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EDITORIAL EDITORIAL

Prvni ¢islo TUNELU v leto§nim roce nelze zadit jinak neZ pfipomenutim The first issue of TUNEL in 2007 cannot start another way than by reminding us of the
mimofadné vyznamné akce, jejiZ organizace byla svéfena Ceskému tuneldrské- exceptionally important event, the World Tunnel Congress WT'C 2007, with the Czech
mu komitétu ITA/AITES — svétového kongresu WTC 2007. Prazské setkdni Tunnelling Committee being entrusted with the task of organising it. The Prague meeting of
odbornikt z oblasti podzemnich staveb, které probéhne v prvni kvétnové deka- professionals active in the field of underground construction, which will take place in the first
de, prinese zhodnoceni nékolikaleté usilovné a ¢asové velmi ndro¢né ¢innosti decade of May, will be the conclusion of several years of strenuous and time consuming acti-

souvisejici s pripravou odborné i spolecenské ¢dsti kongresu. Pevné véfim, Ze vities associated with the preparation of the technical and social parts of the Congress. I firm-
kone¢ny vysledek uspokoji a potési predevsim vSechny nase hosty — Gcastniky ly believe that the final result will satisfy and give pleasure to all of our guests, the attende-

konference i jejich pfipadny doprovod; tdlevny pocit z dobfe vykonané a uzi- es of the Congress persons who will accompany them. The feeling of relief after well done
te¢né prace pociti nepochybné vSichni, ktefi se na piipravé kongresu podileli and useful work will certainly spread among all of those who participated in the preparation
a prispéli k jeho zddrnému pribéhu. of the Congress and contributed to its success.

Priprava ndplné odborné ¢asti konference byla velmi naro¢nd, vysledek je The preparation of the contents of the technical part of the Conference was very difficult,
viak velmi pozitivni — do tfidilného sborniku konference, vydaného renomova- but the result is highly positive: 317 papers dealing with the current issues of underground
nym nakladatelstvim A.A. Balkema Publishers, ktery bude k dispozici také engineering all over the world have been incorporated into the three-part congress procee-
v elektronické verzi, bylo zatazeno 317 prispévku zabyvajicich se aktudln{ pro- dings, which is published by a renowned publishing house, A.A. Balkema Publishers. The
blematikou podzemnich staveb z celého svéta. To je nejvetsi pocet publikova- proceedings will be available even in an electronic version. The number of papers being pub-

nych prispévka ze viech dosud probéhlych svétovych tuneldfskych kongrest lished is the highest ever experienced at world tunnel congresses ITA/AITES. Of the nine
ITA/AITES. Z piipravovanych deviti sekci byl vyrazné nejvétsi zdjem autora topic sections, the markedly highest interest of authors was attracted by Research, develop-
o sekce Vyzkum, vyvoj a navrhovdni podzemnich konstrukci a Provddeéni tune- ment and design of underground structures and Tunnel excavation by conventional methods
li konvencnimi metodami a pomoci TBM (véetné monitoringu). Celkovy and by TBM (including monitoring). The overall summary of the papers with names of the
prehled piispévki s ndzvy, jmény autort a zarazenim do sekei je k dispozici authors and division into sections is available to the readers in the form of an appendix to this

Ctendrim ve formé prilohy tohoto &fsla TUNELU, podrobnéjsi informace o cel- TUNEL issue, whereas more detailed information on the overall state of the Congress pre-
kovém stavu piipravy kongresu je uvedena ve zpravodajstvi z CTuK. paration is contained in the CTuC Reports).

U prileZitosti kondni kongresu bude vyddna publikace Podzemni stavitel- The publication Underground Construction in the Czech Republic, which will be pub-
stvi v Ceské republice, kterd slovem i obrazem zpracovéva prehledné historii lished on the occasion of the Congress dealings, provides both in words and graphically
oboru, podrobné pak soucasnost i vyhledy do pristich let. Vedle konferen¢niho a review of the history of this construction branch, and detailed information on the presence

sborniku bude anglickd verze publikace trvalou pfipominkou drovné naseho and perspective for future years. Along with the Conference Proceedings, which deal with
podzemniho stavitelstvi pro vSechny tcastniky konference, kteff ji dostanou topical worldwide tunnelling issues, the English version of the publication will be a lasting

jako soucdst souboru konferen¢nich materidli. Ceské vyddni knihy, které bude reminder of the level of Czech underground construction for all participants of the conferen-
volné dostupné ptipadnym zdjemcim, vyplnf existujici mezeru v fadé odborné- ce, who will receive it as a part of the package of conference documents.

populdrnich publikaci, tykajicich se ostatnich obort inZenyrského stavitelstvi. The Czech issue of the book, which will be freely available to any interested person, will fill
Souhrnné dilo s tematikou podzemnich staveb v Ceské republice dosud vydano up a gap existing in the series of technical-atechnical publications on civil engineering. No
nebylo, a bude proto pro mnoho zainteresovanych odborniku a zvidavych sym- synoptic work on the topic of underground construction in the Czech Republic has been issued
patizanti vitanym piehledem fakti i zdrojem pouleni o tctyhodné a ne vie- till now. It will, therefore, become a welcomed summary of facts and source of enlightenment
obecné znamé §ifi ndplné podzemniho stavitelstvi. Podrobnéjsi informace for many interested professionals and inquisitive sympathisers as to the considerable and not
o této publikaci, kterd jiZ nynf vzbuzuje oprdvnény zdjem, doloZeny objedndv- generally known breadth of the content of underground construction work. More detailed infor-
kami jejich obou verzi, je uvedena uvnitf ¢asopisu ve zpravodajstvi z CTuK. mation on the publication, which has already started to arouse justified interest, which has been

V obdobi pfipravy prvniho &isla probéhlo vyro¢i, které nelze v nasem tech- proven by orders for both versions, is contained inside the magazine, in the CTuC Reports.

nicky zaméfeném Casopise opominout. Den 18. leden 2007 byl dnem, kdy uply- An anniversary, which took place during the course of the preparation of the first TUNEL

nulo 300 let od vzniku Ceského vysokého uceni technického v Praze. Je to issue, must not remain unnoticed in our technical magazine. The day of 18th January 2007 was
datum Casto zpochybriované, s nejvesi pravdépodobnosti proto, Ze se jeho the day of 300th anniversary of the Czech Technical University in Prague. This date has
uzndnim stdvd CVUT nejstar$i technickou univerzitou ve stiedni Evropé. Verej- been often disputed, in all probability because of the fact that the acknowledgement of this date
nd inzenyrskd $kola byla pod ndzvem Stavovskd ingenieurskd Skola v Praze makes the Czech Technical University (CVUT) the oldest technical university in central Euro-
formdlné ustavena 40 let pied zaloZenim véhlasné a stéle existujici parizské pe. A public school of engineering was formally founded under the name of the ‘School of
Mostni a silni¢ni Skoly (Ecole des Ponts et Chaussées), kterd vznikla v roce Engineering of the Estates in Prague’ 40 years before the foundation of the renowned and still
1747. Historicky je vSak toto datum opodstatnéné a pisemné doloZené — cisar existing Ecole des Ponts et Chaussées in Paris (the Bridging and Road Construction School),
Josef 1. Habsbursky 18. 1. 1707 Cesky psanym reskriptem (zakladaci listinou) which was founded in 1747. This date is, however, based on historical documents. Emperor

rozhodl, Ze vyuku inZenyrstvi je tfeba zah4jit a sehnat na ni penize... Joseph I of Hapsburg decided on 18th January 1707, through a rescript written in Czech, that
Inicidtorem zaloZeni Stavovské inzenyrské Skoly byl Josef Christianna Wil- the engineering tuition was to be started and money for it be “scraped together”...

lenberg, ktery také jako prvni ziskal inZenyrskou profesuru; diky otdleni Ces- The foundation of the School of Engineering of the Estates was initiated by Josef Christi-

kych stava viak az v roce 1717, takZe vlastni vyuku mohl zahdjit v lednu 1718. ann Willenberg, who was then the first man to be commissioned by heading the new Engine-

Willenberg byl uzndvany odbornik v opeviovacich pracich, takze Stavovskd ering Chair (Professorship), even though as late as 1717 owing to hesitation of the Bohemian
inZenyrskd $kola méla v pocétecnim ddobi své existence v podstaté poslan{ Estates. The tuition could, therefore, start in January 1718. Willenberg was a respected expert
vojensko-fortifika¢ni. V obdobi pusobnosti druhého profesora J. F. Schora, in fortification earthwork. It means that the mission of the School of Engineering of the Esta-
vynikajiciho umélce-malife a architekta-teoretika, a zejména pak po jeho tmrti tes was in the military-fortification field at the beginning of the existence of the school. The

za pusobnosti profesora F. A. Hergeta, vyznamného zeméméfického a vodo- character of the school changed during the tenure of J. F. Schor, the second professor, an out-
hospodarského odbornika, se v§ak zménila ve Skolu pfevazné civilné-inZzenyr- standing artist (painter and architect) and theoretician, and primarily, after his death, during the
skou. Tento jeji charakter se zvyraznil po roce 1815 za pusobeni prof. F. J. tenure of professor F. A. Herget, a prominent expert in the field of geodesy and water mana-
Gerstnera, vynikajiciho astronoma, zeméméfi¢e, odbornika ve vodnim a Zelez- gement. It became predominantly a civil engineering school. This character was even empha-

ni¢nim stavitelstvi. Je nepfehlédnutelnym faktem, Ze Stavovskd inZenyrskd sised after 1815 during the presence of professor F. J. Gerstner, an excellent astronomer, geo-
$kola v Praze, zdklad dnesniho CVUT, se v po&itcich své existence profilovala desist and expert in the field of hydraulic engineering and railway construction. It is impos-
jako Skola stavebniho zaméfeni. Podrobnéjsi prehled o historickém vyvoji sible to fail to notice the fact that the School of Engineering of the Estates in Prague, which is
Skoly, kterd je ,,almou mater pro mnohé z nds, lze najit uvnitf ¢isla v rubrice the foundation of the today’s Czech Technical University, profiled itself as a school focused

jubilef. on civil engineering. A more detailed survey of the historical development of the school, which
Uvodnik &isla pfipomind patndcté vyroci zaloZeni firmy, kterd dnes nese is the alma mater for many of us, is available in the Jubilee column inside this magazine issue.
ndzev IKP CONSULTING ENGINEERS, s. r. 0. Uspésné pasoben této firmy The editorial of this issue commemorates the fifteenth anniversary of the company, which is

ve sféfe podzemniho stavitelstvi u nds i v zahrani¢i je v§eobecné znamé a tyka now named IKP CONSULTING ENGINEERS,; s. r. 0. The successtul activities of this com-
se vesmés obtiznych zaddni. Jeji pracovnici také prispéli do tohoto &isla pany in the sphere of underground construction in the Czech Republic and abroad is generally
TUNELU tfemi kvalitnimi pfispévky z oblasti teorie, projektovani i realizace known. They are mostly associated with difficult tasks. Its staff contributed to this TUNEL issue
podzemnich staveb. Z dal§iho obsahu ¢&isla jsou dva ¢lanky vénovany velmi by submitting three quality articles dealing with the areas of theory, design and implementati-

aktudlni problematice poZdrni bezpecnosti, tfi ¢lanky popisuji tunely v zahrani- on of underground structures. Of the remaining contents of this issue, two articles are dedica-
¢i (Indie, Turecko, Slovensko) a jeden kabelovou Sachtu tunelu Klimkovice. ted to the particularly topical problem of fire safety, three articles describe tunnels built abroad
Véfim, Ze vds népln Cisla jedna 2007 potési i poudi, stejne tak jako pfipra- (India, Turkey, Slovakia), and one of them deals with a cable shaft for the Klimkovice tunnel.
vované vydani mimorddného ¢isla TUNELU, jeZ bude obsahovat plné znéni I believe that the content of the first issue in 2007 will also please and enlighten you, as will

konferen¢nich Key-note Lectures. the extra issue of TUNEL, which will contain full texts of the Congress Key-note Lectures.
Prof. Ing. Jiri Bartdk,DrSc., Fadny profesor Prof. Ing. Jiri Bartik, DrSc., a full-time professor of the Faculty of Civil Engineering

Stavebni fakulty CVUT v Praze, &len redakéni rady casopisu Tunel of the Czech Technical University in Prague, a member of the Editorial Board of Tunel,
a predseda védecké rady WTC 2007 and Chairman of the Scientific Council of the WTC 2007
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VAZENI CTENARI CASOPISU TUNEL,

po vice neZ &tyrech letech md nase spole¢nost IKP Consulting Engineers moznost pre-
zentace v prestiznim periodiku vyddvaném CTuK ITA/AITES. V uplynulém obdobi
u nés doslo ke zméné vlastnickych vztaht. Proto od tinora 2004 pusobfme na trhu pro-
jektovych, konzultacnich a inZenyrskych praci pod novym obchodnim jménem misto
puvodniho ILF Consulting Engineers.

K zésadnim zméndm v zaméfeni ¢innosti nasi spole¢nosti nedoslo. V oblasti tunel4r-
skych staveb jsme tak mohli navdzat na bohaté zkuSenosti ziskané v obdobi, kdy firma
patfila k rakouské skupiné ILF Consulting Engineers. Raciondlni pristup k tuneldrské
problematice i vysokou odbornou trovei naSich jiznich sousedu povaZujeme za stile
hodnou nésledovani. A mimoto $el vyvoj samoziejmé dél. Pracovnici naseho oddéleni
geotechniky a podzemnich staveb prohlubovali svoje znalosti a zkuSenosti jak pfi pri-
pravé dokumentace dalsich podzemnich staveb, tak aktivni spolupraci s fadou ostatnich
partnerti doma i v zahranicf.

Pii zpracovani dokumentace i pfi konzulta¢ni Cinnosti v oboru podzemnich staveb
nasi specialisté peclive sleduji vyvoj v oboru. Ve své praci se snazi ti¢eln¢ aplikovat nové
pristupy a metody s cilem navrhovat feSeni bezpe¢nd a zdroven prinaSejici nasim part-
nertim pii realizaci dspory jak asové, tak i nakladové. V tomto &isle Gasopisu Tunel jsou
prezentovany nékteré projekty, na kterych se nase spole¢nost IKP Consulting Engineers
podilela. K tém mi dovolte nékolik pozndmek.

Pii zpracovani realiza¢ni dokumentace pro tunel Libouchec na ddlnici D8 byla navr-
Zena zména puvodniho feSeni na realizaci nevyztuZeného sekunddrntho osténi. Ackoliv
pri vystavbé tunell v jiz zminéném Rakousku je pouZiti nevyztuZeného definitivniho
osténi bézné, prosadit ndvrh nebylo v nasich podminkdch vibec jednoduché. Zamér
vyZadoval od naSich pracovniki znatné silf, rozhodné nad rdmec obvyklého rozpraco-
véani predchoziho stupné do drovné realizaéni dokumentace. S pomoci zti¢astnénych
partnerti ve vystavbé se podafilo ndvrh realizovat a uvedené feSeni miZe byt preceden-
tem i pro dalsf tunely jak silni¢ni, tak Zelezni¢ni. Névrh nevyztuzeného osténf si vyZadal
zcela novy teoreticky piistup k problematice, o které je v tomto &isle ¢lanek zpracovany
spoluautory.

Zaroven viak zkuSenosti z uvedené zakdzky ukazuji, jak je u nds stdle jesté t€7ké pro-
sazovat nové myslenky pii slozitych vztazich mezi partnery v investiéni vystavbé.
A v neposledni fad¢, jak hluboce je zakofenéna snaha usetfit na nakladech za projektovou
dokumentaci, prestoZe pravé tady je mozné vhodnym a dcelnym feSenim dosdhnout opti-
mdlniho vynaklddéni investi¢nich finan¢nich prostredku v fddové vyssich hodnotéch.

Dal§im projektem, kde se podafilo nasim pracovnikum uplatnit nové a ne zcela obvy-
klé feSent, je Zelezni¢ni tunel Bfezno. I o ném je pojedndno v tomto &isle v samostatném
¢lanku. V rdmci konzultacni ¢innosti pro dodavatelskou firmu Metrostav a. s. byly nasi-
mi pracovniky navrhovdny mozné varianty zméhdni zdvalu z roku 2003. Po konzultacich
a ve spolupréci se zdkaznikem byl piijat ndvrh na realizaci inikové Sachty o svétlém pra-
méru 20 m. Ve slozitych geotechnickych podminkéch byla Sachta tispésné a bez vétsich
problému realizovéna. Ke zddrné realizaci dila je$té pfed planovanym terminem pispé-
lo, kromé dobré préce dodavateld, i flexibilni feSeni navrZené pracovniky IKP Consul-
ting Engineers v rdmci realizani dokumentace.

Z dalsich projektu z posledniho obdobi rozhodné stoji za zminku realizaéni doku-
mentace tunelu Veprek na I. Zelezni¢nim koridoru, ktery byl prvnim Zelezni¢nim tune-
lem realizovanym pomoci NRTM. Pro Ceské drahy naie firma dale zpracovala projekt
stavby tuneli Mald Huba a Hnévkovsky I. na III. Zelezni¢nim koridoru a pfipravnou
dokumentaci tuneld Olbramovicky, Voticky a Tomicky na IV. Zelezni¢nim koridoru.
Ze soucasnych aktivit se jednd predev§im o zpracovavéni realizalni dokumentace na
tunelové objekty stavby 513 Vestec — Lahovice na silni¢nim okruhu okolo Prahy.

Kromé zpracovéani projektové dokumentace jsme se rovnéZ zabyvali konzultaéni
a supervizni ¢innosti. Pri této prileZitosti je na misté zminit zejména supervizi pi zpra-
covani realizani dokumentace tuneld Nového spojeni v Praze. V konstruktivni spolu-
prci s projektantem a dodavateli se podarilo aplikovat fadu vhodnych feSeni, z nichZ je
potfebné zminit zejména aplikaci nevyztuzeného definitivniho osténi pro tyto dvouko-
lejné Zeleznicni tunely. Je jasné, Ze i v tomto pripadé doslo k ¢asovym a ndkladovym
dspordm.

Rozsdhld modernizace a rozsifovéani naSeho Zelezni¢niho i silni¢niho dopravniho
systému prinesly i celou fadu staveb podzemniho stavitelstvi. Kromé zajimavé prace
ziskdvaji odbornici v oboru geotechniky a podzemnich staveb i fadu novych poznatka
a zkuSenosti. Tento trend u nds pokraCuje a znatnou moznost k realizaci dava i velky
rozsah obdobnych investic na Slovensku. UZ jenom v téchto dvou zemich je mozné vidét
budoucnost tuneldiské profese jako velice perspektivni, a proto bych chtél viem
tuneldram poprét do budoucich let mnoho tspé$nych a prospénych staveb.

(Ra
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DEAR READERS OF TUNEL MAGAZINE

After more than four years, our company IKP Consulting Engineers is given the opportu-
nity of presentation in this prestigious CTuC ITA/AITES-issued periodical. The ownership
relationships changed in our company over the past period. For that reason, we have operated
in the design, consultancy and engineering services market under a new trade name since Feb-
ruary 2004; the original name ILF Consulting Engineers was replaced.

No fundamental changes in the orientation of our company activities have occurred. We were,
therefore, able to follow up the wealth of experience gathered in the field of tunnel construction in
the period in which the company was part of the Austria-based group ILF Consulting Engineers. The
rational attitude towards tunnelling problems and the high professional level of our southern neigh-
bours is still worth following for us. Of course, development continued even in our company. The
staff of our departments of geotechnics and underground construction deepened their knowledge and
experience both during preparation of documents for new underground projects and through active
collaboration with many other business-mates in this industry, both domestic and foreign.

While working on documents or providing consultancy services in the field of underground
construction, our specialists thoroughly observe the developments in this construction branch.
They make an effort at their work to reasonably apply new approaches and methods, with the
aim of creating designs which are safe and, at the same time, beneficial for our customers
during the construction in terms of time and cost savings. This issue of Tunel contains pre-
sentations of several pieces of design work in which our company IKP Consulting Engineers
participated. Let me add several comments on them.

A change in the original design for the Libouchec tunnel on the D8 motorway was propo-
sed during the work on the detailed design — the reinforced concrete to be used for the secon-
dary lining was replaced by unreinforced concrete. Even though utilisation of unreinforced
concrete in tunnel construction for a final lining is commonplace in above-mentioned Austria,
it was not at all simple to push this design through in Czech conditions. Our personnel had to
make significant efforts, certainly beyond the scope of the usual elaboration of the previous
design stage to the detailed design stage. The design was successfully implemented owing to
the assistance of the parties to the project. This solution could become a precedent even for
other tunnels, both road and railway ones. The design of the unreinforced concrete lining requ-
ired an absolutely new theoretical approach towards this problem. It is described by the co-
authors in a paper, which is contained in this magazine issue.

However, the experience gained from this project, at the same time, shows that it still has
been difficult in the Czech Republic to implement new ideas in the conditions of complicated
relationships between parties to the project. And, at last but not least, it shows how deep roo-
ted is the effort to achieve savings in the cost of design documents despite the fact that this is
the right point where optimum investment costs can be achieved through an appropriate and
effective solution, with savings higher by an order of magnitude than those achieved through
economising on the design.

Another project where our personnel succeeded in the application of a new and not entirely
usual design approach was the Brezno tunnel. This tunnel is also described in a separate paper in
this issue of Tunel. Our employees designed, in the framework of consultancy services to the con-
tractor, Metrostav a.s., possible variants of dissolving a collapse, which happened in 2003. After
consultations, the final design consisting of an escape shaft with the net internal diameter of 20m
was developed in collaboration with the customer. The shaft was successfully sunk in difficult
geotechnical conditions without significant problems. The flexible solution, which was prepared
by IKP Consulting Engineers personnel as a part of the work on the detailed design, was, apart
from the good work of the contractor and sub-contractor, one of the factors which contributed to
the successful completion of the works, even ahead of the schedule.

Of the other design assignments of the recent period, the final design for the Veprek tunnel on
the Railway Corridor I is definitely worth mentioning. This was the first railway tunnel to be built
by the NATM. Czech Railways was our customer also in the case of the Mald Huba and Hnév-
kovsky tunnels on the Railway Corridor III (the detailed designs) and the Olbramovice, Votice
and Tomice tunnels on the Railway Corridor IV (the design documentation for issuance of zoning
and planning decision). Of the current activities, I should mention the work on the detailed design
for tunnels on the Prague City Circle Road, construction lot 513 Vestec — Lahovice.

Apart from designing, we have also been involved in consultancy and supervision. Here I
should mention our supervision over the detailed design for the New Connection Project tun-
nels in Prague. The constructive collaboration with the designer and contractors resulted in
successful application of a number of suitable solutions. The most significant of them was the
application of unreinforced final lining to the double-track railway tunnels. Obviously, this
solution has also yielded time and cost savings.

The extensive modernisation and expansion of our railway and road transport systems have
carried with them the need for numerous buildings. This is also a source of interesting work,
but also interesting know-how and experience, for geotechnical and underground constructi-
on specialists. This trend continues to exist not only in the Czech Republic, but also in Slova-
kia, where significant opportunities are offered owing to the great extent of similar
projects. The two countries are only examples proving the fact that the future of the
tunnelling profession is very bright. Therefore, I would like to wish all tunnellers
success in implementing many useful constructions.

ING. JIRI ROSICKY

Jednatel a vykonny Feditel, IKP Consulting Engineers, s. . 0.
Acting Secretary and Executive Director , IKP Consulting Engineers, s.r.o.
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NELINEARNI VYPOCET BETONOVYCH OSTENI TUNELU
NON-LINEAR ANALYSIS OF CONCRETE TUNNEL LINERS

ALES ZAPLETAL, JIRI HOREJSI

1. OvoD

V posledni dobé se v Ceskych tuneldfskych kruzich setkdvdme se
snahou navrhovat definitivni osténi tunelll z prostého betonu. Ze to
mozné je, dokazuji tunely z prostého betonu vybudované ¢i budované
nejenom v okolnim svété, ale i u nds. V Praze je takto postaven Leten-
sky tunel (do provozu uveden v roce 1953) a oba tratové tunely na linii
A metra pod Vltavou, mezi stanicemi Staroméstskd a Malostranskd
(zhotoveny technologii lisovaného betonu a do provozu uvedeny
v roce 1978).

Sama myslenka tunelu z prostého betonu u nds tedy neni novd. Nové
je pouze to, Ze se objevuje ve spojeni s Novou rakouskou tunelovaci
metodou.

Z hlediska statiky novum tohoto typu neni vyznamné. Podstatné z hle-
diska statiky je, Ze pokud md byti osténi z prostého betonu navrZeno
nejenom bezpe¢né, ale i hospoddrné, nevystaéime vétSinou s koncepef
linedrniho osténi. Musime pristoupit k vypoctu nelinedrnimu, neboli
k vypoctu, ktery respektuje fakt, Ze se v osténi (po prekroeni meze trh-
lin) vytvareji trhliny a nékteré prufezy se plastifikuji. Trhliny (za pred-
pokladu, Ze trhlina neni schopna pienést zbytkovy tah) zpusobi, Ze
vyslednice normdlovych sil osténi zaujmou polohu uvnitf betonového
prufezu. To umoZiuje odvodit Gnosnost ostén{ z vypoftovych pevnosti
betonu v tlaku a dosdhnout tak ekonomického navrhu konstrukce. (Poz-
ndmka: Pokud leZi normalova sila mimo prufez osténi — coz muze byt
vysledek linedrniho vypoctu — je moment, ktery sila vyvoldvd, k zachy-
ceni pouze za pomoci tahovych napéti betonu, nebot’ armatura chybi.
Tahovd pevnost je vSak fadové mensi neZli pevnost tlakovd. A to se
nutné musi projevit na dimenzich navrhované konstrukce.)

V tomto ¢ldnku publikujeme fyzikdln{ vztahy, na kterych je mozno
nelinedrni vypocet tunelového osténi zaloZit, kdyzZ toto osténi je mode-
lovéano jako prutova soustava.

Nelinedrn{ vypocet je zajisté mozno uskutecnit i na osténi Zelezobe-
tonovém. Fyzikdlni vztahy jsou zde komplikovanéjsi a vztahy na pro-
stém betonu jsou pak jejich zvlastnim piipadem. Proto se nésledujici
text zabyva prioritné Zelezobetonem, a teprve poté jsou doloZeny vzta-
hy odvozené pro prosty beton.

Linedrni vypocéty nevyzaduji kontrolu ve smyslu zajisténi nélezité
duktility osténi (osténi nemaji prili§ vysoké stupné vyztuZeni). U neli-
nedrnich vypoltu je v8ak zapotiebi schopnost prufezu prenést defor-
mace proverit. To je v naSem pripadé splnéno, nebot odvozené vzorce
obsahuji jako jeden z argumenta pomérné deformace krajnich vldken
tlaceného betonu, resp. tazené armatury.

~
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Obr. 1 Vyvoj namdhdni tlacené oblasti betonového prurezu
Fig. 1 Stress development in the compression zone of concrete section
1a Beton namdhdn pruzné | 1a Concrete in the elastic state
1b Beton Cdstecné plastifikovan | 1b Concrete in the state of partial plastification
Ic Beton ve stavu mezni unosnosti: x,, = &p | &p . Xu
Ic Concrete in the ultimate limit state: x,, = &/ &p . Xu

1. INTRODUCTION

We have been lately able to notice efforts in Czech tunnel construc-
tion circles to design final liners of tunnels using unreinforced concre-
te. The tunnels lined in unreinforced concrete which have been
completed not only abroad but also in the Czech Republic are the proof
that it is possible. This type of design was used in Prague for the con-
struction of the Letnd tunnel (opened to traffic in 1953) and both run-
ning tunnels on Line A of the underground railway passing under the
Vltava River, between Staroméstskd (Old Town) and Malostranska
(Lesser Town) stations (which were built using a compressed concre-
te technique and opened to traffic in 1978).

The idea of using unreinforced concrete for tunnel structures is, the-
refore, not new in the Czech Republic. The novelty is only the fact that
it appears in the combination with the New Austrian Tunnelling
Method.

The novelty of this type is insignificant in terms of statics. What is
significant in terms of statics is the fact that if the designed unreinfor-
ced concrete lining is to be not only save but also economical, than the
concept of linear lining is mostly insufficient. We have to approach
a non-linear analysis, it means an analysis which respects the fact that
cracks occur in the lining (when the limit of cracking has been excee-
ded) and some sections become plasticized. As a result of the origina-
tion of cracks (on the assumption that the crack is not capable of car-
rying the residual tension), the resultant of normal forces in the lining
shifts inside the concrete section. Owing to this fact, the load-bearing
capacity of the lining can be deduced from the design values of com-
pressive strengths of concrete, thus an economical design of the struc-
ture can be arrived at. (Note: When the normal force lies outside the
lining structure cross section, which may be a result of the linear ana-
lysis, the moment induced by the force can be carried only by the ten-
sile stresses in concrete because of the fact that concrete reinforcement
is missing. However, the tensile strength is lower by order of magni-
tude than compressive strength. It has definitely to influence dimensi-
ons of the structure being designed).

The physical relationships we publish in this paper can be used as
a basis of the non-linear structural analysis of the tunnel lining where
the lining is modelled as a framework system.

A non-linear analysis can certainly be applied to a reinforced conc-
rete lining. The physical relationships are more complicated in this
case, and relationships regarding unreinforced concrete are a special
case of these relationships. For that reason, the following text deals
with reinforced concrete as a priority, and the relationships deduced
for unreinforced concrete are documented subsequently.

Linear analyses do not require checking in the meaning of ensuring
proper ductility of the lining (the liners do not have too high percenta-
ge of reinforcement). It is, however, necessary for non-linear analyses
to check the capability of the sections to carry strain. This requirement
is met in our case because the formulas derived contain the strain in
edge fibres of a compressed concrete section and strain in tension rein-
forcement bars as one of the arguments.

2. BASIC CONCEPTS

2.1. General description of the stress
and strain condition in the section
The non-linear modelling relationships we will derive below will be
usable if we are able to express the stress - strain state in the concrete
section at any MxN (M=moment, N=Normal Force) combination
falling within or on the M - N interaction diagram.
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2. ZAKLADNI POJMY This formulation is based on the assumption that the deformation of

- : : : o the section proceeds (irrespective of cracks and plastification of conc-
2.1. Obecny popis napjatosti a deformace prurezu rete or steel) linearly (i.e. in a planar manner) and that the plastifica-

Vztahy nelinedrniho modelovént, které zde odvodime, budou pouZi- tion of the section corresponds (see Fig. 3) to the stress-strain dia-
telné, dokdZeme-li vyjddfit stav napjatosti a deformace betonového pri- grams of concrete or steel in a way which is described in standards
fezu pi jakékoliv kombinaci MXN (M = moment, N = normdlové sila) | (CSN 731201, ¢1.2.1.4,¢1.2.2.2.3; CSN PENV 1992-1-1,¢1.4.2.1.3.3,
lezici uvnitf interakéniho diagramu, resp. na interakénim diagramu. 8142232).

Toto vyjddreni provedeme za predpokladu, Ze se prufez deformuje Consequently (see Fig. 1), trapezoidal stress distribution through the
neustdle (tedy bez ohledu na trhliny a plastifikaci betonu ¢i oceli) linear- depth of the compression zone will correspond to the plastification of
né (rovinné) a Ze plastifikace prufezu je podiizena (obr. 3) pracovnim the section, and the full plastification of the section (the reaching of the

diagramim betonu & oceli tak, jak je uvad&ji normy (CSN 731201, ultimate limit state) will also be described by the trapezoidal distribu-
¢l. 214, &. 2223; CSN P ENV 1992-1-1, &. 42.133, tion (not rectangular). It can be stated about the xy, x74, X2, depths in

&.42232). the ultimate limit state (all quantities inserted in all of the equations
Disledkem je (obr. 1), Ze plastifikaci prifezu bude odpovidat licho- below have a positive sign) that:

béZnikové rozdéleni napéti po vysce tlatené oblasti a Ze i plnd plasti- i £ R *j
fikace prufezu (dosaZeni mezniho stavu tinosnosti) bude v tladené &dsti 5 P ; "F s &)
betonu popséna lichobéZnikovym rozdélenim napéti (nikoliv obdélni-
kovym). Pro vy8ky xu, x4, X24 v meznim stavu unosnosti plati (ve . R

v ) I . . “ o 3 X =X "(l= i )
vSech nésledujicich rovnicich dosazujeme vSechny veli¢iny s kladnym E *p " -
znaménkem): . . .

) £,, *x, R, *x, In the equations, Rp is the compressive strength of concrete,
Xou = i = * 1) &pp = Rp/Ep and €kp is the limit strain in concrete.
Ckp EI; C/\p ’

Let us assume a rectangular unreinforced concrete section with

X, =x *(1- R, ) df:pth h and width b. Let us construct an interaction diagrarr} of the sec-

lu “ E,* &, - ) tion in an M, N coordinate system. Let us assume a line passing

through the origin, which is a M x N combination set with the same

V rovnicich je Rp pevnost betonu v tlaku, &p = Rp/Ep a €kp je mezni eccentricity e = M/N = const. (see Fig. 2). There are two significant

pomérné pietvoreni betonu. po?nts on this line after the limit state of crackipg is.exceeded: the PP

UvaZujme o obdéInikovém prifezu z prostého betonu vy3ky £ a sitky g_omtt with the Mpp, Npp coordinates, and KP point with My, Nk coor-
inates.

b. V soufadném systému M, N sestrojme jeho interakéni diagram.
Vedme paprsek prochdzejici po¢itkem, ktery je mnoZinou moZnych
kombinaci M x N pri téZe excentricité ¢ = M/N = konst. (obr. 2). Na
tomto paprsku existuji po prekroceni meze trhlin dva vyznamné body:
bod PP o souradnicich My, Npp, a bod KP o souradnicich My, Nip.

The PP point denotes the starting point of the section plastification.
The stress distribution in the compression zone is developed in the tri-
angular shape through the depth of section; the stress value in the
outermost fibres is Rp. The normal force reaches the value of

Bod PP je bodem pocdtku plastifikace prafezu. Napéti v tlafené N 3, T h A\
Casti betonu je po vysce prufezu rozd€leno podle trojihelnika a jeho o3 3 3
velikost v krajnich vldknech je 13?1,. Normalo};/a sila dosahuje velikosti Epp = Ry/Eb 4)
N, = 5 *R,*b* (5 -e) , 3) and the depth of the compression zone
s
zatimco deformace krajnich vldken je =it -e) - )
Epp = RvlEp 4 The normal force N < Nj acting on the same eccentricity also
v - . results in triangular stress distribution with the compression zone
a vySka tlacené oblasti = 3%( h —e) depth according to the equation (5), but with the stress value in the
’ 2 . ©) outermost fibres under compression
Normélova sila N < Npp, pusobici na téZe excentricité, vyvoldvd e 2 b
rovnéZ trojihelnikové rozdéleni napéti s vyskou tlatené oblasti podle 3 e h_ o ©)
rovnice (5), av§ak s napétim v krajnich tlacenych vldknech o velikosti o ) 2
) N and the strain in outermost fibres
o, =§¢b* h (6) &= O/E, @)
(5 -e) The force N € (Npp, Nip) causes plastification in the concrete com-

pression zone, which results in the trapezoidal stress distribution

a pomérnou deformaci krajnich vldken according to Fig. 1.

€= oy/E) @) It can be stated that . )
24N h L .
Sila N € (Npp, Nip) zpusobuje plastifikaci tla¢eného betonu, kterd =i e =) =12 gl ®)
vede na lichobéZnikové rozdéleni napéti podle obr. 1. ' -
Plat 24N, h N? A ©)
X, = *2_ey~12 v, ® " Rep 2
: (Rh*b 49 R,f*bz) _ N .
The sum x;+x, is always smaller than the x from the equation (5).
Y= N x For the strain in outermost fibres, we obtain:
155 . 9
R,*b 2 © r4+x, R _x+rx,
£, =1 : =— - . (10)
Soucet x;+x, je vZdy mensi neZ x z rovnice (5). X £ *3
Pro pomérnou deformaci krajnich vldken obdrZime: In the KP point, the section is fully plasticized at the normal force
x+x, R, x+x 3 Byt
g, =g, ¥ 2o bx1T02 10 > ST5) -2V R Vh=Et(h=2e)* R *
P E, x (10) N 2 a1 (h=2e)*R, *h=Z*(h=2e)*R *h | (11)
V bodé KP je prutez plné plastifikovéan pfi normélové sile where ; R 13 _ B’
£(2-g) fata d Bttt 12
Ny = Qo8 sy 9e)*R, *b=E*(h-20)*R, *b an £, E, %8 155 -32+3) (2)
ToARE-3E+3) ’

The quantities x;,, x, are calculated from the equations (8) and (9),
kdyz where we insert N = Np.
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R 3 (2-
E, *¢, 4%(E*-35+3)

VeliCiny x;,,, X2, vypocteme z rovnic (8), (9), kam dosadime za N = Npp.

Predchozi rovnice popisuji praskly obdélnikovy prufez z prostého
betonu ve stavu, kdy se tlaceny beton chovd pruzné, popr. kdyZ je ¢ds-
te¢né plastifikovan, popt. kdyZ je zcela plastifikovédn. Prafez je takto
popsan ve vSech aspektech, které bude vyZadovat formulace nelinedr-
nich vztaht pro ostén{ z prostého betonu.

Obdobné vztahy je nutno odvodit i pro Zelezobeton, pokud by byl
materidlem osténi. My se tim zabyvat nebudeme, protoZe to leZ{ mimo
zamer tohoto ¢lanku a ndvod jak postupovat jsme poskytli.

8]

(12)

2.2. Nahradni vySka tazené armatury x,

Budeme pouZivat pojem ,ndhradni vySka taZzené armatury x,°.
Vyska x4 je ddna vztahem x4 = A * f, / b, kde f, / b je vySka pdsu
oceli, ktery vznikne rovnomérnym ,,rozmazdnim* armatury s plo-
chou f; po $ifce prufezu (obdélnikového) na trovni téZisté armatury.
Soucinitel A prevadi ocel na beton a zohlednuje miru plastifikace
prurezu.

Vyraz pro x, ziskdme z rovnice (21), kterou nyni odvodime:

Predpoklddejme, Ze normélova sila N, pusobici na excentricité e,
vyvolavd v obdélnikovém Zelezobetonovém prufezu stav napéti
a deformace podle obr. 3. Plati:

N=Ob*b*xl+%0b*b*x2_a“*‘f“a (13)

h -
g, =€, (14)

X2
Rovnici (13) upravime tim, Ze nejprve vytkneme pred zdvorku

X
2
,kde oy
o . . ' o X, .
je fiktivni napéti v betonu na drovni armatury, definované predchozi
substituci:

0}, * b a poté v zdvorce zavedeme substituci 0, =0, *

x, o, . f X, O, h-x. /[

N=(’h*b*(x1+7-é*f)=%*b*(xﬁj-é*"xiz ;)=
_ (15)
=Uh*b*(x,+ﬁ—l*—h" x*—“).
2 X, b
Rovnici (15), kde A = 0,/ 0}, ddle upravime:
N*x, X : /.
=X X, +—=—A¥(h, —-x)* 22
o, %b a (h,—x) b (16)

Staticky moment plochy tlaceného betonu vysky x; a jednotkové
Sitky b=1 k neutrdlné ose je
2
. X
St = ?l XX 17)

v

zatimco staticky moment betonu vysky x; a jednotkové Sirky b=1
k ose vzdélené od tlaceného okraje o x; je

2
NACE (18)
. 2
takze el ol
R S’.(l+v2 S’,rl . (19)
Protoze dale 2
s, -2 @)

je staticky moment tlaceného betonu vysky x, a jednotkové Sitky
b = I k neutrédlné ose, muzeme rovnici (16) psét ve tvaru
N*x,

%

o,

+ 56 =585, L+ St

vl4x2 xlex2

kde (A, -x)*A* j; je staticky moment jednotkové §ifky ndhradni plo-
chy armatury A * f, o ndhradni vysce

L0t
=p%da S Zaxda
ERTE T b (22)

R UM AL R NCY)

k neutrdlné ose. SZiT52 je staticky moment celé plochy tladeného
betonu k neutrdlné ose a S; je staticky moment veskeré 1ic¢inné plochy
o jednotkové §itce b=1 k téze ose.

Koeficient A nabyva ruznych hodnot podle toho, v jakém stavu plas-
tifikace se nalézd prarez. Vzorce pro jeho vypocet spolu se vzorci pro
Xq nalezneme v tabulce 1, kde E, je modul pruznosti oceli a R, je pev-
nost oceli.
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4 N
Interakéni diagram
M - N diagram

=M/N = konst.
M /e ons PP: Pocatek plastifikace prifezu
PP: Beginning of section plastification
[ S— KP: Konec plastifikace prifezu,
kp mezni stav

KP: End of section plastification,
the ultimate limit state

ppkp

A /

Obr. 2 Postupnd plastifikace betonového priifezu
Fig. 2 Gradual plastification of the concrete section

The above equations describe a cracked rectangular unreinforced
concrete section in the condition of elastical behaviour of the concrete
compression zone, possibly of its partial or full plastification. Thus,
the concrete section is described in all aspects needed for formulation
of non-linear relationships for unreinforced concrete lining.

It is necessary to derive similar relationships for reinforced concre-
te if this material is used for the lining. We are not going to deal with
this case because it is beyond the scope of this paper and we have pro-
vided guidance as to how to proceed.

2.2. The transformed depth of tension reinforcement x;,

We will use the term "a transformed depth of tension reinforcement
xq"“. The depth x4 is given by the relationship xo = A * f; / b, where

fa ! b is the depth of a steel band which originates by spreading of the

steel reinforcement area f, uniformly throughout the width of the (rec-
tangular) cross section, at the centre of reinforcement level. The coef-
ficient A converts steel to concrete, taking into account the stage of the
section plastification.

We will obtain the expression for x, from the equation (21), which
is derived as follows:

Let us assume that the normal force N, acting on an eccentricity e
induces a state of stress and strain in the rectangular reinforced conc-
rete cross section according to Fig. 3.

It can be stated that:

N =0 [2] I'+i‘” L ! . (]3)
. . .'I.
£, =i . (14)

We will rearrange the equation (13); first we factor o, * b out and then

we use substitution ¥, = iF in the brackets, where o, is the

fictitious stress in the concrete at the reinforcement level as defined by

the above substitution:

X, i ! S X o =X f

Nowmr, "h¥*(x + - jmar, "H¥(X + - =
2 ir 4] . i { s
'y s o Ml = ! (15)
= {1 hElr + = 2 . 1
2 i f

The equation (15), where A = 0, /0, will be further rearranged:

v *x, g "
= L.+ ——4"(N -X)" ||"

iy £ 2 b

The static moment of the part of compression zone area of depth x;
and unit width b=1, to the zero line is

(16)

S =S (17)
while the static moment of the part of compression zone area of
depth x; and unit width b=1, to the axis at x; distance from the outer-

most fibres under compression is
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2.3. Zaménitelnost konstrukci
2.3.1. Zaménitelnost prutovych rovinnych konstrukei

Dvé rovinné prutové konstrukce s totoznou geometrii stfednice
a stejného uloZeni (ddle konstrukce) nazveme zaménitelnymi, vyvola-
va-li v nich stejné zatiZen{ stejnd pretvoreni w = {wy,wy} a stejné vniti-
ni sily M, N, O (= moment, normdlova sila, posouvajici sila).

2.3.2. Zaménitelnost linearnich konstrukei

Dvé linedrné pruzné konstrukce (jedna s indexaci m, druhd s inde-
xaci s ) jsou zaménitelné tehdy, plati-li ve stejnych mistech stfednic
konstrukef:

Emlp = Es (23a)
EpFp = EFy . (23b)

E je modul pruznosti, / moment setrvatnosti prafezu a F plocha prufezu.
Jsou-li dvé linedrné pruzné konstrukce zaménitelné, pak ve stejnych
mistech jejich stfednic plati (M = My, =Ms a N = Ny = N;):

e pro kfivosti p,, a pg
P = 1/ oy = MUEyd,y) = MIEL) = 1/ 15 = pg 24)

* pro stfedni pomérné pretvorent, definované jako &,; = (e dF )/ F

(esti)m = (»/égmdFm)/Fm = N/(EmFm) = N/(ESEY) = (AgsdEs) / Fs = (estf)s (25)

KOEFICIENT A
COEFFICIENT A
NAHRADNI VYSKA TAZENE ARMATURY x,
TRANSFORMED DEPTH OF TENSION REINFORCEMENT xa

BETON
CONCRETE
VE STAVU PRUZNEM VE STAVU PLASTICKEM
IN ELASTIC STATE IN PLASTIC STATE
Z@
ae
Z E E
g A= A=
O b b
3
= 2o
A o Eonh
z n = ? b T E, b
= =7 b b
2| ="
=)
20
0z s
o= = _Ra* X .
g 2= A=—2 ;
= L;)[E o, hy-x A=&* X,
= @7 . _ —
=l Zj: 0,E(0,R,); X% = x - x
7] a_E
=)
:E X:&* X *L Xa=&* X *L
a
Gz o, h-x b , h-x b
=
P

Tabulka 1/ Table 1

2.3.3. Zaménitelnost linearni a nelinearni konstrukce

Nelinearni konstrukci je naddle minéna betonovd konstrukce, na
které je v nékterych prurezech prekrocena mez trhlin a kterd se naléza
v libovolném stupni plastifikace, takZe jeji prufezy mohou byti ve
stavu pruzném, popr. ¢dste¢né plastifikovaném, popt. meznim.

Linedrni konstrukci (s indexaci m ) pokldddme za zaménitelnou
s nelinedrni konstrukei (s indexaci s ), kdyZ pro M = M,, = M
a N = N, = Ny ve stejnych bodech stfednic téchto konstrukefi plati:

Om=1/Tm=MIEul,) = 1/ry= Ps, Py #MIE) (26)
(gst?)m = N/(EmFm) = (Sst?)s ’ (estf)s * N/(ESFS) (27)

Nelinearni konstrukci dokdZeme zaménit konstrukei linedrni,
dokaZeme-li nahradit praskly, libovolné plastifikovany prurez
prurezem pruznym a neporuSenym, takovym, aby platily vztahy
(26) a (27).

3. VZTAHY ZAMENITELNOSTI PRUREZU
PRO ZELEZOBETON

Neporuseny linedrné pruzny obdélnikovy prufez b x hn budeme
nazyvat zaménitelnym s prasklym, libovolné zplastifikovanym, jedno-
stranné vyztuZenym Zelezobetonovym obdélnikovym prufezem b x hy,
bude-li pfi zatizeni prifezi stejnou kombinaci vnitinich sil
M =M, =M;aN =N, =N, platit:
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Sta=5 . (18)
therefore
KXy = §p' =811 . (19)
Because, further, 2
S =2 (20)

[

is the static moment of the part of compression zone area of depth
X, and unit width b=1, to the zero line, we can write an equation (16)
in the form
N il

A SR I o Ll e
a "k y . h ¥

Lo 21)

s — i —x)1* A
where (U, =x)* A" . is the static moment of the transformed
reinforcement area A * f, of the unit width and the transformed depth

Ko ..'. o ;l. (22)

to the zero line. 3,1,z is the static moment of the entire compres-
sion zone area to the zero line, and St is the static moment of the enti-
re effective area with the unit width b=1 to the same axis.

The coefficient A assumes various values, depending on the current
plastification state of the section. The formulas for calculation of A and
x, are available in Table 3, where Ej is the elastic modulus of steel
reinforcement, and R, is the steel reinforcement strength.

2.3. Interchangeability of the structures
2.3.1. Intercheangeability of plane beam structures

Two plane beam structures with the identical centre line geometry
and identical supporting system (hereinafter referred to as the structu-
re) is termed interchangeable if identical loading induces identical
strain w = {wx,wy} and identical internal forces M, N, Q (= a moment,
normal force, shear force) in the structures.

2.3.2. Interchangeability of linear structures

Two linearly elastic structures (one with indexation m, the other
with indexation s ) are interchangeable if the following equations are
true in the corresponding points of the central lines of the structures:

Emlnm = Esls | (23a)
EmFm = ESFS . (23b)

In the equations E is the elastic modulus, / is the moment of inertia
and F is the area of the section.

If two linearly elastic structures are interchangeable, it can be stated,
in two corresponding points of the centre lines, that (M = M, = M; and
N = N, m = Ns )I

e for curvatures p,, and pq
Pm =1/ 1y = MIE,1,,) = MI(Egls) = 1/ rg = py (24

e for a mean strain, which is defined as ¢,,; = ( ;e dF )/ F
(Eidm = (./.;gmdpm)/Fm =N/E,F,,) = NI(EGFy) = (./ngdFs) I Fy=(gg)s (25)

2.3.3. Interchangeability of a linear and non-linear structure

The term "non-linear structure® further means a concrete structu-
re where the limit of cracking has been exceeded in some sections
and which is in any stage of plastification, i.e. the sections can be
in the elastic state, or partly plasticized state, or in the ultimate
limit state.

We will consider a linear structure (with an indexation m ) inter-
changeable with a non-linear structure (with an indexation s ), if it
is true for M = M;, = My and N = N;; = Ny in corresponding points
of the centre lines of the structures that:

P = 1/ Ym = M/(Emlm) = 1/}"_; = Ps Ps # M/(ESI\) (26)
(Egi)m = NI(EnEFn) = (£4); (&) 2 NIEGFs) 27

We can substitute a non-linear structure for a linear structu-
re if we are able to substitute an elastic and undisturbed cross
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Pm = Ps »
(gstf)nl = (Sstf)é' .

Na neporuseném prufezu je
P = MUEyl) .
(gxtr“)m = N/(EmFm) .

Na prasklém prufezu obdrzime (obr. 4):

e pro kiivost: s = (& + &) ho ,
&, =& ¥ (hox)/ x,
& =& *x/(ho-x) ,
takZe

ps=&/x= ¢,/ (hox).

e pro stfedni pomérnou deformaci:
(Egi)s = (&%X/12 - €,% x4) | (x+Xa) =
= £,%(x?-2x,(ho-x)) /(2(ho-x)(x+X,)) =
= g% (xX*=2x,ho + 2x,X)/(2x(x+x,)).

(28a)
(28b)

(29)
(30)

€2y
(32
(33)

(34

(35)

Do rovnice (26) dosadime z rovnice (34) a upravime, pricemz

I, = b*(h,,)’/12. Obdrzime bud
12(h,~0)*M 1 12%x*M 1
Em*b £ Em*b gb

(h)’ =

a

nebo 12%(h,=0)*M 1 12%x*M 1

b*h} & b*h: &,

a m

E, =

(36)

(37

Do rovnice (27) dosadime z rovnice (35) a upravime, pricemz

F,, = b*h,,. Pracujeme-li s g, obdrzime bud

2
b~ N* 2x"+2xx, 1 1
nebo " x*=2x,h, +2x,x bE, &,
2
E —N* 2x7 +2xx, x| *L .

Xt =2x,h, +2x,x Flm €,

a'to

Pracujeme-li s ¢,, obdrzime bud

b o N 2hx 2R, 2 -2x,x 10
nebo " Xt =2x,h, +2x,x bE, €,
£ =N*2(h0x+huxu —xz—xax) o | *L ’

Xt =2x,h, +2x,x Wm €

a

(33)

(39

(40)

(41

Do rovnice (36) dosadime ze (39), upravime a oznacime jako
e = M/N excentricitu normdlové sily. Pro vy$ku neporuSeného linedr-
né€ pruzného prifezu zaménitelného s prufezem prasklym, libovolné

plastifikovanym nalezneme:

2
x°=2xh,+2x x St
h: =" Tae T TaT ko DK e ¥ , (42)
. X+ x, F
takZe
2
x“=2x h, +2x,x)*e St
h, = 6*( e &) =,/12%e*— | 43)
X+x, F
~
€ kp
Epp
€a
Pracovni diagram betonu Pracovni diagram vyztuze
Stress-strain diagram of concrete Stress-strain diagram of reinforcement
Oy Oa
Ry — Ra
o =Ep-gp i 03 =By ea
D=0 | Za ~Fa ta
! >
Epp Ep %o l €app €akp Ca
/

Obr. 3 Predpoklady o napéti a deformacich v prifezu
Fig. 3 Assumptions for stress and strain in the section

Tuel

section for a cracked, arbitrarily plasticized section, so that the

relationships (26) and (27) are applicable.

3. INTERCHANGEABILITY OF SECTIONS - RELATIONSHIPS

APPLICABLE TO REINFORCED CONCRETE

We will term an undisturbed linearly elastic rectangular section
b x h;, interchangeable with an arbitrarily plasticized, one side rein-
forced rectangular concrete cross section b x hy if it is possible to
state, under the condition of identical internal forces combination

(ie.M=M, =MsaN =N, =Ny), that:

Pm = Ps »
(Egi)m = (Egi)s -

In the case of an undisturbed section:

Pm = M/(Em[m) 5
(S.\'n'-)m = N/(EWFW) .

In the case of a cracked section, we obtain (see Fig.4):
e for a curvature:
Ps = (&, + &) ho
g, =&, *(ho-x)/x,
&, =¢&, % x/(ho-x) ,
therefore,
Ps =&/ x= ¢,/ (hox).

e for a mean strain:
(Egi)s = (&,%X/2 - €, Xxa) | (X+Xa) =
= £,*(x?-2x(ho-x)) /(2(ho-x)(x+X,)) =

= g% (X’=2x,ho + 2x,%)/(2x(x+x,)).

(28a)
(28b)

(29)
(30)

(3D
(32)
(33)

(34)

(35)

We will insert the expression from the equation (34) into the
equation (26) and rearrange it, with I,, = b*(h,,)’/12. We will obtain

Cithes 1206 -5)*M_ 1 12%%

or

En = B . bk

(36)

(37)

We will insert the expression from the equation (35) into the
equation (27) and rearrange it, with F,, = b*h,,. Operating with g,

we will get either

]1l11 = '.l' :
or : 3x* 4+ 2xx, | |
-2r h +25.x b, &

Operating with ¢,, we will get either

i n,t.:'ll""'-?-'li"-_---"'_-'-'._

M

or 2k x

(38)

(39)

(40)

(41)

We will insert the expression from the equation (39) into the
equation (36) and rearrange it, denoting the eccentricity of the nor-
mal force as e = M/N . For the depth of the undisturbed linearly
elastic section interchangeable with a cracked, arbitrarily plastici-

zed section, we will find:

, ¢ =2y ki 2 0,
- =h= o s ek X P 2% 3,

therefore, LI

=2 2k X% Nt

(2% "

3 F

(42)

(43)

In the equations (42) and (43), F= x+x, is the effective area of
a cracked section with unit width b=1 and St=x*/2-x,*(h,-x) is the
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V rovnicich (42), (43) je F= x+x, d¢innd plocha prasklého prufezu static moment of the effective area of the unit width =1, to the
o jednotkové §itce b=1 a St=x?/2-x,*(h,-x) je staticky moment G¢inné zero line.
plochy o jednotkové Sifce b=1 k neutrdlné ose. We will calculate hy, from the equation (43) and insert it in the

Z rovnice (43) vypocteme h;, a dosadime do (39), resp. (41). equation (39), possibly (41).

Rovnice (39), resp. (41) vSak jesté neumoznuji vypocet modulu However, the equations (39) and (41) do not allow yet the calcu-
pruznosti Ey, protoZe obsahuji zatim nezndmé pomérné pretvoreni lation of the elastic modulus Ej,; because they include the cracked
prasklého prifezu g, resp. ¢,. Vztahy, platné pro tyto veli¢iny, odvo- section strains g, and ¢, which have been still unknown. The relati-
dime v nésledujici kapitole. onships valid for these quantities will be derived in the next

chapter.
4. POMERNA DEFORMACE KRAJNICH VLAKEN BETONU &,

A TAZENE VYZTUZE &, 4. STRAIN IN OUTERMOST FIBRES OF CONCRETE &,

Podle obr. 3 mizeme po ziméné symbolu &, za symbol &, odvodit AND IN TENSION REINFORCEMENT &£,
nésledujici obecné formule: o x According to Fig.3, we can derive the generally valid formulas

€, = E—”X— , (44) after replacement of the symbol ¢, with symbol ¢, , as follows:
b A2 o ¥
-— 44)
_ Y« h,-x ' E A ’ (
e 45) e

které lze konkretizovat pro jednotlivé typy stavu napjatosti priifezu g, m ket — (45)
takto: - :

a) KdyZ o, < R, a x; = 0, takZe x> = x, je The formulas can be individually specified for the particular

_ 0, types of the stress state in the section, as follows:
& = Fb , (46) a) If 0, < Ry, and x; = 0, therefore x, = x, then
Oy & hU -X - i,
g, =K 47 ! ) 46
““E,  x “47) E, (46)
b) Kdyz 0, = Ryax;#0, je — R (47)
R, x : E X
g =—""— (48)
E, =x, b) If 0, = R, and x; # 0, then
R, h,-x R s
g, =—L*_2 . (49) £, =t
E, X2 E, x,° (48)
L R._h =x
Musi byt: &, < g,a & =< ¢y, Ly k. (49)
4 L3

Z rovnice (44), resp. (46) nebo (45), resp. (47) dosadime do rovnice ) ) )

(39) nebo (41). Poté kterdkoliv z nich umoZiiuje vypodet Ep. The following relationships have to be true: g, < Ep and ¢, < k-
5. VZTAHY ZAMENITELNOSTI PRUREZU PRO PROSTY BETON We will insert the expressions from the equation (44), possibly

(46) or (45), possibly (47) into the equation (39) or (41). Then, any

Vztahy zaménitelnosti pro prosty beton ziskdme, kdyZ do vztahu of these equations enables the calculation of En value.

zaménitelnosti pro Zelezobeton (39) a (43) dosadime za x,=0. Obdr-

Zime:
ho—AeFerx (50) 5. SECTION INTERCHANGEABILITY RELATIONSHIPS
" APPLICABLE TO UNREINFORCED CONCRETE
E, =2_N The interchangeability relationships applicable to unreinforced
&, *b*h, - D concrete will be determined by insertion of x4=0 into the interchan-
geability relationships (39) and (43), derived for the reinforced
6. ZAVER concrete. Then, we get:
Odvodili jsme vztahy zaménitelnosti mezi prufezem prasklym, libo- h,=46%e%x (50)
volné plastifikovanym a neporusenym prufezem pruznym. ]
Tyto vztahy umoznuji vytvoreni pruzného vypocetniho modelu B s N
osténi, jehoZ vnitini sily a deformace od daného zatiZeni odpovidaji " E,"bYh, (51)

vnitinim sildm a deformacim stejné zatiZeného, popraskaného a libo-
volné plastifikovaného osténi skute¢ného. Prut i, resp. j vypocetniho 6. CONCLUSION
modelu mad vysku Ay, resp. hmj a modul pruznosti Epi, resp. Emj,
piicemz obecné plati hmi # himj % h a Emi # Em j # Ej.

Modelové osténi vytvorime pomoci iteraéniho procesu. Pfi ném je

We have derived relationships of the interchangeability between
a cracked, arbitrarily plasticized section and an undisturbed elastic sec-

vyhleddn vypocetni model, jehoZ vnitini sily, aplikovany na skute¢né tion.

osténi, model reprodukuji. Podrobnéji feeno, iteracni proces je ukon- These relationships allow creation of an elastic calculation
Cen poté, co parametry skutecného osténi (tedy napr. x, xq, €a, €b), model of a lining where the internal forces and strain induced by
popraskaného a plastifikovaného od tucinku modelovych sil M, N, the given loading correspond to the internal forces and strain in
dosazeny do rovnic (43) a (39), resp. (50) a (51) poskytnou tentyz a real lining, which is identically loaded, cracked and arbitrarily
model (stejnd hmi a Emi), jako piedchozi iteracni cyklus. plasticized. The beams i and j of the calculation model have the

depths h,,; and h,,; and the elastic moduli Ep; and Epj, while it is

Povazujeme za vhodné doplnit predchozi text nékolika pozndmkami: generally true that fimi # hmj # h and Epi # En j # Ej.

6.1. K rovnici (43) The lining model will be created by means of the iteration pro-
Aby rovnice (43) vracela redlné hodnoty hj,, musi byt vyraz cess. During the process, such a calculation model is sought where
(X2 - 2xaho + 2xax) = 2%5t = 0, takZe S; = 0. Rovnici (21) je to zaru&eno. the internal forces reproduce the model when applied to the real

lining. In more detail, the iteration process is stopped when the
6.2. K rovnicim (43), (39), (41) parameters of the real lining (e.g. x, x4, €4, €p), cracked and plasti-

6.2.1. Jestlize e—0 (= prechod k centrickému tlaku), pak podle (43) cized by the effect of the model forces M, N, when inserted into the
hy, — 0 a podle (39) resp. (41) Ey — . equations (43) and (39), possibly (50) and (51), produce the same
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™\ model (h,; and E; are identical) as that obtained in the preceding
iteration cycle.

g
L 4 We believe that several notes added to the above text will be
helpful:
>
L — — — - Neutrélna osa / Neutral axis 6.1. As to the equation (43)
= | £ l\- . _ Strednice / Centre line The expression (x? - 2xghp + 2xgx) = 2*St = 0, and therefore S = 0,
\\ Deformovany prifez / Deformed section has t(? be fulfilleq, Ny th.at. we can get the real values h,.,, from the
‘\/ equation (43). This condition is guaranteed by the equation (21).
Ay
A — N .
+ 6.2. As to the equations (43), (39), (41)
_48_344 6.2.1. If e—0 (= transition to centric compression), then, accor-
ding to (43), h,, — 0 and, according to (39), possibly (41)
. » . I Em - @
Vyztuz s nahradni vyskou x, In fact, the entire section become compressed even before e = 0,

Reinforcement of transformed depth xa thus the cracking cannot occur, and the equations (43), (39) and

Y, (41) lose their physical meaning.

In the elastic state of stress, the entire rectangular unreinforced
concrete section is under compression when e = h/6. We can deri-
ve the following relationships for these conditions:

Obr. 4 Vztahy zaménitelnosti — vyznam pouzité symboliky
Fig. 4 Interchangeability relations — meaning of the used notation

Ve skuteCnosti jiz predtim, nezli e = 0, stdva se cely prufez tlace- By = h (52)
nym, trhliny nemohou vzniknout a rovnice (43), (39), (41) ztriceji svij E. = E ’ (53)
fyzikalni smysl. "o .

Ve stavu pruzného naméhdni je obdélnikovy prufez z prostého beto-
nu cely tlaen, kdyZ e = h/6. Pro tyto poméry muZeme odvodit nésle-
dujici vztahy:

The plastification of concrete moves the zero line from the edge
of the section toward its centre. In the ultimate limit state, the depth
b =h (52) of the compression zone is

m = Ep. (53)
Plastifikace betonu posouva neutrdlnou osu z hrany prufezu smérem

vvvvv

_l:-:E In'l—_:rl':?lr'.,' |‘,II I L (54)
For example, for the concrete class B30 (here and further we
= . ignore all coefficients, excepting the concrete action coefficient
X, =E*(h-20)*2E,¢, [2E,¢8, - R,). G |y = 0.8), we obtain (Ep = 32 500 MPa)
Napr. pro beton B30 (zde i ddle ignorujeme veskeré soucinitele hn = 0,876h, (35)
s vyjimkou soucinitele pusobeni betonu y,, = 0,8) dostdvame E_={XNh=2eR *b*Z)fie, “b* i 1=136T6MPa=0421E, (56)
(Ep = 32 500 MPa)
hm = 0,876h, (55) 6.2.2. The highest allowable eccentricity in a rectangular unrein-
forced concrete section is ¢ = 0,45h (see CSN 73 1201, paragraph
E, =Q2(h-2e)R, *b*E)fe,, *b* h,)=13676 MPa=0,421E,  (56) 5.25.3).
If the compression zone of the section is in the elastic state, we

6.2.2. Nejvétsi pripustnd excentricita na obdélnikovém prarezu will calculate independently of the concrete class:

z prostého betonu je e = 0,45h (viz CSN 73 1201, ¢1.5.2.5.3). hn = 0,636h (57)
Je-li tlagend &4st prifezu namahdna pruzné, vypocteme nezévisle na Em = 0,230E), (58)

tridé betonu:

i = 0.636h (57) while in the ultimate limit state and for concrete class B30
En = 0,236E),, (58)
zatimco v meznim stavu tinosnosti a pro beton B30 je hm = 0,558h, (59)
hm — 0,558”1 R (59) Em = 0,099Eb (60)
En = 0,099E,, . (60)

6.23. If e — o ( = reinforced concrete, transition to pure
bending), then h;;, — o and E;;;, — 0/ co.

These limits are numerically inexploitable; therefore, the inter-
changeability of sections at pure bending has to be formulated in
another way, using only the equation (26).

6.2.3. Jestlize e — oo (= Zelezobeton, prechod k Cistému ohybu), pak
hy =0 a Eyn —=0/ co.
Tyto limity se nedaji numericky zuZitkovat a zaménitelnost prurezu

pfi Cistém ohybu se musi formulovat jinak, pouze pomoci rovnice (26). Important for us is the fact that a tunnel is a largely compres-
Pro nds je dileZité, Ze tunel je konstrukce siln€ tla¢end, nikoliv silné sed, not largely bent structure. For that reason we substitute a real
ohyband. Proto zaménujeme skute¢né nelinedrni osténi linedrnim osté- non-linear lining for a model linear lining only in those areas of
nim modelovym v téch oblastech interak&niho diagramu, které jsou od the M-N interaction diagram which are at a sufficient distance
nebezpecné z6ny kolem Cistého ohybu dostate¢né vzdaleny, takZe pro- from the dangerous zone close to the pure bending so that we pre-

blémy numerické povahy ndm z tohoto titulu nehrozi. vent from problems of a numerical character.
ING.ALES ZAPLETAL, DrSc., zapletal@metrostav.cz, ING. ALES ZAPLETAL, DrSc., zapletal@metrostav.cz,
METROSTAV a. s. METROSTAV a. s.
ING. JIRI HOREJSI, jiri.horejsi@ikpce.com, ING. JIRI HOREJSI, jiri.horejsi@ikpce.com,
IKP CONSULTING ENGINEERS, s. r. o. IKP CONSULTING ENGINEERS, s. r. o.

LITERATURA / REFERENCES

[1] (jZSN 73 1201 Navrhovani betonovych konstrukei
[2] CSN P ENV 1992-1-1 Navrhovéni betonovych konstrukei




Tuel

16. rocnik - €. 1/2007

UNIKOVA SACHTA TUNELU BREZNO
EMERGENCY ESCAPE SHAFT OF THE BREZNO TUNNEL

TOMAS PARAK, ERMIN STEHLIK

ovop

Jednokolejny tunel Bfezno, délky cca 1,8 km, je souasti preloz-
ky traté Brezno u Chomutova — Chomutov, jejiZz vystavba zacala
v kvétnu 2000. Duvodem prelozky byla pokralujici téZzba v dole
DNT Tusimice, Severofeskych dold Chomutov, a. s., kterd postupu-
je do prostoru stdvajici traté.

Financujici organizaci jsou Severoceské doly, investorskou ¢in-
nosti je povéfena SZDC Plzen, s. o., dodavatelem celé prelozky je
Sdruzeni Bfezno, jehoZ &leny jsou Metrostav a. s., SSZ, a. s.,
a Energie Kladno, a. s. Generdlnim projektantem prelozky je firma
SUDOP Praha, a. s. Projektantem tnikové Sachty je firma IKP
Consulting Engineers, s. r. 0. (IKP CE).

POSTUP VYSTAVBY

Po piipravnych pracich a vystavbé priportdlovych tseki byla
razba zahdjena v breznu 2002, a to metodou obvodového vrubu
s pouzitim stroje firmy Perforex, ktery postupoval od portdlu u obce
Brezno. Po vyraZeni cca 800 m tunelu, ktery byl vystrojen primdr-
nim osténim z prostého stifkaného betonu aplikovaného do vrubu
vyfezaného strojem Perforex, doSlo v bfeznu 2003 k zavalen{ stroje
na Celbé tunelu s ndslednym kolapsem primérniho osténi v dseku
cca 100 m od celby. Na povrchu se nad zavalenym dsekem tunelu
vytvorila rozsdhld poklesova kotlina.

Vystavba byla prerusena az do fijna 2004, kdy zaCala protirazba
od portdlu u obce Drouzkovice, kterd byla provddéna tzv. sekvenc-
ni metodou s pouZitim primdrniho osténi ze stfikaného betonu vy-
ztuZeného sit€mi a prihradovymi oblouky.

ZMAHANI ZAVALU
Zaval byl rozdélen na 2 ¢asti, na ¢dst mimo oblast zavaleného
stroje Perforex a na Cdst v oblasti zavaleného vrubovaciho stroje.

Mz

Pro zméhén{ prvni ¢asti zavalu byla navrzena technologie, pfi které

~
Dridled pie »1 18m frenforced)
Drilled pile #1 18m (uareniorced)
+Perforer machine
£ lexpeited podhant
L]
=i
)
at| Tumnel oxis
+ Shall ozxis
)

Obr. 1 Pri¢ny Fez Sachtou s oc¢ekdvanou polohou stroje Perforex
Fig. 1 Shaft Cross Section

INTRODUCTION

Single track railway tunnel Brezno, 1.8 km in length, is a part of the
relocation of the railway line Bfezno u Chomutova—Chomutov, the con-
struction of which started in May 2005. The reason for the relocation is
the continuous mining activity in the open mine DNT TuSimice—Seve-
roCeské doly (SD) Chomutov a.s, which is interfering with the existing
railway line. The financing organisation is SD, client role is performed
by SZDC Plzeti s.0., and the contractor is JV SdruZeni Bfezno, consis-
ting of Metrostav a.s. Praha, SSZ a.s. and Energie Kladno a.s. The
general designer is SUDOP Praha as., the designer of the emergency
escape shaft is IKP Consulting Engineers s.r.o. Praha (IKP CE).

HISTORY OF THE CONSTRUCTION

After the preparatory works and the construction of open cut portal
sections, tunnelling started in March 2002, using the pre-cut method
with a Perforex machine, which started tunnelling from the tunnel por-
tal located near the village Bfezno. After completing approximately
800 m of the tunnel in March 2003, with the primary lining consisting
of non-reinforced shotcrete applied into the slot pre-cut by the Perfo-
rex machine, the Perforex machine was buried by a tunnel collapse,
which immediately spread to the section of primary lining to approx.
100 m behind the tunnel face. The collapse created a large settlement
through on the surface. The construction process was interrupted until
October 2004, when tunnelling started from the other portal located
near the village Drouzkovice. The method applied was the so-called
“Sequential Method”, using primary lining consisting of shotcrete with
steel meshes and lattice girders.

RECOVERING OF THE COLLAPSE AREA

The collapse area was divided into two parts; the part outside the
buried machine and the part with the buried machine. For the first part
the method with temporary piled bulkheads 9 m apart was designed;
between the bulkheads tunnelling was performed with the help of steel
pipe umbrellas, jet grouting, temporary top heading invert and other
additional measures enabling the rebuilding of the collapsed tunnel.
This part was designed by SUDOP Praha a.s.

Foto 1 Ovérovaci vrt délky 60 m
Photo 1 Drill rig for core borehole
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se pomoci prepazek z pilotovych stén cely tsek rozdélil na dseky
délky cca 9 m, mezi kterymi byl navrZen postup s pomoci mikropi-
lotovych destniku, tryskovych injektdzi, provizorni spodni klenby
v kaloté a dalSich opatfeni, umoznujicich opétovné vyraZeni tunelu
v zavaleném useku. Tuto &ast feSil generdlni projektant tunelu
SUDOP Praha, a. s.

Druhou ¢dst zdvalu fesila firma IKP CE vystavbou kruhové $ach-

ty z prevrtdvanych pilot nad zavalenym strojem Perforex.

POTREBA UNIKOVE SACHTY

Zpracovani pripravné dokumentace pro vystavbu tunelu Bfezno
zacCalo v druhé poloviné devadesatych let minulého stoleti. Podle v té
dobé platnych bezpecnostnich piedpisti nebyla pro tunel Bfezno
potrebna 7Zddnd dnikové Sachta. Za dobu, kterd uplynula od zahdjeni
pripravy projektové dokumentace, do§lo k vyraznym zméndm v plat-
nych bezpe¢nostnich predpisech. V dobé zpracovani dokumentace na
zmahani zdvalu jiz bylo zfejmé, Ze pro tunel délky 1,8 km je kromé
portdldl tunelu potiebny dalii tinikovy vychod. Uastnici vystavby
proto prijali feSeni, které umoznuje predat dokonCenou stavbu tak,
aby byla v souladu s platnou legislativou. K tomuto tcelu poslouzil
navrh IKP CE na realizaci Sachty, ktery byl modifikovan spole¢né
s pracovniky Metrostavu a investora. Vysledkem byl ndvrh Sachty
praméru 21 m (méfeno na osu pilot), hloubky 35 m, se stfedem odsa-
zenym o 1,5 m od osy tunelu, do které byl umistén poZadovany tini-
kovy vychod. Sachta soutasné poslouZila pro postupné obnaZeni
a demontaZz vrubovaciho stroje Perforex a jeho vytazeni na povrch.

GEOLOGICKE A HYDROLOGICKE POMERY

Sachta byla situovana piimo nad zavaleny stroj a tak kromé vysky-
tu zemin ovlivnénych vlastnim zdvalem bylo nutné pocitat zejména
s existenci zavaleného stroje Perforex a s vyskytem zbytku zficeného
primdrniho osténi. Znané obavy byly ohledné moZnosti vyskytu pod-
zemni vody v eventudlnich dutindch pod osténim a kolem stroje.

Po zévale v roce 2003 byl v oblasti zdvalu proveden geologicky pru-
zkum a stanoveny charakteristické parametry, které byly pouZivdny
pro vypocty osténi tunelu v oblasti zavalu.

ProtoZe od okamZziku zdvalu do obdobi zahdjeni praci v oblasti
ovlivnéné zdvalem uplynuly vice neZ dva roky, byl v prostoru budou-
ci Sachty navrzZen a realizovén jeden jadrovy vrt hloubky 60 m (foto 1).
Hlavnim dkolem vrtu bylo ovéfit vyskyt vétSich dutin a podzemni
vody v okoli zavaleného stroje. Dal$im tikolem vrtu bylo objasnit, zda
horni a stfedni uhelnd sloj nachézejici se pode dnem tunelu neni zasa-
Zena hornickou ¢innosti a nemohla tak prispét ke kolapsu tunelu.

Vrt prokdzal, Ze nenf tfeba se obavat vyskytu velkych dutin ani
rozmd¢enych poloh zdvalového materidlu v dusledku podzemni
vody. Také se ukdzalo, Ze uhelné sloje pode dnem tunelu nejsou
postiZzené hornickou ¢innost{ ani vyhorenim.

OSTENI SACHTY

Kruhova Sachta z prevrtdvanych pilot (pfi¢ny fez viz obr. 1) byla
navrzena o praméru 21 m, méfeno na osu pilot. Vzddlenost pilot

Foto 2 Ukdzka vysledku vrtdni pilot — pohled ze dna Sachty
Photo 2 Completed piles — view from the bottom of the shaft
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Obr. 2 Podélny Fez Sachtou
Fig. 2 Shaft Longitudinal Section

The second part of the collapse area was solved by the construction
of a circular shaft with lining consisting of secant piles, this part desig-
ned by IKP CE.

EMERGENCY ESCAPE

Work on the preliminary design of the Bfezno Tunnel started in
the second half of the 1990s, when the safety regulations did not
require an additional emergency escape. However, during the peri-
od since the preliminary design, significant changes to the safety
regulations were introduced. When design for the collapse recovery
started it was obvious-given the tunnel length of 1.8 km-that an
additional emergency escape is required. All the participants of the
construction process accepted the need for the emergency escape; as
a result the completed structure conforms to the latest safety and
other regulations.

The solution was the IKP CE proposal for shaft construction,
which was modified in cooperation with the Contractor’s and the
Client’s staff. The final solution was the proposal of a circular shaft,
21 m in diameter (measured to the piles’ axes), 35 m deep, with the
vertical axis set off by 1.5 m of the tunnel axis, allowing the locati-
on of the emergency access. At the same time the shaft served the
step-by-step recovery, dismantling and lifting of the Perforex
machine to the surface.

GEOLOGICAL AND HYDROLOGICAL CONDITIONS

The shaft was located directly above the buried machine and the-
refore, except for the occurrence of ground directly affected by the
collapse, it was necessary to take into account the existence of the




Foto 3 Poédtek ziizovani ztuZujicich prstencu 3 m pod prevdazkou 3
Photo 3 Reinforcing rings below Ring Beam 3

byla 0,942 m, jejich délka 40 m. Celkem bylo navrZzeno 70 kust
pilot z betonu B 30. Primdrni piloty byly nevyztuZené, sekundarni
piloty byly navrzeny jako vyztuZené s vyztuzi praiméru az R32.
Rozhodujicim hlediskem pfi ndvrhu Sachty byla presnost vrtani
pilot. Pfislu$nd norma stanovuje odchylku pro svislost vrtini 2 %
z délky piloty. Pokud by byly piloty vrtdny s touto presnosti, byly by
s bezpe¢nym ndvrhem Sachty znac¢né problémy. Proto byla pro povo-
lené odchylky pfi vrtani pilot stanovena maximalni odchylka 1 %.
Tato podminka byla uvedena i ve smlouvé se zhotovitelem. Podrob-
néji je o této problematice pojedndno v odstavci o statickém vypoctu.

ZTUZUJICI PRVKY

Kromé presnosti vrtdni pilot byl pfi ndvrhu Sachty rozhodujici
stav, kdy byly v osténi Sachty probourdny dva protilehlé otvory pro
napojeni vlastniho tunelu. Pfesnost vrtdni pilot a vybourédni otvora
si vyzddaly ndvrh nésledujicich ztuzujicich prvku (obr. 2):

Ctyfi masivni Zelezobetonové pievazky. Prevazka 1 (1,5 x 0,6 m)
navrzend na hlavéch pilot; mezilehlé prevazky 2 (1,0 x 0,9 m) a 3
(1,4 x 1,7 m) betonované béhem hloubeni, kdy dno Sachty dosdhne
trovné jejich zékladové spdry; prevdzka 4 (1,8 x 1,4 m) pod dnem
Sachty. Prevédzky byly navrZeny s vysokym stupném vyztuZeni
s pouzitymi profily hlavni vyztuze & R32.

Patndct ztuZujicich Zelezobetonovych prstenct ze stiikaného
betonu tloustky 0,3 m, vysokych 1 m. Jejich provddéni bylo v reali-
za¢ni dokumentaci navrZeno od drovné 4 m nad prevédzkou 3 s tim,
7e konecné rozhodnuti o zapoleti provadéni ztuZujicich prstenca
bude provedeno az na zdkladé skutecné polohy pilot. Jak se pozde-
ji ukdzalo (viz ddle), doslo k vynechéni 7 ztuzujicich prstencu.

Zelezobetonové ztuzujici stény A, B, které byly navrieny mezi
prevdzkami 3 a 4 v prostoru po strandch budoucich otvort pro tunel.
Stény byly vysoké 10,8 m a byly vetknuty do obou previzek.

Foto 4 Hloubeni Sachty v oblasti zavaleného stroje Perforex
Photo 4 Excavation in the vicinity of the buried Perforex machine
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Perforex machine and the collapsed tunnel lining. A serious concern
was also the possibility of ground water collected in potential cavi-
ties under the lining and around the machine.

After the collapse in 2003 a geological investigation in the collap-
se area was performed and characteristic parameters used for the
lining calculation were determined. During the more than two years
that passed between the collapse and the restart of work, a single core
borehole 60 m deep was drilled in the area of the shaft (Photo 1). The
main task of the borehole was to verify the occurrence of large voids
and underground water in the vicinity of the machine. Another aim
was to clarify if the upper and middle coal seam, which is under the
tunnel, was not affected by previous mining activities and therefore
did not contribute to the tunnel collapse. The results showed that
there is no reason for concern with regard to large cavities or water-
logged materials, and confirmed that the coal seams are not affected
by previous burnup.

SHAFT LINING

Circular shaft with secant piles (the cross section is shown in Fig.
1) was designed with a 21 m diameter measured to the piles axes.
The piles distance is 0.942 m, the length is 40 m. In total 70 piles
made of concrete B 30 were designed. The primary piles are not
reinforced; the secondary piles are reinforced with rebars of up to 32
mm in diameter.

The decisive aspect for the piles design was the accuracy of the
pile drilling. The relevant standard prescribes a 2% tolerance for the
verticality of the pile drilling. Providing the piles are drilled with
this tolerance, there would be serious problems with the shaft
design. Therefore the maximum tolerance was set at 1%. This con-
dition was also stated in the agreement with the contractor. The
issue of tolerances is described in more detail in the paragraph dea-
ling with the design calculation.

STRUCTURAL ELEMENTS

For the shaft design, besides the drilling accuracy, the decisive
phase was the moment when two openings connecting the tunnel to
the shaft were created. The drilling accuracy and the demolition of
shaft lining for the tunnel openings demanded design of following
structural elements (see Fig. 2):

Four massive reinforced concrete ring beams: Ring Beam 1 (1.5 x
0,6 m) located on the top of the piles; intermediate Ring Beams 2
(1,0 x 0,9 m) and 3 (1.4 x 1,7 m), cast during the shaft excavation,
when the shaft bottom reaches their foundation level, and Ring
Beam 4 (1,8 x 1,4 m) under the definitive shaft bottom. The ring
beams were designed with a high degree of reinforcement, the main
rebars used were | R32.

Fifteen reinforced shotcrete rings, 0.3 m thick and 1.0 m high.
Their installation was designed to start from a level 4.0 m above
Ring Beam 3, the design stipulated that the start of their application
depends on the factual position of the piles. As showed up during
the construction, it was possible to omit 7 rings.

Reinforced concrete walls A and B, located between Ring Beams
3 and 4 and in the space on the sides of the future tunnel openings.
The walls are 10.8 m high and are fixed into both ring beams.

DESIGN CALCULATION

With hindsight it could be stated that the design calculation was
the most difficult part of the whole shaft design process. Besides the
unique structure, complicated geological conditions of the previous
collapse and unsuitability of anchoring, the design required consi-
deration of many load cases on particular parts of the shaft (piles,
ring beams, reinforcing rings and walls). Another unknown feature
was the piles’ position, which differs for each level. The knowledge
of this position was a key to determining particular load cases. To
define the position, we used probability calculation of the piles posi-
tion in different levels. Based on this probability calculation the
maximum deviation of the piles from the vertical position was defi-
ned to be 1%.

Check calculation of piles and single structural elements was dif-
ferent for the phase of the shaft excavation and for the phase of
demolishing the shaft lining to create the two tunnel openings. Com-
plexity of the design calculation was not only in defining the load
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STATICKY VYPOCET

S odstupem Casu je moZno fici, Ze staticky vypocet byl nejsloZi-
t€jSi Cdsti celého procesu ndvrhu Sachty. Vzhledem k unikétnosti
konstrukcee, slozité geologické skladbé prostfedi zdvalu a nevhod-
nosti pouziti kotveni, bylo tfeba posoudit celou fadu zatéZovacich
pripadu na jednotlivé ¢asti konstrukce Sachty (piloty, prevézky, ztu-
Zujici prstence, ztuZujici stény). Dal$i velkou nezndmou byla polo-
ha pilot, kterd se ruzni pro kazdou vySkovou troveii. Znalost této
polohy byla kli¢ové pro uréeni jednotlivych zatéZovacich pripadu.
Pro urleni této polohy jsme nakonec pouzili pravdépodobnostni
vypocet poloh pilot v jednotlivych drovnich. Z tohoto pravdépo-
dobnostniho vypoctu vyplynula nutnost dodrZeni maximalniho
odklonu pilot od svislice 1 %.

Samotné posouzeni pilot a jednotlivych ztuZujicich prvku bylo
rozdilné pro fazi hloubeni Sachty a pro fazi po probourdni tunelu do
Sachty. Slozitost celého statického vypoctu spocivala nejen ve
spravném urceni zatiZeni na jednotlivé konstrukce a pro jejich jed-
notlivé zatéZovaci stavy, ale i v nalezeni takového zpusobu posou-
zeni, které by mélo dostate¢nou vypovidajici hodnotu pfi dodrzeni
bezpecnosti celé konstrukce. Ve se podarilo za vydatného prispéni
ing. A. Zapletala, DrSc. a doc. ing. J. Masopusta, CSc., za coZ jim
timto velice dékujeme.

Flexibilnost vypodtu umoZnila v prub&hu realizace podstatné
zjednodusit postup hloubeni a vynechat sedm ztuZujicich prstencu.
Obe tyto dpravy byly umoznény diky dosaZeni presnosti vrtdn{ pilot
pod 1 % a z duvodu lepsich geologickych podminek, nez se puvod-
né predpoklddalo.

Z duvodu slozitosti a obsdhlosti celého statického vypoctu pripra-
vuji 0 ném autori samostatny ¢lanek do nékterého z dalSich vydani
casopisu Tunel.

VYPLNOVE INJEKTAZE

Pii betondzi pilot pilotovych prepdzek nad tunelem doslo v néko-
lika pripadech ke zna¢né zvysené spotiebé betonové smési, kterd
unikla do volnych dutin v oblasti zdvalu. Aby se podobné situaci
zabrénilo v pripadé pilot Sachty (i pres vysledek z jadrového vrtu),
a také z duvodu bezpecnosti pri hloubeni Sachty, bylo v prostoru
budouci Sachty navrZeno a realizovdno 29 svislych injektdZnich vrta
v rastru 4 x 4 m, vystrojenych PVC trubkami pruméru 50 mm, délky
35 m, tj. 3 m pod dnem tunelu. Toto rozhodnuti se ukdzalo jako

opodstatnéné, nebot témito vrty bylo zainjektovdno celkem 750 m3
injekéni smési.

VRTANI PILOT

Provadéni Sachty Metrostav zadal firmé Zakladani{ staveb Praha,
a. s. Ta pouzila na vrtani pilot soupravu AU BG25 se zapaZovacim
zafizenim VRM 150 KL s vloZkami na pramér 1180 mm od firmy
Leffer. Vyska vodicich zidek 1,2 m spolu s pouzitim specidlnich
paznic fady Hard od firmy Leffer vedla k dosaZen{ vétsi presnosti
pfi vrtdn{ pilot. Vrtani probéhlo v tdnoru a bfeznu 2006.

Presnost provedeni pilot byla velmi dobrd (foto 2) a dosaZené
odchylky byly v hodnotdch pod 1 % z délky pilot, coz byl striktn{
pozadavek v realizaéni dokumentaci. Pfi betondZi pilot nedoslo
k Zaddnym vétsim spotfebam betonové smési, coZ lze pri¢ist prove-
denym vyplnovym injektdzim.

Jiz pfi ndvrhu pilot bylo zfejmé, Ze piloty, pod kterymi budou
zastiZzeny ocelové soucasti zavaleného stroje Perforex, nebudou
dovrtany na plnou hloubku. Pfi vrtani k tomu doglo ve tfech pripa-
dech a volny prostor pod nedovrtanou pilotou byl po vyhloubeni
Sachty rozepren ocelovymi védlcovanymi profily a vyplnén stiika-
nym betonem.

HLOUBENI SACHTY A REALIZACE ZTUZUJICICH PRVKU

Hloubeni Sachty a souvisejici prdace na zfizeni prevdzek a stén
byly zahdjeny v dubnu 2006. Po provedeni pfevdzky 1 na hlavach
pilot se hloubilo po zdbérech 5 m aZ na droven prevazky 2. Po jejim
vybetonovéani se opét po zdbérech 2 m pokracovalo k prevézce 3.
Vzhledem k dobré dosazené presnosti vrtani pilot nebylo nutné mezi
prevdzkami 2 a 3 realizovat ztuZujici prstence ze stiikaného betonu
puvodné predpoklddané od trovné 4 m nad prevdzkou 3. Jejich rea-
lizace zacala az v drovni 3 m pod prevdzkou 3 a pokraovala az na
dno Sachty, k horn{ drovni prevdzky 4 (foto 3).

Foto 5 Betond? ztuZujici stény B samohutnicim betonem
Photo 5 Casting of wall B by self-compacted concrete mix

on particular structure elements and for their different load cases,
but also in finding a method of check calculation which gives suffi-
cient evidence and maintains satisfactory safety margins. This was
achieved with a substantial help from A. Zapletal and J. Masopust;
we express our thanks to them.

The calculation’s flexibility simplified the construction, made the
excavation sequence much simpler and allowed the omission of
seven reinforcing rings. Both these changes were possible thanks to
the achieved accuracy of pile installation, which was within 1% of
tolerance, and also due to the better-than-expected geological con-
ditions. Because of the complexity and voluminosity of the design
calculation the authors are preparing a separate paper to be publis-
hed in a future issue of the magazine Tunel.

GROUTING

During the concreting of piles in bulkheads, there was in a few
cases a considerably higher volume of concrete used, which filled
the free cavities in the collapse area. To prevent such a situation for
shaft pile drilling (despite the results of the core borehole) and also
for safety reasons during the shaft excavation, there were designed
and executed 29 vertical grouting boreholes in a 4 x 4 m grid with
PVC pipes 50 mm in diameter and 35 m long, going 3 m under the
tunnel invert. This decision proved to be well-founded; 750 m?* of
grout was injected through these boreholes.

PILES DRILLING

The shaft construction was subcontracted by Metrostav to Zakld-
déni staveb Praha a.s. For pile drilling a drill rig AU BG25 with
casing oscillator VRM 150 KL, with inserts for 1180 mm diameter
from Leffer Company was used. The 1.2 m high guiding walls toget-
her with the application of special casing of Hard series from Leffer
Company have led to a higher accuracy of pile drilling. The drilling
took place in February and March 2006.

The drilling accuracy was very good (see Photo 2) and tolerances
achieved were in values below 1% of the pile length, which was a
strict condition of the design. During pile concreting no large over-
consumption of concrete was reported, which could be attributed to
the grouting.




Foto 6 Pocdtek prordZky tunelu do Sachty
Photo 6 Start of the piles demolition for the tunnel opening

Hloubeni pod prevézkou 3 bylo komplikovdno pfitomnosti zavale-
ného stroje Perforex a zficeného primérniho osténi. Bylo nutné postu-
povat pomalu a nebylo mozné pouzit vétsi mechanizaci (foto 4).

Po dokonceni pfevdzky 4 pode dnem Sachty byly zahdjeny prace
na betondZi stén A a B. Jednalo se o technicky zajimavé a naro¢né
préce, protoZe jednostrannym bednénim bylo potfeba zabednit stény
vysoké 10,8 m. Projektant poZadoval betondZ bez vodorovnych pra-
covnich spar. Pro mens{ sténu A byla povolena jedna pracovni spara
uprostied vysky stény. U kazdé stény byla pouZita riznd technolo-
gie betondze:

U vétsi stény B (foto 5) byla pouzita technologie samohutniciho
betonu a sténa byla vybetonovdna najednou na celou vysku. Bylo
nutné pe€livé navrhnout betonovou smés s potfebnymi prisadami
tak, aby beton v jednotlivych pracovnich zdbérech (vrstvach) ve sta-
noveném Case dosdhl urcité pevnosti, kterd by zarucila pozadovany
maximdlni tlak betonové smesi na bednéni. Zaroven viak nesmélo
dojit k vytvoreni pracovni spdry. Po peclivych pfipravdch betondz
stény probéhla bez vétsich problému.

Mensi sténa A byla vybetonovéna s pomoci jednostranného bed-
néni s jednou vodorovnou pracovni spdrou a s pouZzitim klasické
betonové smési B 30.

Po dokonéeni betondZe stén doslo v Cervenci 2006 k vybourdni
pilot v prostoru tunelu razeného zdvalem od portdlu u Bfezna (foto
6), druhy otvor pro tunel raZeny sekvencni metodou od portdlu
u Drouzkovic byl realizovdn v f{jnu 2006.

GEOTECHNICKY MONITORING

Béhem vystavby Sachty probihal geotechnicky monitoring, ktery
provédéla firma SG Geotechnika, a. s. Bylo osazeno 6 inklinometra
do pilot a 8 geodetickych bodu v péti vys§kovych drovnich, které
byly instalovdny na prevazkach a pilotach. V zdvislosti na postupu
vystavby byl provdadén pravidelny monitoring, jehoZ vysledky byly
prubézné vyhodnocovdny a predkldddny na kontrolnich dnech stav-
by konanych kazdy tyden.

Naméfené hodnoty deformaci béhem vSech fazi vystavby byly
malé a nedosdhly ani prvniho varovného stavu, coz potvrdilo sprav-
nost ndvrhu konstrukce Sachty.

ZAVER

Navrh unikdtni konstrukce tnikové Sachty tunelu Bfezno v pro-
storu predchoziho zdvalu prinesl fadu novych problému, pfi jejichz
feSeni bylo potfeba pouZit neobvyklych postupu.

Flexibilita ndvrhu umoznila béhem vystavby reagovat na skute¢-
né dosaZenou presnost vrtanych pilot i na zastizené geologické pod-
minky. Tim bylo moZné radikdlné zjednoduSit postupy hloubeni
a vynechat sedm ztuZujicich prstencu ze stiikaného betonu. Dobrou
spolupraci partnera vystavby doslo oproti schvdlenému harmono-
gramu vystavby ke zkrdceni doby vystavby Sachty o 2,5 mésice.

ING. TOMAS PARAK, tomas.parak@ikpce.com,
) IKP CONSULTING ENGINEERS, s. r. o.
ING. ERMIN STEHLIK, ermin.stehlik@seznam.cz, konzultant
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Already during the design phase it was clear that the piles, which
are above the steel parts of the buried Perforex machine, will not be
drilled to the full length. During pile drilling this happened three
times and the free space under the uncompleted pile was braced by
steel beams and filled with shotcrete.

SHAFT EXCAVATION AND STRUCTURAL ELEMENTS

Shaft excavation and related works started in April 2006. After
the completion of Ring Beam 1 on the piles’ heads the excavation in
5.0 m rounds started, up to the Ring Beam 2 level. After casting the
ring beam, the excavation in 2.0 m rounds continued to Ring Beam
3. Thanks to the achieved pile drilling accuracy it was not necessa-
ry to install reinforcing shotcrete rings between Ring Beams 2 and
3, originally designed from a level 4.0 m above Ring Beam 3. Rein-
forcing rings were applied starting from a level 3.0 m below Ring
Beam 3 and continued up to the bottom level of the shaft, to the
upper level of Ring Beam 4 (see Photo 3).

The excavation below Ring Beam 3 was complicated by the exi-
stence of the buried Perforex machine and collapsed lining. It was
inevitable to progress slowly and it was not possible to use larger
equipment (see Photo 4).

After the completion of Ring Beam 4, under the shaft bottom, the
works on casting the walls A and B started. These works were tech-
nically interesting and demanding at the same time, because it was
required to board the 1.8 m high walls by one-sided formwork. The
designer originally required casting without horizontal cold joints,
but for the smaller wall A one cold joint was allowed in the middle
of the wall. For each wall a different method of concrete technolo-
gy was used:

For the larger wall B (Photo 5) the technology of self-compacting
concrete was used and the wall was cast completely for the whole
height. It was important to design the concrete mix with the requi-
red additives very carefully in such a way that the concrete strength
in prescribed time in particular work rounds (layers) reached the
required value, which guaranteed the maximum load of concrete to
the formwork. At the same time the occurrence of a cold joint was
not allowed. After careful preparatory works the casting passed wit-
hout major problems.

The smaller wall A was cast with one horizontal cold joint with
the help of one-sided formwork and application of the classic conc-
rete mix B 30.

After the completion of the wall casting in July 2006, the demoli-
tion of the piles for the tunnel mined from the Bfezno portal through
the collapse was executed (Photo 6); the second opening in the shaft
for the tunnel mined by the sequential method from the Drouzkovi-
ce portal was executed in October 2006.

GEOTECHNICAL MONITORING

During the shaft construction, SG Geotechnika a.s. performed
geotechnical monitoring. Six inclinometers were fit into the piles
and eight geodetical measurement points in five levels were fixed to
ring beams and piles. Depending on the construction progress, regu-
lar monitoring was performed and its results were continuously sub-
mitted and assessed on weekly meetings.

The measured deformations during all construction phases were
small and not even the first warning level was reached, validating
the accuracy of the design.

CONCLUSION

The design of the unique structure of the Bfezno Tunnel shaft in
the area of a previous tunnel collapse brought a number of new pro-
blems, which required an application of atypical design and calcu-
lation methods.

The design flexibility enabled the Contractor to react to the accu-
racy of the drilled piles installation and to the actual geological con-
ditions. This led to a radical simplification of the excavation sequ-
ences and the omission of seven reinforcing shotcrete rings. Good
cooperation of all parties resulted in a shortening of the shaft con-
struction period by 2.5 months.

ING. TOMAS PARAK, tomas.parak@ikpce.com,
) IKP CONSULTING ENGINEERS, s. r. o.
ING. ERMIN STEHLIK, ermin.stehlik@seznam.cz, consultant
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TUNEL LIBOUCHEC NA DALNICI D8 - REKAPITULACE TECHNICKEHO
RESENI PRI UVEDENI DO PROVOZU

THE LIBOUCHEC TUNNEL ON THE D8 MOTORWAY
= AN OVERVIEW OF THE ENGINEERING SOLUTION
ON THE OCCASION OF THE TUNNEL INAUGURATION

LIBOR MARIK

uvobp

Uvedeni délni¢niho tunelu do provozu je vZzdy slavnostnim okamzikem
nejen pro vSechny tcastniky vystavby, ale zejména pro fidice, kterym nové
oteviend trasa délnice zkrdti a urychli cestu. Pro projektanta realizaéni doku-
mentace je ukondenf vystavby dobrym divodem k rekapitulaci priubéhu pro-
jektu, porovndni predpokladd se skute¢né zastizenymi podminkami a ke
zhodnocen{ optimalizace technického feSeni. Nové otevieny tisek ddnice D8
vedouci od Usti nad Labem a7 na stdtni hranici se SRN prochdzi hfebenem
Kru$nych hor. Vzhledem k reliéfu terénu se na trase kromé mnoha mostnich
objektt nachdzeji i dva tunely. Tunel Libouchec, o kterém ¢ldnek pojednavd,
navazuje od jihu na kninickou estakddu délky 1080 m, na severu prechdzi
tunel do galerie navazujici na zdpadni tunelovou troubu a po kratkém tseku
ddlnice na dal§f mostni objekt Libouchec prevadéjici trasu délnice do tunelu
Panenskd. Vlastni tunel Libouchec tvori dvé tunelové trouby, kazdd o dvou
jizdnich pruzich. Vychodni tunelova trouba o celkové délce 520 m je uréena
pro smér Praha — Drazdany, zdpadni tunelové trouba o délce 670 m véetné
galerie pro smer opacny.

Pii vystavbé tuneld hraje stdle vetsi roli bezpeCnost provozu a zajisténi
pozadované pozarni bezpenosti. Proto kromé mnoha stavebnich dprav
doznalo uréitych zmén i technologické vybaveni tunelu, zvySujici bezpecnost
a jizdni pohodu fidice pri prajezdu tunelem.

Detailni popis stavebni Cdsti se zaméfenim na razbu tunelu a primérni
a definitivni osténi byl predmétem samostatného ¢lanku v Casopise Tunel
1/2006. Nésledujici text se proto zaméruje na dalsi etapu v Zivote tunelu, kte-
rou predstavuje technologické vybaveni tunelu, stavebni dpravy spojené
s bezpecnosti provozu a ekologické aspekty vystavby tunelu.

TECHNOLOGICKE VYBAVENI TUNELU

Doby, kdy k hlavnim ¢innostem tuneldfe patiilo vyraZeni tunelu a zajiste-
ni poZadované stability vyrubu, jsou ddvno minulosti. Moderni tunelovd
stavba vyzaduje pro zajisténi provozniho i bezpecnostniho standardu instala-
ci slozitych technologickych celku centrdlné ovlddanych pomoci fidiciho
systému tunelu. Veskeré informace jsou z bezobsluzného fidictho centra pre-
naseny optickym kabelem do dispecinku tunelu v nedalekych Rehlovicich
a Petrovicich, kde nad bezpecnym chodem systému a provozem v tunelu bd{
stdld sluzba. I kdyz délka tunelu Libouchec jen malo prekracuje 500 m, tunel
disponuje pomérné sloZitym technologickym vybavenim. Cilem montdZe

Obr. 1 Jizni portdl, priprava tizemi — 8/2004
Fig. 1 Southern portal, site preparation — 08/2004

INTRODUCTION

The act of opening of any motorway tunnel to traffic is always a solemn moment
for all parties to the project, but first of all for drivers, who will enjoy the shorter
and faster travel along the new stretch of the motorway. Completion of a construc-
tion is a good moment for the designer to overview the course of the works, com-
pare the assumptions with the actually encountered conditions, and assess the
results of optimisation of the engineering solution. The newly opened stretch of the
D8 motorway running from Usti nad Labem up to the border with the BRG, passes
across a crest of the Krusné Hory Mountains. There are two tunnels on the motor-
way route in addition to numerous bridges, which were necessary to cope with the
undulated terrain configuration. The Libouchec tunnel, which is the topic of this
paper, links the 1080m-long Kninice viaduct on the south. On the northern side, the
western tube passes to a gallery (a snow shed-type structure), and to a short at-grade
section, which connects to another bridge structure, the Libouchec Bridge. This
bridge carries the motorway route to the Panenskd tunnel. The Libouchec tunnel
itself is a twin-tube, two-lane structure. The 520m-long eastern tunnel tube is desig-
ned for the Prague-Dresden traffic direction, while the 670m-long western tunnel
tube (including the gallery) carries the opposite direction traffic.

The importance of the role of operational safety and requirements for the fire safe-
ty level continuously grows in the construction process. This is why the tunnel equip-
ment, similarly to the tunnel structures, was a subject of certain changes, which impro-
ved the safety and driving comfort during the travel through the tunnel.

A detailed description of the structural part of the engineering solution, which
was focused on the tunnel excavation, primary lining and final lining, was the topic
of a separate paper published in Tunel 1/2006. The following text is therefore focu-
sed on another phase of the tunnel life, on the tunnel equipment, structural details
associated with the operational safety, and environmental aspects of the tunnel con-
struction.

TUNNEL EQUIPMENT

The times when the task to excavate a tunnel and guarantee the required degree
of stability of the excavated opening was the only task of tunnellers have been over
for a long time. The modern Libouchec tunnel construction requires installation of
complex equipment packages controlled centrally through a tunnel management
system so that operating and safety standards are maintained. All information is
transmitted from an unmanned control centre to the tunnel control centre nearby
Rehlovice and Petrovice via a fibre-optic cable. There is a continuous service

Obr. 2 Razba kaloty od jiZniho portdlu — 4/2005
Fig. 2 Top heading drive from the southern portal — 04/2005




Obr. 3 Betond?, zdkladovych past hloubenych tunelii — severni portdl 09/2005
Fig. 3 Casting of the cut-and-cover tunel strip foundation — northern portal 09/2005

technologickych celkl je zajidténi plynulého provozu, vEasné zjiténi
a odstranéni potencidlnich pri¢in nebezpecnych situaci a vytvoreni podminek
pro celkovou pohodu fidice pri prajezdu tunelem. Vznik havdrie nebo dokon-
ce pozéaru v tunelu automaticky spousti zvlastn{ rezim, pfedem naprogramo-
vany pro konkrétn{ krizovou situaci.

Technologické vybaveni tunelu tvofi kromé silnoproudych a slaboprou-
dych rozvodu systém tunelového vétrani a osvétlent, Cidel pro méfent fyzi-
kdlnich veli¢in, elektrickd poZarn{ a zabezpeCovaci signalizace, systém tisio-
vého voldni SOS, uzavieny televizni okruh, zatizeni pro radiové voldni, eva-
kua¢ni rozhlas a vlastni fidici systém tunelu, do kterého se veskeré informa-
ce sbihajf a jsou analyzovany. Proti vypadku energie cely systém chréani jako
zéloZni zdroj dieselagregit, situovany u provozné technologické budovy na
jiZnim portélu tunelu.

Z hlediska fidi¢e hraje dileZitou roli osvétleni tunelu, které tvoif dvé
osvétlovaci soustavy. Hlavni soustava zahrnuje akomodalni a prujezdni
osvetleni. Vedlejsi soustava osvetluje tunelové propojky a slouZi pro nasvét-
leni skifni SOS s cilem opticky zvyraznit jejich polohu v tunelu. Akomodag-
ni osvétlen{ slouZ{ pro zlepSeni pohody Tidice, ktery vjiZdi z oblasti pred tune-
lem. Pomdhd preklenout nedostate¢nou schopnost o¢i zvyknout si v kratkém
Case na zcela odlisné svételné poméry uvnitf tunelu. Vzhledem k malé délce
tunelu probihd akomodacni{ osvétleni po celé jeho délce a z hlediska intenzi-
ty osvétleni je rozdéleno do nékolika pasem. Regulaci akomoda¢niho osvét-
len{ zajiStuje Tidici systém tunelu v zdvislosti na jasovych pomerech méfe-
nych vnéj§im jasomérem pred vjezdovymi portély. Kromé téchto dvou osvét-
lovacich soustav je pro pripad vyjime¢nych stavi v tunelu nainstalovano
nouzové osvétleni. Umisténi diodovych svitidel ve vysce 0,9 m nad tirovni
chodniku po obou strandch tunelu zlepSuje orientaci osob v pripad¢, kdy je
jiz vrchni ¢ést tunelu vyplnéna kourem. Funk&nost svitidla signalizuje modrd
LED dioda umisténd ve stiedu svételného zdroje. V pripadé poplachu signa-
lizovaného elektrickou poZdrni signalizaci se krom¢ nouzového osvétleni
zapind na plny vykon i hlavni osvétlovaci soustava.

V pripadé vypadku elektrické energie béhem normélniho provozu v tune-
lu prechézi reZim osvétleni tunelu do ndhradniho osvétleni tunelu, zajistova-
ného vybranymi sekcemi akomodaéniho osvétleni. Dodévku energie zajistu-
je ndhradni zdroj a maximdlni povolend rychlost v tunelu je sniZena
z 80 km/h na 60 km/hod.

K dal§imu velmi vyznamnému bloku technologickych zafizent, ktery jiz
z pohledu fidice stoji v pozadi, patfi méfen{ fyzikdlnich a chemickych veli-
Cin a elektrickd pozdrni signalizace. Jednotlivé ¢idla umisténd v tunelu, v pro-
vozné-technologickém objektu i pred obéma portdly, sleduji napf. hodnoty
koncentrace CO a opacity v tunelovych troubdch, hodnoty teploty vzduchu
v tunelu, teploty potrubi poZdrniho vodovodu a v provozné-technologickém
objektu, detekci mlhy na vyjezdovych portdlech, vysku hladiny vody
v pozérni nddrzi a bezodtokové jimce znedisténych vod, mefeni rychlosti
proudéni vzduchu, nebo otdcek a vibraci ventildtort vzduchotechniky tune-
lu. Dal3i ¢idla sleduji stav zafizeni v dpravné pH drendznich vod. Spolu s jiz
zminénymi jasoméry poskytuji tato zarizeni fidicimu systému potiebné infor-
mace, které vyhodnocuje, a na zdklade zjisténych hodnot ovldda dalsi zari-
zeni (ventildtory, osvétleni, ohfivani pozarniho vodovodu apod.).

Méfeni koncentrace CO a opacity v tunelu je umisténo pobliz portala. Cel-
kem jsou osazeny Ctyfi péry infradervenych senzort. Vstupni data potiebna
pro optimdln{ funkei vzduchotechniky doplnuji ¢tyfi pary Cidel pro mérent
rychlosti proudéni vzduchu v tunelu a ¢idla sledujici teplotu vzduchu.

V souvislosti se zménou polohy poZdrniho vodovodu z pavodniho umis-
téni pod vozovkou do prostoru pod chodnikem vznikl poZadavek na tempe-
rovani potrubi v piipadé, kdy teplota klesne pod pfipustnou mez. Potrubi
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present in the control centre. Even though the Libouchec tunnel length is only slight-
ly higher than 500m, the tunnel is provided with relatively complex equipment. The
objective of installation of the equipment packages is to secure uninterrupted traffic,
timely detection and removal of potential causes of dangerous situations, and creati-
on of suitable conditions for driver comfort during the passage through the tunnel.
Any incident or even a fire inside the tunnel automatically sets in motion a special
regime, which is pre-programmed for the particular critical situation.

Apart from a heavy-current and weak-current distribution system, tunnel equip-
ment consists of tunnel ventilation and illumination systems, sensors measuring phy-
sical quantities, a fire alarm and detection system, emergency announcement system,
CCTYV cameras, a wireless communication system, public address and the tunnel con-
trol system itself, which collects and analyses all information. The entire system is
protected against a power failure by a stand-by source, a diesel generating set, which
is located next to the technical services building, at the southern portal of the tunnel.

From the driver’s point of view, an important role is played by the tunnel illumi-
nation. The tunnel illumination consists of two lighting systems. The main system
consists of the accommodation and interior tunnel lighting. A secondary system illu-
minates tunnel cross passages and serves for highlighting of SOS boxes with the
aim of emphasizing their position in the tunnel. The accommodation lighting is
intended to improve drivers’ visual comfort when they enter the tunnel from the
zone in front of the tunnel. It helps them to cope with the insufficient capability of
eyes to accommodate in a short time to totally differing lighting conditions inside
the tunnel. Because of the short length of the tunnel, the accommodation lighting
system is installed throughout the length of the tunnel. In terms of the intensity of
the light, the accommodation lighting is divided into several zones. The intensity of
the accommodation lighting is controlled by the tunnel management system, depen-
ding on the luminance conditions in front of the entrance portals, which are measu-
red by external luminance metres. Apart from the above-mentioned two lighting
systems, an emergency lighting system is installed in the tunnel in case of extraor-
dinary states. Orientation of persons in case of smoke filling the upper part of the
tunnel profile is facilitated by LED-type luminaries installed at a level of 0.9m
above the walkways, on both sides of the tunnel. The functionality of the luminary
is signalled by a blue LED installed in the centre of the light source. When an alarm
is signalled by the fire alarm and detection system, the main lighting system is acti-
vated at full capacity, concurrently with the emergency lighting.

When the power failure occurs during normal tunnel operation, the tunnel ligh-
ting regime is switched to the stand-by tunnel lighting regime, which is provided by
selected sections of the accommodation lighting system. The power supply is pro-
vided by a stand-by source, and the maximum permissible speed in the tunnel is
reduced from 80 km/h to 60 knv/h.

Another very interesting equipment block, which is considered unimportant
from driver’s point of view, is the system of measurement of physical and chemi-
cal quantities and the fire alarm and detection system. Individual sensors, which are
installed inside the tunnel, in the technical services building and in front of both por-
tals, follow, for instance, the values of the Carbon Monoxide concentration and opa-
city in the tunnel tubes, the temperature of air in the tunnel, on the fire pipeline and
in the technical services building, fog in front of the exit portals, the level of water
in the fire protection reservoir and in the polluted water collecting drainless sump,
measurement of the airflow rate or the speed of rotation and vibrations of the tun-
nel ventilators. Other sensors monitor the state of the equipment conditioning the
pH in the water which is discharged from the tunnel drainage. Together with the
above-mentioned opacity metres, these facilities provide information necessary for
the control system, which assesses the information and controls other equipment
(fans, lighting, fire main heating etc.) on the basis of the quantities determined.

The sensors measuring the Carbon Monoxide concentration and opacity in the
tunnel are installed near the portals. A total of four pairs of infrared sensors are
installed. The input data required for optimum functioning of the ventilation system
is provided by four pairs of sensors measuring the airflow rate in the tunnel and sen-
sors monitoring the air temperature.

A requirement for heating of the fire main pipeline in case of the temperature
dropping under an allowable limit appeared in the context of a change in the posi-
tion of the fire main, from the original place under the roadway to the space under
the walkway. A trace heating system is used for the fire main protection, with the
heating cables installed between the pipeline external surface and thermal insulati-
on. The heating system is activated by the control system in the case of temperatu-
re in the tunnel and on the pipeline surface dropping. This system is in common use
in tunnels abroad, but it is the first application in the Czech Republic.

The objective of the monitoring of the level of water in the 170m3-volume fire
protection reservoir is to inform whether the volume of water in the reservoir is suf-
ficient for a fire fighting intervention in case of a fire in the tunnel. The drainless
sump collects polluted water from the roadway surface discharging from slotted
drainage ducts. This water cannot be treated by the equipment available, therefore
it must be transported by tankers to a sewage treatment plant. The water level moni-
toring system signals the state at which the water must be pumped from the sump
to prevent inundation of the inflow pipeline and a total collapse of the roadway
drainage system.

In recent years, strong emphasis has been placed on fire safety in tunnels, in the
context of accidents in tunnels abroad. Detection of signs of a fire in the Libouchec
tunnel is provided by sensors of the fire alarm and detection system. Whereas the
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Obr. 4 Hloubené tunely na jiZnim portdle
Fig. 4 Cut-and-cover tunnels at the southern portal

pozérniho vodovodu je kontaktné ohffvéno pomoci topnych kabel instalo-
vanych mezi licem trubky vodovodu a tepelnou izolaci. Pfi poklesu teploty
v tunelu a na lici potrubi vodovodu aktivuje fidici systém v tunelu otdpéni
potrubi. Jednd se o systém, ktery je v zahrani¢nich tunelech béZzné pouzivan,
v Ceské republice je pouZzit v ddlnicnim tunelu poprvé.

Sledovéni drovné hladiny vody v poZérni nddr7i o objemu 170 m* md za
cil informovat o dostate¢né rezervé vody v nddrZi pro provedeni zdsahu v pri-
padé poZdru v tunelu. Do bezodtokové jimky znecisténych vod proudi voda
ze §térbinovych Zlabu pro odvodnéni vozovky. Vodu z jimky nelze pomoci
instalovanych zarizeni efektivné vycistit a je nutné kontaminované vody
odvazet cisternami do Cistirny odpadnich vod. Sledovéan{ hladiny v jimce sig-
nalizuje stav, kdy je vodu z jimky treba vy&erpat, aby nedoslo ke zpétnému
zatopeni potrubi a iplnému kolapsu systému odvodnéni vozovky.

V poslednich letech je v souvislosti s havdriemi v zahrani¢nich tunelech
kladen velky duraz na zaji$téni poZdrni bezpecnosti v tunelu. K detekei pro-
jev pozéru jsou v tunelu Libouchec instalovdna ¢idla elektrické poZérnf sig-
nalizace. Zatimco provozné-technologicky objekt s fidicim systémem tunelu
a bezpecnost zdlozniho zdroje energie stieZi bodové hldsice poZéru, ob¢ tune-
lové trouby sleduje linedrni teplotni kabel FibroLaser II., ktery je schopen
detekovat misto poZaru s presnosti na 3 m. Systém je aktivovdn pii prekro-
Ceni maximaln{ pripustné teploty ve sledované zéné 58 °C, zvySovéni teplo-
ty rychlosti 12 °C/min. nebo rozdil teploty v mist€ méfeni vic¢i prumérné tep-
loté v z6né prekro¢i 10 °C, pri¢emzZ postatuje nesplnéni jediného z kritérii.
Krome liniového sledovini teploty v tunelu jsou v misté SOS kabin a v tsti
tunelovych propojek instalovény tlacitkové hldsice pozdru.

Pocet SOS kabin vzrostl s ohledem na poZadavky novelizovaného predpi-
su TP98 Technologické vybaveni tuneli a vzhledem k prodlouZeni zépadni
tunelové trouby o objekt galerie z puvodnich 8 ks na 11 ks. Vzddlenost SOS
kabin nesmi podle novych predpisu prekro¢it 150 m.

Funkei off fidictho systému tunelu zajistuje systém videodohledu, ktery
monitoruje celou oblast obou tunell a provozné-technologického objektu.
Z celkového poctu 42 kamer monitoruje 7 ks SOS hlédsky v tunelu, 2 ks tune-
lové propojky a 4 ks dsti tunelovych propojek. Pred jiznim a severnim portd-
lem jsou instalovany vZdy 2 oto¢né videokamery. Videosigndl z jednotlivych
kamer je veden pres ridici systém tunelu do obsluzného dispeginku v Rehlo-
vicich a Petrovicich.

Pozadavky na informoviéni fidi¢a v pfipadé mimofddné uddlosti plni eva-
kuacni rozhlas. Ve vySce 3,2 m nad drovni chodniku jsou ve vzdélenosti 25 m
instalovédny tlakové reproduktory, kterymi_vyddvaji pifslusnici jednotek
hasi¢ského zachranného sboru, nebo Policie Ceské republiky pokyny pii eva-
kuaci osob z tunelu. Vstup do systému evakuacniho rozhlasu je mozny jak
z lokdlniho velinu v provozné-technologickém objektu na jiznim portilu
tunelu, tak ze vzdaleného dispecinku v Petrovicich nebo Rehlovicich.

Za bézného provozu i v piipadé poziru v tunelu hraje klicovou roli sprav-
né fungujici systém vzduchotechniky. Tunel Libouchec podéIné odvétravaji
v kazdé tunelové troubé tfi pary proudovych ventildtort firmy Howden
Power. Pro zajisténi vétrdni v tunelu a dosaZen{ poZadované rychlosti prou-
déni pfi vzniku poZdru 3 m/s postafuji pouze dva pary ventildtoru, tfeti par je
nasazen jako zdloZni pro piipad, Ze by ohnisko poZaru leZelo v blizkosti ven-
tilitoru a vlivem extrémni teploty nebo jiné poruchy doslo k jeho vyrazeni
z provozu. Dal§ ventildtory zajistuji odvétrani tunelovych propojek a umoz-
nuji v pifpadé pozéru v jedné tunelové troubé zajistit potrebny pretlak vzdu-
chu tak, aby kour nevnikal do propojky a druhé tunelové trouby, slouZici jako

technical services building with the tunnel management system and the stand-by
power source are guarded by point fire detectors, both tunnel tubes are monitored
by the FibroLaser II linear heat detection system, which is capable of detecting a fire
location with the accuracy within 3m. The system is activated when the maximum
allowable temperature of 58 °C is exceeded, or the rate of the temperature growth
crosses 12 °C/minute, or the difference between the temperature at the measure-
ment location and the average temperature within the zone is higher than 10 °C; the
fact that even a single criterion is met is sufficient for triggering the signal.

The number of SOS cabins grew from the original 8 to 11 with respect to requi-
rements of reviewed technical specifications TS98 Tunnel Equipment and with
a view to the extended length of the western tunnel tube by the addition of the gal-
lery structure. According to the new specifications, the spacing of SOS cabins must
not exceed 150m.

The role of eyes of the tunnel control system is played by the television surveil-
lance system, which monitors the entire area of both tunnel tubes and the technical
services building. Of the total number of 42 cameras, seven cameras monitor the
emergency call stations in the tunnel, two cameras oversee the cross passages, and
four watch the entries to the cross passages. Two revolving cameras are installed in
front of each of the southern and northern portals. The video signal from individu-
al cameras is transmitted through the tunnel control system to the service control
centres in Rehlovice and Petrovice.

Requirements for a system providing drivers with information in case of an emer-
gency are fulfilled by the public address system. Pressure loudspeakers are installed
every 25m at a height of 3.2m above the walkways. They are used by Fire Rescue
Service personnel and the Police of the Czech Republic for instructing persons
during the tunnel evacuation. The entry to the public address system is possible both
from the local control room in the technical services building at the southern portal
of the tunnel, and from the remote control centres in Petrovice or Rehlovice.

The proper function of the ventilation system is important both during the com-
mon operation and in the case of a fire in the tunnel. The Libouchec tunnel is pro-
vided with a longitudinal ventilation system using three pairs of Howden Power jet
fans in each tube. Two pairs of fans capable of producing the required 3my/s airflow
rate in case of a fire are sufficient for the tunnel ventilation. The third pair is instal-
led in the tunnel tube as a stand-by in case of a failure of a fan, which may be dama-
ged by extreme temperature if the seat of fire is in its proximity, or fail due to any
other cause. Other fans ventilate the cross passages and make creation of a required
positive pressure possible in case of a fire in one tunnel tube so that smoke is
prevented from entering the cross passage and the other tunnel tube which is used
as an escape route. Escaping persons always proceed against the fresh air flow.

Obr. 5 Stisnéné poméry pri betondZi vozovky
Fig. 5 Constrained conditions dutiny the roadway casting




Obr. 6 Ochrana poZdrniho vodovodu pred promrzdnim
Fig. 6 Frost protection of the fire main

tnikovd cesta. Unikajici osoby tak vzdy postupuji proti proudu cerstvého
vzduchu.

STAVEBNI UPRAVY PRO ZAJISTENI BEZPECNOSTI V TUNELU

K zajisténi bezpetnosti v tunelu neprispiva jen sloZité technologické vyba-
veni, ale i fada stavebnich dprav. Jednd se predevsim o tunelové propojky,
které umoznuji zejména v ptipadé pozdru dnik osob z jedné tunelové trouby
postupné pInéné zplodinami z poZzdru do druhé tunelové trouby. Na délku
tunelu 520 m pripadaji dvé tunelové propojky, ¢imz je trasa tiniku rozdélena
na iseky o maximélni délce 190 m. Jednd se o nejefektivnéjsi zptsob zachra-
ny osob — samoevakuaci. V dst{ kazdé propojky, jejiz poloha je kromé stéle
svitici znacky odliSena i barvou ostén{ tunelu, je umistén hydrant a dnikovou
cestu chrani pred G¢inky poZéru protipoZdrni dvefe.

Pro usnadnéni orientace unikajicich osob slouZ{ specidlni znaceni s fotolu-
miniscenénim povrchem, které uddva smér a vzdélenost k nejblizsi tnikové
cesté, tj. k tunelové propojce, nebo k portdlu. Obdobné jsou znafena mista
poZarnich hydrantt nebo skifni SOS.

Hydranty poZdrniho vodovodu jsou stejné jako Sachty na CiSténi bocni
tunelové drendZe umistény ve vyklencich, jejichZ hrany jsou zkoseny ve
sméru jizdy. Toto opatfeni omezuje moZnost primého ndrazu do hrany
vyklenku v situaci, kdy fidi¢ vozidlo neovlada. Sikmd plocha vyklenku odra-
zi vozidlo zpét na vozovku. Energie ndrazu je tim sniZena, stejné jako riziko
zranéni osddky vozu. Kromé dsti tunelovych propojek jsou hydranty umisté-
ny v blizkosti skiini SOS. Podél obou boku kazdé tunelové trouby vedou
kabelové trasy umisténé do kabelovodu. Prostor kabelovou je na povrchu
upraven jako pochozi stezka a slouZ{ jako tnikova cesta.

Do prostoru pod tinikovou cestou se podafilo v rdmci zmén béhem vystav-
by umistit i poZdrni vodovod, puvodné situovany pod vozovkou tunelu.
Zména polohy pozirniho vodovodu odpovidd koncepci vedeni potrubi

bi tohoto typu plati podle platné normy nezdmrzna hloubka 1,5 m. Pfi dodr-
Zeni nezdmrzné hloubky a nutnosti kifZeni potrubi s dal§im trubnim vedenim
v tunelu by doslo k liniovému podkopdni patek definitivniho ostént, coZ je ze
statického hlediska nepfipustné. Krome statického hlediska ma zména pozi-
tivni dopad i do hlediska provozniho a bezpe¢nostniho. V piipadé poruchy na
potrubi by bylo nutné povést opravu primo ve vrstvach betonového krytu
vozovky. To by zpusobilo znaény narast provoznich ndkladu, spojenych
s udrzbou poSkozeného mista. ZiiZzeni vozovky v opravované ¢dsti tunelu

Samostatnou kapitolu bezpecnosti v tunelu tvofi zajisténi pozadované
pozérni odolnosti konstrukci a minimalizace negativnich vliva pii poZéru.
Dalsim bezpecnostnim prvkem je proto samotny povrch vozovky. Velké
nebezpeli pri poZdru v tunelu predstavuji zplodiny hoteni, pfi¢emZ teplota
dosahuje v epicentru pozdru ve velmi krétké dobé az 1300 °C (napt. kiivka
poZiru dle RABT). Z tohoto divodu tvofi konstrukci vozovky betonova
deska, i kdyz v prilehlych dsecich tunelu a v navazujici galerii je navrzen
povrch Zivicny.

Sifeni pozéru v tunelu zamezuje i pouZiti §térbinovych Zlabl. Hofici kapa-
lina stékd z povrchu vozovky a $térbinovym Zlabem odtékd smérem k portd-
lu. Jiz samotny Stérbinovy Zlab omezuje pristup vzduchu k hofici kapaling.
Soucésti trasy Stérbinového Zlabu jsou samozhdSeci kusy umisténé v rastru
60 m. Jednd se o sifony naplnéné vodou. Pfi pruchodu hofici kapaliny sifo-
nem dojde k uhaSeni plamene a poZér se déle nesiti do dosud nezasaZenych
tiseku tunelu. Obdobnou funkci maji i protipoZdrni ucpavky kabelovodu,
které zabranuji Sifeni poZdru chrani¢kami kabel propojujicimi jednotlivé
pozarni dseky tunelu.
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TUNNEL SAFETY STRUCTURES

The tunnel equipment is not the only element which contributes to the safety in
the tunnel. The safety is also improved by numerous items of construction work.
First and foremost, there are cross passages there, which allow escape of people
from one tunnel tube to the other in the case of a fire while the affected tube is gra-
dually being filled with combustion products. Two cross passages come to the tun-
nel length of 520m, thus the escape route is divided into sections at a maximum
length of 190m. It is the most effective way of rescuing people, the so-called “self-
evacuation”. The entry to each cross passage, which is provided with a fire resisting
door protecting the escape route against the effects of fire, is marked by a perma-
nently lighting sign and is distinguished in colour within the tunnel lining. There is
a fire hydrant at each entrance.

Orientation of escaping persons is facilitated by special photo-luminescent-sur-
face signs showing the direction and distance of the nearest escape route, i.e. of an
escape route or a portal. The positions of fire hydrants or SOS boxes are marked in
a similar way.

The fire hydrants, as well as the manholes which allow clearing of the tunnel side
drainage, are located in sidewall recesses. The edges of the recesses are chamfered
in the direction of traffic so that the possibility of a direct impact into the edge of
the recess in a situation when a driver loses control over the vehicle is prevented.
The angling wall of the recess bounces the vehicle back to the roadway. Thus the
impact energy as well as the risk of injury of the passengers is reduced. The
hydrants are installed not only at the entries to the cross passages, but also at the
SOS boxes. Cable runs lead through cableways along both sides of each tunnel
tube. The surface above the cableways is provided with pavement and is used as
a walkway and an escape route.

The fire main design, which had been originally placed under the roadway, was
successfully changed in the process of the design modifications; the pipeline was
also installed under the escape way. The change in the position of the fire main was
made in compliance with the concept of pipeline routes in many tunnels abroad; it
is beneficial in many respects. The respective standard valid for water pipelines of
this type requires placement of the pipeline at a minimum depth of 1.5m to ensure
the frost protection. However, if this depth is maintained in the situation where anot-
her pipeline is to be crossed in the tunnel, the trench to be dug along the final lining
base would threaten stability of the lining, which is inadmissible. Apart from the
structural aspect, the change has a positive impact also in terms of the tunnel ope-
ration and safety. A repair of a contingent pipe defect would have to be carried out
directly in the concrete courses of the roadway surface. It would cause a significant
increase in the operating costs which would be associated with the maintenance of
the damaged surface. The reduced width of the roadway in the tunnel section under
repair would increase the risk of an incident, with all consequences which are asso-
ciated with this situation.

Provision of the required level of fire resistance of structures and minimisation of
negative effects during a fire is a separate chapter of safety in the tunnel. The road-
way surface itself is, therefore, a separate safety element. Combustion products pose
a significant threat during a fire. Because the temperature in the fire epicentre reaches
in a very short time up to 1300 °C (e.g. the RABT Fire Curve), the roadway structu-
re is a reinforced concrete slab, even though a bituminous roadway surface has been
designed for the adjacent tunnel sections and the gallery.

A fire in the tunnel is prevented from spreading even by installation of slotted
drainage ducts. Burning liquid runs down from the roadway surface and continues
through the slotted duct toward the portal. The slotted drainage duct itself prevents
access of air to the burning liquid. Self-extinguishing pieces, which are installed
every 60m, are parts of the slotted drainage duct route. The self-extinguishing piece
is a siphon filled with water. The flame is extinguished during the passage of the
burning liquid through the siphon, thus the fire does not spread to the tunnel secti-
ons which have not been affected by the fire yet. Fire stop sleeves on cables have
a similar function, i.e. to prevent a fire from spreading through the cableways,
which connect individual fire compartments of the tunnel complex.

N/

Obr. 7 Prechod z tunelu do galerie
Fig. 7 Transition of the tunel to the gallery
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Obr. 8 SdruZeny vyklenek poZdrniho hydrantu a skiiné SOS
Fig. 8 An SOS niche with a fire hydrant

EKOLOGICKE ASPEKTY A OCHRANA ZIVOTNIHO PROSTREDI

Lokalita, ve které se tunel Libouchec nachazi, vyZaduje zodpoveédny pii-
stup k ochrané Zivotniho prostiedi. Obecné lze fici, Ze vedeni trasy komuni-
kace v tunelu je v porovnani s vedenim v hlubokém zdrezu vzdy SetrnéjSim
feSenim. V krajin€ nevznik4 jizva, tvorici prekdzku pri migraci zvére, nedo-
chézi ke zvySené erozi obnaZenych svahu zédfezl a tunelové portdly obloZe-
né v piipadé tunelu Libouchec piirodnim kamenem citlivé zapadaji do kra-
jinného rdzu Krusnych hor.

Urcité nebezpeci mohou u tunelovych staveb predstavovat exhalace, které
se na rozdil od volné trasy v tunelu koncentrujf a vystupujf z tunelu v jedi-
ném misté — u tunelovych portdlu. V piipadé tunelu Libouchec vSak vzhle-
dem k malé délce tunelu, podélnému sklonu trasy 4.5 % a vyraznému komi-
novému efektu nepredstavuji koncentrace Skodlivin zdsadni problém.

MozZnym zdrojem zneli§tén{ v§ak miZe byt voda, resp. kapaliny vytékaji-
cf z tunelu. Proto do§lo béhem provadéni tunelu k modifikaci pavodniho
feSeni a po provedeni koncepénich dprav Ize hovorit o trech nezdvislych
systémech odvodnén{ tunelu.

Prvnim, nejméné rizikovym zdrojem zneCisténi jsou vody protékajici
destovou kanalizaci z predportdlovych zdfezii poloZenych nad tunelem.
Vlastnim tsekem tunelu voda pouze protékd, do potrubi viak nejsou zausté-
ny 74dné dal3f zdroje potencidlniho zneli§téni. V puvodnim feSenf dstila do
kanaliza¢niho potrubi pomoci pfi¢nych propojek i bo¢ni tunelovd drendz.
V rdmci realizace stavby viak doSlo k oddéleni obou systému. Nebezpedi
kontaminace kanaliza¢nich vod je proto totozné s rizikem kontaminace kde-
koli na ddlni¢nim télese a existence tunelu riziko nijak neovliviiuje. Oddéle-
ni obou systému md jesté jeden pozitivn{ konstrukéni dopad. Destova kana-
lizace puvodné umisténd v obou tunelovych troubach probihd nyni pouze
vychodni tunelovou troubou. Kromé dspory investi¢nich nékladu tato sku-
teCnost priznive ovliviuje i konstrukénf hledisko provadéni podkladnich vrs-
tev betonové vozovky. Na jiznim portdlu tunelu voda protékd sedimentacni-
mi jimkami a odlu¢ovacem ropnych produktd, aby ndsledné dotovala poZar-
nf nddrZ o objemu 170 m?3. Kapacita nddrZe postacuje na proveden{ poZarni-
ho zésahu v dobé trvani 2 hodiny.

Druhy rizikovy zdroj znecistén{ predstavuji vody drendZni, které prosa-
kuji puklinami v horninovém masivu, protékaji primdrnim osténim a po
zachyceni mezilehlou féliovou izolaci stékaji do podélnych bocnich drena-
zich. Urtitd ¢dst podzemni vody prosakuje i po¢vou tunelu do stfedni tune-
lové drendze, nebot’tunel provadény bez spodni klenby neni po celém obvo-
du uzavien izola¢nim plastém. Jednd se o takzvany deStnikovy systém izo-
lace. V puvodnim feSen{ drendzni vody vtékaly do kanalizani stoky a spolu
se srazkovymi vodami z piedporédlovych zdfezi zdsobovaly pozdrni nadrz
pred jiznim portdlem tunelu. Pfi zpracovdni provadéciho projektu doslo
k dprave systému odvodnéni oddélenim srdzkovych vody od vod drendz-
nich. Jak se pozdéji ukdzalo, jednalo se o proziravé opatfeni. Jiz béhem
vystavby vykazovala podzemni a technologickd voda vytékajici z tunelu
zvySené pH, které v extrémnim piipadé dosahovalo aZ hodnoty 12. Proto
bylo nutné vodu pred vypousténim do vodoteCe upravovat a hodnotu pH
sniZit na pfipustnou mez. ZhorSeni kvality zapfi¢inil prutok podzemni vody
primdrnim osténim ze stffkaného betonu. Situace se nezlepsila ani v obdob{
pred uvedenim tunelu do provozu, a tak nezbyvalo, nez do technologického
vybaveni tunelu zafadit i dpravnu pH, pres kterou veskeré drendZni vody
dosud protékaji. Lze ofekdvat, Ze v prubéhu ¢asu dojde ke sniZovani vylu-
hi z primarniho ostén{ a kvalita podzemni vody dosahne pavodnich para-
metru. Pak bude mozné dpravnu odstranit. Do té doby se viak bez dpravy
vody tunel neobejde.

Ke zdroji s nejvétsim rizikem kontaminace patif voda stékajici z povrchu
vozovky. I kdyZ pti béZném provozu riziko kontaminace nepievysuje riziko

Obr. 9 Nouzové osvétleni a dalsi vybaveni tunelu
Fig. 9 Emergency lighting and other tunel equipment

ECOLOGICAL ASPECTS AND ENVIRONMENTAL PROTECTION

The location in which the Libouchec tunnel is found requires a responsible atti-
tude towards environmental protection. It is possible to generally state that the set-
ting of a road to a tunnel is always more environmentally friendly than a route run-
ning in a deep open cut. The landscape is not hurt by a scar in its surface, which
becomes an obstacle for migration of game; aggravated erosion of the uncovered
slopes of the open cut is not the threat, and tunnel portals, which are in the case of
the Libouchec tunnel clad in natural stone, sensitively fit in the KruSné Mountains
landscape.

As opposed to an open surface alignment, exhaust emissions, which are con-
centrated in the tunnel and are let out of the tunnel in one location, at the portals,
may be a certain threat. However, regarding the Libouchec tunnel, the concentrati-
on of pollutants is not a significant problem if we consider the short length of the
tunnel, the longitudinal gradient of 4.5% and the profound chimney effect.

On the other hand, water or liquids flowing from the tunnel may be a source of
pollution. For that reason the original design was modified in the course of the tun-
nel construction. After implementation of conceptual changes, we can speak about
three independent drainage systems.

The first source of pollution, the least risky one, is the water flowing through the
storm-water drainage from the pre-portal open cuts, which are in a higher elevation
than the tunnel. The water only passes through the tunnel; no other sources of poten-
tial pollution are connected to this drainage. The original design contained conne-
ctions to this drain from the tunnel side drains. The two systems were separated
during the construction. The risk of contamination of the water in the storm-water
drainage is identical with the risk of contamination in any place along the motor-
way route; the existence of the tunnel does not affect this risk. The act of separati-
on of the two systems has another positive impact on the tunnel structure. The
storm-water drainage, which was originally designed for both tunnel tubes, is now
installed only in the eastern tunnel tube. This fact positively affects not only the cost,
but also the construction work on the roadway bedding layers. At the southern por-
tal, the water flows through sedimentation tanks and an oil separator, to be subse-
quently used for supplying a fire protection reservoir with the capacity of 170m3.
This capacity is sufficient for a two-hour fire intervention.

The second potential source of pollution is ground water collected by tunnel dra-
ins. Ground water seeps through fissures in the rock mass, leaks through the pri-
mary lining and is directed by the intermediate waterproofing membrane down to
the longitudinal side drains. Because the waterproofing is not closed to cover the
tunnel bottom (the so-called "umbrella’ type of waterproofing), certain portion of
ground water seeps through the tunnel invert to the central drain. According to the
original design, drainage water was discharged to a sewer and, together with storm
water from the pre-portal open cuts, supplied to the fire protection reservoir in front
of the southern portal of the tunnel. The drainage system was changed in the detai-
led design phase; storm water was separated from drainage water. It was subsequ-
ently proven that this measure had been very far-sighted. Ground water and process
water flowing from the tunnel exhibited increased pH values as early as the con-
struction phase. Extreme values of 12 were reached. For that reason it was neces-
sary to start the pH conditioning and reduce the value to a permissible level. The
quality deteriorated as a result of the fact that the water flew in contact with the pri-
mary shotcrete lining. The situation remained unimproved even in the phase befo-
re the tunnel commissioning. The contractor was left with no choice but to add
a pH-conditioning facility. The facility, which treats all drainage water flowing from
the tunnel, has been in service till now. It can be expected that the intensity of the
primary lining leaching will be gradually diminished and quality of ground water
will reach the original parameters. Then it will be possible to remove the treatment
facility. Till that time, however, the tunnel cannot cope without it.

Water flowing from the roadway surface is the source posing the greatest risk of
contamination. Even though the risk of contamination during common operation is
not higher than the risk in open-surface motorway sections outside the tunnel, water
used for washing of the tunnel walls is provably contaminated and cannot be
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Obr. 10 Celkovy pohled na jizni portdl pred dokoncenim
Fig. 10 Overall view of the southern portal before completion

na volnych usecich délnice mimo tunel, v pfipadé myti stén tunelu je voda
prokazateln¢ kontaminovdna a nelze ji bez dalsf dpravy vypoustét do vodo-
te¢e. Obdobnd situace panuje napt. pii havdrii cisterny nebo v pripadé zmd-
hdni pozéru. V tomto piipadé poskytuje systém odvodnéni tunelu vyssi stan-
dard ochrany Zivotniho prostedi, neZ je tomu na volné trase. Jednostranny
pri¢ny sklon vozovky 4,5 % odvéadi vodu z povrchu komunikace do $térbi-
nového zlabu a jednostrannym spadem k jiznimu portdlu, kde je voda jim4-
na do bezodtokové jimky. V pripadé zaplnéni jimky cisterny vodu dopravi do
nejblizsi Cistirny odpadnich vod, kde jsou necistoty odstranény a ekologicky
zlikvidovany.

NavrZené technické feSeni pocitd s jednotlivymi alternativami mozného
rizika zneci§tén{ a oproti volné trase dédlnice nadstandardné resi piipadné kri-
zové situace.

ZAVER

Béhem vystavby tunelu doslo z iniciativy projektanta realizaéni dokumen-
tace i zhotovitele k celé fadé zmén, které vychdzeji ze zahrani¢nich smérnic
a predpist i zkuSenosti z jiZ realizovanych tuneld mimo tizemi Ceské repub-
liky. Dal3{ zmény si vynutily sloZité geotechnické poméry v oblasti portdlu,
souvisejici s tipatni polohou tuneli, malou vyskou nadlozi a vét$i mocnosti
pokryvnych titvard. Upravy technologického vybaveni tunelu souviseji se
zménou norem a predpist v souvislosti s tragickymi havariemi v zahrani¢-
nich tunelech a smérnici 2004/54/ES Evropského parlamentu a Rady o mini-
mélnich bezpecnostnich poZadavcich na tunely na transevropské délni¢ni siti.
Na rozdil od piiportdlovych tsekii mimorddné priznivé geotechnické pod-
minky zastiZené v trase tunelu béhem vystavby umoznily pouZit ve veétsi Casti
razeného dseku tunelu nevyztuZené definitivni osténi. Ke zméndm doglo
i v mnoha dalSich konstrukénich detailech, které zlepsily funkcnost systému,
zjednodusily zpusob provadéni, a tim i vyrazné eliminovaly vznik chyb pfi
vlastni realizaci. Projedndvani navrhovanych zmén bylo mnohdy zdlouhavé,
ale po predloZeni potfebnych prukazu technické nebo ekonomické vyhod-
nosti navrZeného feSeni bylo mozné zmén dosdhnout. Komplikace prinesly
hned po zahdjeni stavby na podzim roku 2004 i nékolik mésict trvajici
obstrukce ekologickych aktivista, které zahdjeni vystavby posunuly do zim-
nich mésict a vzhledem ke klimatickym podminkdm v horské oblasti docas-
né znemozZnily pokra¢ovéni praci na odtéZovén{ stavebni jamy. DodrZen{ ter-
minu otevieni ddlni¢niho tseku se podafilo jen s mimordadnym nasazenim
vSech uCastniki vystavby a v neposledni fadé i diky pfiznivym klimatickymi
podminkami vystavby v zdvéru roku 2006.

Investorem stavby je Reditelstvi silnic a ddlnic CR, financovéni stavby
probihalo z 50 % z programu ISPA. Stavbu provadély ve sdruZeni firmy Met-
rostav a Skanska. Realiza¢ni dokumentaci zpracovala firma IKP Consulting
Engineers. Na projektech technologického vybaveni tunelu spolupracovaly
firmy Eltodo, Elpring a Satra.

Nové otevieny tsek dilnice délky 23,3 km vedouci z Usti nad Labem na
statni hranici SRN vytvaii spojnici Praha — Drazdany — Berlin a je diky koor-
dinaci praci s némeckymi kolegy pri vystavbé ddlnice A17 stavbou evrop-
ského vyznamu. Navrzené technické fesent, pouZité technologické postupy,
vybavenost tunelil i zajisténi bezpe¢nosti provozu tomu plné odpovidaji.

ING. LIBOR MARIK, libor.marik@ikpce.com,
IKP CONSULTING ENGINEERS, s.r. o.

discharged to a watercourse. Similar situation occurs, for example, in the case of
a tanker accident or when a fire is being extinguished. In this case, the tunnel drai-
nage system provides a higher standard of environmental protection than that on the
open-surface route. The 4.5% single-sided transverse gradient of the roadway sur-
face drives water from the road surface to a slotted duct. The single-sided longitu-
dinal gradient gets water down to the southern portal, where it is collected in the
drainless sump. When the sump is full, the water is transported by tankers to the clo-
sest sewage treatment plant, where the pollutants are extracted and liquidated by
environmentally friendly methods.

The designed engineering solution allows for individual alternatives of the pos-
sible pollution risk and solves contingent critical situations in a manner which is
above-standard compared with that on an open-surface motorway route.

CONCLUSION

The author of the detailed design and the contractor initiated and implemented
numerous changes during the course of the construction, which were based on fore-
ign directives and regulations, as well as experience from the previously completed
tunnel constructions outside the Czech Republic. Other changes were necessary
because of complex geotechnical conditions in the portal areas, which were associ-
ated with the position of the tunnels at the foot of a hill, small height of the over-
burden and greater thickness of surface sediments. Changes in the tunnel equipment
resulted from changes in standards and regulations relating to the tragic accidents
in foreign tunnels and to the Directive 2004/54/ES of the European Parliament and
of the Council on minimum safety requirements for tunnels in the Trans — Europe-
an road network. As opposed to the portal sections of the tunnels, extremely favou-
rable geotechnical conditions were encountered throughout the remaining tunnel
length. They made the application of unreinforced concrete final lining possible wit-
hin a major part of the route. Changes were also made in many other structural
details. They improved the functionality of the particular system, simplified the con-
struction process, thus significantly eliminating occurrence of errors during the con-
struction work. The process of approving changes was often lengthy, but it was pos-
sible to achieve the approvals when the required proofs of technical or economic
profitability of the proposed solution had been submitted. Complications were cau-
sed at the beginning of the construction in the autumn 2004 by obstructions by eco-
activists, which even lasted for several months. They shifted the commencement of
the works to the winter season and, with respect to the climatic conditions existing
in the mountainous area, they temporarily made the work on the excavation of the
construction trench impossible. The deadline for the opening of the given motorway
section to traffic was met only owing to the extraordinary efforts made by all parti-
es to the project and, at last but not least, thanks to favourable climatic conditions
in the end of 2006.

The project owner is the Directorate of Roads and Motorways of the Czech
Republic; 50% of the project funding was from the ISPA. The tunnel was built by
a group of companies consisting of Metrostav a. s. and Skanska a. s. The detailed
design was carried out by IKP Consulting Engineers, with Eltodo, Elpring and Satra
collaborating on the tunnel equipment design.

The newly opened 23 3km-long section of the motorway leading from Usti nad
Labem to the border with Germany forms a connection between Prague, Dresden
and Berlin. Owing to the co-operation with German colleagues on the construction
of the A17 motorway it has become a construction of European importance. The
design, construction techniques, tunnel equipment and operational safety fully cor-
respond to this status. .

ING. LIBOR MARIK, libor.marik@ikpce.com,
IKP CONSULTING ENGINEERS, s.r. o.
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ALTERNATIVY PROTIPOZARNI OCHRANY BETONOVEHO
OSTENI TUNELU

FIRE PROTECTION OPTIONS FOR CONCRETE TUNNEL LININGS

FRANK CLEMENT, MICHAL ZAMECNIK

Klicova slova: stiikané teplotni bariéry, pasivni poZzdrni ochrana,
mnoZstvi uvolnéného tepla, odstielovani betonu, poziry v tunelech.

Anotace: V dusledku novych predpisi Evropské unie a ofekdvané
legislativy musi byt vSechny hlavni stdvajici tunely upraveny podle nejno-
véjsich bezpetnostnich poZadavku. Vys§i ndroky na protipoZdrmi ochranu
se vyZaduji nejen kvuli splnéni prislusnych poZadavku, ale také pro zajis-
téni nejispornéjsiho a trvanlivéjsiho teseni existujicich rizik v tunelech.
Investori a projektanti musi zvolit optimalni feSeni pro danou situaci.

ovob

V evropskych tunelech jiz doslo k nékolika velmi zdvaznym poZdrim, pri
kterych doslo také ke ztrdtdm na lidskych Zivotech, k vdZnym poSkozenim
konstrukei a tim k dlouhodobym odstdvkdm provozu provadénim oprav.
Proto v soucasnosti Cetné organizace v Evropé zkoumaji metody poZarni
ochrany konstrukci a bezpecnost provozu tunelu. Jak pasivni, tak aktivni
systémy pozdrni ochrany jsou povaZovany za nezbytnou soucdst pozarni bez-
pe¢nosti tuneltl v komplexnim pristupu k G¢innému boji proti ni¢ivym d¢in-
kum poZaru. Ve svétle pokracujicich studii a vyzkumt vstupuje do tuneldr-
ského odvétvi velké mnoZstvi systému. Je zjevné, Ze ve svété chybi porozu-
méni pro dlohy téchto systému pouZivanych v tunelech.

Tento ¢lanek pojedndvd v souvislosti s pozarni ochranou konstrukce beto-
nového osténi o roli pasivnich a aktivnich ochrannych systému, ddle ukazu-
je priklady provedeni ochrany a hodnoti pouZiti betont vyztuZenych vlakny
a stiikané teplotni bariéry. Ndzory vyjadiené v tomto ¢lanku jsou zaloZené na
aktudlné zndmych problémech a pozadavcich na pozérni ochranu v tuneldf-
ském odvétvi a jsou to zavery autoru. Autofi si jsou védomi t€ skutecnosti, Ze
dal3f vyvojové studie budou vedeny jak ve sméru vldkny vyztuZenych beto-
nd, tak po linii teplotnich bariér, a tento vyvoj pfinese mozna technologicka
zlepseni.

SOUCASNY STAV POZARNI OCHRANY TUNELU

Z duvodu nékolika vyznatnych pozdrd, véetné jednoho z poslednich v sil-
ni¢nim tunelu Frejus na jihu Francie (2005), se v Evropé dramaticky zvysila
tiroven znalosti problematiky bezpecnosti tunelt. Brzy po roce 2000 bylo zaha-
jeno mnoho vyzkumnych programu (Khoury 2003) a v sou¢asné dobé se pro-
strednictvim projektu SafeT podporovaného Evropskou unii dokoncuji jejich
zdvery, které budou prevedeny do zdvaznych ndrodnich a zemskych poZadav-
ki v rdmci smérnice EU se znaénym piinosem pro provozovatele tunelti a ces-
tujici verejnost. Shrnuti vyvoje norem v Evropé je patrné z obrdzku 1.

Smeérnice EU Predpis EU
2 SafeT
Soucasnost AR
Jednéni obalni pfis’ u?
Nirogné Rady odborniku
drocné P .
M, S Maximalni overeni postupu

Sjednocena metodologie
Souhrn hlavnich zavéru projektu EU
Pomoc rozvoji predpisu EU

Min. sjednoceni

2000 - 2005

—  Pozarni ochrana uréena pro
viechny nové stavéné tunely v EU

— Vloni se pro rekonstrukce
stavajicich tunell zacaly
pouZivat ochranné pozarni

2010 a nasledujici
—  Zakon pro viechny
silni¢ni a Zelezni¢ni
— Legislativa za&ina ,,tvrdymi* tunely
smérnicemi a doporuéenim pro
projektovani tuneld

2005 - 2006

— Dokongeni studii v ramci EU

— Pouze ve vyjimegnych
pfipadech nebude

bariéry —  VétSina rekonstrukei bude nutné instalovat

— Masivni podpora EU zahrnovat poZarni bariéry pro pozarné odolné osténi
projektim pozarni vysoce a stFedné rizikové tunel
bezpeénosti v tunelech tunely

Obr. 1 Program evropskych smérnic a predpisu — Projekt SafeT (Khoury 2005)

Navzdory tomu, Ze lokdln¢ (napf. Francie a Itdlie) existuje nékolik kon-
ceptil poZadavku pozdrni ochrany, nejsou v soucasné dobé v Evropé na

Keywords: spray applied thermal barriers, passive fire protection, heat
release rate, spalling, tunnel fires.

Annotation: Due to the new EU directives and up-coming legislation all
the major existing road tunnels have to be upgraded to the latest safety requ-
irements. Higher demands on fire protection products are required to fulfil
not only the fire protection requirements but also provide the most economi-
cal and durable solution for the given risks in the tunnel. Owners and desig-
ners have to choose their optimum solution for the given circumstances.

INTRODUCTION

Following a number of notable traffic tunnel fires in Europe that have led
to loss in human life, severe structural damage and extended periods of loss
in service due to repair, the methods of structural fire protection and tunnel
user safety have been investigated by numerous agencies in Europe in recent
years. Both passive and active fire protection systems are seen as necessary
elements of a tunnel fire safety system in a holistic approach to effectively
combat the devastating effects of fires. In light of ongoing studies and rese-
arch a great number of systems are entering the industry. It is apparent that
worldwide there is a lack of understanding of the role of these systems emplo-
yed in tunnels.

With respect to fire protection of structural concrete tunnel linings, the
paper establishes the roles of passive and active systems, then examines the
protection performance and merits of fibre modified concrete and spray app-
lied thermal barriers. The views expressed in this document are those based
on currently known issues and requirements in the tunnel fire protection
industry and are the views of the author. The author is aware that further rese-
arch studies are being conducted in both fibre-modified concrete and thermal
barriers, resulting in possible further technology improvements.

CURRENT STATUS OF TUNNEL FIRE PROTECTION

As a consequence of several notable fires, including the latest one in the
Frejus road tunnel, South of France last year, the European understanding of
the problems associated with the safety of tunnels in fires has improved dra-
matically. A number of research programmes have been started soon after the
year 2000 (Khoury 2003), and are now finalising their findings through the
EU funded SafeT project, which will translate into mandatory national and
regional requirements under the EU Directive platform that will be of consi-
derable benefit to the tunnel operators and travelling public. A summary of
the development of standards in European is indicated in Figure 1.

EU Guidelines EU Directive
SafeT
Now
o Global approach
Negotiations .
Expert advice
St Best practice guidelines
Min. standards

Harmonised methodologies
Distil main outcomes of EU project
Help EU directive development

Min. harmonise

2000 - 2005

— Al new build tunnels in
EU addressing fire protection

2010 and onwards
— Law for all road and
rail tunnels in EU

2005 - 2006
— Completion of EU studies
— Legislation starts with ,,strong"

guidelines and advice
about tunnel design

—  Last year, refurbishment to
existing tunnels started with fire
protection barriers

Good reasons
needed not to install
R q fire resistant tunnel
— Most refurbishment will Jinings
include fire barriers in high 3

and medium risk tunnels

— Massive EU funded
projects into fire safety
in tunnels

Fig. 1 European Guidelines and Directive Programme-SafeT Project (Khoury 2005)

Currently in Europe there are no national requirements adopted, although
there are some draft requirements in place (e.g. France and Italy). Despite this
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250 - 300 °C obecné beton

a ocel poéinaji ztracet pevnost
550 °C jak beton tak ocel
ztraci 50% své pevnosti
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Obr. 2 Vliv teploty na beton a ocelovou vyztuz (upraveno podle ITA 2004
a Khoury 2005)

ndrodni trovni prijaty 7ddné takovéto normy &i predpisy. I presto viak obsa-
huje vétSina projektd novych tunelt jasnou definici nékterych forem tepelné
ochrany pro piipad pozdru. Kromé toho poZaduji projekty rekonstrukei hlav-
nich silni¢nich tunelt v Evropé z roku 2005 instalaci systému teplotnich bari-
ér a celkové zvyseni bezpecnostnich prvku v tunelech (nouzové osvétleni,
tnikové cesty, vystrazné systémy, systémy aktivni pozarni ochrany, apod.).
Tento trend bude pokraCovat nejen letos, ale i v pristich letech.

S vyjimkou Japonska, Austrélie a Singapuru, kde je situace ohledné nafi-
zeni, specifikaci a poZadavku pro projektovani tuneld podobnd jako v Evro-
pe, je v ostatnich oblastech svéta tato oblast jen velmi mdlo rozvinutd.
V Severni Americe je zvySeny zdjem o roli pasivni pozarni ochrany, z ¢4sti
vlivem mnoZstvi evropskych projekénich tymu pracujicich na zakdzkéch
vystavby tunelt spolené s evropskymi dodavateli sdruzenymi s americkymi
spole¢nostmi do spole¢nych podnika.

V soucasné dobé v tuneldrském odvetvi plati, Ze za ndvrh a zhodnoceni
poZarniho rizika zodpovidaji dodavatelé systému nebo vyrobku. Souasné je
dédna specifikace vyrobka pro dodavky a zhotovitel nema zddny uZitek ze
svobodného pfistupu k vysledkim provoznich zkusenosti.

UVOD DO STAVEBNI PROBLEMATIKY POZARU
BETONOVEHO OSTENI TUNELU

Vv

Je ironif, Ze ¢im kvalitnéjsi je beton, tim htfe se chova pfi poZdru. Od pro-
jektantu se stale vice vyZaduje vysoce trvanlivy beton, ktery umozni dossh-
nout Zivotnosti konstrukce 50 ¢i dokonce az 100 let. Ve snaze vyhovét poZa-
davkam vys§i trvanlivosti se navrhuji betony s malou propustnosti. OvSem
takovy velmi trvanlivy beton s malou propustnosti bude ndchylInéjsi k povr-
chovému odstielovani. Tento jev se markantné projevil pii pozaru v tunelu
pod Laman3skym prulivem v listopadu roku 1996, kdy doslo takrka k tplné
destrukei ¢dsti betonového osténi nasledkem pozdru vlaku.

Vystavime-li betonové osténi tunelu poZdru, musi byt vzaty v ivahu nésle-
dujici stavebni aspekty:

1. Typickou reakef betonu je explozivni odstfelovani, které trvé tak dlou-

ho, dokud se beton nerozpadne nebo dokud pozar nezesldbne.

2. Beton se zahiivé na vysokou teplotu a ztraci konstrukéni pevnost.

3. Obsahuje-li konstrukce aktivni ocelovou vyztuz, projevi se ztrdta pev-

nosti v tahu vlivem vysokych teplot.
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Obr. 4 Ruzné typy ndvrhovych kiivek pouZivanych v primyslu
Fig. 4 Different types of design curves used in the industry
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Fig. 2 Effect of temperature on concrete and steel reinforcement (modified
from ITA 2004 and Khoury 2005)

situation, most new tunnel infrastructure projects clearly specify some form of
thermal protection in the event of fire. Furthermore in 2005, recent refurbish-
ment projects of major road tunnels in Europe have required the installation of
a thermal barrier system, and wholesale upgrade of the safety features in the
tunnel (emergency lighting, escape routes, warning systems, active fire protec-
tion systems etc). This is clearly set to continue this year, and the coming years.

In other regions of the world the picture is less developed, except for Japan,
Australia and Singapore which are similar to Europe in terms of project driven
specifications and requirements. North America interest in the role of passive
fire protection is increasing, particularly in part being due to the number of
European design teams working on tunnel contracts, coupled with established
European contractors who are in joint ventures with American companies.

Currently in the tunnelling industry, the design and risk of passive fire pro-
tection systems are typically the responsibility of system/product suppliers.
Consequently, product specific contract specifications are the norm, and the
tunnel contractor does not benefit from the freedom of a performance based
approach.

INSIGHT INTO THE STRUCTURAL ISSUES OF FIRE
ON CONCRETE TUNNEL LININGS

Ironically, the better the quality of concrete, the worse it performs under
fire. Designers are asking more and more for high durable concrete in order
to have a structure with a life time of 50 or even 100 years. In order to achi-
eve this high durability requirement, concretes are designed to have a low
permeability. But this high durable concrete with a low permeability will
have a higher risk of spalling. This was dramatically evident with the Chan-
nel Tunnel fire in November 1996, with almost complete loss in concrete
lining section from a train fire.

When concrete tunnel linings are exposed to fire there are structural issu-
es to be considered:

1. The concrete typically undergoes explosive spalling, and will continue

to do so until there is no concrete left, or the fire diminishes

2. The concrete is heated to high temperatures and loses structural strength

3. If the structure contains active steel reinforcement, then loss in tensile

strength occurs at high temperatures

4. Due to the temperature gradient and different expansion rate of the con-

stituents of the concrete, deformation cracks and fissure will appear in
the concrete.

To demonstrate the structural loss in strength of concrete and reinforce-
ment steel, see Figure 2 (adapted from ITA 2004 & Khoury 2005).

Clearly, the role of a passive fire protection system is to ultimately protect
the concrete from all the three issues described above. As can be seen from
Figure 2, maintaining the structural concrete below 300°C in the event of
hydrocarbon or cellulose fires prevents all negative structural issues from
occurring.

Finally, to conclude this brief insight, the rate of heating is also crucial, and
has a dramatic effect on the spalling mechanism. Thermal shock can cause
quite spectacular explosive events, as the water vapour generation and thermal
expansion of aggregates in the exposed surface of the concrete can be rapid.

FIRE LOADS IN REALITY

Over the last years there have been a number of serious underground fire
incidents in tunnels. These fires have caused extensive loss of life and severe
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4. Vlivem nérustu teploty a rozdilné rozpinavosti sloZek betonu se na beto-

nové konstrukei objevi poruchové praskliny a pukliny.

Zndzornéni ztraty konstrukén{ pevnosti betonu a vyztuzné oceli viz obra-
zek 2 (prevzato z ITA 2004 & Khoury 2005).

Nespornym tikolem pasivni poZdrni ochrany je chranit beton pred viemi
Ctyfmi vySe popsanymi aspekty. Jak je patrno z obrdzku 2, uchrdnéni kon-
strukéniho betonu pod teplotu 300 °C v piipadé poZdru uhlovodiki nebo
celul6zy je dostateCnou ochranou pred projevem negativnich konstrukénich
aspektu.

A kone¢né na z&vér tohoto stru¢ného tGvodu je treba zminit, Ze rozhoduji-
cf je také rychlost nérustu teploty, kterd ma vyznamny vliv na mechanismus
odstielovani. Teplotni Sok muZe byt pricinou velmi pusobivé podivané na
exploze, které se projevi v povrchové vrstveé betonu vystavené pozdru vli-
vem rychlé tvorby vodni péry a teplotni rozpinavosti kameniva.

SKUTECNE POZARNI ZATIZEN(

Jak jiz bylo zminéno v tvodu, v poslednich letech doslo k nékolika
véznym podzemnim poZdrim v tunelech. Pii téchto poZdrech zahynulo
mnoho lidf a piimym dusledkem poZéru byly vézné ztraty v infrastruktuie
(viz obrazek 3).

TUNEL OBETI
1978 Velsen (Holandsko)
770 m silni¢ni tunel
1979 Nihonzaka (Japonsko)
2 km obousmeérny silniéni tunel
1982 Caldecott (USA)
1 km silniéni tunel
1983 Pecorile (pobliz Janova, Italie)
600 m silni¢ni tunel
1989 Brenner (Rakousko)
412 m dvoutrubni silnicni tunel
1995 Pfander (Rakousko)
6,8 km obousmerny silniéni tunel
1995 Baku (Azerbajdzén)
Zeleznicni tunel velice vazné nasledky pro cestujici
1996 Channel tunnel (Velkd Britanie-Francie)
Zeleznicni tunel nékolik cestujicich zranéno (otrava)
1996 Isola delle Femmine (Italie)
148 m silniéni tunel

5 mrtvych a 5 zranénych
9 mrtvych

7 mrtvych a 2 zranéni

8 mrtvych a 22 zranénych
2 mrtvi a 5 zranénych

3 mrtvi nasledkem havarie vozidel

5 mrtvych a 10 zranénych

1999 Mont-Blanc (Francie-Itélie)
11,6 km obousmérny silnicni tunel
1999 Tauern (Rakousko)

6 km obousmeérny silniéni tunel

39 mrtvych a 25 pozarnikd poslano
do nemocnice

12 obéti (7 nasledkem havérie)

Tuel

collateral loss to the infrastructure, (see Figure 3). Aside from the tragic loss
of life, there is also a financial effect to the local infrastructure and the loss of
public confidence in the safe use of tunnels.

During a fire the fire protection system has to provide a stable structure in

order to:

o allow the users to safely evacuate,

o allow the rescue personnel to enter the scene,

o effectively perform their required duties and to limit damage to the tunnel.

Concrete has been used in civil works as a fire resistant material and if
designed properly it can withstand a fire for a long period. The design load in
order to simulate the fire in civil works is based on the ISO834 curve.

TUNNEL
1978 Velsen (Netherlands)
770 m road tunnel
1979 Nihonzaka (Japan)
2 km one tube tunnel
1982 Caldecott (USA)
1 km road tunnel
1983 Pecorile (near Genova, Italy)
600 m road tunnel
1989 Brenner (Austria)
412 m two tubes road tunnel
1995 Pfander (Austria)
6,8 km single tube road tunnel
1995 Baku (Azerbaijan)
trail tunnel
1996 Channel tunnel (UK-France)
trail tunnel
1996 Isola delle Femmine (italy)
148 m road tunnel
1999 Mont-Blanc (France-Italy)
11,6 km single tube road tunnel
1999 Tauern (Austria)
6 km single tube road tunnel
2000 Kaprun (Austria)
Kitzsteinhornbahn
2001 Cleinalm (Austria)
8,8 km single tube road tunnel
2002 St. Gothard (Svycarsko)
12,6 km bi-directional road tunnel

CASUALTIES
5 deaths and 5 injured
9 deaths
7 deaths and 2 injured
8 deaths and 22 injured
2 deaths and 5 injured
3 deaths due to car crash itself
Very serious human consequences
Several injured (intoxication)
5 deaths and 10 injured
39 deaths and 25 firemen sent
to hospital
12 fatalities (7 deaths due to car crash)
155 fatalities
5 deaths due to car crash

11 deaths due to HGV collision
with fire

Fig. 3 Sacrificies made by fire (source : http://www.safetunnel.net/)

2000 Kaprun (Rakousko)
Kitzsteinhornbahn

2001 Cleinalm (Rakousko)

8,8 km obousmérmy silnicni tunel
2002 St. Gothard (Svycarsko)

12,6 km obousmérny silniéni tunel

155 obéti

5 mrtvych nasledkem havarie vozidel

11 mrtvych kvuli havérii kamionu
a jeho poZaru

Obr. 3 Obéti poZdru (zdroj: http://www.safetunnel.net/)

Kromé téchto tragickych ztrét lidskych Zivoti je nutné vzit v dvahu také
finan¢ni dopad na mistn{ infrastrukturu a ztrdtu duvéry vefejnosti v bezpe¢-
né pouZivani tunelu.

Obr. 5 Aplikace stfikané protipoZdrni malty pomoci automatickych robotu
Fig. 5 Robotic application of spray applied fire protection mortar

In road tunnels the situation is complete different compared to civil works,
due to the HGV (Heavy Good Vehicles) entering the tunnels. These HGV
often transport combustible products, which can cause a severe fire in case of
an accident, meaning a higher fire load, higher maximum temperatures and a
faster heating rate. It is evident that concrete behaves different in these kinds
of conditions.

Assessment methods are constantly being developed to demonstrate the
ability of materials and fire protection systems to prevent concrete spalling
and steel and metal elements from heating and melting due to rapid heating
under fire exposure conditions and to mitigate both structural and economic
consequences of fire.

In the past designers have been using different kind of time temperature
curves in order to design a safe tunnel, (see Figure 4). These curves, compa-
red to the ISO834, are reaching their maximum temperature already after 5
to 10 minutes.

Part of the European funded programs on safety in tunnels was the inves-
tigation of HRR (Heat Release Rates) during a real tunnel fire in order to pro-
vide designers appropriate and more realistic design curves. In the frame of
Swedish national and European research programs on tunnel safety, compre-
hensive large scale fire tests have been conducted. One of a large real scale
fire was the Runehammer test in Norway in September 2003 in the abando-
ned road tunnel in south-western Norway.

The Swedish National Testing and Research Institute (SP) have carried out
the tests in collaboration with other UPTUN partners from TNO Building
and Construction Research in the Netherlands and the Norwegian Fire Rese-
arch Laboratory (SINTEF/NBL). Four large-scale tests with different type of
combustible loads on semi-trailer where carried out. These loads were not
registered as dangerous good or flammable liquids but consisting of normal
wooden pallets or plastic cups. The outcome was that some of the design cur-
ves used until now underestimated the real HRR during these fires. It was
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Béhem pozdru by mel proto systém poZdrni ochrany zajistit stabilitu kon-
strukce, aby bylo mozné:

® umozZnit uZivatelim tunelu bezpetnou evakuaci,

@ umoznit pristup zdchrannym tymim do postizené oblasti,

@ (¢inné provést viechny zédsahy, které jsou od nich vyZadovény a omezit

poskozeni tunelu.

Beton se pouzivé na stavbach obcanské vybavenosti jako ohnivzdorny mate-
ridl a je-li navrZen spravné, muZe odoldvat ohni pomémné dlouhou dobu. Navr-
Zené zatiZeni imitujici poZér na téchto stavbach odpovid4 kiivee dle ISO834.

Ve srovndni se stavbami ob¢anské vybavenosti je situace v silni¢nich tune-
lech zcela odlisnd, zejména kvuli pritomnosti vozidel t€7ké ndkladni dopra-
vy, které do tunelu vjizdéji. Tato vozidla asto prepravuji hoflavé produkty,
které mohou v pifpadé havdrie zpusobit poZar, coZ predstavuje vys3i pozarni
zatiZeni, vy$$i maximadlni teploty a rychlejsi Siteni pozéru. Je tedy zfejmé, ze
v takovychto podminkdch se beton bude chovat odlisné.

Metody posouzeni se soustavné vyvijeji, aby prokazaly schopnost materi-
4lu a systému poZarni ochrany chranit beton pred odstfelovdnim a ocelové
a kovové prvky pred zahfdtim a tavenfm v dusledku rychlého ndristu teplo-
ty v podminkéch vystaveni poZdru a zmimnit jak konstruk¢ni, tak ekonomic-
ké dusledky poZéru.

V minulosti pouZzivali projektanti rozdilné typy teplotnich ¢asovych krivek
pri ndvrhu bezpe¢ného tunelu (viz obrdzek 4). U téchto kiivek se ve srovné-
ni s normou ISO834 dosdhne maximalni teploty uz po 5 az 10 minutdch.

Jednim z evropskych finan¢nich programu je vyzkum HRR (Heat Release
Rates = Rychlost uvolnovaného tepla, béhem skute¢ného poZiru v tunelu),
ktery by mél projektantim zajistit pfijatelné a skuteCnosti blizSi ndvrhové
kiivky. V rdmci §védského ndrodniho programu a evropskych vyzkumnych
programul bezpe¢nosti tuneli byla provedena komplexni $kdla poZérnich
zkousek. Jeden z velkych testovacich pozéra se uskute¢nil v zr{ 2003 v opus-
téném silni¢nim tunelu na jihozdpadé Norska jako tzv. Runehammer test.

Svédsky ndrodni zkuSebni a vyzkumny tstav (SP) provedl zkousky
ve spolupréci s dal§imi partnery sdruzenymi pod UPTUN, tedy Vyzkum sta-
veb a konstrukei (TNO) v Nizozemsku a Vyzkumny tstav poZdru
(SINTEF/NBL) v Norsku. Byly provedeny zkousky se ¢tyfmi pozdry velké-
ho rozsahu s rozdilnymi typy nakladi na ndvésu. Nejednalo se o néklady
oznacené jako nebezpe¢né ani horlavé kapaliny, byly to béZzné dievéné pale-
ty nebo plastikové pohérky. Vysledkem bylo, 7e nékteré ndvrhové krivky
pouzivané do té doby neodpovidaly skute¢né hodnot¢ rychlosti uvolnované-
ho tepla HRR zji§téné béhem téchto pozaru. Ta byla vyssi nez 200 MW a tep-
lota plynt v okoli poZdru byla vyssi nez 1350 °C.

Vysledkem téchto zkousek bude publikovani smérnic a predpisu stanovu-
jicich podminky, které mohou projektanti vyuZit pro ndvrh pozarni ochrany
nové stavénych nebo rekonstruovanych stdvajicich tunelt. Jako piiklad
vystupu sdruzeni UPTUN WP2 muZeme uvést doporudeni, Ze norma ISO
834 miize byt pouzita v piipadé, Ze tunelem projizdi bud prazdnd té7ka
nédkladn{ vozidla, nebo jim neprojizdi nakladni vozidla vibec. Pak se dd
maximalni hodnota HRR stanovit od 5 do 50 MW. V piipadé projizdén{ t€z-
kych nakladnich vozidel miZe pochopitelné poZarni zatizeni byt o dost veétsi
a dosdhnout hodnoty od 50 do 250 MW. V zdvislosti na mnoZstvi hotlavych
materidlu je doporuceno pouzit kiivku HC nebo kiivku RWS.

OCHRANA KONSTRUKCNIHO BETONU PRED POZAREM

PASIVNI VERSUS AKTIVNI SYSTEMY

V tuneldiském oboru dochdzi velmi Casto u téchto terminu k jejich
nespravnému vykladu. Systémy aktivni pozarni ochrany zahrnuji vodni roz-
stiikovace, vodni mlZeni a pénotvorné systémy. Viechny tyto systémy jsou
véas aktivovdny v pripadé pozaru vystraznymi Cidly. Teoreticky by mely
zamezit nekontrolovatelnému roz3ifeni poZaru. VétSina stdvajicich tunelt na
celém svete zcela spoléhd na tyto aktivni systémy, Ze je jimi poZdrni bezpec-
nost tunelu zajisténa. Jednd se o tzv. Booleovy systémy, jinymi slovy jsou
bud funkéni, nebo v pripadé mechanického nebo elektrického selhani nejsou.
Maji také nékolik vdznych negativnich dopadu, jako napf. smichani média
s toxickymi vypary, které se kumuluji v koruné tunelu a jsou zde strhdvény
dolt do drovné evakuované vefejnosti.

Pasivni pozdmi ochrana se navrhuje jako instalovany $tit chranici kon-
systému a je funkéni vzdy. Pasivni systémy poZar nehasi, nybrz jsou posled-
ni linif ochrany a udrZujf stabilitu konstrukce tunelu, aby mohl byt umoznén
bezpetny tinik vefejnosti a bezpe¢ny pristup zdsahovych poZarnich jednotek.
Udrzuji vétraci systémy, které jsou oddéleny od dopravni ¢dsti vnitinimi
betonovymi konstrukcemi a také chrani pred katastrofdlnim poskozenim
majetku cizich osob a jejich Zivotu tim, Ze chréni tunely pied zficenim.

V soucasné dobé v Evropé se pro nové tunely v budoucnosti jevi jako dule-
Zité koordinované pouziti jak systému pasivni, tak systému aktivni ochrany.

PASIVNI SYSTEMY

RozliSujeme tfi zdkladni typy pasivni poZdrn{ ochrany tunelu:
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Obr. 6 Instalace prefabrikovanych desek protipoZdrni ochrany
Fig. 6 Pre-fabricated thermal barrier boards instalation

higher than 200 MW and the gas temperatures in the vicinity of the fire were
registered above 1350 °C.

As results of these tests, guidelines and directives will be published and
giving criteria which designers can use for the fire protection of new built or
existing tunnels. As an example the UPTUN WP2 is recommending that the
ISO834 can be used if there are no or only empty HGV passing in the tunnel.
The maximum HRR can be estimated on 5 — 50 MW. In case of HGV
of course the fire loads can be much higher and will generate a HRR of
50 — 250 MW. Depending on the amount of combustible materials, the HC
or the RWS curve is recommended.

PROTECTING STRUCTURAL CONCRETE FROM FIRE
PASSIVE VERSUS ACTIVE SYSTEMS

Quite often there is confusion about these terms in the tunnelling indust-
ry, amongst other things! Active fire protection systems include water
sprinklers, water mists and foam deluge systems, all of which are activa-
ted by early warning sensors in the event of a fire. The theory is they
reduce the fire before it becomes out of control. The majority of existing
tunnels worldwide rely wholly on these active systems to ensure tunnel
fire safety. These are Boolean systems, in other words, they work, or they
don’t due to mechanical or electrical failure. They also may have some
serious negative effects such as mixing with toxic fumes that are otherwi-
se confined to the crown of the tunnel, and drawing them down to the level
of the evacuating public.

Passive fire protection is designed to be installed as a shield to protect the
structure from fire at any time. They are not reliant on any initiation system
as with active systems, and they always work. Passive systems do not put
the fire out; but are the last line of defence and maintain the stability of the
tunnel structure to allow the safe escape of the public and safe access of fire
department crews. They maintain ventilation systems that are separated
from the traffic by internal concrete structures, and also protect against
catastrophic damage to third party property and life by preventing tunnels
from collapsing.

Currently in Europe, both active and passive systems employed together
are seen to be necessary for new tunnels in the future.

PASSIVE SYSTEMS

There are essentially three main types of passive fire protection for tunnels:

SPRAYED MORTARS

These historically have been vermiculite-cement based products applied by
hand spraying with the technology being transferred to tunnel applications
from the petrochemical industry. Vermiculite based systems are relatively
weak products (2.5MPa compressive strength) and may not offer adequate
mechanical properties in light of increasing client demands for more durable
solutions where cyclic loading resistance is required. Vermiculite systems
need to be mechanically bonded to the tunnel structure with stainless
steel mesh.

It is vital for sprayed systems to have adequate durability to resist both
physical and chemical attack during the normal service life of the tunnel.
The new development in fire protection products are combining high dura-
bility with excellent fire protection. These products are typically based on
light weight concrete technology giving a compressive strength of 15 MPa
minimum.

These products are designed for application with the well know shotcrete
technology and the modern methods of robotic spray application, allowing
application rates of between 150 and 250m?*hr depending on the protection
thickness required (Figure 5). The tolerance of applications is normally +/-
4mm, which cannot be achieved by hand application methods at these rates.
The thickness of spray applied thermal mortars is determined by the size and
duration of the anticipated fire.
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STRIKANE MALTY

Jednd se o produkty na bazi vermikulitovych cement ru¢né nandsenych,
které se do tuneldrského odvétvi dostaly z petrochemického prumyslu. Systé-
my na bézi vermikulitu jsou produkty o relativné nizkych pevnostech (pev-
nost v tlaku 2,5 MPa) a nemohou nabidnout odpovidajici mechanické vlast-
nosti ve svétle vysSich narokd investorl na trvanlivéjsi feSeni, u kterych je
vyZadovéna odolnost vici cyklickému zatiZeni. Tyto vermikulitové systémy
musi byt mechanicky vazany ke konstrukci tunelu pomoci ro$t z nerezové
oceli.

Pro stifkané systémy je nezbytné, aby svou trvanlivosti odoldvaly jak fyzi-
kdlnfmu zat{Zeni, tak chemickému napaddni béhem obvyklé Zivotnosti tune-
lu. Novy vyvoj v oblasti poZdrni ochrany predstavuje kombinaci vysoké
trvanlivosti a vynikajici protipozdrni ochrany. Vyrobky jsou na bézi techno-
logie vyleh&enych betont dosahujicich pevnosti v tlaku minimélné 15 MPa.

K jejich aplikaci se pouziva velice zndmé technologie torkretovaného
betonu nebo moderni metody stikdni pomoci automatickych robotu, ¢imz je
dosazeno vykonu pohybujictho se mezi 150 a 250 m?/hod v zdvislosti na
pozadované tloustce protipozarni ochrany (obrazek 5).

Tolerance pii téchto aplikacich je bézné T4 mm. Takovychto hodnot pres-
nosti nelze pii ruénf aplikaci docilit. Tloustka stitkanych protipoZarnich malt
je ddna velikosti a trvanim predpoklddaného poZéru.

Hlavni nevyhodou stiikanych systému je jejich vysledny povrch, nebot
nékter{ investofi pozaduji vysoky odraz svétla zejména z duvodu velké frek-
vence dopravy v silni¢nich tunelech. Zahlazeni omitky je sice mozné stejné
jako vrchni nétér, ovSem je to velmi pracné. PoZadavky u Zelezni¢nich tune-
10 jsou obecné méné nédro¢né a ukondent stitkanych omitek je prijatelné, coZ
se dd provést zv1asté pri aplikaci stifkanych protipozdrnich ochran.

PREFABRIKOVANE PANELY
Prefabrikované protipoZdrni panely predstavuji zfetelnou vyhodu pro hra-

naté profily tunelti, kde neni 7ddné zakiiveni zdi a stropl nebo sloZitd geo-
metrie profilu, takZe je moZné sestavit, polozit a pokryt tunelovy profil, jak
je vidét na obrdazku 6. Kromé toho je to pro vlastniky prijatelnéjsi povrchovd
uprava. AvSak toto feSeni neni nejvhodnéjsi pro zakfivené tunely a obecné je
1,5 a7 2krét draZ3i neZ stifkané systémy, coz muZe byt z hlediska ndkladl
stavby neprijatelné. Kromé téchto vysSich ndkladu je dale nutné poitat
s Castymi opravami poskozeni v dusledku havdrie vozidel, coZ vyZaduje pro-
blematickou tdrzbu silni¢nich tuneld pouZivajicich protipoZarni systémy
z prefabrikovanych desek.

BETON MODIFIKOVANY POLYPROPYLENOVYMI VLAKNY

V poslednich letech uvedli vyrobci vldken na trh multi- a monofilamentni
polypropylenové vldkna (vldkna o priméru 32 aZ 18 mikrond, viz obrdzek 7)
pro dodavatele a projektanty s tim, Ze pfidani 1 az 3 kg vldken do betonové
smési pfindsi nesmirné tsporné feSeni betont pro “protipoZdrni ochranu®.
Podle vysledku zkousek bude vldkny modifikovany beton vykazovat mensi
povrchové odstrelovani betonu a v nékterych pripadech se odstfelovéani
neprojevi vabec. Jak je dobre doloZeno, spoiva mechanismus odolnosti
v taveni vldken pii teploté cca 160 °C, coZ umoZnuje vodni pdfe pritomné
v betonovém pojivu, aby unikala bez toho, Ze by vytvérela vnitini tlak a tak
se zabrdni explozivnimu odstelovéani. Pro konkrétni ndvrhové poZdry se
mnozstvi potiebnych vldken pouZivé dle pfimé iméry — &im Vet ndvrhovy
poZdr, tim vice vldken mus{ byt pozadovano. Ku piikladu, pro ndvrhovy
pozér dle ISO834 je pozadovéno cca 1 kg/m3 vldken, zatimco pro ndvrhovy
poZar dle kiivky RWS muZe poZadované mnoZzstvi vrist aZ na cca 3 kg/m3.
Betonova smés s vysokym obsahem vldken se ale huie Cerpd, proto je tieba
peclivé navrhnout smés s pouZitim technologie prisad, které pomohou tento
problém prekonat.

Ackoli pouziti vldken nabiz{ “anti-odstrelovaci” systém, nechrani betono-
vou konstrukci pred $kodlivymi G¢inky vysoké teploty (viz obrdzek 2), ani
nechrdn{ Z4dné vyztuZen{ konstrukce betonového osténi tunell vystaveného
vysoké teploté. Z tohoto divodu by mélo byt peclivé zvdZzeno pouziti vldkny
vyztuZeného betonu pro konstrukéné vyztuzené betonové osténi tunelu.

Utinnost protipozarni ochrany u betont vyztuZenych polypropylenovymi
vldkny je rtiznd a ne vZdy predvidatelnd. Dle sou¢asnych poznatki miZe byt
spojena s nékterymi z nasledujicich faktoru:

o Typ vldkna, prumér a délka;

o MnoZstvi vldken na kubicky metr;

o Typ kameniva;

o Ndvrh betonové smési;

« Propustnost betonu s nizkym w/c;

o Teplotn{ ndrist a maximélni teploty;

e Vysoky stupen ztrdty betonové masy v misté ocelové vyztuze, mozny

diky efektu vybouleni kroucené ocelové vyztuZe v dusledku zahratf;

o Vlhkost obsazena v betonu;

o ZatiZeni betonové konstrukce.

Tuel

The main disadvantage with sprayed systems is the resultant sprayed sur-
face finish, as some clients require a high level of reflectance, particularly for
highly trafficked road tunnels. Float finishing and over painting is possible,
but labour intensive. Rail tunnel surface finish requirements are less onerous
in general, and an “as sprayed” finish is acceptable, making the use of spray-
ed fire protection mortars particularly viable.

PRE-FABRICATED BOARDS

Pre-fabricated fire protection boards offer a clear advantage for box sha-
ped tunnels where there are no curved tunnel walls or complex geometries
e.g. cut and cover and immersed tube tunnels as shown in Figure 6. Further-
more, the surface finish of the board systems is appealing to clients. Howe-
ver, they are not well suited to curved profile tunnels and are generally 1.5 to
2 times more expensive than sprayed systems, which can prove cost prohibi-
tive. Apart from their high cost, vehicle collision damage is often considered
a maintenance problem in road tunnels using pre-fabricated board protection
systems.

POLYPROPYLENE FIBRE MODIFIED CONCRETE

In recent years, fibre manufacturers have promoted multi- and monofila-
ment polypropylene fibres (32 to 18 micron diameter fibres — Figure 7) to
contractors and design teams, detailing that the addition of 1 to 3 kg of fibres
added to the concrete mix gives an extremely economical solution to concre-
te “fire protection”.

From testing, fibre modified concrete will exhibit less spalling, and in
some cases no spalling whatsoever. As is well documented, the mechanism
involves the melting of fibres at approximately 160 °C and allows water
vapour inherent in the concrete matrix to escape without generating internal
pressure, thereby preventing explosive spalling. For specific design fires, the
quantity of fibres required will alter accordingly — the larger the design fire,
the greater the quantity of fibres required. As an example, for an ISO834 cel-
lulose design fire, approximately 1 kg/m?3 of fibres are required, whereas for
RWS hydrocarbon design fires, the quantity may increase to approximately
3 kg/m3 as indicated. Concrete mixes with high fibre contents tend to be dif-
ficult to pump and place, and careful mix designs using admixture technolo-
gy to overcome these problems is required.

Although the fires offer an anti-spalling system, they do not protect the
structural concrete from the detrimental effects of high temperature (see
Figure 2) and also do not protect any structural reinforcement at the heat
exposed concrete tunnel lining. Consequently, the use of fibre modified conc-
rete should be considered carefully for use in structurally reinforced concre-
te tunnel linings.

The fire protection performance of polypropylene fibre modified concrete
is variable and not always predictable. From current knowledge this may be
attributed to any of the following factors:

o Fibre type, diameter and length

o Fibre quantity per cubic metre

o Aggregate type

o Concrete mix design

o Permeability of concrete with low w/c’s

o Heating rates and maximum temperatures

o High degree of loss in concrete section in the presence of steel reinforce-

ment, possible due to torsion buckling effects of the steel cages due to heat
¢ Moisture content of concrete

e Loads on the concrete structure.

Obr. 7 Monofilamentni polypropylenovd vlikna a stuperi povrchového
odstielovdni se zvySenim ddvky na metr kubicky betonu (s laskavym
svolenim ADFIL UK Ltd.)

Fig. 7 Monofilament polypropylene fibres and degree of surface spalling
with increasing dose of fibres per cubic metre of concrete (Courtesy
ADFIL UK Ltd.)
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ZAVER

Mnozstvi evropskych prepravnich tuneld v kaZzdodennim provozu bez
jakékoli formy protipozdrni ochrany je znepokojujici. Je samozrejmé, Ze na
zdklade zhodnocent rizik by velkd vétSina z nich nepotfebovala protipozdrni
ochranu, avSak podle novych poZadavku Evropské smérnice &islo 2004/54
a chystanych dalSich novych smérnic, které maji vstoupit v platnost v této
oblasti v roce 2006 a 2007, bude pro hodné tunelu potreba zdokonalit stdva-
Jict systémy protipoZdrni ochrany. Tyto kroky byly jiz zaznamenany v roce
2005, kdy ve Svycarsku, ve Spojeném kralovstvi, ve Francii a ve Svédsku
byly silni¢ni tunely vylepSeny pasivni protipozdrni ochranou.

CONCLUSION

The amount of European transport tunnels in daily use without any form
of fire protection is of concern. Of course, following risk assessments a great
majority of these tunnels would not need fire protection, but certainly under
the new requirements of the European Directive No.2004/54, and perceived
new directives set to enter the industry in 2006/07, there are many tunnels
that will require retrofit fire protection systems to be installed. This has alre-
ady been observed in 2005, with Switzerland, UK, France and Sweden
retrofitting road tunnels with passive fire protection.

Tunnels in Europe

Tunely v Evropé

siniéni  Délka (km) Zeleznicni Déka(km)  Metro  Délka (km) L
Norsko 522 Itélie 734 Spandlsko 837 Norvlvay 522 italy /734 Spain 857
Italie 340  Némecko 382 Spojené kralovstvi 519 italy 540 Germany 582 Uk 519
Rakousko 177 Svycarsko 366 Rusko 400 Austna 177  Switzerland 366 Russia 400
Swycarsko 162 Francie 256 Némecko 267 Switzerland 162 France 256 Germany. 367
Francie 133 Rakousko 246 Francie 304 France 133 Austria 246 France 304
Némecko 69 Norsko 126 Norsko 119 Germany 69 Norway 126 Norway 119
Spanglsko 58  Spajené krdlovstvi 114 Svédsko 108 Spain 58 UK 114 Sweden 108
Spojené kralovstvi 13 Spanélsko 110 Itélie 106 UK 13 Spain 110 Italy 106

Fig. 8 Unprotected transport tunnels in Europe (SafeT European Project,
Khoury 2005)

Obr. 8 Nechrdnéné prepravni tunely v Evropé (SafeT European Project,
Khoury 2005)

Pro mnoho z téchto tunelil budou pozadovany velmi tenké stifkané teplotni
bariéry (méné nez 45 mm) pro zachovéni poZzadovaného svétlého provozniho pru-
fezu. Pouziti betonu modifikovaného polypropylenovymi vldkny neni vhodnou
volbou pro mnoho stdvajicich tunelll, protoze maji omezeny vnitini prostor.
Ovsem tam, kde vnitin{ prostor tunelu umoZni aplikaci minimdlni tloustky vrstvy
cca 80 mm, bude mozné pouZit stitkané betony s polypropylenovymi vldkny.

BudiZ poznamendno, Ze obecny trend ve zvétSovani velikosti vozidel
a vlaka a také zvySovani tolerance konstrukéniho ostén{ z divodu zamezen{
srazkam (napr. v pruzich s vyssi rychlosti) klade zvySeny tlak na tunelarské
odvetvi, aby se vyvinulo velmi tenké feSenf protipoZarni ochrany. Prave tako-
véto teSeni nabizi produkt MEYCO® Fix Fireshield 1350.

Je nutné zhodnotit riziko zficeni konstrukce osténi tunelu a jeho G¢inek na
uzivatele, aby bylo mozné urcit, ktery system je Vhodny pro konkrétni tunel.
Kdyz je prevladapm mira rizika bud vyssi, nebo niZzsi, pak to ovliviiuje cha-
rakter pasivni protipoZarni ochrany, kterd muZe byt pro takovy projekt vhod-
nd. JednoduSe, kdyZ je stanoveno riziko, cenny prinos analyzy muZe byt
v tom, Ze respektuje vice aspektu, které by mély byt zvdzeny.

Poskozeni/zticeni konstrukce vyusti v poskozeni majetku sousednich
objektu a/nebo ke ztrété lidskych Zivota

FRANK CLEMENT, frank.clement@basf.com,
UGC INTERNATIONAL,

Very thin spray applied thermal barriers (less than 45mm) will be required
for many of these tunnels if clashes with operational envelopes are to be pre-
vented. The use of polypropylene fibre modified concrete is not considered
an option for many existing tunnels due to the limited operating space. Howe-
ver, consideration may be given to sprayed concrete with polypropylene fib-
res if the space profile permits a minimum layer thickness of approximately
80mm.

It should be noted that the general trend in increasing vehicle and train
sizes and also increasing the tolerance to the structural lining to avoid clas-
hes (at higher line speeds for example) puts additional pressure on the indust-
ry to develop very thin fire protection solutions.

In order to determine which system is appropriate for specific tunnels, con-
sideration of the risk of structural collapse of the tunnel linings, and the effect
it will have on 3rd parties is required. When the predominant level of risk is
either high or low, then this dictates the nature of the passive fire protection
that may be suitable for the project. Clearly, when the risks are established,
the cost benefit analysis may raise more issues to be considered.

FRANK CLEMENT, frank.clement@basf.com,
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Beton modifikovany
polypropylenovymi vlakny

Konstrukéni/uZivatelské aspekty — novostavby

Velikost o¢ekdvaného pozaru v tunelu (male riziko 5 az 5S0MW,
vysoké riziko 50 az 300MW)

Kviili umisténi poZérni jednotky neni moZné mit v&as
a néleZité pozdr pod kontrolou, aby se zamezilo poskozeni tunelu

Poskozeni/zficeni konstrukce tunelu ovlivni vétrani
nebo tinikové cesty pro uzivatele tunelu

Poskozeni/zficeni konstrukce mé za ndsledek zaplaveni prostoru
vodou nebo zeminou

Poskozeni/ziiceni konstrukce prekdZi/brani pristupu pozarni jednotky

Poskozeni konstrukce vede k vyraznému omezen{ provozu tunelu
a uzdvéra md vyznamny vliv na mistni oblastni ekonomiku

Sti'ikané teplotni bariéry

Poskozeni/zficeni konstrukce vyusti v po§kozeni majetku sousednich
obijektl a/nebo ke ztrété lidskych Zivotu

POLYPROPYLENE Fibre Modified

Concrete

Structural/3" Party Issue - New Build

Size of expected tunnel fire (Low risk 5 to SOMW, High risk 50 to
300MW)

Due to location of fire department unable to deal with tunnel fire
adequately and timely to prevent damage to tunnel

Structural deterioration/collapse of tunnel effects ventilation or safe
egress of tunnel users

Structural deterioration/collapse hinders/prevents access of fire
department

Structural deterioration/collapse results in inundation by water or soils

Structural damage leads to significant operational downtime of tunnel
and closure significantly effects local/regional economy

Structural deterioration/collapse results in damage to adjacent 3" party
property and/or loss of life

Spray Applied Thermal Barriers
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PROBLEMY RAZEB TUNELU AYAS V PODMINKACH TLACIVYCH
A TEKOUCICH HORNIN

TUNNELLING DIFFICULTIES UNDER SQUEEZING AND FLOWING
CONDITIONS AT AYAS TUNNEL

YILMAZ MAHMUTOGLU, MAHIR VARDAR, CENK KOGAK, GOKHAN SANS

Tladivost hornin se pri razbach tunelu v horach &asto projevuje
nadmérnymi horninovymi tlaky a deformacemi. Teceni rozvolnénych
a zvodnélych usazenin do vyrubu je dals§im problémem, ktery se
vyskytuje pri stavbé tunelu. Oba pripady vyZaduji zvlastni preven-
tivni opatreni nebo provedeni téZkého vyztuZeni vyrubu. U velkych
profili muze byt stabilizace obtiZzna a opravy a dodateéné vipravy
profilu (preprofilovani) mohou byt ¢asové velmi naro¢né a nevyhnu-
telné spojené s vysokymi naklady. Tento élanek se zabyva dvéma ruz-
nymi problémy zpusobovanymi zvlaStnimi horninovymi poméry na
stavbé tunelu Ayas, ktery je nejdelSim tunelem na budované trase
rychlodrahy Istanbul — Ankara v Turecku. Zabyva se i preventivnimi
opatienimi pFijatymi k FeSeni téchto problému

Tlacivost hornin, se kterou se tuneldfi setkdvaji na mnoha stavbach
v ruznych &dstech svéta, zpusobuje velké obtize pii dokoncovani pod-
zemnich staveb a je jiz po dlouhd léta predmétem zdjmu odborniku.
V Evropé je zndmo nékolik podobnych, obzvlasté zajimavych, piipadu
vyskytu jevu tlativosti hornin, které umoznily proniknuti do podstaty pru-
béhu reakce horniny na razbu. Typickymi piiklady jsou tunel Cristina
v Italii, Gotthardsky tunel ve Svycarsku a Simplonsky tunel na italsko-
Svycarskych hranicich. Nejnovejsimi priklady staveb, kde se v poslednich
desitkdch let takové problémy vyskytly, byly stavby tuneld Bolu a Ayas
v Turecku. V tomto ¢lanku chceme vyzdvihnout zkuSenosti a vysledky
dosazené na stavbe Zelezni¢niho tunelu Ayas.

Tunel Ayas je nejdel$im z 15 tunelu na Zelezni¢ni trati Arifiye — Sin-
can. Tento 10064 m dlouhy tunel m4 plochu kolem 100 m?. Stavba byla
zahdjena v roce 1974 a jeji dokonceni bylo pldnovédno na rok 1984. Sta-
vebn{ préce byly ale preruseny, kdyZ se na vychodn{ strané tunelu nara-
zilo na tekouci rozvolnény zvodnély materidl. Na zdpadni strané zase
doslo k vetsim deformacim, které souvisely s tla¢ivosti horniny. Problé-
my raZeb, souvisejici s nadmérnymi konvergencemi, na této strané vzru-
staly, a kvuli velkym radidlnim deformacim bylo nemoZné dodrZet poZa-
dovany profil tunelu, i kdyZ se profil nékolikrét opravoval a byla pfijata
mimoradnd preventivni opatfeni vletné zvlastnich systému zajisténi
vyrubu. Z téchto divodu byly vSechny razi¢ské prace na zacétku roku
1993 zastaveny.

TECHNOLOGIE A METODA VYSTAVBY TUNELU

Razby byly zahdjeny z obou portdld, vychodniho (ve sméru k méstu
Erkeksu) a zapadniho (k méstu Ayas), soucasné. V pribéhu praci se zaca-
ly projevovat velké rozdily mezi postupy raZeb na obou strandch tunelu.
Pii prichodu razeb silngm souvrstvim jili doslo ve vzdélenosti 770 m od
vychodniho portdlu k nghlému privalu zvodnélych rozvolnénych sedi-
mentt, kvali kterému byly prace na dlouhou dobu zastaveny. Na zdpadn{
strané préce relativne hladce dospely do vzdalenosti 6475 m od portélu.
Od tohoto mista razby vstoupily do tlacivé horniny sloZené z mastku,
chloritu a sericitickych bridlic erenlerského souvrstvi (obr. 1), a postoupi-
ly pouze o 240 m.

Na strané k Ayas byla razba provadéna se ¢lenénim na kalotu, opéii
rozdélené do dvou fdzi a na vyrub pro betonové osténi protiklenby.
Odstup Celby kaloty od opéi byl 120 a7 130 m a odstup opéfi od protik-
lenby byl 30 az 40 m. Kalota byla 5 m vysokd a 12 m Sirokd. Typické
zajisténi se sklddalo ze stifkaného betonu, 5 aZz 6 m dlouhych kotev,
vyztuznych siti, ocelovych obloukt (TH profily, 21 kg/m) osazovanych ve
vzdalenostech 0.8 m. Celkova délka kotev byla vice nez 200 m na jeden
metr tunelu. Definitivni osténi je z prostého betonu a spolu se spodni klen-
bou vytvéri uzavieny prstenec. Tunelové konvergence dosahovaly az
300 cm i pri pouZiti té7ké vystroje. Vyska nadlozi se pohybuje od 350 do
400 m. I kdyz kvali kompenzaci konvergenci se profil vyrubu timyslné
znacné zvétSoval, bylo hlavnim problémem dodate¢né preprofilovéni.

Squeezing ground condition frequently results in excessive rock pres-
sure and large deformation when it is encountered in tunnel excavation
through the mountains. Flowing of loose and saturated deposits into
opening is another problem in tunnel engineering. Both cases require
special precautions or heavy support systems. The stabilization process
may be difficult where the cross section is large. Consequently, in such
a tunnel some repair and reshaping works become time consuming and
high cost can not be avoided. This paper discusses two different pro-
blems which were caused by special ground conditions in the Ayas Tun-
nel, the longest tunnel on the route of Istanbul-Ankara Speed Railway
Project in Turkey. The precautions and methods of tunnelling to tackle
with these problems are also discussed.

The squeezing behaviour encountered at numerous tunnel excavations in
different parts of the world has led to great difficulties for completing
underground works and intrigued experts for years. There are similar cases
of particular interest in Europe where squeezing phenomena have occurred,
providing some insights into the ground response during excavation. The
Cristina tunnel in Italy, the Gotthard tunnel in Switzerland, the Simplon tun-
nel crossing at the Italian-Swiss border are typical examples. The latest
examples of tunnelling problems have been observed at the Bolu and Ayas
tunnels during the last decades in Turkey. This paper intends to emphasise
the experience and results made at the Ayas railway tunnel.

The Ayas Tunnel is the longest among 15 tunnels on the Arifiye-Sincan
Railway route. The 10 064 m long tunnel has got a cross section of appro-
ximately 100 m?. The project started in 1974 and was scheduled to be com-
pleted by 1984. However, the construction works have been halted due to
flow of loose and saturated material at the eastern side of tunnel. Larger
deformations associated with squeezing behaviour have taken place at the
western side. Tunnelling difficulties related with excessive convergence

Fig. 1 The reshaping processes in problematic section of the Erenler Formation
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Obr. 2 Geologicky podélny rez a problémové iiseky tunelu Ayas

Fig. 2 Geological longitudinal cross section and the problematical parts of the Ayas Tunnel

V oblasti tla¢ivych hornin na zdpadni strané bylo pozorovano zdvihdn{
dna a poskozovani konstrukce spodni klenby.

Na vychodni stran¢ se metoda razeb také nékolikrat ménila. V dobe,
kdy doslo k zastaveni razZeb, tj. v roce 1993, se zde pouzivala tryskova
injektdz. Tunel se razi ve stiedné tuhych jilech a silitickych jilech. Rent-
genovou difrakei byly jako prevazujici jillové materidly urCeny montmori-
lonit a ilit. Tunel byl v pfedstihu zajistén dvojitou fadou sloupt tryskové
injektdZe, provadénych po obou strandch oblasti razeb. Kromé toho byla
podzemni voda odvddénych dvéma odvodniovacimi §tolami, vyraZenymi
po obou strandch pod trovni dna tunelu. Udaje, tykajici se trvalého
a doCasného zajisténi a definitivniho osténi, jsou podobné jako na zdpad-
ni strang.

STRANA VE SMERU K MESTU AYAS

Problémovy tsek se nachazi v erenlerskych permsko-karbonskych sou-
vrstvich, kterd jsou nejstarsi geologickou formaci na trase tunelu (obr. 2).
Vychozy této formace pokryvaji oblast na zdpadn{ strané tunelu. Souvrst-
vi jsou tvorena slabé metamorfovanymi, nazelenalymi, tmavoSedymi
a Cdstedné nartizovélymi chloritickymi bridlicemi, seritickymi bridlicemi,
fylity a tmaveé zbarvenymi rekrystalizovanymi védpenci. V téchto souvrst-
vich nebyly nalezeny zadné fosilie.

Uzemi této oblasti je také tektonicky aktivni. Nachdzi se v blizkosti
severoanatolského zlomového pasma, které md souvislost s poslednimi
zemétresenimi v severni Anatolii. Na geologickém podélném fezu na
obrdzku ¢. 2 je vidét, Ze geologické ttvary na trase tunelu vytvareji antik-
lindlu, kterd ve svém jadru obsahuje grafitické a chloritické bridlice s kre-
mencovymi Zilami erenlerské formace. Ve fazi pruzkumu trasy predvidal
Weiss (1), e zbytkovd napéti, vznikla v téchto souvrstvich v prubéhu
minulych geologickych procest, povedou k objemovému rozpinani hor-
niny po provedeni raZeb. Na strané tunelu ve smeru k Ayas se vyskytly
problémy a podrobny pruzkum ukézal, Ze problémovy tsek mezi stanice-
nimi km 6,475 akm 6,890 se nachdzi uvnitr erenlerskych souvrstvi. Velké
radidlni deformace, ke kterym doSlo, mély za nésledek $kody na osténi
a spodni klenbé, které nemohly byt zvladnuty zddnymi z preventivnich
opatfeni. Po 28 tydnech byly vodorovné deformace v nekterych éstech
tunelu vetsi nez svislé (obr. 3). Pomér mezi t€mito deformacemi ale neni
ve v8ech méri¢skych profilech stejny. Za hlavni pri¢inu probléma se pova-
Zuje tlativost horniny, vznikajici v disledku vysokych primarnich napéti
a vysokého nadloZi, které presahuje Casové zdvislou pevnost nekvalitni
horniny (2). K dal$im pohybim ale doslo v dusledku dlouhych piestévek

arose at this side and cross section for the tunnel could not be obtained due
to large radial deformations in spite of several trimmings, extra precautions
and special support systems. As a result, all tunnelling activities have been
stopped by the beginning of 1993.

TECHNOLOGY AND METHOD OF TUNNEL CONSTRUCTION

Excavation works started from two portals simultaneously, namely the
eastern (Erkeksu) and western (Ayas) portals. As work progressed, a big and
significant difference came out in advances between the two sides of the tun-
nel.While excavating the tunnel through a thick clay formation, a sudden
collapse of saturated and loose sediment at 770 m from the east portal halted
the works for a long time. The excavation work relatively smoothly reached
to 6 475 m at the west side. From this point, excavation work advanced only
for 240 m in squeezing rock, comprising talcum, chlorite and sericitic schist
belonging to the Erenler Formation (Figure 1).

Excavation was carried out at the Ayas side by top heading followed by
two-stage excavation of the bench and final excavation for the placement of
the invert concrete lining. The distances from the heading face to the lower
bench and lower bench to invert are 120 to 130 m and 30 to 40 m respecti-
vely. The top heading has a height of 5 m and is 12 m wide. Typical support
elements comprised shotcrete, 5 to 6 m long anchors, wire mesh, steel arch
liners (TH profile, 21 kg/m) installed at 0.8 m spacing. The total length of
anchors is over 200 m per tunnel metre. The final lining is heavy concrete
and forms a full ring together with the invert concrete. The convergence in
the tunnel reached up to 300 cm even with heavy support. The overburden
thickness varies from 350 to 400 m. Although considerable over-excavation
was done to account for the convergence, reshaping was the main problem.
Floor heave and damage of the invert lining was observed within the sque-
ezing region at the western side.

The tunnelling method was also modified several times at the eastern
side. Jet grouting method was used at this side while the heading was
stopped in 1993. The tunnel is excavated in clay and silty-clay with
moderate stiffness. Predominant clay minerals were determined by X-ray
diffraction as montmorillonite and illite. The tunnel was pre-supported by
a double row of jetgrouted dowels (early installation) surrounding the
excavation area. Moreover, two drainage galleries at both sides below the
tunnel floor drained ground water. The permanent and temporary sup-
ports and final concrete lining characteristics are similar to those of the
western side.
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razby velkého profilu tunelu, ale i ledabylého fizeni a $patné kvality praci.
V lednu 1993 provedla Stredovychodni technickd univerzita zkousky gra-
fitickych a chloritickych bridlic jak laboratorni, tak i na stavbé (3). Poku-
sy o provedeni jadrovych vrti v grafitické bridlici v tunelu selhaly. Proto
se musely laboratorni zkousky provadét na masivnéjSich kusech horniny,
odebranych na ¢elbé. Na téchto vzorcich se provedly zkousky pérovitos-
ti, hustoty a celkem 89 zkousek bodovym zatiZzenim. Kromé toho se
v tunelu provedly dvé zkousky tnosnosti zatéZovaci deskou, aby se sta-
novily deformacni vlastnosti horninového masivu. Vysledky téchto zkou-
Sek se daji shrnout takto:

© Objemova hmotnost suchého vzorku: 26,6 MN/m?,

® Pramérmnd pevnost v tlaku: 1,18 MPa,

© Pramérny modul pruZznosti: 250 MPa.

Z analyz a posouzeni, vychdzejicich z vlastnosti hornin a radidlnich
deformact, byly odvozeny nésledujici zévéry:

Tunel se razi ve vyjimené obtiznych horninovych pomeérech, které je
mozno povazovat za jedinecné. Vlastnosti, kvalita a stav hornin byly
vySetfeny a byly oznaCeny jako vhodné pro stavbu. Metoda razby, pra-
covni postupy a vzdjemna pusobeni zdvisld na preventivnich opatfenich
jsou velmi dobre zndmy. Zd4 se, Ze jiz bylo ziskdno dostate¢né mnoZstvi
tidaju pro to, aby bylo moZno délat spravnd rozhodnuti.

Faktem je, Ze horninovému masivu v okoli tunelu se musi dét dostatek
Casu na uvolnéni a prerozdéleni napéti, aby se v urcité vzdalenosti od lice
vyrubu vytvorila tinosnd horninova klenba.

Po provedeni vyrubu tunelu dochdzi k extrémnim asové zdvislym
deformacim v dusledku uvolfiovéni napéti a druhotného napéti, které je
vyS$§i neZ pevnost horniny. Jednou z hlavnich pfi¢in nadmérmnych defor-
maci je $patnd kvalita horninového masivu, ktery je ovliviiovdn meta-
morfézou a aktivnimi tektonickymi procesy. V okoli vyrubu, tzv. ,rela-
xaéni oblasti, dochdzi ke vzniku Casové zdvislé plasticity horniny a jeji-
mu dotvarovani. Tato oblast se s ¢asem zvétSuje. Pristup, podle kterého
temto deformacim nelze v daném profilu tunelu a pri pouZiti béZnych
metod vyztuZeni zabrénit, je realisticky. Kromé toho tyto deformace
zévisi na prostorovych d€incich. Prudky nérist deformaci a netc¢innost
systému vystrojeni vyrubu souvisejici s rostouci vzddlenosti mezi Eelbou
kaloty a mistem, kde je profil tunelu kompletné uzavfen osténim (véetné
spodni klenby), jiz byly v praxi prokazany. Je to jasné vidét z vysledku
peclivych prubéznych méfent a jejich vyhodnocovani jako funkce Casu
a vzddlenosti spodni klenby od &ela vyrubu. Z vyhodnoceni zdznamu
o konvergencich je vidét, Ze svislé konvergence (mezi vrcholem klenby
a dnem) dosahuji 1850 mm a vodorovné konvergence (mezi boky klen-
by) az 1300 mm. Pomér mezi vodorovnou a svislou deformaci jasné

Tuel

THE AYAS SIDE

The section causing difficulties is inside the Permo-Carboniferous Eren-
ler formation, which is the oldest geological formation along the tunnel
route (Figure 2). The outcrops of this formation cover an area at the western
side of the tunnel. It comprises slightly metamorphosed greenish, dark grey,
dark green and partly pinkish chlorite-schist, sericite-schist, phyllite and
dark coloured recrystallised limestone. No fossils were encountered in this
formation.

The area is also a tectonically active region and it is very close to the
North Anatolian Fault Zone which controls the recent earthquakes in Nort-
hern Anatolia. As seen from the geological section in Figure 2, geological
units along the tunnel route form an anticline which contains graphite and
chlorite schist with quartz veins of Erenler formation in its core. At the route
investigation stage Weiss (1) had foreseen that the residual stresses stored in
this formation during geological processes in the past would lead to volu-
metric expansion after tunnel excavation. At the Ayas side of the tunnel, pro-
blems were encountered and detailed investigations showed that the proble-
matic section was between km 6+475 to 6+890 within the Erenler formati-
on. Large radial deformations led to damage of the lining and invert that
could not be controlled despite all precautions. In some parts of the tunnel,
horizontal deformations were higher then vertical deformations after 28
weeks (Figure 3). However, the ratio between these deformations is not the
same over all the measurement stations. The squeezing behaviour as a result
of high primary stresses and overburden exceeding the time dependent
strength of poor rock is considered as the main cause of the problems (2).
However, long pauses, the large cross section of the tunnel, as well as negli-
gent construction practice and poor workmanship resulted in additional
movement. The results of laboratory and in-situ tests on graphite and chlo-
rite schist were performed by the Middle East Technical University in Janu-
ary 1993 (3). Attempts of core drilling in the tunnel failed in graphite schist.
Therefore laboratory tests could be performed on more solid pieces of rock
samples collected at the excavation face. Porosity, density and totally 89
point load tests were carried out on these samples. In addition two plate loa-
ding tests were performed in the tunnel to determine the deformation cha-
racteristics of rock mass. The result of these tests can be summarized as fol-
lows:

® Dry unit weight: 26.6 MN/m3,

e Average compressive strength: 1.18 MPa,

e Average modulus of elasticity: 250 MPa.

The following results were deduced from analyses and assessments based
on rock properties and radial deformations in tunnel:
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Obr. 3 Prubéh vodorovnych a svislych deformaci v ruznych méricich profilech v oblasti tlacivych hornin
Fig. 3 The time dependent development of the horizontal and vertical deformations at different measurement sections of the squeezing regions
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Obr. 4 Technickd preventivni opatreni
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ukazuje na existenci tlacivosti horniny (obr. 3). Ddle vyhodnoceni zavis-
losti naméfenych konvergenci na Case ukazuje, Ze pri stvajicim systému
vyztuZeni vyrubu se deformace ustdli béhem 100 az 150 dnq, a Ze rych-
lost deformace klesne na 2 mm/den (2).

Na druhou stranu je zndmo, Ze provedeni definitivntho betonového
osténi je vhodné jen v pripadech, kdy rychlost deformaci klesne pod
10 mm/mésic. Méli bychom poznamenat, Ze co nejveétsi zmenseni odstu-
pu uzavieni osténi véetné spodni klenby od ¢ela vyrubu kaloty by bylo
G¢innym zpusobem jak tento problém zmirnit (obr. 4).

S prihlédnutim k horninovym pomérim a $patné kvalit¢ horninového
masivu, spolu s pferozdélovanim druhotnych napéti a s meéfenimi napeti
mezi osténim a licem vyrubu je jasné, Ze trvalé stability by se doséhlo pri
malych konvergencich, které jsou mozné v pripadé, Ze se rychle osadi
vSechny prvky zajisténi vyrubu, které zatnou spoluptsobit s horninovym
prostredim. V tomto piipadé by ale mélo byt vnitin{ osténi chranéno po
dobu tuhnuti cementu pred postupujicimi, na ¢ase zavisejicimi deforma-
cemi okolniho masivu. Z toho divodu bylo navrZeno vloZeni deformacni-
ho ,,polstare” mezi doCasnou vystroj a definitivni ostén{ a ocelové ramy
byly opatfeny pohyblivymi spojkami, diky kterym se rdmy staly poddaj-
nymi (obr. 4 a 5). Tento ndvrh byl realizovdn ve vybraném udseku, avSak
tspésnych vysledku se dosahlo pouze v krétkém dilu.

Predmétem diskusi tedy byly hlavné dvé koncepce razby, které mely
fesit problémy, na které se v této oblasti narazilo:

Problémovy dsek na strané k Ayas mohl byt vyrazen pouze metodou
upravy vyrazeného profilu. Kazdy druh horniny, kterou tunel prochdzi,
muZe byt hospoddrné stabilizovdn vytvorenim horninové klenby, kterd
vznikd v dusledku pseudoplasticity. V geologickych podminkdch mék-
kych hornin je nevyhnutelné, aby se uvolnila napéti tim, Ze se umoZni
konvergence a provedou se nutné dpravy profilu (reprofilace). Vliv zvét-
Sovani vzdalenosti mezi ¢elbou a plné uzavienym osténim byl negativni.
Opakované tpravy profilu neovliviiuji chovéani horniny negativné, spiSe
naopak, pomdhaji zastavit deformace zvySovanim pseudoplasticity. Proto
je mozZno razit tunel s opakovanim dprav profilu tam, kde se ocekdvd, Ze
lokélni konvergence neprekro¢i tii metry (podle existujicich poméra
a metody razby) (4). Tunel se stavél touto metodou. Osténi tunelu se uza-
viralo v odstupu 180 az 200 m od Celby kaloty.

Tunel lze razit i metodou ,,fizené deformace”, kterd nevyZaduje doda-
te¢né Upravy profilu. Deformace v tunelu jsou zdvislé na Case, hornino-
vych pomérech, velikosti profilu a technologickych postupech razby.
Deformacim se neda zabranit. Musi byt umoznény, aby se sniZily radidlni
tlaky na osténi. Existuje vSak optimdlni tolerance pro deformace. Skute¢-
né deformace mohou tuto toleranci prekro€it, pokud se razi metodou fize-
né deformace. Pfi této metodé se s oCekdvanou velkou deformaci pocitd
a teoreticky pri¢ny fez vyrubu se zvetsi nejméné o 75 a7z 150 cm (obr. 4b).
Tato metoda zahrnuje ¢innosti omezujici deformace, ke kterym pfi jejim
pouziti dochézi, tj. vhodnd preventivni opatieni v¢. zkracenf odstupti mezi
Celbou, opetim I, opeiim II a zabetonovanou protiklenbou a tim zkrdceni
vzdélenosti uzavieného prstence osténi od Celby kaloty. Jinymi slovy,
deformace se dajf idit tak, Ze se udrZuje co nejkratSi nezajist€ny vyrub,
voli se vhodnd preventivni opatfeni v daném tdseku a prace se provadeji
v krétké dob¢. Osténi musi byt uzavieno do 28 az 30 dnti, béhem kterych

The tunnel is being excavated in extremely difficult ground conditions,
which can be con-sidered unique. The properties, quality and conditions of the
ground were investigated and they were determined to be sufficient enough to
direct the project. The method of excavation, procedures and interactions
dependent on precautions are very well known. It is felt that sufficient data and
relevant knowledge have been collected to make the right decisions.

It is a fact that the rock mass around the tunnel has to be given sufficient
time for relaxation and stress re-arrangement and to form a load bearing arch
at some distance from the border of tunnel.

Following the tunnel excavation, extreme time-dependent deformations
occur due to stress release and secondary stress exceeding the rock strength.
One of the main causes of these extreme deformations is poor quality rock
mass which is affected by metamorphism and active tectonic processes. The
tunnel periphery or “the relaxation zone” shows timedependent plasticity
and creep behaviour. This zone enlarges with time. It is a realistic approach
to assess that these deformations as “unpreventable” within the given cross
section of the tunnel and common reinforcement methods. Moreover, these
deformations are dependent on three-dimensional effects. As a matter of
fact, the rapid increase in deformation and inefficiency of supporting sys-
tems with increasing distance between the excavation face and full ring clo-
sure with invert support are already proven. This is clearly seen by careful
and step-by-step measurements and their evaluation as a function of time
and distance from the heading face to the invert. The assessment of con-
vergence records shows that vertical (roof-to-floor) and horizontal (wall-to-
wall) deformations reach up to 1 850 mm and 1 300 mm respectively. The
ratio between horizontal and vertical deformation clearly shows the squee-
zing behaviour (see Figure 3). Furthermore, the assessment of convergence
measurements versus time indicates that the deformations become stable in
100 to 150 days with the existing supporting system, and the rate of defor-
mation declines to 2 mm/d (2).

On the other hand, it is a known fact that placement of final inner lining
of concrete is only suitable for cases of deformations that decline below 10
mm/month. It should be noted that reducing the distance between full ring
with invert support and excavation face as much as possible would be an
effective way to mitigate the problem (Figure 4).

Considering the ground conditions and poor quality of rock mass toget-
her with secondary stress redistribution and stress measurements between
linings and contact surfaces, it has been understood that the permanent sta-
bility would be obtained by smaller convergence in case of fast installation
and concurrent action of retainment and containment supports. But, in this
case, the inner lining should be protected from progressing time dependent
deformations of the surrounding rock within the setting time of the cement.
For this reason, placement of a deformation cushion between temporary
supports and final lining and steel ribs with movable connection were sug-
gested (Figures 4 and 5), and this suggestion was practiced in a selected sec-
tion but successful results could only be obtained in a short section.

Thus, mainly two different tunnelling concepts were discussed to solve
the problems encountered in this region.

The problematic section of the Ayas side can only be excavated by resha-
ping method. Any type of ground in a tunnel is suitable for an economical
stabilization by creating an arch as a result of pseudo-plasticity. Therefore,
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se rychlost deformaci zmensuje a vzddlenost mezi ¢elbou a definitivnim
osténim by neméla presdhnout 30 m (5), jelikoZ horninovy masiv vyka-
zuje v problémovém dseku Casove zdvislou plasticitu. Nejhospoddrnéjsim
feSenim je preneseni Casti napéti z okolniho horninovém masivu do vnitf-
niho ostén{ tunelu. Opakované upravovéni profilu vyrubu m4 za nésledek
ndrust objemu horniny, ktery vede k ,,fyzikdlnimu uvolnéni*“ a dal§imu
snizovani primérni pevnosti horniny. Upravovani profilu vyrubu bychom
se tudiz méli z velké miry vyhybat.

Po realizaci zmen, vyprojektovanych pro dsek mezi staniCenimi
km 6,560 a km 6,610, byl v dseku od km 6,624 do km 6,172 provadén
Vetsi vyrub, aby se zvetila tolerance pro deformace, byla zvySena kvalita
betonu spodni klenby a bylo zvySeno mnoZstvi prvku zajisténi vyrubu
(obr. 4). Prvni vrstva stifkaného betonu, kterd byla preruSovdna podélny-
mi mezerami, byla 20 cm silnd. Tato vrstva byla vyztuZena ocelovou siti.
Bylo doporuceno provedeni ¢tyf mezer v kalote€ a dvou mezer v opéfi I (po
jedné na kazdé stran€). Ocelové obloukové ramy, které se osazovaly, byly
poddajné, prerusené, s poddajnymi/kluznymi spojovacimi prvky v misté
preruseni. Ty umoznovaly fizeni konvergenci. Zdkladem pro schvéleni
tohoto projektu je druhé pribliZzeni zndzornéné na obr. 5.

Kromé toho byl predloZzen névrh aktivovat potencidlni radidlni defor-
mace provedenim predstihovych vrubii po obvodu vyrubu (6). Uelem
vrubu bylo predstihové vyvolani radidlnich posunt jiz v predpoli razby
(v oblasti pistropi). Uspésnost vrubii byla zvysena tim, Ze mély primér
15 cm, byly provddény soucasné, a to tak, aby se vytvorila klenba sledu-
jici obvod celby.

Naopak, vzdélenost mezi ¢elem vyrubu a spodni klenbou byla veétsi.
Z hlediska preventivnich opatieni, technologického postupu, okamziku
provedeni a délky zdbéru se pouZil prvni z vySe popsanych piistupt.
S ohledem na kone¢nd méfeni, ziskand pomoci tlakomérnych podusek
instalovanych na hlavéach horninovych svornika, se zjistuje, Ze vétsi ¢dst
jejich dnosnosti se s Casem ztratila. Pfes vSechna preventivni opatien{
a usili nemohly byt konvergence, vyZadujici dodate¢né tpravy profilu,
stdvajici metodou zmenSeny.

STRANA VE SMERU K MESTU ERKEKSU

Problémy na strané k Erkeksu a na stran¢ k Ayas se podobaji v tom,
Ze se jednd o extrémni radidlni deformace, ale 1is{ se z hlediska geome-
chaniky.

V portédlové ¢asti prochdzela razba vyvrelymi horninami. Na problémy
se narazilo az v oblasti tektonické poruchy ve vzdalenosti 0,770 km od
vychodniho portalu. Tato poruchova oblast se nachdzi na styku vulkanic-
kého masivu s rozvolnénymi sedimenty, nazyvanymi kurukolunské jily,
které zahrnuji rozvolnény zvodnély jil, silit, pisek a Stérk s vlastnostmi
tekouci zeminy. Existujici problém velmi kratké doby samonosnosti vyru-
bu byl netispé$ne feSen od roku 1985.

Od zatétku raZeb v problémovém useku byly pouzity Ctyfi metody,
které byly nahrazeny kvuli potiZim s horninou jadrovou metodou s néko-
lika Stolami po obvodu. Pii této metod€ se zalind vyraZenim prazkumné
Stoly. Dne 21. ledna 1985, v okamzZiku, kdy pevné &elo $toly o rozmerech
2,2 m x 0,9 m dospélo do vzddlenosti 19,61 m, do$lo k vniknuti tlakové
vody, po kterém ndsledovalo vyteceni zeminy do Stoly. Asi 150 az 200 m3
materidlu vyplnilo tunel a zastavilo razby.

Sliding Gap

Obr. 5 Zvldstni tvar ocelového oblouku s kluznymi trecimi spojkami a prida-
nymi ocelovymi pruty pro Fizeni éasové zdvislé konvergence

Fig. 5 The special shape of the steel arch with sliding frictional connections
and extra steel bars for controlling the time dependent convergence

Tuel

in weak geological conditions it is inevitable to unload stresses by allowing
convergence and carry out necessary trimming. The effect of the distance
between excavation face and full ring closure on deformations was negati-
ve. Repeated trimmings do not affect the behaviour of the rock negatively,
quite the opposite help to stop deformation by increasing pseudo-plasticity.
Hence, the tunnel can be excavated by repeated trimming where local con-
vergence is expected to be no more than three metres, according to existing
conditions and tunnelling method (4). The tunnel was constructed with this
concept, and the distance between face and closed ring was kept at 180 to
200 m.

The tunnel can also be excavated by deformation controlled method but
without trimming. Deformations existing in the tunnel are dependent on
time, ground conditions, size of cross section and tunnelling procedures.
They are unpreventable. Allowing deformations is necessary to decrease
radial stresses on the lining. However, there is an optimal deformation tole-
rance and exceeding deformations beyond this tolerance is possible by
“deformation controlled tunnelling techniques”. The theoretical excavation
profile has to be enlarged by at least 75 to 150 cm in order to allow for the
expected large deformation (see Figure 4b). This technique involves the
limitation of deformations resulting from application, the selection of appro-
priate precautions, shortening of distances between excavation face, bench
I, bench II and invert concrete to reduce the ring closure distance. In other
words, the control of deformations can be obtained by keeping the unsup-
ported span small, choosing proper precautions at section and implementa-
tion of procedures in a short time. The ring must be closed within 28 to 30
days, while the deformation rates are decreasing and the distance between
excavation face and final lining should be not more than 30 m (5), since the
rock mass shows a time dependent plasticity at problematic section. The
most economical solution is to transmit some portion of the field stress to
the inner lining of the tunnel. Repeated trimming causes volumetric increa-
se of rock, which results in “physical relaxation” and continuous decrease of
primary rock strength. Consequently, trimming should be avoided to a great
extent.

Following the application of project for amendment purposes at betwe-
en km 6+560 and km 64610, the section from km 6+624 to km 6+172 exca-
vated was larger to increase the deformation tolerance, the quality of the
invert concrete was improved and the supporting quantity was increased
(see Figure 4). The first layer of shotcrete had a thickness of 20 cm and was
interrupted by longitudinal slots. This layer was reinforced by wire mesh. It
was recommended to make four slots in the top heading and two in bench I
(one at each side) and the slots were 30 to 40 cm wide. Steel arches with sli-
ding gaps were installed in order to control convergence. The approval basis
of this project is the second approximation depicted above (see Figure 5).

Additionally, a suggestion was put forward for pre-activation of potential
radial deformations by opening slots around the periphery of the excavation
prior to advance (6). This slot had the purpose to activate radial displace-
ments ahead of the face around the roof area. The success of slot openings
was emphasized to be 15 cm in diameter, concurrent and arch shaped sur-
rounding the excavation face.

Conversely, the distance of excavation face to invert arch was kept longer
in application and first approach depicted above was put into practice from
the viewpoints of precaution, procedure and application time, and advance-
ment length. Considering the final readings obtained from load cells instal-
led on bolt anchor heads, it is found that most of their bearing capacity were
lost with time. In spite of all precautions and efforts, trimming requiring
convergence could not be reduced by the existing method.

THE ERKEKSU SIDE

The problem of the Erkeksu side is similar to that of the Ayas side in terms
of extreme radial deformations, but differs in geomechanical point of view.

Volcanic rocks were excavated close to the portal, but problems were
encountered when the tunnel met a fault zone at km 0+770 from the east
portal. This fault zone is in the contact between volcanic and loose sedi-
mentary rock called the Kurukolun clay comprising loose and water satura-
ted clay, silt, sand and gravel with flowing ground characteristics. The exis-
ting problem with very short stand-up time could not be subdued since 1985.

The quadruple tunnelling method was applied until the problematic secti-
on and then replaced with multiple-drift excavation method due to ground
difficulties. This method starts with an exploration adit. At 19.61 m of the
rigid adit face having dimensions of 2.2 m x 0.9 m, inflow of pressurized
water followed by flow of ground happened on January 21, 1985. Approxi-
mately 150 to 200 m3 of material filled the tunnel and halted tunnelling
works.

The following investigations were targeted on the cave-in zone. The
dimensions of the problem were examined along the tunnel axis by
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Obr. 6 Geologie a detail programu pruzkumu na stavbé pro zjistbvani horninovych poméru v problémové Cdsti tiseku, raZeného z portdlu Erkeksu
Fig. 6 Geology and detail of in-situ exploration programme to determine the rock conditions at problematical part of Erkeksu portal

Nésledna Setfeni byla zaméfena na oblast zdvalu. Rozméry problému
byly zkoumany podél trasy tunelu observacnimi a zkuSebnimi vrty, které
byly provedeny uvnitf i vné profilu tunelu s riznou délkou a v riznych
mistech. Kromé toho se podzemni voda odvaddéla dvéma 20 metra dlou-
hymi §tolami, vyraZzenymi na obou strandch ve vysi dna tunelu. Celkem
bylo po obvodu &ela vyrubu provedeno sedm prazkumnych a odvodio-
vacich vrt o celkové délce 370 m. Kromé toho se provedlo pét 140 a7
150 m dlouhych vrta z povrchu, slouZicich pro odvodiovani a zjistové-
ni situace (obr. 6).

Pfi laboratornich zkouskdch na neporusenych vzorcich jilu byly rentge-
novou difrakei ur€eny jako prevladajici jilové materidly montmorilonit
a ilit. Mez tekutosti vzorku jilu byla 64 a7 68 % a mez plasticity 30 az
34 %. Vlhkost v ptirozeném stavu byla vyssi neZ mez plasticity (7).

Tekouci zemina sloZend z rozvolnéného jilu, silitu a pisku vyZadovala
tipravu metody razby a zajisténi vyrubu. Predpoli razby proto bylo v pred-
stihu zaji$téno dvéma fadami sloupt tryskové injektdZe, provadénych ve
stropé kaloty v odklonu 10° az 20° od osy razeb. Timto zptsobem se
vytvoril jakysi druh ochranného destniku (8). Budovani ochranného dest-
niku pomoci tryskové injektdZe se s drobnymi Upravami pouzivalo ve
vSech fazich razby. Tato metoda se uzivala i pro vyztuZeni spodnich ¢asti
klenby. Ke svislym i vodorovnym deformacim dochazelo, i kdyZ byla
metoda vyuzivajici tryskové injektdZe nékolikrdt ménéna podle nabytych
zkuSenosti (tab. 1).

ZAVERY

Setfeni, zaméfend na popis probléml, se kterymi se setkaly razby tune-
lu Ayas, jsou dostate¢né podrobnd na to, aby bylo mozno fidit postupy
a projekty pro zbyvajici razby. Z hlediska geomechaniky je zfejmé, ze
hlavni problém spo¢ivd v kvalité horniny, se kterou se razby setkaly. Nej-
vyS§i vysledné konvergence byly tak velké, Ze je t¢7ké nalézt ve svété
podobny priklad. Je zndmo, Ze v obtizném udseku na strané k Ayas zbyt-
kovd napéti, spojend s druhotnymi napétimi vznikajicimi po provedeni
vyrubu, byly vy$§i neZ pevnost horniny. Typ horniny je dalS{ pri¢inou vel-
kych radidlnich deformaci. Ndsledné tpravy profilu vyrubu a Casové
zévislé deformace, vznikajici v dusledku uvolnéni zbytkovych napéti,
kterd vznikla béhem geotektonického vyvoje horninového masivu, by
mohly byt zdkladni pfi¢inou $kod na betonech spodni klenby po uzavieni
celého profilu. Toto se dd vykladat i tak, Ze v urcitych tsecich tunelu neby-
lo mozné prekonat trvalé stabilitni problémy ani zvySovanim tloustky
betonové protiklenby.

observation and test holes drilled inside and outside the tunnel profile in
various lengths and positions. Moreover, ground water was drained by two
drainage galleries at both sides of the tunnel floor, each 20 m in length. In
total, seven holes with a length of 370 m were drilled around the face for
investigation and drainage purposes. Additionally, five holes with depths of
140 to 150 m were drilled from the surface for drainage and determination
of the situation (Figure 6).

By the laboratory tests on undisturbed clay samples, the predominant clay
minerals were determined by x-ray diffraction as montmorillonite and illite.
The liquid and plastic limits of clay samples were 64 to 68 % and 30 to
34 % respectively. The moisture content in natural state was higher then the
plastic limit (7).

The flowing ground containing loose clay, silt and sand required a modi-
fication of the excavation and support method. Thus, the upcoming excava-
tion area was pre-supported by preplacement of double rows of jet-grouted
reinforcing dowels 10° to 20° angled outwards the excavation line of the
heading roof. By the application of this method a kind of “protective umb-
rella” was provided (8). Jet-grouted umbrella application has been used in
all stages with some minor modifications. This method was also used for
reinforcement of haunches. Vertical and horizontal deformations occurred
even though the jet-grout technique was modified several times in the light
of experiences gained (Table 1).

CONCLUSIONS

The investigations aiming to describe the problems encountered at the
Ayas tunnel are detailed enough to direct procedures and projects for the
remainder of tunnel excavation. From geomechanical point of view it is
clear that the main problem is the quality of the ground encountered in the
tunnel. Resulting extreme convergences are so large that it is difficult to find
a similar example anywhere else in the world. At the difficult section of the
Ayas side, it is known that residual stresses associated with secondary stres-
ses following the excavation exceed the rock stress. The type of rock is an
additional cause of the large radial deformations. Post-excavation and time-
dependent deformation due to relaxation of residual stresses originated from
geotectonic evolution of the rocks could be the basis of damages of the
invert concrete after completing the ring closure. This could be interpreted,
as permanent stability problems could not be overcome in certain parts of
the tunnel despite the thickness of the invert concrete.

The problems faced at both sides of the tunnel still exist. Supports and
opinions of prominent specialists and institutions were requested and some
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Celkové deformace Imml
Total Deformations Immi

Vzdalenost od portalu
Distance to Portal

Svislé Vodorovné
Horizontal Vertical

772 196 143

774 186 269
774,2 275 279
775.4 363 289
776,4 438 303
7774 452 295

780 1006 301
7811 972 302
781,9 667 313
782,8 1058 135
783,7 659 294
784,9 402 250
785,7 457 207
786,5 457 274
787.6 224 176
788,6 298 137
789,6 699 139

Tuel

Cas [dnyl Rychlost deformaci Imm/denl
Time [d] Rate of Deformations Imm/d]l
Vodorovné Svislé
Horizontal Vertical
100 1,96 1,43
98 1,89 2,74
96 2,86 2,90
95 3,82 3,04
94 4,65 3,22
93 4,86 317
73 13,78 411
72 13,50 419
71 9,39 4,40
68 15,55 1,98
67 9,83 4,38
66 6,09 3,78
57 8,01 3,63
56 8,16 4,89
56 4,00 314
54 5,52 2,53
54 1,83 2,57

Tabulka 1 Hodnoty svislych a vodorovnych deformaci a jejich rychlosti v tunelu ve sméru od Erkeksu
Table 1 Vertical and horizontal deformations and their rates at Erkeksu side of the tunnel

Problémy, se kterymi se stavba setkala na obou strandch tunelu, stdle exi-
stuji. Byly vyZdddny podpora a ndzory vyznatnych odbornika a instituci,
a nekterd doporuceni byla realizovédna. V roce 1994 byly préce na razbdch
preruseny, jelikoZ se stability nedosdhlo ani po tikrdt opakovanych tdpra-
vach profilu, které znaéné zvysily ndklady na razby. Navic zacalo dochézet
k praskdni a od pryskani povrchu definitivniho betonového osténi tam, kde
jiz bylo vybudovéno. Podle naSeho ndzoru je hlavnim problémem na strané
k Ayas tla¢ivost mékkého horninového masivu a velkd vzddlenost mezi
Celem vyrubu kaloty a uzavienym definitivnim betonovym osténim. Prob-
1ém na strané k Erkeksu je obdobny, co se tyce extrémnich radidlnich defor-
macf, ale li§{ se z hlediska geomechaniky. Na strané k Erkeksu bylo zajisté-
no odvodnéni zvodnélé a tekouci zeminy. Problémova tektonicky porusend
oblast ma omezenou délku 40 az 50 metrt podél trasy tunelu.

Podle nézoru autort existuji tfi davody, pro¢ nemohl byt tunel Ayas dosud
dokoncen: 1) Nevzaly se v¢as v tvahu rozdilné ndzory zhotovitele stavby
a objednatele na koncepci raZeb a na zvlastn{ preventivni opatieni a metody
razby, které maji vyresit problémy prace v podminkdch tla¢ivé horniny.
2) Politickd a finan¢n{ podpora je nedostatecnd. Nekteré tuneldrské prace se
mohly provadét pouze 1 az 1,5 mésice v roce, zatimco ve zbytku roku byly
tuneldrské price zastaveny. Z téchto divodu nebylo mozné budovat tunel
plynule. 3) Ze smluvnich divodt nebylo ani mozné zménit usporadéni tune-
lu v problémovém tseku na tunel se dvéma troubami s mensim profilem.

Z vy3e uvedeného je vidét, Ze tlaivost hornin neni hlavnim z duvodu,
které zpusobily zastaveni razeb. Tunel Ayas je mozno dokoncit kdykoli.
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of their suggestions were implemented. Tunnelling activities were interrup-
ted in 1994, because stability could not be obtained in spite of trimmings per-
formed three times, which increased tunnelling costs considerably. Moreover,
cracks and spalling developed in the final concrete lining, where already
installed. In our opinion, the main problem at the Ayas Side is the squeezing
behaviour of the weak rock mass and the long distance between the excava-
tion face of the top heading and final concrete lining. The problem at the
Erkeksu Side is similar to that of the Ayas side in terms of extreme radial
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could not completed so far: 1) The different opinions of the Contractor and
Owner on tunnelling concepts and special precautions and methods of tun-
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TUNEL CEBRAT NA USEKU DIALNICE D1
HUBOVA - IVACHNOVA

THE CEBRAT TUNNEL IN THE HUBOVA - IVACHNOVA
SECTION OF THE D1 MOTORWAY

MILOSLAV FRANKOVSKY, VIKTORIA CHOMOVA, JAN SNOPKO, MARIA SAMOVA

ovoD

Vystavba dialni¢nych stavieb sa na Slovensku v predoslej dekade
zacala presuivat’z rovin do hornatych oblasti severu Slovenska. Prave
tam, kde si ani ti najvacsi odporcovia tunelovych stavieb nevedia
predstavit’ vedenie dialhice bez tunelov. Séria pripravovanych tune-
lov na trase dialhice D1 spdjajicej Bratislavu a KoSice (obr. 1) zaci-
na za Dolnym Hri¢ovom tunelmi Ov¢iarsko (2367 m), Zilina (650
m), Visnové (7460 m). Po dialni¢nom dseku Dubnd Skala — Turany
vedenom Turc¢ianskou kotlinou nasleduje tsek Turany — Hubovd
s jednym hibenym — Sitovo (400 m) a tromi razenymi tunelmi —
Mala Fatra (280 m), Rojkov (1550 m) , Havran (2702 m). Poslednym
chybajicim ohnivkom pre spojenie existujicej ,,liptovskej* dialnice
Ivachnova — Vazec s pripravovanou D1 by mal byt isek Hubova —
Ivachnovd, vedeny ndrocnym terénom na okraji Velkej Fatry a Choc-
skych vrchov. Sucastou tseku je tunel prekonavajici vrch Cqbrat’
vy$ky 1054 m n. m. nad mestom RuZomberok dvomi rirami dlzky
viac ako 2 km. Spracovatelom dokumentdcie na stavebné povolenie
a sutaznych podkladov sa na zdklade verejnej sutaze stalo v prvej
polovici roku 2006 ZdruZenie Hubova — Ivachnovd, ktorého ¢lenmi
st Dopravoprojekt, Terraprojekt a ILF Consulting Engineers.

DIALNICNY USEK D1 HUBOVA - IVACHNOVA

V stcasnosti vyuziva tranzitnd doprava v smere zdpad — vychod
Statnu cestu 1/18 prechddzajicu mestom Ruzomberok, kde sa krizuje
s cestou 1/59 smerom na Dolny Kubin. V roku 2005 tu priemernd
dennd intenzita dopravy dosahovala viac ako 17 tisic vozidiel. Pri
kazdorocnom vysokom néraste dopravy sa moZe postupne stat’ pre-
jazd Ruzomberkom s niekolkymi svetelnymi krizovatkami podobnou
no¢nou morou motoristov a prepravcov akou je dnes Povazskd
Bystrica. .

Dialni¢ny dsek Hubovd — Ivachnova s celkovou dlzkou 15,3 km sa
radi k technicky i investi¢ne najndro¢nejSim Castiam dialhice D1

INTRODUCTION

The development of motorways in Slovakia started to be shifted in the
last decade from plains to mountainous areas of northern Slovakia, where
even the main opponents of tunnel structures cannot imagine motorway
routes without tunnels. A series of tunnels which are being prepared for
the D1 motorway route section between Bratislava and KoSice (see Fig.
1) starts beyond Dolny Hri¢ov by the Ovciarisko tunnel (2367m-long),
Zilina tunnel (650m) and Visnové tunnel (7460m). The next section bet-
ween Dubna Skala and Turany passes across the Tur¢iany Basin. It is fol-
lowed by the Turany — Hubovd motorway section, which contains one
cut-and-cover tunnel, the 400m-long Sitovo tunnel, and three mined tun-
nels, namely the Mald Fatra (280m), Rojkov (1550m) and Havran
(2702m) tunnels. The last section missing to the connection of the exis-
ting Ivachnovd Vazec (Liptov) motorway with the D1, which is being
prepared, should be the Hubovd — Ivachnovd section, which leads
through a difficult terrain on the edge of the Velkd Fatra mountains and
Cho¢ uplands. A 2km-long twin-tube tunnel passing under Cebrat’ hill
(1054m a.s.l.) above the town of RuZomberok is part of the section. Zdru-
Zenie Hubovd — Ivachnovd, a group of companies consisting of Dopra-
voprojekt, Terraprojekt and ILF Consulting Engineers, won a public
competition and was awarded the contract for the final design and tender
documentation in the first half of 2006.

THE HUBOVA - IVACHNOVA SECTION OF THE D1
MOTORWAY

The west-eastern transit traffic currently uses the I/18 national road
running through the town of RuZomberok, where it crosses the 1/59 road
toward Dolny Kubin. The average traffic flow along this route exceeded
17 thousand of vehicles per day in 2005. At the existing rate of growth in
the traffic volume, the passage through RuZomberok with its several sig-
nalised intersections may gradually become a nightmare for motorists
and transporters similar to that experienced today in Banska Bystrica.
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464 m
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Viifové
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Obr. 1 Pripravované tunely na dialhiciach D1 a D3 na severe Slovenska

Fig. I The tunnels planned for construction on the D1 and D3 motorways in the north of Slovakia
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Obr-. 2 Situdcia Casti tiseku Hubovd — Ivachnovd s tunelom Cebrat’

Fig. 2 The situation of a part of the Hubovd — Ivachnovd section with the
Cebrat’'tunnel

(obr. 2). Ndroc¢ny terén s Clenitym reliéfom a zloZitymi geologickymi
pomermi, v ktorych sa dialnica nachddza, vyznamnou mierou
ovplyvnili priestorovy ndvrh dialnice. Neustdla moznost’ zosuvov &i
lokdlna nizka tinosnost’ podloZia kladu velké naroky na vhodné vede-
nie trasy a na navrh komplikovanych a naro¢nych sana¢nych opatre-
ni ako pri zakladani mostnych objektov, opornych mirov, tak aj pri
stabiliz4cii cestného telesa.

Usek sa na zdpade za&ina krizovatkou s cestou I/18 v obliiku mean-
dru rieky Vah za obcou Hubova. Za krizovatkou Hubova trasa dia-
Inice prechddza mostnym objektom ponad cestu 1/18, rieku Vih
a zelezni¢nu trat. Trasa sa dostdva na terén a je vedend stibezne so
Zelezni¢nou tratou a pravym brehom rieky Vdh. V nasledujicom
useku dlzky 3 km trasa prebiecha zvlnenym terénom so striedanim
dlhych mostnych objektov s vysokymi zdrezmi az k zdpadnému por-
talu tunela. V dalsom useku dialhica prekondva vrch Cebrat’ rovno-
mennym tunelom dlzky cca 2 km. Za vychodnym portdlom tunela
pokracuje dialnica krizovatkou Likavka s cestou 1/59, ktord umozn{
prepojenie na region Oravy. Za krizovatkou Likavka sa trasa opitov-
ne dostdava na terén a pokracuje v koridore medzi severnou cCastou
obce Likavka a zricaninou Likavského hradu. Sériou mostnych
objektov prechddza okrajom Ndrodnej prirodnej rezervicie Choc,
dalej cez chranené ndlezisko Mohylky okolo chraneného prirodného
vytvoru Liskovskd jaskyna. Dialnica v tychto miestach prechddza
jednym z najzndmejSich aktivnych zosuvov na Slovensku — Liskov-
skym zosuvom. Po prechode mostnym objektom cez prirodnu rezer-
véciu Ivachnovsky luh, nésleduje dal$i mostny objekt, ktory prekra-
Cuje Zeleznicu a cestu I/18 tak, aby sa v katastri obce Ivachnova
napojil na jestvujicu dialnicu D1 Ivachnova — Hybe.

GEOLOGICKE PODMIENKY V TRASE TUNELA

Projektovana trasa tunela prechddza popod masiv Cebrat’ (1054 m
n. m.) s maximdlnou hlbkou nadlozia 400 m. Geologicko-tektonicka
stavba masivu je zlozitd, vo vrchnej Casti masivu sa nachddzaju tria-
sové horniny choc¢ského prikrovu z vdpencov a ramsauskych dolo-
mitov, ktoré leZia na kriedovom stdvrstvi kriznanského prikrovu
s mierne antiklindlnym priebehom. Podlozny kriedovy komplex
pozostdva z vapnitych flovcov, prachovcov a pieskovcov porubského
sdvrstvia, dalej z prachovcov a bridli¢natych sliefiovcov tzv. parnic-
kych bridlic a nakoniec zo slienitych vdpencov a slienovcov tzv. neo-
komskeho suvrstvia. Tektonické pomery dzemia i celého okolia su
podmienené prikrovovou stavbou s vyraznym nasunutim chocskej
tektonickej jednotky vo viacerych fazach na kriznansku jednotku.

Tunel bude okrem kratkych priportdlovych usekov razeny vylu¢ne
v slieflovcovo-vapencovych hornindch neokémskeho suvrstvia pre-
menlivej kvality prevazne s paralelnou vrstevnatostou k osi i smeru
razenia. Mocnost' neokémskeho stvstvia pod nasunovou zénou choé-
skej prikrovovej jednotky dosahuje hodnoty od 52 do 150 m. Poru-
chové a tektonické linie zistené geofyzikdlnym prieskumom

v nadloznych triasovych hornindch choéskej jednotky mézu siahat

az do urovne tunela, kde sa ale dosah subvertikdlnych tektonickych
porich moZe, ale aj nemusi prejavit. V horninovom prostredi

The Hubovd — Ivachnovd motorway section with the total length of
15.3km ranks among the most demanding parts of the D1 motorway (see
Fig. 2) in terms of the design and cost. The difficult terrain with undula-
ted configuration and complex geological conditions in which the motor-
way is found significantly affected the spatial design of the motorway
route. Permanent potential landslides or locally low load-bearing capaci-
ty of the sub-grade put heavy demands on the design of the alignment and
design of complicated and demanding saving measures, for example
those designed for the foundation of bridge structures or retaining walls,
as well as for stabilisation of the road bed.

The section starts on the west by an intersection with the /18 road, in
a curve formed by a meander of the Vah River beyond the village of
Hubova. Behind the Hubov4 intersection, the motorway crosses over the
1/18 road, the Vdh River and a railway line on a bridge. The route gets to
the ground level and runs in parallel with the railway track, along the Vdh
riverbank. The following 3km-long section of the route passes through an
undulated terrain where long bridge structures alternate with deep open
cuts, up to the western portal of a tunnel.

The next section passes under Cebrat’Hill via the about 2km-long tun-
nel of the same name. The motorway continues beyond the tunnel by the
Likavka intersection (crossing the 1/59 road), which will make the con-
nection to the Orava Region possible. Behind the Likavka intersection,
the route again gets to the ground level and continues along the corridor
between the northern part of the village of Likavka and ruins of Likavka
castle. It runs through the northern part of the Cho¢ National Nature
Reserve on a series of bridge structures; further through the Mohylky pro-
tected deposit site, past the Protected Natural Monument of the Liskova
cave. In this location, the motorway runs across one of the most famous
active landslides in Slovakia, the Liskovéd Landslide. Behind the bridge
which spans the Nature Reserve of Ivachnov Mead there is another brid-
ge structure, which crosses a railway line and the 1/18 road. It connects to
the existing D1 motorway section between Ivachnovd and Hybe in the
cadastral area of the village of Ivachnova.

GEOLOGICAL CONDITIONS ALONG THE TUNNEL ROUTE

The tunnel route is designed to pass under the massif of Cebrat’ Hill
(1054m a.s.l.), with the maximum overburden height of 400m. The geo-
logical-tectonic structure of the massif is complicated; in the upper part of
the massif, there are Triassic rocks of the Cho¢ Nappe comprising limes-
tone and Ramsau dolomite, which are found in the slightly anticlinal seri-
es of Cretaceous measures of the Kriznany Nappe. The Cretaceous bed-
rock complex consists of calcareous claystone, siltstone and sandstone of
the Poruby Measure; further of siltstone and schistose marlstone (so-cal-
led Pérnica shale) and finally of marly limestone and marlstone of the so-
called Neocomian series of measures. The tectonic conditions within the
area and its surroundings are conditioned by the thrust structure, where the
Cho¢ Sheet was intensely thrust over the Kriznany Sheet in several phases.

Excepting short sections at the portals, the tunnel will be driven only
through the variable-quality marlstone-limestone rocks of the Neocomi-
an series of measures; the layers will be parallel with the centre line of the
tunnel and the direction of the excavation. The thickness of the Neoco-
mian series of measures, which is found under the Cho¢ overthrust sheet,
varies from 52m to 150m. The fault and tectonic lines identified by the
geophysical survey in the overlying Triassic rocks of the Cho¢ Member
may extend to the tunnel level, where the sub-vertical tectonic disturban-
ces may, but do not have to, be encountered.
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Obr. 3 Schéma bezpecnostnych stavebnych tiprav: 1 — juznd tunelovd riira, 2 —severnd tunelovd riira, 3 — prieCne prepojenie
priechodné, 4 — priecne prepojenie pre zdchrannii jednotku, 5 — niidzovy zdliv, 6 — hlbend Cast, 7 — razend Cast’

Fig. 3 A layout of structural elements of the safety system: 1 — southern tunnel tube, 2 —northern tunnel tube, 3 — cross passage,
— cross passage for rescue units, 5 — emergency lay-by, 6 — cut-and-cover section, 7 — mined section

s vyskytom poruchovych z6n a oblasti bude premenliva aj pevnost’
hornin, ktord by nemala poklesnit ani v oblastiach so zlou kvalitou
hornin v priemere pod hodnotu oc = 25 MPa pri strednom az kreh-
kom procese pretvarania.

Vyskyt podzemnej vody je viazany predovSetkym na kvartérne
deluvidlne uloZeniny sutového charakteru nad mélo priepustnym kri-
edovym podlozim. Vo vrchnej Casti svahov, pozostdvajicich z vdpen-
cov a dolomitov choc¢ského prikrovu, su priaznivé podmienky pre
obeh i akumuldciu podzemnych vdd, pretoZe tento komplex sa
vyznacuje puklinovo-krasovou priepustnostou. Podlozny kriedovy
komplex slienitych hornin neokémskeho stvrstvia sa okrem poru-
chovych a tektonickych zén javi ako prevazne nepriepustny.

TECHNICKE RIESENIE TUNELA

Tunel Cebrat’ je tvoreny dvomi tunelovymi rirami, ktoré budi
v Standardnom prevddzkovom reZime prevadzkované jednosmerne.
Obe tunelové riry st rozdelené na tseky budované razenim a hlbené
tseky budované v otvorenej stavebnej jame na oboch portdloch,
ktoré budu nésledne zasypané. DIZky jednotlivych tdsekov a celkové
dlZky tunelovych rir si uvedené v tabulke 1.

Vzhladom na dlzku tunela a podmienky horninového masivu sa
predpokladd cyklicky spdsob razenia (Novd rakiska tunelovacia
metdda) s rozpojovanim trhacimi prdcami a mechanickym rozpojo-
vanim. Z technoldgie vystavby vyplyva navrhnutd konstrukcia tune-
la s dvojplastovym ostenim nekruhového tvaru.

Trasa tunela je tvorend dvomi nezdvislymi trasami smerovych
pasov dialnice, kazdy pre jednu tunelovi riru. Smerovo je trasa vede-
na v tvare predlZzeného ,,S“, zlozeného z kruhovych oblikov s pre-
chodnicami a priamej v strednej Casti tunela. Vzdjomna vzdialenost
osi tunelovych rir je premenlivd, pricom minimdlne hodnoty su 24,
resp. 25 m na oboch portdloch a maximalna 40 m v strednej Casti trasy
tunela.

Juzna tunelova rura Severna tunelova rura

celkova dlzka tunela 2026 m 2011 m
razena Cast 1985 m 1966 m
hlbena cast
vychod 29 m 26 m
zapad 122 m 19 m
pozd(zny sklon 1,09 % 1,07 %
priechodny prierez 48x75m

Tab. 1 Zdikladné vidaje tunela Cebrat’

Tunelové riry budi vzdjomne prepojené siedmymi prie¢nymi
prepojeniami, ktorych vzdjomnd vzdialenost' je maximélne 280 m
(obr. 3). Tri prepojenia st umiestnené v nudzovych zdlivoch
a budu sldzit ako prejazdné prepojenia pre zdchrannd jednotku
v zmysle eurdpskej smernice ¢. 2004/54/EC. Zostdvajice Styri
prepojenia su priechodné. V tuneli Cebrat’ je navrhnutych Sest
jednostrannych nidzovych zdlivov (v kazdej tunelovej rure tri)

are found above the little
permeable Cretaceous bed-
rock. The conditions in the
upper part of the slopes,
which consists of limesto-
ne and dolomites of the Cho¢ Nappe, are favourable for circulation and
accumulation of ground water because a specific feature of this complex
is fissure-karstic permeability. The underlying Cretaceous complex of
marly rocks of the Neocomian series of measures is considered to
be mostly impermeable, with the exception of weakness zones and
faulted zones.

TECHNICAL DESIGN OF THE TUNNEL

The Cebrat tunnel consists of two tunnel tubes, which will carry uni-
directional traffic during a standard operation. Both tunnel tubes are divi-
ded into sections which will be built by mining methods and cut-and-
cover sections at both portals. The lengths of the individual sections and
the total lengths of the tunnel tubes are shown in Table 1. A cyclical exca-
vation process (the New Austrian Tunnelling Method) is expected to be
used with respect to the tunnel length and the geological conditions. The
rock will be broken using the drill-and-blast technique or mechanically.
The non-circular shape of the double-shell tunnel lining was designed
considering the utilisation of the above-mentioned excavation technique.

The tunnel route consists of two separate routes of the motorway car-
riageways, each passing through one tunnel tube. The horizontal align-
ment has a shape of an elongated ‘S’ consisting of circular curves with
transition curves and a straight section in the central part of the tunnel.
The distance between the centres of the tunnel tubes is variable, with the
minimum values of 24/25m (at both portals) and the maximum value of
40m (in the central part of the tunnel route.

Southern Tunnel Tube Northern Tunnel Tube

Total tunnel length 2026 m 2011 m
mined part 1985 m 1966 m
cut-and-cover part

east 29m 26 m
west 12m 19m
Longitudinal gradient 1.09 % 1.07 %
Clearance profile 48x75m

Table 1 The basic data on the Cebrat’tunnel

The tunnel tubes will be interconnected by seven cross passages,
which will be built at maximum intervals of 280m (see Fig. 3). Three
cross passages are located at emergency lay-bys; they will be used as
connections passable for vehicles of rescue units, in the meaning of the
European Directive No. 2004/54/EC. The remaining four cross passa-
ges will be available for pedestrians. The Cebrat’tunnel design compri-
ses six one-sided emergency lay-bys (three in each tunnel tube), provi-
ded at a maximum spacing of 560m. The emergency lay-bys have been
designed in compliance with the STN 73 7507 Slovakian standard,
which prescribes the length of a lay-by of 40m and the width of 3.5m.
The upper limit of the clearance profile is at a height of 4.2m. The
length of the emergency lay-bys is extended to 50m with respect to
a need for installation of electrical equipment in the tunnel tubes; the
10-metre length provides a space for heavy-current and weak-current
equipment. At the same time, this space contains an SOS cabin, which
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vo vzdjomnych vzdialenostiach maximélne 560 m. Nudzové zali-
vy st navrhnuté v zmysle STN 73 7507, ktora predpisuje dlzku
40 m a Sirku odstavného pruhu 3,5 m. Horné ohranicenie prie-
chodného prierezu je vo vySke 4,2 m. Vzhladom na potrebu umi-
estnenia elektrickych zariadeni v tunelovych rirach sd zdlivy
predlzené na dlzku 50 m, pricom v dseku dlzky cca 10 m je
vytvoreny priestor pre silnopridové a slabopridové zariadenia.
Zdroven je v tomto priestore umiestnend SOS kabina, ktoré bude
oddelend od miestnosti pre elektrozariadenie poZiarnou deliacou
konStrukciou.

Dalsim navrhnutym bezpecnostnym prvkom v tuneli si nidzo-
vé a protipoziarne vyklenky. Nidzové vyklenky su Standardne
vytvorené v sekunddrnom osteni tunela po pravej strane profilu
v smere jazdy. V nddzovom zdlive je SOS kabina umiestnend
v priestore vytvorenom vertikdlnymi beténovymi prieckami.
Svetly rozmer vyklenkov je Sirka 1,8 m, vySka 2,3 m a hlbka
1,5 m. Vzajomnd vzdialenost nddzovych vyklenkov je maximdlne
150 m. Celkovy pocet vyklenkov je 14 v kazdej tunelovej rure.
Protipoziarne vyklenky st vytvorené v sekunddrnom osteni tune-
la po Tavej strane profilu v smere jazdy. Svetly rozmer vyklenkov
je $irka 2,2 m, vy§ka 2,3 m a hlbka 1,0 m. Sirka Celnej steny
vyklenku je zvolend tak, aby umoZznila fixdciu otvorenych dvoj-
kridlovych dveri vyklenku v uhle 180°. Vzdjomnd vzdialenost
protipoZiarnych vyklenkov je maximdlne 150 m. Celkovy pocet
vyklenkov je 15 v kazdej tunelovej rire.

Prie¢ny profil tunela (obr. 4) je na lici sekunddrneho ostenia
definovany kruhovym oblikom okolo priechodného prierezu.
Zdroven st medzi licom a priechodnym prierezom vytvorené pri-
estory pre umiestnenie technologického vybavenia tunela
(dopravné znacky, ventildtory, svietidla atd.). Spolu s preklapanim
sklonu vozovky sa natdca cely profil tunela, ¢im je optimalizova-
nd plocha vyrubu.

Pre razenie a vystrojenie tunela sa predpokladd rozdelenie hor-
ninového masivu do tried II az VI. Vyrub tunela bude horizontdl-
ne rozdeleny na kalotu a stupen, v triede V a VI aj na spodnd klen-
bu. Vyska kaloty je cca 5.4 m. Pre jednotlivé triedy sd navrhnuté
nasledovné prvky vystrojenia:

o Striekany betén

® Ocelové vystuzné siete

® Ocelové priehradové skruze

e Kotvy hydraulicky upinatelné, maltované

a samozavrtavatelné

e Predzaistenie vyrubu:

hr. 100 — 250 mm
1 alebo 2 vrstvy
h 100 — 180 mm

dizky 3 aZ 6 m
ocelové ihly 25 mm,
IBO kotvy dl.3 -4 m
e Mikropilotovy ddzdnik 114 mm dl. 12 m
Sekundérne ostenie je navrhnuté ako konStrukcia z prostého
beténu triedy C25/30, resp. zo Zelezobeténu v mieste zdlivov,
napojenia tnikovych ciest a tieZ vyklenkov. Ostenie tunela bude
vystuzené aj v dsekoch s nizkym nadloZim (priportdlovych tuse-
koch), pripadne aj v tsekoch geologickych portch a nadmernych
nameranych, resp. neustdlenych deformdcii vyrubu pocas razenia.
Minimdlna hribka sekunddrneho ostenia je 300 mm v §tandard-
nom priereze a 350 mm v nidzovom zélive. Zdkladové pasy sd zo
Zelezobeténu §irky 1260 mm a vysky 400 mm. V priereze so spod-
nou klenbou hribky 500 mm je tdto tvorend Zelezobeténom.
Vzhladom na technoldgiu vystavby sekunddrneho ostenia tunela
sa predpokladd Standardnd dlZka bloku 10 m.

Ochrana tunela pred podzemnou vodou je navrhnutd ako tzv.
dazdnik, tj. kombindciou plo$nej hydroizoldcie a pozdlZnych dre-
ndZi za rubom sekunddrneho ostenia. Voda je z bo¢nych drendZzi
odvddzand prie¢nymi zvodmi cez revizne Sachty do hlavného
zberaca. Vyklenky pre Cistenie drendze su situované spravidla
kazdych 50 m. Hlavny zberal je tvoreny potrubim profilu
350 mm, s perfordciou v hornej Casti uloZzenym pod vozovkou
v strede jazdného pruhu. Hlavny zberal zdroven slizi ako
odvodnenie drendzZnej vrstvy vozovky. Revizne Sachty su prefab-
rikované situované spravidla kazdych 50 m, s liatinovym poklo-
pom uloZenym v cementobeténovom kryte vozovky.

Vzhladom na poZiarnu bezpecnost’ ako aj trvanlivost konstruk-
cie je v tuneli navrhnutd vozovka s cementobeténovym krytom.
Predpoklada sa nevystuzeny kryt s rezanymi Skarami, do ktorych

=i

Obr. 4 Vzorovy priecny rez tunela — bez spodnej klenby: 1 — teoretickd hrana
vyrubu, 2 — primdrne ostenie (striekany beton), 3 — geotextilia, 4 — ploSnd
izoldcia z folie min. 2mm, 5 - sekunddrne ostenie (B30),
6 — obrubnik, 7 — cementobetonovy kryt 120 mm, 8 — tlakové potrubie pre
poZiarnu vodu, 9 — kandl pre kdble, 10 - filtracny beton, 11 — drendz medzi-
lahlej izoldcie pve DN200, 12 — odvodriovaci Zlab, 13 — chrdnicky pre opto-
kdble 14 x DN 40, 14 — hlavné odvodnenie tunela DN 350 mm, 15 — cemen-
tobetonovy kryt 240 mm, 16 — kamenivo stmelené cementom 180 mm,
17 - drendzna a protimrazovd vrstva, 0 — 32 min. 360 mm

Fig. 4 Typical cross section through the tunnel — without an invert: 1 — theo-
retical line of excavation, 2 — primary lining (shotcrete), 3 — geotextile,
4 — waterproofing membrane, 2mm, 5 — secondary lining (C30), 6 — kerb,
7 — concrete road pavement, 120 mm, 8 — pressure pipeline for fire water,
9 — cable duct, 10 — porous concrete, 11 — DN200 PVC drainage pipe of the
intermediate PVC waterproofing, 12 — drainage trough, 13 — 14 x DN 40
casing pipes for fibre-optical cables, 14 — main tunnel drainage, DN 350 mm,
15 — concrete pavement, 240 mm, 16 — aggregates bound with cement,
180 mm, 17 — drainage and frost blanket course, 0 — 32mm grain size, min.
360 mm thick

will be separated from the room for electrical equipment by a fire-resis-
ting bulkhead.

Another safety element designed for the tunnel are emergency and fire
safety niches. The emergency niches are uniformly created in the secon-
dary lining of the tunnel, on the right side of the profile (viewed in the
direction of traffic). The net dimensions of the niches is 1.8m wide, 2.3m
high and 1.5m deep. The width of the front wall of the niche has been
chosen so that the open double door of the niche can be fixed at an angle
of 180°. The fire safety niches are provided at maximum intervals of
150m. The total number of the niches is fifteen in each tube.

The tunnel cross section (see Fig. 4) is defined by the internal contour
of the secondary lining by a circular curve drawn around the clearance
profile. At the same time, there are spaces for tunnel equipment (traffic
signs, fans, lighting fixtures etc.) between the surface of the lining and the
clearance profile. The entire tunnel profile is rotated simultaneously with
the changing transverse gradient of the roadway to optimise the area of the
excavated cross section. The rock mass is anticipated to be categorised as
excavation support classes II to VI. The excavation face will be divided
horizontally into the top heading and bench; the invert sequence will be
added for classes V and VI. The top heading is about 5.4m high. The fol-
loving support elements have been designed for the individual classes:

e Shotcrete 100 — 250mm thick

e Welded mesh 1 or 2 layers

e Lattice girders 100 — 180mm high

e Water-expanded bolts, grouted and self-drilling

anchors

e Face advance support

3 —6m long

spiles 25mm

IBO anchors 3 — 4m long
e Canopy tube pre-support 114mm-diameter pipes, 12m long
The secondary lining has been designed as an unreinforced concrete
structure (C25/30-grade concrete) or reinforced concrete (in the locati-
ons of the emergency lay-bys, connection points of escape routes and the




Obr. 5 Vizualizdcia vychodného portdlu tunela
Fig. 5 Visualisation of the eastern tunnel portal

budu pocas betondze vlozené klzné tine a kotvy. Navrhnutd sklad-
ba vozovky v razenom tuneli je nasledovnd:
e Cementobeténovy kryt dvojvrstvovy 70/180mm CB I 250 mm
e Kamenivo spevnené cementom KSC 180 mm
e DrendZna a protimrazova vrstva SD. 0 — 32 min. 360 mm

Uvedena skladba bude modifikovand v hiben}’/ch dsekoch tunelo-
vych rir a v nidzovych zdlivoch, kde je vynechand drendZna vrst-
va. Odvodnenie vozovky je zabezpecené odvodnovacimi Zlabmi.

Chodniky v tuneli maji vyhotoveny pochddzny cementobetd-
novy kryt hribky 120 mm. V chodnikoch oboch tunelovych
rurach st vloZené chranic¢ky priemerov 90, 160 a 200 mm uréené
pre silnopridové a slabopridové kablové vedenia. Vo vnitornych
chodnikoch je v zlabe uloZené potrubie poziarneho vodovodu pro-
filu 150 mm. Potrubie bude zabezpecené proti zamfzaniu vyhrie-
vanim a izoldciou po celej dizke tunela.

HLBENE TUNELY A PORTALOVE USEKY

Vychodny portdl pre razenie tunela je situovany v svahovom
upiti, so vzdjomne posunutou polohou pre tunelové riry. Hibeny
tunel bude budovany vo vykope, ktory bude zabezpeovany strie-
kanym beténom, sietovinou a klincami dlzky 8 az 12 m. Hlbend
Cast’tunela na zapadnom portdli je osadend do pomerne nepriazni-
vej oblasti v dosledku tektonického porusenia, najniZsej trovni
ndsunovej zény chocskej jednotky a tieZ s dovodu vyskytu svaho-
vych zosuvnych a blokovych portich. Z toho d6vodu je zaistenie
svahovej jamy pre hlbenu ¢ast tunela na zdpadnom portdli navrh-
nuté pomocou kotevnych prahov a Stvorpramencovych lanovych
kotiev dlzky 25 m. Oba hlbené tseky tunelovych rir budu zaloZe-
né na zdkladovych doskéch.

Pre napdjanie elektrickou energiou a technologické vybavenie
tunela je na kazdom portdli zriadeny obsluzny technologicky
objekt, ktory je umiestneny vzdy vedla severnej tunelovej rury.
Objekt na vychodnom portdli je navrhnuty ako dvojpodlazna pod-
zemna budova, ktord bude sc¢asti zasypand. V spodnom podlazi sa
nachadzaji akumula¢né komory vodojemu s celkovym objemom
150 m?3 a strojnotechnologickd komora, z ktorej bude &erpadlami
zabezpecovany vytlak poZiarnej vody do oboch tunelovych rir.
V hornom podlaZi objektu sa budi nachadzat' miestnost zaloZneho
zdroja, NN, VN rozvodne, trafokobky, a ostatne technologické
zariadenia zabezpecujice bezpecnu prevadzku tunela. Priestory
vodojemu a elektrotechnickej cCasti su fyzicky oddelené a kazdy
ma svoj vlastny vstup. Prevedenie kdblovych trds z hiben}’/ch Casti
tunela do technologického objektu bude zabezpecené pomocou
bloku chraniciek zaidstenych do priestoru pod zdvojenud podlahu
technologického objektu. Technologicky objekt na zipadnom por-
tali je navrhnuty ako jednopodlaznd, ododato¢ne zasypand budo-
va. V objekte sa budi nachddzat miestnosti zaloZneho zdroja, NN,
VN rozvodne, trafokobky, a ostatne technologické zariadenia
zabezpecujice bezpecnu prevadzku tunela.
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niches). Reinforced concrete tunnel lining will be also used in the secti-
ons with shallow rock cover (the portal sections) or in sections passing
through geological faults and sections where excessive deformations or
the deformation does not cease to further develop during the primary
lining support phase. The minimum thickness of the secondary lining is
300mm for the standard cross section and 350mm for the emergency
lay-by section. The strip foundation is 1260mm wide and 400mm high.
In the sections provided with the invert, the 500mm-thick invert structu-
re is made of reinforced concrete. With respect to the secondary lining
casting technique, the standard length of the casting blocks is expected
to be 10m.

An umbrella-type waterproofing system has been designed for the
tunnel structure, i.e. a combination of a waterproofing membrane cover
and longitudinal drains behind the outer surface of the secondary lining.
Water is directed from the side drains via transverse drains, through
manholes to the main drainage duct. Niches for the manholes, which
allow the clearing of the drains, are usually provided every 50m. The
main collecting duct is a 350mm-diameter pipe, which is perforated on
the top. It is embedded under the roadway, in its centre. The main drai-
nage duct also collects water from the drainage layer of the roadway dra-
inage course. The prefabricated manholes are usually installed every
50m; they are provided with cast-iron covers, which are embedded in the
concrete road pavement.

Concrete pavement of the roadway has been designed with respect to
the requirements for fire safety and durability of the structure. Unrein-
forced concrete pavement with cut joints is expected to be carried out,
with dowels and anchors inserted to the joints during the casting opera-
tions. The following structure of the roadway has been designed for the
mined tunnel sections:

e Concrete pavement — two layers - 70/180mm CBI

e Cement-bonded aggregates KSC

® Drainage and frost blanket course ~ SD. 0 — 32

250mm
180mm
min. 360mm

The above structure will be modified for the cut-and-cover secti-
ons of the tunnel tubes and for emergency lay-bys, where the draina-
ge layer is left out. The roadway drainage is provided by drainage
ducts. The tunnel walkways are paved by a 120mm-thick concrete
layer. Casing pipes 90mm, 160mm and 200mm in diameter are
embedded in the walkways in both tunnel tubes to allow installation
of heavy current and weak current cables. A trough containing a fire
main 150mm in diameter is laid in both inner walkways. The pipeli-
ne will be heated and thermally insulated to be protected against
freezing.

CUT-AND-COVER TUNNELS AND PORTAL SECTIONS

The eastern portals of the mined tunnel tubes are found at the
foot of a slope; the positions of the portals are therefore shifted
against one another. The mined tunnel will be built in an open cut
with the slopes stabilised by shotcrete, mesh and 8 — 12m-long
dowels. The cut-and-cover section on the western side of the tunnel
is located in an area which is relatively unfavourable due to faul-
ting (as a part of the lowest level of the overthrust zone of the Cho¢
Member) and because of an occurrence of slope slides and block
failures. For the above reason, the sides of the open trench for the
cut-and-cover section of the tunnel at the western portal will be
supported by concrete beams anchored with 25m-long four-strand
cable anchors. Both cut-and-cover sections of the tunnel tubes will
be founded on rafts.

Technical services buildings (power supply, tunnel equipment con-
trol) will be built at each portal, next to the northern tunnel tube. The
building designed for the eastern portal will be a double-level struc-
ture, partially covered with earth. The basement of the building will
contain accumulation water tanks with the aggregate volume of
150m? and a mechanical equipment chamber from which fire water
will be pumped to both tunnel tubes. On the upper floor of the buil-
ding, there will be room for a stand-by power source, low voltage and
high voltage substations, transformer cells and other equipment rela-
ted to the safe tunnel operation. The spaces for the water reservoir and
the part housing the electrical equipment are physically separated;
each of them has its own entrance. The cables between the cut-and-
cover tunnel sections and the technical services buildings will pass
through a block of multiple ducts ending under an elevated floor in
the technical services building. The technical services building at the
western portal has been designed as a single-floor structure, which is
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Jednotny architektonicky vyraz poskytne obom portdlovym
dsekom masivny gravitaény mir obloZeny lomovym kamenom,
do ktorého su vsadené objekty hibenych Casti tunelovych rdr
a obsluzné objekty na portdloch. Sklon pohladového lica miru je
4:1 a je totozny so sklonom ¢ela koncovych blokov tunela. Cely
priestor stavebnych jam za gravitanym opornym muirom bude
spétne vyplneny zdsypovym materidlom, povrch bude zatrdvneny
s vysadbou nizkych krikov.

BEZPECNOST TUNELA A TECHNOLOGICKE VYBAVENIE

Poziadavky na bezpecnost tunela formulované v eurdpskej
smernici ¢. 2004/54/EC o minimdlnych bezpecnostnych pozia-
davkach na tunely transeurdpskej cestnej siete sa do slovenského
pravneho poriadku premietli vo forme Nariadenia vlddy
&. 344/2006 Z.z. Stavebné i technologické vybavenie tunela Ceb-
rat’ je navrhnuté v silade s poziadavkami tejto smernice, ako aj
s poziadavkami revidovaného technického predpisu Poziarna bez-
pecnost tunelov platného od 1. 12. 2006.

Zavaznymi predpismi pre navrh technologické vybavenia tune-
la sa podla rozhodnutia investora stali nasledovné smernice:

e Vetranie cestnych tunelov, Astra, vydanie z roku 2004, pre

vetranie tunela

e CIE 88 Smernica pre osvetlenie cestnych tunelov a podjaz-

dov, vydanie z roku 2004 pre osvetlenie tunela

e TP 98 Technologické vybaveni tunelu pozemnich komunika-

ci, vydanie z roku 2004 pre dalSie technologické objekty

Vetranie v tuneli je navrhnuté pozdiine, s piatimi, resp. Siestimi
parmi pridovych ventildtorov v tunelovej rire. Okrem beZnej pre-
vadzky a poziarneho pripadu je vetranie navrhnuté aj na docasni
obojsmernit premévku v jednej rire. Tomuto zodpovedaji aj dal-
Sie prvky vybavenia, napriklad dopravné znacenie a osvetlenie.
Koncepty pre vetranie a osvetlenia tunela spracované ILF Con-
sulting Engineers Innsbruck sa ndsledne stali podkladom pre
dopracovanie dokumentacie projektantom technologického vyba-
venia Metroprojektom, a. s., Praha.

Standardnymi prvkami vybavenia tunela si dopravné zariade-
nia (premenlivé dopravné znacky a svetelné ndvestidld), videodo-
hlad s automatickou detekciou incidentov, SOS kabiny, rddiové
spojenie, EPS, meracie zariadenia, centrdlny riadiaci systém
a energetické napdjanie tunela.

V zmysle smernice 2004/54/EC je pre tunel Cebrat’v sti¢asnos-
ti spracovdvand bezpecnostnd dokumentdcia vrdtane analyzy
rizik, ktorej obsah a rozsah zodpovedd poziadavkam na tunel
v §tadiu projektovania.

ZAVER

Dialni¢ny tdsek Hubovd — Ivachnova by po svojom vybudovani
mal predizif jestvujicu liptovskid dialnicu. V dalsom kroku by sa
nan mala napojit pripravovand dialnica Turany — Hubovd vedend
tizkym tdolim Vahu. Tunelom Cebrat by sa mala zalat séria pia-
tich tunelov v smere od Liptovského Mikulaa do Ziliny, ktoré by
mali byt v budicnosti riadené z jedného prevadzkového centra.
Ak sa podari naplnit’ harmonogram Ndrodnej dialni¢nej spoloc-
nosti, ktory pocita so spojazdnenim tseku Hubova — Ivachnova
v roku 2012, bude to prinos nielen pre Zivotné prostredie dotknu-
tého regidnu, ale tieZ pre komfort motoristickej verejnosti a najmi
pre bezpecnost premdvky.
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subsequently covered with earth. The building will contain rooms for
a stand-by power source, low voltage and high voltage substations,
transformer cells and other equipment related to the safe tunnel ope-
ration.

A unified architectural design of both portal sections will be provi-
ded by a massive retaining wall clad in rubble stone. The walls will
embrace not only the ends of the cut-and-cover tunnel tubes, but also
the technical services buildings. The 4:1 incline of the wall face is
identical with the inclination of the front ends of the tunnel tubes. The
entire space of the construction trenches behind the retaining wall will
be backfilled, the surface will be covered with grass and low shrubs.

TUNNEL SAFETY EQUIPMENT

The safety requirements formulated in the European Directive No.
2004/54/EC on minimum safety requirements for tunnels in the Trans
— European road network have been translated to the Slovakian legis-
lation in the form of the Statutory Order No. 344/2006 Coll. The Ceb-
rat’ tunnel structure and equipment has been designed in compliance
with the requirements of the above-mentioned directive and require-
ments of the reviewed technical specification ,,Fire Safety in Tunne-
I1s*“, which has been in force since 1/12/2006.

The following directives have become binding for the tunnel equ-
ipment design according to the employer’s decision:

® Road Tunnel Ventilation, Astra, the 2004 issue, for the tunnel

ventilation

e The CIEE 88 Directive on Road Tunnel and Underpasses Ligh-

ting, the 2004 issue, for the tunnel lighting

e The TS 98 Technical Specifications on Tunnel Equipment, the

2004 issue, for other equipment

The tunnel ventilation is designed as a longitudinal system with
five/six pairs of jet fans in one tunnel tube. In addition to a common
operation and a fire event, the ventilation has been designed for tem-
porary bi-directional traffic in one tube. The other items of equipment
are also designed to conform to this system. The concepts for the tun-
nel ventilation and lighting which had been developed by ILF Con-
sulting Engineers Innsbruck subsequently elaborated by Metroprojekt
a.s. Praha, the equipment designer.

Standard elements of the tunnel equipment comprise traffic faciliti-
es (variable traffic signs and light signs), television surveillance with
automatic detection of incidents, SOS cabins, wireless communicati-
on, a fire alarm and detection system, measurement facilities, a cent-
ral control system and tunnel power supply system.

Safety documents including a risk analysis with the content and
scope complying with requirements for a tunnel construction in the
design phase are currently being developed for the Cebrat’ tunnel, in
the meaning of the Directive No. 2004/54/EC.

CONCLUSION

Once completed, the Hubovd - Ivachnovd motorway section should
extend the existing Liptov motorway. In the next step, the Turany —
Hubova motorway (under preparation), which leads along the narrow
valley of the Vih River, should connect to this section. The Cebrat
tunnel should be the first in the series of five tunnels in the direction
from Liptovsky Mikuld§ toward Zilina, which are expected to be
controlled from a single centre. If the National Motorway Society
programme, which expects the Hubovd — Ivachnova section to be
opened to traffic in 2012 is successfully met, the new section will
become a great contribution not only to the environment in the given
region but also to the motoring public comfort and, primarily, for traf-
fic safety.
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POZARNI ZKOUSKA V TUNELU MRAZOVKA
FIRE TEST IN THE MRAZOVKA TUNNEL

JAN PORIZEK

uvob

Zatizeni pro odvod koure v piipade poZaru jsou nutnd predevsim u dlou-
hych tunelu. V méstskych tunelech muZe byt pocet uZivateli v tunelu
béhem pozaru zvyseny a je tedy nutné zajistit odvod koure i u krétkych
tunelu. Potencidlnimi zdroji poZdru v tunelu jsou uvnitf pritomna
vozidla, materidl a vybaveni umisténé v dopravnim prostoru nebo pfileh-
Iém technickém zdzemi tunelu. Pro uZivatele tunelu jsou nejvice nebez-
pecné velké poZary vozidel.

K pozéru miZe dojit u viech typu s raznym nékladem a v jakémkoli misté
tunelu. Charakteristiky poZdru jsou velmi odli$né ptipad od pripadu. Tepel-
ny vykon poZaru se pohybuje od 2 do 200 (nékdy i vice) MW (obr. 1).

Cilem systému vétrani musi byt vZdy zajisténi takovych podminek pfi
pozaru v tunelu, pfi kterych bude v co nejvyssi mife umoznéna evakuace
0sob béhem prvnich minut od po¢atku vzniceni ohné.

Pro dimenzovani vétracich systému tunelt jsou nejcastéji definované
charakteristiky pozdru uvedeny v tabulce 1. Tyto pozary byly vybrany
zdmérné, nebot’ charakterizuji obvyklé pripady.

Pro stanoveni velikosti potreby odsdvaného mnoZstvi koufe z automobi-
lového tunelu je asi nejzdvaznéjsi pozar t€zkého ndkladniho vozidla, ktery
nemuZe byt uhasen uZivateli tunelu a jehoZ vykon piekracuje 20 MW [7].

Pokud byl ur¢en ndvrhovy poZdr, nezbyva neZz stanovit velikost odsdva-
ného vzduchu (koure) z tunelu béhem horeni.

Jednd se o stanoveni velikosti odsdvaného prutoku vzduchu (kouf +
vzduch) z tunelu pfi vzniku poZaru o tepelném vykonu 20 az 30 MW. Pod-
klady vyddvané asociaci PIARC vychézeji z ruznych narodnostnich smér-
nic, pri¢emz se ukazuje, Ze optimdlné fizeny, nucené koncentrovany saci
vykon lze urgit jako tiindsobek pri¢ného profilu tunelu. U poZdru s tepel-
nym vykonem vy$§im nez 100 MW to muZe byt aZ pétindsobek.

Je nutné jesté upozornit na skuteCnost, Ze se musi pfi ndvrhu vétrani
automobilového tunelu postupovat s rozvahou a zbyte¢né nepredimenzo-
vat systém. Zdkladnimi ukazateli pro stanoveni vykonnosti vétraciho systé-
mu a nésledné strategie fizeni jsou: typ a délka tunelu, jeho situovani do
krajiny, hustota provozu a predevsim navrzend koncepce vétraciho systé-
mu v kombinaci s technickymi moZnostmi.

STRUCNE O SYSTEMU VETRANI TUNELU MRAZOVKA

Pfi ndvrhu pozarniho vétrani v tunelu Mrazovka se poéitalo s vyloude-
nim vozidel s nebezpeénym ndkladem a pro navrh saciho vykonu byl pred-
pokladan poZzér jednoho ndkladniho vozidla. Dle tehdy pouZitych materid-
10 byla tepelnd energie uvolnéna horicim nakladnim automobilem s nakla-
dem stanovena na 20-30 MW s mnozstvim vyvinutého koure 60 m*/s [3].
V € dobé se jiz respektovany poZzadovany saci vykon 80 m’/s pro

— 30 MW [ELREKA]
— 5 MW (EUREKA}
— 6070 MW (FILNEHAMAR)

a 1] 20 20 40 1] &0 T B0
Time ! Cas [min]

Total Heat Release (MW) / Celkovy vivin tepla (MW)
= 8 £ 8§ B

Obr. 1 Prubéh horeni reprezentovany tepelnym vykonem pri skuteénych poZdr-
nich zkouskdch projektu EUREKA a testii provedenych v tunelu RUNEHAMAR
Fig. 1 The course of burning represented by the heat release rate during real fire
tests of the EUREKA project and tests conducted in the RUNEHAMAR tunnel

INTRODUCTION

Equipment evacuating smoke in the case of a fire is necessary mainly in long
tunnels. The number of users present in the tunnel during a fire in urban tunnels
may be increased; the smoke evacuation equipment is therefore needed even in
short tunnels. Potential fire sources in a tunnel comprise vehicles in the tunnel and
material and equipment found in the communication area or in the adjacent tech-
nical areas. Conflagrations of big vehicles are the most dangerous for tunnel users.

All types of vehicles with various loads can start burning at any point of the
tunnel route. Characteristics of fires differ case-by-case. The heat release rates
vary from 2MW to 200MW, sometimes even more (see Fig. 1).

The objective of a ventilation system must always to create of such conditi-
ons during a tunnel fire which will allow evacuation of as many passengers as
possible during initial minutes of the beginning of the fire ignition.

The characteristics defined most often for the design of tunnel ventilation
systems are presented in Table 1. These fires were selected intentionally becau-
se they are characteristic of usual cases.

A heavy truck fire which cannot be contained by the tunnel users and the
capacity of which exceeds 20MW [7] is probably the most serious in terms of
determination of the amount of smoke which needs to be removed from a vehi-
cular tunnel.

When the design fire has been defined, it is possible to determine the amount
of the amount of air (smoke) to be extracted from the tunnel during the fire.

The task is to determine the rate of exhausting air (smoke + air) from the tun-
nel during a 20MW - 30MW heat release fire. The documents issued by the
PIARC are based on various national standards; it becomes obvious that the opti-
mally controlled, forcedly concentrated exhaust rate can be determined by mul-
tiplying an optimum flow rate of 3 — 5m/s by the tunnel cross-sectional area. It
can be even five times in case of a fire with the heat release exceeding 100MW.

It must be noted that a design of an automobile tunnel ventilation system
must be carried out with due consideration so that the system is not unneces-
sarily overdesigned. The following basic indicators are used for the determina-
tion of the performance of a ventilation system and the subsequent manage-
ment strategy: the tunnel type, tunnel length, tunnel situation in the landscape,
traffic flow, and, primarily, the proposed concept of the ventilation system in
combination with technical viability.

THE MRAZOVKA TUNNEL VENTILATION SYSTEM

The fire ventilation design for the Mrdzovka tunnel expected that passage of
vehicles carrying hazardous goods would be excluded; therefore a single-lorry
fire was assumed for the extraction rate design. According to the materials
which were used then, a heat rate released by a fire of a loaded lorry was deter-
mined at 20 — 30MW, with the smoke production rate of 60 m*/s [3]. The
extraction rate of 80 m?/s, which was required at that time, began to be consi-
dered insufficient for a double-lane tunnel [4]. Opinions as to how much the
rate was to be increased varied between 110 m*s and 190 m/s, depending on
the theories applied.

The transverse system of smoke extraction through openings in the tunnel
vault was designed later to allow for a fire which takes place during congestion
in the tunnel. A smoke layer keeps under the ceiling in the case of a low veloci-
ty of the longitudinal airflow (see Fig. 2) until the smoke cools down and sinks
to the escape zone level. The principle of a transverse slot extraction system
which was used (see Fig. 3) is that it extends the time for which the smoke keeps
under the ceiling and for which persons can safely escape from the tunnel.

Local forced or natural transverse outlets of smoke from the cut-and-cover
sections are other elements of the Mrazovka tunnel ventilation system impro-
ving the safety of people during a fire.

The transverse ventilation extraction rate was designed at 150 m%/throug-
hout a length of 400m. This value was verified for the particular conditions in
the Mrdzovka tunnel using a 3D model, where various intensities and locations
of the fires, at various operating states were simulated [2].

THE FIRE TEST

The purpose of the fire test was to verify the designed ventilation system,
swiftness of the response of the fire alarm and detection system, etc. The test
was carried out in two locations of the eastern tunnel tube (ETT) with respect
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dvoupruh [4] ukazoval jako nedostate¢ny. Nazory na to, o kolik se tento
vykon md navysit, se pohybovaly podle riznych teorii od 110-190 m?/s.

Pozérni systém pri¢ného odvodu koufe otvory v klenbé tunelu byl navr-
Zen dodate¢né pro pripad vzniku poZaru béhem kongesce. Pfi malych rych-
lostech podélného proudéni se vrstva koute drZi pod stropem (obr. 2) az do
chvile, kdy dochdzi k ochlazovéni a poklesu koure do tnikové zény. Prin-
cip pouzitého Sterbinového systému (obr. 3) pricného odsdvani spocivd
v prodlouZeni doby, po kterou se kour drZi pod stropem a osobdm v tune-
lu je tak umoZnén bezpe&ny tnik.

Dalsimi prvky systému vétrani tunelu Mrézovka, které zvySuji bezpec-
nost 0sob pri pozaru, jsou lokdlni nucené nebo prirozené pricné odvody
koufe z hloubenych tseku.

Saci vykon pri¢ného vétrani byl navrzen na 150 m*/s po délce 400 m. Tato
hodnota byla ovéfena pro specifické podminky tunelu Mrazovka na 3D poci-
tatovém modelu, kde pomoci matematického modelovani CFD byly simu-
lovdny ruzné intenzity a mista poZéru pii riznych provoznich stavech [2].

POZARNI ZKOUSKA

Utelem pozarni zkousky bylo ovéfeni navrzeného systému vétrani,
rychlosti detekce EPS atd. ZkouSka byla provedena ve dvou mistech
vychodniho tunelu (VTT) s ohledem na misto vyfuku koure a technolo-
gické vybaveni vzduchotechnické cesty slouZici k odvodu koure z tunelu.

Na zdkladé pozadavku HZS hlavniho mésta Prahy vyplyvajiciho z jejich
stanoviska k ndvrhu provozni dokumentace tunelu Mrazovka musela byt
v tunelu Mrédzovka, pred jeho zprovoznénim, provérena funkceschopnost
poZérniho vétrani koufovou zkouskou za dcasti zdstupci HZS mésta Prahy.
Ndzory na zpusob a rozsah provedenti redlné zkousky se postupné v zemich
EU sjednocuji, o emz svéddi realizace poZzarnich zkousek v nové budova-
nych nebo rekonstruovanych automobilovych tunelech v poslednich néko-
lika letech. Jako pifklad muZeme uvést pozarni zkousky v tunelu Mont
Blanc (Francie — Itdlie), tunelu Platsbush (Rakousko) a v tunelu Rennsteig
(Némecko). Ve vSech téchto pripadech byly provedeny poZdrni zkousky
redlného pozaru“ o vykonu 5 MW. Tohoto vykonu melo byt dosazeno
zapalenim cca 20 az 40 1 benzinu v nddobéch o plose 2 az 4 m2.

Navrh zpusobu provedeni redlné pozarni zkousky v tunelu Mrdzovka
vychdzi ze zavéra projektu EU COST ¢. OC G3.40 ,,SIRENI KOURE PRI
POZARU V SILNICNIM TUNELU*, ktery v letech 1999 az 2003 zpra-
covala spole¢nost SATRA, s. 1. 0., ve spoluprdci s VUT v Brné.

Tento projekt byl zaméfen na problematiku $ifeni koufe bezprostredné
pii poZéru v tunelovém télese. Problematika byla zkouména pomoci Eule-
rova-Lagrangeova modelu vypoctové dynamiky tekutin (CFD).

Névrh, ktery vychdzel z vysledku a doporudeni ziskanych z poZdrnich
zkouSek v tunelech Mont Blanc, Platsbush a Rennsteig [12], byl upraven
a doplnén po konzultaci s firmou KRASO a Technickym tstavem pozarn{
ochrany, které se na provedenych zkouskach podilely.

PRIPRAVA ZKOUSKY

Ve dnech 13. az 15. srpna 2004 byly provedeny v tunelu Mrazovka
pozarni zkousky chladnym a zejména horkym kourem. U vSech zkousek
byl simulovdn poZdr osobntho vozidla, coz zhruba odpovidd tepelnému
vykonu 2,5 — 5 MW. Pro vyvin tepla bylo pouzito 40 I benzinu a pro zvi-
ditelnéni (koufem) teplotniho pole a jeho Sifeni bylo pouzito 10 I nafty.
Tato smés byla zapdlena v plechové vané, jejiZ plocha byla zvolena 2 m?.
Vana byla umisténa v ose profilu ve vysce cca 1,5 m nad vozovkou.

OCHRANNA OPATREN{

Ochrana povrchu komunikace v okolf nddrZe do vzddlenosti cca 2 m na
kazdou stranu (tj. cca 30 m2) byla provedena pomoci izola¢niho materidlu
ROCKWOOL z minerélni viny ve formé desek. Ochrana rozvoda na stro-
pé (osvétleni, EPS, anténa, kabelové rozvody) byla provedena v délce 25 m
na kazdou stranu od nddrze lamelovou skruZovatelnou rohozi firmy
ROCKWOOL s ALS f6lif typu LAROCK 65 ALS v tloustce 120 mm.

PRUBEH POZARNI ZKOUSKY
POCATECNI PODMINKY

Pred zapédlenim ohné byl pomoci proudovych ventildtorti uvniti tunelu
vytvofen stav podobny podminkdm za béZného provozu, kdy rychlost
proudéni dosahuje v priméru 2 a vice m.s'. Rychlost byla sniména ¢idlem
kontinudlniho méfeni rychlosti proudéni typ FLOWSIC 200 (v tifpruhové
asti — uyg, v paralelné navazujici vjezdové rampé — ug).

POZARNI ZKOUSKA V TRIPRUHOVEM TUNELU

Misto ohniska prvni zkousky bylo zvoleno v klesajici ¢dsti tffpruhové-
ho raZeného tunelu (obr. 4 — pozdr v pravé &asti) jesté pred dsekem s podél-
nym sklonem vozovky 4.5 % ve sméru stoupani. Tato zkouska méla overit

Obr. 2 Stratifikovand vrstva koure pri poZdrni zkousce v tunelu Klimkovice
Fig. 2 The stratified smoke layer at the fire testing in the Klimkovice tunnel

to the location of the smoke exhaust and the equipment of the ventilation route
used for evacuation of smoke from the tunnel.

The function of the fire ventilation had to be verified before the opening of
the tunnel to traffic, on the basis of the requirement of the Prague Fire Rescue
Service (FRS) which followed from the FRS opinion on the draft Operating
Documents for the Mrdzovka tunnel. The verification was required to be carri-
ed out by means of a smoke test, in the presence of the Prague FRS represen-
tatives. Opinions on the method and extent of the in-situ testing have become
gradually unified in the EU member countries. This fact is given evidence of
by the fire tests which have been carried out in newly built or reconstructed
automobile tunnels during several recent years. As an example, we can menti-
on the fire tests in the Mont Blanc tunnel (France — Italy), Platsbush tunnel
(Austria) and Rennsteig tunnel (Germany). In-situ tests using “real fires” with
a capacity of SMW were carried out in all of these tunnels. This fire capacity
was to be achieved by igniting about 201 to 401 of petrol in fuel pools with
a burning surface of 2m? to 4m?2.

The design for the in-situ fire test in the Mrdzovka tunnel has been based on
the conclusions of the EU COST No. OC G3 40 project ,,SMOKE SPREADING
DURING A FIRE IN A ROAD TUNNEL", which was carried out by SATRA
s.1.0. in collaboration with the Technical University in Brno in 1999 to 2003.

This project was focused on the issue of spreading of smoke immediately
during a fire in a tunnel. The problem was studied using the Eulerian-Lagran-
gian Computational Fluid Dynamics (CFD) model.

The design, which was based on the results and recommendations obtained
from the fire tests in the Mont Blanc, Platsbush and Rennsteig tunnels [12] was
modified and extended after consulting with KRASO and the Fire Protection
Technical Institute, which participated in the testing.

THE TESTING PREPARATION

Cold smoke tests and, primarily, hot smoke tests were carried out in the Mra-
zovka tunnel from 13 August to 15 August. A fire involving a car, which deve-
lops roughly 2.5 — SMW, was simulated during all tests. The heat was released
by 40 litres of petrol with an addition of 10 litres of diesel oil, which develo-
ped smoke making the heat field visible. The mixture was ignited in a metallic
pool the area of which was selected at 2m2. The pool was located at the centre
of the profile, at a height of about 1.5m above the roadway.

Obr. 3 Systém svodnych kandlku se sacim otvorem mezi tunelem a vstupem
do kandlku ve tvaru lichobéZnikové Stérbiny (rozte¢ svodu: 20 m)

Fig. 3 The system of extraction down ducts with suction openings between the tunnel
and the entry to the duct in the form of a trapeze slot (spacing of the ducts: 20 m)
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Obr. 4 Schéma poZdrnich zkousSek (ohnisko vlevo — hloubeny dvoupruh — veli-
kost profilu 56 m?, ohnisko vpravo — razeny tiipruh — velikost profilu 93 m?)
Fig. 4 Fire testing chart (the fire seat on the left side: the cut-and-cover doub-
le-lane tunnel with the cross-sectional area of 56 m’; the fire seat on the right
side: the mined three-lane tunnel with the cross-sectional area of 93 m?)

G¢innost nasdvacich $térbin v klenbé raZeného tunelu pfi zajisténi stratifi-
kace koure pod klenbou.

Stérbiny jsou koncovymi prvky svodného kandlu vytvoreného v osténi
tunelu, ktery je zadstén do pozdrniho vzduchovodu situovaného pod vozov-
kou (obr. 3). Kazdy svodny vzduchovod Ize dilkoveé uzavrit/oteviit klapkou
umisténou v napojeni na spoleény vzduchovod. Stérbiny jsou od sebe vzda-
leny po 20 metrech. Pfi detekci poZdru, v misté tunelu s pfi¢nym odvodem,
dojde k otevreni 20 klapek po délce 400 m a $térbinami v klenbé tunelu se
odvédi 150 m.s"! smési horkého koufte a vzduchu.

Zkouska horkym kourem (obr. 5) byla provedena vicekrat po sobé. Pred
vlastnim zapdlenim ohné byla saci schopnost $térbin jesté nékolikrat tes-
tovdna pomoci chladného koure (obr. 6). Chovéni chladného koure bylo,
je a vzdy bude od chovéni horkého koure rozdilné.

Chladny kour ihned po “zapdleni” zaind zaplnovat tunelovy profil
a klesd k vozovce, kdezto horky kouf ihned po zapaleni stoupd vzhiru
a vytvarf stratifikovanou z6énu kourového “polstire” pod stropem tunelu.

Chladny kouf se rozptylil po celém profilu tunelu. Saci dosah $térbin je
vyrazny pouze Vv jejich blizkém okoli, a tedy témer nedochazelo k nasava-
ni chladného koute. Pfi takovéto zavadéjici zkouSce se muZe takto navrze-
ny systém jevit jako net¢inny. Na rozdil od chladného koufe se horky kouf
drzi pod stropem a $térbiny koncentrované odsévaji kour.

POZARNI ZKOUSKA VE DVOUPRUHOVEM TUNELU

Druhd poZérni zkouska méla ovérit schopnost potladit pripadné zpétné
Siteni koure (backlayering) v klesajicim udseku pii dodrZeni stratifikace
koure. Ddle doslo k ovéfeni funk&nosti prirozeného odvodu koufe komin-
kem na rozhrani hloubené a razené ésti a ovérfeni i¢innosti fizeného nuce-
ného pri¢ného odvodu koufe pomoci $térbinovych svodu v soucinnosti
s fizenim podéIného proudéni. Ohnisko poZéru bylo zvoleno ve dvoupru-
hové hloubené ¢asti VTT (obr. 4 — pozar v levé ¢asti) s klesajici vozovkou
se sklonem -2 %.

PROUDENI VZDUCHU V TUNELU

Na obr. 7 je zobrazen prabéh rychlosti podélného proudéni pfi poZarni
zkousce v tiipruhové &dsti. Smér a velikost podéIné rychlosti proudéni
v jednosmérnych tunelech je rozhodujici pro zajisténi podminek bezpec-
ného tniku osob ze zasazeného tunelu béhem prvni kritické faze horeni. Je
zde zobrazena rychlost (uys) v patefnim tseku, ve kterém hotfi a rychlost
v paralelné napojené vjezdové rampé (ug).

Naméfené prubéhy rychlosti jsou doplnény zavislostmi numericky
vypocitanych rychlosti proudéni pfi simulovani poZiru s tepelnym vyko-
nem 5 a 30 MW s plynulym ndrastem horeni. Trend a velikost rychlosti
proudéni 5 MW pozdru s uspokojivou presnosti odpovidd skute¢né namé-
fenym rychlostem. Pokud dojde ve stoupajicim tseku ke vzniceni ndklad-
niho vozidla (reprezentovédno vypoctem 30 MW poZéru), dojde k pribliz-
né dvojndsobnému narustu rychlosti proudéni. V pripadé tunelu s klesaji-
cfm podélnym sklonem hrozi u jednosmérnych tunelt nebezpedi zpétného
Sifen{ koufe nad stojici vozidla a unikajici osoby.

Pro vypocet byl pouZit naméfeny prubéh skute¢ného pozdru osobniho
vozidla v tunelu o tepelném vykonu cca 6 MW (dle vysledku poZérnich
testi vyzkumného projektu Eureka [3]) a ndkladniho vozidla s hoflavym
materidlem o tepelném vykonu 30 MW napt. dle [9] nebo modifikaci
vysledku poZzdrnich testi uskute¢nénych v tunelu Runehamar [14].
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PROTECTIVE MEASURES

The road surface was protected on both sides of the pool, up to the distance
of about two metres (about 30m2) by means of an insulation material,
ROCKWOOL mineral fibreboards. Electrical installations under the ceiling
(lighting, fire alarm and detection system, leaky feeder cable for radio and mobi-
le phone) were protected within an area extending 25m on each side of the pool,
using ROCKWOOL rolls with a LAROCK 65 ALS membrane 120 mm thick.

THE FIRE TESTING COURSE

INITIAL CONDITIONS

The conditions which were created in the tunnel by means of jet fans prior
to the fire ignition were similar to those existing during common traffic, where
the average airflow velocity achieves 2m.s-1 and more. The velocity was mea-
sured by a FLOWSIC 200 continually measuring sensor (uVTS — in the three-
lane tunnel section; uB — in the parallel slip ramp).

THE FIRE TESTING IN THE THREE-LANE TUNNEL

The location of the fire test was selected to be in the descending part of the
three-lane tunnel (see Fig. 4 — the fire on the right side), before the section with
the uphill gradient of 4.5%. This test was designed to verify the effectiveness
of the exhaust slot openings in the vault of the mined tunnel in the process of
ensuring the stratification of smoke under the tunnel crown.

The slot openings are terminal elements of a down duct, which is created in
the tunnel lining and ends in a common fire ventilation duct located under the
roadway (see Fig. 3). Each down duct can be remotely closed /opened by
a damper, which is installed at the connection to the common ventilation duct.
The slot openings are provided every 20m. When a fire is detected in the sec-
tion provided with the transverse ventilation, 20 dampers are opened within
a length of 400m of the tunnel; the mixture of hot smoke and air is sucked
through openings in the tunnel crown at a rate of 150 m3.s-l.

The hot smoke test (see Fig. 5) was carried out several times consecutively.
The suction capacity of the slot openings was several times tested by cold
smoke before the ignition of the fire (see Fig. 6). The behaviour of cold smoke
was, and always will be, different than the behaviour of hot smoke.

Cold smoke starts to fill the entire tunnel profile immediately after the fire
has been ‘ignited‘, and sinks to the road surface, whereas hot smoke rises up
immediately after ignition and creates a stratified smoke zone, a smoke ‘blan-
ket’, hovering below the tunnel ceiling.

The cold smoke permeated through the entire tunnel profile. The suction
range of the slot openings is noticeable only in a close proximity of the ope-
nings; the cold smoke was virtually not sucked. The system designed in this
manner may seem ineffective if such a misleading test is taken into considera-
tion. Contrary to cold smoke, hot smoke keeps under the ceiling, and the slot
openings suck it intensively.

THE FIRE TESTING IN THE DOUBLE-LANE TUNNEL

The other fire test was designed to verify the ability of the system to supp-
ress a contingent backlayering of smoke in the descending section without the
smoke destratification. The testing further verified the functionality of natural
removal of smoke through a small chimney found at the interface between the
cut-and-cover and mined sections, and the effectiveness of controlled, forced
transverse removal of smoke through the slot openings in combination with the
control of the longitudinal flow. The fire seat was located in the double-lane
cut-and-cover section of the ETT (see Fig. 4 — the fire on the left side), where
the roadway gradient descends at 2%.

THE AIR FLOW IN THE TUNNEL

The time-flow rate curve recorded during the fire test in the three-lane
tunnel section is shown in Figure 7. The direction and rate of the longitudinal

Fig. 5 The hot smoke test (the mined three-lane tunnel)
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Obr. 6 Zkouska chladnym kourem
Fig. 6 The cold smoke test

Matematicky vypocet je zaloZen na feSeni soustavy pohybovych rov-
nic jednorozmérného nestaciondrntho proudéni nestladitelné tekutiny
doplnénych o rovnice kontinuity.

Pfi simulovéni pozéru v tunelu je nutné také do vypoctu zahrnout tlakovou
ztratu (G¢inek) vyvolanou modelovanym pozarem. Tato ztrdta zavisi na tepel-
ném vykonu, tvaru pri¢ného prafezu tunelu a mnoha dalsich faktorech. Tuto
ztrdtu 1ze nejobjektivnéji stanovit pouze numerickym vypoétem trojrozmeér-
nych modelt za pomoci CED. Analyzou vysledki mnoha studif provadénych
v CETU (instituce ve Francii zabyvajici se vyzkumem souvisejicim s tunely,
do ¢ehoz spadd predev§im bezpecnost a vétrani), pri kterych se rychlost pohy-
bovala mezi 1,5 a 3,5 m.s-!, byl zji$tén nésledujici priblizny vztah [7]:

. 0.10° [Pa]
uD?

Ap. =c
kde ¢ =9.107

ZHODNOCENI ZKOUSKY

Ve viech pripadech doslo mezi 55. a 60. sekundou k automatické detek-
ci pozaru pomoci liniového teplotniho kabelu Cerberus® FibroLaser II.
Timto byl ovefen pozadavek projektu poZadujici rychlost detekce vzniku
poZéru v tunelu do 1 minuty. Ihned po detekci byla spusténa prislusnd
havarijni sekvence, jejiz soucasti je také pozarni vétrani.

Thned po detekci pozdru dochdzi k zastaveni vSech technologickych
zafizeni systému vétrani, kterd jsou v chodu, a souc¢asné se spousti, v zavis-
losti na mist¢ vzniku ohniska, proudové ventildtory nebo ventildtory pri¢-
ného odvodu koure §térbinovym systémem. MoZnost uzavirdni nebo ote-
virdni klapek $té€rbinovych svodi umoznila koncentrovat saci vykon do
mist, kam se $ifil kouf, ktery by mohl potencidlné ohrozit unikajici osoby.

Nejvyssi detekované teploty koure teplotnim kabelem se pri zkousce
v tifpruhu pohybovaly v rozmez{ 60 — 70 °C a pfi zkousce ve dvoupruhu
v rozmezi 80 — 90 °C (v misté ohniska poZaru na klenbé razeného tiipru-
hového tunelu se predpoklddala nejvyssi teplota koure cca 150 °C a na
stropé hloubeného dvoupruhového tunelu cca 250 °C). Kour se pii téchto
podminkach drZel pod stropem tunelu.

V tifpruhové razené Cdsti doslo k vyraznému vyplnéni prostoru tunelu
z davodu nizkych teplot koufové vleCky a rychlého chladnuti velice zfe-
déného koufe v profilu tunelu (93 m?). Ve dvoupruhové hloubené &asti
tunelu (profil cca 56 m?) kouf vytvoril pod stropem stratifikovanou vrstvu,
kterd se po celou dobu horeni nikdy neochladila natolik, Ze by kouf zacal
vypliovat prostor pod vyskou 2 m, coz predstavuje hranici dnikové zény.

Prubéh téchto poZzédrnich zkousek (obr. 8) je dostupny na internetovych
strankach firmy SATRA (www.satra.cz).

ZAVERY

Pozér muze byt detekovan jiz béhem 1 minuty, pficemz od doby vypnu-
ti/spusténi dil¢ich zafizeni dojde k ustéleni proudéni v tunelu vétSinou do
3—4 minut. Béhem této doby se kouf chovd pfirozené a bezpecné se drzi
pod stropem tunelu.

Spolehlivost linedrniho teplotniho kabelu FiroLaser II je velice vysokd,
pri¢emz systém VIDEODETEKCE je co do reakce jesté rychlejsi a svymi
schopnostmi jiz v souc¢asné dob¢ systém teplotni detekce zastinuje.

Systém pii¢nych svoda vyznamné napomdahd prodlouzeni doby, po kte-
rou se kour drzi pod klenbou tunelu.

Lze predpoklddat, Ze pri vyssich teplotich koure a obdobnych podmin-
kéch bude dochdzet k pomalejs§imu ochlazovani koufovych zplodin, coZ
zapri¢ini delsi setrvdni koufové vleCky o nebezpecné koncentraci koure
pod klenbou tunelu.

Pro udrzeni stratifikované vrstvy koufe po co nejdelsi dobu je nezbytné
nutné zajistit koncentrovanym fizenim doplnénym piipadne plynulou
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air flow in uni-directional tunnels is crucial for safe escape of persons from the
tunnel affected by the fire during the initial critical phase of burning. The cur-
ves show the flow rate (u VTS) in the arterial section in which the fire is bur-
ning, and the flow rate in the parallel slip ramp (u B).

The recorded time-flow rate curves are supplemented by adding time-air flow
rate curves numerically calculated for a simulated fire with the gradually increasing
heat release rate of SMW and 30MW. The trend and magnitude of the air flow rate
in the case of the SMW fire corresponds to the actually measured rates with a satis-
factory accuracy. If a lorry ignition (represented by the 30MW fire in the calculati-
on) occurs in the ascending section, the flow rate will approximately double. In the
case of descending tunnels, there is a danger in uni-directional tunnels that the
smoke will spread back, over the standing vehicles and escaping people.

The calculation was carried out using the curves measured during a real car
fire in a tunnel, with the capacity of about 6MW (according to the results of
the Eureka Project fire tests [3] and a lorry with a flammable material with the
capacity of 30MW, e.g. according to [9] or modified results of fire tests carri-
ed out in the Runehamar tunnel [14].

The mathematical calculation is based on the solution to a set of dynamic
equations for unidirectional non-stationary flow of incompressible fluid, com-
bined with continuity equations.

When a tunnel fire is being simulated, the pressure loss (effect) induced by
the fire being modelled must also be introduced into the calculation. The loss
depends on the heat release rate, the shape of the tunnel cross-section and
many other factors. The loss can be the most objectively determined only by
numerical computation from 3D CFD models. The following approximate
relationship was determined by means of analysing results of many studies
carried out in the CETU (a France-based institution dealing with research asso-
ciated with tunnels, encompassing safety and ventilation as majors) during
which the rate varied from 1.5m.s™! to 3.5m.s™! [7]:
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THE SUMMARY OF THE TEST RESULTS

The fire was in all cases automatically detected by a Cerberus® FibroLaser
II linear heat detection system within a 55 — 60-second interval. It meant con-
firmation that the design requirement for swiftness of detection of a fire initi-
ation in the tunnel in one minute has been met. The respective emergency sec-
tion which comprises, among other equipment, also the fire ventilation system
was activated immediately after the detection.

All components of the ventilation system which are operating at the time of
detection are immediately switched off and, concurrently, the jet fans or fans
providing the transverse exhaust of smoke through the slot system are swit-
ched on, depending on the location of the originating fire. The possibility of
closing or opening the dampers installed in the slotted ducts allowed the ope-
rators to concentrate the suction capacity to the locations to which the smoke
was spreading, where escaping persons could potentially be threatened.

The highest temperatures detected by the heat detection cable during the tes-
ting in the three-lane tunnel ranged from 60°C to 70°C; in the double-lane tun-
nel they ranged from 80°C to 90°C (the highest temperature of smoke above
the seat of fire in the mined three-lane tunnel arch was assessed at approxima-
tely 150°C, and 250° temperature was guessed for the arch of the double-lane
tunnel). In these conditions, the smoke kept under the tunnel roof.

In the three-lane part, the tunnel space was substantially filled with smoke as
a result of low temperatures of the smoke layer and rapid process of cooling of
the smoke, which got significantly thinned in the tunnel profile (93m?). In the
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Obr. 7 Pritbéh rychlosti podélného proudéni v prvni fdzi evakuace
Fig. 7 The time- flow rate curve in the initial phase of evacuation
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tepelny | produkce
druh vozidla vykon koure
[MW] | [m's']
1 osobni viiz 5 <20
2 a? 3 osobni vozidla 8 =30
tézky ﬂ:lk]:l}dl‘ll viz bez s0-10 | 60-80
nebezpeéného ndkladu
nikladni x'a];f.i::llt:_s-i pohonnymi > 200 > 300
hll'l{]iu]'l'lj (cisterna)

TABULKA: Nejéastéji pouzivané ndvrhové parametry poZdru
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Obr. 8 Ndzorné zobrazent pritbéhu poZdrni zkousky
Fig. 8 Pictorial representation of the fire testing process

regulaci rychlosti proudéni jednim smérem, pri¢emz by jeji velikost nemé-
la v prvni fazi evakuace prekro€it 1,5 m/s.

Je velice dulezité rozliSovat mezi fazi evakuace a Gasem, ve kterém bude
proveden vlastni hasebni zdsah. Béhem evakuace je vétrani provozovano
automaticky, a teprve aZ pri hasebni fizi muZe byt na pokyn velitele HZS
provozovano ru¢né. .

ING. JAN PORIZEK, jan.po¥izek@satra.cz, SATRA, s. 1. 0.

POUZITE ZKRATKY A SYMBOLY:

VTT  oznaceni vychodniho tunelu
EPS  elektronickd poZdrni signalizace
u rychlost podélného proudeni [m/s]
Uy Fychlost proudeni v tii pruhu VTS [m/s]
u, rychlost proudeéni v paralelnim tiseku vjezdové rampy B [m/s]
Ap,  tlakovy rozdil vyvolany poZdrem [Pa]
tepelny vykon poZdru v tunelu predany konvekci [MW]
D, hydraulicky priimér priitocné plochy tunelu [m]

LITERATURA / REFERENCES
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Heat Smoke
Vehicle type release | Production
MW] | [m's"]
1 Passenger car 5 =20
2 1o 3 Passenger cars 8 =30
Heavy lomy (bus) without 20— 30 60 - 80
dangerous goods
HGY with fuel and oil (petrol > 200 300
tanker)

TABLE: The most frequently applied fire design parameters

double-lane part of the tunnel (56m? cross-sectional area), the airflow was stra-
tified, with the smoke layer keeping under the tunnel roof. The layer never coo-
led down during the burning so much as to allow the smoke to fill the space under
the level of 2m above the road surface, which is the limit of the escape zone.

The course of the above fire tests (see Fig. 8) is available on the Satra com-
pany web pages at www.satra.cz.

CONCLUSIONS

A fire can be detected as early as the first minute, whereas the flow rate ste-
adies in the tunnel mostly in 3 — 4 minutes. During this period, smoke behaves
naturally and safely keeps under the tunnel roof.

Reliability of the FibroLaser II linear heat detection system is very high,
although the VIDEO DETECTION system responds even faster and its capa-
bilities today overshadow the heat detection system.

The system of transverse suction ducts significantly helps to extend the time
period during which smoke keeps under the tunnel vault.

It can be expected that the process of cooling of smoke will be slower at hig-
her temperatures of smoke and in similar conditions; as a result, the dangerous
high concentration smoke layer will stay longer under the tunnel vault.

To prevent smoke destratification for as long time as possible, it is necessa-
ry to ensure that the air flows in the tunnel in one direction, at a rate not
exceeding 1,5m/s in the initial phase of evacuation. It must be achieved by con-
centrating the flow in one direction and by continuous regulation of the flow
rate; the rate should not exceed 1,5m/s.

It is very important for the ventilation control to distinguish between the
evacuation phase and the phase during which the fire intervention takes place.
The ventilation system is operated automatically during the evacuation phase.
It may be controlled manually only during the fire fighting phase, if instructed
so by the FRS commander.

ING. JAN PORIZEK, jan.po¥izek@satra.cz, SATRA, s. r. 0.

ABBREVIATIONS AND SYMBOLS:

ETT  the eastern tunnel tube

u longitudinal flow rate [m/s]

Uy flow rate in the three-lane tunnel VIS [m/s]

uB  flow rate in the parallel section of the slip ramp B [m/s]

Ap, loss of pressure due to the fire [Pa]

Q heat capacity of the tunnel fire transmitted through convection [MW]
D, hydraulic diameter of the tunnel area of passage [m]

[1] Sbornik — Ventilation Report from Permanent International Association of Road Congresses (PIARC); Marrakesh 1991

[2] Jicha, Katolicky; Modelovani $ifeni ohné v automobilovém tunelu Mrézovka a navrh odsdvacich vyustek; Brno kvéten 1999
[3] Fire and smoke control in road tunnels; PIARC Committee on Road Tunnels; August 1998
[4] Lacroix D.; Révue Générale des Routes et des Aérodromes. Le désenfumage des tunnels rotiers en cas d’incendie; CETU listopad 1994

PNy Al

[5] COST - pramyslové vétrani; Modelovén{ §ifeni koufe v automobilovém tunelu; Brno prosinec 2002
[6] TP98/2004 Technologické vybaveni tunelt pozemnich komunikaci-Technické podminky; Ministerstvo dopravy a spoju; Odbor pozemnich komunikacf;
[7] Dossier pilote des tunnels équipements, sectiton 4.1, Ventilation; CETU; novembre 2003

[8] ASTRA,; Liiftung der Strassentunnel — Richtlinie; 2001
[9] ASTRA,; Liiftung der Strassentunnel — Richtlinie; 2004;Bern

[10] Richtlinien fiir die Ausstattung und den Betrieb von Strassentunneln (RABT), 2003; Bonn

[11] Osterreichische Forschungsgesellschaft fiir das Verkehrs- und StraBenwesen, Projektierungsrichtlinien Liiftungsanlagen, Grundlagen RVS 9.261

[12] Andriss S., Mayr R., Rudolf A., Seitz P., Fire Test and Safety Concepts in the Rennsteig Tunnel. Tunnel Safety and Ventilation — 2nd Sym-
posium edited by Sturm P., Minarik. S., Verlag Gratz University of Technology: 2004, s.149-156, ISBN 3-901351-95-7
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TUNELY NA SILNICI NH-1A 2 JAMMU
DO SRINAGARU - KASMIR, INDIE

TUNNELS ON THE ROAD NH-1A FROM JAMMU
TO SRINAGAR - KASHMIR, INDIA

PETR SVOBODA, MARTIN SRB

ovoD

Provozovana silni¢ni komunikace z Jammu do Srinagaru prochdz{
v podhufi Himaldje velmi sloZitym terénem. Silnice vede po ibodf str-
mych svaht, oblastmi Castych sesuvi a na cesté do centrdlniho kaSmir-
ského tdoli prekondvd mnoho hebenu. Popisovany tsek z Udhampu-
ru do Banihalu nejdiive stoupé cca 1000 vySkovych metru z Udham-
puru tibo¢im feky Tawi aZ na hfeben Patnitop ve vySce 2030 m. Po pre-
konéni horského hfebene pokracuje cesta do tdoli feky Chenab a poté
proti proudu feky Bighlari smérem na Banihal a ddle Srinagar.

Pivodné se jednalo o starou obchodni cestu mezi kaSmirskym tdo-
lim a niZinami na indickém subkontinentu. Smérové a vyskové vedeni
dostala komunikace v roce 1914, kdy byla upravena na jednopruhovou
silnici.

V dubnu 1954 byla deklarovédna jako statn{ silnice NH — 1A (National
Highway — 1A). V témZe roce byl uveden do provozu tunel Jawaharlal
Nehru u mésta Banihal, ktery podchézi hieben Pir Panjal ve vysce cca
2500 m n. m. V padesitych a Sedesdtych letech minulého stoleti byla
silnice postupné ,,vylepSovana“, az dolo v roce 1968 k prestavbé komu-
nikace na dvoupruhovou (stdle viak s puvodnim smérovym vedenim).
Obr. 1.

V poslednich desetiletich proziva Indie velky hospoddisky rust. S tim
jsou spojeny i zvySené naroky na dopravni infrastrukturu zemé. V rdmcei
mohutné vystavby infrastruktury bylo rozhodnuto o zkapacitnéni komu-
nikace NH — 1A, kterd prochdzi celou Indii od jihu na sever. Do budouc-
na by silnice méla mit dva dvoupruhové, smérové oddélené jizdni pasy.
Projekt je zaclenén do ,.severojizntho koridoru® spojujictho mésta
Srinagar (stdt Jammu and Kashmir) a Kanyakumari (stdt Tamilnadu na
jihu Indie).

Firma D2 Consult se podilela na projektu jako tunelovy konzultant
americké firmy Louis Berger Inc. Cinnost zahrnovala variantn{ identi-
fikaci mist moZnych tuneld pfi ndvrzich smérového vedeni trasy.
Nasledné pak firma D2 Consult zpracovala Gvodni a zaddvaci projekt
sedmi krdtkych (do 1 km délky) tunelt na dseku Udhampur — Banihal
(km 66 — km 188).

PROJEKTOVA PRIPRAVA A POSTUP PRACI

Projekt zvyseni kapacity silnice z Udhampuru do Bahnihalu je jeden
z mnoha infrastrukturnich projekta, které jsou v soucasnosti v Indii rea-
lizovany. Jednd se viak o jeden z nejndro¢néjSich projektu z pohledu
mnozstvi rekonstruovanych nebo nové budovanych inzenyrskych
objektt véetné tuneli. Délka popisovaného tseku je 122 km.

Dokumentace pro investora je zpracovdvdna ve dvou stupnich. Nej-
prve byla na zacdtku roku 2005 zpracovdna vstupni studie, spojend
s vyhleddvdnim tras tuneli a feSeni portdlu. Po jejim schvéleni bylo
zahdjeno zpracovani zaddvaci dokumentace, kterd byla odevzddna na
konci roku 2005 a béhem roku 2006 dopliiovédna a upravovéana. V sou-
Casné dobe (12/2006) se pripravuje vypsani obchodni soutéZe na zho-
tovitele prvni ¢dsti komunikace véetné tunelu. Cely proces od prvniho
zameru a7z po zahdjeni vybérového fizeni tedy probéhl zhruba béhem
dvou let.

Mezinarodné uznané dzemi statu Jammu and Kashmir patii formal-
né Indii, fakticky je vSak rozdéleno mezi Indii, Pakistan a Cinu.
V indické Casti je oblast ¢astené uzavrend a silné obsazend arméddou.
Béhem zpracovéni projektu se proto postupné objevila celd fada pro-
blému od administrativnich zdrZeni (povoleni ke vstupu na tizem{ stdtu)
po nemoznost ziskat kvalitni mapové podklady zdjmové oblasti.

INTRODUCTION

An operated road from Jammu to Srinagar is located in a very
complicated terrain of Himalaya foothills. The road runs on steep
slopes, through areas of frequent landslides, and crosses many ridges
on its way to the central Kashmir valley. A described section Udham-
pur to Banihal originally goes up about 1000m from Udhampur
through the Tawi river valley hillside up to the Patnitop ridge in alti-
tude 2030m. After the mountain ridge crossing the road continues to
the Chenab river valley and against the Bighlari river stream to Bani-
hal and further to Srinagar.

Originaly it was an old trading way between Kashmir valley and
India subcontinent lowlands. Horizontal and vertical alignment of
the road was determined in 1914, when the road was modified to
a one-lane road.

The road was declared as a National Highway NH-1A in April
1954. The Jawaharlal Nehru tunnel undergoing Pir Panjal (2500m)
was commissioned in the same year. In fifties and sixties the road
was continually improved till its reconstruction into two-lane com-
munication (with its original alignment). Figure 1.

There is a significant commercial boom in India during recent
decades. This also brings higher demands for traffic infrastructure of
the country. Decision about four-laning of the road NH — 1A (run-
ning across the whole India from the south to the north) has been
made as a part of this massive infrastructure development. The road
should be transformed into a dual carriageway in future. The project
falls under ,,North-south corridor* connecting towns Srinagar (state
Jammu and Kashmir) and Kanyakumari (state Tamilnadu on the
south of India).

Company D2 consult cooperated on the project as a tunnel consul-
tant under the Amarican company Louis Berger Inc. Work load inc-
luded proposals for feasible locations of tunnels as a part of the road
alignment design. Consequently company D2 Consult completed ini-
tial and tender documentation of 7 short tunnels (length up to 1km)
on the section Udhampur — Banihal (km 66 — km 188).

Obr. 1 Silnice NH — 1A Udhampur - Srinagar u severniho portdlu budouciho
tunelu Chanderkot
Fig. 1 Road NH - 1A Udhampur — Srinagar by north portal of the
Chanderkot tunnel
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Vzhledem k tomu, Ze se vlastné jednd o téméf prvni moderni silnic-
ni tunelové projekty v Indii, prakticky neexistuje Ziddnd normova
zékladna pro projektovani a realizaci silni¢nich tuneld. Proto je sou¢ds-
ti pripravy i pravidelné vysvétlovani a zdivodiiovani navrZzenych fese-
ni investorovi. Vyhodou je velkd volnost (a s ni spojend zodpovédnost)
projektanta, ktery se v podstaté spolupodili na vytvdfeni standardnich
feSeni pro silni¢ni tunely. Tato fe$ni mohou ovlivnit indické silni¢ni
tunelafstvi na dlouhou dobu.

POPIS A ROZDELENI PROJEKTU

Cilem projektu je zvysit propustnost komunikace a zdroven zvysit
bezpecnost provozu. K tomu by mélo napomoci smérové rozdélenf sil-
nice. Komunikace je tedy navrzena jako smérové rozdélend Ctyfpruho-
vé (2 x 2 pruhy) s ndvrhovou rychlosti 50 km/h (dle indickych standar-
du pro indické horské komunikace).

Cely projekt je rozdélen na tfi dil¢i dseky. V prvnim dseku (Jammu
— Udhampur) nenf navrzen zadny tunel. Ve druhém (Udhapur — Bani-
hal) je navrZzeno celkem 8 tunelu (dsek dcasti firmy D2 Consult). Ve tre-
tim useku (Banihal — Srinagar) jsou navrZeny tunely dva.

Druhy usek je dale podrobnéji ¢lenén na 5 &asti. V prvni ¢asti neni
navrzen Zadny tunel. Druhd ¢dst je ur¢ena pouze pro tunel Patnitop
(délka cca 9 km, 1 km nadloZi, t. &. nejdelsi pripravovany silni¢ni tunel
v jihovychodn{ Asii). Zpracovani tohoto tseku provadéné také firmou

,,,,,,
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vZdy navrzen jeden tunel, ve &tvrté Cdsti je tunell pét.

Celkem se tedy jednd o sedm kratSich tuneld riznych délek. Nejkrat-
§i tunel (km 155) ma délku 195 m, nejdel$im tunelem je Chanderkot
s délkou 888 m.

Jednotlivé tunely vznikaly na mistech, kde nebylo moZno projit teré-
nem pomoci terénnich tprav, budovanim opérnych nebo zdrubnich zdi,
poptipadé vybudovdnim estakddy.

1 kdyZ je zfejmé mozné konstatovat, Ze i pouhé napfimeni komuni-
kace, dprava smerového vedeni a pripadné stoupaci pruhy by vyrazné
zvysily souCasnou droven komunikace, rozhodl se investor komunika-
ci budovat celkové jako ¢tyfpruhovou, smérové oddélenou. Toto uspo-
faddni vedlo k ndvrhu tunelt i v mistech, kde by dvoupruhovd komu-
nikace prosla bez problému. Okoli komunikace vedené na vétsiné mist
ve skalnim odfezu znamend velmi stisnéné prostorové podminky, ve
kterych je velmi obtizné budovat druhy smérove oddéleny jizdni pés
tak, aby nedochdzelo k omezeni provozu na komunikaci stavajici. Na
vétsiné budoucich tunelovych portdlt je obtizné umistit i zafizeni sta-
venisté. Obr. 2.

GEOLOGIE

Geologickd skladba podél trasy komunikace sestdvd z dvou zdklad-
nich typu. V jiZni ¢4sti tseku pievladaji horniny sedimentédrniho pavo-
du tzv. ,,Murree formation, ve stiedn{ a severni Cdsti Useku prevladaji
horniny vyvielé a horniny metamorfované z vyvrelin, ,,Panjal forma-
tion®.

»Murree“ je tvofen formacemi ze spodniho aZ stfedniho miocénu.
Jednd se prevdzné o temné Cervené, nachové a Sedivé piskovce, slinov-
ce, jilovce a kiehké jilové bridlice a razné konglomerity.

,»Panjal“ tvoii horniny z eocenu (bridlice z obsahem uhliku, vdpence,
kfemence), vyvieliny a metamorfity, nejéastéji fylity.

Tunel Chanderkot prochdzi u jizntho portdlu formaci stiidajicich se
vrstev sedimentdrnich hornin (jilovee, piskovce a siltovee). Tato geolo-
gie je charakteristickd i pro tunel Patnitop. Priblizné v prvni tretiné
tunelu Chanderkot se nachdzi tektonicky zlom, kde dochdzi ke
zméné/kontaktu formaci. Ve zbyvajicich dvou tretindch tunelu Chan-
derkot se vyskytuji polohy ¢edicu a fylitd s vysokym obsahem kieme-
ne.

Tunely v km 154 a km 155 protinaji dva skalni vybeézky tvorené fyli-
ty s hustou vrstevnatosti az bridli¢natosti.

Vsechny tii tunely u vesnice Kooni Nallah prochdzi vrstvami kfe-
mencu, rul a fylitd. Jednd se o tzv. ,,Rambanskou formaci.

Hrbet protinajici tunel Ramsu tvori kfemence prechdzejici smérem
od povrchu k niveleté tunelu ve vrstvu bridli¢natych fylitd s jemnou
vyplni puklin.

Pro potreby projektu byl horninovy masiv rozdélen na kvazihomo-
genni celky tak, aby bylo moZzno navrhnout zdkladni technologické
tiidy vyrubu pro jednotlivé tunely.

16. rocnik - €. 1/2007

Obr. 2 Portdlovy svah budoucich tunelii v km 166; vpravo sit’chrdnici most
pred padajicim kamenim

Fig. 2 Portal slope of proposed tunnels at km 166. A net protecting agains
falling stones is on the right hand side

DESIGN AND WORK PROGRESS

Four-laning of the road from Udhampur to Bahnihal is one of
many infrastructural projects undergoing in India. But it is one of the
most complicated projects with regard to the number of reconstruc-
ted or new engineering objects including tunnels. The described sec-
tion is 122km long. Documentation for client is prepared in two sta-
ges. First of all an initial study was prepared in the start of 2005. The
study considered alternatives of tunnel alignment and solution of
portals. After its approval the work on a tender documentation star-
ted. The tender documentation was submitted at the end of 2005 and
it was supplemented and altered during 2006. In these days
(12/2006) preparation of tender for contractor for the first section of
the road (including tunnel 1) is ongoing. Whole process (from the
first intention to start of the tender) was realised approximately
during two years.

Internationally recognised area of the state Jammu and Kashmir is
formally under India, however in practice it is devided among India,
Pakistan, and China. The Indian part of the area is partly closed and
massively occupied by the army. Many problems occurred during
project processing: from administrative problems (entrance to the
state area permission) to impossibility to get good-quality maps of
the area of interest.

The tunnels considered in the project will be one of the first
modern road tunnels in India, thus almost no standards and specifi-
cations were available for design and construction of the road tun-
nels. Therefore regular explanations and justifications of designed
solutions to the client was a part of job. Significant freedom (and
associated responsibility) of designer is an advantage. The designer
participates on the development of the standard solutions for the road
tunnels which can affect an Indian road tunnelling for a long period.

DESCRIPTION AND DISTRIBUTION OF THE PROJECT

The road capacity increment and also a traffic safety increase were
the main aims of project. Separation of the opposite direction should
assist to the safety, thus the road is designed as a dual carriageway
(2 x 2 lanes) with the design speed 50kph (according the Indian Stan-
dards for the mountain communications).

Whole project is separated into three sections. The first section
(Jammu — Udhampur) does not consider a tunnel. The second secti-
on (Udhapur — Banihal) includes 8 tunnels (section of D2 Consult
participation). The third section (Banihal — Srinagar) includes two
tunnels.

The second section is further devided into 5 parts. The first part
does not consider any tunnel. The second part is just for the Patni-
top tunnel (lenght 9km, overburden 1km, currently the longest pre-
pared road tunnel in the southeast Asia). Design of this part is also
provided by D2 Consult and has not been completed so far. The
third part and fifth part include one tunnel each; the fourth part inc-
ludes five tunnels. All together it means seven shorter tunnels of
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TUNELY

Vsechny tunely jsou koncipované jako dvoupruhové tubusy s jedno-
smérnym provozem. Tomuto usporddani odpovidd i technologické
vybaveni jednotlivych tuneld. V prvni fdzi budou tunely vybaveny jen
nejnutnéj§i technologii pro provoz, ale budou stavebné pripraveny pro
pripadné budouci dovybaveni (technologické ,,upgradovani“). Vzhle-
dem k dne$nimu stavu komunikace a provozu je mozno oznacit jaké-
koliv zlepSeni smérového vedeni a oddéleni sméru jizdy za vyrazné
zvySeni bezpecnosti komunikace. Proto byla bezpe¢nostni analyza pro-
vozu a z ni vyplyvajici ndroky na technologické vybaveni tunell pfi-
zpusobena mistnim poméram. Z celkem sedmi novych tuneld je pét
tunel provozovéno ve sméru sever — jih (od Banihalu do Udhampuru)
a dva tunely provozované ve sméru jih — sever (od Udhampuru do
Banihalu). Prehled v3ech kratkych tunell je uveden niZe:

severni smer TU Chanderkot (km 137) — 888 m
TU km 166 (u vesnice Kooni Nallah) — 585 m
TU km 154 —322,5 m
TU km 155 - 195 m
TU km 166 (u vesnice Kooni Nallah) — 610 m
TU km 167 (u vesnice Kooni Nallah) — 870 m
TU Ramsu — (km 171) — 385 m

jizni smér

TECHNOLOGICKE TRIDY VYRUBU

Navrh zplsobu razby a zajistovani vyrubu vychézel z analyz stavu
tunelarského stavebnictvi v Indii, mistnich podminek a dostupnych
informaci o geologickych podminkach. Hlavnim podkladem pro ndvrh
technologickych tfid vyrubu bylo geologické mapovéni, informace zis-
kané z vychozi hornin a v archivech geologickych podkladu. Duraz byl
vSak kladen predevs$im na informace ziskané pfimo na misté. Béhem
zpracovéni projektu probihaly prace na vrtném geologickém pruzkumu,
ktery skoncil po odevzdédni zaddvaci dokumentace a bude slouZit aZ pro
realizaci. Obr. 3.

K ur€eni schémat vystrojeni vyrubu jednotlivych tfid byla vyuzita
rakouskd normu ONORM B 2203 ,,Untertagebeuarbeiten, Werkvert-
ragsnorm* z roku 1994. Toto vyddni obsahuje popis a uréeni typa
chovani horninovych masiva pro cyklickou razbu. Pro prehlednost

Obr. 3 Vrtdni pruzkumného vrtu u mésta Ramban
Fig. 3 Exploratory borehole drilling by the Ramban town
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various distances. The shortest (km 155) is 195m long; the longest
(Chanderkot) is 888m long.

Individual tunnels were designed in areas, where road crossing
using ground shaping, retaining wall construction or elevated road
constrained was not possible. Although pure road straightening
(alignment rectification with possible ascending lanes) would signi-
ficantly increase a current standard of the road, the client decided to
build a dual carriageway. This adjustment led to tunnel design also in
places, where two-lane road would pass through without problems.
Vicinity of the road running mostly in the rock cutting means very
constrained conditions. Therefore a construction of the second direc-
tionally separated road without current road traffic restrictions would
be very complicated. Even location of a site plant in majority tunnel
portal areas is difficult. Figure 2

GEOLOGY

Geology along the road alignment is composed from two basic
types. Sedimentary rocks (so called ,,Murree formation®) are predo-
minant in the south section. Volcanic rocks and rocks metamorphed
from volcanic rocks (so called ,,Panjal formation*) is prevailing in
the central and north section. ,,Murree* is formed by lower to midd-
le Miocene formation. It consideres mainly dark red, purple and gray
sandstones, siltstones, brittle shales, and various conglomerates.

»Panjal®“ is formed by eocen rocks (shales containing carbon,
limestones, quartzities), volcanic rocks, metamorphosed rocks,
mostly phyllites.

The Chanderkot tunnel runs through formation of alternating lay-
ers of sedimentary rocks (claystones, sandstones, and siltstones) in
area of the south portal. This geology is also characteristic for the
Patnitop tunnel. There is a tectonic fault approximately in the one
third of the Chanderkot tunnel, where is located contact of two for-
mations. Basalts and phyllites with a high content of quartzities are
characteristic for the remaining two thirds of the Chanderkot tunnel.

Tunnels km154 and km155 cross two rock outcrops formed by
phyllities with close lamination up to foliation. All three tunnels by
the Kooni Nallah village are composed by layers of quartzities,
gneisses and phyllites. This is called ,,Ramban formation*.

Ridge crossed by the Ramsu tunnel is formed by quartzites follo-
wed in direction from surface to the tunnel level by a layer of folia-
ted phyllites with fine filling of joints

The rock mass was divided into quasihomogeneous units for the
design purpose, to allow the design of basic technological classes for
individual tunnels.

TUNNELS

All tunnels were designed as two-lane tubes with one-way traffic.
M&E equipment corresponds with the arrangement of tunnels. In the
first stage the tunnels will be fitted only by the essential equipment
required for traffic, but they will be prepared for further improve-
ment (upgrade of technologies). Every improvement of the road
alignment and separation of two directions means significant impro-
vement of the road safety due to its current status and operation. The-
refore safety analysis of operation and consequent M&E equipment
requirements were accommodated to the local conditions. Five from
seven new tunnels are operated in direction north-south (from Bani-
hal to Udhampur), two new tunnels are operated in direction south-
north (from Udhampur to Banihal). List of all short tunnels is shown
below:

North direction ~ TU Chanderkot (km 137) — 888 m
TU km 166 (by the Kooni Nallah village) — 585 m
TU km 154 - 3225 m
TU km 155 - 195 m
TU km 166 (by the Kooni Nallah village) — 610 m
TU km 167 (by the Kooni Nallah village) — 870 m
TU Ramsu — (km 171) — 385 m

South direction

EXCAVATION AND SUPPORT CLASSES

Excavation sequence and support classes design was based from
analysis of the Indian tunnelling industry status, local conditions and
available information about geological conditions. Geological map-
ping, information from rock outcrops and geological archives were
the major sources for the excavation and support classes design.
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a snadnou pochopitelnost byly technologické tridy oznaceny podle jed- Impact was put mainly on the information received directly on site.
notlivych typu chovani horninového masivu. Odhad rozdéleni do jed- Activities on boring site investigation were ongoing in parallel with
notlivych technologickych t¥d slouZ{ hlavné k prehledu objemu a odha- the design and were completed after tender documentation submissi-
du ndkladu. on, thus it will serve during a construction (Figure 3).
Pro vystrojeni vyrubu vSech tunelu jsou pouZity tii zdkladn{ techno- The Austrian Standard ONORM B 2203 ,,Untertagebeuarbeiten,
logické tridy: Werkvertragsnorm* from 1994 was used for the determination of
Trida ,,A“ se zdbérem 3 m (150 mm stifkaného betonu s jednou vrst- individual support classes. This edition contains description and
vou vyztuzné sité, kotvy délky 3 m) pro horninovy typ ,,A* (hornina determination of rock mass behaviour types for a cyclic excavation.
stabilni). Excavation and support classes were marked according various rock
Tiida ,,B* se zdbérem 2 m (200 mm stifkaného betonu se dvéma vrst- mass behaviour types to improve clearness and comprehension.
vami vyztuZné sité, kotvy délky 4 m, v pfipadé nutnosti doplnéné v pri- Splitting into various excavation and support classes serves namely
stropf jehlovanim a stabilizalnim néstfikem Celby) pro horninovy typ for bill of quantities and cost estimate.
,»B* (hornina omezené€ stabilni). Three basic excavation and support classes were used for all
Trida ,,C* se zdbérem 1 m (300 mm stfikaného betonu se dvéma vrst- tunnels:
vami vyztuzné sité, kotvy délky 6 a 8 m, provadéni jehlovani a stabili- Class ,,A* with advance 3m (150mm of shotcrete with one layer of

za¢niho ndstiiku Celby, v pfipadé nutnosti ponechdni opérného klinu na

1 | _ ' steel mesh, 3m long rockbolts) for rock type ,,A“(stable rock).
Celbé, vyrub se spodni klenbou) pro horninovy typ ,,C* (tlacivd horni-

Class ,,B* with advance 2m (200mm of shotcrete with two layers

na). Obr. 4. o ) . ) of steel mesh, 4m long rockbolts, in case of need supplemented by
IOIIDOdlze technologické tridy se plocha vyrubu pohybuje od 83 m® — spiling and tunnel face shotcreting) for rock type ,,B* (partly stable
m=. rock).

U jednotlivych tunela bylo rozdéleno vystrojeni vyrubu podle jedno-
tlivych tiid v podélném fezu. Nejdiive podle existujicich podkladi. Po
dokongen{ vrtného prizkumu bylo navrzené rozdélen{ ovéfeno a upies-
néno.

Cely systém je koncipovan tak, aby umoznil efektivni spolupraci
odpovédného zdstupce investora na stavbé (, ENGINEER®) a zhotovi-
tele jako dvou zdstupct rozhodujicich o geotechnickém zatiidéni,
systému vystrojeni a o zpusobu postupu razby.

Class ,,C* with advance 1m (300mm of shotcrete with two layers
of steel mesh, 6 and 8m long rockbolts, spiling and tunnel face shotc-
reting, in case of need with face supporting wedge, excavation with
invert) for rock type ,,C* (squeezing rock). Figure 4

Excavation area with regard to excavation and support class is
from 83 m? to 101 m?.

Excavation support was divided in longitudinal direction accor-
ding various classes for each tunnel.

Originally this was done according available information. The

PRICNY REZ designed distribution was verified and corrected after boring site

Pro ndvrh pfi¢ného fezu byl rozhodujici, investorem zvoleny prijezd- investigation completion. Whole system is designed to allow effecti-
ni priifez. Velikost prijezdniho prifezu byla dlouze diskutovdna. Inves- ve cooperation between client’s representative (, ENGINEER®) and
tor se pii rozhodovini snazil vyhovét velikosti obrysu Casto pfetéZova- contractor’s representative as people making decisions about geo-
nych ndkladnich vozidel. Sifka prijezdniho prifezu byla nakonec zvole- technical classification, support to be used and further excavation
na 7,5 m, vyska 5 m, minimdlni $itka chodniku vedle vozovky 1 m. procedure.

Skute¢na Sitka chodniku odpovidd skute¢nému prevySeni vozovky
v daném mist€ tunelu. U v8ech krétkych tuneld byl pouZit stejny vzoro- CROSS SECTION
vy pricny fez.

Vnitin{ lic definitivniho osténi tunelu tvofi kruZnice o poloméru
5.1 m se stredem 1,75 m nad vozovkou v ose tunelu. Miniméln{ tlou$t:
ka osténi ve vrcholu klenby je 350 mm. Svétla vyska profilu je 6,85 m

Clearance determined by client was a crucial factor for cross-sec-
tion determination. Clearance area was a topic of long discussions.
Client wanted to consider an area of frequently overloaded trucks.

nad niveletou vozovky. Finally clearance was determined 7.5m wide and 5.0m high, mini-
PFitny Tez raZeného tunelu md dvé varianty: se spodni klenbou ana | mum pavement width was determined 1.0m. A real pavement width
patkéch bez spodni klenby. Vyska patek je 500 mm. Minimélni tlou3t: corresp(?nds to real supereleyatlon of a road in a tunnel cross-secti-
ka spodni klenby je 500 mm. Spodni hrana protiklenby je v drovni on. Typical tunnel cross-section was the same for all short tunnels.
-2,60 m pod trovni nivelety komunikace. Podle predbézného statického Internal profile of a secondary tunnel lining is formed by a circle

with the radius 5.1m and centre 1.75m above a road on the tunnel
axis. Minimum lining thickness in crown is 350mm. Internal profile
is 6.85m high (distance above a road level).
1 Driven tunnel cross-section has two variants: with invert and wit-
hout invert on footings. Footings are 500mm high. Minimum invert
2 thickness is 500mm. An external edge of the invert is -2.6lm below
3 aroad level. The lining on the footings is designed from a plain conc-
rete, the lining with invert is designed as reinforced. Volume of maxi-
mum required reinforcement was estimated as 100 kg/m?. Figure 5

A sheet waterproof membrane was designed only in area of crown
(with a permeable invert). Longitudinal drainage pipes & 200mm are
situated behind the footings. Drainages are embedded in a lacunary
concrete.

Cut and Cover section is (with regards to a terrain topography)
designed only in a south portal area of the Chanderkot tunnel. Cut
and Cover section length is 25m. Internal profile geometry within
a Cut and Cover section stays the same as in a driven section. Crown
thickness is 700mm, invert thickness is 800mm. An external edge of
the invert is -2.90m below a road level. Two covered trenches are
located under both pavements. The trenches are ready for placement
of electric cables or for fire mains.

Obr. 4 Technologickd t¥ida vyrubu ,,C“~ Legenda: 1 — kotvy délky 6 m, The discussion about possibility to omit internal lining and sheet
2 — kotvy délky 8 m, 3 — jehlovdni, 4 — opérny Celbovy klin, 5 — primdrni osténi membrane is currently ongoing between the designer and client’s
ze stitkaného betonu 300 mm checking experts. The reason is an effort to minimise construction
Fig. 4 Excavation and support class ,,C“~ Legend: 1 — 6m long rockbolts, cost and to avoid increase of a road comfort in tunnel section in com-
2 - 8m long rockbolts, 3 — spiling, 4 — face supporting wedge, 5 — 300mm parison with the rest of the road. Frequent simple Scandiavian road

thick shotcrete primary lining tunnels serve as an example.
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posouzeni je osteni profilu na patkdch navrZeno z prostého betonu
a osténi profilu se spodni klenbou je navrzeno jako vyztuzené. Odhad
max. mnoZstvi vyztuze je 100 kg/m3(Obr. 5).

Izolace je navrZena jako deStnikova (tj. pouze v prostoru hornf klen-
by tunelu). Za patkami jsou uloZeny podélné drenaze & 200 mm. Dre-
ndze jsou obsypany mezerovitym betonem.

Hloubeny tsek je vzhledem k topografii terénu navrZen pouze na jiz-
nim portdlu tunelu Chanderkot. Délka hloubeného tseku je 25 m. Geo-
metrie vnitiniho lice osténi zustdvd v hloubeném tunelu stejnd jako
u tunelu razeného. Tloustka klenby je 700 mm, spodni klenba ma
tloustku 800 mm. Protiklenba profilu ma spodn{ hranu v trovni -2,90 m
pod trovni nivelety vozovky.

Pod obéma chodniky jsou pfipraveny dva zakryté Zlaby, pripravené
pro uloZeni kabelu elektrického vedeni a rozvodi nebo pro uloZenf
pozarntho vodovodu.

V soucasné dobé probihd diskuse mezi projektantem a kontrolnimi
experty investora o moznosti neprovadéni vnitiniho ostén{ a izolace.
Duvodem je snaha minimalizovat stavebni naklady a nezvySovat kom-
fort komunikace v tunelovych udsecich ve srovndni s ostatnimi dseky.
Jako referen¢ni priklad slouZi predev§im mnohé jednoduché skandi-
ndvské silni¢ni tunely.

TECHNOLOGICKE VYBAVENI A STAVEBNI UPRAVY

V prvni fdzi vystavby jsou tunely navrZzeny pouze osvétlené. Vzhle-
dem k délkdm tunel (cca 150 — 900 m) a jejich dopravnimu usporada-
ni bylo jiZ od po&étku predpokladdno podéIné vétrdn{ nebo vétrani pri-
rozené. Vsechny tunely jsou provozovény pouze jednosmérné. Vypocty
vétrani neprokdzaly nutnost instalace nucené ventilace, tunely tak
zustavaji vétrané pouze pistovym efektem a pfirozenym proudénim.

Tunely budou stavebné pfipraveny na doplnéni dalsich technologic-
kych zafizeni podle skuteEnych potieb provozu nebo pozadavki pro-
vozovatele. Pod chodnikem jsou navrzeny kabelové kandly (viz. odst.
,,Pri¢ny fez). V definitivnim osténi jsou navrzeny radidlni kabelové
kandly urené pro prevod kabeltl v ostén{ v pfi¢ném sméru.

V rdmci stavebnich dprav jsou v tunelech pfipraveny vyklenky pro
namontovdni SOS kabinek a umisténi poZdrnich hydranti. Vsechny
vyklenky jsou sdruzené. Vyklenky SOS a vyklenky s pozarnim hydran-
tem jsou navrzeny pouze u tunelt delsich nez 500 m tak, aby byla vzdy
zaru¢ena minimdlni vzddlenost 300 m mezi SOS hldskami a hydranty.

Vyklenky pro ¢isténi bocnich podélnych drendzi jsou rozmistény
podle navrzené blokové skladby v maximdlni osové vzdalenosti 60 m.

POZADOVANE DOKUMENTY

V ramci projektu jsou zpracovavany ndsledujici dokumenty:
e Vykresova dokumentace stavebni ¢asti tunelt

® Technické zpravy

e Technické specifikace

o Statické vypocty(numerické modelovani)

e Vykazy vymér a odhady ndkladu

© Navrhy sestav stroju a mechanizmt pro razbu tunelu

ZAVER

Evropské tuneldrské zkuSenosti a feSeni se v modifikované podobé
pravdépodobné stanou standardem pro Indické reditelstvi silnic a dal-
nic (National Highway Authority of India), investora statnich silnic.
Objemem tuneldfskych stavebnich praci se projekt zkapacitnéni silnice
z Jammu do Srinagaru fadi k nejvétSsim soucasnym silniénim tuneldf-
skym projektum v Indii. Postupné uvedeni novych tunelt do provozu
vyrazné zvysi kapacitu komunikace a bezpecnost statni silnice NH —
1A v celé oblasti indického Kasmiru a prispéje k lepsi dostupnosti hlav-
niho KaSmirského tdoli.

ING. PETR SVOBODA, svoboda@d2-consult.cz ,
ING. MARTIN SRB, srb@d2-consult.cz,
D2 CONSTULT PRAGUE s. r. 0.

Obr. 5 Typicky pricny rez s patkami — Legenda: 1 — primdrni osténi (strikany
beton s vyztuZnou siti), 2 — sekunddrni osténi (prosty beton)

Fig. 5 Typical cross-section with footings — Legend: 1 — primary lining
(shotcrete with reinforcing mesh), 2 — secondary lining (plain concrete)

M&E EQUIPPMENT AND RENOVATION

The tunnels are designed only with lighting in the first stage
of a construction. Longitudinal or natural ventilation was anticipated
from the beginning with regards to tunnel lengths (about
150 — 900m). All tunnels operate for traffic only in one direction.
Ventilation calculations did not demonstrate a need for mechanical
ventilation, thus tunnels stay ventilated by a piston effect and by
a natural air flow.

The tunnels will be prepared for installation of further M&E ser-
vices based on real requirements of traffic or requirements of opera-
tor. Cable trenches were designed below pavements (see chapter
"Cross section"). Radial cable channels determined for cable transfer
in cross direction were designed in the permanent lining.

Niches for emergency calls and for fire-fighting equipment were
considered in design. All niches are combined. Emergency call
niches and fire-fighting niches were designed only for tunnel longer
than 500m to assure minimum distance 300m between emergency
calls and water hydrants. Niches for rodding eyes (to clean longitu-
dinal drainage) are situated with maximum axial spacing 60m
(according a composition of blocks).

DOCUMENTS REQUIRED

The following documents are completed as a part of the project:
e Drawings of civil part of tunnels

® Technical reports

e Specifications

e Static calculations

o Bills of Quantities

e Tunnel excavation machinery proposal

CONCLUSION

European tunnelling experience and solutions in a modified versi-
on will probably become standard for the National Highway Autho-
rity of India (stakeholder of national highways). Four-laning of the
road from Jammu to Srinagar is one of the biggest road tunnelling
projects in India due to amount of tunnelling works. Gradual com-
missioning of new tunnels will significantly increase capacity and
safety of the road NH 1A in whole Kashmir area and will assist to
better accessibility of the main Kashmir valley.

ING. PETR SVOBODA, svoboda@d2-consult.cz ,
ING. MARTIN SRB, srb@d2-consult.cz,
D2 CONSTULT PRAGUE s. r. o.
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KABELOVA SACHTA

KLIMKOVICE TUNNEL - CABLE SHAFT

JIRI TVARDEK, MIROSLAV JANKU, LUBOMIR KOSIK

ovoD

Jednim ze stavebnich objekti budovaného tunelu Klimkovice je
iobjekt — Kabelova Sachta. Projektantem objektu byl Amberg Engineering
Bmo, a. s., vlastni realizaci provddély spole¢né firmy VOKD, a. s.,
a OKD, DPB, a. s.

Kabelova Sachta bude vyuZivdna pro privod el. energie z trafostanice do
tunelu a také jako vétraci Sachta pro privod Cerstvého vzduchu do techno-
logickych prostor v tunelovych propojkach.

Bylo navrZeno technické feSeni provedeni Sachty — vrt 2360 mm,
vystrojeni ocelovou rourou 2020 mm, stény 20 mm, povrchovd dprava
dle pozadavki ZTKP RSD CR, &. j. 111/03-22040, tj. ochranny povlako-
vy systém 8 (Zdrové stifkany povlak Zn, epoxidové natéry, celkové
tloustky 550 wm), zajisténi roury cementovou zélivkou.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

V mist¢ kabelové Sachty je kvartérni pokryv tvoren prevazné deluvidl-
nimi sedimenty jilovitopis¢itych hlin s pfimési tlomka mate¢nych hornin.
Obsah a velikost Glomku s hloubkou narastd, nejhlub3i vrstvy pokryvu
nabyvaji aZ charakteru hlinitych $térkd s ostrohrannymi dlomky a suti.
Celkova mocnost kvartérnich pokryva je zhruba 1,50 — 1,60 m.

Skalni podloZi celé lokality tunelu je tvoreno sedimentdrnimi hornina-
mi, které ndlezeji ke kyjovickym vrstvdm neproduktivniho karbonu —
kulmu. V predmétné lokalité kabelové Sachty se nachazeji pelitické sedi-
menty — jilovce a prachovce. Zpravidla jsou tmavé Sedé barvy, tence
desti¢kovité vrstevnaté, misty i masivni.

Na zdkladé pruzkumnych praci bylo zji§téno, Ze stavba horninového
masivu je velmi stdld. Smér sklonu vrstev je pomérné jednotny a kolisé jen

Obr. 1 Usazené rozsifovaci téleso v tunelové spojce
Fig. I The back-reaming head installed in the cross passage

INTRODUCTION

One of the structural parts of the Klimkovice tunnel, which is currently
under construction, is the Cable Shaft. It was designed by Amberg Enginee-
ring Brno, a. s., and built jointly by VOKD, a. s. and OKD, DBP, a. s.

The cable shaft will be used for supply of power from a transformer stati-
on to the tunnel, and also as a ventilation shaft supplying fresh air to equip-
ment rooms found in the cross passages.

The shaft design consisted of a borehole 2360mm in diameter, a steel
casing pipe 2020mm in diameter (20mm wall thickness) with the surface
finish meeting the requirements of Specification ZTKP No. 111/03-22040
issued by RSD CR (the Directorate of Roads and Highways of the Czech
Republic), i.e. the protective coating system No. 8 (plasma sprayed zinc coa-
ting, epoxy coats; 550um thick in total), and cement grout fixing the pipe in
the borehole.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The Quaternary nappe in the location of the cable shaft consists of diluvi-
al sediments, namely clayey-sandy loams with fragments of native rocks. The
content and size of the fragments grow with the growing depth; the deepest
layers of the nappe are assumed to have the properties of loamy gravels with
sharp-edged fragments and debris. The total thickness of the Quaternary
nappe is about 1.50 — 1.60m.

The bedrock in the entire tunnel location consists of sedimentary rock
types of the Kyjovice Member of Culm (the non-productive Carboniferous
period). The particular location of the shaft is found in pelitic sediments —
claystone and siltstone. They are usually grey, thinly laminated, and local-
ly even massive.

The geological survey results proved that the rock mass composition is
very stable. The direction of the dip of the layers is relatively uniform,
and it slightly fluctuates about 280°. The value of the dip exhibits a hig-
her degree of variability; the most frequent dip is flat, up to 30°, but even
a very steep dip was identified by the boreholes. Considering the charac-
ter of the changes in the dipping, there is a guessing that there are flexu-
res there rather than folds.

Transverse discontinuities are another important property of the massif.
The direction of their dip is perpendicular to their trend direction, about 70°-
90°. The Polancice and Rakovce rivers are based on the transverse faults. The
water table is, in essence, wedged into the rock massif. The water table was
encountered in most cases as deep as in the weathered surface layer of the
bedrock. The circulation of ground water is uniform within a major part of
the location, in the form of a fissure-interstitial aquifer.

STRUCTURAL ANALYSIS

Several partial calculations were carried out during the structural analysis
for the cable shaft, following the construction procedures and structural
design. The structure consists of several blocks. The reinforced concrete
foundation slab was designed for the load imposed by the drilling set and for
the punching shear induced by micropiles supporting the slab, which, at the
same time, supported the walls of the borehole in the upper series of strata.

Further, the calculation of stability of the borehole itself was carried out,
as well as the calculation of the load-bearing capacity of the primary lining
of the cross passage, which was affected by the opening for the shaft, and
verification of the internal and external load-bearing capacity of the system
consisting of the steel pipe, cement grout and the borehole wall. At last but
not least, all steel components of the shaft, all welded joints and bolted
joints were assessed.

The problem of the stability of the borehole itself showed to be most sig-
nificant; the borehole was loaded in certain phases on the surface by the ver-
tical load imposed by the drilling rig, which reached a total value of 190kN.
The stability of the borehole was verified by a calculation carried out using
the PLAXIS 8.2 geotechnical software. Reduction of the 3D problem to a 2D



16. rocnik - €. 1/2007

Obr. 2 Hlava stroje po dokoncent rozsireni
Fig. 2 The back-reaming head after the reaming completion

madlo kolem sméru 280°. Velikost sklonu vykazuje vétsi variabilitu, kdy
nejcastejsi je plochy sklon do 30°, ale ve vrtech byl zjistén i velmi strmy
sklon. Vzhledem k charakteru zmén sklonu je odhadovéno, Ze se jednd
spiSe o flexury neZ vrésy.

Dalsim vyznamnym prvkem masivu jsou pri¢né nespojitosti. Smér jejich
sklonu je kolmy ke sméru vrstev a jejich sklon je cca 70° az 90°. Na pric-
nych zlomech jsou zaloZena ddoli ficky Polancice a potoka Rakovce. Hla-
dina podzemni vody je v podstaté zaklesld do horninového masivu.

Ve vétsin¢ pripadi byla hladina podzemnich vod zastiZena az ve zvét-
ralé povrchové vrstvé skalnitho masivu. Ob¢h podzemnich vod je v pod-

2 Xz

statné &asti lokality jednotny — v pralinové puklinovém kolektoru.

STATICKY VYPOCET

Pfi ndvrhu a statickém vypoctu kabelové Sachty bylo provedeno néko-
lik dil¢ich vypodti, dle postupu vystavby a konstruk&niho ndvrhu. Stavba
se déli na jednotlivé celky. Byl proveden névrh Zelezobetonového zdkla-
du na zatiZen{ vrtnou soupravou a na protlaceni mikropilotami, které jej
nesly a zdroven slouZily jako paZeni vrtu v hornich souvrstvich.

Déle byl proveden vypocet stability samotného vrtu, vypocet inosnos-
ti primdrniho osténi tunelové propojky oslabené otvorem pro Sachtu a ove-
ka — osténi vrtu. V neposledni fadé byly posouzeny vSechny ocelové
prvky Sachty, veskeré svarové a Sroubové spoje.

Jako nejvyznamnéjSi se ukazovala otdzka stability samotného vrtu,
ktery byl z povrchu pritiZzen v uritych fazich vystavby svislym zatiZzenim
od vrtné soupravy, které dosahovalo az celkové hodnoty 190 kN. Byla
ovérena stabilita vrtu vypoctem pomoci geotechnického softwaru
PLAXIS 8.2. Redukei prostorové dlohy na 2D problém bylo dosaZeno
moznosti charakterizovat geometrii Sachty a pusobiciho zatiZeni jako
rotatné symetrické pri pouZiti vypoctu ,,Axisymetric model“. Tento typ
vypoltu je mozno pouZit pro konstrukce s jednotnym kruhovym prurezem
a zatiZzenim kolem centrélni osy, kde Ize oCekévat stejnd napéti a defor-
mace v jakémkoli radidlnim sméru.

Dal§im vypoctem bylo prokdzani vnitini a vn&jsi tnosnosti celého
systému vzhledem k osténi Sachty — ocelova roura o priméru 2020 mm
a tl. stény 20 mm. Vnitrni dnosnost systému, tj. soudrznost ocelové roury
s cementovou zdlivkou, je zaji$téna prirubami jednotlivych spoju dilcu
roury. Po délce vrtu je navrzeno Sest pifrubovych spoju. S praktickou vyu-
Zitelnosti pro preneseni svislého zatiZeni 1ze pocitat u ¢tyf. Vypoctem, pri
zanedbdni plastového treni, bylo prokézdno, Ze napéti pod jednotlivymi
prirubami nedosahuje ofekdvané pevnosti v tlaku cementového kamene.

Unosnost zatvrdlé zdlivky na rozhrani s horninou — tzv. vndj¥i tinos-
nost, 1ze vy&islit obdobné jako pldstovou tinosnost mikropiloty na zdkladé
délky pruméru vrtu a velikosti plastového treni v horniné, které bylo sta-
noveno pro dany injek¢ni tlak v hornindch R5 a R6 na 200 kPa. Timto
vypoctem byla ovérena dostate¢nd dnosnost celé konstrukce na rozhrani
s osténim vrtu.

Mimo standardni posouzeni Sroubovych a svarovych spoju jednotli-
vych dilct Sachty, vnitiniho vystrojeni, montéZnich tchyt a ovéfeni tinos-
nosti veSkerych ocelovych prvka, byla posuzovdna odolnost ocelové
roury proti bouleni pri zatiZen{ injekénim tlakem cementové zalivky.
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problem made it possible for the designer to characterise the geometry of the
shaft and the load action as rotationally symmetric and to apply the Axisym-
metric Model to the calculation. This type of calculation is applicable to
structures having uniform circular cross sections and the load uniformly
distributed around the central axis, where identical values of the stress and
deformation can be expected in any radial direction.

Another problem was the task to verify the internal and external load-bea-
ring capacity of the system comprising the 2020mm-diameter / 20mm wall
thickness steel pipe, which is born by cohesion with cement grout and by fric-
tion at the grout-borehole wall interface. The internal bearing capacity of the
system, i.e. the integrity of the steel pipe and the cement grout, is provided
by means of flanged joints of the pipe lengths. There are six flanged joints
throughout the borehole length; four of them can be calculated with as ele-
ments actually transferring the vertical load. The calculation proved that,
when the skin friction is disregarded, the stress under the individual flanges
does not reach the anticipated value of the compressive strength of hardened
cement paste.

The calculation of the load-bearing capacity of the hardened grout at the
interface with the rock (the so-called external load-bearing capacity) can be
similar to the calculation of the skin friction between the ground and a mic-
ropile, which is carried out on the basis of the length of the borehole diame-
ter and the value of the skin friction in the ground, which was determined for
a particular grouting pressure in rock types RS and R6 at 200kPa. This cal-
culation confirmed that the load-bearing capacity of the entire structure at the
borehole wall interface was sufficient.

The assessment of the pipe resistance against bulging due to the pressure
induced by the cement grouting was carried out in addition to standard
assessments of the bolted/welded joints between individual parts of the shaft
structure, of the internal equipment, assembly grippers, and verification of
the load-bearing capacity of all steel elements.

THE SHAFT-SINKING PROCEDURE

The shaft construction process consisted of several phases comprising
a ring of 18 micropiles 10m long, drilling of a power supply borehole for
a Wirth drill rig, preparation of the lining in the cross passage, drilling a pre-
bore and large-profile borehole, installation of the steel pipe and encasement
of the pipe by cement grout.

The micropiles were arranged in a tight circle around the future shaft. They
allowed the large-diameter drilling to pass safely through the Quaternary rock
and, at the same time, created a collar supporting the concrete base slab conta-
ining a sump allowing the installation of the drill rig. A twenty eight-long tech-
nical borehole was drilled concurrently using a Nordmayer DSB 2/10 drilling
rig, at near proximity to the shaft, ending in the cross passage; the borehole was
required for supplying power to the Wirth HG 210 drill rig from the tunnel.

The base prepared for the drill rig was used for erection of the drill-rig.
It was a temporary structure with the life length of several weeks.

Obr. 3 Navddéci prstenec na popoustéci stolici
Fig. 3 The guide ring on the lowering stand




Obr. 4 Roura Cislo jedna
s navddecim prstencem
pFipravena k usazovdni
Fig. 4 The pipe No. 1
with the guide ring ready
for installation

REALIZACE VYSTAVBY SACHTICE

Prdce na Sachtici predstavovala nékolik etap zahrnujicich 18 paprscité
situovanych deset metrii dlouhych mikropilot, zhotoveni energetického
vrtu pro soupravu Wirth, piipravu osténi v tunelové propojce, realizaci
predvrtu a velkopramérového vrtu, osazeni ocelové roury a zaliti cemen-
tovou zdlivkou.

Mikropiloty byly usporadany paprs¢ité v tésném kruhu kolem budouci
Sachtice. UmozZnily bezpe¢ny prichod velkoprumérového vrtu kvartérnimi
horninami a soucasné tvorily opérny vénec pro betondZ podstavce s jimkou
slouZici k ustaven{ vrtné soupravy. Spole¢né s mikropilotami byl soupravou
Nordmayer DSB 2/10 v bezprostredni vzddlenosti vyvrtdn dvacetiosmimet-
rovy technologicky vrt s prunikem do tunelové propojky pro zabezpe€eni
privodu elektrické energie z tunelu pro soupravu Wirth HG 210.

Pro ustaveni vrtné stolice byl zhotoven zdklad vrtné soupravy. Jednalo
se 0 do¢asnou konstrukei, jejiZ Zivotnost byla nékolik tydna.

SoubéZné se zdkladem pro stolici bylo provddéno zajisténi vyrubu tune-
lové propojky. Nejdrive bylo provedeno zajistén{ vyrubu Sesti hydraulicky
upinanymi svorniky dl. 3,50 m ve vzdalenosti zhruba 200 mm od budou-
cf stény vrtu, ve sklonu 30° od svislé osy Sachtice. Jejich vzdjemnd vzdd-
lenost byla 1,50 m po obvodu zdrodku. Svorniky po obvodu zdrodku byly
prednostné umistovany vzhledem k plochdm nespojitosti horninového
prostiedi tak, a aby brdnily rozvoliovéni horniny, vypaddvéni hornino-
vych bloka z osténi aby spinaly horninu ve foliaci. Po odstranéni primar-
niho osténi a upéleni prutové vyztuZe byl proveden vyrub ve vrchliku pro-
pojky smérem svisle vzhuru, tim vznikla ve stropé kruhovd plocha v trov-
ni 270,71 m n. m. o pruméru 3,16 m, jejiz stted byl od osy propojky vzda-
len 500 mm. Zajisténi vyrubu bylo stifkanym betonem SB 25 tl. 50 mm.

Vlastn{ vrtan{ Sachtice bylo zahdjeno instalaci vrtné soupravy WIRTH
HG 210. MontdZ vrtné soupravy byla pomoci jerdbu dokoncena béhem
dvou dni. Po revizi, kolaudaci a rektifikaci postaveni méfi¢em bylo zahd-
jeno prohlubovini cilového vrtu dlouhého 29,1 m s prinikem do tunelové
propojky. Cilovy vrt o priméru 250,8 mm byl proplachovan polymero-
vym vyplachem Argipol v mnozstvi 1000 I/min”. Vrt byl dokoncen
béhem 12 hodin s odchylkou 0,097°. Nésledovala montdZ rozsifovaciho
télesa o praméru 2360 mm technologie Raise boring v tunelové propojce.
Roz§ifovéani vrtu tahem ke stroji probihalo ve dvandctihodinovych sme-
ndch. Celkem 18 hodin pfi soubéZzném odt€Zovani vrtné drté z paty vrtu.

Parametry vrtné soupravy Wirth HG 210:

pohon elektrohydraulicky

prikon el. motoru 160 kW
napéti el. motoru 500 V
vystupni otacky 0-49 min™
max. kroutici moment 100,5 kNm
max. pritlak 1 050 kN
max. tah 1900 kN
rychlost posuvu 19 m min’
Uklon vrtu 90° - 45°
primeér pilotniho vrtu 250,8 mm
maximalni primer 2 360 mm
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Obr. 5 Vyskové usazeni na retézovych zdvésech
Fig. 5 The pipe on suspension chains
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The foundation for the drill rig was built concurrently with the work on the
support of the cross passage. Fist of all, the excavation was supported with
six 3.50m-long water-expanded rock bolts, which were installed at a distan-
ce of about 200mm from the future wall of the borehole, at an angle of 30°
from the vertical axis of the shaft. The bolts were carried out around the cir-
cumference of the germ of the shaft at 1.50m spacing, preferably in positions
where they prevented loosening of the rock mass due to the existing discon-
tinuity surfaces, falling of rock blocks, and tied the foliated rock mass toget-
her. When the primary lining had been removed and the reinforcement bars
burned away, a space was excavated vertically in the crown of the cross pas-
sage. This gave rise to a circular area 3.160m in diameter in the ceiling; the
centre of the circle was at a 500mm distance from the centre line of the cross
passage. The excavation was stabilised by a 50mm-thick layer of SC25
sprayed concrete.

The drilling for the shaft itself started by the installation of the WIRTH HG
210 drill rig. It was assembled in two days using a crane. The sinking of
a 29.1m-long pilot borehole ending in the cross passage started after the
inspection had been finished, the approval to the use issued and the setting of
the drill rig rectified by a surveyor. The 250.8mm-diameter pilot borehole
was flushed with Argipol polymer drilling fluid at a 1000 litre per minute
rate. The borehole was completed in twelve hours, with a drift angle of
0.097°. The assembly of a 2360mm-diameter reaming head in the cross pas-
sage followed. The raise-boring machine reamed the borehole bottom-
upwards in 12-hour shifts, 18 hours in total at simultaneous removal of drill
cuttings from the bottom of the borehole.

Parameters of the Wirth HG 210 raise boring machine:

drive electro-hydraulic
electric motor input 160kW

electric motor voltage 500V

motor speed 0-49 revmin™
maximum torque 100.5 KNm
maximum thrust 1050kN
maximum pull 1.900kN
advance rate 19m.min”’!
borehole incline 90° - 45°

pilot borehole diameter 250.8mm
maximum diameter 2360mm

Obr. 6 Pohled do vystrojované Sachtice
Fig. 6 A view into the shaft being equipped
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PARAMETRY SACHTY
Celkova hloubka Sachty: 31,14 m (podlaha kolektoru-podlaha spojky)
délka vrtu: 29,04 m
délka ocelovych trub: 26,74 m
Zakladni dil: roura dl.6 m s vystrojenim.............. 3 ks — Lezni oddéleni podesty po 6 m metrech, zédroven montazni plosiny pro kabely a pozarni vodovod,

Zebriky svislé, délka vétve 6 m

Horni $achetni dil 1ks: roura dl. 2,74 m s prirubou pro uchyceni foliové izolace kolektoru
Dolni Sachetni dil 1 ks: roura dlI. 6 m, vystrojeni — viz zakladni dil, navic u spodniho konce navarena priruba se Srouby pro ukotveni foliove izolace tunelové propojky

POZADAVKY NA PROTIKOROZNI UPRAVU

Uprava povrchu veskerych ocelovych konstrukei dle pozadavk( ZTKP RSD CR, ¢j. 111/03-22040
Vné&jsi i vnitini povrch ocelové roury je opatfen ochrannym povlakovym systémem 8, tj.

zakladni povlak

zakladni a podkladovy natér
vrchni natér

celkem

zaroveé strikany povlak zZn
epoxidovy dle DB 687.14
epoxidovy dle DB 687.11/12

150 wm
80 um
2x160 um
550 um

Povrch vymeénitelnych dilct vystrojeni je opatfen ochrannym povlakovym systémem 4, tj.

zarové zinkovani dle 1S01461
epoxidovy dle DB 687.14
polyuretanovy dle DB 687

zakladni povlak

zakladni a podkladovy natér
vrchni natér

celkem

SHAFT PARAMETERS
Total shaft depth:

NDFT 70 um
120 wm

80 um

270 um

31.14m (the floor of the utility duct - floor of the cross passage)

Borehole length: 29.04m
Steel pipes length: 26.74m
The basic part: a 6m-long pipe with equipment ........ 3 pieces - A ladder compartment with landings every 6m, mounting for cables and a fire main, vertical ladders.

The upper part of the shaft — 1 piece: a 2.74m-long pipe with a flange for fixing a waterproofing membrane wrapping the utility duct.
The bottom part of the shaft -1 piece: a 6m-long pipe with equipment (see the basic part), an additional flange with bolts for anchoring the waterproofing membrane

protecting the cross passage structure is welded to the lower end.

REQUIREMENTS FOR CORROSION PROTECTION

Surface finishing of all steel structures: according to ZTKP RSD CR No. 111/03-22040.
External and internal surfaces of the pipe are provided with a protective coating system No.8, i.e.

preliminary coat

priming and foundation coat
cover coat

Total

plasma sprayed zinc coating
epoxy according to DB 687.14

epoxy according to DB 687.11/12

150um
80um
2x160um
550um

Surfaces of exchangeable elements of the equipment are provided with a protective coating system No. 4, i.e.

preliminary coat

priming and foundation coat
cover coat

Total

epoxy according to DB 687.14

Tabulka 1 Parametry Sachty a protikorozni ochrana
Table 1 Schaft parameters and Corrosion protection

Pro zddrné zapusténi definitivni vystroje vrtu — ocelové trouby 2020/20
s prirubovymi spoji o praméru 14 cm men$im nez prumér vrtu, bylo
Zadouci maximdlné zkrdtit Cas mezi dokonéenim rozsifeni vrtu a vlastnim
zapoustenim vyztuZze. Zcela netradi¢né bylo pristoupeno po odpojeni hyd-
rauliky k pfemisténi vrtné soupravy o vdze 20 tun z osy vrtu bez demon-
tdZe pomoci jefdbu. Tato operace umoZnila ihned po dovrtdni Sachtice
zahdjit popousténi ocelové vyztuZe. Vystroj Sachty je zhotovena z podél-
né svafovanych ocelovych trub priméru 2020 mm a tl. stény 20 mm
(1004,8 kg/m). Trouby byly popoustény pomoci jefibu DEMAG 120
a specidlni ploSiny vyrobené pro tuto akci. Celé osazeni rour trvalo
14 hodin.

Po osazeni vystroje Sachty na potfebnou vyskovou tiroven pomoci Ctyr
fetézt byl proinjektovén prostor mezi osténim trubky a osténim vrtu.
InjektdZ byla provedena z trovné stdvajictho terénu, na rubu vystroje
Sachty bylo osazeno 6 ks injektdznich trubek DN 40 mm, spojovanych
z dilcu dl. 6 m pomoci zdvitt na obou koncich s ndtrubkem. Injektaz byla
provedena aktivovanym cementovym pojivem. (viz tabulka 1)

ZAVER

Zavérem je nutno pripomenout celkovy Cas realizace Sachtice. Doba
realizace Sachtice — vrtdni, osazovani, zdlivka, trvala tfindct pracovnich
dni. To znamend znalné zkréceni doby realizace oproti klasickému zpu-
sobu hloubeni. Pfi porovnéni nékladu klasického a vySe popsaného zpu-
sobu provaddéni dojdeme ke zhruba shodnym hodnotdm. Je proto na zvé-
Zeni projektanty a investord, zda tento zpusob realizace vzhledem k uSet-
fenému Casu nepouZit i u jinych projektu.

ING. JIRI TVARDEK, tvardek@vokd.cz , VOKD, a. s.,

ING. MIROSLAV JANKU, mjanku®@dpb.cz, OKD DPB, a. s.,
ING. LUBOMIR KOSIK, lkosik@amberg.cz,

AMBERG ENGINEERING, a. s.

polyurethane according to DB 687

hot-dip galvanisation with Zn (ISO 1461) NDFT 150um

120um
80um
270um

Maximum reduction of the time gap between the completion of the rea-
ming and installation of the final lining of the shaft (2020/20mm steel pipes
with flanged joints; the flange diameter by 14cm smaller than the diameter of
the borehole) was desirable to make certain that the pipes would pass through
the borehole successfully. A completely non-traditional procedure was used
for that reason: the 20t drilling set was removed from the axis of the borehole
without dismantling by a crane once the hydraulic system had been disconne-
cted. Owing to this operation the steel lining installation could start immedia-
tely after the completion of the raise boring. The shaft was lined with
2020mm-diameter, 20mm-wall thickness longitudinal welded pipes (1004.8
kg/m). The pipes were lowered to the borehole by a DEMAG 120 crane, using
a custom-made platform. The entire pipe lowering operation took 14 hours.

When the installation of the lining at the required level using four chains
had been finished, the annulus between the pipe and the borehole wall was
filled with grout. The grout was injected from the existing ground surface
level through six grouting pipes DN 40mm fixed to the outer side of the shaft
lining; the pipes consisted of 6m-long pieces provided with threads on both
ends, which were connected using coupling sleeves. Activated cement binder
was used for the grouting. (see table 1)

CONCLUSION

To conclude, we bring back to mind the overall time of the shaft construc-
tion. The operations, i.e. drilling, installation and grouting, took thirteen days.
It meant a significant reduction in the construction time compared with a tra-
ditional shaft sinking method. If we compare the costs of the traditional met-
hod and the above-mentioned technique, we will arrive at roughly identical
values. Designers and investors should take into consideration the savings in
time and decide whether this construction technique should be used at other
projects.

ING. JIR[ TVARDEK, tvardek@vokd.cz , VOKD, a. s.,

ING. MIROSLAV JANKU, mjanku@dpb.cz, OKD DPB, a. s.,
ING. LUBOMIR KOSIK, Ikosik@amberg.cz,

AMBERG ENGINEERING, a. s.
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ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

MERENI RYCHLOSTI V TUNELU SITINA
MEASUREMENT OF SPEED IN THE SITINA TUNNEL

The Sitina motorway tunnel is being completed in the Slovak
Republic’s capital. Prof. Pavel Pribyl informs in his paper about the
vehicle speed measurement system supplied by ELTODO for installa-
tion in the tunnel. The system is based on a combination of two sys-
tems: a system of scanning of passing vehicles by a laser scanner,
which creates 3D models of the vehicles serving for categorisation of
vehicles into several pre-defined classes, and a vehicle registration
number recognition system.

Témer po tiech letech vystavby ddlni¢niho tunelu SITINA v Brati-
slavé za¢ind spole¢nost Eltodo postupné dokoncovat i vSechny tech-
nologické doddvky a tunel se pfipravuje na uvedeni do provozu.

Na vSechny doddvky technologii pouzitych v tomto tunelu byly kla-
deny vysoké naroky, nebot’tunely na Slovensku jsou posuzovény jako
bénské stavby.

Préve proto byl také do tunelu Sitina dodén, krom povinného vyba-
veni dle TP 98, nove vyvinuty systém pro detekci a klasifikaci vozidel
v tunelu. Zdkladni pozadavek pro tunel Sitina byl védét online, kolik
vozidel a jaky typ vozidla se nachdz{ v daném okamziku v tunelu vcéet-
né eliminace vozidel ddrzby. Pravé tento pozadavek pomohl vyfesit
systém zaloZeny na technologiich pouZivanych pro systémy elektro-
nického myta.

Vlastni systém je zaloZen na kombinaci dvou systému: skenovani
projizdéjicich vozidel laserovym skenerem, ktery vytvari jejich 3D

Obr. 1 Model vystupu z 3D klasifikace
Fig. 1 Model of 3D classification output

Obr. 2 Pohled do tunelu Sitina
Fig. 2 View inside the Sitina tunnel

model, na jehoz zdkladé je provadéna jejich klasifikace do nckteré
z pfedem definovanych kategorii, a na systému rozpoznavani regist-
racnich znacek (RZ).

Detekovand vozidla na vjezdech do tunelu jsou vetné naméfenych
parametrt ukldddna do databdze vozidel vyskytujicich se uvnitf tune-
lu. Na vyjezdu jsou pak naméfené parametry porovnany s databdzi
vozidel a pfislusné vozidlo je z databaze vyrazeno. Je tak zaruceno, Ze
v kazdém okamzZiku je zndm presny pocet vozidel uvnitf tunelu vlet-
né jejich skladby.

Pravé diky kombinaci rozpozndvéani RZ a klasifikace vozidel pomo-
ci 3D modelu je mozné podchytit v tunelu i ta vozidla, kterd tam zmeén{
smér a vyjedou jinde, neZ by se ocekdvalo. Navic tento systém md
schopnost nezapocitdvat do momentdlniho stavu v tunelu vozidla
udrzby, coZ pfi pouZiti systému indukénich smycek nelze zarudit.

Systém navic umoznuje mnoho dodatkovych funkci, vyplyvajicich
z méreni na zaCdtku a na konci tunelu. Z méfenych dopravnich dat 1ze
pak také odvozovat, zda v tunelu nedoslo k nehoddm, coZ je vzhledem
k bezpecnosti v tunelech velmi duleZité.

PROF. ING. PAVEL PRIBYL, pribylp@eltodo.cz, ELTODO, a. s.

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

KONFERENCE ,ZELEZNICE 2006"
THE ,RAILWAYS 2006“ CONFERENCE

A two-day conference session of designers, employers, contractors
and civil servants active in the field of railway traffic was held on 29th
— 30th November 2006 in Prague.

The basic conference topics were as follows:

o Current priorities of Czech Railways

® Modernisation of railway transit corridors in the Czech Republic
(preparation of projects, experience and implementation)

o News from the area of railway and telecommunication equipment

The presentations dealt with the traffic policy of the Czech Republic
for the years 2005 till 2013, and with the main completed/under-prepa-
ration projects. Regarding the projects which involve larger tunnel con-
structions, the following ones were mentioned:

@ The “New Connection” construction-in-progress, which will significant-
ly increase the capacity of the Prague railway intersection owing, among
other parts of the project, to a couple of over 1km long tunnels.

@ The construction of the railway corridor between Prague and Plzen,
which is under preparation, will contain the Ejpovice tunnel and,
above all, two single-track tunnels between Prague and Beroun at
the lengths of about 24km.

@ In the long range, the modernisation of the railway line from Ceské Bu-
déjovice to Linz (tunnel lengths in variants ranging from 6km to 20km)

e In the long range, the modernisation of the railway line near Usti
nad Labem (tunnel lengths ranging from 3.5km to 6.2km)

Dvoudenni konferenéni jedndni{ projektant, investort, staviteld i pra-
covniku stdtni spravy v oblasti kolejové dopravy se uskute¢nilo v Praze 3
v konferen¢nim sale hotelu Olsanka ve dnech 29. — 30. 11. 2006.

_Generdlnim partnerem konference byla Subterra, a. s., porddajici
SZDC, s. 0., a Sudop Praha.

Zakladn{ témata konference byla:

o Aktudlni priority Ceskych drah .

@ Modernizace tranzitnich Zelezni¢nich koridora v CR (pfiprava pro-

jekt, zkuSenosti a realizace)

® Novinky v oblasti Zelezni¢ni a telekomunikacni techniky
_ Vyznam a rozvoj Zelezni¢ni dopravy v CR deklaruje dopravni politika
CR na Iéta 2005 — 2013. V nékladni dopravé je to ndvrat preprav hromad-
nych a nadrozmémych ndkladu ve strednich a dlouhych vzddlenostech.
A v osobni dopravé prepravy na stredni vzdalenosti a vysSi kvalita pro pre-
pravu na dlouhych tratich.

Mezi triceti prioritnimi projekty na Zelezni¢ni evropské siti jsou dva,
které se tykaji naSeho tzemi:

e dokonceni 1. Zelezni¢niho koridoru a modernizace Zelezni¢niho uzlu

s postupnou modernizaci 3. a 4. koridoru;

e dokonceni 2. Zelezni¢niho koridoru a Zelezni¢nich uzla a moderniza-

ce trat¢ Brno — Prerov.

Profinancovat takové ndro¢né cile je dle vyjadieni SFDI tradi¢né velmi
komplikované, potieba by nékolikandsobné prekrocila moznosti. Pro rok
2007 se jevi zatim prostiedky pro celostdtni a regiondlni drdhy ve vysi
15,7 miliardy K&, z toho na investice 10,1 miliardy a moZnost predfinan-
covani z prostredkt EU cca 6 miliard K&. I pro dalsi budoucnost je nutné
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hledani kompromisu mezi potfebou a moznosti s cilem dobudovat paterni
sit’dopravnich cest a sou¢asné udrzet stdvajici infrastrukturu.

V piispévcich zaméfenych na realizované a pripravované stavby byly
predneseny zajimavé informace.

Stavbou ,,Nové spojeni* v Praze, jejiz soucdsti jsou tunely Vitkov,
bude odstranéno jedno z nejzavaznéjsich hrdel omezujicich rozvoj zelez-
ni¢ni dopravy v uzlu Praha. Soucasné musi ndsledovat fada dprav kritic-
kych mist, mimo jiné i rekonstrukce 1. vinohradském tunelu a oprava
Negrelliho viaduktu.

V piipravé vystavby tretiho tranzitniho koridoru jsou useky, které
jsou projektovany ve stopé budouci vysokorychlostni trati mezi Prahou
a Plzni. Jedna se o usek Praha — Beroun a Cdst trati mezi Ejpovicemi
a Plzni. Pro tunel mezi Ejpovicemi a Plzni uz byla zvolena varianta dvou
jednokolejnych tunelt pro rychlost 200 km/hod.

Dokumentaci pro tizemni fizeni na stavbu Praha — Beroun zpracovava
spole¢nost Sudop Praha, a. s. Stavba zahrnuje tsek v oblasti Praha — Smi-
chov a poté Barrandov, vlastni tunel délky cca 24 km, premosténi feky
Berounky a Zelezni¢ni stanici Beroun.

Po zpracovani rizikové analyzy, hlavné fesici problematiku prichodu
tunelu krasovou oblasti, byla po porovnani vybrdna na dal$i zpracovan{
novd varianta vedeni trasy. Obdobné bylo variantné feSeno usporadani
pri¢ného profilu tunelu. Vybrén byl dsporny $vycarsky profil jednokolej-
ného tunelu o vnitinim poloméru 4,15 m.

Dal3{ zajimavou stavbou budoucnosti se jevi modernizace Zelezni¢ni
traté Ceské Budéjovice — Linec. Projektanti IKP Consulting Engineers,
s. I. 0., feS{ uvedeny projekt také ve variantach. K dal§imu podrobnému
zpracovani byly vybrany:

SILNICNi KONFERENCE 2006

THE ROAD CONFERENCE 2006

On 17th and 18th October 2006, the city of Liberec became the host
of professionals gathered mainly from the Czech Republic, who work
in the trackless haulage segment of transportation. The interest in
attendance, including all exhibitors, exceeded 900 registrations, which
meant a lot of work, but also a great challenge for the organisers.

The initial block of presentations consisted of papers read by emplo-
yees of the Ministry of Transport, SEDI and the Directorate of Roads
and Motorways Prague. They were primarily focused on the strategy
of funding for motorways and primary roads. They put stress on the
necessity of completing the system of the network of arterial roads at
the rates of the past years, i.e. a transport infrastructure share of
1.5% - 2.5% in the GDP.

Another block of presentations, which was dedicated to the conditi-
on of the road network and future development, was equally distribu-
ted among new construction, as well as maintenance and reconstructi-
on of existing networks.

The final conference block dealt with a very important problem,
which is “Road Traffic Safety”. One of the papers was the paper by
a team headed by Ing. Jifi Svoboda, titled “Fire Safety in the Valik
Tunnel — Experience from the Completed Testing”.

Mésto Liberec se stalo ve dnech 17. a 18. fijna 2006 hostitelem
odbornikii predeviim z Ceské republiky pracujicich v dopravnim seg-
mentu nekolejové dopravy. Zdjem o ucast véetné vystavovatell presa-
hl ¢islo 900, coz bylo pro organizatory velkym soustem, ale i vyzvou.

Konference i s doprovodnou vystavou se uskutecnila v kongreso-
vém centru souvisejicim se spolecenskym centrem Babylon. Uz tra-
di¢né vysoce cenéné setkdni pracovniku ministerstva dopravy, inves-
ti¢nich a projekénich organizaci, dodavatelskych firem i provozovate-
1t napliiuje odbornou i spoleenskou funkci. DuleZity je komplexni
informacni tok potfebny pro pldn Cinnosti v dal§ich obdobich.

Severni Cechy jsou ukdzkovou oblasti, kde je nutno fesit velmi slo-
Zitou problematiku nejen vystavby novych ddlnic a silnic ve vyznam-
nych chranénych oblastech, ale i idrzby v ndro¢nych horskych klima-
tickych podminkéch. Proto se konference vedle celorepublikové pro-
blematiky zabyvala i touto oblasti.

V tvodnim bloku se referdty pracovnikil ministerstva dopravy,
SFDI a RSD Praha zaméfily nejvice na strategii financovani délnic
a silnic I. tfidy, kde byla konstatovdna nutnost dobudovéni paterni sité
dopravnich cest v tempech uplynulych let, tj. v rozmezi 1,5 — 2,5 %
podilu dopravnf infrastruktury na DPH.

Disponibilni ndrodn{ finan¢ni zdroje jsou stdle hlavni zdrukou roz-
voje. Ukazuje se naléhavd nutnost sniZovani zdroju z privatizace, hle-
ddni jinych cest v&etné soukromého kapitélu, dvéra &i zdroju z EU.

Tuel

e varianta C4 se sklonem 12,5 promile — Krumlovsko s 20km tunelo-

vymi useky;

e varianta B také se sklonem max. 12,5 promile — Kaplickd s 6km tune-

lovymi useky.

Kaplickd varianta je ekonomicky prijatelnéjsi, ale nenapliiuje cil zapo-
jeni Ceského Krumlova do evropské Zelezni¢ni sité.

Cilem modernizace trati Praha — Olomouc u Usti nad Orlici je oka-
mZité zvyseni rychlosti na 160 km/hod s vyhledem 200 km/hod. Ugelem
zpracované tizemné-technické studie bylo vytvorit podklad pro zaclenéni
do tdzemniho pldnu obou variant smérového vedeni. Ty zahrnuji tunelové
useky, v prvni varianté je to 3,5 km (cca 30 % délky trasy), ve druhé
dokonce 6,2 km, coz predstavuje 60 % délky trasy.

Predpoklad zahdjeni stavby je rok 2009, do té doby je nutné u projek-
tové dokumentace doresit jak vedenf stavby, tak i typ tunelovych staveb
vletné technologie razby.

Vyraznou novinkou na konferenci byl prispévek Ing. Stecinského
vénujici se problematice bezpecnosti dopravy v Zelezni¢nich tunelech.
I presto, Ze Zelezni¢ni doprava obecné dosahuje vyssi miry bezpe¢nosti
oproti dopravé silni¢ni, je nutno této problematice vénovat zvySenou
pozornost, nebot’ pocet Zelezni¢nich tunelt se zvySuje a ve vyhledu jsou
dalsf i v délkédch ddlkovych evropskych tuneld. Text prispévku v plném
znéni je otistén v minulém &isle Casopisu Tunel a je vyraznym doplnénim
praci o bezpe¢nosti dopravy, kterou na bezkolejovych tunelech uz nékolik
let koordinuji jak tuneldrské sekce silni¢ni spole¢nosti, tak sekce pri Ces-
kém komitétu ITA/AITES.

ING. PETR VOZARIK, vozarik@metrostav.cz, METROSTAV, a. s.

V soucasné dobe je rozestavéno pres 160 km ddlnic s tim, Ze v roce
2006 bylo uvedeno do provozu na 70 km, z toho i tfi vyznamné ddl-
ni¢ni tunely — Valik, Panenskd a Libouchec. .

Pro zajiSténi vystavby pro léta 2007 a 2008 si Reditelstvi silnic
a délnic stanovilo fadu novych dkolu. Vedle stabilnich — zaji$téni pri-
pravy a realizace staveb, spravy a udrzby komunikaci v rozsahu
finan¢nich pldnu, se jednd hlavné o zavedeni a vyprecizovani systému
zaddvdni vefejnych zakazek podle novely zdkona z Cervence 2006, tj.
zavadéni jednotného systému dopravnich informaci pro CR (JSDI)
a organiza¢ni zajisténi ,,Projektu zpoplatnéni vybranych komunikaci
v CR*.

Dal3{ tematicky blok vénovany stavu silniéni sité a dal$imu rozvoji
je rovnomérné vénovan jak nové vystavbé, tak ddrzbe a rekonstrukei
stdvajicich siti. Pro naSe Ctendre je jisté nejvice zajimavé, Ze vedle
rozestavénych staveb, jako jsou D47 mezi Lipnikem a Bohuminem
s tunelem Klimkovice, D1 Kojetin — Kroméfiz a D3 Mezno — Choto-
viny, budou zahdjeny nové stavby. Jednd se o stavby D1 Mofice —
Kojetin, D3 N. Hospoda — Mezno, D8 Lovosice — Rehlovice s tunely
Prackovice a Radej¢in, D11 usek u Hradce Krdlové a D47 v piihranic-
nim useku.

Na rychlostnich komunikacich jsou rozestavény nebo nove zahajo-
véany nejvyznamnéjsi stavby na okruhu Prahy: Vestec — Lahovice
a Lahovice — Slivenec s dlouhymi tunely dalni¢niho typu.

Ceskd republika jako Glensky stait EU md moZnost Gerpat podporu
z fondu na investice do dopravni infrastruktury. V souc¢asné dobg je to
podpora z Fondu soudrznosti i z predvstupniho fondu ISPA. Celkovy
objem finanéni podpory ¢ini 9,2 miliardy K¢ a nejvétsi spolufinanco-
vanou stavbou je silni¢ni okruh kolem Prahy R1 tdsek 514 Lahovice —
Slivenec.

Rok 2006 byl také bohaty na nove prijaté pravni predpisy, které
ovlivni i pripravu staveb. Jedn4 se predevsim o:

— zdkon €. 137/2006 Sb. o verejnych zakéazkéch;

— stavebni zdkon ¢. 183/2006 Sb.

Zéaverecny blok konference se vénoval velmi vyznamnému tématu:
,.Bezpecnost silni¢niho provozu®“. Do této problematiky dobre zapadl
prispévek kolektivu pod vedenim Ing. Jiftho Svobody nazvany ,,PoZér-
ni bezpecnost u tunelu Valik — zkuSenosti z provedenych zkouSek*.
Pred zahdjenim provozu v tunelu Valik bylo nutné zorganizovat tak-
tické cvicent slozek integrovaného zachranného systému (IZS) a ostry
zkusebni pozar. Toto se provedlo ve dvou etapich; zkusebni pozar
v tunelu pred hlavni montazi technologie a zkouskou IZS po namon-
tovani technologie.

Sbornik konference je uz tradiné dobfe vybaven adreséfi spraveu
pozemnich komunikaci, spravy a tdrzby silnic podle krajd, ale i sprav-
nich dfadd kraja, ¢len Ceské silni¢ni spole¢nosti a Ceskomoravské
asociace dopravniho znaceni.

ING. PETR VOZARIK, vozarik@metrostav.cz, METROSTAYV, a. s.
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FOTOREPORTAZ Z DOKONCENI A UVEDENI DO PROVOZU USEKU DALNICE D8 OD TRMIC U USTI NAD LABEM
K STATN[ HRANICI S NEMECKEM (VCETNE TUNELU PANENSKA A LIBOUCHEC)

PICTURE REPORT ON THE COMPLETION AND INAUGURATION OF THE D8 MOTORWAY SECTION FROM TRMICE
NEAR USTI NAD LABEM TO THE BORDER WITH GERMANY (INCLUDING THE PANENSKA AND LIBOUCHEC TUNNELS)

s

Obr. 1 Pohled na jizni portdl tunelu Libouchec
Fig. 1 A view of the southern portal of the Libouchec tunnel

Obr. 3 Galerie u severniho portdlu tunelu Libouchec
Fig. 3 The gallery at the northern portal of the Libouchec tunnel

Obr. 5 Nouzovy zdliv v tunelu Panenskd
Fig. 5 An emergency stand-by in the Panenskd tunnel

Obr. 7 PrestriZeni pdsky pri uvedeni uiseku ddlnice D8 do provozu
Fig. 7 Cutting the tape at the ceremony of opening the D8 motorway section to traffic

—— ————

Obr. 2 Jizni portdl tunelu Libouchec
Fig. 2 The southern portal of the Libouchec tunnel

Obr. 4 Terénni tipravy u severniho portdlu tunelu Libouchec
Fig. 4 Terrain finishes at the northern portal of the Libouchec tunnel

Obr. 6 Dokoncovaci prdce u severniho portdlu tunelu Panenskad
Fig. 6 Finishing work at the northern portal of the Panenskd tunnel

Obr. 8 Ridici stredisko RSD v Rehlovicich 5
Fig. 8 The Directorate of Roads and Mororways’ management centre in Rehlovice
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA (STAV K 18. 1. 2007)

METRO IVC2

Razené tunely trasy byly jiz stavebné dokonéeny. V jednotlivych
oddilech trasy probihaji prace na dokoncovani poklddky kolejového
svrsku i ¢innosti potiebné pro osazovéni zafizeni i rozvodu provoz-
ni technologické vybavenosti.

NOVE SPOJENI - VITKOVSKE TUNELY

V obou tubusech tuneld pro Zelezniéni spojeni vedoucich pod
vrchem Vitkov se v souCasné dobé naplno provadi betondz defini-
tivniho osténi. Konstrukce horni klenby je betonovdna po tsecich
12,38 m dlouhych. Zatimco definitivni monolitické osténi v sever-
nim tunelu je firmou Subterra, a. s., provddéno od zdpadniho portd-
Iu k vychodnimu, Metrostav a. s. postupuje v jiznim tunelu v opac-
ném sméru. Postupné se také buduje bednéni a betondze atypickych
prifezu napinacich komor trakce. Na obou portédlech probihaji beto-
naze zelezobetonovych konstrukei tubusu v hloubenych ¢astech.

TUNEL PANENSKA A TUNEL LIBOUCHEC

Oba tunely s prilehlymi ¢4stmi dédlnice D8 od hranice s Némec-
kem az do Trmic v délce 22,930 km byly uvedeny do provozu 21.
prosince 2006. Soucdsti slavnostniho otevieni tdseku ddlnice na
Ceské i némecké strané bylo prestfizeni pasky na hrani¢nim mosté
Celnymi predstaviteli obou sousedicich stata. FotoreportaZ ze zpro-
voznéni s obrazky z obou tunelu a kratkym komentdrem je otisknu-
ta na samostatné strance.

TUNEL KLIMKOVICE

Dne 13. prosince 2006 byla dokon¢ena betonaz horni klenby defi-
nitivniho osténi tunelu B a ndsledné 15. prosince pak i v tunelu
A.V soucasné dob¢ se provadéji injektaze vrchlika kleneb za mono-
litickym osténim. Z ostravské strany se zacaly provadét natéry horni
Césti kleneb tunelu B. Pokracuji prdce na montézi kabelovodu, pro-
véadéni Stérbinovych Zlabu i poklddce obrubniku v obou tunelech.
Na brnénském portélu probihd zasypavani hloubenych dseku a dpra-
vy prilehlych svaha.

TUNEL BREZNO

Posledni sekce definitivniho monolitického osténi Zelezni¢niho
tunelu Bfezno byla dobetonovdna 15. ledna 2007. Byla zahdjena
intenzivni ¢innost na definitivni Zelezobetonové konstrukci iniko-
vého vychodu v Sachté umisténé priblizné v poloviné 1758 m
dlouhého tunelu. Ve vlastnim tunelu pak probihaji v proudu prace na
ndtérech klenby, na kabelovodech, na oboustrannych chodnicich
i pokladce kolejového spodku i svrsku.

TUNEL STAVBY 514

Na stavbé tunelu stavby 514 Prazského okruhu v tseku mezi
Lochkovem a Radotinem jsou razici préce jiz plném proudu. V zar{
2006 zahdjila akciova spolec¢nost Hochtief CZ zemni prace na por-
talové jame v blizkosti Lochkova. Z 380 m dlouhé jamy o objemu
310 000 m? byl prednostné vyhlouben dsek u portdlové stény obou
tubusu tunelu. Razba tdpadniho dvoupruhového tunelu byla slav-
nostné zahdjena 4. prosince 2006. PrestoZe geologické poméry byly
zastizeny sloZitéjsi, neZ byl puvodni predpoklad, je ke dni sepsdni
aktuality vyraZeno jiz pres 80 m pristropi (kaloty) tunelu. Zahdjeni
razeb sousedniho tripruhového tunelu (v ném je v celé délce vyra-
Zena pruzkumnd $tola) je pldnovdno od poloviny dnora 2007.

Na protilehlém radotinském portdlu je jiZ proveden ochranny
,.destnik“ nad budouci klenbou dvoupruhového tunelu. V soubéhu
s upravami této portdlové stény pokraCuje odtéZovani horniny do
faze vhodné pro budovéni prilehlé mostni opéry estakddy pres tdoli
Berounky a Vltavy.

KOLEKTOR VODICKOVA

Jednd se o tsek, ktery mezi Viclavskym a Karlovym ndméstim
doplnil systém kolektort v centru Prahy. Po deseti mésicich od

THE CZECH REPUBLIC (AS OF 18 JANUARY 2007)
METRO IVC2

The civil works on the mined tunnels of this operating section have
been completed. Trackbed is being laid and other activities required for
installation of equipment and distribution networks are underway in indi-
vidual construction lots.

THE NEW CONNECTION - THE VITKOV TUNNELS

Casting of the final lining is in full swing in both tubes of the railway
tunnels running under Vitkov Hill. The upper vault structure is cast in
12.38m-long blocks. While Subterra a.s final cast-in-situ concrete lining
operations are advancing in the northern tube from the western portal to
the eastern one, Metrostav a.s. proceeds through the southern tunnel tube
in the opposite direction. The final lining with atypical cross sections
existing in the traction tensioning chambers is also being gradually moul-
ded and cast. The casting of reinforced concrete structures of the cut-and-
cover tunnels is in progress at both portals.

THE PANENSKA TUNNEL AND LIBOUCHEC TUNNEL

Both tunnels with the adjacent sections of the D8 motorway from the
border with Germany to Trmice, at the length of 22.930km, were opened
to traffic on 21 December 2006. Part of the ceremonial opening of the
motorway sections on the Czech and German sides was cutting of a tape
across the border bridge by leaders of both neighbouring states. The pic-
ture report on the inauguration with photos of both tunnels is presented
on a separate page.

THE KLIMKOVICE TUNNEL

The casting of the upper vault of the final lining of the tunnel B was
finished on 13 December 2006; subsequently it was finished in the tun-
nel A. Grouting operations are underway in the crown, where grout is
injected behind the cast-in-situ lining. From the Ostrava side, the coating
of the upper part of vaults started in the tube B. The installation of cable-
ways, slot drainage ducts and placement of kerbs continue in both tunne-
Is. The cut-and-cover structures are being backfilled and the adjacent
slopes treated at the Brno portal.

THE BREZNO TUNNEL

The last block of the cast-in-situ lining of the Bfezno railway tunnel
was cast on 15 January 2007. Intensive work started on the final reinfor-
ced concrete lining of the escape exit through the shaft located approxi-
mately in the middle of the 1758 m-long tunnel. The work, which is being
carried out in the tunnel itself consists of coating of the vault, cableways,
double-sided walkways and laying of trackbed and rails.

THE TUNNEL IN THE CONSTRUCTION LOT 514

The excavation of the tunnel in the construction lot 514 of the Prague
City Ring Road section between Lochkov and Radotin is in full swing.
Hochtief CZ joint-stock company started the excavation of the con-
struction trench for the portal near Lochkov in September 2006. A secti-
on at the portal wall of both tunnel tubes was excavated as a priority of
the excavation of the 380m-long trench with the volume of 310 000 m?.
The downhill excavation of the double-lane tunnel started by a celebra-
tion on 4th December 2006. Despite the fact that the geology encounte-
red was worse than originally anticipated, a length of over 80m of the
top heading has been completed (till the day of writing this news). The
commencement of the excavation of the neighbouring three-lane tunnel
tube is scheduled for the half of February 2007 (an exploratory gallery
set within the tunnel cross section was driven throughout the tunnel
length in advance).

The protective umbrella above the future vault of the double-lane tun-
nel tube has been completed on the opposite Radotin portal. Excavation
for the construction of the abutment of the adjacent viaduct over the
Berounka and Vltava rivers continues concurrently with the work on this
portal wall.
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prorazeni 1288 metri dlouhého dulniho dila bylo dokonceno také

definitivni ostén{ kolektoru. Poslednim objektem, kde je$té v sou-

Casné dobé probihaji zemni a stavebni prace, je hloubeni 11 metra

hluboké sachty spolu s celkovou rekonstrukci kabelové komory
v misté napojeni kolektoru na kabelovod 02 v Zitné ulici.

ING. PAVEL POLAK polak@metrostav.cz

STEPAN SEDLACEK, s. sedlacek@volny.cz

SLOVENSKA REPUBLIKA
TUNEL SITINA

Na prelome rokov 2006 a 2007 sa stavba tunela Sitina na brati-
slavskom tseku dialnice D2 Lamacska cesta — Staré grunty nachad-
za vo findlnom §tadiu. V na]bhiéfch mesiacoch prebehnd v tuneli
posledné dokoncovacie stavebné prace ako osadzovanie poklopov
na kdbelové Sachty, zdlievka Skdr v chodnikoch, Cistenie ostenia
tunela pred definitivnymi ndtermi, vodorovné dopravné znacenie
a penetrécia krytu cementobeténovej vozovky. VSetky tieto prace by
mali byt ukonéené do 31. marca 2007. Co sa tyka prdc na technolo-
gickom vybaveni, prebicha montdz radiového systému, na stavbu
boli dodané dieselgenerdtory a bude sa realizovat ich zapdjanie. Pri
systémoch, ktoré si uz skompletizované (trafostanice, osvetlenia
atd.), prebiehaji funkéné skiigky a vyladovanie systému. Uvedenie
tunela Sitina do prevddzky je pldnované v polovici roku 2007.

Obr. 1 Tunel Sitina pred ukoncenim
Fig. 1 The Sitina tunnel before completion

TUNEL BORIK

Stavba dialhi¢ného tunela Borik diiky takmer 1 km na dseku dial-
nice D1 Mengusovce — Jdnovce sa na jesen 2006 zacala razenim
pilierovych $tdlni od oboch portdlov. Zaciatkom janudra 2007 je
vyrazend $tolna v dizke 60 m od vychodného portdlu, pricom prave
prebieha betondZ pilieru a priprava na ndsledné razenie tunelovych
rir, ktoré by malo zaCat’v priebehu marca. Od zdpadného portélu je
zatial’ vyrazenych viac ako 20 m z celkovej dlzky pllleI'OVC_] S$tolne
120 m. Predpokladany termin ukoncenia stavby a jej uvedenia do
prevadzky je v roku 2009.

STOLNA POLANA

Razenie prieskumnej Stdlne Polana na dseku dialnice D3 Svr¢ino-
vec — Skalit€¢ zaCalo v jesennych mesiacoch predoslého roku.
K zdveru roka je vyrazenych cca 70 m z celkovej dlzky 840 m §tol-
ne, priCom razenie prebieha v sicasnosti v zloZitej tektonickej poru-
che. Stoliia je razend od portilu Rieka v profile severnej tunelove;j
riry a po prerazeni bude stavebne upravend na funkciu unikovej
cesty pre juznd tunelovd rdru. Tunel Polana bude v prvej etape
vybudovany s jednou tunelovou rdrou pre obojsmernd premdvku,
pricom jeho vystavba by mala zacat' v roku 2008.

ING. MILOSLAV FRANKOVSKY,
[frankovsky@terraprojekt.sk (STA)
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THE VODICKOVA UTILITY TUNNEL

The section in question is the section which was added to the system of
utility tunnels in the centre of Prague, between the Wenceslas Square and
Charles Square. The final lining was completed ten months after the
1288m-long tunnel breakthrough. The last structure where excavation and
construction operations are still in progress is the 11m-deep shaft andthea
cable chamber at the connection to the Cable Tunnel 02 in Zitnd Street,
which is being completely reconstructed.

ING. PAVEL POLAK polak@metrostav.cz
STEPAN SEDLACEK, s. sedlacek@volny.cz

THE SLOVAK REPUBLIC
THE SITINA TUNNEL

At the beginning of 2007, the Sitina tunnel construction on the Bratisla-
va section of the D2 motorway Lamacskd cesta — Staré grunty is in the final
construction stage. Finishing work consisting, for example, of placement of
covers on cable shafts, filling of joints in walkways, cleaning of the tunnel
lining before final coating, road markings and application of a priming coat
to the concrete roadway surface, will be carried out in the closest months.
All work should be completed by 31 March 2007. Regarding the work on
the tunnel equipment, the wireless communication system installation is in
progress, diesel generating sets were supplied to the site and will be instal-
led. Operational tests and tuning of the systems which have already been
completed (transformer stations, lighting etc.) are being carried out. The
opening of the Sitina tunnel to traffic is scheduled for the middle of 2007.

THE BORIK TUNNEL

The construction of the nearly 1km-long Borik motorway tunnel on the
Mengusovce-Janovce section of the D1 motorway started in the Autumn
2006 by excavation of pillar galleries from both portals. As of the beginning
of January, the excavation of the gallery from the eastern portal has advan-
ced 60m, while the casting of the pillar and preparation for the subsequent
excavation of the tunnel tubes, which should start in March, are underway.
Over 20m of the total length of the pillar gallery of 120m has been driven
from the western portal. The anticipated term of the construction completi-
on and opening to traffic is the year 2006.

Obr. 2 Prdce na zdpadnom portdli tunela Borik
Fig. 2 The west portal of the Borik tunnel

THE POLANA GALLERY

The excavation of the exploration gallery Polana in the Svr¢inovec —
Skalité section of the D3 motorway started in the Autumn 2006. As of the
end of the year, a length of about 70m of the total length of the gallery exca-
vation has been completed, while the excavation is currently passing
through a difficult faulting zone. The gallery is driven from the Rieka por-
tal; its profile is set in the cross section of the northern tunnel tube. When it
is completed, it will be equipped to be suitable for utilisation as an escape
route for the southern tunnel tube. The Polana tunnel will have only one
tube for bi-directional traffic in the initial stage; the construction should
start in 2008.

ING. MILOSLAV FRANKOVSKY,
[frankovsky@terraprojekt.sk (STA)
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INFORMACE O PRIPRAVE WTC 2007

Vizeni Ctenari!

Tento vytisk Casopisu TUNEL se vdm dostdvd do rukou v dob¢,
kdy do zahdjeni kongresu WTC 2007 Prague zbyvd jiZ jen o néco
vice nez mésic. Jménem celého organizaniho vyboru i védecké
rady kongresu vds muZeme ujistit, Ze bylo ucinéno vSe pro jeho
zddrny prubéh. Samoziejmé Ze nyni, kdy mé tato mnohaletd prace
prinést konkrétni vysledky, ne¢ekdme ,,s rukama v kliné“ na to, jak
vSe dopadne, ale stéle peclivé sledujeme pripravy jak odborné, tak
i spolecenské Casti. Pri tak velké akci, na jejiz organizaci se podile-
ji desitky osob a dcastnit se ji budou stovky Spi¢kovych odborniku
vedle nemalého poctu téch, ktefi sem prichdzeji teprve sbirat
poznatky a zkuSenosti, nutné nastdvaji a budou nastdvat krizové
situace, at’ jiz zavinéné ,,vy$§i moci“, nebo lidskym faktorem. A
pokud se ndm je podafi tspésné vyresit, teprve to bude potvrzenim
toho, Ze vSe bylo dobre pripraveno a zvladnuto.

VétSina z vds, ktefi se chcete kongresu zdCastnit, je jiZ pravdépo-
dobné prihldSena — v&asnd prihldska je vyhodnd pro obé strany,
ponévadZ dcastnikim Setfi finanéni prostfedky a organizdtorim
pomdhad v zajiStovani kvalitnich sluZeb. Pro ty, ktefi jeste¢ prihlaseni
nejste, struéné zrekapitulujeme, co vSechno vdm bude nabidnuto,
a to jak po strdnce odborné, tak i kulturni a spoleCenské. Samoziej-
mé i kdyZ se prihldsite aZ ,,na posledni chvili“, dokonce jiZ v prabé-
hu kongresu, stidvdte se okamzité plnopravnymi tcastniky a obdrzi-
te v§echny materidly, stejn€ jako ti, ktefi se prihldsili mnohem drive.
Jisté vyhody ze vCasného prihldSeni vSak vyplyvaji, jak je patrné
z déle uvedenych informaci o spolecenskych akcich. Znovu opaku-
jeme, Ze na webovych strankach kongresu http://www.wtc2007.org/
showdoc.do?docid=4 naleznete nejiplnejsi a nejaktudlnéjsi infor-
mace o viem, co by vds mohlo zajimat a co byste méli védét. Vyji-
mdme z nich to hlavni — ov§em v ¢asovém horizontu vzniku tohoto
¢lanku, tedy koncem ledna 2007.

Odborna cast:

e do nakladatelstvi BALKEMA bylo odesldano 316 akceptovanych
prispévku. Pellivé kontroly jak ze strany ¢lent védecké rady, tak
ze strany pracovniku nakladatelstvi by mély zarudit, Ze se vSech-
ny objevi v kongresovém sborniku. Pokud by nastal zcela vyji-
meény pripad a nakladatelstvi by néktery prispévek neprijalo,
muZeme vds ujistit, Ze z na{ strany bylo vynaloZeno veskeré usili,
aby veskeré duvody neprijeti byly eliminovdny. Seznam zvefejné-
nych prispévka naleznete jako prilohu tohoto ¢isla TUNELU, na
zminénych webovych strankéch a také ve findlnim bulletinu, ktery
zaneme expedovat koncem brezna 2007. Tém z vds, ktefi sleduji
rozsah a prubéh predeslych WTC, je jisté zfejmé, Ze tak velké
mnozstvi piispévki dosud na zZddném z nich zvefejnéno nebylo;

vice neZ jedna tietina z prijatych prispévku byla védeckou radou
a ¢leny International Advisory Committee doporucena k tstni pre-
zentaci. Aby se mohlo tolik prednaSek uskute¢nit a predndSejici
nebyli prili§ stresovdni neprimérené kriatkym Casem, budou pre-
zentace probihat ve 4 sdlech soucasné. Jsme presvédCeni, Ze to pri-
spéje k lepSimu kontaktu mezi predndSejicimi a auditoriem
a umozni rozvinout zajimavou diskuzi;

v nejvétsim sédle Kongresového centra Praha, které je hlavnim
déjistém kongresu a muZe pojmout témer 3000 posluchacu, pro-
béhnou predndsky Keynote Lecture (navazuji bezprostiedné na
Opening Ceremony) a predndsky Open Session (zarazené na dopo-
ledne druhého dne kongresu). Pritom nebudou probihat zadné jiné
odborné akce, aby tyto klicové referdty mohli vyslechnout vSichni
zdjemci a neztratili pfitom moZnost tastnit se zasedani odbornych
sekei, working groups ¢i jinych dileZitych aktivit kongresu;

o jesté pred zahdjenim kongresu, v patek a v sobotu 4. a 5. kvétna,
se bude v prostordch Ceského vysokého ueni technického v Praze
konat vzdélavaci workshop pro mladé odborniky, na kterém budou
predndset Spickovi odbornici z celého svéta;

INFORMATION ON THE WTC 2007 PREPARATION

Dear readers!

This issue of TUNEL magazine has got to your hand at the time
when only slightly more than a month remains to the commencement
of the WTC 2007 congress in Prague. We can assure you on behalf of
the Congress Organising Committee and the Scientific Council that
everything has been done for the successful course of the event. Natu-
rally, today, whilst we look forward to the fruits of long years of effort,
we are not sitting idly by twiddling our thumbs and waiting to see how
the things will turn out. We are thoroughly following the preparations
both of the technical and social parts. Such a great event, the organi-
sation of which is a result of collaboration of tens of persons and which
will be attended by hundreds of top-ranking professionals together
with a great number of people who will come with the aim of gathe-
ring knowledge and experience, will certainly encounter critical situa-
tions, no matter weather due to force majeure or a human factor. A
proof that everything was well prepared and managed will be provided
only after we successfully solve all of them.

The majority of you who are going to attend the Congress have pro-
bably been registered. Timely registration is beneficial for both parti-
es because it saves the attendees’ money and helps the organisers in
providing quality services. For those who have not been registered yet,
we briefly recapitulate below what you will be offered, both from the
professional and cultural and social points of view. Of course, even if
you fill the registration form ‘at the last moment’, or during the Con-
gress, you will immediately become a fully-fledged participant and
you will receive all materials as those who were registered much ear-
lier. However, there are certain benefits attached to timely registration,
as you can find in the information on the social events below. We are
again repeating that the Congress web page http://www.wtc2007.org/
showdoc.do?docid=4 contain the complete updated information about
everything you could be interested in and you should know. We have
extracted the main items, although in the time horizon of origination
of this article, i.e. the end of January 2007.

The technical part:

e A total of 316 accepted papers were sent to BALKEMA publishers.
Thorough checks carried out by members of the Scientific Council
and publisher’s employees should guarantee that all of them will be
contained in the Congress Proceedings. Should the publisher, abso-
lutely exceptionally, reject a paper, be assured that all efforts have
been made by ourselves to eliminate the reasons for the rejection.
The list of the published papers is available in the enclosure to this
issue of TUNEL magazine, on the above mentioned web pages, and
also in the Final Bulletin, which will be dispatched from the end of
March 2007. Those of you who follow the scope and course of the
previous WTCs have certainly noticed that so large numbers of
papers have never been published at none of them;

Over one third of the accepted papers were recommended by the Sci-
entific Council and members of the International Advisory Commit-
tee for oral presentation. The papers will be read concurrently in four
rooms so that the authors are not overstressed due to an inadequate-
ly short time. We are convinced that this measure will contribute to
better contacts between the lecturer and the audience, and will allow
interesting discussions to develop.

e The Keynote Lectures, following immediately after the Opening
Ceremony, and the Opening Sessions, which are scheduled for the
afternoon of the second day of the Congress, will be delivered in the
largest hall of the Prague Congress Centre, which is the main scene
of the Congress, capable of admitting an audience of nearly 3000. No
other technical events will take place during the Keynote Lectures
and Opening Sessions so that all of those interested in attending them
do not lose the opportunity to participate in the sessions of technical
sections, working groups or other important Congress activities;




e meetingy, porddané ITA/AITES, véetné zasedani General Assem-
bly a Executive Council, jsou tak jako vzdy nedilnou soucdsti
WTC. Jelikoz v Praze probéhnou volby novych ¢lent vetsi ¢dsti
ExCo, v&etné nového Prezidenta ITA/AITES, oekdvame zvyse-
nou ucast zdstupcu ndrodnich komitétd i pridruzenych c&lenu
(Member Nations and Affiliate Members);

e odborné exkurze po ukonceni zaseddni kongresu ve Ctvrtek 10.
kvétna nabidnou zdjemcium ndvst€vu nejzajimavéjsich podzem-
nich staveb v Praze a jejim okoli za doprovodu odborniku, ktef{ se
podileli na jejich priprave a realizaci a jsou schopni poskytnout
nejkvalitnéjsi informace;

e v prostordch vystavy, na kterou jsou prihlaseny desitky svétovych
i Ceskych a slovenskych firem majicich vztah k tématu kongresu,
bude vystavovatelim poskytnuta i moZnost dalsich prezentaci ve
zvlastnim, pro tyto ucely vyhrazeném prostoru vybaveném audio-
vizudlnim zafizenim;

e posterové prezentace umisténé v samostatném sédle umozni vSem
zdjemcum, véetné autoru téch piispévku, které nebyly vybrany
k dstnimu predneseni, nerusenou diskuzi nad jejich projekty.
Pfipomindme, Ze jednacim jazykem kongresu je pouze angli¢tina

(na jednanich ITA/AITES v souladu se stanovami také francouzsti-

na), ale v§echny prednasky budou simultdnné tlumoceny do Cesti-

ny/slovenstiny, némciny a rustiny.

Organizacni informace:

e registraéni formuldre jsou pristupné na webovych strdnkdch;
vyhradné jejich prostfednictvim se lze hldsit na v§echny akce jak
odborné, tak kulturni a spoleenské. Pokyny pro postup vyplnéni
zdkladniho registraéniho formulédfe jsou kromé anglitiny také
v CeStiné a rusting,;

e v prubéhu vSech zaseddni, od soboty 5. kvétna az do stiedy
9. kvétna, je v Kongresovém centru zaji§téno ob&erstveni icastni-
ki poddvdnim nealkoholickych ndpoju a zdkuska béhem coffee-
breaku (dopoledne i odpoledne) a obéda v samoobsluZné restaura-
ci Kongresového centra kazdy den od 13 do 15 hodin;

o vlastni zahdjeni kongresu je pldnovdno na 9. hodinu v pondé@li
7. kvétna v hlavnim kongresovém sdle. Jak je na WTC tradici,
Opening Ceremony bude syntézou uméleckého a propagacniho
predstaveni poradatelského stdtu, mésta a ndrodniho komitétu;

e zavér (Closing Ceremony) probehne ve stejném séle 9. kvétna od
17 do 18 hodin;

e dopravu do Prahy, ubytovéni i dopravu v prubéhu kongresu na
pozddani zajisti nebo zprostredkuji povérené agentury; kontakty
na né naleznete na vyse uvedeném webu;

e tyto agentury zajiStuji rovnéz v§echny exkurze i postkongresové cesty
a dalsf spolecenské a kulturni akce, uvedené v dal§im prehledu.

Spolecenské a kulturni akce:

o WI'C Welcome reception v nedeli 6. kvétna od 20 hod. v Obecnim
domé mésta Prahy pro vSechny registrované dcastniky a doprovodné
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e Just before the Congress opening, on Friday 4th May and Satur-
day Sth May, a training workshop for young professionals will
be held at the Czech Technical University in Prague, where
utmost experts from the whole world will present their lectures;

e The meetings organised by the ITA/AITES, including the Gene-
ral Assembly and the Executive Council, will be inseparable
parts of the Congress as usual. Because the election of the major
part of the new ExCo members, including the new President of
ITA/AITES, will take place in Prague, we expect increased
attendance of representatives of Member Nations and Affiliate
Members;

e Technical excursions after the end of the Congress sessions, on
Thursday 10th May, will offer those who are interested visits to
the most interesting underground construction sites in Prague
and its vicinity, which will be attended by the technicians who
participated in the preparation and construction and are capable
of providing the best quality information;

e The participants in the exhibition, for which tens of worldwide as
well as Czech and Slovak companies relating to the Congress
theme are registered, will have the opportunity to give additional
presentations in a dedicated room provided with audiovisual equ-
ipment, which will be set aside in the premises of the Exhibition;

Poster presentations installed in a separate room will allow al
those who are interested, including authors of the papers which
were not selected for oral presentation, to discuss their projects.

We would like to note that the Congress language of communi-
cation is solely English (at the ITA/AITES meetings also French,
according to the Statute), but all presentations will be simultane-
ously interpreted in Czech/Slovak, German and Russian.

Organisational information:

e Registration forms are available on the web pages; all applicati-
ons for registration for all of the events, both technical and cul-
tural or social, may be made solely through the web pages. The
instructions for filling of the basic registration form are availab-
le not only in English, but also in Czech and Russian.

In the course of all sessions, from Saturday the Sth May to Wed-
nesday the 9th May, refreshments will be available for the atten-
dees at the Congress Centre, in the form of beverages and snacks
during morning and afternoon coffee-breaks and lunches in the
self-service restaurant of the Congress Centre, daily from 13.00
to 15.00 hours.

e The commencement of the Congress is planned for 9.00 a.m.,
Monday the 7th May, in the main congress hall. As traditional at
WTCs, the Opening Ceremony will be a synthesis of artistic and
promotional presentations of the host nation, the city and the
national committee.

e The Closing Ceremony will take place in the same hall on 9th
May, from 17.00 to 18.00 hours.

e The transport to Prague, accommodation and transport during
the Congress will be provided or mediated by authorised agen-
cies on request; the contacts are available on the above-mentio-
ned web sites

e Those agencies will also provide services regarding all excursi-
ons and post-congress excursions, as well as other social and
cultural events contained in the summary below.

Social and Cultural Events:

e Sunday the 6th May from 20.00 hours — the WTC Welcome
reception at Obecni Dum for all registered attendees and accom-
panying persons. We would like to recommend the participants
that they get acquainted with this sight through web. It is a uni-
que Art Nouveau building from the beginning of the 20th centu-
ry, with upgraded equipment but the civils part perfectly preser-
ved in the original form. The halls can admit up to 5000 persons.

e Monday the 7th May from 20.00 hours — the concert of the
Czech Philharmonic Orchestra at Rudolfinum, which is another
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osoby. Doporu¢ujeme seznamit se predem s touto lokalitou prostred-
nictvim webu — jednd se o unikdtni secesni stavbu z pocatku 20. sto-
leti, technologicky zmodernizovanou, avSak stavebné dokonale
zachovanou v puvodni podobé, jejiz sély pojmou az 5000 osob;

o koncert Ceské filharmonie v pondéli 7. kvétna od 20 hodin se kond
v jiné prazské vyznamné budové, postavené ve 2. poloviné 19. sto-
leti a pojmenované po tehdejSim korunnim princi rakousko-uher-
ské monarchie Rudolfovi. Jeji koncertni sdl svymi akustickymi
charakteristikami patfi mezi sv€tovou $pic¢ku. Upozornujeme, Ze
aC vstupenky jsou pro rddné registrované dcastniky a jejich dopro-
vod zdarma, omezend kapacita sdlu (kolem 900 osob) pravdépo-
dobné neuspokoji v§echny zdjemce.Vstupenky tudiz budou pridé-
lovédny podle poradi, v jakém se dcastnici budou hldsit a uhrazo-
vat registracni fee;

e v ltery 8. kvétna jsou nabizeny ruzné zdbavni akce, které si zdjem-
ci musi hradit zv14ast. PfihlaSovat se mohou prostrednictvim regist-
raéniho formulédfe, v nékterych piipadech pak i v prabéhu kongre-
su u zvlastniho stdnku povéfenych agentur v prostordch registrace;

e Gala Dinner na Prazském hradé se bude konat 9. kvétna od 20
hodin v nejreprezentativnéjich prostorach Prahy, pouZzivanych
prezidentem republiky a vrcholovymi stdtnimi orgdny k recepcim
a dal$im spolecenskym akcim nejvyssiho vyznamu. Objedndvd se
opét prostrednictvim registraéniho formulére za zvldstni poplatek;

pocet dcastniku je rovnéZ omezen kapacitou salu;

e postkongresové cesty se uskute¢ni ve dnech 11. — 14. kvétna
a nabizime 4 okruhy po Cechach, Slovensku a piihraniénich oblas-
tech Némecka a Rakouska. Podrobnosti a ceny najdete na webu
http://www.wtc2007 .org/showdoc.do?docid=1495.

Tato informace je v TUNELU ¢&. 1/2007 posledni pred kongresem.
Nasledujici ¢islo 2/2007 jiz bude obsahovat jeho zhodnoceni. Pevné veri-
me, Ze budeme moci konstatovat, Ze se WTC 2007 Prague Cestné zapsal

do fady tspésnych svétovych tunelarskych kongresa ITA — AITES.
Prof. Jifi Bartdk, DrSc., predseda védecké rady WTC 2007

Ing. Georgij Romancov, CSc.,
predseda organizacniho vyboru WTC 2007
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important Prague building. It was built in the second half of the
19th century and was named after Rudolph, at that time the
Crown Prince of the Austro-Hungarian monarchy. Its concert
hall belongs among world’s best concert halls in terms of acous-
tic properties. We would like to note that even though the tickets
will be free for all registered attendants and accompanying per-
sons, the limited capacity of the hall (about 900 persons) will
probably be insufficient for all of the interested persons. Tickets
will, therefore, be issued on the first come (first registered and
paid the fee), first served basis.

e Tuesday the 8th May — there are various entertainment events on
offer, which must be paid for by the interested persons separate-
ly. Registrations can be made using the Registration Form or, in
some cases, even in the course of the Congress, at a dedicated
stand of authorised services in the registration room.

e The Gala Dinner at Prague Castle will be held on 9th May from
20.00 hours on the ceremonial premises used by the President of
the Czech Republic and top state authorities for receptions and
other highest priority social events. Registrations are also made
through the Registration Form, for an extra fee; the number of
attendees is again limited by the capacity of the rooms.

Post-Congress tours will be conducted on 11th — 14th May; we
offer four rounds: around the Czech Republic, Slovakia and
areas in Germany and Austria close to the borders. Please see the
web page at  http://www.wtc2007.org/showdoc.do?docid=1495
for full details.

This information in TUNEL No. 1/2007 is the last information
before the Congress. The next magazine issue, 2/2007, will conta-
in an assessment of the Congress. We firmly believe that we will
be able to state that the WTC 2007 in Prague has gone down in
history as one of the successful ITA — AITES World Tunnel Con-
gresses.

Prof. Jiri Bartdk, DrSc., Chairman

of the WTC 2007 Scientific Council

Ing. Georgij Romancov, CSc., Chairman of the WTC 2007
Organising Committee

ZIVOTNI VYROCI / ANNIVERSARIES

OSMDESAT LET ING. KARLA ZAVORY

Kdybychom mezi svymi kolegy hledali osobu, kterd je v naSem
oboru nejdéle a trvale ¢innd, Ing. Karel Zdvora by nepochybné patril
k nejvaznéj$im aspirantim na jedno z prednich mist. Od roku 1951,
kdy tisp&$né absolvoval Fakultu inZenyrského stavitelstvi CVUT, az
do letoSniho roku, ve kterém 20. dubna oslavi dctyhodnou osmdesét-
ku, nepretrzité projektuje, konzultuje, publikuje a vychovdvd mladé
odborniky.

Jeho profesni drdha byla pritom velmi pfimocard a sledovala
v podstaté jediny cil: byt na $pici svého oboru, byt ,,u toho, kde se
pripravuje a realizuje néco nového, vidét vysledky své préce, kterd se
pro néj velmi brzy stala koni¢kem. Dnes je uZ jednim z méla odbor-
niku — tuneldfd, ktefi o sobé mohou prohlésit, Ze prosli témér viemi
epochami naSeho oboru. Zacinal rekonstrukcemi Zelezni¢nich tune-
14, které byly stavény jesté klasickymi tuneldfskymi metodami

ING. KAREL ZAVORA CELEBRATES HIS 80TH BIRTHDAY

If we tried to search among our friends for a person who is longest and
without interruption active in our profession, Ing. Karel Zdvora would
undoubtedly belong among the strongest candidates for one of the leading
positions. He has continually worked in the field of designing, consultancy,
publishing and educating young professionals since 1951, which was the
year of his successful graduation from the Czech Technical University in
Prague, the Faculty of Civil Engineering, till this year, in which, on 20 April,
he will celebrate the respectable 80th birthday.

His professional career was quite straightforward. He has followed virtu-
ally a single target: to be at the head of his profession, to be wherever somet-
hing new is being prepared and implemented, to see the results of his work,
which became very soon his hobby. He is one of the few professionals — tun-
nellers who can say that they have passed through nearly all periods of our
industry. He started by reconstruction of railway tunnels which had been
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a technologie vystavby se opirala predevs§im o zkuSenosti starych
barabu. To byla doba, kdy u nds tato profese téméf vymizela, v pod-
zemi se hlavné téZilo a zejména v Cechach se nové tunely aZ na par
vyjimek témer nestavély. Je priznacné, Ze i na téch nékolika mdlo
stavbdch (napf. tunel pod Bilou skdlou v Praze) kde pracoval, ziskal
zkuSenosti, které se ndasledné ukdzaly jako rozhodujici pri uréeni jeho
dalsi Zivotni drahy.

Kdyz se v Praze zacalo v roce 1967 staveét metro, byl Ing. Zdvora
jiz uznavanym odbornikem. Jak se fikd, ,.Stésti preje pripravenym™
a on skute¢né pripraven byl. A¢ to bylo velmi ndro¢né, po odborné
strdnce vysoce presdhl troven, kterd byla v tu dobu u nds standar-
dem, a to jej jako vedouciho projektanta Stdtniho dstavu dopravni-
ho projektovani predurcilo k vedeni skupiny tuneldfu, kterd musela
v rekordnim case zvlddnout nové metody projektovani i vystavby.
Lze bez nadsdzky prohldsit, Ze v této funkci a pozdéji jako hlavni
specialista nove  zfizeného projektového  dstavu  DP-
METROPROJEKT se podepsal na vétsiné raZenych tunelu a stanic
prvnich dseku tras metra. O tom, Ze tato jeho prace byla korunovéna
mimorddnym dspéchem, snad nikdo nepochybuje. Ale nejen to.
Kdyz pod jeho vedenim vyrostla celd plejada obdobnych nadSencu,
jako byl on sdm, zadal se jeité intenzivn&ji vénovat shromazdovani
zkuSenosti z celého svéta a prosazovat je do projektové i realizaéni
innosti svych kolegu a podiizenych. Také diky jemu se proto praz-
ské metro stalo ,,stavbou stoleti.

Ani s odchodem do dichodu na pocdtku devadesétych let ve svém
odborném rustu nikterak nepolevil. Stéle je ho vidét tam, kde se v pod-
zemi déje néco nového, netinavné pomdha vSude, kde se jeho zkuse-
nosti a vliv mohou uplatnit. Mylil by se vsSak ten, kdo by ho povazo-
val za ,,suchara®, ktery neznd nic nez svoji profesi. Vzdy byl a stdle je
aktivnim sportovcem, mimorddné spoleenskym a pratelskym clové-
kem, kterému muZeme jeho Zivotni eldn a optimismus jen zavidét.
Vsichni mu prejeme, aby v tomto duchu pokracoval jesté mnoho
a mnoho let!

ING. GEORGIJ ROMANCOV, METROPROJEKT PRAHA, a. s.
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built by traditional tunnelling methods and the reconstruction techniques
were based on experience inherited from old miners-tunnellers. It was a time
during which this profession nearly vanished. The underground was explo-
ited for extraction, and, save for few exceptions, new tunnels were not built,
namely in Bohemia. It is a characteristic feature of Karel Zavora that even
the few tunnel constructions on which he worked (e.g. the tunnel under Bild
Skala rock in Prague) were sufficient for him to gather the experience which
subsequently showed to be the deciding factor affecting his further career.

In 1967, when the metro construction commenced in Prague, Karel Zavo-
ra was a renowned expert. According to our saying “Success comes to those
who are prepared”, he really was prepared. Despite the fact that it was very
difficult for him, he highly exceeded the professional level which was stan-
dard in our country then. It was the reason why he, the chief designer in Stat-
ni Ustav Dopravniho Projektovéni, became a head of a team of tunnellers
which had to master new tunnel design and construction methods during an
extremely short time. It is possible to state without exaggeration that in this
position, and later in the position of the main specialist of the newly estab-
lished designing institute, DP-METROPROJEKT, he put his signature on
the majority of mined tunnels and stations of the initial sections of the metro
lines. There is probably nobody who would cast doubt on the fact that his
work was crowned with great success. In addition, after preparing numbers
of enthusiasts similar to him, he started with even greater intensity to devo-
te himself to gathering experience all over the world and implementing it
into the designing and construction activities of his colleagues and subordi-
nates. It is also owing to his work that the Prague Metro has become the
“Construction of the Century”.

His professional growth did not slacken on his retirement, at the begin-
ning of the 1990s. He can still be seen wherever something new takes place
in the underground, tirelessly helping wherever his experience and influen-
ce can be exercised. However, it would be a mistake to consider him to be
a killjoy who knows nothing else than his profession. He has always been
an active sportsman and an exceptionally sociable and friendly man. His
vitality and optimism are enviable. All of us wish him to continue living in
this way for many and many years!

ING. GEORGI] ROMANCOV, METROPROJEKT PRAHA a. s.

70 ROKOV ING. JOZEFA FRANKOVSKEHO

V marci 2007 sa vyznamného Zivotného jubilea 70. rokov doziva
Ing. Jozef Frankovsky, zndamy odbornik z oblasti podzemného sta-
vitelstva, dlhoro¢ny funkciondr, dnes Cestny ¢len Slovenskej tune-
larskej asocidcie ITA/AITES a odborny redaktor casopisu Tunel.

Rodiskom jubilanta bola Velkd Frankovd, dedinka na Zamagur{
v blizkosti hranice s Polskom. Po absolvovani banickeho uciliSta
v Sirku a banickej priemyslovky v RoZnave nastiipil Ing. Frankov-
sky v roku 1960 do podniku Banské stavby Prievidza, s ktorymi, az
na kritke intermezza, si zviazané jeho Zivotné osudy aj profesio-
ndlna ¢innost’az do odchodu do déchodku a v redukovanej miere az
do dnesSnych dni. V rokoch 1961 az 1967 vysStudoval popri zamest-
nan{ banicku fakultu VST v Kosiciach, odbor hlbinné dobyvanie a
vystavba bani. Pocas nasledujiceho obdobia az do roku 1989 pra-
coval vo viacerych funkciach na dseku technického rozvoja. Podie-
Tal sa na vyvoji viacerych technologii, ¢i uz pre oblast' razenia, ban-
skej dopravy alebo vystrojenia (panelova vystuz, striekany bet6n).
Napriek nepriazni vtedajSej doby mu jeho technickd kompetencia
spolu s jazykovymi znalostami umoznili aktivnu tcast na viacerych
pozoruhodnych dielach nielen na Slovensku. Ako priklad stavieb, na
ktorych sa podielal, méZeme uviest Novi odvodnovaciu §t6linu Voz-
nica, preCerpavaciu vodni elektrarenn Cierny Vah ako aj vystavbu
Bane Cigel. Po politickych zmendch v novembri 1989 pracoval

ING. JOZEF FRANKOVSKY SEPTUAGENARIAN

March 2007 will see Ing. Josef Frankovsky, a renowned professio-
nal in the field of underground construction, long-standing functiona-
ry, today a honorary member of the Slovak Tunnelling Association
ITA/AITES and technical editor of Tunel magazine, to celebrate an
important anniversary, the 70th birthday.

Ing. Josef Frankovsky was born in Velkd Frankovd, a small village in
Zamaguri near the border with Poland. After studies in the Mining Trai-
ning Institution in Sirku and the Technical School of Mining in Roznava,
he entered Banské Stavby Prievidza in 1960. With the exception of short
interludes, his life and professional activities had been associated with
this company till his retirement and, to a reduced extent, this relationship
has continued to this very day. The years 1961 — 1967 were the years of
his extramural studies. He graduated from the Technical University in
Kosice with a degree in deep mining and mine construction from the
Faculty of Mining. In the subsequent period of time till 1989, he worked
in several positions in the field of technical development. He participated
in development of many technologies for underground excavation, mine
haulage or excavation support (segmental lining, sprayed concrete). In
spite of political adversity of that time, owing to his technical and lingu-
istic competence, he was allowed to actively participate in a number of
outstanding projects, not only in Slovakia. Of the projects in which he
participated, we should certainly mention the New Drainage Adit
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v roku 1990 ako povereny riaditel podniku Banské stavby. V rokoch
1991 az 1993 posobil ako riaditel odboru tazby nerastnych surovin
na Ministerstve hospoddrstva SR v Bratislave a v obdobi 1993 aZ
1994 ako generdlny riaditel’ Prefabetodn, a. s., KoSice. V roku 1995
sa vratil na Banské stavby, kde pracoval ako veduci odboru marke-
tingu, neskor ako veduci kanceldrie a poradca generdlneho riaditela.

Okrem vysSie uvedenych aktivit bol jubilant aktivny aj publikac-
ne, najmé v casopisoch InZinierske stavby, Tunel, Rudy a uhli a tiez
v zbornikoch z r6znych odbornych podujati. Za vrchol publikacnej
aktivity mozno povazovat jeho knihu Popod hory a doliny, vydanui
pri prilezitosti polstoro¢nice podniku Banské stavby Prievidza
v roku 2001.

Moje osobné kontakty s jubilantom siahajd do roku 1973, ked sa
v Prievidzi uskutoc¢nil 1. celostatny semindr o pretldani chranic¢iek
a razeni kolektorov. Tu sme ako referujuci vystipili v trojici s pro-
fesorom Jifim Streitom z VSD Zilina. UZ vtedy som obdivoval jeho
cistu stredoslovenskd, priam $tidrovskud slovencinu a bohatstvo vyra-
zov. Az neskdr sme sa s Ing. Frankovskym dostdvali do ohnivych
diSput o vhodnosti toho-ktorého odborného terminu, pricom on bol
zastancom banickych, ja spravidla stavbarskych vyrazov a novotva-
rov. Na tomto poli som mu velmi vda¢ny za recenziu mojej publi-
kacie Vystavba tunelov v skalnych hornindch. Som tieZ rdd, Ze som
mal moznost stravit' nejednu hodinu aj v stikromi, ¢i uz pri opekan{
Spekackov alebo v lone krdsnej prirody Horného Ponitria, kde bol
vzdy vybornym spolo¢nikom.

Jubilantovi prajem v mene Sirokej tuneldrskej verejnosti do dal3ej
etapy, ktord sa zvykne oznaCovat  ako jesen Zivota, pevné zdravie,
duSevnud pohodu a zdujem o odbornu problematiku, aby sme sa eSte
dlho stretdvali pri réznych odbornych a spoloc¢enskych podujatiach.

PROF. ING. FRANTISEK KLEPSATEL, Ph.D

UPLYNULO 300 LET OD ZALOZENI CESKEHO

VYSOKEHO UCENI TECHNICKEHO

V lednu 2007 uplynulo 300 let ode dne, ktery je povazZovén za
den vzniku Ceského vysokého uéeni technického v Praze. Je to
datum Casto a z mnoha stran zpochybnované, s nejvetsi pravdépo-
dobnosti proto, e se jeho uznanim stavd CVUT nejstarii technic-
kou univerzitou ve stfedni Evropé. Historicky je vSak toto datum
plné opodstatnéné a pisemné doloZené — cisar Josef I. Habsbursky
tehdy rozhodl, Ze vyuku inZenyrstvi je tieba zahgjit...

Verejnd inZenyrskd Skola byla pod ndzvem Stavovskd ingenieur-
ska Skola v Praze zaloZena z iniciativy Josefa Christianna Willen-
berga na zdkladé Cesky psané zaklddaci listiny (reskriptu) cisare
Josefa I. z 18. ledna 1707. Stavovskd inzenyrska Skola v Praze
vznikla tedy 40 let pred zaloZenim véhlasné a dosud existujici
parizské Mostn{ a silni¢ni Skoly (Ecole des Ponts et Chaussées),
kterd byla zaloZena v roce 1747.

Willenberg byl uzndvany odbornik v opeviniovacich pracich,
takZze Stavovskd inZenyrskd Skola méla v pocateénim ddobi své
existence v podstaté posldni vojensko-fortifikaéni. V obdobi
pusobnosti druhého profesora J. F. Schora, vynikajiciho umélce —
malife a architekta — teoretika, a zejména pak po jeho dmrti za
pusobnosti profesora F. A. Hergeta, vyznamného zeméméfického
a vodohospodarského odbornika, se v§ak zménila ve $kolu prevaz-
né civilné-inZenyrskou, kteryZto charakter se zvyraznil po roce
1815 za pusobeni prof. F. J. Gerstnera, vynikajiciho astronoma,
zemémérice, odbornika ve vodnim a Zelezni¢nim stavitelstvi.

Skuteény vyvoj nejlépe osvetli historickd fakta, nechme je proto
mluvit:

1705 Fortifikacni odbornik Christian Josef Willenberg pozidal
cisafe Leopolda, aby smél ,,Sest osob stavu panského, Ctyfi
rytitského a dva méstského vyucovati v uméni inZenyr-
ském®.

1707 Cisar Josef 1. zaslal 18. 1. Ceskym snémovnim komisafum
reskript, ve kterém s Willenbergovym ndvrhem souhlasi
a porouci jej projednat.

Tuel

Voznica, the Cierny Vah Pumped Storage Scheme or development of the
Cigel'Mine. In 1990, after the November 1989 political changes, he wor-
ked as a director in charge of Banské Stavby. In 1991 — 1993, he was the
director of the Department of Extraction of Minerals at the Ministry of
the Economy of the Slovak Republic in Bratislava, and in the period 1993
— 1994 as the general director of Prefabeton, a. s., KoSice. In 1995, he
returned to Banské Stavby, where he was in charge of the Marketing
Department, and later as the CEO office manager and advisor.

Apart from the above-mentioned activities, Ing. Josef Frankovsky has
been active in publishing, mainly in InZenierske Stavby, Tunel, Rudy
a Uhli magazines and also in proceedings of various technical events. His
book Popod Hory a Doliny, which was published on the occasion of the
50th anniversary of Banské Stavby Prievidza in 2001, can be considered
the high point of his publishing activities.

My personal contacts with him are dated to 1973, when Prievidza hos-
ted the 1st national seminar on jacking of pipe casing and excavation of
utility tunnels. We were three of us to deliver our papers, there together
with Professor Jifi Streit from the University of Traffic Engineering in
Zilina. I have admired his clear Stir‘s language of Central Slovakia and
lavishness of expressions since that time. Our fiery disputes over propri-
ety of particular technical terms started later. He preferred mining terms,
while I usually propounded civil engineering vocabulary and neologisms.
In this respect, I am very grateful for his review of my publication Tun-
nel Construction through Hard Rock. I am also happy that I had the
opportunity to spend many hours with him also in private, no matter
whether at barbecuing or surrounded by the beauties of Horné Ponitrie
nature, where he has always been an excellent companion.

I wish Josef Frankovsky, in the name of the wide tunnelling communi-
ty, great health, peace of mind and curiosity about technical problems in
the forthcoming stage of his life, which is usually called Indian summer,
so that we can continue to meet on various technical and social events for
a long time. PROF. ING. FRANTISEK KLEPSATEL, Ph.D

THREE HUNDREDTH ANNIVERSARY
OF THE CZECH TECHNICAL UNIVERSITY

The day which is considered to be the day of foundation of the Czech
technical university of Prague 300 years ago passed in January 2007. This
date has been frequently and by many parties disputed, in all probability
because of the fact that the acknowledgement of this date makes the Czech
Technical University (CVUT) the oldest technical university in central Euro-
pe. Nevertheless, from the historical point of view, this date is fully tenable
and documented; Emperor Joseph I of Hapsburg decided, on that day, that it
was necessary to start teaching the subject of engineering.

A public school of engineering was founded under the name of the
‘School of Engineering of the Estates in Prague’ on the initiative of Josef
Christianna Willenberg, on the basis of a foundation charter (written in
Czech — a rescript) issued by Emperor Joseph I on 18th January 1707. The
School of Engineering of the Estates in Prague, therefore, originated 40
years before the foundation of the renowned and still existing Ecole des
Ponts et Chaussées in Paris, which was founded in 1747.

Willenberg was a respected expert in fortification earthwork. It means
that the mission of the School of Engineering of the Estates was in the mili-
tary-fortification field at the beginning of the existence of the school. The
character of the school changed during the tenure of J. F. Schor, the second
professor, an outstanding artist (painter and architect) and theoretician, and
primarily, after his death, during the tenure of professor F. A. Herget, a pro-
minent expert in the field of geodesy and water management. It became
predominantly a civil engineering school. This character was even empha-
sised after 1815 during the presence of professor F. J. Gerstner, an excel-
lent astronomer, geodesist and expert in the field of hydraulic engineering
and railway construction.

The actual development is best explained by historical data. We should
let them speak:

1705 Christian Josef Willenberg, a fortification expert, asked Emperor
Leopold for permission to “teach six nobles, four knights and two
citizens to the engineering art”.

1707 Emperor Joseph I sent a Rescript to commissioners of the Bohemian
Chamber on 18 January, in which he agreed with Willenberg’s pro-
posal and ordered that it was to be implemented.
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1716 Protoze Cesti stavové na reskript nereagovali, poslal Willen-

berg v fijnu 1716 svou zadost znovu, a to nejen cisafi (Karlu
V1.), ale i ¢eskym stavim.

1717 Dekretem Ceskych stavu z 9. 11. byla zfizena inZenyrskd pro-

fesura a Willenberg povéren jejim vedenim; vyuka zacala 7. 1.
1718. Kromé fortifikacntho uméni byly vyuCovény i civiln{

obory jako zemémériCstvi, kresleni map, odvodiovaci price,
konstrukce mechanizmu na zvedanf tézkych bremen apod.
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1716 Because the Bohemian Estates had not responded to the Rescript,

Willenberg resent his request in October 1716, not only to the Empe-
ror (Charles VI), but also to the Bohemian Estates.

1717 The Engineering Chair (Professorship) was established through

a decree issued by the Bohemian Estates on 9th November; Willen-
berg was charged with heading the Professorship. The tuition started
on 7th January 1718. Apart from fortification arts, it consisted of
civil engineering branches such as surveying, cartography, drainage,

1726 Jan Frantisek Schor, ktery nastoupil po Willenbergovi, zave- structures of heavy load lifting equipment, etc.

dl do vyuky optiku, perspektivu, kreslenf a geografii. 1726 Jan FrantiSek Schor, Willenberg’s successor, added optics, perspecti-

. . . , drawing and aphy to the tuition branches.
1767 Tretim profesorem inZenyrské Skoly byl Antonin Linhart SR g s e B B

Herget. Za jeho pusobeni se inZenyrskd stavovska profesura
zménila (1787) na fddnou profesuru filozofické fakulty
prazské univerzity.

1767 Antonin Linhart Herget was the third professor at the engineering
school. During his work (in 1787), the Estates Engineering Profes-
sorship was transformed to a regular professorship at the Faculty of

. . . . Philosophy of the Prague University.
1798 Univerzitni profesor matematiky a ¢len dvorské komise pro

revizi verejného Skolstvi FrantiSek Josef Gerstner podal
ndvrh na zaloZeni technické univerzity, kde by po vzoru
paiizské Ecole polytechnique inZenyrské nauky tzce nava-
zovaly na studium matematiky a exaktnich véd, jak to vyza-
dovala industrializace ¢eskych zemi.

1798 FrantiSek Josef Gerstner, a university professor of mathematics and
member of the Royal Commission for the revision of public education,
submitted a proposal for foundation of a technical university, where
engineering disciplines would closely link to mathematical studies and
exact sciences, after the fashion of the Ecole Polytechnique in Paris and
as required by the process of industrialisation of Czech lands.

1803 V breznu 1803 podepsal cisar FrantiSek I. dekret o zaloZeni

R s RS : 1803 In March 1803, Emperor Franz I signed the decree on foundation of
Ceského stavovského polytechnického dstavu, ktery se stal

o R . h . b the Bohemian Estates’ Polytechnic Institute, which became part of
soucdsti prazské univerzity. Na nové polytechnice se zacalo the Prague University. The tuition started at the new polytechnic

ucit 10. listopadu 1806. Reditelem tstavu byl jmenovan F. J. school on 10 November 1806. F.J. Gerstner was appointed the direc-
Gerstner. tor of the Institute.

1815 Od 8. 9. prestal byt polytechnicky tstav soucdsti univerzity
a ziskal statut samostatné Skoly.

1869 18. 4. 1869 cisar FrantiSek Josef I dal souhlas ke vzniku

dvou novych tstavi: Ceského a némeckého polytechnického
ustavu Kralovstvi ¢eského.

1815 The Polytechnic Institute ceased to be part of the university and was
awarded the status of an independent school on 8 September.

1869 On 8 April 1869, Emperor Franz Josef I issued the consent to estab-
lishing two new institutes: the Czech and German Polytechnic Insti-
tute of the Czech Kingdom.

1879 Obé polytechniky dostaly nové ndzvy: C. a k. (Cisarskd

a krdlovskd) Ceskd vysokd Skola technickd v Praze, a K.
k. Deutsche Technische Hochschule in Prag.

1879 Both polytechnic institutes were renamed as follows: The I. and
R. (Imperial and Royal) Czech Technical University of Prague, and
K. k. Deutsche Technische Hochschule in Prag.

1902 The I. and R. Czech Technical University staff recommended to the
Ministry of Culture and Education that women could be registered as
regular students.

1902 Profesorsky sbor C. a k. ¢eské vysoké Skoly technické dopo-
ru¢il ministerstvu kultury a vyucovdni, aby Zeny mohly byt
zapisovany jako radné posluchacky.

1920 The Czech Technical University was established as a union of the
following seven technical universities: Civil Engineering, Cultural
Engineering, Architecture and Building, Mechanical and Electro-
technical Engineering, Chemical-Technological Engineering, Agri-
cultural and Forest engineering, and Special Sciences. The Universi-
ty of Agricultural Engineering was cancelled as a separate universi-
ty in 1921. It was incorporated into the University of Civil Enginee-
ring. The University of Commerce, which had allowed only 3-year
studies, became an equal part of the CVUT in 1929. The German
Technical University of Prague also changed its name in 1918, to the
Deutsche Technische Hochschule Prag.

1920 Vzniklo Ceské vysoké uceni technické jako svazek sedmi
vysokych $kol technickych: Stavebniho inZenyrstvi, kultur-
niho inZenyrstvi, architektury a pozemniho inZenyrstvi,
strojntho a elektrotechnického inZenyrstvi, chemicko-tech-
nologického inZenyrstvi, zemédelského a lesniho inZenyr-
stvi, specidlnich nauk. Vysokd Skola kulturniho inZenyrstvi
byla v roce 1921 jako samostatnd instituce zruSena a zacle-
néna do pusobnosti Vysoké 3koly inZenyrského stavitelstvi.
Od roku 1929 se stala rovnopravnou souédsti CVUT také
Vysokd $kola obchodni, do té doby pouze triletd. Prazskd
némeckd technika zménila v roce 1918 svij ndzev na Deuts-
che Technische Hochschule Prag. 1939 Czech universities were closed on 17th November 1939 on the

1939 Z rozhodnuti fi§ského protektora K. von Neuratha byly 17. ba51.s oif e clesion ot iy 1 vom NG, il gy sl 1 Hioiseios
(Reichsprotektor).

11. 1939 Ceské vysoké Skoly uzavreny. .

1945 Less than one month after the end of the war, tuition at the CVUT
was renewed in the full scope, at the same CVUT universities as in
1939. The German Technical University of Prague was cancelled in
October 1945 through a decree issued by president Benes.

1950 — 1960 After organisational changes made in the 1950 — 1960 peri-
od, the CVUT consisted of four faculties: Mechanical Engi-
neering, Civil Engineering, Electrotechnical Engineering,
and Technical and Nuclear Physics (Nuclear and Physical
Engineering since 1967).

1976 — 2006 The CVUT expanded when the Faculty of Architecture,
Faculty of Traffic Engineering and Faculty of Biomedical
Engineering were established. Apart from the current seven
faculties, the CVUT also consists of Klokner Institute (a
scientific research workplace in the field of civil enginee-
ring and building), Masaryk Institute of Advanced Studies,
Computing and Information Centre, Technology and Infor-
mation Centre, Research Centre for Industrial Heritage,
Institute of Experimental and Applied Physics, Centre for

1945 Necely mésic po skoneni valky byla vyuka na CVUT v plném
rozsahu obnovena na stejnych vysokych kolich CVUT jako
v roce 1939. Némecké vysokd $kola technickd v Praze byla
v fijnu 1945 dekretem prezidenta BeneSe zruSena.

1950 — 1960 Po organizaénich zménach v obdobi 1950 — 1960
mélo CVUT &tyfi fakulty: strojni, stavebni, elektro-
technickou, technické a jaderné fyziky (od roku 1967
jadernou a fyzikdlné-inZenyrskou).

1976 — 2006 CVUT se rozsitilo o fakultu architektury, fakultu
dopravni a fakultu biomedicinského inZenyrstvi.
Kromé soucasnych sedmi fakult jsou soucdstmi
CVUT také Klokneriv tdstav (védeckovyzkumné pra-
covisté v oboru stavebnictvi), Masarykuv tstav vys-
§ich studif, Vypocetni a informac¢ni centrum, Techno-
logické a inovaéni centrum, Vyzkumné centrum pru-
myslového dédictvi, Ustav technické a experimentdl-
ni fyziky, Centrum pro radiochemii a radiacni
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chemii, Ustav vystavby a investi¢ni &innosti, Nakla-
datelstvi a Sprdva tcelovych zafizeni.

Vyznamné ocenéni $koly pronesl prezident republiky Viéclav
Klaus, nové jmenovany &estny doktor CVUT, 18. 1. 2007 v pro-
jevu k vyroci 300 let od zalozeni CVUT: ,Domnivdme-li se, e
zaloZeni Karlovy univerzity, tohoto prvniho vysokého uceni na
sever od Alp a na zdpad od Ryna, zaradilo Cesky stdt k centrum
evropské vzdelanosti (a tehdejsi Ceské spole¢nosti umoznilo vyu-
Zivat jejich plodu a pfispivat k nim), troufdm si fici, Ze i vznik vas{
Skoly patfil k uddlostem, které se spolupodilely na té ohromné
spolecenské a ekonomické premeéné, kterd pretvorila Ceské zemé
v prumyslové vyspélou zemi a &esky ndrod v moderni evropsky
narod. Rici to takto siln& neni nadsazkou .

V souvislosti s vyro¢im zalozeni CVUT si dopiejme potésit
i nase stavaiské povédomi: MuZeme byt téméf pySni na to, Ze
o vznik a pocateéni rozvoj Stavovské inzenyrské skoly se postup-
né zaslouzily a vSestranné stavebni rdz ji vtiskly na svou dobu
vynikajici osobnosti z oblasti stavebné- a Zenijné-inZenyrské
(prvni profesor J. Ch. Willenberg), umélecko-architektonické
(druhy profesor J. F. Schor) a matematicko-zemémérické a staveb-
ni (treti profesor F. A. Herget). Neméné vyznamnd a mélo zndmé
je skutecnost, Ze vzniku Stavovské inZenyrské Skoly predchézela
existence verejné Prazské stavebni huté, svou povahou vlastné
vubec prvni stavebni §koly u nds, kterou si pro zaji$téni potfebné
kvalifikace svych spolupracovnika zaloZil v roce 1344, tedy &tyfi
léta pred zaloZenim Karlovy univerzity, Mistr Matyas§ z Arrasu.
Toho si privedl z Francie kralevic Véclav z rodu Lucemburku,
mnohem zndméjsi pozdéji jako cisar Karel I'V.

Z pramenii CVUT zpracoval
PROF. ING. JIRI BARTAK, DrSc.,
Fddny profesor Stavebni fakulty CVUT v Praze

Tuel

Radiochemistry and Radiation Chemistry, Division of Con-
struction and Investment, and Service Facilities.

Viclav Klaus, president of the Czech Republic and fresh holder of an
honorary doctorate at the CVUT, in his speech delivered on 18th January
2007 on the occasion of the 300-year anniversary of the Czech Technical
University, appreciated the university as follows: ‘If we believe that the
foundation of the Charles University, which was the first university north of
the Alps and west of the Rhine, integrated the Czech state into the group of
centres of European culture (and made it possible for the Czech society to
enjoy the fruits of the culture and contribute towards it), I dare say that also
the origination of your university belonged among the events which contri-
buted to the great social and economic change which transformed the Czech
lands into an industrialised country and the Czech nation into a modern
European nation. Using such strong words to say this is no exaggeration.’

In the context of the anniversary of the foundation of the Czech Technical
University of Prague, we can, as builders, treat ourselves a little self flattery:
We are rightfully proud of the fact that the origination and initial develop-
ment of the School of Engineering of the Estates was achieved gradually by
outstanding figures from the sphere of civil engineering and military engine-
ering (the first professor being J. Ch. Willenberg), arts and architecture (the
second professor, J. F. Schor) and mathematics and geodesy and constructi-
on (the third professor, F. A. Herget), who gave the university its universal
civil engineering character. No less important but little known is the fact that
the origination of the School of Engineering of the Estates was preceded by
the existence of the Prague School of Public Building Works, which was by
its nature the first civil engineering school in the Czech Republic. It was
founded by Master Mathias of Arras with the objective to provide qualified
collaborators in 1344, four years before the foundation of the Charles Uni-
versity. Master Mathias of Arras was brought from France by Crown Prince
Wenceslas of the House of Luxemburg, who is much better known later as
Emperor Charles IV.

Based on the CVUT sources, compiled by PROF. ING. JIRI BARTAK,
DrSc., a full-time professor at the Faculty of Civil Engineering
of the Czech Technical University of Prague

INFORMACE CTuK / CTuC INFORMATION

INFORMACE O PUBLIKACI PODZEMNI STAVITELSTVI V CESKE REPUBLICE
INFORMATION ON THE PUBLICATION ‘UNDERGROUND CONSTRUCTION IN THE CZECH REPUBLIC’

The book titled ‘Underground Construction in the Czech
Republic’” will be published on the occasion of the ITA World
Tunnel Congress 2007, which will be held at the beginning of
May in Prague by the Czech Tunnelling Committee ITA/AITES.

The English version of the publication will become, in additi-
on to the Conference Proceedings covering current tunnelling
problems all over the world, a lasting reminiscence of the level
of Czech underground engineering for all conference attendees,
who will be issued the book as a part of the conference docu-
mentation package.

U prilezitosti konani svétového tuneldfského kongresu ITA
World Tunnel Congress 2007, ktery porada na zaldtku kvétna
v Praze Cesky tuneldisky komitét ITA/AITES (International
Tunnelling Association), bude vydédna publikace ,,Podzemni sta-
vitelstvi v Ceské republice*.

Vedle konferen¢niho sborniku, ktery se zabyva aktudlnimi
tuneldrskymi problémy z celého svéta, bude anglickd verze pub-
likace trvalou pfipominkou drovné naseho podzemniho stavitel-
stvi pro v8echny ucastniky konference, ktefi ji dostanou jako
soucdst souboru konferenénich materidlu.

Ceské vydéni knihy vyplni existujici mezeru v fad& odborné-
populdrnich publikaci, tykajicich se oboru inzenyrského stavitel-
stvi. Souhrnné dilo s tematikou podzemnich staveb v Ceské repub-
lice dosud vydédno nebylo, a bude proto pro mnoho zainteresova-
nych odborniki a zvidavych sympatizanti vitanym prehledem
faktt i zdrojem pouleni o tctyhodné a ne vZdy zndmé 3ifi této
vyznamné geotechnické discipliny. Zdjemci o publikaci, ktera

bude také dostupnd v nékterych knihkupectvich, mohou si ji jiz
dnes objednat na e-mailovych adresach: jakub karlicek@satra.cz
a ita-aites@metrostav.cz.

V publikaci je velmi snadnd orientace diky barevnému odliSe-
ni jednotlivych ¢asti, kterych je ve zjednoduseném encyklope-
dickém pojeti — ve statich usporddanych podle d¢elu pouziti pod-
zemniho dila — zpracovdno textove i obrazove celkem devét:

Uvod do ¢eského podzemi

Zeleznicni tunely na béznych tratich

Zeleznicni tunely na koridorovych tratich

Automobilové tunely na silnicich a ddlnicich

Automobilové tunely ve méestech

Prazské metro

Ostatni liniové podzemni stavby

Velkoobjemové podzemni stavby

Budoucnost Ceského podzemniho stavitelstvi je zdvéreEnou
kapitolou celé publikace a nepochybné Ctendre také zaujme.
Z imponujiciho prehledu pldnovanych podzemnich staveb na
tizemi Ceské republiky je zfejmé, Ze nebyvaly soudasny rozmach
podzemniho stavitelstvi bude pokracovat i v budoucnosti. Je
mozné, Ze u nékterych zdméru dojde v budoucnosti k urditym
korekcim, nicméné dobra piiprava odvdznych projektt a dosta-
tek investi¢nich prostfedkt umozni vétsinu pldnovanych, pfipad-
né jesté lepSich technickych reseni, skuteéné realizovat.

PROF. ING. JIRI BARTAK, DrSc., bartakj@fsv.cvut.cz,
predseda védecké rady ITA World Tunnel Congress 2007.
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Ozndmeni

Stavebni geologie-Geotechnika, a. s., CaS vybor MZZS
ve spolupraci s CGtS a s patronaci UTAM AV (R

poiddaji
PRAZSKE GEOTECHNICKE DNY 2007

vcetné 15. Praiské geotechnické prednasky (PGP)

ve dnech 21. a 22. kvétna 2007
v budové Akademie véd CR, Praha 1, Narodni tiida 3

PROGRAM:
Odborny seminaf: Hluboké stavebni jdmy - nové pfistupy a FeSeni
15. PGP: A Strategy for Geotechnical Innovation
(prof. Frans Barends, Geo Delft Institute, Nizozemsko)
Workshop: Geotechnical Risk Management
(Gvodni predndska a moderovani: prof. Frans Barends) E
Pozvanky véetné podrobného programu a zavaznych piihlasek budou rozesilany v dubnu 2007 @E
Kontaktni adresa: SG-Geotechnika, a. s. (Ing. M. Frombergerova)
tel.: 234 654 101, fax: 234 654 102, e-mail: sekretariat@geotechnika.cz %technika

OZNAMENI

Stavebni geologie -Geotechnika, a. s., Ceska asociace inzenyrskych
geologli a Ceska geotechnicka spolec¢nost

vyhlasuiji 6. roénik soutéze

o Cenu akademika Quido Zaruby

pro mladeé inzenyrské geology a geotechniky do 35 let
za nejhodnotnéjsi a nejzajimavéjsi praci z oblasti praxe
a vyzkumu v roce 2006 v oborech:
Mechanika zemin, Mechanika hornin, Inzenyrska geologie,
Podzemni stavby, Zakladani staveb,
Geotechnicky a inZenyrskogeologicky prizkum

Soutéz bude vyhodnocena nezavislou komisi sloZzenou ze zastupcu
CAIG, CGtS, CVUT, UK Praha, VUT Brno, VSB-TU Ostrava a SG-Geotechnika, a.s.

Cena bude predana na
Prazskych geotechnickych dnech 2007

které ve dnech 21. a 22. kvétna 2007 poradaji Stavebni geologie-Geotechnika, a. s. a CaS vybor MZZS
ve spolupraci s CGtS a s patronaci UTAM AV CR v budové Akademie véd CR, Praha 1, Narodni tfida 3
Cena pro autora ocenéné prace pozUstava z diplomu a z pfispévku 15 000 K& na uhradu =
Ucasti na mezinarodni konferenci IAEG, ISRM, ITA, ISSMGE apod. ‘

\ >
Prihlasky do soutéze zaSlete co nejdfive na adresu: Stavebni geologie - Geotechnika, a. s.
Libuse Hrotkova, Geologicka 4, 152 00 Praha 5, tel. 234 654 101, fax: 234 654 102 % .
e-mail: sekretariat@geotechnika.cz. echnika

. B



CONSULTING
ENGINEERS

IKP Consulting Engineers, s.r.o.
Jirsikova 5, 186 00 Praha 8, Karlin

Tel.: 255 733 111, Fax: 255 733 605, E-mail: info@ikpce.com

IKP Consulting Engineers is a leading engineering consultancy firm

with ISO 9001:2000 certification

Areas of Activities:

» Tunnels & Underground
Struktures

» Railway & Road Design

> Bridge Engeneering

» Drainage & Water Suply

» Structural Engineering

» Municipal Engineering

» Geotechnics

» Geology

» Surveying & GIS

» Projekt Supervision






