm is triggered only after con-
firmation by the operator. In this way the algorithm allows the
operator to monitor the process of spreading the smoke along
the tunnel while driving and after contingent stopping, when
the control system assesses the source to be stationary; it offers
the respective section to the operator for confirmation. The
operator has the camera system available for the verification,
which, after stopping, shows him the situation in the tunnel in
the location of the smoke source (see Fig. 8).

4.2.3 Testing of links between systems

Links between the systems were checked after checking indi-
vidual systems. The correct response of the whole system was
subjected to checking after triggering the fire alarm. All fire
detection variants were checked during the tests, including the
variant with the moving source of smoke.

4.2.4 Coordination exercise of the Integrated Rescue
Service System

When the checking of the technological equipment had been
finished, an exercise during which the procedures of the inter-
vention and communication between individual components of
the Integrated Rescue System (the IRS) took place. The inter-
vention procedure was optimised during the design stage. The
safe access to the fire in the affected tunnel is ensured by Phase
2 of the fire ventilation, where the positive pressure protection
is applied to the tunnel section from the fire onward, against the
direction of travel (see Fig. 9). The commander of the inter-
vention commands the tunnel operator, who activates Phase 2
of the fire ventilation, unless this condition exists already at the
moment of the IZS arrival. Three examples of the intervention
direction (the yellow arrow) in three selected cases are presen-
ted in Figure 9. The smoke logged part of the tunnel is display-
ed in red, the part protected with a positive pressure in blue and
the unaffected tunnel in green.

The intervention itself is carried out in the Blanka complex
of tunnels via the unaffected tunnel tube in the direction of tra-
vel to the cross passage which is closest to the fire in the tun-
nel part protected by the positive pressure during the course of
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Obr. 9 Schéma TKB s vyznacenymi 22 propojkami mezi tunely a tfemi ukdzkami pristupu k poZdru
Fig. 9 The Blanka complex of tunnels chart with 22 cross passages between the tunnel tubes; three examples of the access to a fire

Vlastn{ zdsah se v TKB provadi pfes nezasazeny tunel ve sméru
jizdy k propojce, kterd je nejblize k pozdru na ¢dsti tunelu pretla-
kové chrdnéné vici pozdru béhem 2. faze pozarniho vétrani. Tato
propojka je pro lep$i orientaci zasahujicich jednotek v nezasa-
zeném tunelu svetelné oznacena.

5. ZAVER

Zprovoznéni tunelu a kolaudace TKB véetné pozarniho vétran{
probéhlo tspésné a tunel byl otevien pro zkuSebni provoz v zari
2015. Po roce zkuSebniho provozu, béhem kterého probihd opti-
malizace soucinnosti souboru, probéhne vyhodnoceni a uvedeni
do plného provozu.

Beéhem zkuSebniho provozu byly upraveny hodnoty reakce
detektort koute. Vy$3i praSnost ve mésté a tydenni myti kartdci
Casto iniciovaly reakci na mimofadnou udélost a tunel se uzaviral.
Dile se ukdzal velmi Casty vyskyt at’ jiz skute¢né, nebo falesné
detekce stojiciho vozidla.

Ing. JIRI ZAPARKA

Recenzovali | Reviewed: prof. Ing. Pavel Pribyl, CSc.,
Ing. Vdclav Volner
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Phase 2 of the fire ventilation. This cross passage is marked
with lighting for the purpose of improving the orientation of the
intervening units in the unaffected tunnel.

5. CONCLUSION

The commissioning and final inspection of the Blanka com-
plex of tunnels, including the fire ventilation system, were
successfully completed and the tunnels were opened for the
trial operation in September 2015. After one-year trial operati-
on during which the collaboration of the systems will be opti-
mised, the operation will be assessed and the tunnels will be
opened to full traffic.

The values of the reaction of the smoke detectors were adjusted
during the trial operation. The higher rate of airborn dust in the
city and weekly washing of the tunnel with brushes frequently
initiated a response to an extraordinary event and the tunnel was
closed. In addition, the occurrence of both the real or false detec-
tion of a stationary vehicle turned out to be very frequent.

Ing. JIRI ZAPARKA
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PRVNI ZKUSENOSTI ZE ZKUSEBNIHO PROVOZU BRUSNICKEHO,
DEJVICKEHO A BUBENECSKEHO TUNELU
MESTSKEHO OKRUHU V PRAZE

INITIAL EXPERIENCE FROM TRIAL OPERATION
OF THE BRUSNICE, DEJVICE AND BUBENEC TUNNELS
ON THE CITY CIRCLE ROAD IN PRAGUE

ALEXANDR BUTOVIC

ABSTRAKT

ZkuSebni provoz Brusnického, Dejvického a Bubenecského tunelu (tunelovy komplex Blanka, ddle jen TKB) byl zahdjen dne 19. zdri
2015 na zdkladé rozhodnuti Odboru dopravnich agend Magistrdtu hlavniho mésta Prahy (ODA MHMP) ze dne 18. 9. 2015.V soula-
du s dokumentaci zkuSebniho provozu je prubézné monitorovdn stav a provoz v tunelu po strdnce stavebni, technologické, provozni
a poZdrni bezpecnosti, dopravni i dopadii na okolni prostredi (doprava, imise, hluk). ZkuSebni provoz byl do 31. 5. 2016 zajistovdn
CKD PRAHADIZ a.s., od 1.6.2016 pak Technickou sprdvou komunikaci (TSK) hlavniho mésta Prahy prostrednictvim SATRA, spol.
s 1. 0. Nejvyssim ridicim orgdnem je Hlavni komise zkuSebniho provozu, jejimiZ ¢leny jsou zdstupci téchto spolecnosti: ODA MHMP,
odbor strategickych investic Magistrdtu hlavniho mésta Prahy (OSI MHMP), TSK hl. m. Prahy., Policie Ceské republiky (PCR),
Mestskd policie (MP) hl. m. Prahy, Hasi¢sky zdchranny sbor (HZS), InZenyring dopravnich staveb a.s., VIS a.s., SATRA, spol. s r.o.,
Metrostav a.s. a Eurovia CS, a. s. Tento ¢ldnek vychdzi z informact zjistéenych k 5. 6. 2016, rddné zhodnoceni zkusebniho provozu ze

vSech hledisek bude mozné nejdrive po ukonceni prvniho roku zkuSebniho provozu.

ABSTRACT

The trial operation of the Brusnice, Dejvice and Bubenec tunnels (the Blanka complex of tunnels, hereinafter referred to as the BCT)
commenced on 19th September 2015 on the basis of the decision of the Department of Transportation Agendas of the Prague City Hall
(in Czech the ODA MHMP) dated 18" September 2015. The continuous monitoring is conducted in compliance with the trial operati-
on documentation, covering the condition and operation of the tunnels in terms of the structure, equipment, operation and fire safety,
traffic and impacts on the surrounding environment (traffic, immissions, noise). The trial operation was organised by CKD PRAHA DIZ
a. s. until 31/05/2016 and, since 01/06/2016, it has been organised by the Technical Administration of Roads and Pavements of the
Capital City Prague (in Czech the TSK hl. m. Prahy) through the limited liability company of SATRA. The highest control body is the
Main Trial Operation Committee with the members consisting of representatives of the following companies: the ODA MHMP, the
Department of strategic investments of the Prague City Hall (in Czech the OSI MHMP), the TSK hl. m. Prahy., the Police of the Czech
Republic (the PCR), the Prague Municipal Police (the PMP), the Fire Rescue Service of the Czech Republic (in Czech the HZS), the
companies of Inzenyring dopravnich staveb a.s., VIS a.s., SATRA, spol. s r.o., Metrostav a.s. and Eurovia CS, a.s. This paper is based
on information available until 05/06/2016. A proper assessment of the trial operation from all aspects will be possible at the earliest
after the end of the first year of the trial operation.

RIZENI ZKUSEBNIHO PROVOZU

Od zahdjeni zkuSebniho provozu je zajiSténo operativni fize-
ni dopravy Policii CR z velinu Hlavni dopravné fidici tstied-
ny (HRDU) v ul. Na Bojisti a provoz technologického vyba-
veni z velinu TSK na Strahové. ZkuSebni provoz probihd
podle projednané a schvilené dokumentace zkuSebniho provo-
zu a je rizen Hlavni komisi zkuSebniho provozu, kterd nese
zodpovédnost za prijatd rozhodnuti. Podklady pro jedndni této
komise zajistuji ¢tyfi subkomise zamérené na diléi problema-
tiky provozu tunelu (stavebni, technologickd, dopravni a pro

TRIAL OPERATION CONTROL

Since the commencement of the trial operation, the operati-
ve control of traffic is provided by the Police of the CR from
the management centre of the Main Traffic Management
Centre in Na Bojisti Street , whilst the operation of the tunnel
equipment is managed from the TSK management centre in
the Prague district of Strahov. The trial operation follows the
documents which passed negotiations and have been appro-
ved for the trial operation. It is managed by the Main Trial

provozni a pozdrni bezpe¢nost). Cleny téchto komisi jsou
kromé téastnika vystavby zastupci ODA MHMP, PCR, HZS
a dotéenych méstskych ¢asti (obr. 1).

STAVEBNi A TECHNOLOGICKA CAST

V ramci zkuSebniho provozu nebyly doposud shlediany
zadné zasadni komplikace ve stavebni a technologické ¢asti
tunell, nastalé drobné problémy se neprodlené fesi. Medidlné

Operation Committee, which is responsible for adopted
decisions. Source documents for negotiations of this commit-
tee are provided by four sub-committees focused on partial
problems of the tunnel operation (construction, equipment,
traffic and operation and fire safety). Apart from the parties
involved in the construction, representatives of the ODA
MHMP, PCR, HZS and affected municipal districts are mem-
bers of those committees (see Fig. 1).
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Obr. 1 Situace predmétné oblasti
Fig. 1 Map of the area in question

zndmym piipadem byla tvorba rampouchu ve vjezdové troubé
hloubeného tseku Bubenecského tunelu. Zde se jednalo o po-
ruSeni nasobného izola¢niho systému vlivem smrsténi konstruk-
ci pfi extrémné nizkych teplotach. V predmétném miste byl oka-
mzité instalovdn organizovany svod (pro minimalizaci tvorby
néledi na vozovce) a porucha byla pomoci injektazi odstranéna.
Lze konstatovat, Ze v8echny stavebni objekty a provozni soubo-
ry spravné funguji podle predpokladt projektu a stav v tunelech
umoznuje bezpeény provoz. Pravidelnd udrzba je realizovdna
v predem napldnovanych a ODA MHMP povolenych no¢nich
uzavérach.

DOPRAVA V TUNELECH

Doprava v tunelech je plynula a bezpe¢na. I s ohledem na
ro¢ni variace dopravy lze konstatovat, Ze stidle dochdzi k mir-
nému ndrustu intenzit dopravy (graf 1).

Zakladni datak 5. 6. 2016:

CIVIL ENGINEERING AND EQUIPMENT-RELATED PART

No critical complications have been found in the civil
engineering and equipment-related part of the tunnels wit-
hin the framework of the trial operation; the minor problems
that occurred have been promptly addressed. A medially
known case was the creation of icicles in the entrance tube of
the Bubene¢ cut-and-cover tunnel section. The cause lied in
a damage caused to the multiple-layer insulation system due
to shrinking of structures during extremely low temperatures.
An organised water collection system was immediately instal-
led in the particular area (designed to minimise the creation of
slippery ice on the roadway) and the defect was removed by
grouting. It is possible to state that all construction objects
and operating units function correctly, in compliance with
design assumptions and the condition in the tunnels allows for
safe operation. Regular maintenance is carried out during
night closures planned in advance and approved by the ODA

* pocet dni zkuSebniho provozu: 261;

e pocet vozidel, kterd pouZila tunely: 20,4 mil.;

e prvni milion vozidel: 3.10.2015;
e prvnich 10 mil. vozidel: 28.1.2016;

e maximalni denni intenzita:
e minimalni dennfi intenzita:
e dopravni nehody se zranénim:

e zastaveni vozidla pro poruchu:
e kuriézni zastaveni vozidla:

78 4 tis. (Brusnicky
tunel 24. 3. 2016);

21 tis. (Bubenecsky
tunel 1. 1. 2016);

3 (1.10. 2015,
1.11.2015,4.3.2016);
203;

19. 11. 2015 fidi¢ zjis-
til, Ze mu v tunelu

MHMP.

TRAFFIC IN TUNNELS

place (see Graph 1).
Basic data as of 05/06/2016:
e number of trial operation days:
e number of vehicles which passed
through the tunnels:
e the first million of vehicles:
e the first 10 million of vehicles:

Traffic in the tunnels is fluent and safe. Taking into consi-
deration the annual variations in traffic flows, it is even possib-
le that a continual moderate increase in the traffic flow takes

261;

20.4 million;
03/10/2015;
28/01/ 2016;
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Graf 1 Vyvoj dennich intenzit dopravy v TKB (v obou smérech)

Graph 1 Development of daily traffic flow volumes (in both directions)

nefunguje navigace

a telefonoval do firmy

o radu;

- 21.12.2015 vstoupily
do prostoru Brusnic-
kého tunelu 2 chod-
kyné s koc¢arkem;

- otaceni vozidel,

e prekraovani max. pov. rychlosti: 2400 vozidel / mésic
(prekracovdni maximdlni povolené rychlosti je reseno
v prestupkovém rizenti).

* velmi nebezpecné chovani:

BEZPECNOST V TUNELECH

Provoz v tunelech je neustdle monitorovan pomoci zejména
automatického dohledu (pfimo vyhodnocovéno fidicim systé-
mem tunelu) a kamerového dohledu pod kontrolou dispecera
dopravy a operdtora technologie. V redlnych Casech jsou tak
zjiStovany a vyhodnocovany skute¢né podminky v tunelech.

Na nizZe uvedeném grafu 2 (pouze pro Brusnicky tunel) jsou
uvedeny jednotlivé Cetnosti mimoradnych udélosti ve vazbé
na zakladni klimatické podminky.

Nejvyznamnéj$im problémem z hlediska bezpecnosti bylo
v prvnich tydnech otd¢eni vozidel do protisméru v blizkosti

maximum daily traffic flow volume 78.4 thousand

(the Brusnice tunnel
24/03/2016);

minimum daily traffic flow volume 21 thousand

traffic accidents with injuries

vehicle stopping for failures:
curious vehicle stopping:

very dangerous behaviour:

exceeding maximum permitted
velocity:

(the Bubenec tunnel on
01/01/ 2016);
3 (01/10/2015,
01/11/2015, 04/03/2016);
203;
on 09/11/2015 a driver
found that his navigation
did not work and called
his company for advice;
- on 21/12/2015 two pede-
strians (women) with
a pram entered the
Brusnice tunnel;
- U-turning of vehicles;

2400 vehicles per month

(exceeding the maximum permitted velocity is dealt with in

misdemeanour proceedings.
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Tab. 1 Olekdvané a skutecné intenzity dopravy na povrchové komunikacni siti SAFETY IN TUNNELS

Table 1 Expected and actual traffic flow volumes on the at-grade road network L . .
Traffic in tunnels is continuously

komunikace predpoklad v tis. vozidel stav k 06. 2016 v tis. vozidel monitored by means of, mostly auto-
street assumption in thousands of vehicles state as of 06/2016 in thousands of vehicles matic, surveillance (directly asses-
sniZeni intenzity dopravy / reduction in traffic flow volume sed by the tunnel management sys-
tem) and camera surveillance under
Milady Horakové 14 -16 the supervision by a traffic operator
Veletrzni -10 -15 and an equipment operator. In this
nabfezi Kapitana Jarose -13 -10 way, actual conditions in the tunnels
Argentinska -10 -10 are detected and assessed in real
Evropska 0 =1l times.
nabrezi Ludvika Svobody -6 -3 Individual frequencies of emer-

gency events in relation to basic cli-

zvy$eni intenzity dopravy / increase in traffic flow volume : o
matic conditions (only for the

V HoleSovickach 17 25 Brusnice tunnel) are displayed in
Patockova 5 13 Graph 2 below.
Jugoslavskych partyzant 2 2 The most significant problem in

terms of safety lied in U-turning
vehicles to the counter-flow direc-
tion in the vicinity of the Ma-
lovanka grade-separated junction

Uvedend data v tab. 1 vychazeji pouze z podkladu z automatického systému séitdn{
dopravy. Je nezbytné je vnimat jako orientacni, relevantni vyhodnoceni zmén (v Sir§im
rozsahu komunikaéni sit€) bude mozné az po 1. roce zkuSebniho provozu (obr. 2).

The data presentedd in Table 1 is based solely on source documents obtained from the

automatic vehicle census system. It is necessary to sense it as approximate; the relevant during initial weeks. The change in
assessment of the changes (within a wider extent of the road network) will be possible only the traffic regime compared to the
after the Ist year of the trial operation (see Fig. 2). previous state caused that some

people by mistake entered the
Brusnice tunnel, where they tried to make a U-turn in the
bifurcation chamber to proceed in the direction of the

MUK Malovanka. Zména reZimu oproti predchazejicimu
stavu zpusobovala, Ze néktefi fidi¢i omylem vjeli do
Brusnického tunelu, kde se snazili v rozpletu otocit do opac-

ného sméru a pokrafovat smérem ke Strahovskému tunelu. Strahov tunnel. Road marking indicating local targets
Pro zlepSeni orientace bylo v prostoru kfizovatky instalovano (Troja, Smichov) was installed for improving the informati-
vodorovné dopravni znaCeni s uvedenim mistnich cild (Troja, on for drivers in the area of the junction. It resulted into sig-
Smichov). To vedlo k vyznamnému dbytku téchto pripadu. nificant reduction in the frequency of these cases.
mnozstvi udalosti / number of events teplota / temperature [°C]
4

DL I S ORI

1.10.15 8.10.15 15.10.15 22.10.15 5.11.15 12.11.15 19.11.15 3.12.15 10.12.15 17.12.15 24.12.15 7.1.16 14.1.16 21.1.16 28.1.16 4.2.16 11.2.16 18.2.16 3.3.16 10.3.16 17.3.16 24.3.16 -

dopravni nehoda — porucha auta — chodec vozidlo v protisméru teplota o destové srazky
traffic accident vehicle breakdown pedestrian oncoming vehicle temperature rains

Graf 2 Brusnicky tunel, éetnosti mimorddnych uddlosti (vlevo Cetnost, vpravo teplota)
Graph 2 The Brusnice tunnel, frequencies of emergency events (frequency for the left, temperature for the right)
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Tab. 2 Intenzity dopravy na povrchové komunikacéni siti pred a po uvedeni tunelu do zkuSebniho provozu
Table 2 Traffic flow volumes on at-grade road network before and after opening the tunnels for trial operation

komunikace / street

pfed TKB / before BKT

po TKB / after BKT

25. rocnik - €. 3/2016

rozdil / difference

vozidel

bez MHD

vehicles
without UMT

bus
MHD
bus
umT

vozidel

celkem

vehicles
total

vozidel
bez MHD
vehicles
without UMT

bus
MHD
bus
umT

vozidel

celkem

vehicles
total

vozidel

celkem

vehicles
total

%

%

snizeni intenzity dopravy / reduction in traffic flow volume

Karmelitska / Karmelitska street 15300 0 15300 11000 0 11000 -4300 -28,10
Korunovacni / Korunovacni street 26700 0 26700 21400 0 21400 -5300 -19,90
Hlavkav most / Hlavkiv Bridge 74800 0 74800 68800 0 68800 | -6000 -8,00
Wilsonova / Wilsonova street 92600 0 92600 86000 0 86000 -6600 -7,10
Smetanovo nabfezi / Smetanovo Nabrezi embankment 15200 0 15200 14400 0 14400 -800 -5,30
Vitavska / Vitavska street 20700 0 20700 19600 10 19610 | -1090 -5,30
5. kvétna / 5. kvétna street 73100 17 73117 69400 18 69418 | -3699 -5,10
Jiraskiv most / Jirasklv Most Bridge 48300 258 48558 48100 248 48348 -210 -0,40
Jizni spojka / Southern connection road 113500 0 | 113500 113100 0 113100 -400 -0,40
Barrandovsky most / Barrandov Bridge 136100 1368 | 137468 135700 1368 137068 -400 -0,30

zvySeni intenzity dopravy / increase in traffic flow volume

Strakonicka / Strakonicka street 53000 359 | 53359 55200 361 55561 2202 4,10
Prosecka / Prosecka street 23700 771 24471 24900 771 25671 1200 4,90
Zenklova / Zenklova street 19900 4 19904 20900 4 20904 1000 5,00
Nabrezi E. BeneSe / NabreZi E. BeneSe embankment 21700 0 21700 22900 0 22900 1200 5,50
Spojovaci / Spojovaci street 24500 456 24956 28300 457 28757 3801 15,20
VysoCanska radiala / Vysocany radial road 41900 0 41900 50100 0 50100 8200 19,60
Kbelska / Kbelska street 45500 125 | 45625 73300 0 73300 | 27675 60,70
Povltavska / Povltavska street 13200 0 | 13200 25100 0 25100 | 11900 90,20
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Graf 3 Intenzity dopravy na povrchové komunikacni siti, vlevo v ulici VeletrZni, vpravo v ulici V HoleSovickdch (v tis. vozidel)
Graph 3 Traffic flow volumes on the at-grade road network, left Veletrini street, right V HoleSovickdch street (in thousands of vehicles)




TuoufHel

60 50
55
45
50
45 40
40
35
a5
30 301'
PR R R R R PR R R R R R R R R E R R R R RRRERRRRRRRRE R R R R R R R R R R R R PR R R R RRRRRRRPRERRRER
D DD DD DD DD D D D P D P D OO PP OO D - - -
O ©F PP O 6 S 4N € O CF O OF CN OF £4 04 €4 0 € £ £ OF OF 0 O €4 0 5404 #4 64 €y £ €y £y XY O O SN £ O O OF €9 O CF £ 8 O O O 0F € O O OF G O 0 £ 04 ¢y £ O oy €y ey £y 64 o4
o ooooorornNNNNNmeeeNNNNOROOoTNT T RGN G PO ocoocoorrrriNNNNNme e NNNNOOOOOTNT TG LGY
- N A r O r OO MOR Y AT DD NGO - LI TN r O T r O MmO Y PR DB NSD D
A T e ey, NN mEN T Emma®m

Graf 4 Intenzity dopravy na povrchové komunikacni siti, vlevo v ulici Argentinskd, vpravo v ulici V Patockova (v tis. vozidel)
Graph 4 Traffic flow volumes on the at-grade road network, left Argentinskd street, right Patockova street (in thousands of vehicles)

TRAFFIC ON THE SURFACE

DOPRAVA NA POVRCHU
The TSK of the City of Prague continually monitors the

TSK hlavniho mésta Prahy prub&Zzné monitoruje polty projiz-
de]l(flCh vozidel n a v/ybranych Vy/znamnych CI}arakterlst.l CkYCI? numbers of passing vehicles at selected characteristic road
profilech komunikaci v Praze (mista vybavend automatickymi . . ) ) )
zafizenimi pro trvalé s&itani projizd&jicich automobill). Vyvoj | Profiles in Prague (places equipped with automatic traffic cen-
intenzit dopravy je patrny na niZze uvedenych grafech 3 az 5. sus facilities). The development of traffic flow volumes is
V zavislosti na ro¢nich variacich dopravy je na vybranych komu- obvious on Graphs 3 through to 5 presented below.
A comparison with the traffic state in the same period befo-

nikacich provedeno porovndni se stavem dopravy ve stejném
obdobi pred uvedenim TKB do zku$ebniho provozu (graf 6, 7). . . . .
P b (2 ) re putting the BTC to trial operation is carried out on selected

V tabulce 1 je uvedeno porovndni oCekdvanych intenzit
roads, with the annual variations of traffic taken into account

Graph 5 Traffic flow volumes on the at-grade road network, left Dobrisskd street, right Milady Hordkové street (in thousands of vehicles)

dopravy na zakladé numerického modelovani (TSK, hl. m.
Prahy) se skute¢nosti. (see Graphs 6 and 7).
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Graf 5 Intenzity dopravy na povrchové komunikacni siti, vlevo v ulici DobfiSskd, vpravo v ulici Milady Hordkové (v tis. vozidel)
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Graf 6 Intenzity dopravy na povrchové komunikacni siti, vlevo v ulici HoleSovickdch, vpravo v ulici Argentinskd (v tis. vozidel)
Graph 6 Traffic flow volumes on the at-grade road network, left V HoleSovickdch street, right Argentinskd street (in thousands of vehicles)

Ve vét§in€ dsekt komunikaci hlavnfho mésta nejsou bohu-
Zel doposud instalovdna zafizeni pro automatické séitani
dopravy. V ostatnich dsecich je provddéno s¢itdni na jednotli-
vych profilech ,,ruéné®. V tabulce 2 je patrné porovnani inten-
zit ve vybranych dsecich pred a po uvedeni tunelt do zkuSeb-
niho provozu.

Obecné lze konstatovat, Ze podle ocekavani, uvedeni
tunelu do zkuSebniho provozu ma vyznamny pozitivni vliv
na prazskou dopravu a to nejen v jejim severozapadnim
kvadrantu.

KOMPLIKACE V DOPRAVE

V souvislosti se zprovoznénim vznikly nebo se spiSe zvétsi-
ly komplikace na komunikacich Dobfi$skd, Patockova,
Svatovitskd a Jugosldvskych partyzdnu. Intenzivné se fesi,
v nékterych pripadech se vSak jednd o rozsédhlejsi zmény,
vyzadujici projednéni Gprav prislu§nymi orgdny statni spravy.
Jednd se napriklad o tyto iseky komunikaci:

1. Povltavskd — zakdzano v dobé $picky levé odboceni do

ulice Bulovka;

2. PatoCkova — umoZznéno otaceni v krizovatce (Pato¢kova

x Pod Drinopolem x Radimova), projektove zpracovava-
na moznost otdCeni v blizkosti kfiZovatky Patockova x
Pod Kralovkou;

3. Vypich — dprava svételné signalizace, pripravuji se dals{

zmény v organizaci autobusové dopravy;

4. Svatovitskd — zpracovdna studie tprav, probihd jeji pro-

verovani.

Obr. 2 Ul. Milady Hordkové na Letné
Fig. 2 Milady Hordkové Street in Letnd

The table below presents the comparison of traffic flow vo-
lumes expected on the basis of numerical modelling (TSK,
hl. m. Prahy) with reality.

Unfortunately, facilities for automatic vehicle census have
not been installed yet on the majority of roads in the City of
Prague. In the other sections the census is carried out at indi-
vidual profiles “by hand”. The comparison of traffic flow
volumes in selected sections before and after opening the tun-
nels for trial operation is obvious from the table 2.

In general, it is possible to state that the opening of the
tunnels for trial operation has an important positive effect
on Prague traffic, not only in the north-western quadrant
of the city.

TRAFFIC COMPLICATIONS

Complications on Dobfi$skd, Pato¢kova, Svatovitskd and
Jugosldvskych Partyzdna Streets originated, or rather increa-
sed, in the context of opening the tunnels to traffic. They are
being intensely solved, but in some cases more extensive chan-
ges requiring negotiations of the changes at the level of res-
pective state administration bodies are to be solved. The follo-
wing sections of roads are, for example, to be solved:

1. Povltavskd Street— turning to Bulovka Street during peak

hours is forbidden;

2. Patockova Street — U-turning in the junction (Patockova
x Pod Drinopolem x Radimova Streets); a design solving
the possibility of U-turning in the vicinity of the
PatoCkova x Pod Kralovkou Streets intersection;

3. Vypich intersection — modification of traffic lights; other
changes in the organisation of bus services are under pre-
paration;

4. Svatovitska Street — a study on modifications has been
completed and is under verification.

ENVIRONMENTAL IMPACT

“Zero” measurements of the noise pollution and immission
substances were conducted in compliance with the trial opera-
tion documents before opening the construction for trial ope-
ration. The total of 31 locations were monitored from the
aspect of noise and 8 locations from the aspect of immissions
on the basis of the results of negotiations with the Municipal
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Graf 7 Intenzity dopravy na povrchové komunikaéni siti, vlevo v ulici Pato¢kova, vpravo v ulici Jugosldvskych partyzdnu
Graph 7 Traffic flow volumes on the at-grade road network, left Patockova street, right Jugosldvskych partyzdnu street

VLIV NA ZIVOTNI PROSTREDI

Pred uvedenim stavby do zkuSebntho provozu byla v souladu
s dokumentaci zkuSebniho provozu provedena ,,nulovd“ méreni
hlukové zdtéZe a imisnich ldtek. Na zdkladé vysledku jednén{
s Méstskou hygienickou stanici a Odborem ochrany prostredi
Magistratu hlavniho mésta Prahy (OOP MHMP) bylo z hlediska
hluku monitorovano celkem 31 mist, z hlediska imisi 8 mist.

V obdobi od 24. 8 do 20.9. 2015 a od 1. do 28. 2. 2016 probi-
halo méfeni imisnich koncentraci zne¢istujicich latek: oxida dusi-
ku (NOx), polétavého prachu (PM 10, PM 2.,5) a benzolu a pyre-
nu (BaP) za soucasného méfeni meteorologickych podminek.
Méreni bylo provedeno u portélu Troja, vydechového a nasdvaci-
ho objektu v ulici Nad Krédlovskou oborou, portdlu tunelu na
Letné, na Pra§ném mosté, u vydechového objektu v ulici Nad
Octdrnou, u portdlu v mimotroviiové kiizovatce (MUK)
Malovanka a v ulici PatoCkova (v kiiZeni s ulicemi Radimova
a Pod Drinopolem). Vysledky méfeni 1ze zjednodusené shrnout
takto:

e Mikroklimatické parametry — méfeni v srpnu az zari 2015
(1. etapa) probéhlo ve velmi suchém letnim obdobi s teplotami
az nad 30 °C, které zacatkem zari prerusSilo kratkodobé ochla-
zeni doprovazené srazkami. II. etapa (od 2. do 29. inora 2016)
naproti tomu reprezentuje teplotné mirn€ nadprimérné zimni
obdobi, v jehoZ druhé poloviné nastala v Praze kratkd epizoda

Obr. 3 Mérici vuz v ulici Patockova
Fig. 3 Measurement vehicle in Patoc¢kova Street

Hygiene Station and the Environmental Protection Department
of the Prague City Hall (in Czech the OOP MHMP).

During the periods from 24/08/2015 to 20/09/2015 and from
01/02/2016 to 28/02/2016, the immission concentrations of
pollutants were measured with the focus on: nitrogen oxides
(NOx), airborn dust (PM 10, PM 2.5) and Benzol[a]Pyrene
(BP), with the concurrent measurement of meteorological con-
ditions. The measurement was carried out at the Troja portal,
the exhaust and suction structure in Nad Kralovskouv Oborou
Street, at the tunnel portal in Letnd, on the Prasny Bridge, at
the exhaust structure in Nad Octdrnou Street, at the portal at
the Malovanka grade-separated junction and in Patockova
Street (the intersection with Radimova and Pod Drinopolem
Streets) The measurement results can be simply summarised as
follows:

e Microclimatic parameters — the measurement from
August to September 2015 was conducted in a very dry
summer period with temperatures even exceeding 30°C,
which was interrupted at the beginning of September by
a short-term cooling accompanied by rains. In contrast,
the stage I (from the 2nd through to 29th February 2016)
represents an over-average winter season with moderate
temperatures; a short episode of adverse dispersion condi-
tions accompanied by a decrease in temperatures and
snowfalls took place in Prague in the second half of this
period.

PMjo — Exceeding of the 24-hour limit for fraction PMjq
was measured during both stages — at the first stage, the
limit was exceeded twice at the end of August in Troja,
where the cause may have lied in the transport along the
river valley from the V HoleSovickdch area and from the
city centre; during the second measurement stage in the
heating season exceeding the immission limit was measu-
red in the total of 18 cases, mostly around 27th February
and mainly in V HoleSovickach Street, when there was
a period of adverse dispersion conditions in Prague.

* NO2 — exceeding of the immission limit was measured
only during stage I in the measurement location above
Strahov tunnel portals and the BCT — in Malovanka, in two
cases.

BP — 24-hour values varied about the limit of detection by
analytical determination and, with the exception of




nepriznivych rozptylovych podminek doprovdzend poklesem
teplot a snéhovymi srazkami.

* PM10 — V obou etapach bylo v nékterych mistech naméfeno
prekroceni 24hodinového limitu frakce PMio — v 1. etapé se
jednalo o dvé prekro¢eni koncem srpna v Troji, kdy pri¢inou
mohl byt transport ddolim reky z oblasti V HoleSovickach
a z centra mésta, v II. etapé méfeni v topné sezoné bylo namé-
feno celkem 18 prekroCeni imisniho limitu, prevazné v obdo-
bi okolo 27. Gnora a prevazné v ulici V HoleSovickach, kdy
bylo v Praze obdobi nepriznivych rozptylovych podminek.

* NO; - prekroceni imisniho limitu bylo naméfeno pouze
v 1. etapé v méficim misté nad portdly Strahovského tunelu
a TKB — na Malovance, a to ve dvou pripadech.

e BaP — 24hodinové hodnoty se v prubéhu I. etapy pohybo-
valy prevazné na hranici detekce analytického stanoveni
a s vyjimkou 7. 9. 2015 nikde nepiekrocily 0,3 ng/m?3.
V topné sezoné se jiz projevil vliv malych energetickych
zdroju, kdy koncem mésice, v obdobi nepfiznivych rozpty-
lovych podminek, byly méfeny 24hodinové hodnoty v roz-
mezi 1,7 az 2,8 ng/m?3/24hodin.

* PM; 5 — 24hodinové hodnoty se v pribéhu I. etapy pohybova-
ly mezi 10 aZ 20 yg/m?3, podobné v priibéhu II. etapy, kdy az
koncem mésice, v nékolikadennim obdobi nepfiznivych roz-
ptylovych podminek, byly namefeny 24hodinové hodnoty
vys§§i, v rozmezi 30 az 40 ug/m3/24hodin.

Pri méreni v topné sezoné 2016 nebylo mozno jednoznacéné
prokazat dominantni vliv dopravy na kvalitu ovzdusi (obr. 3).
Situaci ve mésté v tomto obdobi prokazatelné ovlivnuji i dalsi
zdroje (vzdalenéjsi liniové zdroje, lokdlni topenisté apod.)
a samozrejmé aktualni meteorologické podminky. Dalsi mére-
ni probéhne v obdobi od 22. 8.2016 do 18. 9. 2016.

V pripadé hluku, z divodu klimatickych podminek (podle meto-
dického pokynu hlavniho hygienika Ceské republiky pro méfeni
a hodnoceni hluku v mimopracovnim prostredi ze dne 11. 12.2001),
zapocala méfeni v dubnu 2016 a budou prubéiné realizovana do
Cervna 2016, v dobé psani ¢lanku probihalo vyhodnoceni méfen.
Dalsi méfeni budou probihat v obdobi 09.-10. 2016.

ZAVER

ZkuSenosti zhruba z prvni poloviny zkuSebniho provozu proka-
zuji, Ze dilo je po stavebni i technologické strance navrzeno a pro-
vedeno fadné, nebyly zaznamendny zadné vyznamnéjsi komplika-
ce, byly potvrzeny predpoklady projektu.

S ohledem na dosavadni neukonceni prvniho roku zkusebniho
provozu lze porovnavat pouze zmény intenzit dopravy. Na mnoha
komunikacich doslo k vyznamnému poklesu (Milady Hordkové,
Argentinskd, Veletrzni, ndbrezi Kapitdna JaroSe, Dvorikovo
néabreZi), naopak jinde doSlo k vyznamnéj$imu navyseni (V Ho-
leSovickdch, PatoCkova, DobriSskd). Na komunikacich Svato-
vitskd a Jugosldvskych partyzani do§lo pouze k mirnému nértstu
intenzit dopravy, i ten v8ak zpusobil znatelné prodlouZeni pivod-
nich kolon.

V souvislosti s uvedenim stavby do zkuSebniho provozu jsou
realizovdna dopravni opatfeni pro zklidnéni dopravy. Jednd se
predevS§im o zfizeni svételného signalizaéniho zafizeni (SSZ)
v ulicich Legerova a Sokolskd a dprava ulice Veletrzni (ziZeni na
1 jizdni pruh ve sméru na Letenské ndimésti a zména preference
pésich). Dalsi opatfeni jsou pripravovdna v zdvislosti na vyhod-
noceni u¢inku zkuSebniho provozu v ndvaznosti na vysledky jed-
ndni s odborniky na dopravu, TSK, ODA MHMP a jednotlivych
méstskych Casti.

Ing. ALEXANDR BUTOVIC, Ph.D.,
alexandr.butovic@satra.cz, SATRA, spol. s r.o.

Recenzovali | Reviewed: Ing. Jifi Landa,

Ing. Jan Martolos, Ph.D.

07/09/2015, they did not anywhere exceed 0.3ng/m? during
stage I. The effect of small power sources already mani-
fested itself in the course of the heating season, during
adverse conditions at the end of the month, when the
24-hour values measured varied between 1.7 and
2.8ng/m3/24hours.

e PM25 — 24-hour values varied between 10 and 40ug/m?
/24hours in the course of stage I and, similarly, in the cour-
se of stage II, when higher 24-hour values ranging from
30 to 40ug/m3/24 hours were measured at the end of the
month, during a several-day period of adverse dispersion
conditions.

It was not possible to unambiguously prove the dominant
influence of traffic on the quality of air (see Fig. 3) during
measurements in the heating season 2016. In this season,
the situation in the city is provably affected even by other
sources (more remote linear sources, local furnaces etc.)
and, of course, by current meteorological conditions. Next
measurements will take place during the period from
22/08/2016 to 18/09/2016.

Regarding noise pollution, measurements started as late as
April 2016 because of climatic conditions (according to the
methodological instruction of the Main Hygiene Officer of the
Czech Republic on measuring and assessing noise in non-wor-
king environment dated 11/12/2001) and will be continuously
conducted until June 2016; assessing the measurements is cur-
rently underway. Next measurements will take place in the
period 09/2016 — 10/2016.

CONCLUSION

The experience from approximately the first half of the trial
operation prove that the project works were designed and exe-
cuted correctly as far as the construction and equipment are
concerned; no more significant complications have been expe-
rienced and design assumptions have been confirmed.

With respect to the fact that the first year of the trial opera-
tion has not been completed yet, it is only possible to compa-
re changes in traffic flow volumes. Many streets have experi-
enced a significant decrease (Milady Hordkové, Argentinskd
and Veletrzni Streets, Nébrezi Kapitdna JaroSe Embankment
and Dvordvovo Ndbrezi Embankment); conversely, a more
significant increase took place in other streets (V Ho-
leSovickach, PatoCkova, Dobrisskd Streets). An only moderate
increase in traffic flow volumes took place in Svatovitskd and
Jugosldvskych Partyzdnu Streets, but even it caused a notice-
able extension of the length of original columns of vehicles.

Traffic measures intended to ease traffic flow are being rea-
lised in the context of putting of the tunnels to the trial opera-
tion. The main of them are the installation of traffic light sig-
nals (TLS) in Legerova and Sokolska Streets and a modificat-
ion of Veletrzni Street (narrowing to one traffic lane in the
direction of Letnd Square and giving preference to pedestri-
ans). Other measures are being prepared in dependence on the
assessment of the trial operation as a follow-up of the results
of discussions with traffic experts, the TSK, the ODA MHMP
and individual municipal districts.

Ing. ALEXANDR BUTOVIC, Ph.D.,
alexandr.butovic@satra.cz, SATRA, spol. s r.o.
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RAZBY V PORUCHOVYCH ZONACH - PROBLEMY A JEJICH RESENI
TUNNELLING IN FAULT ZONES - PROBLEMS AND SOLUTIONS

WULF SCHUBERT

ABSTRAKT

Pri razbdch tuneli v poruchovych zondch s velkou vyskou nadloZi jsou casto pozorovdny velké deformace. To, zda zpusobuji pro-
blémy, velmi zdleZi na pouZitém pristupu. Problémy spocivaji v predpoviddni odekdvanych deformaci pred zahdjenim razby, tak aby se
nenarusil prijezdny profil, a ve volbé charakteristik vyztuZe odpovidajicich pretvorenim. Osténi ze stitkaného betonu miiZe bez poru-
Seni udrZet pretvoreni priblizné 0,5 % az 1 %. Pretvoreni presahujici tuto hodnotu vede k poruSeni osténi a ztrdté odolnosti, kterd zpii-
sobuje dalsi pretvoreni. Bylo vytvoreno kritérium pro kritickou vysku nadloZi u uzavienych osteni. Jako vylepSeni otevienych trhlin byly
vyvinuty poddajné prvky umoZnujici velkd pretvoreni a rizeny vyvoj odolnosti vyztuze. Musi se brdt v vivahu vyvoj posunuti i reologic-
ké chovdni vyztuze vyrubu. Pri poufiti standardnich injektovanych svorniki existuje moznost, Ze se ,,éerstvd“ injektdzni hmota usmyk-
ne v disledku velkych pocdtecnich rychlosti pretvoreni. VySSi tolerance k pretvoreni je umoZnovdna specidlné navrZenymi svorniky.
DiuileZity je monitoring kvality a hodnoceni aktudlnich dat umoZnujici predviddni zmeén horninovych pomeéru pred celem vyrubu. Vyvoj
deformact pro riizné rychlosti postupu a riizné druhy vystroje se dd predpovidat pomoct empirickych vztahii.

ABSTRACT

When tunnelling through fault zones with large overburden depth, large displacements are frequently observed. Whether this causes
problems very much depends on the approach used. Challenges are the prediction of the expected displacements prior to excavation in
order not to violate the clearance profile, as well as choosing support characteristics compatible with the strains. Shotcrete linings can
sustain a strain of approximately 0.5% to 1% without failure. Strain above this value inevitably leads to failure of the lining and a loss
of resistance, causing additional displacements. A criterion for a critical overburden depth for closed linings has been developed. As
an improvement to open slots, yielding elements have been developed, allowing large strains and controlled development of support
resistance. The development of the displacements, as well as the rheological behaviour of the supports must be considered. Using stan-
dard grouted bolts, a potential that the “fresh” grout is sheared due to the initially large strain rates exists. Special bolt designs allow
for a higher strain tolerance. Quality monitoring and up-to-date data evaluation is of crucial importance, allowing the prediction of
changes in the ground conditions ahead of the face. With the help of empirical relations, the development of the displacements for dif-
ferent advance rates and supports can be predicted.

1. CO JE TLACIVOST?

»Tlac¢ivost horniny (squeezing)*“ je Siroce pouzivany
pojem. Problém je, Ze neexistuje Zddnd uspokojivd definice
tlacivosti. Nékdo tvrdi, Ze tlalivost se objevi, kdyZ je horni-
na nadmérné namdhdna (Jethwa et al., 1984), nebo kdyZ se
prekro¢i ,.kritické pretvoreni u nezajiSténych tunelt (Aydan
et al., 1993; Hoek, 2001). Toto nemuZe byt pravdivé tvrzeni,
jelikoZ hornina je ¢asto nadmérné namdhdna i u mélkych
tuneld v zeminé, ale v takovych pifipadech o tlacivosti hovo-

1. WHAT IS SQUEEZING?

The term “squeezing” is widely used. The problem is that
there is no satisfying definition of squeezing. Some claim
that squeezing occurs when the ground is overstressed
(Jethwa et al., 1984) or when a “critical strain” for unsuppor-
ted tunnels is exceeded (Aydan et al., 1993; Hoek, 2001).
This cannot hold true, as also for shallow tunnels in soil, the
ground frequently is overstressed, but nobody would talk
about squeezing in such cases. The same problem arises,

when so-called classification systems are used to

radidlni pfetvofeni nevystrojeného vyrubu
unsupported radial strain
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identify squeezing (Goel et al., 1995; Sing et al.,
1997). Others think, squeezing is characterized by
long lasting and large displacements, but do not pro-
vide any threshold values for the magnitude of displa-
cements or the duration of displacements (Barla,
2001). The latter publication at least mentions that the
installed support plays a major role. All those approa-
ches do not address the real problem, namely that con-
ventional linings cannot sustain large strains, and as
a consequence, linings fail.

A criterion for squeezing cannot be reasonably
established solely on ground conditions, since there is
always interaction between the deforming ground and
the installed support. Depending on the support cha-
racteristics, problems with the lining will develop or
not. In order to address this issue, a novel approach
has been taken: the maximum capacity of a continu-

Obr. 1 Stanoveni kritického nadloZi metodou vzorkovdni Monte Carlo
Fig. 1 Determination of critical overburden by Monte Carlo sampling

ous shotcrete lining has been determined by accoun-
ting for its rheological behaviour, and put in relation
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Tab. 1 Parametry definujici kritické nadloZi

X[] &[] H, H*
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Table 1 Parameters defining the critical overburden

X[] &[] H, H*

plnoprofilova razba 0,062 0,035 100 680

full face excavation 0.062 0.035 100 680

pfistropi 0,062 0,045 100 680

top heading 0.062 0.045 100 680

pfistropi s protiklenbou 0,030 0,030 75 375

fit nelze. Stejny problém nastdvd, kdyZ se tak zvané klasifi-
kacéni systémy pouZivaji pro identifikaci tlacivosti (Goel et
al., 1995; Sing et al., 1997). Lze se domnivat, Ze tlacivost je
charakterizovdna dlouhotrvajicimi a velkymi deformacemi,
ale nikde nejsou uvedeny zadné prahové hodnoty pro velikost
anebo trvani deformace (Barla, 2001). Posledni zminénd pub-
likace alespon uvdadi, Ze velkou roli hraje pouzitd vyztuz.
Vsechny tyto pristupy netresi skuteény problém, jmenovité to,
7e uzaviend (konven¢ni) osténi nemohou snést velkd pretvo-
feni a v jejich dusledku selhdvaji.

Kritérium pro tla¢ivost se neda vytvorit pouze podle horni-
novych poméru, jelikoZ vzdjemné pusobeni mezi deformujic{
se horninou a pouZitym vyztuZenim vyrubu existuje vZdy.
Problémy s osténim se bud vytvoii, nebo nevytvofii, podle
charakteristik vyztuze. Aby se dal tento problém fresit, byl
pouZzit novy pristup: maximalni inosnost uzavieného osténi
ze stiikaného betonu je stanovovdna s prihlédnutim k jeho
reologickému chovdni a je ddvdna do souvislosti s ruznymi
(rozumnymi) horninovymi pomeéry (Radoncic, 2011). K zjis-
téni, zda je mozna rovnovdha mezi horninovym masivem
a vyztuzi vyrubu, lze pouzit maximalni inosnost obdlky ze
stiikaného betonu, ¢imZ se obejde problém presné rovnova-
hy. Timto zpusobem je moZné stanovit kritické nadloZi pro
takové typy vystrojeni vyrubu. Na obr. 1 je vysledek pocitdn
s uzitim metody Monte Carlo. Odvozenou funkci ukazuje
rovnice 1. Parametry této funkce byly vyhodnocovédny pro
razbu na cely profil, razbu pristropi a pristropi s do¢asnou
protiklenbou ze strikaného betonu (tab. 1).

2
® X
H, =(H,+H tang)-75|1-| —=—— )
X+e-g,
kde je
H_ it vySka nadloZi, do kterého je moZné pouZit

uzaviend osténi;
e pretvoreni nevystrojeného vyrubu;
ep, X, H*, Hy parametry vhodné pro oblouk.

Tabulka 1 ukazuje, Ze vztah funguje dobfe pro treci dhly
horniny do 30°. Pfi vyS$$i hodnoté se vysledky stavaji nepres-
nymi v dusledku predpokladd prijatych s ohledem na defor-
movatelnost horniny. I kdyZ tento pristup neni perfektni, resi
problém uzavienych osténi s omezenou schopnosti snaset
pretvoreni.

2. STRATEGIE RAZBY A VYSTROJENI VYRUBU

Jiz desitky let je zndmo, Ze zesilovdni osténi je d¢inné
pouze do urcité miry. Rabcewicz (1944) uvadi: ,,... i pro pri-
mdrni osténi je to marny pokus vyrovnat se s velkym horni-
novym tlakem pouZitim tuhych a téZkych systému vystrojent,
protoZe ty by byly nevyhnutelné zniceny.“ Ve své knize
Rabcewicz také doporucuje nékolik strategii pro razbu
a vystrojeni vyrubu, mimo jiné instalaci poddajné vyztuze,
jak to bylo dspésné pouzivano pri praci v dolech. Rabcewicz

top heading with invert 0.030 0.030 75 375

to various (reasonable) ground conditions (Radoncic, 2011).
The maximum work capacity envelope of shotcrete can be
used to determine whether equilibrium between the rock
mass and support is possible, while circumventing the issue
of exact equilibrium. In this way, a critical overburden for
such support types can be determined. Figure 1 shows the
result of the Monte Carlo sampling. Equation 1 shows the
derived function. The function parameters have been evalua-
ted for full face, top heading, and top heading excavation
with temporary shotcrete invert (Table 1).

5

- - .
H _ =(H,+H tang)-75-|1- 7] (1)
.X‘"‘"_'f‘n,
where
Hpt overburden depth, up to which closed

linings can be used;
e strain of unsupported tunnel;
eo, X, H*, Hy curve fitting parameters.

It has shown that the relation works well for friction angles
of the rock mass up to 30°. Beyond that, the results become
fuzzy, caused by assumptions made with respect to the defor-
mability of the ground. Although this approach is not perfect,
it addresses the problem of closed linings having a limited
strain tolerance. For shotcrete the critical strain is somewhe-
re in the range of 0.5% to 1.0%.
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Obr. 2 Poddajné osténi z betonu s poddajnymi dievénymi prvky Q (Rabcewicz,
1950)

Fig. 2 Ductile lining with concrete support and timber yielding elements Q
(Rabcewicz, 1950)
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Obr. 3 Oteviené mezery v osténi ze stiikaného betonu na tunelu Inntal
v Rakousku
Fig. 3 Open gaps in shotcrete lining at the Inntaltunnel, Austria

(1950) navrhl kombinaci betonového osténi a poddajnych
dfevénych prvku (obr. 2).

Jakmile je dosazena kriticka deformace uzavreného osténi,
je nutné pouZit jiné strategie razby a vyztuzovdni. Otdzky,
které se maji fesit, jsou zajisténi dostate¢né vyztuze branici
rozpadu horniny, zajisténi celistvosti vyztuze i v pripadé vel-
kych pretvoreni a zaji§téni dostate¢né tolerance pro deforma-
ci, aby nedochdzelo k naruSeni prujezdného profilu. Po-
Zadovand celistvost prvka vyztuZe béhem deformace se nety-
kéd pouze bézné uzivaného stiikaného betonu, ale i ocelovych
obloukt a horninovych svorniku.

Pro nékolik alpskych tunelt byl zvolen pragmaticky pristup —
pouze vynechéani otevienych $térbin v osténi ze stfikaného
betonu, tedy umoznéni sledovani deformace masivu osténim
bez jeho poskozeni (Pochhacker, 1974; Rabcewicz, 1975;
Schubert, 1993; Schubert, 1996). Na obr. 3 je vidét pouziti
takovych otevrenych $térbin v osténi ze strikaného betonu na
tunelu Inntal v Rakousku. Na tomto tunelu doslo k radidlni
deformaci az do 100 cm v poruchové zéné kiizici tunel na délce
témér 2000 m. VyztuZeni bylo tvoreno 20-25 cm silnym oste-
nim ze stiikaného betonu, ocelovymi oblouky z U-profila
s poddajnymi spojkami, husté instalovanymi

2. EXCAVATION AND SUPPORT STRATEGIES

It is well known since decades that strengthening of sup-
ports is only effective up to a certain limit. Rabcewicz (1944)
states: “... also for primary supports it is a futile attempt to
cope with high ground pressure by adopting stiff and heavy
supports, as those would be inevitably destroyed.” In his
book, Rabcewicz also recommends several strategies for
excavation and support, amongst others the installation of
a ductile support, as had been successfully applied in mining
operations. Rabcewicz (1950) proposed a combination of
a concrete lining and yielding timber elements (Figure 2).

Once conventional linings reach the critical strain, different
excavation and support strategies have to be applied. Issues
to be addressed are providing enough support to prevent
disintegration of the rock mass, maintain support integrity
also in case of large strains, and provide enough deformation
tolerance to ensure not violating the clearance profile. The
required integrity of the support elements during the defor-
mation process not only applies to the commonly used shotc-
rete, but also to steel arches and bolts.

A pragmatic approach was chosen for several Alpine tun-
nels by just leaving open gaps in the shotcrete lining, thus
enabling the lining to follow the deformation without being
damaged (Pochhacker, 1974; Rabcewicz, 1975; Schubert,
1993; Schubert, 1996). Figure 3 shows the application of
such open slots in the shotcrete lining at the Inntaltunnel,
Austria. At this tunnel radial displacements up to 100cm
occurred in a fault zone, which the tunnel crossed on a length
of nearly 2,000m. Support consisted of a shotcrete lining with
a thickness from 20 to 25cm, dense bolting with grouted bolts
in a length of 6 to 8m, U-shaped steel arches with sliding
couplings, and wire mesh.

Although this method proved to be successful, it has seve-
ral drawbacks. One of the disadvantages is that the lining,
due to the open slots does not develop much resistance, thus
not really reducing displacements. Associated with the relati-
vely large radial displacements is a pronounced shear displa-
cement between lining and rock mass, in particular close to

injektovanymi svorniky o déle 6 az 8 metra
a svarovanymi sitémi. das [h] / time [h]
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md nékolik nedostatkd. Jednou z nevyhod je e "‘%
to, Ze z duvodu §térbin osténi nevyvine velky Z \ W
odpor, tedy ve skutecnosti nesnizi deformace. 3 i arLrsd
S relativné velkymi radidlnimi deformacemi je = » (c=13,7mm) Q\\\\\‘\
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a tunelovani Technologické univerzity Graz

Obr. 4 Vliv vzddlenosti Zebirek na odpor injektovanych svorniku proti vytazZeni (Bliimel, 1996)
Fig. 4 Influence of rib distance on the pull out force of grouted bolts (Bliimel, 1996)




25. rocnik - €. 3/2016

Obr. 5 Skupina poddajnych prvkii, nalevo prvni generace instalovand v poruchové zo6né na tunelu Galgenberg v Rakousku; napravo zlepSeny systém pouZity

napriklad na Tauerském tunelu

Fig. 5 Group of ductile elements, left first generation as installed in a fault zoen at the Galgenbergtunnel, Austria; right improved system, as used for example

at the Tauerntunnel

zjistilo, Ze vzdélenost mezi Zebirky na povrchu svorniku ma vliv
na velikost smykové tinosnosti na jejich plasti (Bliimel, 1996).
Na obr. 4 jsou vysledky laboratornich zkousek tinosnosti svor-
niku pii rizné vzdélenosti Zebirek. Je vidét, Ze ¢im vétsi je vzda-
lenost Zebirek, tim vEtsi je smykova dnosnost na pldsti svorniku.
To ukazuje vyznam sledovéni toho, aby byly vSechny kompo-
nenty kompatibilni s velkymi pretvorenimi.

Bézné se v tlaivych hornindch pouZivaji ocelové rdamy. Ty
musi byt vSechny navrhovény tak, aby se hodily pro velké defor-
mace. V minulosti se ddvala prednost U-profilum, které umoz-
novaly prokluzovani spojek, pokud nebyly prfili§ utazené.
Nevyhodou tohoto prvku je, Ze prilnavost stfikaného betonu je
Spatnd, coZ Casto vede k oddéleni ocelovych rdmu od osténi.
Poddajné styky se mohou doséhnout i u I-profili pomoci speci-
alnich kluznych spojek. V Rakousku byla myslenka kluznych
spojek opusténa a jiz nekolik let se pouZivaji nepreruSované
prihradové ramy, které se deformuji ve $térbinach.

the open slots, causing strong shear loads in the bolts, which
occasionally fail, being a hazard for the crew and equipment.

An interesting finding concerning the performance of grou-
ted bolts exposed to large ground displacements was made,
when investigating a collapse at the Galgenbergtunnel
(Schubert & Riedmiiller, 1995). The highest displacement
rates occur close to the face, where the bolts are installed.
The large shear strain can lead to shear failure of the still
fresh grout. An investigation conducted at the Institute for
Rock Mechanics and Tunnelling at the Graz University of
Technology revealed that the bolts rib distance and geometry
control whether the grout is sheared off (Bliimel, 1996).
Figure 4 shows results of laboratory pull out tests with bolts
with different rib distance. It can be seen that the larger the
rib distance, the larger is the resistance of the bolt. This high-
lights the importance to take care that all components are
compatible with the large strains.
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Obr. 6 Srovndni deformaci vypocltenych pro vyztuz s otevienymi Stérbinami a vyztuZ s poddajnymi prvky; je zretelné zvySeni odporu vyztuZe a jeho vyznamného
ti¢inku na deformaci v pFipadé uZiti poddajnych prvki; napravo normdlovd sila v osténi (Radoncic, 2011)

Fig. 6 Comparison of calculated displacements for support with open slots, and support with yielding elements; note the increase in support resistance and its
significant effect on the displacements, when using ductile elements; right: developed thrust in the lining (Radoncic, 2011)
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Obr. 7 Hodnoceni normdlové sily v osteni a stuperi vyuZiti postupu razby kaloty

Fig. 7 Evaluation of thrust in the lining and utilization ratio of a top heading advance

Pro osténi s otevienymi $térbinami byly vyvinuty poddajné
prvky. Jsou nedilnou soucdsti osténi a umoznuji vyvoj norma-
lovych sil v osténi, ¢imz zajistuji odpor proti deformacim hor-
niny. Charakteristiky poddajnych prvku byly zvoleny tak, aby
se prihlizelo k oekdvanému vyvoji deformaci a k ¢asoveé zdvis-
Iym vlastnostem stiikaného betonu. JelikoZ vyvoj deformaci
silné zavisi na rychlosti razby, mél by se brat v dvahu i tento
parametr. Prvni poddajné prvky byly v Rakousku instalovany
v poruchové z6né tunelu Galgenberg (obr. 5 nalevo). Byly to
skupiny ocelovych trubek instalovanych s osami ve sméru
obvodu (Schubert, 1996). Ukazalo to, ze deformace se mohou
vyznamné snizit diky aktivaci odporu vyztuze. I kdyZ se tento
systém ukdzal jako u¢inny, jeho slabou strankou byl silné koli-
sajici odpor v dusledku bouleni trubek (Moritz, 1999).

ZlepSeny systém téchto prvka (obr. 5 napravo) se pouZziva
na mnoha stavbich po celém svété. Piinosy ve srovndni
s puvodnim systémem spo&ivaji ve zvySené absorpci energie,
coz vede k vyssi ucinnosti. Praktické zkuSenosti ukazuji na
snizeni deformaci nejméné o 50 % ve srovndni se systémem
s otevienymi $térbinami. Tim se nejenom zvySuje bezpec-
nost, ale zmensuje se i pozadavek na rozsifeni profilu vyrubu
a zmenSuji se negativni vedlejsi téinky, jako je prestfihdvani
svorniku. V soufasné dobé€ se vyviji dalii generace poddaj-
nych prvku s vy$s§i d¢innosti, snadnéj§im prizpusobenim pod-
minkdm stavby a niz§imi vyrobnimi nédklady.

Vyzkumnici v Institutu mechaniky hornin a tunelovani
vyvinuli metodiku prihliZejici k ¢asove zavislym vlastnostem
stifkaného betonu, vyvoji deformaci i k d¢inku svornika
(Radoncic, 2011). Na obr. 6 je srovnani ocekdvanych defor-
maci u osténi s otevienymi deforma¢nimi §t€rbinami a osténi
s integrovanymi poddajnymi prvky a s prihlédnutim k d¢inku
horninovych svorniki. Pouzitim poddajnych prvku lze
dosdhnout zna¢ného zmen$eni deformaci (priblizné deforma-
ce 12 cm pfi poddajnych prvcich ve srovnédni s priblizné
40 cm pri otevienych Stérbindch po instalaci vystroje).

Program umoznuje hodnoceni osovych sil a vyuziti ostén{
v kterémkoliv okamziku. Je uzite¢ny hlavné v etapé projekto-
vani, ale da se pouZit i pfi odhadovdni drovné zatiZzeni v osté-
ni béhem stavby se vstupem v podobé namérenych deformaci.
Na obr. 7 je osovd sila a stupen vyuziti pro postup razby

Commonly in poor ground, steel sets are used. Also those
have to be designed to be compatible with the large strains.
In the past, U-shaped profiles have been preferred, allowing
sliding at the couplings, if they are not connected too tight.
The disadvantage of this element is that the bond to the shotc-
rete is poor, frequently leading to disengagement of the steel
sets from the lining. Deformable joints can be achieved also
with I-shaped profiles, using special sliding couplings. In
Austria, the idea of sliding couplings has been abandoned,
and since several years simply continuous lattice girders are
installed, which deform in the slots.

Realizing the limited capacity of linings with open gaps,
ductile elements have been developed. They are integral part
of the lining, and shall allow development of axial forces in
the lining with displacement, thus providing resistance
against ground displacement. The characteristics of the yiel-
ding elements have to be chosen in a way to consider the
expected displacement development, as well as time depen-
dent shotcrete properties. Because displacement development
strongly depends on the excavation rate, also this parameter
should be taken into account. First yielding elements in
Austria have been installed in a fault zone of the
Galgenbergtunnel (Figure 5 left). Those were groups of steel
tubes, installed with the axis in circumferential direction
(Schubert, 1996). It showed that displacements could be sig-
nificantly reduced due to the activated support resistance.
Although the system showed to be effective, improvements
to the elements (Figure 5 right) practically eliminated the
strongly oscillating resistance due to buckling of the tubes
(Moritz, 1999).

The improved system has been used on many sites around
the world. The benefits, compared to the original system are
increased energy absorption, leading to more efficiency.
Practical experience shows a reduction of at least 50% of the
displacements compared to a system with open slots. This not
only increases safety, but also reduces the required widening
of the excavation profile, and reduces negative side effects,
like shearing of bolts. Currently the next generation of ducti-
le elements is under development, featuring higher efficien-
cy, easier adjustment to site-specific conditions and lower

production costs.
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Researchers at the Institute for Rock Mechanics and
Tunnelling developed a methodology, considering tran-
sient properties of the shotcrete, displacement develop-
ment, as well as the contribution of rock bolts
(Radoncic, 2011). Figure 6 shows a comparison of the
expected displacements for a lining with open deforma-
tion slots and a lining with integrated yielding elements,

S (vrchol) / S (crown)

considering also the contribution of the rock bolts. Note
the achievable considerable saving in displacements,
when using ductile elements (approximately 12cm of
displacement with ductile elements against approxima-
tely 40cm with open slots after installation of support).

The program allows an assessment of axial force and
utilization of the lining at any given time. This is useful
primarily during the design stage, but can be used also

pomér L/S (vrchol)
L/S (crown)

=

)
@ET"

pomér H/S (vrchol)
H/S (crown)

e e

pomér posunuti
displ. Ratio

for estimating the level of loading in a lining during
construction with the measured displacements as input.
Figure 7 shows axial force and utilization ratio for a top
heading advance with a shotcrete-ductile element-rock
bolt support 10 days after installation of the support.

3. MONITORING

Due to the inherent uncertainties in the ground model,
careful observation of the system behaviour is required
to be able to adjust excavation and support to the requi-
rements. With the implementation of absolute displace-
ment monitoring techniques, it became possible to obta-
in much better insight into the mechanical processes
occurring around a tunnel during its construction.
Advanced techniques of data interpretation allow detec-
ting changes in the ground conditions ahead of the face
and outside the visible area, and prediction of the sys-
tem behaviour based on few initial measurements.

The early warning facilitates a timely adjustment of
excavation and support to the expected conditions, like
increase of the excavation size to account for expected
displacements, changes in the support quality and quan-
tity, etc. After the initial measurements are available and
a reliable prediction of the system behaviour is possib-
le, final “fine tuning” of the support and excavation con-
cept is performed (Radoncic, 2011; Sellner, 2000;

Schubert & Moritz, 2014). Assessing the trend of the

Obr. 8 Typické zmeny v trendech a velikostech deformaci, kdyZ razba kiizi porucho-

vou zonu

Fig. 8 Typical changes in trends of displacements and displacement ratios when the

excavation crosses a weak zon

pristropi s osténim tvorenym stfikanym betonem, poddajnymi
prvky a horninovymi svorniky 10 dnu po instalaci vyztuZe.

3. MONITORING

7 davodu nejistot vlastnich horninovym modelum je
potrebné peclivé sledovani chovani systému, aby bylo mozné
podle néj prizpusobovat razbu a vyztuz. Zavedeni monitorin-
gu absolutnich deformaci umoznilo mnohem lépe porozum-
nét mechanickym procesum, ke kterym dochézi v okoli tune-
lu béhem vystavby. Pokroc¢ilé metody interpretace dat umoz-
nuji zjiStovani zmén v horninovych podminkéach pred celem
vyrubu a vné viditelné oblasti a pfedpovidani chovéni systé-
mu na zdkladé nékolika pocéate¢nich méfeni.

V¢&asné varovani usnadnuje v&asné prizpusobeni razby a vyztu-
Zeni ofekdvanym podminkdm, jako je zvétSeni vyrubu v dusled-

displacement vector orientation is particularly helpful
for predicting ground conditions ahead of the face or
outside the visible area. Deviations from a normal range
always indicate a change in the ground conditions
(Schubert & Budil, 1995; Schubert & Steindorfer, 1996;
0eGG, 2014).

Figure 8 shows typical changes in displacement trends and
trends of displacement ratios for an excavation crossing
a fault zone in an oblique angle. The trend of the vertical dis-
placements of the crown (S) shows a significant increase only
after the face entered the fault zone, while the trends of the
displacement vector orientation (L/S — ratio between longitu-
dinal and vertical displacement and H/S — ratio between hori-
zontal and vertical displacement) already deviate from the
normal range some distance ahead of the transition in the
ground. Trends of ratios of the vertical displacements of left
and right sidewall can be used to identify features, like faults
or slickensides close to the tunnel sidewalls, well before they
are visible at the face. When combining several trends, also
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ku ocekdvaného zvétseni deformace,

zmény v kvalité a mnoZstvi vyztuze
apod. Kdyz jsou k dispozici pocatec- 0 -

ni méfen{ a je mozné spolehlivé pred-
povidat chovani systému, provede se
jemné doladéni* koncepce vyztuZe-
ni a razby (Radoncic, 2011; Sellner,
2000; Schubert & Moritz, 2014).
Obzvlasté uzitetné pro predvidani
horninovych poméru pied Celem
vyrubu a vné viditelné oblasti je hod-
noceni trendu orientace vektoru
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stavu vZdy ukazuji na zménu horni-
novych poméra (Schubert & Budil,

1995; Schubert & Steindorfer, 1996; 200 -

0eGG, 2014).
Na obr. 8 jsou typické zmény
v trendech pomérnych deformaci pro

195 [ecsesctousuciscssesennt

razbu prochdzeji poruchovou zénou 190

stani¢eni [m] / chainage [m]

pod Sikmym uhlem. Trend svislych
deformaci stropu (S) ukazuje na
znaény narust pouze po vstupu &ela
vyrubu do poruchové zény, zatimco
trendy orientace vektoru deformaci
(pomér L/S mezi podélnou a svislou

— kalota / top heading === docasna protiklenba / temp. invent

¢as [dny] / time [days]

deformaci a pomér H/S mezi hori-
zontdln{ a svislou deformaci) se jiz
odchyluji od normdlniho rozsahu
v néjaké vzddlenosti pred zménou
vlastnosti horniny. Trendy poméru
mezi svislymi deformacemi na levé a pravé sténé vyrubu se daji
pouZit pro identifikaci takovych znaku, jako jsou zlomy nebo
ohlazy v blizkosti bokil vyrubu, o dost dfive neZ jsou viditelné na
ele vyrubu. KdyZ se kombinuje nékolik trendu, dé se relativné
spolehlivé predvidat i prostorové orientace geologického rysu,
jako je poruchové zéna. KdyZ se pouZivd systematicky, muZe
piedstihové hodnoceni tdaju monitoringu deformaci pomoci
v pripravenosti na zmeény horninovych podminek a vyhnout se
tak opozdéné reakci, nakladnym opravam a nehodam.

Predpovidani chovan{ systému na zdkladé hodnoceni dat defor-
macfi a spravnosti empirickych funkci vyvoje deformaci bylo dale
vyvijeno Sellnerem (2000). Umoznuje velmi spolehlivou krétko-
dobou analyzu deformaci, berouci v tvahu takové vlivy, jako je
tuhost vystroje, ruzné stavebni féze, jim prislu$né pozice Cela
vyrubu a Cas. Proto se kone¢né deformace a moZnost naruseni
prujezdného profilu a nebezpeli poruSeni osténi ze stifkaného
betonu daji zjistit véas a daji se provést protiopatieni, jsou-li
zapotrebi.

Po predpovedi posunuti ve vztahu k ¢lenéni vyrubu, délce
zabéru, Casu a vystrojeni se naméfend data importuji a chovani
systému se srovnavd s predpovidanym ,,normdlnim chovanim®.
To umoznuje snadné posuzovani, zda se systém chova tak, jak by
mel. V piipadé odchyleni od normélu je moznd v&asna reakce,
takZe se snizi pravdépodobnost nehod a ndkladnych oprav. Na
obr. 9 je situace, kde se pozorované chovéni odchyluje od pred-
povidaného z davodu poruchy v protiklenbé kaloty.

nou protiklenbou

temporary invert

4. ZAVER
Uspésnd razba tunelii v poruchovych zénich vyzaduje pouZiti
specidlnich metod. Zesilovadni vyztuZe je Gc¢inné pouze tehdy,

Obr. 9 Odchylka namérenych deformaci (plnd ¢dra s krouzky) od deformaci predpovidanych pro kalotu s docas-

Fig. 9 Deviation of the measured displacements (solid line with circles) from the predicted for a top heading with

the spatial orientation of a geological feature, like a fault
zone, can be predicted relatively reliably. Systematically app-
lied, an advanced evaluation of displacement monitoring data
can assist in being prepared for changes in the ground condi-
tions, and thus help avoiding late reaction, costly repairs and
accidents.

The prediction of the system behaviour based on displace-
ment data evaluation and fitting of empirical displacement
development functions has been further developed by Sellner
(2000). It enables very reliable short-term analysis of the dis-
placements, taking influences such as support stiffness, vari-
ous construction phases and their respective face positions
and time into account. Hence, the final displacements and the
potential for a clearance violation and the hazard of overst-
ressing the shotcrete support can be detected on time and
countermeasures implemented if required.

After predicting the displacements in relation to constructi-
on sequence, advance, time, and support, measured data are
imported and the performance of the system compared to the
predicted ,,normal behaviour”. This allows an easy assess-
ment whether the system is behaving as it should. In case of
deviation from the normal, a timely reaction is possible, thus
reducing the probability of accidents and costly repairs.
Figure 9 shows a situation, where the observed behaviour
deviated from the predicted due to failure of the top heading
mvert.

4. CONCLUSION

Successful tunnelling through fault zones requires the
application of special methods. Strengthening of supports is
only effective if the primary stress is rather low. In all other
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kdyZ je primdrni napjatost spiSe nizkd. Ve vSech ostatnich pfipa- cases, the application of ductile supports is advisable. Over
dech se doporucuje pouZiti poddajné vyztuze. V uplynulych dvou the past two decades considerable effort has been made to
desetiletich bylo vyvinuto znacné sili zlepsit systémy vyztuzo- improve support systems to meet the requirements. It is
vdni vyrubu tak, aby odpovidaly zadanym poZadavkim. recommended to avoid the fuzzy term of “squeezing”, but

Doporucuje se vyhybat se neur¢itému pojmu ,,tlacivost™ a radeji
zaujimat inZenyrsky pristup, vcetné peclivého popisu hornin,
hodnoceni chovdni hornin a ochotné pfijimat nekonvenéni strate-
gie vyztuzovani vyrubu. Ukazuje se, Ze techniky pro tspéSné
feSeni velkych deformaci, které jsou spojeny s razbou tuneld
v poruchovych zéndch, existuji a jsou trvale zlepSovény s rustem
zkuSenosti s hlubokymi tunely. Z davodu nejistot pfi matema-
tickém modelovdni se za nejuinnéj$i zpusob pro dspéSnou

rather follow an engineering approach, including a careful
rock mass characterization, evaluation of the ground behavi-
our, and an open mind for unconventional support strategies.
It has been shown that techniques for successful dealing with
large displacements, as they are associated with tunnelling in
fault zones, are available, and are constantly improved, as
experience with deep tunnels increases. Due to the inherent

razbu tuneldl v nepiiznivych podminkédch povaZuje observacni uncertainties in the ground model, an observational approach
piistup s peclivym a cilenym monitoringem chovéni systému with careful and targeted monitoring of the system behaviour
a s bezprostfednim vyhodnocovdnim monitoringu. and up to date evaluation of the monitoring is considered the
most effective way for successful tunnelling under adverse
Prof. WULF SCHUBERT, schubert@tugraz.at, conditions.
Graz University of Technology
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TUNELY PRO NEMECKE ZELEZNICE - TRADICE A INOVACE
TUNNELS FOR GERMAN RAILWAYS - TRADITION AND INNOVATION

HEINZ EHRBAR

ABSTRAKT

V soucasné dobé je v Némecku ve fdzi vystavby nékolik velkych projektii, které majt zlepSit provoz na stdtnich i transevropskych
tratich. Sest z celkového poctu deviti transevropskych Zeleznicnich koridorii prochdzi pres Némecko. Stavba ,, Dopravni projekt
nemecké jednoty ¢. 8“ (VDE 8) na skandindvsko-stredomorském koridoru spojuje Berlin s Norimberkem. Po uvedeni do provozu
se doba jizdy mezi Mnichovem a Berlinem zkrdti ze soucasnych sedmi na ¢tyri hodiny. V prosinci 2015 byla uvedena do provozu
107 kilometru dlouhd vysokorychlostni trat' mezi Erfurtem a Halle/Lipskem a v roce 2017 bude ndsledovat 123 kilometrii dlouhy
tisek mezi Ebensfeldem (Norimberk) a Erfurtem. Vybudovalo se 25 tunelii s celkovou délkou 56,4 kilometru. Ve fdzi vystavby je
ddle stavba Stuttgart — Ulm (Evropsky koridor Ryn—Dunaj), na kterém je 35,1 kilometru novych tunelii v méstské oblasti Stuttgartu
(stavba Stuttgart 21) a 30,3 kilometru tunelii na stavbé vysokorychlostni trati mezi Wedlingenem a Ulmem. Rynsko-alpsky kori-
dor spojuje pristavy Rotterdam a Antverpy na severu s Janovem na jihu. Soucdsti tohoto koridoru je i prodlouzent stdvajici trati
mezi Karlsruhe a Bazileji. V kvétnu 2016 byla zahdjena razba tunelu pod méstem Rastatt o délce 4,2 kilometru pomoci plnopro-
filového tunelovaciho stroje. Tunel Rastatt bude prvnim velkym tunelem v Nemecku, kde se bude pouZivat systém informacniho
modelovdni stavby (Building Information Modelling — BIM).

ABSTRACT

Several major projects are actually in Germany under construction in order to improve the national and the transeuropean rail-
way traffic. Six of a total of nine transeuropean railway corridors cross Germany. On the Scandinavian-Mediterranean Corridor,
the project “German Unit No. 8” (VDE 8) links Berlin with Nuremberg. Once opened the travel time between Munich and Berlin
will be reduced from actually seven hours to four hours. In December 2015 the 107 kilometres long new high-speed line between
Erfurt and Halle/Leipzig was opened, whereas the 123 kilometres long section between Ebensfeld (Nuremberg) and Erfurt will fol-
low in 2017. 25 tunnels with a total length of 56.4 kilometres were constructed. The project Stuttgart — Ulm (European Rhine-
Danube Corridor), containing 35.1 kilometres of new tunnels in the urban area of Stuttgart (Project Stuttgart 21) and 30.3 kilo-
metres of tunnel on the Wendlingen — Ulm high speed rail link is also under construction. The Rhine-Alpine Corridor connects the
sea ports Rotterdam and Antwerp in the north with Genoa in the south. The extension of the existing Karlsruhe — Basel rail link
forms part of this corridor. In May 2016, the TBM-drive for the 4.2 kilometres long tunnel under the city of Rastatt started. The
Tunnel Rastatt will be the first major railway tunnel in Germany where Building Information Modelling (BIM) is applied.

1. POCET NEMECKYCH ZELEZNICNICH TUNELU

Némecko leZi ve stfedu Evropy. Md plochu 357 340 km?.
Z davodu své polohy je Némecko kfizovdno mnoha koridory
evropské Zelezni¢ni sité. Vysoké hory pokryvaji pouze 3 % jeho
povrchu. Z toho diavodu je hustota Zelezni¢nich tunelt (bez tune-
Iu metra) relativné nizkd ve srovndni se sousednimi némecky
mluvicimi staty, Rakouskem a Svycarskem (viz tab. 1).

Nicméné Némecko md vyznamny pocet tuneld na stavajici kla-
sické Zelezni¢nf siti a od roku 1991, kdy byly uvedeny do provozu
vysokorychlostni Zelezni¢ni trati spojujici Hannover s Wiirz-
burgem a Mannheim se Stuttgartem, také na vysokorychlostni
Zelezni¢ni siti. Od té doby bylo dokonceno nékolik dal§ich duleZi-
tych staveb (stavba Norimberk — Ingolstadt, 2006; stavba VDE 8.2
Erfurt — Lipsko/Halle, 2015). V souasné dob¢ jsou ve fazi projek-
tovani nebo i ve fazi vystavby Ctyfi velké stavby vysokorychlostnich

Tab. 1 Provozované tunely a tunely ve vystavbé v némecky mluvicich zemich

Table 1 Tunnels in operation and tunnels under construction in the German speaking countries

1. STOCK OF GERMAN RAILWAY TUNNELS

Germany is located in the centre of Europe and has a surface of
357°340km*. Many European Railway Network Corridors cross
Germany due to its central location within Europe. Only 3% of the
surface consists of high mountains. Therefore, the density of rail-
way tunnels (without Metro Tunnels) is relatively low compared
to the neighbouring other German speaking countries Austria and
Switzerland (see Table 1).

Nevertheless, Germany has an important stock of existing tunnels
on the existing classic railway network and since 1991, when the high
speed rail links Hannover — Wiirzburg and Mannheim — Stuttgart
were opened, also on the high speed rail network. Since then several
other important projects became completed (Nuremberg — Ingolstadt,
2006; Project VDE 8.2 Erfurt — Leipzig/Halle, 2015). Actually four
major high speed rail projects with a total length of more than 400
kilometres and a total tunnel length of 125 kilometres are in the phase
of the design or even under
construction (see Table 2).

zemé plocha pocet Zeleznicnich celkova délka  pomérna délka 2. DEVELOPMENT OF

tuneld (km) tunelu (m/km?) THE GERMAN RAILWAY
country surface number of railway total length specific tunnel NETWORK

tunnels (km) length (m/km?) Germany knows the in-
Némecko / Germany 357 340 810 [1] 693 1,9 strument of the Federal
Rakousko / Austria 83 879 356 2] 529 63 Transport Infrastructure Plan
= : for the planning of the deve-
Svycarsko / Switzerland 41 285 559 [3] 720 17,4

lopment of the road, rail and
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Tab. 2 Soucasné velké Zelezniéni stavby v Nemecku (vyber)
Table 2 Actual Major Railway Projects in Germany (selection)

nazev stavby z do evropsky koridor celkova délka pocet tunelli délka trati
(km) v tunelech (km)
project name from to european corridor total length number of tunnels track length
(km) in tunnels (km)
stavba VDE 8.1 Ebensfeld Erfurt Skandinavie — Stfedomofi 107 22 4
project VDE 8.1 Ebensfeld Erfurt Scandinavian — Mediterranean 107 22 4
Stuttgart S21 v méstskeé oblasti Stuttgartu Ryn - Dunaj 54,6 11 30,4
Stuttgart S21 within the urban area of Stuttgart Rhine — Danube 54.6 11 30.4
Wendlingen — Ulm ~ Wendlingen Ulm Ryn — Dunaj 59,6 9 30,3
Wendlingen — Ulm ~ Wendlingen Ulm Rhine — Danube 59.6 9 30.3
Karlsruhe - Bazilej Karlsruhe Bazilej Ryn - Alpy 182 4 22,8
Karlsruhe — Basel ~ Karlsruhe Basel Rhine - Alpine 182 4 22.8

trati s celkovou délkou vice nez 400 kilometru a délkou tuneld 125
kilometru (viz. tab. 2).

2. BUDOVANI NEMECKE ZELEZNICNI SITE

V Némecku se pouziva ndstroj nazvany Pldn vystavby federdlni
dopravni site, ktery slouzi pro planovani vystavby komunikaci,
Zeleznic a vodnich cest. Plan je stanoven pro nepravidelné ¢asové
intervaly od 5 do 13 let. Soucasny Pldn vystavby federdlni dopravni
sité¢ vznikl v roce 2003 a bude inovovan v roce 2016 s prihlédnutim
k zdjmum kazdého spolkového statu, ale také k zdjmum hlavnich
provozovatell infrastruktury, jako jsou napiiklad Némecké Zelezni-
ce. Proces politického rozhodovani je v souCasnosti ve své zavérec-
né fézi. Plan bude doprovézen odpovidajicimi akty rozSifovani,
které musi byt schvalovédny spolkovym parlamentem.

Analyza souCasnych trendd rozvoje Zeleznic ukazuje narust dél-
kové osobni dopravy o 26 %, priméstskych vlaku v méstskych
oblastech o 16 % a nakladni dopravy, vychézejici hlavné z namor-
nich piistavii, o 42 %. Tato predpovéd vede k nasledujicim poza-
davkum na budovani Zelezni&ni

the waterways which is defined in irregular time intervals from 5
to 13 years. The actual the Federal Transport Infrastructure Plan
dates from 2003 and shall be defined newly in 2016 taking into
account the interests of each federal state, but also of mayor infrast-
ructure operators, such as German Railway. The political decision
making process is actually in its final phase. The Federal Transport

Infrastructure Plan will be accompanied by corresponding expan-

sion acts, which must be approved by the federal parliament.

The analysis of the actual growth trends for the railway indica-
tes a growth of 26% for the long distance passenger traffic, of 16%
for commuter trains in urban areas and of 42% for the freight traf-
fic, mainly starting at the sea ports. This forecast leads to the fol-
lowing requirements for the development of the railway infrast-
ructure within the next 15 years (Fig. 1):

1. acceleration of the long distance passenger traffic be closing gaps
in the existing high speed rail network (Hamburg — Hannover,
Berlin — Nuremberg, Frankfurt on the Main - Erfurt,
Wendlingen — Ulm);

infrastruktury v ndsledujicich 15

letech (obr. 1):

1. urychleni dilkové osobni dopra-
vy uzavienim mezer ve stavajici
vysokorychlostni Zelezni¢ni siti
(Hamburk — Hannover, Berlin —

legenda / legend

.zvySeni

Norimberk, Frankfurt nad Mo-
hanem — Erfurt, Wendlingen —
Ulm);

. zvySeni kapacity ndkladni dopra-

vy budovénim koridoru pro 740
metri dlouhé vlakové soupravy
(Zapadni koridor na koridoru
Ryn — Alpy, Vychodni koridor na
koridoru Skandinavie — Stredo-
mofii a Severni koridor Vychod —
Zipad);

kapacity v uzlech
v meéstskych oblastech (Kolin,
Frankfurt, Stuttgart, Mnichov,
Hannover, Hamburk).

U nékolika z téchto opatfeni pla-

novanych pro budovani Zelezni¢ni
sit€ jsou jiz stavby v soulasné

O |

zrychleni dalkovych vlakl uzavfenim
mezer ve vysokorychlostni siti
acceleration of long distance trains by
closing gaps in the High-Speed-
Network

zvySeni productivity pomoci 740 m
dlouhych nakladnich viakd

increased productivity through corri-
dors for 740m long freight trains

zvySeni kapacity u nakladnich viakd
capacity increase for freight trains
zvySeni kapacity v centrech
capacity increase in hubs

dobé ve fazi planovani nebo
vystavby (viz odst. 3.1).

Obr. 1 Stavebni opatieni stanovend ve smerném planu Nemeckych Zeleznic (Deutsche Bahn AG) “Network 2030
Fig. 1 Construction measures defined by the masterplan “Network 2030” of German Railway Ltd.
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ﬁ Dénsko / Denmark

Nizozemi / Netherlands

Belgie / Belgium

Lucemburk / Luxembourg

Francie / France

Karlsruhe - Basel
182 km - 200/250 km/h
2013 az do / up t0 2030

Basel

Svycarsko / Switzerland

‘ Rakousko / Austria

Polsko / Poland

VDE 8.2 Erfurt - Halle Leipzig
123 km - 300 km/h - 2015

VDE 8.1 Nurenburg - Erfurt
229 km - 230/300 km/h - 2017

Ceskaé republika / Czech Republic

Stuttgart 21
NBS Wendlingen - Ulm
117 km - 260 km/h - 2021

Obr. 2 Velké némecké projekty vysokorychlostnich Zelezni¢nich trati ve vystavbé

Fig. 2 Major german highspeed railway projects under construction

3. SOUCASNE VYZVY PRO VYSTAVBU NEMECKYCH
ZELEZNICNICH TUNELU

3.1 Nové velké stavby

Soub&Zné s prestavbou stdvajicich tunelt Zelezni¢ni infrastruktu-
ry s celkovou délkou trati vice nez 120 km jsou ve vystavbé tri velké
stavby. Stavebni prdce postupuji na délce 65 kilometrt (Stuttgart
S21, Wendligen — Ulm, Karlsruhe — Bazilej), zatimco na stavbé
VDE 8.1 probihd instalace Zelezni¢niho zafizeni ve 41 kilometrech
tuneli. Viechny tyto tunelové stavby jsou souddsti projektu sité
evropskych Zelezni¢nich koridoru (Koridory TEN) (obr. 2).

Na vSech téchto stavbdch je nutné zvladat problémové horni-
nové podminky. Jedn4 se naptiklad o:

e kras (Wendlingen — Ulm);

e bobtnavou horninu (Stuttgart S21);

e razbu pod hladinou podzemni vody (Tunely Rastatt,

Karlsruhe — Bazilej, Stuttgart 21).

Podminkdm prizptsobend projekéni feSeni a odpovidajici sta-
vebni postupy, jako napriklad pouziti pfedem definované kon-
cepce pruzkumu pro zjistovan{ krasu na tunelech Wendlingen —
Ulm v nékolika riznych krocich, jako jsou geofyzikalni a seis-
micky prizkum, pruzkumné vrty z povrchu a pruzkumné vrty do
Cela vyrubu [1] (obr. 3), umoZni zvladéni téchto obtiZznych horni-
novych poméra. V piipadé jejich vyskytu budou krasové jevy
sanovdny podle predem stanovenych pravidel.

3.2. Tunel Rastatt

Vystavba tunelu Rastatt na nové ZelezniCni trati mezi
Karlsruhe a Bazileji bude pod méstem Rastatt a stdvajici Zelez-
ni¢ni trati probihat v problematickych podminkach — ve zvod-
nélych rozvolnénych hornindch pod nizkym nadloZim. Razba
tohoto 4 270 metru dlouhého tunelu bude provedena dvéma

2. increase of the capacity for the freight traffic by the develop-
ment of corridors for 740 metres long trains (West-Corridor on
the European Rhine — Alpine Corridor, East-Corridor on the
Scandinavian — Mediterranean Corridor and a Northern East-
West Corridor);

3. increase of the capacity in the knots in urban areas (Cologne,
Frankfurt, Stuttgart, Munich, Hannover, Hamburg).

On several of these planned measures for the development of
the railway network, projects are actually already in the planning

or construction phase (cf. 3.1).

3. ACTUAL CHALLENGES FOR GERMAN RAILWAY
TUNNELLING

3.1 New major projects

In parallel to the refurbishment of the existing railway infrast-
ructure new tunnels with a total track length of are in three major
projects under construction. On a length of 65 kilometres the civil
work is going on (Stuttgart S21, Wendligen — Ulm, Karlsruhe —
Basel), whereas on 41 kilometres of tunnels on the project VDE
8.1 the installation of the railway equipment is going on. All of
these tunnel projects form part of the European Railway Corridors
Network (TEN — Corridors) (Fig. 2).

In all of these major projects challenging ground conditions
have to be mastered, such as

* karsts (Wendlingen — Ulm);

e swelling rock (Stuttgart S21);

e tunnelling in groundwater tables (Tunnel Rastatt, Karlsruhe —

Basel and Stuttgart 21).

Customized design solutions and corresponding construction

procedures shall allow the mastering of these challenging ground
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Tab. 3 Némecké Zeleznicni tunely na vysokorychlostnich Zelezni¢nich tratich, na kterych probihaji stavebni prdce
Table 3 German railway tunnels on high speed rail links with civil works under construction

nazev stavby / project name tunelovaci metoda / tunnelling method celkova délka trati (m)

total Track length (m)

Wendlingen - Ulm 30.255 / 30,255
tunel Albvorland / Albvorlandtunnel TBM 8.176 /8,176
tunel Rastplatz Aichelberg / Tunnel Rastplatz Aichelberg konvenéni / conventional 253

tunel Bossler / Bosslertunnel TBM/konvenéni / TBM/conventional 8.806 / 8,806
tunel Steinblihl / Steinbiihltunnel konvenéni / conventional 4.847 | 4,847
tunel BAB 8 / Tunnel BAB 8 konvencéni / conventional 378

tunel Widdderstall / Tunnel Widdderstall hloubeni / cut an cover 962

tunel Merklingen / Tunnel Merklingen konvenéni / conventional 394

tunel Imberg / Tunnel Imberg konvenéni / conventional 499

tunel Albabstieg / Albabstiegtunnel konvenéni / conventional 5.940 /5,940
Stuttgart S21 30.409 / 30,409
tunel Filder / Fildertunnel TBM/konvencni / TBM/conventional 9.468 /9,468
tunel Obertiirkheim / Tunnel Obertlirkheim konvenéni / conventional 5.730 /5,730
Untertlirkheimer Kurve konvenéni / conventional 1.080 / 1,080
tunel Feuerbach / Tunnel Feuerbach konvenéni / conventional 3.026 / 3,026
tunel Bad Cannstatt / Tunnel Bad Cannstatt konvenéni / conventional 3.507 / 3,507
tunel Flughafenkurve / Tunnel Flughafenkurve konvenéni / conventional 1.574 /1,574
tunel Flughafen / Flughafentunnel konvenéni / conventional 2.065 / 2,065

tunel Denkendorf / Tunnel Denkendorf konvenéni / conventional 768

tunel S-BahnRosenstein / S-Bahntunnel Rosenstein konvenéni / conventional 1.170 /1,170
tunel na S-Bahn / S-Bahntunnel hloubeni / cut an cover 1.157 / 1,157
Talquerung s hlavni stanici / Talquerung with main stattion hloubeni / cut an cover 864

Karlsruhe - Bazilej / Karlsruhe - Basel 4.270 / 4,270
tunel Rastatt / Tunnel Rastatt koombinovany §tit / mix shield 4.270/ 4,270
celkem / total 64.934 / 64,934

kombinovanymi §tity, a to i v kritickych oblastech podchdzeni
ficky s velmi nizkym nadloZim v oblasti pfirodni rezervace
a pod stavajici provozovanou Zelezni¢ni trati v idoli Ryna.

Ve trech pripadech bude pouzivana metoda zmrazovani horni-
ny solnym roztokem s cilem zlepsit a zajistit nepropustnost hor-
niny kolem budoucfi razby (obr. 4).

3.2.1 Zmrazovdni hornin pro podchdzeni reky Federbach
Prirodni rezervace ,,Federbach-meadowlands* se bude podchézet

conditions, as e.g. the application of predefined exploration con-
cept for the karst detection for the tunnels Wendlingen — Ulm in
several different steps of, such as geophysical and seismic detec-
tion, exploratory drillings from the surface and exploratory dril-
lings from the tunnel face [1] (Fig. 3).

In case of the occurrence of karsts, they will be filled according
to predefined rules.

v délce 300 metri pomoci dvou plnoprofilovych tunelovacich
stroju o pruméru 10,97 metru pod nadloZim s minimdln{ vy$kou
5 metri. Zmrazen{ nadloZi md za tkol zabranit zdvihdni nadloZi

3.2 Tunnel Rastatt
The challenge of the Rastatt Tunnel on the new railway line
Karlsruhe — Basel is the construction of a tunnel in saturated

Obr. 3 Pruzkumné vrty do &elby tunelu pri jeho raZbé pro zjisténi krasu u tunelu Steinbiihl [1]
Fig. 3 Exploratory drillings from the tunnel drive for Karst detection in the Steinbiihl Tunnel [1]
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zmrazené nadlozi
pod Fic¢kou Federbach
frozen roof Federbach

hloubeny sever
cut and cover north

rampa sever (v
podzemni vodé)
ramp north (in
ground water)

razba kombinovanym TBM
Mix-Shield drive (TBM)

zamrazeny prstenec pod zeleznici
v (doli Ryna  hloubeny jih
annual freezing Rhine-Valley Railway cut and cover south

I

rampa jih
(v podzemni vodé)
ramp south
(in ground water)

Obr. 4 Podélny rez tunelu Rastatt se zmrazovanymi oblastmi [2]
Fig. 4 Longitudinal profil of the Rastatt Tunnel with freezing zones [2]

nad stropem tunelu nebo vyronum béhem razby kombinovanymi
§tity. Pii zvoleném nédvrhu budou vztlakové sily svedeny aktivo-
védnim trecich sil ve zmrazené oblasti dolu do okolni horniny
(obr. 5).

3.2.2 Zmrazovdni hornin pro podchdzeni stdvajici Zelezni¢ni

trati v tidoli Ryna

Podobny ukol jako v pripadé razby v blizkosti severniho
portdlu se musi fesit i v blizkosti jizniho portélu, kde se musi
stavajici trat’v didoli Ryna podchézet na délce 220 metru také
pii nizkém nadloZi 5 metrt. Stdvajici Zelezni¢ni trat md na
evropském koridoru ,,A“ tu nejvy$3i dulezitost. Omezeni pro-
vozu na ni je téméf nemozné. Z tohoto davodu bylo nutné
nalézt stavebni metodu, kterd ovlivni Zelezni¢ni provoz pouze
minimdlné. Objednatelem dodany projekt je zaloZen na kon-
vencéni razbé z jizni strany metodou zmrazovani. Horizontdln{
zmrazovani horniny se pouzije pro vytvoreni 1 metru silného
zmrazeného horninového prstence. Zmrazovaci trubky se
budou instalovat okolo tunelu na dseku dlouhém 110 metra ze
dvou svislych Sachet metodou fizeného horizontdlniho vrténi.
V pripadé, Ze zmrazovand oblast nebude tésnd jiz v prvnim
kroku, dé se provést druha rada vrta. PouZije-li se alternativa
navrzend zhotovitelem, bude razba provadéna plnoprofilovym
tunelovacim strojem ze severni strany, coZ by byla nové vyzva
v historii razeb mechanizovanymi Stity (obr. 6).

3.2.3 Zmrazovdni horniny pro raZbu 17 metru dlouhych pro-
pojek mezi jednokolejnymi tunelovymi troubami

Vsech devet propojek se také musi razit v rozvolnéné horniné
pod hladinou podzemni vody. PouZije se zmrazovani horniny

loose ground with shallow overburden under the city of
Rastatt and the existing railway. The excavation of the 4’270
metres long tunnel will be done with two Mixshield-TBM’s
also in the critical zones of the underpassing of a small river
with very shallow overburden in a nature reserve zone and
under the actual Rine-Valle railway under operation.

Ground freezing with the brine method will be used on three
occasions in order to improve and impermeabilise the ground
around the future excacation (Fig. 4).

3.2.1 Ground freezing for the underpassing the
Federbach-river

The natural reserve of the “Federbach-meadowlands” will
be underpassed on a length of 300 metres with two TBM’s
with an excavation diameter of 10.97 metres with shallow
overburden with a minimum of 5 metres. A frozen roof has the
task to prevent ground heaves and/or blowouts during the
TBM-drive with a closed cover above the tunnel roof. With
the chosen design the uplift forces will be led downwards into
the surrounding ground by activating the friction forces of the
frozen zone (Fig. 5).

3.2.2 Ground freezing for the undercrossing of the
existing Rhine-Valley railway

A similar task as close to the northern portal has to be ful-
filled close to the southern portal, where the line of the exis-
ting Rine-Valley Railway has to be undercrossed also with
a shallow overburden of 5 metres on a length 220 metres. The
existing railway is of highest importance on the European
Corridor A. Restrictions
on its operation are near-

ly impossible. Therefore,
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osa traté
track axis
tunelova osa / tunnel axis

\

Basel - Karlsruhe Karisruhe - Basel a construction method had
) to be found, which affects
vysoka HPV / HGW . .
. the railway operation to
nizka HPV / NGW a minimum. The owner’s
. - A

design based on a con-
ventional excavation from
the southern side by using
the freezing method.
Horizontal annular free-
zing will be used in order
to create a frozen ring of
1.0 metres thickness.
Horizontal freezing pipes
1 will be driven on a length
of 110 metres from two
vertical shafts by using the

"~ osakoleji
rail axis

Obr. 5 Zmrazovani nadloZi v oblasti prirodni rezervace [2]
Fig. 5 Roof freezing in natural reserve zone [2]

horizontal directional dril-
ling method — a special
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horizontalni zmrazeny prstenec
horizontal annular freezing

kombinovany &tit / TBM
zmrazena hornina / frost body

zeleznice v udoli Ryna
Rhine-Valley Railway

challenge in the project. A second
row of drillings can be placed just
in case that the frozen zone will not
become tight in the first step. sed on
a contractor’s alternative, the exca-
vation will be done by TBM from
the northern side, a new challenge
in the history of TBM drives
(Fig. 6).

3.2.3 Ground freezing for the
excavation of the 17 metres long
cross passages between the single
track tubes

Also all nine connecting galleri-
es have to be excavated in loose
ground below the the ground water
table. Ground freezing from both
tunnel tubes will be applied. The
special challenge are the geometri-
cal restrictions due to the very
limited working space within the
single track tubes. Freezing plants

" jih/south
' ' will be installed in each of the two

Obr. 6 Horizontdlni zmrazovdni horninového prstence pro podchdzeni stavajici Zeleznicni trati [2]
Fig. 6 Horizontal annular freezing for undercrossing of existing railway line [2]

z obou tunelovych trub. Specidlnim problémem jsou geometrickd
omezen{ z divodu velmi malého pracovniho prostoru uvnitf jed-
nokolejnych tunelovych trub (obr. 7).

Pri praci na velkych stavbach se musi zvladat nejenom tech-
nické problémy. Na mnoha dalSich stavbach se vyskytly i problé-
my, které nemély technicky charakter. Jednalo se napfiklad o:

* z politickych a finan¢nich divodu preruSovanou realizaci

stavby VDE 8;
* neochotu ¢dsti verejnosti a politické reprezentace akceptovat za-
kladni prvky stavby (Stuttgart 21);

* nedostatek prijeti klicovych prvka stavby Karlsruhe — Ba-

zilej vefejnosti.

Dusledky téchto obtiZi spocivaly hlavné v del3{ dobé realizace
stavby, ztrdté diuvéry u &dsti verejnosti a nékterych politika

single track tubes (Fig. 7).

Not only technical challenges have
to be mastered when working with
major projects. As many other projetcs, also some of the major
projects of German Railway suffered difficult periods for various
not technical reasons, as e.g:

e stop and go realisation of the project VDE 8, due to political

and financial reasons;

* change of the public acceptance and of political will to reali-

se the project (Stuttgart 21),
e lack of public acceptance of key elements of the project
Karlsruhe — Basel.

Consequences of these difficulties were mainly a longer period
for the project realisation, a loss of confindence by part of the pub-
lic and some of the politicians and finally additional costs. The
german federal parliament took e.g. on January 28, 2016 the deci-
sion on a alternate design of the railway from Offenburg to Basel.

osa koleje / rail axis
tunelova osa / tunnel axis

26.26 m

osa traté / track axis
tunelova osa / tunnel axis

—_—— T T -

¥ osa koleje / rail axis

;I S50 rale oK s
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\ zmrazend hornina / frost body
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Obr. 7 Horizontdlni zmrazovdni horninového prstence pro propojky © BUNG

Fig. 7 Horizontal annular freezing for cross-passages © BUNG
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Obr. 8 Modernizace tunelu Kaiser Wilhelm [3]
Fig. 8 Refurbishment of the Kaiser Wilhelm Tunnel [3]

a kone¢né v dodate¢nych ndakladech. Némecky spolkovy parla-
ment dne 28. ledna 2016 prijal rozhodnuti o ndhradnim projektu
Zeleznice z Offenburgu do Bazileje. Soucasti tohoto rozhodnuti je
i dal3i tunel pod méstem Offenburg. Cely schvalovaci proces se
musi opakovat, coZ zpusobi zpozdéni nejméné pét let oproti std-
vajicimu harmonogramu a vzniknou tim dodate¢né nédklady pres
dveé miliardy eur.
3.3 Modernizace stavajicich tunel

Tak jako v mnoha zemich, i v Némecku se investice do ddrzby
a modernizace stdvajici Zelezni¢ni sit€¢ v uplynulych letech sniZily
na minimum, coZ zpusobilo zvySeni poruch ovliviujicich provoz
vlaka. V roce 2014, po obdobi intenzivnich jedndni, podepsala spol-
kové vlada a vedeni Némeckych drah dohodu o drovni sluZeb a finan-
covani Zelezni¢ni infrastruktury (LuFV II). Podle této dohody se
v obdobi od roku 2015 do roku 2019 bude do GdrZby a modernizaci
Zelezni¢ni infrastruktury investovat 28 miliard eur a kompletne
modernizovat 875 mostu a 20 tunelt. Zlepsi se nejen kvalita staveb-
nich konstrukef, ale zvysi se i bezpecnostni standard t€chto tunelt
podle soucasnych pozadavki. V nékterych piipadech se stdvajici
dvoukolejné tunely budou v budoucnosti pouZivat jako jednokolejné,
a bude u nich dobudovan dalsi tunel pro druhou kolej. Takovymi pri-
klady jsou tunely Schliichtern a Kaiser Wilhelm (obr. 8).

4. HLAVNI TUNELY V CENTRU ZAJMU VEREJNOSTI
- DOPORUCENI SPOLKOVE KOMISE PRO ZMENU RIZENI
VYSTAVBY VELKYCH STAVEB

JelikoZ nékteré velké némecké stavby (nejen Zelezni¢ni projek-
ty) trpély v uplynulych deseti letech zdvaznymi problémy, byvaly
némecky ministr dopravy Peter Ramsauer v roce 2013 vytvoril
spolkovou komisi pro zménu fizeni stavebniho procesu u velkych
projekti. Rozhodnuti vytvorit tuto komisi bylo pfijato na zdkladé
Casového soubéhu vaznych problému ve tiech pripadech: koncert-
ni budova Labské filharmonie (Hamburk), letisté Berlin-
Brandenburg a Zelezni¢ni stavba Stuttgart 21. Cleny této komise se
stalo 34 vysoce uzndvanych osobnosti. Jejich cilem bylo vytvoreni
feSeni pro dosaZzeni vétsi ndkladové transparentnosti a zlepSeni
dodrZovani harmonogramu pfi realizaci budoucich velkych staveb.
V Cervnu 2015 byla predloZzena zdvére¢nd zprava komise [4]
s podrobnymi doporucenimi k ndsledujicim tématim:

1. kooperativni tymové pldnovani;

. napred pldnovani a potom stavba;

. povinné kalkulace ndkladu a piinost pro viechny velké stavby;
. jasné procesy a odpovédnosti / vytvareni kompetenénich center;
. VEtSi transparentnost a kontrola;

WD W

An additional tunnel under the city of Offenburg forms part of this
decision. The entire approval process has to be repeated, creating
a delay of at least 5 years on the actual project schedule and addi-
tional costs of more than two billions Euros.
3.3 Rehabilitation of existing tunnels

As in many countries, also in Germany the investments in
maintenance and rehabilitation of the existing railway network
have been reduced to a minimum in the past decades, with the
effect of increased malfunctions of the infrastructure, which
affected the train operation. In 2014 the Federal Government
and the management of German Railway signed an agreement
on the service-level and the financing of the railway infrast-
ructure (LuFV II) after a period of intense negotiations. With
this agreement a total investment of 28 billion Euros will be
done in the maintenance and refurbishment of the railway
infrastructure in the period from 2015 to 2019. Following this
agreement 875 bridges and 20 tunnels shall be completely
refurbished within this period. Not only the quality of the civil
work shall be improved, but also the safety standard of these
tunnels shall be elevated to the actual requirements. In some
cases, the existing double track tunnels will be used as single
track tunnels in the future with an additional new tunnel for the
second track. Such examples are the Tunnel “Schliichtern” and
“Kaiser Wilhelm” (Fig. 8).

4. MAJOR PROJECTS IN THE FOCUS OF THE PUBLIC

— RECOMMENDATIONS OF THE FEDERAL COMMISSION
FOR THE REFORMATION OF THE CONSTRUCTION OF
MAJOR PROJECTS

As some of the major german projects (not only railway projects) suf-
fered severe problems during the last decade, the former german minis-
ter of transportation Peter Ramsauer, created in 2013 a federal com-
mission for the reformation of the construction process major projects.
The decision to create such a commission based on a timeley coinci-
dence of severe problems in the three cases Elb-Philharmonic
(Hamburg), Berlin-Brandenburg Airport and the railway project
Stuttgart 21. 34 highly recognised personalities became members of the
commission, with the clear goal to develop solutions to achieve more
cost transparency and a higher punctuality in the realisation of future
major projects. In June 2015 the final report was presented by the com-
mission [4], with detailed recommendations on the following topics:

1. cooperative planning in the team;

2. plan first, then build,;




6. Tizeni rizik a identifikace rizik (také) v rozpoctu;

7. zaddvéni kontrakti nejekonomiétéjsim nabidkdm, ne tém

nejlevnéjsim;

8. partnerstvi a spolupréce na projektech;

9. mimosoudni feeni sporu;

10. pouzivani digitdlnich médif — systém informacniho modelo-

véani stavby (Building Information Modelling — BIM).

Na zdkladé téchto doporuceni schvilila spolkové vldda v pro-
sinci 2015 akéni plan. Poslednich pét z celkového poctu deseti
doporuc¢eni mé velky vyznam i pro spole¢nost Némecké drahy
kvuli zlepSeni kaZdodenni Cinnost pii planovani a vystavbé vel-
kych infrastrukturnich projekta. Béhem nékolika mélo let budou
spolu s projektanty a zhotoviteli vyvinuty nové pristupy pro rize-
ni velkych projektu, které povedou k novému zpusobu spolupréce
na velkych stavbdch. Jedn4 se o takovy zpusob spolupréce, ktery
se bude zkouSet na nékterych pilotnich projektech. Vysledkem
této testovaci faze, cilené na vytvoreni jiné kultury realizace pro-
jektu zaloZené na silném partnerstvi, mohou byt nové smluvni
podminky nebo i nové modely smluv.

Systém informacniho modelovéni stavby (Building Information
Modeling — BIM) je jednim z nejmocnéjSich néstroju k dosaZen{
této zmény. Préce na spole¢né digitdlni platformé vyZaduje davéru
a transparentnost mezi vSemi zainteresovanymi stranami projektu.

5. TUNEL RASTATT — PRVNI VELKY TUNELOVY
5D-BIM PROJEKT

V roce 2013 jesté nemélo pouzivani BIM velky vyznam pro
velké infrastrukturni projekty. S pfihlédnutim k vysoké duileZitos-
ti BIM pro zlepSovéni vyvoje projektu se Némecké dréhy rozhod-
ly nabidnout ministerstvu dopravy soubor mensich a velkych pro-
jekta jako pilotni projekty pro pouZiti metody BIM na infrastruk-
turnich projektech. Pro tento tucel byly nakonec vybriny tunel
Rastatt a most pres tidoli Fills (trat Wendlingen — Ulm). Od konce
roku 2014 se stavba tunelu Rastatt pldnuje tradi¢ni metodou sou-
bézné s pouZitim metody BIM. Mezitim byl na zdkladé modelu
3D-CAD (35 000 objekti) vytvoren dplny model 5D-BIM napo-
jeny na harmonogram (35 000 objektu) a ndkladové/cenové tidaje
(3000 pozic) (obr. 9).

Model 5D-BIM pro tunel Rastatt pomuZe na stavbé koordinovat
stavebni procesy, optimalizovat logistiku, zlepSovat fizeni kvality,
zjednodusovat fizeni Casu a ndkladu, ale i platby provadéné zho-
tovitelem.

Spole¢né s univerzitou Bochum bude model 5D integrovéan do
numerického modelu hornin, aby mohl simulovat deformace
povrchu vyvolané ruznymi kroky stavby (zmrazovdni hornin,
razby Stity). Blizkd budoucnost musi ukdzat, zda se z velkych
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3. mandatory cost-benefit calculations for all major projects;

4. clear processes and responsibilities / creation of competence centers;

5. greater transparency and control;

6. risk management and identification of risks, also in the budget;

7. assignment of contracts to the most economical, not the cheapest

offer;

8. partnership and cooperation in the projects;

9. extrajudicial dispute resolution;

10. use of digital media — Building Information Modeling.

In December 2015 the federal government approved an action plan,
based on these recommendations. The last five of the total ten reccom-
mendations are of higher importance also for German Railway Ltd. in
order to improve the daily business in the planning and construction of
major infrastructure projects. New approaches for the management of
major projetcs shall be developped within the next few years together
with designers and contractors, leading to a new way of cooperation in
major projects. The new way of cooperation shall be tested in some
pilot projects. New terms of the contract or even new contract models
may be the result of this testing phase in order to create a different cul-
ture of project development, based on a strong partnership.

Building Information Modeling (BIM) is one of the most powerful
tools in order to achieve this cultural change. Working on a joint digi-
tal platform needs confidence and transparency between all the invol-
ved project partners.

5. RASTATT TUNNEL - FIRST MAJOR 5D-BIM PROJECT
IN TUNNELLING

In the year 2013, the application of BIM was still not of high rele-
vance for major infrastructure projects. Taking into account the high
importance of BIM for the improvement of the project development,
German Railway took the decision to offer a set of smaller and major
projects as pilot projects for the application of the BIM-method for
infrastructure projects to the federal ministry of transportation. Finaly
the Tunnel Rastatt and the Filsvalley Bridge (Wendlingen — Ulm) were
selected as the first BIM-Pilotprojects for major railway infrastructure
projects. Since end of 2014 the Rastatt tunnel project is now planned
by the traditional method in parallel to the application of the BIM-
Method. In the meantime, a full 5D-BIM model has been developed,
based on a 3D-CAD-Model (35’000 objects), linked to the time sche-
dule (3’000 activities) an to the cost data (3’000 positions) (Fig. 10).

The SD-BIM-Model of the Rastatt Tunnel will help the site to coor-
dinate the construction procedures, to optimize the logistics, to impro-
ve the quality control, to simplify the time and cost control but also the
payment of the contractor.

Together with the Ruhr-University of Bochum, the 5D-Model
shall be integrated in a numeric ground model in order to be able to

Obr. 9 3D-Model severniho hloubeného portdlu (nalevo) a stejnd konstrukce jako tisk 3D (napravo)
Fig. 9 3D-Model of the northern cut and cover portal (left) and same structure as a 3D-print (right)
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Obr. 10 Obrdzek obrazovky z modelu 5D severniho hloubeného portdlu s modelem 3D (napravo), casovym harmonogramem nalevo a planovanymi ndklady vlevo dole
Fig. 10 Screenshot from the 5D-Model of the northern cut and cover portal with 3D-model (right), time schedule upper left, planned costs lower left

modela 5D-BIM d4 ziskat ofekdvany prinos v ruznych oblastech
vystavby tuneld (obr. 10).

Zahdjenim velkych pilotnich staveb Némecké drahy sleduji jasnou
strategii pro pouZiti metody BIM béhem pfistich péti let s cilem:

e zlepsit kvalitu projektovani;

e zlepsit prijimani staveb verejnosti;

* zlepsit dodrzovani harmonogramu doddvek;

* zvysit stabilitu konednych nakladu;

e zlepSit analyzu Zivotniho cyklu stavby.

Némecké drahy tedy maji cil pouzit metodu SD-BIM u vSech
standardizovatelnych velkych a slozitych infrastrukturnich pro-
jektu realizovanych do konce roku 2020.

V blizké budoucnosti (jesté v roce 2016) bude zahdjeno dalSich
osm aZ deset pilotnich projektd s riznymi pozadavky, aby se zis-
kalo vice zkuSenosti s metodou BIM na infrastrukturnich stav-
bach. JelikoZ je v soucasnosti nedostatek ndrodnich a mezi-
narodnich standardu pro Zelezniéni systémy, musi pilotni projekty
zalit s vlastnimi standardy. Pozdéji by tyto systémy mély byt
schopné spolupracovat s budoucimi mezindrodnimi standardy,
které musi byt nezdvislé na dodavatelich.

M. Sc., HEINZ EHRBAR, heinz.ehrbar@deutschebahn.com,
DB Netz AG [Frankfurt on the Main

Recenzovali | Reviewed: Ing. Martin Srb, Ing. Pavel Ruzicka, Ph.D.

LITERATURA / REFERENCES

simulate surface deformations caused by the different steps of con-
struction (ground freezing, TBM-drive). The nearer future has to show,
whether the expected benefit in the different fields of tunnel construc-
tion can be gained from large SD-BIM models.

By starting with large scale pilot projects German Railway follows
a clear strategy for the implementation of BIM within the next five
years with the aim

e to improve the quality of the design;

* to increase the acceptance by the public;

* to increase the punctuality in the project delivery;

* to increase the stability of the final costs;

e to improve the lifecycle analysis of the project.

Therefore, German Railway has the goal to realize all standardizable and
all complex infrastructure projects with SD-BIM until the end of 2020.

In the nearer future another eight to ten pilot projects with different
requirements shall start withing this year, in order to get more experi-
ence on BIM for infrastructure projetcs. As there is actually a lack of
national and international standards for railway systems, the pilot pro-
jetcs have to start with their own standards. Later on, those standards
should be able to cooperate with the fututre international standards,
which must be independent from the suppliers.

M. Sc., HEINZ EHRBAR, heinz.ehrbar@deutschebahn.com,
DB Netz AG /Frankfurt on the Main
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FOTOREPORTAZ Z PRORAZKY TUNELU EJPOVICE
DNE 7. CERVNA 2016

PICTURE REPORT FROM THE EJPOVICE
TUNNEL BREAKTHROUGH ON THE 7TH JUNE 2016
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FOTOREPORTAZ ZE DNE OTEVRENYCH DVERI
TUNELU EJPOVICE, 11. CERVNA 2016

PICTURE REPORT FROM THE EJPOVICE TUNNEL
DOORS OPEN DAY HELD ON THE 11T JUNE 2016
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VAS PARTNER V GEOTECHNICE

» Siroké spektrum sluzeb v geotechnice, inzenyrské geologii, hydrogeologii, geofyzice a
pri kontrolni ¢innosti a geotechnickém monitoringu na stavbach

e partner pro projekéni firmy, pro statni i soukromé investorské organizace i pro
dodavatele staveb
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. International Conference

BESTInfra
2017

Prague, Czech Republic
¥ September 21-22, 2017
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21. - 22. 9. 2017, Praha

Srdecné Vas zveme na mezinarodni odbornou konferenci Building Up
Efficient and Sustainable Transport Infrastructure (BESTInfra 2017),
kterou uspofada ve dnech 21. - 22, za¥i 2017 Centrum pro efektivni a
udrzitelnou dopravni infrastrukturu (CESTI) na Fakulté stavebni CVUT
v Praze pod zastitou ministra dopravy Ceské republiky Ing. Dana Toka,

COST TU 1406 a Technologické agentury Ceské republiky.

Témata:

v

Vysokohodnotné materiély s nizkou energetickou naroénosti

> Silnice, mosty a tunely se zvySenou odolnosti a delsi Zivotnosti

> Pokrocilé technologie a vyrobky pro Zzeleznicni stavby

> Systémy managementu, posuzovani trvanlivosti a analyza naklada
Zivotniho cyklu v dopravni infrastrukture

> Ochrana zivotniho prostiedi a zelena dopravni infrastruktura
> Bezpecnost, spolehlivost a diagnostika konstrukci
Terminy: Zaslani abstraktu 30.11.2016

Zaéatek registrace 01.01.2017

Sekretariat konference:

Conference Partners Prague s. r. 0., Sokolska 26, 120 00 Praha 2
Tel.: +420 224 262 108, Fax: +420 224 261 703,

Email: bestinfra@conferencepartners.cz

Vice informaci a formulaf pro zaslani abstraktu naleznete na www.bestinfra.cz

MILIONY LIDi VYUZIiVAJi DENNE RYCHLE)SI A BEZPECNE)SI DOPRAVNI KOMUNIKACE,
NA JEJICHZ BUDOVANI SE PODILi SMP CZ.
Spolegénost SMP CZ je tradic¢ni dodavatel mostnich a inzenyrskych konstrukci. Zaméfujeme se na stavby a opravy mostl a pfedpjatych konstrukei,

realizujeme narocna vodohospodarska dila, energetické stavby, ekologické projekty a podzemni stavby. Historie podzemnich a inZenyrskych staveb
u spolecnosti SMP CZ saha do roku 2000. SMP CZ provadi prace v hloubenych i razenych tunelech a ma potfebna opravnéni tyto cinnosti provadeét.

Andél, Praha

Bezbariérové zpfistupnéni stanice metra Stanice metra Stfizkov, Praha

Pobfeini 667/78, 186 00 Praha 8, www.smp.cz

Tunel Mrazovka, Praha Tunel, Jihlava

spoleing @ vine1 e
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA

m Hlavni prorazka bazového tunelu Ceneri

Vice nez 1000 lidi se zucastnilo 21. ledna 2016 slavnostni
hlavni prorazky bazového tunelu Ceneri v jeho zdpadni troubé
priblizne 700 m od severniho portalu. Pfesnost razeb dokumen-
tuji odchylky: 2 ¢cm vodorovné a 1 cm svisle.

Stejné jako Gotthardsky bazovy tunel je i tunel Ceneri tvoren
dvéma jednokolejnymi tunely. Jejich délka je 15,4 km a jsou
razeny ve vzddlenosti 40 m s propojkami po 325 m. Cely tunel
byl raZzen konvenéné s ohledem na sloZitou geologii. Maximaln{
nadlozi tunelu je 900 m. Hlavni razby probihaly na sever i na jih
z kaveren vyrazenych na konci mezilehlého pristupového tune-
lu u Sigirina délky 2,3 km. Ten byl vyraZen pomoci tunelovaci-
ho stroje. Dil&f razby se uskute¢nily i z portdld na severu i jihu.

Definitivni osténi tuneli md byt dokondeno v zavéru roku
2016, montaz koleji zane v 1été 2017 a zahdjeni provozu je
planovéno na prosinec 2020.

m Prvni prorazka tunelu raZzeného v Norsku TBM po 20 letech

TBM firmy Robbins o priméru 7,2 m dokon&ilo 10. prosince
2015 razbu 7,4 km dlouhého vodniho privadéce pro vodni elek-
trarnu Rossaga.

Razba probihala od ledna 2014 v extrémné¢ tvrdé horniné
o pevnosti az 300 MPa s vysokym obsahem kfemene, ale
i v mekéim zkrasovatélém védpenci s vydatnymi pritoky pod-
zemni vody. Tvrdd a abrazivni hornina zpusobovala znacné
vibrace stroje a vyzadovala pouZziti velmi kvalitnich feznych
néstroju specidlné vyvinutych firmou Robbins, které presto
musely byt Casto ménény. Znamenalo to zdrZeni, i kdyZ vymé-
na jednoho disku trvala méné nez deset minut.

m Zacatek praci na sekci Gloggnitz na bazovém tunelu

Semmering

Stavba bazového tunelu Semmering (BTS) délky 27 km je
rozdé€lena na tfi sekce. Prvni ve sméru od Vidné je tunelova
sekce Gloggnitz, za ni ndsleduje stredni sekce Froschnitzgraben,
ktera je nejdelsi a je ve vystavbe od roku 2014, a tfeti a posled-
ni sekci je sekce Grautschenhof, jejiz stavba by méla byt zaha-
jena letos, tj. v roce 2016.

Tunel Gloggnitz délky 7 km se razi od listopadu 2015. Pred tim
musely byt postaveny v Gloggnitz dva Zelezni¢ni mosty, které
umoZnily pifjezd k portdlim raZenych tunelt. Soucasné probiha-
lo budovani piistupovych tunelu, ze kterych se hloubily u Gostritz
Sachty k mistu oboustrannych rozrazek hlavnich tuneld.

m Zahajeni razby zZelezni¢niho tunelu Rastatt u Karlsruhe

Pro zvyseni kapacity pfedevsim dalkové a ndkladni dopravy
Zeleznice podél Ryna bude slouzit novy 10 km dlouhy dvojko-
lejny dsek u Karlsruhe, jehoZ soucdsti bude 4270 m dlouhy
tunel Rastatt. Jeho velkym pfinosem pro Zivotni prostfedi bude
navic vyznamné snizeni hluku.

Prvni ze dvou kombinovanych $tita fy Herrenknecht o pramé-
ru 10,94 m byl prevzat ve Schwanau v prosinci 2015, doprava
a montéz na stavenisti jiZ probéhly tak, aby razba mohla byt zaha-
jena koncem kvétna 2016. Druhy §tit by mél startovat s odstupem
&ty mésicu. Podminky pro razbu budou velmi nepfiznivé. Trasa
probihd pod hladinou podzemni vody v rozvolnéné horniné pri
nizkém nadloZi (min. 4 m), tunel podchazi zastavbu a provo-
zovanou hlavni trat'rynské Zeleznice. Zde se bude razit s vyuzitim
zmrazovani horniny (vice viz v C¢ldnku Ing. Heinze Ehrbara
v tomto ¢isle Tunelu).

Stavba je soucdsti budovaného koridoru TEN mezi Rot-
terdamem a Janovem, v jehoZ ramci se postavi &tyrkolejny dsek
z Karlsruhe do Bazileje. Pro stavbu tuneld na dseku Mildn —
Janov vyrabi fy Herrenknecht dal$i dva Stity.

m Rakouska dalnice A9

Na rakouské ddlnici A9 vedouci do Grazu jsou useky, kde je
v nékterych tunelech stéle je$té obousmérny provoz. Jednd se
o tunely Spering (2,9 km), Falkenstein (0,75 km), Klauser
(2,2 km), Traunfried (0,45 km) a tunel Gleinalm (8 km).

Prvni ¢tyfi jmenované tunely tvori jakysi fetéz propojeny
mosty a viadukty v dseku délky 7,6 km. Jeho vystavba vyrazné
pokroc¢ila a prordzka posledniho tunelu Klauser probéhla
3. bfezna 2016. U zminénych tunela Klauser a Spering se jed-
nalo o rozsifen{ ptvodnich dunikovych tunelu.

Zprovoznéni nového useku se predpoklada v roce 2017, kdy
na néj bude prevedena doprava z dnes provozované trasy, aby
hlavné staré tunely mohly byt rekonstruovany. Plny dalni¢ni
provoz se predpoklada v roce 2018. Provoz obou trub tunelu
Gleinalm se pldnuje na rok 2019.

m Rekonstrukce tunelu Belchen na Svycarské dalnici A2

Nejvétsi razici stroj, ktery kdy byl ve Svycarsku nasazen,
zah4jil razbu 3,2 km dlouhého tunelu Belchen 9. tnora 2016.
Stit ma pramér fezné hlavy 13,97 m. Diivodem stavby nového
tunelu je nevyhovujici stav obou trub soucasného tunelu
Belchen, které jsou v provozu vice nez 50 let a jejichZ ostén{ je
staticky naruseno bobtnajicim sadrovcem, ktery se v pohofi
Jura hojné vyskytuje. Jak jsme informovali jiz v &isle 3/2015,
z divodu vysoké intenzity automobilového provozu na délnici
A2 vedouci z Basileje na jih, bylo pfijato feSeni, aby soubézné
se stavajicimi tunely byl razicim strojem vyraZen tunel treti. Po
jeho uvedeni do provozu v roce 2022 prob€hne v obou starych
tunelech rekonstrukce a po jejim dokonceni bude ve dvou tune-
lech obnoven jednosmérny provoz. Tret{ tunel bude rezervni.
® Bude se stavét ve Svycarsku novy 30 km dlouhy Zelezni¢ni

tunel?

Soucasnd trat’ vedouci z Curychu do Aarau nevyhovuje ros-
toucim objemum osobni i ndkladni prepravy. Proto se od roku
2011 zkoumaji variantni mozZnosti vystavby nové trati. Ukazuje
se, 7Ze prima trat’s 30 km dlouhym tunelem by byla provozné
i ekonomicky vyhodnéjsi, nez delsi varianta pres Gruemet
s dvéma tunely Honeret a Chestenburg.
®m Nabidky pro naplavovany tunel pres uZinu Fehmarn

Vybor dinského parlamentu pro tunel Fehmarn ozndmil
4. brezna 2016 vybér nabidek pro doddvku stavebni ¢asti napla-
vovaného tunelu mezi Némeckem (Puttgarden) a Danskem
(Rgdbyhavn). V kvétnu 2016 mély byt uzavieny kontrakty
s vybranymi dodavatelskymi sdruZenimi, ve kterych bude ale
podminéno zahdjeni praci vydanim platného stavebniho povo-
leni némeckymi urady. Uzaviené kontrakty budou platit do
konce roku 2019, k tomuto datu mohou byt znovu projednény.

Pro doddvku ramp, portdlu a vlastniho naplavovaného tunelu
véetné vyrobny naplavovanych segmentu je vybrano sdruZeni
Femern Link Contractors (FLC), z ndm znaméjsich firem jsou
jeho ¢leny Vinci, Wayss und Freytag, Max Bogl a Soletanche.
Vykopové prace véetn€ uloZeni prebyteéné zeminy a prislusné
rekultivace by meélo provést sdruZeni Fehmarn Belt
Construction (FBC). Doddvky vybaveni tunelt a dal§ich prac{

souvisejicich se zprovoznénim tunelt budou feSeny pozdéji.
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Celkem 89 ks naplavovanych segmentu pro 17,6 km dlouhy tovany Zelezni¢ni tunel mezi Helsinkami a Tallinem. Ten by
tunel se bude vyrabét v zdvodu vybudovaném na danské strane. dokdzal zkratit dvé hodiny trvajici plavbu mezi obéma mésty
Vykop ve dné Gziny bude 60 m §iroky, 16 m hluboky a 18 km na pulhodinovou jizdu vlakem. Pldnované napojeni Tallinu na
dlouhy. Celkovy objem vykopu je 19 miliont m?, prebytecny evropskou vysokorychlostni Zelezni¢ni sit' by pak mohlo byt
materidl bude uloZen na dénské strané na plode 3 km?>. Tunel prodlouzeno az do Helsinek.
bude slouzit pro automobilovy i Zelezni¢ni provoz. Obséhly geotechnicky prizkum musi byt teprve proveden,
m Hloubené tunely zlepsi Zivotni prostredi v Hamburku ale jiz nyni je jasné, Ze nejvétsi obtize budou v oblasti u eston-

Délnice A7 prochdzi od sedmdesatych let minulého stoleti | ského biehu. Zde na krystaliniku leZi 75 m az 80 m mocné sou-
severozédpadni ¢asti Hamburku. I v dseku, kde md Sest pruhu, je vrstvi zvodnélych mdlo pevnych piskovcu a siltovych hornin,
jeji kapacita prekrocena o 25 %, coZ je pri¢inou mnoha nehod které je navic zdrojem vody pro tallinnsky region.

a zdrzeni. Soucasné je délnice obrovskym zdrojem hluku. ® Thames Tideway

Proto se severné od Labského tunelu vybuduji hloubené tune- V Londyné probihd kanaliza¢ni stavba, kterd ma prispet
ly Altona, Stellingen a Schnelsen. Soucasné se v prvnich dvou k radikdlnimu zlepSeni kvality vody v fece TemZi a soucasné
dsecich roz§ifi ddlnice na 8 pruhl a v dseku Schnelsen na 6 pripravit londynsky kanalizani systém na demograficky ndrast
pruht. Hloubeny tunel Schnelsen délky 500 m a $itky 34 m se obyvatelstva v ndsledujicich sto letech. Novd kmenova stoka
stavi od roku 2015. dlouhd 25 km bude nejvétsim projektem, jaky kdy byl ve vod-

Dodavku dvoutrubového tunelu Stellingen délky 893 m a $itky nim hospodarstvi ve Velké Britdnii realizovan. S jeho dokonce-
51 m s péti pruhy v kazdé troubé (4 jizdni a 1 odstavny pruh) zis- nim skonéi vypousténi znediSténych odpadnich vod do reky
kalo v lednu 2016 sdruzeni pod vedenim firmy Hochtief. Stavba TemzZe.
nejjiznejsiho tunelu Altona bude zahdjena po ukonceni stavebni- Stoka o vnitfnim priméru 7,2 m bude raZzena bentonitovymi
ho fizen{ koncem roku 2016 nebo zacitkem roku 2017. Stity v hloubce od 30 do 70 m pod povrchem. Prochazet bude

Na zklidnéném tzemi po prevedeni dopravy do podzemi se nejprve jilem, Stérkopiskem a ke konci i kfidovymi sedimenty
pldnuje bytovad vystavba s cca 3000 byty. az skoro 70 m pod hladinou podzemni vody.
®m Rozhodnuto o stavbé druhé trouby silni¢niho tunelu Systematickd kanalizace Londyna byla vybudovadna v dobé

Gotthard vlady krdlovny Viktorie. Odvddéla ovSem spolecné splagkové

Svycarské referendum konané 28. tnora 2016 rozhodlo i destové vody do TemZe, ze které se stala mrtvd pachnouci
o stavbé druhé trouby silni¢niho tunelu Gotthard. Rozhodnuti feka. Béhem 150 let byla provedena fada zlepSeni, ale hlavni
to bylo tésné — kladné se vyslovilo jen 57 % voli¢u. Davody pro problém, Ze kanalizace dnes slouZi osmi milionim obyvatel
stavbu nové dvoupruhové trouby spocivaji predev§im v nutnos- misto puvodnich ¢tyf a Ze mésto se rozrostlo, se nevyfesil.
ti rekonstrukce staré jiz 36 let provozované trouby, kterou Staci, kdyz naprsi dva milimetry vody a odpadni vody tecou do
ro¢n€ projede 5 mil. osobnich a 1 mil. ndkladnich vozidel. Temze.

Nova trouba bude raZena z obou stran tunelovacimi stroji. Kostrou stavby jsou dvé razené kmenové stoky — Temzsky
Doba jeji vystavby se predpokldda 7 let, pak do ni bude preve- tunel (Thames Tideway Tunel — TTT) a tunel Lee. Trase TTT
den obousmérny provoz a stard trouba projde rekonstrukci. sleduje od zapadniho okraje Londyna TemZi, resp. z vetsi ¢asti
Nekdy kolem roku 2030 by mél byt zahdjen provoz v obou vede pod jejim stredem a za centrem Londyna odboCuje na
troubdch, ov§em s omezenim, které bylo odsouhlaseno v refe- vychod k soucasné Cerpaci stanici Abbey Mills. Zde se napoji
rendu. Aby nedoslo k zvySeni dopravni kapacity a tim zatéZe na 6,9 km dlouhy tunel Lee. TTT, jehoZ razba by méla byt zaha-
pro alpské Zivotni prostfedi, bude provoz v obou troubéch jena v roce 2017, podchyti prepady z 34 nejvétsich destovych
veden jen v jednom pruhu, druhy bude odstavny. Pesimisté se odd€lovalu. Spoleéné s tunelem Lee vytvori velky retenéni
obévaji, Ze toto ,,uslechtilé” omezeni muze byt v budoucnosti prostor, ktery umozni Cistit i odpadni vody redéné desti.
zruseno. Tunel Lee v prvni fazi vyradi ¢erpani odpadni vody do stej-
® Nutna oprava v nedavno rekonstruované troubé tunelu nojmenné feky (Lee je levostranny pritok TemZe) a po napoje-

Bosruck ni tunelu TTT odvede vSechny odpadni vody na rozSifenou

Druhd trouba tunelu Bosruck na rakouské ddlnici A9 byla centrdlni ¢istirnu odpadnich vod Becton lezici u TemZe jizn¢ od
zprovoznéna v roce 2013, pak po 30letém provozu probéhla Londyna.
rekonstrukce staré trouby. Normdlni provoz v obou troubéch Pro razbu tunelu Lee byla u COV Becton vyhloubena v roce
byl zahdjen v fijnu 2015. Brzy potom byl v listopadu 2015 zjis- 2000 80 m hlubokd Sachta o priméru 38 m, ze které v dnoru
tén neprijatelny pruhyb mezistropu. Jeho oprava zalala 2012 startoval bentonitovy Stit fy Herrenknecht. Prordzka u CS
1. tnora 2016. Abbey Mills probéhla v lednu 2014. Do primarniho osténi tune-

Véetné mist, kde je mezistrop prohnuty, je zde 11 dseku, lu, které je tvofeno vldknobetonovymi segmenty tl. 35 cm, se
které vyzaduji opravu nebo preventivni zpevnéni. Nejprve bude jesté vybetonuje monolitické osténi tl. 30 cm také vyztuzené
mezistrop dodate¢né upevnén vice nez 700 kotevnimi tyCemi vlakny. Dvoupldstové osténi bude mit i puvodni startovaci
délky 66 cm vyrobenymi ze specidlni oceli. Pfitom bude pro- Sachta, kterd se zméni na Cerpaci stanici zajiStujici Cerpani
hnutd deska vyzdviZzena a nasledné fixovana ve spravné poloze. odpadnich vod z hloubky 80 m na COV Becton.

Aby se vyloudila pripadna dalsi rizika, bude prikotveni mezi- Dokonceni celého budovaného kanaliza¢niho systému se
stropu provedeno nad vSemi nikami a bezpe¢nostnimi zalivy. predpokladd v roce 2023.

Odhaduje se, Ze dodavatel musi vynaloZit na tuto reklamacni m Zaméreni ¢asopisu Geomechanics and Tunnelling:
opravu piiblizné 200 tis. eur. &. 1/2016: Geotechnické sledovéni razeb tunel
m Propojeni Helsinek a Tallinu tunelem ¢. 2/2016: Gotthardsky bazovy tunel

Politiéti predstavitelé Finska a Estonska podepsali memoran-
dum o porozuméni, v némz je zahrnut predev§im dlouho disku- Ing. MILOSLAV NOVOTNY, mila_novotny@volny.cz
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PROJEKT STOLETI[
PROJECT OF THE CENTURY

The over 57km long double-tube Gotthard Base Tunnel was
commissioned on the 15t June 2016. The construction work was
planned for 20 years, but the builders managed to complete it
a year sooner. The project was fully financed by Switzerland
from its own sources, the special NEAT financing system.
Representatives of the Swiss provincial government, the Swiss
Parliament and representatives of governments of all neighbou-
ring states were the prominent attendees of the tunnel opening
ceremony. Trains with school excursions and persons drawn
through the Internet were running along both tunnel tubes in both
directions. The very successful event was ended by a fantastic
performance of the ,,Patrouille Suisse* acrobatic group. A day
before, the nine men who tragically died during the course of this
tunnel construction were honoured the memory. The following
day, the 2nd July 2016, a celebration event was held, which was
attended by 2500 persons. All attendees enjoyed nearly 20-minu-
te rides along the newly completed tunnel at the operating velo-
city of up to 200km/h. During the course of the trial test running
without the public, even the maximum velocity of 275km/h was
successfully tested using a train especially brought for this pur-
pose. The public was allowed to ride through the new tunnel and
view numerous exhibitions at both portals on the 4th and 5th July.
This offer was taken advantage of by over 100,000 interested
persons from Switzerland and border areas. Many testing rides
will still be performed before the tunnel is brought into service.
The planned date is the 11th December 2016.

Dvoutubusovy Gotthard-Basistunnel nebo téZ Gotthardsky
bazovy tunel o délce vice nez 57 km uvedlo do provozu 1. cerv-
na 2016 s velkou sldvou vice nez 1000 hosta a desitky osob,
které se na stavbé primo podilely. Stavba byla pldnovéna na
20 let a podafilo se ji oteviit o rok dfive. Celé Svycarsko je na
provedené dilo velmi hrdé, projekt je oznacovan jako tchvatny
po&in Schweizer Bauindustrie. Stavbu plné hradilo Svycarsko
z vlastnich prostfedku pres specidlni financovani NEAT, a to bez
jakéhokoliv zadluZeni pro nastupnické generace.

Prominentnimi tG¢astniky pri otevieni tunelu byli predstavitelé
$vycarské zemské vlady, Svycarského parlamentu a vladni{ pred-
stavitelé vSech sousednich statd: Angela Merkelovd, Francois
Hollande, Matteo Renzi, Christian Kern a Adrian Hasler. Ve

Obr. 2 Ndstup akrobatické skupiny
Fig. 2 Start of an aerobatic group

Obr. 1 Hlava TBM jako pomnik

Fig. 1 TBM cutterhead as a monument
svych proslovech velmi ocenili vykony vSech ndrodnosti, které
se na budovani tunelu podilely, ackoliv Svycarsko neni stitem
Evropské unie. Spolkovy prezident Svycarska pan Johann
Schneider-Ammann nazval toto dilo znakem soundleZitosti
Svycarska a Evropy, jehoZ hodnoty a ideje budou pokracovat.
Pani Merkelovd ve svém vystoupeni prohldsila: ,,Je zde pouze
srdce, aorta v§ak chybi. To jest napojeni do Némecka, které se
rodi prili§ pomalu a t€Zkopddné.“ Francois Hollande se vyjadril
velmi struéné: ,,Pfed vykonem §V)’/carska nelze nez smeknout.*

Obr. 3 Ndstup do vlaku
Fig. 3 Boarding the train




Obr. 4 Prujezd prvniho viaku
Fig. 4 Passage of the first train

Na obou portélech predvedlo soucasné vice nez 600 protago-
nistu divadelni predstaveni ,,Sacre del Gottardo*. Soucasné pro-
jizdely tunelem obéma tunelovymi troubami vlaky se $kolnimi
vypravami a osobami, které byly vylosovany z prihldsek pres
internet. Prihldsit se v§8ak mohli pouze zdjemci s trvalym poby-
tem ve Svycarsku, i z jejich dani byl tento projekt financovan.
Vlak s prominenty jel ze stanice Erstfeld na jih do stanice
Pollegio. Zde se vSichni setkali u spole¢ného obéda. Velmi vyda-
fend akce byla zakonéena fantastickym vystoupenim akrobatické
skupiny ,,Patrouille Suisse*.

Den predtim byla u pamétni desky ucténa pamadtka deviti
muzu, ktefi tragicky zahynuli pfi vystavbé tohoto tunelu. Pro
srovnani — pri vystavbé starého Gotthardského vrcholového
tunelu bylo obéti témér 200.

Nasledujici den 2. Cervna 2016 se na stavbé konala slavnost, na
které bylo pritomno 2500 osob. VSichni Gcastnici si uzili témer
20minutové jizdy nové vybudovanym tunelem pldnovanou pro-

PROJEKT STUTTGART 21 A TUNEL BAD CANNSTATT
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Obr. 5 Vlak v tunelu
Fig. 5 The train in the tunnel

vozni rychlosti az 200 km/h. Pfi zkuSebnich testovacich jizddach
bez verejnosti byla specidlné dovezenym vlakem uspesné
vyzkouSena i maximdln{ rychlost 275 km/h.

Verejnosti bylo 4. a 5. Cervna umoznéno projet se novym tune-
lem a prohlédnout si na obou portdlech mnoho vystav. Tuto
nabidku vyuZilo ze Svycarska a piihrani¢nich oblasti vice neZ
100 000 zdjemca.

Do zprovoznéni tunelu, které je pldnovano na 11. prosinec
2016, se uskute¢ni je$te mnoho testovacich jizd. Cilem je zajis-
tit, aby od prvniho dne provoz v tunelu bezvadné a bezpe¢né fun-
goval.

Vystavba Gotthardského bazového tunelu, nejdelSiho tunelu
na svéteé, se nezadatelné zapsala do historie svétového stavebnic-
tvi a zejména tuneldrstvi. Spole¢nost Amberg Engineering muZe
byt pyS$nd na to, Ze na tomto dile méla a md vyznamny podil.

ALEX SALA, Ing. VLASTIMIL HORAK,
horak@amberg.cz,
AMBERG ENGINEERING BRNO, a. s.

STUTTGART 21 PROJECT AND BAD CANNSTATT TUNNEL

The ITA-AITES Czech Tunnelling Association organises an excur-
sion to tunnels constructed within the framework of the Stuttgart 21
project for its members, to take place in October 2016. The Stuttgart
21 Project represents the overall reconstruction of the Stuttgart rail-
way junction and the railway network spread within the area of the
city and the surroundings. It is possible to incorporate into the pro-
ject even the new concept associated with the reconstruction of the
junction and vacating existing land owned by railways for develop-
ment activities. The following text contains basic information about
this important railway project and puts it into the technical and soci-
al context.

Uvod

Ceska tunelaiskd asociace ITA-AITES pofadd v fijnu letosniho
roku pro své ¢leny dlouho ofekédvanou exkurzi na tunely provadéné
v rdmci projektu Stuttgart 21. Pod pojmem Stuttgart 21 si lze pred-
stavit celkovou prestavbu Zelezni¢niho uzlu Stuttgart a souvisejici
Zelezni¢ni sité, kterd se rozklddd na tzemi mésta i v jeho blizkém
okoli. Do projektu 1ze zahrnout novou urbanistickou koncepci souvi-
sejici s prestavbou uzlu a uvolnénim stévajicich ploch patficich dra-
hdm pro developerské aktivity. Nasledujici text obsahuje zakladn{
informace o tomto vyznamném Zeleznicnim dile a zasazuje ho do
technického i spole¢enského kontextu.

Popis projektu Stuttgart 21

Mésto Stuttgart, hlavni mésto Badenska-Wiirttemberska, lez{ na
jihozdpadé Némecka na fece Neckar, pritoku Ryna. Ve mésté Zije pri-
blizné¢ 600 tisic obyvatel, celkovd metropolitni oblast ma v8ak pfi-
blizné 5,5 milionu obyvatel a jednd se tak o ¢tvrtou nejlidnatéjsi

ARBEITSGEMEINSCHAFT
Tunrai Cannstatt 31
o free— T |
H o

Das Bahnprepekt Stuttgan-Ulm besteht aus zwed Teilpropekten:

Bahnprojekt Stuttgart — Ulm
Das Gesamtprojekt in der Ubersicht

= Stuttgart 21

= Neubaustrecke Wendlingen-Ulm

ATC-S21, Sehisgal . Janusr 3015

Obr. 1 Schéma projektu Stuttgart 21
Fig. 1 Scheme of Stuttgart 21 project
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Obr. 2 Hlavni tézni Sachta s dvojici portdlovych jerdbu
Fig. 2 The main excavation shaft with two gantry cranes

oblast v Némecku. Projekt zahrnuje celkem 57 km novych Zeleznic-
nich trati, z nichz 30 km je vedeno v tunelech a 25 km spliiuje para-
metry vysokorychlostni Zelezni¢ni trati. Souédsti prestavby je také
celkovd rekonstrukce hlavniho nadrazi situovaného v centru mesta,
které se tak zmeéni z povrchového hlavového nadrazi na podzemni
prijezdné nadrazi.

Za jednu z existujicich hlavnich trati vedouci pres mésto, kterd je
vyuZivdna i pro vysokorychlostni vlaky ICE, 1ze povaZovat Zeleznic-
ni drahu rozkladajici se podél reky Neckar vedouci od severozapadu
ze sméru Mannheim k jihovychodu ve sméru Ulm. Na tuto trat je
napojena fada pripojnych Zelezni¢nich trati v dal§ich smérech. Ve
mesté je také rozsitena sit' primestskych Zeleznic tzv. S-bahn, kterd je
taktéZ zapojena do projektu Stuttgart 21. Samozfejmosti mésta je
i podzemni drdha U-bahn, kterd se v mnoha mistech s Zeleznicemi
nového projektu mimodroviove kiizi. V rdmci prestavby Zelezniéni-
ho uzlu vznikne ve mésté novy Zelezniéni okruh, na ktery bude napo-
jena velkd Cést existujicich Zeleznicnich trati a na kterém bude také
leZet hlavni podzemni prujezdné nadraZi Stuttgart. Tento okruh je
z velké Casti situovan do podzemi. Na jihozdpadni ¢asti okruhu bude
lezet nova Zeleznicni stanice Stuttgart hlavni nddrazi, kterd se nacha-
zi v misté dneSniho hlavniho nadrazi, ale Zeleznice do ni bude zads-
tena s pootoenim o 90°, bude umisténa do podzemi a z dne$nich 17
tratovych koleji koneénych zde bude nové 8 koleji prujezdnych.
Znamena to celkovou prestavbu provoznich ¢dsti nddrazi, kdy zusta-
ne zachovan pouze historicky rdz povrchové budovy. Na tuto ¢ast
okruhu bude napojena jiZz zminovana vysokorychlostni Zelezni¢ni
trat) kterd je pfivedena novym tunelovym spojenim a z okruhu pokra-
Cuje dal§im novym tunelem Filder smérem na Zelezniéni zastavku
Filder a ddle po nové vysokorychlostni trati ve sméru na Ulm. Tato
trat’ je soucdsti transevropské Zelezni¢ni sit¢ TEN-T v ose Pariz —
Viden a vyrazné prispéje ke sniZeni prujezdni dopravy méstem
Stuttgart. Diky prestavbé se ve mésté uvolni fada pozemku jak
v misté stavajiciho povrchového hlavniho nddrazi, tak i stavajicich
ZelezniCnich trati, které dale nebudou mit dalsi vyuziti. Schéma celé-
ho projektu je patrné na obr. 1.

Projekt byl oficidlné predstaven jiz v roce 1994, jeho realizace vSak
zalala az 2. tnora 2010 s tim, Ze obCany mésta tento projekt nikdy
nebyl prili§ vitdan. Od doby predstaveni projektu az do soucasnosti, kdy
probihaji nejvétsi stavebni prace, vznikla proti tomuto projektu celd
fada protestnich akci. Své vlivy zde prosazuji i rizné zdjmové organi-
zace. I v dobé nejvetsi stavebni rozestavénosti je vSak pres giganticky
rozmér projektu dopad na povrchovy Zivot ve mest¢ minimalni. Prace
probihaji zejména v podzemi, piipadné jsou soustiedény do minimali-
zovanych ploch zafizeni staveni$t¢ na povrchu. K odvozu a dopravé
materialu na jednotliva stavenisté je v maximalni mife vyuZzivana Zelez-

nice, aby nebyl Zivot ve méste zatizen nakladni automobilovou dopra-

vou. Projekt komplikuje skutecnost, Ze velka ¢dst stavebnich praci pro-
bih4 pod existujici zdstavbou ve sloZitych geologickych podminkach.
Tunel Bad Cannstatt

Spole¢nost HOCHTIEF realizuje jeden z nejvétSich tunelt projek-
tu Stuttgart 21 — tunel Bad Cannstatt. Stavbu provadi horizontdln{
sdruZzeni firem BeMo tunnelling GmbH, Wayss und Freytag
Ingenieurbau AG a Hochtief Solutions AG. Vedouci ¢len sdruZeni je
Hochtief Solutions AG. Kontrakt byl udélen v bfeznu 2012. V dnoru
2013 byla oficidlné zahdjena vystavba a ukonceni projektu je pred-
poklddéno v roce 2018. Hodnota kontraktu pro celé sdruzeni dosa-
huje priblizné 290 mil. eur.

Tunel Bad Cannstatt je v tzv. sekci 1.5 projektu Stuttgart 21, kterd
se ddle ¢leni na nékolik stavenist:

e LOT 2 - propojeni novym tunelem Feuerbach na hlavni Zelez-

ni¢nf stanici Stuttgart;

e LOT 3 — propojeni novym tunelem Bad Cannstatt na hlavni
Zelezni¢n{ stanici a kifZzeni S-Bahn v oblasti Bad Cannstatt (kon-
trakt zminovaného sdruZeni);

e LOT 4 — vlakové spojeni S-Bahn na hlavn{ Zelezni¢n{ stanici ve
sméru Stuttgart — Nord a Feuerbach;

e LOT 5 — novy Zelezni¢ni most pres feku Neckar.

Tunel Bad Cannstatt je oznacovan jako LOT 3. Jednd se o 3,8 km
dlouhy Zelezni¢ni tunel, ktery lezi v severozdpadni Cdsti nového
okruhu a bude propojovat prestavénou Zelezni¢ni podzemni stanici
Stuttgart hlavni nadraZi s existujici Zelezni¢n{ trati vedouci ze smeru
Bad Cannstatt. Tunel vyustuje v misté nového Zelezniéniho mostu
pres feku Neckar (LOT 5).

Na most pres reku Neckar v oblasti Bad Cannstatt bezprostiedné
navazuje portdlova oblast dvou dvoukolejnych tunelt zadsténych pod
parkem Rosenstein. Pravy tunel $ifky priblizné 11 m slouzi pro pfi-
méstskou Zelezni¢ni dopravu ,,S-bahn, levy dvoukolejny tunel o Sitce
cca 14 m je jiz ¢asti noveé budovaného okruhu vedouciho smérem na
podzemni stanici Stuttgart hlavni nadraZzi. Predportdlova ¢ast tunelu je
v délce priblizné 60 m budovand v oteviené stavebni jamé. Oba tune-
ly jsou z pocétku razené jako dvoukolejné. V oblasti pod parkem
Rosenstein a v oblasti pod Ehmannstrasse dochdzi k vzajemnému pre-
kiiZzeni obou ZelezniCnich trati. Toto misto je ze stavebniho hlediska
velice komplikované, protoze trat¢ se kiizi s minimdlnim rozestupem.
Proto je kiiZeni navrzeno opét v hloubené stavebni kotvené jamé. Na
hloubeny usek jiZ pro kazdou trat’ (hlavn{ trat’a S-bahn) navazuji dva
samostatné jednokolejné tunely. Do oblasti Ehmannstrasse také vyus-
tuje tnikovd Sachta, na kterou jsou v podzemi napojeny uniky z obou
Zelezni¢nich trati.

Obr. 3 Pristupovy tunel z hlavni téZni Sachty
Fig. 3 Access tunnel from the main excavation shaft




Obr. 4 Razba kaloty s viditelnym smérem proloZenych anhydridovych vrstev
Fig. 4 Top heading excavation with interlayed anhydride stratum
Jednokolejné tunely na hlavni trati jsou dlouhé kazdy priblizné
2440 m o vnitinim poloméru 4,05 m. Primdrn{ i sekundarn{ osténi je
ruzné tloustky, misty az 70 cm. Tunely jsou raZeny NRTM ve velmi
slozitém geologickém prostredi prevaZzujicich bobtnavych anhydridu
ruzného stupné zveétrani, které pri styku s vodou pusobi na konstruk-
ce vysokym bobtnacim tlakem. Z tohoto divodu se Casto tunely razi
zvétSené v oblasti spodni klenby. Vznikly prostor mezi primarnim
a sekunddrnim osténim se vypliuje stlacitelnym materidlem, ¢imz se
kompenzuje vysledny tlak na sekunddrni osténi. Samotnd razba je
délena na dvé &asti. Kalota se razi s délkou zdbéru 1 m. S odstupem
Celby 4 m se ihned poté dobird spodni klenba a primérni osténi se
uzavird. Jedin€ tento postup minimalizuje deformace vyrubu pod pfi-
jatelné meze. Souldsti tunelu je celkem Sest pri¢nych propojeni
a dalsi dnikovd Sachta, kterd v dobé realizace slouZi jako hlavni téZn{
Sachta, kterou dochdzi k veskeré doprave materidlu do podzemi
a odvdzeni rubaniny ven z podzemi. TéZni Sachta elipsovitého tvaru
je navrZena z prevrtdvanych Zelezobetonovych pilot rozeprenych ve
trech vyskovych trovnich Zelezobetonovymi prevazkami. Dno Sachty
tvori masivni Zelezobetonova deska. Sachta je umisténa doprostied
mezi jednokolejné tunely. Zajimavosti je, Zze nad touto Sachtou docha-
zi k predavani vytézeného materidlu z podzemi zadavateli (Deutsche
Bahn), ktery resi odvoz materidlu na findlni skldadku ve vlastni reZii.
K tomu vyuZzivd Zeleznici a nad Sachtu pouze pristavuje predem urce-
ny podet prazdnych vagénu. Zadavatel na této stavbé kromé nakldda-
ni s odpady resi i veskerd zafizeni stavenisté, inZenyrskou Cinnost
a zhotovitel se tak vénuje pouze samotné razbé tunelu. Hlavni téZn{

} — T
i Bergmannischer Vortrieb |

Offene Bauwelse

Obr. 6 Schema stavby tunelu Bad Cannstatt (Cervené) s vyznalenim vSech
pristupu pro razby

Fig. 6 Scheme of Bad Cannstatt project (red coloured) with all access for tun-
nel excavation)

. 5/2016

Obr. 5 Razba kaloty v tésném ndsledovdni s uzavienim celého profilu
Fig. 5 Top heading excavation followed by tight closed invert

Sachtou se dvojici portdlovych jefdbu dopravuje i veskery beton
uklddany do podzemi a dal$i materidl.

Prestoze razba tunell probihd v tomto mist€ pod ochranou mikro-
pilotvych destniku, bylo tfeba s ohledem na minimalizaci seddn{
zastavéného povrchu provést fadu kompenzaénich injektdZ{. Z duvo-
du nizkého nadloZzi v mocnosti pouze 2 az 16 m vSak neexistovalo
jiné efektivni feSeni zamezujici poSkozeni objektl na povrchu.
Kompenzaéni injektdze byly pouzity zejména prfi zapoceti razby
v oblasti Ehmannstrasse a ddle pak v oblasti Heilbronnstrasse.

V koncové ¢asti pred stanici Stuttgart hlavni nadrazi se jednoko-
lejné tunelové trouby napojuji prostrednictvim razeného rozpletu
v délce cca 250 m na jednokolejné tunelové trouby tunelu Feuerbach
a vyustuji do Zelezni¢ni stanice. Vystavba jednokolejnych tunelu
probihd celkem ze tif mist. Ve sméru od nového mostu pres feku
Neckar, ve sméru od Zelezni¢ni stanice a ze stredové t€Zni elipsovité
Sachty v oblasti Zwischenangriff Nord. Tunelové trouby jsou razeny
celkem ze dvou Celeb v oblasti Zelezni¢ni stanice, ze dvou Celeb od
nového mostu pod parkem Rosenstein a ze Ctyr Celeb v oblasti t€Zni
Sachty. Z dalSich dvou celeb jsou razeny jednokolejné Zeleznicni
tunely ,,S-Bahn“ ve sméru od Mittnachtstrasse do oblasti
Ehmannstrasse.

Zaveér

Projekt Stuttgart 21 je obecné velmi komplikovanym projektem
a vystavba tunelu Bad Cannstatt to jen potvrzuje. Po technické stran-
ce jde zejména o problematiku sekvencni razby s velmi nizkym
nadloZim pod hustou zéstavbou v prostiedi bobtnavych anhydridu
a kfizen{ trat{ ve velmi malém rozestupu. Celd stavba je pod drobno-
hledem zdjmovych skupin, které &ekaji na chybu zhotovitelu. Po
organizacni strance se jednd o stavbu velkého rozsahu v omezeném
¢asovém intervalu provadénou soucasné z nékolika Celeb. Presto se
ukazuje, Ze stavba je velmi dobfe pripravena a organizovédna. Je
vyraZena podstatna ¢ast podzemnich konstrukci a provadi se optima-
lizace technického feSeni vystavby sekunddrnich osténi. Kooperace
sdruZzeni zhotoviteld a investora je na velmi vysoké drovni.
Spoleénost Liebherr zde ve spolupréci se spole¢nosti Hochtief tspes-
n¢ odzkousela zcela novou koncepci tunelového bagru Liebherr 950,
ktery se zde poprvé objevil v plném nasazeni. Pokud se podaii sté-
vajici trend vSech tff zhotovitelt udrZet az do konce stavby, zapiSe se
stavba tunelu Bad Cannstatt do jedné z nejkomplikovanéjsich ¢asti
projektu Stuttgart 21 a moznd i do jedné z nejsloZitéjsich konvenéné
razenych tunelovych &asti na svéte.

V ¢ldnku jsou pouzity informace a podklady z vnitinich zdroju
spole¢nosti Hochtief.

Ing. PAVEL RUZICKA, HOCHTIEF CZ a. s.
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES WTC 2016 A 42. VALNE SHROMAZDENI ITA-AITES
WORLD TUNNEL CONGRESS WTC 2016 AND 42"° GENERAL MEETING OF ITA-AITES

This year’s World Tunnel Congress was held from 22 to
29t April in San Francisco, the USA. It was participated by
over 2300 professionals from 54 countries, which means that
73 per cent of all ITA-AITES member countries were repre-
sented. The WTC was organised by the Underground
Construction Association of SME in collaboration with the
ITA-AITES.

ZAHAJENI

Kongres zahdjili Mike Smithson (predseda pripravného
vyboru konference), Arthur Silber (predseda UCA) a Sgren
Degn Eskesen (prezident ITA-AITES).

Felix Amberg (pokladnik a ¢len sprdvni rady ITACET,
Svycarsko) predstavil Cenu 2016 ITACET, kterd byla udélena
mexické asociaci AMITOS a kterou prevzal Robert Gonziles
Izquierdo. Cena byla udélena za prinos asociace AMITOS
(pravidelné pordadd vzdélavaci kurzy v poslednich tfech
letech). Nasledné viceprezident nadace ITACET Piergiorgio
Grasso (Itdlie) predal dal$i cenu ITACET Dr. Haraldu
Wagnerovi (Rakousko/Thajsko) za jeho velkou podporu vzde-
ldvani v oboru podzemnich staveb.

Na letosnim WTC se konala jiZz sedmé prednaska na pocest
Sira Alana Muir-Wooda. V letosSni ,,Muir-Wood lecture* se
Dr. Peter Kaiser (emeritni profesor z Laurentian University
Sudbury, Ontario, Kanada) vénoval tématu Zajisténi pro hlu-
boké podzemni stavby. Pisemnd verze tohoto dokumentu je
k dispozici ke stazeni z webovych stranek ITA-AITES.
Pro dalsi ,,Muir-Wood lecture* na 2017 WTC v Bergenu byl
vybran profesor Hikan Stille ze Svédska.

Dile program konference pokracoval vyzvanymi predndska-
mi. Prvni z nich prednesl Bruce Grewcock (CEO Kiewit)
s ndzvem Je cas ddt se do toho: Novd vize pro tunelovdni.
Nastinil soucasnou situaci v podzemnich stavbach: negativni
vnimdni stavebnich praci ze strany verejnosti, starnouci infra-
strukturu, kterd potfebuje obnovu, vyuziti podzemnich prostor
pro hospodarsky rozvoj regionu, nedodrZovéni planované doby
vystavby a kalkulovanych ndkladu a z toho plynouci problémy.

Peter Hirschberg, konzultant pro inovace a marketingovy
specialista zabyvajici se informatikou, mél prednasku Inovace
infrastruktury a tvorba meésta. Hirschberg, ktery stdl v Cele
marketingového oddéleni spole¢nosti Apple po dobu asi 10
let, zminil vyuZivani infrastruktury ze zcela jiného pohledu.
Pripomnél prukopnickou stavbu metra BART (Bay Area
Rapid Transit) v San Francisku v roce 1970. Véfi, ze digitdln{
evoluce by nikdy nenahradila skute¢nou infrastrukturu.
Atraktivni mésta a fungujici infrastruktura spolu se ziskdva-
nim vysoce kvalifikovanych odborniki tvofi zdklad pro
uspésné firmy.

Program kongresu se dale vénoval témto tématum:

1. Bezpecnost ndvrhu a konstrukce
. Sekvenc¢ni metoda tunelovani (SEM) a kaverny
. Osténi a kontrola horniny
. Inovace v tunelovdni
. Pfiklady projektl a ndro¢né geologické podminky
. Instrumentace a monitoring

AN B W N

7. Slozité projekty ve skalnim masivu a souvisejici techno-
logie

8. Interakce tunelu se zeminou a konstrukcemi

9. Zeminové §tity a mikrotunelovéni

10. Pldnovani, finance a geotechnicky pruzkum

11. Rizenf rizik a smluvni praktiky

12. ZlepSeni hornin a Sachty

13. Zeminové §tity — predikce, provoz a analyza

14. TBM Tunely a alternativni pfistupy

15. Rekonstrukce, provoz a udrzba

16. Budouci projekty

17. Zivotni prostfedi a tizemni planovani

18. Zeminové §tity — vyzvy v urbanizovaném prostiedi

ITACET TRENINGOVE KURZY

V ramci WTC se opét konaly kurzy ITACET. Letos byly
zamefené na mladé odborniky a mély za téma Monitoring
a kontrola v tunelovdni. PrileZitosti upevnit své znalosti
v uvedenych oblastech vyuZilo béhem dvou dnu celkem 70
tcastniku.

PRUBEH KONGRESU

Béhem tif hlavnich dnu trvéni kongresu zaznélo 185 piednd-
Sek. Vzhledem k jejich vysokému poctu byly prezentovany az
v sedmi sekcich najednou. Ve srovndni s predchozim ro¢nikem
je ale nutné konstatovat, Ze organizace byla na daleko vyssi
urovni. Pfednaskové mistnosti byly situovdny v jednom konfe-
renénim centru. Na stejném misté se nachazela i vystava, kde
své vyrobky a sluzby prezentovalo 226 spolecnosti.

ITA-YM (MLADI TUNELARD

Béhem 2016 WTC se v ramci skupiny ITA-YM konala rada
akci, spolecenskych setkdni i volby valné hromady a fidiciho
vyboru ITA-YM. ITA-YM také zorganizoval BIM Workshop
pro podzemni stavby pod zastitou svého predsedy Jurije
Karlovseka (Austrélie).

42. VALNE SHROMAZDENI ITA-AITES

Béhem valného shromdzdéni zaznéla fada tudaju. Bylo
schvdleno Cerpdni finan¢nich prostfedku za obdobi 2015/2016
a ndvrh rozpoctu na 2016/2017. Vedeni ITA-AITES podalo
informaci o vyvoji ¢lenstvi — v soucasné dob¢ existuje 73
Clenskych stita, tedy stejny pocet oproti minulému obdobi,
184 korpordtnich Elent (pfedchozi rok 191) a 87 individudl-
nich ¢lenu (predchozi rok 91).

V rdamci valného shromédzdéni probéhlo téz nékolik voleb.
Na dalsi (trileté) volebni obdobi byli zvoleni novi viceprezi-
denti: Alexandre Gomes (Chile), Ruth Gunlaug Haug
(Norsko), Eric Leca (Francie) a Jinxiu (Jenny) Yan (Cina).
A. Gomes ziskal nejvice hlasu a stal se tak prvnim viceprezi-
dentem. Stavajici predsednictvo bylo doplnéno novymi ¢leny,
stali se jimi: Davorin Kolic (Chorvatsko), Giuseppe Lunardi
(Itdlie) a Chungsik Yoo (Korea). Felix Amberg ze gvycarska

byl znovu zvolen jako pokladnik.
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ProtoZe skoncila doba uradu prezidenta Sgrena Degn ¢ 3.-9. kvétna 2019 — Neapol v Itélii, motto je Tunely a pod-
Eskesena, byl zvolen prezidentem soucasny viceprezident zemni mésta: InZenyrstvi a inovace potkdvaji archeologii,
(a jediny kandiddt na tento post) profesor Tarcisio B. | architekturu a uméni.

Celestino. S. Eskesen se timto stal novym pastprezidentem. .
Také doslo k volbé mista konani WTC 2019. Tentokrat sou- | ZAKONCENI WTC 2016

tézila Ctyfi mésta: Salzburg (Rakousko), Neapol (Italie), Kongres byl slavnostné ukonéen v podvecernich hodindch
Londyn (Velkd Britdnie) a Istanbul (Turecko). Istanbul byl 27. dubna 2016, vlajku od americké asociace prevzali zastup-
vyrazen v prvnim kole, Neapol ziskala ve druhém kole 29 ci Norska. Ve Ctvrtek 28. dubna se je§té uskuteCnily dvé
hlasu, a tim i absolutni vét§inu. Terminy a mista pro nadchd- odborné exkurze. Prvni se konala na centrdlni metro do stani-
zejici WTC a valnd shromazdéni jsou ndsledujici: ce Chinatown. Jednd se o prodlouZeni soucasného lehkého

* 9.-15. Cervna 2017 — Bergen v Norsku, motto WTC 2017 metra, jeho tfeti linky v San Francisku o 1,7 mile. Druhd
je Problémy na povrchu — podzemni reSent; exkurze méla trochu odlehéeny charakter — cesta po tunelech

* 20.-26. dubna 2018 — Dubaj ve Spojenych arabskych emi- | Vv Udoli Napa, které je zndmé jako vinaiskd oblast.
ratech, tématem je Inteligentni mésta: rizeni vyuZivdni pod- .
zemnich prostor ke zlepSeni kvality Zivota; Ing. KAREL ROSSLER, Ph.D.

KONFERENCE PODZEMNI STAVBY PRAHA 2016

A VYCHODOEVROPSKA TUNELARSKA KONFERENCE EETC 2016
UNDERGROUND CONSTRUCTION PRAGUE CONFERENCE 2016
AND EASTERN EUROPEAN TUNNELLING CONFERENCE EETC 2016

The 13th international conference Underground Construc- section, 83 posters were accepted and presented. The confe-
tion Prague 2016 was held at Clarion Hotel from the 23rd rence gala dinner took place at the historic area of Bfevnov
through to 25th May 2016. The 3rd Eastern European Monastery. Four technical excursions took place on

Tunnelling Conference (EETC 2016) was in addition held Wednesday the 25th May 2016: TBM excavation of the
within the framework of the UC 2016 conference. The total of Ejpovice tunnel; Tunnels and the landslide on the highway

555 participants from 37 countries was registered at the con- D8; Josef Regional Underground Research Centre and
ference. The conference proceedings contained 174 papers, Control room Strahov — operation control of the road tunnels
including 4 opening lectures, from the total of 31 countries. in the Prague centre. More detailed statistical conference data
A meeting of representatives of East European countries took including photos is available on www.ita-aites.cz.

place on Sunday the 22nd May 2016 and the place of organi-

sing the 4th annual Eastern European Tunnelling Conference Ve dnech 23.-25. kvétna 2016 probehl v prostordch hotelu
(EETC 2018) was chosen in it. It will be prepared by the Clarion 13. ro¢nik mezindrodni konference Podzemni stavby
Tunnelling Association of Belarus (TAB) for 24th through to Praha 2016, v jejim rdamci se také uskutecnil 3. rocnik
26th September 2018 in Minsk, Belarus. A reception in the Vychodoevropské tunelarské konference (EETC 2016).
Residence of the Mayor of Prague was held on Sunday the Celkem bylo na konferenci zaregistrovdno 555 udastniku
22nd May 2016. The conference was opened on the 23rd May z 37 zemi. Nejvyssi pocet tcastnikdi byl tradi¢né z Ceské
2016. Conference attendees were welcomed in opening spee- republiky (354), ze zahrani¢i bylo 198 tGdastnika. Z toho bylo
ches of Ing. Alexandr Butovi¢, Ph.D. the chairman of the con- nejvice ulastniku ze Slovenska (56), déle pak byl také vetsi
ference Steering Committee, and Ing. Matous Hilar, Ph.D., pocet tcastniku z Némecka (17), Spojeného kralovstvi (13),
the chairman of the conference Scientific Board. As a part of Rakouska (12), Bulharska (10), Polska (8), Italie (7), Recka
the conference opening, Ing. Ivan Hrdina, the chairman of the (7) a Koreje (7). Pritomni byli i G¢astnici z fady vzdalen¢jSich
CzTA, awarded the CzTA commemorative medal to zemi jako USA, Kanada, Brazilie, Chile, Cina, Japonsko,
Prof. Wulf Schubert from the Graz University of Technology Hongkong, Singapur, Indie, Indonésie, Thajsko, atd. V roce
for his long-term contribution to the CzTA and promotion to 2010 bylo na konferenci zaregistrovano 480 dlastniku z 22
new trends in underground structural engineering. Opening zemi (153 ze zahrani¢i véetné 63 ze Slovenska), v roce 2013

lectures were delivered after the conference opening: Petr bylo na konferenci zaregistrovano 600 ucastniku z 26 zemi
Dolinek (represented by Ing. Butovic, CR), Viktéria (137 ze zahranici vCetné 57 ze Slovenska).

Chomovd, Slovakia, Sgren Degn Eskesen, Denmark and Ve sborniku bylo oti§téno 174 prispévku vletné &ty tvod-
Prof. Bai Yun, China). During the course of two days 70 lec- nich prednések, otis§t€né prispévky byly z 31 zemi. V roce
tures in total were delivered in eight sections (Conventionally 2010 bylo na konferenci celkem 171 pfispévku z 25 zemi,
excavated tunnels; Mechanically excavated tunnels; Other v roce 2013 bylo na konferenci 147 prispévku z 18 zemi.

underground structures and repositories; Geotechnical inves- V nedéli 22. 5. 2016 od 18:00 se v hotelu Clarion uskutec¢-
tigation and monitoring; Numerical modelling, development nilo jedndni zéstupcu vychodoevropskych zemi, na kterém
and research; Equipment, operational safety and maintenance; byli pfitomni zastupci z Ceské republiky, Béloruska,
Risk management, contractual relationships and funding and Chorvatska, f{ecka, Madarska, Polska a Rumunska. Na jedna-
Historical underground strictures and reconstruction. The ni byla probrdna velmi dobre zorganizovand exkurze na metro
workshop of Prof. Shahab Yasrobi, Canada/lran, titled v Minsku v Bélorusku, kterd se uskutecnila 23.-24. 9. 2015.
Technical Challenges of Urban Tunnelling was in the confe- Ndsledné byla prezentovdna a odsouhlasena pristi exkurze na
rence programme on Tuesday afternoon. Regarding the poster vystavbu metra v Thessaloniki v Recku, kterou zorganizuje
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Reckd tuneldfskd asociace (GTS) v terminu 15.-16. 9. 2017.
Pak byla prezentovdna a odsouhlasena organizace 4. ro¢niku
Vychodoevropské tunelarské konference (EETC 2018), kte-
rou pripravi Tunelarska asociace Béloruska (TAB) v terminu
24.-26.9. 2018 v Minsku v Bélorusku.

V nedéli 22. 5. 2016 se pak uskuteénila recepce v Rezidenci
primdtora hl. m. Prahy, které se zicastnilo 105 pozvanych
hostu (obr. 1).

Konference byla zahdjena 23. 5. 2016 v 9:00 kratkou pre-
zentaci predstavuji tunelovy komplex Blanka, usek prazského
metra V.A a Zelezni¢ni tunel Ejpovice za hudebniho doprovo-
du skladby VySehrad od Bedricha Smetany. V tvodnich pro-
jevech privitali Gcastniky konference predseda pripravného
vyboru konference Ing. Alexandr Butovi¢, Ph.D. (obr. 2)
a predseda veédecké rady konference doc. Ing. Matou$ Hilar,
Ph.D. V ramci zahdjeni konference predal predseda CzTA
Ing. Ivan Hrdina pamétni medaili CzTA prof. Wulfovi
Schubertovi z Technické univerzity Graz v Rakousku za jeho
dlouhodoby piinos pro CzTA a propagaci novych trenda
v podzemnim stavitelstvi (obr. 3).

Po zahdjeni konference byly predneseny ndsledujici davodni
prednasky:

Petr Dolinek (Ceskd republika, niméstek primdtorky hl.
mésta Prahy): Dopravni tunely v Praze. Prednasku mél pred-
naset nametek primatorky hl. m. Prahy Petr Dolinek, vzhledem
k jeho zaneprazdnénosti prednasku prednesl Ing. Alexandr
Butovi¢, Ph.D. (obr. 4). V prednaSce byly prezentovany sil-
ni¢ni tunely v Praze. Nejprve byly predstaveny provozované
tunely vcetné tunelového komplexu Blanka a jeho vlivu na
automobilovou dopravu v Praze. Ndsledné byly uvedeny pla-
nované dseky silni¢ni site.

Viktéria Chomova (Slovenskd republika): Smluvni vztahy
DFi vystavbé slovenskych tunelu. V predndsce byl predstaven
historicky vyvoj vystavby délni¢nich tuneld na Slovensku
a vyvoj legislativy a zkuSenosti s pouzivanymi smluvnimi
vztahy.

Sgren Degn Eskesen (Dansko, ITA past prezident): Okruzni
trasa metra v Kodani a dalsi ddnské tunelové projekty.
V prezentaci byly predstaveny dvé soucasné nejvyznamnéjsi
budované podzemni stavby v Dansku. Nejprve byla predsta-
vena okruzni trasa metra v Kodani délky 2x17 km budovand
pomoci tyf zeminovych §titi a ndsledné tunel Fehmarnbelt
délky 18,2 km pro silni¢ni a Zelezni¢ni dopravu, ktery bude po
dokonceni nejdel$im plavenym tunelem na svete.

Prof. Bai Yun (Cina): Tuneldriské aktivity v Ciné. V tivodu
byly predstaveny ¢inské historické tunely se stafim pres 2000
let a ndsledné tunely soucasné. Délka silni¢nich tuneld v Ciné
presahuje 10 000 km, délka Zelezni¢nich tuneld v Ciné presa-
huje 8 000 km. Nejdel$im silni¢nim tunelem je tunel
Zhongnanshan délky 18 km uvedeny do provozu v roce 2007.
NejdelSim Zelezni¢nim tunelem bude tunel Songshan Lake
délky 39 km s predpoklddanym uvedenim do provozu v letos-
nim roce. V Pekingu je v soucasné dobé v provozu 3000 km
metra, v roce 2020 by to jiz mél byt dvojnasobek (6000 km).
Vodovodnich tuneld je nyni v Ciné v provozu 10 000 km, pod-
zemnich vodnich elektraren pres 3 000. Podrobnéji byl pred-
staven projekt mostu a tunelu pres more Hongkong-Zhuhai-
Macao celkové délky 35,6 km, z ¢ehoz 5,7 km bude plaveny
tunel. Predstavené statistiky byly velmi zajimavé, predevsSim
objem pldnovanych projekta je obrovsky.

Po dvodnich prednaskach byl sal rozdélen na dva mensi
sdly, ve kterych probihaly prezentace v jednotlivych sekcich.
Béhem dvou dni bylo celkem v sekcich predneseno 70

Obr. 1 Zahdjeni recepce v Rezidenci primdtora hl. m. Prahy Ing. Ivanem
Hrdinou

Fig. I Opening of the reception at the Residence of the Mayor of Prague by
Ing. Ivan Hrdina

prednasek, vétSina méla velmi dobrou troven. Zejména
vyzvané prednasky renomovanych zahrani¢nich fe¢nika pri-
tdhly znanou pozornost, pri vyzvanych predndSkdach byly
saly zpravidla plné, obsah vyzvanych prednasek v jednotli-
vych sekcich je uveden niZe.
1. Konvendné raZené tunely

Martin Knights (Velkd Britanie) — ZkuSenosti ziskané ze
soucasnych londynskych tunelovych projektu. Prednaska
byla zaméfena predeviim na vystavbu vodovodnich tunela
pod TemZzi v Londyné (Thames Tideway Tunnels) délky pres
20 km budovanych pomoci §tita s profily pfes 7 m.

Heinz Ehrbar (Némecko) — Tunelové projekty pro nemecké
Zeleznice. Prednaska byla zaméfena predevS§im na tunely na
némeckych vysokorychlostnich Zelezniénich tratich, n€které
projekty byly probrany podrobnéji (napf. rekonstrukce tunelu
Kaiser — Wilhelm, spojeni Wendlingen — Ulm s 9 tunely
s vyskytem krasovych jevi, vystavba tunelu Rastatt na trati
Karlsruhe — Basel s pomoci zmrazovani, atd.). Dile bylo zmi-
néno vyuzivani BIM.

2. Mechanizované raZzené tunely

Nasri Munfah (USA) — Tunelovy projekt Alaskan Way:
technické vyzvy a stav vystavby. V prednasce byl popsdn
dosavadni prabéh vystavby silni¢niho tunelu Alaskan Way
v Seattlu v USA, ktery je razen pomoci nejvétsiho tunelova-
ctho stroje profilu 17,48 m.

Obr. 2 Uvodnich projev Ing. Alexandra Butoviée, Ph.D.
Fig. 2 Opening speech by Ing. Alexandr Butovic, Ph.D.




Obr. 3 Preddni pamétni medaile CzTA prof. Wulfovi Schubertovi
Fig. 3 Awarding the CzTA commemorative medal to Prof. Wulf Schubert

James Rozek (USA) — Euroasijsky tunelovy projekt
v Istanbulu. V predndSce byla popsdna vystavba silni¢niho
tunelu pod Bosporskym prulivem pomoci bentonitového §titu
o pruméru 13,7 m. Razby tunelu byly dokon&eny, tunel by mél
byt uveden do provozu do konce letoSniho roku.

3. Ostatni podzemni stavby a ulozisté

Jan Sochtirek, Daniel Svec (Ceskd republika) — PrazZsky
kolektorovy systém.V prezentaci byl podrobné popsdn systém
kolektort v Praze, ktery ma délku pres 90 km. Byly uvedeny
metody vystavby véetné ruznych zpusobu vyuzivani tryskové
injektdze. Ddle byl probrdn provoz a ddrZzba kolektoru.

4. Geotechnicky prizkum a monitoring

Steve Parry (Velka Britanie) — InZenyrskogeologicky model
a jeho vliv na pripravu a vystavbu velkych stavebnich pro-
Jjektu. V prednédsce byly probriny aspekty pripravy inZenyr-
skogeologickych modelu vCetné dvou zdkladnich pfistupid —
koncepcniho a observacniho. Aspekty modelovani byly uka-
zdny na praktickych prikladech z Hongkongu.

Prof. Adam Bezuijen (Belgie) — Monitoring tlaku a defor-
maci okolo TBM .V prednasce bylo predstaveno méfeni tlaka
a deformaci okolo bentonitového §titu pri razb€ druhého tune-
lu Heinenoord a pfi razbé pomoci $titu na dalSich projektech.

Z vysledkl monitoringu byly u¢inény obecné zdvéry.

Obr. 5 Spolecensky vecer v prostordch Brevnovského kldastera
Fig. 5 Gala dinner in the area of Brevnov monastery
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Obr. 4 Prvni tivodni predndska konference
Fig. 4 The first opening lecture of the conference

5. Numerické modelovani, vyvoj a vyzkum

Prof. Robert Galler (Rakousko) — DRAGON - tunelovdni
efektivni na zdroje s vyuZitim technologii online. V prezent-
aci byly predstaveny zdvéry vyzkumného projektu
DRAGON, ktery je zaméfeny na vyuzivani rubaniny odtéze-
né béhem vystavby tuneld. V prezentaci byl uveden zpusob
analyzy rubaniny a poZadavky investori na rubaninu, aby
mohla byt vyuZita pro stavebni dcely (napf. pro vyrobu seg-
mentového osténi).

Prof. Giulia Viggiani (Itdlie) — Umelé zmrazovdni zemin:
inZenyrské aplikace, testovdni a modelovdni. V prednésce
byly probrany teoretické aspekty zmrazovani zemin a praktic-
ké zkuSenosti z vyuziti této technologie pri vystavbé stanic
Garibaldi a Toledo na trase 1 metra v Neapoli v Itdlii.

6. Vybaveni, bezpednost provozu a udrzba

Bernhard Kohl (Rakousko) — Zdvéry nové zprdavy PIARC
nazvané ,,ZkuSenosti s vyznamnymi havdriemi v silnicnich
tunelech*. V predndsce byly predstaveny vysledky zprdvy
organizace PIARC zaméfené na bezpeCnost provozu silnic-
nich tuneli. Zprava vychdzi z vyhodnoceni vétstho mnoZstvi
dopravnich nehod a poZdru v silni¢nich tunelech v riznych
zemich.

7. Rizika, smluvni vztahy a financovani

Prof. Wulf Schubert (Rakousko) — Razby v tektonickych
poruchdch — problémy a reSeni. V prezentaci byly uvedeny
zkuSenosti s konvenénimi razbami v tektonickych zéndch

2

s vy$§im nadlozim, kde dochdzi k tlaivym projevim masivu

Obr. 6 Zahdjeni spoleCenského veéera ukdzkami stiedovékych souboju
Fig. 6 Opening of the gala dinner by demonstration of medieval duels
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Obr. 7 Zahdjent spoleenského vecera ukdzkami stiedovékych souboju
Fig. 7 Opening of the gala dinner by demonstration of medieval duels

a k poruchdm zajisténi vyrubu. V prezentaci byla uvedena
doporuceni pro predikci poruchovych z6n a pro jejich uspés-
né zdolani.

Gerhard Harer (Rakousko) — Podchod Suezského pruplavu
— limitni tunelovdni v zemindch. V prednasce byly probrany
tvodni fdze podchodu Suezského pruplavu pro silni¢ni
a Zeleznini dopravu ve velmi nepriznivych geologickych
podminkdch, které vedly k dodate¢nému pruzkumu a k fadé
zmén puvodniho projektu.

8. Historicka podzemni dila a rekonstrukce

Valery Chekanau (Bélorusko) — Metro v Minsku — minulost
a budoucnost. V prezentaci byla probrana historie vystavby
metra v Minsku, jeho soucasny stav a planované rozSirovani
do budoucna. Byl zminén zpusob vystavby a architektura fady
stanic, byly probrdny i rozsdhlé archeologické ndlezy umoz-
néné stavbou metra.

V ttery dopoledne byl na programu konference také work-
shop:

Prof. Shahab Yasrobi (Kanada/Iran) — Technické problémy
méstskych tunelovych staveb (viceproudové ddalni¢éni tunely
v Teherdnu — pripadové studie). Na workshopu byly predsta-
veny vyznamné tunelové projekty v Teherdanu. Jednalo se pre-
devSim o velké silni¢ni tunely jako tunel Niayesh délky
8,1 km, tunel Amir Kabir délky 4,1 km nebo tunel Hakim
délky 1 km. Silni¢ni tunely byly budovdny pomoci NRTM
a mély az 3,5 pruhu v jednom tubusu. Ddle byla probrana
vystavba metra, kterd probihd predevsim pomoci plnoprofilo-
vych stroji, nyni je v provozu sedm tras délky 165 km
a budoucnu pribydou dal$i dvé trasy. Na workshopu zaujaly
netradi¢ni geologické poméry Teherdnu (aluvia s cementovou
vazbou) nebo netradi¢ni Zebrova metoda, kterd je v Teheranu
ispé$né pouZivédna pro tunely vétSich profila.

V ramci posterové sekce bylo prijato a prezentovdno 83
posteru.

Spolecensky veCer pro vSechny registrované ucastniky,
doprovodné osoby, sponzory a vystavovatele se uskutecnil
v historickém aredlu Brevnovského klastera (obr. 5) v pondée-
Ii 23. 5. 2016, této recepce se zucastnilo 560 osob.
SpoleCensky veler byl zahdjen ukdzkami stfedoveékych sou-
boju s vyuzitim secnych (obr. 6) i stielnych zbrani (obr. 7).

Ve stiedu 25. 5. 2016 dopoledne probéhly 4 odborné
exkurze:

e exkurze A — TBM razba tunelu Ejpovice (48 d¢astniku);

e exkurze B — Tunely a sesuv na dalnici D8 (47 G&astniku);

Obr. 8 Model tunelovaciho stroje tunelu Ejpovice na vystavé konference
Fig. 8 Model of the Ejpovice tunnel driving TBM at the conference exhibition

e exkurze C — Podzemni vyukové stredisko Josef (46 dcast-

nika);

e exkurze D — Velin Strahov — fizeni provozu automobilo-

vych tunelt v centrélni oblasti Prahy (19 G&astniku).

Konferenci podpoftilo ndsledujicich 32 partneru (obr. 8):

Platinovi partneri: Metrostav a.s., HOCHTIEF CZ a.s.

Zlati partneri: ARCADIS Geotechnika a. s., Atlas Copco
s.r.o., Subterra a.s., CREG TBM Germany GmbH

Stiibrni partnefi: 3G Consulting Engineers s.r.o., Minova
Bohemia s.r.o., PUDIS a.s., Herrenknecht AG, SATRA, spol.
s r.0., BASF Stavebni hmoty CR s.r.0., Geotest, a. s., INSET
s.1.0., Sandvik Construction, OHL ZS, a. s., METROPRO-
JEKT Praha a.s., Mott MacDonald Praha, spol. s r. o.,
JENNMAR, Bekaert Maccaferri Underground Solutions
BVBA, ArcelorMittal, Soldata, EUROVIA CS, Krampe CZ
spol. s. 1. 0.

Dalsi partneri: PRAGOPROJEKT, a.s., KELLER - specidl-
ni zaklddani, spol. s r. 0., SAMSON PRAHA, spol. s r. 0.,
GeoTec-GS, a.s., MAPEI, spol. s r.o., Renesco AG, Zakladani
staveb, a. s., SURAO.

Odborné vystavy se zicastnilo mimo platinovych, zlatych
a stiibrnych partneru dalSich 8 vystavovatelu:

MAPEI, spol. s r.o., Spelsberg spol. s r. o., Cervenka
Consulting s. r.o., Spetec Resiplast NV, Knauf Praha s. r. 0.,
SURAO, IDEA RS, RSD CR.

Daile konferenci podporily ndsledujici organizace:

ITA-AITES, ISSMGE, BTS, OGG, OBV.

Podrobngéjsi statistické ddaje z konference veetné fotografii
Ize nalézt na www.ita-aites.cz.

Obecné konference probéhla bez vétsich obtizi podle pred-
poklddaného scéndre, pripravny vybor obdrzel radu kladnych
ohlasti z Ceské republiky i ze zahrani¢i. Touto cestou bych rad
podékoval viem ucastnikim konference, zejména pak viem
fe¢nikim a partneram konference. Doufdm, Ze se sejdeme
v obdobném, pripadné jeSté vys$§im pocétu na konferenci
Podzemni stavby Praha 2019.

Za pripravny vybor a védeckou radu

doc. Ing. MATOUS HILAR, Ph.D.
predseda védecké rady
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SWISS TUNNEL CONGRESS 2016
SWISS TUNNEL CONGRESS 2016

On the 15t through to the 17th June 2016, the Swiss
Tunnelling Society held the Annual Swiss Tunnel Colloquium
(15 June 2016 afternoon) and the Swiss Tunnel Congress (16th
June 2016) in Luzern, followed by technical excursions (17th
June 2016). The event venue was the KKL (Kultur und
Kongresszentrum Luzern).

Ve dnech 15. az 17. Cervna 2016 usporadala, jako kazdo-
ro¢né, Svycarskd tuneldiskd spole¢nost v Luzernu Svycarské
tunelové kolokvium (odpoledne 15. 6. 2016), Svycarsky tune-
lovy kongres (16. 6. 2016) a na né navazujici exkurze (17. 6.
2016). Tradi¢nim mistem kondni bylo KKL (Kultur und
Kongresszentrum Luzern).

Predem zapsanych ucastniki akce bylo ze Svycarska 651,
ze SRN 43, z Rakouska 15, z Francie 10, po 7 z Belgie
a z Ruské federace, z Itélie 5, po 4 ze Slovenska a z Turecka,
2 ze §panélska a Polska, z Norska, Peru, Svédska pak po 1.
Z Ceské republiky se zdCastnili 3 tuneldfi z fy Amberg
Engineering Brno.

gvycarské tunelové kolokvium mélo za téma ,,Ohern a bez-
pecnost” (,,Fire and Safety ) u Zelezni¢nich a silni¢nich tune-
4. Zaznély zde prispévky tykajici se nasledujicich predmétu:
Bezpelnostni aspekty z pohledu poskytujiciho orgédnu, vétra-
ni silni¢nich a Zelezni¢nich tuneld (s prikladem Zelezni¢niho
prujezdu Ziirichem), tnikovych dvefi (s hodnocenim zkuse-
nosti z poslednich 20 let), osvétleni tnikovych tras a vytvore-
ni optimdlnich podminek pro tymy zasahujici pfi poZaru
v tunelu. Posledni prispévek tohoto kolokvia byl na téma
., Ohen v silni¢nim tunelu Gotthard“, popisujici opatfeni pfi-
jatd po velkém pozdru 24. 10. 2001 a skute¢nou situaci pri
poslednim pozaru vozidla, ke kterému doslo v tomto tunelu
25.10.2012.

Svycarsky tunelovy kongres byl zahdjen pfednaikou
p. Moritze Leuenbergera, byvalého spolkového rady (tj.
ministra) pro dopravu, o vyznamu Bédzového tunelu Gotthard
pro Svycarsko i pro Evropu. Pfednaska pfinasela nejen fakta,
ale byla soucasné i prikladem toho, jak by mél vystupovat
fundovany politik. Referujici zminil mimo jiné i to, Ze
Svycarsko nepfinasi Evropé jen hodinky, Gokoladu a syry, ale
také technicky i celospolefensky (rozuméno celoevropsky)
vyznamné modern{ dopravni trasy — zde formou novych bdzo-
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SWISS TUNNEL C GRESS

Fachtagung
fiir Untertaghau

TUNNELLING THE

GOTTHARD

Obr. 1 a 2 Titulni strany sborniku prispévkii Svycarského tunelového kon-
gresu a kolokvia 2016 a nové publikace o prubéhu projektu Bdzového Zelez-
nicniho tunelu Gotthard

Figures 1 and 2 The title page of the Swiss Tunnel Congress and Colloquium
2016 proceedings and new publication on the Gotthard Base Railway Tunnel
construction history

vych Zelezni¢nich tuneli. S jemnym humorem bylo komento-
vano, Ze evropsti lidfi zdcastnéni otevirani bazového tunelu
Gotthard neSetrili nadSenim, nicméné zaplatit jej museli §vy-
carSti danovi poplatnici!

Dalsi referaty byly vénovany vyznamnym tunelovym pro-
jektum, prakticky po celém svété. Zaznély prednasky o planu
tzv. ,, Velké PariZe“ se zamérem vystavét 130 km novych
tuneld, o projektu PVE ,, Cero del Aguila“ v Peru, o tunelech
na nové vysokokapacitni Zelezni¢ni trati Mildno — Janov,
o kordonu Sesti tunelu St. Kanzian v extrémné citlivych jezer-
nich jilech na Koralmbahn v Rakousku, o projektu linky ¢. 1
Metra v Panama City, o projektu Zelezni¢niho tunelu Rastatt,
o zapadni lince podzemni drahy v Goteborgu, o pripravé ulo-
7i§té radioaktivnich odpadl v severnim Svycarsku, o inovaci
multi-médovych plnoprofilovych razicich stroju u fy
Herrenknecht, o tunelu Visp ve gvycarsku (v kantonu Wallis),
o dlouhodobém testovani funkce dopravy v bazovém tunelu
Gotthard a na zavér byl prezentovan nositel ceny ITA-AITES
za rok 2015 — tunel Eurasia v Istanbulu.

Querverbindung
Pricné spojeni

// «ca. 40.00m

Querverbindung
Pricné spojeni

e //

ca. 40.00 m

Obr. 3 Svycarsko — tunel Belchen, vlevo dvé roury stivajicich tunelit, vpravo treti roura nového tunelu (vy¥ez z prospektu ,,A2 Sanierungstunnel Belchen 2015-2022)
Fig. 3 Switzerland — the Belchen tunnel, two existing tunnel tubes on the left, the third tube of the new tunnel on the right (cutout from the prospectus ,,A2

Sanierungstunnel Belchen 2015-2022¢)
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. foto | photo courtesy of Hordk
Obr. 4 Svycarsko — tunel Belchen, pohled smérem k TBM prumeéru 13,97 mp
Fig. 4 Switzerland — the Belchen tunnel, a view towards the 13.97m diameter
TBM

Nékterd z uvddénych témat (kterd se tykala tunela St.
Kanzian, multi-médovych plnoprofilovych razicich stroju
a Eurasijského tunelu) byla prezentovana rovnéz na 13. mezi-
nédrodni konferenci Podzemni stavby Praha 2016.

Referaty Swiss tunnel congress 2016 stejné jako pridruze-
ného kolokvia byly vydany v (tradi¢né) luxusné zpracovaném
sborniku — obr. 1. Uastnikiim byly u vstupu do KKL volné
k dispozici sborniky diivéjsich Svycarskych tunelovych kon-
gresti, sbornik Svétového tunelového kongresu 2013 v Zenevé
jako i dalsf literatura. U prezence bylo také mozné zakoupit
(za 80 SFR) nejnovéjsi publikaci vydanou Svycarskou tune-
larskou spoleénosti k otevieni bazového Zelezni¢niho tunelu
Gotthard. Ma vice nez 700 stran a jeji autori (H. Ehrbar, L.
R. Gruber a A. Sala) zde popisuji v detailech vyvoj projektu
az k jeho dovrSeni — obr. 2.

TufHel

Odborné exkurze byly vedeny celkem do &tyr lokalit: A —
bdzovy tunel AlpTransit Ceneri, B — Autobahn A9 tunel Visp,
C — Autobahn A2 — sanac¢ni tunel Belchen, D — podzemnf par-
kovisté pod zimkem Thun.

Autori tohoto prispévku se zicastnili exkurzi na tunel Visp
a tunel Belchen. Zvldsté druhd z nich byla velmi zajimava.
Stavba tfeti roury tunelu Belchen (obr. 3) na délnici A2 spo-
jujici Bern, Basilej a Luzern je zdkladnim predpokladem pro
zahdjeni zdsadni renovace stdvajicich dvou trub ,starého*
tunelu Belchen. Nevyhovujici technicky stav obezdivky sou-
Casnych tuneld je zpusoben dlouhodobym pusobenim velmi
bobtnavych hornin pohofi Jura — predev$im se jednd o sad-
rovce a tzv. opalinové jily. Pro prevedeni dopravy je raZen
novy (jiz 3.) tunel. Vzhledem k velmi naro¢né geologii muse-
la byt nasazena velmi rychld metoda, a proto byl zvolen TBM
(s plagtém) pruméru 13,97 m, momentdlné nejvétsi nasazeny
ve Svycarsku — obr. 4. Montovana Zelezobetonova obezdivka
predstavuje primdrni vyztuz, u které se vyztuZeni elementu
osténi operativné lisi podle geologie (nejslabsi je ve vapen-
cich a slinech, stfedni v opalinovych jilech a nejsilnéjsi v sad-
rovcich). Vzapéti bude dovniti vestavéna monoliticka sekun-
darni konstrukce — v sddrovcich (které ¢ini 37 % z celkové
razenych 3176 m) bude tloustka sekundarniho osténi 0,81 m,
ve zbyvajici geologii potom 0,40 m. Soubézné s tunelem je
razena vétraci $tola. Po dokonéeni (s uvedenim do provozu
v r. 2022) bude doprava prevedena do nového tunelu a staré
roury budou postupné sanovany (poclatek sanace se predpo-
klada v r. 2023). Utastnici exkurze si prohlédli stavbu tunelu
a vyslechli poutavou predndsku uzavienou zminkou o ekolo-
gickych aspektech stavby — vhodné umisténou deponii ruba-
niny si v soucasnosti podle prirodovédcu postupné osidluje
fada chranénych Zivo&ichu.

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. VLASTIMIL HORAK, Ing. MARTIN PARGAC

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
MODERNIZACE TRATI ROKYCANY - PLZEN

Dne 7. 6. 2016 po téméf 500 dnech razeb spatrila Viktorie (kon-
vertibiln{ tunelovaci stroj pro mékké a tvrdé horniny) opét svit den-
niho svétla. Stalo se tak béhem takzvané malé prorazky jizni tunelo-
vé trouby za Gcasti nav§tévniku z fad odborné verejnosti, kdy se
tivodné pouze vrchni Eést fezné hlavy probourala portdlovou sténou.
Tim dnem méla Viktorie za sebou vice nez 4 km dlouhou pout’ pod
vrcholy Homolkou a Chlumem, béhem niZz se musela vyporadat
s nastrahami raznorodého geologického prostiedi, odt€zit 317 000
kubickych metri horniny a vystavét definitivni osténi z vice neZ
16 000 kust betonovych segmenti. Po malé prordZce pokralovala
razba v Céste¢né otevieném vykopu jesté necelych padesdt metru,
aby byla zakoncena v sobotu 11. 6. 2016 zdvére¢nou prordzkou pred
zraky navstévnika v rdmci porddaného dne otevienych dveii.

V soucasné dobe je tunelovaci stroj jiz ¢astecné demontovan
a pripravovdn ke stéhovdni zpét na vjezdovy portdl, ze kterého
bude razit severni tunelovou troubu. Pravé na vjezdovém portile
probihaji pripravné prace na konstrukcich pro montdz a nasledny
restart stroje.

THE CZECH REPUBLIC

MODERNISATION OF ROKYCANY — PLZEN RAILWAY
TRACK SECTION

On 07/06/2016, after nearly 500 days of driving the tunnel,
Viktorie (a convertible soft ground — hard rock TBM) again saw day-
light. It happened during the so-called “small breakthrough” of the
southern tunnel tube, in the presence of visitors from the professio-
nal public, where the originally only upper part of the cutterhead
broke through the portal wall. On that day Viktorie had had a 30km
long journey under Homolka and Chlum hills behind it. During the
course of this journey it had to cope with the traps set by the variab-
le geological environment, to excavate 317,000 cubic metres of
ground and build the final lining consisting of over 16,000 pieces of
concrete segments. After the “small breakthrough”, the TBM conti-
nued to drive further nearly fifty metres, partially under open ground
surface. The tunnel excavation was finished by the final breakt-
hrough in front of visitors within the framework of the Doors Open
Day held on that occasion.

At the moment the disassembly of the TBM has been partially
completed and the machine is being prepared for moving back to the




Zahdjeni razeb severni tunelové trouby z vjezdového portélu
tunelu Ejpovice se ocekdva na podzim letosniho roku.

Tunel Ejpovice je soucdsti stavby modernizace trati Rokycany
— Plzen dlouhé 14,147 km, kterou realizuje sdruZeni firem
Metrostav a.s. a Subterra a.s.

DALNICE D8 - 0805 LOVOSICE — REHLOVICE

Vzhledem k planovanému zprovoznéni dalnice D8 — 0805 v pro-
sinci leto$niho roku je na celé stavbé ddlnice Cily stavebni ruch.
Dokoncuji se mostni objekty, v trase ddlnice se pokladaji hutnéné
asfaltové vrstvy, pracuje se na odstranéni a zabezpeleni sesuvu
v okoli lomu Dobkovicky a probihaji dokoncovaci price na jedno-
tlivych objektech stavby.

U délni¢nich tunelt Prackovice (270 m) a Radej¢in (620 m) je
stavebni ¢dst prakticky hotova, dokoncuji se prace na kabelovo-
dech pro protaZeni optickych kabeld, finiSuji price na pozdrnim
vodovodu u tunelu Radej¢in a probihaji drobné, findlni prace
v provozné technickych objektech obou tunelti. MontdZ komplet-
niho technologického vybaveni je v plném proudu, tak aby bylo
mozno zahdjit individudlni a komplexni zkousky a ndsledné i zku-
Sebni provoz pred uvedenim dalnice D8 — 0805 do provozu.

Prakticky je dokonCena i sanace a zabezpeCeni zdrubni zdi
u tunelu Prackovice. Zarubni zed je zaji$téna pilotovou sténou,
kterd je spraZena se stavajici konstrukei zdrubni zdi a také novymi
dlouhymi lanovymi kotvami ve spodni a horni kotevni trovni.
Souddsti sanace je i dukladné odvodnéni horninového prostedi
nad zdrubni zdi — dlouhé horizontdln{ vrty, povrchové odvodnova-
ci prikopy, realizace nového zatrubnéného piikopu pod télesem
dalnice a reprofilace tzemi v&etné obnoveni puvodnich vodnich
poméru.

Zhotovitel s predstihem jiz také zapocal s ¢innostmi souvisejici-
mi s prejimacim fizenim tuneli Prackovice a Radejéin. Probihaji
technické prohlidky jednotlivych stavenich podobjekti obou tune-
10 za ucasti specialisti objednatele RSD CR a technické dozordi
spravy ddlnice D8. Zhotovitel kompletuje dokladovou ¢dst, jejiz
soucdsti jsou také souhrnné zavérené zpravy zhotovitele o jakos-
ti, dokumentace skute¢ného provedeni stavby a geodetické zamé-
feni skute¢ného stavu.

Ing. BORIS SEBESTA, sebesta@metrostav.cz,
Metrostay a.s.

SLOVENSKA REPUBLIKA
TUNELY POLANA A SVRCINOVEC

Na stavbe tseku dialnice D3 Svréinovec — Skalité su sucastou
stavby aj tunely Polana (890 m) a Svrcinovec (445 m), ktoré sa
realizuji ako jednordrové s obojsmernou prevddzkou a samo-
statnou tnikovou $toliou.
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entrance portal, from which it will drive the northern tunnel tube.
The preparation work on structures for the assembly and subsequent
restart of the TBM is currently underway at the entrance portal.

Driving of the northern tunnel tube from the Ejpovice tunnel ent-
rance portal is expected to commence this autumn.

The Ejpovice tunnel is part of the project for the modernisation of
the 14.147m long Rokycany — Plzen railway track, which is being
realised by a consortium of companies formed by Metrostav a.s. and
Subterra a.s.

D8 MOTORWAY — CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

With respect to bringing the D8 - 0805 motorway section into ser-
vice planned for December 2016, the construction work on the
whole motorway construction site is in rush. Bridge structures are
being completed and the compacted asphalt layers are being laid
along the motorway route. The work on the removal and stabilisati-
on of the landslide in the vicinity of Dobkovicky quarry and the
finishing work on individual motorway structures is underway.

Regarding the motorway tunnels Prackovice (270m) and Radej¢in
(620m), the civil engineering parts are virtually complete, the work
on the fire main in the Radej¢in tunnel is finishing and minor final
work in equipment rooms of the two tunnels is being carried out. The
assembly of the complete tunnel equipment is in full swing so that
the individual and comprehensive testing and subsequently even the
trial operation can commence before the D8 — 0805 motorway is
opened to traffic.

Even the rehabilitation and securing of the revetment wall at the
Prackovice tunnel has been virtually completed. The revetment wall
is secured by a pile wall, which is locked together with the existing
revetment wall, and, in addition, by new cable anchors installed at
both the bottom and upper anchoring levels. Part of the rehabilitati-
on is even the thorough drainage of the ground environment above
the revetment wall — long horizontal boreholes, drainage ditches on
the surface, realisation of a new culverted ditch under the motorway
embankment and reprofiling of the ground surface in the area, inc-
luding the restoration of original hydrological conditions.

The contractor has in advance started the activities associated with
the acceptance proceedings for the Prackovice and Radej¢in tunne-
Is. Technical inspections of individual sub-structures of the two tun-
nels are in progress with the participation of specialists of the project
owner (the Road and Motorway Directorate of the CR) and the D8
motorway technical supervision administration. The contractor is
completing the documentation part, containing, among others, sum-
mary final reports on quality, as-built documentation and the topo-
graphic survey of the actual state.

Ing. BORIS gEBESTA, sebesta@metrostav.cz,
Metrostay a.s.

THE SLOVAK REPUBLIC

POLANA AND SVRCINOVEC TUNNELS

The construction of the Svréinovec — Skalité section of the D3
motorway comprises two tunnels, the Polana (890m) and
Svréinovec (445m). They are being realised as bidirectionally ope-
rated single-tube structures, each with a separate escape gallery.

The Polana tunnel is an 898m long single-tube tunnel on the
Svréinovec — Skalité section of the D3 motorway section. The tun-
nel excavation commenced from both portals on July 31,2014. The
breakthrough ceremony took place on September 7, 2015.

The secondary lining of the tunnel is currently being realised. As
of June 6, 2016, the whole secondary lining of the tunnel has been
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Tunel Polana je 898 m dlhy jednortrovy tunel na dialni¢nom
useku D3 Svr¢inovec — Skalité. S jeho razenim sa zacalo 31. 7.
2014 a razilo sa z oboch portdlov. Tunel bol sldvnostne preraze-
ny 7.9.2015.

V sucasnosti sa realizuje sekundarne ostenie tunela. Ku dnu
30. 6. 2016 je kompletne zrealizované celé sekunddrne ostenie
tunela. TaktieZ st uz ukonéené priace na pokladke obrubnikov,
montdZi odvodnovacich ZFabov a poZiarnom vodovode.
Realizuje sa montdz technologickych zariadeni tunela a pripra-
vuje sa betondZ cementobeténovej vozovky tunela, ktord by
mala zacat’ 1. 7. 2016.

Tunel Svr¢inovec je 420 m dlhy jednortrovy tunel situovany
na zaciatku dialni¢ného dseku D3 Svr¢inovec — Skalité tesne za
krizovatkou Svréinovec, s razenim sa zacalo 30. 10. 2014 a razi-
lo sa zo zdpadného portdlu.

Tunel bol sldvnostne prerazeny 23. 6. 2015. V stcasnosti je uz
kompletne zrealizované aj sekundarne ostenie tunela, momental-
ne sa realizuje montdZ technologickych zariadeni a cemen-
tobeténova vozovka tunela. Vystavbu tseku zabezpecuje zdru-
Zenie Styroch spolo¢nosti: Vdhostav — SK, a. s., Doprastav, a. s.,
Strabag, a. s., a Metrostav SK, a. s.

TUNELY OVCIARSKO A ZILINA

Na tiseku D1 Hri¢ovské Podhradie — Lietavskd Liicka s dizkou
13,2 km sa nachddzaji dva dialni¢né dvojrirové tunely:
Ovéiarsko a Zilina.

Tunel Ov&iarsko s dizkou 2367 m sa zacal razit 12. 9. 2014.
Severnd tunelovéd rdra diiky 2300 m bola sldvnostne prerazend
29.4.2016. Ku diiu 30. 6. 2016 je na juznej tunelovej rire vyra-
zenych zo zapadného portdlu 1903,19 m a z vychodného portalu
358,79 m, spolu to je 2261,98 m, Co predstavuje 97 % z razenej
casti JTR diiky 2320 m. Predpoklad prerazenia JTR tunela je
koniec jula 2016.

Priemerny denny prirastok na juZnej tunelovej rire (ZP+VP)
za posledny mesiac je priblizne 4,6 m/den. SubeZne sa realizuje
sekunddrne ostenie severnej tunelovej rury, aktudlne je zrealizo-
vanych 97 blokov spodnej klenby a 21 blokov hornej klenby. Na
STR sa vykondvaju pripravné prace pre realizdciu sekunddarneho
ostenia, zaciatok betondZe hornej klenby sekunddrneho ostenia
je naplanovany na oktéber 2016.

Na kratSom z tychto dvoch tunelov — Zilina — s dizkou 687 m
sa zacalo s raziacimi pracami 5. 11. 2014 na zdpadnom portali.
Tunel je dvojrirovy, budovany v rdmci stavby D1 HriCovské
Podhradie — Lietavskd Lucka.

K 30. 6. 2016 je vyrazenych na severnej tunelovej rire zo
zépadného portdlu 192,64 m a z vychodného portdlu 152,11 m,
spolu to je 344,75 m, ¢o predstavuje 50 % z razenej Casti STR
dizky 685,5 m.

K datumu 30. 6. 2016 je na juZnej tunelovej rire vyrazenych
70 zapadného portdlu 237,45 m a z vychodného portdlu 222,57 m,
spolu to je 460,02 m, o predstavuje 70 % z razenej Casti JTR
diiky 657 m. Priemerny denny prirastok na kazdej tunelovej rire
(ZP+VP) za posledny mesiac bol priblizne 1,5 m/den, z dévodu
zlych geologickych podmienok. Zo ZP pokracuju raziace prace
v najhorsej 8. vyrubovej triede.

Stavbu realizuje zdruZenie Doprastav, a. s., Vdhostav — SK,
a. s., Strabag, a. s. a Metrostav SK, a. s.

TUNEL CEBRAT

Stcastou dialni¢ného dseku D1 Hubovd — Ivachnova je dvoj-
rirovy tunel Cebrat (1994 m).

completed. The work on placing kerbs, assembling drainage
troughs and the fire main has also been finished. The tunnel equip-
ment is being installed and the casting of the concrete roadway in
the tunnel is being prepared to start on July 11, 2016.

The Svrcinovec tunnel is a 420m long single-tube tunnel located
at the beginning of the Svr¢inovec — Skalité section of the D3
motorway section, just beyond the Svrcinovec intersection. The
excavation started from the western portal on October 30, 2014.

The tunnel breakthrough ceremony took place on June 23, 2015.
Till now even the secondary tunnel lining has been completed. At
the moment, the tunnel equipment and the concrete tunnel roadway
are being realised. The construction is ensured by a consortium
consisting of four companies: Vahostav — SK, a. s., Doprastayv, a.
s., Strabag, a. s., and Metrostav SK, a. s.

OVCIARSKO AND ZILINA TUNNELS

There are two twin-tube motorway tunnels on the Hricovské
Podhradie — Lietavskd Licka section of the D1 motorway: the
Ov¢iarisko and Zilina tunnels with the total length of 13.2km.

The excavation of the 2367m long Ov¢iarsko tunnel commenced
on September 12, 2014. The 2300m long northern tunnel tube bre-
akthrough celebration took place on April 29, 2016. As of June 30,
2016, 1903.19m of the excavation has been finished from the wes-
tern portal of the southern tunnel tube, whilst 358.79m of the sout-
hern tunnel tube have been completed of the length of 358.79m, it
is together 2261.95m, which means 97% of the 2320m long mined
portion of the STT. The STT tunnel breakthrough is assumed to
take place at the end of July 2016.

The average daily increment on the southern tunnel tube (wes-
tern portal + eastern portal) during the last month is approximate-
ly 4.6m per day. The secondary lining of the northern tunnel tube
is being carried out in parallel. Till now 97 blocks of the invert and
21 blocks of the upper vault have been completed. Preparation
work for the realisation of the secondary lining is underway in the
NTT. The beginning of casting of the concrete upper vault of the
secondary lining is planned for October 2016.

The excavation of the shorter of the two tunnels, the 687m long
Zilina tunnel, commenced at the western portal on November 5,
2014. The tunnel is a twin-tube structure. It is being constructed
within the framework of the HriCovské Podhradie — Lietavska
Lucka section of the D1 motorway.

As of June 30, the excavation of 192.64m and 152.11m long
sections has been finished from the western portal and eastern por-
tal, respectively, together 344.75m, which means 50% of the mined
portion of the 685.5m long NTT.

As of June 30, 2016, the excavation of 237.45m and 222.57m
long sections has been finished from the western portal and eastern
portal, respectively, together 460.02m, which means 70% of the
mined portion of the 657m long STT. Because of unfavourable
geological conditions, the average daily increment on each tunnel
tube (western portal + eastern portal) for the last month was app-
roximately 1.5m per day. The excavation from the western portal
is proceeding through the worst excavation support class No. 8.

The construction is being realised by a consortium formed by
Doprastav, a. s., Vahostav — SK, a. s., Strabag, a. s. and Metrostav

SK, a. s.



Obr. 1 Tunel PovaZsky Chlmec
Fig. 1 PovaZsky Chlmec tunnel

V uplynulych mesiacoch boli diagnostikované rozsiahle pro-
blémy so stabilitou tizemia na zdpadnom portali tunela Cebrat
a nadvizujicom Useku dialnice, ktoré si pravdepodobne vyZia-
daju rozsiahle zmeny v technickom rieSeni. Z tohto dévodu su
v sdcasnosti prdce na tomto tuneli pozastavené. Razenie sa rea-
lizovalo len z vychodného portdlu a v sicasnosti je vyrazenych
cca 8 % diiky tunela.

Zhotovitelom stavby je zdruZenie spoloénosti OHL ZS, as.,
a Vahostav — SK,, a. s.

TUNEL POVAZSKY CHLMEC

Dvojrirovy dialni¢ny tunel Povazsky Chlmec (juzna tunelova
rdra 2186,5 m, severnd tunelovd rira 2249 m) je sicastou dia-
Ini¢ného tseku, ktory tvori juhozépadny obchvat mesta Zilina
D3 Zilina (StrdZov) — Zilina (Brodno).

Tunel je realizovany pomocou NRTM. Juzna tunelova rira je
prerazend v celej dizke, v severnej rire chyba do prerdzky
v kalote poslednych 20 m na strane vychodného portdlu. Na por-
tdli sa po zakotveni stien stavebnej jamy predpdtymi lanovymi
kotvami beténuje Zelezobeténovy mur vysky 10 m pre vystuZe-
nie horninového piliera, ako opatrenie pre zacatie razenia od
vychodu smerom ku strednej stavebnej jame. Od zdpadného por-
talu je definitivne ostenie vybeténované az do strednej stavebnej
jamy vrdtane nidzovych zdlivov v oboch tunelovych ridrach.
Obr. 1 ukazuje vystuz v nidzovom zdlive v mieste kriZenia
s tunelovou prepojkou a pripraveny ,,ruksak® debniaceho voza.
V strednej stavebnej jame sa pripravuje falo$né primdrne oste-
nie, ktoré slizi ako rubové debnenie pre bloky betondze hibe-
nych tunelov v severnej aj juznej tunelovej rire. Pracovny prad
profildcie primdrneho ostenia, podkladnych beténov pod zdkla-
dové pdsy, drendzneho systému, daznikovej hydroizolacie aj
vlastnd betondz definitivneho ostenia smeruje v oboch tunelo-
vych rdrach od strednej jamy k vychodnému portdlu. K 12. 7.
2016 bol v juznej tunelovej rure vybeténovany blok betondze
definitivneho ostenia ¢. 104 (celkom 180), v severnej tunelovej
rdre blok betondZe &. 99 (celkom 175). Standardné bloky beto-
naze maji dizku 12,5 m, portdlové bloky dizku 12 m. Pre
obmedzenie vzniku zmrastovacich trhlin sa pre oSetrovanie betd-
nu klenieb definitivneho ostenia Standardne pouZiva oSetrovaci
(klima) voz v dizke 25 m. K uvedenému ditumu bola zacatd
betondZ definitivného ostenia aj v prepojke ¢islo 1. Na zdklade
vyhodnotenia vysledkov geotechnického monitoringu sa v oboch
tunelovych rdrach ocakdva viac ako 60 % diiky sekunddrneho
ostenia bez vystuze. Od zdpadného portdlu sa v severnej tunelo-
vej rire realizuju Strbinové Zlaby a obrubniky ako zdkladny
prvok pre betondz kdblovodov.

Zhotovitelom stavby je zdruZenie Eurovia a. s.,
a. s. a Stavby mostov Slovakia, a. s.

Hochtief
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CEBRAT TUNNEL

The 1994m long Cebrat tunnel is part of the Hubova — Ivachnova
section of the D1 motorway.

Extensive problems with the stability of the area at the wes-
tern portal of the Cebrat tunnel and the adjacent motorway sec-
tion were diagnosed during the past months. They will probab-
ly require major changes in the technical solutions. For that
reason the work on this tunnel is currently suspended. The tun-
nel excavation proceeded only from the eastern portal; appro-
ximately 8% of the tunnel excavation length has been finished.

The contractor for this part is a consortium consisting of
OHL 78S, a.s., and Vdhostav — SK, a. s.

POVAZSKY CHLMEC TUNNEL

The Povazsky Chlmec twin-tube motorway tunnel (the southern
tunnel tube 2186.5m long, the northern tunnel tube 2249m long) is
part of the motorway section forming the south-western bypass of
the town of Zilina: D3 Zilina (Strazov) — Zilina (Brodno).

The tunnel is being realised using the NATM. The excavati-
on of the southern tunnel tube has been finished throughout its
length; last 20m of the excavation remain to be finished on the
eastern portal side in the northern tunnel tube. A 10m high rein-
forced concrete wall designed to reinforce the rock pillar is
being cast at the portal, after anchoring the construction pit
walls with pre-tensioned cable anchors. This measure is inten-
ded to allow the excavation from the east towards the mid-
point construction pit to commence. From the western portal,
the casting of the concrete final lining has been finished up to
the mid-point construction pit, including emergency lay-bys in
both tunnel tubes. The Figure 1 shows the reinforcement in the
emergency lay-by in the location of the intersection with a
cross passage and the “rucksack” of the travelling form prepa-
red for casting of concrete. A false primary lining serving as
external formwork for casting the blocks of cut-and-cover tun-
nels of the northern and southern tunnel tubes is being prepa-
red in the mid-point construction pit. The workflow comprising
the profiling of the primary lining, casting of blinding concre-
te under the footings, the installation of the drainage system
and waterproofing umbrella, as well as the casting of the final
lining itself, is heading in both tunnel tubes from the mid-point
construction pit towards the eastern portal. As of July 12,2016,
casting block No. 104 (the total of 180) and casting block No.
99 (the total of 175) have been finished in the southern tunnel
tube and the northern tunnel tube, respectively. Standard cas-
ting blocks are 12.5m long; portal blocks are 12m long. A 25m
long traveller treatment scaffold is used as a standard for trea-
ting the concrete of the final lining vaults to restrict the deve-
lopment of shrinkage cracks. The casting of the concrete final
lining in cross passage No. 1. also commenced on the above-
mentioned date. Based on the assessment of results of the geo-
technical monitoring, over 60% of the length of the secondary
lining in both tunnel tubes is expected to be without concrete
reinforcement. From the western portal of the northern tunnel
tube, slotted drainage troughs and kerbs are being placed as a
basic element for casting concrete cable ducts.

The contractor is a consortium of companies of Eurovia a. s.,
Hochtief a. s. and Stavby mostov Slovakia, a. s.

VISNOVE TUNNEL

The excavation of the 7500m long Visnové tunnel, which is
part of the Lietavskd Licka — Visnové — Dubnd Skala section
of the D1 motorway, started in April 2015.



TUNEL VISNOVE

Razenie tunela Visnové (7500 m), ktory je sicastou dseku D1
Lietavskd Licka — Visnové — Dubnd Skala, zacalo v aprili 2015.

V stcasnosti prebieha razenie od oboch portdlov. K 11. 7.
2016 je od zdpadného portdlu vyrazenych 1058 m severnej tune-
lovej riry a 983 m juZnej tunelovej riry. Od vychodného porté-
lu je vyrazenych 1137 m severnej tunelovej riry a 907 m juznej
tunelovej riry. Celkovo je teda zaciatkom jila 2016 vyrazenych
4085 m, Co predstavuje 27,2 % z celkovej diZky razenych tune-
lovych rir. Okrem razenia tunelovych rdr sa razi priportdlovy
usek odvodnovacej §tdlne od vychodného portdlu ako aj viaceré
priecne prepojenia. Metdda razenia je plnoprofilové razenie
podla pristupu ADECO - RS, ktory je na Slovensku pouZzity
prvykrat.

Zhotovitelom dialni¢ného tseku je zdruzenie firiem Salini
Impregilo S. p. A a Duha, a. s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas.sk,
Ing. LIBOR MARIK, libor.marik@hochtief.cz
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At the moment the tunnel is being excavated from both por-
tals. As of July 11,2016, 1058m and 983m of the excavation
have been finished from the western portal and eastern portal,
respectively. From the eastern portal, the excavation of 1137m
and 907m of the northern tunnel tube and southern tunnel tube,
respectively, has been finished. In total, 4085m of the excava-
tion have been finished at the beginning of July. This length
represents 27.2% of the total length of the mined tunnel tubes.
In addition to the excavation of the tunnel tubes, several cross
passages are being driven, as well as the portal section of the
drainage gallery (being driven from the eastern portal). The
excavation method lies in full-face driving according to the
ADECO - RS approach. It is used in Slovakia for the first time.

The contractor for the motorway section is a consortium for-
med by Salini Impregilo S. p. A and Duha, a. s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas sk,
Ing. LIBOR MARIK, libor.marik@hochtief.cz

VYROCI / ANNIVERSARIES

80 LET ING. MIROSLAVA KOLECKARE
80 YEARS OF AGE OF ING. MIROSLAV KOLECKAR

vz

Dne 2. fijna se doziva 80 let nas
kolega, ktery se dlouhodobé zaby-
va problematikou podzemnich sta-
veb. O jeho cCinnosti a profesni
kariére byl u prilezitosti jeho 75.
narozenin uveden ¢ldnek v casop-
isu Tunel ¢. 4/2011. Proto zde
popisujeme jeho pusobeni jen
v poslednim obdobi a nasledné
formou rozhovoru s autorem c¢lan-
ku nektera doporuceni pro mladsi
kolegy.

Pracovni ¢innost ve firmeé VIS, a.s. uzavrel v srpnu 2014
po ukonceni monitoringu stavby krizovatky Malovanka
a razbé odvodnovaci §toly pod Strahovskymi tunely.

Jako hlavni inZenyr jednostupnového projektu prazkumné
Stoly tunelu Radlice o délce 850 m se vyraznée podilel na pro-
sazeni této stavby a ndsledné celé Radlické radialy.

Je spoluautorem dvou referdtd na konferenci Podzemni
stavby 2013 k neobvyklym poklesim podél hloubenych
tunelu v oblasti kfizovatky Malovanka v Praze 6 a k feSeni
pruzkumné $toly Radlického tunelu. Prispévek s ndzvem
Priizkumnd Stola tunelu Radlice v Praze autoru Chmelaf,
Butovi¢, Koleckar reprezentoval CR na Svétovém tuneldi-
ském kongresu 2014 v Brazilii.

I v soucasné dobé spolupracuje formou expertni a pora-
denské Cinnosti pro razné firmy a nikdy nezapomind na akce
organizované ITA-AITES.

Krdsou povoldni stavebniho inZenyra je, Ze po ném kromé
vzpominek ziistdvd néco postaveného, co vlastni ¢innosti
ovlivnil. Co je to v Tvém pripadé?

Je to zcela jisté konstrukce halového podchodu uprostred
Viclavského ndmesti, ddle feSeni prostupovych Casti raze-
nych stanic metra v Praze s obezdivkami z montovaného
Zelezobetonu, vystavba obytného souboru 300 bytu v oblas-

On the 2nd October our colleague Ing. Miroslav Koleckar will
live to see eighty. He has occupied himself with problems of
underground construction for a really long time. His activities and
professional career were the subject of an article in TUNEL jour-
nal issue No. 4/2011, which was published on the occasion of his
75t birthday. For that reason we will only describe his work in the
last period of time and, subsequently, we will present some
recommendations for younger colleagues in the form of his dis-
cussion with the author of this article.

Ing. Koleckdr ended his working activity in the company of
VIS, a.s. in August 2014, after the completion of the monitoring
of the construction of the Malovanka intersection and the excava-
tion of the drainage gallery under the Strahov tunnel tubes.

In the position of the chief engineer of the one-stage design for
the exploratory gallery for the 850m long Radlice tunnel he signi-
ficantly participated in pushing this project, and subsequently the
entire Radlice Radial Road project, through.

He is a co-author of two papers for the conference Underground
Construction 2013 dealing with the unusual settlement along cut-
and-cover tunnels in the area of the Malovanka intersection in
Prague 6 and with the solution to the exploratory gallery for the
Radlice tunnel. The paper titled “Exploratory Gallery for the
Radlice Tunnel in Prague” by authors Chmelar, Butovi¢ and
Koleckar represented the Czech Republic at the World Tunnel
Congress 2014 in Brazil.

He collaborates even now in the form of expert and advisory
work for various companies and never forgets about events orga-
nised by the ITA-AITES.

It is the beauty of the profession of a civil engineer that, apart
from memories, some completed structure that he influenced by
his own work remains after him. What is it in your case?

It is certainly the large-span structure of the subway in the cent-
re of Wenceslas Square, further on the solution to cross passage
openings in mined 3-vault metro stations lined with concrete seg-
ments, the construction of a residential complex of 300 apart-
ments in the area of Jinonice (instead of provisional construction
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ti Jinonic (misto doCasnych ZS pro trasu IIIB metra), zajiste- site facilities for the Metro Line IIIB), ensuring the steel bridging
ni ocelového pfemosténi nad rybnikem v Novych Butovicich over a pond in Nové Butovice instead of an embankment and

misto zemniho valu a prosazenf prvntho sekunddrniho ostén{ pressing the first unreinforced concrete secondary lining for the
Libouchec tunnel in the position of an expert for the Ministry of

Transport and the EU.
But the proposal, structural design and permanent consulting
engineer’s supervision during the construction of the pedestrian

z prostého betonu u tunelu Libouchec v rdmci ¢innosti exper-
ta pro ministerstvo dopravy a EU.
Prioritou v8ak pro mne zustdvd névrh, statické feSeni

a trvaly autorsky dozor pfi vystavbé podchodu na | g bway in Wenceslas Square in 1964 through to 1968 remains the
Viclavském ndmésti v letech 1964 az 1968. Byla to sloZitd, priority for me. It was complicated, unrepeatably complicated
neopakovatelné komplikovand stavba s nutnosti zachovat construction with the necessity for maintaining tramway traffic in
provoz tramvaji v obou smérech. O stavbé jsem napsal ¢lan- both directions. I wrote a paper on the construction for Inzenyrské

ky do InZenyrskych staveb &. 7 a 12/1968. 1 pfes znacny Stavby journal, which was published in issues No. 7 and 12/1968.
Even despite the significant lapse of time, this original structure is

topical till now, when project owners and designers seek the most
beneficial solutions in the competitive struggle.
You were fortunate to participate in the position of a designer,

Casovy odstup je tato origindlni konstrukce aktudlni dodnes,
kdy investori a projektanti hledaji v konkurenénim boji to
nejvyhodnéjsi feseni.

Mel jsi to Stésii, Ze jsi se jako projektant, pracovnik an employee of Metrostav and subsequently a member of an
Metrostavu a ndsledné clen investorské organizace podilel investment organisation in influencing the development of large
na ovlivnéni vystavby velkych tunelovych staveb v Praze. Co tunnel construction projects in Prague. What was the benefit for
Ti to prineslo a na co nejradéji vzpominds? you and what do you prefer to remember?

Piesvéddeni, Ze stavby, na kterych jsem se podilel, byly It was the strong belief that the projects I participated in were

necessary and freed space on the ground surface. In addition, I had
the opportunity to collaborate with great persons, of which I must
name first of all academician Stanislav Bechyné at the time of the

] ) . T 8 work on the design and construction of the pedestrian subway in
jekce a vystavby podchodu na Viclavském namesti a za treti Wenceslas Square. Thirdly it is the possibility of travelling all

nezbytné, uvolnily prostor na povrchu tizemi. Ddle jsem mél
moznost spoluprace se skvélymi lidmi, z nichZ musim jme-
novat zejména akademika Stanislava Bechyné v obdobi pro-

moznosti cest po svété. Nezapomenutelné pro mne jako sta- over the world. My journeys, in particular the visit to the Great
vebniho inZenyra byly zejména navstéva Velké Cinské zdi, Chinese Wall, the bridge over the Sydney Bay in Australia and the
v Austrélii mostu nad zdtokou v Sydney a lanovka z Cairns cableway from Cairns to Kuranda over the primeval forest and the

visit to the ruins of the oldest city in the world, Jericho, Israel,
were unforgettable for me, a civil engineer. In Europe, three world
famous cupolas (Pantheon and St. Peter’s Basilica in Rome and
the Cathedral of Santa Maria del Fiore in Florence), the railway
track to Jungfraujoch in Switzerland and Wieliczka salt mines in

nad pralesem do Kurandy a v Izraeli navstéva rozvalin nej-
star§iho mésta na svété Jericha. V Evropé to jsou tfi svétove
proslulé kupole v Itdlii, a to Pantheon a bazilika sv. Petra
v Rim& a dém Santa Maria del Fiore ve Florencii, ve

Svycarsku Zelezni¢ni trat’ na Jungfraujoch a v Polsku solné Poland also belong among them.

doly Wieliczka. Which recommendations have you got for the current generati-
Jakd doporuceni mds pro soucasnou generaci inZenyrii? on of civil engineers?
Za prvé, ze tspéch jakékoliv cesty se ze 70 % zaklad4 na Firstly it is that 70% of the success of any journey consist of the

piipravé a studovani podkladii pfed zahdjenim této cesty. Za preparation and study of source documents before setting off.
Secondly it is that in some cases the application of standards is too

binding and for that reason it is necessary to know the circu-
mstances of the origination of individual paragraphs of the stan-
dard. The largest civil engineering structures originated on the

druhé, Ze pouzivdni norem je v nékterych pripadech prili$
svazujici, a proto je potfeba znat podstatu vzniku jednotli-
vych ¢ldnkd normy. Nejvétsi stavebni dila vznikla na hrané

nebo dokonce i za hranici normy. edge or even beyond standards.

Co se Ti nepodatilo splnit nebo dokoncit? What have you failed to fulfil or complete?

Nepodarilo se mi to, co jsme si slibili v roce 2001 I have failed to fulfil what me and Professor Eisenstein promi-
s prof. Eisensteinem, %e po odchodu do diichodu spole¢né sed to each other in 2001 that after retiring we would jointly write

Voo

napfSeme pojednéni ,, Skutecné piiciny havdrit tunelii v CR*. a treatise on “Actual causes of collapses of tunnels in the Czech

Republic” . It will never happen not only because of the departure
of Professor Eisenstein to the heaven of tunnelling engineers. But
I believe that I will live to see the construction of tunnels on the
Radlice Radial Road, to the commencement of which I partially

K tomu jiZz nedojde nejen pro Zdenkuv odchod do tuneléi-
ského nebe. VE&fim vSak, Ze se doCkdm vystavby tunelt
Radlické radidly, k jejichZ zahdjeni jsem Cdste¢né prispél.

Co Fici na zdaver? Slavny americky podnikatel Henry Ford, o nboat
ktery se doZil 94 let, Fekl, Ze ,, Kdokoliv se prestane ucit, je What to say in the conclusion? Henry Ford, the famous American
stary, at’ uZ ve dvaceti nebo v osmdesdti. Kdokoliv se stdle industrialist, who lived to see 94, said: ,, Anyone who stops learning
uci, je mlady. Nejskvelejsi vec v Zivote je udriovat mladou is old, whether at twenty or eighty. Anyone who keeps learning stays

young. The greatest thing in life is to keep your mind young“. You
have followed these principles for the 45 years during which I have

A ~ S had the opportunity to collaborate with you.
Proto Ti, Miroslave, za celou tunelarskou obec preji pevné . . .
prejp For that reason I wish you, Miroslav, on behalf of the entire

zdravi do dalSich let a Castd setkdnf na akcich ITA-AITES community of tunnel constructors, great health to the future years

i pfi jinych prileZitostech. and frequent meetings at the ITA-AITES events as well as other
occasions.
Ing. JAROSLAV NEMECEK Ing. JAROSLAV NEMECEK

mysl“. Ty se temito zdsadami Fidis celych 45 let, kdy jsem
mel mozZnost s Tebou spolupracovat.
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70 LET ING. JAROMIRA ZLAMALA
70 YEARS OF AGE OF ING. JAROMIR ZLAMAL

Vyznamné jubileum dovrsil
21. cervna 2016 Ing. Jaromir
Zlamal. Narodil se ve Vyskové
na Moravé, détstvi a dospivani
prozil v Olomouci. Stavebni
fakultu CVUT v Praze se zamé-
fenim na konstrukce a dopravu
absolvoval v roce 1971 s cer-
venym diplomem. Po absoluto-
riu nastoupil do nové zaloZené-
ho projektového tstavu DP
Metroprojekt v Praze, zamére-
ného na komplexni feSeni problematiky méstské hromadné
dopravy Praze a v ostatnich vétiich méstech Ceskoslovenska.

Zde se od pocdtku zaméfril na projektovani razenych stanic
a tratovych tuneld metra, podilel se na projektech konstrukei
ve stanici metra Muzeum na trase A. Od roku 1973 zastdval
funkci vedouctho projektanta pro podzemni konstrukce a byl
zpracovatelem projektu a statickych vypocta konstrukef sta-
nice metra Flora a Nam. Jifiho z Podébrad na trase ITA. Své
zkuSenosti zirocil nasledné od roku 1978 jako vedouci pro-
jektant — specialista pro metro. V této funkci zpracovaval
projekty napf. razenych stanic Narodni Trida, Nameésti
Republiky, Karlovo Nameésti, Andel ¢i statické vypolty oce-
lovych konstrukci pro stanice metra trasy B — Krizikova,
Invalidovna, Jinonice, Ceskomoravska, Vysocanskd, Kol-
benova, Hloubétin. Ty byly projektovany podle autorského
osvédéeni autort Ing. B. Hanula, Ing. E. Stehlik a Ing. J.
Zlamala.

Pracoval také na dalSich projektech. Byl zpracovatelem
projektu a statického vypo&tu tubingti a vyztuZenych prefab-
rikdtd v silniénim tunelu Strahov v Praze. RovnéZ vypracoval
staticky vypo&et prvniho silniéniho tunelu v CR budovaného
metodou NRTM Hrebe¢ — Moravska Trebova a prvniho dvoj-
kolejného tunelu metra budovaného metodou NRTM, mezi
stanicemi Rajskd Zahrada - Hloubétin, trasa IVB.
Ing. Jaromir Zldmal je autorem mnoha expertnich posudki
a statickych vypocta pro stavby stojici nad tunely prazského
metra. Podilel se na vyvoji programu pro statické vypoclty
razenych tunelovych konstrukei a podzemnich kotvenych
stén.

Vedle svych pracovnich aktivit absolvoval dvé postgradu-
alni studia. V roce 1975 obor Projektovéni, stavba, provoz
a ddrzba podzemnich drah na Vysoké $kole dopravni v Ziliné
— fakulta Prevddzky a ekonomiky a v roce 1985 obor
Angli¢tina pro experty na Pedagogické fakulté¢ Univerzity
Karlovy v Praze. V roce 1994 se stal hlavnim inZenyrem pro-
jektu Metra v Taipei ve firmé Sinovan Company na Taiwanu,
kde pusobil do roku 1998 a ziirocil tak své bohaté projekeni
zkuSenosti.

Od roku 1997 az do soucasnosti je zaméstndn ve firmé
POHL cz, a.s. na pozici technického manaZera. Z mnoha
zakdzek, na kterych se podilel jako odpovédny resitel geo-
technickych praci, jmenujme alespon Uslavsky kanaliza&ni
sbéra¢ — 2. etapa, Kanaliza¢ni sbéra¢ H prodlouzeni do
Béchovic, etapa 0001 Stoka HI1 a Rekonstrukce kanalizace,
ul. Vinohradskd a okolf v Praze 2 — II. etapa.

Ing. Jaromir Zldmal je c¢lenem komory autorizovanych
inZenyri a technikii (CKAIT), mezindrodni asociace pro

Ing. Jaroslav Zldmal celebrated the important anniversary on
the 21st June 2016. He was born in VySkov, Moravia, and spent
his childhood and adolescence in Olomouc. He graduated with
a red diploma in 1971 from the Faculty of Civil Engineering of
the Czech Technical University in Prague with a degree from the
Department of Civil Engineering and Traffic Structures. After
the discharge, he entered the newly founded designing institute
of Metroprojekt in Prague, which was focused on comprehensi-
ve solution to problems of the urban mass transit system in
Prague and other bigger cities of Czechoslovakia.

In Metroprojekt, he in the beginning dedicated himself to
designing mined metro stations and running tunnels, participa-
ted in designing structures in Muzeum station on the metro Line
A. From 1973 he held the function of the chief designer for
underground structures and was the author of the design and
structural analyses of structures of Flora and Namésti Jifiho
z Podébrad stations on the Line ITA. He took advantage of his
experience subsequently, from 1978, in the position of a chief
designer — metro specialist. In this position he carried out
designs, for example, for Narodni Trida, Namésti Republiky,
Karlovo Ndamésti and Andél mined stations or structural analy-
ses for Kfizikova, Invalidovna, Jinonice, Ceskomoravskd,
Vysocanskd, Kolbenova and Hloubétin stations on the metro
Line B. Those stations were designed according to the author
certificate of authors Ing. B. Hanula, Ing. E. Stehlik and Ing. J.
Zlamal.

He worked also on other designs. He was the author of the
design and structural analysis for lining segments and reinforced
pre-cast elements in the Strahov road tunnel in Prague. He in
addition carried out the structural analysis for the Hrebe¢ —
Moravskd Trebovd tunnel, which was the first road tunnel in the
Czech Republic constructed using the NATM, and the first
double-track metro tunnel between Rajskd Zahrada and
Hloubétin stations on the Line IVB constructed using the NATM
method. Ing. Jaromir Zldmal is an author of many expert opini-
ons and structural analyses for buildings standing above Prague
metro tunnels. He participated in the development of programs
for structural analyses of mined tunnel structures and anchored
diaphragm walls.

In addition to his working activities, he completed two post-
graduate studies. In 1975, it was the study course titled
Designing, construction, operation and maintenance of underg-
round railways at the College of Transport in Zilina — the facul-
ty of Operation and economy. In 1985 he became the chief engi-
neer for the Taipei Metro project in the Sinovan Company,
Taiwan, where he worked until 1998, using the wealth of his
designing experience.

He has been employed in the firm of POHL cz, a.s. in the
position of a technical manager since 1997. Of the numerous
orders he participated in as a responsible solver to geotechnical
work, let us at least name the Uslava collector trunk sewer stage
2, the H collector trunk sewer extension to Béchovice, the H1
collector trunk sewer stage 0001 and the Reconstruction of
sewerage in Vinohradskd Street and the surroundings in Prague
2 — stage II.

Ing. Jaromir Zldmal is a member of the Czech Chamber of
Certified Engineers and Technicians (CKAIT), the International
Association for Computer Methods and Advances in
Geomechanics (IACMAG) the Czech Institution of Structural
and Civil Engineers (CSSI ) and the Working Group No. 3



vypocetni metody a postupy v geomechanice (IACMAG)
a Ceského svazu stavebnich inZenyri (CSSI) pracovni skupi-
ny ¢. 3 ,,Smluvni vztahy v podzemnich konstrukcich® pri
Svétové organizaci ITA/AITES. Svoje praktické i teoretické
poznatky publikuje v fadé odbornych Casopisu a na odbor-
nych konferencich. Mnoho svého volného casu také spojil
s Cinnosti v pripravnych vyborech konferenci Podzemni
stavby Praha, kde se nezapomenutelné zapsal do pripravy
sborniku.

To, Ze nejen praci je ziv Clovék, potvrzuje Ing. Zlamal
svym kulturnim prehledem a svoji sectelosti. Je velmi pouc-
né s nim zadit diskutovat napriklad o déjindch minulého sto-
leti, kdy nabyvdte dojmu, Ze studium diskutovaného tématu
je jeho celoZivotni profesni aktivitou. V mladi vesloval
v oddile Slovan Olomouc a zucastnil se mistrovstvi republi-
ky na rybniku Svét. Fyzickou kondici si v soucasnosti udrzu-
je jednak turistikou a jednak pravidelnym plavdnim.

Redakéni rada ocenuje jeho dlouholetou spolupraci na pri-
pravé Casopisu a preje jubilantovi pevné zdravi.

doc. Dr. Ing. JAN PRUSKA,
¢len redakcni rady casopisu Tunel
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“Contractual relationships in underground construction” of the
ITA-AITES. He publishes his practical and theoretical knowled-
ge in numerous technical magazines and in technical conferen-
ces. He in addition connected lots of his free time with the acti-
vities in steering committees of the Underground Construction
Prague conferences, where he unforgettably participated in the
preparation of conference proceedings.

Ing. Zlamal confirms the fact that not only by working is man
alive by his cultural overview and his erudition. It is very enligh-
tening to begin to discuss, for example, the history of the past
century with him. You get the impression that studying the topic
is his lifelong professional activity. In his youth he rowed in
Slovan Olomouc sports club and participated in the national
championship on Svét pond. He currently maintains his physical
condition by tourism and regular swimming.

The Editorial Board appreciates the many years of the jubila-
rian’s collaboration on the preparation of TUNEL journal and
wishes him great health.

doc. Dr. Ing. JAN PRUSKA,
a member of the TUNEL journal Editorial Board

ZIVOTNI JUBILEUM - 70 LET ING. JAROSLAVA NEMECKA
SEVENTIETH BIRTHDAY ANNIVERSARY OF ING. JAROSTAV NEMECEK

V listopadu letosniho roku se
dozivda v plném pracovnim
nasazeni vyznamného Zivotni-
ho jubilea nds spolupracovnik,
kolega a Clen naSi tunelarské
rodiny Ing. Jaroslav Némecek.
Narodil se 26. 11. 1946 v Praze.
Nejprve vystudoval zndmé
prazské gymnazium Nad Stolou
se zaméfenim na matematiku
a fyziku a ddle absolvoval stu-
dium na CVUT Praha — Fakulta
stavebni, obor konstruktivné-dopravni.

V roce 1971 nastoupil do Vojenského projektového tusta-
vu v Praze, ateliéru zvlaStnich a podzemnich staveb jako
statik. Thned po ndstupu pracoval na projektech trasy A praz-
ského metra, konkrétné na tratovych tsecich mezi stanicemi
Malostranskd — Hrad¢anska a HradCanskd — Dejvicka. Dédle
spolupracoval na ndvrhu ochranného systému prazského
metra, ndvrhu technologickych center metra a na ndvrhu
ochranného systému Strahovského tunelu. Pozdéji se stal
vedoucim statické skupiny ateliéru a v roce 1982 byl jme-
novan hlavnim specialistou dstavu pro podzemni stavby.
Vénoval se problematice ndvrhu trvalych podzemnich
ochrannych staveb na mimoradné dcinky jadernych zbrani
a vypracoval se na predniho znalce této problematiky u nds.

V roce 1992 odesel spolu s asi 15 zaméstnanci ateliéru do
nové spolecnosti SATRA, spol. s r.0., kterou zalozili Ing. L.
Sajtar a Ing. J. Dvofdk, rovnéZ zaméstnanci ateliéru. Brzy se
tato spolecnost stala respektovanou a prosperujici firmou.
Nemalou zasluhu na tom m4d i nas§ jubilant, ktery byl hlav-
nim inZenyrem projektu prazského automobilového tunelu
Mrazovka a pozdéji i hlavnim inZenyrem projektu automo-
bilového tunelového komplexu Blanka. Tunel Mrdzovka byl

In November this year, Ing. Jaroslav Némecek, our collabo-
rator, colleague and a member of our family of tunnel builders,
will live with full work commitment to see seventy. He was
born in Prague on 26th November 1946. First he graduated
from the famous high school Nad Stolou, focusing on mathe-
matics and physics, and further graduated from the Faculty of
Civil Engineering of the Czech Technical University in Prague
with a degree in civil engineering from the Department of Civil
Engineering and Traffic Structures.

In 1971 he entered the Vojensky Projektovy Ustav (the
Military Designing Institute) in Prague, the studio of special
and underground structures, in the position of a structural engi-
neer. Immediately after the entry, he worked on designs for the
Line A of the Prague Metro, concretely the track sections bet-
ween Malostranskd and Hradcanskd stations and between
Hrad¢anskd and Dejvicka stations. Further he collaborated on
the design for the metro protection system, the design for
metro technology centres and the design for the protection sys-
tem in the Strahov tunnel. Later he became the chief of the
structural analysis team of the studio and, in 1982, was appo-
inted as the main specialist of the institute for underground
structures. He dedicated himself to problems of designing per-
manent underground protection structures for extraordinary
effects of nuclear arms and worked his way up to become a lea-
ding expert on this issue in our country.

In 1992 he, together with about 15 employees, transferred to
SATRA, spol. s r.0., a new company founded by Ing. L. Sajtar
and Ing. J. Dvordk, who had also been employees of the studio.
The company soon became a respected and prospering firm.
Our jubilarian has also considerable merit in it. He was the
main engineer for the design for the Mrdzovka automobile tun-
nel in Prague and, later, even the main engineer for the Blanka
complex of automobile tunnels. The Mrdzovka tunnel was the
first automobile tunnel in Prague to be constructed using the
NATM technique. Together with the Strahov tunnel, the
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prvnim automobilovym tunelem v Praze, ktery byl vybudo-
van technologii NRTM. V ndvaznosti na Strahovsky tunel
a tunely Blanka se jednd o nejvétsi méstsky tunelovy kom-
plex v Evropé. V soucasné dobé je Ing. J. Némecek ¢lenem
tymu technického dozoru investora na stavbé Zelezni¢nich
tunelu Ejpovice, které se buduji razicim Stitem Her-
renknecht.

Ing. J. Némecek je autorizovanym inZenyrem v oboru
geotechnika od roku 1995. Zidastnil se nékolika svétovych
tuneldiskych kongresu — ve Vidni, Milané, Istanbulu, indic-
ké Akre, Vancouveru a Soulu, kde prednasel referdt o praz-
skych tunelech. Podilel se na pripravé svétového tunelarské-
ho kongresu, ktery byl v roce 2007 pordddan CzTA v Praze.
Pracoval v pripravném vyboru jako ¢len védecké rady ITA-
AITES a predsedal nékterym sekcim.

Znam Jaroslava 45 let, a proto dobfe vim, jaky je inteli-
gentni, upfimny a skvely ¢lovek. Od skonéeni vysoké skoly
a vstupu do prvniho zaméstnani byl doslova vtazen do feSe-
ni slozitych problému podzemniho stavitelstvi. Mél velké
Stésti, protoze jiz tehdy se osobné sezndmil s tuneldfskou
Spickou tehdejsi doby (J. Mencl, V. Mencl, BaZant,
KameniCek, Verfel, Hdlek) a pochopil, jak je duleZitd prak-
tickd spoluprédce s nejlepSimi lidmi oboru.

O mnoho let pozdéji pri projektovém reSeni a realizaci
tunelu Mrédzovka v letech 1997 — 2003 byl aktivnim ¢lenem
prvni rady monitoringu (RAMO), kterd ridila aplikaci nej-
rozsdhlej$iho uplatnovani observaéni metody v dé€jindch
Ceského tunelérstvi. Tehdy se znovu setkdval s dal§imi hveéz-
dami tuneldfského nebe (Bartdk, Bucek ml., Eisenstein,
Rozsypal, Hudek) nad problémy nejslozitéjsiho tunelového
komplexu republiky. Monitoring, ¢innost RAMO a publi-
kovédni vysledku (viz Casopis Tunel 2/2002 a kap. 8 knihy
Tunel Mrdazovka ze 12/2004) jsou dodnes zakladni ,,kuchar-
kou“ viech tunelovych staveb v Cesku i na Slovensku. Na
tom ma jubilant nezapomenutelnou zdsluhu.

V soukromém zivoté je jiz 31 let Stastnym manZelem
a otcem dcery. Téz diky své Zené, ktera je mj. externi tlu-
mocnici némciny pro EU, procestoval celou Evropu a svét.
Radost mu délaji dvé vnoucata, zajima se o sport, rad Cte.
Velkou jeho zdlibou jsou Sachy, které dodnes hraje zdvodné.

Je tiché povahy a snad nic nevystihuje jeho osobnost 1épe
neZ jim predcasné uplatiiovany slavny Hemingwayuv citét
»Trva dva roky, nez se ¢loveék nauci mluvit, a Sedesdt, neZ se
naudi ml&et.“ Kvuli tomu a pro a jeho prirozenou skromnost
neni dnes$ni generaci dostate¢n¢ zndmo, Ze Ing. Némecek
patii mezi nejzkuSen€j$i odborniky nasi profese.

Prejme naSemu jubilantovi pevné zdravi a eldn do dalsi
aktivni ¢innosti ve firmé SATRA, spol. s r.0. ve prospéch

¢eského podzemniho stavitelstvi.

Ing. MIROSLAV KOLECKAR

Blanka tunnels form the largest urban complex of tunnels in
Europe. Currently Ing. J. Némecek is a member of project
owner’s technical supervision team on the construction site of
the Ejpovice railway tunnels, which are being driven using a
Herrenknecht TBM.

Ing. J. Némecek has been an authorised engineer in the field
of geotechnics since 1995. He participated in several world
tunnel congresses — in Vienna, Milano, Istanbul, Indian Akra,
Vancouver and Seoul, where he presented a paper on Prague
tunnels. He also participated in the preparation of the world
tunnel congress held in Prague in 2007. He worked in the ste-
ering committee in the position of a member of the ITA-AITES
scientific council and chaired some sections.

I have known Jaroslav for 45 years. For that reason I know
very well how intelligent, sincere and great person he is. Since
the end of the university studies and the entry to the first
employment he has been literally dragged in complex pro-
blems of underground structural engineering. He was very
lucky because he personally met with the tunnel construction
celebrities of that time (J. Mencl, V. Mencl, Bazant,
Kamenicek, Verfel, Halek) and understood how important
practical collaboration with the best persons of the industrial
branch is.

Many years later, in 1997 — 2003, when the Mrdzovka tun-
nel was being designed and constructed, he was an active
member of the first monitoring board managing the applicati-
on of the most extensive application of the observational met-
hod in the history of the Czech tunnelling industry. At that
time he again met with other stars of the tunnelling heaven
(Bartdk, Bucek jun., Eisenstein, Rozsypal, Hudek) over pro-
blems of the most complicated complex of tunnels in the
Czech Republic. The monitoring, the activity of the monito-
ring board and publishing the results (see the TUNEL journal
issue No. 2/2002 and chapter 8 of the book The Mrazovka
Tunnel from 12/2004) are still the “basic cookbook” of all tun-
nel construction projects both in Czechia and Slovakia. The
jubilarian has a memorable merit in it.

In his private life, he has been a happy husband and father of
a daughter already for 31 years. It is also thanks to his wife,
who is, among others, an external German interpreter for the
EU, he has travelled over the whole Europe and the world. Two
grandchildren make him happy. He is interested in sports and
loves reading. He is very fond of chess, which he plays com-
petitively until today.

He is of a quiet nature and possibly nothing describes his
personality better than Hemingway’s famous quotation he pre-
maturely applies "It takes two years to learn to speak and sixty
to learn to keep quiet”. It is also for that reason and due to his
natural modesty that it is not sufficiently known to the current
generation that Ing. Némecek belongs among the most experi-
enced professionals of our profession.

We wish our jubilarian great health and zing to further acti-
vities in the company of SATRA, spol. s r.o. in favour of the
Czech underground construction industry.

Ing. MIROSLAV KOLECKAR
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY V USA
PICTURE POSTCARDS WITH TUNNELS IN THE USA

Some picture cards depicting tunnels in the USA were already
introduced in the issues No. 1/2015,2/2015 and 3/2015 of TUNEL
journal. Other six tunnels increase their number in the following
paper — they cover railway tunnels, road, respectively motorway
tunnels and two underground railway tunnels, one underground
station among them.

Jiz v ¢&islech 1/2015, 2/2015 a 3/2015 casopisu TUNEL byly
predstaveny nékteré pohlednice zobrazujici tunely v USA.
V nasledujicim prispévku k nim pribyva dalSich Sest — jednd se
o tunely Zelezni¢ni a silni¢ni, resp. ddlni¢ni a dva tunely podzem-
ni drahy, v to pocitaje i jednu podzemnf stanici.

TUNEL NA MOFFATOVE DRAZE V COLORADU

V disle 3/2015 casopisu TUNEL byla prezentovdna pohlednice
s tunely &islo 35, 36 a 37 na Moffatové Zeleznici v Coloradu (vCetné
strucné historie této trati). Na téZe Zeleznici, spojujici Denver
(Colorado) a Salt Lake City (Utah), se nachdzi i dodnes provozova-
ny tunel zobrazeny na obr. 1. Jednd se pravdépodobné o kratky tunel
¢. 3, postaveny v roce 1903, nachdzejici se v Jefferson County ve
vychodni ¢asti Zeleznice, jihozdpadné od mésta Boulder v South
Boulder kanonu s fickou South Boulder Creek. V popisu pohlednice
uvadéné Gibraltarské ttesy jsou morfologicky velmi vyraznym jur-
skym ttvarem. [1]

MOFFATUV TUNEL

Moffatav tunel je jednokolejny ZelezniCni tunel ve stfednim
Coloradu na trati spojujici Denver a Salt Lake City. Je pojmenovan
po Zelezni¢nim prikopnikovi Davidu Moffatovi (viz rovnéz
,,Pohlednice s tunely* v ¢asopisu TUNEL ¢. 3/2015), ktery se nic-
méné nedozil ani zahdjeni této stavby. Tunel, umoznujici zdsadn{
zkrdceni puvodni Moffatovy Zeleznice, je dlouhy 9,978 km, se svét-
lou §ifkou 5,5 m a vySkou 7,3 m. Prochézi pod James Peak na kon-
tinentdlnim rozvod{ Skalistych hor — obr. 2. V nejvy$sim misté nive-
lety tunelu se trat'nachazi v drovni 2816 m n. m.

Stavba byla zahdjena v roce 1923, prordzky bylo dosazeno 18. 2.
1927 a pro pravidelny provoz byl tunel otevieny v roce 1928.
SoubéZné s tunelem byla na jeho jiZni stran€ raZena §tola rozméra
24x24 m, umoZznujici pruzkum a rozférdni dalSich pracovist. Ta
dnes slouZi pro zdsobovani Denveru vodou.

Obr. 1 8493. Gibraltarské iitesy v jiznim Boulder kanionu, Moffatova Zelezni-
ce, Colorado. ??. 1900 az 1910? [sbirka autorit]

Fig. 1 8493. Gibraltar Cliffs, in South Boulder Canon, Moffat Road, Colo.
222 1900 — 1910? [author’s collection]

Celkové dobové naklady na vystavbu tunelu se uvadeji 15 470 000
USS$ (z toho vyplyvé primérnd cena za 1 bm tunelu 1.558 US$).

Béhem 5 let stavby zahynulo celkem 28 tuneléru, z toho 6 sou-
Casné dne 30. 7. 1926. [2]

TUNELY DVOJCATA (,TWIN TUNNELS") - BLUE MOUNTAIN
A KITTATINNY

V ¢asopisu TUNEL ¢. 3/2015 jiz byla predstavena pohlednice se
stru¢nou charakteristikou a historii silni¢niho tunelu Allegheny.

Obr. 2 Viak California Zephyr (Kalifornsky zdpadni vitr) vstupuje do vychod-
niho portilu Moffatova tunelu v Coloradu. Jako $ipka projede na zdpad
Moffatovym tunelem dlouhym 6,2 mile (9978 m), étyri tisice stop (1219 m)
pod Jamesovym Stitem (vysokym 13 260 stop — 4042 m). Ve chvili se zméni
spdd smérem k Atlantiku na spdad smérem k Pacifiku, to podle sméru
Moffatova tunelu, prordZejiciho kontinentdlni rozvodi a poskytujiciho snad-
ny priichod masivem divukrdsnych Skalistych hor. ,»Mirro-Krome*. ® Card
by H. S. Crocker Co., Inc., San Francisco 1, Calif. Photo by Transmountain
Views, Glenwood Springs, Colo. Okolo 1955? [sbirka autori]

Fig. 2 The California Zephyr entering the Moffat Tunnel. Here at East
Portal, Colorado, the westbound CZ darts through 6.2-mile-long Moffat
Tunnel, four thousand feet under James Peak (13,260 feet). From Atlantic
slope to Pacific slope in moments.. .either direction the Moffat Tunnel, pier-
cing the Contimental Divide, provides easy passage thru Rocky Mountain
wonderlands. ,,Mirro-Krome®“. ® Card by H. S. Crocker Co., Inc., San
Francisco 1, Calif. Photo by Transmountain Views, Glenwood Springs, Colo.
Okolo 19552 [author’s collection]



25. rocnik - €. 3/2016

Obr. 3 Letecky pohled na ,,Twin Tunnels* (Tunely Dvojcata) Blue Mountain
a Kittatinny, prordZejici hory Allegheny na Pennsylvanské cesté. E. Madcif,
Hershey, Pa. Curteich Color®. 1965. [sbirka autori]

Na pohlednici je vlevo vychodni portdl tunelu Kittatinny a vpravo, oddeleny
lizkym cca 180 m Sirokym tidolim Gunter, zdpadni portdl tunelu Blue Mountain.
Situace (r. 1965) odpovidd stavu tésné pred dostavbou druhych trub tunelui
(r. 1967).

Fig. 3 Aerial view of the ,,Twin Tunnels*, Blue Mountain and Kittatinny,
cuting Throuugh Allegheny Mountains on the Pennsylvania Turnpike.
E. Madcif, Hershey, Pa. Curteich Color®. 1965. [author’s collection]
Pictured left is the eastern portal of the Kittatinny tunnel and, pictured right,
separated by a narrow, ca 180m wide, Gunter Valley, is the western portal of
the Blue Mountain tunnel. The situation (1965) corresponds to the condition
just before the completion of the construction of the second tubes of the
tunnels (1967).

Dalsimi dvéma tunely na této tzv. Pennsylvanské ceste jsou tzv.
,Dvojcata® — tunely Blue Mountain a Kittatinny. Pennsylvanskd
silnice (Pennsylvania Turnpike) byla ditétem Velké hospodarské
krize a je jistou predchudkyni systému federdlnich ddlnic. Méla
puvodné sedm tuneld. Viechny byly jednorourové, obousmérné,
s jednim jizdnim pruhem pro kazdy smer. V roce 1960 byly pri
tpravach této silnice tfi z téchto tunelt opuStény. ,,Twins® —
Kittatinny (dl. 1441 m) a Blue Mountain (dl. 1323 m) jsou nej-
vychodnéjsi na této cesté a druhy z nich je i nejkrat§im ze Ctyf
tunell v soucasné dobé na trase provozovanych. V roce 1967 byly
otevieny pro provoz nové tunely Kittatinny a Blue Mountain
s tim, Ze staré byly opraveny a automobilovy provoz je tudizZ nyni
ve vSech, jiz dvouproudych tunelech, jednosmérny — obr. 3. [3]

.KONSKA PODKOVA* (HORSESHOE CURVE)

,Konskou podkovou* je nazvan trikolejovy Zelezni¢ni oblouk
v Blair County v Pennsylvanii. Nachdzi se na trati spojujici
N. Y., Philadelphii a Pittsburg a od roku 1854 prekonédvé hory
Allegheny. M4 délku 724 m a pramér 400 m. Uvnitf oblouku se
nachdzi vodni nadrz (nejvyssi ze tii poloZenych nad sebou) pro
zdsobovani mésta Aaltona. Od roku 1966 se jednd o ,,Narodni
pamatku inZenyrského stavitelstvi“. Uvnitf oblouku, pod trati, se
nachdzi turisticky park, v soucasnosti s vice nez 250 000
navstévniky ro¢né.

Pristup do turistického parku je z jihu, tunelem Glenwhite
Road (na obr. 4 vlevo). Jedna se o dva sdruZené, totozné, klasic-
ky vyzdéné tunelové profily, dl. cca 150 m, a to severni jedno-
pruhovy tunel silni¢nf a jizni tunel, prevadéjici potok Kittanning.

V bezprostredni blizkosti Horseshoe Curve se smérem na
zapad nachézeji tfi Zelezniéni Gallitzin tunely — Allegheny
(1854, dl. 1101 m), New Portage (1855, dl. 494 m) a od roku
1995 uzavreny Gallitzin (1904, dl. 1101 m). [4, 5]

N. Y. CITY. BROOKLYNSKA PODZEMNi DRAHA

Dvé pohlednice zobrazujici podzemni drdhu pod fekou
Hudson v N. Y. byly predstaveny jiz v ¢. 1/2015 casopisu
TUNEL. Na obr. 5 se jednd o dalsi tunel podzemni drahy v N. Y.,
tentokrét pod rekou East River.

Obr. 4 Svétove prosluly oblouk Zeleznice zvany Kotiskd podkova (Horseshoe)
v Altooné v Pennsylvanii. Pro Zelezni¢ni dopravu byl otevien v iinoru 1854.
Je povaiovin za jeden z nejvétSich inZenyrskych tspéchii vSech dob.
Anscochrome by Sheldon L. Burns. Published by Modern-Ad, Butler, Pa.
1986. [sbirka autorii]

K zdpadu orientovany Zeleznicni oblouk. Na obr. je patrny vievo (z jihu) prFistup
do turistického parku silnic¢nim tunelem vedenym soubéiné s tunelem potoka
Kittanning. Zprava (ze severu) je zietelny priichod potoka Glenwhite pies Zelez-
nicni téleso. Tento potok vedl piivodné diilni drendini vody z vyse poloZenych
dolii na Zeleznou rudu. Na Cele oblouku, pod Zeleznicni tratf, Jje umistény sym-
bol lokality — koriskd podkova.

Fig. 4 World famous Horseshoe Curve, Altoona, Pa. Opened for Rail traffic
in February 1854. It is considered one of the greatest engineering accom-
plishments of all times.

Anscochrome by Sheldon L. Burns. Published by Modern-Ad, Butler, Pa.
1986. [author’s collection]

A west-oriented railway curve. The access (from the south ) to the tourist park
through a railway tunnel running in parallel with the tunnel for the Kittanning
Brook can be seen left in the picture. The passage of the Glenwhite Brook across
the track bed is obvious from the right side (from the north). This brook origi-
nally conducted drainage water from iron ore mines located higher. The symbol
of the locality — a horse shoe — is installed at the front end of the curve.

Historie podzemni dréhy v nejveétsim mesté USA je technicky a pre-
devsim podnikatelsky velmi spletitd. Prvni pokusy o vystavbu se datu-
jijiz rokem 1869, kdyZ byl zvolen tzv. pneumaticky systém — v princi-
pu zvétSeny prufez pneumatické posty. Tento, jako i fada dalsich pod-
nikatelskych zdméru vsak skonéily nezdarem. Pravidelny provoz pod-
zemni drdhy v N. Y. zahdjila aZ roku 1904 soukromd spolecnost
Interborough Rapid Company (IRC). Tato spolecnost v roce 1913
posléze masivné expandovala. Jednim s dusledku tohoto podnikani
bylo spojeni se spolecnosti Brooklyn Rapid Transit (1896 az 1923, resp.
1940). Podnik IRT byl posléze méstem vykoupen v roce 1940. Do toho-
to obdobi spadd zfizeni na pohlednici zobrazeného podzemniho tseku
pod fekou East River. Parametry tunelu podzemni drahy jsou vypsany
v komentdri (na rubu pohlednice). Technologie vystavby spocivala
v nasazeni $titu, s nejvyssi pravdépodobnosti pneumatického.

V soucasnosti se uvadi N. Y. Subway jako 4. nejvytizenéjsi na
svete, s celkem 469 stanicemi a s dennim poétem cca 5 a ¥ milionu
cestujicich. [6]

STANICE METRA CITY HALLV N. Y.

Stanice metra City Hall byla plivodné souldsti systému
Interborough Rapid Transit. [6, 7] Nachdzi se na spojeni dolntho
Manhattanu a 145. ulice. Otevrena byla roku 1904 a jednalo se (a patr-
né jeste jednd) o jednu z nejzdobnéjSich stanic ve svété hromadné
dopravy. Tato perla secese v podzemnim stavitelstvi byla vybavena
romdnskymi oblouky, barevnymi sklenénymi svétliky, mosaznymi
lustry... (obr. 6). Nicméné s ohledem na to, Ze stanice byla prilis krat-
kd a navic v oblouku (s moZnosti zastaveni pouze péti vozu), nevyba-
vend turnikety a velmi blizko oblibené stanice Brooklyn Bridge, byla
k 31. 12. 1945 pro dopravu uzaviena. V poslednim roce provozu ji pro-
chazelo v pruméru jiz pouze cca 600 cestujicich denné. [8]

Pred rokem 2000 zapocal ndkladny proces obnovy této, dodnes
pozoruhodné zachované, stanice podzemni drahy. Zamérem byla jeji




Tufel

Brookiyn Subway, New York City., = .

Obr. 5 BROOKLYNSKA PODZEMNI DRAHA. Jde o rozsivent Interborough
systému, propojeného s Brooklynskou podzemni drdhou. Dvé trouby z litino-
vych tubingii, dlouhé 6784 stop (2068 m), s vnitinim priimérem 15 stop
a 6 palci (4,724 m). Nejnizsi bod tohoto tiseku tunelu Je 94 stop (28,651 m)
pod korytem Feky. Pro provoz oteviena 9. ledna 1908. Ndklady 10 000 000
USS$. ? (necitelné). 1924. [sbirka autorii]

V horni poloviné pohlednice je pohled z Brooklynu smérem na vychodni bieh
ostrova Manhattan, pres feku East River. Pohlednice je adresovand sl. Mafence
Drtinové do Zlebii u Cdslavi, pricemz text je velmi osobni.

Fig. 5 BROOKLYN SUBWAY. This is an extension of the Imterborough
System, connecting with the Brooklyn subway. Two cast iron tubes 6,784 feet
long, with an inside diameter of 15 feet, 6 inches. Lowest point reach by tun-
nel is 94 feet below the river bed. Open for traffic Jan. 9, 1908. Cost US
$10,000,000. ? (unreadable ). 1924. [author’s collection]

In the upper half of the picture post card, there is a view from Brooklyn over the
East River in the direction of the eastern shore of Manhattan Island. The pictu-
re card is addressed to Miss Marenka Drtinova to the municipality of Zleby
near Cdslav; the text is very personal.
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Obr. 6 Stanice okruZni podzemni drdhy Radnice. New York. © By I Lt. Post
Gard & Nov. Co. N.Y. 1907. [sbirka autorii]
Fig. 6 Underground loop Station at City Hall. New York. © By I Lt. Post Gard
& Nov. Co. N.Y. 1907. [author’s collection]

zmeéna na N. Y. Transit Museum. Tento vyvoj v§ak byl prerusen tra-
gédii z 11.9.2001.

doc. Ing. VLADISLAV HORAK, CSc., Ing. TOMAS VRANA
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telnou dopravni infrastrukturu (CESTI), ¢islo projektu TE01020168.
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STAVBA TUNELA LOTSCHBERG
LOTSCHBERG TUNNEL CONSTRUCTION

The construction of the 14.5km long Lotschberg railway
tunnel which was planned on the Bern — Milano railway line
in the Swiss Alps, commenced on the 27th July 1906. The con-
struction work proceeded without problems nearly for two
years, but subsequently several tragic events took place. They
significantly affected the construction of this tunnel. On the
26th February 1908 during the night, an avalanche with an
immense mass of snow fell on the local hotel where managers
of the tunnel construction were accommodated. Thirteen wor-
kers perished under the avalanche, in the debris of the hotel.
At the beginning of the summer 1908, water unexpectedly
began to appear in the tunnel. Problems with water grew, but
it was still possible to cope with them. For that reason the con-
struction continued. But on the 24th August 1908 a colossal
catastrophe happened unexpectedly in the tunnel. Water burst
out of the excavation face after blasting. The pressure broke
blocks of rock off and water entered the tunnel at such a speed
that nobody of the mining crew was able to escape. When the
causes of the tragic event were being investigated, the possi-
bility was examined that such a huge amount of water could
get into the tunnel only from the river Kandera, which flew
along the Gasterntal Valley above the tunnel. It appeared to be
little probable because of the fact that there was two hundred
metres thick rock overburden between the river bottom and
the tunnel. However an additional geological survey carried
out directly in the river valley confirmed that there was a nar-
row crack in the hard rock filled with water and mud, rea-
ching down to the tunnel level. For that reason the tunnel
excavation proceeded on an alignment bypassing the dange-
rous location under the Gasterntal Valley. The tunnel was
ceremonially broken through on the 315t March 1911 and the
construction was completed on the 19th June 1913. The tun-
nel on the substitute alignment is by one kilometre longer
than it was originally planned. The tunnel is today passed
through by express trains on the Spietz — Brieg line and pas-
sengers have no idea during the short journey that in the pro-
ximity there is a mass grave of 24 people who perished
during the tunnel construction.

Vystavba Zelezni¢ného tunela Lotschberg vo Svajéiarskych
Alpach zacala 27. jila 1906. Loetschbersky tunel v dlZke
14,5 km bol pldnovany na Zelezni¢nej trati Bern — Milano s cie-
Tom zlepsit' Zelezni¢né spojenie severozdpadnej Eurdpy
s Talianskom. Stavba zacala s velkym nadSenim, pretoze v Case
zacCatia vystavby bolo uZ tdspeSne v prevdadzke niekolko alp-
skych Zelezni¢nych tunelov a stavitelia neocakdvali mimoriad-
ne problémy. Prace na stavbe pokraCovali bez problémov skoro
celé dva roky, avSak ndsledne sa udialo niekolko tragickych
udalosti, ktoré vyznamne poznacili vystavbu tohto tunela.

Dna 26. februdra 1908 vo vecernych hodinach spadla lavina
s obrovskou masou snehu na miestny hotel, v ktorom boli
ubytovani riadiaci pracovnici stavby tunela. Pod lavinou
v troskdch hotela zahynulo 13 pracovnikov, ktorych pochova-
li aZ po ich ndjdeni 3. marca.

Zaciatkom leta v roku 1908 sa zacala necakane objavovat
voda v tuneli. Bolo jej stdle viac a stavitelia spolu s geolégmi
si marne kladli otdzky, odkial sa také mnozZstvo vody berie.
Problémy s vodou narastali, ale dalo sa to eSte zvladnut, a tak
prace pokracovali dalej.

Avsak dna 24. augusta 1908 do$lo v tuneli necakane
k obrovskej katastrofe. Voda vyrazila z Celby tunela po od-
strele, svojim tlakom vyrazila kusy skalnej horniny a vnikla
do tunela takou rychlostou, Ze jej nikto z osddky nemohol
uniknit. V podstate celd skupina pracovnikov v tuneli sa uto-
pila, pretoze pri tej obrovskej rychlosti a mnoZzstve vody nikto
nemal ani najmensSiu Sancu dniku z tunela. Mozno zdpasili
0 svoj Zivot s vodou a s bahnom, ale v tme za prenikavého
hukotu valiacej sa vody nasli hlboko v podzemi uZ len svoju
hroznu smrt.

Udalost’z nestastia v Lotschbergskom tuneli dna 24. 8. 1908
podrobne popisali Svajc¢iarske noviny (podla zdpisov z vy-
Setrovania): ,,V uvedeny den pracovalo na Celbe 28 pracovni-
kov, dvaja z nich Mario Moretti a Salasso Mateo odisli pre
niloZze dynamitu do vzdialeného skladu. Ked sa vracali zo
skladu, stretli minéra Antonia Ragazziho v staniCeni
2,250 km. V tej dobe sa chystal na kontrolu celby stavebny
dozor Marino Riva, bol v km 1,700. VSetci ostatni boli v km
2,450 vratane brzddra Bertoniho Lazaro. V tejto chvili bol
pocut’ prvy odstrel na Celbe, nasledoval druhy, treti a dalSie.
Bertoni to neskorSie popisuje, Ze voda valiaca sa od celby je
neobvykle ZItd a krical na dozora ,,¢o je to?* Ten sa dal do
hlasného kriku ,,Utekajte, utekajte zachrante sa“, v tej chvili
padol 6smy odstrel, zdroven nasledoval silny ndraz vzduchu,
ktory zvalil Bertoniho na zem, ale ten v okamZiku vyskocil
a dal sa na utek. V behu sa obzrel a videl ako sa za nim vali
bahno a skalny materidl od celby. V km 2,250 uvidel troch
pracovnikov, krical ,,utekajte, utekajte, voda!*, bezal ozlom-
krky dalej a s nim aj Mateo Salasso, Moretti a Ragazzi
Antonio. Tito zaostdvali, pretoZze mali na sebe tazké nepre-
mokavé obleky, ktoré im branili v behu. Stretol eSte staveb-
ného dozora Riva Marinu, ten sa chcel najprv na vlastné oci
presvedcit, ¢o sa vlastne stalo. Pocul vSetkych osem odstre-
lov, ten posledny mu zhasol acetylenovi lampu, pocul hviz-
danie rychlo pridiaceho vzduchu, ale to eSte nemuselo stvi-
siet’s katastrofou.

O pitdesiat' metrov dalej stretol Mateotiho. Ten ho chytil za
rameno, tahal ho pre¢ a krical: ,,Voda vnikla do tunela, ute-
kajme!“ Marino chvilu véhal, ale ked pocul priblizujdci sa
hukot vody od Celby, obratil sa a utekal za Mateotim. Moretti
a Ragazzi boli v km 2,150 dostihnuti pridom vody a bahna
a v snahe zachrdnit’sa, vyliezli na vys$sie poloZené vzduchové
potrubie.

O chvilu boli pritlaceni k stropu a strhnuti do pradu tekuté-
ho piesku, ktory sa valil tunelom. Ragazzi eSte, neZ ho voda
zaliala, volal kamarata Morettiho, ale ten mu uz neodpovedal.
Citil ako ho silny prdd $myka dalej po skalnej stene, aZ stra-
til vedomie. Prebral sa a uvidel svetlo, a7 ked ho kamarati
vylovili z bahna.

Boli zachrdneni len Styria pracovnici z tunela. Pre ostat-
nych, ktori nestihli a nemohli utiect’v€as, nebola uz zachrana.

HTladala sa pricina tragickej udalosti. Pri vySetrovani bola
preverovana moznost, Ze tak obrovské mnozstvo vody mohlo
vniknit do tunela len z rieky Kandera, ktord tiekla v ddol{
Gasterntal nad tunelom. To sa javilo mélo pravdepodobné,
pretoze medzi dnom rieky a tunelom sa nachddzalo dvesto
metrov hrubé nadloZie skalnej horniny. AvSak dodato¢ny geo-
logicky prieskum vykonany vrtmi priamo v tudoli rieky,
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v mieste katastrofy, potvrdil pod dnom rieky v skalnej horni- Pokracovalo sa s razenim tunela v trase, ktord obchddzala
ne tzku trhlinu vyplnend vodou a bahnom, ktora siahala az do nebezpecné miesto pod tdolim Gasterntal. Sldvnostné prera-
tirovne tunela. Obrovskym tlakom dvesto metrov vysokého | zenie bolo 31. marca 1911 a tunel bol dokonceny 19. jina
vodného stipca vody vnikla rieka Kandera trhlinou do tunela, 1913. Tunel v ndhradnej trase je o jeden kilometer dlhsf, ako
¢o sposobilo katastrofdlnu zaplavu. bol pévodne planovany.

Tunelom dnes jazdia expresné vlaky na trati Spietz — Brieg
a cestujici po¢as niekolko minutovej jazdy ani netuSia, Ze
v blizkosti v tychto hlbindch zeme je hromadny hrob 24 ludi,
ktori zahynuli pri stavbe tunela.

Zelezni¢nd spolo&nost’sa nechcela vzdat' myslienky vystav-
by tunela na trati Bern — Mildno. Bolo rozhodnuté najprv roz-
ostavany tunel zamurovat. Zostal v nom nielen vSetok materi-
al, ale aj vSetci pracovnici, ktorf tam zahynuli a ich teld nebo-
lo moZné zo zatopeného tunela vyslobodit’. Ing. ALOJZ VODANSKY, vodansky.alojz@gmail.com

Z CINNOSTI PRACOVNICH SKUPIN CZTA / CZTA WORKING GROUPS

NOVA RUBRIKA NEW COLUMN

Od tohoto ¢isla Casopisu Tunel je nové zarazena rubrika From this Tunel journal issue on, a new column “CzTA wor-
,Pracovni skupiny CzTA®. Zde budou mit prostor jednotlivé king groups” will be newly included in. In this column, indi-
pracovni skupiny na prezentaci své prace a zajimavosti vidual working groups will have space for the presentation of
z oblasti jejich zaméfeni. Jako prvni je uveden prispévek pra- their work and interesting things from the areas of their spe-
covni skupiny Mechanizované tunelovdni o pripravované cialisation. The first contribution presented here is that by the
modernizaci trati mezi Prahou a Kladnem, kterd by méla obsa- Mechanised Tunnelling group, on the modernisation of the
hovat i tunelové stavby. rail track between Prague and Kladno, which should even

contain tunnel structures.

ZELEZNICNI TUNEL POD STRESOVICEMI
RAILWAY TUNNEL UNDER STRESOVICE

The Railway Infrastructure Administration, state organisation, pres stanice Praha-Bubny, Praha-Dejvice, Praha-Veleslavin
is preparing the modernisation of the railway line from Prague to a Praha-Ruzyné az do Kladna se zfizenim odbocky na Letisté
Kladno, which will be combined with the future link to the air- Viclava Havla. Nova trat ma byt v celé délce dvoukolejna a elek-
port in Ruzyné. In July 2015, the central committee of the trifikovana. Modernizace trati byla rozdélena do Sesti dil¢ich
Ministry of Transport approved the feasibility study for this staveb.
intention and decided that the work should continue on Variant Z hlediska tunelt je zajimavy tsek od nové zfizované zastavky
Rlexpr. This variant counts with developing a track branch to the Praha-Vystaviste do stanice Praha-Veleslavin. Pfes Stromovku se
Véclav Havel Airport to be carried out on the alignment leading uvazuje s vedenim trati po povrchu, ale jiz v tseku od stavajiciho
from the Masaryk Rail Station via Prague-Bubny, Prague- portdlu Dejvického tunelu bude trat’ vedena v podzemi az do sta-
Dejvice, Prague-Veleslavin and Prague-Ruzyné stations up to nice Praha-Dejvice. Ta bude také zahloubena a pro zajistén{ lep-
Kladno. The new line is to be of the double-track electrified type Sich prestupnich vazeb posunuta do bezprostiedni blizkosti stdva-
throughout its length. The track modernisation was divided into jiciho vestibulu stanice metra trasy A Hrad€ansk4. Reeni seku
six construction lots. The section from the newly established Praha-Dejvice — Praha-Veleslavin nebylo v dobé schvileni studie
Prague-Vystavisté station to Prague-Veleslavin railway station is proveditelnosti plné stabilizovano. Schvdlend varianta R1spés
interesting as far as tunnels are concerned. An at-grade alignment uvazuje v tomto dseku s prevazné povrchovym vedenim trati, ale
is under consideration across Stromovka Park, but the track will zaroven centralni komise Ministerstva dopravy uloZila rozpraco-
run underground already in the section from the existing portal of vani i optimalizované tunelové varianty.
the Dejvice tunnel up to Prague-Dejvice station. Prague-Dejvice S ohledem na tento poZadavek byla zpracovana technicko-eko-
station will also be sunk into the earth and, with the aim of pro- nomicka studie, kterd provéfila razné varianty ¢dste¢ného nebo
viding better interchange relationships, will be shifted to the zcela podpovrchového vedeni trati v tomto tseku, a to zejména
intermediate proximity of the existing concourse hall of z hlediska technické redlnosti, geotechnickych podminek, sméro-
Hradc¢anskda metro station on the Line A. The solution for the vého vedent trati, investi¢nich naklada, dopada na ekonomickou
Prague-Dejvice — Prague-Veleslavin section had not been fully efektivitu a dopadu téchto variant na Zivotni prostfedi. Celkem
stabilised at the moment of approving the feasibility study. The byly provéreny tii zdkladni varianty podpovrchového vedeni trati
approved Variant R1exp takes mostly the at-grade alignment into oznacené V1 az V3. Prvni (V1) je vedena ve stavajici stopé pre-
consideration for this section, but at the same time the Central vazné hloubenym tunelem a byla jiz difve provérovand. Druhd
Committee of the Ministry of Transport ordered that even the (V2) je navrzena Cdste¢né mimo stdvajici stopu, kde raZenym
optimised tunnel variant be worked on. tunelem obchézi kritickou oblast Ofechovky. Kvuli prevazujicim

nevyhoddam ale nebude dale sledovéna. Treti (V3) varianta pro-

Sprava Zelezni¢ni dopravni cesty pripravuje modernizaci trati chézi pod streSovickym masivem dvéma jednokolejnymi razeny-
z Prahy do Kladna, s pripojenim na letist¢ v Ruzyni. Centralni mi tunely v hloubce az 80 m. Portdly raZenych tuneld jsou plano-
komise Ministerstva dopravy loni v Cervenci schvalila studii pro- vany v prostoru vodojemu Bruska a teplarny Veleslavin.
veditelnosti tohoto zdmeru s pokracovanim pripravy ve variante Ze zévéru technicko-ekonomické studie vyplyvd, Ze vSechny
R1spés. Tato varianta po&itd ve vedeni trati z Masarykova nddraz{ provéfované plne podpovrchové varianty znamenaji priblizné
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Obr. 1 Varianty podpovrchového vedeni trasy v tiseku Praha-Dejvice — Praha-Veleslavin, V1 hloubeny tunel ve stdvajici stopé, V2 hloubeny a raZeny tunel

v &dsteéné nové stopé, V3 raZeny tunel v nové stopé

Fig. 1 Variants of the sub-surface alignment in the Praha-Dejvice - Praha-Veleslavin section: V1 - cut-and-cover tunnel within the current footprint,
V2 - cut-and-cover/mined tunnel partially within a new footprint, V3 - mined tunnel within a new footprint

stejny ndrust investinich ndkladu oproti varianté povrchové.
Nejvice rozpracovand je varianta V1, kterd ale nese jen malé
dodate¢né benefity oproti varianté povrchové a ktera se zdd byt
zna&né problematick4 z hlediska zpusobu vystavby v zastavéném
uzemi. Tyto nevyhody zastinuji i pozitivni skute¢nost, Ze tato
varianta md stanovisko vyhodnoceni vlivu na Zivotni prostredi
a zpracovanou pripravnou dokumentaci.

U varianty V3 je moZzné zohlednit prinosy ze zvySené bonity
uzemi stejné jako u vSech ostatnich podpovrchovych variant,
navic je dosazena uspora ¢asu vlivem zvySené navrhové rychlos-
ti, generujici dalsi ekonomické prfinosy. Varianta V3 md oproti
ostatnim variantam i dalsi vyhody, jako je napriklad minimaliza-
ce negativniho vlivu na okolni zastavbu diky vysokému nadloZi,
moznost pouziti moderni technologie razeni pomoci raziciho Stitu
(TBM — Tunnel Boring Machine) a zejména minimalizace nega-
tivniho vlivu na tizemi béhem vystavby, kdy se stavba na povrchu
projevuje pouze v oblasti portdli razeného tunelu s vyuzitim
centrdlniho stavebniho dvora v prostoru stanice Praha-Dejvice.
Nevyhodami jsou pak nutnost pristoupit ke zméné koridoru stav-
by v Zasadach tizemniho rozvoje Prahy, zmény tzemniho planu,
nové posouzeni vlivu stavby na Zivotni prostfedi a nové zpraco-
van{ pripravné dokumentace.

Pro jednotlivé varianty byla v rdmci studie zpracovdna geolo-
gickd a hydrogeologickd reSerSe, kterd méla za tikol zhodnotit
mozné vlivy pldnované vystavby na rezim a jakost podzemnich
vod. V rdmci posouzeni byla provedena reSerse archivnich pod-
klada v misté projektovanych tras. Zaroven bylo provedeno mist-
ni Setfeni v posuzovaném tuzemi, kdy byly kontrolné zméreny
hladiny v nékolika studndch. Z vysledku byly uréeny sméry prou-
déni podzemni vody a trovné hladin podzemni vody prvni zvod-
né a popsdny mozné strety zdjmu v okoli projektované trasy.

Z regiondlné geologického hlediska lezi prostor v dzemi praz-
ské panve stredoCeského barrandienu. Na geologické skladbé bar-
randienu se podileji paleozoické sedimenty stfedniho ordoviku.
Ty jsou zde prevazné zastoupeny horninami Sareckého, dobrotiv-
ského, libeniského a letenského souvrstvi. Do posuzovaného pro-
storu Casteéné zasahuje Ceskd kiidova panev od zdpadu, kterd je
tvorena uloZeninami cenomanskymi a spodnoturonskymi.

Pro razbu dvou jednokolejnych tunelt pod StfeSovicemi je uva-
Zovana technologie EPBS — Earth Pressure Balance Shield. Oba
tunely maji byt priblizné 2,8 km dlouhé s péti tunelovymi pro-
pojkami a jednou vétraci Sachtou. V blizkosti dejvického portalu
tuneld se v podloZi kvartérnich uloZenin nachézeji ernoSedé
jemné slidnaté jilovité bridlice libenského souvrstvi. Jednd se
o dsek s méné vyhodnym geologickym prostfedim dosahujicim
délky asi 250 m. Zde je uvazovéno s predbéznymi stabilizaénimi
prvky pro omezeni vyvoje poklesové kotliny. Nésleduje tsek
v prostiedi prevdzné ordovickych bridlic s vysokym nadloZim,
kde se predpokladéd pokles povrchu v hodnotéch blizkych nule.

Ze zavéru hydrogeologické reserSe se jako nejsetrnéjsi z hle-
diska ochrany pfirozeného proudéni podzemnich vod jevi varian-
ta V3.

Povrchova varianta se kvili negativnimu postoji MC Praha 6
a dal§ich mistnich spolku jevi jako neprojednatelnd. Sprava Zelez-
ni¢ni dopravni cesty proto doporucila ddle rozpracovat variantu
V3 s razenymi tunely v nové stopé. Koncem leto$niho kvétna
vyjédrila centrdlni komise Ministerstva dopravy souhlas s pokra-
¢ovdnim pripravy v tseku Dejvice — Veleslavin ve varianté V3
s tim, Ze Sprdva Zelezni¢ni dopravni cesty ucini kroky k prokdza-
ni ekonomické efektivity projektu.

Ing. DANA SMEJKALOVA

ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

VALNE SHROMAZDENI CZTA ITA-AITES
GENERAL ASSEMBLY OF ITA-AITES CZTA

The General Assembly of the ITA-AITES Czech Tunnelling
Association was held on Wednesday the 8th June 2016 at
Ing. Michal Gramblicka and
Ing. Miroslav Kochének, outstanding workers in the field of

Olsanka Hotel, Prague.

underground construction engineering, were appreciated at the

beginning of the meeting programme. Ing. Ivan Hrdina, the
Chairman of the CzTA, informed present participants about
the activity of the association in 2015. After that the attendees
heard the information about the economy of the association,
were acquainted with the proposal for the 2016 budget and the




Jfoto | photo courtesy of Ing. Libor Marik
Obr. 1 Novi drzitelé medaili CzTA Ing. Miroslav Kochdnek a Ing. Michal
Gramblicka s predsedou CzTA Ing. Ivanem Hrdinou
Fig. 1 New CzTA medal awardees Ing. Miroslav Kochdnek and Ing. Michal
Gramblicka with the president of CzTA Ing. Ivan Hrdina

plan of the CzTA activities in 2016, during the course of which
publishing the Tunel journal and organising the Tunnel
Afternoons and a technical excursion will again continue.
After that the results of the student competition were announ-
ced. Ing. Jan Faltynek (the Czech Technical University in
Prague) with his work on Tunely provddéné metodou elniho
odtéZovdni (The top-down tunnelling method) was placed first.
The second place was claimed by Ing. Pavel Bure§ (VSB -
Technical University of Ostrava) with his master thesis titled
Tunel Ovciarsko — zajisteni stavebni jamy vychodniho tunelo-
vého portdlu (The Ovciarisko tunnel — the stabilisation of the
construction pit at the eastern tunnel portal). The third place
belongs to Ing. Martin Zavacky (the Technical University of
Brno). The topic of his work was Tunel na trase rychlé Zelez-
nice (A tunnel on the alignment of a high-speed railway track).
The next point of the programme lied in the information about
the recent Underground Construction Conference 2016, about
the initial results of which the participants were informed by
Ing. Alexandr Butovi¢, Ph.D. Within the framework of the
programme concerning the activities of related societies,
Ing. Jifi Smolik prepared a brief report about the activity of
the Tunnels section of the Czech Road Society. In the part of
the meeting focused on technical problems, Ing. Michal
Grossmann from Minova Bohemians s.r.o. informed the atten-
dees about the development of chemical grouting materials
used in the Czech underground construction industry during
previous 20 years. Ing. Karel Rossler from Metrostav a.s.
acquainted them with basic results of the WTC 2016 and gave
brief details of the largest worldwide projects which had been
introduced within the framework of the world congress.

Valné shromazdéni Ceské tunelafské asociace ITA-AITES
se konalo ve stfedu 8. Cervna 2016 v hotelu OlSanka,
Taboritskd 23, Praha 3. Jedndn{ zahdjil a fidil predseda CzTA
Ing. Ivan Hrdina.

Na zaddtku programu jedndni byli ocenéni vyznamni pra-
covnici v oboru podzemniho stavitelstvi, medaili CzTA pre-
vzali Ing. Michal Gramblicka a Ing. Miroslav Kochdnek. Oba
vyjadrili podékovani za toto vyznamné ocenéni.

Nasledné informoval Ing. Ivan Hrdina pfitomné delegdty
a hosty o ¢innosti asociace v minulém roce, zminil vydavani
Casopisu Tunel, pordddni Tunelarskych odpoledni (do zacdtku
roku 2016 jich asociace usporadala jiz 26). Také probihala pri-
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prava konference PS 2016, konal se kaZdoro¢ni odborny
zdjezd, kdy si lidé prohlédli stavbu tfi tuneli ve Slovenské
republice — tunel Ov&iarsko, Zilina a Pova’sky Chlmec.
Ing. Ivan Hrdina také podekoval, Ze ¢lenové CzTA podporuji
stédle jeji ¢innost a i ¢lenskd zdkladna se méni jen mirné.
Dal$im bodem jedndni byla zprdava o hospodareni asociace,
kterou prednesl Ing. Véclav Soukup. V roce 2015 stejné jako
v predchozim dosédhla asociace priznivého vysledku, kdy jeji
hospodareni skon¢ilo se ziskem, a to predevsim diky dspordm
v jednotlivych polozkach rozpoétu. Ddle byli pritomni seznd-
meni s ndvrhem rozpoctu asociace na rok 2016, kdy je pldano-
védna ztrdta ve vys$i 130 tisic, coZ je zpusobeno zejména snize-
nim po&tu ¢lenskych organizaci a o¢ekdvanim niz$ich prijma
v oblasti inzerce v Casopise Tunel. Tato ztrata bude Cerpédna
z rezervy vytvorené diky minulym konferencim.
Ing. Markéta Pruskova, Ph.D. obezndmila s planem Cinnosti
asociace na rok 2016, kdy se bude pokracovat v béZnych akti-
vitdich — vyddvani Casopisu Tunel, porddani Tunelédfskych
odpoledni i odborného zajezdu.
Poté pokracovala doc. Ing. Eva HrubeSovd, Ph.D., kterd sd¢-
lila dCastnikim valného shromaZzdéni vysledky studentské
soutéZe. Komise pro vyhodnoceni studentské soutéZe o nejlep-
§1 diplomovou praci z oblasti podzemnich staveb za rok 2015
vybrala tfi nejlep$i prace. Na prvnim misté se umistil Ing. Jan
Faltynek s praci na téma Tunely provddené metodou celniho
odtéZovdni, kterou obhdjil na Stavebni fakulté CVUT v Praze.
Druhé misto obsadil Ing. Pavel Bures, absolvent VSB TU
Ostrava, s tématem diplomové prace Tunel Ovciarsko — zajis-
teni stavebni jamy vychodniho tunelového portdlu. Treti misto
patfi Ing. Martinu Zavackému z VUT Brno. Tématem jeho
prace bylo Tunel na trase rychlé Zeleznice. Viem pritomnym
ocenénym poblahoprdl Ing. Ivan Hrdina.
Dal$im bodem programu byla zprava o prob¢hlé konferenci
PS 2016, s jejimiz prvnimi vysledky seznamil Ing. Alexandr
Butovi¢, Ph.D., predseda pripravného vyboru konference. Vice
prostoru je konferenci vénovano v tomto ¢isle ¢asopisu Tunel.
V rdmci informace o pribuznych spoleénostech si Ing. Jir{
Smolik pripravil struénou zprdvu o Cinnosti sekce Tunely
Ceské silniéni spole¢nosti.
Valné shromdzdéni prijalo nakonec toto usneseni:
1. Valné shromazdéni schvaluje zpravu predsedy o Cinnosti
CzTA v obdobi od minulého valného shromdzdéni, které
se konalo 10. ¢ervna 2015.

2. Valné shromézdéni schvaluje hospodafeni CzTA za rok
2015 a ndvrh rozpoctu na rok 2016.

3. Valné shromdzdéni vzalo kladné na védomi hlavni aktivi-
ty CzTA v roce 2016:
— poradani Tunelafskych odpoledni a odborného zdjezdu;
— edi¢ni plan Casopisu Tunel;
— pripravu mezindrodni konference PS 2016.

V ddsti zaseddni zaméreného na odbornou tematiku informo-
val Ing. Michal Grossmann ze spolecnosti Minova Bohemia
s.r.0. pritomné o vyvoji chemickych injektdZi pouZivanych
v Ceském podzemnim stavitelstvi v poslednich 20 letech.

Ing. Karel Rossler ze spolecnosti Metrostav a.s. sezndmil
pritomné se zdakladnimi vysledky WTC 2016 a stru¢né popsal
nejvetsi svétové projekty, které byly predstaveny v rdmci sve-
tového kongresu. WTC 2016 je také vénovan dal§i prostor
v tomto Cisle Casopisu Tunel.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, generdlni sekretdr CzTA
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OHLEDNUTI ZA KONFERENCI PS 2016
RETROSPECTION TO THE CONFERENCE UC
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Na shledanou v Praze v roce 2019!
We are looking forward to seeing you in Prague in 2019!
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