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Mili Citatelia,

editoridly, ktoré piSu clenovia redak¢nej rady zo Slovenska, nebyvaji v naSom casopise ¢asto, ¢o je dané prirodzenym historickym zlozenim
redak¢nej rady, ale najmé mnoZstvom pripravovanych a realizovanych tunelovych stavieb na Slovensku.

Mim to Stastie a Cest, Ze moZem napisat editoridl v historickom okamihu slovenského tunelového stavitelstva. Po rokoch priprav, ocakdvani
i sklaman{ sa kone¢ne zaCinaju realizovat’technicky a finan¢ne najndro¢nejie stavby na dialnici D1 na severe Slovenska a dialnici D3 v smere na
Polsko. Onedlho nastane chvila, v ktorej bude na Slovensku rozostavanych 8 dialhi¢nych tunelov. Splnenie tejto dlho o¢akdvanej chvile pre slo-
venskych tuneldrov bolo mozné vdaka neprestajnému zanieteniu ludf, ktorjch neodradila Ziadna prekazka pocas priprav a najmé hladania finang-
nych zdrojov pre vystavbu dialni¢nych dsekov s tunelmi. Vdaka tak patrf vietkym, ktorf sa &o len malou troskou pri¢inili o to, Ze sa v najblizsich
¢islach nasho Casopisu budete, milf Citatelia, viac stretdvat’s aktudlnymi i podrobnymi informéciami o vystavbe tunelov na Slovensku. A nemaly
podiel pri plnent ,,sna“ slovenskych tuneldrov ma aj Eurépska unia, ktora prostrednictvom Operacného programu doprava vyznamne spolufinancu-
je vSetky dnes uZ rozostavané dialhicné tseky.

Vytvéra sa aj velky priestor na aktivity Slovenskej tuneldrskej asocidcie. Ich vrcholom by mala byt pripravovand konferencia Podzemné stavby
2015 v okolf Ziliny, ktord sa stiva novodobou slovenskou ,,Mekkou* vystavby dialni¢nych tunelov. Na jesefi budiiceho roka by mal Zilinsky regi-
6n pontkat’ 7 rozostavanych tunelov ako miesto planovanych konferenénych exkurzif, vratane zatial najdlhsieho a najocakavanejsieho slovenského
dialhi¢ného tunela Visnové.

Aktudlne sa vSak dozviete v naSom Casopise viac o prazskom tunelovom komplexe Blanka v prispevkoch kolegov zo spolocnosti Eltodo a Satra,
ktorym je venované toto ¢islo. Zaujimavy je ¢ldnok o zacleneni tunelového komplexu Blanka do mestského dopravného systému, ako aj prispevky
o rieSeniach technickych vyziev pri razeni hlavnej strojovne vzduchotechniky a o podchytdvani nadzemnej zdstavby pocas razenia. V prispevkoch
prof. Pribyla sa dozviete viac o najnovsich trendoch vo vybaveni a riadeni cestnych tunelov. Statikov a projektantov urcite zaujme ¢lanok Ing. Rotta
o zapocitavani tuhosti ocelovych nosnikov pri navrhu primdrneho ostenia a prispevok Ing. Franczyka potesi nielen priaznivcov mechanizovaného
tunelovania.

Mili Citatelia, prajem vam vela peknych uZ takmer jesennych chvil pri itani Cisla, ktoré prave drZite v ruke, a teSim sa uZ na vydanie Casopisu,
v ktorom budu pocetnejSie zastipené odborné clanky zo Slovenska. i} s

ING. VIKTORIA CHOMOVA,
Clenka redakcni rady

Dear readers,

the editorials which are written by the Editorial Board members from Slovakia are not frequent in our journal. It is so due to the fact given by the
natural historic composition of the Editorial Board and, first and foremost, by the quantity of tunnel structures prepared and realised in Slovakia.

I am fortunate and honoured to be allowed to write an editorial at the historic moment of the Slovak tunnel construction industry. After three years
of preparations, expectations and disappointment, the technically and financially most demanding structures on the D1 motorway in the north of
Slovakia and the D3 motorway in the direction of Poland have finally begun to be realised. The moment at which 8 motorway tunnels will be under
construction in Slovakia, will come soon. The fulfilment of this long awaited wishing of Slovakian builders of tunnels has been possible thanks to the
unflagging zeal of people, which did not become discouraged by any obstacle encountered during the preparation and seeking financial means for the
construction of the motorway sections containing tunnels. The thanks therefore belong to all people who have contributed a little bit to the fact that you,
dear readers, will meet current and detailed information about the construction of tunnels in Slovakia in the nearest issues of our journal. A considerable
credit in the process of making the dream come true is deserved by the European Union, which has significantly co-financed all of the motorway sec-
tions which are today already under construction through the Operational Programme “Transport”.

A large space is also created for the Slovak Tunnelling Association activities. The Underground Construction 2015 conference being prepared in the
surroundings of Zilina, should become their peak. The town of Zilina is becoming the Slovak mecca for the construction of motorway tunnels. In the
autumn of 2015, the Region of Zilina should offer 7 tunnels under construction as locations for planned conference excursions, including the until now
longest and most awaited Slovakian motorway tunnel, Visnové.

Nevertheless, you will learn from our journal more about the Blanka complex of tunnels in Prague in papers prepared by our colleagues from Eltodo
a.s. and Satra, a. s., the companies this issue is dedicated to. Interesting papers are devoted not only to the incorporation of the Blanka complex of tun-
nels into the urban transport system, but also to solutions to technical challenges encountered during the excavation for the main ventilation plant cavern
and underpinning existing buildings during the underground excavation. In papers by Professor Pfibyl you will learn more about the newest trends in
the equipment and management of road tunnels. Structural engineers and designers will certainly be intrigued by the paper by Ing. Rott on taking stiff-
ness of steel beams into account when a primary lining is being designed. Not only the sympathisers of mechanised tunnelling will certainly be plea-
sed by the paper by Ing. Franczyk.

Dear readers, allow me to wish you lots of nice, already nearly autumn whiles during reading the journal issue you are just holding in your hands.
[ am already looking forward to the publication of this journal in which papers from Slovakia will dominate.

ING. VIKTORIA CHOMOVA,
Editorial Board Member




VAZENE DAMY A VAZENI PANOVE,

toto vydéni ¢asopisu Tunel obsahuje nékolik pii-
spévku od odbornikl ze spole¢nosti ELTODO, a.s.
Myslim, Ze droven ¢lanka a erudice jejich autort —
profesora Pavla Pribyla, Ing. Jana Prikryla,
Ing. Ondfeje Pfibyla, Ing. Jifiho Stefana, docenta
TomadSe Tichého, Ing. Jana Silafe a Ing. TomaSe
Smerdy — dostate¢né vypovidd o profesionalitd
a vysoké odbornosti, jakymi se prace a sluzby spo-
le¢nosti Eltodo v tunelovych technologiich jiz fadu
let vyznacuji. Vyuziji proto tento prostor k udvaze
o potencidlnich problémech, které mohou na obor bezpecnosti
tunelovych systému v blizké budoucnosti dolehnout.

Budoucnost tunelovych bezpe¢nostnich systému je stile vice
ur¢ovana, ¢asto pod carou, otdzkou, jak vysoké investice do
bezpe¢nosti dopravy v tunelech jsou je§té smysluplné. Odpovéd
zatim neexistuje, stejné jako v mnoha dalSich odvétvich naseho
vyspélého svéta, kterd z raznych dhli pohledu fesi otdzku ceny
lidského Zivota.

Je pochopitelné, Ze v rozvinutych spole¢nostech, jako je ta
nase, je maximum umu odborniki vénovéno rozvoji bezpe&-
nostnich systému snaZicich se omezit imrtnost v tunelech pri
havariich na minimum. Urc¢ité nebezpeci z mého pohledu spoci-
vd v tom, Ze tyto systémy jsou stdle sofistikovanéjsi
a komplikovanéjsi. A také draz$i. A pravé rust ndkladu na tech-
nologické vybaveni tunelu, z velké &asti slouZici bezpecnosti
dopravy, posouva rozhodovdni o vystavé a vybaveni tunell ze
sféry odborné do sféry politické. Vystavba kazdého velkého
dalni¢niho nebo méstského tunelu v sobé dnes nese potencidln{
hrozbu ekonomickych problému a moZnych politickych otfesu.

Jako technik jsem pySny na to, Ze vyzkum a vyvoj jsou schop-
ny posunovat bezpe¢nost v tunelech stdle déle, Ze hranice lidské
invence je v této oblasti téméf nekonecnd. Soucasné ale varuji,
ze lidé, kter{ jsou odpovédni za prijimani rozhodnuti o velkych
stavbdch nebo za n€ nesou politickou odpoveédnost, jim jiZ jen
obtizné€ rozuméji a nejsou schopni jejich smysluplnost posoudit.
Stéle jsou — logicky — pod tlakem paradigmatu o hodnoté lid-
ského zivota, které je nuti stdle rostouci ndklady na technolo-
gické vybaveni tuneld akceptovat.

Tento vyvoj v sobé nese potencidlni nebezpeci, Ze v uréitém
okamziku naklady na zajiSténi bezpecnosti prekonaji inosnou
miru a nikoliv odbornici, ale politici pfijmou rozhodnuti, kterd
budou situaci néjakym zpiisobem fesit. Ze okolnostmi vynuce-
nd politickd rozhodnuti nebudou z pohledu bezpecnosti
v tunelech a efektivity chodu firem, které tunelové technologie
doddvaji, zdaleka optimadlni, je pravdépodobné.

Myslim, Ze je to odpovédnost nds, firem a odborniku, ktefi se
bezpecnosti v tunelech zabyvaji, abychom soucasny vyvoj kori-
govali a politikim jejich rozhodovdni ulehé&ili. MuZeme délat
treba ndasledujici: Netlaéme na zvySovéani bezpeénosti tam, kde
to neni potfeba. Inovujme, zvySujme bezpeénost v tunelech, ale
zkusme nezvySovat ceny technologii. A 1épe pripravujme nabid-
ky a stavby, aby se ceny za technologické vybaveni tuneld
v prubéhu vystavby nezvySovaly.

Ze by i politici méli prispét svym dilem a velké infrastruktur-
ni stavby lépe pldnovat a pripravovat, je jasné. Ale o tom neni
tfeba se rozepisovat.
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DEAR LADIES AND GENTLEMEN,

this TUNEL journal issue contains several papers by
professionals employed by Eltodo, a. s. I suppose that
the level of the papers and the erudition of their authors
— Professor Pavel Pribyl, Ing. Jan Prikryl, Ing. Ondrej
Pribyl, Ing. Jifi Stefan, lecturer Tomas Tichy, Ing. Jan
Silaf and Ing. Tomas Smerda — give sufficient evidence
of the professionalism and high expertise the Eltodo
work and services in the field of tunnel technologies
have been distinguishing themselves for many years.
I am therefore going to use this space for the contemplation of the
potential problems which may fall upon the field of the safety of tun-
nel systems in the near future.

The future of tunnel safety systems is more and more determined,
often under the line, by the question how high investments into the
safety of traffic in tunnels remain to be reasonable. The answer sol-
ving the issue of the value of a human life does not exist yet, simi-
larly to the same questions in many other fields of our developed
world.

It is understandable in such the developed societies as our society
is that the maximum of skills of professionals is dedicated to the
development of safety systems trying to reduce the fatality rate at
incidents in tunnels to the minimum. From my point of view,
a certain danger lies in the fact that these systems are more and more
sophisticated and complicated and also more expensive. It is the
growth in the costs of tunnel equipment, in large part serving to the
safety of traffic, that is responsible for shifting the process of making
decisions about the construction and equipment of tunnels from the
technical sphere to the political sphere. The construction of any large
motorway or urban tunnel today carries a potential threat of econo-
mic problems and possible political upheavals in it.

As a technician, I am proud of the fact that research and develop-
ment are capable of shifting safety in tunnels further on and that
human invention in this field is nearly unlimited. Nevertheless, I at
the same time warn that people responsible for taking decisions
regarding large construction projects or people bearing the political
responsibility for them understand them with difficulties and are not
able to assess their meaningfulness. They are permanently — logical-
ly — under the pressure of the paradigm regarding the value of human
life, which forces them to accept the continually growing costs of
tunnel equipment.

This development conceals a potential danger that the cost of
ensuring safety will exceed the bearable level and politicians, not
professionals, will adopt decisions that will solve the situation in
some way. It is likely that political decisions enforced by circu-
mstances will be far from optimal as far as the safety in tunnels and
effectiveness of the firms supplying tunnel equipment are concer-
ned.

In my opinion, correcting the current development and facilitating
the decision-making process for politicians it is the responsibility of
us, firms and professionals involved in the field of safety in tunnels.
We can, for example, behave in the following way: We will not push
to improve the safety in the cases where it is not necessary. We will
innovate, improve safety in tunnels, but will try not to increase the
costs of equipment. And we will prepare our tenders and constructi-
ons with the objective not to increase the costs of the technological
equipment of tunnels during the course of construction.

Of course, even politicians should contribute their share through
their work and plan and prepare large infrastructure projects in
a better way. But it is not necessary to further expand on this topic.

ING. LIBOR HAJEK
prezident spolecnosti a predseda predstavenstva ELTODO, a. s.

President and Chairman of the Board of ELTODO, a. s.
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MILI CTENARI CASOPISU TUNEL,

béhem poslednich deseti let mam jiz poctvrté to poté-
Seni, uvitat vds jménem spolecnosti SATRA, spol. s r. 0.,
u nového &isla Casopisu. KdyZ pro¢itdm své minulé pred-
mluvy, je to pro mne zajimavd moZnost rekapitulovat,
¢ifm jsme vSichni, kdo jsme soucdsti Ceského tuneldrstvi,
prosli.

V roce 2004 jsme chystali uvedeni do zkuSebniho pro-
vozu tunel Mrdzovka. Projekt tunelového komplexu
Blanka byl ve fazi zpracovani dokumentace ke stavebni-
mu povoleni a pracovalo se na pruzkumné Stole
a geotechnickém pruzkumu. O tfi roky pozdéji, v roce 2007, jsem vds
vital v dob¢, kdy se na tunelu Blanka pracovalo jiZ na nékolika stave-
niStich. Hloubily se jdmy na Letné a v Troji, byly zahdjeny razené
useky pod Vltavou. Méli jsme Cerstvé po kondni World Tunnel
Congress ITA-AITES Prague 2007, a netuSili jsme, jaké prevratné
udélosti a zmény prinesou dalsi roky.

V roce 2011 naSe spolecnost slavila dvacdté vyroci vzniku. Jako
pomyslny ddrek jsme dostali ekonomickou recesi a sloZitou politic-
kou situaci na drovni stdtu i krajo a mést, zastavené projekty velkych
inZenyrskych staveb, zejména dopravnich, krizi ve stavebnictvi. Prace
na tunelu Blanka presto pokracovaly, ale cely na§ obor prochézel dal-
§imi a dal§imi pfemety a ¢im ddl vic bylo zfejmé, Ze za horizontem
aktudlné rozestavénych projektd je vakuum. OkamzZité zastaveni
nejen vystavby, ale i projektové pripravy staveb, nesystémové zmény
nebo dokonce ruseni koncepci, najednou zacalo prindSet zdvazné
dusledky. Na stavebnictvi zacala krize naplno doléhat ve chvili, kdy
se celd ekonomika dostala z nejhorsiho.

V dobé konéici recese se vold po nutnosti rozproudit ekonomiku.
Jak se stiidaji vlddy, méni se i recepty, jak toho dosdhnout. Ale at’jiz
chceme jen vytvdret prostiedi po podnikéni, nebo ¢init aktivni pobid-
ky a zvdt investory do primyslovych zon, potiebujeme fungujici
kapacitni infrastrukturu a zédzemi. Jako odbornici muZeme hledat
moznosti efektivnich dspor, navrhovat kompromisy a nové reSeni.
Musi ale existovat poptdvka po nich. Ukazuje se, Ze méli pravdu ti,
kdo tvrdili: k prosperité se nedd proSetiit. Je potieba investovat
s rozumnou mirou, koncepéné, smysluplné. A stejny piistup uplatio-
vat od studie pfes projektovou pripravu, realizaci a provoz. Potom se
kazda investovand koruna vrati nékolikrat. Plati to pro soukromého
investora stejné, jako pro stt.

JenZe nasi praci nekomplikuji pouze vlivy ekonomické. Vsichni
vime, jaké komplikace provazeji vystavbu tunelu Blanka zejména
v poslednich dvou letech. Zastaveni stavby a jedndni rozhod¢iho
soudu byly bezprecedentnim, ale logickym vydsténim dlouhodobého
vyvoje. Ménici se politické reprezentace vytvorily stav pravni nejis-
toty, znemoznujici dal§i postup podle platnych smluv. MuZeme vést
diskusi o tom, jestli puvodce takového vyvoje vedou zajmy politické,
nebo ekonomické. Je ale zcela neoddiskutovatelny fakt, Ze takovym
stavem netrpi jen stavebnictvi, ale celd spole¢nost. Rozpohybovat je
tak tfeba nejen odvétvi stavebni, ale napfiklad i pravni, aby rozhodo-
véani nebylo jen podle zdkona, ale predevsim podle zdravé logiky
a spravedlnosti.

Muj pohled do budoucnosti na§eho oboru je presto optimisticky.
Snad je to jistd vira v to, Ze soucasny stav je neudrZitelny a musi
nastat obrat k lep§imu. Podle vyjadfeni generdlni feditelky MMF
Lagardéové by méla svétovd ekonomika ve druhém pololeti zesilit
rust a piisti rok ddl zrychlit, i kdyZ moznd mirnéji, nez se dosud ceka-
lo. I naSe zemé¢ se vzpamatuje z recese. Rozvijejici se ekonomika
bude potfebovat nejen novd pracovni mista; lidé se budou potfebovat
na svd pracovi§té dopravit. Rozvoj jist¢ Cekd i naSe hlavni mésto,
které by mélo pfistoupit nejen k systémovému omezovéni dopravy,
ale predevsim by mélo dokondit sit'hlavnich komunikaci a pokracovat
s vystavbou metra. Snad vSichni pochopime, Ze bitvy pravniku nase
Zivoty neudini kvalitnéjs$i, a vratime se v kazdodennim Zivoté
k pouzivani zdravému rozumu.

A7 potom budeme mit pocit, Ze vidime kone¢né ono
pomyslné svétlo na konci tunelu.

ik

DEAR TUNEL JOURNAL READERS,

it is already for the fourth time during the previous ten years that [
have the pleasure to welcome you on behalf of SATRA, spol. s r. 0.,
at a new issue of the journal. Reading through my past forewords
gives me an interesting possibility of recapitulating things we all, as
parts of the Czech tunnel construction industry, have gone through.

In 2004, we were preparing the opening of the Mrazovka tunnel to
traffic. The Blanka complex of tunnels project was at the final design
stage, the exploration gallery was being driven and geotechnical
investigation was in progress. Three years later, in 2007, I welcomed
you already at the time when several Blanka tunnel construction sites
were being worked on. Construction pits were being excavated in Letnd and Troja
and the driving of mined tunnel sections under the Vltava River commenced. The
ITA-AITES World Tunnel Congress Prague 2007 had been a recent past and we did
not have a clue which revolutionary events would happen during the years to come.

In 2012, our company celebrated the twentieth anniversary of its origination. What
we received as an imaginary present was the economic recession and complicated
political situation at the level of the state, regions and cities, suspended large civil
engineering projects, first and foremost relating to transport, and a crisis in the con-
struction industry. The work on the Blanka complex of tunnels continued, but the
entire construction industry was experiencing another and another somersault and it
was more and more obvious that there was a vacuum behind the horizon of projects
being at that time underway. The immediate stopping not only of further constructi-
on projects but also planning of construction projects, nonsystem changes or even
cancellations of concepts suddenly began to carry serious consequences. The crisis
started to bear upon the construction industry at the moment when the entire econo-
my was getting out of the worst.

At the time of the ending recession, the necessity for reviving the economy is being
called for. Recipes for the method of reaching it permanently change with the chan-
ging governments. However, no matter whether we wish to develop environment
favourable for business or to create active incentives and invite investors to industri-
al zones, we always need a functioning high-capacity infrastructure and background.
As professionals, we can seek the possibilities of effective savings, propose compro-
mises and new solutions. It is true, but the existence of the demand for it is a condi-
tion. It turns out that those people were right who maintained that it is impossible to
reach prosperity through savings. It is necessary to invest to a reasonable degree, con-
ceptually and meaningfully. And the same approach has to be applied starting from a
study through the engineering stage, realisation and ending by the operation. Then,
each invested crown will return back several times. It applies equally for a private
project owner and the state.

But economic effects are not the only effects to complicate our work. We all know
the complications attending the construction of the Blanka complex of tunnels, main-
ly during previous two years. The suspension of construction work and arbitration
proceedings were an unprecedented, but logical, outcome of the long-term develop-
ment. Changing political representations created a state of legal uncertainty, which
makes it impossible to proceed in accordance with valid contracts. We can have a dis-
cussion whether the originator of such the development follows political or economic
interests. However, a completely unquestionable fact is that it is not only the con-
struction industry but even the entire society that suffer such the sttate. It is necessa-
1y to set into motion not only the entire construction industry but also, for example,
the field of legislation, so that decisions are made not only in compliance with laws
but also, first and foremost, in accordance with sound logics and fairness.

Nevertheless, my look into the future of our industry is optimistic. Perhaps it is a
certain belief that the current condition is unsustainable and the turn to the better is
inevitable. According to a statement of Christine Lagarde, the managing director of
the IMP, the world economy should increase the growth in the second half of the year
and further accelerate during the next year, even if the growth and acceleration may
be more moderate than expected till now. Even our country will recover from the
recession. The developing economy will need not only new jobs; people will need to
be transported to their working places. Even our capital will certainly experience
development. It should approach not only systemic reducing traffic fvolumes, but
first and foremost, it should complete the network of principal roads and continue to
develop the metro system. Hopefully we all will understand that legal battles will not
improve the quality of our lives and we will return to using common sense in our eve-
ryday lives.

Only then will we have the feeling that we will finally see the ima-
ginary light at the end of tunnel.

ING. LUDVIK SAJTAR

Jjednatel a generalni feditel Satra, spol. s r. o.
Acting Secretary and General Director Satra, spol. s r. o.
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ZVYSENI EFEKTIVITY ZACHRANY OSOB V TUNELECH
DIVERZIFIKOVANYM AKUSTICKYM SYSTEMEM

INCREASING THE EFFECTIVENESS OF THE RESCUE OF PERSONS
IN TUNNELS BY A DIVERSIFIED ACOUSTIC SYSTEM

PAVEL PRIBYL, JAN PRIKRYL, ONDREJ PRIBYL

ABSTRAKT

Cldnek se zabyvd prvnimi okamziky po vzniku poZdru, kdy kazdd minuta rozhoduje o moznosti zdchrany osob v tunelu. Podstatnou soucdsti
procesu sebezdchrany je doba nutnd pro identifikaci nebezpeli a reakci na nej. Ta souvisi s mnoha okolnostmi a psychikou clovéka. Oba tyto casy
Ize podstatné zkrdtit, pokud jsou lidé bezprostiedné vyzvdni k neprodlené evakuaci nouzovym zvukovym systémem. Kvalita informaci preddva-
nych soucasné instalovanymi systémy je nizkd, a to kviili dokonale odrazivym plochdm v tunelové troubé, zpusobujicim dlouhou dobu dozvuku.
Cldnek predstavuje nové elektroakustické zarizeni umistované v kratsich odstupech a pracujici s nizSim akustickym vykonem nez stdvajici zari-
zeni. Na objektivnim méreni srozumitelnosti je prokdzdn pFinos oproti stavajicim nouzovym zvukovym systémum. Zarizeni bylo vyvinuto v ramci
projektu ALFA ,, Zeleny tunel“ (¢. TAO1030020) podporovanym Technologickou agenturou CR.

ABSTRACT

The paper deals with the initial moments after the origination of a fire, when each minute decides about the possibility of rescuing people in
the tunnel. A substantial part of the self-rescue process is the time necessary for the identification of the risk and the response to it. This time is
associated with many circumstances and human psyche. Both of these two times can be significantly reduced if people are called on to immedi-
ately evacuate the tunnel by an emergency sound system. The quality of information provided by the currently installed sound systems is low. It
is so because of the ideally reflective surfaces in the tunnel tube, causing a long time of reverberation. The paper introduces new electroacoustic
equipment installed at shorter intervals and working with lower acoustic output than existing facilities. The benefit, in comparison with existing
emergency sound systems, is proved on an objective measurement of intelligibility. The facility was developed within the framework of the ALPHA

“Green Tunnel” project (No. TAO1030020) supported by the Technology Agency of the CR.

ovoD

Pfi ndvrhu tunelt pozemnich komunikaci je zdkladni povinnosti
projektanta zajistit pfiméfenou moznost evakuace, a to zejména pii
pozaru. Zasadnim problémem je efektivni informovani osob
o0 bezprostredni nutnosti dniku ihned po jeho vzniku. Nejvice ztra-
cenych lidskych Zivotu, pfi katastrofdch v tunelech, je kvili pozdni
reakci postiZzenych osob. Plati tzv. zlaté pravidlo, které fikd, Ze lidé
maji asi 6-8 minut, od vzniku poziru doprovdzeného vyvojem
koufe, pro opusténi prostoru tunelu dnikovymi vychody.

Reakci lidi 1ze urychlit véasnym varovanim. V soucasné dobé se
v nasi republice, stejné jako v radé dalSich zemi, pouzivd systém
ozvuceni tlakovymi reproduktory umisténymi u tnikovych vycho-
du. Kvuli ,,dokonalé odrazivosti* povrchu tunelu vznikd mnohoné-
sobné echo a srozumitelnost mluveného slova preddvanych hldseni
je velmi Spatnd. To dokonce vedlo k pochybnym tdpravim normy
pro projektovénf tuneld pozemnich komunikaci CSN 73 7507, dis-
kutovanym déle. V ¢lanku je predstaveno nové feSeni ozvuceni
tunelll vyuZivajici vétsi mnoZstvi malovykonnych elektroakustic-
kych méni¢u ,,rozptylenych* podél tunelové trouby.

EVAKUACE 0SOB

V pripadg, Ze v tunelu vznikne uddlost vétsiho rozsahu vyzaduji-
ci okamzZitou evakuaci, Ize tento proces rozdeélit na dva zékladni pri-
pady, viz lit. [1], [2]:

Zachrana vlastnimi silami

Sebezdchranu lze méfit celkovym ¢asem potfebnym pro dosaze-
ni bezpe¢ného mista. Tato doba je tvofena tremi slozkami:

 Casem identifikace nebezpeci senzory instalovanymi v tunelu,

e Casem reakce, kdy uzivatel zacne konat,

e a Casem vlastni evakuace, ktery ovliviiuje rychlost chiize

a vzdalenost k nejbliz§imu nouzovému vychodu.

Casto hraje dominantni roli prvni slozka, tj. uvédoméni si hrozi-
ciho nebezpedi. Rozsdhly evakuadni test, ktery se pred nékolika lety
uskutecnil v tunelu v oblasti pfistavu Rotterdam, prokdzal, ze Cas
potrebny na vyhodnoceni hroziciho nebezpe¢i byl 5 az 10 minut,

INTRODUCTION

The basic obligation of a designer designing a road tunnel is to
ensure adequate possibility of evacuation, first of all in the case of
a fire. The fundamental problem is the effective passing of infor-
mation about the immediate need to escape immediately after it ori-
ginated. The majority of human lives in tunnel catastrophes are lost
due to delayed reaction of affected people. The so-called “golden
rule” applies, which says that people have about 6—8 minutes, mea-
sured from the origination of a fire attended with the development
of smoke, for the evacuation of the tunnel space via escape exits.

The reaction of people can be accelerated by timely warning. The
system which is at the moment used in the Czech Republic and
many other countries applies a sound system using horn loudspea-
kers installed at escape exits. A multiple echo develops owing to the
“ideal reflectivity” of tunnel surfaces and the intelligibility of spo-
ken words of the transmitted announcements is very low. This fact
even led to questionable editions of the standard CSN 73 7507 on
road tunnel design, which is discussed below. The new solution
which is introduced in the paper uses a larger quantity of low-power
electro-acoustic transducers “dispersed” along the tunnel tube.

EVACUATION OF PERSONS

In the case that a larger-extent event requiring immediate evacu-
ation originates inside a tunnel, it is possible to divide this process
into two basic cases, see References [1], [2]:

Self-rescue

We can measure the self-rescue by the total time required for rea-
ching a safe place. This time consists of three components:

e the time for the detection of the danger through sensors instal-

led in the tunnel,

e the reaction time in which the user starts to act,

e the evacuation time itself, which is influenced by the walking

speed and distance to the closest emergency escape.
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a to i presto, Ze fidi¢i mohli pozorovat dym unikajici z hoticiho
kamionu.

MozZnost sebezdchrany se samoziejmé podstatné zvySuje vCas-
nym informovédnim Gcastniki o nutnosti bezprostredni evakuace.
K dal§im faktoram ovliviiujicim G¢innost sebezdchrany patii zna-
¢eni tnikovych cest, celkovy pocet unikajicich osob, jakoZ i podil
hendikepovanych a star§ich ob&ant. Vyznamnou roli hraje preven-
tivni vychova.

organizovanha evakuace

K fizené evakuaci muZe dojit aZ poté, co na misto nehody dorazi
néktera ze zdsahovych sluzeb. V pripadé méstskych tuneld se odha-
duje doba dojezdu zachrannych sloZek na cca 8 minut. Ke skute¢né
zdchrané osob uvéznénych v dopravnich prostredcich vétSinou
nedochézi diiv neZ 15-30 minut po nehodé. Proto se vySe uvedend
zdchrana vlastnimi silami jevi jako primdrni zdroj sniZeni poctu
ranénych.

Zasadnim problémem pfi zjiStovani poctu a rozsahu zranéni &i
dokonce usmrceni osob je odhadovéani toho, jak budou lidé reago-
vat na konkrétni krizovou situaci, coZ je obecné velmi tézké
a neexistuje zde obecnd odpovéd. Chovani lidi a jejich reakce po
vzniku uddlosti je ovlivnéno vnéj§imi podminkami a individudln{
psychikou. Témito otdzkami se zabyvala rfada vyzkumnych praci
a bylo nalezeno nékolik faktoru, které 1ze odlisit:

1. Chovéni je ovlivnéno tim, kde se udilost odehrava

e Lidé se chovaji jinak, pokud jsou si védomi, Ze se jednd
o dlouhy tunel pod vodni hladinou nebo o kritky tunel ve

_ mésté.

2. Clovék aktivné vnima své okoli

* Lidé si prizpusobuji vijem okoli nebo uddlosti svym pied-
stavdm. Obecné neplati, Ze lidé zacnou utikat, kdyZ uciti
nebo uvidi kour. Dokonce se mohou vydat tnikovou cestou
smérem k uddlosti, pokud ji vnimaji jako vhodngjsi.

3. Vyznamna je role osob majicich moznost ovlivnit chovani

lidi

e Jednd se hlavné o dispeCery tunelu. Je nutné, aby si lidé,
ktefi maji moZnost ovlivnit pozitivné chovani ostatnich lidi,
tuto tlohu uvédomili a vyuzivali ji. Kritickym bodem kom-
plexni bezpecnosti v tunelu je vzdélavani obsluh tunelu. Ti
prebiraji vedouci roli a zodpovédnost v prvnich kritickych
minutach.

4. Chovani lidi je orientovdno schematicky

e Pokud ¢lovék cestuje tunelem, md pro to jasny duvod.
Tento divod také Casto ovliviiuje to, jak se lidé budou cho-
vat. Proto je otdzkou, zda evakuacni cvi¢eni mohou plné
postihnout reakce lidi v redlné situaci.

5. V nebezpecnych situacich se lidé mohou chovat iracionalné

e Predvidat chovani v abnormélnich podminkdch je velmi
obtizné. Jsou znamy piipady, Ze lidé ohroZovali ostatni, aby
se sami dostali k tinikovému vychodu.

CHOVANI LIDI V PRIPADE UDALOSTI

Proceduru evakuace lze definovat jako Cas, ktery uplyne od doby,
kdy lidé uddlost identifikuji, do doby, kdy se dostanou na bezpecné
misto. Evakua¢n{ proces 1ze rozdélit na nékolik Casovych dseka,
které mohou byt analyzovdny zvlast, protoZe jsou specifické
z hlediska chovani lidi i akci, které jsou vykondvany, lit. [3], [4].
Doba Zjisténi udalosti

Lze ji charakterizovat jako ¢as, behem kterého si jedinec uveédo-
mi, 7e se néco konkrétniho stalo. V tunelu se toto informovani muZe
podstatné vylepsit, pokud je tunel vybaven vhodnym informa¢nim
systémem. Je také nutné, aby si obsluha tunelu byla jistd uddlosti
a uméla tato zafizeni optimdlné vyuzivat.

Lze rozlidit dvé kategorie uvédoméni si udalosti. Cast lidi je
v kontaktu s mistem uddlosti, tito lidé reaguji diky fyzikalnimu cha-
rakteru udélosti (kouf, plameny) velmi rychle. Dalsi ¢ést lidi muze
byt informovana pouze neprimo, napriklad pomoci zvukového zari-
zeni, & informaénich tabuli, rozhlasem nebo svételnymi znakami.
Efektivita varovani prostrednictvim informacnich tabuli, pokud
jsou daleko od sebe, nebo kvuli zpoZzdéni preddni zprdvy

The first component, i.e. the realisation of the threatening danger,
often plays the dominant role. The extensive evacuation test which
was conducted several years ago in a tunnel in the area of the har-
bour of Rotterdam proved that the time required for the assessment
of the threatening danger was 5 to 10 minutes even if drivers could
observe smoke escaping from a truck on fire.

The self-rescue possibility naturally substantially increases if
participants are timely informed about the necessity of immediate
evacuation. Among the other factors influencing the self-rescue
effectiveness there are the marking of escape routes, the total num-
ber of escaping persons, as well as the proportion of handicapped
and older people. An important role is played by preventive educa-
tion.

Organised evacuation
Controlled evacuation can take place only after the arrival of one
of intervention services to the accident site. The access time for res-
cue units is estimated to be about 8 minutes in the case of urban tun-
nels. Actual rescue of persons trapped in means of transport mostly
does not take place sooner than 15-30 minutes after the accident.
For that reason the above-mentioned self-rescue appears to be the
primary source of the reduction of the number of injured people.
The basic problem during the determination of the number and
extent of injuries, or even fatalities, is the prediction of the way in
which people will react to a particular critical situation, which is
generally very difficult and there exists no common answer. The
behaviour of people and their reaction after the origination of an
event is influenced by external conditions and individual psyche.
These issues were analysed by numerous research projects and
several factors were found, which can be distinguished as follows:
1. Behaviour is influenced by the place where the event takes
place
* People behave differently if they realise that it is the case of
a long tunnel under water surface or a short urban tunnel.
2. Man actively senses his/her surroundings
* People adapt their perception of their surroundings or an
event to their own ideas. It does not apply in general that
people start to escape when they feel or see smoke. They
even can set out along an escape route toward the event site
if they consider it to be more advantageous.
3. Important role is played by persons capable of affecting
the behaviour of people
* These people are mainly tunnel operators. It is necessary
for people who are able to positively influence the behavi-
our of other people to realise this role and use it. The edu-
cation of tunnel operators is the critical point of the com-
prehensive safety in tunnels. The tunnel operators take over
the leading role and responsibility during the initial critical
minutes.
4. Behaviour of people is oriented schematically
 If a man travels through a tunnel, he or she has a clear rea-
son for it. This reason also often influences the behaviour
people will adopt. It is therefore a question whether evacu-
ation exercises can fully cover reactions of people in a real
situation.
5. People may behave irrationally in dangerous situations
* Predicting behaviour in abnormal conditions is a very diffi-
cult task. Cases are known that people threatened others to
get alone to an escape exit.

HUMAN BEHAVIOUR IN THE CASE OF AN EVENT

The evacuation procedure can be defined as the time that will
pass from the moment at which people recognise the event up to the
time when people get to a safe place. The evacuation process can be
divided into several periods of time, which can be analysed separa-
tely because they are specific in terms of the behaviour of people
and the actions which are performed, Ref. [3], [4].




rozhlasem, muZe byt pomérné nizkd. Proto by mél byt tunel vyba-
ven nékolika systémy komunikujicimi s uZivateli riznymi prostied-
ky (slovem, pismem, znatkami a piktogramy). Nezbytné€ nutné je,
aby byli uzivatelé tunelu trvale seznamovdni s témito prostredky
a ve&déli, jak se maji chovat v pripadé ruznych udalosti.

Z uvedenych dvah je patrné, Ze doba zjisténi udélosti je velice
individudlni, zavisi na druhu udélosti a jejich projevech a je silné
podminéna technologickym vybavenim tunelu.

Doba reakce

Doba reakce je Cas, ktery se pocitd od doby zjisténi udalosti do
doby zacatku evakuace. B€hem této doby si ¢lovek jiz uvédomuje
problém a hledd vhodné feSeni. Obvykle jedinec ndsleduje chovani
ostatnich 1idi, ktefi se rozhoduji rychleji.

PrestoZe je tato doba také siln¢ individudlni, jsou zde jisté fakto-
ry, které ji ovliviuji. Jednd se o chovéni jedinct v okoli, prostredi
v tunelu, viditelnost tnikovych vychodu, ale muZze ji ovlivnit
i nechut’ ponechat cenné predmeéty ve vozidle. VSechny tyto faktory
ovlivni Cas, ktery je potfebny pro rozhodnuti zacit vlastni evakuaci.

Doba pro tnik

To je Casovy usek, kde se efektivné vyuzivaji simulaéni modely
simulujici psychofyzické chovéni lidi. Tyto modely poskytuji dob-
rou predstavu o dobé, kterd je potiebnd pro dosazeni unikovych
vychodu. Pii vypoétech se bere v tvahu rychlost pohybu osob,
kterd je ovlivnéna hustotou unikajicich osob (pocet osob/m2), vidi-
telnosti (napf. sniZzend koufem), pozici orientanich znacek
a oznalenim unikovych vychodu, a také vliv starSich a hendike-
povanych osob.

V prvnich sekundéch se jednd o opusténi vozidla. Opustén{ osob-
niho vozidla je pfitom jenom zlomek ¢asu pro opusténi plné obsa-
zeného patrového autobusu, kde hraje navic podstatnou roli fakt,
zda 1idé spi, jak jsou unaveni apod.

Rychlost unikajicich osob stanovuje americky standard NFPA
130 na 0,7 m.s™!, pficemZ je myslena rychlost osob, které se pohy-
buji volne a nejsou ovlivnény zdstupem ¢&i frontou. Toto korespon-
duje s doporucenim PIARC z roku 1999, kde je doporucena hod-
nota 0,5-1,5 m.s!. V nasich podminkdch se obvykle voli rychlost
pohybu osob 0,5 m.s™!, coZ je hodnota piili§ nizkd, odpovidajici
rychlosti 1,8 km.h'! a méla by byt zvy3ena alespoii na 0,7 m.s’!
(2,5 kmhh.

ROLE TECHNOLOGICKYCH ZARIZENI

Kromé fyzického vniméni udélosti, které se tykd pouze osob
v bezprostredni blizkosti udalosti, musi byt vétSina lidi uvézné-
nych v tunelu informovédna varovnymi zarizenimi. Obr. 1 predsta-
vuje piiklad diagramu drdha—¢as z hlediska unikajicich osob
s tim, Ze v Case nula vznikl poZdr. Proces evakuace je rozdélen na
dva casové useky. Prvni, souvisejici s psychologif lidi, je ddn Casy
uvédoméni si nebezpeli a reakce na néj. Druhy Casovy usek je
v podstaté deterministicky a vyjadfuje dobu chize k dnikovému
vychodu, lit. [5].

V obr. 1 jsou jako priklad stanoveny ¢asy pro uvédomeéni a reakci
pomérné kratké, 150 s. Znamend to, Ze jedinec hned na pocdtku
ztratil 150 s a teprve potom za&in chiize. Unikového vychodu, ve
vzdalenosti 250 m, dosdhne za 320 s, tj. za 5,3 minuty. Pokud se
podari varovat uZivatele o nutnosti okamzité zahdjit evakuaci, jiz
napiiklad za 30 s po vzniku pozéru, dosdhne unikového vychodu za
3.5 minuty.

S ohledem na technologickd vybaveni tunelu maji na proces
ovlivnéni chovani ¢lovéka v ranych stadiich pozaru hlavné vliv
ndsledujici dva subsystémy:

1. Subsystém ,Identifikace poZzdru* md za ukol rychle a spo-
lehliveé odhalit poZzdr, at’ ho tvoii jakdkoli kombinace tepelné,
¢ kourové slozky. Pri hodnoceni tohoto subsystému je
vystupni proménnou ¢as identifikace poZzaru pro konkrétni
instalovand zarizeni.

2. Subsystém ,,Informovani uZivateli tunelu m4 hlavni dkol
predat jasné a srozumitelné informace o nebezpeéi a doporucit
evakuaci. Vystupni proménnou je ¢as, ve kterém je predana
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Event recognition period

It can be characterised as the time during which an individual rea-
lises that something concrete has happened. This information can be
significantly improved in a tunnel if the tunnel is equipped with an
adequate information system. It is also necessary for the tunnel ope-
rator to be sure with the event and be capable of optimal use of these
facilities.

It is possible to distinguish two categories of the realisation of the
event. A proportion of people is in contact with the event site, these
people react very quickly thanks to the physical character of the event
(smoke, flames). The other proportion of people can be informed
only indirectly, for example by means of sound equipment or messa-
ge signs, a public address system or lights. The effectiveness of war-
ning by means of message signs can be relatively low if they are
installed at large intervals or because of a delay in conveying the
news by broadcasting. For that reason a tunnel should be equipped
with several systems communicating with users by various means
(words, letters, marks and pictograms). It is absolutely necessary to
permanently inform tunnel users about these means so that they know
how to behave in the cases of various events.

It is obvious from the above-mentioned considerations that the
event recognition time is very individual, depending on the event
type and its manifestations, and is strongly influenced by the tunnel
equipment.

Reaction time

Reaction time is the time that is counted from the moment of the
event recognition to the beginning of evacuation. During this time
a man already realises the problem and seeks a suitable solution. An
individual usually follows the behaviour of the other people who
make decisions quicker.

Even though this time is also significantly individual, there are cer-
tain factors that significantly influence it. They comprise the behavi-
our of individuals in the surroundings, the tunnel environment, visi-
bility of escape exits, but it can be even affected by reluctance to
leave valuable items in the vehicle. All of these factors influence the
time necessary for making the decision to start the evacuation itself.

Time for escape

It is a period of time in which simulation models simulating psy-
chophysical behaviour of people are effectively used. These models
provide a good idea of the time required for reaching escape exits.
The following aspects are taken into consideration in the calculations:
the speed of movement of persons, which is affected by the density
of the crowd of escaping people (persons/m?), visibility (e.g. reduced
by smoke), the position of orientation signs and marking of escape
exits, as well as the influence of older and handicapped persons.

Leaving the vehicle is in question during initial seconds. Leaving
a car takes only a fraction of the time required for leaving a fully
occupied double-decker, where a significant role is played by the fact
whether people sleep, are tired etc.

The speed of escaping people is determined by the American stan-
dard NPA 130 at 0.7m.s™, meaning the speed of persons moving fre-
ely without being affected by a crowd or queue. This corresponds to
the PIARC recommendation from 1999, where the value of
0.5-1.5m.s! is recommended. In the conditions of the Czech
Republic, the speed of the movement of persons is usually chosen at
0.5m.s™, which is a too low value, corresponding to the speed of
1.8km.h'!; it should be increased at least to 0.7m.s™' (2.5km.h1).

ROLE OF TUNNEL EQUIPMENT

Apart from the physical perception of the event which relates only
to people who are in the immediate vicinity of the event, the majori-
ty of people trapped in the tunnel have to be informed by means of
warning facilities. Fig. 1 presents an example of a distance-time dia-
gram from the point of view of escaping persons, with the fire origi-
nation time marked zero. The evacuation process is divided into two
periods. The first one, which relates to human psyche, is given by the
times for the recognition of the danger and the reaction to it. The
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other period is essentially deter-
ministic, expressing the time of
walking to the escape exit Ref.
[5].

The times set for the recogni-
tion and reaction, which are
presented as an example in Fig.
1, are relatively short, 150s. It
means that an individual lost
150s just in the beginning and
walking starts only subsequent-
ly. He or she reaches the escape
exit located at the distance of
250m in 320s, i.e. 5.3 minutes.
If the user is successfully war-
ned that evacuation has to start
immediately, for example after
30s after the fire origination, he
or she will reach the escape exit
in 3.5 minutes.

With respect to the tunnel
equipment facilities, the process
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cas [s]
time [s]

s 1.4m/s
1 t f T
. 200 250 300

doba reakce
reaction time
~40s

¢as uvédomeéni
recognition time
~110s i

. doba rozhodovani
decision making time +150 s

chovani lidi / behaviour of people
psychologicky process / psychological process

doba chtize / time of walking
deterministicky process / deterministic process

of influencing human behavi-
our at early stages of a fire is
affected first and foremost by:
1. The “Fire identification”
sub-system , the task of
which is to reveal the fire
quickly and reliably, no
matter which combination
of the thermal or smoke-
related component it is
formed by. When this sub-
system is being assessed,

350

Obr. 1 Model viniku osob v diagramu drdha—cas. Priklad vlivu informacniho systému na zkrdceni doby reakce lidi a tim

i na zkrdceni doby tniku, lit. [5]

Fig. I The model of the escape of persons in the distance—time diagram. An example of the influence of the informati-
on system of the reduction of the reaction time of persons, resulting in the reduction of the escape time, Ref. [5]

informace o nebezpedi, &i pokyn k evakuaci pro vétSinu osob
v tunelu.

Schopnost rychle identifikovat pozar a i¢inné varovat tcastniky
provozu zajistuji typicky heterogenni technologické subsystémy
tvofené ruznymi zafizenimi a komponentami. Jejich nédvrh
a realizace v tunelu zdvisi na mnoha okolnostech a obvykle nemo-
hou byt ddny presnymi standardy. Nejenom investor ¢i manazer
rizik rozhodujf o jejich provedeni, volba je ¢asto ovlivnéna i finan-
¢nimi moZnostmi.

Subsystém identifikace pozaru

Pozdr se v tunelu projevuje bud prvotnim vyvojem tepla, ¢i nao-
pak rozvojem koufe, anebo obéma fyzikdlnimi priznaky najednou.

Jak jiZ bylo zminéno, prvnim duleZitym parametrem indikujicim
poZér je teplota. VSeobecné pouZivany linedrni hldsi¢ poziru je
obvykle instalovdn pod stropem tunelu. Schopnost rychle
a spolehlivé odhalit poZér zavisi predev§im na vykonu pozaru, dile
na vySce hldsice, na nastaveni prahové hodnoty alarmu pro abso-
lutni teplotu ¢i na hodnot€ ndrustu teploty v ¢ase. Citlivost identi-
fikace ovliviiuje i rychlost proudéni vzduchu v tunelové troubé.

Zatimco teplo muZe zasdhnout v prvnich minutdch po vzniku
pozdru jen omezeny pocet lidi v bezprostiedni blizkosti, vyvoj
koufe byva velice rychly a masivni. Podle dokumenti PIARC
generuje hoiici osobni vozidlo 20 m3. s! koufe a autobus dokonce
90 m>. s7!. Pfitom se jednd o vysoce toxicky kouf. Kouf patif asto
k prvnim symptomam vzniku poZéru, a proto jsou koufové senzo-
ry velmi daleZité pro jeho identifikaci. V soucasné dobé se pouZi-
vaji nasledujici technologicka zafizeni a senzory:

* mgerice opacity mandatorné instalované v tunelech,

 koufové senzory instalované v pravidelnych odstupech,

* videodetekce koure.

the output variable is the
time of the fire identifica-
tion regarding particular
facilities installed.
2. The “Information to tun-
nel user”, the main task of which is to convey clear and intelligible
information on the danger and recommend evacuation. The output
variable is the time during which the information about the danger or
an instruction to evacuate is conveyed to the majority of people in the
tunnel.

The ability to quickly identify a fire and effectively warn the tun-
nel users is ensured by heterogeneous technological sub-systems for-
med by various facilities and components. Their design and realisa-
tion in a tunnel depends on many circumstances and usually is not
and cannot be given by exact standards. Not only do the project
owner or risk manager decide on their implementation; the selection
is often affected even by financial possibilities.

Fire identification sub-system

A fire in a tunnel manifests itself either by the initial development
of heat or, just the opposite, the development of smoke, or by both
physical signs simultaneously.

As mentioned above, the first important parameter indicating a fire
is heat. The generally used linear heat detector is usually installed
under the tunnel ceiling. The ability to quickly and reliably detect
a fire depends first and foremost on the fire heat release rate and also
the height of the detector, the setting of the alarm trigger level for
absolute temperature or on the temperature growth rate. The identifi-
cation sensitivity is even affected by the airflow velocity in the tun-
nel tube.

Whilst heat can affect only a limited number of people found in the
close vicinity of the fire during initial minutes after the fire origina-
tion, the development of smoke is usually very quick and massive.
According to PIARC documents, a burning car generates
20m3.s™! of smoke and a bus even 90m>.s!. This smoke is highly




Subsystém informovani uzivatell tunelu

Akustické zafizeni nazyvané evakualni zvukovy systém muZe
hrét rozhodujici roli v dodan{ relevantnich informaci k lidem uvez-
nénym v tunelu. Z psychologického hlediska muze toto zafizeni
prinédset velmi efektivné verbdlni informace pravé takto postizenym
lidem, ktefi diky témto sdélenim mohou bez vahani zahgjit evaku-
aci, lit. [7]. Obvykle se jednd o soubor predem pfipravenych
a kvalitné namluvenych hldSeni.

V tunelu jsou i dal$i zafizen{ instalovand pro zlepSeni tniku osob.
Napiiklad uZiti zvukovych signdla pochdzejicich ze sirén se ukéza-
lo jako nevhodné, a to z davodu moZného zvySeni paniky u lid{
uvéznénych v tunelu. Oproti tomu se naopak velmi dobre jevi uplat-
néni riznych zvukovych majacka obvykle instalovanych k exitim.
Primarni funkci téchto zafizeni je ve vétSiné pripadu pouze navadé-
ni osob k unikovému vychodu. Pravé proto hlavni vyuziti téchto
majacku nastdva aZ pii sniZené viditelnosti, kdy se jiZ v tunelu $if{
kour.

Naopak v prvnich momentech po vzniku katastrofy se mohou
uplatnit vizudlni informace ve formé svételnych ¢i proménnych
znacek. Ty se spinaji jen v pripadé poZdru a jsou na nich jednodu-
ché pokyny typu ,,Opust tunel”. ZkuSenosti ukazuji, Ze jejich efek-
tivita je ponékud omezend a nedosahuje Grovné verbdlni informace.
Informacéni displeje (zafizeni pro provozni informace) jsou moder-
nim prostfedkem pro §ifeni informaci k uZivatelim tunelu. Obvykle
maji 2-3 tadky dobfe Citelného textu. Zatim jsou, alespon podle
nasich norem, umistovéany (pokud vibec) pomérné daleko, ve vzda-
lenostech okolo 500 m. Tendence k jejich hust§imu umisténi naraz{
i na odpor projektanti vzduchotechniky, nebot’ vytvéri aerodyna-
micky odpor pro pohyb vzduchu vyvolany ventildtory.

Z vyse uvedeného vyctu (ale i ze samotné podstaty vnimani
varovnych informaci) vyplyvd, Ze nejic¢innéj§im prostredkem pro
urychleni samoevakuace je poskytnuti dobfe formované verbdlni
informace elektroakustickym systémem. To vSak naraZi na podstat-
ny problém, kterym jsou akustické vlastnosti tunelové trouby.

AKUSTICKE POMERY V TUNELU

Tunelovd trouba s hladkym povrchem je téméf dokonale odrazi-
vym prostredim. Znamend to, Z¢ zvukova vlna akustickych ménicu
dopadajici na sténu se odrdZzi jen s nepatrné zmensSenou energif
a pokracuje dal ve svém Sifeni. Tento akusticky jev se nazyva
echem. Projevuje se jako mnohondsobnd ozvéna, kterd vyznamné
snizuje srozumitelnost mluveného slova, lit. [8]. Zménit pomér pii-
mého a odrazeného zvuku, nebot tento pomér silné ovliviiuje sro-
zumitelnost, by znamenalo tunel obloZit absorpcni hmotou, a tim
omezit velikost odrazeného zvuku. To v praxi samoziejme neni
uskuteénitelné. Jind moznost zvySeni srozumitelnosti je predstave-
na v tomto ¢lanku.

V ramci projektu ,,Zeleny tunel” byl vyvinut systém diverzifiko-
vanych akustickych méni¢l pracujicich s mensim akustickym
vykonem, coZ sniZuje i velikost odrazeného zvuku. Diky uvazova-
nému vétsimu mnozstvi ménicu v tunelu je vyssi pravdépodobnost,
Ze uzivatel tunelu poslouchd v pfimém a ne odraZzeném poli.

Stejny efekt mnohondsobnych odrazu zpusobuji vozidla projiz-
déjici tunelem a ventildtory. Pokud Ize predpoklddat zastaveni vozi-
del v pripadé pozéru, je pravdépodobné, Ze v kratké dobé budou
sepnuty ventildtory. Prodlen{ v sepnuti ventildtort dané poZadavky
na zachovéni separace koure v prvnich minutdch po vzniku pozédru
ddvaji Sanci pro poskytnuti kvalitni verbalni informace. Hluk ven-
tildtoru je z principu zpusoben zrychlenim vzduSiny v soustroji
jakéhokoli ventildtoru a Ize s nim jen obtizné bojovat. U pfi¢né ven-
tilace s ventildtory mimo tunelovou troubu lze hluk tlumit hlukovy-
mi filtry.

V Schipholtunnelu v Nizozemsku byly mérfeny ekvivalentn{ hla-
diny akustického tlaku (kfivka A) pro rychlost vozidel 100 km.h'!,
Samotné mérfeni probihalo ve dvou variantich, nejprve
s vypnutymi ventildtory a ndsledné s ventildtory zapnutymi. Byly
naméfeny hodnoty 95, resp. 96 dB. Na podzim roku 2013 prob¢h-
lo obdobné méfeni i v Lochkovském tunelu, konkrétné v klesajici
tunelové troubé ve sméru na Brno. Na obr. 2 jsou zndzornény
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toxic. Smoke is often one of the initial symptoms of the origination
of a fire. For that reason smoke sensors are very important for its
identification. The following technological facilities and sensors are
currently used:

* opacity meters obligatorily installed in tunnels;

* smoke sensors installed at regular intervals;

* video smoke detection.

Information to tunnel users sub-system

The acoustic facility called the evacuation sound system can play
the deciding role; it conveys relevant information to people trapped
in a tunnel. From psychological point of view, this facility can very
effectively bring verbal information to the people affected in this
way, who can start evacuation without hesitation owing to these
announcements, Ref. [7]. The system usually consists of pre-prepa-
red announcements recorded at high quality.

There are even other facilities installed in the tunnel for the purpo-
se of improving the escape of persons. For example, the use of audio
signals coming from sirens turned out to be unsuitable because of the
possible increasing the panic among people trapped in the tunnel. In
contrast, the application of various beacons usually installed at esca-
pe exits appears to be very good. In the majority of cases, the prima-
ry function of these facilities is only to guide people to escape exits.
This is the very reason why these beacons are applied only under
reduced visibility when smoke is already spreading in the tunnel.

Conversely, visual information in the form of lights of variable
signs can come in useful at the initial moments after the catastrophe
origination. They are switched on only in the case of a fire and dis-
play simple instructions of the type “Leave the tunnel”. Experience
shows that their effectiveness is a little limited and does not reach the
level of verbal information. The information displays (tunnel opera-
tion information facilities) are a modern means of spreading infor-
mation for tunnel users. They usually have 2-3 lines of a well legib-
le text. For the time being, at least to Czech standards, they are instal-
led (if at all) at relatively big spacing of about 500m. The tendency
towards increasing the density of their installation even meets the
resistance of ventilation designers because of the fact that they gene-
rate aerodynamic resistance for the movement of air generated
by fans.

It follows from the above-mentioned enumeration (but also from
the very essence of the perception of warning information) that the
most effective means for the acceleration of self-evacuation is the
provision of well-formulated verbal information through an electro-
acoustic system. However, this design encounters a significant pro-
blem formed by the acoustic property of the tunnel tube.

ACOUSTIC CONDITIONS IN TUNNEL

A tunnel tube with a smooth surface forms a nearly perfect reflexi-
ve environment. It means that the sound wave generated by acoustic
transducers and falling on a wall is reflected with only slightly redu-
ced energy and continues to propagate further. This acoustic pheno-
menon is called the echo. It manifests itself as a multiple echo signi-
ficantly reducing the intelligibility of spoken words, Ref. [8].
Changing the proportion between the direct and reflected sound,
because this proportion significantly affects the intelligibility, would
mean the necessity for cladding tunnel walls with a sound-absorbing
material and reducing the magnitude of reflected sound in this way.
This is naturally unfeasible in practice. Another possibility for impro-
ving the intelligibility is presented in this paper.

A system of diversified acoustic transducers operating with
a smaller acoustic power, which in addition reduces the magnitude of
the reflected sound, was developed within the “Green Tunnel” pro-
ject. The probability that a tunnel user listens within the direct field
and not the reflected field is higher owing to the bigger quantity of
transducers inside the tunnel under consideration.

Vehicles passing along the tunnel and fans cause the same effect of
multiple reflections. If it is possible to expect that vehicles stop in the
case of a fire, it is likely that fans will be switched on in a short time.
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Obr. 2 Ekvivalentni hladina akustického tlaku v tunelu Lochkov v tunelové troubé (horni pritbéh) a pred portdlem tunelu (dolni pritbéh). Svislé &dry v hornim

grafu vymezuji dobu sepnuti ventildtoru

Fig. 2 Equivalent acoustic pressure level in the Lochkov tunnel inside the tunnel tube (upper curve) and in front of the tunnel portal (lower curve). Vertical

lines in the upper graph determine the switching the fans on

zjisténé hodnoty ekvivalentni hladiny akustického tlaku v mére-
ném tubusu (horni kiivka) a cca 5 m pred portdlem tunelu (spodni
kfivka). Umisténi méfici aparatury na dvou mistech bylo zvoleno
z duvodu moZnosti porovnani zjisténych hodnot. Diky spojeni na
dispegink tuneli v Rudné byly béhem méfeni spustény na dobu
priblizné 5 minut v§echny ventildtory v tunelové troubé.

Vysledné prabéhy hodnot z obou piistroju jsou témér identické
formy. Vyhlazend kfivka méfenych hodnot je pocitdna jako aritme-
ticky pramér z péti predchézejicich hodnot (plovouci okénko).
Z &asového prubéhu méfeni mezi 10:03 a 11:14 vyplyvd, Ze ekvi-
valentni hladina akustického tlaku se v tunelu pohybuje okolo
100 dB a pred portdlem tunelu je na trovni 83 dB (kfivka A). Velmi
podrobnym zkoumdnim, kdy se hledala zdvislost mezi intenzitou
vozidel a hladinou akustického tlaku, bylo zjisténo, Ze od jisté malé
intenzity (80 vozi/5 min) uZ jen malo zéleZi na tom, zda je v tunelu
0 20-30 vozidel méné ¢i vice a hladina akustického tlaku se stdle
pohybuje okolo uvedenych 100 dB. Této hodnoty bylo dosahovano
uz okolo 6:30 rano.

Z grafu lze také ode&ist vliv zapnuti ventildtort v 10:49 a jejich
vypnuti v 10:56 (svislé ¢ary v grafu). Je patrné, Ze akusticky tlak
vyvolany ventildtory se neuplatnil ve vztahu k akustickému tlaku
zpusobenému vozidly. Jingmi slovy je hladina akustického tlaku
ventildtori pod hladinou akustického tlaku vyvolaného vozidly.

POZADAVKY NA NOUZOVE ZVUKOVE SYSTEMY

Na rozdil od dosud Castého pojeti zvukovych systému, kdy se
definujf pozadavky na hodnoty akustického tlaku, které majf zaru-
&it ,,prehluseni* hluku ventildtort, se v souc¢asném pojeti hodnot{
prevdzné srozumitelnost preddvanych informaci. Dokonce jsou
publikovéany vysledky, Ze index srozumitelnosti, viz ddle, klesne
0 30 % s narustem akustického tlaku z 80 na 110 dB, lit. [8].

The time delay of switching the fans on which follows from the requ-
irement for maintaining the separation of smoke during the initial
minutes after the origination of the fire gives chance of providing
good quality verbal information. The noise generated by a fan is prin-
cipally caused by the acceleration of air in any fan set and fighting it
is difficult. Noise can be attenuated by noise filters in the cases of
a transverse ventilation system with the fans located outside the tun-
nel tube.

Equivalent acoustic pressure levels (curve A) for vehicle velocity
of 100km.h"! were measured in the Schipholtunnel in the
Netherlands. The measurement itself was carried out in two variants,
first with fans switched off and subsequently with the fans switched
on. The values measured amounted to 95 and 96dB, respectively.
Similar measurement was conducted in the Lochkov tunnel in the
autumn of 2013, specifically in the tube descending toward the city
of Brno. The values of the equivalent acoustic pressure level deter-
mined inside the tube being measured (the upper curve) and approxi-
mately 5m in front of the tunnel portal (the lower curve) are presen-
ted in Fig. 2. The location of the measurement apparatus at two pla-
ces was chosen so that the identified values could be compared.
Thanks to the connection to the tunnel management centre in the
town of Rudnd, all fans in the tunnel tube were started for approxi-
mately 5 minutes.

The forms of the resultant curves of values from both apparatuses
are nearly identical. The smoothed curve of the measured values is
calculated as an arithmetical mean value from five previous values
(the floating window). It follows from the time history of the measu-
rements between 10:03 and 11:14 hours that the equivalent acoustic
pressure level inside the tunnel fluctuates about 100dB and in front of
the tunnel is at 83dB (curve A). It was determined by very detailed
a investigation, during which the relationship between the traffic flow
volume and the acoustic pressure level was sought, that, from




Srozumitelnost je tedy klicovym faktorem pro hodnoceni kvality
prenosovych cest uréenych k Sifeni mluveného slova. Kvalita
prendSené hlasové informace se od pocatku 70. let méfi jako index
STI (Speech Transmission Index). Ten co neobjektivnéji charakteri-
zuje, jak je prendSeny zvuk srozumitelny. Vychozim postupem ve
stanoveni tohoto indexu jsou psychoakustické testy na skupiné
posluchact, v tomto pfipadé v tunelové troub€. Srozumitelnosti
se pak rozumi procento spravné zachycenych slov, slabik ¢i
vét z celkového prendseného souboru. Mezi slabikovou, slovni a vét-
nou srozumitelnosti existuji explicitni vztahy. Napriklad 34-48 % dobte
zachycenych slabik odpovidd 89-92 % spravné zachycenych vét.

Zékladni pozadavky na ozvutovaci systémy vyplyvaji v Ceské
republice z normy CSN EN 60849 ,Nouzové zvukové systémy*.
Jeji zdvaznost pro projektovénf a realizaci audio systému slouZicich
pro hromadnou evakuaci osob vyplyvd z vyhlasky 246/2001 Sb.
Jde o Ceskou verzi evropské normy EN 60849.

Norma CSN EN 60849 — , Nouzové zvukové systémy* zcela jed-
noznaén€ stanovi, Ze na kazdém evakua¢nim rozhlasovém systému,
bez vyjimky, musi byt v rdmci uvedeni systému do provozu prove-
deno odborné méfeni srozumitelnosti, jehoz vystupem budou
objektivné zmerené hodnoty srozumitelnosti prepoctené na jednot-
nou referencni stupnici CIS. Tzv. Common Intelligibility Scale
(CIS) je ddana matematickym vztahem

CIS =1 + logSTI

Mezi STI, CIS a subjektivni interpretaci plati tabulka 1.

Tab. 1 STI, CIS a subjektivni interpretace:

BAD POOR FAIR | GOOD | EXCELLENT
STI 0,3 0,45 0,6 0,75 1,0
CIS 0,48 0,65 0,78 0,88 1,0

Norma CSN 73 7507 ,,Projektovani tuneli pozemnich komuni-
kaci* byla po revizi vydédna v prosinci 2013. Norma obsahuje kapi-
tolu 12.8 ,,Nouzovy zvukovy systém‘ stanovujici, Ze nouzovy zvu-
kovy systém je instalovdn do tuneld nad 500 m a tento systém je
navrhovén v souladu s CSN EN 60849. Dile je urceno, Ze ovlada-
ni systému ozvuceni musi umoznovat:

e automatické vysilani predem pripravenych hlasovych informa-

ci (v ptipadé mimoradnych udalosti),

e primy hlasovy vstup z tunelového velinu,

e primy hlasovy vstup z nadfazeného velinu s trvalou obsluhou.

Z naprosto nepochopitelnych divodu viak tento piedpis pozadu-
je pokryti akustickym signdlem (kap. 12.8.4) pouze:

* v oblastech u vstupt do zdchrannych cest s poloméry 25 m,

e v mistech zdchrannych cest,

e ve vzdélenosti 25 m u portala tunelu.

Podle stejné normy je maximdlni vzdalenost mezi vstupy do
zachrannych cest 300 m. V pfipadé navrhu zvukového systému
podle této normy nemusi byt zvukovym signdlem pokryta vzdale-
nost 250 metra.

Napriklad némeckd norma RABT poZaduje umistovat zvukovy
systém povinné pro vSechny tunely vybavené videodohledem. Po-
kud nenf tunel kamerami vybaven, je povinnost zvukovy systém
instalovat v tunelech del$ich nez 400 metru. Rakouskd norma
RVS 9.02.22 déli tunely do bezpecnostnich kategorii. U vyssich
bezpecnostnich kategorii se instaluji nouzovd zvukova zafizen{
u tuneld delSich neZ sto metra. Evropska direktiva 54/2004/ES tesi
minimdlni bezpecnostni pozadavky na tunely transevropské silnic-
ni sité pouze na vybranych komunikacich a u tunelu del$ich nez
500 m. V prehledové tabulce tohoto nafizeni je pozadavek na ,,Rep-
roduktory v tkrytech a u vychodu“, lit. [9].

Davodem pro vyrazeni poZadavku na ozvuceni celé tunelové
trouby patrn€ bylo to, Ze kvalita prendSené informace v systémech
vyuzivanych v nasich tunelech byla $patnd. Proto bylo radéji prija-
to feSeni ozvulovat jen prostor u tnikovych vychodu. Existuji
i feSeni, kterd maji poZzadovanou kvalitu zvuku, protoZze vyuZzivaji
specidlni reproduktory se zvukovody pod stropem tunelu, lit. [6].
V projektu ,,Zeleny tunel“ byl navrZen a testovéan principidlné jiny
origindlni zvukovy systém popsany v nasledujici kapitole.
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a certain small traffic flow volume (80 vehicles per 5 minutes), it
depends very little on whether there are by 20-30 vehicles less or
more - the acoustic pressure level keeps fluctuating about the
above-mentioned 100dB. This value was reached as early as 6:30
hours in the morning.

Even the switching of fans on at 10:49 hours and their switching
off at 10:56 hours can be read from the graph (vertical lines in the
graph). It is obvious that the acoustic pressure induced by fans did
not assert itself in the relationship toward the acoustic pressure
induced by vehicles. In other words, the level of acoustic pressu-
re induced by fans is below the level of acoustic pressure induced
by vehicles.

REQUIREMENTS FOR EMERGENCY SOUND SYSTEMS

In contrast with the till now frequent understanding of sound
systems where requirements for the acoustic pressure values
which are to guarantee that the noise of fans is “drowned out” are
defined, the intelligibility of the information being conveyed is
preferably assessed in the current understanding. Results are even
published that the intelligibility index (see below) drops by 30%
with the acoustic pressure increasing from 80 to 110dB, Ref. [8].

Intelligibility is therefore the key factor for assessing the quali-
ty of transmission routes designed to spread speech. The quality of
the transmission of voice information has been measured since the
beginning of the 1970s as the STI (Speech Transmission Index). It
characterises as objectively as possible how much the sound being
transmitted is intelligible. The starting procedure in determining
this index are psychoacoustic tests conducted on a group of liste-
ners, in this particular case inside the tunnel tube. Intelligibility is
then understood to be the percentage of correctly captured words,
syllables or sentences of the total transmitted package. Explicit
relationships exist between the intelligibility of syllables, words
and sentences. For example, 34—48% of correctly captured syllab-
les correspond to 89-92% of correctly captured sentences.

The basic requirements for sound systems follow in the Czech
Republic from standard CSN EN 60849 “Emergency sound sys-
tems”. The binding nature of this standard for designing and rea-
lisation of audio systems used for mass evacuation of persons fol-
lows from the Decree No. 246/2001 Coll. It is a Czech version of
EN 60849 European standard.

CSN EN 60849 standard “Emergency sound systems” totally
unambiguously prescribes that professional measurement of intel-
ligibility with the output in the form of objectively measured
intelligibility values recalculated to the CIS uniform reference
scale has to be carried out within the framework of the system
commissioning of each evacuation broadcasting system. The so-
called Common Intelligibility Scale (CIS) is given by the mathe-
matical relationship

CIS =1 + logSTI

The table 1 is applicable to the STI, CIS and subjective inter-
pretation.

Table 1 STI, CIS and subjective interpretation:

BAD POOR FAIR | GOOD | EXCELLENT
STI 0.3 0.45 0.6 0.75 1.0
CIS 0.48 0.65 0.78 0.88 1.0

CSN 73 7507 standard ,,Road tunnel design® was published
after a review in December 2013. The standard contains chapter
12.8 “Emergency sound system”, stating that an emergency sound
system is installed in tunnels over 500m long and this system is
designed in compliance with CSN EN 60849. It is in addition
prescribed that the sound system has to allow for:

e automatic transmission of pre-prepared voice information (in

the cases of exceptional events);

e direct voice input from the tunnel management centre,
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NOUZOVY ZVUKOVY SYSTEM NOVE GENERACE

Tunely jsou béZné vybavovdny senzory pokryvajicimi celou
délku komunikace v tunelové troubé. Neni duvod, pro¢ by stejnym
zpusobem nemohla byt komunikace pokryta relativné kvalitnim
akustickym signdlem. Zdkladni ideou nového feSeni je ndhrada
akustickych méni¢li umisténych pouze u nouzovych vychodu, tedy
ve vzddlenosti cca 300 m, akustickymi jednotkami. Ty budou ve
vzdjemné vzddlenosti okolo 30 m S§ifit zvukovy signdl mensiho
vykonu. Tim budou osoby v tunelu spiSe v pfimém akustickém poli
nez v nekolikandsobné odrazené akustické viné.

Zatizeni, pro které byl zvolen ndzev eESY, tvori kompaktni
modul, ktery bude umistovan na sténu tunelu nebo na kabelovy rost
nad vozovkou. Bylo navrZzeno a testovano nekolik variant feSeni.
Prvni z nich je kompaktni monoblok napdjeny lithiovou baterii
a komunikujici bezdritoveé (pomoci tzv. mesh sit€) s okolnimi jed-
notkami. Blok bude standardné v reZimu ,,spici“, takZe odhadovana
Zivotnost baterif bude mezi 3 az 5 lety. Ddle byly navrZeny varian-
ty napdjené ze sit¢, majici na krytu Sipku, kterd se aktivuje po vyslé-
ni zpravy a blikdnim upozorniuje na nejblizsi exit.

Na obr. 3 je blokové schéma zafizeni. Zdkladem je procesorova
fidici jednotka poskytujici potfebnou inteligenci tim, Ze ovlada
a monitoruje dal§i bloky zafizeni. V jeji paméti mohou byt uloZeny
desitky digitalizovanych hldseni. Napdjeci modul monitoruje stav
baterii a v pripadé jejich vybiti informuje nadfazeny systém.
Zaroven dohlizi na minimalizaci spotfeby v neaktivnim reZimu.
Komunikaci s dal$imi jednotkami a nadfazenym systémem zajiStu-
je komunikacni modul. Komunikacni protokoly, chybovost
a dostupnost byly testovdny v ramci projektu. Koncovou jednotku
zvukového fetézce tvori digitdlni zesilova¢ s pulzni §itkovou modu-
laci, jehoZ Gc¢innost se pohybuje v oblasti nad 90 %. Zvukovy sig-
nél je kmito¢tové upraven tak, aby co nejlépe kopiroval vlastnosti
lidského ucha. Pouzity reproduktor je ze specidlni vodé odolné kon-
strukce.

POROVNANI SROZUMITELNOSTI INSTALOVANEHO
A NOVEHO ZVUKOVEHO SYSTEMU

Jak bylo zduraznéno v predchozich kapitoldch, a vyplyva to
i z fady testd, je posouzeni srozumitelnosti prendSené informace
velmi komplexni problém. Existuji dva zpusoby, jak zméfit STI
index. Pfi prvnim zpusobu skupina osob zapisuje do formuldita
zachycené jednotlivé slabiky/slova &i véty, které ¢te trénovany hla-
satel &i hlasatelka. Nasledné se statisticky vyhodnocuje prumérnd

e direct voice input from the superior management centre with
a permanent operator.

However, it is for absolutely incomprehensive reasons that this
regulation requires the coverage with acoustic signal (see chapter
12.8.4) to be only:

* in areas near entrances to rescue routes with the maximum

radii of 25m;

¢ in the locations of rescue routes;

* within the distance of 25m from tunnel portals.

According to the same standard, the maximum spacing of ent-
rances to rescue routes is 300m. When a sound system is designed
in compliance with this standard, the distance of 250m does not
have to be covered with the audio signal.

For example, German standard RABT requires the installation
of sound systems obligatorily for all tunnels equipped with
a video surveillance system. When the tunnel is not equipped with
cameras, there is an obligation there to install sound systems in
tunnels longer than 400m. Austrian standard RVS 9.02.22 divides
tunnels into safety categories. At higher safety categories, emer-
gency sound systems are installed in tunnels longer than 100m.
The European directive 54/2004/ES solves the minimum safety
requirements for tunnels on the trans-European network only for
selected roads and for tunnels longer than 500m. A requirement
for “Loudspeakers in shelters and at exits” is presented in an ove-
rview table in this directive, Ref. 9.

The reason for discarding the requirement for a sound system in
the entire tunnel tube probably lied in the fact that the quality of
information transmitted by systems used in tunnels in the Czech
Republic was poor. For that reason the adoption of the solution to
install sound systems only in spaces at escape exits was preferred.
There are also solutions providing the required quality of sound
because they use special horn loudspeakers installed under the
tunnel ceiling, Ref. [6]. A principally different, original, sound
system that is described in the following chapter was designed in
the “Green Tunnel” project.

NEW GENERATION EMERGENCY SOUND SYSTEM

Tunnels are generally equipped with sensors covering the enti-
re length of the road in the tunnel. There is no reason why the road
could not be covered with a relatively good quality acoustic sig-
nal in the same way. The basic idea of the new solution lies in the

replacement of acoustic transdu-

cers installed only at emergency

exits, i.e. at intervals of approxi-
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Obr. 3 Vnitini blokovd struktura zarizeni
Fig. 3 Internal block diagram of the facility

as a standard, therefore the esti-
mated lifetime of the batteries




Obr. 4 Skupiny osob pro méreni srozumitelnosti reci subjektivni poslechovou
metodou byly koordindtorem proskoleny o zpusobu méreni a chovdni v tu-
nelu

Fig. 4 Groups of persons for measuring the speech intelligibility using the
subjective listening method were instructed by the coordinator in the measu-
rement procedure and behaviour in the tunnel

hodnota srozumitelnosti a rozptyl spravnych odpovedi. Skupiny
slabik/slov nebo vét nesmi vzdjemné souviset.

Tato méfeni jsou pomérné ndroénd ¢asove i finanéné, a proto
jsou nahrazovéna pfistrojovym meérenim, kdy je méficim zafize-
nim zjistovan koeficient STIPA (Speech Transmission Index for
Public Address Systems). Vychdzi se z toho, Ze fe¢ muZe byt simu-
lovéna jako Sum modulovany na nizkofrekvenc¢nich slozkach zvu-
kového spektra. STIPA méri¢e obsahuji specidlni generator ampli-
tudové modulace jako testovaci signal. Mikrofony potom prijima-
ji signdl po pruchodu akustickym fetézcem a pristroj porovndva
hloubku modulace vysilaného a prijimaného signdlu v ruznych
frekvencnich pdsmech. Ztrata hloubky modulace je spojena se
ztrdtou srozumitelnosti a udava primo index srozumitelnosti.

V rdmci testovani a porovnavani nového zvukového systému
eESY se stdvajicim nouzovym zvukovym systémem bylo
v tunelu Lochkov provedeno méfeni srozumitelnosti obéma
metodami.

Méreni v tunelu Lochkov - subjektivni poslechova
metoda

Subjektivni poslechové metody se zicastnilo celkem 12 osob
rozdélenych do 4 skupin. Vékové rozdéleni osob bylo v intervalu
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will be between 3 to 5 years. Variants supplied from the electrical
network, having an arrow on the cover that is activated after the
news is transmitted and giving notice of the closest exit by blin-
king, were also proposed.

A block diagram of the facility is presented in Fig. 3. The base
is a processor control unit providing the intelligence required by
controlling and monitoring other blocks of the facility. Tens of
digitised reports can be stored in its memory. The power module
monitors the condition of batteries and informs the superior sys-
tem in the case of their discharge. At the same time it oversees the
minimisation of power consumption in the inactive state. The
communication with other units and the superior system is ensu-
red by the communication module. Communication reports, error
rates and availability were tested within the framework of the pro-
ject. The terminal unit of the sound chain is formed by a digital
amplifier with the pulse width modulation the range of the effici-
ency of which fluctuates in the area of over 90%. The acoustic
signal frequency is modified to copy the best properties of human
ear. The structure of the loudspeaker that was used is special,
waterproof.

COMPARISON OF INTELLIGIBILITY OF THE INSTALLED
SOUND SYSTEM AND THE NEW ONE

As stressed in the previous chapters, and as it even follows from
numbers of tests, the assessment of the intelligibility of transmit-
ted information is a highly comprehensive problem. There are two
methods of measuring the STI. At the first method, a group of per-
sons write the captured individual syllables/words or sentences
read by a trained announcer (man or woman) into forms.
Subsequently the statistical average value of intelligibility and the
scatter of correct answers are assessed. The groups of syllab-
les/words or sentences must not be interrelated.

These measurements are relatively time demanding and expen-
sive. For that reason they are often replaced by measuring with
instruments, where measurement devices are used for the deter-
mination of the Speech Transmission Index for Public Address
Systems (STIPA). This approach is based on the fact that speech
can be simulated as a noise modulated on low-frequency compo-
nents of the sound spectrum. The STIPA measurement devices
contain a special generator of amplitude modification as a testing
signal. Microphones then receive the signal after the passage
through the acoustic chain. The loss of the modulation depth is
associated with the loss of intelligi-
bility and indicates directly the

intelligibility index.

The measurement of intelligibility
was conducted within the framework
of the testing and comparing of the
eESY sound system with the existing
sound system in the Lochkov tunnel,
using both methods.

Measurements in the Lochkov
tunnel
- a subjective listening method
The total of 12 persons divided into
4 groups were involved in the subjec-
tive listening method testing. The age
distribution of the persons ranged
from 24-65 years. The education of
the persons was at the level of high
school as the minimum. The measure-
ments were conducted on 8th De-
cember 2013 during the tunnel outage.

Obr. 5 Hodnoty STI na displeji mériciho pristroje pri méreni nové navrieného (vlevo) a stivajictho (vpravo)

nouzového zvukového systému pri vypnutych ventildtorech

Fig. 5 STI values on the measurement apparatus display during the measurement of the newly designed (left-
side) and existing (right-side) emergency sound systems with the fans switched off

The eESY modules were installed on
stands at the tunnel wall at 20m inter-
vals. The objective of the tests was to
compare the intelligibility of the
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24-65 let. Vzdélani osob bylo minimalné stredoskolské. Méreni
probihalo 8. prosince 2013 pfi odstavce tunelu. V tunelu byly
umistény na stojany ke sténé moduly zarizeni eESY, ve vzdale-
nostech po 20 m. Cilem testl bylo porovnat srozumitelnost zvu-
kového systému tvoreného tlakovymi reproduktory u nou-
zovych vychodu a nového systému se zvukovymi moduly eESY.

Skupiny posluchacu byly umistény podle predem pripravené-
ho schématu ve vzdalenostech cca 20, 30 a 40 m od nouzového
vychodu. Od koordindtora méfeni posluchac¢i obdrzeli formular
se 31 kolonkami a jejich tkolem bylo zapisovat slova typu
,nehoda®, ,vozidlo“, ,zustafte“ namluvena profesiondlnimi
feCniky a reprodukovand prislusnym elektroakustickym fetéz-
cem. Pro kazdé méfeni stavajiciho a nové navrZzeného systému
se vyhodnocovala:

e prumérnd srozumitelnost jednotlivych slov pro kazdé sta-

novisté zvlast,

e vyhodnoceni muZského a Zenského hlasu pro kazdé stano-

visté zvl4st:

* celkovd pramérnd srozumitelnost.

Celkem byla provedena dvé méfeni pro instalovany a novy
systém se zapnutymi a vypnutymi ventildtory. Vysledky udava-
jici pocet zachycenych slov [%] a prepocitané hodnoty STI jsou
v néasledujici tabulce.

Tab. 2 Porovndni stivajiciho a nového zvukového systému subjektivni
poslechovou metodou

sound system formed by horn loudspeakers at emergency exits and
the new system with eESY sound modules.

The groups of listeners were placed according to a pre-prepared
chart at the distances of approximately 20, 30 and 40m from the
emergence exit. They received forms with 31 cells from the mea-
surement coordinator and their task was to put down words of the
“accident”, “vehicle”, “stay” type, which had been pronounced by
professional speakers and reproduced by the respective electroa-
coustic chain. The assessment of each measurement of the exis-
ting and newly designed system comprised:

e average intelligibility of individual words, separately for

each workplace;

* assessments of male and female voices, separately for each

station;

* overall average intelligibility.

Two measurements for the installed and the new system with
fans switched on and switched off were conducted in total. The
results indicating the number of well captured words [%] and
recalculated STI values are presented in Table 2 below.

Table 2 Comparison of the existing sound system and new sound system
using the subjective listening method

Ukazatel Stavajici systém eEAS

Ventilatory ZAP VYP ZAP VYP
stanovisté 1 75 84 80 92
stanovisté 2 59 82 80 86
stanovisté 3 63 71 76 87
stanovisté 4 58 73 85 90
Celkové STI 0,64 0,78 0,80 0,89
Hodnoceni STI fair good good good

Stdvajici systém, v piipadé zapnutych ventildtori, umozn{
spravné interpretovat 64 % slov, zatimco novy systém 80 %.
Podstatné rozdily se projevuji i v pfipade€ vypnutych ventildto-
ri. Dozvuk zpusobi, 7e i pfi optimélnich podminkédch se dd
zachytit pouze 78 % slov. Pokud jsou lidé v pfimém vyzafova-
cim poli akustickych z&fi¢u, stoupne srozumitelnost na 89 %.

Dal8i série méfeni porovndvala srozumitelnost Tfeli
u muzského a Zenského hlasu. Jednalo se o orienta¢ni méreni,
které mohlo byt do jisté miry ovlivnéno tim, Ze skladba slov
nebyla stejnd. Slova se Casto lisila v délce ¢i intonaci. Rozdil ve
srozumitelnosti byl okolo 17 % ve prospéch muzského hlasu.
Toto orientaéni méfeni ale ddvad podnét k tomu, Ze by méla byt
u predem pripravenych hlaseni i zkoumdna vhodnost pouziti
muzského ¢i Zenského hlasu.

Méreni v tunelu Lochkov
- objektivni pristrojové méreni

Pro stejnou konfiguraci elektroakustickych fetézeu byl do
tunelu namisto skupiny poslucha¢u umistén méfici mikrofon
a méfici aparatura Norsonic Nor 140 pro pristrojové méfeni
STI, lit. [8]. Kazdé méfeni bylo nékolikrat opakovano s vysled-
ky uvedenymi v tabulce 3.

Tab. 3 Porovndni stdvajictho a nového zvukového systému meérenim pri-
strojovou metodou

Ukazatel Stavajici systém eEAS
Ventilatory ZAP VYP ZAP VYP
Hodnota STI 0,18 0,26 0,44 0,53

Indicator Existing system eEAS

Fans ON OFF ON OFF
station 1 75 84 80 92
station 2 59 82 80 86
station 3 63 71 76 87
station 4 58 73 85 90
Overall STI 0.64 0.78 0.80 0.89
STl assessment  fair good good good

The existing system and the new system, in the case of the fans swit-
ched on, allows for correct interpretation of 64% and 80% of words,
respectively. Significant differences are obvious even in the case of the
fans switched off. The echo causes that only 78% of words can be cap-
tured even under optimal conditions. If people are in the direct radia-
tion field of the acoustic radiators, the intelligibility will rise to 59%.

The other series of measurements compared the intelligibility
of speaking in the cases of male and female voices. It was an app-
roximate measurement, which could be to some extent affected
by the fact that the selection of the words was not identical. The
words frequently differed in the length or intonation. The diffe-
rence in intelligibility was about 17% on behalf of the male
voice. Nevertheless, this approximate measurement results sug-
gest that the suitability of using male or female voices should be
examined in the cases of pre-prepared announcements.

Measurements in the Lochkov tunnel
- objective measurements using apparatuses

A measurement microphone and Norsonic Nor 140 measure-
ment apparatus for the STI measurement using apparatuses were
installed in the tunnel for an identical configuration of the elect-
ro-acoustic chains Ref. [8]. Each measurement was repeated
several times, with the following results (see Table 3).

Table 3 Comparison of the existing sound system and the new system by the
measurement method using apparatuses

Indicator Existing system eEAS
Fans ZAP VYP ZAP VYP
STl value 0.18 0.26 0.44 0.53

It is obvious from the table that the absolute values of the STI
intelligibility index are lower than those obtained by the measu-
rements using the subjective method. On the other hand, they



Z tabulky je patrné, Ze absolutni hodnoty indexu srozumitel-
nosti STI jsou niz§i nez pri méfeni subjektivni metodou. Na
druhé strané€ dobre popisuji relativni rozdily pfi poslechu se
zapnutymi a vypnutymi ventildtory a hlavné ukazuji na rozdil
mezi novym nouzovym zvukovym systémem a systémem insta-
lovanym v tunelu, a to vZdy ve prospéch nového systému. Na
obr. 5 jsou displeje aparatury mérici index srozumitelnosti STI,
ktery je prepocitdan na hodnotu CIS.

ZAVER

V ¢lanku je poukdzdno na to, Ze schopnost samozdchrany
osob pri poZzaru vyznamné ovliviiuje nouzovy zvukovy systém,
ktery muZe a musi poddvat pokyny k evakuaci co nejdfive po
identifikaci pozdru. Jednd se o zafizeni majici vyznamné vyssi
efektivitu, neZ je informovéni fidi¢t svételnymi znackami &i
informaénimi displeji. Proto je nutné, aby pfeddvand informace
byla co nejkvalitné€jsi a aby se dostala ke v§em osobdm v tu-
nelové troubé.

Kvalitu informace urcuje srozumitelnost a jeji dostupnost.
Nouzovy zvukovy systém je nutné instalovat s cilem dosazeni
maximélniho indexu srozumitelnosti a také takovym zpusobem,
aby byla informace dostupnd pro vSechny osoby. Proto neni
mozné omezit zvukovou informaci na prostor s polomérem
25 metrl u nouzovych vychoda, jak popisuje nové vydani CSN
73 7507.

V ramci projektu ,,Zeleny tunel* byla vytvorena novd kon-
cepce nouzového zvukového systému spocivajici v elektro-
akustickych modulech, které jsou rozmistény v mensich vzdale-
nostech. Diky tomu pracuji s menSim vykonem a do znacné
miry eliminuji dozvuk, ktery u klasického provedeni vyuZivaji-
ciho akustickych méni¢a u nouzovych vychodu do velké miry
sniZuje srozumitelnost.

V tunelu Lochkov bylo provedeno méfeni srozumitelnosti std-
vajiciho a nové vyvinutého systému, a to jak subjektivni meto-
dou se skupinou posluchalu, tak pristrojem pro méfen{ srozu-
mitelnosti. Pfi méfeni vétné srozumitelnosti zachyti posluchaci
u nového systému o 11-16 % vice slov, neZ u stdvajiciho systé-
mu. Zdaroven méfeni prokézalo, Ze je zde shoda mezi subjektiv-
nim a pristrojovym méfenim, které tak muZe byt pouZivdno
k nastavovani elektroakustického retézce.

PROF. ING. PAVEL PRIBYL, CcSc.,
pribylp@eltodo.cz, pribyl@fd.cvut.cz

ING. JAN PRIKRYL, prikrylj@eltodo.cz,
ING. ONDRE] PRIBYL, pribylo@eltodo.cz,
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well describe the relative differences in listening with fans swit-
ched on and switched off and, first and foremost, they show the
difference between the emergency sound system and system
installed in the tunnel, where the new system always wins. The
displays of the apparatus measuring the STI index of intelligibili-
ty, which is recalculated to the CIS value, are presented in Fig. 5.

CONCLUSION

It is pointed out in the paper that the self-rescue ability of per-
sons during a fire is significantly influenced by the emergency
sound system, which may and has to convey instructions to eva-
cuation as soon as possible after the fire identification. It is
a facility with significantly higher effectiveness than informing
drivers by illuminated signs or information displays. It is there-
fore necessary that the conveyed information is the highest qua-
lity and gets to all persons in the tunnel tube.

The information quality is determined by intelligibility and its
availability. The emergency sound system has to be installed
with the aim of achieving the maximum intelligibility index
ensuring that the information is available for all persons. For
that reason it is impossible to limit the acoustic information to
a 25m-radius space at emergency exits, as it is described in the
new edition of CSN 73 7507.

A new concept of the emergency sound system lying in elect-
ro-acoustic modules distributed at smaller intervals was develo-
ped within the framework of the “Green Tunnel” project. Owing
to this concept the modules operate with smaller power and, to
a significant extent, eliminate the echo, which reduces intelligi-
bility to a great degree in the case of the classical design using
acoustic transducers at emergency exits.

Measurements of the intelligibility of the existing and newly
developed system was carried out in the Lochkov tunnel, using
both the subjective method with a group of listeners and an
intelligibility measuring apparatus. When the sentence intelligi-
bility is measured, listeners to the new system capture by
11-16% words more than in the case of the existing system. At
the same time, the measurement proved that there was an agre-
ement between the subjective measurement and the measure-
ment using apparatuses, which can therefore be used for setting
the electro-acoustic chain.

PROF. ING. PAVEL PRIBYL, CSC.,
pribylp@eltodo.cz, pribyl@fd.cvut.cz,

ELTODO, a.s. ING. JAN PRIKRYL, prikrylj@eltodo.cz,
ING. ONDRE] PRIBYL, pribylo@eltodo.cz,
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ZACLENENI TUNELOVEHO KOMPLEXU BLANKA
DO MESTSKEHO DOPRAVNIHO SYSTEMU

INCORPORATION OF BLANKA COMPLEX OF TUNNELS
INTO URBAN TRANSPORT SYSTEM

JIRI STEFAN, TOMAS TICHY

ABSTRAKT

Cldnek popisuje zdkladni prvky Fizeni v tunelovém komplexu Blanka (TKB) a jeho vazby na bezprostiedni a navazujici okoli. Provdzdni
Fizeni tunelového systému s Fizenim povrchové dopravy na vjezdech a vyjezdech dolz tunelu patii mezi duleZité podminky pro zaclenéni
do celomestského systému rizeni dopravy zajiStujiciho plynulost a bezpecnost dopravy. Text popisuje i integraci v ramci meéstského okru-
hu a napojent na jiz stavajict tunelové systémy s ohledem na typy moZnych uddlosti v jednotlivych tunelovych cdstech tunelového kom-

plexu Blanka.

ABSTRACT

This paper describes fundamental elements of the management in Blanka complex of tunnels (BCT) and its relations to the surroun-
dings and further areas. Linking the tunnel system management with the management of surface traffic at entrances and exits to/from a
tunnel belongs among important conditions for the incorporation into the citywide transport management system ensuring fluent and
safe traffic. The text in addition describes the integration within the framework of the City Circle Road and connections to existing tun-
nel systems in terms of potential events in individual tunnel parts of the Blanka complex of tunnels.

ovoD

Jednim z nékolika aspekti, které maji vSechna vétsi a velka
meésta spolecné, je preplnénost silni¢nich komunikaci blizic{
se své saturaci, a to zejména v centrdlnich oblastech. Doprava,
at’'uz zboZi nebo osob, pomoci automobilu je stéle pres viech-
ny mozné alternativy nejroz§itenéj$im druhem dopravy.

Postupem Casu si tato stdle se zvySujici dopravni zdtéz
vynutila zavedeni nejdfive jednoduchych, poté stile vice
sofistikovanéjSich systému fizeni, aby se zabrdnilo dopravnim
kolapsim vedoucim ke kongescim, kdy jsou komunikace
i kfizovatky zcela zaplnény stojicimi a vzajemné se blokujici-
mi vozidly. MoZnosti fizeni tohoto plosného sitového systému
jsou v fadé pripada kapacitné jiz vycerpédny, a tak, pokud
pomineme restriktivni administrativni opatfeni, zbyvaji pouze
moznosti preneseni drovné komunikaci do dal$i dimenze.
Toho lze dosdhnout bud nadzemnim vedenim komunikaci,
které je ale provdzeno naroky na zastaveény prostor a tézko
feSitelnymi problémy s rozptylem hluku do okoli, nebo pre-
misténim téchto komunikaci pod zem.

Takovychto silni¢nich komunikaci a ucelenych dopravnich
celku, kterymi se prevadi dopravni zdtéZ z jednoho mista do
druhého, ma v soucasné dobé hlavni mésto Praha v provozu
jiz nékolik. Tunelovy komplex Blanka, ktery je v souasné
dobé dokoncovin, vSak soucet vSech téchto stavajicich tune-
lovych staveb svou délkou prekondva a vyznamné prodluzuje
celkovou délku méstského okruhu (MO) v severozdpadni ¢as-
ti mésta. Nasledujici kapitoly popisuji napojeni tunelového
komplexu Blanka na pozemni komunikace i na stavajici tune-
lové stavby a vzdjemné provdzani fidicich systému pozemni
dopravy a tunelovych staveb véetné reakci svételné fizenych
ktizovatek na mimoradné uddlosti.

POPIS DOPRAVY A ZACLENENI
DO MESTSKYCH CASTI

Tunelovy komplex Blanka se skldada ze ¢tyf zakladnich do-
pravnich dseku: SAT — 2. stavba, Myslbekova — Pra§ny most,

INTRODUCTION

One of several aspects common to all larger and big cities is
overcrowding of roads approaching their saturation, in particu-
lar in central areas. Despite all possible alternatives, automobi-
le transport, no matter whether of persons or goods, remains to
be the most common mode of transport.

Over time, this continuously increasing traffic volume
enforced the introduction of management systems, at the
beginning simple and then more and more sophisticated,
designed to prevent traffic collapses leading to congestions,
where roads and intersections are completely filled with stan-
ding vehicles blocking each other. The possibilities of mana-
ging this surface transport system have been in many cases
exhausted as far as the capacities are concerned, which means
that, if we disregard restrictive administrative measures, the
only remaining option is to transfer the level of roads to anot-
her dimension. This can be achieved either by elevated routes
of roads, which is however connected with requirements for
built-up space and hard-to-solve problems associated with the
dissipation noise to the surroundings, or by relocating these
roads underground.

The City of Prague has currently got in operation several
such roads and transport complexes transferring traffic volume
from one place to another one. Nevertheless, the Blanka com-
plex of tunnels, which is at the moment being completed, exce-
eds the sum of the lengths of all these existing tunnel structures
in terms of the length and significantly extends the total length
of the City Circle Road (CCR) in the north-western part of the
city. The following chapters describe the connection of the
Blanka complex of tunnels to underground roads and to exis-
ting tunnel structures, as well as the mutual interconnection of
underground traffic and tunnel structures management systems,
including responses of lights-controlled intersections to extra-
ordinary events.




Prainy most — Spejchar a Spejchar — Pelc-Tyrolka. Z hlediska
dopravniho uspofadéani je TKB rozdélen do tif dseku: tunel
Brusnicky (BR), tunel Dejvicky (BD) a tunel Bubenecsky
(BU). Tunelovy komplex je navrhovdn v rdmci dzemi hlavni-
ho mésta Prahy, kde na severozdpadni strané je navazan na
Strahovsky tunel v oblasti Malovanky v Praze 6 a na jihovy-
chodni strané tsti v oblasti Pelc-Tyrolka v Praze 8. Vlastni
stavba vede pod duleZitymi radidlnimi komunikacemi ul.
Patockova a ul. Milady Hordkové, které patii mezi vyznamné
dopravni komunikace se stdvajicim zatiZenim 32 tis. vozidel
a 28 tis. vozidel za den. Soucasné stavba primo navazuje na
Strahovsky tunel s aktudlni denni intenzitou 45 tis. vozidel
a na ulici V HoleSovickdch, kde se dnes intenzita pohybuje
v poCtu 83 tis. vozidel za den. Z toho je zfejmé, Ze tunelovy
komplex Blanka by mél nejen reSit prodlouZeni méstského
okruhu v severni ¢dsti mésta, ale také odvést Cdst dopravy
z exponovanych lokalit v Praze 6 a v Praze 7, aby doslo ke
sniZeni dopravni intenzity zejména v ulici Milady Hordkové
a v PatoCkove ulici.

Jednotlivé tseky tunelového komplexu Blanka jsou navdzd-
ny na vyznamné komunikace a dal$i dopravni stavby. Vjezdy
a vyjezdy z povrchovych komunikaci do tunelovych dseku
komplexu Blanka jsou osazeny svételné signalizaénim zafize-
nim (SSZ). Tyto vjezdové/vyjezdové kfizovatky maji zasadni
vliv na fizeni a presmérovani dopravy, a to nejen pri feSeni
dopravnich situaci na danych kfizovatkach, ale zejména pak
pfi mimofddnych stavech jednotlivych tunelovych tseka
z hlediska zajisténi bezpe¢ného vyjezdu z tunelu ¢i zdkazu
vjezdu do tunelu. V oblasti je bezprostfedné na tunelovy kom-
plex Blanka navédzano celkem 10 svételné fizenych kfizovatek
a dalSich 13 kfizovatek je jejich stavem pfimo ovliviiovano.
Krizovatky fizené svételné signalizaénim zafizenim budou
pripojeny do prislusnych dopravné fidicich dstfeden, které
jsou v oblasti C2 Smichova a C3 Vltavskd. Dopravné fidici
oblasti jsou pripojeny optickym kabelem na hlavni dopravné
fidici dstfednu (HDRU). Svételné fizené kiizovatky musi
umozniovat piijem povell z dopravné fidici dstiedny a vybér
prislusnych dynamickych signdlnich pldna tak, aby bylo zajis-
téno nejen vlastni spravné nastaveni Fizeni kfiZzovatek pro
zajisténi maximalni propustnosti komunikace v daném caso-
vém intervalu, ale v pripadé pozadavku od fidiciho systému
tunelové stavby i prioritni navoleni programu kriZovatky pro
tento mimoradny stav. Tim dochdzi k zajisténi vys§i bezpec-
nosti pri fizeni dopravy v dané oblasti tunelovych staveb.
Samozfejmosti v ramci zkuSebniho provozu tunelové techno-
logie musi byt i provéreni vlastniho nastaveni dopravni signa-
lizace s ohledem na zménu prelivu dopravni zdtéze.

Obr. 1 Mimoiiroviiovd kriZovatka Malovanka [8]
Fig. 1 Malovanka grade-separated intersection [8]
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DESCRIPTION OF TRANSPORTATION AND
INCORPORATION INTO MUNICIPAL DISTRICTS

The Blanka complex of tunnels consists of four basic tran-
sport sections: construction package No. 2 of the SAT (Strahov
Automobile Tunnel), Myslbekova — Prasny Most section,
Prasny Most — §pejchar section and gpejchar — Pelc Tyrolka
section. In terms of the transport arrangement, the BCT is divi-
ded into the following three sections: the Brusnicky tunnel
(BR), the Dejvicky tunnel (BD) and the Bubenecsky tunnel
(BU). The complex of tunnels is designed within the frame-
work of the territory of the City of Prague, where it is conne-
cted on the north-western part to the Strahov tunnel in the area
of Malovanka in Prague 6 and, on the south-eastern side, ends
in the area of Pelc Tyrolka in Prague 8. The structure itself runs
under important radial roads — Patockova Street and Milady
Hordkové Street — belonging among important roads with the
current traffic volume of 32 thousand vehicles and 28 thousand
vehicles per day, respectively. At the same time the structure
directly connects to the Strahov tunnel with the current traffic
volume of 45 thousand vehicles per day, and V HoleSovi¢kdch
Street, where the traffic volume today fluctuates about 83 thou-
sand vehicles per day. It is obvious from this fact that that the
Blanka complex of tunnels should not only solve the extension
of the City Circle Road in the northern part of the city, but it
also should divert part of the traffic volume from exposed loca-
tions in Prague 6 and Prague 7 so that the traffic volume is
reduced first of all in Milady Hordkové Street and Patockova
Street.

Individual sections of the Blanka complex of tunnels are con-
nected to important roads and other transport-related structures.
Entrances and exits from at-grade roads to the tunnel sections
forming the Blana complex are provided with traffic lights.
These intersections at tunnel exits and entrances significantly
affect the control and redirection of traffic, not only when situ-
ations of traffic at the particular intersections are to be solved,
but mainly during extraordinary states of particular tunnel sec-
tions when safe exiting from the tunnel or closing the tunnel is
necessary. There are 10 lights-controlled intersections directly
linking to the Blanka complex of tunnels in the area and addi-
tional 13 intersections are directly affected by their state. The
intersections controlled by traffic lights will be connected to
respective traffic management centre, which are located in the
C2 Smichov and C3 Vltavska regions. The traffic management
regions are connected by a fibre optic cable to the Main Traffic
Management Centre (MTMC). The lights-controlled intersecti-
ons have to allow for receiving commands from the traffic
management centre and for the selection of relevant dynamic

Obr. 2 KriZovatka Prasny most [8]
Fig. 2 Prasny Most intersection [8]
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Fig. 3 U Vorlikii intersection [8]

Jak jiz bylo fe€eno, vlastni tunelovy komplex Blanka je
moZno dopravné rozdélit do ti{ dseku, kde prvni dsek (tunel
Brusnice) je dopravné pripojen na mimotrovnovou kfiZovat-
ku na Malovance (obr. 1) s ndvaznosti na Strahovsky tunel
a ddle na tunel Mrdzovka, tunel Zlichov a na Barrandovsky
most. Na druhé stran¢ vznikd nové kfizovatka Prasny most
(obr. 2) s ndavaznosti na ulici Svatovitskou a ddle na Vitézné
namésti. Ulice Svatovitskd patif také mezi vyznamné komuni-
kace v Praze 6 s intenzitou dopravy 22 tis. vozidel za den
s dopravnim napojenim na ulice Evropskou a Jugosldvskych
partyzanu. Na Brusnicky tunel navazuje tunel Dejvicky, ktery
je ,,ukonéen“ u nové kfizovatky U Vorliku (obr. 3), kterd je
umisténa pred stadionem Sparty. Na Dejvicky tunel je nava-
zan BubeneCsky tunel s vyjezdem v ulici Povltavské, jejiz
dopravni zatéz se pohybuje okol 14 tis. vozidel za den,
s dopravnim propojenim na ulici V HoleSovi¢kach a na nové
stavény Trojsky most (obr. 4).

Na celkovém zlepSeni povrchové dopravy se nemalou
mérou podili i rekonstrukce tramvajové trati, kterd je vedena
z velké casti nad Brusnickym a Dejvickym tunelem.
Z hlediska uplatnéni preference tramvajové dopravy tato trat’
zasahuje do noveé navrhovanych krizovatek Na Valech
a U Vorliku. Na kfiZzovatce Prasny most — Milady Hordkové —
Svatovitska je jako prvni v Praze pouzita rychlostni vyhybka,
kterd svymi technickymi parametry zvysi prujezdnost
a komfort v cestovani. Celkem je v oblasti 15 kfizovatek osa-
zenych svételné signalizaénim zafizenim, které jsou ovlivne-
ny tunelovym komplexem Blanka a soucasné jsou zahrnuty do
preference MHD. Okoln{ pozemn{ komunikace vesmés zusta-
ly ve stdvajicich profilech a jsou pouzity pro feSeni objizd-
nych tras ¢i jako alternativni feSeni pri uzavreni tunelového
komplexu ¢i jeho jednotlivych dseka. Toto uzavirdni dseku se
déje nejen z duvodu mimorddnych udélosti, ale Castéji
a pravidelné z duvodu nutné ddrzby tunelovych staveb.

V oblasti jsou ve vystavbé dalsi dulezité koordinalni
dopravni stavby, napr. propojeni Evropskd — Svatovitskd, aby
byla doprava presmérovdana mimo pretizené Vit€zné ndmeésti.
DalSimi vyznamnymi stavbami jsou dva mosty — Prasny most
a Trojsky most, jeZ oba bude vyuzivat i tramvajova doprava.
Zatimco Prasny most proSel celkovou pfestavbou a roz§iteni
ve stejném misté, novy Trojsky most plné nahradi tramvajovy
most, ktery byl demontovan. Dal§imi dopravnimi stavbami
jsou dva objekty podzemnich gardzi na Letné a na PraSném
mosté s celkovou kapacitou prevySujici 1000 vozidel, presné-
ji fe€eno, parkovisté Letnd md pripravovanou kapacitu 860
a PraSny most 290 vozidel. V rdmci nejen dopravnich
vyznamnych staveb se pocitd i s vybavenim telematickymi

TuouMHel

signal plans so that not only the proper setting of the manage-
ment of intersections ensuring the maximum permeability of
the road at the particular interval of time but also, in the case of
a requirement from the management system of the tunnel struc-
ture, even priority selection of the intersection program for the
particular extraordinary state. In this way the higher level of
safety is reached in the management of traffic in the particular
area of tunnel structures. Checking on the setting of traffic
lights taking into consideration the change in the shifting of
traffic volume has to be a commonplace within the framework
of trial operation of tunnel equipment.

As mentioned above, the Blanka complex of tunnels itself
can be divided in terms of transport into three sections, where
the traffic in the first section (the Brusnice tunnel) is connected
to the grade-separated intersection in Malovanka (see Fig. 1),
linking to the Strahov tunnel and further to the Mrdzovka tun-
nel, Zlichov tunnel and the Barrandov Bridge. The new Prasny
Most intersection (see Fig. 2), connecting to Svatovitskd Street
and further to Vitézné Namésti Circus, is being developed on
the other side. Svatovitskd Street with the traffic volume of 22
thousand vehicles per day and traffic connection to Evropska
and Jugosldvskych Partyzdna Streets, also belongs among
important roads in Prague 6. The Brusnice tunnel is followed
by the Dejvice tunnel, which is “terminated” at the new
U Vorliku intersection (see Fig. 3), which is located in front of
Sparta stadium. The Dejvice tunnel is followed by the Bubenec
tunnel with its exit on Povltavska Street, the traffic volume on
which fluctuates about 14 thousand vehicles per day, with the
traffic connection to V HoleSovi¢kach Street and to the new
Troja Bridge, which is under construction (see Fig. 4).

The reconstruction of the tramway line running in great part
above the Brusnice and Dejvice tunnels, also significantly con-
tributes to the overall improvement of the surface traffic. From
the aspect of the application of the priority system to tramway
traffic, this line interferes with the newly designed Na Valech
and U Vorlika intersections. The first use of a high-speed
switch, which will increase the passability and travelling com-
fortthrough its technical parameters, took place at the intersec-
tion of Prasny Most — Milady Hordkové Street — Svatovitska
Street. There are 15 lights-controlled intersections in total in the
area which are affected by the Blanka complex of tunnels and,
at the same time, are incorporated into the urban mass transit
priority. At-grade roads located in the surroundings mostly
remained in the existing profiles and are used for solutions to
diversion routes or as alternate solutions during closures of the
complex of tunnels or individual sections of the complex. The
sections are closed not only because of extraordinary events

Obr. 4 Vyiisténi v Troji na ulici Povitavské [8]
Fig. 4 Tunnel mouth on Povltavskd Street, Troja [8]
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Obr. 5 Systém Fizeni povrchové a podpovrchové dopravy (IéS - Fidici systém)
Fig. 5 Surface and sub-surface traffic management system (MS)

systémy, jako jsou kamery CCTV (Closed Circuit Television),
pokrocild videodetekce umoznujici detekovat prekroceni
rychlosti a mimorddné stavy, systémy pro informovani{
a fizeni dopravy, pro sbér dopravnich a emisnich dat a dals{
systémy, které budou zajiStovat fizeni dopravy nejen
v tunelovém komplexu Blanka, ale i v blizkém a vzddleném
okoli pro zajisténi koordinaénich dopravnich ndvaznosti.

PROVAZANI TUNELOVYCH SYSTEMU

Jak jiz bylo uvedeno v predchozi kapitole, tunelovy kom-
plex Blanka bude technologicky i dopravné zaélenén na jedné
strané do Strahovského tunelu a na druhé strané do kfizovat-
ky v Troji. S ohledem na zkuSenosti s fizenim dal§ich péti
tunell v Praze bude nutnd provdzanost na fidici systém
Strahovského tunelu, a tim i nutnd dprava v fidicim systému
tuneld Mrdzovka a Zlichov. Provédzanost systému pozemnf{
a podzemni dopravy je na schématu (obr. 5).

Z obrazku je jednoznalné patrnd hierarchickd architektura
telematického systému, kde na drovni fizeni a dohledu se pro-
mita druhd a treti vrstva a na drovni pozemni a podzemni
komunikace je prvni vrstva. Z hlediska provazini jsou na

but, more frequently and regularly, because of the necessity for
the maintenance of the tunnel structures.

There are other important transport-related coordination
structures under construction in the area, allowing for the redi-
rection of traffic outside the overcrowded Vitézné Nameésti
Circus, e.g. the interconnection between Evropskd and Sva-
tovitskd Streets.

Two bridges — Prasny Most Bridge and Troja Bridge, which
will be both used by tramway transport, represent other impor-
tant structures. Whilst the PraSny Most Bridge underwent and
overall reconstruction and extension of the width in the original
location, the new Troja Bridge will fully replace the old tram-
way steel bridge, which was dismantled. Other transport-rela-
ted structures consist of two underground parking garages in
Letnd and on the PraSny Most Bridge; the total parking capaci-
ty exceeds 1000 vehicles; more specifically, the capacities of
the Letnd and Prasny Most Bridge parking facilities under pre-
paration are 860 and 290 vehicles, respectively. Telematics sys-
tems, such as CCTV (Closed Circuit Television) cameras, ad-
vanced video-based detection allowing for detecting speed
offence and extraordinary states, traffic management and traffic
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Tab. 1 Prefixy mimorddnych stavu rozliujici jednotlivé tunelové stavby
Table 1 Prefixes of extraordinary states distinguishing between individual
tunnel structures

Znak Misto Zkracené oznaceni tunelu
Sign Location Abbrev. tunnel marking
L Letnd LAT
M Mrazovka ATM
BR Blanka — Brusnice
BU Blanka — Bubene¢
BD Blanka — Dejvice
z Zlichov - Radlicka ZAT
Strahov SAT
T TéSnov TAT

prvni vrstvé naznaleny prislu§né laterdlni vazby v rdmci
vlastnich subsystému fizeni tunelovych staveb a soucasné
jsou naznaceny laterdlni vazby vzdjemné se ovliviujicich kfi-
zovatek, které jsou nejen ovlivnény fizenim z tunelu, ale pri-
marné fesi naroky dopravniho proudu, pozadavky na prujezdy
MHD i vliv chodci a cyklisti na celkové chovéni fizené
dopravy na pozemni komunikaci.

Vlastni reakce kfiZzovatek je popsdna pomoci tabulek 1 a 2,
kde jsou uvedeny stavy pro kfizovatky, které maji bezprostied-
ni vazby na technické vybaveni tunelové stavby. Ostatni ktiZo-
vatky jsou fizeny nepriimo pravé naznafenymi vazbami diky
prelivu dopravniho proudu s tim, Ze pro zajisténi plynulosti

Tab. 2 Mimoradné stavy (MS) preddvané z Fidicich systému tunelovych staveb na bezprostiedné navdzané svételné

information systems, traffic and emission data collection sys-
tems and other systems which will ensure traffic management
not only within the Blanka complex of tunnels but also in both
the close and remote surroundings, which will secure traffic
coordination relationships, are planned not only for important
transport-related structures.

INTERCONNECTION OF TUNNEL SYSTEMS

As mentioned in the chapter above, the Blanka tunnel com-
plex will be incorporated in terms of the equipment and traffic
into the Strahov tunnel on one side and the intersection in
Troje on the other side. Taking into consideration the experi-
ence with the management of other five tunnels in Prague, the
interconnection with the Strahov tunnel system will be neces-
sary and, as a result, changes in the management systems of
the Mrazovka and Zlichov tunnels will also be required. The
interconnection of the at-grade and underground traffic is pre-
sented in the chart (see Fig. 5).

The picture unambiguously shows the hierarchic architectu-
re of the telematics system, where the second and third layer is
projected at the management and surveillance level and the
first layer is at the at-grade and underground road level. As far
as the interconnection is concerned, respectively the lateral
links within the framework of management sub-systems of
tunnel structures themselves, are marked on the first layer and,
at the same time, lateral relationships with intersections affec-
ting each other, which are affected not only by the management
from the tunnel but also, primarily, solve the demands of traf-
fic flow, requirements for the passage of urban mass transit and
the influence of pedestrians and cyclists on the overall behavi-
our of the at-grade traffic
being controlled.

The response of intersecti-
ons is described by means of
Tables 1 and 2, where states
for the intersections which are
directly linked to the technical
equipment of the tunnel struc-

ture are presented. The other
intersections are managed
indirectly by the above-menti-

oned relationships owing to
traffic self-control, taking into
consideration the fact that

traffic surveillance and mana-
gement from the superior
level are important for secu-

ring fluent traffic flow.
Relationships between tunnel
control system algorithm and

solution of local traffic pro-
blems in the environment

exists at the superior level so
that originating problems spill
over gradually, not in steps,
and relevant traffic measures

can be activated even in other

Fizené kriZovatky
Table 2 Exceptional states (ES) transferred from management systems of tunnel structures to the immediately linking
traffic lights
Tunel Binarni vystup| Oznaceni Nazev mimoradného stavu
Tunnel zRS Marking Extraordinary event name
Binary output
from the MS
Vjezd A MS41 MS43 | Redukce vjezdu 60 % Redukce viezdu 10 %
ES41 ES43 Entry reduction 60% Entry reduction 10%
Entrance B MS42 Redukce vjezdu 30 %
ES42 Entry reduction 30%
c MS3a | MS3 Trvala ¢ervend na 1. viezdu Trvala ¢ervena na vjezdu
ES3a ES3 Permanent red light at Permanent red light
entrance No. 1 at entrance
D MS3b Trvala Gervend na 2. viezdu
ES3b Permanent red light at
entrance No. 2
E Rezerva
Reserve
Vyjezd F MSH Trvala zelend na vyjezdu
ES1 Permanent green light
Exit at entrance
G MS2 Trvala ¢ervena na vyjezdu,
ES2 vyjezd z tunelové stavby na
vyzvu od smycky / Permanent red
light at exit; exit from the tunnel
structure on call from the loop
H Rezerva
Reserve

areas of traffic management in
the City of Prague.

Historically, tunnel equip-
ment systems respond to
exceptional states according
to Tables 1 and 2.




jsou dulezité dohledy a fizen{ z nadfazené drovné. Na nadraze-
né urovni dochdzi ke vzdjemné kooperaci SirSiho okoli
a systémovych navaznosti tak, aby se vzniklé problémy prelé-
valy postupné, nikoliv skokové a bylo mozné aktivovat odpo-
vidajici dopravni opatfeni i v jinych oblastech fizeni dopravy
hlavniho mésta Prahy.

Historicky tunelové technologie reaguji na mimoradné
stavy podle tabulky 1 a 2.

Dopravni proudy z ramp protilehlych dseku se navic mohou
ovliviiovat ve stejnych povrchovych svételné fizenych krizo-
vatkach. Z vyse uvedeného vyplyva poZadavek na vzdjemnou
nutnou koordinaci jednotlivych dopravnich dseku v pripadé
vyskytu jiného neZ standardniho provozniho stavu v alespon
jednom useku tunelového komplexu Blanka. Pfi zna¢né délce
celého tunelového komplexu, kterd je priblizné¢ 5,5 km,
a vzhledem k mnoZstvi vjezdu a vyjezdu z tunelovych tseka
je zfejmé, ze v pripadé vyskytu mimoradné udalosti (prede-
v8im v pripadé detekce pozaru) bude véasnd reakce fidiciho
systému (v podobé uzavirani a vyklizeni jednotlivych doprav-
nich dseku) zavisld predev§im na konkrétni poloze uddlosti
(horticiho vozidla apod.) a na rychlé detekci uddlosti fidicim
systémem.

Tunelovy komplex Blanka bude reagovat podle typu
uddlosti v zasaZeném dopravnim dseku nédsledujicimi zpuso-
by [3]:

Okamzitym havarijnim uzavienim dopravniho dseku od
vjezdd po misto uddlosti se soufasnym zastavenim vozidel
pred vSemi fezy pruhové signalizace v uzavieném tseku vcet-
né uzavreni vjezdovych zavor — napriklad pri detekci pozaru
v daném useku.

Okamzitym vyklizenim jizdniho pruhu (JP) v doprav-
nim dseku od vjezdu po misto udédlosti pomoci symbola
S8c,d s nasledujicim postupnym uzavienim dotéeného JP od
uddlosti smérem ke vjezdu — napriklad pri stojicim vozidle ¢i
prekdzce na vozovce.

Plovouci uzavéra — pii stojicim vozidle nebo jiné prekdZce
v jizdnim pruhu; na rozdil od pfedchoziho zpusobu neuzavird
JP po celé délce.

Pozastavenim provozu — pri vozidle v protisméeru, vysoké
opacité nebo koncentraci NOx, pozaru v technologickych pro-
stordch tunelu, vypadku napdjeni, neprujezdném dopravnim
useku.

Harmonizaci na trase MO (omezeni nejvyssi povolené
rychlosti) pfi prekrocen{ intenzity provozu v dopravnim dseku
nebo pritomnosti osob v tunelu.

Regulaci dob zelenych fazi na SSZ na boc¢nich vjezdech
zejména z hlediska vzniku dopravnich kolon.

Prostym predanim alarmové informace obsluze, event.
spojenym s dalsi specifickou akci, jako je pomalu jedouci
vozidlo, vysoka obsazenost v dseku, vstup osoby do SOS skfi-
né, vjezd vozidla s nebezpe¢nym ndkladem, poruchy techno-
logie &i subsystému dopravni technologie.

NOVY NAVRH RIDICIHO SYSTEMU

Ridici systém tunelového komplexu Blanka musi splnovat
dosti vysoké ndroky na bezpe¢nost své funkce, obdobné jako
vSechna zafizeni pro fizeni dopravy. Oproti kfiZovatce osaze-
né svételné signalizaénim zafizenim, které pri zji§téné defi-
nované poruse v systému prejde do blikavé Zluté (signdl pro
fidi¢e ,,Provoz neni fizen svételnymi signdly*) a fidi¢um pro
ndslednou bezpe¢nou jizdu stali, aby se ridili pravidly silni¢-
niho provozu, je u fidiciho systému tunelové stavby situace
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The traffic flows from the ramps of opposite sections can, in
addition, influence each other at identical at-grade lights-con-
trolled intersections. The requirement for the necessity of mutu-
al coordination of individual traffic sections in the cases of the
occurrence of other than standard operational state in at least
one section of the Blanka complex of tunnels follows from the
above-mentioned facts. Taking into consideration the signifi-
cant length of the complex of tunnels, amounting approximate-
ly to 5.5km, and the number of entrances to and exits from the
tunnel sections, it is obvious that the timely response of the
management system (in the form of closing and evacuating
individual tunnel sections) to an extraordinary event (mainly in
the cease of the detection of a fire) will depend first and fore-
most on the concrete location of the event (vehicle on fire etc.)
and quick detection of the event by the management system.

The Blanka complex of tunnels will respond depending on
the type of the event in the affected transport section in the fol-
lowing ways [3]:

Immediate emergency closing of the transport section
from entrances to the event location, together with stopping
vehicles in front of all cross-sections of the lane-use signalling
system within the closed section, including closing entrance
barriers — e.g. when a fire is detected in the particular section.

Immediate evacuation of a traffic lane (TL) in the tran-
sport section from the entrance to the event location using
symbols S8c,d with subsequent gradual closing of the particu-
lar TL in the direction from the event location toward the ent-
rance — e.g. in the case of a standing vehicle or an obstacle on
the roadway.

Floating closure — in the case of a standing vehicle or anot-
her obstacle in the traffic lane; in contrast with the preceding
way, it does not close the TL throughout its length.

Suspension of operation — in the case of a vehicle running
against the current of traffic, high opacity or high NOx con-
centration, a fire in tunnel service spaces, a power failure or an
impassable transport section.

Harmonisation on the City Circle Road route (maximum
speed limitation) when the maximum traffic intensity in
the transport section is exceeded or persons are present in the
tunnel.

Regulation of green light intervals by the traffic light sig-
nalling facility at lateral entrances, first of all as far as the ori-
gination of traffic columns is concerned.

Simple passing alarm information to the operative staff, or
combining it with another specific action, such as a slowly
moving vehicle, high occupancy within the section, the entry
of a person to an SOS cabin, the entry of a vehicle with dan-
gerous goods, failures of equipment or traffic technology sub-
systems.

NEW MAAGEMENT SYSTEM DESIGN

The management system for the Blanka complex of tunnels,
and all traffic control facilities alike, has to meet rather high
requirements for the safety of its function. In contrast with an
intersection provided with a traffic lights facility which passes
to a yellow blinking light when a defined failure is detected (a
signal for drivers “Traffic uncontrolled by lights) and it is suf-
ficient for drivers to drive further on safely following road traf-
fic regulations, the situation at the tunnel management system
is more complicated. The possibility of the escape of persons
from an underground tunnel structure is inherently more diffi-
cult. For that reason a tunnel is significantly more dangerous
than an open at-grade road. The increased threatening by toxic
combustion products or radiation heat in the case of a fire in
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komplikovanéjsi. Z podzemni tunelové stavby je jiz ze své
podstaty ztizend moZnost uniku osob, a proto je vyrazné
nebezpecnéjsi neZ oteviend pozemni komunikace. K tomu
pristupuje zvySené ohrozeni jedovatymi zplodinami &i sdla-
vym teplem pfi vzniku poZaru v tunelovych prostordch.
Technické vybaveni tunelové stavby, ovladané pomoci fidici-
ho systému, do zna¢né miry omezuje tato rizika, a proto je
nutné zabezpelit provoz technického vybaveni i za neprizni-
vych podminek.

Na obr. 5 je zobrazena opticka sit pro fizeni tunelovych sta-
veb na méstském okruhu. Barevné jsou zvyraznény lokality,
které byly nové vybudovany nebo které bylo nutné podstatné
rekonstruovat.

Na schématu na obr. 6 je vyznacena i priprava komunikac-
ni sité pro pripojeni budouciho Multifunkéniho opera¢niho
strediska (MOS). Toto stfedisko po svém vybudovani bude
integrovat velkou ¢ast méstskych dispe¢inku pro fizen{ dopra-
vy — centraln{ dispe¢ink Dopravnich podnika, dispecink ITKS
(Integrovany inspekéni kontrolni systém) i spole¢né pracovis-
té pro fizeni dopravy na komunikacich, tunelovych stavbach
i pro fizeni technologie tunelovych staveb. Umisténi téchto
pracovist'v jedné lokalité¢ vyznamné zrychli vzdjemnou komu-
nikaci vSech sloZzek a omezi moZnosti vzniku ,,informa¢niho
Sumu.

Architektura fidiciho systému tunelového komplexu
Blanka je navrZend prdavé pro bezpeény provoz i v pripadé
vyskytu zdvad na fidicim systému. Komponenty dualeZité pro
chod systému jsou zdvojeny a hlavni datova sbérnice je dvo-
jita s kruhovou strukturou. Systém je navrzen na platformé
SIMATIC S7-400 firmy SIEMENS na trovni programovatel-
nych automati (PLC) s vyuZitim pramyslové komunika&n{
sbérnice PROFIBUS DP na optickych a metalickych fyzic-
kych vrstvach. Na tdrovni vizualizace je systém navrZen na
platformé PROFICY CIMPLICITY firmy GE FANUC urce-
né pro operacni systémy MS Windows. Systém je ddle dopl-
nén archivaénimi sluzbami, aplikaénim SW uréenym pro
komunikaci zafizeni pripojenych pomoci sbérnice vyssi
urovné, redundantnimi servery pro fizeni provozniho vétrani,
videodohledu a informaéniho systému ZPI. Jako prevodniky
prumyslovych sbérnic jsou pouZity moduly ANYBUS
Communicator firmy HMS. V aplika¢ni drovni je pouZit,
podobné jako ve vSech tunelovych stavbiach v Praze pro
zajisténi plné komptability a bezpecnosti, vlastni produkt
skupiny ELTODO — systém Kerberus®. Navrzend modern{
pouzita technologicka zakladna umozni, pfi zachovani vyso-
kého standardu pravidelné udrzby, pouzivat tento fidici
systém po dobu navrhovanou v CSN 73 7507 kapitola 5, tj.
vice nez 15 let [6, 7].

ZAVER

Tunelovy komplex Blanka patfi momentdlné mezi nejvy-
znamnéjii stavby nejen v Praze, ale i v Ceské republice.
PrestoZze ob¢asné medidlni informace k popularité stavby pri-
li§ neprispivaji, stavebné a technicky je to vyznamna stavba
s inovativnim presahem, kterd bude mit zdsadni dopady na
prilehlé i Sir§i okoli z hlediska dopravni obsluZnosti.
Tunelovd stavba na vnitfnim méstském okruhu bude svadét
a presmérovavat dopravu v dané lokalité a vyznamné pozmé-
ni dopravni feSeni ¢asti hlavniho mésta Prahy. V del$im ¢aso-
vém horizontu bude stavba uréité objektivnéji posuzoviana
jako vyznamny dopravni prvek ve mésté, obdobné jako je
tomu nyni u Strahovského tunelu i u tunelu Mrazovka.

tunnel spaces is added to the above-mentioned fact. The tech-
nical equipment of a tunnel structure controlled by the mana-
gement system significantly reduces these risks and it is there-
fore necessary to ensure the operation of the technical equip-
ment even under unfavourable conditions.

The optical network for managing tunnels on the City Circle
Road is presented in Fig. 5. The localities which were built
newly or which had to be substantially reconstructed are high-
lighted in colour in the picture.

The chart (Fig. 6) in addition presents the preparation of the
road network for the connection of the future Multifunctional
Operational Centre (MOC). When the building of the centre is
finished, it will integrate a great proportion of urban traffic
management centres — the Central Management Centre of the
Prague Public Transit Company Inc., the Integrated Inspection
System management centre and the common workplace for the
management of traffic on roads, in tunnels and for the mana-
gement of equipment in tunnels. The placement of these work-
places to a single location will significantly accelerate com-
munication among all components and will restrict possibiliti-
es of the origination of the so-called “information noise”.

The architecture of the management system for the Blanka
complex of tunnels is designed specifically for safe operation
even in the case of the occurrence of failures of the manage-
ment system. Components important for the system operation
are doubled and a double main data bus of a circular structure
is used. The system is designed on the basis of SIEMENS com-
pany platform SIMATIC S7-400 at the level of programmable
logic controller (PLC) automatons, using PROFIBUS DP indu-
strial communication bus on optic and metallic physical cour-
ses. At the visualisation level, the system is designed on GE
FANUC company PROFICI CIMPLICITY platform, which is
designed for MS Windows operating systems. The system is
further complemented by archiving services, by application
software designed for the communication of facilities conne-
cted by means of the higher-level bus, by redundant servers for
the control of operational ventilation, video surveillance and
the ID operating information system. HMS company ANY-
BUS Communicator modules are used as transducers of indu-
strial buses. At the application level, ELTODO Group’s own
Kerberus® system designed to ensure full compatibility and
safety is used, similarly to the systems at all tunnel structures
in Prague. The proposed modern technological base will allow
for using this management system throughout the period desig-
ned in chapter 5 of the CSN 73 7507, i.e. over 15 years, with
the high standard of regular maintenance maintained [6, 7].

CONCLUSION

The Blanka complex of tunnels currently belongs among the
most important structures not only in Prague but also in the
Czech Republic. Despite the fact that infrequent media infor-
mation does not too much contribute to the popularity of this
project, it is important in terms of building and technology,
with innovative overlapping. It will have fundamental conse-
quences for the close and wider surroundings in terms of tran-
sport. This complex of tunnels, located on the inner circle road,
will deflect and redirect traffic in the particular locality and
will significantly change the transportation solution within
a part of the City of Prague. In the longer term, the project will
certainly be judged more objectively as an important element
of the transport in the city, similarly to current judgments
regarding the Strahov tunnel and Mrazovka tunnel.

As far as the execution of construction works is concerned,
the Blanka complex of tunnels will be rated among Europe’s
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Obr. 6 Komunikacni sit’pro propojeni tunelovych staveb a ridicich center na VMO
Fig. 6 Road network for connecting tunnels and management centres on the City Circle Road

Z hlediska provedeni stavby se bude tunelovy komplex Blan-
ka radit mezi evropskou $pic¢ku, a to nejen z hlediska pouZitych
stavebnich a technickych prvku, ale zejména pak instalaci ridi-
ctho systému reagujictho svymi automatickymi vazbami na
vlastni tunelové subsystémy i zohlednujiciho stavy prilehlych
tunelovych i povrchovych dopravnich systému. Tim je zajiSté-
na bezpecnost provozu srovnatelnd s pozemnimi komunikace-
mi i propojeni do systému fizeni plynulosti dopravy. Otevien{

tunelu Blanka povede i k vy$§imu komfortu jizdy po méstském

s ¥ 2

okruhu a po vybudovani i vychodni ¢asti okruhu se budou dale
naplniovat a prohlubovat vize poklesu dopravy v centralni ¢ésti
mésta s moznosti pozadovanych tuprav, které zkvalitni Zivot

obyvatel i ndv§tévnika hlavniho mésta Prahy.
ING. JIRI STEFAN, stefanj@eltodo.cz,
DOC. ING. TOMAS TICHY, PH.D., tichyt@eltodo.cz,
ELTODO, a. s.

Recenzovali: Ing. JiFi Sldadek, Ing. Pavel Sourek

LITERATURA / REFERENCES

top structures, not only in terms of the construction and tech-
nical elements used but, first of all, the installation of the
management system responding through its automatic relati-
onships to tunnel subsystems themselves and taking the states
of adjacent tunnels and at-grade transport systems into consi-
deration. In this way, traffic safety comparable with that of at-
grade roads and the connection into traffic fluency manage-
ment systems is ensured. The opening of the Blanka tunnels to
traffic will even lead to the higher comfort of driving along the
City Circle Road. After completing the work on the eastern
part of the circle road, the vision of the decrease in traffic volu-
me in the central part of the City of Prague with the possibili-
ty of required modifications intended to improve the quality of
the lives of residents and visitors of the capital city will be furt-
her fulfilled and perfected.

ING. JIRI STEFAN, stefanj@eltodo.cz,
DOC. ING. TOMAS TICHY, PH.D., tichyt@eltodo.cz,
ELTODO, a.s.

[1] PRIKRYL, J., TICHY, T., BELIN OVA, Z., KAPITAN , J. Comparision by Simulation of Different Approaches to the Urban
Traffic Control. Archives of Transport System Telematic. Vol. 5, Issue 4, November 2012, ISSN 1899-8208, pp26-30
[2] Technologické vybaveni tuneld pozemnich komunikaci; Zména &. 1 technickych podminek TP 98 (oznaceni TP98/Z1), Eltodo,

Praha 2010.

[3] POLAK, F., RAKOSNIK, L. SW projekt Blanka — Dopravni ¢dst. Interni dokument firmy. Praha: SATRA spol. s. . 0., 2014

[4] www.tunelblanka.cz ;
[5] Rocenka dopravy Praha 2012. TSK — UDI, Praha 2012

[6] CS:N 73 7507 Technické vybaveni tunelu pogemm’ch komunikaci, UNMZ, Praha 2013
[7] KNAKAL, M., KRAJCIR, D., STEFAN, J. Ridici systém tunelu Blanka a projekt dopravniho znaceni. Tunel, 2012, ro€. 21,

¢. 4, str. 49-53, MK CR E 7122, ISSN 1211-0728

[8] Zdroj obrazku — vizualizace TKB — SATRA, spol. s .0, poskytl pan Jakub Karli¢ek




23. rocnik - €. 3/2014

TUNELOVY TRENAZER TOMMS
TOMMS TUNNEL SIMULATOR

JAN PRIKRYL, JAN SILAR, TOMAS SMERDA

ABSTRAKT

Cldnek poskytuje informace o produktu Tunelovy trenazér TOMMS. Ten slouZi ke Skoleni obsluh tunelovych technologii a je slozen ze
dvou zdkladnich komponent. Prvni 7 nich je 3D simuldtor videodohledu, ktery detailné zachycuje prostor uvniti tunelu, stejné jako pro-
stor v blizkosti jeho vjezdu. Ddle simuldtor zahrnuje animace vozidel, osob a nestandardnich situaci, tak jak je operdtor muze pozoro-
vat v redlné situaci na kamerovych monitorech. Druhou &dsti trenaZéru je simuldtor Fidictho systému tunelu. Pomoci ného miiZe operd-
tor dopravy (dispecer technologie) oviddat dopravni i technologickd zarizeni v tunelu (dopravni zarizeni, ventilace, atd.). Cely tento
systém poskytuje unikdini moznost vytvoreni odborného Skoliciho pracovisté, jehoZ hlavnim iikolem je Skoleni a zkouSeni obsluh tunelii,
s durazem na reSeni mimorddnych situaci.

ABSTRACT

This paper provides information on the product named TOMMS Tunnel Simulator. It is used for training of operators of tunnel tech-
nologies. It consists of two basic components. The first one is a 3D video surveillance simulator, which captures in detail the space insi-
de the tunnel and the space in the vicinity of tunnel entrances. In addition, the simulator captures the animation of vehicles, persons and
non-standard situations in the way in which the operator can observe them in a real situation on camera monitors. The other part of the
simulator is formed by a tunnel management system simulator. It allows the traffic operator (equipment operator) to control traffic-rela-
ted or technological facilities in the tunnel (traffic facilities, ventilation etc.). The entire system provides a unique opportunity to estab-
lish a professional training workplace, the main task of which is training and examining tunnel operators, with the stress placed on sol-

ving extraordinary situations.

ovoD

Provoz v tunelech ma oproti provozu ve volném terénu mnoho
specifik. Jednim z nejvyraznéjsich jsou ndsledky mimorddnych
uddlosti, zejména dopravnich nehod. Ty jsou obvykle mnohem
vaznéjsi a rozsdhlejsi. Nejproblematictéjsi je potom pripad poza-
ru, kdy se uzavieny prostor rychle plni koufem a zplodinami, coZ
zpusobuje rozsahlé Skody véetné ztrét na Zivotech.

Pri vzniku nestandardnich situaci v tunelu je proto nutnd v¢as-
né a spravna reakce obsluhy tunelu. Je tedy duleZité, aby opera-
tofi presné védéli, jak ve které situaci postupovat, coZ je bez
praktického ovéreni velmi obtizné. Ovérovani znalosti a Skoleni
v redlném provozu neni mozné. Pouze lze simulovat mimoradné
situace v tunelu pfi uzavieni pro dopravu, coZ ale vyZaduje
mnoho opatieni (uzavirka tunelu, dopravni opatieni, zajistén{
figurantu, atd.).

Z tohoto duavodu byl spole¢nosti ELTODO, a. s., vyvinut
Tunelovy trenazér TOMMS, ktery predstavuje unikatni mozZnost,
jak si vyzkouSet reSeni situaci na redlnych pripadech bez nut-
nosti zdsaht do provozu a s tim spojenych, finanéné ndro¢nych,
opatfeni. Pavodné byl vyvinut pro interni tcely spolecnosti
v ramci projektu védy a vyzkumu (VaV) ,Zeleny tunel”
(TA01030020). Po jeho dspésném dokonleni a testovani byl
vyuZit také komeréné pro tunely v CR i v zahraniéi.

V podstaté se jednd o 3D simuldtor videodohledu tunelu
a simuldtor fidictho systému (lV{S) tunelu (dopravni
i technologickd &ast). Tyto dvé &dsti trenazéru jsou vzdjemné
propojeny. Pomoci prostredku virtudlni reality jsou simulovédny
kromé bézného provozu také nestandardni situace. Obsluha
tunelu md tedy diky simulaci videodohledu piehled o aktudlni
situaci v jednotlivych tunelovych troubdch a na zédklade téchto
informaci rozhoduje o dal$im postupu.

Trenazér TOMMS poskytuje dvé rozhrani, a to pro $kolitele
a Skoleného. Umoznuje tak Skoleni obsluh tuneld a provéfeni
jejich schopnosti reagovat v mimoradnych situacich. Napriklad
se muZe jednat o pfitomnost nepovolané osoby v tunelu, doprav-
ni nehodu, vznik poZdru Ci situace, jako je demonstrace nebo
hrozba teroristického ttoku. Dal§im rizikem pfi provozovani

INTRODUCTION

Operation in tunnels has many specifics in comparison with
operation in open terrain. Ones of the most distinct are the con-
sequences of extraordinary events, first of all traffic accidents.
They are usually much more serious and extensive. A fire,
where the closed space is quickly filled with smoke and com-
bustion products causing extensive damage including losses in
human lives, is the most problematic case.

Timely and proper response of tunnel operators is therefore
necessary when non-standard situations originate in a tunnel.
For that reason it is important for operators to exactly know the
way in which they are to proceed in particular situations. This
is, however, very difficult without practical verification. The
verification of knowledge and training in real operation is not
possible. It is only possible to simulate extraordinary situations
in a tunnel during closures of tunnels for traffic, which, howe-
ver, requires many measures (closing the tunnel, traffic-related
measures, providing helpers etc.).

This was the reason why ELTODO, a. s., developed the
TOMMS Tunnel Simulator. The simulator provides a unique
opportunity for trying to solve situations on real cases, without
the necessity for interventions into the operation, which is con-
nected with financially demanding measures. The “Green
Tunnel” was originally developed for internal need of the com-
pany within the TA01030020 science and research project.
After successfully completing and testing, the project was in
addition used commercially for tunnels in the Czech Republic
and abroad.

In a nutshell, it is a 3D video surveillance simulator and tun-
nel management system (MS) simulator (traffic-related and
technological parts). The two parts of the simulator are inter-
connected. Non-standard situations are also simulated, in addi-
tion to common operation, using the means of virtual reality.
Owing to the video surveillance simulation, the tunnel operator
has an overview of the current situation in individual tunnel
tubes and decides on the next process on the basis of this infor-
mation.
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Obr. 1 Architektura trenazéru
Fig. 1 Simulator architecture

tunelovych staveb jsou vypadky technologickych zafizeni nebo
jejich napdjeni. V takovych pripadech musi dispecer technologie
také spravné reagovat a v zavislosti na typu a zdvaznosti udalos-
ti zajistit dand opatfeni, ¢i bréat ohled na dané vypadky pfi fizeni
tunelu.

Tunelové trenazéry TOMMS umoznuji simulaci dopravy
a technologie v naprosto totozném provedeni, jako je samotnd
tunelova stavba. Operdtori dopravy i dispeceri technologie pak
ziskané znalosti ze $kolen{ uplatni pfimo v redlném provozu bez
dal§i potfeby vzdéldvani a také mohou byt priabézné zkouseni.
Zpétnou vazbu na provedené kroky operdtord umozni 3D simu-
lator videodohledu, ktery poskytuje pohled do tunelu pomoci
virtudlnich kamer.

Skolitel mize aktivovat sled mimoradnych uddlosti a po-
ruch technologického vybaveni, na které musi S§koleny opera-
tor reagovat. Skoliteli je umoznén volny pohyb 3D modelem,
takZe md absolutn{ prehled o aktivité a dusledcich kroka §ko-
leného.

Skolitel po zkouseni $koleného ohodnoti. Vystupem ze $kole-
ni muZe byt vypis ¢innosti jak Skoleného, tak Skolitele, které
poté mohou byt podkladem pro podrobnéjsi analyzu zkousSeni.
V Evropé se podobné projekty trenazéru vyskytly v podobé VTI
driving simulator, jako pldnovaci ndstroj pro vystavbu tunelt
v severskych zemich, dalsi typ simuldtoru pro jizdu v tunelu byl
aplikovan ve Francii pro vyzkum vlivu umisténi odstavného
pruhu na fidice.

ZAKLADNI POPIS SOUCASTI A FUNKCI

Na obr. 1 je uvedena typickd konfigurace plné vybaveného tre-
nazéru TOMMS, kterd se muZe liit v zdvislosti na poZadavcich
zékaznika.

Ridici systém je oproti tunelovému vybaven navic simulaci
poruch technologického a dopravniho vybaveni tunelu v&etné
simulaci energetickych a fyzikdlnich velicin.

Piehled zédkladnich moZnosti a prvku simuldtoru fidiciho
systému je v nasledujici tab. 1.

TOMMS simulator provides two interfaces — one for the tra-
iner and one for the trainee. Thus it allows for training tunnel
operators and verifying their ability to respond during extraor-
dinary events. For example, it may be the case of the presence
of an unauthorised person in the tunnel, a traffic accident, the
origination of a fire or situations such as a demonstration or the
threat of a terrorist attack. Another risk in the operation of tun-
nel structures lies in failures of technological equipment or
supplying the facilities with power. In such cases, the equip-
ment operator has also to respond properly and, depending on
the type and seriousness of the event, ensure respective measu-
res or take into account the particular failures when the tunnel
is being managed.

TOMMS tunnel simulators allow for simulating traffic and
technologies in conditions entirely identical with those existing
in the tunnel structure itself. Traffic operators and equipment
operators subsequently apply the knowledge gained during the
training to the real operation, without need for other education
and, in addition, can be continually tested. The feedback on the
steps taken by the operators is provided by the 3D video surve-
illance simulator, which provides a view of the tunnel interior
by means of virtual cameras.

The trainer can activate a sequence of extraordinary events
and failures of technological equipment which the operator
being trained has to respond to. The trainer is allowed to move
freely within the 3D model; therefore he has an absolute ove-
rview of the activity and consequences of the steps made by the
trainee.

After the testing, the trainer assesses the trainee. The training
output can comprise an extract of activities of both the trainee
and trainer. The activities can become a base for a more detai-
led analysis of the testing. In Europe, similar simulator projects
existed in the form of the VTI driving simulator as a planning
tool for the construction of a tunnel in Nordic countries and
another simulator type for driving along a tunnel was applied in
France for the research into the effect of the location of a lay-
by on drivers.
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Tab. 1 Zdkladni moZnosti a prvky simuldtoru RS

Table 1 Basic options and elements of the MS simulator

Moznosti ovladani simulatoru RS / Options of the MS simulator control

Rizeni technologie
Technological equipment control

Rizeni dopravy
Traffic control

Ovladani zafizeni v tunelu a v jeho blizkosti
(proménné dopravni znaéeni, svétlo, zavory atd.)
Controlling the equipment inside tunnel and in its
close vicinity (variable message signs, lighting,
barriers etc.)

Obrazovky HMI (rozhrani Elovék — zafizeni)
pro Fizeni tunelu / HMI (human-machine
interface) screens for managing the tunnel

Hlaseni nestandardnich situaci (alarmt)
systémem videodetekce

Announcing non-standard situations (alarms)
video-based detection system

Poruchy dopravniho a technologického vybaveni
Failures of traffic-related and technological
equipment

Ukladani povelll a reakei zafizeni do databaze
Storing commands and responses into database

Stanice videodohledu Skolitele a Skoleného poskytuji zobra-

Elektricka pozarni signalizace (EPS)
Fire alarm and detection system

Elektronicky zabezpecovaci systém (EZS)
Electronic signalling system

Vzduchotechnika / Ventilation

Osvétleni/ lllumination

Energetika / Power supply system
Méreni fyzikalnich veli¢in

Measurements of physical quantities
Zasobovani vodou / Water supply system
Uzavirky jizdnich pruhi a jejich ¢asti
Closing traffic lanes and their parts

Planované i havarijni uzavreni tunelovych trub, jejich
Césti i celého tunelu / Planned or emergency closing
tunnel tubes, their parts or entire tunnel

Odklon dopravy / Diverting the traffic

BASIC DESCRIPTION
OF COMPONENTS
AND FUNCTIONS

A typical configuration of the
fully equipped TOMMS simulator
is presented in Fig. 1. The confi-
guration can differ depending on
customer’s requirements.

The management system is pro-
vided, in addition to a real tunnel
management system, with the
simulation of failures of technolo-
gical and traffic-related tunnel
equipment, including simulations
of power-related and physical
quantities.

The overview of basic options
and elements of the management
system simulator is presented in
the following Table 1.

Trainer’s and trainee’s video sur-
veillance stations provide imaging
of the current situation of the 3D
tunnel model. The free movement
of the camera observing the events
inside the tunnel is available for
trainer’s needs. The operators be-
ing trained have only a view avai-
lable which is provided by virtual
cameras installed in the same loca-
tions as those in the real tunnel.

The overview of basic options
when the 3D simulator is being
controlled:

a) trainer

e controlling by the Space-
Pilot controller (see Fig. 2);

e free movement within the
scene for trainers (checking
on and viewing over events
inside the tunnel);

e setting of traffic flow degree (without traffic, A—F) in

zeni aktudlni situace 3D modelu tunelu. Pro potreby $kolitele je
umoznén volny pohyb kamery sledujici déni v tunelu. Skolen{
operatori maji k dispozici pouze pohled virtudlnich kamer insta-
lovanych na stejnych lokacich jako redlny tunel.
Prehled zdkladnich moznosti pfi ovladani 3D simulatoru:
a) Skolitel
¢ ovladéni pomoci ovladace SpacePilot (obr. 2);
* volny pohyb scénou pro Skolitele (kontrola a prehled
0 déni v tunelu);
e nastaveni stupné provozu (bez provozu, A-F) v jednot-
livych tunelovych troubéch;
e parametry vnéjstho prostredi (denni doba, viditelnost,
funk¢énost kamer videodohledu);
* aktivace a deaktivace scéndfu (mimofadnych udalosti)
v jednotlivych tunelovych troubdch (v&etné priblizného
vybéru mista udédlosti pokud to dany scéndr umoznuje);
* ikony spojené s testovanim operdtoru (protokol, asomi-
ra, obnoveni provozu, ukonéeni zkousky, atd.);
b) Skoleny operator
e zobrazovéni pohledu virtudlnich kamer na monitorech;
e zobrazovéni alarmu (videodetekce) na alarmovych moni-
torech;
e privoldni sloZek integrovaného zéachranného systému
(IZS) ¢i servisu;

individual tunnel tubes;

e parameters of external environment (time of day, visibi-
lity, functionality of video surveillance cameras);

e activation and deactivation of scenarios (extraordinary
events) in individual tunnel tubes (including the rough
selection of the event location, if the particular scenario
allows it);

e operations associated with the testing of operators
(minutes, timekeeping, resuming the operation, finishing
the testing etc.);

b) operator being trained

e displaying views of virtual cameras on screens (see
Fig. 6);

e displaying alarms (video surveillance) on alarm screens

e calling for Integrated Rescue System components or
a service;

e response to situation through the MS simulator (see
above).

SYSTEM STRUCTURE

The TOMMS system is designed modularly; it is therefore
possible to implement it in essence on any complex of tunnels

in the world.



Obr. 2 Ovlada¢ SpacePilot pro Skolitele
Fig. 2 SpacePilot controller for a trainer

e reakce na situaci prostrednictvi simuldtoru RS (viz vyse).

STRUKTURA SYSTEMU
Systém TOMMS je navrZzen modularné, proto ho je mozné
implementovat v podstaté pro jakykoliv tunelovy komplex na
SVEte.
Piehled zakladnich modula:
e HMI rozhranf fidiciho systému tunelu;
e simulace automatu (PLC) fidiciho systému tunelu;
e modul chovéni fyzikdlnich veliCin;
e moduly pro zdkladni chovani a simulaci poruch dopravnich
a technologickych prvka tunelu;
e simuldtor 3D prostredi tunelu;
» modul chovdni objekti umélé inteligence;
e modul §ifeni koure v uzavrenych prostorach;
e komunikace s externimi systémy:
o OPC server pro konektivitu s PLC a HMI;

Tab. 2 Modelované systémy v tunelu
Table 2 Tunnel systems being modelled
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Overview of basic modules:
e HMI interface of the tunnel management system;
e simulation of the automatic (PLC) tunnel management sys-
tem;
e the module of physical quantities behaviour;
e modules for basic behaviour and simulation of failures of
traffic-related and technological components of the tunnel;
e tunnel environment 3D simulator;
* the module of behaviour of artificial intelligence objects;
* the module of smoke propagation in closed spaces;
e communication with external systems:
o OPC server for connectivity with PLC and HMI;
o communication module for PLC Siemens line 7;
o communication module for XML data exchange support.

TUNNEL MODEL

The 3D tunnel module represents a real automobile tunnel. It
comprises all parts of the tunnel with the roadway inside it in
detail, including adjacent areas affecting the traffic inside the
tunnel. The model covers systems and elements presented in
Table 2.

An UMT bus, a tanker, a truck, a pickup, a passenger car,
a motorcycle, a police car, a fire truck, an emergency service
vehicle or a tow truck are modelled for the simulator.

Basic animation of driving along the tunnel is available for
all vehicles. Special animations, for example a wrecked vehic-
le hit in the front or rear part are available for some vehicles
(e.g. for a passenger car) (see Fig. 3).

The following persons and animals which may occur in tun-
nels were tipped on the basis of scenarios of events in tunnels.
The at rest animation and animation of walking and running are
defined for all persons. The subjects of modelling comprise
persons of a police officer, a fire fighter, a medical service per-
son, a maintenance person (see Fig. 3), a common driver,
a protester and an animal, which is represented in the model by
a dog. Special animations (e.g. containing a fire) are defined
for selected persons (e.g. fire fighters) in addition to the basic
information.

Cast/Part | Systém/System Podsystém / Subsystem Prvky / Elements
Technologie | Osvétleni v tunelu / Lighting inside tunnel Osvétleni / Lighting
Technology | Vzduchotechnika / Ventilation Ventilatory / Fans
Zasobovani vodou / Water supply Hydranty / Hydrants
Systém dnikovych cest Propojky, unikové vychody
System of escape routes Cross passages, escape exits
Nouzové volani/ Emergency calling SOS kabiny / SOS cabins
Doprava Proménné dopravni znacky (PDZ) Pruhové PDZ / Variable lane signs S8a, S8b, S8c, S8d
Traffic Variable message signs Rychlostni znagky B20a
Speed limit signs
Znacky oznacujici SOS kabiny 1J6+S7
SOS cabin marking signs
Signaly dvou vedle sebe umisténych
- stfidavé preruSovanych svétel S13
Alternately flashing lights
Znacky pfikazujici fidi¢im vypnuti motoru C14a+S7
Signs ordering drivers to switch engines off
Dvoukomorové navéstidlo S1a, S1b
Double-chamber light signs
Dopravni zafizeni / Traffic facilities Zavory / Barriers
Pevné dopravni znacky / Fixed traffic signs IS
Vodorovné dopravni znaeni / Road markings V1, V2
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o komunika¢ni modul pro PLC
Siemens fady S7,;

o komunikac¢ni modul pro podpo-
ru XML vymény dat.

MODEL TUNELU

3D model tunelu reprezentuje redl-
ny automobilovy tunel. Detailné jsou
zde zobrazeny vSechny Césti tunelu
s vozovkou uvnitf tunelu, véetné pri-
lehlych oblasti, které maji vliv na pro-
voz v tunelu. Model zahrnuje systémy a prvky uvedené v tab. 2.

Pro simuldtor jsou namodelovany autobus MHD, cisterna,
ndkladni vozidlo, doddvka, osobni automobil, motocykl, poli-
cie, hasi¢ské vozidlo, zachranna sluzba ¢i odtahové vozidlo.

Vsechna vozidla majf zakladni animaci jizdy v tunelu. Pro nékte-
rd vozidla (napf. pro osobni automobil) jsou provedeny specidlni
animace jako napr. bourané vozidlo v predni ¢i zadni 4sti (obr. 3).

Na zdkladé scénaru uddlosti v tunelech byly vytipovdny
ndsledujici osoby a zvitata, které se mohou vyskytnout v tunelu.
Pro vSechny postavy je definovand klidovd animace, animace
chuze a béhu. Modelovény jsou osoby policisty, hasice, zdra-
votnika, idrzbéare (obr. 3), bézného ridie, demonstranta a zvire
v modelu predstavuje pes. Vybrané osoby (napf. hasi¢) maji
mimo zdkladni animace definované specialni animace (napr.
haSeni poZzéru).

Vsechny komponenty 3D modelu (dopravni a technologicka
zafizeni, vozidla, osoby) je samoziejmé mozné zménit ¢i aktua-
lizovat podle potreb zdkaznika nebo s prihlédnutim k mistnim
podminkdm (napf. dopravni zafizeni). Na obr. 4 a obr. 5 jsou
zachyceny jednotlivé komponenty 3D modelu tunelu.

Tab. 3 Seznam a ndvaznost scéndri
Table 3 List and succession of scenarios

Obr. 3 Ukdzka postav a vozidel
Fig. 3 Examples of figures and vehicles

Of course, all components of the 3D model (traffic-related and
technological equipment, vehicles, persons) can be changed or
updated to customer’s needs or taking into consideration local con-
ditions (e.g. traffic facilities). Individual components of the 3D
tunnel model are presented in Figures 4 and 5.

SCENARIOS (EXTRAORDINARY EVENTS)

The tunnel simulator contains 18 scenarios, which are based
on tunnel emergency cards. Emergency cards are parts of tun-
nel operation documents; they briefly describe the steps which
the operator is to make in the case of a concrete emergency
situation. These scenarios should cover all extraordinary situa-
tions following from the operation or caused by the external
influences which may occur in tunnels. If necessary, it is pos-
sible to implement another new scenario.

Operator’s work lies in responding in some way to the origi-
nation of non-standard events (scenarios). He can control tun-
nel equipment using the management system (for traffic-related
and technological parts). He can, for example, close individual
traffic lanes in the tunnel tube or close the entire profile of

Cislo Scénar Pro spusténi je nutna pfedchozi aktivace scénare

scénare | Scenario Preceding activation of a scenario is necessary

Scenario for activating the scenario

number

1. Chodec v tunelu / Pedestrian in tunnel =

2. Zvite v tunelu / Animal in tunnel =

3t Pomalu jedouci vozidlo / Slowly moving vehicle -

4. Stojici vozidlo / Stationary vehicle =

5 Stojici nebezpeéné vozidlo / Stationary dangerous vehicle -

6. Pfedmét na vozovce / Object on roadway =

7. Unik chemické latky (pfedmét) / Spilling of a chemical substance (an object) Pfedmét na vozovce / Object on roadway

8. Unik chemické latky (cisterna) / Leakage of a chemical substance (tanker) Stojici vozidlo / Stationary vehicle

9. Demonstrace v tunelu / Demonstration in tunnel -

10. Hrozba teroristického Utoku (bomba) / Terrorist attack threat (a bomb) -

11. Vozidlo v protisméru / On-coming vehicle =

12. Vjezd nadrozmérného vozidla / Over-size vehicle entry =

13. Stojici autobus / Stationary bus =

14. Dopravni nehoda (srazka chodce) / Traffic accident (pedestrian collision) Chodec v tunelu / Pedestrian in tunnel

15. Dopravni nehoda (srazka zvitete) / Traffic accident (animal collision) Zvite v tunelu /Animal in tunnel

16. Dopravni nehoda (srazka vozidel) / Traffic accident (collision of vehicles) -

17. Dopravni nehoda (pfedmét) / Traffic accident (an object) Pfedmét na vozovce / Object on roadway

18. Pozér / Fire Unik chemické latky (pfedmét), Unik chemické latky
(cisterna), Dopravni nehoda (srazka vozidel), Dopravni
nehoda (pfedmét) / Spilling of a chemical substance
(an object), Leakage of chemical substance (tanker),
Traffic accident (collision of vehicles), Traffic accident
(an object)



Obr. 4 Ventildtory zavéSené pod stropem tunelu
Fig. 4 Fans suspended from the tunnel ceiling

SCENARE (MIMORADNE UDALOSTD

Simulétor tunelu obsahuje 18 scéndfu, které vychédzeji
z havarijnich karet tunelu. Havarijni karty jsou soucdsti pro-
vozni dokumentace tunelu a stru¢né popisuji kroky, které ma
v pripadé konkrétni mimoradné uddlosti operdtor ucinit. Tyto
scéndfe by mély pokryt vS§echny mimoradné situace, vyplyva-
jici z provozu i zpusobené vnéj§imi vlivy, které mohou
v tunelech nastat. V pripad¢ potreby je mozné implementovat
néktery dalsi scénar.

Cinnost operatora spo&iva v tom, Ze ma né&jakym zptsobem
reagovat na vzniklé nestandardni uddlosti (scéndre). Pomoci
RS (dopravni a technologickd &dst) muaZe ovlddat zafizen{
v tunelu. Muze napiiklad uzavirat jednotlivé pruhy v tunelové
troub€, nebo uzavfit jeji ¢dst v celém profilu, pripadné zavrit
tunel cely. Také je mozné ovlddat napriiklad chod ventildtoru.
Kromé& RS maZe operdtor v prib&hu scénife reagovat tak, Ze
privold k mistu uddlosti vozidlo, které udélost vyreSi. Na
vybér ma ze slozek IZS (policie, hasi¢sky sbor, ambulance)
a vozidla servisu (odtahové sluzby). Jako pomoc slouZi ope-
ratorovi videodetekce, kterd funguje stejné jako v redlném
provozu (je mozné nastavit i jeji funkCnost, poruchy atd.).
Upozornuje na vzniklé nestandardni uddlosti uvnitf tunelu
a v jeho tésné blizkosti. Po detekovani uddlosti je zobrazen
pohled kamery, na které je uddlost detekovdna.

Simuldtor obsahuje scénare uvedené v tab. 3, kterd také
uvadi ndvaznost jednotlivych scéndru.

V nésledujicim textu je stru¢ny popis jednotlivych scénéru.

Chodec v tunelu — uvnitf tunelu se po spusténi scénare
objevi na pravém nebo levém (ndhodné) nouzovém chodniku
Elovék a postupuje smérem k jednomu z tunelovych portdla.

Zvire v tunelu — uvnitf tunelu se objevi na pravém nebo
levém (ndhodn¢) nouzovém chodniku pes a pohybuje se v ce-
1€ sitce tunelové trouby smérem k jednomu z tunelovych por-
tala.

Pomalu jedouci vozidlo — po spusténi scéndfe dojde
k vyraznému zpomaleni jednoho z vozidel, které pokracuje
v pomalé jizde (cca 15-30 km/h) v pravém jizdnim pruhu ddle
smérem k vyjezdu z tunelu.

Stojici vozidlo — po spusténi scénare dojde k zastaveni jed-
noho z jedoucich vozidel v tunelové troubé, jeden ¢len posad-
ky vystoupi z vozu a co nejrychleji umisti za stojici vozidlo
vystrazny trojihelnik, pokracuje do nejbliz§i SOS kabiny,
stiskne aktivacni tlacitko a potom se vraci k vozidlu.

Stojici nebezpecné vozidlo — po spusténi scénare dojde
k zastaveni nebezpecného vozidla v tunelové troubé (jednd se
o vozidlo prevazejici nadoby s nebezpenou kapalinou), fidi¢
vystoupi z vozu a co nejrychleji umisti za stojici vozidlo
vystrazny trojihelnik, pokracuje do nejblizs§i SOS kabiny,
stiskne aktivacni tlacitko a potom se vraci k vozidlu.
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Obr. 5 Misto v tunelu s PDZ (S1, S8 a B20a)
Fig. 5 Place in a tunnel with variable traffic signs (S1, S8 and B20a)

a part of the tunnel tube or close the tunnel in its entirety. It is
even possible to control, for example, the running of fans. In
addition to the MS, the operator can respond during the cour-
se of the scenario by calling a vehicle to the event location,
which will solve the event. He has the Integrated Rescue
System available for the selection (the Police of the CR, the
Fire Rescue Service, ambulance) and service vehicles (towing
service). Video surveillance, functioning identically with that
existing in real operation (it is even possible to set its functi-
onality, failures etc.) serves to help the operator. It gives noti-
ce of non-standard events originating inside the tunnel and in
the close vicinity. After detecting an event, the view provided
by the camera on which the event is detected is displayed.

The simulator contains scenarios presented in Table 3,
which in addition presents the succession of individual sce-
narios.

A brief description of individual scenarios is presented in the
following text.

Pedestrian in tunnel — after starting the scenario, a man
appears inside the tunnel on the left-hand or right-hand (acci-
dentally) service walkway and proceeds toward one of the tun-
nel portals.

Animal in tunnel — a dog appears inside the tunnel on the
left-hand or right-hand (accidentally) service walkway and
moves throughout the tunnel tube width toward one of the tun-
nel portals.

Slowly moving vehicle — one of the vehicles significantly
decelerates after the scenario activation; it continues to ride
slowly (about 15-30km/h) toward the tunnel exit, in the right-
hand traffic lane.

Stationary vehicle — one of vehicles moving in the tunnel
tube stops after the scenario activation, one of the vehicle crew
gets off the vehicle and places a warning triangle behind the
standing vehicle as quickly as possible, proceeds to the closest
SOS cabin, pushes the activation button and then walks back to
the vehicle.

Stationary dangerous vehicle — the dangerous vehicle
(a vehicle carrying vessels with a dangerous liquid) stops insi-
de the tunnel tube after the scenario is activated; the driver gets
off the vehicle, places a warning triangle behind the standing
vehicle as quickly as possible, proceeds to the closest SOS
cabin, pushes the activation button and then walks back to the
vehicle.

Object on roadway — a wooden case falls from the cargo
space of a loaded truck during the passage through the tunnel
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Predmét na vozovce — pri prujezdu vozidla s ndkladem mu
vypadne z nakladniho prostoru drevénd schranka a blokuje
provoz, vétsinou v jednom jizdnim pruhu (pfipadné muze leZet
i pres dva jizdn{ pruhy).

Unik chemické latky (pFedmét) — pii prijezdu vozidla
s ndkladem dojde podobné jako u predchoziho scéndre k upad-
nuti predmétu z projizdéjiciho vozidla na vozovku. Konkrétné
se jednd o vozidlo prevdzejici nddoby s nebezpecnou kapali-
nou, pri¢emz pravé jedna z nddob vypadne a z ni zaCne na
vozovku unikat kapalina.

Unik chemické latky (cisterna) — tento scénar navazuje na
scéndr ,,Stojici nebezpecné vozidlo®, ze stojiciho nebezpecné-
ho vozidla (nddob na ném uloZenych) zaéne na vozovku unikat
nebezpec¢nd latka. Ukdzka tohoto scéndfe je na obr. 6.

Demonstrace v tunelu — demonstrace je zde uvazovana jako
predem ohldSend, tudiZ lze vyvolat, jen pokud je tunel uzavien
pro dopravu — demonstranti vzdy vchdzeji vjezdovym porté-
lem a pokracuji ve sméru jizdy danou troubou, odhazuji na
zem odpadky, vchdzeji do SOS hlasek a aktivuji zde alarmové
tlacitka.

Hrozba teroristického ttoku (bomba) — po spusténi scéna-
fe je operatorovi ozndmeno, Ze v tunelu je umisténa bomba,
pokud operator nereaguje v daném Case, dojde k explozi uvnitf
tunelu.

Vozidlo v protisméru — pred portdlem tunelu se objevi
vozidlo v protisméru a pokraluje v prujezdu tunelem v pro-
tismeru.

Vjezd nadrozmérného vozidla — v blizkosti portélu tunelu
se objevi nadrozmérné vozidlo, které na vjezdu do tunelu uviz-
ne, protoZe se nevejde do prijezdného profilu tunelu.

Stojici autobus — v tunelu dojde k zastaveni libovolného
autobusu, z vozidla vystoupi Tidi¢ a co nejrychleji se snazi
umistit vystrazny trojihelnik za vozidlo. Ndsledné odchdzi do
SOS kabiny aktivovat SOS tla¢itko, mezitim autobus opoustéji
cestujici a mifi po nouzovém chodniku k nejbliz§imu portdlu.

Dopravni nehoda (srazka chodce) — k aktivaci tohoto scé-
ndre je nutné nejdrive spustit scéndr ,,Chodec v tunelu“. Cho-
dec poté vstoupi do vozovky a je srazen projizdéjicim vozid-
lem — chodec lezi na zemi zranén, posddka vozidla vybihd ven
z vozidla a ¢ini nezbytné kroky k zajisténi mista (vystrazny
trojihelnik, SOS tlacitko, prvni pomoc).

Dopravni nehoda (srazka zvirete) — k aktivaci tohoto scé-
ndre je nutné nejdiive spustit scéndr ,,Zvife v tunelu®, pes je
potom srazen projizdéjicim vozidlem — zvife leZi na zemi,
posadka vozidla vybiha ven z vozidla a ¢ini nezbytné kroky
k zajisténi mista (vystrazny trojdhelnik, SOS tlacitko).

Dopravni nehoda (srazka vozidel) — po spusténi scénare
ce s vozidlem jedoucim za nim — posadka obou vozidel vystou-
pi. Jeden ¢loveék umistuje vystrazny trojihelnik a aktivuje SOS
tlacitko v SOS hlésce.

Obr. 7 Scéndr ,,PoZdar*
Fig.7 “Fire” scenario

Obr. 6 Scéndr ,,Unik chemické latky*
Fig. 6 “Spilling/Leakage of a chemical substance” scenario

and blocks the traffic, mostly in one traffic lane (it can also lie
across two traffic lanes).

Spilling of a chemical substance (an object) — during the
passage of a loaded vehicle, an object falls from a passing
vehicle on the roadway, similarly to the previous scenario.
Concretely, it is a vehicle carrying vessels with dangerous
liquid and one of the vessels falls out and the liquid starts to
spill from it on the roadway.

Leakage of a chemical substance (tanker) — this scenario
follows after the “Stationary dangerous vehicle” scenario;
Dangerous liquid begins to escape from the stationary dange-
rous vehicle (vessels loaded on it) on the roadway. An example
of this scenario is presented in Fig. 6.

Demonstration in tunnel — the demonstration is considered
in this case as an in advance announced event; for that reason
it can take place only if the tunnel is closed to traffic — demon-
strators always enter the tunnel through the entrance portal and
proceed ahead through the particular tunnel tube in the directi-
on of travel, throwing trash on the pavement, entering WSOS
cabins and activating alarm buttons.

Terrorist attack threat (a bomb) — after the scenario acti-
vation, the operator is notified that there is a bomb located in
the tunnel and the explosion will take place inside the tunnel
unless the operator responds within the specified time.

On-coming vehicle — an on-coming vehicle appears in front
of the tunnel portal and continues to pass through the tunnel
against the current of traffic.

Over-size vehicle entry — an over-size vehicle appears in the
vicinity of the tunnel portal and gets stuck when entering it
because it does not fit into the tunnel clearance profile.

Stationary bus — a bus stops inside the tunnel, the driver
gets off the vehicle and places a warning triangle behind the
standing vehicle as quickly as possible; subsequently he proce-
eds to the closest SOS cabin to activate the SOS button; mean-
while passengers leave the bus and walk along the service
walkway toward the closest portal.

Traffic accident (pedestrian collision) — to activate this
scenario, it is first necessary to activate the “Pedestrian in tun-
nel” scenario. The pedestrian enters the roadway and is knoc-
ked down by a passing vehicle — the injured pedestrian lies on
ground, the vehicle crew rush out of the vehicle and take the
necessary steps to secure the accident scene (a warning triang-
le, SOS button, first aid).

Traffic accident (animal collision) — to activate this scena-
rio, it is first necessary to activate the “Animal in tunnel” sce-
nario, the dog is subsequently knocked down by a passing
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Nickname Trida
ATM_C1305D

ALARM ATM: Aktivace SOS § ZTT (MS-B1305)
64) - predmét na vozovce

ALARM ATM: Kamera MS-Y2363(364

ATM_VDZT_P3_H3
ATM_VDZT_P3_N6 Al

NORMAL ATM: Kamera MS-Y2363(364) - clovék nebo vétsi zvife v tunelu
ALARM ATM: Kamera MS-Y2363(364) - stojici vozidlo

MD-1511!

pa emr e RAC_&S

Obr. 8 Reakce videodetekce na mimorddnou
Fig. 8 Video-based detection response to an extraordinary event

A41n et

Dopravni nehoda (predmét) — k aktivaci tohoto scéndre je
nutné nejdfive spustit scénar ,,Predmét na vozovce®, vozidlo
projizdejici tunelem narazi do predmétu leZiciho na vozovce —
posadka vozidla vystupuje ven z vozidla a ¢ini nezbytné
kroky k zajisténi mista (vystrazny trojihelnik, SOS tladitko).

PozZar — tento scénar navazuje na mnoZstvi vySe popsanych
scéndit (nehody, stojici vozidla, atd.), po vypuknuti poZdru
dochdzi k automatickému havarijnimu uzavreni tunelu a osoby
unikaji ven z tunelu. Ukédzka tohoto scéndre je na obr. 7.

Uvedme si jeden piiklad priibéhu scénafe véetné reakci
videodetekce a operdtora dopravy. Po zastaveni nebezpe¢ného
vozidla v tunelové troubé jeden ¢len posadky vystoupi z vozu
a co nejrychleji oznadi stojici vozidlo ¢ervenym trojihelni-
kem. Poté pokracuje do nejbliz§i SOS kabiny, kde stiskne
aktivacni tlacitko a vraci se k vozidlu. V fidicim systému se
postupné objevi videodetekéni uddlosti ,,stojici vozidlo®,
~predmét na vozovce“ (trojihelnik) a ,,chodec nebo veétsi
zvite v tunelu®. Po aktivaci tladitka SOS kabiny se aktivuje
SOS hlaseni i v fidicim systému, tak jako v redlném tunelu.
Pokud je privolana policie a odtahova sluzba, prijedou se
zapnutymi majdky na misto, dojde k vySetfeni udélosti, nalo-
Zeni vozidla odtahovou sluzbou a ukonéeni scénére. Pokud je
zavoldno pouze jedno z vozidel, pfipadné vozidlo jiné slozky
1ZS, pak po jeho prijezdu na misto dojde k automatickému
zavolani policie a (nebo) odtahové sluzby. Na obr. 8 je patrna
reakce videodetekce. Obr. 9 ukazuje situaci v tunelu po reak-
ci operdtora a obr. 10 ukédzku fidiciho systému po reakci ope-
ratora.

Obr. 9 Situace pohledem kamerou videodohledu
Fig. 9 Situation as viewed by video-based surveillance

vehicle — the animal lies on ground, the vehicle crew rush out
of the vehicle and take the necessary steps to secure the acci-
dent scene (a warning triangle, SOS button, first aid).

Traffic accident (Collision of vehicles) — after activating the
scenario, one of the passing vehicles slows down and is hit by
the vehicle riding behind it — crews of both vehicles get out.
One person places a warning triangle and activates the SOS
button in an emergency call niche.

Traffic accident (an object) — to activate this scenario, it is
first necessary to activate the “Object on roadway” scenario;
a vehicle passing through the tunnel hits an object lying on the
roadway - the vehicle crew get out of the vehicle and take the
necessary steps to secure the accident scene (a warning triang-
le, SOS button).

Fire — this scenario links to many of the above-mentioned
scenarios (accidents, stationary vehicles, etc.); after the fire
breaks out, automatic closing of the tunnel takes place and per-
sons escape outside the tunnel. A demonstration of this scena-
rio is presented in Fig. 7.

Let us present one example of the course of a scenario, inc-
luding responses of the video-based smoke/fire detection and
the traffic operator. After the dangerous vehicle stopping, one
of the vehicle crew gets off the vehicle and marks the stationa-
ry vehicle with a warning triangle as quickly as possible. Then
he proceeds to the closest SOS cabin, pushes the activation but-
ton and then walks back to the vehicle. Video detection events
“stationary vehicle”, “Object on roadway” (a triangle) and
“Pedestrian or Larger animal in tunnel” successively appear in
the management system. After the activation of the button in
the SOS cabin the SOS announcement is activated even in the
management system, in the same way as it is in a real tunnel. If
the Police of the CR and a towing service are called, they arri-
ve to the scene with beacons switched on, the event is investi-
gated, the vehicle is loaded by the towing service and the sce-
nario is concluded. If only one of the vehicles or a vehicle of
another component of the Integrated Rescue System is called,
the Police of the CR and/or the towing service vehicle is called
automatically after it arrives at the scene of the event. Video-
based detection response is obvious from Fig. 8. Figures 9 and
10 show the situation in the tunnel after operator’s response
and the demonstration of the management system behaviour
after operator’s response, respectively.

CONCLUSION

The tunnel simulator originated within three years to serve as
a tool of effective training of tunnel operators. The simulation
of a tunnel management system is controlled in the same way
as a real tunnel structure so that trained operators can apply the
experience from the training directly to a real structure during
their everyday practice.

The management system simulator was in addition applied
within the framework of the assessment of the extraordinary
event (a tunnel fire) to the simulation of the procedure of ope-
rators and the function of technological equipment and traffic
signalling. The full version of the 3D TOMMS simulator can
also be used for this purpose.

The tunnel simulator represents very accurately the real ope-
ration and the behaviour of vehicles and persons during com-
mon operation as well as extraordinary situations. The simula-
tor designed for the training of tunnel operators comprises
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V prabéhu tf{ let vznikl tunelo-
vy trenazér slouZici jako ndstroj
efektivnitho Skoleni tunelovych
operdtoru. Simulace fidiciho sys-
tému tunelu je ovldddna totoZnym
zpusobem jako redlnd tunelovd
stavba, aby proskoleni operatori
mohli uplatnit svoje zkuSenosti
z tréninku pfimo na redlné stavbé
ve své kazdodenni praxi.

Simulétor fidiciho systému byl
vyuzit téZ v rdmci hodnoceni mi-
moradné uddlosti (poZar v tunelu)
k simulaci postupu dispecert a ope-
ratori a funkce technologického
vybaveni a dopravniho znaceni.
K tomuto udcelu je mozné vyuzit
i plnou verzi trenazéru TOMMS s 3D simuldtorem.

Simuldtor tunelu reprezentuje velmi vérné redlny provoz,
stejné jako chovdni vozidel a osob pfi béZném provozu
i mimoradnych situacich. Simulator pro vycvik obsluh tunela
zahrnuje simulétor fidiciho systému, v¢etné simulace duleZi-
tych fyzikdlnich veli¢in, simulaci videodohledu a také skoli-
telské pracovis§té pro pripravu a vedeni testu operitora.
Simuldtor tak poskytuje pro budouci operdtory dobrou moz-
nost, jak si vyzkouset, naudit se a ndsledné oveérovat doved-
nosti souvisejici s fizenim provozu v tunelu mimo ostry pro-
voz, zejména potom pfi nestandardnich udédlostech.
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Fig. 10 MS state after operator’s response

a management system simulator, including the simulation of
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KOMPLIKACE PRI RAZBE HLAVNI STROJOVNY VZDUCHOTECHNIKY
TUNELOVEHO KOMPLEXU BLANKA

COMPLICATIONS DURING THE EXCAVATION OF A VENTILATION
PLANT CAVERN IN THE BLANKA COMPLEX OF TUNNELS

ALEXANDR BUTOVIC

ABSTRAKT

Tunelovy komplex Blanka v Praze predstavuje 2x5,5 km hloubenych a raZenych tuneli ruznych velikosti, realizovanych v rozli¢nych
geologickych podminkdch. Systém provozniho a poZdrniho vétrdni tunelu obsahuje nékolik strojoven vzduchotechniky. Nejvetsi z nich je
raZend, umisteénd pod husté obydlenou nadzemni zdstavbou na Letné, ve zdravych piscitoprachovitych bridlicich letenského souvrstvi, pou-
hych 32 m pod povrchem terénu. Jednd se o objekt témer kruhového profilu o pruméru cca 20 m, ploSe vyrubu cca 300 m? a délce 123,4 m.
Cldnek podrobné popisuje zastizené geologické podminky, navriené technické FeSeni razeb, komplikace p¥i raZeni v poruchovém pdsmu,
poruSeni primdrniho osténi v misté krizeni s ostatnimi vzduchotechnickymi objekty a skutecné vysledky geotechnického monitoringu.

ABSTRACT

Blanka complex of tunnels in Prague consists of 2x5.5km of cut-and-cover, cover-and cut and mined tunnels of various sizes, which
were realised in various geological conditions. The operational and fire ventilation system of the tunnel comprises several ventilati-
on plant rooms. The largest of them is located under the densely populated above-ground development in the district of Letnd. The
cavern was driven through sound sandy-silty shales of the Letnd Member, only 32m under the terrain surface. The structure cross sec-
tion is nearly circular in the ground plan, with the diameter about 20m; the excavated cross-sectional area is about 300m? and the
length amounts to 123 .4m. This paper describes in more detail the geological conditions encountered, the proposed technical design,
complications encountered during the underground excavation passing through a fault zone, the damage suffered by the primary

lining at the crossing with the other ventilation structures and the actual geotechnical monitoring results.

ovob

Tunelovy komplex Blanka obsahuje celkem tfi strojovny vzdu-
chotechniky. Jsou umisténé v technologickém centru 1 (TGC 1)
v blizkosti ulice Patofkova mezi kfizovatkami Myslbekova
a StreSovickd, v technologickém centru 6 (TGC 6) na trojském
ndbrezi a v razeném tunelu pod ulicemi Jana Zajice a Korunovaéni
na Letné (obr. 1). Pivodné byly v raZeném tunelu navrzeny stro-
jovny dvé, jdouci kolmo na hlavni tunel, ale nasledné bylo tech-
nické feseni systému vzduchotechniky tunelu prepracovéno a byla
navrZena jedna velkd strojovna, zajistujici odvod i pfivod vzduchu.
S ohledem na pocet a velikost ventildtort, moZnost jejich instalace
a vymény pomoci portdlového jerdbu byl navrZen témér kruhovy
profil o ploSe vyrubu 298,84 m2, ¢fim¥ se fadi mezi nejvétsi razené
profily na tizemi Ceské republiky (v rdmci tivodni projektové pri-
pravy, kdy tunel BubeneCsky obsahoval i ochranny systém, byl
profil strojovny jesté vétsT a prekratoval 320 m?).

GEOLOGICKE A HYDROGEOLOGICKE PODMINKY

V rdmci podrobného inZenyrskogeologického priuzkumu bylo
v prostoru Letné zrealizovdno celkem 15 jadrovych vrta
o hloubkach 11,1 az 76 m. Jejich situovani bylo voleno tak, aby
ndsledne byly vyuZity i pro potfeby geotechnického monitoringu
jako extenzometry, inklinometry nebo hydrovrty. Optimdlnost
jejich umisténi bohuzel vyrazné komplikovala stdvajici nadzemni
zéstavba, nemoZnost vstupu na nékteré pozemkKy a polohy jednot-
livych inZenyrskych siti. Kromé geologického popisu jader
a laboratornich zkouSek bylo mezi vrty provedeno i tzv. seismické
prosvécovani, diky kterému byly predikovény i pripadné oslabené
z6ny v piimo vrty neovéreném prostredi.

INTRODUCTION

The Blanka complex of tunnels contains a total of 3 ventilation
plant rooms. They are located at the services centre No. 1 ((deno-
ted as TGC 1) in the vicinity of Patockova Street, between
Myslbekova and StreSovickd intersections, at the service centre
No. 6 (denoted as TGC 6), on the Troja embankment and in
a mined tunnel under Myslbekova Street and Korunovacni Street
in Letna (see Fig. 1). Two ventilation plant rooms perpendicular to
the main tunnel were originally designed to be located in the
mined tunnel. However, one large ventilation plant room was sub-
sequently designed to provide the extraction and supply of air.
A nearly circular cross-section with the excavated cross-sectional
area of 298.84m? was designed taking into consideration the num-
ber and sizes of fans, the possibility of their installation and repla-
cement by means of a portal crane. Owing to this size, the cavern
is rated among the largest mined structures in the Czech Republic
(the cross-section was even larger within the framework of the
designing stage, exceeding 320m?2, at the Bubene&sky tunnel,
which in addition contained the protection system.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The total of 15 cored boreholes with the depths ranging from
11.1 to 76m were carried out in the area of Letnd within the fra-
mework of the detailed engineering geological survey. Their loca-
tions were designed to allow for their subsequent use for geotech-
nical monitoring as extensometer, inclinometer or water table
monitoring boreholes. Unfortunately, the optimality of their loca-
tions was significantly affected by above-ground buildings, the
impossibility of accessing some lots and locations of individual
utility networks. Seismic tomography, owing to which contingent
weakness zones were predicted for the environment which had not
been verified by boreholes, was conducted between the boreholes.



>

il

technolgické centrum 4 - servic

. VZTkandlo7,08
g P ventilation duct No. 07, 08
o . ' . SaEu

- tektonicky porusené pasmo - faulted zone & N

a nasavaci object, %
o shafts, exhaust and
suction structure

s;trojovna vzduchotechniky
ventilation plant cavern

W
~ trhliny v osténi ¢
| cracks in lining

Pelc-Tyrolk
ele-lyrotka VZT kanél 3

ventilation duct No. 3 |

Myslbekova
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Fig. 1 Ventilation node layout

Skalni podlozi zdjmového tzemi tvori horniny severovychodn{
¢asti ordovické barrandienské synklindly. Jedna se o Sedocerné pis-
Citoprachovité a jilovitoprachovité bridlice s polohami jemnozrn-
nych kiemencu a7 kiemennych piskovct letenského souvrstvi.
Bridlice jsou hrub¢ slidnaté a tlusté deskovité vrstevnaté (6-20 cm),
s hojnymi piscitymi zdvalky a laminami. Vrstevni plochy jsou zvl-
néné a zprohybané, s ohlazy. Pukliny jsou oteviené, Casto vyplné-
né druhotnym kalcitem nebo i jilem se stfipky biidlic. Casto se
vyskytuji polohy (o pramérné mocnosti 6-20 cm) pevnych jemno-
zrnnych kfemencut, deskovité odlu¢nych, dlomkovité aZ kusovité
rozpadavych podle ploch kolmych k vrstevnatosti; vrstevni plochy
jsou nerovné a Casto vyhojeny kalcitem. Bfidlice byvé na styku
s kfemenci deformovdna a rozdrcena na stiipky s jilovitou vyplni
do vzdélenosti az 3 cm. Podle stupné tektonického naruseni pre-
vlad4 stfedné az mdlo rozpukand hornina, pouze v mistech tekto-
nickych poruch znacné rozpukand. Kiemence a kiemenné piskov-
ce jsou Casto pricné rozpukané, jemno- az strednézrnné s mocnosti
3 a7 20 cm, maximélné az 50 cm.
Jednotlivé zény zvétrani horninového masivu lze charakterizo-
vat nasledovné:
¢ Horninovy masiv zcela zvétraly, rozloZeny, je misty reprezen-
tovan predevsim u jilovitoprachovitych bridlic soudrznou ze-
minou charakteru jilu, se stfedni plasticitou s proménlivym
obsahem pifmési stiipki a ostrohrannych dlomku bridlic.
Zatiidéni dle CSN 73 1001 tf. F6, CSN 73 3050 f. 3, symbol
zvétrdni dle CSN 72 1001 tF. W5, tj. zcela zvétrald — rozloze-
nd. Mocnost se pohybuje od 0,30 do 0,70 m.

¢ Horninovy masiv siln€ az mirn¢ zvétraly tvori ilomkovité roz-
padavé bridlice, tence deskovité odlu¢né, ilomkovité az kuso-
vité rozpadavé kremence s vyplni stripkovité bridlice.
Zatfidéni dle CSN 73 3050 tf. 4-5, CSN 72 1001 je stupefi
zvétrani W4-W3, tj. silné az mélo zvétralé. Mocnost se pohy-
buje od 0,70 do 1,20 m.
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The bedrock in the area of operations comprises rocks forming
the north-eastern part of the Ordovician Barrandian Syncline.
They comprise grey-black sandy-silty shales interbedded by fine-
grained quartzite to quartzose sandstone of the Letnd Member.

The shales are coarsely micaceous and thickly tabularly bedded
(6 — 20cm), containing frequent sandy pebbles and laminae.
Bedding planes are undulated and folded, with slickensides.
Discontinuities are open, frequently filled with secondary calcite
or even clay containing shards. Hard, fine-grained sandstone inter-
beds (with the average thickness of 6 — 20cm) are frequently
encountered. They are tabularly jointed, disintegrating to frag-
ments up to lumps along planes perpendicular to the bedding pla-
nes; the bedding planes are uneven and are frequently healed by
calcite. The shale is usually deformed at the interface with quart-
zites and is crushed to shards with clayey filling up to the distan-
ce of up to 3cm. Regarding the tectonic faulting, medium to little
broken rock prevails, significantly broken only at tectonic distur-
bances. The quartzites and quartzose sandstones are frequently
transversally jointed, fine- to medium grained, with the thickness
varying from 3 to 20cm, up to 50cm as a maximum.

Individual rock mass weathering zones can be characterised as
follows:

e The completely weathered, disintegrated rock mass is locally
presented first and foremost at clayey-silty shales as medium
plasticity cohesive soil with the character of clay, with the
variable content of shards and sharply angular fragments of
shale. It is categorised according to CSN 73 1001 as class F6,
according to CSN 73 3050 as class 3; the weathering symbol
according to CSN 72 1001 is class W5, i.e. completely weat-
hered — disintegrated rock. The thickness varies between 0.30
to 0.70m.

e The heavily to moderately weathered rock mass is formed by
shales disintegrated to fragments, thinly tabularly bedded



e Horninovy masiv navétraly lze prifadit jiz podle mechanické-
ho chovani ke skalnim, resp. poloskalnim horninam. Ulomko-
vity rozpad prechdzi zvolna do kusovitého rozpadu s velikost{
jednotlivych ¢ésti 10-30 c¢m, pripadné aZz do blokovitého roz-
padu. Hornina je tvrdd, rozpojitelnd poklepem kladivka. Dle
CSN 72 1001 je symbol zvétrani W2, tj. navétralé,
CSN 73 3050 tf. 5-6. Primérnd mocnost se pohybuje
v rozmezi 4 azZ 5 m.

e Horninovy masiv zdravy — v nezvétralém stavu jsou bridlice
a kfemence deskovité a lavicovité vrstevnatosti, t€Zko rozpoji-
telné, tf. 6-7. Dle CSN 72 1001 je symbol W1, tj. zdrava.

K pokryvnym ttvarim zdjmového dzemi patii prevdzné pleisto-

cénni fluvialni sedimenty a ¢aste¢né navazky.

Antropogenni sedimenty (navazky) predstavuji pisCité hliny se
Stérkem, tj. kameny a valouny razné velikosti (pfevdZné kiemence,
kremeny, opuky), a stavebni sut. Konzistence je tuhd az pevna.
Tézitelnost dle CSN 73 3050 (zemni price) tf. 2-3, piip. 5 (sta-
vebni suté). Podle CSN 73 1001 tf. Y. Mocnost je 0,2 a7 3,0 m.

Fluvidlni sedimenty terasy Vltavy predstavuji pisky s primési
jemnozrnné zeminy tf. S3/S-F s valouny vel. 2-8 cm a hloubgji
pisCité sterky vel. 5-13 cm, pri bdzi i vétsi balvany, tf. G3-G2.
Mocnost je do 6 m.

V provedenych jddrovych vrtech byla zastiZena ustdlend hladina
podzemni vody cca 12 m pod povrchem terénu zaklesnutd
v horninovém prostredi. Jednd se o podzemni vodu s puklinovou
propustnosti. Hodnoty soucinitele filtrace z poloh zvétralych brid-
lic se pohybuji v fddu 10 a7z do 108 m.s’!.

NAVRZENE TECHNICKE RESENI

S ohledem na relativné kvalitni horninové prostredi bylo pro
razbu strojovny navrzeno horizontalni ¢lenéni vyrubu na 4 drovne:

e kalotu o vysce 7,5 m,

e opéfi ¢. 1 o vysce 3,35 m,

e opéfi ¢. 2 o vysce 3,15 m,

e dno o vysce 3,9 m.

Zajisténi vyrubu bylo navrZeno pomoci priméarniho osténi ze
stifkaného betonu tiidy C 20/25 (s ndrustem pevnosti nejméné
podle krivky J2), vyztuZzeného prihradovymi ramy z betonarské
oceli, svarovanymi sitémi a svorniky. Instalace vystrojeni v kalote
a opéfi probihala takto:

e pfi prvnim stifkani v pfedmétném zabéru bylo provedeno cca

60 % celkové tl. primdrniho osténi (tzn. zastiikany prvnf site),

e pii stifkani dal$iho zébéru bylo v predmétném zabéru prova-

déno osazovani svorniku,

e pii stifkdni posledniho zdbéru bylo primdrni osténi v pred-

métném zédbéru dostrikdno na plnou tloustku (treti od Celby).

Ve dné bylo primérni osténi instalovano najednou v plné tloustce.

Kotveni horninového prostredi bylo provddéno hydraulickymi
svorniky Superswellex délky 8 m, vzdjemnd vzddlenost v pri¢ném
sméru byla 2,5 m. Svorniky byly osazovdny v kazdém zédbéru
Sachovnicovite.

Jako doplnujici opatfeni v pripadé zastizeni zhorSenych geolo-
gickych podminek nebo zvysené nestability celby bylo navrzeno
jehlovani (roxor priméru 32 mm osazeny na sucho do vrtu 46 mm,
délky 4 m, rozte¢e 300 mm, s prekryvem 2,25 — 2,75 m) a ochranné
destniky z ocelovych svorniku typu R5IL délky 9 m, roztece
300 mm a zainjektované materidlem Ekoment RT.

POSTUP RAZEB

Price plynule navazaly na razbu objektu technologického centra
¢. 4 razbou kaloty. Nejprve byla vyraZena celd kalota, nédsledné
opéfi a nakonec dno. Prace probihaly od 11.2. do 4. 8. 2010, kalo-
ta byla vyraZena za 64 dni, jeji relativné pomaly postup (prumérné
1,9 m/den) zpusobovala zejména instalace ochrannych deStniku.
Po kompletnim vyraZenf strojovny byly zahdjeny prdce na razbach
vzduchotechnickych kandlu.
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quartzites disintegrating to fragments up to lumps, with the
shale shards filling. It is categorised according to CSN 73
3050 as class 4-5; the weathering degree according to CSN 72
1001 is W4-W3, ie. heavily to little weathered rock. The
thickness varies between 0.70 and 1.20m.

e The slightly weathered rock mass can be categorised even
according to mechanical behaviour as rock or weak rock. The
disintegration to fragments passes slowly to disintegration to
lumps with the sizes of individual components ranging from
10 to 30cm, or to the disintegration to blocks. The rock mass
is hard, capable of disintegration by tapping of hammer.
According to CSN 72 1001, the weathering symbol is W2,
denoting slight weathering; the class according to CSN 73
3050 is 5-6. Average thickness ranges from 4 to Sm.

e The sound rock mass — shales and quartzites in nweathered
condition are platy to tabularly bedded, hard to disintegrate,
class 6-7. According to CSN 72 1001, the weathering symbol
is W1, denoting sound rock.

The cover in the area of interest is mostly formed by Holocene

and Pleistocene fluvial sediments and partly by made ground.

Anthropogenic sediments (made ground) consist of sandy loam
with gravel, i.e. stones and boulders of various sizes (mostly
quartzite, quartz and cretaceous marl) and building rubble. The
consistency is stiff to hard. The workability class according to
CSN 73 3050 (earthwork) ranges from 2 to 3, or 5 (for building
rubble). The class according to CSN 73 1001 is Y. Thickness ran-
ges from 0.2 to 3.0m.

The fluvial sediments of the Vltava River consist of sands with
the addition of S3/S-F class fine-grained soil containing boulders;
sandy gravels with the grain size ranging from 5 to 13cm are loca-
ted at a greater depth; larger boulders class G3-G2 are found at the
base. Thickness is up to 6m.

Standing level of water table stuck in the ground environment
was found in the cored boreholes about 12m under the terrain sur-
face. It is the fissure permeability type of groundwater. The coef-
ficient of filtration from the layers of weathered shale varies wit-
hin the order of 10 up to 10 m.s™!.

PROPOSED TECHNICAL DESIGN

The so-called horizontal excavation sequence (top heading,
bench and invert) consisting of the following 4 levels was desig-
ned taking into consideration the relatively good quality of the
ground environment:

* top heading 7.5m high,

e bench No. 1 3.35m high,

e bench No. 2 3.15m high,

e invert 3.9m high.

Shotcrete grade C 20/25 (with the strength gain at least accor-
ding to J2 curve), lattice girders from concrete reinforcement bars,
welded mesh and rock bolts were designed for the excavation sup-
port. The installation of the support at the top heading proceeded
in the following way:

e About 60 per cent of the total thickness of the primary lining
was carried in the first shotcrete application stage (covering
the first layer of mesh);

* rock bolts in the respective excavation round were installed
during the application of shotcrete in the subsequent excava-
tion round;

¢ the application of shotcrete in the respective excavation round
(third from the excavation face) was completed to the full
thickness during the application of shotcrete in the following
excavation round.

The primary lining of the invert was installed to the full thick-

ness in one go.

Superswellex hydraulically expanded rock bolts 8m long were
used for the rock environment stabilisation; rhey were installed at
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Tab. 1 Vystrojovaci tabulka
Table 1 Excavation support table

Polozka Jednotka Vyméra
Item Unit Measure
Sitka vyrubu [m] 19,8
Excavation width [m] 19.8
Vyska vyrubu [m] 17,855
Excavation height [m] 17.855
Plocha teoretického vyrubu [m2] 298,84
Theoretical excavation cross-sectional area [m2] 298.84
Tloustka primarniho osténi [mm] 400
Primary lining thickness [mm] 400
Délka z&béru v kaloté [m] 1,25 a2 1,75
Top heading excavation round length [m] 1.25t0 1.75
Délka zabéru v opéfi [m] 2,5az 3,25
Bench excavation round length [m] 2.510 3.25
Délka zabéru ve dné [m] do 12
Invert excavation round length [m] to 12
Pocet svornikd dl. 8 m [ks] 16
Number of 8m long rock bolts [pc] 16

2.5m transversal spacing. The rock bolts were instal-
led in each excavation round, in a diamond pattern.

Forepoling (Roxor deformed rods 32mm in diame-
ter, installed in 4.0m long, 46mm diameter boreholes,
at 300mm spacing, with 2.25 — 2.75m overlapping,
without grouting) and protective umbrellas formed
by 9.0m long RS51L steel rock bolts installed at
300mm spacing, grouted with Ekoment RT).

EXCAVATION PROGRESS

The work followed without interruption the exca-
vation for the service centre No. 4 (TGC 4) by the
excavation of the top heading. The whole top heading
was excavated in the first step, the bench excavation
followed and the invert was excavated in the end. The
work was carried out from the 11th February to the
4th August 2010; the top heading excavation was
finished in 64 days. The relatively slow top heading
excavation advance rate (1.9m per day on average)
was caused most of all by the installation of protecti-
ve umbrellas. The driving of ventilation ducts com-
menced after the completion of the ventilation plant
gallery excavation.

Weakness zone in the initial section

Poruchové pasmo v pocateénim utseku

Jiz v koncovém tseku razeb technologického centra ¢. 4 (TGC
4) bylo zastizeno vyrazné tektonicky porusené pdsmo. Témer
v celé plose kaloty se vyskytovaly extrémné tektonicky podrcené
bridlice charakteru zeminy. Efektivni pouZiti ochrannych deStnika
vyrazné komplikovala razba v levostranném oblouku o poloméru
pouhych 8,72 m. Z vysledku razeb TGC 4, strojovny a obou hlav-
nich tunela byl nasledné urden prubéh tohoto pdsma (obr. 1), které
bohuZel nebylo v ramci podrobného inZenyrskogeologického pru-
zkumu odhaleno.

Jedendctého tnora 2010 byl v odpolednich hodinidch proveden
prvni zabér kaloty strojovny. V predchozim tseku zastiZzend poru-
cha pokracovala, i kdyZ dochazelo k jejimu zmenSovani (postupne
se posunovala mimo profil vyrubu). K pulnoci zacaly prace na dru-
hém zdbéru. V pravé asti vrcholu vyrubu vznikl nadvylom, ktery
se postupne zvetsil, nepomohl ani v predchozich zabérech instalo-
vany ochranny destnik. Nadvylom se razi¢i snazili co nejrychleji
zmoci, netnavné jej vyplniovali stfikanym betonem. Ani po piijez-
du tretiho domichdvace tspés$nost nebyla velka, dalsi vrstva ,,hor-
niny* se pod tihou stfikaného betonu odloupla a s ni i provedend
vrstva betonu. Kazdému se pred ocima vybavily vzpominky staré
jen néco malo pres rok, kdy podobnym zpusobem vznikly dvé
mimorddné uddlosti ve Stromovce. Zacalo pomalu svitat, obyvate-
1€ v objektech nad tunelem jesté poklidné spali, kdyZ se situace
zacala zlepSovat. K dal§imu zvétSovani nadvylomu jiz nedoslo
a ten pomalu mizel za vytvorenou betonovou zdtkou. Takovou
no¢ni sménu si nikdo z razi¢t nepredstavoval. Ani pro projektanta
a vedeni stavby nebyla tato noc klidnd. Byli v Ostravé na konfe-
renci, tedy bez minimdlni moZnosti do sanaCnich praci jakkoli
zasdhnout. V dalich zabérech se jiZ tento scénar neopakoval, vedl
viak k rozhodnuti, Ze z bezpecnostnich davodu byl cely zbyvajici
usek kaloty strojovny realizovan pod ochrannymi deStniky ze svor-
nika R51L.

Komplikace spojené se zastizenou tektonickou poruchou vsak
jeste neskoncily. Po vyraZzeni cca 15 m kaloty byly v primarnim
ostén{ v mist¢ oblouku pred strojovnou objeveny svislé trhliny
o0 $ifce aZ zhruba 13 mm a délkdch v fddu nékolika decimetra.
Okamzite byly osazeny posuvnymi méfidly, doplnény konvergenc-
ni body a zahdjeno jejich sledovani v intervalu cca 12 hodin.
Informace o jejich dal§im rozvoji vedly k rychlému rozhodnuti

A marked faulted zone was encountered as early as
the end section of the excavation for TGC 4.
Extremely tectonically crushed shales with the character of soil
were encountered nearly throughout the top heading cross-section.
The effective use of protective umbrellas was significantly com-
plicated by driving on a left-hand curve with the radius of a mere
8.72m. The course of this zone (see Fig. 1), which unfortunately
had not been discovered by the detailed engineering geological
survey, was subsequently determined on the basis of the results of
the excavation of TGC 4, the excavation plant cavern and both
main tunnels.

The first excavation round of the ventilation plant cavern top
heading was carried out in the afternoon of the 11th February
2010. The weakness zone encountered in the previous section con-
tinued, however, its magnitude diminished (it was gradually shif-
ted outside the excavation profile. The work on the 2nd excavati-
on round started around midnight. A gradually expanding overb-
reak developed in the right-hand part of the excavation crown. The
protective umbrella installed in the preceding rounds was of no
help. Mining crews made all efforts to remove the debris and tire-
lessly filled the overbreak with shotcrete. The success was not big
even after the arrival of the third truck mixer. Another layer of
“rock” pealed away after being weighed by shotcrete and the com-
pleted shotcrete layer went down with it. Client’s technical super-
visor recalled the memories only slightly older than a year, when
two extraordinary events originated in a similar way in Stromovka
Park. It was slowly beginning to dawn, residents of buildings
above the tunnel were still peacefully sleeping when the situation
started to improve. No additional increase in the overbreak took
place and the overbreak was slowly disappearing behind the
installed concrete plug. None of the miners had imagined such
a night shift. Nor for the designer and site managers was this night
quiet. They were in Ostrava at a conference. They were therefore
without any ability to intervene in the stabilisation operations.
Despite the fact that this scenario was not repeated in the follo-
wing excavation rounds, the decision was made that, for the rea-
sons of safety, the entire remaining section of the ventilation plant
cavern top heading would be excavated under the protection of
umbrellas consisting of R51L rock bolts. However, complications
associated with the tectonic fault encountered were to continue.



Obr. 2 Trhliny a dodateéné kotveni na prechodu TGC 4 - strojovna
Fig. 2 Cracks and additional anchoring at the passage of TGC 4 to the cavern

o provedeni dodatecného kotveni. Podle moZnosti zhotovitele byly
instalovany svorniky IBO 32 mm délky 20 m tak, aby zasahovaly
mimo poruchové pdsmo a doslo tak ke zvySeni interakce soustavy
hornina — osténi. Po instalaci svorniki doslo k pomérné rychlému
ustdlen{ vodorovnych deformaci na konecné velikosti az 32,3 mm.
K dal§imu vyznamnému ndrustu nedo$lo ani pri ndsledné razbé
opéif a dna.

Problém vs$ak nastal pfi provadéni vodotésnych izolaci. NavrZeny
prostor pro deformace a tolerance pocital pouze s 50 mm, o dalSich
presahujicich 37 mm muselo byt néjak technicky rozhodnuto.
S ohledem na bezpecnost a minimalizaci moZnych komplikac{ bylo
nakonec rozhodnuto o zmenseni tloustky definitivniho osténi za
cenu jeho vétsiho vyztuZeni. Velkd debata vznikla ohledné nutnosti
odstranéni hlav nékterych dodate¢né instalovanych svorniki. Je
samoziejmé pravda, Ze zainjektovany svornik funguje po celé své
délce a jeho samotnd ,,hlava®“ (podlozka + matka) neni z hlediska
tnosnosti tplné podstatnd. Ale co vliv tektonické poruchy? Jaky je
jeji presny rozsah a jak moc ovliviuje soudrZnost mezi svornikem
a okolnf ,,horninou“? Nakonec bylo nezbytné pro realizaci spodni
Casti definitivniho osténi odstranit jen 3 svorniky, zbytek byl odstra-
nén az po dokonéeni definitivniho osténi po droven mostovky. Nen{
znamo, jaky byl fyzicky dopad téchto dprav, protoze predmétné kon-
vergenéni profily a posuvnd metidla byly odstranény a prekryty geo-
textilii a hydroizolaci. Z této nepiijemné zkuSenosti plyne jedno
dulezZité poudeni. Je obecné mnohem vyhodnéjii zrealizovat napoje-
ni kolmé (kiiZzeni) neZ plynulé o velmi malém oblouku (zde byl
pudorysny polomér vnittniho lice osténi pouhych 2,75 m) (obr. 2).

Komplikace v kfizeni s ostatnimi
vzduchotechnickymi objekty

Jak jiz bylo uvedeno vyse a je patrné z obr. 1, objekt strojovny se

ktiZi se ttemi vzduchotechnickymi kanély o velikosti vyrubu 100 aZ
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Vertical cracks up to about 13mm wide and with the lengths wit-
hin the order of several decimetres appeared in the primary lining
after completing about 15m of the top heading excavation, in the
location of the curve before the plant cavern. Slide gauges were
immediately installed in them and convergence points were
added. Their observation commenced at 12-hour intervals. The
information on the subsequent development of the cracks led to
a prompt decision on the installation of additional anchors.
According to the contractor possibilities, 20m long IBO 32mm
rock bolts were installed. They reached outside the weakness zone
so that the interaction between the rock and tunnel lining was
enhanced. After the installation of the rock bolts, the horizontal
convergences quickly stabilised at the final value of 32.3mm. Nor
during the bench and invert excavation did another significant inc-
rease take place. However, a problem appeared during the instal-
lation of the waterproofing system. The space margin designed for
deformations and tolerances counted only with 50mm and it was
technically necessary to decide on the additional 37mm exceeding
it. Taking into consideration the safety and minimisation of poten-
tial complications, it was eventually decided that the final lining
thickness would be reduced at the expense of a higher shotcrete
reinforcement content. The necessity for removing the heads of
some additionally installed rock bolts became a subject of a great
debate. It is naturally true that a grouted rock bolt works throug-
hout its length and the head itself (washer + nut) is not so impor-
tant as far as the bolt capacity is concerned. But how about the
influence of the tectonic fault? What was its exact extent and how
much did it influence the bond between the rock bolt and sur-
rounding rock mass? It was eventually necessary for the realisati-
on of the lower part of the final lining to remove only 3 rock bolts.
Remaining rock bolts were removed after the completion of the
final lining down to the level of the bridge deck. The physical
impact of the above-mentioned changes is not known because the
particular convergence profiles and slide gauges were removed
and were covered with geotextile and waterproofing layers. One
significant lesson follows from this unpleasant experience. It is
generally much more advantageous to carry out a perpendicular
connection (crossing) than a fluent connection using a very small
radius curve (the ground-plan radius of the inner surface of the
lining was a mere 2.75m in this case) (see Fig. 2).

Complications at the intersections with the other
ventilation structures

As mentioned above and as obvious from Fig. 1, the ventilation
plant cavern structure crosses with three ventilation ducts with the
excavated cross-sectional areas ranging from 100 to 120m?2. The
decision was made taking into consideration the excavation safe-
ty that side stubs for these structures could be excavated only after
the completion of all ventilation plant cavern excavation and the
closure of its profile throughout its length. During the excavation
itself, hidden beams were installed over the future crossings. Eight
pieces of 25mm-diameter rebar were inserted in the respective
excavation rounds. Their longitudinal overlapping, ranging up to
0.5m, was limited by the possible length of the unsupported exca-
vation advance. The objective of these beams was to allow the
redistribution of a part of inner forces originating after the disrup-
tion of the continuity of the final lining of the ventilation plant
cavern. Two lattice girders were installed in one excavation round
of the cavern in sections adjacent to the crossings so that the pri-
mary lining could better cope with the concentrations of acting
stresses. Protective umbrellas consisting of 12m long IBO R51
rock bolts were installed above the future profiles of the ventilati-
on ducts from the cavern space. Their task was to minimise the
risk of an overbreak, which could even more complicate the state
of stress in the crossing location.
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120 m2. S ohledem na bezpecnost
razeb bylo rozhodnuto, Ze rozraze-
ni téchto objektu je mozné aZ po

Tab. 2 Maximdlni dosaZené deformace primdrniho osténi
Table 2 Maximum achieved primary lining deformations

Sl r a1E e < C. profilu Svisla deformace [mm] Vodorovna Poloha

vyrazeni celé strojovny a uzavreni . . ’ )
jejiho profilu v celé délce. Pfi Profile No. Vertical deformation [mm] deform_ace [mm] Location

. ] . Horizontal
razbé samotné byly nad budoucimi def ti
kifzenimi instalovdny skryté pro- Ut T [Tl
vlaky. Do jednotlivich zdberu bylo g g ¢ o3 18 12 0sa VZT kandlu ¢. 8
vkladano 8 ks profilu 25 mm. ' o :

.. . y < Profile No. 23 18 12 ventilation duct No. 8 axis

Jejich presah v podélném sméru
byl vymezen moZnou délkou pone- Profil &. 24 22 15 vedle VZT kandlu €. 8
chaného nevystrojeného zdbéru Profile No. 24 22 15 next to ventilation duct No. 8
a pohyboval se do 0.5 m. Ukolem g 5y ¢ "o 15 15 0sa VZT kandlu ¢. 4
téchto pruvlaku byla redistribuce . g .
P S . L Profile No. 25 15 15 ventilation duct No. 4 axis
¢asti  vnitrnich sil  vzniklych
po naruseni kontinuity primarniho Profil &. 26 17 13 vedle VZT kandlu €. 4
osténi strojovny. V dsecich strojov- Profile No. 26 17 13 next to ventilation duct No. 4
o tfj:‘?e;‘sz%“;gﬁgl:u - aﬁgﬁgﬁ‘ Profil &. 27 18 16 0sa VZT kandlu &. 7

vy . ! . <oz vany Profile No. 27 18 16 ventilation duct No. 7 axis
dva vyztuzné ramy, aby se primar-
ni ostén{ 1épe vyporiadalo s pisobi- Profil €. 28 15 15 pfed koncem strojovny
cimi koncentracemi napéti. Nad Profile No. 28 15 15 before the cavern end
W -

Y Yy z P Average 17.5 14.3 =

strojovny instalovdny ochranné
destniky ze svornika IBO R51
a délky 12 m. Jejich tkolem bylo
minimalizovat nebezpe¢i vzniku nadvylomu, ktery by mohl jesté
vice zkomplikovat napjatostni stav v misté kiiZeni.

Pro instalaci deStnika bylo nezbytné pred kifZenimi nasypat
rampy, které byly ndsledné vyuZity i pro razbu kalot. Jako prvni
byly raZeny vzduchotechnické kanaly ¢. 7 a 8, propojujici strojovnu
s Sachtami a vydechovym objektem. Primdrnim dkolem bylo mit
v misté kiiZeni co nejdiive uzaviené profily vzduchotechnickych
kandld. Z tohoto divodu byly nejprve vyraZeny kaloty do vzdle-
nosti 20 m od strojovny a nésledné byl ve 12 metrech uzavren cely
profil. Vliv téchto rozrazek na deformace primdrniho osténi stro-
jovny nebyl nijak vyznamny (celkem do cca 5 mm).

Dne 10.9. 2010 v ramci prohlidky stavby pred kontrolnim dnem
monitoringu (RAMO) bylo zjisténo poruseni priméarniho osténi
strojovny primo naproti kifZeni se vzduchotechnickym kandlem ¢.7
sméfujicim ke vzduchotechnické Sachte. Thned byl stav poruSeni
zdokumentovan a provedeno ovéreni hloubky. Bylo zjisténo, Ze se
pohybuje ,,pouze* v prvnich centimetrech, i tak se jednalo o velmi
neprijemny stav. Pro jistotu bylo v tomto tseku provedeno dodatec-
né dokotveni svorniky IBO 32 délky 12 m. Porovnéni s puvodnim
stavem o 1 a 2 tydny pozdéji ukdzalo, Ze jiz nedochdzi k dal$imu
rozvoji poruch a cely systém je stabilizovany (obr. 3).

POROVNANI VYSLEDKU GEOTECHNICKEHO MONITORINGU

Pro nédvrh vyztuZeni strojovny byl pfiblizné v poloviné délky
proveden numericky model, s nasledujici predikci deformaci:

* povrch terénu do 38 mm,

e primdrni osténi do 47 mm (ve svislém i vodorovném sméru).

Skute¢né velikosti deformaci povrchu terénu byly maximélné
11 mm (3,5x méné neZ bylo predpokladédno), deformace primdrni-
ho osténi v jednotlivych konvergenénich profilech jsou patrné z
tabulky 2.

Vysledné deformace byly tedy témer 3x mensi neZ ofekdvané.
Rozdil byl zpusoben pesimistickymi parametry horninového pro-
stfedi uvazovanymi (i pro mezni stav pouzitelnosti) ve statickém
vypoctu a nezavedenim pomérné intenzivniho radidlniho kotveni.

V poklesové kotliné se nachdzelo celkem 34 objekti nadzemni
zastavby (28x primo ovlivnéné, 6x ovlivnéné). V Zddném z nich
nedoslo k vyznamnému rozvoji jiz existujicich trhlin (obr. 4).

It was necessary for the installation of the umbrellas to place
rock ramps before the crossings, which would be subsequently
used even for the excavation of top headings. Ventilation ducts
No. 7 and 8, connecting the ventilation plant cavern with shafts
and the exhaust structure, were driven first. The primary task was
to have the profiles of ventilation ducts at the crossings closed as
early as possible. For that reason the top headings were driven first
up to the distance of 20m from the cavern and the whole profile
was closed in 12 metres subsequently. The influence of these side
stubs on the primary lining deformations was not too important
(up to about Smm in total).

During a construction inspection carried out on the 10th Sep-
tember 2010, before a monitoring review meeting (the Monitoring
Board), a failure of the primary lining of the ventilation plant
cavern was identified directly across the crossing with ventilation
duct No. 7, heading toward the ventilation shaft. The failure state
was immediately documented and the crack depth was verified. It
was determined that it ranged “only” within first centimetres.
Nevertheless, the state was very unpleasant. Additional 12m long
IBO 32 rock bolts were installed to be on the safe side. The com-
parison with the original state carried out 1 and 2 weeks later pro-
ved that no other development of the failures took place and the
entire system was stabilised (see Fig. 3).

COMPARISON OF GEOTECHNICAL MONITORING RESULTS

A numerical model was developed for the design for the venti-
lation plant cavern reinforcement approximately in the middle of
its length and deformations were subsequently predicted as fol-
lows:

e terrain surface up to 38mm;

e primary lining up to 47mm (both vertically and horizontally).

Actual maximum terrain surface deformation values were
Ilmm (3.5 times less than expected). The primary lining defor-
mations in individual convergence profiles are obvious from the
table 2.

Resultant deformations were therefore nearly 3 times smaller
than the anticipated ones. The difference was caused by the pes-
simistic parameters of the rock environment counted with (even
for the limit state of serviceability) in the structural analysis and
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vysvétlivky / notes:
trhliny systematické —
podél BTX ram
systematic cracks —
along BTX frames

trhliny a zarodky trhlin
subhorizontélnich
cracks and germs

of sub-horizontal cracks

by the fact that the relatively
intense radial anchoring was not
introduced into the analysis.

There were 34 above-ground
buildings in the settlement
trough (28x directly affected, 6x
affected). Significant develop-
ment of already existing cracks
was found in none of them (see
Fig. 4).

On the 6th April 2010, a step
increase in vertical as well as
horizontal deformations rea-
ching up to Smm was registered
on 4 convergence points in con-
vergence profile No. 26. The
profile of ventilation duct No. 4
was already closed up to the
distance of about 50m from the
ventilation plant cavern. A de-
cision was made on the basis of
the above-mentioned facts that
additional anchoring of the
cavern profile around the cros-
sings with all ventilation ducts
(+6m on either side) was to be

Obr. 3 Dokumentace trhlin naproti vzduchotechnickému kandlu ¢. 7
Fig. 3 Documentation of cracks across the ventilation duct No. 7

Dne 6. 9. 2010 byl na 4 konvergencnich bodech profilu ¢. 26
zaznamendn skokovy narust deformaci aZ o 5 mm ve svislém
i vodorovném sméru. Profil vzduchotechnického kandlu ¢. 4 byl jiz
uzavren do vzddlenosti cca 50 m od strojovny. S ohledem na vyse
uvedené bylo rozhodnuto o provedeni dodatecného kotveni profilu

installed using 12m long IBO 32

rock bolts. Taking into conside-

ration the contractor’s technolo-

gical capacity, 8 rock bolts were installed in each excavation
round (see Fig. 5).

Deformation values did not stabilise immediately (deformati-

on has to take place first to make the activation of rock bolts pos-

sible). The overall increase in deformations reached up to 9mm.
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Obr. 4 Prubéh svislych deformact na konvergenénim profilu ¢&. 26

Fig. 4 The development of vertical deformations in convergence profile No. 26
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primarni ostént tl. 400 mm — primary lining 400mm thick

hydraulické svorniky superswellex délky 8,0 m stfikany beton C20/25 - shotcrete C20/25
Superswellex hydraulically expanded rock bolts 8.0m long s rdmy BTX 5 po 400 mm — with BTX 5 a 400mm
Vystiidana“ poloha — “staggered” position + 2x sit 150x150x6,3 mm — 2x mesh 150x150x6.3mm

maximalni povolena projektovana tolerance primarniho osténi +
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Obr. 5 Pric¢ny fez profilem strojovny s dodatecnym svornikovdnim
Fig. 5 Cross-section through the ventilation plant cavern with additional rock bolting
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Obr. 6 Vyvoj namdhdni osténi vedle kriZeni se vzduchotechnickym kandlem ¢. 4
Fig. 6 The development of stresses in the lining next to the crossing with ventilation duct No. 4




Obr. 7 Porovndni prostoru strojovny po jejim vyraZeni a v definitivnim stavu
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Fig. 7 Comparison of the ventilation plant cavern space after the excavation and in the definite state

strojovny v rozsahu kiiZzen{ se v§emi vzduchotechnickymi kanaly
(+6 m na kazdou stranu), a to svorniky IBO 32 délky 12 m. Podle
technologickych moZnosti zhotovitele bylo v kaZzdém zabéru osa-
zeno celkem 8 svorniku (obr. 5).

Ustélen{ deformaci se nedostavilo ihned (pro aktivaci svorniku
musi nejprve dojit k deformaci), celkovy narust deformaci byl az
9 mm. Pro ,.klid* v8ech uéastniku vystavby zde velmi pozitivni roli
sehralo méfeni namdhani primdrniho osténi. V misté kifZeni se
vzduchotechnickym kandlem ¢. 4 bylo osazeno nékolik dvojic ten-
zometru, které neindikovaly 74dné zdsadni zmény v naméhdn{
osténi (obr. 6).

Realizace doplnujicich opatreni v profilu o vySce 18 m a §ifce
20 m je velmi obtiznd. BéZn4 stavebni mechanizace pro osazovani
radidlnich svornikt dosdhne cca do 9 m. VySkova dprava pracovni
tirovné (ndsyp) vyZzaduje premisténi mnoha set m3 materidlu, coZ je
z Casového hlediska velkou komplikaci. Z bezpe¢nostnich duvodu
byl pripraven i havarijni pldan pro evakuaci osob, Gprav na inZenyr-
skych sitich (zejména plynovody) v zéné potencidlné dotcené
deformacnimi komplikacemi objektu strojovny.

ZAVER

Vyrazenim objektu strojovny vzduchotechniky vzniklo velko-
prostorové podzemni dilo impozantnich rozméra. Kromé samotné
velikosti profilu vyrubu, relativné nizkého skalniho nadlozi (mensi
nez §itka vyrubu) situaci komplikovalo i kiiZeni se tfemi vzducho-
technickymi kanaly. Uspésna realizace tohoto objektu je jedno-
zna¢nym dukazem vysoké vyspélosti Ceského tuneldrstvi.

V soucasné dob¢ jsou jiz v objektu strojovny nainstalovana ves-
kerd technologickd zatizent, provedeny jejich individuélni zkousky
a potvrzena spravnost navrzeného systému vétrani. Z tohoto pohle-
du jiz nic nebrani uvedeni tunelového komplexu Blanka do zku-
Sebniho provozu (obr. 7 a, b).

ING.ALEXANDR BUTOVIC, PH.D.,
alexandr.butovic@satra.cz, SATRA, spol. s r. o.
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The measurements of stresses in the primary lining played
a very positive role for the composure of all parties involved in
the construction. Several pairs of strain gauges were installed in
the location of the crossing with ventilation duct No. 4. They
indicated no significant changes in the stresses in the lining (see
Fig. 6).

The implementation of additional measures in an 18m high
and 20m wide profile is a very complicated task. Common con-
struction equipment for the installation of radial rock bolts rea-
ches approximately up to the height of 9m. Changing the wor-
king level (an embankment) requires moving of many hundreds
of m? of material, which operation poses a big complication in
terms of time. For safety reasons, even an emergency evacuati-
on plan and a plan of work on utility networks (mainly gas pipe-
lines) located in the zone potentially affected by deformational
complications in the ventilation plant cavern structure were pre-
pared.

CONCLUSION

The excavation of the ventilation plant cavern gave rise to
a large-space underground working with imposing dimensions.
Apart from the excavated cross-sectional area size, the relative-
ly small height of rock cover (smaller than the excavation
width), the situation was complicated by crossings with three
ventilation ducts. The successful completion of this structure is
an unambiguous proof of the high level of the Czech tunnelling
industry.

At the moment, the installation of all technological equipment
in the ventilation plant cavern and individual testing have been
finished and the correctness of the ventilation system designed
has been confirmed. From this point of view, there is nothing to
prevent the commissioning of the Blanka complex of tunnels
(see Fig. 7).
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alexandr.butovic@satra.cz, SATRA, spol. s r. o.
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PROBLEMATICKE PODMINKY PRI ZAJISTENI ZASTAVBY
PRED PROVADENIM PODZEMNIHO DILA

PROBLEMATIC CONDITIONS DURING THE STABILISATION
OF EXISTING BUILDINGS PRIOR TO THE UNDERGROUND
CONSTRUCTION WORK

PETR TETEK

ABSTRAKT

V budovdch nadzemni zdstavby je nutno v rdmci projektové pripravy stavby razenych tuneli provddeét pomérné rozsdhlou a casové ndroc-
nou ¢innost — predbézné priizkumy, podrobné stavebné-technické priizkumy a podrobnd zaméreni konstrukci budov. Na zdkladé vysledkii
priizkumii a zaméreni jsou pak podle potieby navrhovdna stavebni opatieni ke statickému zajisténi konstrukce budov dotcenych razbou tune-
li. Podminky pro provddéni téchto Cinnosti v budovdch ale nejsou vidy priznivé — zdviseji mimo jiné na dobrovolné spoluprdci a ochoté
viastniki a uZivatelii dot¢enych budov. Rovné? stavebni iirady nemuseji bez souhlasu viastniki poskytovat kopie dokumentace budov, kterd
Je nutnd jak k hodnoceni existujicich konstrukci, tak i ke zpracovdni projektii zajisténi. Stdvd se, Ze nékteri vlastnici s investorem nebo pro-
Jektantem stavby tunelii nespolupracuji, a shora uvedené innosti ve svych budovdch neumozni. Pritom byvaji pri priuzkumech obcas zjisto-
vdny v budovdch i takové existujict zdvady, které mohou vést aZ k havarijnimu stavu konstrukce. Neméla by byt zavedena néjakym prdvnim
predpisem povinnost viastnikii spolupracovat; a priizkumy, zameéreni a také realizaci stavebnich opatreni umoZnit?

ABSTRACT

It is necessary in the process of designing preparation for mined tunnels to carry out relatively extensive and time demanding acti-
vities in above-ground buildings — preliminary surveys, detailed structural technical surveys and detailed topographical measure-
ments of building structures. Structural measures for the static stabilisation of the structures of buildings to be affected by tunnelling
are subsequently designed if required on the basis of the results of the surveys and measurements. However, conditions for these acti-
vities in buildings are not always favourable - they depend, among other circumstances, on voluntary collaboration and willingness
of owners and users of the affected buildings. Nor building authorities have to provide copies of building documents, which are neces-
sary for the assessment of existing structures and preparation of stabilisation designs, without owners’ approval. It happens that some
owners do not collaborate with tunnelling project owners or designers and do not allow for the above-mentioned activities in their
buildings. In some cases the existing defects which are from time to time identified during surveys in buildings can even lead to emer-
gency conditions of the structures. Should not an obligation be introduced for the owners to collaborate and allow for the execution

of the surveys, topographical measurements and also the implementation of structural measures?

uvoD

Pfi razbé tuneld dochézi zdkonité vzdy k uréitym deformacim
horniny v nadloZi tunelu a vétSinou také k deformacim povrchu
terénu nad tunely v&etné konstrukei objekti nadzemni zéstavby.
Druhym, neméné dulezitym vlivem razby tuneld je seizmické
odezva pri provadéni trhacich praci. Pdsmo predpoklddanych
poklest, veetné velikosti poklest a sklont poklesové kotliny, je
predem uréeno v projektu raZeb tuneld.

VLIV RAZBY TUNELU NA NADZEMNI ZASTAVBU

V piipadé razby tuneld tunelového komplexu Blanka pod
obytnou zdstavbou v Praze na Letné byla stanovena $itka pokle-
sové kotliny na povrchu kolem 100 m, jeji sklon 0 az 1:1000

a velikost poklest 0 az 30 mm.

POZADAVKY VYHLASKY C. 55/1996 SB.

Vlivy razby tuneld je nutno se v ramci piipravy stavby zaby-
vat, pokud jsou tunely vedeny pod existujici zdstavbou, i kdyZ
predpoklddané poklesy nejsou relativné nijak velké, jak ostatné
uklada vyhlaska CBU &. 55/1996 Sb. [1]. Ve vyhlaice se v § 22
odst. 2 doslova uvadi, Ze (krdceno): ,,V prostoru podzemniho
dila razeného z povrchu tistictho na povrch nebo vedeného
mélce pod povrchem musi byt zjistovdny ... d) stavebni a jiné
dotcené objekty nebo archeologické pamdtky ... a raZeni smi byt

INTRODUCTION

Certain deformations of ground in the tunnel overburden
and, in most cases, deformations of the surface above the
tunnels, including surface buildings, develop unavoidably
during the excavation of tunnels. Another, not less important,
effect of the excavation of tunnels is the seismic response
during blasting operations. The zone of anticipated settle-
ment, including the magnitude of settlement and the settle-
ment trough slope, are determined in advance in the tunnel
excavation design.

IMPACT OF TUNNEL EXCAVATION
ON ABOVE-GROUND BUILDINGS

In the case of the excavation of tunnels of the Blanka
complex of tunnels under existing buildings in Letn4,
Prague, the settlement trough width was determined at about
100m, its slope at O to 1:1000 and the settlement sizes at O
to 30mm.

REQUIREMENTS OF DECREE NO. 55/1996 COLL.

It is necessary to deal with the effects of the excavation of
tunnels in the project preparation stage if the tunnels are led
under existing buildings, even if the anticipated settlement
values are relatively not large. It is, by the way, prescribed




zahdjeno, byl-li ovéren jejich stav a provedena potiebnd opat-
Feni. Pokud se tyto skutecnosti zjisti béhem raZeni, ucini se
potiebnd opatrent, nebo se prdce zastavi.*

Tento pozadavek uvedeny ve vyhldsce [1] je pomérné struc-
ny, ale co vlastné ve skutenosti znamend, napriklad pri razbe
tunelt méstského okruhu v Praze?

CINNOSTI V BUDOVACH NADZEMNI ZASTAVBY

RaZba tuneld byla napldnovédna a poté provedena mimo jiné
pod 112 obytnymi budovami a nékolika sportovnimi stavbami
v Praze na Letné, které byly po celou dobu razeb bézné bez pre-
ruseni uZivdny. VéEtSina obytnych budov byla postavena na
konci 19. nebo na zacdtku 20. stoleti podle Stavebniho fadu pro
Velkou Prahu [2]. Jednd se tedy vétSinou o budovy s nosnou
konstrukci z cihelného zdiva, s klenutymi stropy v suterénech,
s dfevénymi trdmovymi stropy v patrech a se sedlovymi stre-
chami s dfevénym krovem.

Zajisténi pozadavku na zachovdni nepreruseného provozu
a bezpe¢ného uzivdni budov po dobu raZeb tunelt pfedstavova-
lo pomérné rozsdhlou ¢innost v ramci projektové pripravy stav-
by. Bylo nutno ovérit existujici stav vSech budov dotlenych
(ovlivnénych) razbou tuneld, a to postupem, ktery je mj. obec-
né popsan v CSN ISO 13822 [3]. Byly proto provedeny nasle-
dujici pripravné, prazkumné a projektové prace:

 PredbéZny stavebné-technicky pruzkum (pasporitzace) exis-
tujictho stavu kazdé budovy — vyhledani vlastnika v katastru
nemovitosti, vyhleddni archivni dokumentace budovy véetné
zmén, ovéren{ skute¢ného stavu budovy, zjisténi kontakta na
vlastnika, sprdvce i uzivatele budovy, zdznam poruch
a zdvad, hodnoceni stavebné-technického stavu konstrukce
budovy a stanoveni odolnosti konstrukce.

e Predbézny staticky vypocet tnosnosti konstrukce nejvice
ovlivnénych budov podle overené archivni dokumentace
a ndvrh rozsahu podrobného stavebné-technického prazkumu.

e Podrobny stavebné-technicky prazkum, zaméfeni prufezu
vybranych konstrukci a kontrola spalinovych cest uZiva-
nych kominu.

e Zpracovani realizacni dokumentace statického zajistén{
konstrukci budov, kterd zahrnovala podrobny staticky
vypocet tinosnosti konstrukce a podle potfeby nédvrh trvalé-
ho zesileni a ndvrh provizornich podepreni nevyhovujicich
¢asti konstrukce.

e Zpracovani dokumentace monitoringu poklesu a poruch.

Z uvedeného prehledu je zfejmé, Ze se jednalo o ¢asové znac-
né naro¢nou ¢innost, kterou bylo potreba provést v dostatecném
predstihu pred pldnovanou razbou tunelu v&etné realizace navr-
Zenych stavebnich tprav nevyhovujicich konstrukci. K tomu
bylo potfeba soudinnosti jak investora a archivu stavebniho
radu, tak i vlastnikt, sprdvct a vech uzivateli budov. A praveé
v nedostate¢né nebo nezajisténé soucinnosti vSech zicastné-
nych ¢i stavbou dotéenych osob se mohou skryvat problémy se
zpomalenim pfipravy stavby.

PODMINKY K PROVADENI CINNOST( V BUDOVACH

Zatimco podle predchoziho, dnes jiz neplatného stavebniho
zdkona ¢. 50/1976 Sb. [7] mél projektant moZnost ziskdvat
dokumentaci z archivu stavebniho dradu, viz ustanoveni § 133:
. ... Stavebni tirady, které uklddaji... dokumentaci staveb, jsou
povinny umoznit prdvnickym a fyzickym osobdm, které prokdZi
odiivodnénost svého poZadavku, nahliZet do této dokumentace

a porizovat z ni vypisy...“, v souCasné dob¢ plati jiz stavebni
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by the Decree of the Czech Mining Authority No. 55/1966
Coll. [1]. It is word by word stipulated in § 22, clause 2 of
the Decree that (abbreviated): ,,It is necessary in the space
of an underground working driven from the surface, conne-
cting to the surface or leading shallow under the surface to
determine ... d) construction and other affected objects or
archaeological monuments ... and the excavation is allowed
to commence if their condition was verified and required
measures were implemented. If these facts are identified
during the tunnelling work, required measures will be
implemented or the work will be suspended.*

This requirement contained in the Decree [1] is relatively
brief, but what does it actually mean in the reality, for exam-
ple during the excavation of tunnels on the City Circle Road
in Prague?

ACTIVITIES ON ABOVE-GROUND BUILDINGS

The excavation of tunnels was planned and subsequently
carried out under 112 residential buildings and several
sports facilities in Letnd, Prague. They were used without
interruption throughout the tunnelling period. The majority
of residential buildings were built at the end of the 19th cen-
tury or at the beginning of the 20th century, in compliance
with the Building Code for the City of Greater Prague [2].
They are therefore mostly buildings with the structures from
brickwork, with vaulted ceilings in basements, slab and gir-
der above-ground floors and saddle roofs with timber struc-
tures.

To cope with the requirement for maintaining the opera-
tion uninterrupted and for the safe use of the buildings
throughout the tunnel excavation period, it was necessary
to carry out relatively extensive activities within the fra-
mework of the project engineering stage. It was necessary
to verify the existing condition of all buildings affected
(influenced) by the tunnelling, using the procedure which
is in general described in CSN ISO 13822 [3]. The follo-
wing preparation, survey and design operations were carri-
ed out:

e The preliminary structural-technical survey (condition
survey) of the existing condition of each building —
searching for the owner of each building in the real
estate register, searching for archive documents for the
buildings including changes, verifying the actual condi-
tion of the buildings, searching for contacts on the
owners, administrators and users of the buildings,
recording failures and defects, assessing the structural-
technical condition of the building structures and deter-
mining the structural resistance.

e Preliminary structural analysis of the load-bearing
capacity of the structure of the most influenced buil-
dings according to verified archive documents and
a proposal for the extent of the detailed structural-tech-
nical survey.

e Detailed structural-technical survey, the measurement
of selected structures, inspection of flue gas paths of
chimneys used.

e Preparation of the detailed design for structural stabili-
sation of the buildings, comprising a detailed structural
analysis of the load-bearing capacity of the structures
and, if required, a proposal for permanent strengthening
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zakon ¢. 183/2006 Sb. [8], ve kterém se v § 168 odst. 2. uvadi:
., Kopii dokumentace stavby stavebni irad poskytne, pokud
Zadatel predloZi souhlas toho, kdo dokumentaci poridil, pripad-
né souhlas vlastnika stavby, které se dokumentace tykd.*

Drive bylo mozno, po dohod¢ s pracovniky archivu stavebniho
uradu, ziskat kopii dokumentace hodnocenych budov dotéenych
stavbou tunelu, ale v soucasné dobé je to moZzné pouze po pisem-
ném souhlasu vlastnika téchto budov. Je tedy nutnd soudinnost
vlastniku dotéenych budov jiZz v samém pocatku projektové pri-
pravy stavby, kterd ovSem zdvisi pouze na jejich ochote
a dobrovolné spolupréci. Je otdzkou, jak postupovat v pripade,
kdy vlastnik nespolupracuje ¢i dokonce nesouhlasi s planovanou
stavbou a spolupraci odmitd, i kdyZ se jednd o verejné prospes-
nou stavbu. A jak postupovat v pripadech, kdy vlastnik nebo uzi-
vatelé budovy neumozni pristup potfebny k zaméten{ konstrukce
nebo k provedeni priazkumnych sond?

Vzhledem k relativné malym predpoklddanym vlivam razby
tunelt a k obtiZim spojenym s provddénim pruzkumu
a zamé&Feni v budovdch se nabizi jednoduché odpovéd — moZnd
7e neni vubec nutné se budovami nadzemni zéstavby zabyvat.
Zdélo by se, Ze v nich stejné nelze deformaci konstrukce ani
vzniku nebo rozvoji poruch nijak zabrdnit; a navic vypadd, Ze
pfi tak malych deformacich nemohou byt poruchy nijak staticky
vyznamné, aby dochézelo ke stavim ohroZzujicim spolehlivost
konstrukci a bezpenost provozu. Opak muZe byt pravdou.

PREHLED VAD A PORUCH V BUDOVACH

Pii prizkumech budov nadzemni zdstavby byly zjistény tako-
vé existujici vady a poruchy, které vedou k nevyhovujici tinos-
nosti nosnych konstrukci a ve vyjimeénych pripadech by mohly
vést aZ k poruse nosnych konstrukei i bez vliva razby tunelt.
V budoviéch byly zjisteény urcité typy vad a poruch, predevsim:

e nékteré budovy nebyly postaveny kvalitné, konstrukce

nemd vyhovujici inosnost;

* jiné budovy byly dodate¢né zméneény ndstavbami pater,

zvySsilo se zatizeni konstrukce;

e v dalSich budovich byly dodate¢né provedeny stavebni

upravy, sniZila se inosnost konstrukce;

 né&jaké budovy byly postaveny v rozporu s predpisy;

¢ nékde byly kominy postavené v rozporu s predpisy.

V konstrukci budov byly zjistény poruchy zpusobené rizny-
mi dosavadnimi vlivy, jako jsou napfiklad:

e prirozené starnuti budovy;

 povétrnostni vlivy, pusobeni dest€ a mrazu;

e teplotni roztaznost;

* nizkd dnosnost zdkladu,

e vlhkost zdkladové pudy;

¢ havidrie vnitrnich instalaci;

* dlouhodobé pusobeni spalin;

e zanedbana udrzba;

e dodatecné stavebni dpravy.

PRIKLADY ZJISTENYCH VAD A PORUCH

Kombinace uvedenych vad a poruch muZe vést aZz k ha-
varijnimu stavu konstrukce. Jeden takovy pripad byl zji§tén
i mezi budovami v Praze na Letné. Na budové byla dodate¢né
provedena ndstavba, podstatné se zvysilo zatiZzeni (obr. 1, 2).
V prizemi byly ve stfedni nosné zdi jiz dfive provedeny dals{
upravy, kterymi se sniZila jeji inosnost (obr. 3). Dostate¢né zvy-
Seni unosnosti zdiva bylo sice v projektu ndstavby navrzeno, ale
nebylo dusledné provedeno. To bylo zji§téno teprve podrobnym

and a proposal for temporary supporting of unsatisfac-
tory parts of the structures.

e Preparing documents for the monitoring of settlement

and failures.

It is obvious from the above-mentioned overview that it
was an activity significantly time demanding, which had to
be carried out in a sufficient advance before the planned
excavation of tunnels, including the implementation of the
proposed structural changes in unsatisfactory structures. It
was necessary to this end to ensure the cooperation between
the project owner and the building authority, as well as the
building owners, administrators and all users of the buil-
dings. And just the lack or nonexistent cooperation between
all involved persons or by the construction affected persons
may hide problems with the project preparation.

CONDITIONS FOR THE EXECUTION OF ACTIVITIES
IN BUILDINGS

Whilst, according to the previous text, today already inva-
lid Building Act No. 50/1976 Coll. [7], a designer had the
possibility of obtaining documents from building authority-
’s archives, see the provision of § 133: ... building autho-
rities which store building documents are obligated to allow
legal and physical persons who prove the legitimacy of their
requests to inspect the documents and take extracts from
them ...,“ the currently in force Building Code No.
183/2006 Coll. [8], in which it is stated in § 168 clause 2.
that: ,,The Building Authority will provide a copy of buil-
ding documents if the applicant submits the consent of the
person who provided the documents or the consent of the
building owner which relates to the documents.*

In the past it was possible after the agreement with
employees of the building authority archives to obtain
copies of the documents of the buildings being assessed
which are affected by the construction of tunnels. Unfor-
tunately, at the moment it is only possible after a written
approval of the owners of these buildings. The cooperation
of the owners of the affected buildings is therefore neces-
sary at the very beginning of the project engineering stage.
However, it depends only on their willingness and volun-
tary attitude. The question is how to proceed in the cases
where the owner does not cooperate or even does not agree
with the planned construction and refuses to cooperate,
even if it is the case of public work? And how to proceed
in the cases where the owner or users of the building do
not allow for the access necessary for the execution of
probes?

There is the following simple answer if we take into con-
sideration the fact that the expected effects of tunnel exca-
vation and problems associated with the execution of the
surveys and measurements inside buildings: It is possible
that it is not at all necessary to deal with existing above-
ground buildings. It might seem that it is anyway totally
impossible to prevent deformations or development of failu-
res in them and, in addition, it seems that in the cases of so
small deformations the failures cannot be so statically signi-
ficant that they could cause states threatening the reliability
of the structures and safety of operations. The opposite

is true.
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OVERVIEW OF DEFECTS AND FAILURES
IN BUILDINGS

Some of the existing defects and failures which were
detected during surveys of above-ground buildings lead to
unsatisfactory load-bearing capacity of structures and, in
exceptional cases, could lead to a failure of the load-bearing
structure even without the influence of the excavation of
tunnels. Certain types of failures and defects were found in
buildings, first and foremost the following ones:

e some buildings were not constructed well, the load-bea-

ring capacity of the structure is inadequate;

e other buildings were changed by adding new storeys;
the loads acting on the structure grew;

e construction modifications were additionally carried
out in other buildings and the load-bearing capacity of
the structure was reduced;

e some buildings were built in violation of regulations;

* in some buildings chimneys were built in violation of
regulations.

Failures caused by various existing effects were identified

in the structures of buildings, for example:

e natural aging of the building;

e weather conditions, the action of rain and frost;

¢ thermal expansion;

* low load-bearing capacity of foundations;

Obr. 1 Pohled na budovu z ulice s dodatecnou ndstavbou
Fig. 1 A view from street of a building with a new storey added to it

pruzkumem pied razbou tuneld. A navic byl jesté jeden nosny
pilit dodate¢né oslaben vysekdnim vyklenku pro plynomeér (obr.
4). Statickym vypoétem pak bylo zjisténo prekro¢eni mezniho
stavu tnosnosti 0 100 %. Vada se nastesti jeSté neprojevila poru-
chami, presto bylo nutné okamzité podepfit konstrukci vydre-
vou, a ndsledné provést trvalé zesileni pilife ocelovou objim-
kou.

Dalsim prikladem vyrazné poruchy bylo oslabeni konstrukce
fotbalového stadionu. Stavebné-technickym pruzkumem byla
zjisténa rozsdhld koroze nosnych ocelovych sloupt (obr. 5). Na
uvedeném prikladu je jiz vidét vyboceni profilu vlivem bézné-
ho zatizeni konstrukce. Takto poSkozené sloupy musely byt
pred razbou tunela opraveny piflozkami nebo vyménou celych
patek sloupu.

Jingm prikladem nebezpeéné konstrukce byla neudrZovana
kominova t€lesa, jejichZ zdivo bylo vyrazné poruSeno pusobe-
nim spalin a vlivem povétrnosti (obr. 6). V podobnych pripa-
dech byla provadéna preventivni ochrana pésiho provozu
ochrannym leSenim postavenym na chodniku podél budovy.

Na uvedenych prikladech je vidét, Ze se v budovdch mohou
skryvat staticky zdvazné existujici vady a poruchy jiz predem,
bez jakéhokoliv vlivu stavby tuneld. Proto je nutné v budovéch
nadzemni zdstavby provadét pripravné a projektové prace vzdy.
Teprve na zdkladé podrobného pruzkumu, zaméreni a statického
vypoctu je mozno hodnotit existujici konstrukce, navrhovat
opatreni — provizorni nebo trvala, a zajistit tak spolehlivost kon-
strukci a bezpe€nost provozu v uZivanych budovédch po dobu
raZby tuneld.
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Obr. 2 Pricny fez budovou s dodate¢nou ndstavbou
Fig. 2 A cross-section through a building with a new storey added to it
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e moisture of ground;

LEGENDA - LEGEND e collapse of building services;
— plivodni konstrukce ¢ long-term action of flue gases;
original structures ¢ neglected maintenance;

:I vybourané konstrukce
broken-out structures

- nové konstrukce
new structures EXAMPLES OF IDENTIFIED DEFECTS

) e additional construction works.
Satna

dressing room

] AND FAILURES
= | [ H A combination of the above-mentioned
! /ﬂ :'L T = defects and failures may even lead to an
sklad T loznice emergency condition of a structure. One
storeroom WC| [ T 1 bedroom predsif such case was even detected among buil-
LT ~ |+~ entrance hall . . .

UKlidova mistnost] F dings in Letnd, Prague. A new storey was
B Ut"itY'E)Om_ E E: E i added to a building, which significantly
= h— T J U i ggtuhprgm increased the load (see Figures 1 and 2).
go::?db:r A : On the ground floor, additional changes
- — E_ - —a\[lé; ﬁE‘ B were earlier carried out in the central

Q@@ [ —ea = flese o o ) )
] ” \_‘j = ™ wall, reducing its load-bearing capacity
I E (see Fig. 3). On the one hand, additional
” f i increasing of the masonry loading capa-
prodejna ” i obyvaci poko] cny. was proposed in the gddltlonal store.y
shop il P living room designon the other hand, it was not carri-
H ed out in a consistent manner. This fact
” | T | was revealed only by the detailed survey
” /jl'— Z_ before the tunnel excavation commence-
—EBJ—:T“—? oE ]_I/\#;S’ —%— ment. In addition, another structural pil-

lar was additionally weakened by cutting
12150 a niche for a gas meter in it (see Fig. 4).
The 100% exceeding of the ultimate limit
state was subsequently revealed by

Obr. 3 Pudorys prizemi budovy s oslabenou stredni nosnou zdi 4 .structu.ral anglysm. lfortunatel?/, the
Fig. 3 Ground plan of the building with the central structural wall weakened defect had not manifested itself till that time by failures.

Nevertheless, it was necessary to support the structure by
timbering and subsequently carry out the strengthening of
the pillar with a steel sleeve.

The weakening of the structure of a football stadium is
another example of a significant failure. The structural-
technical survey revealed extensive corrosion of structural
steel pillars (see Fig. 5). The buckling of the profile caused
by common loads acting on the structure can be already
seen on this example. Pillars damaged in this way had to be
repaired by straps or complete footings of the pillars had to
be replaced prior to the tunnel excavation.

Unmaintained chimney bodies the masonry of which was
significantly disturbed by the action of flue gases and weat-
her conditions (see Fig. 6) were another examples of dan-
gerous structures. Preventive protection of pedestrian traf-
fic by protective scaffolding erected on the pavement along
the building was carried out in similar cases.

It can be seen on the above-mentioned examples that
structurally serious failures and defects existing before the
tunnel excavation without the influence of the tunnel exca-
vation can hide in buildings. It is therefore always necessa-
ry to carry out preparation and design woks in existing
above-ground buildings. Only on the basis of a detailed sur-
vey, topographical measurements and a structural analysis
is it possible to assess the existing structures, propose mea-
sures — temporary or permanent — and ensure the reliability
of structures and the safety of operation in buildings to be

Obr. 4 Oslabeni nosného pilire vyklenkem pro plynomer used during the excavation of tunnels.
Fig. 4 Weakening of the structural pillar by a gas measurement niche




Obr. 5 Koroze nosného ocelového sloupu
Fig. 5 Corrosion of the structural steel pillar

ZAVER

Z pohledu projektanta je proto nutné vice se zabyvat podmin-
kami pro provddéni pruizkumnych a méficich praci v budovdch,
které nejsou v soucasné dobé nijak priznivé. Archivy stavebnich
irada by mély stejné jako doposud poskytovat kopie dokumenta-
ce dotéenych budov i bez souhlasu vlastniku, jedné-li se o vefejny
zdjem, v tomto pripadé o verejné prospésnou stavbu. A zejména
nutnd spolupréce vlastniku a uZivateli budov by neméla byt zajis-
tovdna pouze na zdkladé dobrovolného souhlasu a ochoty, ale
néjakym zdvaznym predpisem, napriklad v rdmci spravniho fize-
ni, ve kterém by mohli vlastnici nejen G¢inné héjit sva prava, ale
mohly by jim byt také uklddany primérené povinnosti.

ING. PETR TET. EK, petr.tetek @satra.cz,
SATRA, spol. s r.o.

Recenzovali: Ing. Jan Korejcik, Ing. Viadimir Prajzler,
Ing. Jiri RuZicka

LITERATURA / REFERENCES

[1] Vyhlaska CBU &. 55/1996 Sb., o pozadavcich k zajidténi
&innosti provddéné hornickym zpusobem v podzemf

23. rocnik - €. 3/2014

Obr. 6 Zvétralé zdivo kominového télesa
Fig. 6 Weathered masonry of the chimney body

CONCLUSION

It is therefore necessary from designer’s point of view to
address the conditions for the execution of survey and mea-
surement operations in buildings, which are not two much
favourable at the moment. Archives of building authorities
should provide copies of documents concerning the affected
buildings as they did in the past, even without the consent of
owners if it is the matter of public interest, in this case pub-
lic work. The cooperation of owners and users of buildings,
which is especially necessary, should be secured not only on
the basis of voluntary consent and willingness but also
through a binding regulation, for example within the frame-
work of administrative proceedings, where owners could not
only defend their rights but also be imposed reasonable obli-
gations.
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POZARNI VETRANI TUNELOVEHO KOMPLEXU BLANKA K ZAJISTENI(
BEZPECNEHO ZASAHU IZS

FIRE VENTILATION OF BLANKA COMPLEX OF TUNNELS FOR
ENSURING SAFE INTEGRATED RESCUE SYSTEM INTERVENTION

JIRI ZAPARKA

ABSTRAKT

Cilem pFispevku je sezndmit Ctendre s vyuZitim principu regulace rychlosti a smeéru podélného proudéni pri poZdru v silnicnim tune-
lu. Pozornost je soustiedéena na predpoklddané Sifent koure a tepla v okamZiku prijezdu IZS a na zpiisob vytvoreni podminek k zajisté-
ni bezpecného pristupu jednotek IZS k poZdru. Tématem prispevku neni popis ndvrhovych parametrii (s vyjimkou podélného sklonu tune-
lu a vykonu poZdru) ani vycet norem a doporuceni, ale sezndmeni s uvedenym principem regulace podélného proudeni. Tento princip
vyuzivd poZdrni vetrdni tunelového komplexu Blanka [1] v Praze i Krdlovopolsky tunel v Brné, ktery je v provozu od zdri 2012. Tunelovy
komplex Blanka je stavebné témer dokoncen a jeho technologické vybaveni je v soucasnosti zkouSeno. Priklad, na kterém je funkce
poZdrniho vétrdni prezentovdna, vyuZivd geometrii tripruhového profilu tunelového komplexu Blanka. Misto poZdru bylo vybrdno vzhle-
dem k vyraznému viivu vztlakovych sil pri poZdru na §iveni koure v misté s podélnym 5% sklonem. Uvedené vysledky byly ziskdny pomo-
ci programu Fire Dynamics Simulator (FDS) v. 5.4.3 [2], FeSenim trojrozmerného modelu, pomoci matematicko—fyzikdlniho modelovd-
ni proudeni (CFD). Pro zndzornéni byl pouZit program Smokeview 5.6 [2]. Vysledky simulace byly validovdny pomoci databdze teplot
a vyvoje koure na zdklade zkouSek vetrdni skutecnym poZdrem 1:1 v tunelu Memorial [3].

ABSTRACT

The objective of this paper is to acquaint readers with the use of the principle of the velocity and direction of longitudinal air flow control
during the course of a fire in a road tunnel. Attention is focused on the anticipated spreading of smoke and heat at the moment of the arrival
of the Integrated Rescue System (hereinafter referred to as the IRS) and the way of creating conditions ensuring safe access of the IRS units
to the fire. The task of the paper is neither to describe design parameters (with the exception of the longitudinal gradient of the tunnel and the
fire capacity) nor a list of standards and recommendations. The task is to acquaint readers with the above-mentioned principle of the control
of longitudinal flowing of air. This principle is used by the fire ventilation system in the Blanka complex of tunnels [1] in Prague as well as
the Kralovo Pole tunnel in Brno, which has been in operation since September 2012. The Blanka complex of tunnels is nearly finished as far
as the civils are concerned and its equipment is currently being tested. The example used for the presentation of the fire ventilation function
takes the advantage of the three-lane profile of the Blanka complex of tunnels. The fire location was selected taking into consideration the sig-
nificant influence of buoyancy forces during fire on spreading of smoke in locations with the longitudinal gradient of 5%. The above-mentio-
ned results were obtained by means of the Fire Dynamics Simulator (FDS) software, see 5.4.3 [2], by solving a three-dimensional model using
mathematical-physical modelling of air flow (the CFD). Smokeview program, 5.6 [2], was used for the demonstration. The simulation results
were validated by means of a database of temperatures and the development of smoke based on the testing of ventilation by a 1:1 full-scale

test by a real fire in the Memorial tunnel [3].

1 OVOD

Tunelovy komplex Blanka vznikal v mistech mnoha prosto-
rovych omezeni, zpusobenych napiiklad metrem nebo mést-
skymi sitémi, a proto i zpusob odvodu kouife pfi poziru musel
byt feSen kombinaci nékolika zpusobu vétrani.

Ve vétsiné tunelu je kouf odvadén pii¢né bud hromadnym
odvodem, nebo 2-3 odvodnimi misty ve vrchliku klenby tune-
lu a ndsledné kandlem pod vozovkou a odvodni strojovnou ven
z tunelu. Pfi poZaru ve vyjezdovych dsecich a rampéch je kour
odvddeén podélné ve smeru jizdy vyjezdovym portdlem (obr. 1).

Vyvoj projektu pozarniho vétrani probihal v ¢asovém udseku od
ovérovaci studie v roce 1998, ke komplexnimu vyzkouseni v roce
2014. Béhem téchto let se vyvijely doporuceni i normy a probéhlo
nékolik vyzkumnych projekti [3-6], kde byly definovany para-
metry navrhového pozaru a doporudeny strategie pozarniho vét-
rani pro silni¢ni tunely. Uvedené postupy se dostaly i do revize
CSN 73 7507 [7]. Byla kone¢né opusténa jak teorie o Gekéni se
spusténim poZarniho vétrdni 7-10 minut, tak i snahy o méreni
neutrdlni roviny 2,5 m nad vozovkou v oblasti zasaZzené koufem,
jak to doporucoval pred revizi bod 13.6.6. Po revizi CSN 73 7507
pro méstské tunely, jako je tunelovy komplex Blanka, jsou stano-
veny dva cile: regulace podélného proudéni na nizkou rychlost
a na rychlost minimdlné kritickou.

1 INTRODUCTION

The Blanka complex of tunnels was developed in locations of
numerous restrictions caused, for example, by the metro or urban
utility networks. For that reason even the smoke extraction sys-
tem during a fire had to be solved by a combination of several
ventilation methods.

In the majority of tunnels smoke is extracted transversally
either through a single-point exhaust or through 2-3 extraction
points provided in the tunnel vault crown and, subsequently, via
a duct under the roadway and an exhaust ventilation plant room,
outside the tunnel. In the case of a fire within exit sections and
ramps, smoke is evacuated longitudinally in the direction of tra-
vel through the exit portal (see Fig. 1).

The development of the fire ventilation design was in progress
within the verification study period in 1998; the system was to
be prepared for comprehensive testing in 2014. During these
years, recommendations and standards were subjected to chan-
ges and several research projects [3—6] were implemented,
where design fire parameters were defined and fire ventilation
strategies were recommended for road tunnels. The above-men-
tioned procedures were even incorporated into the CSN 73 7507
standard review [7]. The theory of waiting with starting the fire
ventilation for 7-10 minutes was finally abandoned, as well as
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Obr. 1 Schéma poZdrniho vétrani
Fig. 1 Fire ventilation chart

2 REGULACE PODELNEHO PROUDENI
NA NiZKOU RYCHLOST

V 1. fazi pozarniho vétrani je cilem ochrdnit osoby, které
uvizly v tunelu (bud vlivem nehody, nebo zablokovanim pri-
jezdu) v prvnich minutdch pozaru, odvodem koure a regulaci na
nizkou rychlost (obr. 2).

3 REGULACE PODELNEHO PROUDENI NA RYCHLOST
MINIMALNE KRITICKOU

Ve 2. f4zi je cilem ochrénit ¢leny integrovaného zachranného
systému IZS (HZS HMP — Hasiésky zdchranny sbor hl. mésta
Prahy; ZS — Zachranné sluzby a PCR — Policie CR) odvodem
koufe a regulaci na rychlost kritickou. Pfi rychlosti minimalné
kritické je zajisténo pretlakové vetrani pro bezpeny zdsah jed-

notek HS a je zajisténo, Ze se kouf nebude §ifit proti vozidlum
zablokovanym pred pozarem (obr. 3).

the efforts to measure the neutral plane at the level of 2.5m above
the roadway in the smoke-affected area, as it had been recom-
mended before the revision by clause 13.6.6. Two objectives
were set after the revision of the CSN 73 7507 for urban tunne-
Is, such as the Blanka complex of tunnels: the control of longi-
tudinal air flow to a low velocity and the control to the minimum
critical velocity.

2 LONGITUDINAL AIRFLOW CONTROL
TO LOW VELOCITY

The objective of the fire ventilation in the 1St phase is to pro-
tect persons trapped in the tunnel (either due to an accident or
due to blocked passage) in the initial minutes of the fire, by eva-
cuating the smoke extraction and longitudinal velocity control to
a low velocity (see Fig. 2).

3 CONTROL OF LONGITUDINAL FLOW TO MINIMUM
CRITICAL VELOCITY

1. FAZE / PHASE NO. 1

In the 2nd phase, the objective is to
protect members of the Integrated
Rescue System (the Fire Rescue
Service of the City of Prague; the
Rescue Services and the Police of
the Czech Republic) by evacuating
smoke and controlling the air flow
velocity to the critical level. At the
minimum critical velocity, the positi-
ve pressure ventilation required for
the safe intervention of fire brigade
units is secured and it is ensured that

Obr. 2 Kour a teplota (izoplocha 60 °C) pri regulaci podélného proudéni na nizkou rychlost a pricném odvo-

du 180 m’/s, v klesdni — 5%, ti'ipruhového jizniho tunelu MO-B

smoke will not spread in the directi-
on against the vehicles blocked befo-
re the fire (viewed in the direction of

Fig. 2 Smoke and temperature (isosurface 60°C) at longitudinal flow control to low velocity and transversal
exhaust rate of 180m’/s, on a — 5% descending gradient, in the triple-lane southern MO-B tunnel

travel) (see Fig. 3).
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Zvolena koncepce pretlakového vét-
rani, pri které je vytvoren pretlakové
chranény prostor pro zasahujici jedno-
tky HZS/IZS z jedné strany pozaru, je
standardnim postupem pfi zdsahu
v silni¢nim tunelu. Bezpecnd pristupo-
vé cesta vede nezasaZenym tunelem ve
sméru jizdy a pres propojku dstici
do pretlakoveé chranéné Casti zasaZe-
ného tunelu. Propojka tustici do zasa-
Zeného useku tunelu neni pro pristup
k poZaru vhodna (obr. 4).

Stejné jako je duleZitd spolehlivost

2. FAZE / PHASE NO. 2

a vykon pozdrniho vétrdni, zdvisi
uspeésny zdsah na postupech a komu-
nikaci mezi dispeCerem, operdtorem
a jednotkami IZS v tunelu.

Systém pozarniho vétrani podle
DSP (dokumentace k stavebnimu povoleni DSP-01/2006), byl
navrzen pro pozar ndsledujicich ndvrhovych parametra:

e nomindlni tepelny vykon 30 MW,

* produkce koufe 80 m3/s,

¢ nidbéh na HRRuominal v 10. minuté,

e celkova délka pozaru 90 minut.

Podminky navrhového poZiru neni mozné ve vybaveném
tunelu vytvorit bez ndsledki na toto vybaveni. Provddéné
zkousky s vizualizaci proudéni bézné dosahuji pouze 1/5 +
1/30 ndvrhového vykonu, coZ je nutné zohlednit pfi inter-
pretaci vizualizace. Vzhledem k nizkému vykonu poZziru

Bubene¢ B nezasazeny Usek tunelu

unaffected BubeneC B tunnel section o,

rozsvicena pozar
propojka B 11 fire
lights switched
on cross passage
B 11 1
s

zasazeny Usek
affected section

Bubeneé B pretlakové

chréanény Usek

5.0 Bubene¢ B section protected with
positive pressure

Obr. 4 Bezpelny pristup k poZdru
Fig. 4 Safe access to the fire

vy

Obr. 3 Kour a teplota (izoplocha 60 °C) pri regulaci podélného proudéni na kritickou rychlost a pri¢cném
odvodu 270 m’/s, v klesani — 5%, tiipruhového jizniho tunelu MO-B

Fig. 3 Smoke and temperature (isosurface 60°C) at longitudinal flow control to critical velocity
and transversal exhaust rate of 270m’/s, on a — 5% descending gradient, in the triple-lane southern MO-B

The selected concept of positive pressure ventilation, where
a space protected by the positive pressure is created for interve-
ning Fire Rescue Service / Integrated Rescue System units on
one side of the fire, is a standard procedure during an interventi-
on in a road tunnel. The safe escape route leads along the unaf-
fected part of the tunnel in the direction of travel and via the
cross passage ending in the tunnel part which is protected by the
positive pressure. The cross passage ending in the fire-affected
section of the tunnel is not suitable for the access to the fire
(see Fig. 4).

A successful intervention depends on procedures and com-
munication between the tunnel equipment operator, the traffic
operator and the IRS units present in the tunnel, which are
equally important as the reliability and output of the fire venti-
lation system.

According to the final design DSP-01/2006, the fire ventilati-
on system was designed for a fire with the following design para-
meters:

* nominal heat release rate of 30MW,

* smoke generation rate of 80m3/s,

e rise to HRR,,opmina in the 10th minute,

e total duration of the fire 90 minutes.

The conditions required for the design fire cannot be created in
an equipped tunnel without consequences for the equipment.
Tests conducted with the visualisation of airflow reach only 1/5
+ 1/30 of the design rate; this fact has to be taken into conside-
ration when the visualisation is being interpreted. With respect to
the low fire capacity and the generated amount of smoke, no sig-
nificant backlayering can be expected even during the control to
a low velocity. For that reason the depiction of results of the mat-
hematical-physical modelling of flow by means of the CFD is
used as the basis for the training of operators and the intervening
element in controlling fire ventilation (see Fig. 5).

4 ,MEMORIAL TUNNEL“ PROJECT

By far the most extensive and most important project, which
shifted the design and verification of fire ventilation ahead, was
the project for testing in the Memorial tunnel. The Federal
Highway Administration (FHWA) and the Massachusetts
Highway Department (MHD) started the work on the design for
an extensive underground highway network in Boston in the
1980s. A need for the validation of methodology and determina-
tion of criteria for designing ventilation systems originated
during the preparation. For that reason a team was established
within the framework of the Boston Central Artery/Tunnel pro-
ject, which set the following objectives of the tests:
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ROZLOZENi KOURE A TEPLOTY PRI ,NAVRHOVEM POZARU*
SMOKE AND TEMPERATURE DISTRIBUTION DURING “DESIGN FIRE”
NAVRHOVY POZAR: HRR = 30 MW; PRODUKCE KOURE = 80 m¥s; LINEARNI NARUST POZARU NA MAXIMUM V 10. MINUTE
DESIGN FIRE: HRR = 30MW, SMOKE GENERATION RATE = 80m?/s; LINEAR FIRE GROWTH TO THE MAXIMUM AT 10T MINUTE

NEJSLOZITEJSI VARIANTA POZARU: KLESANI - 5 % MO-B 19.545 km; PRISTUP Z MO-A, PRES PROPOJKU B-11A;
THE MOST COMPLICATED FIRE VARIANT: DESCENDING GRADIENT -5% MO-B 19.545KM; ACCESS THROUGH CROSS PASSAGE B-11A

KOUR [vizualizace koufe >10 mE]/ SMOKE [smoke visualization > 10mE]

TEPLOTA [isoplocha: 60 °C] / TEMPERATURE [isosurface: 60°C] °C

1. FAZE - UNIK OSOB: Upgep pozirem = 1,6 M/s; PHASE 1 - ESCAPE OF PERSONS: ESCAPE FROM THE FIRE v = 1.6m/s 31

5. MINUTA / 5™ MINUTE

5. MINUTA / 5™ MINUTE

285

255

10. MINUTA / 10™ MINUTE

225

185

2. FAZE - ZASAH IZS: Ugamicks = 3,6 /s / PHASE 2 — IRS INTERVENTION: V cqmca. = 3.6m/s

12. MINUTA / 12T MINUTE

12. MINUTA / 12T MINUTE

165

135

105

450

150

Obr. 5 Vyvoj koure a teploty ndvrhového poZdru v tunelovém komplexu Blanka

Fig. 5 Smoke and temperature development during the design fire in the Blanka complex of tunnels

a produkovanému mnozZstvi koure nelze predpoklddat vyrazné
zpétné vrstveni ani béhem regulace na nizkou rychlost. Proto
jako podkladu pro Skoleni obsluhy a zasahujici slozky, jak
ovladat pozédrni vétrdni, je vyuZito zobrazeni vysledku mate-
matickofyzikdlniho modelovani proudéni CFD (obr. 5).

4 PROJEKT ,MEMORIAL TUNNEL*

vvvvvv

Zdaleka nejrozsédhlejsi a nejdulezitéjsi projekt, ktery posunul
navrhovani a ovéfovani pozarniho vétrani, byl projekt zkousek
v tunelu Memorial. Federalni dalni¢ni sprava (FHWA) a odbor
dalnic Massachusetts (MHD) zacinaly v 80. letech minulého
stoleti projektové priace na rozsdhlé podzemni silnicni siti

A) ,,The development of a comprehensive database of tempe-
ratures and generation of smoke on the basis of full-scale 1:1 tes-
ting of the ventilation by a real fire, which will allow for defini-
te comparative assessing of the ability of various smoke evacua-
tion systems to influence the smoke and temperature, and

B) the determination of relative effectiveness of various smoke
evacuation variants and various systems of controlling the smoke
evacuation from a tunnel on spreading of smoke and heat during
various capacity fires, under the conditions of the test fire pro-
portion to a real fire equal to 1:1.”

Cameras and measurements of physical quantities (longitudi-
nal airflow velocity, temperature, CO, CO,) were installed in
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v Bostonu. Béhem priprav vznikla potfeba validace metodiky
a stanoveni kritérii pro ndvrh vétracich systému. Proto byl
v ramci projektu Boston Central Artery/Tunnel vytvoren tym,
ktery stanovil cile zkousek:

A) ,,Vyvinuti prehledné databaze teplot a vyvoje koufe na
zdkladé zkouSek vétrani skuteCnym pozarem 1:1, kterd
umozni definitivni komparativni posouzeni schopnosti
riznych systému odvodu koufe ovlivnit kouf a teplotu, a

B) urlenf relativni G¢innosti riznych variant vétracich systé-
mu vykonu odvodu koufe a ruznych zptsobu fizeni odvo-
du koufe z tunelu na §ifeni koufe a tepla pfi poZédrech ruz-
nych intenzit, za podminek zkuSebniho poZiru 1:1 se
skute¢nym poZarem."

Ve vyfazeném silni¢nim tunelu v Zdpadni Virginii byly
instalovany kamery, méfeni fyzikdlnich veli¢in (rychlost
podélného proudéni, teplota, CO, CO,). Vlastni zkousky pro-
béhly od zari 1993 do brezna 1995. Uskuteénilo se celkem 98
zkouSek o intenzité pozdru: 10, 20, 50 a 100 MW a béhem
zkouSek byly provérovany vSechny vétraci systémy: prirozené,
podélné, podélné s hromadnym odvodem, polopfi¢né a piiné.
Cena celého projektu Boston Central Artery/Tunnel byla
8 miliard dolari a cena projektu zkouSek Memorial tunelu
v roce 1999 byla 38 milionu dolart. Vysledky zkousek vyda-
né ve zpravé ,,Memorial tunnel test report“, v rozsahu 3800
stran [3]; slouZi jako kontrolni databize naméfenych hodnot.
Ve 4. etapé programu zkouSek v tunelu Memorial byl obecny
CFD kéd (Computational Fluid Dynamics) upraven a ovéfen
pro konkrétni vyuZiti v tunelu pod ndzvem SOLVENT.
Zasadnim piinosem byla optimalizace modelu pro pfi¢ny
odvod, kde se podafilo vyreSit problém modelu siti v misté
odvodu z tunelu, kde se vzdjemné ovliviiuje podélné proudéni
v tunelu a pri¢ny odvod. Zpréva o této dsti zkousek byla pub-
likovdna na 1. mezindrodni konferenci o pozirech v Lyonu
v roce 1999.

5 KOMPLEXNI VYZKOUSENI POZARNIHO VETRANI

Komplexni vyzkouseni celého, 5,5 km dlouhého tunelového
komplexu je naplanovéno ve tfech etapach. Prvni etapa zkou-
Sek jednotlivych prvka a zafizeni probihd v soudasnosti po
ukonéenych individudlnich zkouskach a provéruje ovladani
zatizeni. Kazdé zafizeni je provéfovdno podle protokolu ve
vSech stavech. Po ukon&eni zkouSek prvka muze zadit druhd
etapa, kterd provéruje automatiku ovladani jednotlivych pro-
voznich celku a souboru. Z hlediska systému pozdrniho vétra-
ni je dulezité provéreni automatiky detekce koufe a provéreni
automatiky pozarniho vétrani. Tato etapa zkousek je zaméfena
hlavné na provéreni vykonu a spolehlivosti automatiky insta-
lovaného vybaveni. Vykon pozdrniho vétrani bude provéfen
méfenim viech stavu A) — F):

e mefenim sméru rychlosti podélného proudéni v tunelu

[m/s], a

e méfenim vykonu odvodu ve strojovnach [m3/s].

Kromé provéfeni vykonu méfenim rychlosti a prutoku je
nutné provéfeni spolehlivosti funkce VSECH stavii a prechodii
mezi nimi, véetné provéreni pozarniho vétrani v zavislosti na
poloze pozaru v tunelu. Celkové se jednd o stovky stava
a tydny zkouSeni. Béhem zkouSek jsou proveéroviny tyto
stavy:

5.1 1. Faze pozarniho vétrani - regulace podéiného
proudéni ha nizkou rychlost

A) Ndbéh a udrZzovdni regulace podélné rychlosti

v zasaZeném tunelu na NIZKOU rychlost u = +1,0 az
+1,6 m/s (+ ve sméru bézného provozu).

a highway tunnel taken out of service in West Virginia. The tests
were conducted from September 1993 to March 1995. The total
of 98 tests were carried out, with the fire intensities of 10, 20, 50
and 100MW; all ventilation systems were verified during the
tests, i.e. natural, longitudinal, longitudinal with a single-point
exhaust, semi-transverse and transverse systems. The cost of the
entire Boston Central Artery/Tunnel project amounted to USD 8§
billion and the cost of the Memorial tunnel testing project was
USD 38 million. The testing results, which were published in the
3800-page ,, Memorial tunnel test report*“ [3] serve as a checking
database of measured values. The general CFD (Computational
Fluid Dynamics) code was modified during the 4th stage and was
verified for concrete use in the tunnel under the title SOLVENT.
The fundamental contribution lied in the optimisation of the
model of networks in the location of the exhaust from the tunnel,
where the longitudinal flow in the tunnel and the transverse flow
affect each other. The report on this part of tests was published
at the 15t International Conference on Tunnel Fires held in Lyon
in 1999.

5 COMPREHENSIVE TESTING OF FIRE VENTILATION

The comprehensive testing of the entire 5.5km long complex
of tunnels is planned to be conducted at three stages. The first
stage of testing individual elements and equipment is in progress
at the moment, after the completion of individual tests; it checks
on the control of the equipment. Each equipment piece is chec-
ked in all states in accordance with checking programs. When
the testing of elements is finished, the second stage can start. It
verifies the automation of the control of individual operational
complexes and packages. Checking of the smoke detection auto-
mation and checking of the fire ventilation automation is impor-
tant from the aspect of the fire ventilation system. This testing
stage is focused primarily on the verification of the output and
reliability of the automation of the installed equipment. The fire
ventilation output will be verified by measurements in all states
A) - F):

e by measuring the direction and velocity [m/s] of the longi-

tudinal flow in the tunnel and

* by measuring the ventilation rates [m*s] in ventilation plant

rooms.

Apart from checking of the ventilation rates by measuring the
velocity and the flow rate, it is necessary to verify the reliability
of the function of ALL states and transitions between them, inc-
lusive of the verification of the fire ventilation relating to the
location of the fire in the tunnel. In total it is the matter of hund-
reds of states and weeks of testing. The following states are chec-
ked during the tests:

5.1 Phase 1 of fire ventilation - control of longitudinal
flow to a low velocity

A) Rising the longitudinal velocity and maintaining its control
in the fire-affected tunnel to a LOW velocity u = +1.0 to +1.6
m/s (+ in the direction of common traffic).

B) Rising the longitudinal velocity and maintaining its control
in the tunnel unaffected by the fire to the velocity u = -1.0m/s
(+ against the direction of common traffic), concurrently with
maintaining the positive pressure in cross passages during the
entire fire regime will ensure the escape /intervention routes free

of smoke.

C) Smoke extraction in phase 1.



B) Nabéh a udrzovani regulace podélné rychlosti v neza-
sazeném tunelu na rychlost u = —1,0 m/s (proti sméru
jizdy bézného provozu) soucasné s udrzovanim pretlaku
v propojkach béhem celého pozarniho rezimu zajisti
unikové/zdsahové cesty bez koure.

C) Vykon odsdvani v 1. fazi.

5.2 2. Faze pozarniho vétrani - regulace podéiného
proudéni na kritickou rychlost

D) Ndbéh a udrZzovdni regulace podélné rychlosti
v zasazeném tunelu na KRITICKOU rychlost ugg;r =
+2,1 az +3,6 m/s.

E) Vykon odsdvdni v 2. fazi.

5.3 Oveéreni poruchovych stavl a nahradniho scénare

F) Ovéreni vykonu ndhradniho scéndre.

PoZarni vétrani nemuZze dobie fungovat bez vasné detekce
a presné lokalizace poZaru. Rychlé spusténi poZzarniho vétrdni,
které zajisti zddanou rychlost podélného proudéni, omezi
délku zakoureného useku tunelu zasazeného pozarem.

5.4 Spousténi pozarniho vétrani

Detekce koufe musi zajistit spolehlivé uréeni mista pozaru
i v pripadé, kdy se zdroj koufe nejprve v tunelu pohybuje,
zastavi az po ujeti del§iho udseku a potom se rozhofi.
K potvrzeni poZirniho poplachu (a urceni polohy ohniska
pozéru) muze dojit aZ po overeni, Ze se zdroj koufe nepohybu-
je. K tomu slouzi automaticky algoritmus ¢asového zpozdéni
signalizace detekce koute. Béhem této zkousky bude provede-
na optimalizace a ovéfeni tohoto algoritmu s vyuZitim zkuSeb-
niho koufe, pro postupnou iniciaci jednotlivych detektort
koufre.

Po provedeni zkouSek automatiky a ovlddani jednotlivych
souborti a provoznich celkd probéhne posledni, tfeti etapa
komplexniho vyzkouSeni, kdy budou na nékolika scéndfich
provéreny vazby mezi soubory.

6 ZAVER

Snahou ¢ldnku bylo sezndmit odbornou vefejnost se zpuso-
bem feSen{ odvétrani koure pfi pozdru v tunelovém komplexu
Blanka a zpusobem jeho provéieni. Zajisténi podminek pro
bezpecny a ucinny zdsah jednotek IZS bylo prezentovano na
prikladu situace pfi pozaru v misté klesani — 5%, kdy vztlak pri
pozaru ovliviuje Siteni koufe nejvyraznéji a na pozarni vetra-
ni je kladen nejvétsi pozadavek.

ING. JIRI ZAPARKA, Jiri.zaparka@email.cz,
SATRA spol. s r.o.

Recenzovali: Ing. Otto Dvordk, Ph.D., Ing. Vidclav Volner

LITERATURA / REFERENCES

23. rocnik - €. 3/2013

5.2 Phase 2 of fire ventilation - control of longitudinal
flow to the critical velocity

D) Rising the longitudinal velocity and maintaining its control

in the fire-affected tunnel to the CRITICAL velocity u;ca
=+2.1 to +3.6m/s.

E) Smoke extraction in phase 2.

5.3 Verification of failure states and the alternate scena-
rio

F) Verification of the ventilation output of the alternative sce-

nario.

A fire ventilation system cannot work properly without timely
detection and exact location of a fire. The quick starting of fire
ventilation which ensures the required longitudinal flow veloci-
ty reduces the length of the smoke-logged section of the fire-
affected tunnel.

5.4 Fire ventilation starting up

The smoke detection system has to ensure the reliable identi-
fication of the fire location even in the case where the smoke
source at the beginning moves along the tunnel, stops only after
travelling along a rather long section and only then flares up.
A fire alarm can be confirmed (and the fire localized) only after
it is verified that the smoke source does not move. This is pos-
sible by using the automatic algorithm of time delay of the
smoke detection signalling. This algorithm will be optimised and
verified during this test using the testing smoke, with individual
smoke detectors initiated successively.

After the completion of the tests of automation and control of
individual operational complexes and packages, the last, third,
stage of the comprehensive testing will follow, during which
relationships between the complexes will be verified on several
scenarios.

6 CONCLUSION

The endeavour of this paper was to acquaint the professional
public with the solution of smoke control and its extraction
during a fire in the Blanka complex of tunnels and the method of
its verification. The system of ensuring conditions for safe and
effective intervention of IRS units was presented using the
example of the situation in the case of a fire in a 5% descending
gradient location, when the fire buoyancy affects the spreading
of smoke in the most distinctive manner and the fire ventilation
is placed the highest requirements on.
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HOMOGENIZACE A MODIFIKACE SLOZENEHO
OCELOBETONOVEHO OSTENI S CASOVYM NARUSTEM
MODULU PRUZNOSTI STRIKANEHO BETONU

HOMOGENISATION AND MODIFICATION OF COMPOSITE
STEEL-CONCRETE LINING, WITH THE MODULUS OF ELASTICITY
OF SPRAYED CONCRETE GROWING WITH TIME

JOSEF ROTT

ABSTRAKT

Osteni ze stiikaného betonu (ddle 16z SB) je vétSinou kombinaci stiikaného betonu a ocelovych ramii. Vliv rdmii na tuhost osteni se obvykle
zanedbdvd, nebot'rdmy lze vetsinou chdpat jako ocelovou vyztuZ Zelezobetonové konstrukce. To ale prestdvd platit, jsou-li soucdsti osténi masiv-
ni ocelové vyztuhy typu HEB ¢i HEBREX. Pak je namisté tuhost ocelovych prvkii do celkové tuhosti osténi zapocitat a respektovat pritom sku-
tecnost, Ze podil ocelovych prvkii na tuhosti ostént se v dase méni v souvislosti s ndriistem tuhosti stiikaného betonu. Odvozeni vztahii, umoz-
njicich zdpocet ocelovych prvkii do casové zdvislé celkové tuhosti ostént, je vénovdn tento ldnek.

ABSTRACT

A sprayed concrete (shotcrete, SC) is most frequently a combination of shotcrete and steel frames. The influence of the frames on the stiffness
of a lining is usually disregarded because the frames can be mostly considered as steel reinforcement of a reinforced concrete structure.
However, this idea ceases to apply if massive steel supports of the HEB or HEBREX type are parts of the lining. In such the cases it is appro-
priate to include the overall stiffness of the steel elements into the overall stiffness of the lining and respect the fact that the proportion of steel
elements to the stiffness of the lining changes with the growing stiffness of shotcrete. This paper is dedicated to deriving relationships allowing

for the inclusion of steel elements into the time-dependent overall stiffness of the lining.

uvoD

Vypocetni programy vétSinou vyzaduji, aby osténi bylo zaddno
bud jako prut s predepsanou plochou Ayp, momentem setrvaénos-
ti Ivp a modulem pruznosti Enp, nebo jako plosny prvek s vyskou
hm a modulem pruznosti Ep,.

Postup, pii kterém vyjadiime celkovou tuhost slozeného osténi
pomoci veli¢in Anp, Inp, Enp, nazveme homogenizaci prifezu.
Homogenizované veli¢iny Anp, Inp, Enp lze néasledné prevést na
veli¢iny hm a Ep. Postup, pri kterém veli¢iny Anp, Inp, Enp pieve-
deme na veli¢iny hy; a Em, nazveme modifikaci a veli€iny A, a Ep
veli¢inami modifikovanymi.

SEZNAM VELICIN

Na nasledujicich fadcich je uveden seznam velicin, které vystu-
puji ve vztazich tykajicich se konkrétnitho postupu homogenizace.
velkd pismena

Ap prufezova plocha vrstvy SB [m2]

A1 plocha pri¢ného fezu starSi vrstvou SB [m?2]

Ap2 plocha pri¢ného fezu mladsi vrstvou SB [m2]
Anp(?) prufezova plocha nahradniho profilu v &ase (pfi

jedné vrstvé SB) [m2]
Anp(t1,12) prufezova plocha ndhradniho profilu (pfi dvou vrst-
vach SB) [m2]

Ao prufezova plocha oceli [m2]

Ep modul pruznosti SB [MPa, GPa]

Ep1 modul pruZnosti star$i vrstvy SB [MPa, GPa]
Ep> modul pruznosti mladsi vrstvy SB [MPa, GPa]

EB(t-t1cn2) modul pruznosti betonu v Case s vlivem technolo-
gickych prodlev [MPa, GPa]

Ef hodnota modulu pruznosti SB v teoretickém Case
[MPa, GPa]

INTRODUCTION

Calculation programs mostly require the lining to be specified
either as a beam with the cross-sectional area Ayp, moment of iner-
tia Iyp and modulus of elasticity Eyp prescribed, or as a planar ele-
ment with the height 4, and modulus of elasticity Ep,.

We will call the procedure in which we will express the overall
stiffness of the composite lining by means of quantities Ayp, Inp,
Enp cross-section homogenisation. The homogenised quantities can
be subsequently converted to quantities 4, and Ep,. We will call the
procedure in which we will convert the Axp, Inp, Enp quantities to
quantities i, and Ep modification and the quantities iy, and Ep
modified quantities.

LIST OF QUANTITIES
The list of the quantities which appear in relationships concer-
ning a specific homogenisation procedure is presented on the follo-

wing lines.

Capital letters

Ap cross-sectional area of SC layer [m?]

Agi area of a cross-section through the older SC layer
[m2]

Ap2 area of a cross-section through the younger SC layer
[m?]

Anp (1) area of a cross-section of the substitute profile in
time (at one SC layer) [m?]

Apnp(ti,t2) area of a cross-section of the substitute profile (at
two SC layers) [m?2]

Ao cross-sectional area of steel [m?2]

Ep modulus of elasticity of an SC [MPa, GPa]

Eg1 modulus of elasticity of the older SC layer [MPa, GPa]

Ep> modulus of elasticity of the younger SC layer [MPa,

GPa]



En(t) modul pruznosti modifikovaného osténi v Case (pri
jedné vrstvé SB) [MPa, GPa]

En(t1,t2) modul pruznosti modifikovaného profilu (pfi dvou
vrstvach SB) [MPa, GPa]

Eo modul pruznosti oceli [MPa, GPa]

Ip moment setrvacnosti vrstvy SB [m#]

IB1 moment setrvacnosti star$i vrstvy SB [m#]

12 moment setrvacnosti mladsi vrstvy SB [m#]

LIn (1) moment setrvacnosti ndhradniho profilu v Case (pri

jedné vrstve SB) [m#]
Ln(t-11cn2) moment setrvacnosti nahradniho profilu (pfi dvou
vrstvach SB) [m#]

Io moment setrvacnosti ocelového profilu [m#]

So staticky moment ocelového prarezu [m3]

mald pismena

bp délka tseku (vrstvy) SB v jednom zdbéru [m]

b, délka zdbéru [m]

e souradnice téZi§té pricného prafezu vrstvy SB (vuci
povrchu vyrubu) [m]

el souradnice t€Zisté pri¢ného fezu star$i vrstvou SB
(vaci povrchu vyrubu) [m]

e2 souradnice t€Zisté pri¢ného fezu mladsi vrstvou SB
(vaci povrchu vyrubu) [m]

eo soufadnice téZisté ocelového profilu (vaci povrchu
vyrubu) [m]

[ souradnice t€Zist€ slozeného obrazce (pfi jedné vrst-
vé SB) [m]

f,,t) souradnice tézist€ sloZeného obrazce (pri dvou vrst-
vach SB) [m]

hp vyska vrstvy SB [m]

hgi vyska star$i vrstvy SB [m]

hg2 vyska mladsi vrstvy SB [m]

B (1) ucéinna statickd vyska modifikovaného osténi v Case

(pfi jedné vrstvé SB) [m]

hm(t,) ucinnd statickd vyska modifikovaného osténi v Case
(pri jedné vrstvé SB) [m]

hm(t,,t,))  pfevodni koeficient star§i SB/mladsi SB [m]

n(t) prevodni koeficient ocel/beton (pfi jedné vrstvé SB)
[-]

n(t,) prevodni koeficient ocel/beton (pfi dvou vrstvach
SB) [-]

t cas [s, dny]

f, doba zranf starSi vrstvy SB [s, dny]

t, doba zrani mladsi vrstvy SB [s, dny]

t referencni Cas — 1 sekunda [s, dny]

Lyent technologickd prodleva od vyrubédni horniny do vlo-
Zeni ocelového prvku [s, dny]

Lyenz technologicka prodleva od vyrubani horniny do apli-

kace starSi vrstvy SB [s, dny]
Feckd abeceda
a mocninny koeficient [-]

ZAKLADNI PREDPOKLADY HOMOGENIZACE

Homogenizace ocelobetonového osténi spolivd v prevedeni
pri¢ného fezu osténi, sloZeného ze dvou komponent o dvou (v pfi-
padé nastiiku dvou vrstev betonu o tiech) raznych modulech pruz-
nosti, na ndhradni homogenizovany pfi¢ny rez s jedingym modulem
pruznosti stitkaného betonu.

Na obr. 1 je zndzornén vyvoj modull pruznosti pro dvé vrstvy
stifkaného betonu (Eg) a ocel (Ey) v Case, pri¢emZ modrd Cdra
nélezi ocelovému profilu, zelend prvni vrstvé stiikaného betonu,
hnéda druhé vrstvé stiikaného betonu.

Technologické prodlevy ¢, , a1, jsou funkei postupu razby
a okamziku aktivace ocelového profilu vuci horniné.

Odvozeni homogenizovanych veli¢in je provedeno pro jeden
zaber, na kterém je realizovano statické schéma.
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Ep(t-ticnpy) modulus of elasticity of concrete in time, with the
influence of technological lags [MPa, GPa]

Ey SC modulus of elasticity value in theoretical time
[MPa, GPa]
En(t) modulus of elasticity of the modified lining in time

(at one SC layer) [MPa, GPa]

En(t1,t2) modul modulus of elasticity of the modified profile
(at two ISC layers) [MPa, GPa]

Eo modulus of elasticity of steel [MPa, GPa]

Ip moment of inertia of an SC layer [m#]

IB1 moment of inertia of the older SC layer [m#4]

Ip> moment of inertia of the younger SC layer [m#]

Ln(?) moment of inertia of the substitute profile in time (at

one SC layer) [m#]
Ln(t-tcn2) moment of inertia of the substitute profile (at two SC
layers) [m#]

lo moment of inertia of the steel profile [m4]

So static moment of the steel cross-section [m3]

lower case letters

bp length of the SC section (layer) in one spraying
round [m]

b; praying/excavation round length [m]

e coordinates of the centre of gravity of the SC layer

cross-section (related to the surface of the excavated
opening) [m]

el coordinates of the centre of gravity of the cross-sec-
tion through the older SC layer (related to the surfa-
ce of the excavated opening) [m]

e2 coordinates of the centre of gravity of the cross-sec-
tion through the younger SC layer (related to the
excavated opening surface) [m]

€o coordinates of the centre of gravity of the steel cross-
section (related to the surface of the excavated ope-
ning) [m]

§i0) coordinates of the centre of gravity of the composite

diagram (at one SC layer) [m]

f,. 1) coordinates of the centre of gravity of the composite
diagram (at two SC layers) [m]

hp SC layer thickness [m]

hBi older SC layer thickness [m]

hp2 younger SC layer thickness [m]

hi (1) effective static height of the modified lining in time
(at one SC layer) [m]

hm (1) effective static height of the modified lining in time
(at two SC layers) [m]

hm(t,,t,) older SC/younger SC conversion factor [m]

n(r) steel/concrete conversion factor (at one SC layer) [-]

n(t;) steel/concrete conversion factor (at two SC layers) [-]

t time [s, days]

t older SC layer curing time [s, days]

t, younger SC layer curing time [s, days]

z reference time — 1 second [s, days]

Lyent technological lag between the completion of excava-
tion and the insertion of the steel element [s, days]

Len technological lag between the completion of excava-
tion and the application of the older SC layer [s,
days]

Greek alphabet

a power coefficient [-]

BASIC ASSUMPTIONS OF HOMOGENISATION

The homogenisation of a steel-concrete lining lies in the conver-
sion of the cross-section of a lining consisting of two components
(three in the case of applying two shotcrete layers) with different
moduli of elasticity to a substitute homogenised cross-section with
only one modulus of elasticity of shotcrete.

The development of moduli of elasticity for 2 layers of shotcrete
(Eg) and steel (Ey) with time is presented in Fig. 1, where the blue
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0 tech 4 Trech,2

+ !

Obr. 1 Casové schéma pusobeni jednotlivych sloZek primdrniho osténi
Fig. 1 Time pattern of the effects of individual components of primary lining

Jako prvni jsou instalovdny ocelové nosniky, které zacinaji
pusobit v Case 7, , , svoji plnou tuhosti. Poté, s prodlevou 7, , , —
Len,; J€ aplikovan stifkany beton, jehoZ modul pruznosti (a proto
i tuhost) je funkef ¢asu. K vyjddreni této funkce pouZijeme ndsle-
dujici empiricky vztah podle Svobody (2010), ktery vychazi
z préace Oresteho (2003) a ktery je téZ zndzornén na obr. 1.

Eg = Ep(1— e™ot/tr) M

V odborné literature lze vyhledat vicero vztaha, které se narus-
tem modulu pruznosti betonu v Case zabyvaji. R. Pottler (1990)
publikuje vztah Webera (1979) na zdkladé modulu pruznosti po 28
dnech zrdni betonu, s pomocnymi parametry:

ET = Ezgaem @)

zatimco v normé CSN EN 1992-1-1 Eurokéd 2: Navrhovéani
betonovych konstrukei — Cdast 1-1: Obecnd pravidla je uvedena
rovnice vyuZzivajici krychelnou pevnost betonu:

0,3
E,(t) = (f"“—(") En, 3)
fem

V kapitole 6) uvedenych grantovych projektech, pod které spadd
tento Clanek, je odbornd a vyzkumnd ¢innost (tam, kde je to rele-
vantni) spojena se vztahem (1), ktery publikuje ve své dizertacni
praci Svoboda (2010). Pro leps§i porovndni vysledki a respek-
tovdni konzistence jednotlivych projektovych ¢innosti se v aktu-
alnim ¢lanku vyuziva pravé rovnice (1). Graf respektujici rovnici
(1) tvori obrazek 4.

ODVOZENI VZTAHU PRO VYPOCET TUHOSTI
HOMOGENIZOVANEHO OSTENI, ODVOZENI VZTAHU
PRO VYPOCET TUHOSTI MODIFIKOVANEHO OSTENI{

Vztahy pro vypocet tuhosti jsou odvozeny za téchto predpokladu:

e do celkové tuhosti neni zahrnut beton obstfiku ocelového
profilu,

e predpokldddme plné statické spolupusobeni 2 vrstev osténi.

UvaZujeme 2 varianty homogenizace a modifikace osténi:

A) Stiikany beton je aplikovdn v jedné vrstvé.

B) Stiikany beton je aplikovan ve dvou vrstvach.

AD A) STRIKANY BETON JE APLIKOVAN V JEDNE VRSTVE
a) Nahrada oceli
Prufezové charakteristiky ocelového profilu (moment setrvac-
nosti, plocha prufezu, staticky moment) se pfevedou na beton:

line is for the steel profile, green colour for the first shotcrete layer
and brown colour for the second shotcrete layer.

Technological lags Lo and Lo ATC functions of the excavation
progress and the moment of the activation of the steel profile aga-
inst ground.

The derivation of homogenised quantities is carried out for one
round, for which the structural diagram is realised.

Steel beams, which start to act in time Lot through their full
stiffness, are installed first. Then, with the lag ¢, , -1, . shotcre-
te, the modulus of elasticity of which (therefore also stiffness) is
a function of time, is applied. To express this function, we will use
the following empiric relationship according to Svoboda (2010),
which is based on Oreste work (2010) and which is also presented
in Fig. 1:

Eg = Ef(1 — e™®/tr) M

It is possible to find more relationships which deal with the
growth of modulus of elasticity with time in technical literature.
R. Pottler (1990) publishes Weber’s relationship (1979) on the basis
of modulus of elasticity after 28 days of concrete ageing, with auxi-
liary parameters:

c
Er = E;gaetts® ®)

whilst an equation using the cube strength of concrete is conta-
ined in CSN EN 1992-1-1 Eurocode 2: Concrete structures design—
Part 1-1: General rules:

ey 0,3
Ecm(t) = (ﬂ:fm_(f]) Ecm 3)
cm

in the grant projects mentioned in acknowledgements to this
paper, technical and research activities (where it is relevant) are
connected with relationship (1), which is published by Svoboda
(2010) in his thesis. For the purpose of better comparing the results
and respecting the consistency of individual design activities, this
equation (1) is used in the current paper. The graph respecting equa-
tion (1) is presented in Fig. 4.

DERIVATION OF RELATIONSHIPS FOR THE CALCULATION
OF STIFFNESS OF THE HOMOGENISED LINING;
DERIVATION OF RELATIONSHIPS FOR THE CALCULATION
OF STIFFNESS OF THE MODIFIED LINING

Relationships for the calculation of stiffness are derived under the
following assumptions:

* The concrete encasing the steel frame is not included into the

overall stiffness,

* We assume full structural interaction of 2 lining layers.

We take 2 variants of the lining homogenisation and modificati-
on into consideration:

A) Shotcrete is applied in one layer.

B) Shotcrete is applied in two layers.

AD A) SHOTCRETE IS APPLIED IN ONE LAYER

a) Steel substitution

Cross-sectional characteristics of the steel profile (moment of
inertia, cross-sectional area, static moment) are converted into
concrete characteristics:

!O;AO;SO ﬂn(t)f{], n(t)AO;n(f)So, (4)
where
— Eo _ Eo
ne) = =) (5)



Io; Ag; So = n(t)lp; n(t)Ag; n(t)So, )
kde

— Eo _ Eo
ﬂ.(t) - Ep - Ef(l—e'“mi‘] (5)

je funkecf Casu.
b) Tézisté nahradniho profilu

Vypoditd se poloha té€Zisté ndhradniho profilu jako vzdélenost

Vv

t€Zisté od vnitiniho lice vyrubu:

H(E)So'l-hgbgizﬂ ﬂ.(t)So'l-thBEzE
fa= n(t)Ag+hgbg n(t)Ap+A4g ©

¢) Homogenizace: plocha App, moment setrvacnosti Iyp
a modul pruznosti nahradniho profilu
Podle obr. 2 je:
=1 3
Ig = 3 bghg

(@)
Ap=bpghp (®)

Lze nyni proto vypocitat plochu ndhradniho profilu Ayp
a moment setrvacnosti Iyp :

Anp (t) =n(t)Ag+Apg )

e (8) = (Ol + n(®)Ag(e = £ +In + A5 (2= £(©) (10)

Veli¢iny Anp(t), Inp(t) plati v Case t> byen2 Modul pruznosti
v tomto Case je EB(1,,,,) podle rovnice (1).

Je-li osténi modelovano jako prutova konstrukce, popisuji ji tyto
veli¢iny vycerpavajicim zpusobem.

d) Modifikace prurezovych veli¢in

Modifikaci prifadime tuhosti osténi, plynouci z rovnic (1), (9),
(10) obdéInikovému pruiezu, jehoz délka je pevné stanovena dél-
kou zdbéru b;. Obdélnikovy prufez bude mit vy$ku hm a jeho
modul pruznosti bude Ej;. Plati:

EB(t—ftech_z)ANP(t) = Em(t)bzhm(t)a (11)

1
Eglyp(t) = 5 Em(O)b hin (). (12)
Upravou ziskdme:
- EpAnp(l) 13
hm(6) =2 (13)

}e be

Eu .EB e
I, |%[lAs L™ i

8 b

|F ba ;

Obr. 2 Statické schéma vypoctu pro variantu s jednou vrstvou SB
Fig. 2 Structural diagram of the calculation for the variant with one SC layer
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is a function of time.

b) Centre of gravity of the substitute profile

The location of the substitute profile is calculated as the distance of
the centre of gravity from the inner surface of the excavated opening:
?1(f.’)50+h3bghTB

n(t)Ap+Ag

¢ ?1({]50+h3bgh75
= n(t)Ag+hgbg

(6)

¢) Homogenisation: Ayp area, Iyp moment of inertia and the
modulus of elasticity of the substitute profile
According to 2:
e ¥ 3
Iy = bghp

(7
Ap=bphp (®)

It is therefore now possible to calculate the cross-sectional area
of the substitute profile Ayp and the moment of inertia /yp:

ANp (t) =n(t)Ag+Ap )

2
Ine(8) = n(®)]o +n(6)Ag(e = F(O))* + 15+ Ap (2= F(8)) " (10)

Quantities Ayp (1), Inp(t) are applicable in time 7> Loenz The modu-
lus of elasticity in this time is E£B(Z,,, ,) according to equation (1).

If the lining is modelled as a framed structure; it is described by
the above-mentioned quantities exhaustively.

d) Modification of cross-sectional quantities

By means of modification, we will assign the stiffness values of
the lining following from equations (1), (9), (10) to a rectangular
cross-section, the length of which is firmly set by the length of the
spraying round b;. The rectangular cross-section height will be £,
and its modulus of elasticity will be Ej;. The following applies:

Eg(t-treens)Anp (£) = Em(©)bhn(8), (1)

1 2
Eglyp(t) = EEm(f)bzhfn(t)- (12)
By modifying the equation we will obtain:
_ EpAnp(t)
hm() = e’ (13)

12EB(t—typep ) INP(E)
bzhm(t)

Em(t) = (14)

By additional modification we will arrive at the final expressions:

| 2 3
12EB(t-typcp, 2 NP(E) EB(t-trecn 2 ANP(D)

En(t) = = (15)

2
EB(t—tiecnz)ANP(®) 12Iyp(t)by
® bzEm(t)

h (t) = 2,/3Inp (L)
e JANp(D).

We will use equations (15) and (16) where the lining is modelled
by planar elements. The length of the elements is equal to the spray-
ing round length. The equations are applicable at time > t,,., .

(16)

AD B) SHOTCRETE IS APPLIED IN TWO LAYERS

This variant is more complicated because it deals with 3 materi-
als — the steel profile, the younger SC layer and the older SC layer.
The homogenisation is two-fold, performed with respect to the
older SC layer. The following relationships apply, according to
Fig. 1, from the time 7 > leanot 1,1

a) Substitution of steel and the younger SC layer

The conversion of steel to the older SC layer is governed by the
proportion
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12EB(t-tyoop 0)INP(L)

(14)
bzh3 (1)

En(t) =

Yo 2

Dalii dpravou dospivame ke konednym vyrazam:

E-‘%(f'ttech,z)‘qsl"f’(t)
ziyp@b; (15

12EB(t-tyecp, 2y /NP(E)

3=
(Ea(r—ttem_z)ﬂrvp(t))
ple—r—techa)

En(t) =
bzEm(t)

__ 24/3Inp(t)
h'm‘(t) - JAnp ().’

Rovnice (15) a (16) pouzijeme tehdy, kdyZ osténi bude modelo-
vano plo$nymi prvky. Délka prvki je rovna délce zdbéru. Rovnice

plati v Case t > 1, , ,.

(16)

AD B) STRIKANY BETON JE APLIKOVAN VE DVOU
VRSTVACH

Tato varianta je sloZitéjsi, nebot’ zde vystupuji tfi materidly —
ocelovy profil, mladsi vrstva SB a starsi vrstva SB. Homogenizace
je dvojitd, realizovana vuci star$i vrstvé SB. Nasledujici vztahy
plati podle obr. 1 od Casu t>1,,,+1,—1,.
a) Nahrada oceli a mladsi vrstvy SB
Prevod oceli na star$i SB je fizen pomérem:

E
n(tl) = o_ ﬂl) > 19

Ef(l—e tr

zatimco prevod mladsi druhé vrstvy SB na star§i vrstvu SB
pomérem:

a7

_aty at
" R 2
Ef(l e Ur )_ Pt (18)

_aty _aty
Ef(i—e fr) 1-e

Casy t,, 1, jsou doby zrani prvni a druhé vrstvy SB.

b)Tézisté nahradniho profilu

Soutadnice téZist obrazcu, naleZici ocelovému profilu, star§{
vrstvé SB a mladsi vrstvé SB oznalime postupné ep; e;; e;, jak

patrno z obr. 3.

Vv

m(ty,t;) =

o velikosti:

f(tlf tz) =

h h
n(t1)So+m(ty,t2)hpsbp(~E2+hp, ) +hpy bp=EL

. (19)
n(ty)Ag+m(ty,ta)hpabp+hpibp

c¢) Homogenizace: plocha Ayp, moment setrvacnosti Inp
a modul pruznosti nahradniho profilu
Plati:

Ipy = 33 bghis, 20)

!
Hd -
.

Y J h ‘Iﬁ Leq
Aes N

A Eea hey ¥ Lex
' Aw L™ ™

Obr. 3 Statické schéma vypoctu pro variantu se dvéma vrstvami SB
Fig. 3 Structural diagram of the calculation for the variant with two SC
layers

n(t,) =m (17)

whilst the conversion of the second, younger, SC layer to the
older SC layer is governed by the proportion:

Ef l_e" % _aiz

f i (18)
m(ty, t;) = e, C g

L"Jr(l—-l? br ) 1-e b

Times t,, t, are times of curing of the first and second SC layer.

b) Centre of gravity of the substitute profile

We will mark the coordinates of centres of gravity of the diagrams
attributable to the steel profile, the older SC layer and the younger
SC layer consecutively as ey; e;; e;, as obvious from Fig. 3.

Coordinates of the centre of gravity of the composite diagram
will depend on time; their sizes will be:

hg: h
n(t 1}50+m(£1,LZJ.FIHZDB(%HIBLJHIBlhg%

f(t,t;) = (19)

n(ty)Agp+mi(ty,ta)hgabg+hgi bp

¢) Homogenisation: area Ayp, moment of inertia Iyp and the
modulus of elasticity of the substitute profile

It applies that:

1

and
_ 1 3
[.'?2 L lzbﬁ'hﬁ'z (21)
Further:

Anp(ty, 62) = n(t)Ag + m(ty, ) hgabg + hg by = 1y (D) Ap + m(ty, £5)Ag; + Apy

(22)
and

Inp(t1,t2) = n(t;)lp + n(t;)Aqg(eg _f(ﬁ:f:)f + g1 + Apy(e; - f(tlrfz))z +
m(ty, t)lz + mity, t2)Apz ez —f(fl-fzj)z
(23)
Taking into consideration the marking in Fig. 3, it is possible to
convert this equation to the form:

fm’(!s-tzJ =n(t,)lo + n(t|]1'1f;(er) P f{fhfzn: +Ip + Am (%‘I gl f.(f[-f-'z]) +

m(ty, ta)lgs + m(ty, )4 (MT'J + hgy — f(ty, f;:))u
(24)

Quantities Anp(t;,t2), Inp(t1,t2) (see Fig. 1) apply at time ¢ >
ttech 2+11-r2- The modulus of elasticity at this time is Ep(tecp,2)
according to equation (1).

If the lining is modelled as a framed structure, these quantities
describe it exhaustively.

d) Modification of cross-sectional quantities

Through the modification, we will attribute the lining stiffness
values following from equations (1), (22), (24) to a homogeneous
rectangular cross-section, the length of which is firmly determined
by the spraying round length b,. The rectangular cross-section
height will be &, and its modulus of elasticity will be E,,. It appli-
es that:

EBIANP[tla fz) - E,r' (1 = 6’_’_") ANP(tlrfz) == Em(Ll-rz)bzhm(cla EZIJ!

(25)
Ealwp(ts,ts) = B (1= €70 ) Iup(ts,t2) = 2 En(ts, )b, (11, 12)
(26)

By adjustment we will receive equations (27) and (28):
& (tl tz) " EpyAnp(tits) o J.-'J,(]—c,- i;_')ANP(h.Ig] (27)

bzEm(ty.tz) beEm(tytz)



a i g
Iz = — bghyp, 2D
Dile:
Anp(ty, tz) = n(t)Ag + m(ty, t)hgabg + hgibg = ny (DA + m(ty, t2)Ags + Apy
(22)
a

Inp(t tz) = n(t)lp + “(fl)ﬂo(eo = f{tptz))z + g + 4481(5‘1 —f(h-tz))z +
m(ty, )l + m(ty, ) Apy (2 — f (8, fz))z
(23)
S prihlédnutim ke znaceni na obr. 3 lze tuto rovnici prevést na
tvar:

2
Inp(ty, ) = n(ty)lg +n(ty)Aq (eo —f(fufz))z + g + Apy (Ef‘l‘— f(ti-tz)) +

2
m(ty, t2)lgs + m(ty, t2)Ap; (% +hps = f(ts, fz}]
(24)
Veliciny Anp(t;,t5), INP(1,,t,) plati (obr. 1) v Case t > tiech2+1;-15.
Modul pruznosti v tomto Case je Ep(tch,2) podle rovnice (1).
Je-li osténi modelovéno jako prutova konstrukce, popisuji je tyto
veli¢iny vy&erpdvajicim zpusobem.
d) Modifikace prurezovych veli¢in
Modifikaci prifadime tuhosti osténi, plynouci z rovnic (1), (22),
(24) homogennimu obdélnikovému prufezu, jehoz délka je pevné
stanovena délkou zabéru b;. ObdéInikovy prufez bude mit vysku
hm a jeho modul pruznosti bude Ej,. Plati:

LT b
EgiAnp(ty ty) = Ef (1 —e "‘) Anp(ty, tp) = E(ty, )b, hyy (81, 85),

(25)
_aty
Egylnp(ty, tz) = Ef (1 -e tr) Inp(ti,tz) = éEm(tl. t2)b,h3,(t, )
(26)
Upravou obdrZime rovnice (27) a (28):
E (1 e-%ﬂ)A (t1.t2)

_ EpiAnp(taita) _ rl1-e 7 JAnp(titz .
hm(tlj tZ) - bzEm(tytz) - bzEm(ty.tz) ] ( )

_at

—a tr
B (ty ty) = ZEmineCits) _ B (1= Jwecesear (28)

m ’ = -

by (tytz) bahi(ty,tz) !

které déle upravime na konecny tvar

_aty _atp?
125;(1—9 tr );Np(tl,t;) E}(l—e rr) AR pltita)
3 —9

Em(ty,t2) = _at 12Inp(t1,62)0F
Kf(l—e tr | Inp(t1t2)Anp(tita)
bz bzEm(ty.t2) (29)
_ 23 yp(tits)
hm(rb tz) - m - (30)
PRIKLAD

Pro ilustraci je uveden ndsledujici priklad homogenizace a mo-
difikace ocelobetonového modelového osténi tvoreného ocelovym
profilem HEBREX 240, se stiikanym betonem SB 20, pro ktery
byly provedeny deformaéni zkousky, pricemz po vyhodnoceni
vysledka &ini 5 % kvantil zaru¢eného modulu pruZznosti po 28
dnech Ezs = 18 GPa. Mocnost betonové vrstvy je celkem 350 mm,
aplikace probihala ve dvou vrstvéach o stejné mocnosti. Vypliovou
a povlakovou ¢ast betonu ocelového profilu neuvazujeme. Délka
zdbéru ¢inf 1,2 m (uvazujeme 1 ocelovy profil na 1 zabér). Caso-
vé prodleva mezi dvéma vrstvami SB ¢ini jeden den. Vliv ndhrady
stojiny u profilu ocelovymi pruty zanedbame, uvazujeme pro zjed-
noduseni, Ze hodnota modulu pruZnosti po 28 dnech je rovna
modulu pruznosti Ef.

Vstupni parametry:
Ey =210 GPa
E; =18 GPa
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_aty
e 12E¢| 1—e ‘?'Jlmjuj.ig]
oW I 12EgiInp(tita) _ .r(
m( 1s 2) T, 3 == ] L]
byl (t.tz) bzhim(ty.t2)

(28)

which will be further adjusted to the final form:

2

ooy Y e iy
12;-:,(1—e tr ]:NP[_cl,r-,_) ;;'f( 1-e fr) A p(titz)
] =

Em(ty,t2) = _aty) T12lup(ti )bl
J-,'Jr( 1—e ‘=') INP (t1.t2)ANpititz)
by bzEm(ty.tz) (29)
2 3Inp(tytz)
1m(f1-fz) JAnp(trtz) (30)
EXAMPLE

For the purpose of illustration, the following example is presen-
ted regarding the homogenisation and modification of the steel-
concrete model lining consisting of a HEBREX 240 steel profile
and SC 20 shotcrete, for which deformation tests were conducted;
after the assessment of the results, the fractile amounts to 5 per
cent of the guaranteed modulus of elasticity after 28 days Amounts
to Ezs = 18GPa. The aggregate thickness of the shotcrete layer is
350mm, the application was carried out in two identically thick
layers. We do not take into consideration the filling and covering
part of the steel profile. The excavation round length is 1.2m (we
take into consideration 1 steel profile per excavation round). The
time lag between 2 SC layers is 1 day. We will disregard the effect
of the substitution of the profile web by steel rods. We consider
for the purpose of simplification that the value of the modulus of
elasticity after 28 days is equal to modulus of elasticity Ef.

Input parameters:

E, =210GPa
E; = 18GPa
Ay = 0.0106m2

Iy =0.0001126m4

Sp =0.001272m3

b, =12m

hg =0.175m

hg, =0.175m

a=0.14

t,—t, = lday

We will find the static quantities for the steel profile in tables
for steel elements (Wald, 2003), specifically for HEB 240 profi-
le, because of the fact that we disregard the effect of the substi-
tution of the web by steel rods. Static quantities which do not
change their values with time are calculated according to the
above-mentioned equations on the lines below. This applies to
the moments of inertia of individual diagrams of SC layers (equa-
tions 20 and 21), cross-sectional areas of these layers and the
length of the SC layer for one advance round.

ABl = 0168”’12
Iz, = 0.000429m*
Apy = 0.168m?
Iy = 0.000429m4
by =0.96m

The following Fig. 4 demonstrates the dependence of the
modulus for shotcrete on time, according to equation (1).

The quantities presented in Table 1 depend on time and the
marking and description contained in chapter List of Quantities
applies to them. We use the relationship (1) for the dependence
on time of the modulus of elasticity of shotcrete. Relationships
(17)-(19), (22), (24), (29), (30) are relevant for the calculation of
the other time-dependent quantities.

Figures 5 through to 7 present the dependences of the develop-
ment of the modified thickness of the homogenised lining, the
modulus of elasticity and bending stiffness on the older SC layer
cure time. The logical nonzero value of the depicted characteristics
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at time #; = 0 and the interesting develop-

20000 . . : ment of s, given by mutual stiffness, time
18000 = and geometrical proportions of shotcrete
16000 == ? o m———— and steel, affecting the applied homogeni-
t } sation, are well obvious from the results.
14000 — __ — ,'_ ———— _ —

3 12000 - } -+ CONCLUSION
= 10000 - : i We have derived equations (9), (10), and
u® 8000 - (15), (16), respectively, which homogenise
6000 the cross-sectional area and the moment of
inertia of a composite reinforced concrete
4000 — cross-section. The homogenised quantities
2000 — 11— are analytical functions of time and allow
0 ! | for determining the stiffness of the composi-

1 6 11 16 21 26 te cross—sectlgn at any moment. The equati-
ons are applicable to the cases where we
consider the lining to be a homogeneous
beam with the area, moment of elasticity
Obr. 4 Vyvoj modulu pruZnosti homogenizovaného osténi v ¢ase zrdni starsi vrstvy SB pro 2 vrstvy stiika-  4nd modulus of inertia specified.
ne.ho betonu SB 20, Ey= 18 GPa a ocelovy.p{'oﬁl HEB 240 . . _ ) ) Equations (15), (16) and equations (29),
Fig. 4 Development of the modulus of elasticity of the homogenised lining during the time of curing of the (30) spectively. are available in the cases
older SC layer for 2 layers of SC 20 shotcrete, Er = 18GPa and a HEB 240 steel profile ) ? .respec tvely, are avatlable 1n~ . e. cases
in which we model the geometry of lining by

t, [dny/days]

Ag =0,0106 m? arectangular element with the firmly set length b; equal to the exca-
Iy =0,0001126 m* vation round length. They allow for attributing such the thickness &,
So =0,001272 m3 and variable modulus of elasticity Ep, to the rectangular element in
b,=12m time that the stiffness of the composite lining is determined correct-
hpy =0,175m ly at any moment.
hp, =0,175m
a=0,14
tl - t2 =1 den
Statické veliCiny pro ocelovy profil 0,37
vyhleddme v tabulkdch ocelovych prvku 0365
(Wald, 2003), a to pro profil HEB 240, ! | 1
nebot’ zanedbdvdme vliv néhrady stojiny 036 ————F+H+r+"1+ —— e
za ocelové pruty. Na ndsledujicich fad- ' { {
cich jsou podle vySe uvedenych rovnic = 0,355
vypocéitané statické veli¢iny, které nemé- £
ni svoji hodnotu v case. Jednd se ;E. 0,35
o momenty setrvacnosti jednotlivych 0345
obrazcu vrstev SB (rovnice 20 a 21), pru- ’
fezové plochy téchto vrstev a délku vrst- 034 J—— e e Pk
vy SB pro jeden zabér. ' {
Apy =0,168 m2 0,335
Ip; =0,000429 m* {
Agy, = 0,168 m2 033 ————
Iy, =0,000429 m4 1 6 11 16 21 26
bg =0,96 m t, [dny/days]
Obrazek 4 zndzornuje zdvislost modulu

stifkaného betonu na ¢ase podle rovnice (1).

R A Obr. 5 Vyvoj modifikované vysky homogenizovaného osténi v ¢ase zrdni starsi vrstvy SB pro 2 vrstvy stiika-
V tabulce 1 jsou zobrazeny veliCiny, i i oy seniz . v P Y

3 . o . > ného betonu SB 20, Ef = 18 GPa a ocelovy profil HEB 240
které na case zavisejl a pro nez plati g ig. 5 Development of the modified thickness of the homogenised lining during the time of curing of the
oznacenf a jejich popis z kapitoly seznam  older SC layer for 2 layers of SC 20 shotcrete, E r=18GPa and a HEB 240 steel profile

Tab. 1 Vysledné charakteristiky primdrniho osténi po homogenizaci a modifikaci
Table 1 Resultant characteristics of a primary lining after homogenisation and modification

ty ty Ep> Epy n m f Anp Inp En hm Emlm
[dny/days] [dny/days]  [MPa] [MPa] [] [ [m] [m?] [m?] [MPa] [m] [MNm?]
0 1 0 2351 89.303 0.000 0.115 1.115 0.010 6541 0.334 20.29
1.00 2.00 2351 4395 47.772 0.535 0.130 0.764 0.008 7807 0.359 30.00
4.00 5.00 7718 9061 23.175 0.852 0.147 0.557 0.006 11434 0.368 47.36
9.00 10.00 12894 13561 15.485 0.951 0.155 0.492 0.006 15165 0.367 62.23

14.00 15.00 15464 15795 13.295 0.979 0.158 0.473 0.005 17047 0.366 69.38
19.00 20.00 16740 16905 12.422 0.990 0.159 0.466 0.005 17985 0.365 72.90
24.00 25.00 17374 17456 12.030 0.995 0.160 0.463 0.005 18452 0.365 74.64
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veli¢in. Pro casovou zdvislost modulu
pruznosti betonu vyuzivime vztah (1).
Pro vypocet ostatnich ¢asové zavislych 20000 =]
veli¢in jsou relevantni vztahy (17)—(19), 18000 e e e - : ————
(22), (24), (29), (30). 16000 ==T o=
Obr. 5 az 7 zndzornuji zévislosti vyvo- /
je modifikované vysky homogenizova- 14000 - = = =
ného osténi, modulu pruznosti a ohy- S 12000 i
bové tuhosti na Case (dobé) zrani starSi = 10000 7 ______'_Ei__'______.___ —
vrstvy SB. Z vysledki je dobfe patrnd | < | !
logickd nenulovd hodnota zobrazova- 8000 — ———
nych charakteristik v Case t; = 0 a za- 6000 I
jimavy vyvoj h,, dany vzdjemnymi tu- 4000 — == ——
hostnimi, ¢asovymi a geometrickymi 2000 1—
proporcemi stiikaného betonu a oceli,
které ovliviiuji aplikovanou homogeni- 0 1
zaci. 1 6 11 16 21 26
t, [dny/days]
ZAVER

Obr. 6 Vyvoj modifikované vysky homogenizovaného osténi v case zrdni starsi vrstvy SB 20, Er= 18 GPa
Fig. 6 Development of the modified thickness of the homogenised lining during the time of curing of the older
SC 20 layer, SB 20, Ey = 18GPa

Byly odvozeny rovnice (9), (10), resp.
(15), (16), které homogenizuji prufezo-
vou plochu a moment setrvacnosti slo-
Zeného Zelezobetonového prafezu. Ho-
mogenizované veliiny jsou analyticky-

E,|,, [MNm?|

mi funkcemi Casu a umoZnuji stanovit 80 —]

tuhost sloZeného prifezu v kterémkoliv 70 — ! |

okamzZiku. Rovnice jsou pouZitelné tam, = '

kde se o osténi uvazuje jako o ho- 60 ——

mogennim prutu se zadanou plochou, ‘/ .

momentem setrvacnosti a modulem 30 / |

pruzZnosti. 40 :
Tam, kde je modelovdna geometrie /

osténi obdélnikovym prvkem o pevné 30 —— ——— — —

stanovené délce bz, rovné délce zdbéru 20 / |

razby, jsou k dispozici rovnice (15),

(16), resp. (29), (30). Ty umoznuji prira- 10

dit obdélnikovému prvku v case pro-

meénnou tloustku A, a proménny modul '

pruznosti Ep takové, Ze tuhost sloZené- 1 6 1 16 21 26

ho osténi bude v kterémkoliv okamZiku t, [dny/days]

spravné stanovena.

Obr. 7 Vyvaj ohybové tuhosti homogenizovaného osténi v ase zrdni star$i vrstvy SB pro 2 vrstvy stitkaného
PODEKOVANI betonu SB 20, Ef= 18 GPa a ocelovy profil HEB 240
Fig. 7 Development of the bending stiffness of the homogenised lining during the time of curing of the older
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MIKROTUNELOVANI V PROMENLIVYCH GEOLOGICKYCH PODMINKACH
MICROTUNNELLING IN VARIABLE GEOLOGICAL CONDITIONS

KAREL FRANCZYK

ABSTRAKT

Obsah &ldnku pojedndvd o problematice provddeni mikrotunelovdni, pripadné mechanizovaného tunelovdni v malych prurezech,
v proménlivych geologickych podminkdch. Nejdrive je vysvétleno rozdeleni metod a jejich vyuZiti. Ndsleduje shrnuti kritickych para-
metrii pri provddeni geologického priizkumu. Posléze jsou popisovdny zdkladni situace proménlivé geologie v riiznych kombinacich,
jejich rizika a dopad na prubéh praci i mozZnosti FeSeni. V zdvéru je strucné pripomenuto nékolik prikladi z realizovanych projektii
v CR i SR. Zdvérecnd kapitola je pokusem o shrauti zdkladnich principi, jak v proménlivich podminkdch ispéiné dokoncit projekty
mechanizovaného tunelovdni malych profilii.

ABSTRACT

The content of this paper is dedicated to problems of microtunnelling, or small-profile mechanised tunnelling, in variable geological con-
ditions. It begins with the explanation of the division of methods and their application. A summary of critical parameters during the executi-
on of geological surveys follows. Subsequently the paper describes basic situations of variable geology in various combinations, their risks
and impacts on the course of work and possible solutions. Several examples from projects completed in the Czech Republic and abroad are
briefly remembered in the conclusion. The final chapter is an attempt to summarise basic principles of how to successfully complete small-dia-

meter mechanised tunnelling projects.

1 OvVOD

V podminkéch Ceské republiky je Casté, e podzemni stav-
by se provadéji v promeénlivych geologickych pomeérech.
Vychdzi to samozrejme z geologické skladby, kterd je, az na
vyjimky (Polabi, stfedni Morava, apod.), velmi pestrd. To
muZe tesit geology, ale méné tuneldre. Obzvlast' v pripadech
kontinualniho tunelovani plnoprofilovymi tunelovacimi stro-
ji tak narustaji rizika, Ze muZe dojit k nevhodné konfiguraci
systému, ktery uz pak nemusi byt mozné adaptovat na zmeé-
néné prostredi. Toto riziko bude relativné mensi u kon-
venéniho tunelovani (NRTM, ,.drill and blast*), kde existuje
bezproblémovy pristup do Celby, a tudiz i vysoka flexibilita
reagovdni na zmény prostfedi. To byl zfejmé i jeden
z duvodu, pro¢ se moderni metody kontinudlniho tunelovan{
prosazovaly v naSich podminkdch obtizn€ji neZ v zemich,
kde je geologicka skladba prece jen stejnorod€jsi (Némecko,
Nizozemsko, Skandindvie, atp.). Nicméné i u nas se jiz kon-
tinudlni tunelovdni malych prufezu, tedy zejména mikrotu-
nelovdni, pro své nesporné prednosti (vysokd kvalita, bez-
pecnost prace, nepomérné vySssi rychlost razby, apod.) prosa-
zuje, a stoji proto zato, se otdzkami jeho nasazeni v pro-
ménlivych geologickych pomérech zabyvat. Z toho pohledu
je ¢lanek spise vyzvou k zamysleni nad problematikou, nez
Ze by si dé¢lal naroky na jakékoliv definitivni zavéry.

2 MIKROTUNELOVANI

O mikrotunelingu se hovofi v pripadé dalkové ovladané-
ho, riditelného a plné mechanizovaného jednostupnového
protlacovani v obvyklém rozsahu 300 aZ 3000 mm vrtaného
profilu. Vzdy vSak budou systémy tvoreny razici hlavou,
odtézovaci, pfipadné pracovni komorou a déle ndvésem riz-
nych délek a provedeni. Z hlediska geologického prostredi
a jeho proménlivosti bude nejduleZitéj§im parametrem typ
razici hlavy. Pfi jistém zjednoduSeni se dd fici, Ze u mi-
krotunelovani mohou existovat tfi zdkladni typy razicich
hlav:

e razici hlavy do zemin,

e razici hlavy do poloskalniho prostredi,

¢ razici hlavy do pevnych skalnich hornin.

1 INTRODUCTION

It is frequent in the conditions of the Czech Republic that
underground structures are carried out in variable geological
conditions. The reason is naturally in the geological structure,
which is, with some exceptions (the area along the Elbe River,
central Moravia etc.), very chequered. This fact may please geo-
logists, but tunnellers less. Especially in the cases of continual
tunnelling using full-face tunnelling machines, where risks grow
that an unsuitable configuration of the system may be encounte-
red for which it may be impossible to be adapted to the changed
environment. This risk will be relatively smaller for conventio-
nal tunnelling (the NATM, drill-and-blast), where unhindered
access to the face, therefore also high flexibility of responding to
the changes of environment, exist. This was most probably one
of the reasons why modern continual tunnelling methods broke
into our conditions with more difficulties than in the countries
where geological structure is more homogeneous (Germany, the
Netherlands, Scandinavia etc.). Nevertheless, small-diameter
tunnelling, mainly microtunnelling, exerts itself for its unquesti-
onable advantages (high quality, safety at work, incomparably
higher advance rates etc.). It is therefore worth dealing with the
issues of its application to variable geological conditions. From
this point of view, the paper is rather an appeal to consider the
issues than making claims on any final conclusions.

2 MICROTUNNELLING

We speak about microtunnelling in the case of a remotely
controlled, steerable and fully mechanised single-stage jacking
within the usual range of bored profiles of 300 to 3000mm.
Nevertheless, the systems will always be formed by
a cutterhead, an extraction or working chamber and a trailing
gear of various lengths and design. From the aspect of geologi-
cal environment and its variability, the cutterhead type will be
the most important parameter. With some simplification we can
say that the following three types can exist in microtunnelling:

e ecarth boring cutterheads,

¢ weak rock boring cutterheads,

e rock boring cutterheads.



Obr. 1 Razici hlava do poloskalnich hornin
Fig. 1 Weak rock boring cutterhead

(Z duvodu vétsi univerzélnosti se vyrobci vétSinou snazi
o to, aby razici hlavy mohly pracovat jak v prostredi zemi-
novém, tak i poloskalnim, coZ v§ak nemusi byt vZdy mozné.)

Mikrotunelovaci systémy ddle lze rozdélit z pohledu zpu-
sobu odtéZeni a formy stabilizace v komplikovaném geolo-
gickém prostredi:

e Systém EPB, kde proti geostatickému tlaku vné&jsiho

prostiedi pusobi protivdha odt€Zované rubaniny.

e Pretlakové systémy vyuzivajici pretlaku vzduchu proti
napr. tlaku podzemni vody.

* Snekové systémy, kde odtéZeni probiha $nekovym vyna-
SeCem a prvky stabilizace Celby zcela chybi.

e Vyplachové systémy vyuZivajici k odté€Zeni a stabilizaci
prostiedi kontrolovany vyplach — dnes se jednd o pre-
vladajici systém u mikrotunelovacich souprav.

Rozbor jednotlivych metod Ize najit napfiklad v [1].

Zatimco vyména jednotlivych feznych dlit je vétSinou
v prubéhu razby mozna (kromé mikrotunelovacich systému
do cca 1200 mm prufezu), moznost zmény celkové konfigu-
race v prub€hu razby je prakticky vylou&ena. Proto je zdsad-
ni otdzkou sprdvné vedeni geotechnického pruzkumu a kon-
figurace takového raziciho systému, ktery bude sto v daném
geologickém prostiedi, se vSemi riziky jeho obménovini,
obstat (obr. 1, 2).

Obr. 2 Razici hlava do skalnich hornin
Fig. 2 Rock boring cutterhead
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(For the reasons of higher universality, manufacturers most-
ly attempt to design cutterheads capable of working both in
soils and weak rock, which, however, does not have to be
always possible.)

Microtunnelling systems can be further divided from the
aspect of the muck extraction and the form of stabilisation in
a complicated geological environment:

e The EPB system, where the weight of the muck being
extracted acts against the geostatic pressure exerted by the
external environment.

* Positive pressure systems using positive air pressure
acting against the pressure of, for example, groundwater.

e Screw-based systems where the muck is extracted by
a screw conveyor and face stabilising elements are com-
pletely missing.

e Slurry systems using controlled flushing for the extraction
and stabilisation of the environment — this system today
prevails on microtunnelling sets.

An analysis of individual methods can be found, for exam-

ple, in [1].

Whilst replacing individual cutters during the course of the
excavation is mostly possible (with the exception of microtun-
nelling systems up to about 1200mm diameter profiles), the
possibility of a change in the overall configuration during
excavation is virtually excluded. The fundamental issue there-
fore is the correct execution of geological survey and the con-
figuration of such a tunnelling system which will be capable of
succeeding in the particular geological environment, coping
with all risks of its changes (see Fig. 1 and 2).

3 GEOTECHNICAL INVESTIGATION

Geotechnical investigation is mostly based on studying
archive documents and is further refined by boreholes or dug
wells, or by geophysical means.

From the aspect of microtunnelling, we will be interested in
individual geotechnical types of earth environment, namely
the following ones:

e If rock, weak rock or earth environment, possibly even
water-bearing, is in question — this is for the reason of the
correct selection of the tunnelling system and the cutter-
head,

¢ Contingent encountering of underground obstacles (diap-
hragm walls, utility networks, underground structures,
remains of mining activities etc.) — their occurrence could
threaten the very possibility of the application of tunnel-
ling complexes.

e In the case of a rock environment — compressive strength,
abrasivity, boreability, the content of a crystalline compo-
nent etc. — all of that influences the selection, configurati-
on and wear of disk cutters.

* In the case of weak rock — the possibility of decompositi-
on to a clayey component, a change in parameters in the
case of saturation with water, excavation stability, grouta-
bility etc. — this is for the reason of a correct extraction
method or, as the case may be, installation of stabilisation
elements in the tunnel surroundings.

¢ In the case of cohesive soils — the degree of plasticity, con-
tent of a clayey or montmorillonite component, compres-
sive strength and other mechanical properties — this is for
the purpose of the selection of auxiliary or chemical
means for the extraction and separation.
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3 GEOTECHNICKY PRUZKUM

Geotechnicky pruzkum vétSinou vychdzi ze studia archiv-
nich materidla a ddle je zpresnovén vrtanymi ¢i kopanymi son-
dami pripadné geofyzikdlnimi prostredky.

Z hlediska mikrotunelovani jsou vyznamné jednotlivé geo-
technické typy pudniho prostiedi, a to zejména:

* Jednd-li se o prostfedi skalni, poloskalni, zeminové (sou-

drzné &i nesoudrzné), pripadné jeSté zvodnélé — praveé
z divodu spravné volby raziciho systému a razici hlavy.

e Pfipadny vyskyt podzemnich prekdzek (podzemni stény,
inZenyrské sité, podzemni objekty, pozustatky dulni &in-
nosti, atp.) — jejich vyskyt by mohl ohrozit samotnou moz-
nost nasazeni tunelovacich komplexu.

e V pripadé skalniho prostfedi — pevnost v tlaku, abrazivita,
vrtatelnost, obsah kfemenné sloZzky, aj. — to vSe md vliv na
volbu, konfiguraci a opotfebeni valivych dlat.

* U poloskalnich hornin moZnost rozpadu na jilovitou sloz-
ku, zména parametru pii zvodnéni, stabilita vyrubu, injek-
tovatelnost apod. — z duvodu spravného zpusobu odtéZent,
pripadné nastaveni stabilizacnich prvku v okoli razby.

e U soudrznych zemin pak stupen plasticity, obsah jilovi-
té pripadné montmorilinitové slozky, pevnost v tlaku
a dal8i mechanické vlastnosti — kvili volbé pomocnych
&i chemickych prostiedku pro odtéZeni a separaci.

* U nesoudrznych zemin kifivky zrnitosti, velikosti balvanu
a jejich Cetnost a pevnost, vodopropustnost a pérovitost —
zejména z duvodu stabilizace vyrubu a Celby a volby opat-
fenf k zamezeni pruvalu podzemni vody do stroje.

Velmi duleZité je odhadnout oéekdvané pritoky podzemn{
vody do Celby a zvazit mozny vliv jejitho odCerpdvani na
povrchové objekty.

Dile je treba posoudit pripadny vliv horninového ¢i zemino-
vého prostredi na velikost a rozsah poklesové kotliny na povr-
chu — opét s moznym dopadem na zde se vyskytujici objekty.

4 PRIKLADY SITUACI

41 Zeminové prostiredi
4.1.1 Kombinace soudrznych a nesoudrznych zemin

V prubéhu razby se mohou stifdat vrstvy soudrZnych
zemin a vrstvy zemin nesoudrZnych, jako jsou pisky a Stérky.
Tim muZe vzniknout velky problém pro ty mechanizované
Stity, které vyzaduji pro tyto dva typy zemin rozdilnou kon-
figuraci hlavy. Resenim je naopak vyuziti systému do uni-
verzalnich zemin, které na trhu jsou dostupné, ale ndkladn¢j-
§i. Je tfeba pochopit, Ze zejména u mensich profilt predsta-
vuji pro strojni razbu soudrzné a nesoudrzné zeminy dva
naprosto odli$né problémy. U ¢isté nesoudrznych zemin vzni-
ka problém se stabilizaci vyrubu a §ir§iho okoli. To se da resit
v modu EPB (Earth Pressure Balance), pokud se vyskytuje
i podzemni voda pod tlakem, tak v kombinaci s pretlakem
vzduchu nebo s vyplachem. Naopak v prostredi napriklad

pokryv / nappe

Stérkopisky / sandy gravels

jily / clays

Obr. 3 Kombinace soudrinych a nesoudrznych zemin
Fig. 3 Combination of cohesive and incohesive soils

e In the case of incohesive soil — grading curves, sizes of
boulders and their frequency and strength, water permea-
bility and porosity — this is most of all for the reason of the
stabilisation of the excavation face and selection of mea-
sures intended to prevent the incursion of water to the
machine interior.

A very important thing is to guess on the expected ground-
water inflows to the heading and consider the possible influ-
ence of extracting it to surface structures.

Possible influence of the rock or earth environment on the
size and extent of the settlement trough on the surface — again
with a possible effect on existing buildings.

4 EXAMPLES OF SITUATIONS

4.1 Earth environment
4.1.1 A combination of cohesive and incohesive soil

Layers of cohesive soil and incohesive soil, such as sands and
gravels, may alternate during the excavation. It can cause
a serious problem for the mechanised shields which require dif-
ferent configurations of the cutterhead for these two soil types.
The solution lies in the application of systems for universal soil
types, which are available on the market. Although, they are
more expensive. It is necessary to understand that cohesive and
incohesive soil types pose two completely different problems
for mechanical tunnelling, mainly for smaller profiles.
A problem with the stabilisation of the excavation and its sur-
roundings originates in the case of purely incohesive soil types.
This problem can be solved by the Earth Pressure Balance
(EPB) mode. If groundwater under pressure is encountered, it
is necessary to combine it with positive air pressure or slurry.
Conversely, in an environment formed by sticking or swelling
clays, the problem will not be so much with the excavation sta-
bility, it will rather be with clogging of cutters, extraction and,
in the final phase, even with separation (see Fig. 3).

4.1.2 Local occurrence of quicksand or groundwater under
pressure

In this case troubles can originate regarding maintaining the
direction of vertical alignment of the drive. During mechanical
excavation these parameters are critical and are very difficult
to rectify subsequently. For that reason it is good to know
about these occurrences in advance and to proceed carefully.
Systems based on the slurry systems are better accommodated
to coping with sudden cases of groundwater inrushes.

4.1.3 Local occurrence of larger stones or boulders

This problem is associated with small microtunnelling sys-
tems designed for soils (up to 1200mm dia). All these EPB cut-
terheads have certain restrictions associated with the maxi-
mum permitted size of encountered boulders. Most frequently
the maximum dimension of a boulder will be greater than one
third of the machine profile. To this end it is recommended to
consider the safety coefficient at least 1.5 for the identified
dimensions. If the sizes of the majority of boulders approxi-
mate the critical dimensions and, in addition, boulders are the
prevalent fraction on the grading curve, it is certainly a signal
that the EPB TBM will not be suitable and the use of a full-
face tunnelling machine for hard rock will be better because,
from this point of view, a heavily bouldery environment is rat-
her a rock environment. It is however necessary to count with
high porosity of the environment, which fact may reflect itself
in the high consumption of slurry or grouting into the advance
core if necessary.




lepivych ¢i bobtnavych jilu nebude problém ani tak se stabi-
litou vyrubu, jako spiSe se zalepovanim dlét, s odt€Zenim
a ve findle i se separaci (obr. 3).

4.1.2 Mistni vyskyt tekutych pisku nebo podzemni vody
pod tlakem

Tady mohou nastat potiZe napriklad s udrZzenim sméru ¢i
nivelety razby. To jsou ale pri strojni razb€ kritické paramet-
ry, které se velmi obtizn¢ napravuji nasledné. Proto je dobré
o téchto vyskytech védét predem a postupovat obezrfetné. Pro
zvladani ndhlych pripadi vyrond podzemni vody jsou lépe
uzpusobeny systémy na bdzi vyplachovych systému.
4.1.3 Mistni vyskyt vétSich valounu ¢i balvanu

Tento problém se tykd malych mikrotunelovacich systému
do zemin (do 1200 mm). VSechny tyto zeminové razici hlavy
maji ur¢ité omezeni dané maximalné pripustnou velikosti
vyskytujicich se balvana. VétSinou se bude jednat o maxi-
malni rozmér balvanu vEtsi neZ jedna tfetina prufezu stroje.
K tomu se doporuc€uje uvazovat s bezpecnostnim koeficien-
tem alespori cca 1,5 u zjisténych rozméra. Pokud se kritické-
mu rozméru bliZ{ vétSina valount a jde navic o prevladajici
frakci v kfivce zrnitosti, je to urcité signal, Ze zeminovy stroj
nebude vhodny a bude 1épe nasadit stroj skalni, protoZe silné
balvanité prostfedi je z tohoto pohledu spiSe prostredim hor-
ninovym. Je vSak tfeba pocitat s vysokou pérovitosti pro-
stiedi, coZ se muZe odrazit ve velké spotfebé vyplachovych
hmot, pfipadné v nutnosti stabilizujici injektdZe predpoli.
4.1.4 Proménlivost jila

I zeminy jednoho druhu se mohou relativné vyrazné liSit
v nékterych podstatnych vlastnostech. Tykd se to zejména
jila, které mohou byt napiiklad suché (aZ presuSené, coZ je
také nepriznivé pro stabilitu Celby) ¢i nasycené, pevné ¢&i roz-
bridavé az bobtnavé. Také se muze velmi liit prilnavost jila
na fezné orgdny, a to az tak, Ze muZe vést k iplnému zalepe-
ni a nemoznosti postupu. Jily mohou byt v pripad¢ vyplacho-
vych systému obtizné k odseparovdni, coZ pak nédsledné razbu
jednak zpomaluje a jednak zdraZuje (Casté vymény vyplachu,
ndkladné uloZeni na mezisklddce). Podobné jako jily se
mohou chovat i jilovité nebo vdpencové horniny, pokud inkli-
nuji k rychlému rozpadu na jemnozrnnou aZ montmorilinitic-
kou slozku. V téchto pfipadech pomuZe jediné nasazen{ zv14st
vykonné, nejlépe tristupnové, separacni jednotky.

4.2 Prostiedi zeminové v kombinaci s prostiedim
skalnim

4.2.1 ZvInéné skalni podloZi

Pri razbach v men$ich hloubkdch mohou nastat situace,
kdy se pod relativné dobre prostupnymi zeminami vyskytuje
tvrdé skalni rozhrani, pfipadné vlnici se horninové podlozi.
Razicfi stroj bude mit totiz vZdy tendenci uhybat smérem do
zemin, tedy se zvedat. Zejména se to tykd pripadu, kdy se
horninové podloZi ve sméru razby mirné zvedd, aZ zaCne
postupné zasahovat do profilu razby. Tady je prakticky
nemozné, aby se stroj do skdly zakousl a udrZel niveletu.
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4.1.4 Variability of clays

Even soils of one type may significantly differ in some sub-
stantial properties. This concerns mainly clays, which may be,
for example, dry (even overdried, which property is also unfa-
vourable for the face stability) or saturated, hard or slaking to
swelling. The adhesion of clays to cutting bodies can also sig-
nificantly differ, up to the degree that complete clogging can
take place and further advance can become impossible. In the
case of slurry systems, clays can be difficult to separate, which
subsequently reduces the advance rate and increases the cost of
excavation (frequent replacements of slurry, expensive dispo-
sal on an intermediate stockpile). Clayey or limestone grounds
can behave similarly to clays if they incline to rapid decompo-
sition to fine-grained up to montmorillonite components. In
these cases only the use of an especially powerful, preferably
three-stage, separation unit will help.

4.2 Earth environment in combination with rock
environment

4.2.1 Undulated bedrock

Situations may occur when driving tunnels at smaller
depths, where a hard rock interface or undulating bedrock is
encountered under relatively easily penetrable soils. The tun-
nelling machine will always tend to swerve in the direction
toward soils, i.e. to rise. Above all, these are the cases where
the bedrock slightly rises in the direction of excavation and
starts to extend into the excavation profile. In this case it is
virtually impossible for the machine to bite into the rock and
maintain the vertical alignment. It is necessary to avoid these
situations — either by placing a sufficient construction pit to
such a location or, for example, by driving in the opposite
direction if it is possible. The most important thing is to know
about these situations, which can be allowed for, for example,
by geophysical investigation. Another measure eliminating
the above-mentioned risks can be, for example, massive
strengthening grouting over the undulated bedrock, through
which the equalisation of mechanical parameters or their app-
roximation is achieved at the soil/rock interface. It is necessa-
ry to put stress on the fact that these measures are expensive
(see Fig. 4).

4.2.2 Sharp transition from soils to rock and vice versa

In these cases it is possible to choose a rock boring cutter-
head for the excavation, which will, unfortunately, work in the
earth environment with low efficiency, or to use an earth
boring cutterhead with certain modifications (strengthening,
adding point-attack bits or disk cutters etc.) and always certa-
inly allowing access to the head for carrying out replacements.
In any case, it will be a demanding operation, which will not
allow for the complete elimination of risks. It is in addition
necessary to count with a lower output (lower advance rates)
and higher maintenance costs. Naturally, it will mean higher

pokryv / nappe

pisky a Stérky / sands and gravels

pevné skalni podlozi / hard bedrock

Stérkopisky / sandy gravels

skala / rock

Obr. 4. Zvlnéné skalni podloZi
Fig. 4. Undulated bedrock

Obr. 5 Ostry prechod ze zemin do skdly a naopak
Fig. 5 Sharp transition from soils to rock and vice versa



23. rocnik - €. 3/2014

Témto situacim je tieba se vyhnout — bud umisténim doda-
te¢né stavebni jamy prave do takového mista, nebo tieba oto-
¢enim smeéru razby, je-li to mozné. Hlavné je ale treba
o téchto situacich védeét, coz umozni napriklad geofyzikaln{
pruzkum. Dal3imi opatfenimi eliminujicimi zminéné rizika
mohou byt napfiklad masivni zpeviujici injektaZe nad zvl-
nénym skalnim podlozim, které dosahnou vyrovnani nebo
pribliZzeni mechanickych parametrd na rozhrani zemi-
na/skéla. Je treba ale zduraznit, Ze tato opatrenf jsou ndklad-
na (obr. 4).

4.2.2 Ostry prechod ze zemin do skaly a naopak

V téchto pripadech je mozZno zvolit pro razbu skalni hlavu,
kterd ale bude pracovat v zeminovém prostredi mélo efektiv-
né, anebo vyuZit zeminovou hlavu s jistymi Upravami (vyztu-
Zeni, priddni hrotu ¢i dlit atp.) a vZdy urcit€ s moZnosti pri-
stupu k hlavé a uskute¢néni vymény. V kazdém pripadé pujde
o ndro¢nou operaci s nemoznosti tplné eliminovat rizika.
Také se musi pocitat s nizZ§im vykonem (niZ§i postupy)
a vy$8imi ndklady na ddrzbu. To bude samozrejmé predsta-
vovat celkové vyssi naklady. Je-li to mozné, razba by méla
byt spiSe orientovdna z hornin do zemin neZ opacéné.
Specifickym pripadem takové situace bude u skalnich systé-
mu nafdrdni poruchovych zoén, pifipadné doprovéazenych
i zvySenym vyskytem podzemni vody (viz 4.1.2) (obr. 5).

4.3 Skaini prostiedi
4.3.1 Stridaveé tvrdé a mékké horniny

Samotné zmény v pevnostnich charakteristikich hornin
nemusi mit pro razbu zvlaStni dopad. Moderni mikrotunelo-
vaci stroje mivaji v hornindch velky rozptyl podminek, ve
kterych mohou pusobit, a vétSinou to nemad zdsadni dopad ani
na presnost vedeni razby, ani na rychlost postupu. Problémem
vSak mohou byt situace, kdy se nékteré pravodni horniny roz-
padaji béhem razby na velmi jemnozrnné ¢astecky, které maji
charakter mazlavé jilovité hmoty (viz bod 4.1.4).

4.3.2 Mistni vyskyt extrémné pevnych hornin

Tento problém se tykd zejména stroji mensich profila (do
cca 1000-1200 mm), které jednak neumoznuji pristup do
hlavy k provedeni ddrZby ¢i vymény feznych ndstroju, jednak
nejsou schopny vyvodit dostatedny pritlak na ¢elbu a navic se
budou jejich dlata v hlavé rychleji opotfebovavat (delsi kon-
takt dlata s horninou, mensi pocet dlat v hlavé). Proto je
u téchto profili podstatné, nakolik mohou byt v trase razby
horniny o pevnostech nad 150 MPa a vice (znélce, kfemence,
CediCe i mnohé vyvieliny mohou mit az 200-300 MPa
v tlaku), o vysoké abrazivité a podilu kfemenné slozky nad
30 % (obr. 6).

5 PRIKLADY PROJEKTU MIKROTUNELOVANI(
V PROMENLIVE GEOLOGII

Dalsi podrobnosti k problematice mikrotunelovani
v proménlivé geologii jsou uvedeny napriklad v [2].

Obr. 6 Mistni vyskyt extrémné pevnych hornin
Fig. 6 Local occurrence of extremely hard rock

overall expenses. If it is possible, driving should be rather ori-
ented from rock to earth than vice versa. Hitting fault zones,
possibly accompanied by increased occurrence of groundwa-
ter, will be a specific case of such the situation for rock sys-
tems (see 4.1.2) (see Fig. 5).

4.3 Rock environment
4.3.1 Alternating hard and weak rock

Changes in strength-related properties of rock themselves do
not have to have a special effect on the excavation. Modern
microtunnelling machines mostly exhibit a wide scatter of the
conditions in which they can work and in the majority of cases
it does not have a significant impact on the precision of the
excavation guidance or the advance rate. On the other hand,
situations where some original rock disintegrates during the
excavation to very fine-graded particles having the character
of a slimy clayey matter may pose problems (see paragraph
4.14).

4.3.2 Local occurrence of extremely hard rock

This problem is related mainly to smaller diameter machines
(up to approximately 1000 — 1200mm), which do not allow for
access to the cutterhead for the purpose of maintenance and
replacement of cutting tools and, in addition, are not capable
of exerting sufficient thrust against the excavation face and
their cutters on the cutterhead will wear out quicker (a longer
contact of the cutter with rock, smaller number of cutters on
the cutterhead). For that reason it will be important in how
much rock with strengths over 150MPa and higher (the com-
pressive strength of phonolite, quartzite, basalt and many vol-
canic rock types can reach up to 200-300MPa), exhibiting high
abrasivity and high proportion of the quartzose component
exceeding 30% (see Fig. 6) can be at these profiles.

5 EXAMPLES OF MICROTUNNELLING PROJECTS
IN VARIABLE GEOLOGY

Other details regarding the problems of microtunnelling in
variable geology are presented, for example, in [2].

a) Usti nad Labem - Sewer Z

The occurrence of a very hard basalt massif passing appro-
ximately in the middle of the excavation to bouldery gravels
with a significant content of deluvial boulders — phonolite, was
indicated within an approximately 100m long section. The
route could not be divided because of a very busy road inter-
section on the surface. For that reason a rock boring machine
with the cutterhead equipped for very hard abrasive rock (Iseki
TCS 780mm) was selected for the job and the excavation
direction was from the rock to the bouldery gravels. The work
was subsequently completed without more significant pro-
blems. The passage from basalts to the deluvium brought no
significant change in daily advance rates, which ranged from 6
to 8metres. The contract was carried out in 1998 and was rea-
lised by Subterra a. s.

b) Karvina

Highly variable soils are encountered in Karvind, both as far
as the content of clays or, on the contrary, the content of inco-
hesive component is concerned, and even as far as various clay
parameters are in question. These changes occur often repea-
tedly within several metres long excavation sections. The sub-
ject-matter of the contract was the 1970m long sewer CA2 at
the edge of the urban centre. For that reason Subterra a. s., the
contractor, set about the application of a very universal machi-
ne, Iseki TCC 1680, which was successful. With hindsight, it



a) Usti nad Labem - stoka Z

V tseku délky cca 100 m byl indikovan vyskyt velmi tvr-
dého ¢edi¢ového masivu, ktery asi v pulce razby prechdzel
do balvanitych §térka se znaénym obsahem deluvidlnich bal-
vanu — znélcu. Trasu nebylo mozné rozdélit z divodu velmi
rusné kfizovatky na povrchu. Proto byl pro realizaci zvolen
skalni stroj s hlavou vybavenou na velmi pevné abrazivni
horniny (Iseki TCS 780 mm) a orientace razby vedla ze skdly
do balvanitych $térka. Zakdzka pak probéhla bez vétSich
potiZi. Pfechod z ¢edi¢u do deluvia nepfinesl ani vyraznou
zménu v dennich postupech razby, které predstavovaly 6—8
metrd. Zakédzka se provadéla v roce 1998 a realizovala ji spo-
le¢nost Subterra a. s.

b) Karvina

V Karviné se vykytuji zeminy s velkou proménlivosti, jak
co se tykd obsahu jili ¢i naopak nesoudrzné slozky, tak
i z pohledu ruznych parametru u jilid. K t€émto zméndm
dochézi Casto opakované na nékolika mdlo metrech razby.
Predmeétem zakdzky byl 1970 m dlouhy sbéra¢ CA2 na okra-
ji méstského centra. Proto zhotovitel (Subterra a. s.) pristou-
pil k nasazeni velmi univerzdlniho stroje Iseki TCC 1680,
coz bylo dspesné. Stroj pracoval s univerzdlni hlavou a vy-
plachovym odtéZenim. S odstupem Casu je vSak zrejmé
a vypoltem dolozitelné, Ze vyuZitim tfistupnové separace
(byla pouzita jen dvoustupnova) by se sice zvySily provozni
naklady, ty by se vSak nakonec evidentné vyplatily. Jinymi
slovy — prubéh zakézky, kde dvoukilometrovy dsek sbérace
byl vyraZen za necelych Sest mésict, mohl byt realizovan pri
tiistupnové separaci je$té o néco rychleji. Zakazka byla rea-
lizovdna v letech 2008 az 2009.

©) Banska Bystrica

Mechanizovany §tit skalniho typu — Iseki TCS 1450 mm se
musel v roce 2009 vyporadat jednak s opakovanym precho-
dem — skala/balvanité Stérky (fluvidlni ndplavy feky Hron)
a jednak s podloznimi vdpenci, které se po kontaktu s feznou
hlavou ménily na lepivé vdpenné blato. K tdspéchu akce pri-
spélo, Ze geologicky (dodate¢ny) pruzkum takové poméry
predpokladal a zhotovitel (OHL ZS, a.s.) vyuzil vyplachové
odt€Zzeni a trojstupnovou separaci, tedy separaci
s centrifugou.

d) Pardubice - ti. kpt. BartoSe

Na useku dlouhém cca 150 m doslo v roce 2011 ke zméné
geologie z jemnozrnnych piskl na hrubozrnné balvanité §tér-
ky. Tato zména byla indikovédna geologickym prizkumem,
nebylo vSak jasné, ve kterém miste razby k ni dojde.
(Pruzkumné sondy byly jen dvé, orientované do mist budou-
cich stavebnich jam na zacétku a na konci razby.) Na vlastni
provedeni ani kvalitu razby to pfi pouziti zeminového mik-
rotunelovaciho stroje Iseki TCC 1280 mm nemélo podstatny
vliv. Projevil se vSak v postupech razby — cca 18 m/sm
v jemnozrnnych piscich oproti 4—-5 metrum/sm v balvanech.
Ke zméné doslo zhruba presné v poloviné razby, coZ pred-
pokladal i rozpocet stavby. Kdyby k ni vSak doSlo brzy po
zahdjeni a tém¢r celd trasa by tak byla vedena v balvanitém
prostiedi s nizkymi postupy, zfejmé by ekonomické vysled-
ky zakézky, kterou realizovala Subterra a. s., byly podstatné
horsi.
e) Pizen - Uslavsky sbérac |

Na vice nez dvou kilometrech mikrotunelovani se vyskytla
fada pripadu neoekdvanych zmén geologie. Pfitomné bridlice
plsobily budto jako rozpadavé na jil se viemi disledky z toho
pro razbu vyplyvajicimi, anebo zustdvaly v mistech, kde docha-
zelo ke kontaktni metamorféze, velmi pevné ve formé fylita
a Casto i vyrazné prokfemenélé s pevnostmi okolo 150 MPa.
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is obvious and provable by an analysis that operating costs
would have increased by the application of a three-stage sepa-
ration (only two-stage separation was used), but they would
have eventually evidently paid off. In other words, the con-
tract, where the excavation of the two-kilometre section of the
sewer was completed in less than six months, could have been
realised a little faster with the three-degree separation. The
contract was carried out in 2008 through to 2009.

©) Banska Bystrica

ISEKI TCS 1450 mechanised rock shield had to cope in
2009 not only with a repeated transitions between rock and
bouldery gravels (fluvial deposits of the Hron River), but also
with limestone bedrock, which turned to sticky lime mud. The
fact that the geological (supplementary) survey had anticipated
such conditions contributed to the success. The contractor
(OHL Z8, a.s.) used slurry-based extraction and three-degree
separation, i.e. separation using a centrifuge.

d) Pardubice - Kpt. BartoSe Street

Geology changed from fine-grained sands to coarse-grained
bouldery gravels within an about 150m long section in 2011.
This change was indicated by geological survey, but it was not
clear in which place of the excavation it would be encountered.
(There were only two survey probes. They were carried out in
the locations of future construction pits, at the beginning of the
excavation and at its end.) Owing to the use of the EPB ISEKI
TCC 1280mm microtunnelling machine this fact did not sub-
stantially influence the execution or quality of the excavation.
On the other hand, the influence could be seen in the excavati-
on advance rates — about 18m/shift in fine-grained sands, in
contrast to 4-5 metres /shift in boulders. The change was
encountered roughly exactly in the middle of the excavation,
which fact was anticipated even by the project budget.
However, if it had been encountered early after the commen-
cement of the construction operations and nearly entire route
had therefore been led through a bouldery environment with
low advance rates, the economic results of the contract, which
was carried out by Subterra a. s., would have been significant-
ly worse.

e) Plzen - Uslava trunk sewer No. 1

Numerous case of unexpected changes were encountered
along more than two kilometres of microtunnelling. The shales
present acted either as a material decomposing to clay, with all
consequences for the excavation following from this fact, or
they remained very hard in the locations where contact meta-
morphosis took place, having the form of phylites, and were
often even significantly quartziferous, with the strengths
around 150MPa. The occurrence of very hard volcanic rock —
spilites, the compressive strengths of which exceeded
200MPa, posed another problem. For that reason the total of
three types of cutterheads were used on the project (modified
Iseki TCC and Iseki TCC — R). A supplementary geophysical
investigation, which defined problem places, was very helpful
for their installation. The contract was carried out by Subterra
a. s. from 2012 to 2013. Average daily advance rates fluctua-
ted about 15m per day, but the larger amount of downtimes
associated with more demanding maintenance and the necessi-
ty for rearranging the cutterheads for some sections (see
Fig. 7) posed problems.

f) Prague - Deer’'s moat - trunk sewer CO3
The section at the total length of 200m was finished at the
end of 2014. The Letna Member siltstone layers alternated
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Dal$im problémem byl ojedinély vyskyt velmi pevnych vyvre-
lych hornin — spilitd, které dosahovaly v tlaku pevnosti pres 200
MPa. Proto byly na projektu vyuzity celkem tfi typy razicich hlav
(Iseki TCC s tpravami a Iseki TCC — R) a pro jejich nasazovéani
velmi pomohl dodate¢ny geofyzikalni pruzkum, ktery definoval
problémova mista. Prace provadéla Subterra a. s. v letech 2012
az 2013. Prumérné dosahované postupy se pohybovaly kolem

Yy

15 m/den, av8ak problémem byl vy$§i polet ztratovych Cast

danych ndro¢néjsi ddrzbou a nutnosti prestavovat u nekterych
tseka razici hlavy (obr. 7).

f) Praha - Jeleni pfikop - stoka CO3

Celkem 200 m dlouhy dsek byl dokoncen zacdtkem roku
2014. Letenské prachovcovité vrstvy se zde stfidaly s velmi
pevnymi kfemenci o pevnostech az 200 MPa. Pro skalni hlavu
stroje HKN AVS 1860 mm byl ale problém predevsim v roz-
padéni prachovcu na velmi jemné Castecky, které byly na hrané
moznosti systému, a to jak z pohledu vyuZité separace, tak
i z pohledu pritla¢nych sil na Celbu. Vznikl tak problém casovy
(dennf postupy pii dvousménném provoze kolem 6 metru) niko-
liv v8ak smérovy ¢i kvalitativni. Dvé st€ metru dlouhy tsek byl
realizovan velmi pfesné, coZ je ostatné u mikrotunelingu obvy-
klé. Prace provéadéla Energie — stavebni a banskd a. s.

ZAVER

Mikrotunelovdni v proménlivé geologii je prdce vyZzadujici
dokonalou ptipravu a zkuseny realizaén{ tym pro vystavbu a ta-
ké pro jeji pripravu. Na trhu existuje dostate¢nd variabilita tune-
lovacich systéma. I tak vSak muZze byt problém najit systém,
ktery vyhovi v proménlivé geologii daného mista, zejména kdyZ
je tfeba brat ohled i na omezené ndklady (a to je treba praktic-
ky vzdy).

Recept na tyto pripady nebude nikdy univerzélni, ale Ize ho
hledat v rdmci dobfe provadéného (a dobre vyhodnoceného)
geologického prizkumu a také pfi rizikové analyze, kterd by
vzdy méla témto realizacim pfedchézet. Zpusobum volby pro-
vadéci metody se vénuje napriklad [3] nebo [4].

To by pak mélo vést k volbé takového systému, ktery umozn{
eliminovat alespon hlavni rizika i za cenu mirné neefektivniho
provozu v nekterych partiich tunelové stavby. Nezbytnd mohou
byt i doprovodnd opatreni typu inkjektazi, vicestupriové sepa-
ra¢ni jednotky, chemické prostredky nebo pretlakové komory.

s

To vSe pochopitelné zatizi stavbu dodateénymi naklady. Je to
viak urdité piiznivéjsi a ve svém dusledku i levnéj3{ situace nez
se ocitnout ndhle v horninovém ¢i zeminovém prostiedi
s drahym pln¢é mechanizovanym systémem, ktery si s nim pora-

dit neumi.

ING. KAREL FRANCZYK, PH.D.,
kfranczyk@seznam.cz

Recenzovali: prof. Ing. Jifi Bartdk, DrSc.,
doc. Ing. Viadislav Hordk, CSc.
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Obr. 7 Plzeri — Uslavsky sbéraé 1
Fig. 7 Plzen — Uslava trunk sewer No. 1

with very hard quartzites with the strength of up to 200MPa in
this location. Neverheless, the problem for the rock boring cut-
terhead of the HKN AVS 1860mm machine primarily lied in
the decomposition of the siltstone to very fine particles, which
were on the limit of the system capacity both in terms of the
separation used and as far as the thrust against excavation face
was concerned. In this way a time-related problem rose (daily
advance rates at a two-shift operation about 6 metres).
Nevertheless, there was no problem with maintaining direction
and quality. The two hundred metre section was realised very
precisely, which is, by the way, usual for microtunnelling. The
work was carried out by Energie — stavebni a banska a. s.

6 CONCLUSION

Microtunnelling in variable geology is work requiring per-
fect planning and an experienced realisation team for the con-
struction and also its preparation. There is sufficient variabili-
ty of full-face tunnelling machines available on the market.
Still it may be a problem to find the system which will be con-
venient in variable geology in the particular location, in parti-
cular when it is necessary to take into account limited expen-
ses (which is the case existing virtually always).

The formula for these cases will never be universal, but it
can be sought within the framework of well executed (and well
assessed) geological survey and also in the risk analysis, which
should always precede these realisations. The ways of the
selection of the execution method are dealt with, for example,
in [3] or [4].

It should subsequently lead to the selection of such a system
which will allow for eliminating at least the main risks, even at
the expense of moderately ineffective operation in some parts
of the tunnel construction. Accompanying measures in the
form of grouting, a multi-degree separation unit, chemical
materials or hyperbaric chambers may also be indispensable.
All of this will naturally burden the construction with additio-
nal expenses. However, it is a certainly more favourable and
ultimately cheaper situation than being suddenly caught in
a rock or soil environment while operating a fully mechanised
system which cannot cope with it.

ING. KAREL FRANCZYK, PH.D.,
kfranczyk @seznam.cz

[1]1 BARTAK, J. a kol. Uzivatelskd prirucka pro mechanizované tunelovdni v podminkdch CR. Edice CzTA, Praha :

ITA-AITES 2014, ISBN 978-80-260-5957-8

[2] FRANCZYK, K. Mikrotunelovéani v proménlivych geologickych podminkach. Zpravodaj NO DIG — CzSTT. Praha, 1/2014
[3] British Pipe Jacking Association — An Introduction to Pipe Jacking and Microtunelling Design — PTA, London, 2013
[4] FRANCZYK, K. Wbrané problémy mikrotunelovdni. Ostrava : VSB FAST, 2008
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SUDOMERICKY TUNEL NA IV. TRANZITNIM ZELEZNICNIM
KORIDORU PRORAZEN 5. 6. 2014

PICTURE REPORT FROM THE BREAKTHROUGH OF THE SUDOMERICE
TUNNEL ON THE 4™ TRANSIT CORRIDOR ON 5™ JUNE 2014

Obr. 1 Celba tunelu pred prordzkou Obr. 2 Razba poslednich metru tunelu
Fig. I Tunnel excavation face before the breakthrough Fig. 2 Excavation of the last metres of the tunnel

Obr. 3 Odpal posledniho zdbéru Obr. 4 Celkovy pohled na severni portdl
Fig. 3 Last excavation round blasting Fig. 4 Overall view of the northern portal

7

Obr. 5 Docisténi lice vyrubu
Fig. 5 Excavation surface scaling

Autor vSech fotografii Ing. Libor Marik
Author of all photographs Ing. Libor Marik
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TUNELOVY KOMPLEX BLANKA
FOTOREPORTAZ Z VYSTAVBY - POVRCHY / CERVENEC 2014

BLANKA COMPLEX OF TUNNELS
PICTURE REPORT FROM CONSTRUCTION STAGE - SURFACES / JULY 2014

PROVOZ
POZASTAVEN

. Obr. 2 Odstavny zdliv v tripruhovém klenbovém tunelu pod ulici Patockova
Obr. 1 Hrubé terénni ipravy budouciho parku a nadzemni cdast TGC1 Fig. 2 Breakdown bay in the triple-lane vaulted tunnel under Patockova
Fig. 1 Bulk excavation for a future park and the above-ground part of the Street
TGC1 services structure

\-.
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Obr. 3 Tlumice hluku ve strojovné vzduchotechniky v TGC 1
Fig. 3 Silencers in the ventilation plant room at the TGC 1 service structure

Obr. 6 Dvoupruhovy tunel pod Letnou a Stromovkou
Obr. 5 Horni podlaZi raZené strojovny vzduchotechniky TGC 4 pod Letnou Fig. 6 The double-lane tunnel under Letnd and Stromovka Park

Fig. 5 Upper floor of the mined ventilation plant cavern at the TGC 4 servi-
‘ pper fl / 7 Autor vSech fotografii Jakub Karlicek

ce structure under Letnd
Author of all photographs Jakub Karlicek
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ENGINEERING EXCELLENCE

ILF Beratende Ingenieure ZT GmbH
Feldkreuzstrasse 3

6063 Rum / Innsbruck

Austria

Phone 0043/512/2412-0

Fax 0043 /512 /24 12 - 5900
info@ibk.ilf.com

ILF Consulting Engineers, s.r.o.
Jirsikova 5

186 00 Prague 8

Czech Republic

Phone  00420/225/091 - 420
Fax 00420 /225/091 - 433
info@prague.ilf.com

ILF Consulting Engineers is an international, multidisciplinary

engineering and consulting firm.

TUNNELLING AND UNDERGROUND

ENGINEERING

Design, Construction Supervision and Project Manage-
ment of more than 900 km of tunnels and caverns

ILF provides comprehensive services in in the following fields:

m Railway Tunnel = Road Tunnel

Specializing in:

= Mechanical Engineering
= Electrical Engineering

= Geotechnical Engineering
m Structural Engineering

= Claim Assistance

m Subway

m Risk Analysis

m Geology & Hydrology

= Design Supervision

m Tunneling Technologies
m Construction Supervision

CONSULTING
ENGINEERS

m Project Management

Major Projects:

m Gotthard Base Tunnel 57.0 km, Switzerland

= Brenner Base Tunnel 55.0 km, Austria/ltaly

= New Railway Line Tunnels for DB AG (German Railways) 80.0 km
m Wienerwald Railway Tunnel 13.35 km, Austria

m Metro Prague Line V. A. 6.0 km, Czech Republic

= Sir Adam Beck Hydropower Project, Niagara Tunnel 10.4 km, Canada
m Railway Tunnel Prague - Beroun 25.0 km, Czech Republic

m City Tunnel Dobrovskeho Brno 1.2 km, Czech Republic

= Metro Warsaw Line 2 6.5 km, Poland

m Rennsteig Motorway Tunnel 7.9 km, Germany

NedrZime se pri zemi

Jsme spolehlivy partner v podzemi,

Subterra as.
Kozeluzska 2246/5
180 0D Praha B - Liben



PRAKAB PRAZSKA KABELOVNA

PRAKAB - specialista na vyrobu silovych a sdélovacich kabelu

V poslednich letech se spolecnost PRAKAB zaméfuje na vyzkum a vyvoj bezhalogenovych pozarné odolnych kabellu splnujicich Viyhlasku ¢. 23/2008 Sb.,
ktera klade znacné naroky na chovani kabell v piipadé pozaru. V arealu naseho zavodu jsme proto vybudovali zkusebni centrum pro méreni pozarnich
vlastnosti kabell (Siteni poZaru po povrchu, korozivita vzniklych plynu, hustota dymu, funkénost kabell, zatfidéni kabell podle reakce na ohen a dalsi).
Nase zkuSebni centrum je jedinym akreditovanym centrem svého druhu v CR. Diky praci nasich technologi v laboratofi vyvoje smési, ktefi nejenom
vylepsuji stavajici materialy, ale pracuji i na vyvoji novych smési, se sméle muzeme povazovat také za inovatory na poli izolacnich smeési pro kabely

s vylepSenymi viastnostmi pfi poZaru. Jsme také jedingm wyrobcem ,vyhlaskowych* kabeld v CR, ktery pouZivd modernéjsi technologii izolovani Zil

kabelu silikonovou izolaci.

V naSem vyrobnim sortimentu naleznete 4 zékladnich typy ,vyhlagkovych* kabell, které poznate podle obchodniho oznaéeni PRAFIa.
Jedna se o silové kabely PRAFIaSafe® a PRAFIaDur® a sdélovaci kabely PRAFlaCom® a PRAFlaGuard®.

Nase vyznamné reference v roce 2014:

* Dopravni podnik hlavniho mésta Prahy (prodiouzeni trasy A prazského metra)
* LEGO Production s.r.o. (areal Kladno) * ArtGen Office Gallery (administrativni budova na Praze 7)

==

V pfipadé, Ze mate zajem o naSe vyrobky nebo novy katalog 2014, navstivte nase webove stranky nebo nas pfimo kontaktujte na office@prakab.cz.

ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA
CINA PLANUJE NEJDELSI PODMORSKY TUNEL

Cinskd stdtni Zelezni¢ni spolenost vazné uvaZuje o stavbé
123 km dlouhého podmorského Zelezni¢niho tunelu pod bohai-
skym morem. Tunel by spojil pfistav Dalian s méstem Yantai
a umoznil tak ekonomicky rozvoj propojenim severni oblasti
s bohat§im vychodnim pobrezim. Sou¢asnd doprava musi totiz
bud prekonat trasu 1400 km na sousi, nebo pouZit cestu lodi,
kterd trvd 8 hodin. Jizda po nové Zeleznici s podmorskym tu-
nelem by trvala jen 40 minut.

Tunel by tvorily dvé jednokolejné tunelové trouby o profilu
10 m doplnéné servisnim tunelem profilu 7 m. Razba by pro-
bihala nejméné 30 m pod morskym dnem vétsinou ve skalnich
hornindch. Hlavnf riziko predstavuje pruchod a konstrukce tu-
nelu ve dvou poruchovych pasmech, které jsou seismicky vel-
mi aktivni.

Predpokladd se, Ze prislusnd vladni mista daji souhlas
k zahdjeni praci na prokdzani proveditelnosti stavby. Jejich
vysledek by mél byt zndm za dva az tfi roky.

PRORAZKA SILNICNIHO TRIPRUHOVEHO TUNELU

Delta feky Jang-tze patii v Ciné k nejrychleji se rozvijejicim
oblastem, coZ vyZaduje rychlé budovani infrastruktury. Zelez-
nice a silnice zde ov§em musi prekonat mnoho vodnich ploch,
ek i jezer. Pod rekou Qian-tang byl nasazen nejvetsi mixschi-
eld od firmy Herrenknecht prozatim drZzici s prumérem

15,43 m svétové prvenstvi. Uspésné prorazil dva tifpruhové
automobilové tunely délky 3,25 km.

NOVY TUNEL PRO CERN?

V dnoru 2014 probéhlo v Zenevé setkdni védcl, na kterém
projednavali vyhledovy zdmér na vystavbu nového urychlova-
e, ktery md byt sedmkrdt vykonnéjsi nez soucasny. Umistén
by byl v 80 az 100 km dlouhém tunelu. Dokonceni projektové
studie se predpoklada do roku 2019.

ZAHAJENI RAZEB TUNELU METRA V KATARSKEM DOHA

Do zahdjeni mistrovstvi sveéta v kopané v roce 2022 ma byt
v katarském hlavnim mésté¢ Dohd v provozu 111 km tras metra,
z toho 59 km razenych, s tim, Ze zahdjeni provozu se planuje
na konec roku 2019. K dokonceni vSech pldnovanych tras
o celkové délce 226 km by mélo dojit v roce 2026.

Ve vystavbé jsou jiz nékteré stanice a k zahdjeni razeb tra-
tovych tunelt by mélo dojit ve tfetim &tvrtleti 2014. Razba
bude probihat ve vdpencich pomoci zeminovych §tita (EPBS)
o pruméru 7 m, které v po¢tu 15 ks objednal investor u firmy
Herrenknecht ve Schwanau. Tam se v bfeznu konala prejim-
ka prvniho Stitu za ucasti katarské delegace vedené ministrem
dopravy. Za vyrobce §tit preddval dr. Martin Herrenknecht

a pritomen byl také byvaly kancléf Gerhard Schroder.



Prvni §tit bude nasazen s dal§imi ¢tyfmi na jiznim useku Cer-
vené trasy s délkou raZenych tunelu 37,4 km (dodavatel: JV
s ti¢asti Vinci Construction). Ctyfi stroje pouZije JV, jehoz &le-
nem je Salini Impregilo, na 22,7 km tunelt severniho dseku
Zervené trasy. Zelenou trasu s 32,9 km tunelt bude razit Sest
stroju (¢lenem dodavatelské JV je zde Porr).

Vsech 25 stroju ma byt doddno béhem 24 mésicu.

ZELEZNICNI ,MEDITERRANEAN CORRIDOR"

Mezi deset nejduleZitéjSich projektu evropské Zelezni¢ni sité
(Trans-European-Network — TEN) v letech 2014 az 2020 patri
3000 km dlouh4 trat’ z Algeciras ve Spanélsku do Madarska.
Trasa prochdzi Madridem, Barcelonou, Lyonem, Turinem,
Mildnem, Terstem, Lublan{ a kon¢i v Budapesti.

Jejim klicovym tsekem je nové propojeni Lyonu s Turinem
délky 256 km. Alpy podchdzi pod masivem Mount Ambin
57 km dlouhym bédzovym tunelem mezi Saint Jean de
Maurienne (Francie) a Susa (Itdlie). Jizdni doba z Lyonu do
Turina se zkrati z dnesnich vice nez ¢tyr hodin na 100 minut.

Pruzkumné prdce probihaji jiz fadu let. Na francouzské stra-
né je vlastné dokoncena priprava razby bazového tunelu, proto-
Ze jiz jsou vyrazeny tri bo¢ni pristupové tunely délky 4000 m,
2480 m a 2400 m, které také prispély k poznani geotechnic-
kych poméra v masivu.

Na italské strané byla stavba pruzkumného tunelu La Mad-
dalena délky 5765 m zahdjena v dubnu 2012 a méla by skon-
¢it na jare 2017. Od portdlu se razi tpadné ve sklonu 3,94 %,
od TM 4090 se bude pokracovat dovrchné se sklonem 1,1 %.
vodni nddrze budou v TM 2805, odkud budou vody cerpdny na
portal. Systém ma umoznit oddélené jimani studené vody pitné
a nepitné, horké Cisté a Spinavé. Ocekava se celkovy pritok
285 I/sec.

Razba md prochdzet vétSinou slidnatymi bridlicemi, zastiZe-
ny budou i ruly s pritomnosti kiemene. NejvyS$si nadlozi az
2000 m je na konci tunelu.

Prvnich 198 m bylo razeno NRTM pri zakazu pouziti trha-
cich praci, v 7/2013 se zastihly tvrdé bridlice a zacaly pripra-
vy na nasazeni otevieného TBM od firmy Robbins o pruméru
6,3 m. Konstrukce rezné hlavy umoznuje zvétseni razeného
profilu o 200 mm, coZ by mélo byt vyuzito v tla¢ivych horni-
ndch. Stroj md prvni prostor pro vystrojovdni 6 m za Celbou.
Z tohoto mista budou také provadény predvrty délky 36 m
s prekrytim 7 m. Druhé misto pro zfizovani vystroje bude 41 m
za Celbou. Predpoklddd se pramérny postup stroje 12 m/den.

ZVYSENI BEZPECNOSTI PROVOZU V TUNELU FREJUS
Automobilovy tunel Frejus je duleZitym ¢ldankem silni¢niho
spojeni mezi Francif a Itdlii. Jeho dva jizdni pruhy ro¢né pou-
Zije skoro 1,5 milionu osobnich i ndkladnich automobila. Brzy
po tragické uddlosti v tunelu pod Mont Blancem v roce 1999
se i u tunelu Frejus zacalo jednat o zvySeni jeho bezpecnosti,
coz vyustilo v rozhodnuti vybudovat soubézny unikovy tunel.

METROSTAV V NORSKU
METROSTAV IN NORWAY

The consortium consisting of Metrostav NUF and Havnen
Anleg AS commenced the work on the ,Skredsikring Veita-
strondsvegen, Bjgrnabakkane og Lindeskreda® project in Nor-
way on 26th May 2014. The subject matter and objective of this
project is to implement avalanche protection measures on the
road to the village of Veitastrond. Part of these measures is the
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Jeho celkové délka je 12,9 km (z toho 6,5 km na francouzské
stran€) a je trasovdn ve vzddlenosti 40 m od provozovaného
tunelu, se kterym ho spoji 34 propojek pruméru 4 m umisté-
nych po 375 m. Kromé toho bude vybudovéano 5 propojek pru-
jezdnych pro zachranna vozidla a 8 komor pro technologické
vybaveni.

Razba dnikového tunelu byla zahdjena z francouzské strany
v Cervenci 2009. Prvnich 650 m bylo raZeno tradi¢né, pak byl
nasazen tunelovaci stroj s profilem rezné hlavy 9,2 m.

Stavba provozovaného automobilového tunelu se musela
v minulosti vyporddat s fadou mist se $patnou geologii. Proto
byl pfipraven pro razbu soubéZzného tunelu pldn dusledného
monitoringu, aby se predeSlo neZddoucim deformacim
a poskozeni definitivntho osténi, které bude tvoreno segmen-
tovym osténim.

V 1ét€ 2013 razici §tit prekroil francouzsko-italskou hranici
a pokracoval v razbé zbyvajicich 6,4 km tunelu na italské strane.

PRACE U SEVERNIHO PORTALU BAZOVEHO TUNELU
SEMMERING ZASTAVENY

Ve stejném meésici, kdy byly zahdjeny vlastni prace na stav-
bé semmeringského bazového tunelu, doslo k jejich zastaveni.
Stalo se tak v lednu 2014 u méstecka Gloggnitz u severniho
portdlu tunelu. Pri¢inou byly protesty obyvatel oblasti priléha-
jict k stavenisti a hlavné protesty ekologickych skupin, jejichz
aktivita je mnohem vyssi, neZ jakd byla zaznamendna na dfi-
véjSich Zelezni¢nich stavbach v Rakousku. Investor (Rakouské
spolkové drahy — OBB) nicméné doufd, 7e bude moci brzy
v pracich pokracovat a Ze konec¢ny termin a cena bdzového

tunelu nebudou ohroZeny.

RUZNE

V Cisle 242 (brezen/duben 2014) francouzského Casopisu
Tunnels et Espace Souterrain je vytisten obsdhly dokument —
doporuceni francouzské tunelarské asociace AFTES pro vyber
metod a provddéni predstihového pruzkumu geotechnickych
podminek pred Celbou pri razbé tunelovacimi stroji (Forward
probing ahead of tunnel boring machines). Zpracoval ho
kolektiv autorti pracovni skupiny GT 24 pod vedenim pana
Alaina Bianchi.

Bulharskd ministryné pro regiondlni rozvoj ozndmila na tis-
kové konferenci, Ze v polovine roku 2014 budou vypsany sou-
téZe na stavbu nejdelsiho ddlni¢niho tunelu v Evropé. Jeho dvé
trouby budou mit celkovou délku skoro 37 km a bude soucds-
ti nové ddlnice mezi Blagoevgradem a Sandaski. Ochrana
Zivotniho prostiedi je hlavnim davodem pro jeho stavbu.

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

driving of a 1.55km long tunnel. Metrostav a. s. is responsible for
this part of the project.

Sdruzeni firem Metrostav NUF a Havnen Anleg AS zahdjilo
26. 5. 2014 prace na projektu ,,Skredsikring Veitastrondsvegen,
Bjgrnabakkane og Lindeskreda® v Norsku. Obsahem a cilem pro-
jektu je vybudovani protilavinovych opatfeni na komunikaci do
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obce Veitastrond. Soucdsti téchto opatfeni je i razba 1,55 km
dlouhého tunelu, kterou ma Metrostav a. s. na starosti.

Price zahdjil partner ve sdruZeni pfipravou severniho portdlu
tunelu a budovanim objektl zafizeni stavenisté. Vlastni razby byly
zahdjeny v srpnu leto$niho roku. Dal$im predpokladem je, Ze prace
budou ndsledné preruseny koncem listopadu 2014 z duvodu nepifz-
nivych povétrnostnich a klimatickych podminek daného mista
(ro¢n€ az 2000 mm srazek).

Ze strany Metrostavu a. s. nyni probihd nutnd mobilizace pred
zahdjenim razeb vletné ndvozu mechanizace a montdze podpur-
nych zafizeni. Prace komplikuji i parametry asi 10 km dlouhé pii-
jezdové komunikace Fv337, pro kterou jsou stanoveny prisné
véahové i délkové limity pojizdénych souprav.

Dokoncenf celého projektu se ocekdva v zafi roku 2016.

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAV a. s.

Obr. 1 Priprava severniho portdlu pro zahdjeni raZeb
Fig. I Preparation of the northern portal for the commencement of excavation

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES WTC 2014 A 40. VALNE SHROMAZDENI ITA-AITES
WORLD TUNNEL CONGRESS WTC 2014 AND 40™ GENERAL ASSEMBLY OF ITA-AITES

The ITA WTC 2014 was held in Iguassu Falls, Brazil, from
11th to 14th May 2014; the Congress topic was “Tunnels for
Better Life”. It was attended by nearly 1500 visitors, including
exhibitors. The number of accepted papers amounted to 350.
The technical exhibition was taken part in by 99 exhibitors.
The ITA Open Session, which was dedicated to the underg-
round and natural resources with a special attention paid to the
mining industry, was held within the framework of the
Congress on 13th May 2014.

ITA WTC 2014 se konalo v Iguassu Falls v Brazilii od 11. do
14. kvétna 2014 a jeho téma bylo ,, Tunely pro lepsi Zivot“.
Zi&astnilo se ho skoro 1500 navstévnika vEetné vystavovatelu
a prijato bylo 350 prispévku. Na technické vystavé se prezen-
tovalo 99 vystavovatela.

Volba mista kondni samozfejmé zpusobila menSi udast
zdstupcu evropskych asociaci a naopak vysokou ucast z Jizn{
a Latinské Ameriky. Predseda CzTA Ing. Ivan Hrdina se
zi&astnit nemohl a byl zastoupen jedinym tcastnikem z Ceské
republiky, kterym byl Ing. Karel Rossler, Ph.D. Ten ceskou
asociaci také reprezentoval na 40. valném shromazdéni ITA-
AITES.

V ramci kongresu se 13. kvétna 2014 konalo ITA Open
Session vénované podzemi a pfirodnim zdrojum se zvla$tnim
zietelem na hornictvi. Bylo konstatovdno, Ze v soucasnosti se
asi 80 % surovin tézi v povrchovych dolech. Poptavka po suro-
vindch ovSem v ndsledujicich letech rychle poroste, coz
i s ohledem na ochranu Zivotniho prostredi povede k zvySeni
t€Zby surovin dulnim zpusobem v&etné uplatnéni novych tech-
nologii. Predpoklddé se, Ze béhem dvaceti let se pomér mezi
povrchovou a daln{ téZbou vyrovnd na zhruba 1:1.

TUNELARSKE ODPOLEDNE 2/2014
TUNNEL AFTERNOON 2/2014

Czech Tunellers in the World was the topic of the second
Tunnel Afternoon. The lectures were opened by Ing. Radek
Bernard and Ing. Ondrej Kostohryz (Arcadis CZ a. s.). They
shared their experience and experiences from the supervision

40. VALNE SHROMAZDENI ITA-AITES

Jedndn{ valného shromazdéni se zidastnilo 52 delegétu ze 71
¢lenskych zemi. Novym d¢lenem exekutivy byla zvolena
prof. Anna Lewandowska z Polska, ¢imz byl zvySen pocet jejich
Clend na 14. ITA zaregistrovala 12 novych pridruzenych ¢lenu,
z toho 11 korporétnich a jednoho individudlniho; v souhrnu je
nyni 71 &lenskych zemi a 285 pridruzenych ¢lent, z toho 192
korpordtnich a 93 individualnich.

Valné shromézdéni ustavilo skupinu mladych ¢lent (ITAym
-Young Member Group), jejimz poslanim je:

 Poskytnout komunikaéni platformu uvnitf ITA pro mladé

profesiondly a studenty.

e Pfemostit rozdil mezi generacemi soucasné se sdilenim cilu

a ideji ITA-AITES.

e Zvysit znalost o tuneldrském pramyslu v povédomi nové generace.

e Dat nové generaci hlas v ITA.

Nove byla také definovana vize ITA: ,,ITA je vedouci mezind-
rodni organizace, kterd podporuje vyuZiti tuneli a podzemi
pomoci sdilent znalosti a aplikované technologie.“

Valné shromdzdéni rozhodlo o zvySeni Clenskych prispévku
pro ¢leny asociace a o miste konani ITA WTC v roce 2017, které
se bude vcetné 43. valného shromazdéni konat v Bergenu
v Norsku. Pro WTC 2017 bylo zvoleno téma: ,,Problémy na po-
vrchu tizemi maji FeSeni v podzemi*.

WTC 2015 se kond 22. az 28. kvétna 2015 v Dubrovniku
v Chorvatsku a San Francisco v USA bude hostit WTC 2016 od
22.do 28. dubna 2016.

Dalsi informace o WTC 2014 a 40. valném shromazdéni
ITA-AITES lze nalézt na www.ita-aites.org.

ING. MILOSLAV NOVOTNY , novotny@ita-aites.cz
(s pouzitim podkladu Ing. Karla Résslera, Ph.D.)

over a high-speed railway in China. Ing. AleS Richter
(Metrostav a. s.) talked about underground construction pro-
jects in Iceland. Another speaker, Ing. Aristotelis Caravanas,
compared the projects in which he participated in Pakistan,
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Obr. 1 Ing. Aristotelis Caravanas popisujici své zkuSenosti z Pdkistdnu
Fig. 1 Ing. Aristotelis Caravanas describing his experience from Pakistan

Nepal and Iceland. After the break, three speakers, employees
of 3G Consulting Engineers, s. 1. 0., delivered their lectures on
projects realised in Armenia, India — Kashmir and Iran. The
last but one lecture was dedicated to the South American con-
tinent — the Santiago de Chile metro project. The Tunnel
Afternoon was concluded by lectures delivered by employees
of Mott MacDonald CZ, spol. s r. o., Ing. Petr Makasek,
Ing. Jan Korej¢ik and Ing. Michal Uhrin, who devoted their
lecture to their work on underground construction projects in
Azerbaijan, India, Norway and Hong Kong.

UZ ndzev druhého Tuneldrského odpoledne uskuteénéného
v roce 2014 dal tusit, Ze se bude vymykat béZnému ramci tra-
di¢nich semindfi. Jeho tématem totiz byli Cesti tuneldri ve
svete. Jiz pri prvnim osloveni byli budouci feénici pozadani,
aby protentokrat prezentovali nejen technickou stranku pod-
zemnich staveb, ale aby &dst predndsek vénovali postiehum ze
zahrani¢i, Casto dost exotickych zemi, porovnani zpusobu
vystavby, ale také pfistupu mistnich lidi a zvyklostem panuji-
cim ve vzdalenych i blizsich koutech svéta. Téz se posluchaci
mohli sezndmit s tradvenim volného &asu Ceskych tuneldiu
a s jejich dalSimi zkuSenostmi z jednotlivych oblasti. Tu-
nelarské odpoledne zahdjil prof. Ing. Jif{ Bartdak, DrSc., a jeho
prubéh fidil doc. Ing. Matou§ Hilar, Ph.D.

SWISS TUNNEL CONGRES 2014 V LUZERNU
SWISS TUNNEL CONGRES 2014 IN LUCERNE

The Swiss Tunnelling Society (FGU) held the already tradi-
tional Swiss Tunnel Congress (STC) at the Congress and
Cultural Centre in Lucerne on 11th June through to 13th June
2014. Last year, this congress was incorporated as one of tech-
nical sections into the WTC 2013 in Geneva. An afternoon col-
loquium with the main topic on “Anchoring in Tunnel
Construction” was held on Wednesday the 11th June. The lec-
tures were focused on the anchoring of excavation faces in the
process of conventional tunnelling. Subsequently, on Thurs-
day, the standard all-day conference took place, whilst techni-
cal excursions to underground construction sites in
Switzerland were organised on Friday. The attendance to this
congress reaches about 800 visitors as a standard (830 this
year). The colloquium was this year attended by the record
number of 350 visitors. Even though it is a national Swiss

23. rocnik - €. 3/2013

Prednéasky zahdjili Ing. Radek Bernard a Ing. Ondiej
Kostohryz (Arcadis CZ a. s.). Podélili se se svymi zkuSenost-
mi a zaZitky ze supervize vysokorychlostni Zeleznice v Ciné.
Ing. Ale§ Richter (Metrostav a. s.) hovoril o podzemnich stav-
bach na Islandu, o obtiZznych klimatickych podminkdch, které
zt&7uji vlastni stavebni price i Zivot jeho obyvatel. Clovék,
ktery je zvykly na naSe podnebi, si musi zvyknout nejen na
nizké teploty, ale také na nedostatek svétla, ktery maZe nepftiz-
nivé ovliviiovat lidskou psychiku. Dal$im feé¢nikem byl
Ing. Aristotelis Caravanas, jenZ je étendrum zndmy odbornymi
¢lanky v casopise Tunel predev§im z Ddlného vychodu. Po-
rovnaval projekty, na kterych se podilel v Pdkistdnu, Nepdlu,
ale i v evropském Islandu.

Po prestdvce vystoupili tfi fe¢nici ze spolecnosti 3G
Consulting Engineers, s. r. 0. s prednaskou o projektech reali-
zovanych v Arménii, Indii-KaSmiru a Irdnu. Arménie na jedné
stran€ je pro nds dost blizkd zemé, i kdyZ se nachdzi v Asii,
protoze prevladajici kfestanstvi ji spojuje s Evropou. Naproti
tomu Indie a Irdn jsou ndm myS$lenim i stavebnimi zvyklostmi
dost vzdélené.

Predposledni predndska se od ostatnich zna¢né lisila — tyka-
la se jedind jihoamerického kontinentu — projektu metra v San-
tiago de Chile. Jednou z mnoha zajimavosti byla skutecnost
o velmi Castych zemétfesenich, kterym musi odoldvat i pod-
zemni stavby, a také reakce mistnich obyvatel na né. Chilané
povazuji seismickou &innost za natolik prirozenou souddst
svého Zivota, Ze ji témer nevénuji pozornost.

Tuneldfské odpoledne bylo zakonéeno prednaskami spole¢nos-
ti Mott MacDonald CZ, spol. s r. 0. Ing. Petr Makdsek, Ing. Jan
Korej¢ik a Ing. Michal Uhrin vyli¢ili své pusobeni na podzem-
nich stavbach v Azerbéjdiénu, Indii, Norsku a Hongkongu.

Mnozstvi dcastnikia prevySujici osmdesdtku opét ukdzalo, Ze
témata Tuneldrskych odpoledni jsou pro ¢leny CzTA zajimava
a prinosna. Doufejme, Ze tak tomu bude i nadéle. Kazdy ¢len aso-
ciace md moznost se na ndvrhu témat i pripravé semindiu podilet.
Béhem fijna budou opet ¢lenské organizace i jednotlivci vyzvani
k ndvrhu témat na rok 2015. Proto, pokud nékdo ma zajimavy
napad i chut’se organizaci nékterého z dal$ich Tunelarskych odpo-
ledni vénovat, muZe své ndvrhy zaslat do sekretariatu asociace.

Vétsinu prezentaci prednesenych na TO 2/14 1ze vyhledat na
www.ita-aites.cz.

ING. MARKETA PRUSKOVA, PH.D.,
pruskova@ita-aites.cz, CzTA ITA-AITES

congress, it was attended, as usual, about one hundred of fore-
ign delegates, mostly from German-speaking countries
(Austria and Germany).

Ve dne ch 11. 6. az 13. 6. usporddala §vycarska tunelova aso-
ciace FGU (Fachgruppe fiir Untertagbau) v Kongresovém
a kulturnim centru Luzernu tradi¢ni $vycarskou tuneldiskou
konferenci (STC). V minulém roce byla tato konference zahr-
nuta jako jedna z odbornych sekci WTC 2013 v Zenevé. Ve
stredu 11. Cervna se konalo odpoledni kolokvium s hlavnim
tématem ,,Kotveni v tunelovém stavitelstvi“ se zaméfenim
predndsek na kotveni Celeb pri razbdch klasickym konvenénim
zpusobem. Ve C&tvrtek pak probéhla standardni celodenni
konference a v pdtek byly organizovdny odborné exkurze
na podzemni stavby ve Svycarsku. Ulast na této konferenci
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standardné dosahuje kolem 800 ndvstévniku (letos 830), kolo-
kvia se letos zdlastnilo rekordnich 350 nav§tévnika. PrestoZe
jde o ndrodni Svycarskou konferenci, zucastnilo se ji jako
obvykle kolem stovky zahrani¢nich delegéta, prevazné
z némecky mluvicich zemi (Rakousko a Némecko). Letos byla
signalizovéna relativné velkd dcast rusky mluvicich delegdtu
(kolem dvaceti icastnik), na coZ poradatelé promptné zarea-
govali roz§ifenim simultdnnich pfekladu kromé standardn{
angliCtiny, ital$tiny a francouzstiny i o rustinu. Oproti pred-
chozim ro&nikim byly prednasky tentokréit presunuty do vel-
kého koncertniho sdlu, ktery umocnil atmosféru této konfe-
rence.

Témata prednasek na konferenci byla jako obvykle rozdéle-
na do nékolika bloku, tentokrat vSak tyto bloky nebyly tema-
ticky nijak zaméreny — prosté vSehochut opravdu excelentnich
predndsek z oblasti podzemnich staveb. Z celkovych Sestnacti
referdti bylo letos prezentovéno sedm zahrani¢nich staveb &i
projektu. Vybér predndsek pro prezentaci na STC je opravdu
velmi pfisny — dspé$nost prihldsenych referdtt pro prezentaci
na konferenci se pohybuje pod 40 %. Prednasi se prevazné
némecky, ale také anglicky a francouzsky. Zavér hlavniho
konferenéniho dne predstavuje tradi¢né kulindrsky zazitek —
vecere v luxusnim hotelu Schweizer Hof.

Odborné exkurze v tretim dnu konference jsou vzdy per-
fektne organizovany. V letoSnim roce byly na vybér nasleduji-
ci stavby ve §V}’/carsku:

a) Novostavba silni¢niho obousmérného tunelu Galgenbuck
pod ¢asti mésta Schaffhausen. Velmi zajimava stavba kla-
sicky trhavinami razeného dvou- aZ tfipruhového tunelu
kruhového profilu pod zastavénym tzemim, ktery navic
tésné podchdzi Zelezniéni tunel némeckych drah (DB) na
Svycarském uzemi. Pomérné drastickd omezeni hluku,
prasnosti a vibraci v zastavéném tzemi znamenaji, Ze
tento zhruba kilometrovy tunel se bude stavét vice nez pet
let. Kruhovy profil ma v tomto piipadé logické zduvod-
néni — prostor pod vozovkou je vyuzit jako kabelova,
instala¢ni a soucasné unikova chodba.

b) Tunel Rosshidusern v Bernském kantonu — novy dvouko-
lejny Zelezni¢ni tunel jako ndhrada za stdvajici nevyho-
vujici jednokolejny tunel. Zajimave je feSeno uloZeni
vyrubané horniny (sladkovodni sedimenty — piskovce,
prachovce, slinovce apod.) v celkovém objemu cca
400 000 m3, kterd je pro dalsi zpracovani na této stavbé
vice méné nevyuzitelnd. Cca 700 m od vychodniho

Obr. 2 MontdZ pevné jizdni drdhy v Gotthardském bdzovém tunelu
Fig. 2 Slab track installation in the Gotthard Base Tunnel

Obr. 1 Predndskovy a koncertni sdl KKL Luzern
Fig. 1 KKL Lucerne lecture and concern hall

portdlu se oteviela nova piskovna/§térkovna, kterd bude
po vytéZeni potiebné kubatury piska a Stérka zavezena
pravé vyrubanou horninou a zpétné revitalizovana do
puvodniho stavu. Piskovna bude vytéZovédna prednostné
na dkor jinych piskoven v regionu, aby se co nejdfive
dosdhlo potfebné kapacity pro uloZeni rubaniny. Mezitim
musi byt hornina z tunelu uloZena na nékolika mezidepo-
niich v okoli obou provizornich portalii. Unikové cesta
z tunelu, nutnd podle nejnovéjsich bezpecnostnich pred-
pisu, je feSena 50 m hlubokou Sachtou asi uprostied délky
tunelu. V paté Sachty jsou pak umistény technologické
prostory, aby se minimalizovaly zdbory a prostory kolem
definitivnich portald.

c) Tunel de Choindez v kantonu Jura — ddlni¢ni tunel délky
pres 3 km, kde v soucasné dobé probihd betondz sekun-
dérniho osténi.

d) Gotthardsky bazovy tunel (GBT) — usek Biasca / Faido,
kde v soucasnosti jiz probihd v jedné tunelové troubé zku-
Sebni provoz, ve druhé troubé je pokldddna pevnd jizdni
drdha. Ucastnici exkurze méli moZnost vjet vlakem do
tunelu, po Sestndctikilometrové jizdé vystoupit a pro-
hlédnout si plné¢ vybavenou tunelovou propojku, peésky
dojit do multifunkéni stanice Faido, kde probihd montaz
a zkousky vyhybek pro prejezd vlaku do sousedni tunelo-
vé trouby, a po prohlidce tnikovych prostor vyjet na
povrch pristupovou $tolou Faido. Na povrchu jsou k vi-
déni zajimavé tvarované objekty pro nasavani a vydech
vétrani tunelu a multifunkéni stanice Faido. Tunelové
propojky jsou v GBT situovany v rozestupu 330 m a pro-
pojuji oba tratové tunely vzddlené od sebe 40 m. Vlastn{
multifunkéni stanici Faido o délce asi 1700 m tvori dve
nouzova nastupisté/zastavky, propojovaci tunely pro pre-
jezd vlaku do sousedni trouby a doprovodné tnikové
a vétraci Stoly.

e) Bazovy tunel Ceneri — tdsek Sigirino v kantonu Ticino. Po
GBT je to druhy nejdelsi bazovy tunel na trati Ziirich —
Milan ve §vycarsku. V Sigirinu je obdobné jako ve Faido
vybudovédna pristupova Stola a startovaci kaverna pro
razby tunell v obou smérech.

Soucésti obdrZzenych materidla pro kazdého dcastnika kon-

ference byl jako kazdoro¢né perfektné knizné vazany sbornik
na kridovém papire se v§emi prednaskami.

ING. VLASTIMIL HORAK,
AMBERG Engineering Brno, a. s.




TUNELARSKE SYMPOZIUM V MNICHOVE 2014
MUNICH TUNNELLING SYMPOSIUM 2014

The German university of defence in Munich, jointly with
STUVA, the German tunnelling committee, organise bi-annu-
al one-day tunnelling symposiums on the premises of the
Universitidt der Bundeswehr Miinchen in Neubiberg. The alre-
ady fourth bi-annual symposium was held on 23td May. The
number of attendees can be estimated at 250 up to 300 delega-
tes. The technical blocks of the symposium comprised the con-
cept and experience with fire safety of structural components
of tunnels, urban tunnels — newly built structures, rehabilitati-
on, additional changes associated with increased safety requi-
rements, contractual issues and specifics of tunnel constructi-
on contracts from the point to view of the project owner as
well as the contractor and selected outstanding current tunnel
structures or underground structures.

Kazdé dva roky se v Mnichové v prostorach aredlu Uni-
versitit der Bundeswehr Miinchen v Neubibergu (jizni okrajova
¢ast Mnichova) kona pomérn€ nendpadna a relativné malo pro-
pagovand akce némeckych tuneldfu, porddana némeckou uni-
verzitou obrany v Mnichové spole¢né s némeckou tuneldfskou
asociaci STUVA. V leto$nim roce se dne 23. 5. konalo jiZ ¢tvr-
té jednodenni tuneldiské sympozium v poradi. Pocet Gcastnika
leto$niho sympozia lze odhadnout na asi 250 a7 300 delegata.
Tematickymi bloky sympozia byly:
e Koncepce a zkuSenosti s poZirni odolnosti stavebnich
&4sti tunelu;

e Méstské tunely — novostavby, sanace, dodate¢né tpravy
v souvislosti se zvySenymi poZzadavky na bezpecnost;

e Smluvni ndleZitosti a specifika tunelovych zakdzek
z pohledu investora i zhotovitele;

e Vybrané vyjimecné aktudlni tunelové ¢i podzemni stavby.
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Bylo prezentovano celkem 17 velmi zajimavych predndsek.
V oblasti pozarni odolnosti a bezpecnostniho vybaveni, resp.
dodate¢ného vystrojovédni a dprav silni¢nich i Zelezni¢nich
tuneld podle nejnovéjSich predpist, 1ze konstatovat obdobny
stav jako u nds. PrestoZe jsou v némecky mluvicim evropském
regionu legislativa a technické predpisy vyrazné srozumitel-
n¢jsi a jednoznaén€jsi nez u nds, problémy s dodrZzenim poza-
dovanych trovni pozdrni odolnosti a vybaveni tuneli jsou
obtizn¢ feSitelné az nekdy nefeSitelné. Smluvni ndleZitosti
tunelovych zakazek byvaji vétSinou velmi nudné téma, nikoliv
vSak zde. Unizono zaznival ve vSech predndskach jeden velmi
dulezity motiv — vSichni G¢astnici podilejici se na pripravé a
nasledné na stavbé tunelu musi tvorit jeden tym s jedinym
spole¢nym cilem toto dilo dspé$né realizovat. Jakmile nad
timto spoleénym cilem zaéne u kteréhokoliv z udcastniku
vystavby prevazovat v kterékoliv fazi subjektivni zdjem
(finan¢ni, politicky, prosazovani, resp. zviditelnovani se na
ukor ostatnich), je to vzdy Spatné a dopldci na to vSichni dcast-
nici vCetné stavby samotné. Pfi pohledu na naSi tuzemskou
tuneldrskou scénu a v neddvné dobé realizované tunelové
stavby nelze neZ s timto ndzorem némeckych kolegu plné sou-
hlasit.

Sympozium je Cisté ,,némecky mluvici“. Sbornik v ti§t€né
podobé a CD se vSemi prispévky jsou samoziejmosti. Lze jen
viele doporuéit ucast na priStich ro¢nicich i vzhledem
k relativné malému ucastnickému poplatku 140 eur a snadné
dostupnosti. Informace o tomto sympoziu, minulych a pfipra-
vovanych lze nalézt rovnéz na strankdch www.fvki.de nebo
www.tbsm.de.
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ING. VLASTIMIL HORAK, AMBERG Engineering Brno, a. s.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA

SOUBOR STAVEB MO V USEKU MYSLBEKOVA
— PELC-TYROLKA (BLANKA)

Stavebni prdce na tunelovém komplexu Blanka pokracuji
podle harmonogramu a podle podminek rozhodnuti rozhod-
¢tho soudu po obnoveni praci v dubnu letoSniho roku.

Tezisté vSech praci se jiz definitivné presunulo k doda-
vateli technologie firmé CKD. V souasné dobé se pfipravu-
ji komplexni zkousky technologického zafizeni a probihaji
jednéni o kone¢ném terminu zprovoznéni celé stavby vzhle-
dem k slozitosti tohoto zafizeni.

FinisSuji také prace na dokonceni Trojského mostu, kde by
zatézovaci zkouSky pldnované na srpen tohoto roku mély
prokézat kvalitu a uzitnost celé konstrukce.

PRODLOUZENI TRASY METRA V.A

Vystavba provozniho dseku metra V.A postupné prechdzi
do konecné faze své realizace.

Ve stanici Nemocnice Motol se dokoncuje podchod pod
ulici Kukulova, ktery zajisti bezbariérovy pristup do nemoc-
nice a soudasné umozni vrétit pro motoristy tolik duleZitou
komunikaci do jeji puvodni stopy. Dédle se zde dokon&uji

THE CZECH REPUBLIC

CONSTRUCTION LOTS WITHIN
MYSLBEKOVA - PELC-TYROLKA SECTION
OF THE CITY CIRCLE ROAD (BLANKA TUNNEL)

Construction work on the Blanka complex of tunnels continues
after the works resumption in April 2014 in accordance with the
programme and in compliance with the conditions of the decision
of the Arbitration Court.

The centre of gravity of all operations has already been definite-
ly shifted to CKD Praha DIZ, the contractor for technology. At the
moment, comprehensive testing of technological equipment is
under preparation and negotiations over the final deadline for the
opening of the entire project to traffic, taking into consideration the
complexness of the facility, are underway.

The work on the Troja Bridge is also finishing. The loading tests
planned for August 2014 should prove the quality and utility of the
entire structure.

METRO LINE V.A EXTENSION

The construction of the 5th operational section of the Metro Line
A (the Metro V.A) gradually passes to the final phase of its reali-
sation.
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obklady stén nastupisté a probiha priprava na pokladku dlaz-
by na ndstupisti.

V razenych stanicich Petfiny, Nddrazi Veleslavin
a Borislavka pokracuji prace na poklddce keramické dlazby
na nastupistich a obkladech stén. Probihaji montaze eskaldto-
ru a soucasné byly zahdjeny i montdze vytahu.

V povrchovych ¢éastech vSech stanic probihd definitivni
tprava komunikaci a chodniku, a to zejména v okoli jejich
vestibuli a podchodu.

Dodavatel technologické &asti a zabezpeCovaciho zafizeni
uspé$ne pokracuje v montdzi téchto zafizeni stejné jako
v montazi kabelovych tras ve stanicich a tratovych tunelech.

Ve stanici Dejvickd, kde se napojuje stavajici na novée
budovany provozni dsek, probiha montaz tlakového uzavéru.

Provozn{ dsek metra V.A byl jiz také pripojen do energetic-
ké sit€ a bylo zahdjeno postupné zprovoznovani jeho energe-
tické pdtefe ve smeru od stanice Nemocnice Motol.

MODERNIZACE TRATI ROKYCANY - PLZEN

Dne 25. 6. 2014 zéastupci zhotovitele i za ucasti objednate-
le prevzali plnoprofilovy mechanizovany Stit EPB
v némeckém Schwanau. Stroj vyrobila firma Herrenknecht
a Metrostav s jeho pomoci vyrazi dva jednokolejné tunely
v celkové délce 8150 m, vnitini svétlosti 8,70 m a vnéj$im
pruméru 9,84 m.

Z pohledu pripravy izemi pro start tunelovaciho komplexu
v soucasné dobé probihd zajistovani a hloubeni vjezdového
portdlu véetné zarezu v drovni 1. kotevni drovné, tak aby
vlastni razby mohly byt zahdjeny je$té s koncem tohoto roku.
Stdvajici stav totiz komplikuje pfitomnost archeologu, kteff
v daném prostoru jesté stdle provadéji zachranny archeolo-
gicky vyzkum.

Dalsi nezbytnou soucdsti celé technologie je vyroba seg-
mentu, jejichZ zkuSebni vyroba bude zahdjena 14. 7. 2014
s predpokladem najeti plné vyroby od 1. 8. 2014, a to v obci
Dysina v bezprostredni blizkosti stavby.

Ve zbyvajici stopé trati mimo tunelovou ¢ast potom probi-
haji prdce na Zelezni¢nim spodku, konstrukcich mosta
a propustku a rekonstrukci Zelezni¢ni stanice Ejpovice.

ING. BORIS §EBESTA, sebesta@metrostav.cz,
METROSTAYV a. s.,

ING. JAN VINTERA, jvintera@subterra.cz,
SUBTERRA a. s.
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Obr. 1 Prordzka Zelezniniho tunelu Sudomeérice
Fig. 1 Sudomerice railway tunnel breakthrough
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The pedestrian subway under Kukulova Street is being finished at
Nemocnice Motol station. It will ensure a barrier-free access to the
Motol hospital and, at the same time, will allow for returning the road
so much important for motorists to its original footprint. In addition,
the cladding of platform walls is being finished in the station and the
preparation for laying tiles on the platform is underway.

The work on laying ceramic tiles on platforms and cladding the
walls has proceeded in Petfiny, Nddrazi Veleslavin and Borislavka
mined stations. The installation of escalators is underway and the
assembly of lifts was started simultaneously.

Roads and pavements are receiving final treatment in the at-
grade parts of all stations, in particular in the vicinity of their con-
courses and pedestrian subways.

The contractor for the technology part and the interlocking sys-
tem successfully continues to install the equipment and to assem-
ble cable routes in stations and running tunnels.

A pressure resistant gate is being assembled in Dejvicka station,
in the location where the existing operational section of the Line A
connects to the newly built section.

The connection of the 5th operational section of the metro line A
to the energy network has been finished and the gradual process of
bringing its energy spine into operation has commenced in the
direction from Nemocnice Motol station.

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

On 25th June 2014, representatives of the construction contrac-
tor in the presence of the project owner took the full-face EPB tun-
nelling machine in Schwanau, Germany, over. The machine was
manufactured by Herrenknecht AG. Metrostav a. s. will use it for
driving two single-track tunnels at the total length of 8150m. The
inner tunnel diameter and the excavated cross-sectional profile
diameter are 8.70m and 9.84m, respectively.

Regarding the preparation of the site for launching the tunnel-
ling complex, the current work lies in stabilising and excavating
the entrance portal, including the open cut at the 1st anchoring
level so that the tunnel excavation itself can commence about the
end of this year. The reason is the fact that the state is complicated
by the presence of archaeologists, who still continue to carry out
the saving archaeological investigation.

Another essential part of the whole technology is the production
of segments. The trial production will be commenced on 14th July
2014, with the assumption that the full production will start in the
village of Dysina, in the immediate vicinity of the construction
site, on 15t August 2014.

In the remaining footprint of the railway track, apart from the
tunnelled part, the work proceeds on the track bed, the structures
of bridges and culverts and on the reconstruction of the Ejpovice
railway station.

ING. BORIS SEBESTA, sebesta@metrostav.cz,
METROSTAYV a.s.,

ING. JAN VINTERA, jvintera@subterra.cz,
SUBTERRA a. s.

SUDOMERICE RAILWAY TUNNEL
BREAKTHROUGH

The 444m long double-track railway tunnel on the Sudoméfice
— Tébor rail track broke through on 5th June 2014. The tunnel was
driven from the southern portal in the direction of the northern
portal using the NATM and the top heading broke through into
the construction pit at the northern portal. An interesting fact



PRORAZKA ZELEZNICNIHO TUNELU SUDOMERICE

Dne 5. 6. 2014 byl prorazen dvoukolejny Zelezni¢ni tunel
Sudomérice o délce 444 m na tratovém useku Sudoméfice —
Tébor. Tunel byl razen smérem od jizniho k severnimu portalu
pomoci NRTM a prordzka kaloty probehla do jamy na severnim
portdle. Zajimavosti této stavby je, Ze prordzka tunelu se konala
presné pul roku po vysvéceni sosky sv. Barbory na jiznim por-
téle tunelu a zahdjeni razeb dne 5. 12.2013. V dob¢ vydani ¢aso-
pisu je razba tunelu ukoncena, probihaji prace na betondzi patek
definitivniho osténi, instalaci hydroizolaci a drendZi. Vystavba
IV. tranzitniho Zelezni¢niho koridoru z Prahy do Tébora, Ces-
kych Budéjovic a ddle smérem na rakousky Linec se tak posu-
nula zase o kousek dél. Fotoreportdz z prorazky si je mozné pro-
hlédnout na strankach tohoto ¢isla Casopisu TUNEL.

ING. LIBOR MAﬁI'K, libor.marik @ikpce.com,
IKP Consulting Engineers, s. r. o.

SLOVENSKA REPUBLIKA
TUNEL SIBENIK

Na stavbe dialni¢ného tunela Sibenik diiky 588 m bolo
dokoncené razenie v oboch tunelovych ridrach. Sldvnostna pre-
rdazka sa uskuto¢nila dna 21. 3. 2014. V tomto obdobi bola
ukoncend betondz sekundarneho ostenia v severnej tunelovej
rure a zac¢ina priprava na betonaz juznej tunelovej riry. Tunel
Sibenik bude sticastou tiseku dialnice D1 Janovce — Jablonov
s celkovou dizkou 9,5 km. Zhotovitefom stavby je zdruZenie
Eurovia SK, a. s., Eurovia CS, a. s., Stavby mostov Slovakia,
a. s. Ukoncenie stavby a uvedenie dialni¢ného dseku do pre-
vadzky sa predpoklada v roku 2015.

TUNELY POLANA A SVRCINOVEC

Na stavbe dialnice D3 Svr¢inovec — Skalité, ktorej sucastou
st aj tunely Polana (890 m) a Svréinovec (445 m) v sicasnosti
sa zacalo razenie tunela Polana prvymi zdbermi a prebieha
priprava na razenie tunela Svrcinovec, ktorého zaciatok
je planovany na 8/2014. Vystavbu tseku zabezpeci zdruzenie
Styroch spolo¢nosti Vahostav — SK, a. s., Doprastav, a. s.,
Strabag, a. s. a Metrostav SK a. s.

TUNELY OVCIARSKO A ZILINA

Na tseku dialnice D1 Hricovské Podhradie — Lietavskd
Lucka, ktorého sucastou su tunely Ovc¢iarko (2367 m) a Zilina
(651 m) v sucasnosti finiSuji projekéné prdce na tunel
Ovciarsko a v obdobi niekolkych tyzdnov déjde aj k zaCatiu
raziacich prac. Zaciatok razenia tunela Zilina sa predpoklada
az na obdobie koncom roka 2014. Danu stavbu realizuje zdru-
Zenie Doprastav, a. s., Vahostav - SK, a. s., Strabag, a. s.
a Metrostav SK a. s.

TUNEL CEBRAT

Na useku dialnice D1 Hubova — Ivachnova, ktorého sucas-
tou je tunel Cebrat’ (1994 m), v sticasnosti finiduji projek&né
prace na razenie tunela, ale zdroven sa zacinajd aj raziCské
prdce na vychodnom portdli. Samotnd realizdcia razenia je pla-
novand na 8/2014. Zhotovitefom stavby bude zdruZenie spo-
lo¢nosti OHL a Vdhostav — SK, a. s.

TUNEL POVAZSKY CHLMEC

Na tseku dialnice D3 Zilina StrdZov — Zilina Brodno, ktoré-
ho sucastou je aj tunel Povazsky Chlmec (2250 m) doslo
k zapocatiu prac diom 30. 6. 2014. Dalej bude nasledovat
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regarding this construction is that the breakthrough took place
exactly half a year after the Saint Barbara statuette consecration
at the southern portal of the tunnel and the commencement of tun-
nelling operations on the 5th December 2013. At the moment of
issuing the journal, the tunnel excavation has been finished, the
casting of the final lining concrete footings is in progress and the
waterproofing and drainage installation is underway. The con-
struction of the 4th transit corridor from Prague to Tabor, Ceské
Budéjovice and further toward Linz, Austria, has therefore taken
another short pace ahead. A picture report from the breakthrough
is available on pages of this TUNEL journal issue.

ING. LIBOR MAﬁiK, libor.marik@ikpce.com,
IKP Consulting Engineers, s. r. o.

THE SLOVAK REPUBLIC
SIBENIK TUNNEL

Tunnel excavation activities were finished in both tubes of the
588m long Sibenik motorway tunnel. The breakthrough ceremony
took place on 215t March 2014. The casting of the secondary concre-
te lining has currently been completed in the northern tunnel tube and
the preparation for the casting in the southern tunnel tube is under-
way. The Sibenik tunnel will be part of the 9.5km long Janovce —
Jablonov section of the D1 motorway. The contractor for the con-
struction is a consortium formed by Eurovia SK, a. s., Eurovia CS, a.
s., and Stavby mostov Slovakia, a. s. The completion and opening of
the motorway section to traffic is expected in 2015.

POLANA AND SVRCINOVEC TUNNELS

Regarding the Svréinovec — Skalité section of the D3 motorway
construction, with the Polana tunnel (890m) and the Svr¢inovec
tunnel (445m) forming its parts, the excavation of the Polana tun-
nel has currently started by initial excavation rounds; the preparati-
on of the excavation of the Svréinovec tunnel, the commencement
of which is planned for August 2014, is underway. The constructi-
on of this motorway section will be ensured by a consortium of
companies consisting of Vdhostav — SK, a. s., Doprastav, a. s.,
Strabag, a. s., and Metrostav SK, a. s.

OVCIARSKO AND ZILINA TUNNELS

In the Hricovské Podhradie — Lietavska Lucka section of the D1
motorway, parts of which are the Ov¢iarisko tunnel (2367m long)
and Zilina tunnel (651m long), the work on the design for the
Ov¢ciarisko tunnel is finishing and the tunnel excavation will com-
mence in several weeks. The beginning of the Zilina tunnel exca-
vation is assumed to take place at the end of 2014. The constructi-
on is being realised by a consortium formed by Doprastav, a. s.,
Viahostav — SK, a. s., Strabag, a. s., and Metrostav SK, a. s.

CEBRAT TUNNEL

In the Hubova — Ivachnova section of the D1 motorway, a part of
which is the Cebrat'tunnel (1994m), the work on the design for the
tunnel excavation is currently finishing, but the excavation is con-
currently starting at the eastern portal. The excavation of the tunnel
itself is planned for August 2014. The construction contractor will
be a consortium formed by OHL and Véhostav — SK, a. s.

POVAZSKY CHLMEC TUNNEL

In the Zilina StrdZov — Zilina Brodno section of the D3 motor-
way, a part of which is even the Povazsky Chlmec tunnel (2250m),
the work commenced on the 30th June 2014. The designing work
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projekénd Cinnost’ na jednotlivych objektoch, ako aj na pro-
jektovani tunela. Predpokladané zacatie razenia tunela Po-
vazsky Chlmec je planované na koniec roka 2014. Zhoto-
vitefom stavby je zdruZenie Eurovia a. s., Hochtief a. s.
a Stavby mostov Slovakia, a. s.

TUNEL VISNOVE

S vystavbou najoCakavanejsieho tunela na Slovensku, tune-
la Visnové (7500 m), ktory je sucastou useku dialnice D1
Lietavskd Luc¢ka — Visnové — Dubnd Skala, sa zacalo dna
27.6.2014. Zhotovitelom udseku je zdruZenie firiem SALINI-
IMPREGILO a Diha, a. s. Pri samotnej vystavbe bude prebie-
hat' aj projek¢nd cinnost, nakolko poévodné rieSenie tunela
podTa platného stavebného povolenia je iplne zmenené. Dojde
k zachovaniu uz jestvujicej $tolne Visnové, ktord slizila ako
prieskumné dielo. Zaciatok samotnej vystavby sa predpoklada
na jar v roku 2015.

ING. MILAN MAJERCIK, milan.majercik@ndsas sk,
NARODNA DIALNICNA SPOLOCNOST, a.s.

on individual structures and the tunnel will follow. The beginning
of the PovaZsky Chlmec tunnel excavation is planned for the end
of 2014. The construction contractor is a consortium consisting of
Eurovia, a. s., Hochtief, a. s. and Stavby Mostov Slovakia, a. s.

VISNOVE TUNNEL

The construction of the most expected tunnel in Slovakia, the
Visnové tunnel (7500m), which is a part of the Lietavska Licka —
Visnové — Dubnd Skala section of the D1 motorway, commenced
on the 27t June 2014. The contractor for the construction of this
section is a consortium formed by SALINI-IMPREGILO and
Duha, a. s. The work on the design will continue during the course
of the construction work because of the fact that the original solu-
tion to the tunnel according to the valid building permit has been
completely changed. The existing Visniové gallery, which served as
an exploratory working, will be maintained. The beginning of the
construction itself is expected in 2015.

ING. MILAN MAJERCV'iK, milan.majercik@ndsas sk,
NARODNA DIALNICNA SPOLOCNOST, a.s.

VYROCI / ANNIVERSARIES

ZIVOTNI JUBILEUM - 70 LET ING. LUDVIKA SAJTARA,

JEDNATELE A GENERALNIHO REDITELE SATRA, SPOL. S R. O.

LIFE JUBILEE - 70™ ANNIVERSARY OF ING. LUDVIK SAJTAR,
THE ACTING SECRETARY AND GENERAL MANAGER OF SATRA, SPOL. SR. O.

V Cervenci letoSniho roku se v plném pracov-
nim nasazeni doZivd vyznamného Zivotniho
jubilea nas kolega a generalni feditel spole¢nos-
ti SATRA, spol. s r. 0., pan Ing. Ludvik Sajtar.

Narodil se 7. 7. 1944 v Pardubicich. V letech
1963 az 1968 studoval na CVUT Praha,
Fakulté strojni. Studium ukondil statni zaveé-
re¢nou zkouSkou s vyznamendnim.

Béhem své odborné praxe pracoval v letech
1968 az 1990 jako vedouci projektant techno-
logickych staveb ve Vojenském projektovém
ustavu Praha. V roce 1990 byl jmenovan
vedoucim ateliéru specidlnich a podzemnich
staveb VPU Praha. Od roku 1991, po zaloZeni spole&nosti
Satra, spol. s r. 0., zastdva funkci jejiho jednatele a reditele.
Od roku 2007 do dne$nich dnu je jednatelem a generdlnim
feditelem Satra, spol. s r. 0.

Profesni kariéru zacal v roce 1968 nastupem do 6. ateliéru
specidlnich a podzemnich staveb Vojenského projektového
ustavu v Praze jako projektant vodohospodérské a techno-
logické skupiny. Béhem nékolika dalSich let rozsitil svoji
specializaci o obory nezbytné pro provoz specidlnich
a podzemnich staveb, zejména vzduchotechniku, chlazeni,
zasobovani elektrickou energii a fizeni technologickych
systému. Rychle se vypracoval na zdstupce vedouciho skupi-
ny technologie. Zdroven pracoval na mnoha projektech
v oblasti podzemnich staveb jako hlavni technolog.
Odbornost ziskand studiem na vysoké $kole, doplnénd rozsi-
fenim jeho znalosti v oblasti provozni technologie mu umoz-
novala podilet se jiz v prvnich fazich projektu na celkové
koncepci a koordinaci projektu. Pracoval i na projektech
a tvorbé norem v oboru trvalych ochrannych staveb civiln{
obrany. Pracoval také na pripravé a realizaci koncepce

In July 2014, Ing. Ludvik Sajtar, our colleague and
general director of SATRA, spol. s r. 0., celebrated an
important anniversary, fully committed to his work.

He was born on 7th July 1944 in Pardubice. From
1963 to 1968 he studied at the Faculty of Mechanical
Engineering of the Czech Technical University in
Prague. He concluded the studies by a final state exam
with honours.

During the course of his professional practice, he
worked from 1968 to 1990 in the position of chief
designer for technology structures at the Military
Design Institute (MDI) in Prague. In 1990 he was appo-
inted the chief of a design studio for special and underg-
round structures of MDI Prague. From 1991, after the foundation of
Satra, spol. s r. 0., he was in the position of its acting secretary and
director. Since 2007 till now, he has been in the position of the acting
secretary and general director of Satra, spol. s r. 0.

He started his professional career in 1968 by entering Studio No. 6
for special and underground structures of the Military Design Institute
in Prague, working in the position of a designer in the group for water
resources and technology. During the course of several subsequent
years he broadened his specialisation by adding branches necessary for
the operation of special and underground structures, mainly ventilation,
cooling, power supply and the management of technology systems. He
quickly worked his way up to the position of the deputy head of the
technology group. At the same time he worked on numerous designs in
the field of underground structures in the position of a chief technolo-
gist. The expertise obtained by the university studies and supplemented
by widening his knowledge in the area of operational technology allo-
wed him to participate in the overall concepts and coordination of
designs already from the initial designing stages. He, in addition, wor-
ked on designs and the development of standards in the field of perma-
nent civil defence structures. He even worked on the preparation and



ochranného systému prazského metra véetné projekta nékoli-
ka technologickych center.

V obdobi sametové revoluce byl jednim z hlavnich pred-
staviteld zmén ve struktufe ateliéru a nové koncepce pripra-
vy a realizace projekti. Novym vedenim VPU Praha byl
v roce 1990 jmenovdn vedoucim 6. ateliéru VPU Praha. Se
zménami a koncepci nového vedeni VPU Praha viak nebyl
zcela ztotoznén, a proto se svym dlouholetym spolupracov-
nikem a pritelem, stavebnim inZenyrem 6. atelieru Ing. Jo-
sefem Dvordkem, zaloZili v Eervenci roku 1991 spole¢nost
Satra, spol. s r. 0. Jako mnoho dal3ich satelitu VPU Praha
odesli spolu s asi 15 zaméstnanci atelieru k 1. 4. 1992 na
vlastni soukromou profesni drdhu budovat novou
a prosperujici projektovou a inZenyrskou spolecnost Satra,
spol. s r. 0.

Odpodatku stavéli na profesnich znalostech zaméstnancu
a dodnes si firma uchovala a dale rozviji své hlavni profesni
odbornosti — na projektu ochranného systému Strahovského
tunelu, pres projekty tunela Mrdzovka az po tunelovy kom-
plex Blanka. Postupné se firma rozrostla na soucasnych 52
zaméstnancu. Z ostatnich zndméjSich projektt pod vedenim
Ing. Sajtara lze uvést napiiklad bezpeénostni studii tunelo-
vych staveb MO v tdseku Barrandovsky most — Pelc-Tyrolka,
Bezpecnostni dokumentace (rizikové analyzy) dalni¢nich
tunelu na D8 a na D47, tunelu Dobrovského v Brné, tunelo-
vého komplexu Blanka, Strahovského tunelu a tunela pfi-
pravované Radlické radidly. V neposledni fadé i projekty
multifunkéniho opera¢niho strediska Malovanka na Praze 6,
nové navrzeného objektu pro fizeni tunelovych staveb
v Praze.

Zasluhou Ing. Sajtara prekonala spolenost Satra v roce
2007 nejvetsi krizovy moment v jeji existenci, a to neoceka-
vané umrti Ing. Josefa Dvordka v nedozitych 60 letech. Na
tento odchod vedouciho pracovnika spole¢nosti v obdobi
zahajeni realizace staveb tunelového komplexu Blanka rea-
goval Ing. Sajtar jedingm moZnym zpiisobem. Dal $anci
mladym, avSak jiz zkuSenym projektantum.

Ing. Ludvika Sajtara zndm od svého nastupu do VPU
Praha v roce 1975. Od té doby s nim spolupracuji do dnes-
nich dna. Neuvedl jsem jeho nepfeberné mnoZzstvi Clenstvi
v profesnich organizacich, dcast na projektech v zahranici,
zejména ve Slovenské republice, zastupovani Ceské republi-
ky v mezindrodnich komisich PTARC a dalSich, ucast na
fadé grantovych projektu, jazykové znalosti rustiny a ne-
pretrzité studium anglictiny, véetné mnoha dalSich aktivit,
v minulosti zejména sportovnich, které proziva ve Stastném
a sporddaném rodinném zazemi.

Cenim si na ném jeho pracovitost, neustdlou touhu po stu-
diu novych odbornych znalosti, rovny pristup k zamést-
nancim i zdkaznikim, organizani schopnosti, snahu o ne-
ustaly rozvoj firmy v technickém zabezpeceni a profesnim
rustu projektanti a v lidském pfistupu k problémim zamést-
nancu ve firmé.

K Zivotnimu jubileu i do dalSich let preji vSichni spolupra-
covnici a kolegové proziti hezkych chvil a zdzitka v ro-
dinném kruhu a dspéch v osobnim Zivoté, v profesni ¢innos-
ti mnoho dal$ich tvuréich sil, dobrych zdkazniku a partnert
pri zpracovdni projektu a také mnoho lukrativnich zakédzek
v oborech ¢innosti spole¢nosti SATRA, spol. s r. 0.

Pripijime tvym oblibenym rynskym vinem na zdravi, které
je to nejdulezitéjsi, co ke Stastnému Zivotu Elovék potiebuje.

PAVEL KNOR, obchodni reditel,
SATRA, spol. s r. o.
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realisation of the Prague metro protection system, including designs for
several service centres.

During the Velvet Revolution, he was one of the main representati-
ves of changes in the Studio structure and the new concept of the pre-
paration and realisation of designs. He was appointed by the new MDI
Prague management to the position of the head of Studio No. 6 of the
MDI Prague. However, he did not identify himself fully with the chan-
ges and the concept adopted by the new MDI Prague management. For
that reason he, jointly with Ing. Josef Dvordk, a civil engineer of
Studio No. 6 and his long-time collaborator and friend, founded Satra
spol. s r. 0. in July 1991. Similarly to many other satellites of the MDI
Prague, they abandoned the company, together with about 15 employ-
ees of the Studio, on the 18t April 1992 to establish their own private
careers and build, a new prosperous design and engineering firm,
Satra, spol. s . 0.

They built on professional skills of the employees from the very
beginning and the firm has maintained the main professional expertise
through designs for the Strahov tunnel civil defence system, through
designs for the Mrazovka tunnel up to the Blanka complex of tunnels,
and has been developing it further on. The firm gradually grew to the
current number of employees amounting to 52. From the other better
known designs carried out under the leadership of Ing. Sajtar, it is pos-
sible to mention, for example, a safety study for tunnel structures on the
City Circle Road located within the Barrandov Bridge — Pelc-Tyrolka
section, safety-related documents (risk analyses) for motorway tunnels
on the D8 and D47 motorways, the Dobrovskeho tunnel in Brno, the
Blanka complex of tunnels, the Strahov tunnel and tunnels on the
Radlice Radial Road, which is under preparation. At last but not least,
there are designs worth mentioning among them, for example the
Malovanka multifunctional operation centre in Prague 6, which has been
newly designed for the management of tunnel structures in Prague.

Thanks to Ing. §ajtar, Satra, spol. s r. 0. overcame the biggest criti-
cal moment experienced during its existence, the unexpected departu-
re of Ing. Josef Dvorék at the age of incomplete 60 years. Ing. Sajtar
responded to this departure of company’s executive which took place
in the process of commencing the realisation of structures on the
Blanka complex of tunnels in the only possible way. He gave chance
to young, but already experienced, designers.

I have known Ing. Ludvik Sajtar since my entry to MDI Prague in
1975.1 have collaborated with him since that time till now. I have not
mentioned a plethora of his memberships in professional organisati-
ons, his participation in projects abroad, mainly in the Slovak
Republic, the representation of the Czech Republic in PIARC and
other international committees, his participation in numerous grant
projects, his knowledge of Russian and uninterrupted study of English,
including many other activities, which were in the past dedicated
mostly to sports, which he lives out enjoying the happy and solid fami-
ly background.

I appreciate him for his diligence, permanent desire for gaining new
professional knowledge, the equal attitude toward employees and
customers, organisational skills, his effort for uninterrupted develop-
ment of the firm in the field of technical resources and the professional
growth of designers and his human approach to problems of firm’s
employees.

All employees and colleagues wish him to his anniversary to spend
lots of nice moments and experiences in the family circle in the futu-
re, success in his private life, a lot of creative forces in his professio-
nal activities, good customers and partners during the work on designs
and also many lucrative contracts in the fields of SATRA, spol. s r. 0.
activities.

We are drinking your favourite Rhine wine to your good health,
which is the most important thing man needs for happy life.

PAVEL KNOR, Sales Director of SATRA, spol. s r. o.
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TEMATIKOU TUNELU V CECHACH
TUNNELS IN BOHEMIA IN PICTURE POSTCARDS

Na pohlednicich je v CR nejiastéji zobrazovanym tunelem
silniéni VySehradsky tunel v Praze (TUNEL 1/2014). Nejuce-
lené€jsi skupinu staveb potom predstavuji pohlednice s tunely
mezi Brnem a Blanskem na Moravé (TUNEL 2/2014). Vedle
toho déle nachdzime celou radu historickych, ale kupodivu
i zcela neddvnych pohlednic, které ndm doklddaji dalsi tunelové
stavby na tizemi CR, a to predevsim v Cechdch. V tomto piipa-
d& jiz netvoii (s vyjimkou Zelezni¢nich ,Rikovskych* tuneli
u feky Jizery a patrné i tuneli okolo feky Sdzavy) Zadné histo-
rické ¢i regionalni skupiny. Nicméné, stejné jako u jiz uvede-
nych pohlednic, ndm dokladaji vyvoj tuneli jako vyznamnych
inZenyrskych staveb a dominant zvlast, stejné jako krajiny
v jejich okoli. Zvlastnim pfipadem jsou pak pohlednice propa-
gacéni. V dal$im dilu naSeho seridlu seznamime ¢tenare ¢asopisu
TUNEL s nésledujicimi z nich.

DOC. ING. VLADISLAV HORAK, CSC.,
ING. RICHARD SVOBODA, PH.D.,
ING. PAVEL SOUREK

The tunnel which has been most frequently pictured on postcards
in the Czech Republic is the VySehrad tunnel in Prague (TUNEL
1/2014). The most coherent group of structures is represented by pic-
ture postcards showing tunnels between Brno and Blansko in
Moravia (TUNEL 2/2014). In addition, we can find a range of histo-
ric, but surprisingly very recent picture postcards documenting other
tunnel structures in the Czech Republic, mostly in Bohemia, for us.
In this case they no more form any historic or regional group (with
the exception of the so-called “Rikov” railway tunnels along the
Jizera River and, probably, also tunnels in the vicinity of the Sdzava
River). Nevertheless, they document the development of individual
tunnels as important civil engineering structures and dominant featu-
res, as well as the development of the landscape in their surroun-
dings. Promotional postcards form a special case. In this part of our
series, we are going to acquaint TUNEL journal readers with the fol-
lowing ones.

DOC. ING. VLADISLAV HORAK, CSC.,
ING. RICHARD SVOBODA, PH.D.,
ING. PAVEL SOUREK

Podékovdni: Prispévek byl vypracovdn s financni pomoci EU ,,OP Vyzkum a vyvoj pro inovace, projekt reg. &. CZ.1.05/2.1.00/03.0097, v rdmci
cinnosti regiondlniho centra AdMas ,, Pokrocilé stavebni materidly, konstrukce a technologie* a programu Centra kompetence Technologické
agentury Ceské republiky (TACR) v rdmci projektu Centrum pro efektivai a udritelnou dopravni infrastrukturu (CESTI), islo projektu
TE01020168.
Acknowledgements: The article was processed under financial support of the Research Funds No. CZ.1.05/2.1.00/03.0097, within the activities
of the Regional Centre AdMasS "Advanced Materials, Structures and Technologies" and by Competence Centres program of Technology Agency of
the Czech Republic (TA CR), project Centre for Effective and Sustainable Transport Infrastructure (no. TE01020168).

CHOCER, Tunel




Popisky k pohlednicim:

Obr. 1 Davle Tunel 1913 ?? [sbirka autorii]

Severni portdl ,,Davelského“ tunelu (dl. 180 m, proraZen 1881) na
trati Vrané nad Vitavou — éeréany v tésné blizkosti Vitavy. Staveni na
brehu Feky dnes jiz nestoji, Zeleznicni prejezd je jiZ také zruSen.

Obr. 2 Davle — v pozadi Olesko 1937 ?? [sbirka autori]

Pohlednice, na které jsou nardz zachyceny portdly dokonce tri Zelez-
ni¢nich tuneli. Jde o tunely , Davelsky“ (vpravo, di. 180 m),
., LibFicky“ (uprostred, dl. 98 m) a ,,Skochovicky* (vlevo, dl. 209 m).
Vsechny jsou jednokolejné a lezi na trati Vrané nad Vitavou — Ceréa-
ny z roku 1881. Trat’se nachdzi v krdsném uidoli Vitavy pod jejim sou-
tokem se Sdzavou a je dodnes vyhleddvand turisty.

Obr. 3 Chocen Tunel 1917. Nakl. Bedrich Strasik, Chocen [sbirka
autoru]

Dnes jiZ neexistujici Zelezni¢ni tunel na tratovém iuseku Chocen —
Brandys nad Orlici. Mél délku 255,9 m a byl zprovoznén v roce 1845
Jjako dvoukolejny. V roce 1949 byl snesen a nahrazen zdrezem.
Pohlednice zobrazuje zdpadni (Chocensky) portdl tunelu z pohledu od
chocenského nddrazi.

Obr. 4 Partie z Riegrovy stezky ??, ?? [sbirka autori]

Jednd se patrné o jizni (semilsky) portdl tunelu ,, Rikovsky 1 na trati
Stard Paka — Liberec. Je délky 297 m a byl zprovoznén roku 1859 jako
dvoukolejny; dnes je jednokolejny. Po druhé strané reky (po skdle
v popredi) vede tzv. Riegrova stezka — turistickd trasa po strmém

s Zeleznicni trati a tunely.

. 5/2014

Legends to the picture postcards:

Fig. 1 Davle Tunnel 1913 ?? [authors’ collections]

The northern portal of the “Davle” tunnel (180m long, broken through in
1881) on the Vrané nad Vitavou — Cv’eréany railway track, in the immedia-
te vicinity of the Vitava River. The building on the Vitava River bank today
no more stands there and the railway crossing was also cancelled.

Fig. 2 Davle — the village of OleSko in the background, 1937 ?? [author-
s’ collections]

The picture postcard showing simultaneously portals of three railway tun-
nels, namely the “Davle tunnel” (pictured right, 180m long), the “Librice
tunnel” (in the middle, 98m long) and the “Skochovice tunnel (pictured
left, 209m long). All of them are of the single-track design; they are loca-
ted on the Vrané nad Vitavou — éerﬁztli)‘ rail track developed in 1881. The
track is found in a beautiful valley formed by the river Vitava, under its
confluence with the river Sdzava. It is popular with tourists even today.

Fig. 3 Chocen Tunnel 1917. Publisher Bedrich Strasik, Chocern [author-
s’ collections]

A today no more existing railway tunnel in the Chocen — Brandys nad
Orlici track section. It was 255.9m long and was commissioned in 1845 as
a double-track structure. It was removed and replaced by an open cut in
1949. The picture postcard shows the western (Chocen) portal of the tun-
nel viewed from the Chocen railway station.

Fig. 4 Scenery from Riegr’s Path ??, ?? [authors’ collections]

It is probably the northern (Semily) portal of the “Rikov tunnel” located
on the Stard Paka — Liberec railway track. It is 297m long and was com-
missioned in 1859 as a double-track structur; today it is a single-track
structure. The so-called Riegr’s Path runs along the other side of the river
(on the rock seen in the forefront), on a steep slope, providing frequent
views of the opposite hillside with the railway track and tunnels on it.
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Obr. 5 Décin na Labi — Pastyrskd sténa, pred rokem 1915. Nakl.
Briick & Sohn, Meissen [sbirka autoru]

Poutavd pohlednice s Zelezni¢nim tunelem na tratovém iseku Décin
hl. n.— Dolni Zleb stdtni hranice. Tunel dnes nese ndzev L, OV&i sténa “,
podle vyznamné vyhlidkové dominanty, kterou prekondvd. Md délku
279 m, byl zprovozneén roku 1849 a md dvé koleje. Na pohlednici je
severni (Zlebsky) portdl s &sti levobiezniho Labského ndbreZi.

Obr. 6 125 let Pardubice — Liberec, parni lokomotiva fady 414.404 -
nddrazni hala v Pardubicich — vlak s T478 pFi vyjezdu z Rikovského
tunelu — galerie pred Iél’kovskjm tunelem — motor rady 296 na pat-
rovém mosté v Libstdte 1985. Vydavatelstvi Pressfoto Praha [sbirka
autori]

PrileZitostnd pohlednice zobrazujici na dvou svych vyselich Zeleznic-
ni tunely na tratovém iiseku Stard Paka — Liberec hl. n. Tunel
s vyjizdéjici lokomotivou dnes nese ndzev ,, Rikovsky 11 (podle tiseku
skal nad Fekou Jizerou, nazyvaného Iéz’ky). Mad dl. 307 m, byl zprovoz-
nén roku 1859 pro dvé koleje, nyni je jednokolejny. Tunel byl piivod-
né nevyzdeny, aZ v roce 1891 byla zaklenuta jeho &dst. Viak vyjizdi ze
severntho (Zelezny Brod) portdlu.

Na dalsim malém obrdzku je vidét lehkou rdmovou galerii v jiZnim
(Semily) portdlu tunelu ,,Iél’kovsk)? 111 (dl. 264,8 m). Tunel byl zpro-
voznén roku 1859 pro dvé koleje, nyni je jednokolejny. Galerie byla
zFizena roku 1959.

Obr. 7 Partie z Pojizeri u Semil, IV. tunel pred rokem 1918.
Ndkladem knihtiskdrny Josef Glos v Semilech [sbirka autoru]
Zeleznicni tunel na tratovém iiseku Stard Paka — Liberec hi. n. Dnes
nese ndzev ,,Iéz’kovsk)f 1V“. Md délku 200,15 m, byl zprovoznén roku
1859 pro dvé koleje a nyni je jednokolejny. Zobrazen je severni portdl
(na Zelezny Brod).

Obr. 8 Pozdrav ze Sumavy — U Prokopa — Certovo jezero — Tunel na
Spicdiku pred rokem 1900. Nakl. knihkupectvi Theodor Kopecky
v Pisku [sbirka autori]

Typickd sloZend dobovd pohlednice, na jejiZ jedné vyseci (charakteri-
zujici svym tvarem prdve tunel) je vyobrazen i portdl Zelezni¢niho
tunelu na tratovém iseku Zeleznd Ruda AlZbétin — Plzeri. Dnes nese
tento tunel ndzev ,,§pi5dck)3 “.Mddl. 1.747,25 m, byl dokoncen roku
1878 jako dvoukolejny, pricemz nyni md kolej jednu. Dlouhé roky byl
nejdelsim tunelem v CR, aZ v roce 2007 jej o 11 m prekonal tunel
Brezensky. Zobrazen je severni portdl (ve sméru na Hojsovu Strdz).

Obr. 9 Lede¢ n/Sdzavou ?? N. V. Vesely, Lede¢ n/Sdz. [sbirka autorii]
Zeleznic¢ni tunel na tratovém tiseku Kdcov — Svétld nad Sdzavou. Tunel
dnes nese ndzev ,,Hornoledecsky“. Md délku 30 m, byl zprovoznén
roku 1903 a md jednu kolej. Velmi krdtky tunel prochdzi svahem
v bezprostredni blizkosti ledecského hradu. Zobrazen je jeho jihovy-
chodni portdl (ke Svétlé n/S).

Fig. 5 Décin on the Elbe — the Shepperd’s Wall, before 1915. Published
by Briick & Sohn, Meissen [authors’ collections]

An eye-catching picture showing a railway tunnel located in the Décin
main station — Dolni Zleb state border track section. The tunnel is today
called “Sheppard’s Wall”, according to a remarkable lookout feature
above it. It is 279m long, was commissioned in 1849 and houses two
tracks. The postcard shows the northern (Zleby) portal and a part of the
left bank of the Elbe embankment.

Fig. 6 125th anniversary of the Pardubice — Liberec railway, a 414.404
series steam engine — the station hall in Pardubice — a train pulled by
T478 locomotive exiting the Rikov tunnel — the gallery before the Rikov
tunnel — No. 296 series engine on the stacked bridge at Libstdt in 1985.
Pressfoto Praha PublishingHouse [authors’ collections]

An occasional picture postcard with two sectors showing railway tunnels
in the Stard Paka — Liberec main station track section. The tunnel with
a locomotive emerging from it is today called the “Rikov II tunnel” (accor-
ding to the rocks lining the Jizera River called Ié[ky). It is 307m long and
was commissioned in 1859 for two tracks, but today it is a single-track
structure. The tunnel was originally without a masonry lining; a part of the
tunnel was provided with a vault later, in 1891. The train exits the northern
(Zelezny Brod) portal.

In the next small picture it is possible to see a light-weight framed gallery
at the southern (Semily) portal of the “Rikov III tunnel” (264.8m long).
The tunnel was commissioned in 1859 for two tracks, today it is a single-
track structure. The gallery was installed in 1959.

Fig. 7 Scenery from the Jizera River region near Semily; the 4th tunnel;
before 1918. Published by Josef Glos book printing plant in Semily [aut-
hors’ collections]

The railway tunnel in the Stard Paka — Liberec main station track section
is today called “Rikov IV”. It is 200.15m long and was commissioned in
1859 for two tracks, today it is a single-track structure. The picture shows
the northern (toward Zelezny Brod) portal.

Fig. 8 Greetings from the Sumava - U Prokopa — Devil’s Lake — Tunnel
under Spicdk mountain; before 1900. Published by Theodor Kopecky
bookstore in Pisek [authors’ collections]

A typical composite picture postcard showing the portal of the railway tun-
nel in the Zeleznd Ruda AlZbétin — Plzeri track section in one sector (with
the shape characterising a tunnel). This tunnel is today called “Spicdk”. It
is 1747.25m long and was commissioned in 1878 as a double-track struc-
ture. Today it houses a single track. It used to be for long years the longest
railway tunnel in the Czech Republic and it was only in 2007 that it was
overcome by the Brezno tunnel with the length by 11m bigger. The picture
shows the northern (toward Hojsova Strdz) portal.

Fig. 9 Ledec n/Sdzavou ?? N. V. Vesely, Lede¢ n/Sdz. [authors’ collec-
tions]

A railway tunnel in the Kdcov — Sveétld nad Sdzavou track section. It is
today called the “Upper Ledec tunnel”. It is 30m long; it was commissio-
ned in 1903 and houses one track. The very short tunnel passes in the
immediate vicinity of the Ledec castle. The picture shows the south-eastern
portal (toward Svétld n/S).
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Obr. 11 Hrad Kokorin tunel 1937. Nakl. K. Zunovd, Praha XII., Rumunskd
31 [sbirka autorii]

Na pohlednicich ¢asto zobrazovany, velmi zndmy a soucasné i nejkratsi cesky
silnic¢ni tunel na silnici I11/12733 — ,, Kokorinsky “. Md délku jen 24 m a do povo-
zu byl uveden v roce 1935. Nachdzi se na useku silnice z Kokorina do
Kokorinského dolu. Jeho stavbu realizovala firma Ing. Josef Kratochvil a spol.
z Prahy — XII. Oba portdly jsou opatieny historizujicim cimburim.

Fig. 11 Kokorin Castle tunnel; 1937. Published by K. Zunovd, Prague XII.,
Rumunskd Street 31 [authors’ collections]

The Kokorin tunnel, which is a very popular and at the same time the shortest road
tunnel on road No. 111/2733, is frequently presented on picture postcards. It is only
24m long and was commissioned in 1935. It is located in the road section between
Kokorin and Kokorinsky Dul. It was constructed by Prague XIl-based Ing. Josef
Kratochvil a spol. company. Both portals are provided with historicising battlements.

/1

Z meTrRoOsSTav

Obr. 13 Metrostay — Vitdme Vds na trase A 12. 8. 1978. Vydalo oddéleni infor-
maci a propagace n. p. Metrostav [sbirka autoru]

Zajimavd propagacni pohlednice k zahdjeni provozu na trase A praZského
metra. Na jejich Cdstech je zobrazeno dokoncovdni jedné ze stanic metra A,
ddle zajimavy pohled do mechanizovaného raziciho Stitu a nakonec typicky
socialisticky a soucasné nic nerikajici zdber Stastnych cestujicich na ndstu-
pisti.

Fig. 13 Metrostav — Wellcome to Line A on 12th August 1978. Published by
the Department of Information and Promotion of Metrostay national enterp-
rise [authors’ collections]

An interesting picture postcard published on the occasion of the commencement
of operations on the Prague Metro Line A. The process of completing one of the
Metro Line A stations, an interesting view down the interior of a tunnelling shi-
eld and a typical socialist and at the same time nothing telling picture of happy
passengers standing on the platform are presented on its parts.

[1] ZIMEK, P. Z historie Zeleznicnich tunelii. 1. vyd. Praha: CD, 7,32 s.

[2] Zeleznidni tunely v Cesku [online]. 2014 [cit. 2014-07-03]. Dostupné na internetu
<http://cs.wikipedia.org/wiki/%C5%BDelezni%C4%8Dn%C3%AD_tunely_v_%C4%8Cesku>

[3] Tunely v Cesku [online]. 2014 [cit. 2014-07-03]. Dostupné na internetu

<http://cs.wikipedia.org/wiki/Tunely_v_%C4%8Cesku>
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ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

VALNE SHROMAZDENI CzTA ITA-AITES
GENERAL ASSEMBLY OF THE CzTA ITA-AITES

The General Assembly of the ITA-AITES Czech Tunnelling Association
(CzTA) was held on Wednesday the 4th June 2014. It was exceptional by
the fact that the election of the new Board of the association for the term
2015 through to 2017 was on its programme. The previous chairman of the
CzTA stated in his report that last year the association continued to carry out
the full range of its activities, the main ones of which being the publication
of TUNEL journal, the organisation of technical seminars under the title
Tunnel Afternoons and the organisation of a technical excursion, which was
focused on the radioactive waste repository in Hungary in 2013. In additi-
on, he emphasised that the international conference Underground
Construction Prague held in Prague in 2013 was successful in all respects.

He reminded the delegates that from the 15t January 2014 the new gene-
ral secretary is Dr. Markéta Pruskova . The association activities have pro-
ceeded fully continually, without any problem, under her leadership.

The negotiations subsequently continued by approving the economic
results of the association for 2013 and the budget for 2014, as well as app-
roving the programme of the CzTA activities for 2014. The participants of
the negotiations in addition discussed the commencement of the preparati-
on of the 13t international conference Underground Construction Prague
2016, which will be held on 25t through to 27th April 2016.

The election resulted into the confirmation of Ing. Ivan Hrdina, the
incumbent chairman, and members of the Board (Prof. Jifi Bartdk,
Dr. Alexandr Butovi¢, Dr. Matous§ Hilar, Dr. Eva HrubeSovd, Ing. Libor
Marik, Ing. Viclav Soukup) even for the next term ending in 2017.

In the framework of the technical programme which followed after the
conclusion of the General Assembly negotiations, Ing. Jan Sochurek pre-
sented detailed information about the workshop held in Riyadh, Saudi
Arabia, in February 2014. It was focused on urban utility tunnels. It was
exceptional for the underground construction industry of the Czech Re-
public by the fact that the organiser requested lectures to be delivered by
Czech experts on the experience in planning, construction and operation of
utility tunnels in the Czech Republic.

Valné shromdzdéni Ceské tuneldiské asociace ITA-AITES se konalo ve
stiedu 4. ¢ervna 2014 v hotelu Duo, Teplicka 492, Praha 9-Prosek. Jednéni
zahjil a ridil pfedseda CzTA Ing. Ivan Hrdina, ktery v tivodu pfivital pii-
tomné a zduraznil duleZitost jednani, protoZe jeho soucasti byly volby pred-
sednictva a predsedy asociace na obdobi 2015 az 2017. Ddle privital pred-
sedu STA Ing. Miloslava Frankovského, ktery pozdravil tcastniky shro-
maézdeéni.

Po schvdleni programu jedndni piitomn{ zvolili volebni komisi, jejimiz
Cleny byli: doc. Pruska, doc. Hordk a Ing. Hasik.

Naésledovalo ocenéni vyznamnych predstavitelu Ceského podzemniho
stavitelstvi. Na ndvrh predsednictva bylo udéleno valnym shromdzdénim
Cestné Clenstvi za celozivotni prinos ¢eskému podzemnimu stavitelstvi
Ing. Pavlu Maiikovi. Pfedseda CzTA Ing. Ivan Hrdina ddle predal pamétn{
medaili CzTA Ing. Ludviku Sajtarovi a Ing. Karlu Zavorovi.

Ve zprave o ¢innosti CzZTA od minulého valného shromazdéni konaného
dne 29. kvétna 2013 Ing. Hrdina konstatoval, Ze asociace pokracovala
v plné §ifi ve svych aktivitich. K hlavnim opét patrilo vyddvani Casopisu
TUNEL, porddén{ Tuneldrskych odpoledni a odborného zdjezdu. Pozitivné
ocenil, Ze Clenskd zdkladna se v podstaté neméni a Ze ¢lenové asociace jeji
¢innost naddle podporuji v nezmensené mife.

Pripomenul, od 1. ledna 2014 je novym generdlnim sekretifem
Ing. Markéta Pruskovd, Ph.D. Pod jejim vedenim Cinnost sekretaridtu aso-
ciace pokracuje zcela kontinudlné a bez jakychkoliv probléma. Dale uvedl,
Ze v minulém roce velmi Gspésné probéhla mezindrodni konference Pod-
zemni stavby Praha 2013 a jeji kladny hospodarsky vysledek pomaha
financovat aktivity asociace.

Vyzval nekteré pracovni skupiny ke zvyseni své Cinnosti a ¢lenské orga-
nizace ke zvazeni vyslani zdstupci WGs ITA-AITES.

Zéavérem podrobnéji zhodnotil jednotlivé oblasti Cinnosti asociace
a podékoval viem ¢lenim kon&ictho predsednictva za aktivni a obétavou
préci.

Proslov predsedy STA Ing. Miloslava Frankovského
Speech of the STA Chairman Ing. Miloslav Frankovsky

Ze zpravy o hospodareni asociace, kterou prednesl Ing. Véclav Soukup,
vyplynulo:

* v roce 2013 asociace hospodarila s niz{ ztrétou, neZ bylo pldnovéno;

e pro zachovéni celkové ife aktivit asociace navrhlo predsednictvo roz-

pocet na rok 2014 se ztritou 320,50 tis. K¢, kterd bude cerpana
z rezervy tvorené ziskem konference PS 2013. Jednim z mimoradnych
ndkladu v roce 2014 je vydéni dalsiho svazku edice Dokumenty CZTA
o mechanizovaném tunelovani.

Vysledek voleb predsedy a Clent predsednictva asociace pro obdobi
2015 a7 2017 neprinesl Zddnou zménu, takZe vrcholny orgdn asociace bude
i naddle pracovat v sou¢asném slozeni.

Z dalsiho pribéhu jednéni valného shromdzdéni:

e hlavni aktivity asociace v roce 2014 - vyddvani ¢asopisu TUNEL,
pordddni &tyf Tuneldrskych odpoledni a odborného zédjezdu
v ndhradnim fijnovém terminu a vyddni nového svazku edice
Dokumenty CzTA o mechanizovaném tunelovéni;
byla schvélena zména stanov asociace, kterd byla vyvoldna predevsim
pozadavky nového obcanského zdkoniku platného od 1. ledna 2014.
Asociace je naddle ,,zapsanym spolkem (zkratka: z. s.)*. Nové stanovy
byly doruceny k rejstiikovému soudu a jsou dostupné na webovych
strankdch asociace;
vyhodnoceni studentské soutéze:

1. misto: Ing. Vlastimil Suchyna, FAST VSB-TU Ostrava — Urcovdni
mnoZstvi téZené rubaniny a jeji aktudlni vyhodnocovdni pri raZeni
s vyuZitim EPB Stitu;

2. misto: Ing. David Tampier, ESv CVUT Praha — Ndvrh pFedportdlo-
vého zdrezu a portdlové dsti tunelu Sudomérice;

3. misto: Ing. Ale§ Vojkovsky, FAST VSB-TU Ostrava — Analyza veli-
kosti seddni povrchu v zdvislosti na vybranych urcujicich faktorech
razby s vyuZitim plnoprofilovych zeminovych Stitii.

Ocenénym poblahoprdl a predal odménu mistopredseda CzTA
prof. Bartdk.

o zahdjen{ pripravy mezindrodni konference Podzemni stavby Praha
2016 informoval predseda piipravného vyboru Ing. Alexandr Butovi¢,
PhD;

¢innost pribuznych spolecnosti — prof. Pfibyl vystoupil s kratkou pre-
zentaci 0 Mezindrodn{ silni¢ni spolecnosti PIARC a praci Ceskych
zastupcu v ni. Informoval o sou¢asnych aktivitdch Mezindrodni silni¢-
ni spolecnosti i jejtho vyboru Silni¢ni tunely. Ing. Smolik pak infor-
moval o ¢innosti sekce Tunely Ceské silnicni spolecnosti;

pred zdvérem jedndni informoval predseda CzTA Ing. Ivan Hrdina
o WTC 2014, které se konalo v Brazilii a Ceskou asociaci tam zastu-
poval Ing. Karel Rossler, Ph.D.

Pozn.: podrobny zdznam z jedndni valného shromdideni CzTA je

k dispozici na webovych strdnkdch asociace.



Tufel

Usneseni z valného shromédzdéni CzTA, které se konalo 4. ervna 2014
v hotelu Duo v Praze 9:

1. Valné shromédzdéni schvaluje zprdvu predsedy o Cinnosti asociace
v obdobi od minulého valného shromazdéni, které se konalo 29. kvét-
na 2013.

2. Valné shromézdéni schvaluje hospodafeni asociace za rok 2013
a ndvrh rozpoctu na rok 2014.

3. Valné shromazdéni schvaluje zmény stanov Ceské tuneldfské asocia-
ce ITA-AITES.

4. Valné shromdzdéni vzalo kladné na védomi hlavni aktivity CzZTA
v roce 2014:
e porddéni Tuneldrskych odpoledni a odborného zdjezdu;
e edicni plan casopisu TUNEL;
e piipravu mezindrodni konference PS Praha 2016.

5. Valné shromézdéni zvolilo predsedu a ¢leny predsednictva pro funké-
ni obdobi 2015 az 2017 ve slozeni:

KONFERENCE PODZEMNI STAVBY PRAHA 2016

23. rocnik - €. 3/2014

e predseda CzTA: Ing. Ivan Hrdina,

e Clenové predsednictva: prof. Ing. Jifi Bartdk, DrSc, Ing. Alexandr
Butovi¢, Ph.D., doc. Ing. Matous Hilar, Ph.D., doc. RNDr. Eva
HrubeSové, Ph.D., Ing. Libor Maiik, Ing. Véclav Soukup.

V rdmci odborného programu, ktery nasledoval po ukonceni jednéni val-
ného shromdzdéni, prednesl Ing. Jan Sochurek podrobnou informaci
o workshopu, ktery se konal v tinoru 2014 v Riyadhu v Satidské Arabii. Byl
zameten na méstské kolektory. Pro ¢eské podzemni stavitelstvi byl mimo-
fadny tim, Ze poradatel ITA-COSUF si vyzddal prednasky ¢eskych odbor-
niki o zkuenostech z planovéni, stavby a provozu kolektord v Ceské
republice.

ING. MARKETA PRUSKOVA, PH.D., pruskova@ita-aites.cz,
generdlni sekretdr CzTA,
ING. MILOSLAV NOVOTNY, novotny@ita-aites.cz

UNDERGROUND CONSTRUCTION PRAGUE 2016 CONFERENCE

Yy

Piiprava konference Podzemni stavby Praha 2016 jiz bézi na plné obrat-
ky. Tentokrdt probéhne ve dnech 25.-27. 4. 2016, opét v hotelu Clarion
Congress Hotel v prazskych Vysofanech. Po dobrych zkuSenostech zistava
podobné i schéma konference, véetné uvodnich keynote lectures
a vyzvanych prednédsek od renomovanych ¢eskych a zahrani¢nich predndSe-
jicich. V soucasné dob¢ probihaji jednani o moZnosti spojeni s planovanym
3. ro¢énikem Vychodoevropské konference, kterd by se meéla konat
v podobném terminu. Smyslem spojeni je snaha o zvySeni poctu zahranic-
nich Gcastniku a obohaceni programu. Vice informaci naleznete na webo-
vych strankdch www.pspraha.cz.

ING.ALEXANDR BUTOVIé, PH D., alexandr.butovic@satra.cz,
predseda pripravného vyboru konference
Podzemni stavby Praha 2016

The preparation of the Underground Construction Prague 2016 confe-
rence is already in full swing. This time it will be held on 25t through to
27t April 2016, again in Clarion hotel in VysoCany, Prague. After good
experience, the conference chart, including opening keynote lectures and
invited lectures by renowned Czech and foreign lecturers, will remain
unchanged. At the moment, there are negotiations underway regarding the
possibility of joining this event with the planned 3d annual East European
Conference, which should be held at a similar time. The reason for this con-
nection is an effort to increase the number of foreign attendees and offer
richer programme to the participants. For more information visit web pages
www.pspraha.cz.

ING.ALEXANDR BU TOVIC', PH .D., alexandr.butovic@satra.cz,
Chairman of the Preparatory Committee of Underground Construction
Prague 2016 Conference

UNDERGROUND
CONSTRUCTION

. MEZINARODNI KONFERENCE / 13™ INTERNATIONAL CONFERENCE

25.-27. DUBNA 2016 | PRAHA, CESKA REPUBLIKA / 25-27 APRIL 2016 | PRAGUE, CZECH REPUBLIC

ASSOCIATION CESKA TUNELARSKA
INTERNATIONALE DES TUNNELS ASOCIACE
ET DE L'ESPACE SOUTERRAIN ITA-AITES
INTERNATIONAL TUNNELLING CZECH TUNNELLING

A I T E S AND UNDERGROUND SPACE ASSOCIATION
ASSOCIATION ITA-AITES

www.ps2016.cz
ps2016@quarant.cz
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Zelezniéni tunel Turecky Vrch,
Slovenska republika

METROPROQIJEKT Praha a.s.
l. P. Pavlova 2/1786,
120 00 Praha 2

metroprojekt@metroprojekt.cz

www.metroprojekt.cz

Tel.: +420 296 325 152
Fax: +420 296 325 153

Prodlouzeni trasy A prazskeho
metra, jednolodni stanice
Petfiny pfed dokonéenim
07/2014



SATRA, spol. s r.o.

Sokolska 32
120 00 Praha 2
Czech Republic

T +420296 337 111
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« Search, verification, technical, urbanistic, mmnﬁ other studies
» Economic, environmental and risk analyses .

« Documentation for zoning and planning de S'and for building permits

+ Safety documentation ,

« Documentation for contractors selection
As-is documentation
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