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EDITORIAL EDITORIAL

V dobé vydani tohoto &isla Casopisu Tunel Cas vyméri prakticky cely By the end of the year 2007, by which time this issue of Tunnel magazine will
rok 2007. Konec roku s vdno&nimi svétky je obdobi, které vybizi be published, all o_f us will kljow what Fhe year has al_lowed us to ac_complish. The
k pozastaveni, zamysleni a pfipadné i k bilancovani nagich piedeslych roz- end of the year, with the Christmas holidays, is a period of time which urges us to
hodnuti. pause to think and, possibly, review our past decisions.

This year has been exceptional for the Czech underground construction owing

;A R M 7 NI to the fact that the Czech Republic became, after 22 years, through the CTuC, the
letech Ceska republika stala prostfednictvim CTuK hostitelkou svétového host for the WTC 2007 cong[;ess. Of the great numbgr of papersgand events 2sso-

kongresu WTC 2007. Z velkého mnoZstvi piispévkii a s kongresem souvise-  ¢ied with the Congress, which were documented also in our Tunel magazine (pri-

jicich akei Zdokumentovan}’/ch také v nasem Casopise Tunel V(‘zejména ve 2 marily in issue No.2 and the extraordinary issue Collection of Keynote Lectures),
a v samostatném Cisle Collection of Keynote Lectures) 1ze pripomenout ale- we can remind us of at least three significant facts.

spon tfi vyznamné skutecnosti. One of them is the number of the Congress guests and their companions, which
Jednou z nich je pocet tcastnikli kongresu i doprovézejicich osob, ktery exceeded all optimistic expectations. In the sports terminology, we can say that the

prekrocil viechny optimistické predpoklady. Re¢eno sportovn{ terminologii ~ world record in the ITA-AITES conference attendance has been broken. Let us

byl zaznamendn svétovy rekord v tlasti na konferencich ITA/AITES. note that, apart from the undisputed professional and societal contribution, the

Pfipomefime, Ze kromé& nesporného odborného i spolegenského pifnosu vykd- ~ Congress even turned an economic profit. . o

zal kongres také kladny ekonomicky vysledek Another important fact was that the record number of papers contained in the
Daliim vyznamnym faktem bylo, Ze rekor dl:)f poet pHsp&vkii ve sborniku conference proceedings confirmed the ever growing interest in the international

Konf tvrdil stal touci 24i indrodni taci vosledks presentation of the results of activities associated with subterranean construction.
onterence potvrdil stale rostouct zajem o mezinarodni prezentaci vysiedku The presentation of papers by world experts and the exchange of opinions or expe-
aktivit souvisejicich s podzemnim stavitelstvim. Predneseni predndsek sveto-

¢ isejieieh Jzemnim st Hvim. ol | > rience, primarily within working groups, enriched the conference guests with use-
vych expertu a vyména nazoru ¢i zkusenosti zejména v ramei pracovnich sku- ful pieces of knowledge and contacts. The Congress was an opportunity to publish
pin obohatily fadu dlastnikli o uZitetné poznatky a dileZité kontakty.  abook titled “The Underground Construction in the Czech Republic’, which con-
Kongres byl prilezitosti k vydéni publikace Podzemni stavitelstvi v Ceské tains a summary of everything important from the history to the present in the field
republice, kterd souhrnné zachycuje vSe podstatné z historie i soucasnosti of underground works. If it had not been for the Congress, this book probably
praci v podzemi. Bez kongresu by tato bezesporu vyznamnd kniha nebyla would not h;ve been composed. .
pravdépodobné sepsdna. ~The third important aspect of the Congress was the very positively assessed tra-
Tietim dileZitym aspektem kongresu byl velmi kladng hodnoceny vycvik ining of young professmqals in the area qf tqnnel construction. Lectures glven.by
mladgch pracovnikii v oblasti tunelového stavitelstvi. Prednasky $pickovych top experts bolstered the interest and professional growth of the young generation

dbornikel podnofily i dborn? rist mladé " Kvch t of both domestic tunnellers and those who arrived from abroad. The organisation
loéfﬁoirrtlécﬁ pl?t elf)iolr)lﬁ}.,: eZsatJoe\rle? ;)e ZZﬁZn?;:? ngléfé%zg?@i;kgﬁgpmspggd vlllz?si_ of the educational workshop before the beginning of the conference itself was cer-

Y ol L o v ATRRde tainly a far-sighted deed. If this event was regularly and informally repeated every
nim zahdjenim konference byl jisté proziravy pocin. Pokud bude tato akce  year! it could provide, apart from hot technical topics, the access for young engi-
pravidelné kazdorocné neformdlné opakovéna, mohla by zabezpecit kromé neers to supra-national contacts within the framework of the ever more globalised
aktudlnich odbornych témat také piistup mladych inZenyri k nadndrodnim underground engineering.
kontaktim v rdmci stdle vice globalizovaného podzemniho stavitelstvi. Tunel magazine mostly informs about tunnels which are constructed in the
Casopis Tunel referuje prevdzné o tunelovych dilech budovanych Czech Republic or Slovakia. This year, however, first papers appeared in the maga-
v Cechdch a na Slovensku. Letos se v ném viak jiZ objevily prvni &ldnky také zine which deal with tunnels representing larger investment projects being imple-
o tunelech predstavujicich v&&f investicni akce, které Ceské firmy provadgji ~ mented abroad by Czech or Slovak companies. Let me mention the two road tun-
v zahrani&i. Zmitime projekt dvou silni¢nich tuneli v souctové délce 10,5 km nels, at a total length of 10.5km, which are being constructed in Iceland, at a total
provadény Metrostavem na Islandu v celkové hodnoté 2 miliard K&. Cernou cost of CZK 2 billion. The black and white colours of the Icelandic underground

p . p p IR o are characterised by the figures of 6.5 and 330m. The figure of 6.5 is for the month-
a bilou stranku islandského podzem charakterizuji &isla 6,5 m a 330 m. Cislo ly advance rate achieved during the excavation requiring chemical grouting in the

6.5 m znaci mesicni postup razeb pri r}utné/,ch Vcl_lemlc];yc}/l mJe,ktaZICh double-lane tunnel when extraordinarily intense water blowouts at the excavation
u dvoupruhového silni¢niho tunelu pfi mimofddné intenzivnich vyronech face reaching the pressure up to 40 bar were encountered. In essence, this pressu-

Tento rok byl pro ¢eské podzemni stavitelstvi vyjimecny tim, Ze se po 22

vody na elbé a jejim tlaku az 40 bard. Ten v podstaté vyrugil pfitlak vrtaci-  re negated the thrust of the drilling tools. Conversely, the 330m advance per month
ho nédfadi do provddénych vrti. Udaj 330 m za mésic je moZno zafadit nao- can be considered to be one of the highest worldwide outputs in terms of the drill
pak k nejvy3sim svétovym vykonum pfi pouZivani technologie drill and blast. and blast technique application.

Na uvedeném piikladé je ziejmé, Ze Zivot vedoucich pracovniki firem The above-mentioned example implies that the lives of managers in companies
zabyvajicich se ¢innosti v podzemi miize byt v zdvéru roku spojen having their bpsinesses in underground constrl_lction may be associated, at the end
s hodnocenim rizik projekt ovlivnénych zejména vénou originalitou horni- of the year, with the assessment of risks of projects affected, above all, by the eter-

nal originality of the rock environment. The variability of geological conditions
remains in many cases a crossword puzzle which, being step-by-step solved, reve-
als answers which are surprising despite relatively thorough engineering-geologi-
cal surveys. ‘Was our effort to win the tender for this project reasonable?’ The ans-
wer for such a question is not at all simple. Contract prices are squeezed to the very

nového prostiedi. Pestrost geologickych podminek zustdvd v fadé pripada
postupné odkryvanou prekvapujici tajenkou navzdory relativné dukladnym
inZenyrskogeologickym pruzkumnym pracim. ,Méli jsme ten projekt v ramci
vybérového fizeni viibec vyhrét?* Odpovéd na takovou otdzku neni vzdy jed-

noduchd. Ceny projektil se v konkuren¢nim prostfedf tla¢f na samou hranici  Jimit of the cost prices in the competitive environment. In the case of ‘encounte-
vlastnich nakladl. V pfipadé ,,vstupu neoCekdvanych podminek pro raZeni  ring unpredicted tunnelling conditions’, a strenuous process of making new claims
tunelu® nastdva klopotny proces uplatiiovani novych pohleddvek vuci investo- for payments by the client must be undergone. As a result, contractor’s undisputed
rovi. Tim se platebn{ ndroky dodavatele za cyklickou stavebni ¢innost presou- entitlement for payments for cyclic construction work is shifted to the area of
vaji do oblasti administrativni a pravni. VEti projekty tak zvySuji navic nakla- admipistrativc and lggal diSCUS§i9ﬂ5- Thus !argcr PYOJ'CC}S. SUff?f from incurring
dy za dals technické a administrativni pracovniky, specializované konzultan- additional costs required for additional technical and administrative staff, speciali-

sed consultants, world experts and experienced lawyers. It is certain that the scope

cich manazerd a jejich tymi pro vét{ projekty podzemnich staveb se bude of qualificgtions of managers and their teams for largcr undcrgroupd construption
muset takovym situacim piizpiisobovat i v budoucnu. I kdyZ bude Einnost projects will l_lave to be adjusted to be able to cope with sugh situations even in the

P RN P ooy r L 7 future. Even if the work of contractor’s project managers is loaded with the more
vedoucich projektu zat¢Zovina stdle sloZit€jSim administrativnim balastem, and more complicated administrative ballast, true tunnellers will not lose their ent-

opravdové tuneldfe jejich entuziasmus neopusti. Jist¢ budou svoje sily naplno  pysiasm. They certainly will use their strengths for further expansion of the usab-
vyuZivat pro dalsi rozifovani vyuZitelného podzemi nasi maticky Zeme. le space under the surface of our Mother Earth.

Casopis Tunel ¢. 4 je vénovin dvéma vyznamnym firmdm na poli tuneldr- The issue No.4 of Tunel is dedicated to two important companies acting in the
skych aktivit. Subterra, a. s., a Metroprojekt, a. s., maji za sebou desitky let field of tunnel construction. Metroprojekt a.s. and Subterra a.s. have passed tens of
¢innosti s obdivuhodnymi vysledky v oblasti realizace tunelovych staveb years of work with admirable results in the area of designing and implementation
prvofadé dilezitosti, respektive projektovéni. Dal§fmi perlickami na dlouhé  of the highest importance tunnelling projects. Other small pearls on the long string
Siidirce jsou projekty reprezentované &ldnky sepsanymi vedoucimi organizaG-  are the projects represented by articles written by chiefs of organising teams of the
nich tymd uvedenych firem. Mozaiku stati tvoif vybér prispévkd above-mentioned companies. The mosaic of articles is composed of contributions
2 tuzemskych staveb doplnény jednim projektem z cizokrajné Indie. O tom, from domqstlc construction sites, enriched by one exotic project from Ind@. The
%e se vie nemusi dafit dle pavodnich predstav, sveddi odboms poutné dlénky fact that things do not have to always follow the original plans is dealt with in pro-

lu BF Jedli & is Tunel kromé dlohy disté kronik lovich fessionally instructive articles on the Brezno tunnel. If Tunel magazine is a source
o tuneln Brezno. Je-h Casopis Tunel krome ulohy jiste kroniky tunelovyc of useful information and education in the field of theory and praxis in addition to

ty, svétové experty a protielé pravniky. Je ziejmé, Ze rejstiik schopnosti vedou-

staYel? také zc%roj/enl uiite}én}’/ch ivnf,ormaci i pouceni v oblz}stifeprie i Praxe, its role of a certain chronicle of tunnelling projects, it meets the main intention of
splfiuje hlavni zdmér celé redakcni rady. Do roku 2008 si piejme, aby nas the whole editorial board. We wish our magazine to maintain the quality it has
Casopis si dosazenou kvalitu udrZel a v detailech ji jesté vylepsil. achieved and even improve it in the coming year 2008.

ING. PAVEL POLAK, &len redakéni rady casopisu Tunel ING. PAVEL POLAK, a member of the Tunel Editorial Board
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VAZENI CTENARI!

Pravé pred deseti lety v fijnu 1997 se v Praze konala odbornd
konference Podzemni stavby "97. Na této konferenci se bilanco-
valy vysledky ceského a slovenského podzemniho stavitelstvi
z posledniho obdobi. A bylo skute¢né o Cem mluvit. V tom roce
byly uvedeny do provozu tfi vyznamné tunelové stavby: silni¢ni
tunel na Prazské radidle v Brné, silniéni tunel Hfebed
a Strahovsky tunel.

Tim se tunelovému stavitelstvi oteviela cesta do systému
dopravnich staveb, ve kterém se v Ceské republice dosud tunely
vyskytovaly pouze sporadicky. Vyjimku tvofilo prazské metro
a historické tunely na Zelezni¢ni siti.

V témZe roce se pripravovaly k zahdjeni tunel Mrazovka, trasa
IVC metra, ddlni¢ni tunely na D5 a D8, tunely na vnéj$im okru-
hu kolem Prahy a zacalo se uvazovat o novych tunelech na Zelez-
ni¢nich koridorech.

Uplynulo deset let a my zjiStujeme, Ze nékteré z téchto projek-
ta se naplnily, jiné zustaly ve stadiu pfipravy a nékteré se prave
zalinaji realizovat. Nejdynamictejsi vyvoj mély tunely na Zelez-
ni¢nich koridorech. Pivodné se pocitalo pouze s rekonstrukcemi
tunelu stdvajicich, ale vysledné projekty si vynutily nové tunely
jako jedinou variantu. Dokonce doslo i na Nové spojeni v Praze,
o kterém uvazovala Sprdva prestavby Zelezni¢niho uzlu Praha
zhruba 30 let. SloZit€jsi je situace s ddlni¢nimi, méstskymi
a obchvatovymi komunikacemi, které jsou Castym predmétem
sporl s tzv. ekologickymi aktivisty. Ty uZ pfesahuji rdmec jedné
generace. Samoziejmé vyznamnou roli zde také hraji ekonomic-
ké podminky.

N4s obor vSak v Zddném pripadé nestagnoval. Na Ceském sta-
vebnim trhu se objevily nové tuneldrské kapacity a pokracovala
mezinarodni vyména zkuSenosti. Do popredi vystoupily otdzky
bezpecnosti provozu dopravnich tuneld, jako dusledek neblahych
udélosti v nékterych evropskych tunelech. Vyvstal pfed ndmi
zékladni tdkol: trvale zlepSovat poveést podzemnich staveb.
K tomu je nutno trpélivé dokazovat jejich vyhody na praktickych
vysledcich, neztratit davéru ve vlastni schopnosti a presvédceni
o prospésnosti prosazovanych feSeni. Je to béh na dlouhou trat.

Spoleénost Subterra, a. s., se stfidd na Cele pelotonu jiz déle nez
40 let a md rozvoji podzemniho stavitelstvi ur¢ité co nabidnout.
Zku3enosti naSich techniki a délniku jsou mimorddné. Byla to
praveé naSe spolecnost, kdo prvni pfiSel v nas§i zemi s Novou
rakouskou tunelovaci metodou, prispéli jsme k rozvoji technolo-
gif stifkanych betonu, zejména drdtkobetonu, patfi ndm C&elnd
pozice v oblasti mikrotunelovani a nasi technici a délnici maji
jako jedni z méla zkuSenosti s obsluhou plnoprofilovych razicich
stroju. Ne ndhodou zvitézila stavba PreCerpavaci vodni elektrar-
ny Dlouhé Strdné, na niZ se nase spole¢nost vyznamné podilela,
v soutézi Sedm divi Ceské republiky. Jsem piesvédien, Ze
i v budoucnu bude mit nase spolecnost prileZitost osveédcit svoje
kvality pfi realizaci t€ch nejndro¢néjsich projektu podzemniho
stavitelstvi.

Praha, zari 2007
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DEAR READERS,

It is exactly ten years since the technical conference ‘Underground
Construction 1997 was held in Prague, in October 1997. This confe-
rence was a suitable occasion for the reviewing of the results of the
Czech and Slovak underground engineering achieved in the previous
period. There were really significant achievements available for discus-
sion: the tunnel on the Prague Radial Road in Brno, the Hrebe¢ road
tunnel and the Strahov vehicular tunnel.

These achievements opened the access for tunnel construction to the
system of transportation projects in the Czech Republic, where tunnels
had been constructed only sporadically till that time. The Prague metro
tunnels and historic tunnels on the railway network were exceptions.

The same year saw the constructions of the Mrazovka tunnel, metro
line IVC, tunnels on D5 and D8 motorways and tunnels on the Prague
City Ring Road being prepared for the commencement. Even new tun-
nels on main railway lines became the topics of considerations.

Ten years have passed and we are finding out that some of the pro-
jects have not been implemented, others remained in the planning stage
and some are just at the beginning of the implementation stage. The
most dynamic development was experienced in the field of railway tun-
nels. The original intention was only to reconstruct existing tunnels.
However, the resultant designs required new tunnels as the only pos-
sible variant. Even the New Connection project, which had been under
consideration at the Administration of the Reconstruction of the Rail
Junction in Prague for about 30 years, came about. A more difficult situ-
ation is in the area of motorway, urban and by-pass road tunnels, which
are frequently subjects of disputes with ecological activists. The dispu-
tes have already exceeded the framework of one generation. Of course,
economic conditions also play an important role.

Our branch of civil engineering has on no account stagnated. New
tunnelling capacities have emerged in the Czech construction market
and the international experience exchange has continued. The issues of
traffic tunnel safety have got to the forefront of interest as a result of tra-
gic events in some European tunnels. We are facing a basic task to con-
tinually improve the reputation of underground structures. To accom-
plish this task, we must patiently prove the merits of these structures
presenting practical results, not losing our trust in our own abilities and
conviction that the solutions being designed are beneficial for the whole
society. This is a long-distance race.

Our company, Subterra a.s., has been taking turns at the front of the
industry for over 40 years, thus it can offer things beneficial for the
development of the underground engineering. The know-how of our
technicians and workers is exceptional. It was our company who intro-
duced the New Austrian Tunnelling Method in the Czech Republic. We
contributed to the development of concrete spraying technologies,
namely regarding steel fibre reinforced concrete; we are at the front end
in the field of microtunnelling and our technicians and workers belong
among the few persons experienced in the operation of tunnel boring
machines. It is not by chance that the Dlouhé Stran¢ pumped storage
power station construction, in which our company significantly partici-
pated, won the competition “The Seven Wonders of the Czech
Republic”. I am convinced that our company will be given the oppor-
tunity to prove its qualities even in the future, during
the implementation of the most demanding underg-
round engineering projects.

/‘
Prague, September 2007

ING. PETR KUCHAR

mistopredseda predstavenstva a generalni feditel Subterra, a. s.
Vice-Chairman of the Board of Directors and CEO Subterra a. s.
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VAZENI CTENARI,

Neni to poprvé, kdy se akciovd spole¢nost Metroprojekt Praha, a. s., na
strankdch Tunelu prezentuje. Je to logické. Projektovani podzemnich staveb
bylo vZdy podstatnou ¢dsti nasi price a prezentace této ¢innosti pred odbor-
nou, ale i laickou verejnosti je pak uz jen jejim pfirozenym vyusténim, které
nabyvé ¢im déle tim vétsiho vyznamu. A to vyznamu nejen ve smyslu propa-
gace a marketingu, ale podporuje i na§ vlastni odborny rust. Pouhd propagace
nestaci, pokud neni podloZena kvalitni praci. Zakaznik to velmi rychle poznd,
zvlaste v tak naro¢ném oboru, jako jsou podzemni stavby. Proto vSechny tyto
oblasti — odbornost, kvalita prace a jeji propagace — musi byt navzdjem vyva-
Zeny a jejich rist musi probihat paralelné. Publikace v ¢asopise Tunel je pro
nds proto jednim z duleZitych stimuld a pifmo ucebnicovym piikladem vyuZi-
ti zpetné vazby.

Nase prezentace v Tunelu byvaji vétSinou spojeny se zahdjenim priace na
néjakém velkém tunelovém projektu, nebo s jeho uvedenim do provozu.
Pomérné Casto se také timto zpisobem zapojujeme do odborné diskuse, kdy na
fesenf problému existuji rizné ndzory a my jsme presvédceni, Ze nase zkuSe-
nosti mohou napomoci k technicky nejspravnéj§imu rozhodnuti. V tomto ¢&isle
vsak oslovujeme vds — nase Ctendre a zpravidla soucasné i potencidlni zdkaz-
niky, profesni kolegy a obchodni konkurenty — pfi prileZitosti 15. vyro&i zalo-
Zeni nezavislé soukromé akciové spole¢nosti Metroprojekt Praha, a. s., ke kte-
rému doslo 1. kvétna 1992.

Rozhodné se nejednd o datum, od kterého bychom chtéli nasi historii zacit
odvijet. Naopak — vZdy jsme byli hrdi na to, Ze jsme pfimym pravnim, obchod-
nim, ale hlavné odbornym pokracovatelem projektového tustavu DP-
Metroprojekt, o jehoz vkladu do feSeni dopravni situace naseho hlavniho
mésta snad netfeba pochybovat, i kdyZ naSe Cinnost byla tenkrat zatiZena
v8emi nectnostmi normalizaéni doby. VZdycky vSak na prvnim misté pro nds
bylo zajistit co nejkvalitnéj$i komplexni technické feSeni a odborny rust
naSich pracovniki. Rok 1992 je vSak pro nds vyznamny z jiného davodu.
Zména spoleenskych i hospoddrskych poméra ve stité vedla k likvidaci
mnoha firem, které se nedokdzaly s novymi podminkami rychle a dspésné
ndzory zpochybnujici vyznam verejné dopravy. Jedinou cestou jak prezit bylo
roz§ifit svoji pasobnost na dal3f oblasti investi¢ni vystavby, radikdlné sniZit
stav zaméstnancu a zavedenim nejmodernéjsi vypocetn{ a dal3i techniky mno-
hondsobné zvysit produktivitu prace. VSechny tyto podminky se béhem neko-
lika let podafilo splnit a dnes, pfi dlouhodob¢ stabilnim poctu 200 zaméstnan-
ct, Metroprojekt produkuje témér desetindsobek objemu projektovych praci,
neZzli byl schopen se 700 zaméstnanci vyprodukovat pied rokem 1990.

Podivame-li se zpét na celou historii Metroprojektu, kterd se zaCala psdt
vlastné jiz pred 40 lety soucasné s rozhodnutim o vystavbé metra v Praze, jsou
napadné predev§im dvé skutecnosti: je to jednak profesni kontinuita spojend
s Gsilim nachédzet se vzdy na Spic¢ce védeckotechnického pokroku, jednak
lplny obrat v organizaci prace a persondlni politice, spojeny pravé s preménou
statntho podniku na akciovou spolecnost. Tyto dva faktory, kdy maximélné
vyuzivame toho nejlep$iho, na ¢em Metroprojekt zalozil svoji tradici,
a souCasné jsme se dokdzali razné zbavit v§eho, co ndm brénilo v dal$im roz-
voji, ¢ini z Metroprojektu Praha, a. s., spole¢nost tspé$nou nejen po strance
odborné, ale i po strance ekonomické, a tim pritazlivou pro mladé perspektiv-
ni pracovniky.

VéZeni prételé, nezabyval jsem se prili§ néjakymi konkrétnimi projekty, na
nichz nyni pravé pracujeme a které pripravujeme. Je jich pfili§ mnoho i na
pouhy vy&et a jak jsem jiZ uvedl, jsou prubézné prezentovdny v celé fadé
odbornych publikaci (nejhojnéji pravé v Casopise Tunel). NaSi pracovnici
o nich prednéSeji na konferencich a semindfich, diskutuji na verejnych
i uzavienych férech, nase webové strainky www.metroprojekt.cz jsou pristup-
né viem zdjemclim, a to nejen pasivné, ale i formou diskuse. Zijeme v realité,
a jsme si védomi, Ze je kolem nds celd fada obdobnych odborné zdatnych
a spolehlivych firem, které si sice navzdjem konkuruji, ale soucasné se tim
i podporujf a spolupracuji v odborném rustu, v produkci kvalitnich projektu,
a tim v realizaci tolik potfebnych investic nutnych k zachovéani vysokého
tempa hospodarského rozvoje a Zivotni trovné. Vyména zkuSenosti na stran-
kédch Casopisu Tunel tomu rozhodné vyrazné napomdhd. Proto
bych na zdvér chtél popidt jeho tvircim, autorim pifspévka
a vSem jeho ¢tendfim mnoho uspéchi a zddrného pokradovani
v nastoupené ceste.

TuoufHel

DEAR READERS,

It is not the first time that METROPROJEKT Praha a.s., a joint-stock company, presents
itself on the pages of TUNEL magazine. It is logical. Designs for underground constructi-
on have always been substantial part of our business and the presentation of this work, not
only to the professional public but also to the lay public, is therefore only a logical part of
this activity featuring ever-growing importance. The advertising and marketing effects are
not the only benefit of presentations. They must also enhance our own professional growth.
It is so because the mere advertising is not enough. Customers very quickly reveal the
cases where advertising is not based on high quality work, especially in such a demanding
civil engineering branch as underground construction. For that reason all of the above-
mentioned areas — proficiency, work quality and advertising — must be balanced against
each other and their growth rates must be commensurate with each other. Publishing in
TUNEL magazine is a significant stimulus for us. It is also a textbook example of the use
of the business feedback.

Our presentations in TUNEL are usually connected with the commencement of our work
on some large tunnelling project or with commissioning of such a project. A relatively fre-
quent case is our participation in technical discussions where there are various opinions on
the method dealing with a problem and we are convinced that our experience may help to
find the technically best solution. However, in this magazine issue, we address you, our rea-
ders and frequently also our potential customers, professional colleagues and competitors,
on the occasion of the 15th anniversary of the foundation of an independent private joint-
stock company, METROPROJEKT Praha a.s., which took place on 1st May 1992.

Certainly, it is not the date from which we would like to start to measure our history.
Just the opposite, we have always been proud that we are a direct legal, commercial and,
above all, professional successor of DP-Metroprojekt, a designing institute whose contri-
bution to the solution to the traffic in our capital probably does not need to be cast doubt
on, despite the fact that our activities had been affected by all negative influences of the
time of political normalisation. Nevertheless, the effort to provide the highest quality, com-
prehensive engineering solutions and ensure the professional growth of our employees has
always been our first priority. However, we consider the year 1992 important for us for
another reason. The change in political and economic conditions in our state led to liqui-
dation of numerous companies, which were not able to quickly and successfully cope with
the new conditions. It was even more difficult for Metroprojekt because opinions casting
doubts on the importance of public transportation started to appear after 1989. The only
way to survive was to expand the scope of company activities to cover other areas of
investment construction, radically reduce the number of employees and many times incre-
ase the productivity of work through the introduction of state-of-the-art computer-aided
and other techniques. We managed to fulfil all of the above-mentioned conditions during
the course of several years; today, when the long-term number of employees is 200, the
volume of METROPROJEKT designing production is nearly tenfold of that achieved with
over 700 employees before 1990.

If we look back at the whole history of METROPROJEKT, which, as a matter of fact,
started 40 years ago at the moment when the decision on the development of the underg-
round railway in Prague was made, we will notice, above all, two facts: the professional
continuity associated with the effort to be always at the front end of the scientific and tech-
nical progress and the radical change in the organisation of work and the personnel policy,
which is associated with the transformation of the state-owned company to the joint-ven-
ture company. These two factors, which are based on the maximum use of the best things
on which METROPROJEKT founded its tradition and on the fact that we got rid of eve-
rything that prevented further development of the company, are the reason why METRO-
PROJEKT Praha a.s. has become a company which is successful not only from the engi-
neering point of view but also in terms of its economy, which makes it attractive for young,
prospective employees.

Dear friends, I have not informed you about particular designs we are currently working
on. They are too many even for a mere summary and, as I mentioned above, they are com-
monly presented in many technical publications (most frequently in TUNEL magazine),
our employees present them in conferences and seminars, discuss them in public or closed
forums, and our web pages www.metroprojekt.cz are accessible for everybody who is
interested in our work, not only passively but also in the form of discussion. We live in
a real world and are aware of the fact that there are many similar, proficient and reliable
companies. We, on the one hand, compete with each other but, on the other hand, support
each other and co-operate in terms of the professional growth, creation of high quality
designs, thus also in the implementation of so much needed investment projects which are
required for the maintenance of the high development rate of economy and standard of
living. Certainly, the exchange of experience on pages of TUNEL significantly helps. For

that reason, to conclude, I wish all of its producers, authors and readers lots

/VW Z/ of success in their efforts.

ING. JIRI POKORNY

generalni feditel a predseda predstavenstva METROPROJEKT Praha, a. s.
CEO and Chairman of the Board of Directors METROPROJEKT Praha a. s.
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PRODLOUZENI TRASY A METRA NA LETISTE RUZYNE
METRO LINE A EXTENSION TO RUZYNE AIRPORT

VLADIMIR BARTON, JIRI RUZICKA

uvob

ProdlouZeni trasy A metra md celkové zlepsit kvalitu dopravni obs-
luhy severozdpadniho sektoru meésta kapacitni kolejovou dopravou,
kterd se projevi mj. celkovou redukci autobusovych linek v této oblas-
ti Prahy. V kombinaci s uvazovanym Zelezni¢nim spojenim je sledo-
véna moznost dosazeni prestupniho termindlu v prostoru Dlouhd Mile
a letist€ Ruzyné novou stopou, kterd se z hlediska vlastniho pribéhu
nedotykd zdjmu Zeleznice stabilizované v platném dzemnim planu
hl. m. Prahy. Sou€asné je sledovédn zdmér pfesunuti stavajiciho konco-
vého bodu trasy metra A ze stanice Dejvicka do vhodnéjsi, urbanistic-
ky méné exponované lokality smérem k okraji mésta.

ZASADY RESENI A JEHO VYVOJ

V navrhovaném feSeni ve vazbé na nové skute¢nosti je zdsadn{ zmé-
nou vedeni takto koncipované trasy metra do oblasti sidli§t¢ Dédina,
déle prakticky pfimo k termindlu Dlouhd Mile a kone¢né na vlastn{
leti§t€ Ruzyné. Pritom je sledovana snaha zachovat vyhody ptvodniho
feSeni, umoZiujictho vétveni zdkladni trasy v oblasti Bilé Hory do pro-
storu sidlisté Repy a termindlu Zli¢in. Je mozné podle konkrétni potre-
by v daném Case sledovat prioritu vybraného sméru vedeni tras.

Vyslednd varianta feSeni predpoklddd vedeni trasy ze stdvajici sta-
nice Dejvickd ve stopé Cerveny Vrch — Veleslavin — Petfiny — Motol —
Bild Hora — Dédina — Dlouhd Mile — Leti§t¢ Ruzyné s moZnosti vét-
veni za stanici Bild Hora do sméru Repy — Zli¢in s vazbou na depo
Zli¢in trasy B metra. Jako reakce na trasovdni metra v nové stopé
vedené zdjmovym tzemim leti$té Praha byl ovéfen ndmét modifikace
trasy pres oblast Starého letiSt¢ Ruzyné s moznosti vloZeni dals{ stani-
ce do tohoto prostoru.

Puvodni zaddni dokumentace pro tzemni rozhodnuti predpokla-
dalo rozdéleni stavby na dvé etapy VA Dejvické—Petfiny a VIA

INTRODUCTION

The extension of the Metro Line A is intended to improve the ove-
rall quality of resident traffic in the north-western sector of the city by
adding high-capacity rail traffic, which will result, among other
effects, in an overall reduction in the number of bus lines in this area
of Prague. In combination with the railway connection, a possibility of
arriving to the intermodal transfer terminal in the area of Dlouhd Mile
and at the Ruzyné airport via a new route, with the topography which
does not interfere with the interests of the railway line which has been
stabilised in the current Master Plan of the City of Prague is under con-
sideration. At the same time, an intention to shift the existing terminal
point of the Metro Line A from Dejvickd Station to a more suitable
locality, which would be less exposed in terms of the urban planning
viewpoints, toward the outskirts of the city, is under consideration.

PRINCIPLES AND EVOLUTION OF THE SOLUTION

The proposed solution contains a fundamental change in the route of
the metro line, which relates to the new facts. The new concept of the
metro leads to the residential area od Dédina and then proceeds, virtu-
ally directly, to Dlouhd Mile terminal and finally to the Ruzyné airport
itself. At the same time, the effort is taken into consideration that the
advantages of the original solution, which allowed the branching of the
basic route in the area of Bild Hora to the residential area of Repy and
the metro terminal in Zli¢in, is to be maintained. It is possible to fol-
low the priority of the chosen direction of the routes which will exist
at the given moment.

The resultant variant of the solution assumes that the route will start
from Dejvickd Station and continue through Cerveny Vrch, Veleslavin,
Petfiny, Motol, Bild Hora, Dédina and Dlouhd Mile stations to the
Ruzyné Airport, with a possibility of branching beyond Bild Hora sta-
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Obr. 1 Situace trasy
Fig. 1 Layout plan of the Line A Extension
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Obr. 2 PrevySeny podélny profil
Fig. 2 Exaggerated longitudinal section

Petfiny—Leti§t¢ Ruzyné, s etapovou koncovou stanici Petfiny.
V prubéhu zpracovavani dokumentace bylo na jedndni Rady hlavni-
ho mésta Prahy rozhodnuto o novém vnitinim déleni vystavby na
ndsledujici etapy:

o tisek VA1 — Dejvickd — Cerveny Vrch — Veleslavin — Petfiny,

e isek VA2 — Petfiny — Motol,

¢ tisek VI.A — Motol — Bild Hora — Dédina - Dlouhd Mile,

e isek VIIA — Dlouhd Mile — Letisté Ruzyné.

V soucasné dobé byla odevzdéna dokumentace pro izemni rozhod-
nuti, kterd byla zpracovdna vzhledem k navrhovanému soubéhu praci
staveb VAl a VA2, resp. VIA a VIIA dohromady pro tusek
Dejvickd—Motol (VA1 a VA2) a déle pro dsek Motol-Leti§t¢ Ruzyné
(VIA a VIIA). Zahajeni praci se predpoklddd v prabéhu roku 2009
a zprovoznéni jednotlivych dseka v letech:

e lisek VA1 2013
e lisek VA2 2014
e isek VIA 2017
e tisek VIIA 2018

Z hlediska provozu vlakové dopravy jsou ve vazbé na jednotlivé sta-
nice na trase rozmisténa kolejisté pro obrat a deponovani vlakovych
souprav, kterd zohlediiuji moznost postupného uvadéni trasy do provo-
zu, organizaci dopravy béhem mimoradnych situaci v provozu
a variabilitu jizd sluZebnich vlaka pro provadéni ddrZby v pravidelnych
no¢nich vylukdch. Kolejisté pro obrat a deponovani souprav je navrze-
no v koncové stanici Leti§té Ruzyné a ddle v etapovych koncovych sta-
nicich Petfiny, Motol a Dlouhd Mile. Obrat vlaku je timto uspofdddnim
umoznén v rozmezi do cca 5 km délky trasy.

Nasledujici popis trasy vysledného feseni je dle zvyklosti zpracovén
ve sméru stanieni, to je od stanice Leti§t¢ Ruzyné do stanice
Dejvickd. V zdkladni roviné komentuje feSenou problematiku
z hlediska jednotlivych stanic a mezistani¢nich tseku.

STANICE LETISTE RUZYNE

Stanice LetiSté Ruzyné je ¢astecné razena a ¢aste¢né hloubend jed-
novestibulovd stanice s ostrovnim néstupiStém v hloubce 19,9 m pod
terénem. Jeji poloha, vySkové uloZeni a vazby do tizemi jsou v souladu

tion in the f{epy — Zli¢in direction, maintaining the relationship with
the depot of the Metro Line B in Zli¢in. A suggestion for the modifi-
cation of the route passing through the area of the Old Ruzyné Airport,
which allows the insertion of another station in this area, was analysed
as a response to the design of the new route of the metro leading
through the service area of the Prague airport.

The original specification for the design documentation for issuan-
ce of the zoning and planning decision assumed that the project would
be divided into two stages, i.c. stage V A Dejvice — Petfiny and VI
A Petfiny — Ruzyné Airport, with Petfiny Station becoming the termi-
nal station for the given stage. A decision on a new internal division of
the construction was made during the course of the work on the docu-
mentation at a meeting of the Council of the City of Prague. The con-
struction will consist of the following stages:

o section V Al - Dejvickd — Cerveny Vrch — Veleslavin — Petfiny,

e section VA2 - Petfiny — Motol,

e section VIA - Motol — Bild Hora — Dédina - Dlouhd Mile,

e section VI A - Dlouhd Mile — Leti$t€¢ Ruzyné.

At the moment, the design documentation for issuance of the zoning
and planning decision which was submitted to authorities was produ-
ced taking into consideration the proposed simultaneous construction
of parts of the sections V Al and V A2 (Dejvickd Station — Motol
Station) as well as parts of the sections VI A and VII A (Motol Station
— Letisté¢ Ruzyné Station). The construction commencement is assu-
med to take place during the year of 2009; the individual sections
should be commissioned in the following years:

e section VA1 2013

e section VA2 2014

e section VIA 2017

e section VILA 2018

Regarding the running of the railway line, yards for the return and
deposition of trains are placed along the route, taking into account the
relationships to the individual stations. The yards are designed taking
into consideration the staged bringing of the line into service, the orga-
nisation of traffic during extraordinary situations in the operation, and
the variability of travels of service trains carrying out the maintenance
during regular night time closures of traffic. A yard for the return and
deposition of trains is designed to be at the LetiSté Ruzyné terminal
station; the other yards will be at the terminal stations of the individu-

TERMEMAL
AIRPORT TERMENAL

|- PRELOMERE TUNELY

RELOCATED TUMNNELS

ZELEZMCH| STAMNICE
RALWAY STATION

MOUZOVY WYSTUP

EMERGENCY EXIT

e

AR

T O |

[

s

i

o

Obr. 3 Podélny rez trojlodni raZenou stanici Letisté Ruzyné
Fig. 3 Longitudinal section of the Letisté Ruzyné three-vault mined station




Obr. 4 Jednolodni raZend stanice Dlouhd Mile
Fig. 4 Dlouhd Mile one-vault mined station

s rozvojovymi zdméry letisté a predpoklddanou realizaci zastdvky
Zelezni¢niho spojenti letisté s centrem mésta. Pfitom je rovnéZ zohled-
néna moznost zahloubeni této Zelezni¢ni zastavky s cilem ndsledného
podchodu trasy Zeleznice pod budovou nového letiStniho termindlu
Sever II.

Stanice je navrZena jako dlouhodobé koncovd s kolejovym uspord-
dénim pro obrat a deponovéni vlakovych souprav ve dvou jednokolej-
nych odstavnych tunelech za stanici. Stanice je uvazovdna v rozsahu
néstupisté jako raZend trojlodni. V oblasti vestibulu u severniho konce
nastupisté je hloubend ¢ast délky 25 m s eskaldtory a Sikmym vytahem
na povrch. Na opa¢ném konci stanice bude v pétipodlaznim hloube-
ném objektu umisténa jeji technologickd ¢dst. Celkové délka stanic-
nich tunelt &inf asi 180 m. Smérem ke stanici Dlouhd Mile na ni nava-
zuje razeny objekt kolejového kriZeni tvoreny kavernou na celou §itku
koleji a postupné se zmen3ujici dvojici jednokolejnych tunelt. Dale
nasleduje dvojice jednokolejnych raZenych tratovych tunelu délky
1967 m se vzduchotechnickymi propojkami, které sniZuji pistovy uci-
nek projizdéjicich souprav.

STANICE DLOUHA MILE

Stanice Dlouhd Mile je podobné jako stanice Letist¢ Ruzyné
z hlediska své polohy stabilizovdna v pfimé vazbé na zastavku Zelez-
ni¢niho spojeni letisté Ruzyné s centrem mésta. Hlavni vyznam této
stanice spocivd obecné v moZnosti vytvoreni kvalitniho dopravniho
termindlu zejména pro prestup z ndvazné dalkové a regiondlni autobu-
sové dopravy. Soulésti uzlu je rovnéZz kapacitni parkovisté systému
P+R, které je umisténo v tésné vazbé na stanici metra a Zeleznice na
jeji vychodni strané.

Stanice délky cca 190 m je navrZena jako raZend jednolodni
s ndstupis§tém v hloubce 21,6 m pod terénem Sikmo pod navrhova-
nou zastdvkou Zeleznice. Tim je zaji§téno pfimé propojeni ostrovni-
ho nastupi§té stanice metra s obéma ndstupnimi hranami zastavky
Zeleznice, které zdroven slouzi jako ndstupni hrany ndvazné autobu-
sové dopravy. Na jihovychodnim konci stanice je ddle navrZen
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Obr. 6 Pricny rez jednolodni raZenou stanici Bild Hora
Fig. 6 Cross section of Bild Hora one-vault mined station
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Obr. 5 Pricny fez hloubenou stanici Dédina
Fig. 5 Cross section of Dédina cut-and-cover station

al stages, i.e. Petfiny, Motol and Dlouhd Mile stations. This arrange-
ment allows the return of trains within the range not exceeding the
track length of S5km.

The following description of the route contained in the final soluti-
on is carried out in a customary manner, i.e. in the direction of the cha-
inage, which is from Leti§té Ruzyné Station toward Dejvickd Station.
It comments in general on the problems being solved, from the per-
spective of the individual stations and interstation sections.

LETISTE RUZYNE STATION

Letisté Ruzyné Station is a partly mined and partly cut-and-cover
structure with one concourse and an intermediate platform at a depth
of 19.9m under the ground surface. Its location, depth under the surfa-
ce and relationships to the area are consistent with the development
intentions of the airport and the planned construction of an intermedi-
ate station on a railway line connecting the airport with the Prague
downtown. In addition, the design makes allowance for a possibility of
building this railway station underground, with the aim of allowing the
railway line to pass under the new airport terminal North II.

The station is designed as a long-term terminal station with the yard
configuration allowing the return and deposition of trains in two sing-
le-rail stabling tunnels beyond the station. The platform part of the sta-
tion is planned to be of the three-bay mined type. The 25m long part
found in the area of the concourse at the northern end of the platform
with escalators and an inclined lift ending on the surface will be cut-
and-cover. The part housing equipment will be at the opposite end of
the station, in a five-storey cut-and-cover structure. The total length of
the station tunnels is about 180m. A mined structure housing a double
cross-over connects to the station in the direction toward Dlouhd Mile
station. The structure consists of a cavern, with the width correspon-
ding to the width of both tracks, and a pair of single-rail tunnels with
their cross sections gradually diminishing. The next section consists of
a pair of single-rail mined running tunnels 1967m long, interconnected
by ventilation adits, which reduce the piston effect of passing trains.

DLOUHA MILE STATION

Dlouhd Mile station is, similarly to Leti§t¢ Ruzyné Station, stabili-
sed in terms of its location in a direct relationship with the intermedi-
ate station on the railway line connecting the Ruzyné airport with the
Prague downtown. The main importance of this station generally con-
sists in the possibility to create a high-quality traffic terminal, above
all for the interchange with the linking long-distance and regional bus
traffic. Part of the node is also a capacity park-and-ride site, which is
located in a close linkage to the metro and railway stations, on the eas-
tern side.

This about 190m long station is designed as a one-vault structure,
with the platform found at a depth of 21.6m under the terrain surface,
crossing the railway station under at an angle. This design makes
a direct connection of the metro station intermediate platform possib-
le to both edges of the railway station platforms, which at the same
time serve as edges of platforms for the linking bus traffic service.
A direct exit from the metro station to the surface through a system of
lifts ending at the P+R site will be at the south-eastern end of the sta-
tion. The access adit to the station will be partly used as a ventilation
plant room; a ventilation shaft will be supplemented to it.
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Obr. 7 PFicny Fez hloubenou stanici Motol
Fig. 7 Cross section of Motol cut-and-cover station

pfimy vystup ze stanice metra na povrch systémem vytaht vyusté-
nych do prostoru parkovisté P+R. Pristupova §tola do stanice bude
CdsteCné vyuZita jako strojovna vzduchotechniky a bude doplnéna
vétraci Sachtou.

Na konec stanice navazuji obratové koleje propojené kolejovou
spojkou, umoznujici provozovat tuto stanici docasné jako koncovou.
Obraty jsou umistény ve dvou razenych jednokolejnych tunelech stej-
ného profilu jako navazujici razené tunely.

Smérem ke stanici Dédina klesaji ve sklonu cca 28,98 %o dva razené
jednokolejné tratové tunely délky 660 m, opét se vzduchotechnickymi
propojkami.

STANICE DEDINA

Stanice Dédina je navrZena jako hloubend, jednovestibulova
s ostrovnim ndstupistém v hloubce 11 m pod terénem. Je umisténa
severozdpadné od kfizovatky ulic Krnovskd — Vlastina. Cistecné pro-
sklen4 stre$ni konstrukce umoziuje pfistup denniho osvétleni do pro-
storu stanice. Na ndstupi$té navazuje smérem ke stanici Bild Hora
technologicka ¢ast a ddle hloubené jednokolejné tunely, mezi nimiz je
umisténa strojovna hlavntho vétrani s vétraci Sachtou.

Za stanici Dédina trasa prudce klesd do oblasti Ruzyné, aby bezpe¢-
né podesla stdvajici zdstavbu a ddolni nivu Litovického potoka.
Nésledné pak stoupd do dalsf stanice Bild Hora. RaZené jednokolejné
tratové tunely se vzduchotechnickymi propojkami maji délku cca
1840 m. Maximdlni podélny sklon &ini 39,5 %o. V nejniz$im misté
tohoto useku, vedle podchdzeného Litovického potoka, bude vybudo-
van sdruzeny hloubeny objekt délky cca 40 m. Bude zahrnovat hlou-
bené tratové tunely, mezi nimi strojovnu vzduchotechniky a déle vét-
raci Sachtu a zdkladni nefekdlni jimku.

STANICE BiLA HORA

Stanice Bild Hora je situovdna Sikmo pod ulici Karlovarskou mezi
kfizovatkami Karlovarskd — K Motolu a Karlovarskd — Thurnova.
Stanice je jednolodni raZend, s ostrovnim ndstupiStém v hloubce cca
43,3 m pod terénem. Vychodni ¢dst kaverny bude vyuZita pro techno-
logickou ¢&dst stanice. Pod stiedem stdvajici tramvajové smycky je
uvazovén jeden podpovrchovy vestibul spojeny se zdpadnim celem
ndstupisté trojici eskaldtorti a Sikmym vytahem. Na opac¢ném konci
ndstupiité je navrZena dvojice osobnich vytaht. Cést pristupové Stoly
do stanice bude vyuZita pro strojovnu vzduchotechniky, na kterou
bude navazovat vétraci Sachta.

Trasa pokraCuje razenymi jednokolejnymi tunely délky cca 580 m
a ddle 50 m dlouhym hloubenym tsekem, ktery navazuje na hloube-
nou strojovnu vzduchotechniky pro odstavy stanice Motol. Maximaln{
podélny spad v useku je 38,5 %o.

STANICE MOTOL

Stanice Motol je situovdna severné od ulice Kukulovy
v zdjmovém tzemi hlavniho vstupu do aredlu nemocnice Motol. Je
to mélkd hloubend stanice s bo¢nimi ndstupisti. Prosklend stie$ni
konstrukce stanice umoZiuje prosvétleni ndstupi§té dennim
svétlem. Projekt minimalizuje zdbor prilehlého svahu s vegetaci
a zajiStuje nepreruSeny provoz na ulici Kukulova po celou dobu
vystavby. V odfezu zaji§téném pilotovou sténou s trvalymi kotvami

There are return rails connecting to the end of the station. They are
interconnected by a cross-over and they make it possible for the stati-
on to be temporarily operated as a terminal station. The return rails are
laid in two mined single-rail tunnels with their cross-sections identical
with the cross-section of the subsequent section of running tunnels.

Two 660m long mined single-rail running tunnels run on a gradient
of about 28,98 %o descending toward Dédina Station, again with ven-
tilation cross passages.

DEDINA STATION

Dédina station is designed as a cut-and-cover structure with one
concourse and intermediate platform (11m under the ground surface).
It is located to the north-west of the intersection between Krnovskd
and Vlastina Streets. The partially glazed roof structures of stations
allow admission of daylight to the space of the station. Equipment
rooms are in the following section, which connects to the platform in
the direction toward Bild Hora Station. The linking cut-and-cover
single-rail tunnels have the main ventilation plant with a ventilation
shaft between them.

Beyond Dédina Station, the route descends to the area of Ruzyné
very steeply so that it can safely pass under existing buildings and the
flood plain of the Litovicky Brook. Then it ascends to the next station,
Bild Hora. The mined single-rail running tunnels with ventilation
cross-cuts are 1840m long. The maximum longitudinal gradient
amounts to 39,5 %c. An about 40m long multi-purpose structure will be
built at the lowest point of this section, next to the Litovice Brook,
which will be passed under. It will comprise cut-and-cover running
tunnels, a ventilation plant room, further a ventilation shaft and basic
non-faecal sump.

BILA HORA STATION

Bild Hora Station is situated at an angle under Karlovarskd Street,
between the Karlovarskd — K Motolu and Karlovarskd — Thurnova
street crossings. The station is a one-vault mined structure with an
intermediate platform found at a depth of about 43.3m under the terra-
in surface. The eastern part of the cavern will be used for the station
equipment. One subsurface concourse is planned to be under the cent-
re of the existing tramline loop. It will be connected with the western
end of the platform through a triplet of escalators and an inclined lift.
A pair of personal lifts will be on the opposite end of the platform. Part
of the access adit leading to the station will be used for a ventilation
plant, which will be connected with a ventilation shaft.

The route continues through about 580m long mined single-rail tun-
nels, which will be followed by a 50m long cut-and-cover section lin-
king to the cut-and-cover structure of the ventilation plant room ser-
ving for the return tunnels at Motol Station. The maximum longitudi-
nal gradient within this section amounts to 38,5%o.

MOTOL STATION

Motol Station is located north of Kukulova Street, in the area of the
main entrance to Motol Hospital. It is a shallow cut-and-cover station
with side platforms. The glazed roof structure of the station allows the
illumination of the platform by daylight. The design minimises the
area of the adjacent vegetated slope to be occupied by the construction




Obr. 8 Hloubend stanice Motol
Fig. 8 Motol cut-and-cover station

bude vybudovdna hloubend stanice. Objekt je dvoupodlazni. Na
vestibul v drovni pod ndstupi§tém navazuje podchod pod ulici
Kukulova, pri¢né vystupni rampy k obéma protismérnym autobuso-
vym zastdvkdm a otevieny koridor ustici do aredlu nemocnice.

Vzhledem k predpoklddané etapizaci vystavby je stanice jako
docasné koncovéd vybavena dvéma obratovymi kolejemi umisténymi
jena odvodnovaci §tola se Sachtou, kterd gravitaéné odvadi vodu do
destové kanalizace v Kukulove ulici.

Za stanici Motol se trasa levostrannym obloukem st4¢i na sever a je
privedena do prostoru odstavnych koleji stanice Petfiny. Na raZzeny
dvoukolejny tunel délky cca 770 m navazuji dva razené jednokolejné
tunely délky cca 260 m. Mezistani¢ni tsek obsahuje jeste Stolu se stro-
jovnou vzduchotechniky a vétraci Sachtu.

STANICE PETRINY

Stanice Petfiny je situovédna pod ulici Brunclikovou. Vlastni stanice
je navrZena jako jednolodni raZend, s ostrovnim ndstupistem 36,1 m
pod drovni terénu. Na stanici ve sméru ke stanici Motol navazuji obra-
tové a odstavné koleje v klasickém CEtyrkolejném uspordddni, navrze-
né z technologickych duvodu rovnéZ v profilu jednolodnf stanice. Toto
feSeni umozniuje provozovat stanici jako doCasné koncovou v ramci
etapizace vystavby. Blok odstavnych koleji je zakoncen kritkou bo¢ni
Stolou, kde je umisténa strojovna hlavniho vétrdn{ a na ni je napojena
vétraci Sachta. Na stanici navazuje pod ulici Nad aleji kolmo razeny
objekt technologického bloku. Jizni ¢dst stanice je bezbariérové pro-
pojena dvojici vytaht umisténou ve spole¢né Sachté. Vystup ze sever-
ntho konce stanice do podpovrchového vestibulu je navrZzen pomoci
trojice eskalétort a §Sikmym vytahem v raZeném eskaldtorovém tunelu.
Na vestibul navazuje podchod v prostoru kfiZovatky ulic Na Petfindch
a Brunclikova.

Za stanici se trasa obloukem std¢i k severovychodu a soucasné klesa
do stanice Veleslavin. Maximalni podélny spad v dseku je 38,7 %o
a razené jednokolejné tunely s propojkami maji délku cca 1070 m.

STANICE VELESLAVIN

Stanice Veleslavin se stfedem priblizné pod ulici Evropskou je situ-
ovdna v prostoru mezi stavajici trati CD a vychodnim tsekem ulice
K Cervenému vrchu. Stanice je navrzena jako mélce raZend trojlodn{
s ndstupistetm 19,3 m pod terénem. Na vychodni konec ndstupiste
navazuje technologickd C4st stanice. Zdpadni Celo ndstupisté sousedi
s hloubenym objektem, kterym je vedena trojice eskalétoru a vytah do
podpovrchového vestibulu. Poloha stanice, vestibulu a jednotlivych
vystupu jsou navrzeny tak, aby umozriovaly primé vazby na docasny
autobusovy termindl, tramvajové zastdvky na ulici Evropskd a zaroven
bez nutnosti prestavby v predstihu reagovaly na predpoklddanou
modernizaci stavajici trat¢ CD véetné Zelezni¢ni stanice.

Dile pokracuje trasa dvéma razenymi jednokolejnymi tunely délky
cca 800 m do stanice Cerveny Vich. Asi 150 m od stanice jsou razené
tratové tunely preruSeny cca 50 m dlouhym hloubenym objektem,
ktery zahrnuje strojovnu vzduchotechniky s vétraci Sachtou umisténou
mezi jednokolejné tratové tunely. V dseku jsou opét navrZzeny vzdu-
chotechnické propojky. Maximalni spad v tseku je 35 %o.

STANICE CERVENY VRCH
Stanice Cerveny Vrch je situovana pod ulici Evropskou a je navr-
Zena jako raZend, jednolodni s jednim hloubenym vestibulem.

. 4/2007

Obr. 9 Jednolodni razend stanice Petiny
Fig. 9 Petriny one-vault mined station

and secures uninterrupted traffic in Kukulova Street throughout the
construction time. The cut-and-cover station will be built in a half-cut
with the side stabilised by a pile wall and permanent anchors. It will
be a two-floor structure. A pedestrian subway under Kukulova Street,
exit ramps to both bus stops for opposing traffic directions and a ramp
leading on a moderate gradient to the hospital grounds are connected
to the concourse found at the level under the platform.

Because of the expected division of the project into stages, the sta-
tion is equipped in a way which will allow it to be operated as
a temporarily terminal station. It has two return rails installed in
a mined double-rail tunnel. A drainage gallery with a shaft is conne-
cted to the tunnel at the lowest point. The gallery allows gravitational
drainage of water to a stormwater sewer in Kukulova Street.

Behind Motol Station, the route turns north on a left-side curve and
leads to the space of the stabling tracks of Petfiny Station. Two about
260m long mined single-rail tunnels connect to an about 770m long
mined double-rail tunnel. In addition, the interstation section contains
a gallery with an equipment plant room and a ventilation shaft.

PETRINY STATION

Petfiny Station is located under Brunclikova Street. The station
itself is designed as a mined one-vault structure with an intermediate
platform 36.1m under the ground surface. Return and deposition rails,
in the traditional four-rail arrangement, link to the station in the direc-
tion toward Motol Station. For technological reasons, the rails will also
be in the profile of the one-vault station. This solution makes it pos-
sible for the station to be operated as a temporary terminal station, with
respect to the division of the construction into stages. The block of
stabling tracks is terminated by a short side gallery which will house
the main ventilation plant and to which a ventilation shaft is conne-
cted. A structure of the equipment block, which is driven perpendicu-
larly under Nad Aleji Street, connects to the station. The southern part
of the station is connected in a barrier-free manner by means of a pair
of lifts sharing one shaft. The exit from the northern end of the station
to the subsurface concourse will be via a triplet of escalators and an
inclined lift, installed in an escalator tunnel. A pedestrian subway
found in the area of the intersection between Na Petfindch Street and
Brunclikova Street will be connected to the concourse.

Behind the station, the route turns through a curve northeast and, at
the same time, descends to Veleslavin Station. The maximum longitu-
dinal gradient within the section is 38,7%o; the mined single-rail tun-
nels with cross passages are about 1070m long.

VELESLAVIN STATION

Veleslavin station, which has its centre roughly under Evropska
Street, is located in the area between the existing railway track and the
eastern section of K Cervenému Vrchu Street. The station is designed
as a shallow mined three-vault structure with the platform at a depth of
19.3m under the surface. The part of the station housing equipment
links to the eastern end of the station. The western end of the platform
is connected to a cut-and-cover structure housing a triplet of escalators
and a lift leading to the subsurface concourse. The locations of the sta-
tion, concourse and individual exits are designed in a way which
allows them to directly connect to the temporary bus terminal and the
tram stops in Evropska Street. At the same time, the locations allow for
the anticipated modernisation of the existing railway line and
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Hloubka nastupisté pod terénem ve stfedu stanice je 27,5 m. Zapadni
strana stanice bude vyhrazena pro technologickou ¢ast a z této strany
je napojena pristupovd $tola, kterd bude v definitivnim stavu ¢dste¢né
vyuZita pro strojovnu vzduchotechniky doplnénou vétraci Sachtou.

Vestibul, pristupny z vychodniho Cela stanice pomoci trojice
eskaldtort a 3ikmého vytahu, je situovdn do Kkfizovatky
s Horoméfickou ulici, s vazbou na uvaZovany maly termindl mést-
skych a priméstskych linek autobusové dopravy, sméfujicich sem
zejména z oblasti Nebusic, Jenerdlky a Horoméric. Na vestibul nava-
zuje podchod pod ulici Evropskou, ktery umoziuje také piimy prestup
na stavajici tramvajovou trat'vedenou touto ulici. Ze zdpadniho konce
ndstupisté je jesté ve svislé Sachté navrZena dvojice osobnich vytahu,
kterd tsti do podchodu pod Evropskou ulici v blizkosti ulic Arabska
a Kamerunska.

Za stanici Cerveny Vrch pokracuje trasa metra pod Evropskou
ulici dvéma jednokolejnymi raZenymi tratovymi tunely délky
1760 m usticimi do odstavnych koleji stdvajici koncové stanice
Dejvickd. Tratové tunely jsou opatfeny vzduchotechnickymi pro-
pojkami a klesaji v maximdlnim sklonu 39,5 %o smérem ke stanici
Dejvickd. V dseku je rovnéZ navrzen hloubeny objekt se strojo-
vnou vzduchotechniky a vétraci Sachtou umistény na okraji parku
kolmo na trasu metra.

ZAKLADNI UDAJE O TRASE
Trasa Stavebni  Provozni  Pocet
délka délka novych
useku [km] useku [km] stanic

VA1 - Dejvicka — Petriny 4,534 447 3
VA2 - Petriny — Motol 1,56 15 1
VIA - Motol — Dlouha Mile 4,08 4,26 3
VIIA - Dlouh4 Mile — Letisté Ruzyné 2,470 245 1
Celkové prodlouZzeni trasy A 12,640 12,7 8
Nazev stanice Typ stanice Hloubka Osova
ndstupisté vzdalenost
pod terénem [m] stanic [m]
Letisté Ruzyné  RaZena / Hloubena 19,9
Dlouha Mile Razena 21,6 2462
Dédina Hloubens 11,0 879
Bila Hora Razena 433 2156
Motol Hloubena 1212
Petfiny Razena 36,1 1503
Veleslavin Razena / Hloubena 19,3 1203
Cerveny Vrch RaZena 27,5 1090
Dejvicka Stavajici 2184

ING. VLADIMI:R li@RVTON, barton@metroprojekt.cz,
ING. JIRI RUZICKA, ruzicka@metrorpojekt.cz,
METROPROJEKT PRAHA, a. s.

Obr. 10 Trojlodni raZend stanice Veleslavin
Fig. 10 Veleslavin three-vault mined station

Tuel

construction of a railway station, without any necessity for reconstruc-
tion.

The route continues then through two about 800m long mined sing-
le-rail tunnels to Cerveny Vrch Station. The mined running tunnels are
interrupted at a distance of about 150m from the station by an about
50m long structure, which contains a ventilation plant with
a ventilation shaft (located between the single-rail running tunnels).
Ventilation cross passages are also designed for this section. The maxi-
mum longitudinal gradient within the section amounts to 35 %eo.

CERVENY VRCH STATION

Cerveny Vrch Station is located under Evropska Street. It is desig-
ned as a mined one-vault structure with one cut-and-cover concour-
se structure. The platform depth at the mid point of the station is
27.5m under the ground surface. The western side of the station will
be assigned to the equipment. The access adit is connected from this
side. The adit will be partially used in the definite condition for the
ventilation plant. A ventilation shaft will be added to the ventilation
plant.

The concourse, which will be accessible from the eastern end of the
station through a triplet of escalators and an inclined lift, is located in
the crossing with Horoméfickd Street, allowing a connection with
a planned small terminal for urban and suburban bus lines which arri-
ve at this location mainly from the areas of Nebusice, Jenrdlka and
Horoméfice. The pedestrian subway under Evropskd Street, which
allows, in addition, direct transfer to the existing tramline running
along this street, is connected to the concourse. A pair of personal lifts,
which have their exits in the pedestrian subway under Evropska Street
near Arabskd and Kamerunska Streets, is designed to be installed in
a vertical shaft at the western end of the platform.

Beyond Cerveny Vrch Station, the metro route continues under
Evropska Street through a pair of 1760m long mined single-rail run-
ning tunnels, which end at the stabling tracks of the Dejvickd terminal
station. The running tunnels are provided with ventilations cross pas-
sages. They descend on the maximum gradient of 39,5 %o toward
Dejvicka station. There will also be a cut-and-cover ventilation plant
structure with a ventilation shaft in this section. The structure will be
positioned on the edge of a park, perpendicularly to the metro route.

BASIC DATA ON THE LINE

Line Structural Length Number of
length of operating new
of the section[km] stations
line [km]
V A1 - Dejvicka — Petriny 4.534 447 3
V A2 — Petriny — Motol 1.56 1.5 1
VI A — Motol — Dlouha Mile 4.08 4.26 3
VII A - Dlouha Mile — Letisté Ruzyné  2.470 245 1
Total length of the Line A extension 12.640 12.7 8
Station name Station type Platform Distance
depth between
under terrain  centres of

surface [m]  stations [m]

Letisté Ruzyné Mined / Cut-and-cover 19.9

Dlouhs Mile Mined 21.6 2462
Dédina Cut-and-cover 11.0 879
Bil4 Hora Mined 433 2156
Motol Cut-and-cover 1212
Petiiny Mined 36.1 1503
Veleslavin Mined / Cut-and-cover 19.3 1203
Cerveny Vrch Mined 27.5 1090
Dejvické Existing 2184

ING. VLADIMfR BART ON , barton@metroprojekt.cz,
ING. JIRI RUZICKA, ruzicka@metrorpojekt.cz,
METROPROJEKT PRAHA, a. s.
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RAZENE TUNELY NA PRODLOUZENI TRASY A METRA
MINED TUNNELS ON THE METRO LINE A EXTENSION

JAN KOREJCIK, JIRI RUZICKA

uvoD

Podrobny popis pokracovani trasy A prazského metra ze stdvajici
stanice Dejvickd na Letist¢ Ruzyné véetné smérového a vyskového
feSeni je ndplni ¢lanku ,ProdlouZeni trasy A metra na Letisté
Ruzyné* uvetejnéném rovnéz v tomto Cisle Casopisu Tunel. Je v ném
uvedeno umisténi jednotlivych stanic a jejich konstrukéni systém,
rozdéleni tratovych tunelu dle pouZité technologie vystavby, ¢lenéni
na jednokolejné a dvoukolejné dseky a vycet dalSich nezbytnych
technologickych objektu. Tento prispévek se soustiedi na celkovou
koncepci razeb a popis jednotlivych raZenych dseku trasy, které byly
zpracovany v dokumentaci pro uzemni rozhodnuti firmou
METROPROIJEKT Praha, a. s.

ZPUSOB VYSTAVBY

Prevazna Cast prodlouZeni trasy metra A je navrzena jako razend.
V mezistani¢nich tdsecich jsou jako hloubené navrzeny pouze sta-
vebni jamy, uréené pro zahdjeni a obsluhu raZeb tratovych tunelu
a ndsledné pro vystavbu hloubenych technologickych objektu spoje-
nych s konstrukci hloubenych tuneld. Z celkovych 8 navrhovanych
stanic jsou jako hloubené navrzeny pouze 2 — stanice Motol a stanice
Dédina.

Hlavnim duvodem pro tak velky rozsah raZenych tsekt je vedeni
trasy husté zastavénou oblasti severozdpadniho sektoru Prahy,
z velké ¢asti pod povrchovou zdstavbou nebo pod hlavnimi doprav-
nimi tepnami mésta, jako je naptiklad ulice Evropskd. Nedostatek
volného prostoru na povrchu terénu a problémy s dopravnimi ome-
zenimi neumoznuji pouZit technologii hloubeni ve vétSim rozsahu.

V nékolika nezastavénych dsecich znemoznuje hloubeni vyskové
feSeni trasy, kterou neni mozno vést mélce pod terénem. Omezen{
zpusobuje sloZitd morfologie terénu, vazba na nové budované stani-
ce modernizované Zelezni¢ni trat¢ Praha — Kladno a v neposledni
fadé i maximdln{ pripustny podélny sklon trasy metra 40 %eo.

Nespornou vyhodou raZené technologie je soustfedéni stavebni
Cinnosti pouze do prostoru zafizeni staveni§té. Omezeni zpusobend
stavbou, jako jsou doCasné zdbory véetné odstranéni zelené, nebo
zvySend hladina hluku, prasnosti a znecisténi okoli tak nemusi byt
v rozsahu celého stavebniho tseku. RaZeny zpusob vystavby je tak
Setrnéj8i k Zivotnimu prostiedi.

VYBER TECHNOLOGIE RAZBY TRATOVYCH TUNELU

V poslednich letech byla pfi vystavbé novych razenych tseka praz-
ského metra pouzivdna téméf vyhradné Nové rakouskd tunelovaci
metoda (NRTM) s vyuZitim trhacich praci nebo s mechanizovanym
rozpojovanim horniny.

S ohledem na relativné velkou celkovou délku nového tdseku
12,64 km a dals{ faktory popsané niZe, byla pro razbu tratovych tune-
14 v souladu s celosvétovym trendem navrZena v prevdZzném rozsahu
razba pomoci modernich tunelovacich stroji, souhrnné oznafova-
nych jako TBM (Tunnel Boring Machine). Stani¢ni tunely a ostatni
razené objekty budou realizovdny technologii NRTM.

Hlavnim kritériem pro vybér technologie razby tratovych tseku
byla snaha o minimalizaci poklest terénu nad raZenymi tunely.
Razba v danych geologickych podminkach pod povrchovou zastav-
bou, frekventovanymi komunikacemi s fadou inZenyrskych sit
a v nékterych tdsecich i tramvajovymi tratémi by byla technologif
NRTM moznd jen s obtiZzemi. Pro omezeni deformaci nadlozi by
bylo tieba provadét doplniujici opatieni, jako je napfiklad vertikdlni
¢lenéni vyrubu, kotveni Celby apod. To vyrazné zpomaluje stavebni
postupy, zvySuje néklady a presto nelze dosdhnout poklest dosaho-
vanych pii razbé TBM v obdobnych podminkéch. Proto je razba
pomoci NRTM navrZena jen v mistech, kde je to nezbytné nutné.
Jednd se o ¢asti tratovych dseku u stanice Motol, kterd md bo¢ni

INTRODUCTION

A detailed description of the Metro Line A route continuing from the exis-
ting Dejvicka station to the Ruzyné international airport, including the hori-
zontal and vertical alignment, is contained in this paper “Metro Line
A Extension to Ruzyné Airport”, which is also published in this issue of
Tunel magazine. The paper informs about locations of individual stations
and their structural systems, the division of running tunnels in terms of the
construction method to be used, the division into cut-and-cover and mined
sections and provides a summary of other necessary structures for equip-
ment and services. This paper is focused on the overall concept of the exca-
vation and the description of the individual mined sections of the route
which were incorporated into the design documentation for issuance of
zoning and planning decision by METROPROJEKT Praha a.s.

CONSTRUCTION PROCEDURE

The major part of the metro line A extension will be constructed by
mining methods. There will be only construction trenches in the interstation
sections, which will be used for the starting of the excavation of running tun-
nels and access to the headings; subsequently cut-and-cover structures for
equipment and the linking cut-and cover sections of the tunnels will be built
in the construction trenches. Only two of the 8 stations being designed will
be built as cut-and-cover structures, i.e. Motol Station and Dédina Station.

The main reason for such a large proportion of mined tunnels is the fact
that the route passes through a densely developed area of the north-western
sector of Prague, frequently under existing buildings or arterial roads such
as Evropska Street. The lack of free space on the ground surface and pro-
blems with traffic restrictions do not allow contractors to use cut-and-cover
techique to a larger extent.

The cut-and-cover technique cannot even be used in several open areas
because of the vertical alignment of the route, which cannot run at a shallow
depth under the surface. The reason is the complex morphology of the ter-
rain, relationships with the newly built stations on the railway line Prague —
Kladno, which being upgraded and, at last but not least, the maximum per-
missible longitudinal gradient of metro tracks of 40 %o.

Undisputable advantage of the mining option is the fact that construction
activities can be concentrated only in the area of the construction site.
Constraints affecting the construction, such as temporary occupation of land
including the cutting of trees and shrubs, the increased noise and dust level
and pollution of the construction surroundings do not have to exist throug-
hout the length of the whole construction section. The use of mining met-
hods is therefore more considerate to the environment.

SELECTION OF THE RUNNING TUNNEL EXCAVATION TECHNIQUE

In recent years, new mined sections of Prague Metro have been driven
nearly solely by the New Austrian Tunnelling Method (NTAM) combined
with the drill-and-blast technique or with mechanical rock/ground disinte-
gration.

Considering the relatively great overall length of the new section
(12.64km) and the other below-mentioned factors, the excavation using
tunnel boring machines (TBM) was selected for the majority of the running
tunnel excavation design, following the worldwide trend. The station tunnels
and other mined structures will be built using the NATM.

The main criterion for the selection of the excavation technique for the
running tunnels was an effort to minimise the settlement above the mined
tunnels. The excavation using the NATM would be possible only with diffi-
culties because of the geological conditions, the passage under existing buil-
dings and busy streets with many utility services, in some sections even car-
rying tram traffic. Deformations in the overburden could be restricted only
by means of additional measures such as vertical division of the excavation
face, anchoring of the face etc. Despite the fact that such measures signifi-
cantly reduce the advance rates and increase the costs, the low settlement
values achievable by the TBM technology in similar conditions cannot be
achieved. For that reason the NATM excavation is designed only for such
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nastupisté. Zde budou realizovdny dvoukolejné tratové tunely. Pri
etapovité vystavbé této trasy metra bude dvoukolejny tratovy tunel
u stanice Motol (smérem ke stanici Bild Hora) vyuZivdn do¢asné pro
obraty vlaku metra.

Druhym hlavnim kritériem byla rychlost vystavby, kterd uzce sou-
visi s kone¢nou cenou stavebniho dila. Je obecné zndmo, Ze kromé
ndkladu na stavebni materidly tvoi{ vyslednou cenu i poloZky zdvislé
na Case, pri¢emz jejich podil na celkové cené roste s rostouci dobou
vystavby. Naopak pri razbé pomoci TBM se s rostouci délkou razby
snizuje podil fixnich po¢dte¢nich vysokych nakladu na pofizeni stroje.

Celkovd koncepce ndvrhu raZeb tratovych tuneli pomoci TBM
byla ovlivnéna rovnéz vybérem vhodného volného prostoru pro zafi-
zen{ stavenisté, které je oproti razbé NRTM vétsi, protozZe je kumu-
lovéno na jediném mist€ pro del3i dsek trasy. Je to zpusobeno prede-
v§im nutnosti deponovat dostatecné mnozstvi Zelezobetonovych
tybinkd pro osténi novych tunelt, které zabiraji vét§i plochu neZ
mezideponie rubaniny. VétSina vhodnych pozemku je v soucasné
dobé zastavéna nebo neni ve vlastnictvi mésta a vybér ploch pro
mozné zafizeni staveni§té je znané omezen. Pfi ndvrhu postupu
razeb byla brdna v tdvahu i celkovd doba vystavby trasy metra.
Zaroven bylo tfeba vzdjemné koordinovat vystavbu tratovych tseku
s vystavbou jednotlivych stanic, tzn. jestli bude mozné vybudovat
stani¢ni tunely v predstihu pred raZbou tratovych tuneld, nebo bude
nutné nejprve vyrazit profil tratovych tuneli a ten nédsledné rozsifit
na profil stani¢ni.

GEOLOGICKE POMERY

V oblasti navrhovaného prodlouZeni trasy metra A je predkvartér-
ni podklad budovdn horninami svrchniho proterozoika, paleozoika
(ordoviku, siluru) a svrchni kiidy. Projektovana trasa v dseku Letiste
Ruzyné — Motol prochdzi napri¢ severozdpadnim kridlem barrandi-
enské synklindly, takZe nejstarS{ horniny budou zastiZeny na severo-
zdpadé zdjmového izemi a smérem k jihovychodu se budou vysky-
tovat horniny mladsi. V dalS{ ¢4dsti od stanice Motol prochdzi trasa
opaénym smérem proti vrstevnimu sledu a v prostoru vychodné od
stanice Veleslavin se priblizuje az k proterozoickym hornindm.
Odtud se jiz smér trasy znané sblizuje se sméry strukturnimi
a prochdzi jen nejstar§imi souvrstvimi ordoviku az ke stanici
Dejvicka.

Svrchni proterozoikum zahrnuje prevdzné droby, prachovce
a bridlice. Ordovik je zastoupen souvrstvimi charakteristickymi pro
prazskou geologii — souvrstvi $drecké, dobrotivské, libenské, leten-
ské, vinické, zahoranské, bohdalecké, krdlodvorské a kosovské.
Prevazuji jilovité bridlice, ddle jsou zastoupeny kiemence, kfemenné
piskovce, prachovce, pis¢ité a prachovité bridlice a droby. V okoli
stanice Motol vystupuje zpod kiidy liteniské souvrstvi siluru tvorené
prevazné jilovitymi a vdpnitymi bridlicemi.

Paleozoické horniny jsou zvrasnéné, s generelnim uklonem vrstev
mezi 30 — 60° k jihovychodu. Z hlavnich tektonickych linii se
v hornindch ordoviku a siluru uplatiiuje okrajovy podélny zlom,
ktery patii k prazskému zlomovému pdsmu a objevuje se v blizkosti
trasy ve svahu pod stanici Motol. Druhou vyznacnou tektonickou
linif je Sdrecky zlom, ktery prochdzi napfi¢ trasou severné od trasy
u stanice Veleslavin.

Prevdznou Cést horninového prostedi, ve kterém prochdzi vyrub
metra severozdpadné od Litovického potoka, ve svrchnich partiich
Bilé hory a pod oblasti Petfin, tvori sedimenty svrchni kiidy peruc-
kého, korycanského a bélohorského souvrstvi. Jednd se o piskovce,
prachovce, slinovce, jilovce a slepence. Kfidové horniny jsou subho-
rizontdlné vrstevnaté a spocivaji diskordantné na podloznich paleo-
zoickych a proterozoickych hornindch.

Na vrcholové plosiné Bilé hory se vyskytuje relikt neogénnich
pisc¢itych $térka, kvartérni sedimenty jsou v dzemi celé trasy zastou-
peny uloZeninami eolickymi, eolicko-deluvidlnimi, deluvidlnimi,
fluvidlnimi, deluviofluvidlnimi a antropogennimi.

Z hydrogeologického hlediska je proterozoikum a paleozoikum
prostredim s omezenou puklinovou propustnosti a v rozloZeném
skalnim masivu i omezenou pralinovou propustnosti, v obou piipa-
dech s velmi nizkou vydatnosti podzemnich vod. Ve svrchni kiidé je
nutné pocitat s oddélenymi zvodnémi jednotlivych souvrstvi
s prevdazné puklinovou a7 prulino-puklinovou propustnosti.
Zvodnéni kvartérnich pokryvu je vdzdno predevsim na ddolni fluvi-
alnf sedimenty, kde hladina podzemni vody komunikuje s vodami ve
vodotecich. Periodické zvodnéni Ize oCekdvat i v deluviofluvidlnich
sedimentech.

Tuel

locations where it is absolutely necessary. Such the sections are found in
parts of the track sections adjacent to Motol Station, which will have side
platforms. There will be double-rail tunnels in these sections. In the context
of the division of the construction of this metro line into stages, the double-
rail tunnel at Motol Station (heading toward Bild Hora Station) will be tem-
porarily used for the return of metro trains.

The other main criterion was the speed of the construction, which is clo-
sely related to the final cost of the works. It is generally known that, apart
from the cost of building materials, the resultant cost also consists of time-
dependent items and the proportion of such items to the total cost grows with
the growing construction time. Conversely, the proportion of the high fixed
initial costs of construction equipment diminishes with the growing length
of the boring when a TBM is used.

In addition, the overall concept of the design for the excavation of running
tunnels with a TBM was affected by the search for a space suitable for the site
facility, which is larger in the case of the TBM drive compared to the NATM
because it is concentrated to a single location for a longer stretch of the route.
The main reason is the necessity for the storing of sufficient quantity of rein-
forced concrete segments for the lining of the new tunnels, which take up
a larger area than an intermediate muck stockpile. The majority of suitable
land is currently either built up or is not owned by the municipality, therefo-
re the choice of areas suitable for the possible site facility is significantly limi-
ted. The total excavation time was also taken into consideration when the
excavation procedure was being designed. At the same time, it was necessa-
ry to coordinate the construction of the running tunnels with the construction
of individual stations, which means that the problem had to be solved whet-
her the station tunnels can be carried out in advance, before the construction
of running tunnels, or a tunnel with the profile of running tunnels will have
to be driven first, to be subsequently enlarged to the station tunnel profile.

GEOLOGICAL CONDITIONS

The Pre-Quaternary bedrock which is found in the area of the planned
extension of the metro Line A is formed by the Upper Proterozoic,
Palaeozoic (Ordovician, Silurian) and Upper Cretaceous rock types. The
Letisté Ruzyné — Motol section of the route selected by the design passes
across the north-western wing of the Barrandiene syncline, therefore the
oldest rock will be encountered in the north-eastern part of the area affected
by the construction; younger rock will be found in the south-eastern directi-
on. The next section of the route, from Motol Station, runs in the opposite
direction against the succession of strata; in the area east of Veleslavin
Station it even gets close to the Proterozoic rock types. From this location to
Dejvicka Station, the direction of the route becomes nearly identical with the
direction of the rock mass structure and the route no more passes through
other strata than the Ordovician ones.

The Upper Proterozoic comprises mostly greywacke, siltstone and shale.
The Ordovician period is represented by strata which are characteristic of
Prague geology, i.e. the Sarka, Dobrotiv, Liben, Letnd, Vinice, Zahotany,
Bohdalec, Krdluv Dvir and Kosov Members. Clayey shales prevail; the
other rock types present are quartzite, siliceous sandstone, siltstone,
sandy/silty shale and greywacke. The Silurian Liten Member rises from
under the Cretaceous formation in the vicinity of Motol Station.

The Palaeozoic rock types are folded, with the layers generally trending
south-east at 30 — 60°. Of the main tectonic lines, a boundary fault, which is
part of the Prague Fault Zone, asserts itself and emerges in a slope under
Motol Station. The other significant tectonic line is the Sarka Fault, which
runs across the metro route south of Veleslavin Station.

The predominant part of the rock environment through which the metro
excavation will pass north-west of the Litovice Brook, in the upper parts of
Bild Hora and under the Petiin area is formed by sediments of the Upper
Cretaceous period (the Peruc, Korycany and Bild Hora Members), namely
sandstone, siltstone, marlstone, claystone and conglomerate. The Cretaceous
rocks are sub-horizontally bedded, resting discordantly on the Palaeozoic
and Proterozoic rock basement.

A relic of Neogene sandy gravel occurs on the highest plateau of Bild
Hora; the Quaternary sediments are represented in the area of the entire
route by aeolian, acolian-diluvial, diluvial, fluvial, diluviofluvial and anth-
ropogenic deposits.

From the hydrological point of view, the Proterozoic and Palaeozoic envi-
ronment displays limited fissure permeability and, in the decomposed rock
mass, even intrinsic permeability; in both cases the groundwater discharge
is very low. Separate aquifers must be expected in individual Upper
Cretaceous layers, which mostly display the fissure permeability to intrinsic-
fissure permeability. The saturation of the Quaternary cover is primarily
bound to the fluvial valley fill, where the water table communicates with the
water in a watercourse. Even periodical saturation can be expected in dilu-
viofluvial sediments.
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TEORETICKY VYRUB 2493 m?
EXCAVATED CROSS SECTION 2483

Obr. 1 Razba jednolodni stanice
Fig. 1 One-vault station excavation

TECHNICKE RESENI RAZENYCH STANIC

Z Sesti navrhovanych raZenych stanic jsou &tyfi stanice (Cerveny
Vrch, Petfiny, Bild Hora a Dlouhd Mile) hluboko uloZené razené jed-
nolodni stanice, kdy vySka nadloZi nad klenbou stani¢nich tunelu se
pohybuje od 12 m do 35 m. Zbyvajici dvé stanice (Veleslavin, Letisté
Ruzyné) jsou navrZeny jako trojlodni raZené stanice s relativné
malym nadloZim, pfi¢emZ pred stanici Letist€é Ruzyné je kolejové
kiiZeni v délce 80 m umisténo v raZzeném tunelu s pri¢nym profilem
obdobnym jako stani¢ni tunely raZzenych jednolodnich stanic.

Kaverny jednolodnich stani¢nich tunelu s Sitkou vyrubu 21,7 m
a vyskou 14,7 m budou raZeny technologif NRTM za pouZiti trhacich
praci. Pfedpoklddd se jak horizontdlni, tak i vertikdln{ ¢lenéni vyru-
bu s primdrnim zaji§ténim stifkanym betonem v kombinaci
s kotvenim. V prvni fdzi budou vyraZeny a primdrné zajistény oba
boéni vyruby, které budou jeSte¢ horizontdlné ¢lenény. Déle bude
vyraZena a primdrné zaji§téna stfedni Cdst vyrubu, kterd bude opét
horizontdlné ¢lenéna a jeji klenba bude opfena o klenbu bo¢nich
vyrubu. Velikosti jednotlivych dil¢ich vyrubta budou prizpusobeny
nasazené mechanizaci, tak aby byla zajiSttna maximélni moZzna
rychlost vystavby. Po primdrnim zaji§téni celého stani¢niho profilu
bude provedena mezilehld foliova izolace a nakonec bude provedeno
sekunddrni Zelezobetonové osténi.

U raZené trojlodni stanice celkové
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MINED STATION DESIGN

Of the 6 mined stations being designed, 4 stations (Cerveny Vich, Petfiny,
Bild Hora and Dlouhd Mile) are deep-seated one-vault structures; the overbur-
den height ranges from 12m to 35m. The remaining 2 mined stations
(Veleslavin and Letisté Ruzyné) will be of the three-vault type, with relatively
shallow cover, while the 80m long crossing of tracks before Letisté Ruzyné
Station is designed to be in a mined tunnel with the cross section similar to the
station tunnels in the one-vault stations.

The caverns for the one-vault station tunnels (21.7m wide, 14.7m high) will
be excavated using the NATM and drill-and-blast procedures. Both types of the
division of the excavation face are assumed to be used, i.e. the horizontal and
vertical sequences, with the primary support by shotcrete combined with
anchors. The initial phase will consist of the excavation and installation of sup-
port of both sidewall drifts (this excavation will be even divided horizontally).
The excavation and installation of primary support will follow in the central
part, where the horizontal excavation sequence will be applied. The vault of
this part will be supported by the vaults of the sidewall drifts. The dimensions
of the individual partial headings will be designed to suit the dimensions of the
tunnelling equipment so that maximum possible advance rates of the excava-
tion can be achieved. When the whole profile of the station is provided with
the primary lining, the intermediate waterproofing system will be applied and,
subsequently, the secondary reinforced concrete lining will be erected.

The excavation of the three-vault station, with the overall width of 21.9m
and the height of central tunnel, which is the highest of the three, of 9.75m, is
assumed to be carried out again using the NATM and blasting operations. With
respect to the shallow depth of the cover, the concept assumes that side drifts
8.35m wide and 8m high will be driven and provided with the primary lining
first. A horizontal excavation sequence will be used. However, a vertical sequ-
ence will take place in the case of deteriorating geological conditions or when
utility networks sensitive to settlement are found in the tunnel overburden.
These primary openings will be provided with intermediate waterproofing and
the final cast-in-situ concrete lining, including longitudinal rows of the
columns which support the vaults of the side tunnels of the station and, subse-
quently, also the vault of the central tunnel of the station. Longitudinal structu-
ral dividing walls are designed instead of the columns for the station sections
housing equipment. When the final reinforced concrete lining of the side tun-
nels of the station is finished, the excavation of the central tunnel will start,
using a horizontal excavation sequence. Then the intermediate waterproofing
will be installed and the final reinforced concrete lining of the central part of
the station will be cast.

The other mined parts of the station, such as escalator tunnels, lift shafts,
ventilation shafts and galleries will be driven using the NATM, with
a horizontal sequence being applied if necessary. The lining structure will be
of the double-shell type, with a shotcrete primary lining, intermediate waterp-
roofing and reinforced concrete secondary lining.

RUNNING TUNNEL DESIGN

Single-rail tunnels driven by TBMs will form the majority of mined inters-
tation sections. Double-rail running tunnels will be driven in the vicinity of
Motol Station using the NATM.

Sitky 21,9 m a vysky nejvyssiho stfedni-
ho tunelu 9,75 m je uvaZovdna opét
razba technologii NRTM za pouziti trha-
cich praci. S ohledem na malou vysku

nadloZi se koncepéné predpoklddd nejpr- =
ve razba bo&nich vyruba $itky 9,35 m Tk
a vysky 8 m, zajiSténych primarnim osté- gc

nim. Clenéni vyrubu bude horizontdlni,
v pripadé zhorSenych geologickych pod-
minek nebo vyskytu inZenyrskych siti
v nadlozi tunelu, citlivych na poklesy,

bude Elenéni i vertikdlni. V téchto prvot- §
nich vyrubech se provede mezilehla foli-
ova izolace a definitivni monolitické

5690

TEORETICKY VYRUB 169.8 m®
EXCAVATED CROSS SECTION 169.8 m®

Zelezobetonové osténi bocnich stanic- T

nich tunelt véetné podélnych tad sloupt, _E_

tvoricich podpory kleneb bo¢nich stanic- o B

nich i ndsledné realizovaného stfedniho FEp

staniéniho tunelu. V technologickych 300, 479, 440 e 6440 30
Cdstech stanic jsou misto fad sloupu TM i . . o 0440 ;TML
navrzeny prubézné podélné nosné délici A A 1 1
stény. Po dokondeni definitivniho Zele- F +

zobetonového osténi bocnich stani¢nich

tunelll bude provddéna razba stfedntho Opr.2 Rafend trojlodni stanice
tunelu s horizontdlnim ¢lenénim vyrubu. Fig. 2 Three-vault mined station




16. rocnik - €. 4/2007

TuoufHel

TEORETICKY VYRUB 28,3 m*
EXCAVATED CROSS SECTION 283 m!

Obr. 3 Jednokolejny tratovy tunel razeny TBM
Fig. 3 TBM-driven single-rail running tunnel

The use of a suitable type of a tunnel boring machine will gua-
rantee that minimum deformations of the terrain and high exca-
vation advance rates will be achieved in the variable geological
conditions, namely in the sections under existing buildings. The
use of EPB TBMs is planned for this project, which are capable
of driving through totally broken rock and soft ground — soil. At
the same time, it is possible to change the machine over within
several hours to be operated in the open-face mode, which is more
suitable for hard rock and allows faster excavation advance as
well as lower wear of the machine.

The single-rail tunnel design is circular in the cross section,
with the inner diameter of 5.3m. The 250mm thick single-shell
lining is from reinforced concrete segments (water retaining conc-
rete). The segments will be fitted with gaskets on all sides. They
will provide the waterproofing between segments. The 1.4m wide

Poté bude provedena mezilehld izolace a vybetonovano definitivn{
Zelezobetonové osténi stfedni Cdsti stanice.

Ostatn{ razené Cdsti stanice, jako jsou eskaldtorové tunely, vytaho-
vé Sachty, vétraci Sachty a Stoly, budou raZeny pomoci NRTM
s pripadnym horizontdlnim ¢lenénim vyrubu. Konstrukce ostén{
bude opét dvoupldstovd s primdrnim osténim ze strikaného betonu,

mezilehlou hydroizolaci a Zelezobetonovym sekunddrnim osténim.

TECHNICKE RESENI TRATOVYCH TUNELU

LN 2 ¥z

Prevazna ¢dst razenych mezistani¢nich dseku je navrZzena jako jed-
nokolejné tunely raZzené pomoci TBM. V okoli stanice Motol budou
vybudovédny dvoukolejné tratové tunely raZzené technologii NRTM.

Razba provadéna vhodnym typem tunelovaciho stroje TBM zaru-
Cuje v proménlivych geologickych podminkdch a zejména v dsecich
pod povrchovou zastavbou minimélni deformace terénu a zdroven
velkou rychlost razby. Pro tento projekt je uvazovano nasazeni zemi-
novych 3titd EPB (Earth Pressure Balance), které jsou schopny razit
i ve zcela porusenych hornindch a v mékkych hornindch charakteru
zemin. Soucasné lze stroj béhem nékolika hodin prestrojit na TBM
s otevienym Celem, ktery je vhodnéjsi pro pevné skalni horniny
a umoznuje rychlej$i postup razby a mensi opotrebenf stroje.

Jednokolejny tunel je navrZen jako kruhovy s vnitinim pramérem
5,3 m. Osténi je jednopldstové z prefabrikovanych Zelezobetonovych
dilcu tloustky 250 mm z vodostavebného betonu. Jednotlivé seg-
menty budou po obvodu opatfeny tésnénim, které zajisti vodonepro-
pustnost spar. MontdZ prstencu osténi §itky 1,4 m se provadi pod
ochranou §titu a pti posunu se §tit opird o elo pfedchoziho jiZ hoto-
vého prstence osténi tunelu. Pro minimalizaci deformaci v nadloZi
tunelu je nutné provadét okamzité vypli prostoru mezi rubem nové
smontovaného prstence ostén{ a licem vyrubu. Vhodné zvolena tech-
nologie je zdrukou minimalizace poklesu zédstavby. V naSem piipadé
Ize zaru¢it maximdlni deformace terénu v ose tunelu do 5 mm. Na
zékladé sledovdni mnoha projekti realizovanych po celém svété
touto technologii 1ze spolehliveé predpoklddat dlouhodoby pramérny
postup razby 300 m za mésic, coZ je pfiblizné trojndsobek oproti
razbé NRTM.

Jednokolejné tratové tunely budou po celé trase v intervalech cca
400 m propojeny vzdy dvojici vzduchotechnickych propojek podko-
vovitého profilu §itky 4,2 m a vysky 4,3 m s délkou cca 10 m, které
snizuji pistovy dcinek projizdéjicich souprav metra. Propojky budou
s dvoupld§tovym osténim s mezilehlou hydroizolaci.

Razba dvoukolejnych tratovych tunelt tvaru plochého ovélu bude
provadéna pomoci NRTM. Zakladnf{ profil je navrZzen pro osovou vzda-
lenost koleji (0. v.) 3,7 m, ktery md §itku vyrubu 10,3 m a vysku 7,56 m.
Pro dseky, kde dochdzi k postupnému zvétSovani osové vzdélenosti
koleji (prechod na dva jednokolejné tunely), byly navrzeny dalsi zveét-
Sené profily dvoukolejného tunelu: 0. v.39 m,0.v.45 m,0.v.5 m,
0.v.58 mao.v. 6,5 m.V téchto dsecich potom dochdzi vidy ke zvét-
Seni profilu tunelu skokem. Osténi tunelu je navrZeno jako dvouplasto-
vé s uzavienou mezilehlou foliovou hydroizolaci. Vnéjsi primdrni osté-
ni je ze stifkaného betonu, vnitini osténi je Zelezobetonové.

Ostatni raZené Césti tratovych useku, jako jsou vétraci Sachty
a Stoly, odvodriovaci $tola a Sachta, objekty kolejovych spojek
a vétveni, pristupové Stoly a demontdzni komora stroje TBM

lining rings will be assembled under the protection of the shield’s
envelope; when the shield is being shifted, the thrust cylinders will act on the
previously completed lining ring. It is necessary for the minimisation of defor-
mations in the tunnel overburden to immediately backfill the annulus between
the outer surface of the newly installed lining ring and the surface of the exca-
vated opening. A suitable choice of the technology guarantees the minimisati-
on of the settlement of existing buildings. In our case, it is possible to guaran-
tee that the maximum deformations of the terrain on the tunnel centre line will
not exceed Smm. It is possible to assume with certainty, on the basis of the
monitoring of many projects which have been implemented by this technolo-
gy all over the world, that the long-term average advance rate of 300m per
month can be achieved. Compared with the NATM excavation, it is approxi-
mately three times as much.

The single-rail running tunnels will be interconnected throughout the route
length at about 400m intervals by pairs of ventilation cross passages with
a horseshoe-shaped cross sections 4.2m wide and 4.3m high, about 10m long,
which will reduce the piston effect of the passing metro trains. The lining of
the cross cuts will consist of two shells and intermediate waterproofing.

The double-rail running tunnels, which will have the shape of a horizontally
elongated oval, will be carried out using the NATM. The basic cross section,
which is 10.3m wide and 7.56m high, is designed for the track centre distance
(TCD) of 3.7m. Other, enlarged cross sections of the double-rail tunnel were
designed for the route sections where the track centre distance gradually incre-
ases (the transition to two single-rail tunnels) in the following sequence: TCD
3.9m,4.5m, 5.0m, 5.8m and 6.5m. The tunnel cross section will be enlarged in
a stepwise manner. The tunnel lining design is of the double-shell type
(a sprayed concrete primary lining, reinforced concrete secondary lining) with
a closed intermediate waterproofing system.

The other parts of the track sections such as ventilation shafts and galleries,
the drainage gallery and shaft, structures containing track cross-overs and bran-
ching points, access adits and the TBM dismantling chamber at Dejvickd

TEORETICKY VYRUB 62.7 m*

EXCAVATED CROSS SECTION 827 m*

Obr. 4 Dvoukolejny tratovy tunel raZeny NRTM
Fig. 4 NATM-driven double-rail running tunnel
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u stanice Dejvickd, budou razeny pomoci NRTM s pripadnym ¢Elené- Station will be excavated using the NATM, with the excavation being divided
nim vyrubu a pouZitim dal§ich zajiStovacich prostiedki. V misté into sequences and other support measures being implemented if necessary. At
zahdjeni razeb bude pfistropi zajiStovdno mikropilotovymi destniky. the beginning of the excavation, the top heading roof will be stabilised by cano-
Konstrukce osténi trvalych konstrukci bude opét dvoupldStova py tube pre-support. The lining of permanent structures will again be of the
s primarnim osténim ze stfikaného betonu, mezilehlou hydroizolaci double-shell type with the shotcrete primary lining, intermediate waterproofing
a Zelezobetonovym sekunddrnim osténim. U vSech docasnych kon- and RC secondary lining. All temporary structures such as access adits will be
strukef, jako jsou pristupové Stoly, bude vybudovédno pouze primérn{ provided only with a shotcrete lining; when the function of the structure is com-
osténi a zbyly prostor bude po ukonceni funkce dila zaplnén popil- pleted, the underground space will be backfilled with cinder concrete. The TBM
kobetonem. Demontdzni komora TBM u stanice Dejvickd je dlouha dismantling chamber at Dejvicka Station is 17.5m long; its cross section is simi-
17,5 m, m4 profil podobny jednolodni stanici. Jeji ¢elo navazuje na lar to the cross section of a one-vault station. Its front end is connected to the
spole¢nou podzemni konstrukci odstavnych koleji stanice Dejvicka. common underground structure for the stabling tracks at Dejvicka Station. The
Ostatn{ tfi stény jsou zajiStény prevrtdvanou pilotovou sténou kom- other three walls are supported by secant pile walls combined with jet grouting.
binovanou s tryskovou injektéZ{, do které bude zakotvena klenba této The walls will support the vaulted roof of the cavern, which will be fixed in the
kaverny. Kalota kaverny bude zaji$téna souvislou klenbou z tryskové walls. The calotte of the cavern will be supported by a continuous vault formed
injektdZze provddénou z povrchu. by jet grouting, which will be carried out from the surface.

POSTUPY PROVADENI JEDNOKOLEJNYCH TRATOVYCH SINGLE-RAIL RUNNING TUNNELS — TBM DRIVING PROCEDURES

TUNELU TBM The construction of single-rail running tunnels is expected to be carried out
by 2 tunnel boring machines, starting in the track section between Motol
Station and Petfiny Station near the Vypich intersection. The large constructi-
on site utility which will be developed in this location will provide sufficient
space for materials to be supplied to and the muck to be concurrently removed

Postup vystavby jednokolejnych tratovych tunelt predpokldda nasa-
zeni 2 razicich stroju v tratovém tseku mezi stanicemi Motol a Petfiny
v blizkosti krizovatky Vypich. Zde je umisténo velké zarizeni stave-
nist¢ umoznujici kapacitni zdsobovani materidlem pro razbu obou . . .

o Jicl kapaciini za P . P - from the tunnel. Both TBMs will be successively lowered to a 20m-diameter
tunelu a soucasné odtéZovani vyrubané horniny. Oba stroje TBM . . . .
< P p PRI launch shaft. The shaft will make it possible for the TBM to be shifted to a pre-
budou postupné nasazeny v hloubené kruhové stavebni jamé pruméru . . .
Y p PRI - v oo P excavated assembly chamber, which will be connected with the surface by an
20 m s moznosti zasunuti ¢dsti stroje do predem vyrazené montdzni . . . .
access adit and a ramp. The TBM drives will proceed toward the existing metro

kor}lory spojenc 8 pvovrchevm prlstup(fvog s,toloq $ navazujici rampou. station Dejvickd. Once the TBMs have passed the area of Petfiny Station (this
Razba bude provadéna smérem ke stdvajici stanici metra Dejvickd. Po . : . . - ; .
section will be provided with a temporary lining, which will be subsequently,

projetf stroju prostorem stanice Petriny (zde bude provadéna montdz during the excavation of the station tunnel, dismantled and both tunnel cross

provizorniho osténi, které bude nasledrle/v pri razbé stanicniho tunelu sections will be enlarged to create the one-vault station tunnel profile), the dri-

demontovéno a Ob? profl!y buc}ou T 0251ren’y na ]ednol(zdm Stam“i“? ving of the running tunnels will continue on a downhill gradient toward
tunel) dee p(,)kracov.atA upafl o razlfoa/ trato vych tunelli k,e stanict Veleslavin Station. There is an assumption that sidewall drifts with primary
V?leSI?Vm.ZVV vte’to star_u(:l) se}predpf) k/lada v predstihu Vvyrazent ‘pocmch lining will be carried out in advance in this station so that the TBMs can be pul-
VYrUb“ 24 isténych p Tumarnim ostenim ta k.’ aby mo,h ly byt stroje stani- led through the station to proceed further toward Cerveny Vrch Station.
“ pff’ta.zve‘ly a pokracovaly Qal/e ke stamc,l Ce.rveny Vrc}}. . About 150m behind Veleslavin Station, the TBMs will enter an constructi-
Prlbhzne/ 150 m ,Z_a, Stamfl Veles}av1n VJevd(Zu stroje do predgm on trench with the ground plan dimensions of 50 x 30m. Once the tunnel
VthOUb?ne §t2,1vebn.1 ]evtmyvpuflovry snych rogl}leru 50x 30 m. Jakmile boring machine with the back-up train is beyond this box, the entire complex
postoupt razict stroj Y(y:etn,e ,Zavesu za tuto Ja)mu, bllde cely komp}ex of the TBM operation supporting services (removal of muck from the tempo-
ObSIP hy St?oje, (odte,zgvanl rulvjanlny, skl,adka Zelez’ohet(v)novycvh, rary stockpile, reinforced concrete segments stockyard, utility connections etc.)
dﬂvcu, nap’OJe,m na mei“a atd.) pr.e?zlfisen k této stave/bm jame a d%ISI, will be shifted to this location and the subsequent TBM drives will be control-
rabe} tvratovycvk} tuvnelu bl,lde, ZaJlSten% Z,tOhOEO mISt%' To umovznvl led from this facility. This system will allow the excavation of Petfiny and
v pr.ubehuwdalm razby tratovych tunelu Zaonen poqugovat V raVZbe Veleslavin Stations to proceed concurrently with the continuing excavation of
stanic Petfiny a Veleslavin. Po prota?eni ‘ra21cich stroju stftnlcl' Cer- running tunnels. Once the TBMs have been pulled through Cerveny Vich
veny Vich, kterd bude budovana v predstihu z raZeného pristupové- Station, which will be excavated in advance from a point of attack provided by
ho tunelu s p9rtalem u ulice Kladenske?, .bude pokralcqvat, razba tra: an access tunnel having its portal in Kladenska Street, the excavation of run-
thth tunelu aZ k provozované stanici metra ?eJVlea' V misté ning tunnels will continue up to the operating metro station Dejvickd. Both
napojeni na provozovanou trasu metra budou v predem vybudované TBMs will be dismantled in a dismantling chamber pre-excavated in the loca-

ds:mont?viini kvomofe oba stroje postupné dc:,montovény a povéfistech tion where the tunnels connect to the operating metro line. The parts will be
premistény piistupovou Stolou do Sachty pudorysnych rozméra 10 x moved through an access adit to a shaft with 10 x 15m plan dimensions and lif-
15 m a odtud vyzvednuty na povrch. ted to the surface.

Oba demoreltované stroje TBM budou znova nasazeny v hloubené Both dismantled TBMs will be reassembled in a 30 x 50m construction
jamé rozméra 30 x 50 m v tratovém dseku mezi stanicemi Motol trench prepared in the track section between Motol and Bild Hora Stations. The
a Bild Hora. Z tohoto mista bude provddéna razba jednokolejnych TBMs will proceed from this point, in the opposite direction, up to the Letisté
tratovych tunelii razicimi stroji opaénym smérem aZ do kone¢né sta- Ruzyné terminal station. Once the excavation of the initial 600m of the running
nice Leti§t¢ Ruzyné. Po vyraZeni prvnich 600 m tratovych tuneld tunnels has been finished, the TBMs will pass through the area of the future sta-
projedou stroje prostorem budouct stanice Bild Hora, kde bude pro- | tion Bild Hora, with the tunnels being provided with a temporary lining which
vddéna montdZ provizorniho ostént, které bude ndsledné demontova- will be subsequently dismantled. The TBMs will continue to drive the running
no. Déle bude pokracovat razba tratovych tunelil az ke stanici tunnels up to Dédina Station. The construction trench for this station and the
Dédina. Zde by méla byt jiz v pfedstihu vyhloubena stavebni jima adjacent sections of cut-and-cover tunnels should be prepared in advance to
této stanice v&etné piilehlych tsekl hloubenych tratovych tuneli. receive them. The TBMs will be pulled through this trench and, at the same
Stroje budou protaZeny touto stavebni jamou a zdroven bude obslu- time, the surface facilities serving the excavation of running tunnels will be
ha razby tratovych tuneli pfemisténa ze zafizeni staveni§té moved from the site at the construction trench in the Motol — Bild Hora track
u hloubené stavebni jamy v tratovém tseku Motol — Bild Hora do section to the site facility found at the cut-and-cover tunnels adjacent to Dédina
zaiizen{ staveni§t¢ v hloubenych tunelech u stanice Dédina (smérem | Station (in the direction toward Dlouhd Mile Station). This system will allow
ke stanici Dlouhd Mile). To umoZni pokraCovat ve vystavbé stanic the construction of Bila Hora and Dédina Stations to continue simultaneously
Bild Hora a Dédina a soucasné pokratovat v razbé tratovych tunelt with the driving of the running tunnels toward Dlouhd Mile Station, where the
smérem ke stanici Dlouhd Mile, kde budou stroje protaZeny vyrubem TBMs will be pulled through the station tunnel, the adjacent enlarged-cross-sec-
stani¢niho tunelu a navazujicich rozsifenych profilu tratovych tune- tion running tunnels and the adjacent cross-over tunnel. The machines will con-
1u v prilehlé spojce. Stroje budou ddle pokracovat v razbé tratovych tinue to drive the running tunnels up to Letisté Ruzyné Station, where they will
tunelt az ke stanici Leti§té Ruzyné, kde budou v hloubené &ésti sta- be dismantled in the cut-and-cover part of the station and lifted to the terrain sur-
nice demontovany a vyzvednuty na terén. face.

ING. JAN KOREJCIK, korejcik@metroprojekt.cz, ING. JANVKOROEJCV’I'K, korejcik@metroprojekt.cz,
ING. JIRI RUZICKA, ruzicka@metroprojekt.cz, ING. JIRI RUZICKA, ruzicka@metroprojekt.cz,

METROPROJEKT PRAHA, a. s. METROPROJEKT PRAHA, a.s.




16. rocnik - €. 4/2007

TECHNOLOGICKE VYBAVENI DALNICNICH TUNELU
ROAD TUNNEL EQUIPMENT

MIROSLAV NOVAK, VACLAV MISAREK, DAVID BENDA

uvob

Pfi ndvrhu silni¢nich a ddlni¢nich tuneld je nutné fesit technologickd
zarizeni zajiSthjici plynuly a bezpe¢ny provoz v tunelu. Technologick4
zafizeni rovnéZ vyznamné snizuji nebezpe¢i pro fidi¢e v pripadé neho-
dy a pozaru v tunelu a zajistuji bezpeény unik cestujicich z tunelu na
povreh. PHi ndvrhu se musi projektanti v Ceské republice Fidit zejména
témito zakladnimi predpisy:

TP 98 Technologické vybaveni tuneli pozemnich komunikaci —
novelizace 2004

EU 2004/54/EC o minimdlnich bezpe¢nostnich pozadavcich na tune-
ly transevropské silni¢ni sité vydané v roce 2004

CSN 73 7507 projektovani tuneldi pozemnich komunikaci — nové
vydané v roce 2005

Pro projektovani tunelu ve Slovenské republice plati nasledujici
zakladn{ predpisy:

STN 73 7507 Projektovanie tunelov na pozemnych komunikécidch

TP 04/2006 Poziarna bezpecnost’ cestnych tunelov (TSV 0401)

Nar. vlady 344/2006 o minimdlnych bezpe¢nostnych poziadavkach
na tunely v cestnej sieti

Na délnici D8 vedené na sever Ceské republiky do sousedniho
Némecka jsou navrzeny celkem Ctyfi ddlni¢ni tunely. V dseku Trmice —
hranice s Némecken} tunel Panenska dI. 2115 m, Libouchec dl. 535 m,
v useku Lovosice — Rehlovice tunel Radej¢in dl. 620 m, Prackovice dl.
270 m. Tunely Panenskad a Libouchec byly koncem roku 2006 uvedeny
do provozu. Usek délnice Lovosice — Rehlovice s tunely Radej¢in
a Prackovice v Ceském stiedohoii jsou v piipravé a predpokladané
zprovoznéni bude v roce 2009 — 2010.

Ve Slovenské republice Metroprojekt Praha, a. s., projektoval tech-
nologickou ¢4st v ndsledujicich tunelech:

Délnice D1 v dseku HruSovské Podhradie — Lietavska Liicka:

o Tunel Zilina, raZeny tunel dl. 680 m s dvéma jednosmérnymi tune-

lovymi troubami

e Tunel Ov¢iarsko, razeny tunel dl. 2367 m s dvéma jednosmernymi

tunelovymi troubami

Dalnice D1 v dseku Hubova — Ivachnova:

o Tunel Cebrat, raZeny tunel dl. 2026 m s dvéma jednosmérnymi

tunelovymi troubami

Dalnice D1 v dseku Turany — Hubova:

e Tunel Rojkov, razeny tunel dl. 1745 m s dvéma jednosmérnymi

tunelovymi troubami

e Tunel Havran, raZeny tunel dl. 2840 m s dvéma jednosmérnymi

tunelovymi troubami

Délnice D1 v dseku Visniové — Dubnd Skala

e Tunel Visnové, razeny tunel dl. 7516 m s dvéma jednosmérnymi

tunelovymi troubami

Délnice D3 v dseku Zilina (StraZov) — Zilina (Brodno):

e Tunel Povazsky Chlmec, razeny tunel dl. 2252 m s dvéma jedno-

smérnymi tunelovymi troubami

Dilnice D3 v tiseku Zilina (Brodno) — Kysucké Nové Mesto:

e Tunel Kysuca, hloubeny tunel dl. 584 m s dvéma jednosmérnymi

tunelovymi troubami

TECHNOLOGICKE VYBAVENI TUNELU PANENSKA D8

Tunel Panenskd dl. 2115 m na tdseku dédlnice D8 Trmice — hranice
s Némeckem je v soucasné dobé nejdelsi délni¢ni tunel zprovoznény
v Ceské republice. Jednd se o dvé samostatné jednosmémé trouby
s dvéma jizdnimi pruhy. Zapadni tunelova trouba je ve sklonu 3,22 %
a vychodni tunelovd trouba 3,28 %. Predpoklddand intenzita dopravy je
12 500 vozidel za 24 h pro jednu tunelovou troubu a z toho 15 %
ndkladnich vozidel. Max. povolend rychlost vozidel v tunelu je
80 km/h, stfedni nadmorskd vyska tunelu 590 m n. m.

INTRODUCTION

A design of a road/motorway tunnel must solve the equipment which pro-
vides for uninterrupted and safe traffic in the tunnel. In addition, the equip-
ment significantly reduces the risk for drivers in the case of an accident and
a fire in the tunnel, and makes safe escape of passengers from the tunnel to
the surface possible. Designers working in the Czech Republic must conform
mainly to the following fundamental regulations:

TS 98 Technical Specifications: Road Tunnel Equipment (revision 2004)

EU 2004/54/EC on minimum safety requirements for tunnels in the Trans
— European road network (2004 issue)

CSN 73 7507 standard: Design of Road Tunnels (reissued in 2005).

The tunnels which are designed in the Slovak Republic must comply with
the foolowing regulations:

STN 73 7507 Design of road tunnels

TP 04/2006 Fire safety in road tunnels (TSV 0401)

The Decree No. 344/2006 of the government on minimum requirements
for tunnels on the road network.

A total of four tunnels have been designed for the D8 motorway leading to
neighbouring Germany via northern regions of the Czech Republic: the
2115m-long Panenskd tunnel and the 535m-long Libouchec tunnel in the
motorway section between Trmice and the border with Germany; the 620m-
long Radej¢in tunnel and the 270m-long Prackovice tunnel in the section bet-
ween Lovosice and Rehlovice. The Panenskd and Libouchec tunnel were
opened to traffic at the end of 2006. The Lovosice — Rehlovice motorway
section containing the Radej¢in and Prackovice tunnels found in the Ceské
Stredohori highland are under preparation; the completion is planned for
2009 - 2010.

In the Slovak Republic, Metroprojekt Praha a.s. carried out equipment
designs for the following tunnels:

The D1 motorway section between HruSovské Podhradie and Lietavskd

Lucka:

o The Zilina mined tunnel (680m long) with two unidirectional tunnel tubes.

e The Ov¢iarsko mined tunnel (2367m long) with two unidirectional tun-

nel tubes.

The D1 motorway section between Hubovd and Ivachnova:

o The Cebrat'mined tunnel (2026m long) with two unidirectional tunnel tubes.

The D1 motorway section between Turany and Hubova:

o The Rojkov mined tunnel (1745m long) with two unidirectional tunnel tubes.

o The Havran mined tunnel (2840m long) with two unidirectional tunnel tubes.

The D1 motorway section between Visnové and Dubnd Skala:

o The Visniové mined tunnel (7516m long) with two unidirectional tunnel tubes.

The D3 motorway section between Zilina (StraZov) and Zilina (Brodno):

o The Povazsky Chlmec mined tunnel (2252m long) with two unidirectional

tunnels.

The D3 motorway section between Zilina (Brodno) and Kysucké Nové

Mesto:

e The Kysuca mined tunnel (584m long) with two unidirectional tunnel

tubes.

EQUIPMENT OF THE PANENSKA TUNNEL
ON THE D8 MOTORWAY

The 2115m-long Panenska tunnel on the D8 motorway section between
Trmice and the border with Germany is currently the longest motorway tun-
nel ever brought into service in the Czech Republic. It is a twin-tube tunnel
with two traffic lanes in each tube. The western tunnel tube is on a 3.22 per
cent longitudinal gradient; the eastern tube is on a 3.28 per cent gradient. The
traffic flow is anticipated at 12,500 vehicles per 24 hours per one tunnel tube;
of that, 15% is made up by lorries. The maximum speed allowed in the tun-
nel is 80km/h; the average tunnel altitude is 590m a.s.l.

The tunnel tubes are interconnected by ten cross passages, escape routes
for passengers, every 200m. The cross-passages No. 3 and 7 in addition allow



TuouHel

Tunelové trouby jsou propojeny celkem 10 tnikovymi Stolami pro
cestujici ve vzdalenosti cca 200 m mezi sebou. Propojka ¢. 3, 7 slouzi
navic pro prujezd malych zdchrannych vozidel a propojka ¢. 5 slouZi
pro prujezd velkych zdchrannych vozidel. V osmi propojkédch jsou
umistény malé rozvodny pro el. zafizeni v tunelu. Rozvodny jsou
pozarné odd€leny od vlastni unikové cesty.

Vétrani tunelu

Pro vétrani tunelovych jednosmérnych trub je navrzeno podélné vét-
rani pomoci proudovych ventildtord umisténych pod klenbou tunelu.
Navrzené podélné vétrani tunelt ve sméru jizdy vozidel zajistuje dodr-
Zeni pozadované koncentrace $kodlivin od provozu vozidel. Jednd se
0 CO oxid uhelnaty, NOx oxidy dusiku, dodrZeni pruzrainosti (opaci-
ty) v tunelu. Pfipustné koncentrace $kodlivin vychdzeji z TP 98 a jsou
uvedeny v ndsledujici tabulce.

Dopravni stav CO-koncentrace Pruzraénost

[ppm] Koeficient K
r. 2000 r. 2010 [10° . m™]

Plynuly Spickovy provoz

v=50-100 km/hod 100 70 5

Denni kongesce, Stop and Go 100 70 5

Vyjimeéné kongesce 150 100 7

Delsi idrzbarské prace

Za Pprovozu 30 30 3

Uzavreni tunelu 250 200 12

Tab. 1 Typické hodnoty $kodlivin pro ruzné dopravni stavy

Koncentrace oxida dusiku je doporu¢ovédna v maximadlni piipustné
hodnoté 20 mg.m-3.

Z provedenych vypolti vyplyvé, Ze pii normalnim dopravnim pro-
vozu, pri rychlostech vozidel 30 — 80 km/h se obé tunelové trouby
vyvétraji prevazné ptisobenim pistového téinku projizdéjicich vozidel.
Pri kongesci vozidel v tunelu nebo za mimorddnych klimatickych
podminek (inverzni pocasi, mlha, vichfice apod.) jsou podle situace
postupné spoustény proudové ventildtory pod klenbou tunelu na zékla-
dé ddaju ¢idel CO, opacity, méfeni rychlosti a sméru proudéni vzduchu
v tunelu. Pfi zastaveni dopravy v tunelu budou fidi¢i vyzvani infor-
macni tabuli k vypnuti motoru.

V piipadé nehody, poZdru v jednom tunelu bude po cca 67 min.,
kdy se kouf vlivem teploty drzi pod klenbou tunelu a udrZuje zénu
cca 2,5 m nad vozovkou nezakoufenou (podminka podéIné rychlosti
v tunelu mensi nez 2 m/s), automaticky spusténo kompletni vétraci
zarizeni v prislu$né tunelové troubé. Ventildtory pracuji ve sméru jizdy
vozidel, aby byl umoZnén tunik cestujicich pred nehodou ve sméru
jizdy. Ventildtory se spoustéji postupné od vyjezdového portdlu smérem
k viezdovému portilu. Cerstvy vzduch proudi proti sméru tiniku cestu-
jicich. Cestujici za nehodou vyjedou z tunelu svymi vozidly. V druhé
nezasazené tunelové troubé se vétran{ zreverzuje, aby smér proudén{
byl stejny jako u trouby s poZdrem vozidla. V reverznim sméru se spus-
ti celkem 4 ks ventilatora na za¢dtku tunelu ve sméru proudéni (reverz-
ni smér) a 2 ks ventildtort na druhém konci tunelu proti sméru proudé-
ni (hlavni smér), aby v tunelové troubé ventildtory vytvorily pretlak
a aby se zamezilo prisavani koure vyfukovaného z portdlu zasaZzeného
tunelu. Didle se spusti vétrani tunelovych propojek v prislusném sméru.
Ucelem vétrani je zajistit tnik cestujicich do nezakoufeného tunelu pres
propojky anebo pres portédl do venkovniho prostoru. Proudové ventild-
tory pri pozéru zajisti podéIné proudéni min. 3 m/s pii vypadku az 4 ks
ventildtort.

Pozarni vétrani je dimenzovdno podle TP 98 na normovy poZar
30MW a ventildtory musi zajistit provoz pfi teplot¢ 400°C po dobu
90 min.

V zépadni, klesajici tunelové troubé je navrzeno celkem 7 dvojic
proudovych ventildtorQ (celkem 14 ks). Ve vychodni, stoupajici tunelo-
vé troubé je navrZeno celkem 6 dvojic proudovych ventildtort (celkem
12 ks). Parametry 1 ks proudového ventildtoru:

Axiélni pretlakovy proudovy ventildtor vel.1000, s tlumi¢i hluku 1D,
reverzaci chodu , zajisténi funkce pri min. 400°C teploty vzduchu (spa-
lin) po dobu 90 min. Tazn4 sila ventilatoru v hlavnim/reverznim sméru
875 N, el. motor 30 kW, 400 V.

Ovlddani VZT zafizeni pro vétrani tunelu bude z fidiciho systému
tunelu a mistné z prislu§nych rozvadécu.
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Obr. 1 Proudové ventildtory pod klenbou tunelu Panenskd
Fig 1 Jet fans under the Panenskd tunnel vault

the passage of small emergency vehicles, and the cross-passage No. 5 is
passable for big vehicles of rescue units. Eight cross passages house small
distribution substations for electrical equipment installed in the tunnel. The
substations are fire separated from the respective escape routes.

Tunnel ventilation

Alongitudinal ventilation system has been designed for the uni-directional
tunnel tubes, with jet fans installed under the tunnel vault. The designed lon-
gitudinal ventilation, which is operated in the direction of the traffic, guaran-
tees that the required limits of concentration of noxious substances produced
by vehicles will be met. The limits have been set for Carbon Monoxide (CO),
Nitric Oxide (NOx) and opacity in the tunnel. The allowable concentrations
of the noxious substances, which have been set on the basis of the Technical
Specifications TS 98, are contained in the following table:

Traffic State CO-concentration Opacity
[ppm] Coefficient K

y. 2000 y. 2010 [10° . m™]

Fluent peak traffic

v=50-100 km/h 100 70 5

Daily congestion, Stop and Go 100 70 5

Exceptional congestion 150 100 7

Longer maintenance work

under traffic 30 30 3

Tunnel closure 250 200 12

Table 1 Typical values of limits for noxious substances set for various traffic states

The recommended nitric oxygen maximum allowable concentration value
is 20 mg.m-3.

It follows from results of calculations that, at normal traffic volume and the
speed of vehicles ranging from 30km/h to 80km/h, both tunnel tubes are suf-
ficiently ventilated by the piston effect of vehicles passing through the tun-
nel. The jet fans installed under the tunnel crown are step-by-step started up
in the case of traffic congestion in the tunnel or extraordinary climatic condi-
tions (weather inversion, fog, windstorm etc.), depending on the situation, on
the basis of the data provided by CO and opacity sensors, measurement of
velocity and direction of airflow in the tunnel. When traffic in the tunnel is
stopped, drivers are asked through a message sign to turn the engines off.

The complete ventilation system will be automatically switched on in the
relevant tunnel tube in the case of an accident, a fire in one tunnel tube, app-
roximately 6 — 7 minutes after the fire initiation. During this time the smoke
is kept by the heat under the tunnel crown and an about 2.5m high zone above
the roadway remains free of smoke (under the condition that the longitudinal
velocity of the airflow in the tunnel is less than 2m/s). The fans are run in the
direction of traffic so that escape of passengers found before the accident
scene in the tunnel is possible. The fans are switched on stepwise, from the
exit portal toward the entrance portal. Fresh air flows counter the direction of
escape of passengers. Passengers found ahead of the fire can get out of the
tunnel in their vehicles. The ventilation system in the other tunnel tube which
is not affected by the fire is run in the reverse direction so that the airflow
direction is identical with that in the tunnel tube with the burning vehicle.
A total of four fans are switched on at the front end of the tunnel (viewed in
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Osvétleni tunelu

Adaptaéni osvétleni tunelu

Adaptacni osvétleni tunelu slouzi pro osvétleni prechodovych pasem
ve vstupni ¢dsti tunelu odpovidajici adaptaéni schopnosti o&f fidicu a je
feSeno pomoci dvou fad vybojkovych asymetrickych protismérnych svi-
tidel uml’stén}’/ch pod stropem piisluiné tunelové trouby vzdy ve vstup-
ni &asti ve sméru jizdy. Rady svitidel jsou umistény nad osami obou jizd-
nich pruht. Adapta¢ni osvétleni je ¢lenéno do pasem a odpovidé stano-
vené maximdlni povolené rychlosti v tunelu 80 km/hod. Adaptacni
osvétlen{ je napdjeno z&4sti ze zdlohovaného bezvypadkového zdroje el.
energie a z¢4sti z nezdlohovaného zdroje el. energie.

Néhradni osvétleni tunelu

Néhradni osvétleni tunelu slouZi pro osvétleni tunelu pii mimorad-
nych provoznich stavech, jako je napf. vypadek normdlniho napdjeni el.
energii. Nédhradni osvétleni je tvoreno vybranymi sekcemi svitidel
adaptatniho osvétleni, kterd jsou napdjena ze zédlohovaného zdroje
napéjeni. V piipadé vypadku normdlniho napéjeni zUstdvd v provozu
nédhradni osvétleni a max. provozni rychlost se sniZ{ na maximalni
povolenou rychlost 60 km/hod.

Prujezdni osvétleni tunelu

Prijezdni osvétlen{ tunelu slouZ{ pro osvétleni vnitini &dsti tunelu
a je feSeno pomoci jedné fady vybojkovych symetrickych dvouzdrojo-
vych svitidel umisténych pod stropem v ose prislu$né tunelové trouby.
Toto osvétleni je napdjeno ze zdlohovaného zdroje.

Nouzové osvétleni tunelu

Nouzové osvétleni tunelu slouzi pro osvétleni tnikovych cest
v pripadé pozdru v tunelu. Nouzové osvétleni je tvoreno svitidly se
zdrojem typu LED zabudovanymi v otvorech v osténi. Z divodu moz-
ného zakoureni hornich prostor tunelu jsou tato svitidla umisténa 90 cm
nad chodniky. Rozte¢ svitidel je 12 m. Intenzita a nerovhomernost nou-
zového osvétleni musi odpovidat predepsanym hodnotdam. Toto osvét-
lenf je napdjeno ze zdlohovaného zdroje s vypadkem (ndhradni zdroj).

Elektroinstalace - silnoproudé rozvody

Rozvodny 22 kV

Rozvodny 22 kV jsou rozdéleny na vstupni ¢dst se samostatnym vcho-
dem pro SCEa vystupni ¢ast. se samostatnym vchodem pro RSD. Vstupni
¢ast rozvodny v PTO jih bude realizovana v ramci tohoto provozniho sou-
boru. Vstupni ¢ast rozvodny v PTO sever bude realizovana v rdmci samo-
statného navazujictho stavebniho objektu. Provedeni rozvoden je zapouz-
drené s izolaci SF6. Vstupni ¢dst rozvodny v PTO jih je tvofena 3 poli
s odpinaci. Vstupni ¢ast rozvodny v PTO sever je tvorena 4 poli
s odpinaci. Vystupni ¢dsti v PTO jih i sever je tvofena 3 poli — 1. pole
mefeni (vzduchovd izolace), 2. a 3. pole — vyvody na transformétory
s odpinaci s motorovymi pohony a vypinacimi civkami a s pojistkami. Ve
2. poli je navic na stran¢ pripojnic kapacitni snimac napéti s pfevodnikem
pro délkovou signalizaci. Vstupni ¢asti rozvoden jsou navrZeny pro pripo-
jeni kabeld pomoci T-konektort a jsou vybaveny svodici prepéti.
Transformatory

V kazdém PTO jsou instalovany 2 transformétory 1000 kVA umisténé
vzdy v samostatné kobce. Transformdtory jsou olejové, hermetizované.
Soucasti dodéavky transformatoru jsou i ru¢kové teploméry s kontaktnimi

v svve

vystupy — teplota niz$i, vystraha — teplota nizsi, odstaveni.

Meéreni spotieby el. energie

V kazdém PTO bude samostatné obchodni méfeni. Skiiné USM
budou vzdy umistény ve vstupni ¢dsti rozvoden 22 kV. Méfici transfor-
madtory proudu ve vstupnich éstech rozvoden 22 kV odbératele (RSD)

maji prevod odpovidajici sjednanému technickému maximu — tj. 25/5 A.
Ridici systém dopravy a technologie

Ridici systém zaji§tuje Fizeni dopravy v tunelu ve vazb& na vn&jii
dalni¢ni informa&ni systém DIS. Fyzicky se skladé z rozvadéca osaze-
nych prumyslovymi fidicimi automaty (zkr. PLC), vstupnimi
a vystupnimi obvody a propojenim na fidici a zdloZni dispecink.
Zélozni dispecink je situovany do portdlového objektu a fidici dispe-
gink spole¢ny pro tunel Libouchec je v SSUD Rehlovice.

Elektricka pozarni signalizace

Elektrickd pozarni signalizace (EZS) obsahuje ustfedny EPS umisté-
né v portdlovych objektech, pozarni ¢idla, pozarni tlacitka, poZarn{ lini-
ovy hldsi¢ v&. kabelového propojeni. Ustfedny EPS jsou napojeny na
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the airflow direction — the reverse direction) and run in the reverse direction,
whereas two fans on the opposite end of the tunnel are run counter the airflow
(the main direction); thus the fans create positive pressure in the tunnel tube,
which prevents drawing of the smoke which blows from the portal of the inci-
dent tunnel. The ventilation of the cross passages is also switched on, in the
respective direction. The purpose of the ventilation is to allow passengers to
escape to a smoke-free space via the cross passages or through the portal to
the open air. The jet fans are capable of providing longitudinal airflow at the
minimum velocity of 3m/s even if as many as four fans fail to work.

The fire ventilation is designed according to TS 98, to a norm fire size of
30MW; the fans must keep operating at a temperature of 400°C for 90 minutes.

According to the design, the western (descending) tunnel tube will contain
seven pairs of jet fans (14 pieces in total). Six pairs of jet fans are designed for
the eastern (ascending) tunnel tube (12 in total). Parameters of one jet fan:

A high-pressure axial-flow fan, size 1000, with silencers, reversible, sui-
ted for temperatures until 400°C/90min. The thrust produced by the fan in the
main/reverse direction is 875N; a 30kW/400V electric motor.

The ventilation system will be controlled from the tunnel control centre
and locally, from respective switchboards.

Tunnel Lighting

Adaptation lighting of the tunnel

The adaptation lighting of the tunnel is designed to illuminate the threshold
and transition zones in the entrance section of the tunnel at a luminance level
corresponding to the ability of driver’s eye to adapt. In the tunnel entrance
section, it consists of two rows of counterbeam asymmetric discharge lamps
installed below the ceiling of the respective tunnel tube. The rows of the
luminaries are installed above the centre lines of both traffic lanes. The adap-
tation lighting is divided into zones; it corresponds to the maximum speed
limit set for the tunnel at 80km/h. The adaptation lighting is fed partly from
an uninterruptible power source and partly from a source without a backup.

Stand-by lighting of the tunnel

Stand-by lighting of the tunnel is activated during extraordinary operating
states, for example in case of a failure of normal power supply. The stand-by
lighting consists of selected sections of luminaries of the adaptation lighting,
which are fed from the uninterruptible power source. In the case of a failure
of the normal power supply, the stand-by lighting keeps working; the maxi-
mum operating speed is reduced to a maximum speed limit of 60km/h.

Interior tunnel lighting

The interior tunnel lighting is designed for the illumination of the internal
part of the tunnel; it consists of one row of double-source symmetric dis-
charge lamps installed below the ceiling, on the centre line of the respective
tunnel tube. The lights are fed from an uninterruptible power source.

Emergency lighting of the tunnel

The emergency lighting of the tunnel is designed to illuminate escape rou-
tes in the case of a fire in the tunnel. The emergency lighting consists of LED-
type luminaries with a source, which are embedded in recesses provided in
the lining. With a view to the possible smoke logging of the upper space of
the tunnel, the luminaries are installed at a height of 90cm above the walk-
ways. The luminaries are installed at 12m spacing. The intensity and variati-
on range of the emergency lighting must meet the values prescribed. The
emergency lighting is fed from an off-line backup source.

Electrical Installations = The Heavy Current
Distribution System

Distribution substations, 22 kV

The 22kV distribution substations are divided into an inlet part with
a separate entry for SCE (the power supplier), and an outlet part with
a separate entry for the RSD (the tunnel operator). The inlet part of the sub-
station in the Operating and Technical Services Building (OTSB) South will
be built as a part of the tunnel construction. The inlet part of the substation in
the OTSB North will be built as a part of a separate subsequent structure. The
substations have been designed in the metal-clad version, with SF6 insulati-
on. The inlet part of the substation in the OTSB South consists of three cabi-
nets with disconnecting switches. The inlet part of the substation in the OTSB
North consists of four cabinets with disconnecting switches. The outlet parts
in both OTSBs consist of three cabinets (cabinet 1 — measurement (air space
insulation); cabinets 2 and 3 — outlets to transformers with motor-actuated
disconnecters and trip coils and fuses. Cabinet 2 contains, in addition,
a capacitance voltage sensor with a remote signalling transducer. The inlet




Obr. 2 SOS skrin v tunelu Panenskd
Fig 2 SOS cabin in the Panenskd tunnel

fidici systém a pfimou komunika¢n{ linkou na dispe¢ink pozéarni ochra-
ny a dalsi sloZky integrovaného zdchranného systému. Na zédkladé
vyhodnoceni signdli od EPS budou fizena ndsledujici zafizent:

— nouzové osvétleni,

— poZarni vétrani,

— dopravni znacenti,

— kamerovy systém,

— evakuacni rozhlas,

— radiové spojeni.
Systém tisnového volani

Kabiny SOS jsou v tunelu Panenskd rozmistény ve vzddlenosti max.
150 m od sebe. Zdkladnim pozadavkem na systém SOS je zajisténi
moznosti neverbdlni tisnové signalizace stlacenim prislusného tlacitka
(Iékarskd pomoc, policie, pozdr, zdvada na vozidle). Ddle je to moZnost
verbdlni komunikace s dispe¢erem policie. Uvnitf SOS kabiny jsou
umistény pomucky a prostiedky prvni pomoci (vypros§tovaci néstroje,
hasici pristroje a lékéarnicka).

Uzavieny televizni okruh

Video dohled je feSen samostatnym uzavienym televiznim okruhem
(zkr. UTO), ktery slouZi pro dohled dispeceru policie a technicko-pro-
vozni spravy tunelu, nad provozem v tunelu. V rdmci UTO je také reSe-
na automaticka video detekce specifickych dopravnich stavii. Ustiedna
televizniho dohledu, véetné systému automatické video detekce, je
umisténa v portdlovém objektu a je propojend s fidicim systémem tune-
lu. Umisténi kamer zajistuje sniméni celého tunelu s detailnim pohle-
dem na okoli SOS kabin, vstupy a vnitini prostor tnikovych Stol.
Videodohled slouZi dopravnimu dispecerovi k dozoru nad dopravou
v tunelu a umoZnuje véas reagovat na vzniklou mimoradnou situaci
v tunelu i pfed tunelovymi portaly. Automatickd video detekce ddle
zefektiviiuje prdci dopravniho dispetera a v pripadé mimoradného
selhani lidského faktoru zajistuje automatickou reakci na detekovany
mimofddny stav v tunelu v¢. poZzdru vozidla. Tento systém je
v soucasné dobé nejrychlejsi v zjistovani vzniklych krizovych situacich
v tunelu. Soucdsti UTO je pofizovani zdznamu videosigndlu z kamer.
Radiové spojeni

Bezdréatové (radiové) spojenti zajistuje ifeni radiového signdlu uvnitf
tunelu pro vybrané uZivatele jako jsou:

- SSUD,

— hasi¢sky zachranny sbor,

— sluzba rychlé 1ékarské pomoci,

— Policie CR,

— SMO (v rdmci samostatné investi¢ni akce mobilnich operatora),

— mistni FM rddio s dopravnim zpravodajstvim a RDS.

Evakua¢ni rozhlas

V pripadé mimorddnych udélosti v tunelu je mozné informovat ridi-
e prostrednictvim evakuacntho rozhlasu. V principu jde o rozvod NF
signdlu mezi ustfednou a reproduktory umisténymi v tunelu
a v dnikovych chodbdch. Rozhlas umoznuje vstup s uréenymi priorita-
mi dispecert (policie, dopravni dispeder, velitel zdchranného zdsahu).
Dispecersky telefon

Z davodu koordinace a dorozumivani dispecerskych sloZek ddrzby
a provozu tunelu je zde instalované zatizeni dispeCerského telefonniho

systému. Telefonn{ apardty jsou umistény ve vSech technologickych
prostordch tunelu.
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parts have been designed in a way allowing the use of T-connectors for cable
connections; they are equipped with surge voltage protectors.

Transformers

Each OTSB will contain two 1000k Va transformers; each transformer will
be installed in a separate cell. The transformers are of the oil-cooled, air-tight
type. Part of the supply of the transformers will be index pointer thermome-
ters with contact outlets: temperature lower — warning, temperature lower —
shutting down.

Measurement of power consumption

Each OTSB will have an independent commercial measurement system.
Universal measuring boxes will be installed in the inlet part of each 22kV
distribution substation. The ratio of the current measurement transformers in
the consumer’s (RSD) outlet parts of the 22kV substations corresponds to the
agreed technical maximum, i.e. 25/5A.

The traffic and equipment management system

The management system controls traffic in the tunnel in relationship with
an external motorway information system. It consists of switchboards fitted
with programmable logic controllers, input and output circuits, and a link to
the management and stand-by control centre. The stand-by control centre is
located in the portal building, and the management centre, which is common
for the Libouchec tunnel and Panenskd tunnel, is in the SSUD Rehlovice.

The fire alarm and detection system

The fire alarm and detection system (FADS) comprises FADS switchbo-
ards located in the portal buildings, fire sensors, manual call points and
a linear heat detection system including cable connection. The FADS switch-
boards are connected to the management system and, via a direct communi-
cation line, to the fire rescue management centre and the other elements of
the Integrated Rescue System. The following equipment will be controlled on
the basis of the assessment of the FADS signals:

- emergency lighting

- fire ventilation

- traffic signs

- CCTV camera system

- public address

- wireless communication

Emergency announcement system

SOS cabins are provided at maximum intervals of 150m. The fundamen-
tal requirement for the SOS system is that nonverbal announcing of an emer-
gency must be possible by pressing a relevant button (medical aid, Police,
fire, defective vehicle). In addition, verbal communication with the police
controller is possible. First aid tools and means (rescue tools, fire extinguis-
hers and a first aid kit) are stored in SOS niches.

The closed cirouit TV camera system

The video surveillance is solved by means of an independent closed circuit
TV camera system (CCTV), which allows the police and technical-adminis-
trative controllers to visually check traffic in the tunnel. In addition, the
CCTYV system allows automatic video detection of specific traffic states. The
CCTV control centre including the automatic video detection switchboard
are located in the portal building, and are interconnected with the tunnel
management system. The locations of the cameras guarantee that the entire
tunnel is monitored, with a special focus on the SOS cabins and their neigh-
bourhood, entrances to the escape galleries and their interior. The video sur-
veillance is used by the traffic operators to check the traffic in the tunnel, and
allows them to timely respond to an emergency situation in the tunnel or in
front of tunnel portals. The automatic video detection system further impro-
ves effectiveness of the performance of traffic controllers and, in the case of
an exceptional failure of the human factor, provides an automatic response to
the emergency state detected in the tunnel, including a vehicle fire. This sys-
tem is currently the fastest to detect crisis situations originating in the tunnel.
Part of the CCTV system is the recording of the video signal provided by the
cameras.

Wireless communication

The wireless communication system spreads radio signal inside the tunnel
for selected users, as for example:

- the SSUD

- the Fire Rescue Service

- Ambulance

- the Police of the Czech Republic

- mobile operators’ services (an independent investment project organised

by mobile operators)
- local FM radio providing traffic information broadcasting and the RDS.
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Obr. 3 Ndhradni zdroj el. energie dieselagregdt 900 kVA v severnim portdlo-
vém objektu tunelu Panenskd

Fig. 3 Emergency power supply 900 kVA in the northern portal building,
the Panenskd tunnel

Svételna a dopravni signalizace

Doprava v tunelu Panensk4 je fizend proménnymi dopravnimi znac-
kami. Tyto znaCky jsou pouzité pro fizeni dopravy v jednotlivych
dopravnich pruzich. Pro uzavieni vjezdu do tunelu jsou pouZitd dvou-
komorovd ndvéstidla svételného signalizaéniho zafizeni. Proménné
dopravni znacky jsou ovlddané povelovymi signdly z Fidictho systému
dopravy tunelu (zkr. RSDT) na zdkladé fidicich algoritma.

Dopravni znaceni

Dopravni znaCeni je nutné chdpat jako celek obsahujici pevné
a proménné dopravni znaceni vCetné svételné dopravni signalizace, a to
v tunelu i na prilehlych dsecich délnice (zpravidla mezi kriZovatkovy-
mi dseky).

Pied vjezdem do tunelu jsou &tyfi portdlové konstrukce
s proménnym dopravnim zna¢enim, které umoznuji postupné snizeni
rychlosti vozidel az na rychlost, kdy je mozné vozidla zastavit erve-
nym navéstidlem. Déle slouZi pro informaci fidi¢a o mimoradnych situ-
acich v tunelu.

Kontrola vysky vozidel

Meéreni vysky vozidel je na obou strandch délnice v dostate¢né vzda-
lenosti od portélu tunelu, aby bylo moZné nadmérné vozidlo zastavit.
Pro snimdni je pouzity detektor na principu infrazdvory v kombinaci
s induk¢nim dopravnim detektorem. Signdl z infrazdvory je prendSeny
do procesnich stanic fidicim systémem (RS), ktery aktivuje proménné
dopravni znaceni pred tunelem. RS zdroven predd zpravu na dispecink.

Nahradni zdroj elektrické energie

Dodévka elektrické energie pro vybrand zafizeni v pripadé vypadku
proudu z vefejné sité je zajiSténa toCivymi ndhradnimi zdroji el. ener-
gie — dieselagregdty (NZ). Spotiebice, kde se poZzaduje nepreruseny
provoz, jsou zdlohovany rovnéz z rota¢nich UPS (RUPS).

Soustroji nahradnich zdroju véetné RUPS jsou umisténa ve spole¢né
strojovné v objektu prislusného provoznétechnického objektu (PTO)
u obou portdlu. V PTO sever je NZ 900 kVA + RUPS 250 kVA, v PTO
jih je NZ 750 kVA + RUPS 250 kVA. Soustroji jsou v provedeni na
rdmu s pruznym uloZenim motoru a generdtoru. Spousténi NZ bude
provedeno automaticky pri vypadku proudu, nebo povelem z fidiciho
pracovisté. Provoz dieselagregétu je v soucinnosti s RUPS, kterd zajis-
tuje bezvypadkovy provoz vybranych zafizeni a podporuje startovaci
systém dieselagregdtu, a tim zvySuje spolehlivost zafizeni.

TECHNOLOGICKE VYBAVENI TUNELU NA DALNICI D1, D3
VE SLOVENSKE REPUBLICE

Pro navrh technologického zafizeni zajistujictho bezpecny provoz
plati ndsledujici predpisy a normy:

STN 73 7507 Projektovanie tunelov na pozemnych komunikéciach

TP 04/2006 Poziarna bezpecnost cestnych tunelov (TSV 0401)

Nar. vlady. 344/2006 o minimélnych bezpecnostnych poziadavkach
na tunely v cestnej sieti

Ve vétsiné uvedenych ddlni¢nich tuneli ve Slovenské republice je
navrzené podélné vétrani tunelu pomoci proudovych ventildtort umis-
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Public address

In the case of emergency in the tunnel, drivers can be informed through the
Public Address system. In principle, it is a low frequency signal distribution
between the switchboard and loudspeakers installed in the tunnel and escape
galleries. The public address system makes an entry of controllers possible,
according to the allotted priorities (the Police, a traffic controller, the person
in charge of a rescue intervention).

Telephone for controllers

The system of telephones for controllers is installed to make co-ordination
and communication between the tunnel maintenance and operation control
system components possible. The telephones are installed in all technical ser-
vices rooms existing in the tunnel.

Traffic lights and signs

Traffic in the Panenskd tunnel is controlled by means of variable traffic
signs. The signs are used for the control of traffic in individual traffic lanes.
The entry to the tunnel is closed by means of double-chamber light signs. The
variable traffic signs are controlled by command signals from the tunnel traf-
fic control room on the basis of control algorithms.

Road signalling system

The road signalling system must be understood as a complex consisting of
fixed and variable traffic signs, including traffic lights, both in the tunnel and
on the adjacent road sections (usually the intercrossing sections).

There are four gantry structures carrying variable traffic signs before each
tunnel entrance, which make gradual reduction of speed of vehicles possible,
to the speed at which the vehicles can be stopped by a red light. The gantri-
es are further used for informing drivers about emergency situations in the
tunnel.

Vehicle height checking

The height of vehicles is measured on carriageways of the motorway, at
a distance from the tunnel portal sufficient for stopping an oversize vehicle.
The dimensions are checked by a detector based on the principle of and
infrared barrier combined with an inductive traffic loop detector. The signal
is transmitted from the infrared barrier to processor stations through the con-
trol system, which actuates the variable traffic signs in front of the tun-nel.
At the same time, the control system sends a message to the traffic control
centre.

The stand-by power source

The supply of power for selected items of equipment in case of a failure of
power supply from the public network is provided by rotary stand-by sour-
ces (SBS), i.e. diesel generating sets. The appliances for which the uninter-
rupted operation is required are backed also by rotary UPSs (RUPSs).

The sets of stand-by power sources, including the RUPSs, are installed in
a common machine room, in the respective Operating and Technical
Services Building (OTSB) at both portals. The OTSB North houses
a 900k VA SBS + a 250kVA RUPS. The OTSB South houses a 750kVA SBS
+ a 250kVA RUPS. The sets are in the version comprising a frame, with
elastic support of the motor and the generating set. The SBSs will be swit-
ched on automatically at a power failure, or on a command from the control
room. The operation of the diesel generating set is interconnected with the
RUPS, which guarantees uninterrupted operation of selected items of equ-
ipment and, in addition, aids the starting system of the diesel generating set,
thus enhances reliability of the equipment.

EQUIPMENT OF TIUNNELS ON THE D1 AND D3 MOTOR-
WAYS IN THE SLOVAK REPUBLIC

The following regulations and standards are applicable to the equipment
design ensuring safe traffic:

STN 73 7507 Design of roads tunnels

TP 04/2006 Fire safety in road tunnels (TSV 0401)

The Decree No. 344/2006 of the government on minimum requirements
for tunnels on the road network.

Fire ventilation designs of most of the above-mentioned motorway tun-
nels in the Slovak Republic comprise longitudinal ventilation systems using
jet fans located under the tunnel vault. This equipment serves for the venti-
lation both during the normal traffic regime and during a tunnel fire.
According to the technical specifications TP 04/2006, fans are designed for
the heat resistance of 250°C / 120 min.; the assumed standard fire capacity
is 30MW.

The Vistiové tunnel is the longest motorway tunnel under preparation in
the Slovak Republic (7516m long). This is why a transverse ventilation sys-
tem was designed for both tunnel tubes. The supply and exhaust ducts are
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teénych pod klenbou tunelu. Zafizeni slouZi soucasné pro vétrani tunelu located under the tunnel vault. The tunnel ventilation is divided into 3 venti-

za normdlniho dopravniho reZimu, tak i pro vétrdni pfi pozdru v tunelu. lation sections as follows:

Podle TP 04/2006 jsou ventilatory dimenzovany na teplotni odolnost Section No. 1: from the western portal to the ventilation shaft - 1806m long

250 °C po dobu 120 min., uvaZzovany normovy poZzdr je zde 30 MW. Section No. 2: from the ventilation shaft to the mid point of the section
Tunel Visnové je nejdelsi pripravovany ddlni¢ni tunel ve Slovenské ending at the eastern portal - 2846m long

republice (dl. 7516 m). Z uvedeného duvodu je zde navrZené pricné Section No. 3: from the mid point of the section ending at the eastern por-

vetrani v obou tunelovych troubdch. Pfivodni a odvodni vétraci kandly tal to the eastern portal - 2846m long

jsou umisténé pod klenbou tunelu. Vétrani tunelu je rozdélené na 3 vét- Axial fans are designed to be in ventilation plant rooms located in the por-

raci dseky: tal structures (west, east) and at the ventilation shaft. The supply of fresh air
Usek ¢&. 1 — zdpadni portdl — vétraci Sachta, dl. 1806 m is through a ventilation duct using ventilation grills installed every 10m

Usek &. 2 — vétraci $achta — piil dseku k vychodnimu portélu, dI. 2846 m throughout the tunnel length. The exhaust is through servocontrolled dam-
Usek €. 3 — pul tseku k vychodnimu portdlu — vychodni portal, dI. 2846 m pers 2.5x2.0m installed at 100m spacing. Under the normal traffic regime, the

Axidlni ventildtory jsou umisténé ve strojovndch vzduchotechniky fans work according to the data provided by the measurements of CO con-
v portdlovych objektech (zdpad, vychod) a u vétraci Sachty. Privod centration and opacity in the tunnel. The output of the fans (the rotational
vzduchu je feSeny pres privodni vétraci kandl pomoci vyustek po 10 m speed) is controlled using frequency converters. In the case of a tunnel fire,
celé délky tunelu. Odvod je navrZen pres regulacni klapky na servo 3 pieces of exhaust dampers will open within the particular ventilation secti-
2,5%x2,0 m rozmisténych v tunelu po 100 m. Pfi normdlnim dopravnim on, while the others will close and a state of intense exhaustion of the com-
rezimu pracuji ventildtory podle ddaji méfeni koncentrace CO, opaci- bustion products and heat will take place. The minimum air exhausting rate
ty v tunelu. Vykon ventildtoru (otacky) je fizen pomoci frekvencnich is 230m?/s. The exhaust fans and dampers are designed for the heat resistan-
ménicu. V pripadé pozdru v tunelu se v daném vétracim dseku oteviou ce of 250°C / 120min, according to the requirements of the specifications TP
3 ks odsdvacich klapek, ostatni se zaviou a dojde k intenzivnimu bodo- 04/2006. In the other tube, which is not affected by the fire and which serves
vému odsdvéni zplodin hofenf a tepla. MnoZstvi odsdvaného vzduchu for the escape of persons (the two tubes are interconnected every 200-300m
je min. 230 m?s. Odsdvaci ventildtory a klapky jsou navrZené na by escape cross passages), the air supply fans will start to run at full capaci-
teplotni odolnost 250 °C po dobu 120 min. podle TP 04/2006. ty so that the intrusion of smoke and heat from the tunnel with the burning
V nezasdhnuté tunelové troubé, kterd slouZi pro tnik osob (ob¢ trouby vehicle is prevented. The cross passages are equipped with fire doors and an
jsou po 200-300 m propojeny unikovymi propojkami) se spusti pii- independent ventilation system securing a positive pressure of 20-40Pa.
vodni ventildtory na plny vykon, aby se zabrénilo pruniku koufe a tepla There are jet fans installed at the portals. They are intended to prevent
z tunelu s pozarem vozidla. Propojovaci chodby jsou osazeny poZarni- undesired longitudinal airflow in the tunnel.

mi dvefmi a maji vlastni vétrani zajistujici pretlak 2040 Pa. The Visnové tunnel does not need the power supply by means an alter-

Pro zamezeni nezddouciho podélného proudéni vzduchu v tunelu nate power supply system because it has two independent external power
jsou u portdl osazeny proudvé ventildtory. sources.

Vzhledem k tomu, Ze tunel Visnové md dva nezdvislé vnéjsi zdroje Heavy current and weak current equipment serving for supplying power,
el. energie, nenf zde nutné resit doddvku el. energie pomoci ndhradniho management and control of tunnel equipment and traffic facilities, the fire
zdroje. alarm and detection system, video surveillance system, radio communica-

V portalovych objektech na zapadnim, vychodnim portdlu a u Sachty tions, detection of harmful substances and other facilities allowing the safe
jsou navrZend silnoprouda a slaboproudd zarizeni slouzici k doddvce el. operation of the tunnel operation.

energie, ovlddani a fizeni technologickych a dopravnich zafizen{, elek-
tropoZdrni signalizace, videodohled, radiokomunikace, detekce skodli- CONCLUSION

vin a dal§{ zafizeni pro fizen{ bezpecného provozu tunelu. . . . .
p P P Tunnel equipment secures the maximum possible required level of safety

during the traffic in the tunnel and in the case of an accident and a burning

ZAVER vehicle in the tunnel. Timely detection of an extraordinary situation, fire etc.
Technologické vybaveni tuneld zajiStuje v maximdlni moZné mite gives a great chance to passengers to escape to protected spaces and outside
pozadovanou bezpecnost pri dopravnim provozu a v pripadé nehody the tunnel. A timely intervention of the Integrated Rescue System compo-
a pozdru vozidla v tunelu. V¢asné rozpoznani mimoradné situace, pozZa- nents will not only protect the health of passengers, but also reduce the scope
ru apod. ddvd velkou Sanci na zabezpeceni tniku cestujicich do chré- of damage caused to the building structure and tunnel equipment.
nénych prostor a mimo tunel. V&asny zdsah slozek integrovaného The Panenskd and Libouchec tunnels on D8 motorway were inaugurated
zachranného systému ochrani nejen zdravi cestujicich, ale také omez{ on 21.12.2006. The trial operation lasted till 30.9.2007; the maximum per-
pfipadné $kody vzniklé na stavebni konstrukei a technologickém vyba- missible speed was reduced to 60km for this time. All functions of the tun-
veni tunelu. nel equipment were tested and an exercise of the Integrated Rescue System
Tunely Panenskd a Libouchec na ddlnici D8 byly zprovoznény components was carried out during the trial operation. The topic of the
21.12.2006. ZkuSebni provoz trval do 30. 9. 2007 a po tuto dobu byla exercise was the activities in the case of an accident, a collision between
sniZzena rychlost vozidel na 60km/h. Ve zkuSebnim provozu byly pro- a heavy-goods vehicle and cars, evacuation of passengers and other model
vérovény vSechny funkce technologickych zafizeni a bylo provedeno situations. Smoke pots were used within the framework of the exercise for
cvicen{ sloZek integrovaného zdchranného systému. Provérovala se in- the ventilation testing purpose. A helicopter landed at the southern portal of
nost pii nehodé nédkladniho vozidla s osobnimi vozidly, evakuace ces- the Panenskd tunnel. The exercise proved that the tunnel equipment desig-
tujicich a dalsi modelové situace. V ramci cviceni byly pouzity dymov- ned to secure safe tunnel operation and evacuation of persons in the case of
nice pro odzkouseni vétrdni. U jiZzniho portdlu tunelu Panenskd pristél emergency is functional. A public address system allowing the passing of
vrtulnik. Cvicen{ prokdzalo funkénost technologickych zafizeni zajistu- information to passengers in the case of an accident is installed in the
jicich bezpeény provoz a evakuaci osob v prfipadé nehody. V tunelu Panenskd tunnel. The intelligibility of announcements was problematic
Panenska je instalovany rozhlas pro informaci osob v pfipadé nehody. because of poor acoustic conditions in the concrete tunnel tube. The tunnel
Vzhledem k $patné akustice betonového tunelu byla srozumitelnost hld- operation is managed according to the requirements of the Technical
Seni problematickd. Pro provoz v tunelu plati TP154 Provoz, sprdva Specifications TS 154 “Operation, Administration and Maintenance of
a udrzba tuneld pozemnich komunikaci, Eltodo EG, a. s., Praha, 2002. Road Tunnels”, Eltodo EG, a.s., Prague, 2002. The trial operation proved
Zkusebni provoz ukazal nutnost novelizace téchto TP. V soucasné dobé that the TS 154 must be updated. At the moment, the tunnels on the D8
jsou tunely na D8 provozovany v fddném dopravnim provozu s max. motorway are operating under regular traffic conditions, with the maxi-
povolenou rychlosti vozidel 80 km/h. mum permissible speed of 80km/h.
ING. MIROSLAV NOVAK, novak@metroprojekt.cz, ING. MIROSLAV NOVAK, novak@metroprojekt.cz,
ING. VACLAV MISAREK, misarek@metroprojekt.cz, ING. VACLAV MISAREK, misarek@metroprojekt.cz,
DAVID BENDA, benda@metroprojekt.cz, DAVID BENDA, benda@metroprojekt.cz
METROPROJEKT Praha, a. s. METROPROJEKT Praha, a. s.
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DEFINITIVNI OSTENI SEVERNIHO VITKOVSKEHO TUNELU
FINAL LINING OF THE VITKOV NORTHERN TUNNEL

MICHAL BENOVIC, PETR JAKES, OLDRICH CEJKA

uvob

Myslenka vybudovat vysokokapacitni spojeni mezi hlavnim nddra-
Zim na jedné stran¢ a Libni, VysoCany a HoleSovicemi na strané druhé
je tady uz vice nez 50 let. Po téchto dlouhych letech se kone¢né nejen
obyvatelé Prahy dockaji modernitho a rychlého spojeni do centra
metropole. Dojde k zefektivnéni{ jak pfiméstské, tak i ddlkové vnitro-
stitni a mezindrodni dopravy. V tomto ¢lanku bychom vam radi
pohledem zhotovitele, spoleCnosti Subterra, a. s., priblizili realizaci
definitivnich osténi raZeného severniho tunelu a hloubeného zapadni-
ho portélu, ktery je spolecné s jiZnim tunelem soucdsti souboru staveb
Nového spojeni.

ZAKLADNI CHRAKTERISTIKA

Severni vitkovsky tunel stavby Nové spojeni je navrzen v celé svoji
délce jako dvoukolejny a je veden v pfimé a v obloucich
o polomérech R = 901,80 m a R = 3605 m s podélnym sklonem 3,3
%o. Na betondz Cekalo v razené &dsti 93 tunelovych bloka o délkéch
12,37 m a 9 bloku délek pohybujicich se v rozpéti 10 — 12,37 m na
zdpadnim portdle jizniho a severntho tunelu. Price zahrnovaly
i betondZ péti trakenich vyklenku atypického profilu, pficemz dva
jsou situovany na zdpadnim portdlu a tfi v raZené ¢dsti tunelu.

PROFILACE

Jiz beéhem razby severniho vitkovského tunelu probihalo skenovani
primarniho osténi tunelovym skenerem. Po zdavére¢ném vyhodnocen{
nésledovala profilace lokélnich ploch, kterd nesplnovala kritéria pro
poklddku izolace a zhotoveni definitivniho osténi. Osténi se dile
upravovalo stifkanym betonem SB C 20/25 frakce 0-2 mm, tloustky
cca 30 mm. NandSen{ stfikaného betonu bylo provddéno suchou ces-
tou pomoci zarizeni Aliva SSB 24. Pred samotnou tpravou stifkanym
betonem byly z osténi odstranény vSechny technologické souddsti,
pouzivané béhem razby tunelu, které by mohly poskodit izolaci.
Takto upravené primdrni osténi splnovalo vSechny podminky TKP
&. 22 staveb Ceskych drah o izolacich proti vodg.

IZOLACNI A DRENAZNIi SYSTEM

Vzhledem k zastiZenym hydrogeologickym pomérim masivu
Vitkova je mezilehld izolace navrZena pouze v rozsahu horni klenby
definitivniho osténi (tzv. deStnikovd izolace). Podzemni voda
z oblasti za osténim je svedena k patni podélné tunelové drendzi, kterd
je tvorena Cdstedné perforovanou, tlaku odolnou drendZni trubkou DN
150 mm s rovnym dnem. V kazdém druhém bezpecnostnim vyklenku

INTRODUCTION

The idea of developing a capacity connection between the Prague
main railway station on the one side and the Liben, VysoCany and
HoleSovice districts on the other side has existed for over 50 years.
Now, after this long time of waiting, the citizens of Prague will see the
modern and fast connection to the centre of the metropolis completed.
The suburban traffic as well as domestic and international long-distan-
ce traffic effectiveness will also increase. In this paper, we would like
to give you an idea of the construction of the final lining of the mined
northern tunnel and the cut-and-cover western portal as seen by the
contractor. The tunnel is, together with the southern tunnel, part of the
package of constructions named the New Connection Project.

BASIC CHARACTERISTICS

The northern Vitkov tunnel of the New Connection Project is desig-
ned as a double-rail structure throughout its length. The tunnel align-
ment is straight and on curves with the radii R = 901.80 m and R =
3605 m, with the longitudinal gradient of 3.3%oc. Our task was to carry
out the casting of 93 pieces of 12.37m long concrete tunnel blocks in
the mined part of the northern tunnel and 9 pieces of blocks with the
lengths ranging from 10 to 12.37m in the cut-and-cover parts at the
western portal of the southern and northern tunnels. In addition, the
work comprised the casting of five recesses for catenary suspension
gear at atypical tunnel profiles; two recesses are located at the western
portal and thee in the mined part of the tunnel.

PROFILING

The scanning of the primary lining using a tunnel scanner was
carried out even during the excavation of the northern Vitkov tun-
nel. Once the results of the final assessment had been available, the
profiling of the local surfaces which did not meet the criteria for the
application of the waterproofing and erection of the final lining fol-
lowed. The primary lining was further mended by adding an about
30mm thick layer of shotcrete (concrete grade SB C 20/25; aggre-
gate grading 0-2mm). The dry process of shotcrete spraying was
used, by means of an Aliva SSB 24 set. All technological accessori-
es which had been used during the tunnel excavation and which
could cause damage to the waterproofing system were removed
from the lining prior to the application of this shotcrete layer. The
primary lining which was treaded in the above-mentioned way met
all conditions of Czech Railways’ TKP No. 22 Specifications on
waterproofing.

Obr. 1 Po betondZi patek s protiklenbou na zdpadnim portdlu
Fig. 1 After the casting of the footings and invert at the western portal

Obr. 2 MontadZ bedniciho vozu — zdpadni portdl
Fig. 2 Assembly of the traveller form — the western portal




Obr. 3 Fale$né primdrni osténi

Fig. 3 The false primary lining

je umisténa drendZzni Sachta. Tato je napojena na centrdlni tunelovou
stoku, kterd je umisténa v podéIné ose tunelu pod budoucim kolejo-
vym loZem a slouzi zdroven k pripadnému odvodnéni Zelezni¢niho
svr§ku. Z ni je podzemni voda odvadéna do sbérnych jimek pred vjez-
dovym (zdpadnim) portdlem a ndsledné do kanaliza¢niho systému.

Na zéklad€ vysledka IG prizkumu, zkusenosti ziskanych pfi razbé
tunelu a vzhledem k navrZzenému drendznimu systému je vylouceno
namdhdni definitivniho osténi tunelu tlakovou vodou.

Mezilehlou izolaci tvori podkladni vrstva geotextilie 500 g/m?2
(uloZena na stiikany beton) a izola¢ni félie PE Carbofol Tunel Liner
tl. 2 mm se signalni vrstvou 0,2 mm, pfi jejimZ poruseni je mozno
jasné lokalizovat misto poruchy a provést opravu poskozeného mista.
Izola¢ni vrstva byla instalovdna z pojizdné ploSiny odbornym doda-
vatelem.

BETONAZ

V priportdlovych usecich, pfi podchizeni ndrodniho pamdtniku
umisténého na vrchu Vitkové a v misté kifZen{ tunelu s podchodem
pro pési, ktery vede z Karlina na Zizkov (vzdilenost obou podzemnich
dél byla jen 11 m), bylo raZeno v technologickych tfidéch 5a, resp. 4b
se spodni klenbou. Razba zbylych &4sti tunelu probihala ve tfiddch 4a
a 3 bez spodni klenby. Z tohoto vychézi i usporadani pri¢ného fezu
definitivniho osténi. V mistech, kde razba probihala v technologickych
tiidach 5a a 4b, byly realizovédny patky s protiklenbou a vyztuZend
horni klenba. V mistech razby v technologickych tfiddch 4a a 3 je defi-
nitivnf osténi tvofeno patkami a horni klenbou z prostého betonu.

V razené &asti je z celkového po&tu 93 bloka 37 (40 %) s vyztuZenou
horni klenbou a 56 (60 %) s horni klenbou z prostého betonu. Dilata¢n{
celek tvorily 4 bloky. Mezi jednotlivé dilatani celky byl do spér a na
¢elo bloku po celém obvodu osazovan extrudovany polystyrén tloust-
ky 20 mm a uzavfen trvale pruznym tmelem.
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WATERPROOFING AND DRAINAGE SYSTEM

Considering the hydrogeological conditions of the Vitkov Hill mas-
sif, an intermediate waterproofing system is required by the design
only for the upper vault of the final lining (the so-called “umbrella sys-
tem”). Ground water from the area behind the lining is diverted to
a longitudinal drain found at the level of the vault footing. The drain
consists of partly perforated, pressure resistant drainage pipe DN 150
with a flat bottom. A drainage well is located in every other refuge
recess. The well is connected to the central tunnel sewer, which is loca-
ted on the longitudinal axis of the tunnel, under the future ballast bed.
The sewer is at the same time used for drainage of the track superst-
ructure. Water flows from the wells to sumps installed in front of the
entrance (western) portal and, subsequently, to the public sewerage
system.

It is known on the basis of the EG survey results, experience obta-
ined during the tunnel excavation and with respect to the drainage
system that pressure water loading action on the final lining is
impossible.

The intermediate waterproofing consists of geotextile 500g/m? for-
ming a bedding layer (applied to the shotcrete surface) and a 2.0mm
thick PE Carbofol Tunnel Liner waterproofing membrane with 0.2mm
thick tell-tale layer, which allows the builders to easily locate a defect
in the case of damage caused to the membrane and to remove it. The
waterproofing system was installed by a specialist sub-contractor,
from a movable platform.

CONCRETE CASTING

The excavation in the portal sections, during the passage under the
National Monument located on Vitkov Hill and in the location where
the tunnel crossed a pedestrian tunnel leading from the district of
Karlin to the district of ZiZkov (the distance between the tunnels was
only 11m) was carried out through rock categorised as the excavation
support classes 5a or 4b with an invert. The remaining parts of the tun-
nel were driven through the rock class 4a and 3, without an invert. The
arrangement of the cross section of the final lining corresponds to this
division. The tunnel in the locations where the excavation passed
through the excavation support classes 5a and 4b was provided with
footings with an invert and a reinforced concrete upper vault. The final
lining in the sections where classes 4a and 3 were specified consisted
of footings and unreinforced concrete upper vault. .

In the mined part of the tunnel, of the total number of 93 casting
blocks, 37 blocks (40%) have the upper vaults reinforced and 56
(60%) of the vaults are in unreinforced concrete. Four casting blocks
made up one expansion block. Extruded polystyrene slabs 20mm thick
were placed between individual expansion blocks. The joints were clo-
sed by a non-setting compound.

The basic shape of the final lining is formed by a circular upper
vault with the radius R = 5700mm. The final upper vault lining and
invert design thickness H = 300mm and 350mm respectively. A safety
recess is located at the mid point between every other block.

Concrete reinforcement design required the 10505.0 R steel grade.
The concrete cover over the reinforcement is 50mm. The concrete foo-
tings are reinforced with reinforcement cages throughout the tunnel
length. The about 2.5m long cages were prefabricated on site using

Obr. 4 Montdz bednéni trakéniho vyklenku — zdpadni portdl
Fig. 4 Fabrication of the formwork for a catenary recess — the western portal

Obr. 5 3D model skladby bednéni trakéniho vyklenku
Fig. 5 A 3D model of the structure of the formwork for a catenary recess
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Obr. 6 Betondz bloku navazujiciho na trak¢ni vyklenek — zdpadni portdl
Fig. 6 Casting of a block adjacent to a catenary recess — the western portal

Zakladni tvar definitivniho osténi tvori kruhova horni klenba
o poloméru R = 5700 mm. Definitivni osténi horni klenby byla navr-
Zena tloustky H = 300 mm a protiklenba tloustky H = 350 mm.
Uprostied kazdého druhého vyklenku je po obou strandch umistén
bezpecnostni vyklenek.

Vyztuz byla navrZena z ocele tfidy 10505.0 R. Kryti betonu &inf
50 mm. Vyztuz patek v celé délce tunelu tvori armokoSe délky cca
2,50 m pripravované na stavenisti, které byly vdzdny z predem pri-
pravenych prutd v armozdvodé. V mistech se spodni klenbou tvorily
armaturu pruty volné vyztuze s Kari siti, které byly ve dvou vrstvach
stykovany s armokosi patek. Horni klenba byla tvorena vyztuzi cel-
kem z Sesti kusu piihradovych svafovanych trojahelnikovych rame-
natd a dvéma vrstvami Kari sité. Vzdalenost ramendtd v jednom
bloku je v praméru 1,85 m. Vyztuz se kompletovala z pojizdné pra-
covni plosiny pojizdéjici po kolejich typu S49, poloZenych na jiz zho-
tovenych patkdch. Pfed definitivnim osazenim probéhla geodetickd
kontrola polohy ocelovych ramendtu. Bezpe¢nostni vyklenky byly
vyztuZeny i v blocich z prostého betonu samonosnou konstrukei.

Bednéni patek navrZené realizadnim tymem bylo tvoreno ocelovym
rdmem z vélcovanych profilu, opatfenych pieklizkou s povrchovou
tpravou proti vodé. Bednéni jednoho bloku sestdvalo z péti vzdjem-
né seSroubovanych ¢édsti. V dsecich bez protiklenby bylo osazovdno
na podkladni beton a jeho presnd smérovd a vy§kova poloha byla
v kazdém kroku geodeticky kontrolovdna. V zdjmu urychlen{ praci
byly zhotoveny dvé sady bednéni a betondz probihala Sachovnicoveé.
Soucdsti betondze bylo také osazeni podélné patni drendze
a kontrolnich Sachet, které se nachdzely v bezpecnostnich vyklencich.
Bednéni v tsecich s protiklenbou bylo osazovdno na rektifikani
Srouby, coz umozniovalo jeho presné vyskové osazeni. BetondZ patek
a protiklenby probihala v jednom bloku bez pracovni spary. Vysledny
tvar protiklenby byl dosaZen pomoci vodicich prvki, které se po
zatuhnut{ betonu odstranily.

Horn{ klenba byla betonovana do ocelového samohybného bednici-
ho vozu tuhé konstrukce vybaveného pohyblivym manipuldtorem
k rozdélovéni betonu do jednotlivych betondZznich oken. Bednici vuz
byl montovdn na zdpadnim portdle. K doprave betonu bylo nasazeno
Cerpadlo betonové smési Putzmeister 1405 napojené na systém dopra-
vy betonu bedniciho vozu. V pripadé poruchy jsme méli k dispozici
ndhradni Cerpadlo betonové smési. Forma byla osazena 80 kusy
vzduchovych vibritort tak, aby se d¢innost sousednich vibratora pre-
kryvala.

Spodni klenba je z betonu C 25/30 XAl, XF1, XC1. Horni
klenba je tvorena betonem C 25/30 XA1, XF1. Receptura byla navr-
Zena s ohledem na dosaZeni potfebné pevnosti betonu pri odbedné-
ni v technologicky pfipustnych Casech, poZadovanou konzistenci
a minimalizaci moznosti vzniku smrstovacich trhlin, a to zejména
v nevyztuzZené Casti.

Realizace sekundérniho osténi z prostého betonu klade na zhotovi-
tele zvySené pozadavky v oblasti technologie betondze, zejména na
sloZen{ betonové smési a vhodné oSetfovani betonu v prvnich dnech
po odbednéni. To vede k navySeni vyrobnich ndklada, které jsou ale

rebars which had been cut and bent in advance in a rebar processing
plant. The inverted arch was reinforced with loose reinforcing bars
combined with two layers of Kari mesh. The mesh was spliced with
the footing reinforcement cages. The reinforcement of the upper vault
consists of six welded lattice girders with a triangular cross section and
two layers of Kari mesh. The lattice girders were spaced 1.85m apart
on average in one block. The reinforcement was placed from
a travelling platform moving on S49 type rails, which were laid on the
completed footings. The position of the girders was checked by surve-
yors prior to the installation of the shutter. The refuge recesses were
provided with self-supporting reinforcement structures even in the
blocks where unreinforced concrete was used.

The design for the formwork for the footings was developed by the
construction team. The form was assembled from a steel frame from
rolled-steel sections and plywood sheets with water-resisting finish.
The formwork for one block consisted of five parts bolted to each
other. In the sections without the invert, it was placed on a concrete
bed; the accuracy of the position (the direction and height) of the form-
work was always checked by surveyors. Two sets of the formwork
were produced with the aim of accelerating the operations. The conc-
rete casting was carried out in a staggered manner. Part of the concre-
te casting process was also the laying of the longitudinal drains and the
drainage wells which were built in the refuge recesses. In the sections
with the inverted arch, the formwork was placed on adjusting bolts,
which allowed the setting to the accurate level. The footings and inver-
ted arch were cast as a single block, without any day joint. The resul-
tant shape of the inverted arch was achieved by means of guiding ele-
ments, which were removed after the concrete setting period.

The upper vault casting was performed using a rigid structure, self-
propelled steel tunnel formwork, which was equipped with
a manipulator capable of distributing concrete to individual casting
ports. The traveller form was assembled at the western portal.
Concrete was transported using a Putzmeister 1405 pump, which was
connected to the concrete transport system which was part of the tra-
veller form. A standby concrete pump was available to be used in the
case of a defect. There were 80 pneumatic vibrators mounted on the
formwork, in a pattern securing that the effect of neighbouring vibra-
tors overlapped.

The inverted arch is made of concrete C 25/30 XAl, XF1, XC1.The
upper vault is of concrete C 25/30 XA1, XF1. The concrete mix com-
position was designed with respect to the achieving of the strength
required for demolding within technically permissible times, required
consistency and minimisation of the possibility of development of
shrinkage cracks, primarily in the non-reinforced parts.

The construction of the secondary lining of unreinforced concrete
imposes special requirements on the contractor in the field of the conc-
rete casting technology, above all regarding the mix composition and
proper curing of concrete during the initial days after the form striking.
On the one hand, this results in increased costs, on the other hand, the
increase is made up for by savings in the reinforcement. Two concrete
curing gantry-type travelling structures were added to boost the effect
of the commonplace protective spray preventing rapid evaporation of
water from the surface of the structure, which is applied immediately
after the striking. The curing frames were covered with Kari mesh,
geotextile and a layer of air-tight material. They were placed directly
behind the traveller formwork with the aim of protecting the comple-
ted concrete structure against abrupt cooling and created, in combina-
tion with the protective spray, a microclimate required for the concre-
te hydration process. The vault structure remained under the protecti-
on of the curing gantries for 3 — 4 days, depending on the duration of
the casting step.

The measurement which was carried out in the final phase of the
upper vault casting in collaboration with the Department of
Experimental Geotechnics of the Czech Technical University was
intended to serve for the comparison of the course of hydration of
concrete protected by the curing gantries and without them. Two mea-
surement stations were installed. One of them was in a block made of
reinforced concrete, the other one in an unreinforced concrete block.
Sensors were installed in each of the blocks in two cross sections, on
a side and in the crown. The temperature was measured in each cross
section on the outer side, at the mid point and on the inner side; the air
temperature was measured close to the lining. A total of 16 sensors
were installed. Two neighbouring blocks were cast using concrete with
the same composition. The unreinforced concrete blocks were under




Obr. 7 OSetiovaci vozy
Fig. 7 Concrete curing gantries

kompenzovény dsporou na armatufe. K béZzné pouzivanému ochran-
nému nastfiku slouzicimu k zabrdnéni rychlého odpafeni vody
z konstrukce, nand§eného neprodlené po odbednéni, pribyly dva oset-
fovaci vozy. Jejich konstrukci tvorily profily z vdlcované ocele tak,
aby byl zachovén prujezdny profil 4 x 4 m. P43t oSetfovacich vozu
byl sestaven z vrstvy Kari siti{, pokrytych geotextilii a vrstvou
z neprody$ného materidlu. Vozy byly umistény bezprostfedné za bed-
nicim vozem, aby zabezpecovaly ochranu zhotovené konstrukce proti
nahlému ochlazeni a vytvorily tak spole¢né s ochrannym ndstfikem
potfebné mikroklima pro prubéh hydratace betonu. V zdvislosti na
délce trvani betondzniho zabéru byla konstrukce klenby pod ochranou
ofetfovacich vozi 34 dny.

V zévéreCné fazi betondze horni klenby probehlo ve spolupréci
s katedrou experimentdlni geotechniky CVUT méfeni, které mélo
poslouZit k srovndn{ prubéhu hydratace betonu s ochranou oSetfova-
cich vozu a bez ni. Byly instalovdny 2 méfické profily. Jeden v bloku
s armaturou, druhy v bloku z prostého betonu. V kazdém z nich byla
osazena ¢idla ve dvou fezech, a to na boku a v klenbé. V kazdém fezu
se meéfila teplota betonu na vnéjsi strané, v prostiedku, na vnitin{ stra-
né a teplota vzduchu tésné pri osténi. Celkem bylo instalovdno 16
¢idel. Dva sousedni bloky byly zhotoveny betonem stejného sloZeni.
Blok z prostého betonu byl po dobu ¢tyr dni pod ochranou osetfova-
cich vozu. Vyztuzeny blok byl po odbednéni ofetfen ochrannym
néstiikem a vystaven okolnimu prostfedi. Méfen{ probihalo do usta-
leni teplot betonu a md slouZit ke stanoveni efektivnéjSich technolo-
gickych postupt pfi betondZi kleneb tunelt z prostého betonu.

Betondz severniho tunelu probihala soucasné s betondZi jizniho
tunelu a vychodniho hloubeného portdlu. Vzhledem k této skute¢nos-
ti ariznym dopravnim omezenim a uzavirkdm, jak na samotném sta-
venisti, tak v okoli, byly kladeny vysoké pozadavky na planovani
a koordinaci dopravy betonové smési k mistu uloZeni.

Jak jiz vySe zminéno, bylo nutno vybetonovat i pét trak¢nich
vyklenkt (déle jen TV) atypického tvaru. Tloustka sekunddrniho osté-
ni spodni i horn{ klenby byla H = 500 mm. K zabednén{ horni klenby
bloki TV bylo nasazeno bednéni od stejného dodavatele jako
u bedniciho vozu. Bednéni tvofila samostatnd samonosnd konstrukce,
ze které byly sily vznikajici pfi betondZi prendSeny bednicim vozem,
ustavenym do spodni stavby pod toto bednéni. Tuhost bedniciho celku
zabezpecovala dodrzeni poZadovaného definitivniho tvaru sekundérni-
ho osténi TV. MontdZ bednéni probihala nezévisle od betondZe typic-
kych blokd, a tim nebyl ohroZovén harmonogram vystavby. Bednéni
bylo s dspéchem nasazeno i pri betondzi TV jizni tunelové trouby.

VYPLNOVA INJEKTAZ

Predmétem provedeni vypliiovych injektdZi jsou partie definitivni-
ho osténi. Jednd se o nevyplnény prostor na rozhrani definitivniho
osténi a mezilehlé izolace jakoZto doprovodného jevu pfi betondzi
hornich kleneb.

Tato injektdZ je nezbytnd pro bezchybnou funkci mezilehlé izolace
tunelu. K jejimu provedeni je vyuZito prostupu v klenbé osténi, vznik-
Iych pii betondzi osazenim dutych ocelovych trnd, které slouZzi ke
kontrole prubéhu konené faze plnéni formy a k odvedeni vzduchu
uzavreného mezi plastém formy a izolaci. V mistech pouZiti injektdzi
lze predpoklddat existenci nevyplnénych prostor mocnosti v fadu
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Obr. 8 Rozmisténi &idel snimajicich teplotu betonu v jednom z méricich rezu
Fig. 8 Arrangement of sensors monitoring the temperature of concrete in one
of the measurement stations

the protection of the curing gantries for four days. Protective coating
was sprayed on the reinforced concrete block after the striking and was
exposed to the environment. The measurement continued until the
concrete temperature stabilised. It was intended to serve for the deter-
mination of more effective technological procedures to be used for the
casting of unreinforced concrete vaults.

The casting of the northern tunnel lining was carried out concur-
rently with the casting of the southern tunnel lining and the eastern cut-
and-cover portal. The requirements for the planning and coordination
of concrete transport to the casting site were very demanding because
of this fact and due to various traffic restrictions and road closures
existing both on the site and in its surroundings.

As mentioned above, it was also necessary to cast five atypical sec-
tions with catenary suspension recesses (hereinafter referred to as the
CSR). The thickness of the secondary lining of the inverted arch and
upper vault was H = 500 mm. The upper vaults of the CSRs were
moulded using formwork produced by the same contractor as that one
who produced the traveller form. The formwork consisted of an inde-
pendent self-supporting structure and the traveller form. The forces
acting on this formwork during the concrete casting process were tran-
sferred to an undercarriage, which was positioned on the substructure
under the formwork. The rigidity of the moulding set guaranteed that
the required final shape of the secondary lining of the CSR would be
maintained. The formwork was assembled independently of the cas-
ting of the typical blocks, thus the construction schedule was not jeo-
pardised. The formwork was successfully used even for the casting of
the CSRs in the southern tunnel tube.

TOP-UP GROUTING

The top-up grouting was carried out with the aim of filling the voids
which remain in the crown at the interface between the final lining and
intermediate waterproofing membrane as an accompaniment of the
upper vault casting process.

This grouting is necessary for the intermediate tunnel waterproofing
to function flawlessly. The grout is injected through openings in the
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mm, piipadné cm. InjektdZz{ maji byt tyto prostory vyplnény tak, aby
izola¢ni souvrstvi celoplo$né doléhalo k povrchu priméarniho osténi.

K vypliové injektdZi bylo pouZito cementové suspenze. Pro vyber
vhodnych typa cementu k injektdZim tohoto zadédn{ (vypliiova pro pro-
story velikosti fddu mm) jsou rozhodujici ndsledujicich vlastnosti:
minimdlni hodnota odlouceni vody, nizkd objemova zména béhem
tuhnuti a tvrdnut{, zacétek a konec tuhnuti cementu v ¢asech umoznu-
jicich kompletni zapInéni prostoru se zatizenim, které umoZnuje prova-
déni dané ¢innosti. Pri laboratornich zkouskéch byl vytipovan cement
CEM V/A 32,5 Prachovice, ktery nejlépe spliioval uvedené vlastnosti.

InjektdZe byly provadény z pracovni ploSiny pomoci inejktdzni
sestavy Héany 650/711V + turbomichacka HCM 300/600 E + zdsob-
nik smési HRW 350 nejdiive po uplynuti doby 28 dnu. InjektdZz dané-
ho tseku probihala za mirného tlaku (max. 0,2 MPa = 2.0 barru) sou-
visle od niZe poloZenych poloh smérem nahoru (podélny sklon celé-
ho dila). VySe poloZené prostupy tak plnily postupné funkci odvzdus-
néni, v dalsi fazi byly vyuZivdny jako plnici otvory a po ukonceni
injektdZe byly zaslepeny.

ZAPADNI PORTAL
Betonaz

JizZ béhem hloubeni a zajistovani stavebni jamy zdpadniho portdlu
(déle jen ZP) jsme se museli vyporadat se stisnénymi podminkami na
stavenisti. Kratkd délka hloubeného dseku a potfeba betondZe dvou
TV v této Césti, které neumoznovaly nasazeni klasického kontra bed-
néni, nds vedly pouZit feSeni v naSich podminkdch neobvyklé. Na
¢asti hloubeného useku jsme se rozhodli zhotovit tzv. ,falesné pri-
madrni osténi, které slouZilo jako ztracené vnéjsi bednéni hornich kle-
neb. Zékladny nosny prvek tvorily upravené svarované pifhradové
ramendty, na které byly upevnény dvé vrstvy Kari siti. Vnéjsi vrstva
byla opatfena geotextilii, kterd umoznila nandseni betonu. NandSeni
betonu SB C 20/25 probihalo mokrou cestou za pouziti manipuldtoru.
Béhem postupného stifkdn{ betonu byla pravidelné geodeticky kon-
trolovdna poloha ocelovych ramenatu.

Takto zhotovené ,,fale§né primdrni osténi* bylo napojeno na porta-
lové stény hloubeného tseku. Ndsledné prace probihaly shodnym
zpusobem jako v raZzené ¢dsti. Touto technologii bylo realizovéno cel-
kem Sest pasu horni klenby v&etné dvou TV.

Zasypy

Zasypové teleso je ohraniceno péti portdlovymi sténami, vjezdovy-
mi bloky hloubenych tuneli a danym tvarem zdsypu v prostoru nad
viezdovymi portély tunell. Tvar zdsypu se bliZi pivodnimu charakte-
ru terénu pred vybudovdnim hloubené ¢dsti. Jako zdsypovy materidl
byla pouZita popilkobetonovd smes ve spodni Cédsti a kamenivo se
zrny max. 200 mm, ziskané pfi razbé tunelt, v horni &dsti. Jednd se
prevazné o kfemence a prachovce. Pri realizaci ndsypovych téles
v rdmci celého souboru staveb byla provedena analyza, kterd vhod-
nost tohoto materidlu prokdzala. Ze severn{ strany hloubené stavebni
jamy bude zpétny zasyp zpevneén, pro velky sklon svahu, betonovymi
svahovkami pro staticky namdhané zdi, a to cca do vysky vrchu horni
klenby definitivniho osténi.

o
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crown of the lining — hollow steel pins embedded in the lining during
the casting, which are used for checking on the course of the final
phase of the filling of the form with concrete and for the releasing of
the air trapped between the formwork surface and the waterproofing
membrane. It can be expected that voids with the thickness in the order
of millimetres or centimetres will exist in the crown. These voids
must be filled with grout so that the waterproofing layers are in full
contact with the surface of the primary lining.

The top-up grouting was carried out using cement slurry. The follo-
wing properties are crucial for the selection of cements suitable for this
kind of grouting (filling spaces with the thickness in the order of mil-
limetres): the minimum value of the water segregation ratio, low volu-
metric change during the setting and hardening phases and initial and
final setting time within limits allowing complete filling of the voids
by the equipment suitable for this operation. Cement CEM V/A 32.5
Prachovice, which best fitted the above-mentioned requirements, was
chosen during the laboratory testing.

The grouting was performed from an access platform using a Hany
650/711V grouting set, an HCM 300/600 E turbine mixer and an HRW
350 storage silo for the mixture, not earlier than after 28 days. The
grout was continuously injected in a particular section under
a moderate pressure (maximum 0.2MPa = 2.0 bar), starting from lower
points upwards (allowing for the longitudinal gradient of the tunnel).
The lower positioned openings fulfilled the function of vent holes to
be successively used as filling holes; when the grouting was finished,
the holes were blinded.

WESTERN PORTAL

Concrete casting

It was as early as the beginning of the excavation and stabilisation
of the construction trench for the western portal (hereinafter referred
to as the WP) that we had to cope with the highly constrained situati-
on on the construction site. The short length of the cut-and-cover tun-
nel section and the need for the casting of two CSRs in this part did not
allow us to use the commonplace formwork and made us use a solution
which was unusual in our conditions. We decided to carry out a so-cal-
led “false primary lining”, which served as sacrificial back shutter for
the upper vaults. Welded lattice girders with two layers of KARI mesh
provided the basic support. The outer layer of the mesh was covered
with geotextile, which made the placement of concrete possible.
Shotcrete SB C 20/25 was applied using the dry wet process, by
a manipulator. The position of the lattice girders was regularly chec-
ked during the shotcrete application by surveyors.

The “false primary lining”, which was built by this way, was joined
to the portal walls of the cut-and-cover section. The subsequent opera-
tions were identical with those applied in the mined tunnel. Using this
technique, we erected a total of six blocks of the upper vault, including
two CSRs.

Backfilling
The backfill body is bordered by five portal walls, the entrance
blocks of the cut and cover tunnels and the contour of the backfill body
above the entrance portals of the tunnels. The shape

osténi ve vrcholu klenby

Hydration heat curve for the middle
of the lining at the crown of the vauit

Prabéh vyvoje hydrata¢niho tepla uprostied

of the backfill body is similar to the original terrain
before the commencement of the excavation for the
cut-and-cover section. Cinder concrete was used for
the lower level of the backfill, while the upper part
was backfilled using the muck obtained from the

upper part of the excavated profile (mostly quartzite

and siltstone), with the grain size not exceeding
200mm. An analysis which was carried out during the

filling of embankments within the framework of the
whole project proved that this material was suitable
for this purpose. The steep slope of the backfill body

will be stabilised on the northern side of the con-

struction trench for the cut-and-cover section by
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Z hlediska provddéni neni realizace zdsypu jednoduchd operace. blocks will be installed up to level of the top of the final lining upper
Z duivodu problémové dostupnosti k mistu zasypu, stisnénym podmin- vault.
kdm pracovni plochy vymezené zdsypem, tvarem a sklonem vitkovské- The backfilling is no simple operation to execute. Because of the
ho vrchu a v neposledni fadé strojnimi mechanizmy potfebnymi difficult access to the backfill location, constrained conditions of the
k provéadéni byla nutnd dukladnd koordinace jak ndvozu materidlu (popil- work area bordered by the backfill, the shape and slope of Vitkov Hill
kobeton, kamenitd sypanina, svahovky), tak samotného provddéni. and, at last but not least, the equipment necessary for the work, tho-
Vyplnéni prostori spodni &ésti zdsypového objektu probihalo popil- rough coordination of not only the transport of materials (cinder conc-
kobetonem, ktery byl na staveni$té dopravovén v cisterndch o objemu rete, processed muck, slope stabilising blocks) to the site but also the
35 m® v suché formé. Za pomoci jednoduchého michaciho zafizeni byla work execution itself was necessary.
piimo nad mistem zalévani do suché smési priddvdna voda. Vznikala The spaces at the bottom of the backfill body were filled with cin-
tekutd suspenze, kterd bez potieb dalsiho zpracovani vyplnila viechny der concrete, which was transported in the dry form to the site in 35 m?
volné prostory. Timto zptisobem probihalo vypliiovani prostor po etd- tanks. Water was added to the dry mix directly above the pouring loca-
7ich mocnosti 1,5 — 2,0 m aZ do vysky cca 2 m nad definitivni osténi. | tion, using a simple mixing device. The fluid suspension which origi-
Nisledné dovypliiovéni prostor ZP probihd v soudasné dobé zasypava- nated filled all empty spaces without any need for other intervention.
nim a hutnénim vrstev, jejichZ tloustka nepfesahuje 30 cm. The backfilling continued in this way, in 1.5 — 2.0m thick layers, up to
Projektova dokumentace nepredpokladd provadéni prvki odvodné- the level of about 2m above the top of the final lining. The subsequent
ni v télese ndsypu, ale po&itd se zachovanim funkce odvodnéni pro- completion of the backfilling of spaces at the WP, which is currently
vedeného odvodnovacimi Zlaby za ztuZujicimi betonovymi bloky underway, is carried out by compacting the material in layers with the
mikropilotovych stén. Ochrana konstrukce hloubenych tunelt je pro- thickness not exceeding 30cm. . o )
vedena féliovou izolact, kterd je ukoncena v paté opér podélnou dre- The design does not expect that drainage be provided in the backfill
ndZi vyvedenou az pred portdl a zatsténou do systému odvodnéni body; it counts with the existing drainage secured by the drainage
kolejového loze a ploch pied portalem. Vyjezdové pasy STT a JTT tr(_)ughs_ which are found behind the concrete capping pieces on the
budou v definitivnim stavu opatfeny odvodfiovacimi tvarovkami. micropile walls. The cut-and-cover tunnels are protected by
Po skondent praci na zdsypovém t&lese bude toto upraveno do defi- | & waterprooofing membrane, which ends at the bottom of the side

walls in the longitudinal drains, which have the outlets in front of the
portal and are connected to the system draining the track bed and the
area in front of the portal. The exit blocks of the NTT and STT will be

nitivni podoby v rdmci terénnich a sadovych uprav.

ZKUQEBNICT\{[ provided by drainage when they are in the final condition, using drai-
Metodika prikaznich a kontrolnich zkousek materidla a konstruke{ nage fittings.

v tunelu je stanovena pfislusnymi technickymi normami, technolo- Terrain finishes and landscaping of the backfill body will be carried

gicko-kvalitativnimi podminkami objednatele, pfipadné technickymi out once the backfill has been completed.

a dodacimi podminkami pouZivanych technologii. Prikazni

a kontrolni zkousky se prfi provddéni tunelli vztahuji na vechny TESTING

druhy a Easti konstrukef trvalého vystrojen. Methods for preliminary and check testing of materials and structu-

Armatura res in a tunnel are specified in respective standards, specifications issu-

Ocelova vyztuz do osténi byla doddvéna s prohldSenim o shode¢. ed by the client or general specifications associated with the techniqu-
Prukazni zkousky stanovi CSN 73 2400 a normy souvisejici. Pro es to be used. Preliminary testing and check testing to be conducted in
doddvku a skladovani platily pozadavky uvedené v kapitole 17 TKP the tunnel construction process must cover all kinds and parts of the
staveb Ceskych drah. permanent lining structure.

Protikorozni ochrana tunelu je feSena etapové. Prvni etapa obsahu- concrete reinforcement
je soubor pasivnich ochrannych opatfeni obsaZenych ve vSech jeho
stavebnich Céstech. Tato opatfeni jsou také zohlednéna pri uklddan{
koleji do kolejového loZe, pri feSeni piisluSenstvi tunelu a u ostatnich
kovovych tdloznych zafizeni dotenych touto stavbou. Cilem téchto
ochrannych opatfeni je predev§im sniZit velikost bludnych proudu
prochdzejicich konstrukci tunelu a zajistit, aby jejich pruchod byl
veden po vodi¢ich 1. tfidy, tj. po propojené vyztuZi nebo po propojo-
vacim vedeni. Ocelovd vyztuz spodni klenby tunelu je vodivé propo-
jena provarenim s vyztuZi Zelezobetonového profilu horni klenby.
Z tohoto duvodu postadilo osazovani kontrolnich méficich boda na

Steel reinforcement bars to be used in the lining were supplied toget-
her with a Declaration of Conformance. Preliminary tests are determi-
ned by CSN 73 2400 and related standards. The requirements contai-
ned in chapter 17 of Czech Railways’ Construction Specifications
were applicable to the supplies and storing.

The development of the corrosion protection system of the tunnel is
divided into stages. The first stage comprises a set of passive protecti-
on measures which are carried out in all structural parts of the tunnel.
These measures are also planned to be carried out during the laying of
track on the ballast, when the tunnel accessories are being designed

vyztuz horni klenby. Ve druhé etapé feSenf protikorozni ochrany tune- and when other metal storage facilities influenced by the construction
lu bude proveden podrobny korozni pruzkum jako soubor geofyzikal- are being dealt with. The primary objective of these protective measu-
nich a elektrickych méfenf a na zdkladé jejich vysledki se pak stano- res is to reduce the magnitude of stray currents passing through the
vi ptipadnd dodate¢nd ochrannd opatteni a pokyny pro provozovatele tunnel structure and ensure that the stray currents pass through first-
tunelu. Pfed kaZdou dil¢f betondZi byl zméfen ohmicky odpor vyztu- class conductors, i.e. through the interconnected reinforcement bars or
Ze, ktery potvrdil dokonalost vodivych propojeni. interconnectors. The steel reinforcement of the inverted arch is electri-
Beton cally connected with the reinforcement of the upper vault by welding.

For that reason, the fixing of checking measurement points to the rein-
forcement of the upper vault was sufficient. The second stage of the
process of designing the corrosion protection comprises a detailed cor-
rosion survey, which will consist of a set of geophysical and electrical
measurements, assessment of the results and, if necessary, the deve-
lopment of the design for additional measures and instructions of the
tunnel operator. The ohmic resistance of the reinforcement was mea-
sured prior to each partial concrete casting operation; it confirmed that
the electrical connection was perfect.

Pred zahajenim betondZze byly zhotoveny prukazni zkousky, které
prokdzaly splnéni poZadovanych vlastnosti betonové smési a betonu
s ohledem na zvolenou technologii a pouzité materialy. Pro dodavku
a skladovani materidlu pro betonové smési a pro prukazni zkousky
betonu plati kapitola 17 TKP staveb Ceskych drah, stanovujici druh,
Cetnost a zpusob provddéni danych zkousek a piisluiné platné normy.

Béhem kaZdého betondzniho zédbéru byly odebirdny vzorky.
Konzistence Cerstvého betonu byla pii kazdé doddvce kontrolovana
pomoci Abramsova kuZelu a v pripadé potfeby upravovéna.

V kazdém betondznim cyklu se zhotovoval potiebny pocet zkuseb- concrete

nich téles, na kterych se posléze ovéfovala pevnost betonu v tlaku po Preliminary tests were conducted prior to the commencement of the

28 dne, mrazuvzdornost a nasdkavost. casting, which confirmed that the required properties of the concrete
DrendZni beton pouZivany k vyplnéni prostor v mistech patni dre- mix and concrete were met, with respect to the chosen technique and

ndze musel spliiovat predev§im pozadavky na mezerovitost, kterd used materials. The supply and storing of materials for concrete mix-

nesméla byt mensi nez 20 %. Kvalita drendZniho betonu byla proka- tures and preliminary testing of concrete follow the stipulations of cha-

zovana kontrolnimi zkouSkami. pter 17 of the Czech Railways’ Specifications, which specify the type,
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Obr. 10 Definitivni osténi severniho vitkovského tunelu
Fig. 10 Final lining of the northern Vitkov tunnel

I1zolace

Pro izola¢ni materidly proti vode, jejich doddavky a skladovdni,
technologické postupy praci a pro provadéni prukaznich a kontrolnich
zkousek plati pozadavky uvedené v kapitole 22 TKP staveb Ceskych
drah.

Mezilehld izolace chranici tunel proti podzemni vodé je svarovédna
dvojitym svarem s moznosti testovani na ztrdtu tlaku ve svaru za jed-
notku Casu. ZkuSebni tlak pfi této tlakové zkousce se pri Sifce svaru
pohybuje v intervalu 0,2 a% 0,3 MPa. Doba zkousky je 10 minut. Uby-
tek tlaku nesmi byt vétsi nez 20 %. V mistech pfipojeni a proraZeni
muZe byt pouZita misto tlakové zkousky zkouska vakuovd.

Prejimka izola¢niho systému se provddéla etapovité dle jednotli-
vych konstrukénich ¢dsti. Soudésti prejimek byla i kontrola pfiprave-
nosti primdrniho ostén{ pro instalaci izolaéniho souvrstvi. V dobé pre-
jimky podkladu, které probihalo etapovité, musely byt skonceny ves-
keré préace na jeho upravach. Provedené rucnf svary se zkousSely zra-
kem (8ife provedeni svéru), objetim jehlou, tupou Spachtli, nebo odlu-
povaci zkouskou. Kontroloval se soulad s projektem — vné&jsi stav,
rozméry a spojeni pasu, svafeni pasu, a to jednotlivé kazdy preddva-
ny dsek za pritomnosti technického dozoru investora.

Vypliova injektaz

Pro injektdZ je tfeba zajistit spravnou konzistenci injektdZni smési.
V nasem pripad¢é se jednd o nastaveni spravného misiciho poméru
cementu s vodou. Pomér zji§tény pri prukaznich zkouSkdch byl
béhem injektdZi ovéfovan kontrolnimi zkouSkami, protoZe optimaln{
ddvka vody je zdvisld na konkrétni Sarzi dodaného cementu.
Odpovidajici hodnota tekutosti se stanovovala méfenim pomoci
Marshova viskozimetru. Dal§imi provadénymi zkouSkami injekéni
smési byl odstoj vody po jedné hodiné (max 1 %) a pevnost v tlaku
zatvrdlé injektdZni smési.

ZAVER

Pri betondzi definitivnich osténi, kterd byla zahédjena v zafi 2006
betondZi spodnich kleneb na zdpadnim portdle a byla ukoncena vyli-
tim posledniho kubiku betonu do portdlového bloku jizniho tunelu na
tom samém miste o rok pozdéji, bylo spotfebovéno celkem 835 t oceli
a 15 549 m3 betonu.

Jsme rddi, ze i na této stavbé jsme mohli prokdzat flexibilitu
a technickou zdatnost na$i spole¢nosti pfi feSeni nelehkych dloh. To
se prokdzalo pri realizaci ,.fale$ného osténi” na zdpadnim portdle
nebo betondz{ kleneb definitivniho osténi z prostého betonu, jejiz sou-
Casti bylo i méfeni vyvoje hydrata¢niho tepla za odlisnych podminek
oSetfovani betonu. V neposledni fadé jsme dspésné zvladli i betondze
atypickych profilu trak&nich vyklenku.

Urychleni postupu pfi razbédch a ndsledném provadéni definitivniho
ostén{ tunelu vzhledem k puvodnimu harmonogramu umozni zahdjit
zkuSebni provoz jiz ve 4. kvartalu roku 2008 oproti pivodné pldno-
vanému ukoncenf stavby v roce 2010.

Zdaf Buh! . 5

ING. MICHAL BENOVIC, mbenovic@subterra.cz,
B B ING. PETR JAKES, pjakes@subterra.cz,
OLDRICH CEJKA, ocejka@subterra.cz, SUBTERRA, a. s.

TuoufHel

frequency and method of the execution of the respective tests and rele-
vant valid standards.

Samples were taken during each casting advance. Each supply of
fresh concrete was checked for consistency using the slump test and
the consistency was adjusted if needed. The required number of test
specimens was produced in each concrete casting cycle, to be subse-
quently used for the verification of the compressive strength of the
concrete at 28 days, the frost resistance and absorption rate.

The porous concrete which was used for the filling of spaces along
the drains laid along the footings had to meet primarily the require-
ments for porosity, which was not permitted to be lower than 20%. The
quality of the porous concrete was proven by check tests.

Waterproofing

Waterproofing materials, their supplies and storing and technologi-
cal procedures for the work and execution of preliminary and check
tests follow the requirements of chapter 22 of Czech Railways’
Specifications.

The intermediate waterproofing membrane is welded by double-
welds, which allow the testing of the loss of pressure in the weld per
a unit of time. The testing pressure applied at this pressure test varies
between 0.2 and 0.3MPa, depending on the width of the weld. The test
duration is 10 minutes. The loss of pressure must not exceed 20%. The
vacuum test is permitted instead of the pressure test at places where the
membrane is connected to something or is holed.

The act of acceptance of the waterproofing system was divided into
stages, according to individual structural parts. Part of the acceptance
process was also an inspection of the primary lining as to whether it
was prepared for the installation of the waterproofing layers. All work
on the substrate finishes had to be completed during the acceptance of
the substrate, which was carried out in stages. Manual welds were tes-
ted visually (the width of the weld), by passing a needle or blunt spa-
tula along the weld edge or by a peeling test. The compliance with the
design, i.e. the weld surface condition, dimensions and joints betwe-
en the sheets and welding of the sheets, was checked individually;
each section had to be accepted in the presence of Engineer’s repre-
sentative.

Top-up grouting

It is necessary to secure proper consistency of the mixture which is
to be used for the grouting. In our case, it was necessary to set a proper
cement-water ratio. The ratio which was determined by the prelimina-
ry tests was verified during the grouting operation by means of check
tests because the optimum dose of water depends on the particular
charge of the supplied cement. The corresponding value of fluidity was
determined by measurements by a Marsh viscosimeter. Other testing
of the grout which was carried out comprised the measurement of
water segregation at 1 hour tests (max 1%) and compressive strength
of the hardened grout.

CONCLUSION

A total of 835 ton of reinforcing steel and 15,549m3 of concrete
were consumed during the casting of the final linings which started in
September 2006 by the casting of inverted arches at the western portal
and was finished a year later by the pouring of the last cubic metre to
the portal block of the southern tunnel, in the same location.

We are happy that we were allowed to prove our company’s flexibi-
lity and engineering proficiency in solving not easy problems. As
a proof, we can mention the “false shuttering” used at the western por-
tal or the casting of the final lining using unreinforced concrete, which
required the measurements of the development of hydration heat under
various concrete curing conditions. At last but not least, we success-
fully coped with the casting of the atypical profiles containing the cate-
nary suspension recesses.

The acceleration of the excavation advance and the subsequent con-
struction of the final lining of the tunnel against the original schedule
will allow the owner to commence the commissioning already in the
4th quarter of 2008 instead of the originally planned term for the com-
pletion of the works, the year 2010.

ING. MICHAL BE]VOVIé, ngbenovic@subterra.cz,
5 5 ING. PETR JAKES, pjakes@subterra.cz,
OLDRICH CEJKA, ocejka@subterra.cz, SUBTERRA, a. s.
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VYSTAVBA KABELOVEHO TUNELU PANKRAC - PRAHA 4
PANKRAC CABLE TUNNEL CONSTRUCTION IN PRAGUE 4

JIRI KRAJICEK, RADKO RIEGER

uvoD

Prazskd energetika, a. s., zpracovava dle aktudlniho vyvoje pro Prahu
a jeji jednotlivé Casti energetické analyzy. Z téchto vyplynula také nut-
nost realizace kapacitnich energetickych napojeni pro pldnovanou
administrativné bytovou vystavbou na pankracké pldni a okoli. Tato
skutecnost si vynutila nejen vystavbu nové transformovny (déle jen
TR) 110/22 kV Pankric, ale také kabelového kolektoru, ktery umozn{
vyvedeni silovych kabell 22 kV z TR do potfebnych sméru. Kabelovy
kolektor je také soucdsti strategického propojeni transformovny
Pankréc s transformovnami Karlov a Lhotka silovym kabelem 110 kV.

Obr. 1 Situace
Fig. 1 Cable tunnel layout

ZAKLADNI UDAJE STAVBY

Investor: PRE distribuce, a. s.

Zhotovitel: SUBTERRA, a. s., Divize 1

Nazev stavby: Kabelovy tunel Pankrdc — TR 110/22 kV — Pankrac
Projektant: KO-KA, s. 1. 0.

Misto stavby: Praha 4-Pankrac

Zahdjeni stavby: 03/07

Dokonceni stavby: 08/08

PARAMETRY KABELOVEHO KOLEKTORU

— celkova délka kolektoru véetné technické komory a odbo¢nych vétvi 462,55 m

— osova délka hlavni vétve kolektoru mezi Sachtami K11 — K13 431,64 m
— prumémd vyska nadloz{ 145m-178m
— pri¢ny profil ,,A* kabelového kolektoru:

svetld Sitka/vyska kolektoru 2,60m/3,1 m

hruby vyrub profilu 13,05 m?
— pri¢ny profil ,,B¢ kabelového kolektoru:

svetld Sitka/vyska kolektoru 2,60 m/2,60 m

hruby vyrub profilu 1125 m?
— pri¢ny profil ,,Technické komory — TK:

svetld Sitka/vyska kolektoru 2,60m/3,1 m

hruby vyrub profilu 2505 m?
Sachta K11: celkova hloubka Sachty (od HTU) 20,7 m

hruby primér Sachty/svétly prumér Sachty 52m/42m
Sachta K12: celkovd hloubka Sachty 155m

hruby primér Sachty/svétly prumér Sachty 42m/32m
Sachta K13: celkova hloubka Sachty 158 m

hruby prumér Sachty/svétly prumér Sachty 42m/32m

INTRODUCTION

Prazskd energetika a. s. carries out energy audits for Prague and indi-
vidual districts of the city, according to the topical development of the
situation. The audits have proven the necessity for the construction of
capacity connections of power for the planned administration and resi-
dential development on the Pankric plain and in its surroundings. This
reality called not only for the construction of a new 110/22kV Pankréc
transformer station (hereinafter referred to as the TR), but also a cable
tunnel, which will make distribution of power through 22kV conductor
cables to the required directions possible. In addition, the cable tunnel
is part of a strategic connection between the Pankrdc transfor-
mer station and the Karlov and Lhotka transformer stations
through a 110kV conductor cable.

BASIC PROJECT DATA

Owner: PRE distribuce, a.s.

Contractor: SUBTERRA, a. s., Division 1

Project name: The Pankric Cable Tunnel - TR 110/22 kV
— Pankréc

Designer: KO-KA sr.o.

Construction location: Prague 4 - Pankrac

Construction commencement: 03/07

Construction completion: 08/08

CABLE TUNNEL PARAMETERS

- total tunnel length, including a technical chamber and branches
462.55 m

- axial length of the main tunnel branch between shafts K11 — K13
431.64 m

- overburden average height: 145m-17.8m
- cable tunnel cross-section ,,A*:
net tunnel width / height 260m/3.1m
excavated cross sectional area 13.05 m?
- cable tunnel cross-section ,,B¢:
net tunnel width / height 2.60m/2.60 m
excavated cross sectional area 11.25 m?
Technical chamber — TK:
net tunnel width / height 260m/3.1m
excavated cross sectional area 25.05 m?
shaft K11: total shaft depth (from the terrain level) 20.7m
excavated cross-section diameter / net shaft
diameter 52m/42m
shaft K12: total shaft depth 155 m

excavated cross-section diameter / net shaft diameter 4.2 m /3.2 m
shaft K13: total shaft depth 15.8 m
excavated cross-section diameter / net shaft diameter 42m/3.2m

AREA CHARACTERISTICS AND DESIGNING STAGE

Cable tunnel layout - horizontal and vertical alignment

In terms of the layout, the project connects the new Pankrdac TR,
which is located on the Pankrdc plain (an area bordered by the
North-Southern Backbone Road or 5. Kvétna Street, the
Reitknechtka stream valley, the road passing under the Backbone
Road or Na StrZi Street and the petrol station area), with the inter-
section of Na Pankrdci Street, Na Strzi Street and Budé&jovickd
Street. The distance between the two locations as the crow flies is
about 360m. The above-mentioned intersection is the location where
cables leave the tunnel and are heading in all directions required by
the owner, i.e. to all corners of the intersection. This requires
a technical chamber allowing the splicing of the route. The main
directions of the route splicing consist of a 110V cable route
heading south, to Na Pankrdci Street, to connect to the Karlov TR,
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Obr. 2 Podélny profil
Fig. 2 Longitudinal section

CHARAKTERISTIKA UZEMI A PROJEKTOVA PRIPRAVA

Situaéni umisténi kabelového kolektoru — smérové
a vySkové pomeéry

Polohopisné se jednd o propojeni nové TR Pankrdc umisténé
na pankrdcké plani (prostor ohraniceny severojizni magistralou —
ulici 5. kvétna, ddolim Reitknechtky, podjezdem magistrdly —
ulici Na Strzi a aredlem benzinové stanice) s kfizovatkou ulic Na
Pankrdci — Na Strzi — Budéjovickd. Vzdusnd vzddlenost obou
mist je cca 360 m. V misté této dopravné velmi exponované Kfi-
Zovatky se odehrdva vyusténi kabelt do viech investorem poZa-
dovanych sméru, tj. do vSech rohu kfizovatky. K tomu je tieba
pod kfizovatkou zbudovat technickou komoru, v niZ dojde
k rozboceni trasy. Hlavni sméry vyvedeni kabell jsou ddny tra-
sou 110 kV kabelu — severné do ulice Na Pankraci, propojeni
s TR Karlov a zdpadné do ulice Na StrZi, propojeni s TR Lhotka.
Tato hlavni vyusténi se odehrdvaji prostfednictvim Sachet K12
a K13. Silové kabely 22 kV vedené do protéjsich roht kfizovat-
ky jsou pod komunikaci prevedeny pomoci protlaku ze Sachet.
Vytsténi kabelu v kfiZovatce, viz obr. 1.

Ze situace je ziejmé, Ze pro splnéni pozadavku investora bylo
nutno najit optimdlni trasu vedeni kabelového kolektoru
s ohledem na koordinaci s budouci vystavbou metra ,,.D* a jeho
stavebni pristupovou Stolou, viz obr. 2. Nemaly vliv na trasu
kolektoru mély i pozice stavajicich kabelovodu a vodovodu DN
1200, které se v nékolika mistech bezprostfedneé pribliZuji
k realizované &dsti kolektoru. V nadloZ{ jsou v soubéhu nebo kfi-
Zuji trasu prichozi kanalizaéni stoky profilu 800/1430
a 700/1250. Zasadnim rozhodnutim bylo uréeni mista podchodu
magistrdly ul. 5. kvétna. Po zvdZeni vSech rizik byla zvolena
varianta podchodu v prostoru mostniho objektu.

Po hodnoceni uvedenych rizik a geologickych podminek byl
kolektor umistén do hloubky cca 16 m. Kolektor je vyspadovan
smérem k Sachté K11 u TR Pankrédc, kde je Cerpaci jimka odvod-
néni.

Geologické a hydrogeologické poméry

Z podrobného inZenyrskogeologického pruzkumu vyplyvalo,
Ze razba bude vedena v prostfedi navétralého a zdravého skalni-
ho podkladu, reprezentovaného paleozoickymi souvrstvimi ordo-
vického a silurského stari a vulkanickymi horninami rovnéz
silurského stari. Konkrétné jsou zde zastoupeny horniny kosov-
kého, litenského a kopaninského souvrstvi. Vyska nadlozi se
pohybuje v rozmezi 8 az 15 m. Mocnost skalnich hornin tfidy R3
a R4 je v tunelu v rozsahu 3,5 az 5 m. Pro urcité zjednoduseni Ize
konstatovat, Ze si jsou horniny litologicky podobné s tim, Ze hor-
niny kosovského souvrstvi a vapnité polohy v litefiském souvrst-
vi maji vétsi pevnost. Zavérem IG pruzkumu byly avizovédny
polohy diabast (min. ve svou stani¢enich) jako nejvice odolné
horniny, které byly limitujicim prvkem k volbé technologie roz-
pojovani.

Hydrogeologické poméry zde ovliviiuje predevsim geologickd
stavba, morfologie terénu, mnoZzstvi atmosférickych sraZek a na
této lokalité také antropogenni vliv. V neporuSeném stavu se
obvykle jednd o prostiedi s omezenou puklinovou propustnosti.

and a route heading west, to Na Strzi Street, to connect to the
Lhotka TR. These main branches come from shafts K12 and K13.
The passage of the 22kV conductor cables leading to the opposite
corners of the intersections is through pipes jacked from the shafts.
The ending of the cables in the intersection is shown in Figure 1.

It is obvious from the situation that, to meet the owner’s require-
ments, it was necessary to find an optimum route taking into consi-
deration the coordination with the future Metro Line D project and
an adit allowing access to this tunnel excavation (see Fig. 2). The
positions of existing cableways and a DN 1200 water main, which
get very close to the tunnel part being built at several locations, had
more than small influence on the tunnel alignment. There are acces-
sible 800/1430 a 700/1250 trunk sewers in the overburden, both
parallel to or crossing the tunnel. The determination of the location
for the passage under the Backbone Road, or 5. Kvétna Street,
meant a crucial decision. Taking into consideration all risks, the
under-crossing variant running in the space of a bridge (see below)
was chosen.

When the above risks and geological conditions had been asses-
sed, the tunnel was set to a depth of about 16m. The tunnel gradient
falls toward shaft K11 next to the Pankrdc TR, where it is provided
with a pumping sump.
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Obvod vyrubu / Excavation circumference 13,75 m
Plocha vyrubu / Excavated cross-sectional area 13,05 m*
Plocha vnitrniho profilu / Inner cross-sectional area 10,28 m*
Vnitrni obvod profilu / Inner contour of the profile 12,16 m

Obr. 3 Obsazeni kabelového kolektoru
Fig. 3 Cross section
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Vice propustné jsou tektonicky porusené polohy horniny. GEOLOGICAL AND HYDROLOGICAL CONDITIONS
Porugené zony se ocekévaly kolem Zil diabasu, které pfi své int-
ruzi kiehce deformuji okolni horniny. Mocnost takto porusené
z6ny kolem diabasovych Zil 1ze odhadnout do 2 m. Hloubka hla-
diny podzemni vody je ovlivnéna mistnim terénem a na lokalité
tvori jeden horizont. V jednotlivych vrtanych sondédch se hladi-
na ustdlila mezi 4,20 m az 12 m pod povrchem. Hladina pod-
zemni vody je nad drovni stropu kabelového kolektoru v celé
délce razby.

It followed from the engineering-geological survey that the exca-
vation would pass through slightly weathered or unweathered bed-
rock represented by Palacozoic series of strata of the Ordovician
and Silurian age, and volcanic rock, also of the Silurian age.
Concretely, the Kosovo, Liten and Kopanina Members are repre-
sented in the location. The height of the overburden ranges from 8
to 15m. The thickness of rock categorised as classes R3 and R4 the
tunnel passes through is 3.5 to 5.0m. To simplify the things, it can
be stated that, from the lithological point of view, the rock types are

VOLBA TECHNOLOGIE PROVADENI A REALIZACE similar, but the strength of the rock forming the Kosovo Member
Volba technologie and the calcareous layers within the Liten Member is higher. At the
Na zdkladé inZenyrskogeologického prizkumu lze podminky conclusion', the EG survey forewarned of .layers of diabe}sg (.at least
pro razbu kabelového kolektoru povaZovat za zhor$ené vlivem at two chainages) as the hardest rock, which were the limiting ele-
piitomnosti diabdsovych vrstev, které maji vyssi pevnost oproti ment for the selection of the rock disintegration equipment.
ostatnim zastizenym hornindm. Proto byla trasa kabelového The hydrogeological conditions in the location are above all
kolektoru zarazena podle zdsad NRTM do 3. technologické tfidy affected by the geological structure, terrain morphology, the amount
s pfihlédnutim na profil dila, vysku nadloZ{ a padorysné umis- of precipite}tion and even anthropogenic influences. The given envi-
téni. Technologické tfidy vyrubu slouZi jako zakladni definice ronment, if it is in an undisturbed condition, usually displays limi-
vystrojovacich prvki. Protoze NRTM je zaloZena na observaci ted fissure permeability. Tectonically faulted layers of the rock are
— pozorovéni (mé&feni) a popisu d&jii, jsou vystrojovaci prvky more permeable. Faulted zones were expected to exist around dia-
v piipadé potfeby upravoviny tak, aby se nejen zvySila bezped- base veins, which cause brittle deformation of the surrounding rock
nost vystavby, ale aby se také skutedné zastizené inZenyrskoge- while intruding into it. The thickness of the disturbed zone around
ologické podminky mohly vyuZit k ekonomicky vyhodnéjsimu a diabase vein can be estimated up to 2m. The depth of the water
provadéni razby. table is affected by the local terrain; it forms a single horizon in the
V souladu s principem observace je rarba doplnéna locality. The water surface stabilised at 4.20m to 12.0m under the
o sledovéni systémem kontrolnich méfeni né&kolika soubord surface in individual exploratory boreholes. The water table is
monitoringu. Kromé geologickych sledovén{ hraje pfi rozhodo- above the cable tunnel roof throughout the excavation length.
vani podstatnou roli geodetické sledovani deformaci masivu
a konstrukce primdrniho osténi. SELECTION AND APPLICATION OF EXCAVATION MEANS

Pred vlastnim zapoCetim raZeb byl geologicky prazkum doplnén AND METHODS

vysledky sledovani ziskanymi z hloubeni technologickych Sachet selection of excavation means and methods
—Sachty K12 a K13 byly provedeny v predstihu v roce 2006, $ach-
ta K11 bezprostredné pied zahdjenim razby. Na zdklad¢ takto zis-
kanych znalosti byla razba kolektoru rozhodnuta pomoci dvou
technologii v zavislosti na pevnosti rozpojované horniny. Horniny
tfidy R3-R2 budou rozpojovéany pomoci trhacich praci a horniny
R6-R4 za pomoci mechanického rozpojovani.

Based on the results of the engineering-geological survey, the
excavation conditions can be considered as worsened due to the pre-
sence of the diabase layers, which are harder than the other rock
types encountered. For that reason, the cable tunnel route was cate-
gorised as the NATM class 3, with the excavation profile, overbur-
den height and ground plan configuration taken into account.

Technologicky postup NATM excavation support classes are used as a basic definition of
Provizorni konstrukce vSech v trase pouzitych profila — A, B, the support elements. Because the NATM is based on observation
TK — je feSena generelné za pouziti dulni vyztuZe profilu K21, (measurement) and description of processes, the arrays of support
nebo prihradového rdmu s vodorovnym ztuZenim rozpinkami elements are modified, if needed, not only so that the construction
a stiikanym betonem SB 20 se siti SZ 6/100-6/100. Vzdalenosti work safety is improved, but also to allow the exploitation of the
dalnich rdma byly navrzeny dle technologickych tiid. Dualni actually encountered engineering-geological conditions for the
vyztuZ je ukldddna na patky. Dno profilu je vy$térkovéano pro benefit of economically more advantageous excavation processes.
ochranéni poévy proti rozbfiddni a doplnéno odvodnovacim In compliance with the observation principle, the excavation is
7labkem na pocvé pro spolehlivy odvod prasakovych vod. supplemented by a monitoring system consisting of several sets of
Tloustka konstrukce je 200 mm u profili A a B, v profilu tech- check measurements. Apart from geological monitoring, a significant
nické komory 250 mm. role in terms of the decision making process is played by the geode-
Technologicky je razba prevazné realizovdna na dvé lavky tic survey of deformations of the rock mass and primary lining struc-
s postupnym vkldddnim dulnich rdmu s ¢asovym omezenim ture.
podle stability &elby. Vzddlenost rdmu, zaji§téni Celby The geological survey was supplemented prior to the commence-
a vzddlenost druhé lavky se upravuje podle vysledku geotech- ment of the excavation itself by adding the results of observations
nického monitoringu. V pfipadé, Ze se horninovy masiv a ZB which had been obtained during the sinking of utility shafts - shafts
konstrukce docasného osténi i presto vyvijeji jinak, nez predpo- K12 and K13 were sunk in advance, in 2006, while shaft K11 was
klddame, zabezpeCuje se jeSté osténi svorniky tak, aby byly carried out just before the commencement of the excavation. It was
dosaZeny bezpecné hodnoty deformaci. decided on the basis of the knowledge available that the tunnel
Hloubeni a razba z K11 excavation be performed using two methods, depending on the

strength of the rock to be disintegrated: the rock categorised as clas-
ses R3-R2 using the drill-and-blast technique and R6-R4 class rock
to be disintegrated mechanically.

Prace na Sacht¢ K11 a na Stole byly zahdjeny 1. 3. 2007
s omezenim pracovni doby od 7.00 hod. do 19.00 hod. z divodu
vysoké hladiny akustického tlaku (hlu¢nosti) a dokon&eny byly
23. 3. 2007. Sachta byla hloubena ve vrstvich vdpencovych Means and methods of excavation

bridlic deskovité az lavicovité odluénych. Nérazi jamy a Stola The means of temporary support for all cross sections used on the
s technologickym zdzemim pro razici stroj a dopravu v délce tunnel route (A, B and TK) are unified, consisting of K21-profile
32,4 m a rozrazka v délce 3,5 m byly razeny ruéné s vyuzitim colliery frames or horizontally braced lattice girders and SB20-grade
trhacich praci. Technologické zdzemi pro strojni razbu bylo sprayed concrete reinforced with SZ 6/100-6/100 steel mesh. The
dokonceno 29.4.2007. Razba déle probihala ve vrstvdach vdpen- spacing between the colliery frames was designed according to the
covych a prachovcovojilovitych bfidlic s Zzilkami kalcitu. excavation support classes. The frames are placed on footings. The
Postupy pfi omezené pracovni dobé &inily 0,98 m/den ve dvou bottom of the profile is covered with gravel to protect it against beco-
lavkach. Na konci bfezna byl dovezen razici stroj AM — 50, ming slushy. In addition, there is a drain in the bottom to reliably
spustén do Sachty a v podzemi zkompletovan s kolovym doprav- evacuate seeping water. The structure is 200mm and 250mm thick in
nikem Paus Universa — 50. the cases of the profiles A/B and the technical chamber respectively.
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Obr. 4 Fotografie 7 provddéni stavby
Fig. 4 A pictures from the excavation period

Mechanické rozpojovani Stoly razicim strojem bylo zahdjeno
1. 4.2007 ve 24hodinovém cyklu. Doprava horniny byla vyfte-
Sena kolovym dulnim vozidlem uréenym k transportu raznych
vyménnych ndstaveb Paus Universa — 50 s upravenou nédstavbou
pro podminky stavby. Vana s vyrubanou horninou byla vytéZena
jefdbem RDK 300 a na sklddku prevdzena Tatrou 815 — Strager.
Betony na provizorni konstrukci byly dovezeny obrdcenym
postupem na ¢elbu Paussem a nédsledné s doplnénim urychlova-
Ce vystiikdny strojem Meyco GM 60. Vétrani saci, ventildtor
APXE @ 630 mm a flexibilni lutny. Razba probihd prevazné
v SedoCernych prachovcovojilovitych bridlicich s polohami
Sedych vdpencu mocnosti 15 — 30 cm, misty a7 50 cm. Skaln{
hornina charakteru diabasu (paleozoického cedice) se objevuje
pouze CésteCné. Jeji plynuly prechod z podloZi do celé Celby se
objevuje od stani¢eni cca 360 m, kde jiZ musi byt nasazeny
trhaci préce, tj. v misté prechodu $toly profilu A do technické

Tuel

The excavation is divided into two sequences, two benches, with
step-by-step installation of the colliery frames, which is limited in
time by the stability condition of the excavation face. The spacing
of the frames, support of the face and the distance between the exca-
vation face and excavation of the second bench are adjusted accor-
ding to the results of the geotechnical monitoring. If the rock mass
and RC structures of the temporary lining develop in another way
than we expect despite the above-mentioned support measures, rock
bolts are installed to achieve safe values of deformations.

K11 shaft sinking procedure and excavation
from the shaft

The work on K11 shaft and a gallery started on 1.3.2007, with the
working time restricted to 7:00 to 19:00 hours because of a high level
of the acoustic pressure (noise level). It was finished on 23.3.2007.
The shaft sinking proceeded through calcareous shale with a platy to
sheet type of jointing. The bottom of the shaft and the 32.4m long
gallery with the equipment which was required for the tunnel digging
machine (TDM) work and muck hauling, as well as a 3.5m long germ
of the tunnel itself were excavated manually using explosives. The
installation of the equipment required for the tunnel digging machi-
ne was completed on 29.4.2007. The further excavation passed
through layers of calcareous and silty-clayey shales containing calci-
te veins. The advance rates, at the restricted working time, amounted
to 0.98m per day for two benches. An AM — 50 tunnel digging
machine was supplied to the site and lowered to the shaft. A set con-
sisting of the AM — 50 tunnel digging machine and a Paus Universa
— 50 wheeled carrier was assembled in the underground.

The round-the-clock mechanical excavation of the gallery by the
TDM started on 1.4.2007. The mucking out was dealt with using
a Paus Universa — 50 carrier capable of carrying various modules.
The muck holding body to be used in the gallery had to be adjusted
to the construction conditions. The box containing the muck was lif-
ted by an RDK 300 crane and moved to the stockpile by a Tatra 815
— Strager. A reverse procedure was applied to the transport of conc-
rete for the primary lining to the excavation face. The concrete was
mixed with an accelerator at the face and applied by spraying using
a Meyco GM 60. An exhaust ventilation system is used (an APXE
@ 630 mm fan, flexible ducts). The excavation is carried out through
mostly grey-black silty-clayey shales containing 15 — 30cm (locally
up to 50cm) thick interlayers of grey limestone. The hard rock of the
diabase type (Palacozoic basalt) is encountered only partially. The
shifting of this hard rock layer from the tunnel bottom to gradually
cover the whole excavation face started to show from chainage
about 360m (the point where the gallery profile A passes to the tech-
nical chamber, i.e. the TR cross section). The advance rates achie-
ved by the mechanical equipment throughout the 327m length of the
gallery, including the passage under the Backbone Road and the
second bench excavation, amounted to 3.3m m per day on both ben-
ches on average. At this place, it is necessary to appreciate the app-
roach of the whole working team, whose results are obvious from
the next chapter. The technical chamber excavation followed. The
mucking out after the blasting was more difficult in the chamber; the
average excavation advance rate was 1.37m per day on both benches.

ul. 5.KVETNA

LEGENDA / LEGEND
® Navazka
g Man-made ground
2 | @ Zcela zvétralé bridlice
Completely weathered shale
® Silné zvétralé bridlice

SOUVRSTVI KOPANINSKE .
THE KOPANINY MEMBER

Heavily weathered shale
@ Slabé zvetralé bridlice
Moderately weathered shale
® Navétralé bridlice
Weakly weathered shale
® Zdravé bridlice
Unweathered shale

Obr. 5 Schéma ul. 5. kvétna
Fig. 5 Scheme of 5. Kvétna Street
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Vypocet poklesu metodou ztraty objemu
Calculation by the Loss of Ground Method

Obr. 6 Vystup z vypoctu
metody ztrdty objemu
Fig. 6 Output from the
calculation by the Loss of
Ground Method

0.00] ik 2 3.8 . :
A2.00; [, .2 40: [0.00; .30
.50] E’.ﬂj F 2. 12 ]'

[D.l]lu:

O

Vypocteny pokles
= Calculated settlement values

f i

Zméreny pokles
= Measured settlement values

[-27.30;
[12.00; 0.00]

1.10

komory na profil TK. Postupy razby po celé délce 327 m razby
mechanickym rozpojovanim, v¢etné podchodu pod magistrialou
a druhé lavky, dosahovaly primérné 3,3 m denné. Zde je tfeba
vyzvednout piistup celého tymu pracovniku, jejichz vysledky
jsou zfejmé z dalsi kapitoly. Nésledovala technickd komora se
ztizenym odtéZovanim po trhacich pracich s prumérnym postu-
pem razby 1,37 m denn¢ na obou ldvkach.

V soucasné dobé probiha razba S$tol mensSiho profilu B
z technické komory ke koncovym technologickym Sachtdm K12
a K13, pro kterou muselo byt upraveno odtéZovaci zafizeni
AM-50.

DOPAD PROVADENI NA POVRCH V MIiSTE KRIZENi
UL. 5. KVETNA - PREDPOKLADY, REALIZACE

Samostatnym tkolem bylo najit optimdln{ trasu na prekonani
magistrdly, ulice 5. kvétna. Poloha transformovny byla dana
a volba trasy podchodu ulice 5. kvétna byla v zdsadé mozZnd
dvéma variantami. Pfimé vedeni pod télesem komunikace
v blizkosti opér mostniho objektu nebo v koridoru nédjezdu na
magistrdlu. V pripadé primého podchodu bylo mnoho nezna-
mych véetné skladby konstrukce parovodu, kvality podkladnich
vrstev ndsypového télesa komunikace a provedeni zaloZeni
mostnich opér. Po zhodnoceni vSech hledisek bylo rozhodnuto
zatizit z6nou ovlivnéni spiSe pozemni komunikaci ulice Na strzi
s niZz8im dopravnim zatiZenim, tak aby nedo$lo k ovlivnéni
mostniho objektu nadfazené komunikace ulice 5. kvétna.

Na obr. 6 je dokladovan teoreticky vystup z vypoctu metodou
ztraty objemu (Cerven¢) doplnény redlnou nivelaci povrchu
ustdlenou beéhem geotechnického monitoringu (zelené).
Projektovany predpoklad z6ény ovlivnéni byl s maximalnim pro-
gnézovanym poklesem v ose do 6 mm a na zdkladové konstruk-
ci do 3 mm. Tyto hodnoty byly nédsledn¢ ovéfovdny matematic-
kym modelem MKP se zaméfenim na zdkladovou konstrukci
mostniho objektu. DodrZzenim technologického postupu
a rychlosti provedeni jsou poklesy terénu na hodnoté do 4 mm.
Vysledky doklddaji, Ze béhem realizace byl splnén pozadavek
bezkolizniho prekondni magistraly.

ZAVER

V Cldnku se prezentuje doba pred realizaci a realizace prvni
¢asti vystavby kabelového kolektoru — razby. V dne$ni dobé se
razba dokoncuje. Zdsadné vSak lze prohlasit, Ze pri flexibilni
reakci na velice sloZité podminky vystavby lze skloubit soucin-
nost tymu realizace a projektanta ve velmi dobry vysledek
préace. Vefejnost v tomto pripadé vnimd praci téchto tymu veli-
ce pozitivn€. S pranim zddrného dokonleni celého projektu
autori.

JIRI KRAJICEK, Jkrajicek@subterra.cz, SUBTERRA, a. s.,
ING. RADKO RIEGER, r.rieger@ko-ka.cz, KO-KA, s. r. o.

Currently smaller profile galleries (B profile) are being driven from
the technical chamber to the end equipment shafts K12 and K13, for
which the AM-50 tunnel digging machine had to be adjusted.

IMPACT OF THE EXCAVATION ON THE SURFACE
AT THE CROSSING WITH 5. KVETNA STREET
— ASSUMPTIONS AND REALITY

The finding of the optimum route for the crossing of the
Backbone Road, 5. Kvétna Street, was a separate task. The location
of the transformer station was fixed and there were two options for
the route for the passage under 5. Kvétna Street: a direct route under
the road embankment in the vicinity of the bridge abutments or wit-
hin the corridor occupied by a road approaching ramp. In the case of
the direct passage, there were too many unknowns, including
a steamline design, quality of ground under the road embankment
and quality of the foundation of the bridge abutments. When all
viewpoints had been assessed, it was decided to expose to the exca-
vation effects the road in Na StrZi Street carrying lower traffic, thus
to avoid the influencing of the bridge structure carrying the higher-
ranking road, 5. Kvétna Street. The zone influenced by settlement
which was assumed by the design, with the maximum anticipated
subsidence on the tunnel centre line and under a foundation structu-
re up to 6mm and 3mm respectively, is shown in Figure 5.

Fig. 6 presents an output of a calculation using the Loss of
Ground Method (red colour), supplemented by results of the surfa-
ce levelling which was carried out during the geotechnical monito-
ring when the deformations had settled (green colour). The design
settlement trough anticipated the settlement values up to 6mm on
the tunnel centre line and up to 3mm on the foundation structure.
These values were subsequently verified by the FEM mathematical
modelling, which was focused on the foundation structure of the
bridge. Owing to the adherence to the technological procedure and
the speed of the work, the terrain settlement does not exceed 4mm.
The results prove that the requirement for the collision-less passage
under the backbone road during the construction was met.

CONCLUSION

The paper presents the time period before the construction com-
mencement and the excavation of the cable tunnel, which is the first
part of the tunnel construction process. Currently, the excavation is
being completed. In principle, however, it can be stated that very
good results of the work, without any negative impacts on the sur-
roundings, can be achieved through flexible responses to very com-
plicated construction conditions, if the team consisting of the con-
tractor’s and designer’s staff properly cooperate. In addition, the
general public in the vicinity view the work of these teams very
positively. The authors of this paper wish the project to be comple-
ted successfully.

JIRI KRAJICEK, jkrajicek@subterra.cz, SUBTERRA, a. s.,
ING. RADKO RIEGER, r.rieger@ko-ka.cz, KO-KA, s. r. o.
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TUNEL PATNITOP - NEJDELSI SILNICNI TUNEL V INDII
PATNITOP TUNNEL - THE LONGEST ROAD TUNNEL IN INDIA

PETR SVOBODA, MARTIN SRB

uvoD

Tunel Patnitop je stejné jako sedm kratSich tuneld, popsanych v ¢ldn-
ku uverejnéném v Casopise Tunel ¢. 1/2007, soudésti projektu zkapacit-
nénf stitni silnice NH-1A, tzv. ,,severojizniho koridoru® probihajiciho
Indii od jihu na sever a spojujictho mésta Srinagar (stit Jammu
a Kashmir v Himadlaji) a Kanyakumari (stdt Tamilnadu na jihu Indie).

V podhuii Himdlaje prochézi tato puvodné stard obchodni cesta
velmi sloZitym terénem. Smérové vedeni komunikace zastdva praktic-
ky beze zmény od roku 1914, kdy byla upravena na jednopruhovou sil-
nici. V roce 1954 byla deklarovéna jako sttni silnice NH-1A (National
Higway — 1A). Do provozu byl v tomtéZ roce uveden Jawaharlal
Nehru tunel prochdzejici pod hrebenem Pir Panjal ve vysce cca
2500 m n. m. Silnice byla postupné vylepSovéna, a v roce 1968 se pri-
stoupilo k rozifeni na komunikaci dvoupruhovou, stdle s puvodnim
smérovym a vySkovym vedenim (obr. 1).

Obr. 1 Silnice NH-1A mezi Udhampurem a Srinagarem
Fig. 1 The NH-1A highway between Udhampur and Srinagar

Soucasny velky hospodaisky rust Indie pfind§i i zvySené ndroky na
dopravu a dopravni infrastrukturu. Proto bylo rozhodnuto o zkapacitnéni
komunikace NH-1A. Do budoucna by silnice méla mit dva dvoupruhové,
smerove oddélené jizdni pésy.

Firma D2 Consult Prague se podilela na projektu jako tunelovy konzul-
tant americké firmy Louis Berger Inc. Cinnost zahrnovala variantni navrhy
moznych tuneli pod masivem Patnitop, jejich srovndni multikriteridln{
analyzou a doporuceni nejvhodnéjsiho feSeni. Nésledné byla vypracovdna
zaddvaci dokumentace vybrané varianty 9 km dlouhého, dvoupruhového
tunelu s protismérnym provozem a paralelni tinikovou $tolou.

PROJEKT

Projekt zvySeni kapacity silnice z Udhampuru do Bahnihalu je pouze
jednim z mnoha, které jsou v soucasnosti v Indii realizovany. Z pohledu
mnoZzstvi rekonstruovanych nebo nové budovanych inZenyrskych objektt
se vSak jednd o jeden z nejnaro¢néjsich. Mistni podminky v podhuif
Himalaje jsou velmi sloZité. Silnice vede po iboci strmych svahu, oblast-
mi Castych sesuvl a na cesté do centrdlnfho Kagmirského tdoli prekondva

nékolik vyraznych hrebent.

INTRODUCTION

Same as the seven shorter tunnels which were described in the article pub-
lished in the issue No. 1/2007 of Tunel magazine, the Patnitop tunnel is part
of the project having the aim of increasing the capacity of the NH-1A
National Highway, the so-called “North-Southern Corridor” running across
India from the south to the north and connecting the city of Srinagar (the state
of Jammu and Kashmir) with  the city of Kanyakumari (the state of
Tamilnadu, in the south of India).

In the Himalayan foothills, this, originally ancient, trade route passes
a very difficult terrain configuration. The horizontal alignment of the way has
remained virtually unchanged since 1914, when it was converted to a single-
lane road. In 1954 it was declared to be the NH-1A National Highway. It was
the year when the Jawaharlar Nehru Tunnel, passing under the Pir Parlar
mountain ridge at an altitude of about 2500m a.s.l., was inaugurated. The
road was step-by-step improved and, in 1968, the work on widening the road
and changing it to a double-lane configuration commenced. The original
horizontal and vertical alignment was not changed then (see Fig. 1).

The current great economic growth of India brings increased demands on
transportation and traffic infrastructure. This is why the decision to boost the
capacity of the NH-1A highway was made. I the future, the highway should
become a two-lane dual carriageway.

D2 Consult Prague company participated in the design work, being
a tunnelling consultant for Louis Berger Inc., a USA-based company. Its
activities consisted of carrying out variant designs for possible tunnels under
the massif of Patnitop, comparisons of the variants using the Multiple-
Criterion Analysis and recommendations for the most suitable solution. The
tender documents, which were based on the variant consisting of a 9km long,
double-lane bi-directional tunnel and a parallel escape gallery, were prepared
subsequently.

PROJECT

The project for the increasing of the Udhampur — Bahnihal highway is
only one of the many projects which are currently being implemented in
India. It is, however, one of the most demanding projects in terms of the num-
ber of new civil engineering structures to be reconstructed or newly built.
Local conditions in the Himalayan foothills are very difficult. The highway
leads on hillsides, through frequent landslide areas and passes several mar-
ked mountain ridges on the route to the valley of Kashmir.

The whole project is divided into three partial sections. No tunnel is desig-
ned for the first section (Jammu — Udhampur). The design for the second sec-
tion (Udhampur — Banihal) contains 8 tunnels (the Patnitop tunnel is found
in this section). Two tunnels are designed for the third section (Banihal —
Srinagar).

The second section is further divided into five parts. No tunnel is designed
for the first part. The second part contains only the 9km long Patnitop tunnel,
which is currently the longest road tunnel under preparation in southeastern
Asia. The third part and fifth part contain each one tunnel, whilst five tunne-
Is are designed for the fourth part. This gives a total of seven shorter tunnels
with the lengths between 200m and 900m, and one very long tunnel.

The section in question, from Udhampur to Banihal, first rises about one
hundred metres from Udhampur, along the Tawi River valley, up to the
Patnitop mountain ridge at an altitude of about 2030m. After passing across
the mountain ridge, the road descends toward the city of Batot and further to
the Chenab River valley, then it continues on steep slopes upstream the
Bighlari River toward Banihal. It further runs across the Pin Panjal mounta-
in ridge to Srinagar. This section is 122km long (see Fig. 2).

The objective of this project is to increase the capacity and improve the
safety of the highway by increasing the number of traffic lanes and forming
a dual carriageway. The road is designed for the speed of 50km/h (according
to the requirements of Indian standards for national highways in mountainous
terrain configuration).

The development of the 9km-long tunnel under Patnitop ridge will reduce
the length of the route by 30km will allow the route to avoid the 1000m

ascending and descending of the existing road.




Obr. 2 Severni portdl tunelu
Fig. 2 Northern tunnel portal

Cely projekt je rozdélen na tri diléi dseky. V prvnim dseku (Jammu
— Udhampur) neni navrzen Zadny tunel. Ve druhém (Udhapur —
Banihal) je navrZeno celkem 8 tunelu (tunel Patnitop se nachdzi v tomto
tseku). Ve tretim tseku (Banihal — Srinagar) jsou navrZeny tunely dva.

Druhy usek je ddle podrobnéji ¢lenén na 5 ¢asti. V prvni ¢asti neni
navrZen Zadny tunel. Druhd ¢dst obsahuje pouze 9 km dlouhy tunel
Patnitop (t¢. nejdelsi pripravovany silni¢ni tunel v jihovychodni Asii).
pét. Celkem se tedy jednd o sedm kratSich tuneld raznych délek od
200 m do 900 m a jeden velmi dlouhy tunel.

Popisovany dsek z Udhampuru do Banihalu nejdfive stoupd cca 1000
vySkovych metrd z Udhampuru dbo&im feky Tawi a aZ na hieben
Patnitop ve vySce 2030 m. Po prekonéni horského hiebene klesd cesta
k méstu Batot a ddle do udoli feky Chenab a poté pokratuje po tibo&i
strmych svahu proti proudu feky Bighlari smérem na Banihal. Déle pak
pres horsky hreben Pir Panjal do Srinagaru. Délka tohoto udseku je
122 km (obr. 2).

Cilem projektu je zvysit kapacitu a bezpecnost komunikace zvySe-
nim poctu jizdnich pruhu a jejich smérovym oddélenim. Komunikace
je navrZena na navrhovou rychlosti 50 km/h (dle indickych standardu
pro stétni silnice v horském terénu).

Vybudovdni 9 km dlouhého tunelu pod hrebenem Patnitop zkrati
trasu 0 30 km a vyhne se stoupdni a klesan{ zhruba o 1000 m na stdva-
jict silnici.

POSTUP PRACI

Mezindrodné uznané dzemi statu Jammu a Kashmir patfi formdlné
Indii. Celd oblast je vSak fakticky rozdélena mezi Indii, Pakistdn
a Cinu. Indicka &4st je silné obsazend armddou a policii. Uzemf je zro-
ven Cdstedné uzavieno pro volny pohyb osob. To znamenalo ruznd
administrativni zdrZeni a komplikace béhem zpracovéani projektu
a ziskdvdan{ potfebnych dokumentt a podklada.

Dokumentace byla zpracovéana postupné ve dvou etapch. Prace byla
zahdjena na poCétku roku 2005. Nejdiive byla po studiu mapovych
podkladu a provéfeni piimo v terénu vytypovana mista moznych portd-
10 a tras tuneld. Studie obsahovala nékolik variant tunelt ruznych
délek, tvaru pficnych fezi a zhodnoceni variant umoziujici investoro-
vi (NHAI — National Highway Autority of India, obdoba RSD v CR)
zvolit optimdlni feSen{ zohlednujici také mistni faktory.

Béhem procesu vyhodnocovéni a vybéru variant byly vedeny inten-
zivni diskuse s investorem o vhodnosti jednotlivych feSeni. Soucasti
této diskuse byla i bezpecnostni problematika a kone¢ny ndvrh defini-
tivniho pri¢ného fezu tunelu (podrobnéji viz kapitola Pri¢ny fez).

V roce 2005 probihal geologicky priuzkum. V rdmci prazkumu byly
provedeny vrty v portdlovych oblastech tunelu, ale i hlub$i vrty
v mistech s vysokym nadlozim pfimo z hfebene. Tyto vrty nedosahuji
az k niveleté tunelu. Cely pruzkum byl pro potieby ndvrhu doplnén
podrobnym geologickym mapovanim a geotechnickym vyhodnocenim,
na kterém se podileli obornici z Technickd univerzita Graz.

V roce 2006 — 2007 byla zpracovana zaddvaci dokumentace pro
vybranou variantu 9 km dlouhého tunelu véetné paraleln{ dnikové $toly.
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PROGRESS OF WORKS

The internationally recognised territory of the state of Jammu and Kashmir
is formally part of India. However, the whole territory is factually divided
among India, Pakistan and China. The Indian portion is heavily occupied by
the army and police. In addition, free movement of persons in a part of the ter-
ritory is prohibited. This fact meant various administrative delays and compli-
cations during the work on the design and obtaining the documents required.

The documents were worked out in two phases, starting at the beginning
of 2005. The first step consisted of the studying of the terrain layout, verifi-
cation in situ, followed by searching for locations suitable for portals and for
the tunnel routes. The study contained several variants of tunnels with vari-
ous lengths and geometry of cross sections, as well as the assessment of the
variants, which allowed the client (NHAI — National Highway Authority of
India, which is an analogy of the Directorate of Roads and Motorways in the
Czech Republic) to chose the optimum design taking into consideration,
among others, the local factors.

Intense discussion with the client was held during the variant assessment
and selection process regarding the suitability of individual variants. The
safety problems and the final design of the definite cross section were also
discussed (for more details see the “Cross Section” chapter).

The geological survey was conducted in 2005. The survey consisted of
drilling in the tunnel portal areas and deeper drilling, directly from the top of
the ridge, where the tunnel overburden is higher. The boreholes did not reach
the tunnel bottom. The entire survey was supplemented by detailed geologi-
cal mapping and a geotechnical assessment, which was carried out with the
TU Graz experts participating.

The tender documents were developed in 2006 — 2007, for the selected
variant consisting of a 9km-long tunnel and a parallel escape gallery.

GEOLOGY AND GEOTECHNICS

The geological composition along the highway route consists of two basic
ground types. Sedimentary rock types prevail in the southern part of the
route section, the so-called Murree Formation, whilst igneous rock types and
rock types which developed through the metamorphose from igneous rock,
the so-called Panjal Formation, prevail in the central and northern part. The
Patnitop Ridge, which is to be passed under by the tunnel, is found in the
Murree Formation.

The Murree formation consists of Lower to Middle Miocene rocks, pri-
marily dark red, purple and grey sandstone, marlstone, claystone, brittle sha-
les and various conglomerates.

Medium blocky sandstone displays various texture, with the grain size ran-
ging from fine to very coarse. The strength of the material varies between
medium and high. Joints between blocks are frequently filled with clay. The
sandstone layers are locally weakly weathered to weathered.

The bedded claystone and clayey shales are finely grained, with a low com-
pressive strength. Limy marmoration or venation is frequently observable.
Stress relaxation results in decomposition and loss of moisture (see Fig. 3).

Alternation of weak rock (claystone and clay) zones with hard rock (sand-
stone) layers is typical of this formation. The ratio of claystone to sandstone,
which are found in layers with various thickness, and the possible presence
of ground water during the excavation are the main factors affecting the sta-
bility of the excavation face and the excavated opening. This will be the basis
for the making of decisions not only on the application of particular excava-
tion support classes but also on the division of the face and advancing of

Obr. 3 Vychozy na severnim portdlu
Fig. 3 Outcrops at the northern portal
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GEOLOGIE A GEOTECHNIKA

Geologické skladba podél trasy komunikace sestdvd z dvou zaklad-
nich typul. V jizni ¢dsti dseku prevlddaji horniny sedimentdrniho puvodu
tzv. Murree formation, ve stfedni a severni &asti dseka prevladaji horni-
ny vyvrelé a horniny metamorfované z vyvrelin Panjal formation.
Hreben Patnitop, pod kterym prochdzi popisovany tunel, nélezi
k formaci Murree.

Murree je tvofen horninami ze spodniho aZ stfedniho miocénu. Jednd
se prevdzné o temné Cervené, nachové a Sedivé piskovcee, slinovce, jilov-
ce a kiehké jilové bridlice a razné konglomerity.

Stredné blokovité piskovee maji riznou zrnitost od jemné az po velmi
hrubou. Pevnost materidlu se pohybuje od stfedni k vysoké. V puklindch
mezi jednotlivymi bloky je Casto jilovd vypln. Misty jsou vrstvy piskov-
ct mirné navétralé az zvétralé.

Vrstevnaté jilovee a jilové bridlice jsou jemné zrnité s nizkou pevnos-
ti v tlaku. Casto je pozorovatelnd vapenitd mramorovitost aZ Zilkovitost.
Vlivem uvolnén{ napéti dochdzi k rozpaddni a ztraté vlhkosti.

Pro tuto formaci je typické stiiddni pdsit mékkych hornin (jilovee
a jily) s pasy hornin tvrdych (piskovce) (obr. 3). Vzajemny pomér jilov-
cu a piskovet ulozenych v ruzné silnych vrstvach a pripadnd piitomnost
podzemni vody béhem razby jsou hlavni faktory ovliviiujici stabilitu
Celby a vyrubu. Na tomto zdkladé bude rozhodovéno o pouZiti dané tridy
vyrubu, ale i ¢lenéni a pobiran{ jednotlivych dil¢ich vyrubu. Na zdsadn{
vliv tloustky jilovcovych vrstev ukézalo i provedené numerické modelo-
vani (obr. 4).

Dalsim faktorem vyznamné ovliviiujicim deformacni a stabilitni cho-
véni vyrubu je stav napjatosti horninového masivu. Pfi maximdlnim
nadloZi 1000 m je ocekdvdna vertikdlni sloZka odpovidajici vySce nadlo-
Z{. Vzhledem k aktivni tektonické historii oblasti, morfologii terénu
a dostupnym informacim o tektonickych zlomech v oblasti tunelu se
predpoklada spiSe niz§i horizontdlni napjatost ve sméru kolmém na osu
tunelu.

Névrh zpusobu razby, &lenéni a zajiStovani vyrubu vychdzi
z predpoklddanych typi chovani vyrubu véetné extrémnich, tj. velmi
nepriznivého chovdni vyZadujictho ¢lenéni a zajisténi Celby kaloty
a opatfeni pred ¢elbou.

Vzhledem k omezenym informacim ziskanym pruzkumem a vzhledem
k malym zkuSenostem s razbami obdobnych profili v oblasti je prede-
v§im odhad rozloZeni geotechnickych typu a ofekédvanych zpusobu razby
(technologickych tid) zatiZen velkou nejistotou.

PRICNY REZ

Névrh pri¢ného fezu tunelu byl ovlivnén zejména prostorovymi poZa-
davky na svétly prifez tunelu, $iiku vozovky a také nutnou velikosti
vzduchovych kandll pro uvaZovanou pri¢nou ventilaci.

Stejné jako u kratSich tunell byla i u tunelu Patnitop dlouho diskuto-
vdna zejména Sitka vozovky v tunelu. Diskusi ovliviioval i projekt
obdobného tunelu (cca 7 km dlouhého) v sousednim tseku z Banihalu do
Srinagaru pod masivem Pir Panjal, kde je tunelovym konzultan-
tem/projektantem francouzskd firma Scetaroute, a pozadavek investora
na jednotné feSeni.

Konetna podoba pri¢ného fezu byla na zdkladé pozadavka NHAI sta-
novena na 9,35 m $itky vozovky, dva 1 m $iroké zvySené chodniky po
strandch a paralelni tnikovou §tolu s propojkami. Plocha pri¢ného fezu
se zvétSila na cca 147 m2, usporadéni viz obr. 5.

Razba $toly probéhne s kratkym predstihem pred hlavnim tunelem,
bude slouZit jako pruzkumné dilo a bude indikovat chovdni masivu
a ocekdvané problémy. Déle bude mit funkci drendZni a dopravni béhem
vystavby.

Ve vysledném ndvrhu tvofi vnitfni lic definitivniho osténi kruZnice
o poloméru 6,65 m se stfedem v ose tunelu 3,2 m nad povrchem vozov-
ky. Vrchol klenby je 9,85 m nad vozovkou. Ve vysce 5,7 m nad vozov-
kou je umistén mezistrop odélujici vzduchové kanaly od dopravntho pro-
storu tunelu. Polomér mirného vyklenuti mezistropu je 40 m. Velikost
vzduchovych kandld je 2 x 17 m2.

Pri¢ny fez mé celkem tii zdkladn{ varianty podle pouZité tfidy vyrubu
(A, B aC). U varianty A je klenba tunelu uloZena na Zelezobetonovych
patkdch. Vyska patek je 550 mm. U variant B a C je dno tunelu zajiste-
nu protiklenbou. Polomér vnéjsiho lice protiklenby u typu B je 14,65 m
a vrchol klenby je 2,7 m pod niveletou vozovky. Typ C md vrchol pro-
tiklenby 3,3 m pod niveletou a polomér je 10,15 m.

Minimdln{ tloustka osténi ve vrcholu klenby je 400 mm. Tloustka pro-
tiklenby je proménna.

Izolace tunelu je navrZena jako deStnikova (tj. pouze v prostoru horn{
klenby). Za patkami osténi jsou uloZeny boc¢ni drendze @ 250 mm.
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Obr. 4 Modelovdni vyrubu programem UDEC
Fig. 4 Excavation modelling using the UDEC program

individual partial headings. The fundamental influence of the thickness of the
clay layers was also proven by numerical modelling (see Fig. 4).

Another factor which significantly influences the stability and deformati-
onal behaviour of the excavation is the state of stress in the rock massif. At
the maximum overburden 1000m high, the vertical component is expected to
correspond to the overburden height. Considering the active tectonic history
of the area, the terrain morphology and information about faults in the tunnel
area available, there is an assumption that the horizontal stress perpendicular
to the centre line of the tunnel will be rather low.

The design for the excavation technique, division of the face and excava-
tion support is based on the anticipated types of the excavation behaviour,
including extreme ones, i.e. very unfavourable behaviour requiring the divi-
sion and support of the top heading face and measures to be implemented
ahead of the face.

With respect to the limited information obtained by surveys, and conside-
ring the insufficient experience in excavating similar profiles in the given
area, the estimation of the distribution of the geotechnical types and the
expected excavation procedures (excavation support classes) is, most of all
estimations, subjected to great uncertainty.

CROSS SECTION

The tunnel cross section design was affected, above all, by spatial require-
ments for the net cross section of the tunnel, the width of the roadway and the
necessary dimensions of the ventilation ducts for the planned transverse ven-
tilation.

Same as in the case of the shorter tunnels, the width of the roadway in the
Patnitop tunnel was also one of the main issues which were discussed for
a long time. The discussion was affected even by the design of a similar tun-
nel (about 7km long) in the neighbouring section from Banihal to Srinagar,
running under the Pir Panjal massif, where French-based company
Scetaroute is the consultant/designer, and by the owner’s requirement for
a unified design.

The final design for the cross section was determined on the basis of the
NHAI requirements as follows: the road width of the roadway, two 1m-wide
raised walkways on both sides, and a parallel escape gallery with cross pas-
sages. The cross-sectional area was increased to about 147 m2; for the confi-
guration see Fig. 5.

The gallery excavation will start with a short advance ahead of the main
tunnel. It will serve as an exploration gallery, and will indicate the rock mass
behaviour and anticipated problems; further it will have drainage and tran-
sportation functions.

In the resulting design, the internal contour of the final lining forms a circle
with the radius of 6.65m and the centre on the tunnel centre line 3.2m above
the roadway surface. The top of the crown is 9.85m above the roadway sur-
face. A suspended slab is at a height of 5.7m above the roadway. It separates
ventilation ducts from the traffic space in the tunnel. The radius of the mode-
rate arching of the suspended slab is 40.0m. The cross-sectional area of the
ventilation ducts is 2 x 17 m2.

The cross section has three basic variants, depending on the respective
excavation support class (A, B and C). For the variant “A”, the tunnel vault
is supported by reinforced concrete footings. The footing is 550mm high. The
variants “B” and “C” have the excavation bottoms stabilised by an invert.
The radius of the outer surface of the invert at the type “B” is 14.65m and the
lowest point of the inverted arch is 2.7m under the roadway surface. The type
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Obr. 5 Pri¢ny Fez tunelu: 1 — primdrni osténi, 2 - hydroizolace,
3 — sekunddrni osténi, 4 — kabelovy kandl, 5 — poZdrni vodovod, 6 - cent-
rdlni tunelovd stoka, 7 — prujezdni prurez, 8 — podélny proudovy ventildtor
Fig. 5 Tunnel cross-section: 1 — primary lining, 2 — waterproofing layers,

3 — secondary lining, 4 — cable duct, 5 — fire main, 6 — central tunnel sewer,
7 — clearance profile, 8 — longitudinal jet fan

DrenédZe jsou obsypdny mezerovitym betonem. Kazdych 60 m — 70 m
(podle skladby jednotlivych typa bloki) je v misté revizni Sachty bo¢n{
drendZ propojena se stredovou kanaliza¢n{ stokou @ 400 mm.

Pod obéma chodniky je vytvoren prostor pro uloZeni slaboproudych
i silnoproudych vedeni. Kabely budou po uloZeni zasypdny piskem
a zakryty betonovymi deskami. Spary mezi deskami budou opatfeny
zalivkou tak, aby nedochdzelo k zatékani vody.

Na vnitfni strané (smérem k tinikové Stole) je v tomto prostoru uloZen
i pozarni vodovod. To umoZni napojeni vodovodu na fad ve druhém
tunelu po jeho dokonceni.

V odstavném zélivu je vozovka jednostranné rozsitena o odstavny
pruh §itky 2,5 m. Strana fezu bez rozsifent je stejnd jako v fezu normdl-
nim. Klenba tunelu je asymetrickd. Minimaln{ tloustka osténi ve vrcholu
klenby je 450 mm (obr. 6). Délka jednoho bloku betondZe bude 10 m.

Pri¢ny fez razené tunelové propojky mé dvé varianty: se spodni klen-
bou a na patkdch bez spodni klenby. Zde je také navrZena destnikova izo-
lace. Za patkami jsou uloZeny podélné drendZe. Tyto drendZe jsou pomo-
ci Sachet napojeny na hlavni tunelovou stoku.

Pri¢ny fez tinikové Stoly neuvddime. V projektu bylo navrzeno vari-
antni feSeni bez i s definitivnim osténim. Vzhledem k predpoklddané
pozdéjsi vystavbé druhého tunelu bude Stola zfejmé zajisténa pouze pri-
mérnim osténim.

Vzhledem ke konfiguraci terénu na obou portdlech neni nutno budo-
vat hloubené ¢asti tunelu. Pfimo za raZzenym portdlem je vzdy vybudo-
véana budova vzduchotechniky.

SMEROVE A VYSKOVE VEDENI TUNELU

Vzhledem ke stisnénym podminkdm tzkych ddoli se strmymi svahy
je osa komunikace vedena relativné ostrymi oblouky. Smérové veden{
komunikace v tunelu za¢ind u jizniho portdlu tunelu levym obloukem
o poloméru 300 m, pokracuje dlouhou primou (8450 m). U severniho
portdlu tunelu prochdzi smérové vedeni dvéma protismérnymi oblouky.
Levy smérovy oblouk méd polomér 550 m, ndsleduje kratkd meziprima
(128 m) a pravy smérovy oblouk s polomérem 300 m. Délka celého
tunelu je 9020 m. RaZeny tsek ma délku 8980 m.

Niveleta komunikace je v tunelu vedena se stfechovitym sklonem tak,
aby bylo umoznéno gravitaéni odvodnéni. Od jizniho portdlu komuni-
kace stoupd podélnym sklonem 0,5 %. Vrchol polygonu je 2387 m od
jizniho portdlu. Polomér zaobleni je 20 000 m. Vyskové vedeni ddle
klesd se sklonem 0,5 % k severnimu portalu. Vyskovy rozdil mezi por-
taly je 21,28 m. Jizni portdl lezi 1230,30 m n. m., severni potom
1209,07 m n. m.
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“C” has the lowest point of the invert 3.3m under the roadway surface and
the radius is 10.15m.

The minimum thickness of the lining in the crown is 400mm. The invert
thickness is variable.

The tunnel waterproofing will be of the umbrella type (i.e. only in the
space of the upper vault. There are side drains @ 250 mm behind the footings
of the lining. The drains are embedded in porous concrete. The side drains are
connected with the @ 400 mm central sewer every 60 — 70m (depending on
the composition of individual block types), with the branches starting from
the manholes on the drains.

There is a space formed under both walkways, which will be used for the
installation of weak current and heavy current lines. The cables will be back-
filled by sand and covered by concrete slabs after the installation. The joints
between the slabs will be sealed to prevent leakage of water.

In addition, the space on the inner side (in the direction toward the escape
gallery) houses a fire main. This design will make the connection of the water
main to the main in the other tunnel tube when it is completed.

In the lay-by, the roadway width is enlarged by the addition of a 2.5m wide
lane. The side of the cross section which is not widened is identical with that
in the normal cross section. The tunnel vault is asymmetric. The minimum
thickness of the lining in the crown is 450mm (see Fig. 6). A concrete casting
block will be 10m long.

There are two variants of the cross section of the mined cross passage:
a variant with an invert and a variant supported by footings, without an invert.
This variant is also protected by the umbrella-type waterproofing system.
Longitudinal drains are located behind the footings. These drains are also
connected via manholes to the main tunnel sewer.

We do not present the cross section through the escape gallery. The design
contains two variants — without the final lining or with it. With respect to the
expected subsequent construction of the second tunnel tube, the gallery will
probably be provided only with the primary lining.

Considering the terrain configuration at both portals, no cut-and-cover tun-
nel sections are necessary. There will be a ventilation plant building directly
behind each portal.

HORIZONTAL AND VERTICAL ALIGNMENT OF THE TUNNEL

Because of the confined conditions in narrow valleys with steep slopes, the
centre line of the road follows relatively narrow curves. The horizontal align-
ment of the road in the tunnel starts at the southern portal through a 300m
radius left-hand curve, then it continues through a long straight section
(8450m). At the northern portal, it runs through two reverse curves. The left-
hand curve has a diameter of 550m; a short tangential path (128m) and
a 300m right-hand curve follow. The length of the entire tunnel amounts to
9020m. The mined section is §8980m long.

The vertical alignment of the tunnel is roof-shaped so that gravity draina-
ge of the tunnel is possible. The road ascends from the southern portal at
a gradient of 0.5%. The peak of the polygon is at a distance of 2387m from
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Obr. 6 Pricny Fez tunelu v odstavném zdlivu: 1 — primdrni osténi, 2 — hydro-
izolace, 3 — sekunddrni osténi, 4 — kabelovy kandl, 5 — poZdrni vodovod,
6 — centrdlni tunelovd stoka, 7 — prujezdni prirez

Fig. 6 Tunnel cross-section in the lay-by: 1 — primary lining, 2 — waterproofing
layers, 3 — secondary lining, 4 — cable duct, 5 — fire main, 6 — central tunnel
sewer, 7 — clearance profile
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TECHNOLOGICKE TRIDY VYRUBU the southern portal. The radius of curvature is 20,000m. The horizontal align-
ment further descends at 0.5% toward the northern portal. The difference bet-
ween the elevations of the portals is 21.28m. The altitudes of the southern and
northern portals are 1230.30m a.s.l. and 1209.07m a.s l. respectively.

Névrh predpoklddanych technologicky tiid vyrubu uréuji hlavné dva
faktory. Prvnim je rozdéleni masivu na tzv. kvazihomogenni celky
a druhym neméné dulezitym je vliv vySky nadloZi, tedy stav napjatosti

ivu. Tyto fak Cuji pr kladané chovani vy ¢h Zby.
masivu yoto a Vtoryv urcuj predpp adape chovani VV}V’I'L}bu })e em {a;byv EXCAVATION SUPPORT CLASSES
Vliv na zpusob ¢lenéni vyrubu a jeho nasledné zajisténi md samoziejme o o ) ) )
i velikost vyrubu a dalsi ovliviiujici faktory (napf. hydrogeologické). The specification of anticipated excavation support classes is determined,
U tunelu Patnitop se plocha v§rubu pohybuje v zavislosti na aplikované above all, by two factors. The first one is the division of the rock massif into

tfid& od cca 147 m2 do 175 m2 v normélnim profilu tunelu, v odstavném the so-called “quasi-homogenous units”; the other one, not less important, is
zdlivu se pohybuje od 175 m2 do 197 m2. the influence of the overburden height, i.e. the state of stress in the massif.

Pii ndvrhu zpasobu razby a zajistovani vyrubu a k uréeni schémat These factors determine the anticipated behaviour of the excavated opening
vystrojenf vyrubu jednotlivjch tid byla vyuita rakouskd norma during the excavation. Of course, the excavation dimensions and other fac-

ONORM B 2203, vydini z roku 1994, a smémice OEGG pro geotech- tors (e.g. hydrogeological conditions) also influence the system of sequen-
nicky ndvrh tuneh;l. Pro prehlednost a s,nadnou pochopitelnost byly tech- cing and subsequent supporting of the excavation. Regarding the Patnitop

1 gve " . . o P 0 tunnel, the excavated cross sectional area ranges, depending on the applied
nolgglcke tfidy oznaceny podle jednotlivych typi chovéni horninového class, from about 147m? to 175m?2 in the normal tunnel profile and from 175
masivu. o o . m?2 to 197 m? in the lay-by.

Projekt razeb bude upresnén podle vysledku razby tnikové stoly, kterd

. o louws iak ik < dil b Ikéh ) h The design of excavation means and methods was carried out and the spe-
zéroven poslouZ jako pruzkumné dilo pro razbu velk¢ho tunelu. Behem | ifications for the excavation support for the individual classes were deter-

re/alizai:e stalvvby Pudou pak.upf,esnéna jefinotlivévschsimata vystrojeni na mined using the Austrian standard ONORM B 2203, the 1994 issue, and the
zdklade zastizenych geologickych podminek na Celbé. . OEGG directive on geotechnical tunnel design. For the benefit of good arran-
NavrZeny systém predpoklddd a umoZnuje ifektlvni spolupréci odpo- gement and clarity, the excavation support classes were marked according to
védnych a odborné kompetentnich pracovniki investora ve funkci sta- individual types of the rock mass behaviour.
vebniho dozoru (tzv. Engineer dle FIDIC) a zhotovitele, rozhodujicich The design of means and methods will be adjusted according to the results
o geotechnickém zatiidéni, systému vystrojeni a o zplisobu postupu of the excavation of the escape gallery, which will, at the same time, serve as
razby pfimo na stavbé v souladu s principy observacni metody. an exploration gallery for the excavation of the large tunnel. The individual
Pro zaddvaci dokumentaci byly navrzeny Ctyfi technologické tiidy. specifications for the excavation support will be adjusted during the con-
Tyto tiidy se lisi velikosti vyrubu, tvarem polvy vyrubu a &astecné struction on the basis of the geological conditions encountered at the heading.
i zplisobem pobirani dil¢ich ¢asti vyrubu. The designed system expects and allows effective cooperation of responsib-
TRIDA A jako jedind z navrzenych tfid nemd dno vyrubu zajist€no le and qualified owner’s personnel performing the site supervision (the
protik]enbou. Pro postup rajby je pfedpok]édéno horizontalni ¢lenéni Engineer in terms of the F‘IDIC) with contractor’s staff, who will jOthly deci-
vyrubu na kalotu a lavici (jadro). Vyrub je zajistén 200 mm stiftkaného de about the geotechnical classification, the support system and the excavation
betonu se dvéma vrstvami vyztuzné sité 150 x 150 x 6 mm procedure directly on site, in accord with the Observational Method principles.
a systémovym kotvenim svorniky délky 6 a 8 m (15 resp. 14 ks Four exca\{atior} support cla§ses were specified in the tendqr documents.
v zdbéru). Celkovi plocha vyrubu je 146,8 m2. V klenbé kaloty bude pro- The classes dlffer in the dlmen510n§ of the excavated cross section, the. shgpe
védéno jehlovanf podle potieby. Maximélni délka zdbéru je 2 m. Na of the excavation bottom and, partially, the method of excavation at indivi-

dual partial headings.

CLASS “A” is the only class for which the excavation bottom is not sta-
bilised by an invert. The excavation is assumed to proceed with the face divi-
ded horizontally into the top heading and bench. The excavation is supported
by a 200mm thick layer of shotcrete with two layers of mesh 150 x 150 x
6mm and systematic anchoring with 6m and 8m long rock bolts (15 or 14 pie-
ces per round). The total excavated cross-sectional area is 146,8 m2.
Forepoling will be carried out in the crown of the top heading if necessary.
The maximum round length is 2.0m. The round length is significantly affec-
ted, apart from the geotechnical conditions encountered, also by the volume
of muck which must be removed and the volume of the material which must
be used for the excavation support. The maximum distance between the top

délku zdbéru md kromé zastizenych geotechnickych podminek vyznam-
ny vliv i mnoZstvi rubaniny, kterou je tfeba vytézit a mnozstvi materidlu
zabudovaného do vystrojeni vyrubu. Maximdlni odstup mezi kalotou
a lavici je 100 m.

TRIDA B s plochou vyrubu 165,6 m2 predpoklddé horizontaln{ &lené-
ni vyrubu na kalotu, lavici a dno. Zajisténi vyrubu tvoii 300 mm stiika-
ného vyrubu vyztuzeného dvéma vrstvami sit¢ 150 x 150 x 8 mm.
Systémové kotveni predstavuji svorniky délky 8 m (17 resp. 16 ks
v z&béru). Podle potieby bude jehlovana klenba kaloty a pouZito kotve-
ni Celby samozdvrtnymi kotvami (IBO) délky 12 m. Maximdlni délka
zabéru je 1,5 m. Odstup lavice za kalotou je 50 m. Dno tunelu se zavird

protiklenbou ze stifkaného betonu do 15 m za lavici. Vrchol protiklenby heading and bench is 100m.

je 3 m POd_ n,iveletou VOZf)VkY; Pokud by béhemv raibv)f dOChf’lfelo, CLASS “B” with the excavated cross-sectional area of 165,6 m2 assumes
k velkym svislym deformacim vyrubu, bude v kalot€ pouZito rozsiteni the horizontal excavation sequence consisting of the top heading, bench and
patek osténi kaloty nebo se profil kaloty uzavie do¢asnou protiklenbou. invert. The excavation support comprises 300mm of

shotcrete, two layers of mesh 150 x 150 x 8mm and sys-

tematic anchoring with 8m long rock bolts (17 or 16 pie-

1 s ces per round). Forepoling will be used in the crown and
/ / 12m long self-drilling IBO anchors will stabilise the
/ excavation face if required. The maximum round length

is 1.5m. The distance between the bench and top heading

is 50m. The closing of the profile by the invert (shotcre-
te) will not be at a greater distance from the bench than

2
// 15m. The lowest point of the invert is 3.0m under the
4
//

/ roadway surface. Should large vertical deformations
"«» -
95

occur during the excavation, the feet of the top heading
lining will be widened or the top heading lining will be

N closed by temporary invert.

=G
A

?‘ Obr. 7 Technologickd tiida vyrubu C: 1 — svorniky délky

3 8 m, 2 — svorniky délky 12 m, 3 — primdrni osténi, 4 — stla-

il Citelné elementy, 5 — jehlovdni, 6 — Celbové kotvy délky

f 4 12 m, 7 — docasné kotvy v diléi kaloté (6 m), 8 — proti-

/7 klenba v kaloté
7 Fig. 7 Excavation support class “C”: 1 — rock bolts 8m

. BENCH
. DN.NVERT long, 2 — rock bolts 12m long, 3 — primary lining, 4 — yiel-
- 3 dable elements, 5 — spiling, 6 — 12m long anchors to the

-3.700 face, 7 — temporary anchors in a partial top heading (6 m),

8 — top heading invert
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Obr. 8 Bezpecnostni vybaveni, typické uspordddani
Fig. 8 Safety equipment - typical arrangement

150 m CLASS “C” is the most difficult excavation sup-

port class. The excavated cross-sectional area is

thick layer of shotcrete and two layers of mesh 150

i e ey — =t +—— — 1754 m2. The horizontal excavation sequence is

j \ \ \ \ | \ \ \ E assumed to be basic even for this class, however, if

necessary, the top heading excavation can be sub-

BANI 'HAL#— —ﬁ— —f—— f—::—r— — f— — %S&NAGARl divided. The primary lining consisting of a 400mm
W (=] L} =] L} (=]

EEm ODSTAVNY ZALIV

mmm POZARNI VYKLENEK

x 150 x 8mm will contain yielding steel elements.
These yielding elements reduce the risk of cracking

LAY BY (LB) FS NICHE (FSN) of the lining resulting from large deformations of the

. ; L excavation. There will be 21 or 20 pieces of 8m and

= VYKLENEK NOUZOVEHO VOLANI 1 UNIKOVY VYCHOD 12m long rockbolts installed in each round around
EMERGENCY CALL NICHE (ECN) EMERGENCY EXIT (EE) the tunnel circumference. The crown of the tunnel

1754 m2. 1 zde je predpokldddno jako zdkladni horizontdlni Elenéni
vyrubu, v pripadé nutnosti viak muZe byt kalota tunelu raZena s délenou
Celbou. Do osténi ze strikaného betonu tloustky 400 mm se dvéma vrst-
vami sit¢ 150 x 150 x 8 mm jsou umistény i ocelové stlacitelné elemen-
ty. Tyto pridavné prvky snizuji riziko rozpraskdni ostén{ vlivem velkych
deformaci vyrubu. Po obvodu vyrubu jsou osazeny svorniky délky 8
a 12 m (21 resp. 20 ks v zdbéru). Klenba tunelu bude béhem razby jeh-
lovana. Celba je jiSténa rastrem samozdvrtnych 12m kotev. Stabilitu
Celby samoziejmé zvySuje vertikdlni rozdéleni kaloty na dvé Césti.
V pripadé nutnosti bude v kaloté provizorné uzavirdno dno tunelu, maxi-
malné 5 m za Celbou. Podélnd vzddlenost mezi ¢elbami délené kaloty je
maximalné 25 m, po dalich 25 m ndsleduje razba lavice a dno je dobi-
rdno a zajistovano s odstupem dalSich 10 m (obr. 7).

TRIDA D je v zdsadé shodnd s tiidou C, lis{ se pouze v zajistén{ klen-
by kaloty. Zde je tvofena mikropilotovym destnikem z ocelovych trubek.
Tato tfida je ur€ena na zdoldvani Castych poruchovych zon.

Stejné jako pro hlavni tunel bylo provedeno rozdéleni technologic-
kych tfid vyrubu pro razbu tnikové Stoly a vSechny tunelové propojky.
Opét bylo pouZito rozdéleni na A, B a C. Déle nebudeme vzhledem
k omezenému prostoru tohoto ¢lanku jednotlivé tiidy popisovat.

Odhad rozdéleni do jednotlivych technologickych trid slouzi hlavné
k prehledu objemu a odhadu ndkladq.

TECHNOLOGICKE VYBAVENI

Pozadavky na technologické vybaveni tunelu a bezpe¢nostni feSeni je
navrzeno v souladu se sou¢asnymi mezindrodnimi standardy a respektuje
pozadavky evropské smérnice 2004/54/ES. Typické rozmisténi{ stavebné
bezpecnostnich tprav je patrné z obr. 8.

Zékladnim opatfenim pro bezpe¢nost osob v pripadé nebezpedi (hava-
rie) je moznost tniku propojkami do paralelni dnikové $toly, kterd muze
slouzit také pro pfistup zdchrannych jednotek a bude v piipadé pozaru
v tunelu pretlakové vétrana od portalu.

Na obou portélech tunelu jsou umistény fidici strediska provozu. Na
jiznim portale je hlavni stfedisko, na severnim stredisko zdlozni. U obou
portalu jsou také navrZeny nadrZe pro poZirni vodovod.

Vétrani dopravniho tunelu je navrZeno pri¢né se vzduchovymi kandly nad
vozovkou a ventilaénimi budovami u portdli. V profilu tunelu jsou navic
umistény podéIné ventildtory pro snazsi fizeni proudéni vzduchu v tunelu.

Funkéni poZadavky na systém fizeni provozu, zabezpelen{ a ddrzby
v tunelu jsou koncepené definovéany v zaddvaci dokumentaci, specifické
systémy, zafizeni a vybaveni budou upfesnény v prabéhu vystavby.
ZAVER

Tunel Patnitop je v soucasné dobé nejdelsi projektovany silni¢ni tunel
v jihovychodni Asii a po realizaci predpoklddané v letech 2008 — 2014
bude nejvyznamnéjSim tunelovym objektem na stdtni silnici NH-1A
v indickém stdté Jammu a Kashmir.

Uspésnost jeho vystavby bude ovlivnéna nejen vypracovanym ndvr-
hem, ale predevsim jeho aplikaci v zatim nevyzkouSenych podminkdch
a dodrzenfm predpokladu ndvrhu, a to nejen technickych, ale takém orga-
niza¢nich a kompetencnich.

Odpovédny piistup investora a zajisténi dcasti odbornik pri provade-
ni muZe vyrazné sniZit rizika tohoto ojedin€lého tunelového projektu.

ING. PETR SVOBODA, svoboda@d2-consult.cz,
ING. MARTIN SRB, srb@d2-consult.cz,
D2 CONSULT PRAGUE,s.r. o.

will be supported by forepoling. The excavation face

will be supported by means of a grid of 12m long

anchors. Of course, the stability of the face will be
increased in the case of the top heading which is divided into two parts. In
the case of necessity, the tunnel invert will be closed in the top heading, at
a minimum distance of 5m from the face. The distance between the partial
headings of the divided top heading is 25m as a minimum; the bench exca-
vation follows at a distance of other 25m, and the invert excavation is to be
completed and stabilised further 10m behind (see Fig. 7).

CLASS “D” is, in principle, identical with class “C”; the only difference
is in the support of the crown. In this case, it is provided by canopy tube pre-
support. This class is intended for the passing through the frequent weakness
zones.

The excavation support classes for the escape gallery and all cross passages
were determined in the same way as those determined for the main tunnel.
Again, the division into classes A, B and C was used. With respect to the limi-
ted space available for this paper, we do not describe the individual classes.

The estimation of the division into individual excavation support classes is
used mainly for calculations of volumes and estimation of costs.

TUNNEL EQUIPMENT

The tunnel equipment has been designed in compliance with the current
international standards and it follows the requirements of the European
Directive 2004/54/ES. A typical arrangement of the structural safety measu-
res is shown in Figure 8.

The basic measure in terms of safety of persons in the case of an emer-
gency (an accident) is the possibility of escaping through cross passages to
the parallel escape gallery, which can be even used as an access route for res-
cue units; it will be pressure ventilated from the portals in the case of a fire
in the tunnel.

The operation management centres are located at both portals. The main
centre is at the southern portal, while the management centre at the northern
portal is a standby. Reservoirs supplying the fire main are provided also at
both portals.

A transverse ventilation system with ventilation ducts above the roadway
and ventilation plant buildings at the portals is designed for the road tunnel.
Additional fans, which are located within the tunnel cross-section, are inten-
ded to allow easier control of the airflow in the tunnel.

The performance requirements for the operation, safety and maintenance
management system are conceptually defined in the tender documents; requ-
irements for specific systems, equipment and facilities will be specified
during the course of the construction.

CONCLUSION

The Patnitop tunnel is currently the longest tunnel being designed in South
Eastern Asia. When it has been completed, it will become the most important
tunnel structure on the NH 1A National Highway in the Indian state of
Jammu and Kashmir.

The success of the construction will be affected not only by the completed
design but also by its implementation in the conditions which have not been
tested yet and by the degree of compliance with the design assumptions — not
only technical but also organisational and those related to qualification.

A responsible attitude of the owner and participation of experts during the
construction may significantly reduce the risks associated with this outstan-
ding tunnelling project.

ING. PETR SVOBODA, svoboda@d2-consult.cz,
ING. MARTIN SRB, srb@d2-consult.cz,
D2 CONSULT PRAGUE,s.r. 0.
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PREJIMACI ZKOUSKY SYSTEMU VETRANI TUNELU
ACCEPTANCE TESTS OF TUNNEL VENTILATION SYSTEMS

PETR POSPISIL

uvoD

Systém vétrani tunelu je jednim z nejduleZitéjsich systéma, zajistuji-
cich bezpecnost v tunelech. Proto by poZadavky na kvalitativni kritéria,
hodnocenf a prejimaci zkousky mely byt velmi prisné.

V nérodnich predpisech pro technologické vybaveni silni¢nich tune-
10, napriklad v némecké RABT nebo Ceském TP98, jsou poZadavky na
uspordddni systému vétrani presné urleny. Systém, dany projektovou
dokumentaci, by mél témto predpisum odpovidat.

V praxi je duleZitd funk&nost provedeného systému. Tento Eldnek se
zaméfuje na posuzovdni zafizeni vétrani tunelu a systém jeho fizen,
zv14§té vétran{ silni¢niho tunelu s odsdvanim koure.

Po vétSinu Casu slouZi systém vétrani k udrZovani prijatelné kvality
ovzdusi v tunelu. Porucha systému fizeni béhem normdlniho provozu
muZe mit za nésledek $patnou kvalitu vzduchu a $patnou viditelnost
nebo velkou spotfebu energie. Nemd ale katastrofdlni nésledky.
Norméln{ postupy provozniho fizeni by se mély vyzkouset v co nejveét-
§im predstihu pred otevienim tunelu, av§ak mohou se déle optimalizo-
vat v podminkach dopravniho provozu.

Uziti systému zajisthjicich bezpe€nost, obzvlasté pozarniho vétréani,
bude potrebné jen velmi zfidka, ale potom musi byt naprosta jistota
jejich fungovdni. Proto se musi cely systém poZdrniho vétrani zkouset
a optimalizovat pred otevienim tunelu. Zdvady v fidicim systému, které
nebyly objeveny ve fazi zkusebniho provozu, se za normélniho provozu
neprojevi, av§ak mohou mit fatdlni nasledky pri opravdové nehod¢.

Ve fazi zkusebniho provozu je mdlo Casu a v praxi se mnoho systému
nedd zkouset ve vSech jejich detailech. V dusledku toho by se prejimaci
zkousky mély zaméfovat hlavné na pozdrni vétrdni v soucinnosti
s ostatnimi bezpe¢nostnimi systémy v tunelu.

RIZENI ODVADENI KOURE

U modernich systému vétrdni tunelt je fizeni odvadéni koufe sméro-
datné pro pozarni vétrani. At'je to u dlouhych tunell s odsdvanim koure,
nebo u kritkych tunelt, kde ptsobi pouze podélné vétrani, proudéni
vzduchu se v pfipadé pozdru musi ovlddat. Toho se v§eobecné dosahuje
regulaci proudéni vzduchu v tunelu pomoci proudovych ventildtora nebo
vhédnénim Cerstvého vzduchu, plniciho funkci aktudtoru, a métenim rych-
losti proudéni vzduchu, kterd je proménnou v fizeném procesu.

U modernich systéma vétrdni tuneld jsou poZadavky na presné
a spolehlivé méfeni proudéni vzduchu v tunelu a na fidici algoritmy
velmi ndro¢né. Rychlost proudéni vzduchu se musi vyhodnocovat
pomoci nejméné tif na sob€ nezdvislych méfenti téZe hodnoty, coz umoz-
ni kontrolu vérohodnosti méfeni, kterd je v praxi velmi duleZitd.

KRITERIA PRO PREVZETI

Kritéria pro prevzeti, tykajici se funk¢nosti fidictho systému, musi
byt presné uréena. V soucasné dobé neexistuji zddné mezindrodn{
smérnice pro kritéria pro prevzeti systému vétrni tuneld.
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LEGENDA / LEGEND:

1 - Pocate¢ni hodnota / Initial Value

2 - Model tunelu / Tunnel Model

3 - Vystupni signal U, / Output
Signal Uy,

4 - Ovlada¢ / Controller
5 - Nominalni hodnota
/ Nominal Value

Obr. 1 Cyklus regulace
Fig. 1 Closed loop control

INTRODUCTION

Tunnel ventilation is one of the most important safety systems in
tunnels. Therefore, the demands for quality criteria, assessment and
acceptance tests should be strict.

In national guidelines for road tunnel equipment, such as German
RABT or Czech TP98, the requirements for the layout of ventilation
systems are well defined. The system according to design documenta-
tion should correspond to these guidelines.

What counts in practice is the functionality of the realized system.
This article is focusing on the assessment of tunnel ventilation equip-
ment and its control system, particularly road tunnel ventilation with
smoke extraction.

Most of the time, the ventilation system serves to maintain an accep-
table air quality in the tunnel. A malfunction of the control system
during normal operation may result in bad air quality and visibility
conditions, or high energy consumption. Anyway, this has no fatal con-
sequences. The normal operation control routines should be tested out
before a tunnel is opened as far as possible, but they can be optimized
under traffic conditions.

The safety systems, particularly the fire ventilation, will be needed
very rarely, but then their function must be guaranteed for sure.
Therefore, the fire ventilation must be tested out and optimized entire-
ly before the opening of the tunnel. Any fault in the control system
which has not been discovered during the commissioning phase will
not appear in normal operation, but may have fatal consequences in
real incidents.

In the commissioning phase, time is short and, in practice, many
systems cannot be tested out in all the details. Consequently, the accep-
tance tests should focus particularly on the fire ventilation in coopera-
tion with other safety systems in the tunnel.

SMOKE CONTROL

In modern tunnel ventilation systems, smoke control is essential for
fire ventilation. Whether in long tunnels with smoke extraction or in
shorter tunnels with only longitudinal ventilation, the airflow in the
tunnel must be controlled in the case of fire. This is generally achieved
by a closed loop control, using jet fans or fresh air injection as actua-
tors, and the air velocity measurement as controlled process variable.

In state-of the-art tunnel ventilation systems, the requirements for
the precise and reliable measurement of the airflow in the tunnel and
for the control algorithms are very demanding. The air velocity must
be evaluated by at least three independent measurements for the same
value, enabling a plausibility check, which in practice is very impor-
tant.

ACCEPTANCE CRITERIA

Acceptance criteria for the functionality of the control system must
be defined. At the moment, there are no international guidelines for
such acceptance criteria for tunnel ventilation systems.

On the basis of the main goal, witch is the control of the spread of
smoke in any possible case, detailed test scenarios for all possible sta-
tes of the control systems must be defined, including failure modes.
For each of these scenarios, acceptance criteria must be defined.

The tests include the function of single systems (like the ventilation)
as well as the integral cooperation of all tunnel safety equipment.

FIRE VENTILATION WITH SMOKE EXTRACTION

The 4.2 km long Gotschna tunnel on the bypass of Klosters,
a mountain holiday resort in Switzerland, is an example for a state-of
the-art tunnel ventilation system with smoke extraction. It has
a transversal ventilation system with two exhaust fans, an extraction
duct in the tunnel ceiling, equipped with controllable dampers, and jet
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Obr. 2 Koncepce poZdrniho vétrdani tunelu Gotschna
Fig. 2 Fire ventilation concept of Gotschna tunnel

Na zdkladé hlavniho cile, kterym je ovldddn{ §ifen{ koufe ve vSech
moznych pripadech, se musi definovat podrobné scénéfe zkouSek
viech moznych stavi systému fizeni véetné stavi poruchy. Pro kazdy
z téchto scéndru se musi definovat kritéria pro prevzeti.

Zkousky zahrnuji jak fungovéni jednotlivych systému (jako vétré-
ni), tak i Uplnou soudinnost vSech soucdsti tunelového bezpecnostni-
ho systému.

POZARNI VETRANI S ODSAVANIM KOURE

Tunel Gotschna (4,2 km dlouhy) na obchvatu horského rekreacni-
ho stiediska Klosters ve Svycarsku je piikladem moderniho systému
vétrani tunelu s odsdvanim koufe. Je to systém pri¢ného vétrani se
dvéma sacimi ventildtory, odsdvacim kandlem ve stropé tunelové
trouby, vybavenym ovladatelnymi klapkami a proudovymi ventildto-
ry v tunelové troubé. V pripadé pozdru se klapky v blizkosti mista
poZaru oteviou pro zaji$téni mistniho odsdvani koure. Saci ventildto-
ry pracuji na plny vykon. Proudové ventildtory v tunelu se uzivaji pro
fizeni podélného proudéni vzduchu, obzvlaste k tomu, aby umoznily
optimélni odsdvan{ koufe za v§ech moZnych okolnosti.

Sifeni koufe je uréovano po&ite¢nim proudénim vzduchu v tunelu.
Toto proudéni je pohdnéno ruznymi silami. Pistovy ucinek dopravy,
ktery je nejsilnéjsi béhem normadlniho provozu, se snizuje, jelikoZz
doprava se v pripadé pozdru nakonec zcela zastavi.

Po zjisténi nehody za¢ne mit, kromé kominového efektu v dasledku
teplotniho zatiZeni poZdrem a setrvacnosti pohybujictho se vzduchu
samého, VEtS{ vliv vitr, barometricky tlak a vSeobecny kominovy
efekt v disledku rozdilu vnéjSich (venkovnich) a vnitinich teplot.
Spolu s uGlinkem ventildtora tyto sily urfuji proudéni vzduchu
v tunelu a mus{ se vyrovndvat tak, aby se $ifeni koufe dalo ovladat.

Ve vysokohorskych klimatickych podminkdch tunelu Goschna
muZe byt kominovy dc¢inek velmi silny. Proudové ventildtory mus{
vyrovnévat sily pres 200 Pa, aby bylo moZné dostate¢né odsdvani za
vsech podminek.

Bez vyrovnéni téchto vnéjsich sil by byla ovlivnéna déinnost odsa-
vani{ koufe a v extrémnich pfipadech by kouf mohl i prochdzet kolem
otevienych klapek, aniZ by byl nasdvan. U podélného vétrani by pfi-
rozené sily mohly vést k rychlej$imu $ifeni koure, naruseni mozného
rozvrstveni, nebo dokonce ke zméné sméru §iten{ koufe proti unikaji-
cim osobdm.

PREJIMACI ZKOUSKY VETRACIHO ZARIZENI

Pii tovéarnich prejimacich zkouskdch se dd vykon tohoto zafizeni
méfit s relativné vysokou presnosti na zkuSebnich zafizenich, zv1asté
pokud se jednd o ventilétory a klapky. Tyto zkousky jsou dobre popséany

Obr. 3 ZkusSebni zarizeni pro ventildtor podle ISO 5801
Fig. 3 Fan test rig according to I1SO 5801
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fans in the tunnel tube. In case of fire, the dampers in the vicinity of
the fire place are opened for local smoke extraction. The exhaust fans
operate at full capacity. The jet fans in the tunnel are used to control
the longitudinal airflow, particularly to enable an optimal smoke
extraction under all possible circumstances.

The spread of smoke is determined by the initial airflow in the tun-
nel. This airflow is driven by various forces. The piston effect of the
traffic, which is most powerful during normal operation, decreases
because the traffic will eventually stop in case of fire.

After detection of the incident, the wind, barometric pressure and
the stack effect due to temperature differences become more influenti-
al, beside the chimney effect caused by the thermal load of the fire, and
the inertia the moving air itself. Together with the effect of the mecha-
nical ventilation, these forces determine the airflow in the tunnel, and
must be compensated to control of the smoke spreading.

In the Gotschna tunnel, the stack effect in the high mountain clima-
te can be very strong. To enable a sufficient extraction under all con-
ditions, the jet fans must compensate forces of more than 200 Pa.

Without compensation of those external forces, the efficiency of the
smoke extraction would be affected and, in extreme cases, the smoke
would even pass by the open dampers without being extracted. In lon-
gitudinal fire ventilation, natural forces could lead to a faster smoke
spreading, to the destruction of a possible layering, or even to the
change of direction of the smoke spread towards fleeing persons.

ACCEPTANCE TESTS OF VENTILATION EQUIPMENT

In factory acceptance tests, the performance of the equipment can be
measured with relatively high precision on test rigs, especially for fans
and dampers. Those tests are well defined by international regulations,
for example ISO 5801 for big fans and ISO 13'350 for jet fans. Hot
temperature tests for fire ventilation fans must be carried out according
to EN 12'101-3.

Because the real tunnel differs from the theoretical layout, measure-
ments of the installed equipment are even more important. This site
acceptance tests, thus the measurements in the tunnel, show not only
the performance of the equipment, but also whether the layout para-
meters assumed by the designer are realistic.

MEASUREMENTS IN THE TUNNEL

Typically, the following measurements should be carried out in
a tunnel with smoke extraction and jet fans, generally according to the
guideline ISO 5802:

- Operating points (volume flow, pressure difference and power
demand) under all possible conditions of the big tunnel fans
(exhaust fans, eventually supply fans when existing).

- Critical operating points at stall of fans.

- Volume flow in the air duct at the most critical extraction point,
determining the true extracted value and the leakage of the air duct.

Volume flow in the traffic space at different velocities in both direc-

tions. This measurements serve to prove the performance of the jet
fans, as well as for the calibration of the installed air velocity equip-
ment. This calibration is of utmost importance for the use of the air
velocity measurement for the closed-loop control.

In tunnels with escape routes via cross passages or an escape tunnel,

the following values should be measured for all possible states of ope-
ration of the escape route ventilation:

Obr. 4 MéFici sit’v odsdvacim kandlu
Fig. 4 Measuring grid in exhaust air duct
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mezinarodnimi predpisy, napfiklad ISO 5801 pro velké ventildtory a ISO
13'350 pro proudové ventildtory. Zkousky ventildtorti poZdrniho vétran{
na pusobeni vysokych teplot se musi provddét podle EN 12'101-3.

JelikoZz skuteny tunel se li§i od teoretického usporadéni, jsou
méfeni instalovaného zafizeni jesté daleZitéjsi. Tyto prejimaci zkous-
Ky in situ, to znamend méfeni v tunelu, ukazuji nejen vykon zarizen,
ale i to, zda jsou projektantem ofekdvané parametry daného uspora-
danf redlné.

MERENI V TUNELU

Normélné by se méla v tunelu s odsdvanim koure a proudovymi ven-
tildtory provadét nasledujici méfeni, obecné podle normy ISO 5802:

— Provozni body (objemovy prutok, rozdil tlaku a spotfeba energie) za
vSech moznych podminek velkych tunelovych ventildtora (saci ventild-
tory, pripadné privodni ventildtory, pokud existuji).

— Kiritické provozni body pfi odtrhu proudéni ve ventilatoru.

— Objemovy prutok ve ventilaénim potrubi v nejkriti¢t€j$im sacim
bodu, uréujici skute¢né odsdvané mnoZstvi a netésnost odsdvaciho
kandlu.

Objemovy pratok v dopravnim prostoru pri ruznych rychlostech

v obou smérech. Tato méfen{ slouzi k prokdzani vykonu proudovych ven-
tildtort a ke kalibraci instalovaného méfictho zafizeni rychlosti proudé-
ni vzduchu. Tato kalibrace md vrcholnou dileZitost pro pouZiti méfen{
rychlosti proudéni vzduchu pro tcely regulace v uzavieném cyklu.

U tunelt s dnikovymi cestami vedoucimi pres tunelové propojky nebo
tnikovy tunel by se pro vSechny mozné provozni stavy vétrani tniko-
vych cest mély méfit ndsledujici hodnoty:

—rozdil tlaku pres uzavrené dnikové dvere,

— rychlost proudéni vzduchu otevienymi tinikovymi dvefmi,

— sila potrebn k otevien{ tinikovych dveri pfi plném rozdilu tlaku.
POSOUZENI RIDICIHO SYSTEMU

Obecné zkuSenosti s fidicimi systémy ukazuji, Ze kazdy detail, ktery
neni dukladné vyzkousen, nebude v praxi fungovat. K tomu je nutno pfi-
hliZet pfi zpracovani programu zkousek systému zajistujicich bezpe¢nost
v tunelu. Zv14§t€ by mély byt podrobeny zkouskdm vSechny mozné poru-
chové stavy.

U pramémého, nepfilis sloZitého tunelu by ¢as mezi dokongenim viech
instalaci a uvedenim tunelu do provozu, vyhrazeny na podrobné zkousky
a odstranéni zjisténych nedostatkd, nemél byt kratsi neZ dva mésice.

Mnoho provoznich stavu se nedd ve skute¢ném tunelu tplné zkouset,
zv1&§te v pripadech modernizace, kde se musi mnoho zkousek provadét
za provozu a ve velmi omezeném Case. Pro takové aplikace muZe byt
velmi uZite¢né pouZiti tunelového simuldtoru, coZ je matematicky model
fyzického tunelu, kde jsou simulace provddény na pocitaci, propojeném
s programovatelnym automatem (PLC).

RIZENi NORMALNIHO PROVOZU POMOCIi TUNELOVEHO
SIMULATORU

Prikladem extrémnich ndroku na normdlni provoz vétrani je Cross City
Tunnel v australské Sydney. Jedn4 se o priblizné 2 km dlouhy dvoutrub-
ni tunel s vjezdy a vyjezdy. Z divodu omezeni, souvisejicich s ochranou
Zivotniho prostfedi, neni dovoleno, aby vzduch z tunelu nékdy vychdzel
z nékterého z 8 portdla.

To je umoznéno sofistikovanym algoritmem fizeni pro podélné prou-
déni vzduchu ve vSech vétvich, s pouZitim spfaZzenych Pl-reguldtoru,
pusobicich na proudové ventildtory a saci ventildtory. Rychlosti proudé-
ni vzduchu se méfi na vSech portdlech a jsou monitorovany i na interne-
tu, coZz umoznuje vetejny dohled nad dodrZovédnim danych omezeni.

Pomoci tunelového simuldtoru se vyzkousely vSechny scéndfe pred
jejich aplikovanim ve skute¢ném tunelu. Po uvedeni tunelu do provozu
pracoval fidici systém uspokojivé, pouze s drobnymi tpravami.

POSOUZENI RIZENI PROUDENI VZDUCHU

Reakéni doba systému fizeni proudéni vzduchu v piipadé pozdru musi
byt co nejkratsi, av§ak prehnand reakce (obrat v proudéni vzduchu) je
neprijatelnd. Proudéni vzduchu musi byt stabilizovdno mezi pripustnymi
limity pro vSechny mozné zmény vnéjsich sil. Aby se tohoto cile dosdh-
lo, musi se parametry cyklu uzavrené regulace optimalizovat.

I kdyz jiz byly vSechny moZné scéndre a soubory parametrti vyzkou-
Seny pomoci tunelového simuldtoru, ty nejkritictéjsi stavy by se mély
vyzkouset v tunelu. Pro simulaci vnéjSich sil se hodi mobilni reverzibil-
ni ventildtor s proménlivou rychlostf otacek.

Vsechny mozné vnéjsi sily a prechodné stavy béhem néhlych zmén
téchto sil by se mély simulovat sériemi zkousek, které se maji provadet.

Obr. 5 MéFici sit’v dopravnim prostoru
Fig. 5 Measuring grid in traffic space

- pressure difference over closed escape doors
- air velocity through open escape doors
- force to open the escape doors at full pressure difference

ASSESSMENT OF THE CONTROL SYSTEM

General experience with control systems shows that each detail
which is not tested out thoroughly will fail in practice. This must be
taken into account when working out a test program for tunnel safety
systems. Especially all possible failure modes should be tested out.

In an average, not too complex tunnel, the time reserve for detailed tests
and the improvement of discovered faults should be at least two months
(between finishing of all installations and the opening of the tunnel).

Many states of operation cannot be tested out fully in the real tun-
nel, especially in refurbishment projects, where many tests must be
carried out under traffic and the time is very limited. A tunnel simula-
tor, which is a mathematical model of the physical tunnel running on
a computer connected with the PLC, can be very useful for such appli-
cations.

NORMAL OPERATION CONTROL WITH TUNNEL SIMULATOR

An example for extreme demands for normal operation ventilation
is the Cross City Tunnel in Sidney, Australia. It is an approx. 2 km long
double tube tunnel with entrances and exits. Due to environmental
restrictions, it is not admitted that tunnel air exits from one of the
8 portals at any time.

This is enabled by a sophisticated control algorithm for the longitu-
dinal airflow in all branches, using coupled PI controllers acting on the
jet fans and exhaust fans. The air velocities are measured at all portals
and monitored even on the internet, enabling the public to supervise
the compliance with the restrictions.

By using a tunnel simulator all scenarios were tested out before
being applied in the real tunnel. After opening of the tunnel, the con-
trol system worked satisfactorily with only minor adjustments.

Obr. 6 Systém vétrdni tunelu Cross City Tunnel v Sydney
Fig. 6 Ventilation system of the Cross City tunnel in Sidney
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Obr. 7 Tunelovy simuldtor
Fig. 7 Tunnel simulator

Aby se posoudila funkénost fizeni, zaznamendva se béhem téchto zkou-
Sek rychlost proudéni vzduchu na obou strandch sdni.

Pokud zkousky ukéZi na zdvazné selhdni fidictho systému, musi se
parametry upravit a po provedeni vylepSeni se musi zkousky provést

znovu.

POZARNI ZKOUSKY A ZKOUSKY KOUREM

Pozérni zkousky a zkousky koufem se mohou provadét po tspé$ném
dokonceni vSech vySe uvedenych zkousek a po odstranéni vSech vad.
Pred tim se musi dikladné ovéfit d¢innost pozarniho vétrani. PoZdrn{
zkousky a zkousky koufem slouZi pouze jako vizualizace déinnosti
pozarniho vétrani, nikoliv v8ak jako primdrni zkouska.

Kromé toho se tyto zkousky daji pouZit i pro posuzovéni detekéniho
zafizeni (tepelnd a kourovd Cidla) a nedilné reakce na zjisténi pozdru
(kterd by se také méla zkouset predem). Mohou se pii nich cvidit
i jednotky pozdrni ochrany a provozni persondl.

U skutecného poZdru maze vznikat velké mnoZstvi tepla a koure, které
muZe mit vliv na osoby i instalace v tunelu. PoZarni zkouska, odpovida-
jici navrzenému systému pozdrniho vétrdni (napf. na 30 MW) by vyZza-
dovala velmi ndkladnd opatfeni na ochranu nebo obnovu tunelu v oblasti
ohniska pozaru.

Z tohoto diivodu se doporucuje, aby se pro vizualizaci odsévéani koure
pouzivalo ekvivalentni mnoZstvi studeného koure. Zkousky studenym
koufem se daji provadét s vynalozenim malého usili. T kdyZ jsou jeho
fyzikélni vlastnosti odli§né od horkého koure, je studeny kouf pouZitelny
pii zkouskdch odsdvéni koure. Jeho odsévani je dokonce ndro¢néjsi, jeli-
koZ u néj nedochdzi k Zddnému nebo jen nepatrnému vrstveni.

Pohyb el kourové clony by se mél zaznamendvat a je mozné ho uka-
zovat v zavislosti na rychlostech proudéni vzduchu v tunelu a na stavech
poZéarniho vétrani.

Pro tcely zkouSek tepelnych ¢idel a pro vycvik jednotek pozarni ochra-
ny se muZe dodatené vyvolat skute¢ny poZdr, s omezenym poZdrnim zati-
Zenim (napriklad 5 MW), a proto s relativné malym vyvinem koufe.

ZAVERECNE POZNAMKY

V poslednich létech mnohé evropské zemé prijaly nové smérnice pro
usporaddn{ systému tunelového vétréani, které se zaméfuji na usporadén{
pozérniho vétrani. Tyto smérnice stanovi standardy pro zpracovéni pro-
jektu. Co se tyce funk&nosti zafizenf a jeho fidictho systému v praxi, pro

s vz

jeho hodnoceni Zddné predpisy neexistuji.

Obr. 8 Mobilni ventildtor v tunelu
Fig. 8 Mobile fan in tunnel

ASSESSMENT OF AIRFLOW CONTROL

For the airflow control in case of fire, the reaction time must be as
short as possible, but an over-reaction is not acceptable. The airflow
must be stabilized between admissible limits for all possible variations
of external forces. The parameters of the closed-loop control must be
optimized to achieve this goal.

Even when all possible scenarios and sets of parameters have been
tested out with a tunnel simulator, the most critical states should be tes-
ted in the tunnel. For the simulation of external forces, a mobile fan
with variable rotational speed and direction is useful.

All possible external forces and transients during abrupt changes of
these forces should be simulated in a series of tests to be carried out.
During these test, the air velocity on both sides of the extraction is log-
ged to assess the functionality of the control.

If the tests show critical failures of the control systems, the parame-
ters must be adjusted and the tests must be worked out again after the
improvements.

FIRE AND SMOKE TESTS

Fire and smoke tests can be carried out after all previous tests have
been completed successfully and all defects have been eliminated. The
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Obr. 9 Rychlosti proudeéni vzduchu béhem zkouSek
Fig. 9 Air velocities in tunnel during tests
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Obr. 10 Zkouska kourem
Fig. 10 Smoke test

Obr. 12 PoZdrni zkouSka
Fig. 12 Fire test

V minulosti se zafizeni v mnoha tunelech dukladné nezkousela. To
melo katastrofdln{ ndsledky pri skuteCnych nehoddch, pfi kterych doslo
k pozaru.

Pro zkouSeni a posuzovani bezpelnostnich zafizeni, obzvlaste co se
tykd vétran{ tunelu a tnikovych cest, se od samého pocétku planovani
musi politat s primefenou Casovou rezervou, ale i s rezervou
v organizaci, financovani a v lidskych zdrojich. Tato rezerva se nesmi
zrusit z duvodu nedostatku Casu v posledni fazi vystavby.

Zatizeni, které se dukladné nevyzkousi, vede k riziku, které se nedd
kalkulovat. Pokud by se tiplné posouzeni bezpecnostniho systému neda-
lo zarudit, bylo by lepsi cely systém vypustit a naplanovat néjaky jedno-
dussi.

PETR POSPISIL, DIPL. MASCH. ING. ETH SIA,
petr.pospisil@hbi.ch, HBI HAERTER AG, Stockerstr. 12,
CH - 8002 Ziirich

Obr. 11 PoZdrni vétrdni, rychlosti proudeéni vzduchu a pohyb éela kourové
clony
Fig. 11 Fire ventilation, air velocities and movement of smoke front

effectiveness of the fire ventilation must be tested out thoroughly
before. Fire and smoke tests serve only as a visualization of the
effectiveness of the fire ventilation, but not as its primary test.

Beside that, those tests can be used for assessment of detection equ-
ipment (heat and smoke sensors) and integral fire response (which
should be also tested out in advance). Also, the fire brigade and ope-
ration personal can be trained.

With a real fire, big amounts of heat and smoke can be generated,
which would affect persons as well as the installations of the tunnel.
A fire test according to the layout of fire ventilation (for example
30 MW) would demand very expensive protection measures oOr
a refurbishment of the tunnel in the fire zone.

Therefore, it is recommended to use an equivalent amount of cold
smoke for the visualization of the smoke extraction. Such cold smoke
tests can be carried out with little effort. Although the physical pro-
perties are different from hot smoke, cold smoke is useful for testing
out smoke extraction. It is even more demanding for the extraction
because there will be no or little stratification.

The movement of the smoke fronts should be registered and can be
shown in relation to the air velocities in the tunnel and the states of fire
ventilation.

To test the heat sensors and to train the fire brigades, a real fire with
a limited load (for example 5 MW), but relatively little smoke produc-
tion, can be carried out additionally.

FINAL REMARKS

In the last years, new guidelines for the layout of tunnel ventilation
systems have been adopted in many European countries, focusing on the
layout of fire ventilation. These regulations set standards for the workout
of a design. Regarding the functionality of the equipment and its control
system in practice, there are no regulations for its assessment.

In the past, the equipment in many tunnels was not tested out tho-
roughly. In real fire incidents, this had fatal consequences.

For the testing and assessment of the safety equipment, especially
the tunnel and escape way ventilation, an adequate time reserve as well
as organizational, financial and personal resources must be foreseen
from the beginning of the planning, and must not be cancelled due to
lack of time in the last phase of a project.

Equipment, which is not tested out thoroughly, leads to a risk which
cannot be calculated. When the full assessment of a safety system can-
not be guaranteed, it would be better to omit the whole system and plan
a simpler one.

PETR POSPISIL, DIPL. MASCH. ING. ETH SIA,
petr.pospisil@hbi.ch, HBI HAERTER AG, Stockerstr. 12,
CH - 8002 Ziirich
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VYUZITi INFORMACNIHO SYSTEMU BARAB PRI MONITORINGU
RAZBY TUNELU SLIVENEC
APPLICATION OF THE BARAB INFORMATION SYSTEM
TO THE MONITORING OF THE SLIVENEC TUNNEL EXCAVATION

RADEK BERNARD, TOMAS MIKOLASEK, ALEXANDR ROZSYPAL

uvob

V Cldnku autofi struéné popisuji vyvoj informa¢niho systému
BARAB, navrzeného pro potfeby monitoringu velkych inZenyrskych
staveb. Prezentuje se nejnovéjsi verze tohoto systému obohacend
o prvky GIS, a to na piikladu monitoringu razby tunelt Slivenec, stav-
by 514 vnéjsiho prazského okruhu. Zduraznén je vyznam komplexni-
ho informaéniho sytému pro fizeni rizik v prabéhu raZzeb tunelu.
Zéajemcum o struéné sezndmeni s fungovdnim systému bude umoznén
primy vstup do ukazkové verze systému na prikladu stavby SOKP 514.

VYZNAM MONITORINGU PRO EKONOMICKOU
A BEZPECNOU RAZBU TUNELU

Vv,

Vystavba tunelt je nejriskantnéjsi stavebni ¢innost. Je to ddno vlast-
nostmi horninového prostredi, kterym je tunel raZzen. Ty jsou vysled-
kem dlouhodobého geologického vyvoje s opakovanym porusovanim
i zpeviiovanim ruzné povahy. Vznikd riznorodd hornina, kterd své
vlastnosti méni v prostoru, ¢ase i sméru. Nejvetsi obtiZe predstavuje
skute¢nost, Ze jeji vlastnosti nelze ani velmi podrobnym geotechnic-
kym pruzkumem spolehlivé a vy&erpdvajicim zpusobem pfedem urcit.
Kromé toho stéle roste velikost a komplexnost staveb, rychlym tem-
pem se vyvijeji moZnosti konstrukénich feSeni i technologii umoziu-
jici rychlejsi a dokonalejsi naplnéni cili vystavby. Spolu s tim oviem
roste i zranitelnost takovych stavebnich konstrukci, riziko vzniku riz-
nych neZddoucich uddlosti béhem vystavby, jejtho prodlouzeni
a zvySeni puvodné rozpoltovanych ndkladu.

Stédle vétsim rizikem je i ohroZeni z4jmu tfetich osob, napiiklad
dotCen{ objekti nadzemni zdstavby nebo inzenyrskych siti, ¢i dopady
na zivotni prostedi.

Vychodiskem k predchdzeni takovym dusledkam nebo dokonce
raznym kolapsum pii razbé tunelt je pouziti observacni metody
a monitoringu. Ve spo¢iva v prabézném méreni odezvy horninového
masivu, pfipadné i okolnich dotéenych objektu, na razbu. Na zdkladé
vysledka méfeni je upravovan technologicky postup raZeb tak, aby se
deformacni odezva udrZela v projektem predepsanych mezich. Dalsi
mozZnosti vyuZiti vysledkt monitoringu je optimalizace poZzadavku na
kvalitu vystavby (plnéni predepsanych technicko-kvalitativnich poZa-
davku), tedy i na ekonomiku a bezpenost provadénych stavebnich
praci. Takovy postup se ovSem neobejde bez okamZitého vyuzivani
vysledkt méfeni (informaci o odezvé horninového masivu na razbu)
pro fizeni postupu vystavby.

Monitoring vystavby tunelu predstavuje opakovanid méfeni mnoha
raznych veli¢in rozli¢nymi metodami na mnoha mistech jak vlastni
stavebni konstrukce tunelu, tak i okolniho horninového prostredi, pri-
padné i stdvajicich sousednich objekti nadzemni zdstavby, inZenyr-
skych siti atp. Monitoring rychle pokracujicich razeb velkych doprav-
nich tuneld modernimi technologickymi prostiedky v naro¢nych geo-
logickych podminkdch a ¢asto s nebezpedim ohroZeni zdjmu tietich
osob (objekty nadzemni zastavby, ohroZeni Zivotniho prostiedi, stiety
s inzenyrskymi sitémi atp.) produkuje obrovské mnozstvi dat. Data
pochézeji z ruznych mist stavby a jsou pofizena raznymi metodami.
Ziskand data jsou zdvisld na Case, jsou ovlivnéna lokalizaci méfeného
mista vudi pravé se nachazejici razené dilei ¢elbé tunelu, jsou ovlivné-
na pouzitou technologif atp.

Toto obrovské mnozstvi dat musi byt ,,uskladnéno® spole¢né, aby
data mohla byt okamzité hodnocena ve vzdjemnych souvislostech.
Pritom musi byt témérf okamzité po zméfeni k dispozici pro rozhodo-
vaci proces. Data musi byt nejen zpracovana a vyhodnocena do zZadou-
ci formy, ale musi byt i ,,dopravena“ k ostatnim subjektim, které jsou
pro praci s nimi kompetentni. Jinak cely monitorovaci systém pozbu-
de pro fizeni stavby podstatnou ¢dst své d¢innosti.

INTRODUCTION

In this paper, the authors describe the development of the BARAB informa-
tion system, which was designed to be used for the monitoring of large civil
engineering constructions. They present the latest version of the system, which
is enriched with GIS elements, using the monitoring of the Slivenec tunnel
excavation (construction lot 514 of the Prague City Ring Road project). The
emphasis is placed on the importance of the comprehensive information system
for the system of managing risks during the tunnel excavation. Those interested
in being briefly familiarised with the system functioning will be allowed direct
entry to a demo version of the system using the SOKP 514 construction as an
example.

THE IMPORTANCE OF MONITORING FOR ECONOMIC
AND SAFE TUNNEL EXCAVATION

Tunnel construction is the most risky civil engineering activity. It is so becau-
se of the properties of the rock environment through which the tunnel is driven.
These are the result of long-term geological development, with repeated distur-
bance and consolidation. The resulting ground is heterogeneous, changing its
properties in space, time and directions. The biggest problem is the fact that its
properties cannot be reliably and comprehensively determined in advance, even
by means of a very detailed geotechnical survey. In addition, the magnitude and
complexness of constructions have been continuously growing, the possibilities
of structural designs and technologies, which allow faster and more complete
fulfilling of the objectives of construction, have been developing at a rapid rate.
However, along with this growth, the vulnerability of the structures, the risk of
various undesired events during the construction, such as extension of the con-
struction time and increase in the originally estimated costs, grow as well.

The threatening of interests of third parties, for instance causing damage to
surface buildings or utility networks, or affecting the environment, represent an
ever greater risk.

The possible action to prevent such consequences or even various collapses
during tunnel excavation operations is the use of the observation method and
monitoring. It is based on continuous measurement of the response of the rock
massif or even the affected structures to the excavation. The design of means
and methods is adjusted on the basis of the results of the measurements, with
the aim of keeping the deformational response within the limits prescribed by
the design. Another possibility of the use of the monitoring results is for the opti-
misation of requirements for quality of the construction (fulfilling the prescri-
bed engineering-quality requirements), therefore even for economy and safety
of the construction work being carried out. Such a procedure, however, cannot
cope without immediate usage of the measurement results (the information
about the rock massif response to the excavation) for the management of the
construction process.

Tunnel construction monitoring represents repeated measurements of many
assorted quantities by various methods, in many points of measurement of both
the tunnel structure itself and the surrounding rock environment, or even the
existing buildings or utility networks in the vicinity, etc. Monitoring of quickly
advancing excavation of large traffic tunnels by modern equipment, in difficult
geological conditions and often with a risk of threatening the interest of third
parties (surface buildings, threatening of the environment, collisions with utili-
ty networks etc.) produces a vast amount of data. The data is collected from
many points of the construction and is obtained by various methods. The obta-
ined data is dependent on time, is affected by the location of the measured point
with respect to the location of the partial heading at the particular moment, is
affected by the equipment being used, etc.

The above-mentioned huge amount of data must be “stored” in one package
to allow immediate assessment of all interrelations. At the same time, it must be
nearly immediately after the measurement available for the decision making
process. The data must be not only processed and assessed in the required form,
but it also must be “transported” to the other subjects which are competent to
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VYVOJ GEOTECHNICKEHO INFORMACNIHO
SYSTEMU BARAB

Prvni velkd tunelova stavba na uzemi éR, kterd se vyrovndvala
s velkym mnoZstvim dat produkovanych monitoringem s vyuzitim IT
technologii, byla vystavba tunelu Mrdzovka na Méstském okruhu. Na
tomto projektu byl navrZzen monitorovaci systém zajistujici sledovan{
viech aspektu souvisejicich s razbou tunelu.

Rozsah stavby a jeji lokalizace v husté zastavéné Césti mésta pred-
poklddal instalaci velkého mnoZstvi méficich mist raznych typa mére-
ni. Pfedpoklad velkého mnoZstvi sbiranych dat vedl k potiebé jejich
soustfedéni do jednoho mista.

Jadrem systému byla kanceldf monitoringu, kterou navrhl projektant
stavby (Satra, spol. s 1. 0.), kde se shromazdovala vSechna data ziskand
v ramci monitoringu. Kanceldr zajiStovala jejich spravu, prezentaci
a archivaci. Sdileni dat a prezentace vysledki jednotlivych méfeni &i
analyz vysledka skupin méfeni bylo zajiSténo lokdlni siti (spolecny
objekt investora, projektanta, zhotovitele stavby a zhotovitele GTM).
Ostatnim G¢astnikum stavby byla interpretace duleZitych dat rozesildna
pomoci e-mailové posty.

Kanceldf monitoringu pripravovala podklady pro skupinu RAMO
(RAda MOnitoringu), ve kterych shrnovala a prezentovala informace
ziskané monitoringem v danych etapdch (tyden, mésic). Zakladem pod-
kladu bylo schéma, které dokumentovalo pro ur¢ité datum stav prubé-
hu stavebnich praci (poloha Celeb) vzhledem k poloze méficich mist.
Dalsi podklady pak ddvaly informace o vyvoji sledovanych parametra
jednotlivych méficich mist.

Data byla ukldddna v predem definované struktufe adresaru dle typu
méfeni v souborech MS Office (excel, word, pdf).

SG-Geotechnika, a. s, s vyuzitim zkuSenosti pfi realizaci monitorin-
gu tunelu Mrdzovka, navrhla a realizovala v roce 2003 databazovy
systém BARAB. Zakladni motto pro konstrukci systému BARAB bylo:

Obr. 1 Pracovni plocha portilu BARAB - geodetickd méreni
Fig. 1 BARAB portal desktop — geodetic survey

TuoufHel

work with it. Otherwise, the entire monitoring system will lose a part of its
effectiveness, which is significant for construction control.

DEVELOPMENT OF THE BARAB GEOTECHNICAL
INFORMATION SYSTEM

The first large tunnel construction in the Czech Republic which dealt with
great amount of data produced by monitoring using IT technologies was the
construction of the Mrazovka tunnel on the inner ring road in Prague. The moni-
toring system which was designed for this project provided the monitoring of
all aspects associated with the tunnel excavation.

The extent of the construction and its location in a densely developed part of
the city required the installation of a large quantity of measurement stations for
various types of measurements. The expectation of a huge amount of data to be
collected resulted in the need for centralisation of the data to one point.

The core of the system was a monitoring office, which was designed by the
project designer (Satra s.r.0.), where all the data collected within the framework
of the monitoring was gathered. The office provided the data administration,
presentation and filing. The data sharing and presentation of the results of indi-
vidual measurements or analyses of results of the measurement groups were
possible through a local network (an object shared by the owner, designer, con-
struction contractor and GTM contractor). The other parties involved in the con-
struction received the interpretation of important data through e-mail.

The monitoring office prepared grounds for the RAMO group (a monitoring
council), in which it summarised and presented information obtained through
the monitoring in the particular stages (a weak, month, ..). The basis for the
grounds was a scheme which documented, for a particular date, the state of the
construction works course (positions of the headings) relative to the location of
the measurement stations. Other grounds provided information about the deve-
lopment of the monitored parameters at the individual measurement stations.

The data was stored in a predefined structure of directories, according to
measurement types, in MS Office files (excel, word, pdf).

In 2003, SG Geotechnika a.s, using its experience in carrying out the moni-
toring for the Mrdzovka tunnel, designed and implemented the BARAB data-
base system. The basic motto for the BARAB system structure was: a single
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Obr. 2 Pracovni plocha portilu BARAB - geologicky pasport Celeb
Fig. 2 ARAB portal desktop — basic geological data on excavation faces

jedno misto dostupné odkudkoliv. Rozvoj internetu umoznil splnit
zdkladni zaddni.

Pro jasné definovani databdze byl ur¢en prvotni poZadavek — posky-
tovan{ okamzitych informaci o reakci prostredi na probihajici vystavbu
podzemnich staveb (prezentace geodetickych méfeni — konvergence,
nivelace). Postupné byl systém BARAB rozsifen o moZnost vklddani
a o prezentaci doprovodnych informaci (dokumenty souvisejici
s vystavbou — vystupy z dalSich typa geotechnickych méfidel, zdpisy,
projekty atd.).

V roce 2006 byl systém BARAB doplnén o platformu GIS (geogra-
ficky informaéni systém). Platforma GIS zajistuje vizualizaci predmeé-
ti monitoringu (tj. kresbu jednotlivych méficich mist, lokalizaci aktu-
alni polohy celeb atd.) spolu s mapovymi podklady voliteIného obsahu
(napf. projekt, situace aj.).

POPIS SYSTEMU BARAB

Systém BARAB vyuZziva relacni databazovy systém spravovany SQL-
serverem. Idea databdze vychdzi z projektu monitoringu. Zakladn{ entita
databdze je méfici misto (napf. konvergenéni profil, extenzometr, nive-
laéni profil, Celba atd.). Méfici mista jsou ur€ena svym typem mefen{
(geodetickd méreni, inklinometrickd méfeni, postupy razeb, Celby atd.)
a sdruZend v jednotlivych sekcich (¢dst projektu — napt. terén, objekty,
tunelova trouba atd.). K méficim mistam lze uklddat jak diskrétni méfe-
ni (napf. geodeticka data), tak obecné informace ve formé dokumenta
systému MS-Office (.doc, xls, .pdf aj.). Diskrétni mérfeni systém
BARAB zpracuje a prezentuje ve formé grafu asového vyvoje zmén sle-
dovanych parametrua (sedéni, pri¢ny a podélny posun sledovanych bodu).
Obecné dokumenty jsou vybaveny klicovymi slovy.

Pristup k datim systému BARAB je realizovan pomoci webové apli-
kace portdlu BARAB (na adrese www.barab.eu). Tato aplikace slouzi
k uklddani dat do databdze BARAB (jak diskrétnich, tak ve formé
dokumentu) a k jejich prohliZeni.

point accessible from anywhere. The development of the Internet made the ful-
filling of the basic task possible.

The primary requirement which was set for the clear definition of the idea of
the database was: provision of instantaneous information about the response of
the environment to progressing construction of underground structures (presen-
tation of geodetic measurements — convergences, levelling). The BARAB sys-
tem was step-by-step extended by adding the possibility to put in and present
accompanying information (documents relating to the construction — outputs
from other types of geotechnical measuring tools, records, designs etc.).

In 2006, the BARAB system was supplemented by the installation of the GIS
(Geographical Information System) platform. The GIS platform provides the
visualisation of monitored subjects (i.e. drawings of individual measurement
stations, location of current positions of headings etc.) together with maps with
selectable content (e.g. the design, layout etc.).

BARAB SYSTEM DESCRIPTION

The BARAB system uses the relational database administered by the SQL
server. The idea of the database is based on a monitoring project. The basic enti-
ty of the database is a point of measurement (e.g. a convergence measurement
station, extensometer, levelling profile, excavation face etc.). Points of measu-
rement are determined according to the respective type of measurement (geo-
detic survey, inclinometer measurements, advance rates of partial headings,
excavation face etc.); they are joined in an individual section (a part of a project
—e.g. terrain, structures, tunnel tube etc.). Both discrete measurements (e.g. geo-
logical data) and general information in the form of MS-Office documents
(.doc, xls, pdf etc.) can be stored at the points of measurement. The BARAB
system processes and presents discrete measurements in the form of time cur-
ves for the changes in the monitored parameters (settlement, transverse and lon-
gitudinal displacements of the monitored points). General documents are equ-
ipped with key words.

The access to the BARAB system data is through the web application of the
BARAB portal (at www.barab.eu). This application serves for storing data in
the BARAB database (both the discrete data and data existing in a documentary
form) and the data viewing.
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Cesta k Zddanym informacim vede pres vybér méficich mist podle The path to the required information leads through the selection of the points
sekci a typu méfeni. VyuZitim klicovych slov je moZno vyhleddvat of measurement according to the measurement sections and types. Using key
informace pro sdruzend méfici mista (tj. misto, na kterém je realizovd- words, it is possible to search for information for the joined points of measure-
no vice typu méfeni, napt. dam osazeny deformetry, ndklonomérnymi ment (i.e. points in which several types of measurement are carried out, e.g.
desti¢kami, nivela¢nimi body atd.) napii¢ ¢lenénim dle sekci a typa a building in which deformeters, tiltmeter plates, levelling points etc. are instal-
meéftent. led) across the division according to the measurement sections and types.

Vizualizaci dat databdze BARAB zajistuje platforma GIS (na adrese The visualisation of the data contained in the BARAB database is provided
gis.barab.eu). Pro kazdy projekt je vyhotovena sada statickych vykrest, by the GIS platform (at gis.barab.eu). A set of statical drawings is carried out for
které nesou informace potfebné k interpretaci dat monitoringu (projekt, each project. The layouts carry the information necessary for interpretation of
polohopis, prubéh inz. siti, ortofotomapy zdjmového tizemi, geologické the monitoring data (the design, topography, routes of utility networks, ortop-
mapy atd.). VSechna méfici mista v databazi BARAB jsou vybavena hoto maps of the area in question, geological maps etc.). All points of measure-
informaci o své poloze, proto muZe systém BARAB generovat situace ment in the BARAB database are equipped with the information about their
meficich mist (dynamické vykresy). Je moZno volit sestavu statickych location, thus the BARAB system is able to generate situations of the points of
a dynamickych vykresi podle potieby uZivatele. Cesta k Zddanym measurement (dynamical drawings). A set of statical and dynamical drawings
dynamickym vykresiim vede bud uréenim sekce a typu méfeni, nebo can be chosen as required by the user. The route to the required dynamical dra-
uréenim typu méfeni a sekce. wings leads either through the specification of the measurement section and

Portdl BARAB a platforma BARAB GIS vzdjemné komunikuji. Pro type or through the specification of the measurement type and section.
kazdé mérici misto kreslené v BARAB GIS lze ziskat informace The BARAB portal and BARAB GIS platform communicate with each other.
z portdlu BARAB a naopak, pro kazdé méfici misto v databdzi BARAB Information on each point of measurement plotted in the BARAB GIS can be
Ize ziskat informaci o jeho poloze prostiednictvim portilu BARAB retrieved from the BARAB portal and, vice versa, information on the location
GIS. Pristup k informacim databdze BARAB je fizen scéndrem uZiva- of each point of measurement contained in the BARAB database can be retrie-
telskych roli pridélenych jednotlivym uZivatelim. UZivatel miZe byt ved through the BARAB portal. The access to the information in the BARAB
aktivni (md pravo vklddat a editovat dokumenty), nebo pasivni (md database is controlled through a scenario of user roles allotted to individual
pravo pouze k prohliZzeni dokumentt). Lze urcit piistup k dplnému users. The user can be active (entitled to insert and edit documents) or passive
obsahu databaze, nebo jen k urcené Casti databaze BARAB. (entitled only to view documents). It is possible to assign access to the comple-

Databdze systému BARAB je pfistupnd i z jingch programovym te content of the database or only to a specific part of the BARAB database.
aplikacf z rodiny programt MS Office. Tato vlastnost je vyuZivdna pro The BARAB system database is accessible even from other program appli-
konstrukci na miru Sitych aplikaci pro ndsledné analyzy uloZenych dat cations from the MS Office program family. This property is used for the con-
napri¢ typy méfeni, inventury meten{, pripadné jiné aplikace vyhovuji- struction of bespoke applications for follow-up analyses of the stored data
ci okamZitym potfebdm odbératelti informaci systému BARAB. across the measurement types, inventories of measurements or other applicati-

ons meeting the instantaneous needs of the BARAB system information users.

PRIKLAD APLIKACE ISM BARAB NA RAZBE TUNELU SLIVENEC
Investorem stavby je RSD CR Praha, zhotovitelem tunelovych ¢asti AN EXAMPLE OF THE ISM BARAB APPLICATION

je fa. Hochtief CZ, a. s., generdlnim projektantem RDS je Valbek, TO THE SLIVENEC TUNNEL EXCAVATION

s. . 0., a komplexni geotechnicky monitoring pro investora stavby pro- The project owner is RSD CR Praha (the Directorate of Roads and
vadi ve sdruzeni SG-Geotechnika, a. s., a jeji partner PUDIS, Motorways of the Czech Republic, Prague), the tunnelling contractor is
a. s. Vedoucim sdruZeni je SG-Geotechnika, a. s. Ta je také povérena Hochtief CZ, a.s., general designer for the detailed design is Valbek, s.r.o. and
vedenim kanceldfe monitoringu a spravuje a provozuje informacni the comprehensive geotechnical monitoring services are provided for the pro-
systtm BARAB. ject owner by a group of companies consisting of SG-Geotechnika, a.s. (the lea-
Technicky dozor investora na popisovanou dst stavby je smluvné der) and its partner PUDIS, a.s. SG Geotechnika is authorised to run the moni-
zajistén u spolenosti Pragoprojekt, a. s., a IDS, a. s. Autorsky dozor toring office and administers and operates the BARAB information system.
projektanta stavby zajistuje Metroprojekt, a. s., a nad tim v§im (pfede- The resident engineer for the part of the construction being described is con-
v§im kontrola financovéni va¢i EU) bdi spole¢nost FRAM. tracted with Pragoprojekt, a.s. and IDS a.s. The consulting engineer’s supervi-
Razba tunela Slivenec v rdmci stavby SOKP — 514 byla zapocata sion is provided by Metroprojekt, a.s. and all the system is under the surveil-
v prvni dekadé mésice prosince roku 2006 ze zdpadniho portdlu lance by FRAM (keeping an eye on the EU funding above all).
Lochkov. Pred samotnym zardZenim predchdzely pomérné objemné The excavation of the Slivenec tunnel tubes within the framework of con-
vykopové price zhotovitele tohoto useku stavby za tcelem zhotoveni struction lot 514 of the SOKP project (the Prague City Ring Road — the outer
hloubené jdmy pro budouci hloubené tunely dlouhé cca 300 m, nava- ring) started from the western (Lochkov) portal in the first decade of December
zujici na razené tunely. Vystavba tunelt tudiz zahrnuje dvé raZené tune- 2006. Prior to the commencement of the tunnel excavation, the contractor for
lové trouby (stoupajici tifpruh SO 602 a klesajici dvoupruh SO 601) this section of the project had to carry out relatively large volume of earthwork
mezi Lochkovem a Radotinem, dlouhé zhruba od 1260 do 1300 m. Po necessary for the excavation of the construction trench for the future, about
zhotoveni hloubenych tuneli na obou portdlech bude celkovéa délka 300m long cut-and-cover tunnels, which link to the mined tunnels. The tunnel
tunelovych rour dosahovat délky az 1660 m. Projekt RDS rovnéZ zahr- construction therefore comprises two mined tunnel tubes: a three-lane ascen-
nuje Sest propojek raZenych tseku tunelovych trub (sedmd propojka je ding tunnel (SO 602) and a two-lane descending tunnel (SO 603) between
v hloubené slivenecké ¢4sti SO 606) ve vzdjemné vzddlenosti 200 m. Lochkov and Radotin, which are roughly 1260 to 1300m long. Once the cut-
Profil vyrubu ve dvoupruhovém tunelu (2PT) &inf cca 100 m” a ve tif- and-cover tunnels are completed at both portals, the total length of the tunnel
pruhu (3PT) cca 125 m?. tubes will reach 1660m. The final design also comprises six cross passages wit-
S ohledem na dosah a optimalni vyuZiti mechanismu je navrZzeno hin the mined sections of the tunnel tubes (the seventh cross passage is found in
razit tunelové trouby v celé délce s horizontdlnim ¢lenénim vyrubu na the cut-and-cover part on the Slivenec side of the SO 606), built at 200m spa-
kalotu a opefi. Uzavirdni ostén{ spodni klenbou (invert) se predpoklada cing. The excavated cross-sectional area in the double-lane and three-lane tun-
pouze v dsecich raZenych portdla Lochkovského a Radotinského (TT nels (2LT and 3LT) is about 100 m? and 125 m? respectively.
NRTM 5b.¢). Projektovany predpoklad pouziti tfid NRTM v obou tune- With respect to the reach and maximum exploitation of the equipment, the
lech je v rozmezi NRTM 3 az 5. tunnel tube excavation design used the horizontal sequence (top heading and
Na tyto, ve struCnosti popsané parametry stavby, je navrZen bench) throughout the tunnel length. The closing of the lining by invert is expec-
a provadén komplexni monitorovaci systém. Geotechnicky monitoring ted only for the sections at the Lochkov and Radotin mined portals (the NATM
stavby mimo jiné zahrnuje konvergenéni méfeni primarniho excavation support class 5b.c). The design assumption is that the classes 3 to 5
a sekundarniho osténi, extenzometrickd a inklinometrickd méreni ve will be encountered by both tunnels. .
vrtech, trigonometrickd méfeni obou portalt, sledovédni deformaci The comprehensive monitoring system was designed for the above-mentio-
povrchu terénu a objekti zdstavby (nivelaéni méfeni), kontrolni seis- ned, briefly described parameters of the construction and is being implemented.
mickd a akustickd méfeni vlivu trhacich praci na povrchovou zdstavbu, The geotechnical monitoring of the construction comprises, among other acti-
opakované prohlidky obytnych objektd s méfenim deformetra. vities, the primary lining and secondary lining convergence measurements,
V neposledni fadé probiha béhem vystavby tunelt i hydrogeologicky extensometer and inclinometer measurements in boreholes, trigonometric sur-
monitoring v §irS§im okol{ stavby. Z téch nejsledovanéjsich monitorova- vey of both portals, observation of deformations of the ground surface and exis-
cich prvku bude napiiklad osazeno celkem az 130 pétibodovych kon- ting buildings (levelling), checking seismic and acoustic measurements of the
vergencnich profild jen na primérnim osténi obou tunelovych rour, dale blasting effects on surface buildings and repeated inspections of residential
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Obr. 3 Pracovni plocha platformy BARAB GIS - statické + dynamické vykresy
Fig. 3 BARAB GIS platform desktop — statical + dynamical drawings

jsou v tvodnich ¢astech stavby sledovany dva extenzometrické profily
a pét inklinometrickych vrti. Na povrchu terénu a na povrchové zéstav-
bé je osazeno t€méer 130 bodu a na obou portalech dohromady vice neZ
50 bodu.

Vysledky méreni jsou pracovniky kanceldafe GTM uklddédny do data-
bdze BARAB k piislugnym méficim mistim a od toho okamZiku jsou
dostupné uzivatelim bud pies identifikaci méFictho mista v platformé
BARAB GIS, nebo pomoci vyhledédvacich nastroju portilu BARAB.

V databdzi BARAB jsou spravovény téZ geologické pasporty Celeb.

Pro predstavu je mozné uvést, Ze napiiklad jen béhem mésicu Cerven
az srpen 2007 bylo do databaze BARAB uloZeno 3700 méfeni sledo-
vanych bodu a 580 dokumentu.

Pracovnici kanceldfe monitoringu denné sledujici a vyhodnocuji
vSechna data z databazového systému BARAB a velmi pozitivné hod-
noti novou verzi systému BARAB uZivanou na této stavbé. Duvod je
predevsim ten, Ze nemusi hledat potiebné vykresy v zdsuvkéch pracov-
nich stold ¢i v pocitatich, ale s pravidelné aktualizovanymi ddaji
(postupy razeb, jiz osazené monitorovaci prvky) si situaci svého pro-
jektu oteviou pifmo z internetu a posléze si ji miZzou v libovolném
méfitku vytisknout napt. i s vloZzenymi osobnimi zna¢kami. Tento pro-
ces muZe osoba s piistupy do systému BARAB vyuZivat na libovolném
pocitaci kdekoliv na zemékouli, pokud je pfipojen na web. Pfi dokona-
Iém sezndmeni se s platformou BARAB GIS je rovnéz mozno si
v redlném méfitku odméfovat libovolné vzdélenosti (napf. razba od
profilu ¢i objektu na povrchu, atd.), coZ je velmi praktické a potiebné
predevs§im pfi razbé pod obytnou zéstavbou.

Dals$i zajimavou vyhodou je zobrazeni situace stavby v orto-
fotomapé. To znamend zvolit k vykresleni spolu se situaci podzemnich
dél redlny povrch tdzemi i s objekty (silnice, pole, lesy domy). Toho je
docileno pouhym jednim kliknutim na odkazovém stromu zobrazeném
na bo¢ni li§té pracovniho okna. RovnéZ tak je mozno zobrazit
i kompletni geologickou situaci v tunelech (jednd se budto o geologicky
fez z pruzkumnych praci, tj. predikce pro budouci stavbu, anebo
skute¢nost, kterd se aktualizuje v popisovaném projektu s mési¢ni peri-
odou). Kazdy uZivatel urité¢ oceni i moznost vybéru konkrétniho
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buildings with measurements with deformeters. At last but not least, even
a hydrogeological monitoring is carried out during the tunnel construction in the
wider surroundings of the construction. Of the most intensely observed moni-
toring elements, we can mention the up to 130 five-point convergence monito-
ring stations which will be installed only on the primary lining of both tunnel
tubes; further, two extensometer measurement stations and five inclinometer
boreholes are monitored in the initial parts of the construction. Nearly 130
points are installed on the ground surface and on surface buildings, and a total
of over 50 points are installed at both portals.

The measurement results are stored by the GTM office personnel in the
BARAB database to the respective points of measurement; from that moment
they are available to the users, either through the identification of the point of
measurement on the BARAB GIS platform or by means of the BARAB portal
retrieval tools.

Basic geological data on excavation faces is also administered in the BARAB
database.

To give some insight, we can mention the fact that 3700 measurements on the
monitored points and 580 documents were stored in the BARAB database
during June through August 2007.

The monitoring office personnel, who daily follow and assess all data in the
BARAB database system, very positively evaluate the new version of the
BARAB system which is used at this construction. The primary reason is the
fact that they do not have to search for the drawings they need in drawers of wor-
king tables or computers; with the data (excavation advances, monitored ele-
ments installation) being regularly updated, they can open the situation of their
project directly from the Internet and, subsequently, they can print it out on any
scale, for instance even with personal marks added. Anybody who is granted
access to the BARAB system can use this system anywhere on the globe, unless
they are connected to the web. It is also possible for the user who is perfectly
acquainted with the system to measure arbitrary distances (e.g. between the
excavation face and a profile or a building on the surface), which is very practi-
cal and needed, primarily when driving a tunnel under residential buildings.

Another interesting advantage is the depicting of the construction situation in
an ortophoto map. It means that a real surface of the area with objects (roads,
fields, woods, buildings etc.) can be chosen for the drafting. This is achieved by
a single click on the reference tree on the window sidebar. It is also possible to
display the complete geological situation in tunnels (either a geological section
obtained by the exploration, i.e. a prediction for the future construction, or the
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sledovéani monitorovaciho prvku v prehledné situaci a jednoduchym
kliknutim otevie graf s pozadovanym méfenim ve vedlej§im okné na
monitoru svého pocitate. Timto zpusobem se vrati zpét na portal
BARAB, kde se zobrazuji poZzadovand méreni v grafickych ¢i ostatnich
formdch. Pro komplexn{ informace o vybraném méfeni v rdmci stavby
je mozno, naslednym kliknutim na zdlozku ,,Reporty na hornf listé,
vygenerovat prehledny a vystizny graficky vystup se v§emi informace-
mi (postupy raZeb, situovdni bod v profilu), ktery se zobrazuje pomo-
cf programu Acrobat, jenZ je soucdsti standardniho balicku MS-Office.

Pracovnici kanceldfe GTM mimo jiné provddéji neustdle
z naméfenych dat razné prehledné vyhodnocovaci analyzy a rozbory,
jez jsou v priipadé souhlasu investora taktéz sdileny jako dokumenty
v databdzovém systému BARAB. Jedn4 se napiiklad o vztah skute¢né
naméfenych vysledka stavby k predpoklddanym varovnym stavim
z projektu RDS a podobné. Pracovnici kanceldte GTM pracuji nepretr-
Zité prakticky se v§emi datovymi tdaji, jeZ jsou v systému BARAB sdi-
leny.

Na stavbé tuneld Lochkov probihd jednou tydné kontrolni den geo-
technického monitoringu. Aktudlni data poskytovand systémem
BARAB jsou dulezitym podkladem pro pripravu zdcastnénych stran
(investor, zhotovitel stavby, technicky dozor stavby, projektant, kance-
14f monitoringu) k jedndni na té€chto kontrolnich dnech.

Souhrnné feCeno, databdzovy systém BARAB je silny ndstroj pro
veden{ geotechnického monitoringu pfi realizaci tuneli Lochkov.

ZAVER

Starsi verze systému BARAB byla vyuzita téméf na viech tunelo-
vych stavbach, které byly od roku 2003 v Ceské republice realizovdny
(délni¢ni tunely Valik, Klimkovice, Panenskd a Libouchec, Zelezni¢ni
tunely Mald Huba, tunel Hnévkovsky I a II, Bfezno a Vitkovické tune-
ly ¢i Metro IVC2).

Aktudlni verze systému BARAB je nasazena na dvou stavbiach
v Praze a okoli. Jednd se o razbu tunelt Lochkov v rdmci stavby SOKP

— st. 514 a razbu rozsdhlych tunelovych staveb komplexu Blanka
v rdmci Méstského okruhu. Momentdlné se pripravuje stavba

Obr. 4 Pracovni plocha platformy BARAB GIS - statické vykresy + geologie
Fig. 4 BARAB GIS platform desktop — statical drawings + geology

TuoufHel

reality, which is monthly updated at the project being described). Each user will
certainly appreciate the possibility of choosing a concrete monitoring element
to be followed in a well-arranged situation. They will open the chart showing
the required measurement in a side-window on the computer screen by a single
click. This will return them back to the BARAB portal, where the required mea-
surements are displayed in graphical or other forms. To obtain comprehensive
information on the chosen measurement, it is possible to generate, by another
click, a well-arranged and apposite graphical output with all information (exca-
vation advance rates, positions of points within a profile etc.). This output is dis-
played by means of the Acrobat software, which is part of the standard MS-
Office package.

Among other activities, the GTM office personnel continually carry out vari-
ous synoptic assessments and analyses, which are, with the approval of the
owner, also shared as documents in the BARAB database system. One of them
is, for example, the relationship between the results actually measured on site
and the assumed warning states determined in the detailed design. The GTM
office personnel work continually with virtually all the data which is shared in
the BARAB system.

Weakly progress meetings dealing with the geotechnical monitoring are held
on the Lochkov tunnel construction site. The topical data provided by the
BARARB system is an important source of information for the preparation of the
parties involved in the project (the owner, contractor, resident engineer, desig-
ner, monitoring office) for these meetings.

To sum up, the BARAB database system is a powerful instrument for the
management of the geotechnical monitoring during the construction of the
Lochkov tunnels.

CONCLUSION

The older version of the BARAB system was used at nearly all tunnel con-
structions which have been built in the Czech Republic since 2003 (the motor-
way tunnels Valik, Klimkovice, Panenskd and Libouchec, the railway tunnels
Mald Huba, Hnévkov I and II, Brezno and New Connection or the Metro line
IV C2).

The topical version of the BARAB system is currently being used on two
projects in Prague and its vicinity, i.e. the Lochkov tunnels within the frame-
work of the Prague City Ring Road (the outer ring) — construction lot 514, and
the excavation of the extensive tunnelling project called Blanka, which is part
of the City Circle Road (excavation of two tunnels from Tréja on the inner fast
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Krélovopolskych tunelt (u ulice Dobrovského) v Brné, kde bude rov-
néz systém BARAB pouZit.

Vyse popisovany informaéni systém BARAB spliuje ndroky na
moderni fizeni toku informaci s vyuZitim prostiedi internetu. Bez potie-
by specidlnich aplikaci (klientd) je moZno ziskat informace
o skute¢ném stavu a vyvoji vlivu realizovanych staveb na okoli
v uzivatelsky pristupném prostredi portdlu BARAB a platformy
BARAB GIS. Takto konstruovany systém BARAB je moZno praivem
nazvat informacnim systémem monitoringu (ISM).

Za zduraznéni stoji, 7e systém BARAB lze pouZit nejen v rdmci geo-
technického monitoringu podzemnich staveb, ale i ke sledovani jaké-
koliv stavby. Spravovat je moZzné nejen vysledky méfent, ale i v§echny
informace, které tyto vysledky ovliviuji. Krome toho Ize sledovat a na
smluvenych mistech databaze archivovat i ostatni agendu technickych
dozoru dle prani investora (napiiklad duleZité zdpisy z SD, zdbérové
listy, pripadné Cerpéani vykazu vymér &i fakturaci). Systém BARAB je
tedy i velmi G¢innym ndstrojem stavebniho dozoru k fizen{ celé stavby.

Zda-li tento systém vyhovi pIn€ ndrokim na vedeni komplikovanych
podzemnich staveb budoucnosti ukdZe teprve nadchazejici Cas. Ale jiz
dnes si jsou autori prispévku jisti, Ze vyuZziti webovych databdzovych
aplikaci pro potfeby geotechnického monitoringu je spravna volba.

Pozn.: systém BARAB bude po dobu 2 mésict po vydéni tohoto &isla
Casopisu Tunel pristupny odborné vetejnosti pro nahliZeni na adresdch
www.barab.eu (databdzovy portdl) a gis.barab.eu (platforma GIS).
PrihlaSovaci jméno:host a heslo:host. K dispozici bude projekt stavby
514.

ING. RADEK BERNARD, bernard@geotechnika.cz,
DOC. ING. ALEXANDR ROZSYPAL, CSc.,
rozsypal@geotechnika.cz,

ING. TOMAS MIKOLASEK, mikolasek@geotechnika.cz,
STAVEBNI GEOLOGIE-GEOTECHNIKA, a. s.
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highway circle). The construction of the Krdlovo Pole tunnels, where the
BARARB system will also be used, is currently under preparation in Brno.

The above described BARAB information system meets the requirements for
modern management of the information flow using the Internet environment.
Information on the state and development of the influence of the constructions
being implemented on the surroundings can be obtained without a need for spe-
cial applications (by clients), in the user friendly environment of the BARAB por-
tal and the BARAB GIS platform. The BARAB system, which is constructed in
this way, can be rightfully called the Information Monitoring System (ISM).

It is worth emphasising that the BARAB system can be used not only within
the framework of geotechnical monitoring of underground constructions, but
also for monitoring of any other type of construction. It is possible to adminis-
ter not only results of measurements, but also all the information which affects
the results. In addition, even other Engineer’s supervision agenda can be follo-
wed and filed in agreed points of the database, as the owner may wish (e.g.
important records from the site diary, excavation round record sheets, even the
drawing of the bill of quantities or invoices). The BARAB system is therefore
also a very effective client’s supervision engineers’ instrument for the manage-
ment of the entire construction.

The future will show whether this system will fully meet the requirements for
the management of complicated underground constructions. Nevertheless, the
authors of this paper are already today certain that the use of the web database
applications for the needs of geotechnical monitoring is a right choice.

Note: the Barab system will be available for viewing by the professional pub-
lic for two months from the publication of this issue of Tunel magazine at
www.barab.eu (the database portal) and gis.barab.eu (the GIS platform). The
logging name: host; the password: host. The design for construction lot 514 will
be at your disposal.

ING. RADEK BERNARD, bernard@geotechnika.cz,
DOC. ING.ALEXANDR ROZSYPAL, CSc.,
rozsypal@geotechnika.cz,

ING. TOMAS MIKOLASEK, mikolasek@geotechnika.cz,
STAVEBNI GEOLOGIE-GEOTECHNIKA, a. s.
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REALIZACE TUNELU BREZNO
BREZNO TUNNEL CONSTRUCTION

JAROMIR HERT

uvoD

NiZe uvedeny &lanek si klade za cil pouze sezndmit s prubéhem
a historif vystavby tunelu Bfezno bez detailnéjsiho popisu technickych
feSeni.

Postup téZebnich praci v povrchovém hnédouhelném dole Libous
firmy Severoceské doly, a. s., si vyzddal zrusen{ stavajiciho Zeleznic-
niho spojeni na trati Praha — Chomutov v tratovém dseku Bfezno
u Chomutova — Chomutov. Ndhradou za zruSeny tsek traté byla posta-
vena novd prelozka traté s nejdel$im Zelezni¢nim jednokolejnym tune-
lem v Ceské republice. Zprovoznéni pielozky k 1. 4. 2007 umoZnilo
zrusit pavodni trat’a uvolnit dzemi pro dali téZbu uhelného loZiska.

ZAKLADNI UDAJE STAVBY

Investor stavby: Spréava Zelezni¢ni dopravni cesty, statni organizace
Financujici organizace: Severoceské doly, a. s.

Zhotovitel stavby: Sdruzeni Metrostav a. s., SSZ, a.s.

Zhotovitel tunelu: Metrostav a. s., divize 5

Generdlni projektant: ~ SUDOP Praha, a. s.

Zhotovitel geomonitoringu: SG-Geotechnika, a. s.

Termin zahdjeni stavby: 2.5.2000

Uvedeni do zkuSebniho provozu: 1.4.2007

Nova prelozka trati byla navrZzena pro rychlost v = 100 km/h. Maximaln{
vyrovnany sklon prelozky trati je 12 %o. Celkové délka nové prelozky je
7,109 km, pri¢emz terénni vlnou Fardiky a Chocholdce prochdzi tunel
dlouhy 1758 m.

Parametry tunelu:

Svétly tunelovy prirez 437 m*
Teoreticka plocha vyrubu MOVP 63,8 m”
Teoreticka plocha vyrubu NRTM 87.8 m”
Razena ¢ast metodou MOVP 864 m
Razena ¢ast metodou NRTM 614 m
Hloubenad ¢ést — vjezd 3l m
Hloubend ¢ast — vyjezd 249 m
Celkem délka tunelu 1758 m
Vyskové vedeni 8 — 10 %o

Smérové vedeni razeného tunelu v pifimé 859 m; prechodnice

s obloukem o polomeéru

550 m v délce 619 m
Prevyseni koleje 130 mm v oblouku
Maximadlni vySka nadlozi 2543 m

POPIS HORNINOVEHO PROSTREDI V TRASE TUNELU

Lokalita prelozky se nachdzi v neogenni teplicko-mostecko-chomu-
tovské pdnvi. Vystavba probihala ve svrchni ¢dsti holeSickych
a libkovickych vrstev, které jsou prekryty kvartérnimi sedimenty.
Svrchni &ést holeSickych vrstev predstavuje vlastni lozisko hnédého
uhli. Neuhelné mezilozi je tvofeno stiiddnim prachovitych jilovca
a jilovcu s uhelnou pifmési. Libkovické vrstvy maji charakter mono-
tonnich pelitickych sedimentu a tvori bezprostredni nadloZi loZiska.

Geologicky se v nich vy¢lenuji tfi polohy, poloha hnédych bitumi-
néznich jilovea, poloha Sedych jiloveu bez montmorinollitu a poloha
Sedych monoténnich jilovea. Kvartérni pokryv je tvoren fluvidlnimi
StérkopisCitymi sedimenty, deluviofluvidlnimi a deluvidlnimi piscity-
mi a jilovito-pis¢itymi splachovymi hlinami. Kvartérni sedimenty
vytvéreji pokryvnou vrstvu o proménné tloustce po celé délce tunelu,
dosahujici nejvétsi mocnosti 6 m.

Z pruzkumu vyplynulo, Ze vystavba tunelu méla byt realizovdna
v obtiZznych geotechnickych pomérech jemnozrnnych stiedné az vyso-
ce plastickych jili a uhelnych jilt F6 az F8 (CSN 73 10 01) s pechody
do pevnych jilovcu. Predpoklddalo se, Ze stabilita horniny
v oteviraném vylomu bude rozhodujicim zptsobem ovlivnéna uspora-
déanim ploch nespojitosti, jejich hladkosti, hustotou a vSesmérnou

INTRODUCTION

This article has a single purpose to acquaint the readers with the
course and history of the Bfezno tunnel construction, without any
detailed description of the construction means and methods.

The further progress of mining operations in the Libou§ open cast
mine owned by SeveroCeské doly a.s. (the North Bohemian Mines
company) required the cancellation of the existing Prague — Chomutov
railway link within the track section between the towns of Bfezno
u Chomutova and Chomutov. The relocated line, which was built as
a substitution for the cancelled track section, contains the longest sing-
le-rail tunnel in the Czech Republic. The bringing of the relocated
track into service on 1.4.2007 made the cancellation of the original
track and making way for the progressing mining operations in the
coal deposit possible.

BASIC CONSTRUCTION DATA

Owner: Sprava Zelezni¢ni dopravni cesty, statni organizace
Financing Organisation: Severoc¢eské doly, a.s. (the North-Bohemian
Mining Company)
Sdruzeni Metrostav a.s., SSZ as.
Metrostav a.s., Division 5
SUDOP Praha a.s.

SG Geotechnika a.s.

General Contractor:
Tunnelling contractor:
General Designer:
Geomonitoring services:
Construction commencement: 2.5.2000

Commissioning commencement: 1.4.2007

The relocated railway line was designed for a speed v = 100 km/h. The
maximum compensated gradient of the relocated line is 12 %o. The total
length of the relocated line is 7.109km, with the Fararka ground wave is pas-
sed under by a 1758m long tunnel.

The tunnel parameters:

Net cross sectional area 437 m’
Theoretical excavated cross section for the prevault method 63.8 m
Theoretical excavated cross section for the NATM 87.8 m
Tunnel section mined by the prevault method 864 m
Tunnel section mined by the NATM 614 m

Cut-and-cover section — Entrance 31 m

Cut-and-cover section — Exit 249 m
Total tunnel length 1758 m
Vertical alignment gradient 8 — 10 %o

Horizontal alignment of the mined tunnel straight line: 859 m; a transition
curve with a 550m-radius curve:
619m long
130mm
2543 m

Superelevation of the track
Maximum overburden height

DESCRIPTION OF THE ROCK ENVIRONMENT ALONG
THE TUNNEL ROUTE

The relocated line is found in the Teplice-Most-Chomutov Neogene
basin. The tunnel was driven through upper parts of the HoleSice and
Libkovice Members, which are covered by Quaternary sediments. The
upper part of the HoleSice Member is represented by the brown coal
deposit itself. The non-coal intermediate layer consists of an alternati-
on of silty claystone and claystone with an addition of coal. The
Libkovice Member, which forms the immediate cover of the deposit,
has the character of monotonous background pelitic sediments.

In terms of geology, three layers can be distinguished within them,
i.e. a brown bituminous claystone layer, grey claystone without
a montmorillonite layer and a grey monotonous claystone layer. The
quaternary cover consists of fluvial sandy-gravelly sediments, diluvi-
ofluvial and diluvial sandy/clayey-sandy wash loams. The Quaternary
sediments form the cover throughout the tunnel length, with a varying
depth reaching 6m as a maximum.
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Obr. 1 Smeérové vedeni Zelezni¢niho tunelu Brezno
Fig. 1 Horizontal alignment of the Brezno tunnel

klinovitou rozpukanosti. V priportdlovych oslabenych usecich bylo
mozné ocekdvat vyskyt smykovych ploch a z6n se svahovym sesou-
vanim, tedy slozité az velmi sloZzité podminky s vysokou obtiZnosti
pro provadéni. Pred zahdjenim realizace nebyla v trase tunelu pru-
zkumem potvrzena Zadnd dulni &innost. Dle banského posudku byl
stanoven pouze predpoklad vyskytu starych dulnich dél v blizkosti
stani¢eni v km 1,650. Posudkem predpoklddané podminky mély byt
v prubéhu realizace nésledné potvrzeny nebo vyvriceny geofyzikal-
nim dopruzkumem ze dna tunelu.

POSTUP VYSTAVBY

Pred zahdjenim vlastni razby Metodou obvodového vrubu
s predklenbou (MOVP) musela byt provedena pilotova sténa vjezdo-
vého portdlu oddélujici hloubenou &ést tunelu od ¢dsti razené. Jiz pri
jeji realizaci byla zastiZena stard dulni dila. Na zékladé tohoto zji§té-
ni byly price zastaveny a bylo pristoupeno k preprojektovéni feSeni
hloubené i razené Cdsti tunelu. Aby bylo mozné prikotvit pilotovou
sténu, bylo provedeno zasanovani tseku cca 40 m za jejim licem. Pfi
provadéni vysokotlaké injektdZze byla zjisténa dalsi stard dalni dila
véetné kdysi vyhloubené Sachty. Na zdklade téchto zjistén{ byla stav-
ba zarfazena do kategorie staveb provadénych na poddolovaném
tizemi z hlediska CSN 73 00 39, s piipadnym upfesiiovanim
v predpoklddané délce tunelu az do stani¢eni km 1,750 (cca prvnich
500 m).

Postup vystavby obvodového vrubu s predklenbou

Pro razbu a zhotoveni primarniho osténi tunelu Bfezno byla investo-
rem stavby zdvazné urena Metoda obvodového vrubu s predklenbou
(MOVP). Zahdjeni razeb MOVP se uskutecnilo 15. 3. 2002. Vzhledem
k rozdilnym skute¢né zastizenym geotechnickym podminkdm je mozno
tisek tunelu razeny MOVP po délce rozdélit na Ctyfi charakteristické
useky.

Prvni usek (km 1,242 az km 1,550) byl intenzivné poddolovdn
predchozi téZbou uhli a byl vyraZen s pomoci tzv. ,.horninového nos-
niku® situovaného v podlozi tunelu s provedenim zvlastnich opatfen{
pro razbu v poddolovaném tzemi. Razici vykony byly zpomaleny
zau¢ovanim osidek Metrostavu a. s. na novou dosud v CR nevyzkou-
Senou metodu — MOVP. BohuZel pivodné nepredpoklddanou (zejmé-
na co se tyce rozsahu) skute¢nosti byl vyskyt neevidovanych starych
dulnich dél v profilu tunelu a v jeho okoli. Stard dulni dila se naléza-
la hlavné ve svrchni uhelné sloji o mocnosti az 2,3 m. ZastiZen4 uhel-
né sloj postupné upadala ve sméru razby pod dno tunelu. Dal$§im
faktorem negativné ovliviiujicim vykon provddéni razby bylo, Ze se

It followed from the survey that the tunnel construction was to
expect difficult geotechnical conditions of the environment consisting
of finely grained, medium to highly plastic clays F6 to F8 (CSN 73
1001), with transitions to firm claystone. The stability of rock in the
excavated opening was anticipated to be significantly affected by the
arrangement of discontinuity surfaces, their smoothness, density and
the omnidirectional, sphenoidal jointing. The occurrence of slickensi-
des and slope sliding zones, creating difficult to very difficult con-
struction conditions, was expectable in the weakened portal areas. No
mining activities were proven along the tunnel route by the survey
before the commencement of the construction works. An assumption
was determined according to a mining authority report that abandoned
mine workings could exist only in the vicinity of chainage km 1.650.
Subsequently, during the course of the construction, the conditions
anticipated by the report were to be either confirmed or disconfirmed
by a supplementary survey of the tunnel bottom.

Obr. 2 Zdkladni tvar vrubové konické predklenby z nevyztuzeného stiikaného betonu
Fig. 2 Basic shape of the conical reinforced concrete prevault
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Obr. 3 Celni pohled na smontovany vrubovaci stroj Perforex
Fig. 3 Front view of the assembled Perforex prevault tunnelling machine

jednalo o jednokolejny tunel a prace na zasanovdni starych dalnich dél
neslo z hlediska bezpe¢nostnich predpist provadét v soubéhu s razbou
tunelu. Kromé tivodnich 40 m razby, kde byl tunel a jeho podloZ{ sano-
véan vysokotlakou injektdz{ z povrchu v predstihu pred zahdjenim
razby, byly ndsledné sanacni injektdzn{ prace provadény z tunelové
trouby. Hlavnim opatfenim bylo zhotovovdni tzv. ,,horninového nosni-
ku“ pod dnem tunelové trouby (kazdych 8 m véjit s 5 vrty délky 14 m,
do kterych byly osazeny sklolamindtové kotvy). Ddle byly vyuZivany
Celbové sklolamindtové kotvy, které se pouZivaly nejen pro zajisténi
stability Celby, ale i pro sanaci starych dulnich dél v pfedpoli tunelu.
Provadény byly rovnéZ kratké vrty do Celby pro zajiSténi stability
vrubu zhotoveného v oblastech rozvolnénych vlivem pritomnosti sta-
rych dilnich dél a sanace pod paty jiZz obnaZenych predkleneb. Sanace
pod paty predkleneb byla provadéna i zpétné na zdkladé vyhodnoceni
konvergenéniho méfeni primdrniho osténi. DuleZitou souddsti sanaci
byla také injektdz starych dalnich dél radidlnimi kotvami (kotvy délky
6 m do 7 m vyvrtd). I pfes maximdlni snahu zasanovat stard duln{ dila
pred zhotovenim predklenby dochdzelo pri provddéni vrubu
k profezdvani Cdste¢né zavalenych, Casteéné zkonsolidovanych sta-
rych dilnich dél a vice ¢ méné rozvolnénych oblasti nad nimi. To
mélo za nédsledek zaplnovani dutin stfikanym betonem nad idedlni roz-
mér predklenby jak uvnitf profilu tunelu, tak i vznik nadvylomq, které
byly rovnéz zaplnovany stifkanym betonem jeho rozlitim v celém vol-
ném podzemnim prostoru. Po odtéZeni rubaniny uvnitf zhotovené
predklenby musely byt betony v prifezu tunelu ndsledné odstrariova-
ny. Tunelovd trouba také ve dvou piipadech ,,prosla“ svislym dulnim
dilem (predklenba ¢. 7 — v 15 m od portélu, predklenba &. 43 — ve
160 m od portédlu). Nejdel3i staré dulni dilo v &elbé bylo zastizeno
(véetné drevéné vyztuze) kolmo k ose tunelu v celé $ifce profilu
47,5 m od portalu tunelu (predklenba ¢. 16). Pro bezpe¢né provadeéni
primarniho osténi se potvrdila nutnost geomonitoringu tunelu.
Zejména na zdkladé vyhodnoceni konvergenénich méfeni se ze strany
zhotovitele zajiStovala stabilita jiz zhotovenych predkleneb. Mezi
opatfeni zajiStujici jiz zminénou stabilitu patfily zejména sanaéni
injektdZe za a pod patky primarniho osténi, dodate¢né osazeni radial-
nich kotev délky 6 a 8 m, provadéni rozpérnych betonovych praha
o tloustce 60 cm, uzavirdni predklenby tvaru podkovy prihradovym
profilem (bretexem) v kombinaci se stifkanym betonem. K tomuto
,»podskruzeni“ predklenby se muselo pristoupit na zdkladé konver-
genéniho méfeni pfed prekro¢enim kritického stavu u 11 predkleneb.

Po zahdjeni razby bylo zjisténo, Ze vlivem nesoudrZnosti klenby
vrubu v danych geotechnickych podminkdch neni mozno provadét
systém fezani dle predpoklddaného technologického postupu v klenbé
tunelu. Proto byl na ndvrh Metrostavu a. s. a po dohod¢ s garantem
MOVP firmou BEC Freres, s. a., zvolen systém postupného ,,vpicho-
vani* pily (vyska pilového listu byla 85 cm) vrubovaciho stroje
s vynechdvanim horninovych ,,mezipilitki* a jejich dodate¢nym pro-
fezdvdnim a zaplnovdnim stifkanym betonem. Takto bylo primdrni
osténi zhotovovdno prvnich 130 m tunelu. V téchto geotechnickych
podminkdch byla predklenba budovéna pfi provddén{ aZ na 16 dil¢ich
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CONSTRUCTION PROCESS

It was necessary prior to the commencement of the excavation by
the Prevault Method (PM) to carry out a pile wall for the entrance por-
tal, which separated the cut-and-cover portion of the tunnel from the
mined portion. Old mine workings were encountered as early as during
the work on the wall. Based on this finding, the work was suspended
and a redesign of both the cut-and-cover and mined portions took
place. The rock mass about 40 metres beyond the wall surface had to
be improved to make the anchoring of the pile wall possible. Other
mine workings, including a shaft, which was dug in the past, were
identified during the execution of high-pressure grouting. Based on
those findings, the construction was categorised according to CSN 73
0039 as a construction carried out on stoping ground, with contingent
adjustment throughout the assumed length of initial 500m (up to chai-
nage km 1.750).

Prevault construction procedure

The client made it a binding obligation for the contractor that the
Prevault Method (PM) would be used for the excavation and primary
lining of the Bfezno tunnel. The commencement of the PM excavati-
on took place on 15.3.2002. It is possible, with respect to the differing
actually encountered geotechnical conditions for the PM excavation,
to divide the tunnel length into four characteristic sections.

The first section (km 1.242 to km 1.550) was intensely undermined
by previous coal mining activities; the tunnel excavation procedure
used the so-called ,,rock beam* located at the tunnel subbase, and
additional special measures designed for the excavation passing
through the stoping ground. The excavation performance was slowed
down during the learning curve period, when the contractor
(Metrostav a.s.) crews got acquainted with the new, untried method,
the PM. Unfortunately, the originally unexpected fact (especially
regarding the extent) was the occurrence of unregistered mine wor-
kings in the tunnel profile and its vicinity. Old mine workings were
found mainly within the 2.3m-thick upper coal seam. The encounte-
red coal seam gradually dipped under the tunnel bottom. Another fac-
tor which negatively affected the excavation performance was the fact
that it was impossible in terms of safety regulations for the single-rail
tunnel to carry out the excavation concurrently with the removal of
the effects of old mine workings. Apart from the initial 40m where the
round ahead of the excavation and under the tunnel bottom was
improved by high-pressure grouting from the surface, the subsequent
grouting was carried out from within the tunnel tube. The execution
of the so-called ,,rock beam* under the tunnel bottom (fans of 5 pie-
ces of glassfibre reinforced plastic (GRP) anchors inserted into 14m-
long boreholes) was the main measure. Other GRP anchors were
installed ahead of the excavation face, not only for the stabilisation of
the face but also for improving the condition of old mine workings
found in the tunnel front zone. Other measures comprised the drilling
of short boreholes to the excavation face, which were designed to
improve the stability of the slots cut for the prevault in the areas
where the ground was loosened as a result of the presence of old mine
workings, and the grouting under the feet of prevaults once they had

Obr. 4 Celba tunelu se zavalenym svislym diilnim dilem
Fig. 4 Tunnel excavation face with the collapsed old shaft
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Obr. 5 Graf sledovdni prirustki
vodorovnych konvergenci na

predklenbdch tunelu

Fig. 5 Horizontal convergence
at the prevaults
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segmentu predklenby. S postupné se lepSicimi podminkami pro razbu
se poCet segmenti zmen3oval aZ na 5 a ¢as potfebny pro vyfezdni
a zastifkani vrubu se zkrétil z puvodnich16 aZ 20 hod. na 7 a7 8 hod.
Velmi problematické bylo zpo&dtku provadéni stifkanych betonu do
5 m dlouhého a 20 c¢m Sirokého vrubu, coz bylo zcela novym fenomé-
nem v provadéni primérnich osténi v CR. V podstaté to znamenalo
opustit veskeré nase zkuSenosti se stifkanym betonem pfi nanaseni na
vizudlné kontrolovatelny povrch vyrubu (NRTM) a ziskat postupné
nové poznatky na zdkladé praktické aplikace. Nosnym strojem meto-
dy MOVP byl vrubovaci stroj Perforex 3713, ktery byl nasazen v tzv.
ovéfovacim provozu nafizenym Ceskym bénskym dfadem za tcelem
provéfeni jeho vlastnosti v CR. Na tomto zafizeni nebyly b&hem
prostoj. Drobnéjsi poruchy byly odstranovény v prubéhu ovéfovaciho
provozu. Dal§im kli¢ovym strojem z hlediska technologie provddéni
byl vrtaci viz PG — 115 na provadéni 16 m dlouhych vrtd do Celby
tunelu, ktery byl rovnéz vyuZivan v ovéfovacim provozu.

Druhy tdsek (km 1,550 az km 1,920) byl dsekem s priznivymi, resp.
ocekdvanymi geotechnickymi podminkami, kde bylo dosahovdno
mési¢nich postupt téméf 100 m. Postupovalo se bez jakychkoliv doda-
te¢nych dprav projektu. Deformace se pohybovaly v mezich predpo-
klddanych projektem.

Ve tretim dseku (km 1,920 a7 km 2,034) razba zpoc&atku pokraco-
vala bez vétsich problému. Na zaldtku mésice bfezna 2003 vsak
doslo k prudkému ndrustu deformaci, a proto musela byt dne 7. 3.
2003 razba zastavena. Pro zesilen{ konstrukce primarniho osténi byla
provddéna dodate¢nd instalace uzavienych piihradovych ramu (bre-
text) s protiklenbou u predkleneb, které vykazovaly zrychleny ndrist
deformaci. V pribéhu budovéni bretexu probihala dalsi stabilizaén{
opatfeni v podobé sana¢nich vrtu s injektdZemi pod patky predkle-
neb. Nakonec bylo pfistoupeno k prikotveni predkleneb radidlnimi
kotvami délky 6 m v poctu 8 kusu na kazdou predklenbu. Na pra-
covni poradé dne 13. bfezna 2003 bylo rozhodnuto o vybudovéni
definitivniho dna v délce 80 m. Divodem bylo, Ze se deformace stédle
nedarilo udrZet pod Zadouci kontrolou. Teprve azZ provedenim defini-
tivniho dna doslo k dplnému zastaveni deformaci priméarniho ostén{
predkleneb. Prdce na zajisténi tohoto tseku probihaly asi 1 mésic.
Celba ve staniCeni km 2,034 stdla 32 dni. V uvedeném tiseku byly
hodnoty 3. varovného stavu — stavu kritického v pri¢ném sméru pre-
kro¢eny v rozmezi 250 az 350 %. RovnéZ ve svislém sméru byl pre-
kroc¢en 3. varovny stav — stav kriticky v rozmezi 150 azZ 200 %.
Maximélni konvergence v tomto tseku dosdhly hodnot v pfi¢ném
sméru 72 mm a ve svislém posunu 96 mm. Vzhledem k tomu, Ze
puvodni vzddlenost konvergenénich profilt v tomto dseku byla 30 m
a k osazeni dodate¢né vloZenych profila doslo se zpozdénim, byly
deformace ve skute¢nosti jesté o néco vétsi nez namérené hodnoty.
Pravdépodobnym duvodem tak velké deformaéni odezvy byla tzv.
»oslabend zéna“ v horninovém prostiedi mezi km 1,950 — 1,975,
kterd byla predpovézena i v rdmci pruzkumnych praci.

been exposed. The grouting under
the feet of the prevaults was carried
out even subsequently, based on the
assessment of convergence measure-
ments of the primary lining.
Important part of the ground impro-
vement activities was the grouting of
old mine workings through radial
anchors (6m long anchors inserted
into 7m-long boreholes). Even in
spite of maximum efforts to improve
the condition of old mine workings
prior to the execution of the prevault,
it happened during the cutting of the
slots that old mine workings partially
filled with debris or only partially consolidated, as well as more or
less loosened areas above them were encountered. As a result, cavi-
ties exceeding the ideal dimensions of the prevault (extending to the
tunnel cross-section or having the form of extensive overbreaks)
were filled with shotcrete. Once the excavation under the completed
prevault had been completed, the shotcrete found inside the tunnel
profile had to be broken out and also removed. In two cases, the tun-
nel tube even passed through a vertical mine working (the prevault
No. 7 — at a distance of 15m from the portal; prevault No. 43 — 160m
from the portal). The longest old mining working which was encoun-
tered (including the timbering) at the excavation face (the prevault
No. 16 at a distance of 47.5m from the portal) was perpendicular to
the tunnel centre line, running across the whole tunnel profile width.
The necessity of the tunnel geomonitoring for the safe execution of
the primary lining was confirmed. The stability of completed pre-
vaults was provided by the contractor primarily on the basis of
assessments of convergence measurements. Among the main measu-
res ensuring the above-mentioned stability, there were improvement
grouting behind and under the feet of the primary lining, additional
installation of 6 — 8m long radial anchors, installation of 60cm-thick
concrete bracing beams or supporting of the horseshoe-shaped pre-
vaults by lattice arches (BRETEX) combined with sprayed concrete.
This ,,centering* had to be installed under 11 prevaults on the basis
of convergence measurements, before the critical state would have
been exceeded.

It was found out after the commencement of the tunnel excavation
that, owing to the incohesive character of the slot roof, it was impos-
sible for the cutting in tunnel crown to keep to the slot cutting system
according to the planned technological procedure. For that reason, at
the proposal of Metrostav a.s. and as agreed by BEC Freres s.a., the
PM guarrantor, the system of sticking the cutter jib (the cutter jib
height of 85c¢m) of the prevault tunnelling machine into the excavati-
on face, with ,,intermediate rock pillars® left between each cut was
used. The ,,pillars* were removed and the cuts filled with shotcrete
subsequently. This procedure was applied to the initial 130m of the
tunnel excavation. In those conditions, one prevault consisted of as
many as 16 partial segments. With the excavation conditions impro-
ving, the number of segments could be reduced up to five, and the ori-
ginal time of 16 to 20 hours necessary for the cutting and filling of the
slot was reduced up to 7 to 8 hours. In the beginning, there was
a significant problem with the filling of the 5m long and 20cm wide
slot with shotcrete; it was an entirely new phenomenon in the execu-
tion of primary liners in the Czech Republic. In the essence, it meant
for us to abandon all our experience with sprayed concrete obtained
at the spraying of concrete on visually controllable exposed rock sur-
face (the NATM) and to gradually gather new know-how on the basis
of practical application. The machine crucial for the PM method was
a Perforex 3713 prevault tunnelling machine. It was deployed in the
so-called verification operation mode, which was ordered by the
Czech Bureau of Mines with the aim of verifying its properties in the
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Ctvrty tsek (km 2,030 aZ km 2,106) byl tsekem, kde nebyla piivod-
nim pruzkumem signalizovdna Z7d4dnd vyznamnd anomdlie.
Geotechnické a inzenyrskogeologické podminky byly predpoklddany
stabilni. V tomto tseku byla predpovézena pritomnost nezvétralého,
pevného a jen fidce rozpukaného jilovce, kde bylo mozno predpokla-
dat smykovou pevnost ¢y nejméné v hodnoté 200 kPa a kde primdrni
osténi s obvodovym vrubem bez uzavieného dna mélo zustat stabilni.
Namisto toho razba narazila na jilovec zvétraly, husté rozpukany,
s konzistenci tuhou (tedy podstatné mék&i neZ pevnou) a se smykovou
pevnosti nizsi neZ 100 kPa. Po dohodé vSech dcastniku vystavby byla
dne 7. 4.2003 opét zahdjena razba provedenim predklenby ¢. 178. Po
zkuSenostech z predchdzejiciho tseku byl zvolen typ predklenby se
zébérem 4 m a radidlnimi kotvami délky 6 m v potu 10 kusu na kaz-
dou predklenbu. S ohledem na neustalujici se mirné prirustky defor-
maci, které byly zaznamendvany od predklenby ¢. 178, se od pred-
klenby ¢. 180 prodlouZily délky radidlnich kotev na 8 m. Deformace
vSak nadéle pokracovaly, a tak predklenba ¢. 189 byla provedena se
zkrdcenym zabérem 3 m a doplnéna 8 kusy radidlnich kotev v délce
6 m. Dne 2. 5. 2003 byla na stavbé béznd prohlidka za pritomnosti
viech ulastnikid vystavby. Byl prohlédnut stav primédrnitho osténi
v tunelu, dosavadni vysledky méfeni konvergenci a konstatovéno, Ze
v3e probihd bez problému a bez ziejmého ndznaku pozdéjsiho rozvoje
deformaci. Nicméné bylo z bezpe&nostnich duvodu dohodnuto prove-
denf spodni definitivni klenby v celém rozsahu od pfedklenby ¢. 171
az k predklenbé 190 (km 2,002 az km 2,082) od pondéli 5. 5. 2003. Na
zékladé vysledku konvergenénich méfeni celého dseku, které probéh-
lo dne 3. 5. 2003, byla téhoz dne svoldna pracovni porada. Bylo roz-
hodnuto okamzité zvétsit poCet Celbovych kotev z 6 na 11, dohotovit
predklenbu &. 196, nevytéZit ji a fadné fixovat elbu vrstvou stiikané-
ho betonu. Bylo potvrzeno, Ze budovani protiklenby se zahdji
v pondéli 5. 5. 2003 s tim, Ze bylo zahdjeno vyklizeni tunelu pro
postupné budovani protiklenby. Ani vizualni prohlidka osténi tunelu
dne 4. 5. 2003 v rannich hodindch nepfinesla poznatky o dramatické
zméné v chovéni tunelu. Na zdkladé dal3ich vysledku konvergenénich
méfeni provedenych dne 4. 5. 2003 byla téhoZ dne svoldna opétovné
porada konand na stavbé v 19:00 hod. Ta prijala rozhodnuti zacit oka-
mzité podepirat ocelovymi podpérnymi ramy predklenby 184 az 190
a rozepirat tyto rdmy mezi sebou ve dné. Pies noc se podarilo uzaviit
podpérné ramy pod predklenbami 188 a 187 a byla zahdjena stavba
podpérného rdamu pod predklenbou 186. Pres snahu co nejrychleji vyz-
tuzit nejohrozenéjsi mista ocelovymi podpérnymi ramy, vyvoj dalsich
deformaci byl tak razantni, Ze se jiZ nedal zastavit. Nakonec 5. 5. 2003,
priblizné v 5 hodin rdno doslo ke zhrouceni tunelového osténi v délce
témef 85 m véetné zasypani vrubovaciho stroje Perforex 3713.
Destrukce priméarniho osténi ve formé dominového efektu se zastavila
na predklenbé 176, coZ byla posledni predklenba vyztuZzend uzavie-
nym bretexem pfi zmédhédni deformacniho vyvoje v predchdzejicim
useku ve stani¢eni km 1,930 az km 2,034. V porovnéni s deformacemi
predkleneb v dseku stani¢eni km 1,950 az 1,985, které mohly byt srov-
natelné z hlediska nadloZ{ tunelu a pouzité varianty technologie razby,
byl v tomto dseku dosahovany prubéh deformaci béhem prvnich dna
méfeni o néco priznivejsi. Deformace se pohybovaly v mezich stano-
venych projektem, avSak
pfi mirné deformac¢ni
rychlosti 1 aZ max. 2 mm
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Czech Republic. No more significant defects of this equipment cau-
sing downtimes in the order exceeding one day were experienced
during the excavation. Minor defects were removed during the cour-
se of the verification operation. Another crucial machine in terms of
the technology was a PG — 115 drilling rig, which was used during the
verification operation for execution of 16m-long boreholes to the tun-
nel face.

The second section (km 1.550 to 1.920) was a section where the
geotechnical conditions were favourable, or such ones which were
anticipated. The advance rates reached nearly 100m per month. No
additional modifications of the design of means and methods were
necessary. Deformations remained within the limits anticipated by the
design.

Regarding the third section (km 1.920 to km 2.034), the excavation
proceeded in the beginning without significant problems. However, at
the beginning of March 2003, deformations started to rapidly grow.
On 7.3.2003 the excavation operations had to be suspended. The pri-
mary lining structure was strengthened by the additional installation
of lattice girders (BRETEX) forming frames closed at the invert.
They were installed at the prevaults which exhibited accelerated inc-
rease in deformations. Concurrently with the installation of the BRE-
TEX frames, other stabilisation measures were implemented, in the
form of drilling and grouting under the feet of the prevaults.
Eventually, the prevaults started to be tied to the surrounding ground
by 6m-long radial anchors (8 pieces per one prevault). A decision was
made at a site meeting held on 13 March 2003 to build 80m of the
final invert. The reason was the fact that the attempts to keep defor-
mations under necessary control had failed. Only when the final
invert had been installed did the deformations of the primary lining
(prevaults) totally cease. This section stabilisation operations took
about one month. The face stopped at chainage km 2.034 for 32 days.
The levels of the warning state 3 in the transverse direction were
exceeded in the above-mentioned section within the range of 250 to
350%. The warning state 3 levels were exceeded even in the vertical
direction, within the range of 150 to 200%. In this section, the maxi-
mum transverse and vertical convergences reached 72mm and 96mm
respectively. With respect to the fact that the original distance betwe-
en the convergence monitoring stations was 30m and additional moni-
toring stations were established with a delay, the actual deformations
must have been even greater than the measured ones. The probable
cause of such a significant deformational response was the so-called
,,weakness zone“ found in the rock environment between km 1.950
and 1.975, which was forecast even within the framework of the sur-
vey operations.

The fourth section (km 2.030 to km 2.106) was a section where no
significant anomaly was identified by the original survey. Stable geo-
technical and engineering geological conditions were expected. The
survey predicted the presence of unweathered, firm and only locally
fractured claystone, with the assumed shear strength cu not lower than
200 kPa, where the primary lining consisting of prevaults without the
bottom closed was expected to remain stable. Instead, the tunnel
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Legenda / Legend: @ Mikropilota 114/6,3 mm, dl. 12 m; dvodni trubka
PE dl. 3 m; prekryti 3 m — Canopy pre-suppot tube 114/6.3mm; 12m long;
starting PE pipe 3m long; 3m overlapping, @ Doc¢asné osténi SB 25 tl. 350
mm (450 mm dno) — Temporary lining; shotcrete SB 25 350mm thick
(450mm at the bottom), ® Odvodnovaci vrty (v mokru) dI. 10 m, prumér
vrtu 125 mm — Drainage boreholes (in wet conditions) 10m long, 125mm
in diameter, @ Kari sité¢ 100/100 mm — KARI 100/100mm welded mesh
® Obrys technologického nadvyrubu — Technological overcutting contour
® Docasné dno SB 20 — Temporary invert; shotcrete SB20, @ Drendzn{
trubky Js 100 mm, dI. 500 mm — Drainage pipes Js 100mm; 500mm long
Opérny klin kaloty — supporting rock wedge

Obr. 7 Priklad pri¢ného rezu tunelu raZeného sekvenéni metodou
Fig. 7 An example of the cross-section of the tunnel driven using the
Sequential Method
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Pro pri¢inu kolapsu bylo podstatné, Ze namisto ocekdvaného pevné-
ho, nezvétralého jilovce byly v daném tseku zastizeny vrstvy jilovce
silné zvétralého, intenzivné rozpukaného az stripkovité rozpadavého
a s konzistenci niz8i nezZ pevnou. Tato skute¢nost nebyla a ani nemo-
hla byt o¢ekdvana. Vzhledem ke svému charakteru (existence lokali-
zovaného mrazového klinu) se mohlo stdt, Ze nebyly zastiZzeny Zddnym
z pruzkumnych vrti v této oblasti. Jako dusledek této geologické ano-
mdlie smykovd pevnost horninového masivu v daném tseku poklesla
pod hodnotu pfijatelnou pro udrZeni stability primdrniho osténi
(cu = 200 kPa) pro variantu MOVP, kterd byla pro tento tsek navrze-
na. Bezprostiedni svédectvi o pribéhu kolapsu, jakoZz i ndsledné sta-
tické vypocty potvrdily, Ze ke kolapsu doslo v dusledku ztrity stabili-
ty podloZi tunelu. Stabilita podloZi je pfimo a jednoznacné zévisla na
hodnoté smykové pevnosti cy, k jejimuz neoéekavanému poklesu zde
doslo v dusledku zmény stavu jilovca. Kdyby vrstva jiloveu byla zasti-
Zena ve stavu predpoklddaném prizkumem, odpovidajici smykova
pevnost by postacdovala k tomu, aby stabilita tunelu ztstala zachovana.
Po zdvale tunelu probéhlo Setfeni mimoradné udélosti Obvodnim ban-
skym tGradem Most se zavérem, Ze pri¢inou kolapsu tunelu byla ztrita
tnosnosti zdkladové spary primérniho osténi vlivem néhlé zmény geo-
technickych parametra.

POSTUP VYSTAVBY SEKVENCNI METODOU

Aby v dané situaci mohlo byt rozhodnuto o dokonceni tunelu, bylo
nutno vyfesit fadu technickych ¢i technologickych tkolu. Musela byt
feSena legislativa i projekt souvisejici s vystavbou tunelu
a v neposledni fadé také financovani praci. Stavba tunelu se v této
dobé dostala do velké Casové ztrity a hrozilo riziko, Ze celd prelozka
nebude v¢as dokonlena a postup téZzby z povrchového dolu bude
zastaven. Po slozitych jednénich dcastnika vystavby a po provedeni
dopliiujictho geotechnického pruzkumu investor stavby rozhodl
o dokoncenf razeb z vyjezdového portélu tzv. protirazbou. Na zdkla-
dé vysledku dopliujiciho pruzkumu zpracoval autorsky dozor pro
investora novy projekt v drovni dokumentace pro stavebni povolen{
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excavation encountered weathered, densely jointed claystone with
stiff consistency (it means substantially softer than firm) and shear
strength lower than 100 kPa. By mutual consent of all parties invol-
ved in the construction, the excavation resumed on 7.4.2003 by the
installation of the prevault No. 178. With the experience obtained
from the previous section, a prevault type allowing the 4.0m excava-
tion advance was selected, with 10 pieces of 6.0m long radial
anchors per one prevault. Because of the fact that the moderate inc-
rements of deformations which had been registered from the prevault
No. 178 did not stabilise, the lengths of the radial anchors were inc-
reased to 8m starting from the prevault No. 180. The deformations,
however, continued to grow. For that reason, the length of the pre-
vault No. 189 was reduced to 3.0m, and 8 pieces of 6m-long radial
anchors were added. During the common inspection of the site which
was carried out on 2.5.2003 in the presence of all parties, the condi-
tion of the primary lining in the tunnel and the results of convergen-
ce measurements available were checked and it was stated that eve-
rything was developing without problems. No obvious signs of the
future development of deformations were found. Nevertheless,
a decision was made that the final invert be installed throughout the
length of the tunnel section between the prevaults No. 171 and 190
(from km 2.002 to km 2.028), starting from Monday the 5th May
2003. Based on the results of convergence measurements from the
whole section, which were carried out on 3.5.2003, a site meeting
was summoned on the same day. A decision was made that the num-
ber of anchors to the excavation face be increased from 6 to 11, the
prevault No. 196 be completed, the ground under this prevault not to
be excavated, and the excavation face be stabilised properly by
shotcrete. It was confirmed that the work on the invert would start on
Monday the 5th May 2003. The clearing of the tunnel space to allow
the step-by-step construction of the invert started immediately. The
visual inspection of the tunnel lining which was carried out on
4.5.2003 morning provided no information about any dramatic chan-
ge in the tunnel behaviour. On the basis of the convergence measu-
rements carried out on 4.5.2003, another site meeting was summoned
on the same day at 19:00 hours. A decision was adopted that the work
on the supporting of the prevaults No. 184 through 190 with steel fra-
mes and bracing the frames at the bottom against each other had to
start immediately. During the night, the supporting frames were
successfully erected under the prevaults No. 188 and 187, and the
erection of the frame under the prevault No. 186 started. Despite the
efforts to support the most threatened places by steel frames, the
development of new deformations was so rapid that there was no
stopping for it. Eventually, on 5.5.2003 at about 5 a.m., the tunnel
lining collapsed at a length of nearly 85m, burying the Perforex 3713
prevault tunnelling machine. The destruction of the primary lining,
having the form of a knock-on effect, stopped at the prevault
No. 176, i.e. the last prevault which had been supported by the clo-
sed BRETEX during the operation struggling the development of
deformations in the preceding section, between chainages km 1.950
and 1.985. Compared to the deformations of the prevaults in the

Obr. 8 Razba kaloty s dil¢imi vyruby a opérnym klinem
Fig. 8 Top heading excavation, with partial headings and a supporting rock
wedge
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Obr. 9 Mésic¢ni vykony raZeb sekvenéni metodou (v roce 2006 za souéasného
postupu betondze definitivniho osténi tunelu)

Fig. 9 Monthly performance of the excavation by the Sequential Method (in
2006, concurrently with the casting of the final lining)

(DSP) a v ném doloZil ¢asovou a finanéni studii o dokonceni razeb.
Na zdkladé DSP investor vyzval zhotovitele k vypracovani realizaéni
dokumentace stavby (RDS) se zaddnim vyrazit prvnich 62 m
sekven¢ni metodou (na zédkladé principt NRTM) a zbyvajicich 552 m
provést modifikovanou MOVP. Modifikace spocivala v osazovani
celoobvodovych piihradovych skruzi s Kari sitémi a jejich zastiika-
nim betonem ihned po obnaZeni posledni predklenby. Aby byla
zabezpecCena vystavba tunelu modifikovanou MOVP, byl dédn
investorem pokyn zhotoviteli k objedndni druhého vrubovaciho
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Obr. 10 Rez Sachtou s vyznacenym tunelem a konstrukci iinikového vychodu
Fig. 10 Vertical section of the shaft with the tunnel and escape exit

was experienced in
this section during
the initial measure-
ment days was
slightly more favou-
rable. The deforma-
tions stayed within
the limits set by the
design. However, at
the moderate defor-
mation speed of 1.0
to 2.0mm (the maxi-
mum) per day, they
did not exhibit any tendency towards stabilisation. For that reason,
a decision was made, based on the experience gained at the previ-
ous section, that the structure be additionally closed by the invert
as soon as the deformation values would reach 27 to 30mm verti-
cally and/or 22 to 24mm horizontally.

It was substantial for the cause of the collapse that, instead of the
expected firm, unweathered claystone the excavation encountered
layers of heavily weathered claystone, which was intensely jointed or
fragmented, with the consistency softer than firm. This condition was
not and could not be anticipated. It could happen, with respect to the
character of the layers (the existence of an isolated frost wedge), that
they were not found by any of the exploration boreholes in this area.
As a result of this geological anomaly, the shear strength of the rock
mass dropped in the given section under the level acceptable in terms
of keeping the primary lining stable (c, = 200kPa) when the PM vari-
ant which had been designed for this section was used. Testimony of
eyewitnesses of the collapse development as well as the subsequent
structural analyses confirmed that the collapse happened due to the
loss of the tunnel subbase stability. The stability of tunnel subbase
directly and unequivocally depends on the value of the shear strength
¢,» Which unexpectedly dropped in the given case as a result of the
changed condition of the claystone. If the claystone layer had been
encountered in the condition which had been anticipated by the sur-
vey, the corresponding shear strength would have be sufficient for the
tunnel stability to be maintained. The investigation, which was carri-
ed out by the Regional Bureau of Mines in Most concluded that the
tunnel collapse was caused by a loss of the bearing capacity of the
foundation base under the primary liner due to an abrupt change in
geotechnical parameters.

SEQUENTIAL METHOD USE FOR THE CONSTRUCTION

The decision about the completion of the tunnel could be made only
if an array of technical and technological problems had been solved.
A solution had to be found for legislation and the design associated
with the tunnel construction and, at last but not least, even for the fun-
ding for the works. The tunnel construction was significantly delayed
at that time and there was a threat that the entire relocation project
would not be finished on time, thus the progress of the open cast mine
operations would be suspended. After complicated negotiations
among the parties involved in the construction and after the executi-
on of a supplementary geotechnical survey, the project owner decided
that the tunnel excavation be completed from the exit portal. The con-
sulting engineer’s supervisor carried out a new final design (FD) for
the owner, which was based on the results of the supplementary sur-
vey. The design contained a time and financial study on the comple-
tion of the excavation. The owner handed over the FD to the contrac-
tor as a basis for his request for the preparation of the detailed design
(design of means and methods), with the task to use the Sequential
Method (based on the NATM principles) for the initial 62m of the
drive, and a modified PM method for the remaining 552m. The modi-
fication meant that lattice girders, KARI welded mesh and shotcrete




Obr. 11 Zmdhdni zdvalu s docasné uzavienym dnem kaloty (v neodtéZeném
opéri jsou patrné zbytky rozldmané predklenby)

Fig. 11 The collapse dissolution with the top heading temporary invert (rem-
nants of a broken prevault can be seen in the part of the bench where the
excavation is not completed)

stroje. Ten byl objednén, po dilech dovezen a smontovan k 31. 12.
2004. Do RDS na sekvencni i modifikovanou MOVP a ddle také do
feSeni dokumentace definitivniho osténi byly zapracovany poznatky
ziskané z dosavadni vystavby ze strany vjezdového portalu a zejména
zohlednény  vyhodnocené vlastnosti horninového masivu
z dodate¢ného podrobného inZenyrskogeologického pruzkumu.
V kone¢ném duisledku to znamenalo podstatné zesileni vSech kon-
strukei primérniho i definitivniho osténi.

Razba sekvencni metodou (SM) byla zahdjena 20. 9. 2004. Razba
SM probihala ve velmi obtiZznych geotechnickych podminkéch dopro-
vazenych nestabilitou Celby. Tomu byla pfizpusobena i technologie
razby sekvencni metodou respektujici zdsady Nové rakouské tunelo-
vani metody. Razba tunelu probihala pod ochranou mikropilotového
destniku, ktery, jak se pozdéji ukdzalo, musel byt provadén v celém
tiseku dorazby v délce 614 m. Celba byla vodorovné ¢lenéna na 3 diléi
poruby — kalotu, opéfi a spodni klenbu. Primérni osténi tunelu bylo
tvoreno stfikanym betonem s roz§ifenim v patce klenby a sestavou
ocelovych siti s uzavrenymi piihradovymi ramy (bretexy) a radidlnimi
ocelovymi kotvami. Celba byla zajistovana ndstfikem stitkaného beto-
nu po kazdém dil¢im zdbéru a sklolamindtovymi ¢elbovymi kotvami.
Stabilita Celby byla zvySovana udrzovanim tzv. opérného klinu, pri-
padné odtéZovanim a ndslednym zastfikdvanim malych ploch obnaze-
nych vyrubt v rdmci vyrubu dil¢iho. Zasadnim prvkem k zajisténi sta-
bility tunelu byl minimdln{ odstup vylomu opéfi a protiklenby od Celby
kaloty s uzavirdnim profilu tunelu spodni klenbou primérniho osténi.

Vyrub tunelového dila byl v pocatecnim, zhruba 290 m dlouhém,
useku veden zejména podél neostrého rozhrani mezi nadloZnimi,
omezené soudrznymi zeminami a terciérnim skalnim podkladem —
jilovcem libkovického souvrstvi. O tomto tseku se dd hovorit jako
o razbé ve stiipkovité rozpadavych jilovcich. Nestabilni, tlaciva
zemina se pri razbé z vyjezdového portdlu uplatnovala nejprve
v celém profilu, ndsledné ve stfedni a pozdéji v horni poloviné raze-
ného prafezu. Prostiedi omezené soudrzné zeminy bylo v pribéhu
razby pri¢inou mnohacetnych, misty opakované se vyskytujicich,
nezavinénych nadvyloma malého i velkého objemu. Ve tfech pripa-
dech se rozsahly nadvylom rozvinul v mensi zdval, ktery nasledné
vykominoval aZ na povrch terénu. Omezené stabilni zemina vytvére-
la v Celech vyrubu nadvylomy i presto, Ze nadlozi bylo jisténo mikro-
pilotami a Celba kaloty byla ¢lenéna na 6 dil¢ich vylomu. Stabilita
Celby sestdvajici z jilovito-tilomkovité zeminy se vyznamnym zpuso-
bem nezlepsila ani po znacném navyseni poctu podélnych celbovych
kotev. Ulomkovitd zemina s nizkou soudrZnosti se pfi ztrité stability
pomérné snadno prosypala mezi kotvami a vytvorfila nadvylom.
S velkou pravdépodobnosti se jednalo o sesuvy zeminy ve sméru
spadnice svahu. Zminény geologicky jev je pro predmétnou oblast
vyskytu terciérnich sediment charakteristicky. V geologické literatu-
fe je popisovany jako soliflukce neboli pudotok (aktivovany ndsled-
kem teplotnich vykyvi v obdobi star§ich &tvrtohor). Dne 20. 2. 2005
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were to be installed around the whole tunnel circumference immedi-
ately after the last prevault was exposed. In his effort to guarantee the
tunnel construction by the modified PM, the owner instructed the con-
tractor to place an order for another prevault tunnelling machine. The
order was placed and the machine was supplied in parts. The assem-
bly was finished on 31.12.2004. The design of means and methods for
both the sequential method and modified PM method and the design
for the final lining was carried out taking into consideration the know-
how gained during the tunnel driving from the opposite side (from the
entrance portal) and, above all, the results of the assessment of the
rock mass properties carried out as a part of the supplementary
detailed engineering geological survey. The final result was that all
structures of the primary and secondary linings were significantly
reinforced.

The sequential excavation started on 20.9.2004. It had to cope with
very difficult geotechnical conditions, which were accompanied by
the instability of the face. The sequential excavation technique, which
respected the principles of the New Austrian Tunnelling Method, was
adjusted to these conditions. The tunnel was excavated using the
canopy tube presupport, which, as it showed later, had to be installed
throughout the length of the 614m long section which was driven
from the exit side. The tunnel cross-section was divided into three
excavation sequences — the top heading, bench and invert. The pri-
mary lining of the tunnel consisted of shotcrete (with the thickness
increased at the springing), steel mesh, lattice girders (BRETEX) for-
ming closed frames and radial steel anchors. The excavation face was
supported by shotcrete after each advance and by glassfibre reinfor-
ced plastic anchors. The face stability was improved by sub-dividing
the partial excavation face and covering the exposed surfaces with
shotcrete and, in some cases, maintaining a supporting rock wedge.
A significant element contributing to the tunnel excavation stability
was the minimum distance between the bench and invert excavation
from the top heading face, and the closing of the tunnel profile by the
primary lining invert.

In the initial about 290m long section, the tunnel excavation passed
along a blurred interface between the overlying ground with limited
cohesion and the Tertiary bedrock consisting of the Libkovice
Member claystone. This section can be referred to as the excavation
through quarrying claystone. At the beginning of the excavation from
the exit portal, unstable and squeezing ground covered the whole
excavation face; subsequently it covered the central part of the profi-
le and then it was found in the upper half of the excavated cross-sec-
tion. The environment formed by the ground with limited cohesion
was the cause of frequent, locally even repeated, accidental, small or
large volume overbreaks. In three cases a large overbreak further
developed forming a collapse and, eventually, a ,,daylight collapse.
The limited stability ground formed overbreaks at the headings des-
pite the fact that the overburden was supported by micropiles and the
top heading face was divided into 6 sub-sequences. Despite the signi-
ficant increase in the number of longitudinal anchors to the excavati-
on face, the stability of the face consisting of slickensided fragments
of clayey ground did not substantially improve. Once the low-cohesi-
on fragmented ground had lost the stability, it easily poured through
the grid formed by the anchors and formed an overbreak. In high like-
lihood, these were the cases of earth slides moving along the line of
the greatest slope. The above-mentioned phenomenon is characteris-
tic of the area of the Tertiary sediments occurrence in question. It is
described in geological literature as solifluction or flow of ground
(which was activated by temperature fluctuations in the Pleistocene
period). The excavation was suspended by the owner on 20.2.2005 at
chainage km 2.659, i.e. 62m from the exit portal of the tunnel. The
financing organisation required that the excavation using the modifi-
ed PM method be started. The contractor did not recommend starting
the modified PM excavation to the owner. At the financing organisa-
tion’s request, the design for improvement measures which would
have made the application of the modified PM method possible was
carried out and evaluated. Because of the fact that the application of
this method would have meant the extension of the construction time
and increase in the total cost of the works, the improvement measures
were refused and the owner instructed the contractor to continue to
drive the tunnel using the Sequential Method from 1.6.2005.
A condition was imposed on the application of this method requiring
the contractor to assess the geology every 20m of the tunnel length
with respect to the consideration of the possibility of subsequent use
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byla razba investorem zastavena v km 2,659, tj. 62 m od vyjezdového
portdlu tunelu. Ze strany financujici organizace bylo pozadovino
zahdjeni razby modifikovanou MOVP. Zhotovitel na zdkladé razbou
zjisténych slozitych geotechnickych poméra nedoporucil investorovi
zahdjit razbu modifikované MOVP. Financujici organizace si vyzdda-
la doprojektovani sanaénich opatfeni pro moZnost realizace modifiko-
vané MOVP, které byly vyprojektovany a ocenény. Vzhledem k tomu,
Ze by jejich provddéni prineslo prodlouZeni doby vystavby a zvySeni
celkové ceny dila, byla tato sanaéni opatfeni odmitnuta a byl dan
pokyn k pokracovdni razby sekvenéni metodou k datu 1. 6. 2005. Pri
jeji realizaci byla ddna podminka vyhodnocovani geologickych pomé-
ri po 20 m délky tunelu vzhledem ke zvaZovédni pozdéj§iho nasazeni
modifikované MOVP. Takovd situace nastala po vyraZeni celkem
350 m tunelu sekven¢ni metodou. Zhotovitel v tinoru 2006 na kontrol-
nim dni souhlasil s tim, Ze by bylo moZno nasadit vrubovacf stroj. Pro
redlnou zménu technologie razby ze sekven¢ni na modifikovanou
MOVP bylo nutno obdrZet souhlasné vyjadreni Obvodniho bénského
tifadu (OBU) Most. V odpovédi na Zadost zhotovitele OBU Most
nedoporucil nasazeni druhého vrubovaciho stroje. Nasledné tedy bylo
rozhodnuto dokon¢it razbu tunelu sekvencni metodou. Prordzka tune-
lu se uskutecnila dne 20. 10. 2006 do Sachty vyhloubené za tcelem
vyjmuti zavaleného vrubovaciho stroje a téZ pro vybudovani tinikové-
ho vychodu z vlastniho Zelezni¢niho tunelu.

POSTUP ZMAHANI ZAVALU

Dalsi podminkou pro dokonceni tunelu Bfezno bylo vyzmdhani
zévalu z 5. 5. 2003 v délce tunelu 85 m. Z této délky bylo 22 m pri-
madrniho ostén{ zcela zaplnéno vyteklou zeminou a dal$ich 63 m zdva-
lu vykazovalo totéln{ destrukci primdrniho osténi. Pro zmoZenf zavalu
bylo uvazovano nékolik variant. Nakonec byla vybrdna varianta raze-
nd se zdchrannou Sachtou vyuzitelnou i pro vyjmuti zavaleného stroje
Perforex. Zahdjeni praci se zdrzelo vleklym jedndnim s pojiStovnou
o dhradu nékladd na zmdhdni zdvalu. Tato jedndni byla ukon&ena
v prosinci 2005 a od ledna 2006 byly zahdjeny vlastni prace. Uvodnich
22 m tseku bylo po odtéZeni vyteklé zeminy zesileno vestavbou uza-
vienych prihradovych rdamu. Principem technického feSeni zmahani
zbyvajicich 63 m zdvalu bylo zfizen{ 7 ks pilotovych stén odvrtanych
z povrchu (prumér piloty 1180 mm) ve vzdélenosti po 9 m situovanych
kolmo na osu zavaleného tunelu. V podzemi tak vznikly samostatné
useky zhavarovaného tunelu (komory) dlouhé 8.4 m. Razba kaloty
s uzavienym dnem v téchto komoréch probihala pod ochranou dvoji-
tych mikropilotovych destnikd z vyztuznych trubek 108/16 mm, kot-
venych na konci do konstrukce pilotovych stén. Vzhledem
k nesourodosti zavaleného materidlu se zpusob razby v kazdé komore
upravoval za pfitomnosti geologa podle vysledku z jadrovych predvr-
tu skrz pilotovou sténu do kazdé dalsi sekce. Po vyhodnoceni predvr-
tu byla svoldna odbornd komise sloZend z geologa, projektanta,
zastupce provddéci firmy a investora, kterd rozhodla o zajistovacich
opatfenich a zptsobu raZeni ve vyhodnocovaném dseku.

Plvodni harmonogram zmahéni zévalu predpoklddal pfi nasazeni
viech sana¢nich opatfeni dobu provedeni 12 mésicu. Navzdory tomu,
7e skuteCné zastizené podminky byly pro provadéni razby
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of the modified PM method. Such the situation came around after the
excavation of about 350m of the tunnel by the Sequential Method.
The contractor agreed at the February progress meeting that the dep-
loyment of the prevault tunnelling machine was viable. It was, howe-
ver, necessary to obtain a positive opinion of the Regional Bureau of
Mines (RBM) in Most on the replacement of the Sequential Method
by the modified PM method. In its reply to the contractor’s applicati-
on, the RBM in Most did not recommend the use of the second pre-
vault tunnelling machine. It was therefore subsequently decided that
the tunnel excavation be finished using the Sequential Method. The
breakthrough of the tunnel took place on 20.10.2006. It holed into
a shaft, which had been sunk with the aim of removing the buried pre-
vault tunnelling machine and also providing an escape route from the
railway tunnel itself.

COLLAPSE DISSOLUTION PROCEDURE

The dissolution of the collapse of 5.5.2003, at a tunnel length of
85m, was another condition for the completion of the Brezno tunnel
construction. Of this length, 22m of the primary lining were comple-
tely filled with slush which flew from the collapsed section, and the
other 63m of the collapsed tunnel where the primary lining was com-
pletely destroyed. Several variants of the collapse dissolution proce-
dure were under consideration. The mined variant, which was even-
tually chosen, comprised a rescue shaft, which could be even used for
the recovery of the buried Perforex machine. The commencement of
the work was delayed due to lengthy negotiations with the insurance
company over the claims for the compensation for the cost to be
incurred during the collapse dissolution. The negotiations were conc-
luded in December 2005; the works commenced in January 2006. The
initial 22m long section was reinforced by erecting closed lattice fra-
mes once the slushy ground had been removed. The engineering solu-
tion to the dissolution of the remaining 63m of the collapse was based
on the construction of 7 pile walls (piles 1180mm in diameter, drilled
from the surface) perpendicular to the centre line of the collapsed tun-
nel, at 9m spacing. The walls formed independent, 8m long sections
of the collapsed tunnel (underground chambers). The top heading
excavation, which was provided with a temporary invert, was protec-
ted by double canopy tube presupport consisting of 106/16mm tubes
having their ends fixed in the pile walls. With respect to the inhomo-
geneity of the rubbles, the excavation procedure was adjusted for each
chamber in the presence of a geologist, according to the results of
core hole drilling through the particular pile wall into the chamber
behind the wall. When the boreholes had been assessed, a technical
committee consisting of a geologist, designer, contractor and owner’s
representatives was summoned to decide on the support measures and
the method of the excavation in the section being assessed.

The original schedule for the collapse dissolution assumed that the
works would take 12 months if all supporting measures were to be
implemented. Despite the fact that the actually encountered conditi-
ons were extremely difficult for the excavation passing through the
inhomogeneous environment, it was not necessary to implement all of
the supporting measures in some parts of the collapsed tunnel. The

construction period was
successfully reduced to 8
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Fig. 12 The time axis of the Brezno tunnel construction
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v nesourodych podminkdch vyrubu vysoce obtizné, nebylo nutno long tunnels was not required at the time when the individual stages
v nékterych Castech zdvalu provddét plnd sanacni opatfeni. Skute¢nou of the design documents were developed and submitted for approval.
dobu provddéni se podafilo sniZit na 8 mésict. Zmdahén{ dseku délky When the tunnel was being designed after the collapse of the lining
85 m bylo provedeno s prumérnym postupem 10,6 m za mésic. consisting of the prevaults, the project owner decided to respond to
the new situation. On his instruction, a new assessment of the Fire

POSTUP PROVEDENI( UNIKOVEHO VYCHODU Design of the Bfezno tunnel was carried out, according to the requi-
Py rements of the new standard CSN 73 7508 Railway Tunnels. The

Posledni ¢asti, jez musela byt provedena pro dokonceni tunelu, byl
novy objekt tinikového vychodu pro tunel Bfezno. Béhem vystavby
tunelu Bfezno doslo ke zméndm v technické legislativé. V dobé prvni-
ho vypracovdni a schvalovédni jednotlivych stupnt projektové doku-
mentace nebylo dnes jiZz béZné bezpecnostni vybaveni pro dlouhé
tunely vyZzadovéno. Investor stavby se proto rozhodl pri projektovani
tunelu po zédvalu osténi s obvodovym vrubem reagovat na vzniklou
situaci. Na jeho pokyn bylo vypracovano nové posouzeni poZarné-bez-
pecnostniho feseni tunelu Biezno podle nové CSN 73 7508 Zeleznig-

assessment resulted in a requirement for an escape exit. The circular
shaft lined with piles, which was designed to allow the recovery of the
Perforex machine, was used for the construction of the escape route.
This circular shaft was built at chainage km 2.095 320 (the shaft cent-
re chainage), with the centre set 1.5m off the tunnel centre line. The
position of the shaft was selected with the aim of ,.encircling” the
buried Perforex machine. The diameter of the shaft, measured to the
centres of the piles, was 21m and the depth amounted to 35m. The
shaft lining consisted of 70 pieces of secant piles 1180mm in diame-

ni tunely. Z posouzeni vyplynula potieba vybudovéni _tnikového ter, drilled at 0.942m spacing. The deflection of the vertical during the
vychodu. Pro vybudovani inikového vychodu byla vyuZzita kruhova pile drilling was lower than 1%. The shaft lining was reinforced by
pilotami zajiSténd Sachta ur¢end soucasné pro vyzvednuti razictho four massive reinforced concrete walers, 8 pieces of 30cm thick and
stroje Perforex. Tato kruhovd Sachta byla ziizena ve staniCeni km 1.0m high reinforcing shotcrete rings and two 10.8m high reinforced
2,095 320 (staniCenf stfedu Sachty) s odsazenym stfedem o 1,5 m od concrete supporting walls, which were built in the bottom part of the
osy tunelu. Dispozi¢né byla umisténa tak, aby ,.obkrouZila* zavaleny shaft. Under the protection of the shaft reinforced in the above-men-
stroj Perforex. Priimér Sachty na osu pilot byl 21 m a Sachta byla hlu- tioned way, the buried Perforex prevault tunnelling machine was
bokd 35 m. Obvod Sachty byl tvofen 70 ks pilot o priméru 1180 mm exposed and lifted up. The shaft received the tunnel from both sides,
prevrtanych do sebe s osovou vzdélenosti 0,942 m. Odchylka od svis- i.e. from the side of the dissolved collapse and, subsequently, from the
lice pri dovrtdni pilot byla nizsi nez 1 %. Jako ztuZujici konstrukce exit portal side where the tunnel was excavated using the Sequential
byly provedeny &tyfi masivni Zelezobetonové prevézky, 8 ks ztuzuji- Method. The casting of the final lining, which had been till that time
cich prstencu ze stitkaného betonu tloustky 30 cm a vysky 1 m a ve carried out concurrently with the excavation, was completed with
spodni &asti Sachty dvé Zelezobetonové ztuzujici stény vysoké 10,8 m. a delay. A stair shaft, which was built above the final lining block No.
Pod ochranou takto zabezpecené Sachty byl obnaZen, demontovin 87, was connected through a safety recess with the entrance to the
a vyzdvizen zavaleny vrubovacf stroj Perforex. Do Sachty byly prove- escape exit from the tunnel. The entry to the escape route from the
deny prordzky tunelu jak ze strany zméhdného zdvalu, tak ndsledné tunnel is from the emergency walkway level, through a 1800mm wide
i ze strany vyjezdového portdlu pii razbé sekvenéni metodou. fire double door, which opens to the staircase space. From this point
S odstupem byla dokon&ena betondZ definitivniho osténi, kterd do té it is possible to ascend on three 2000mm wide, geometrical, atypical
doby probl'hala soucasné s razbami. Nad pasem definitivniho osténi stair ﬂlghts above the tunnel tube. From this level, the staircase con-
¢. 87 byla vybetonovdna schodiStova Sachta, kterd byla pres zdchran- tinues by straight flights through a rectangular shaft. The ratio of rise
ny vyklenek propojena se vstupem do tinikového vychodu v tunelu. and tread is 34.7°, which means that the staircase is of a common
Z tirovné pochozi stezky v tunelu je vstup do tnikové cesty pres poZar- design. The staircase is provided with handrails on both sides. The
ni dvoukridlé dvefe Sitky 1800 mm, které se oteviraji do prostoru difference between the emergency walkway level in the tunnel and

schodidté. Odtud lze vystoupat po tiech zak¥ivenych atypickych scho- the level of the flopr of th.e surface building.is 29,9m..The shaft does
distovych ramenech $itky 2000 mm nad tunel. Z této drovné pokracu- not have to b? equipped with an emergency lift (accoﬂrdmg‘toh the requ-
je schodisté 15 pifmymi rameny obdéInikovou Sachtou. Sklon stoupé- irements of CSN 73 7508 Railway Tunnels). The final lining of the
ni schodisté je 34,7°, jednd se tedy o schodisté b&Zné. Po obou strandch escape shaft is made of C 25/30 - grade reinforced concrete. In terms
je schodité vybaveno zdbradlim. Vy§kovy rozdil mezi Grovnf tniko- qf fire safety, the shaft structure with the staircase is an independent
vé cesty v tunelu a trovni podlahy povrchového objektu je 29.9 m. fire compartment.

Sachta nemusi byt vybavena zdchrannym vytahem (dle CSN 73 7508

Zelezni¢ni tunely). Definitivni osténi tinikové Sachty je vybudovano ze CONCLUSION

Zelezobetonu C 25/30. Z hlediska poZarni bezpe¢nosti je konstrukce The construction of the Bfezno tunnel can be evaluated from the

Sachty se schodi§tém samostatnym pozarnim tsekem. engineering point of view as a contribution to the experience in the
application of a wide variety of tunnelling and other specialist underg-

ZAVER round construction techniques and technologies. The construction

required the cooperation with a large number of professionals and
tunnel construction experts, even at an international level. The know-
how gained during the implementation of the Bfezno tunnel project is
certainly very valuable for all participants. The extremely difficult
geotechnical conditions, which were in addition complicated in some
sections by cavities or loosening of the rock environment due to unre-
gistered brown coal mining activities, revealed weaknesses of the
used tunnelling methods, which therefore had to be supplemented by
other improving and supporting measures. The tunnel excavation
through the locations where the soil was non-groutable and unstable

Z pohledu realizace tunelu Bfezno lze jeho vybudovéni hodnotit
jako vyuziti rozsdhlého souboru tuneldfskych a jinych specidlnich
technologii podzemniho stavitelstvi. Vystavba si vyZddala spolupréci
s velkym poctem odborniku a tuneldfskych kapacit, a to dokonce i na
mezindrodni drovni. ZkuSenosti ziskané pri realizaci tunelu Bfezno
jsou pro vSechny dcastniky zcela jist¢ velmi cenné. Velmi obtiZné geo-
technické podminky komplikované navic v nékterych tsecich dutina-
mi &i rozvolnénim horninového prostiedi z divoké téZby hnédého uhli
obnazily slabiny pouzitych tunelovacich metod, takze musely byt apli-

kovdny s fadou dalsich sanacnich a zajistujicich opatfent. Razba tune- required partial covering with stabilising layers of shotcrete as well as
lu misty v neinjektovatelnych nestabilnich jilovitych zemindch si consistent closing of the lining around the whole circumference at as
vyZddala dil¢f néstiiky stabilizujfci vrstvou stftkaného betonu a pro close distance from the excavation face (supported by systematic
tspesné dokonceni dusledné uzavirdni celého razeného prifezu v co anchoring) as possible.
nejtésnéjs$im odstupu od porubem ¢lenéné a systémové kotvené celby. Despite all problems and time delays during the implementation of
Pies viechny problémy a casové prodlevy v provddéni dila se nako- the project, the deadline for the relocated railway line operation on 1st
nec podafilo splnit financujici organizaci stanoveny neprekroCitelny April 2007, which was set by the financing organisation, was eventu-
termin pro zprovoznéni preklddané trati k 1. dubnu 2007. Je nutné ally met. It is also necessary to emphasize that no more severe injury
rovnéZ zduraznit, Ze vystavba tunelu Bfezno provddénd v dosud nej- was registered during the Bfezno tunnel construction, which was car-
t€z8ich geotechnickych podminkdch v historii raZeb tuneltu ried out in the most difficult geotechnical conditions in the history of
u Metrostavu a. s. se obesla bez zdvaznéjsich pracovnich trazu. tunnel excavation by the contractor, Metrostav a.s.
ING. JAROMIR HERT, hert@metrostav.cz, METROSTAY a. s. ING. JAROMIR HERT, hert@metrostav.cz, METROSTAV a. s.
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BEZPECNOST TUNELU BREZNO
BREZNO TUNNEL SAFETY

JIRI BARTAK

1. OvOD

Tunel Bfezno u Chomutova byl vyddnim Rozhodnuti o prozatimnim uZi-
vani stavby ke zku¥ebnimu provozu z 2. 4. 2007 za&lenén do sité CD a stal se
nejdel§m Zelezni¢nim tunelem v CR. Nicméné i po tomto aktu, legitimizova-
ném vsemi dokumentanimi néleZitostmi, se objevily hlasy ,,poucenych
laiki* zpochybnujici bezpe&nost tunelu Biezno, jejiZz ddajnd nedostatetnost
by méla mit souvislost s fadou obtiZi provazejicich prubéh razby tunelu. Je
skuteCnosti, Ze tyto obtiZe objektivné existovaly, vystavbu tunelu zkompliko-
valy, prodlouZily a zdrazily. Je vSak nutno konstatovat, Ze problémy vlastni
razby tunelu, do které spadaji ¢innosti souvisejici s vyrubanim a provizornim
vystrojenim tunelového profilu, jsou po ukoncenf realizace spravné nadimen-
zovaného definitivniho ostén{ tunelu z hlediska jeho bezpe¢né funkce irele-
vantni. V dobé, kdy je jiz tunel uvadén do zkusebniho provozu, je proto ze
stavebné-spolehlivostniho hlediska tGéelné vénovat pozornost predevsim sou-
Casnému a budoucimu chovéni realizovaného definitivniho osténi. Clanek je
proto zaméfen na problém bezpec¢nosti definitivni nosné konstrukce realizo-
vaného tunelu, samozfejmé s uvdzenim specifickych podminek v zdjmové
lokalité, z nichz vyplyvd predevsim poZadavek na provadéni geotechnického
monitoringu tunelu po uvedeni prelozky trati do provozu.

2. ZASADNI STANOVISKO K BEZPECNOSTI TUNELU
PO JEHO DOKONCENI

Jednim ze spole¢nych ryst obou konven¢nich tunelovacich metod, které
byly pouzity pii vystavbé tunelu Brezno — Nové rakouské tunelovaci metody
(NRTM) a Metody obvodového vrubu s predklenbou (MOVP) — je pouZiti
dvoupldstového osténi.

Pii razbé je realizovdno osténi provizorni (primérni), které zajistuje stabilitu
vyrubu v prubéhu vylomovych praci. Pfi pouZiti NRTM je primérn{ osténi obvy-
kle tvofeno armovanym stifkanym betonem a svornikovou vyztuzi, kteréZto kom-
ponenty jsou prakticky spole¢né instalovany do zabérového prstence. Ve stabilit-
né hor$ich podminkdch je zdbérovy prstenec v oblasti kaloty chrénén predstiho-
vymi opatfenimi, napr. jehlovanim nebo mikropilotovymi ,,destniky*. Pii MOVP,
kterd patfi k tzv. PLS metoddm (Pre-Lining System), je provizorni osténi
z prostého stifkaného betonu provedeno v predstihu pred celbou tunelu,
a nésledny vylom zdbérového prstence probihd tudiz pod dplnou ochranou beto-
nové predklenby. Soucasné s vylomem jidra profilu je mozno provadét svorni-
kovou vyztuz.

I kdyZ je zpusob provedeni provizorniho osténi u NRTM a MOVP odliiny
jak v realizovaném sledu praci, tak v charakteru materidli pouZitych pro
zajisténi profilu, ze statického hlediska sleduji po provedeni vyrubu, kterym
se rudi puvodni rovnovdZny stav napjatosti v masivu, absolutné stejny
cil — vzdjemnym pusobenim (interakci) mezi deformujicim se horninovym
masivem a poddajnou provizorni vyztuzi dojde k vytvofeni nového rovno-
vdazného stavu mezi horninovym masivem a provizornim osténim
v provedeném vyrubu. Aktivnf sily horninového tlaku a reakce provizorniho
osteéni se dostanou do rovnovahy, pri ¢emz vnitin{ sily od zatiZeni nevyCerpd-
vaji pIné ndavrhovou dnosnost provizorniho osténi (nejde o stav labilni rovno-
vdhy — vypocet podle meznich stavu jej principidlné nepfipousti).

ZkuSenosti, a nejen z vystavby tunelu Bfezno, ukazuji, Ze pokud je tinosnost
provizorniho osténi vyCerpdna jesté pred dosazenim rovnovéazného stavu, dojde
k jeho poruseni, ¢fmZ prestanou pusobit dostate¢né reakéni sily provizorniho
osténi na lic vyrubu a dochdzi k zdvalu. Pfi¢iny mohou byt rizné, k nejastéj§im
patii enormné velké a neocekdvané horninové &i vodni tlaky v poruchovych
pasmech a nedostatky v ndvrhu a provedeni provizorniho osténi.

Nehledé na nepiijemné stabilitni peripetie vystavby tunelu Bfezno, je
nutno jednozna¢né konstatovat, Ze v celém rozsahu razby tunelu Bfezno bylo
posléze vidy dosazeno rovnovdzného stavu mezi pusobicimi horninovymi
tlaky a provizornim osténim u obou pouzitych tunelovacich metod (NRTM
a MOVP). Silové a deformacni projevy horninového masivu se uklidnily,
a pokud by na provizorni osténi nepusobily viubec 7ddné dodateCné vnéjsi
vlivy, zistal by tunel stabiln{ i pfi zaji§téni pouhou provizorn{ vyztuZi.

AZ s urCitym Casovym odstupem, ktery je uren k nule limitujicimi pri-
rastky deformaci horninového masivu i provizorniho osténi, je realizovéno
definitivni (sekundarni) osténi.

Sekunddrni osténi je dimenzovéno tak, aby spolehlivé pfeneslo namahani
od v8ech vnéjSich vlivu a jejich kombinaci, které se v dané lokalité za provo-
zu a vibec po dobu Zivotnosti tunelu mohou vyskytnout. Pfi prukazu spoleh-
livosti definitivniho osténi jsou obvykle uvazovdna ndsledujici zatiZeni

1. INTRODUCTION

The Brezno u Chomutova tunnel was incorporated into the Czech Railways’ net-
work by the issuance of the “Decision on the temporary use of the construction for
test running” dated 2.4.2007. It has become the longest railway tunnel in the Czech
Republic. Nevertheless, despite the fact that this act was legitimatised by the issuan-
ce of all requisite documents, voices of “knowledgeable laymen” can be heard which
are casting doubt on the Bfezno tunnel safety. The alleged inadequacy of safety is
supposedly associated with the numerous problems which were encountered during
the construction. It is true that problems objectively existed, complicated the tunnel
construction and increased the duration and cost of the construction work. It is,
however, necessary to state that the problems of the tunnel excavation itself, i.e. also
problems of the activities associated with the excavation and temporary support of
the excavated opening, have become irrelevant from the perspective of the safe func-
tion of the final lining once the lining with properly designed dimensions was com-
pleted. Now, in the time period in which the tunnel is being commissioned, it is rea-
sonable, in terms of structural reliability, to pay attention first of all to the current and
future behaviour of the final lining. This paper is, therefore, focused on the problem
of safety of the final load-bearing tunnel structure, of course with the specific condi-
tions existing in the affected location taken into consideration. It follows from these
conditions that geotechnical monitoring of the tunnel after the opening of the tunnel
to traffic is necessary.

2. AUTHOR'S PRINCIPAL POSITION ON THE COMPLETED
TUNNEL SAFETY

One of the features shared by the two traditional tunnelling methods which were
used for the construction of the Bfezno tunnel, i.e. the New Austrian Tunnelling
Method (the NATM) and the Mechanical Pre-Cutting Tunnelling Method (the
MPTM), is the use of a two-pass lining system.

In the tunnel excavation phase, the stability of the excavated opening is provided
by a temporary (or primary) lining. In the case of the NATM, the primary lining usu-
ally consists of sprayed concrete reinforced with steel mesh and rock bolts. These
components are practically simultaneously installed in one excavation round. In
worse excavation stability conditions, the advance round is protected in the area of
the calotte by pre-supporting measures, e.g. spiling or micropile “umbrellas”.
Regarding the MPTM, which belongs among the so-called Pre-Lining Systems (PL-
Systems), the unreinforced sprayed concrete temporary lining is installed ahead of
the excavation face, thus the following excavation advance takes place under full
protection of a concrete pre-lining element. Rock bolts can be installed concurrently
with the excavation of the tunnel profile core underneath.

Even though the methods of the installation of a temporary lining used by the
NATM and MPTM differ in both the sequence of operations and the character of the
materials used for the excavation support, the two methods follow the same objecti-
ve in terms of the structural analysis, which is to allow the rock mass, in which the
natural balanced stress state was disturbed by the excavation, to develop a new state
of equilibrium between the deforming rock mass and the yielding temporary lining,
as a result of their interaction. The active forces of the confining pressure get balan-
ced with the reaction of the lining, whilst the inner forces induced by the loading do
not fully exhaust the design loading capacity of the temporary lining (this is not the
state of instable equilibrium — the limit states design principles do not allow this state
to take place).

The experience, which was gained not only from the Bfezno tunnel construction,
shows that if the loading capacity of the temporary lining is exhausted before the
equilibrium state is achieved, the lining breaks; as a result, adequate reaction forces
of the temporary lining cease to act on the excavated tunnel surface and a tunnel col-
lapse takes place. The reasons may differ; enormously great and unexpected rock
pressures or water pressures in shear zones and flaws in the design or the construc-
tion of the temporary lining belong among the most frequent ones.

It must be unequivocally stated that, notwithstanding the past unpleasant stability
peripeteias of the Bfezno tunnel construction, the state of equilibrium between the
acting rock pressures and the temporary lining was eventually achieved throughout
the Brezno tunnel excavation length, no matter which tunnelling method (the NATM
or the MTPM) had been used. The force and deformation manifestations subsided.
If no extraordinary external effects had acted on the temporary lining, the tunnel
would have remained stable even with the stability provided only by the temporary
support.

The final (permanent) lining is erected only with a certain delay, which is deter-
mined by the increments in deformations of the rock mass and temporary lining,
which must be tending towards zero.

The dimensions of the secondary lining are designed to reliably withstand the
stresses induced by all external effects and their combinations which may occur in
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a jejich kombinace, samoziejmé vzdy s ohledem na konkrétni situaci daného
projektu:

— vlastni tiha osténi,

— tlak podzemni vody,

— smrstovani a dotvarovani betonu,

— horninové tlaky po selhdni svornikové vyztuZze,

— horninové tlaky po selhdni provizorniho osténi,

— zatiZen{ dopravou na povrchu tzemd,

— zatiZen{ novou zdstavbou na povrchu tzemf,

— zatizeni dopravou v tunelu,

— zatiZen{ vyvoland instalaci vnitfnich zafizeni v tunelu,

— zatiZeni seismickymi Q¢inky (trhaci prace, zemétresent),

— vlivy poddolovani.

Statické feSeni definitivniho osténi musi byt v souladu s platnymi technic-
kymi normami z oblasti navrhovani konstrukei raZenych podzemnich objektu
a z oblasti navrhovan{ betonovych konstrukei a je v zdsad¢ rutinni praxi tune-
lového statika. Kontrolovatelnym statickym vypoctem prokdzana spolehlivost
definitivniho osténi (zejména v jejich podstatnych slozkdch, kterymi jsou bez-
peénost, pouZitelnost a trvanlivost) je nezpochybnitelnd, samoziejmé za pred-
pokladu spravnych premis o statické koncepci sekunddrniho osténi a spravném
vybéru pusobicich zatiZen{ a jejich kombinaci.

3. PODROBNEJSI ROZBOR NAVRHU A BEZPECNEHO
PUSOBENI DEFINITIVNIHO OSTENI TUNELU BREZNO

Nutno konstatovat, Ze neprili§ kvalitni jilovcovy masiv silné proménnych
geomechanickych vlastnosti, ve kterém je situovdn tunel Bfezno, je ovlivnén
objektivné existujicimi nepfiznivymi jevy. K nim patfi zejména podzemn{
voda pronikajici z mélkého kvartérniho horizontu poruchami do hlubsich par-
tif tretihornich jilovea, poddolovani v dusledku nékdejsiho ,,selského* doby-
véni, moZnd aktivace fosilnich svahovych pohybu v oblasti portdld, seismické
u¢inky trhacich praci pri t€zb¢ v dole Libous, pripadné stabilita jeho zdvérnych
svahu. Vytvoreni rovnovdzného stavu v horninovém masivu po razbé bylo jiz
dosazeno, zminéné jevy se v§ak mohou negativné projevit i v obdobi po insta-
laci definitivniho osténi. V nésledujici kapitole je proto proveden rozbor vlivu
specifickych podminek tunelu Bfezno na ndvrh a spolehlivé pusobeni jeho
definitivniho osténi.

3.1 Pasobeni tlaku podzemni vody

I kdyZ zdravy jilovcovy masiv je prakticky nepropustny, podzemni voda
pronikajici z kvartérni zvodné poruchovymi ¢i jinak anomdlnimi zénami do
hlubsich partii horninového masivu by mohla vyrazné, byt pravdépodobné jen
mistné, zvetsit zatiZeni na nepropustné definitivni osténi.

U tunelu Brezno nevznikla Zidnd nejistota a problémy s uréenim velikosti
hydrostatického tlaku podzemni vody na definitivn{ ostén{, nebot'tento tlak na
definitivn{ osténi nebude pusobit. Ochrana definitivniho osténi proti prusakim
podzemni vody je feSena formou neuzaviené plastové izolace, kterd je sevie-
na mezi provizornim a sekunddrnim osténim v oblasti horni klenby
a tunelovych oper. Ve funkci ,,destniku® svadi mezilehld izolace vodu prosdk-
lou betonem provizorniho osténi do tunelovych drendZi, které odvodem vody
zamezuji vznik hydrostatického tlaku na definitivni osténi.

3.2 Vliv poddolovani

SO 500 Tunel — vjezdovy portdl. Prvni konkrétni problémy s vlivem predem
neznadmych dulnich dél nastaly pfi realizaci vjezdového portélu, kterd probiha-
la v druhé poloviné roku 2000. Nedspé$nd byla snaha o kvalitni provedeni
injektovanych kofenu predpjatych horninovych kotev, které mély stabilizovat
Celni pilotovou sténu razeného portdlu; deformace stény po provedeni ¢dste¢-
ného odtéZeni zeminy v piedzafezu nebezpedné vzristaly. Divodem tohoto
stavu byl vyskyt starych dalnich dél &i jejich relikti v dané oblasti, coZ si nako-
nec vyzddalo rozséhlé sanace masivu vypliiovou injektdZi z povrchu v oblasti
portdlu a za nim v celkové délce cca 40 m a vedlo k novému konstruk¢énimu

feseni vjezdového portdlu.

= Sal ~ = i
Obr. 1 Docasné zajisteni vjezdového portdlu (foto Ing. M. Hert)
Fig. 1 Temporary support of the entrance portal (photo Ing. M. Hert)
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the given location during the tunnel operation and, generally, during the tunnel life.
When the reliability assessment is carried out, the following loads and their combi-
nations are usually taken into consideration (of course, always with respect to the
concrete situation of the particular project):

- dead weight of the lining

- groundwater pressure

- shrinkage and yielding of concrete

- confining pressure after a failure of the rockbolt support

- confining pressure after a failure of the temporary lining

- load of traffic acting on the ground surface

- load of new buildings acting on the ground surface

- load of traffic in the tunnel

- loads induced by the installation of equipment in the tunnel

- seismic loads (blasting operations, earthquake)

- undermining

- effects of undermining.

The structural analysis of the final lining must comply with current engineering
standards for the design for mined underground structures and standards for concre-
te structure design. It is, in principle, a tunnelling structural engineer’s routine. The
reliability of final lining (primarily in terms of the principal features being the safe-
ty, utility and durability) which is proven by means of a checkable structural analy-
sis is unquestionable, of course under the condition that the premises about the sta-
tic concept of the secondary lining and the selection of the acting loads and their
combinations are correct.

3. MORE DETAILED ANALYSIS OF THE DESIGN AND SAFE
ACTION OF THE BREZNO TUNNEL FINAL LINING

It is necessary to state that the rather poor quality claystone rock mass with high-
ly variable geomechanical properties in which the Bfezno tunnel is found is objec-
tively affected by existing adverse phenomena. Among them, we can name ground
water penetrating from a shallow Quaternary horizon through faults to deeper parts
of Tertiary claystone, the undermining as a result of the “peasant mining” in former
times, the possible activation of fossil landslides in the portal areas, seismic effects
of blasting operations in the Libous Mine or stability of the final slopes of the mine.
The equilibrium state in the rock mass after the excavation has already been achie-
ved. However, the above-mentioned phenomena may manifest themselves negati-
vely even in the period after the installation of the final lining. For that reason, the
following chapter contains an analysis of the effect of the specific conditions of the
Brezno tunnel on the design and reliable function of the final lining.

3.1 Groundwater pressure impact

Despite the fact that sound a claystone massif is virtually impervious, ground
water penetrating from the Quaternary aquifer through disturbed or in another way
anomalous zones to deeper parts of the rock massif could cause, even though pro-
bably only locally, a significant increase in the loads acting on the final lining.

In the case of the Brezno tunnel, no uncertainty nor problems originated regar-
ding the determination of the magnitude of the hydrostatic pressure on the final
lining because this pressure will not act on the final lining. The protection of the
final lining against the seepage of ground water is provided by an unclosed waterp-
roofing system with the waterproofing membrane clamped between the temporary
and secondary linings in the area of the upper vault and side walls. The waterproo-
fing system acts as an umbrella diverting the water seeping through the concrete pri-
mary lining to tunnel drains, which evacuate the water, thus preventing the origina-
tion of a hydrostatic pressure on the final lining.

3.2 Effects of undermining

SO 500 ,,Tunnel — Entrance Portal“. The first concrete problems with the effect of
the mine workings which had not been known in advance were encountered during
the work on the entrance portal, which was carried out in the second half of 2000.
The effort to achieve high quality grouting of roots of pre-tensioned rock anchors,
which were designed to stabilise the front wall of the pile wall forming the portal of
the mined tunnel, failed; deformations of the wall dangerously grew after the partial
excavation of an open pre-cut in front of the wall. The reason for this condition was
the existence of old mine workings or relics of such workings in the given area. The
problem had to be solved by an extensive operation improving the rock mass by fil-
ling grouting carried out from the surface in the portal area and about 40m beyond
the portal, and by a new structural design for the entrance portal.

Another two pile walls were built at a right angle to the portal pile wall; the walls
were interconnected by an unreinforced concrete roof slab. This self-bracing box
structure (an unclosed frame with fixed uprights) did not require anchors to be used.
A soil wedge was provided to support the pile wall, therefore the anchoring of the
wall was no more necessary (see Fig. 1).

The front pile wall which was supported by the soil wedge reaching nearly to
its top, together with the newly built frame structure, reliably stabilised the entran-
ce portal. It was proven during the course of the construction by the long-term
monitoring of the deformational behaviour of the portal.

The final, definite structure of the portal section consists of three blocks, which
are separated from each other by expansion joints. The first expansion block is 11m
long; it has the form of a frame with the height identical with the height of above-
mentioned stabilisation “box” consisting of the concrete bottom of the tunnel and
a wall keyed into the roof deck. An open frame structure braced with four precast
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Kolmo k portalové pilotové sténé byly vybudovany dalsi dvé pilotové stény
spojené ve stropé monolitickou Zelezobetonovou deskou. Tato samorozpérna
krabicovd konstrukce (neuzavieny rdm s vetknutymi stojkami) nevyZadovala
pouziti kotev. K Celni pilotové sténé byl zpétné prisypan opérny zemni klin,
takZe jeji zakotven{ jiZ nebylo nutné (obr. 1).

Celni pilotova sténa, podeprend téméF na plnou vysku dosypanou zeminou,
spolu s nové vybudovanou raimovou konstrukef, vjezdovy portdl bezpe¢né sta-
bilizovala, coZ bylo prokdzdno v prubéhu vystavby dlouhodobym monitorin-
gem jeho deformacniho chovani.

Konec¢nou definitivni konstrukci vjezdového portdlu tvori tfi vzdjemné
oddilatované celky. Prvni dilatacni dsek délky 11 m je ve formé rdmu vybudo-
van do vySe zminéné stabilizujici ,,krabice“a je tvofen betony tunelového dna
a sténou kotvenou do stropni desky. Na tuto ptivodné provizorni &ast portdlu
navazuje konstrukce otevieného polordmu, rozepiend ¢tyfmi prefabrikovany-
mi Zelezobetonovymi obloukovymi lamelami, které tvori druhy dilataéni dsek
dlouhy 6 m. Treti dilataéni dsek délky 15 m se sklddd z Zelezobetonovych
zékladovych pasu, které slouZi jako zdklady jednak pro tii §ikmé prefabriko-
vané oblouky, jednak pro podélné gabionové stény. Podélné gabionové stény
s korunou ve sklonu 1:2 vypliuji prostor mezi oblouky tietiho dilatatniho
celku. Svah portdlu je upraven do stabilniho sklonu 1:2. Ve svahu jsou zbudo-
vdna gabionovd Zebra, kterd navazuji na rozpérné lamely a kromé zpevnéni
plni i funkci odvodnéni svahu (obr. 2).

Bezpecnost esteticky dobfe pusobiciho definitivniho viezdového portdlu se
kone¢nymi dpravami jesté zvysila. Pro verifikaci dlouhodobé stabilniho stavu
budou jeho deformace monitorovény i v prubéhu zkusebniho provozu.

SO 502 — Tunel raZend Cast. Nedspé$nd prvotn{ injektaZ kotevnich korent
a enormni spotieba smési pii provadéni rozsdhlé sana¢ni vyplnové injektdze
v oblasti vjezdového portélu vedly k vypracovani banského znaleckého posud-
ku [2]. Novy bdnisky posudek byl cilené zaméfen na ,,bilé misto* v dulnich
mapovych podkladech, které se nachdzelo pravé v oblasti vjezdového portdlu
(km 1,242) a v prilehlych cca 500 m dlouhé &dsti trasy tunelu. Z posudku
vyplynulo, Ze ve zminéné oblasti existovalo ,,selské“ hlubinné dobyvani ve
svrehni i stfedni uhelné sloji, takze ovlivnéni tunelu bylo moZno ocekdvat
piimo v jeho trase od viezdového portdlu v km 1,242 a7 do km 1,750.

Realiza¢ni dokumentace pro tunel v dseku km 1,242 — 1,510 reflektovala
ndzor banského znalce [2], stavebniho znalce [3], poznatky dodavatele
z dosavadni realizace a vysledky dopliiujicich prizkumu, takZe tunelov trou-
ba byla aZ do km 1,750 dle CSN 73 0039 nové kategorizovana jako stavba na
poddolovaném tizemi. Vzhledem k novym okolnostem bylo provedeno static-
ké posouzeni vlivu poddolovani na primérni i sekunddrni osténi tunelu prosto-
rovou variantou metody kone¢nych prvku (podklad [4]). Matematicky model
MKP v fadé variant podrobné fesil projevy mozZné existence relikti poddolo-
vdni, zejména zdvalovych zén vyplnénych nakypfenou zeminou nebo
i volnych starych vyrubu.

Na zédkladé prostorového matematického modelu eliminovala RDS [9]
nepriznivé vlivy historického poddolovani rozsdhlymi sanacemi horninového
masivu, provdadénymi jednak z povrchu, jednak v podzemi v prubéhu razby.
Nejpodstatnéj$im sanadnim opatienim, zajistujicim jak bezpecny prabéh tune-
lovani, tak i spolehlivé pasobeni konstrukce tunelové trouby v dlouhodobém
provozu, byla systémové sanace pode dnem tunelu — injektaZ{ vytvareny hor-
ninovy nosnik pod tunelovou troubou. Toto zpevnéni horninového masivu
bylo provedeno mezi stani¢enim km 1,272 az 1,748, tj. v délce 476 m nad
postupné zapadajicimi uhelnymi slojemi. I dal3{ sanace kolem celé tunelové
trouby (svornikovd vyztuz, injektdze) vyznamné zlepSily vlastnosti horninové-
ho masivu v uvedeném tdseku tunelové trouby. Za timto stani¢enim jiz svrchni
uhelnd sloj nebyla ,selskym™ dobyvanim exploatovdna, nebot’ se nachdzi
v prili§ velké hloubce, takZe vlastnosti masivu nemohly byt negativné ovliv-
nény solitérnim historickym poddolovanim.

U vlastniho definitivniho osténi v dseku tunelu od km 1,242 (portdl) az
do km 1,762 (konec poddolovani) byla spodni klenba provedena jako monoli-
tickd armovand deska, dilatovand po 40 m. V horni klenbé se v dilatanich cel-
cich pravideln¢ stiidaji desetimetrové pasy typu A, C, D, B délené pracovnimi
spdrami, z nichZ oba krajni pasy A, B jsou armované (cca 14 t oceli/pas — obr.
3). Déleni pracovnimi sparami umoznuje eliminovat podélnd tahovéd napéti
rezultujici z lokélnich svislych poklesu tunelové trouby.

Za km 1,750 méla byt armovana jen spodni klenba sekundérniho ostén{, coz
bylo pro pouZité puvodni geomechanické parametry horninového masivu
dostate¢né. Po vyhodnoceni deformacniho chovdni horninového masivu
a vyhodnoceni pficin zdvalu, ke kterému doslo 5. 5.2003 v km 2,106 az 2,029,
bylo provedeno v dseku km 1,882 az 2,002 zesileni dna definitivniho osténi
i armovén{ horn{ klenby tak, aby bezpe¢né vyhovélo i na snizené geomecha-
nické parametry, nebot’ Slo o usek sousedici se zdvalovou oblasti.
Desetimetrové pasy horni klenby typu G, H, 1,J jsou v tomto tseku armovény
14 az 16 t oceli, spodni klenba je zesilena armovanymi Zebry (30 az 35 t
oceli/pas), spojenymi podélnou armaturou. Vyztuz spodni a horni klenby je
propojena specidlnimi spoji zajiStujicimi jeji kontinualni pisobent.

Na zdkladé vySe zminéného prostorového matematického feSeni bylo pro
tsek tunelu s moznym vlivem poddolovéni navrzeno sekunddrni osténi static-
ky adekvatni vlivu poddolovani. Armovani definitivniho osténi bylo z hlediska
bezpecnosti ndvrhu logickym vyusténim teoretické kvantifikace vlivu moz-

reinforced concrete, arched lamellas forming the second, 6m long expansion block,
is connected to this, originally temporary, part of the portal. The third expansion
block is 15m long; it consists of three reinforced concrete foundation strips, which
act as foundations for three inclined precast arches and for longitudinal gabion walls.
The longitudinal gabion walls with the crown reposing at 1:2 fill the space between
the arches of the third expansion block. The portal slope was given a stable slope 1:2.
There are gabion ribs in the slope, which are connected to the bracing lamellas. Apart
from the supporting function, they also act as the slope drainage (see Fig. 2).

The safety of the aesthetically well looking definite entrance portal was even
improved by the final modifications. The deformations of the portal will be moni-
tored during the test running to verify the long-term stability.

SO 502 — Tunnel — Mined Part. The unsuccessful initial grouting of roots of
anchors and the enormous consumption of grout during the extensive improvement
grouting operation in the area of the entrance portal led to the task to carry out
a mining expertise [2]. The new mining expertise was solely focused on the locati-
on in mining plans where information was missing and which was found just in the
entrance portal area (km 1.242) and in an adjacent, about 500m long part of the tun-
nel. It followed from the expertise that deep “peasant” mining existed in the above-
mentioned area, in the upper and middle coal seam; the impact on the tunnel was
expectable directly on the tunnel route, at km 1.242 through 1.750.

The final design for the tunnel in the section km 1.242 — 1.510 reflected the opi-
nion expressed by the mining expert [2], civil engineering expert [3], the contrac-
tor’s know-how from the previous work on this site and results of additional surve-
ys; the tunnel tube ending at km 1.750 was newly categorised, according to the sti-
pulations of CSN 73 0039, as a construction on stoping ground. With respect to the
new conditions, a structural analysis focusing on the influence of the undermining
on the tunnel lining was carried out using a 3D variant of the Finite Element Method
[4]. The FEM mathematical model dealt in many variants and in great detail, with
the manifestations of the potential existence of undermining relics, first of all caving
zones filled with loosened soil or even old empty openings.

Based on the 3D mathematical model, the final design (the design of means and
methods) [9] eliminated the adverse effects of the historic stoping by means of an
extensive rock mass improving operation. The rock mass was improved during the
course of the excavation, both from the surface and from within the tunnel. The
most important improvement measure, which ensured both the safe course of the
tunnel construction and reliable functioning of the tunnel tube structure during the
long-term service, was the system of grouting under the tunnel bottom. The grou-
ting formed the so-called “ground beam” underneath the tunnel tube. This reinfor-
cement of the rock massif was performed between chainage km 1.272 and km
1.784, i.e. at a length of 476m, over the gradually deeper dipping coal seams. The
other measure, installation of rock bolts and grouting around the whole tunnel cir-
cumference, also significantly improved the properties of the rock massif in the
above-mentioned section of the tunnel tube. Beyond this chainage, the upper coal
seam had not been exploited by the “peasant” mining because its depth was too
great. For that reason the rock mass properties could not be negatively affected by
solitary historic mining.

Regarding the final lining of in the tunnel section between km 1.242 (the portal)
through 1.762 (the end of the undermining), the invert was carried out in the form of
a cast-in-situ reinforced concrete slab with expansion joints provided every 40m. The
upper vaults of the expansion blocks consist of regularly alternating sub-blocks of the
A, C,D and B types, which are separated by construction joints. Sub-blocks A and B
are made from reinforced concrete (about 14 ton of rebar per one sub-block — see Fig.
3). The division by construction joints makes the elimination of longitudinal tensile
stresses resulting from local vertical subsidence of the tunnel tube possible.

Beyond chainage km 1.750, only the inverted arch was to be made from reinfor-
ced concrete, which was sufficient in terms of the originally assumed geomechani-
cal parameters of the rock mass. When the assessment of the deformational beha-
viour of the rock massif and of the causes of the collapse which happened on
5.5.2003 in the section between km 2.106 and 2.029 had been completed, the bot-
tom of the final lining was strengthened and concrete reinforcement was added in
the upper vault in the section between km 1.882 and 2.002 so that the lining safely
withstood the loading increased due to worsened geomechanical parameters (this

Obr. 2 Definitivni zajisténi vjezdového portdlu (foto Ing. M. Hert)
Fig. 2 Final support of the entrance portal (photo Ing. M. Hert)
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Obr. 3 Armatura definitivniho osténi (foto Ing. M. Hert)
Fig. 3 Reinforcement of the final lining (photo Ing. M. Hert)

nych dulnich reliktd v podloZzi tunelu; za normalnich podminek by stacilo osté-
ni z prostého betonu. Spolené pusobeni sanacnich opatfeni v masivu
a sekunddrniho osténi zajistuje dlouhodobé vysokou miru spolehlivosti tune-
lového osténi.

V této souvislosti je nutno konstatovat, Ze jesté pred ukoncenim vystavby
tunelu a jeho uvedenim do zkuSebniho provozu byly po predchozim geofyzi-
kdlnim pruzkumu, provedeném mezi stani¢enim1,280 aZ 1,750, realizovany
ovefovaci vrtné a ndsledné v potiebném rozsahu injektdZni sanalni prace (ve
staniceni 1,350 az 1,750). Jejich cilem bylo zajistit co nejvyssi kompaktnost
masivu v dseku historicky mozné ,,selské tézby*, coz jesté zvysilo jak d¢innost
sana¢nich opatreni provedenych pod a v okoli tunelové trouby pfi razbé, tak
bezpecnost sekunddrniho osténi navrzeného s ohledem na mozné poddolovani.

Usek zdvalu v km 2,002 az 2,081 jiz nemd s oblasti poddolovéni Zadnou
souvislost, nicméné je vhodné uvést, Ze vzhledem k nepfiznivému ovlivnén{
nadloznich vrstev zdvalem byl v osmi- a desetimetrovych pasech ¢. 77 az 85
zménén tvar a zvétSena tloustka spodni klenby (800 mm), tloustka horn{ klen-
by (450 mm) a stupen vyztuZeni (17 az 23 t oceli/pas — obr. 4). Tvarove stejné
je osténi i v celém udseku dorazby provedené pomoci NRTM (km 2,109 az
2,722; 15 az 22 t oceli/pas).

3.3 Svahové pohyby v oblasti portall

Moznost aktivace svahovych pohybu provddénim zemnich a stavebnich
praci byla prizkumem indikovéna pouze v oblasti vyjezdového portélu.

Jiz pii hloubeni portdlové jamy, kterd méla byt paZena dvojndsobné kotve-
nou pilotovou a zdporovou sténou, se skute¢né projevily nadmérné deformace,
které ohrozovaly vnitini i vnéjsi stabilitu pazicich stén. Uklidnéni deformaci
a zamezeni vzniku mozného svahového pohybu zemniho masivu napdjeného
vodou ze zastizeného Stérkopiskového horizontu, si vyzddalo dodate¢né roze-
preni pazicich stén pomocf silnosténnych ocelovych rour. Pod timto zajisténim
byla ve stavebni jamé realizovdna prvni ¢dst osténi hloubeného tseku vyjez-
dového portdlu mezi km 2,722 a km 2,802 (obr. 5).

Provedenim vypliiovych betont mezi osténim a paZicimi sténami doslo dle
zjisténi monitoringu k ocekdvané eliminaci deformaci. Ndsledné bylo prove-
deno ostén{ druhé &dsti hloubeného tseku vyjezdového portdlu mezi km 2,802
akm 2,969, jehoZ zdsyp md na paté ptvodniho svahu vyrazné stabiliza¢n{ G&i-
nek pro tzemi ohroZené aktivaci svahovych pohybu (obr. 6).

Dokoncenim vSech stavebnich praci (véetné dpravy terénu) na hloubeném
useku tunelu u vyjezdového portdlu doslo ke stabilizaci tizemi a pominula
moZnost aktivace svahovych pohybt v dusledku vystavby tunelu.

3.4 Seismické ucinky trhacich praci provadénych v dole Libous

Podklad [1] z roku 1996 se zabyval posouzenim seismického vlivu hro-
madnych odstfela v prilehlém povrchové dole na tunelové osténi. Konstatuje
se v ném, 7e pro bézné pouzivané hmotnosti ndlozi pri minimélni vzdélenosti
lomové stény 350 m od budoucf tunelové stavby nepresdhnou seismické G¢in-
ky trhacich praci pfipustné hodnoty sloZek rychlosti kmitani, uvedené v CSN
73 00 40 Zatizeni stavebnich objektt technickou seismicitou a jejich odezva.
Ty lze pro podzemni objekt tfidy odolnosti ,,E“ a horninovy masiv kategorie
,,a“ stanovit bezpe¢nymi hodnotami 15 az 25 mm/s pfi dominantnich frekven-
cich mensich nez 10 Hz, pfipadné hodnotami 25 az 40 mm/s pri dominantnich
frekvencich 10 az 50 Hz.

Pfi méfenich v roce 2006 (podklad [8]) byla pfi zkuSebnich odpalech
s nejvetsi hmotnosti ndloze 600 kg namérena na vjezdovém portdle ve vzddle-
nosti 1050 m maximadln{ rychlost kmitdn{ 4,41 mm/s, coZ je hluboko pod pri-
pustnymi hodnotami. Dvé bliz§{ méfici stanoviste (750 m), ale uvniti tunelu,
a 3,05 mm/s).

Ve shodé s podkladem [6] lze konstatovat, Ze se méfenimi v roce 2006
potvrdila platnost zdvéra z méren{ provedeného v roce 1996. Soucinitelé pre-
nosu K, které umoznuji stanovit hmotnost ndloze odpovidajici pfipustné veli-
kosti kmitdni, byly v obou pripadech velmi podobné. Méfeni prokdzalo, Ze pro
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section was in the neighbourhood of the collapse area). The concrete of the 10m
long blocks of the upper vault types G, H, I and J was reinforced with 14 to 16t of
steel in this section; the inverted arch is strengthened by reinforced concrete ribs (30
to 35 ton of steel per block) which are connected with each other by longitudinal
reinforcement bars. The reinforcement of the inverted arch is connected with the
reinforcement of the upper vault by means of special couplers, which secure
a continuous action of the reinforcement system.

A secondary lining structurally adequate to the undermining effect was designed
on the basis of the above-mentioned 3D mathematical analysis for this tunnel sec-
tion, which was potentially affected by undermining. The use of reinforced concre-
te for the final lining was, from the perspective of the design safety, a logical result
of the theoretical quantification of the effect of possible mining relics in the tunnel
sub-base; unreinforced concrete lining would have been sufficient under normal
conditions. The combined effect of the improvement measures implemented in the
rock massif and the reinforced secondary lining guarantees a high level of the tun-
nel lining reliability in the long-term.

It must be stated in this context that a verification drilling survey and subsequent
improving grouting were carried out between chainages km 1.350 through 1.750
even before the completion of the tunnel construction and commissioning, after the
previous geophysical survey in the section between km 1.280 and 1.750. The aim
of the grouting was to secure the highest possible compactness of the massif in the
section containing the potential “peasant mining”. This grouting further increased
not only the effectiveness of the improving measures implemented both under the
tunnel pipe and in its surroundings during the excavation but also the safety of the
secondary lining, which was designed with the possible undermining taken into
consideration.

Despite the fact that there is no connection between the collapsed tunnel section
at chainage 2.002 through 2.081 with the stoping ground, it is reasonable to state
that, because of the adverse influencing of the overburden layers by the collapse,
the shape of the inverted arch was changed, the thickness of concrete structures inc-
reased (inverted arch - 800mm; upper vault - 450mm) and the reinforcement con-
tent was increased (17 to 23 ton of steel per block — see Fig. 4) for the eight to ten
meter long blocks No. 77 through 85. The shape of the lining in the whole section
which was driven after the collapse by the NATM (km 2.109 to 2.722; 15 to 22 ton
of steel per block is identical).

3.3 Landslides in portal areas

The possibility of the activation of land slides by earthwork or construction work
was indicated by the survey only in the exit portal area.

Excessive deformations were encountered as early as the period of the excavati-
on of the construction trench for the portal, which was to be stabilised by pile wall
and a soldier beam and lagging wall with two tiers of anchors. They threatened the
internal and external stability of the walls. It was necessary to brace the walls addi-
tionally by means of thick-walled steel pipes so that the deformations were steadi-
ed and the possible development of a slide of the slope due to the sand-gravel hori-
zon supplying water to the ground mass which was encountered was prevented.
This system of the stabilisation protected the work on the first part of the lining
of the cut-and-cover tunnel at the exit portal between km 2.722 and km 2.802
(see Fig. 5).

The monitoring found out that once the tunnel lining and filling of the space bet-
ween the lining and the bracing walls with concrete had been completed, the defor-
mations ceased to develop. The construction of the lining of the second part of the
cut-and-cover section at the exit portal between km 2.802 and 2.969 followed. In
the area threatened by the activation of land slides, the backfill of this section has
a significantly stabilising effect at the base of the original slope (see Fig. 6).

The completion of all construction operations (including terrain finishes) in the
cut-and-cover section of the tunnel at the exit portal resulted in the stabilisation of
the area; The possibility of activation of landslides as a result of the tunnel con-
struction passed off.

Obr. 4 Armatura definitivniho osténi s vyklenkem (foto Ing. M. Hert)
Fig. 4 Reinforcement of the final lining with a recess (photo Ing. M. Hert)



Obr. 5 Rozeprené paZici stény u vyjezdového portdlu (foto Ing. M. Hert)
Fig. 5 Braced supporting walls at the exit portal (photo Ing. M. Hert)

posuzovéni hmotnosti ndloZi pfi trhacich pracich v dole Libous bude rozhodu-
jici novy Zelezni¢ni most a nikoliv konstrukce tunelu Brezno.

Pfi spravném dimenzovani ndloZ{ hromadnych odstfelt v dole Libou§ nebu-
dou seismické u¢inky téchto odstieli ohroZovat Zelezniéni tunel Bfezno.
Technické vedeni trhacich praci v dole bude nutno trvale monitorovat, aby
bylo mozno kontrolovat intenzitu seismického zatizeni pusobiciho na kon-
strukci tunelu (portdly, osténi i tinikovou Sachtu).

3.5 Stav po vytézeni - stabilita zavérnych svahi
dolu Libous

Stav po vytéZzeni dolu Libou§ (DP TuSimice), ktery je charakterizovdn
vytvorenim jamy hluboké cca 100 m, je nutno posuzovat z hlediska stability
jeho zdvérnych svahu i ve vztahu k tunelu Bfezno, a to pred, v prabéhu i po
napustén{ predpoklddaného jezera.

Dil¢i ¢dst hranice dobyvaciho prostoru Tusimice probihd témér paralelné
s piimym tsekem tunelu Bfezno (vEetné vjezdového portdlu) v prumérné
vzdélenosti cca 300 m, k vyjezdovému portédlu se vSak hranice DP priblizuje
na vzddlenost par desitek metrti (obr. 7). Prostorové usporddani zdvérnych
svahu ve vztahu k primé &4sti tunelu je ndzorné patrné z blokdiagramu na obr.
8. Usporadéni zdvérnych svahi v mistech obou portdlu, véetné aktudlné uva-
7ované koty hladiny jezera 2753 m n. m., je patrné z rovinnych fezt na obr. 9
a 10 (profily jsou prevySené).

K danému stabilitnimu problému, jehoZ seriozni zpracovani je velmi nutné
a soucasné znacn€ ndro¢né predevsim z hlediska analyzy geologickych pomé-
ru a stanoveni geomechanickych vlastnosti zastiZenych hornin a zemin pred,
v prubéhu i po napusténi jezera, je vhodné odcitovat pisemné informace zis-
kané autorem od Ing. Jifiho Libuse z firmy GEOTEC GS, kter fesi tento pro-
blém jako zakdzku od Dolu Ndstup TuSimice:

,...Nejméné priznivd kombinace okrajovych podminek se ukdzala
v prabéhu napousténi jezera (cca od roku 2030), i zde vSak hypoteticka kritic-
kd smykovd plocha vychdzi daleko pred linii trasy Zelezni¢ni prelozky. Po
konzultaci s projektantem jezera (R-princip Most) je ziejmé, Ze se v uritych
partiich na styku s jezerem (hladina aktudlné na trovni cca 275,3 m n. m.)
bude délat biehov4 linie ve sklonu 1:20, a z toho bude vyplyvat jind geomet-
rie zavérného svahu, kterd bude ze stabilitniho hlediska jesté priznivejsi.

K problému deformaci, které vzniknou v dusledku drendZniho pusobeni
jdmy po vytéZeni dolu (pred jejim zatopenim), se vyjadruje ve svych zdvérech
podklad [5] a jeho doporuceni je nutno rozhodné akceptovat — seddni
v dusledku sniZen{ hladiny podzemni vody je neoddiskutovatelnym fenomé-
nem, i kdy?Z jeho kvantifikace muZze byt v nékterych typech zemnich a zejména
horninovych prostfedi problematicka:

,,Lom ovlivn{ terciérni kolektory v podlozi a meziloZzi sloje a ve sloji — dojde
k jejich ¢dste¢nému osuseni. SniZeni hladiny podzemni vody se pravdépodob-
né projevi i pod Zelezni¢nim tunelem Bfezno. Doporucujeme proto
v dostate¢ném predstihu pied postupem lomu doplnit sit’ pozorovacich vrta
o vrty do jednotlivych ¢4sti sloje a meziloZi, aby bylo moZzno sledovat vyvoj
depresnich kotlin v jednotlivych zvodnélych horizontech. Déle doporucujeme
vypracovat prognézu moznych objemovych zmén horninového masivu spoje-
nych s jeho pfedpokladanym Edste¢nym osusenim.“

Z dosud provedenych stabilitnich vypocta vyplyva, Ze vytéZend jéma dolu
Libou§ neohrozi v dusledku hypotetického sesuvu zdvérného svahu
v budoucnosti Zelezni¢ni tunel Bfezno. Nicméné k této zdvazné problematice
se v soucasné dobé zpracovéva dal$i podrobné posouzeni, jehoZ vysledky je
s timto konstatovdnim tfeba konfrontovat.

Problém moZného sednuti tunelové trouby v dusledku drendZniho pusobeni
vytéZené jamy neni problémem stabilitnim, nybrz deforma¢nim. Jeho v¢asné-
mu teoretickému vyfeeni matematickym modelovanim, umoziujicim prijeti
eventudlnich opatfent, se nelze vyhnout. Totéz plati i pro nasledné monitoro-
vani zmén vodniho rezimu v oblasti a méfeni vyvolanych deformaci.

TuoufHel

3.4 Seismic effects of blasting operations
in the Libous mine

The reference document [1] from 1996 dealt with the assessment of the seismic
effect of bulk blasting in the adjacent open-cast mine on the tunnel lining. It states
that, for commonly used weight of charges, at the minimum distance of the mine
face from the future tunnel structure of 350m, the seismic effects of blasting opera-
tions will not exceed the permissible values of components of the peak particle
velocity specified by CSN 73 0040 - Loads of Technical Structures by Technical
Seismicity. These values can be set for an underground structure categorised as seis-
mic resistance class “E” and for rock mass category “a” safely at 15 to 25mm/s in
the case of the dominant frequencies lower than 10Hz, or at 25 to 40mm/s in the
case of the dominant frequencies ranging from10 to 50Hz.

The measurements which were conducted in 2006 (reference [8]) showed the
peak particle velocity of 4.41mm/s, which was measured during the trial blasting
using the maximum weight of charges of 600kg at the entrance portal, at the distan-
ce of 1050m. This velocity is, deep below the permissible values. Two closest mea-
surement stations (750m), which were, however, inside the tunnel, where the effects
of the surface wave do not manifest themselves, showed even lower values (2.84
and 3.05 mm/s).

In agreement with the reference document [6], it is possible to state that the mea-
surements carried out in 2006 confirmed the correctness of the conclusions from the
measurements carried out in 1996. The transfer coefficients K, which make the
determination of the weight of charges corresponding to the permissible peak par-
ticle velocity possible, were very similar in both cases. The measurement proved
that it would be the new bridge and not the Brezno tunnel structure what will be the
deciding structure in terms of the assessment of the weight of charges for blasting
operations in the Libou§ mine.

If the charges for the bulk blasting in the Libou$ mine are designed correctly, the
seismic effects of this blasting will not threaten the Bfezno railway tunnel.
Technical management of blasting operations in the mine will have to be continu-
ally monitored so that the intensity of the seismic load acting on the tunnel structu-
res (the portals, lining and escape shaft) can be checked.

3.5 The condition after the exhaustion
of the mine supplies - stability of the final slopes
of the Libous$ Mine

The condition of the Libou$ Mine (DP Trmice) once the mine has been exhaus-
ted, which is characterised as the creation of a pit about 100m deep, must be asses-
sed in terms of the stability of its final slopes even in relation to the Bfezno tunnel.
The assessment must be carried out prior to, during the course of and after the fil-
ling of the future lake with water.

A part of the border of the TuSimice mine working district (WD) runs nearly in
parallel with the straight section of the Bfezno tunnel (including the entrance por-
tal), at an average distance of about 300m, but the border of the WD gets closer, up
to several tens of metres of the exit portal (see Fig. 7). The relationship between the
spatial arrangement of the final slopes and the straight part of the tunnel is presen-
ted in the block-diagram in Figure 8. The spatial arrangement of the slopes in the
locations of both portals, including the planned altitude of the lake water surface of
2753 mas.l., is shown in plane sections in Figures 9 and 10 (the sections are exag-
gerated).

Regarding the stability problem in question, for which a reliable analysis is abso-
lutely necessary, even if very difficult mainly in terms of the analysis of geological
conditions and determination of geomechanical properties of the encountered rocks
and soils prior to, during and after the filling of the lake with water, it is reasonable
to quote the written information which was obtained by the author from Ing. Jif{
Labus from GEOTEC GS company, which has been solving this problem on the
basis of a contract with the Ndstup TuSimice Mines:

... The least favourable combination of the boundary conditions was found in
the phase of the filling of the lake with water (approximately from 2030); however,
even in this particular case, the distance of the hypothetical critical shear plane of
the diverted railway track is, according to the calculation, great. It is obvious after
a consultation with the lake designer (R-princip Most) that the slope of the lake
bank which will be created in certain parts on the contact with the lake (the current
water surface level is about 275.3m a.s.l.) will be 1:20. This means that the
geometry of the final slope will be different, even more favourable in terms of its
stability”.

The problem of the deformations which will develop as a result of the draining
effect of the pit once the mine has been exhausted (before it is inundated) is dealt
with in the conclusions of the reference document [5]; its recommendations must
be by all means accepted — the settlement resulting from the lowering of the water
table is an indisputable phenomenon, despite the fact that the quantification of this
phenomenon may be problematic in some types of soil environment and, above all,
some types of rock environment:

,» The open-cast mine will influence the Tertiary collectors in the sub-base of the
seam and interbeds within the seam — they will be partially dried up. The lowering
of the water table will probably manifest itself even below the Bezno railway tun-
nel. We therefore recommend that monitoring boreholes leading to the individual
parts of the coal seam and the interbeds be added to the network of monitoring bore-
holes so that the development of depression cones in the individual aquifers can be
monitored®.
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Obr. 6 Zasypdvdni definitivniho vyjezdového portilu (foto Ing. M. Hert)
Fig. 6 Covering of the definite exit portal with soil (photo Ing. M. Hert)

4. GEOTECHNICKY MONITORING PO UVEDENI TUNELU
DO PROVOZU

Dne 2. 4. 2007 vydal Drazni tifad povoleni o prozatimnim uZivéani stavby
tunelu Bfezno ke zkuSebnimu provozu. V podminkédch tohoto povoleni se
ukldda provozovateli stavby jako povinnost, aby po dobu zkuSebniho provozu
stavbu a zafizeni sledoval a ¢inil dle okolnosti patfi¢nd opatieni. Z tohoto
pozadavku jednoznacné vyplyvd pro tunel Biezno nutnost provddét geotech-
nicky monitoring za provozu a navic, vzhledem k dlouhodobému charakteru
moZnych vlivi téZebni Einnosti v dole Libous, to bude nutné nikoliv jen za
zku$ebniho provozu.

Projekt geotechnického monitoringu za provozu (podklad [7]) zpracovala
SG-Geotechnika v ndvaznosti na Souhrnnou zpravu o geotechnickém monito-
ringu z brezna 2007, kterd konstatovala, Ze z geotechnického hlediska nebran{
nic zahdjeni zkuSebniho provozu. Doba méreni je uvazovéana od 1. 4. 2007
(zahdjeni zkusebniho provozu) do konce roku 2008.

Je tfeba si uvédomit, Ze pro vlivy souvisejici s prubéhem té€zby, s Gplnym
vyuhlenim dolu, s odvodnénim vodonosnych horizonti a kone¢né
s vytvofenim budouciho jezera je z Casového hlediska takto koncipovany
monitoring prili§ , kratkodoby*. Vzhledem ke svému obsahu (6 typt méfen)
i rozsahu (1 a 3/4 roku) ozfejmi nepochybné velmi dobfe chovéni brezenské-
ho tunelu v pribéhu Zelezni¢niho provozu, aviak jen v prakticky nezménénych
podminkdch ovlivnéni tunelu ze strany té7by v dole Libous. Zména téchto
podminek vyzaduje navrhnout obsah a rozsah ,,dlouhodobého®™ monitoringu,
jehoZ hlavnim dkolem bude sledovat, Z¢ nedochdzi v Z4dné fazi dualn{
a rekultivaéni Cinnosti k nezddouci interakci s tunelem. Tento dlouhodoby
monitoring by bylo pravdépodobné tcelné koncipovat v souladu
s monitoringem, ktery bude vytvaten pro cely dobyvaci prostor Dol Nastup
Tusimice.

5. ZAVER

Vystavba Zelezni¢niho tunelu Bfezno probihala v mimofddné obtiznych
podminkdch a neobeSla se, celkem zdkonité, bez mimofddnych uddlosti.
Selhdni provizorni vyztuze pii konven¢nich metodich tunelovéni neni celo-
svetove az tak velkou vzdcnosti, coZ Ize ilustrovat misty v§eobecné zndmych
a rozsahlych havdrii jen z poslednich desetileti (Mnichov, Londyn, Hiebec,
Singapore, Sao Paulo).

Vsechny obtiZe razby (tj. vyrubdni profilu a jeho provizorni vyztuZeni) vSak
byly u tunelu Bfezno postupné zvlddnuty a lze jednoznacné konstatovat, 7e pro-
blémy geotechnického rdzu z prubéhu vystavby nebudou mit 7ddny negativni
dopad na bezpe¢nost definitivni konstrukce tunelu béhem jeho provozovini.
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Obr. 7 Situace s vyznacenim geologickych rezut
Fig. 7 A layout with geological sections marked

It follows from the to-date completed stability calculations that the pit which will
remain after the Libou$ mine exhaustion will not threaten the Bfezno railway tun-
nel in the future by a hypothetic movement of the closing slope. Nevertheless, anot-
her detailed assessment is being carried out dealing with this significant issue; its
results will have to be confronted with the above statement.

The problem of the potential subsidence of the tunnel tube due to the draining
action of the exhausted open-cast mine is a deformational problem, not a stability
problem. The timely solution to this problem by mathematical modelling, which
makes the adoption of contingent measures possible, cannot be neglected. The same
applies to the follow up monitoring of the changes in the hydrological regime in the
area and measurements of the induced deformations.

4. GEOTECHNICAL MONITORING AFTER THE TUNNEL
COMMISSIONING

On 2.4.2007, the Railway Authority issued the approval to temporarily use the
Brezno tunnel construction for the purpose of test running. Among the conditions
of the approval, there is the operator’s obligation to monitor the structure and equ-
ipment during the test running and implement relevant measures depending on the
circumstances. It unanimously follows from this requirement that the geotechnical
monitoring of the Brezno tunnel will have to be carried out during the operation.
Considering the long-term character of the potential effects of the mining activities
in the Libou$ mine, it will be necessary not only during the test running.

The design for the in-service geotechnical monitoring (reference document [7])
was carried out by SG-Geotechnika in a relationship with the “Summary Report on
Geotechnical Monitoring”, which was issued in March 2007. The report stated that,
from the geotechnical point of view, there was nothing to prevent the commence-
ment of the test running. The measurement period is assumed to start on 1.4.2007
(the beginning of the test running) and to continue till the end of 2008.

It is necessary to realise that this concept of monitoring is too “short-term” for
effects associated with the course of the coal mining, with complete exhaustion the
mine supplies, draining of the aquifers and eventually with the creation of the futu-
re lake. Considering its content (6 measurement types) and scope (one and three
quarters of years), the monitoring will undoubtedly very well clarify the behaviour
of the Biezno tunnel during the railway traffic passing through, however, only under
the conditions which will remain virtually unchanged regarding the mining activi-
ties in the open-cast mine Libous. Changed conditions could be monitored only if
a long-term monitoring with its content and scope design focusing on a task to veri-
fy that no undesired interaction with the tunnel develops in any phase of the mining
and reclamation activities. It would be probably reasonable to develop the concept
of this long-term monitoring in accord with the monitoring which will be designed
for the entire Nastup TuSimice mines working district.

5. CONCLUSION

The Bfezno railway tunnel was constructed in extremely difficult conditions and,
quite naturally, it could not avoid accidents. Failures of temporary excavation sup-
port in the cases of traditional tunnelling methods are not so rare worldwide, which
fact can be illustrated by locations where generally known and extensive collapses
happened in the past decades (Munich, London, Hiebe¢, Singapore, Sao Paulo).

Nevertheless, all problems of the excavation which were encountered in the
case of the Bfezno tunnel (i.e. the excavation of the underground opening and
installation of the temporary support) were step-by-step fixed and it is possible to
unequivocally state that geotechnical problems from the construction period will
have no negative impact on the safety of the final tunnel structure during the tun-
nel operation.

Obr. 8 Geologicky blokdiagram se zdvérnymi svahy dolu Libous (Geologické
sluzby Chomutov)

Fig. 8 Geological block-diagram with the closing final of the Libous mine
(Geologické sluzby Chomutov)
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Definitivni osténi tunelu je navrZeno tak, aby bezpe¢né preneslo nejen
vSechna relevantni zatiZenf a jejich kombinace, ale aby odolalo i vlivam stéle
diskutovanych pripadnych solitérnich pozistatku ,,selského* dolovéni. Dal§i
moZné negativni vnéj3i vlivy — svahové pohyby a seismické G¢inky odstrelt —
tunel v soucasné dobé neohrozuji nebo ovliviuji margindlné. Tento stav bude
oprédvneéné oveérovan geotechnickym monitoringem provadénym béhem zku-
sebntho provozu. Vzhledem k tomu, Ze se podminky v dole Libous budou
v Case nepriznivé ménit, je tfeba navrhnout dlouhodoby monitoring, ktery by
vedle trvalych seismickych méfeni v budoucnosti ovéroval stabilitu zavérnych
svahu dolu Libous, sledoval zmény vodniho reZimu v oblasti a méfil eventudl-
ni deformace indukované témito vlivy na konstrukci tunelu. Na zdkladé
vyhodnocenych vystupt monitoringu je mozno rozhodnout o eventudlnim pfi-
jeti vEasnych a déinnych opatfeni.

PROF. ING. JIRI BARTAK, DrSc., bartakj@fsv.cvut. €z,
CVUT PRAHA, FAK ULTA STAVEBNI
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The tunnel final lining design guarantees that the tunnel structure will not only safely
carry all relevant loads and their combinations but also resist the effects of the till now
discussed contingent solitary remnants of the “peasant mining”. Other potential negative
external effects — the rock mass movements and seismic effects of blasting operations —
currently are not threatening the tunnel or they affect it only marginally. It is a well-
grounded decision that this state will be verified by geotechnical monitoring during the
test running. With respect to the fact that the conditions at the LibouS mine are going to
unfavourably change with time, it is necessary to design the long-term monitoring which
would, apart from carrying out permanent seismic measurements, verify the stability of
the closing slopes of the Libous mine, observe changes in the hydraulical regime in the
area and measure deformations induced by these effects on the tunnel structure, if any.
Assessments of the monitoring outputs will provide the basis for the making of decisi-
ons on implementation of timely and effective measures, if necessary.
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STATICKY MODEL SPRAZENEHO OCELOBETONOVEHO OSTENI
STRUCTURAL MODEL OF A STEEL-CONCRETE COMPOSITE LINING

ALES ZAPLETAL

Uvop

Otdzku, do jaké miry je iCelné navrhovat osténf tunell jako spfaZenou kon-
strukei z oceli a stitkaného betonu, ponechdme stranou.

Budeme se vénovat pouze zékladnimu aspektu statické povahy: jak vytvorit
na bazi MKP staticky model tohoto osténi takovy, Ze vypoCet s nim provedeny,
poskytne hodnovérné a tiplné vysledky.

Je zndm vypocetni postup, pri kterém je ocelobetonové osténi modelovéno
pruty. Jejich tuhosti v ohybu a tlaku jsou odvozeny jako kombinace tuhosti ¢asti
betonové a ocelové. Tuhosti betonové Edsti jsou stanoveny za predpokladu, Ze
v betonu neni prekrocena mez trhlin. Zmeény tuhosti, ke kterym dochdzi
v dusledku prekroCeni meze trhlin, nedokdZe tento postup postihnout.

Pokud je pfi vypoctu na prutovém modelu osténi, ve kterém je materidl osté-
nf definovdn jako pruZny, piekrocena tnosnost osténi, miZeme vypolet pro-
dlouzit do oblasti pruzné plastické tim, Ze v mistech kritickych prurezi zavede-
me plastické klouby. Zde ale nardZime na problém, kterak na sprazené ocelobe-
tonové konstrukci stanovit mezni plastické pootoceni @y.

Model ostént, ktery zde navrhneme, t€émito nedostatky netrpi, nebot:

* sestdvd z obou Easti, ocelové i betonové a jeho beton muZze praskat,

¢ pojem plastického kloubu je mu cizi, prestoze osténi je materidlové defino-

vano jako pruzné plastické.

Vypocet, jehoz vysledky jsou prezentovany v kapitole 3. Piiklad, byl prove-
den pomoci programu MISES (autor TDV Graz, Rakousko).

1. GEOMETRIE MODELU SPRAZENEHO OCELOBETONOVEHO

OSTENI: SPRAZENE PRVKY

Model osténi vytvofime pomoci isoparametrickych prvku, ze kterych nejprve
vhodnym zpusobem sestavime zvI43t struktury betonové a ocelové dsti. Poté
tyto Cédsti polozime na sebe a nékteré uzly obou struktur (budeme jim fikat
,»vyznamné uzly*) ztotoznime tak, aby bylo zaji§téno sprazeni obou ¢asti.

Postup ndzorné predvedeme na obr. 1 - 3, kde sestavime zdkladni titvar mode-
lu osténi. Budeme mu fikat ,,sprazené prvky*. V ném sprahneme betonovy pra-
fez s ocelovym I-profilem.

Celé osténi je nutno nésledné ze spazenych prvku vysklddat (viz obr. 5).

N&S betonovy prifez je Siroky 1 m. Pésnice I-profilu jsou Siroké 20 cm
a stojina je silnd 1 cm, jak se miZeme piesvédCit vypisem z programu MISES
v nasledujicich, kurzivou psanych, fadcich:

Prog.: M3 REV. 11.66.01 Date: 13/04/2007  11:26

Auth.: ** TDV-Graz-Austria **
METROSTAV A. S.

Page: 9

SPRAZENE OSTENI
TEST VYPOCETNIHO POSTUPU

m3dfrinz (NF15) HAS BEEN INITIALIZED (D.O Fs).
m3dmat (NF16) HAS BEEN INITIALIZED (MATERIAL PROPERTIES).

ELEMENT SPECIFIC PARAMETERS

ELEMENT FROM/ TO/STEP TYPE THICKNESS
1 3 1 ISOPARAMETRIC 1.000
4 4 1 ISOPARAMETRIC 0.200
5 5 1 ISOPARAMETRIC 0.010
6 6 1 ISOPARAMETRIC 0.200

Na obr. 1-3 pouzivame nésledujicich pomucek, umoZiujicich rychlejsi orientaci:

o &selné oznaceni elementt leZ{ na modré barvé,

o &iselné oznacenf uzlu leZ{ na zelené barve,

* vyznamné uzly jsou oznaceny Cervenymi body.

Ve sméru tloustky osténi je struktura betonové ¢asti (viz obr. 1) tvorena tfemi
isoparametrickymi elementy, napf. 1, 2, 3. Elementy 1, 3 maji tloustku kryti
I-profilu betonem, tloustka elementu 2 je shodnd s vySkou I-profilu. Vyznamné
uzlové body, na obr. 1 oznaené Cervené, jsou oéislovany jako 1,2,3,4,5,7.

Ve sméru tloustky osténi je struktura ocelové &dsti (viz obr. 2) tvorena tiemi
isoparametrickymi elementy, napt. 4, 5, 6. Elementy 4, 6 maji tloustku pésnice
I-profilu, tloustka elementu 5 je shodnd s vyskou stény I-profilu. Vyznamné
uzlové body, na obr. 2 oznacené Cervené, musi byti o¢islovény jako 1,2,3,4,5,
7, a to nikoliv ndhodn¢, nybrZ podle pravidla, Ze po prekryti obou struktur

INTRODUCTION

We will leave aside the question to what degree it is reasonable to design
a composite structure consisting of steel and sprayed concrete for a tunnel lining.

We will only deal with the basic aspect of structural analysis: how can we develop
an FEM structural model of this lining which will guarantee that the calculation which
will be carried out using this model will provide credible and exhaustive results?

We know a computational procedure where the steel-concrete lining is modelled
by means of beams. The bending and compressive rigidity values are derived as
combinations of the values rigidity of the concrete part and the steel part. The rigi-
dity values for the concrete part are determined under the assumption that the limit
state of concrete cracking is not crossed. This procedure cannot determine the chan-
ges in the rigidity value which take place when the limit state is crossed.

If the loading capacity of the lining is exceeded during the calculation using the
beam model of the lining in which the lining material is defined as being elastic, we
can extend the calculation to the elastic-plastic zone by introducing plastic joints in
the points of critical sections. In this case, however, we encounter a problem: how is
the ultimate plastic rotation Oy to be determined?

The model of the lining which we will propose below does not suffer from those
drawbacks because:

* it consists of two parts, the steel one and concrete one, and the concrete is allo-

wed to crack,

* the plastic joint term is foreign to the model despite the fact that the lining mate-

rial is defined as elastic-plastic.

The calculation for which the results are presented in chapter 3. “Example” was
carried out using the MISES program (the author: TDV Graz, Austria).

1. GEOMETRY OF THE STEEL-CONCRETE COMPOSITE LINING
MODEL: THE COMPOSITE ELEMENTS

We will set up the lining model by means of isoparametric elements. First we
set up the structure of the concrete part and the structure of the steel part sepa-
rately, using the above isoparametric elements. Then we superimpose these
parts, placing some of the nodes of both structures (we will call them “signifi-
cant nodes”) in such coinciding positions in which the composite action of both
parts will be secured.

We will show this procedure graphically on Figures 1 through 3, where we
will set up the basic structure of the model of the lining. We will call it “com-
posite elements”. We will couple a concrete section with a steel I-section.

It is subsequently necessary to piece the whole lining together from the com-
posite elements (see Fig. 5).

Our concrete section is 1m wide. The flanges of the I-profile are 20cm wide
and the web is 1cm thick, as we can make certain in the following excerpt (writ-
ten in italics) from the MISES program:

Prog.: M3 REV. 11.66.01
Auth.: ** TDV-Graz—Austria **
METROSTAV A. S.

Date: 13/04/2007 11:26 Page: 9

SPRAZENE OSTENI
TEST VYPOCETNIHO POSTUPU

m3dfrinz (NF15) HAS BEEN INITIALIZED (D.O.Fis).
m3dmat (NF16) HAS BEEN INITIALIZED (MATERIAL PROPERTIES).

ELEMENT SPECIFIC PARAMETERS

ELEMENT FROM/ TO/STEP TYPE THICKNESS
1 3 1 ISOPARAMETRIC 1.000
4 4 1 ISOPARAMETRIC 0.200
5 5 1 ISOPARAMETRIC 0.010
6 6 1 ISOPARAMETRIC 0.200

In Figures 1 through 3, we use the following instruments allowing quicker
orientation:

e the numerical marking of the elements lies on the blue colour,

e the numerical marking of the nodes lies on the green colour,

* significant nodes are marked by red points.

In the direction of the thickness of the lining, the structure of the concrete part
(see Fig. 1) consists of three isoparametric elements, e.g. 1, 2 and 3. The
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Obr. 1 Betonovd Cdst osténi
Fig. 1 The concrete part of the lining
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Obr. 3 Sprazené ocelobetonové osténi
Fig. 3 Composite steel-concrete lining

(viz ddle), musi na sobé lezici vyznamné uzly nésti stejné o¢islovani. Vzdélenost
uzlti 1,2, resp. 4,3 musi byt u obou struktur shodna.

Obe struktury poloZime na sebe takto (viz obr. 3): Svislé strany elementti obou
struktur splyvaji, vodorovné strany jsou situovdny tak, aby elementy 1, 3 zastu-
povaly vici elementim 4, 6 (tedy pasnicim I-profilu) kryci vrstvu betonu. Body
1,2,3,4,5,7 obou struktur tim dosahuji identity (tj. bod i struktury jedné je
bodem i struktury druhé).

Tim je zdkladni struktura modelu osténti, sprazené prvky, vytvorena. Jeji apli-
kace pii vypoctu zajistije:

e prenos zatizeni z horninového masivu i do ocelové Cdsti ostént, kterd je

k horniné pfipojena pouze neprimo, pies beton,

* sprazeni betonové &dsti osténi s Edsti ocelovou.

2. PRETVARNE A PEVNOSTNI CHARAKTERISTIKY
SPRAZENEHO OSTENI

To, Ze sprazenymi prvky modelujeme slozky osténi, ocelovou a betonovou,
v oddéleném tvaru, umozniuje definovat osténi jako elastoplastické prostredi
pomoci ploch plasticity, a — v pripadé betonu — za vylou¢eného tahu. (Kdyby
byly isoparametrické prvky, modelujici osténi, vytvoreny jako jednoduchd
[tj. nesprazend] struktura, odvozend z globdlnich [tj. vyjadiujicich chovan{

— e

L] s00cm

Obr. 4 S MKP s uloZenim
Fig. 4 FEM network with restraints

Obr. 5 SpraZend ocelobetonovd
konstrukce

Fig. 5 Composite steel-concrete
structure

Obr. 2 Ocelovd ¢dst osteni
Fig. 2 The steel part of the lining

thickness of elements 1 and 2 is equal to the concrete cover of the I-section; the
thickness of element 2 is identical with the height of the I-section. Significant nodes,
which are marked in Fig. I in red colour, are assigned numbers 1,2, 3,4,5,7.

In the direction of the thickness of the lining, the structure of the steel part
(see Fig. 2) consists of three isoparametric elements, e.g. 4, 5 and 6. The thick-
ness of elements 4 and 6 is equal to the thickness of the flange of the I-profile;
the thickness of element 5 is identical with the height of the web of the I-profi-
le. Significant nodes, which are marked by red colour in Fig. 2, must be num-
bered 1,2, 3,4, 5, 7; this numbering must not be carried out randomly, it must
follow a rule that after the superposing of both structures (see below) the num-
bers of the superposing significant nodes must have identical numbers. The
distance between nodes 1 and 2 or 4 and 3 must be identical for both structures.

We will superimpose the two structures in the following way (see Fig. 3):
Vertical sides of the elements of both structures merge together, the horizontal
sides are in a position where the elements 1 and 3 represent the concrete cover
layer relative to the elements 4 and 6 (the flanges of the I-profile). Thus the
points 1,2, 3,4, 5,7 of the two structures reach the identity (i.e. the point i of
one structure is also the point i belonging to the other structure).

The creation of the basic structure of the model of the lining, the composite
elements, has been completed by this procedure. Its application to the calculati-
on guarantees that:

* the loads are transferred from the rock mass even to the steel part of the lining,

which is connected to the rock mass only indirectly, through concrete,

* the concrete part is coupled with the steel part.

2. DEFORMATIONAL AND STRENGTH CHARACTERISTICS
OF COMPOSITE LINING

The fact that we model the components of the lining, the steel and concrete
ones, in separate forms allows us to define the lining as an elasto-plastic environ-
ment using plasticity surfaces and, in the case of concrete, a tension-free envi-
ronment. (If the lining modelling isoparametric elements had not been created as
a simple [i.e. not composite] structure which is derived from global deformatio-
nal characteristics [i.e. those which express the behaviour of the whole body, not
its individual parts], such a definition would be impossible. Equally impossible,
indeed more so, would be the case of modelling the lining as a beam system. The
plastic-hinge method suggests itself as a way out in this case. However, with
a problem of the determination of the ultimate plastic rotation Oy).

It is therefore necessary to know how to match proper deformational and
strength characteristics to the individual components of the lining. While it is not
difficult for the steel part (the modulus of elasticity is independent of time, the plas-
ticity surface, which is also independent of time, is that of the von Mises or Tresco
type), it does not have to be without trouble in the case of the sprayed concrete part.

2.1.TIME DEPENDENT ELASTIC MODULUS OF CONCRETE

According to [1], we can express the time dependent elastic modulus 7" by
the expression F(T = 78) = E(T = 1}

E(lN= - i+ E(r=1 @)
In(T = 28)

2.2. TIME DEPENDENT SHEAR STRENGTH OF CONCRETE

We will denote the concrete strength by Rq and compressive strength of conc-
rete by Ry. The concrete plasticity surface can be expressed in the shape of the
Drucker-Prager (or Mohr-Coulomb) surface. For the angle of internal friction ¢
it holds that R,-R

sing =
e R +R> 2

while cohesion ¢ is expressed by the relationship

= : L+ coan 1 . (3)

Assuming that Ry = 0,I%Rg4, we will receive
@ =55°, C))
¢ =0.159R, (5)
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Obr. 6 Vypocet 1 (osténi je elastické): Vnitrni sily
v betonové Cdsti osténi

Fig. 6 Calculation 1(the lining is elastic): Internal
forces in the concrete part of the lining

v ocelové Cdsti osténi

nikoliv jednotlivych &asti, nybrz celku] pretvarnych charakteristik, nebyla by
takovdto definice moznd. Tim spiSe neni moznd v pripad¢, Ze osténi modeluje-
me jako prutovou soustavu. Zde se nabizi jako vychodisko metoda plastickych
kloubti. Oviem s problémem, kterak stanovit meznf plastické pootoceni Oy).

Je tedy nutno umét priradit slozkdm osténi vhodné pretvarné a pevnostni
charakteristiky. Zatimco u ocelové ¢dsti to necini potiZze (modul pruznosti je
nezdvisly na Case, plocha plasticity — také nezdvisld na Case — je zde Misesova,
resp. Trescova), u Cdsti ze stifkaného betonu tak tomu byt nemusi.

2.1. CASOVE ZAVISLY MODUL PRUZNOSTI BETONU
Podle [1] muZeme na Case T z&visly modul pruznosti vyjadrit vztahem
E(T=28)-E(T=1)
In(T =28)
2.2. CASOVE ZAVISLA SMYKOVA PEVNOST BETONU

Oznacime jako Rq pevnost betonu v tlaku a jako Ry pevnost betonu v tahu.
Plochu plasticity betonu je mozno vyjadrit ve tvaru plochy Drucker-Pragerovy
(resp. Mohr-Coulombovy). Pro dhel vnitiniho tfeni @ plati

E(T) =

T+ E(T=1) (1)

d i
R,+R, @

zatimco koheze ¢ je vyjadiena vztahem

sing =

R
c=—"*(1gp+
5 (tgg COS(;O') A3)
Za predpokladu, 7e Ry = 0,I*Rg, obdrzime
@ =55° (€]
¢ =0,159R, 3)

Bude-li ddle, v souladu s [1], funkce tlakové pevnosti betonu Rg (7)
v zavislosti na Case T
R (T=28)-R,/(T=1)

- * -1, 6

R,(T) T =28) I(T)+R,(T=1), (6

bude o(T) = p=55° 0
B L R(T=28)-R,(T=1, _

a o(T)=0.159%( T =2%) M)+ RA(T=1)) 8

3. PRIKLAD

(Pozndmka:V nésledujicim prikladu si dovolujeme predpokladat néco, co je
technicky stéZi proveditelné; totiz razbu velkého profilu bez ¢lenéni vyrubu, ve
velmi $patné horning. Tento technicky nonsens vSak nikterak nenf na djmu toho,
co chceme demonstrovat.)

Mame stanovit vnitfni sily (chybové momenty M, normélové sily N, posouvajici
sily Q), které ve sprazeném ocelobetonovém osténi vyvold horninovy tlak. Osténi je
kruhové, vsazené do vyrubu @=10 m (obr. 4). Razba probéhla bez Clenéni vyrubu
v horniné o modulu pruznosti 40 MPa a Poissonove konstanté 0.4. Abychom omezi-

li poCet parametrti, ovliviiujicich vysledek, povaZujeme horninu za pruzné prostiedi.

Obr. 7 Vypoéet 1 (osténi je elastické): Vnitini sily

Fig. 7 Calculation 1(the lining is elastic): Internal
forces in the steel part of the lining

Obr. 8 Vypocet 2 (osténi je elastoplastické, spra-
Zeni viplné): Vnitrni sily v betonové édsti osténi
Fig. 8 Calculation 2 (the lining is elasto-plastic;
full coupling): Internal forces in the concrete
part of the lining

If, in addition, the time T - dependent compressive strength function
_H_l]"':jﬂr-ﬁ.' [T =}

BT L I+ R (=N (©
IntT =28)
complies with [1], there will be @ (T) = @=55° (7)
and T ¥R = BT =1}
o(1)=0,1590(RAT=28) - RAT =Dy i s R (T=1)) ®
IniT =28)
3. EXAMPLE

(Note: In the following example, we beg to assume something which is
technically hardly viable, namely the excavation of a large profile through
very poor quality rock mass without the division of the excavation face into
sequences. Nevertheless, this engineering nonsense causes no harm to what
we wish to demonstrate.)

Our task is to determine internal forces (bending moments M, normal forces
N and shear forces Q) which are induced in a composite steel-concrete lining by
the rock pressure. The lining is circular, installed in an excavated cross section
@=10m (see Fig4). The excavation was carried out without the division into
sequences. It passed through rock mass with the elastic modulus of 40 MPa and
Poisson’s ratio of 0.4. With the aim of limiting the number of parameters affec-
ting the result, we consider the rock mass as an elastic environment.

The lining is a composite steel-concrete structure according to Figure 5 (to be
compared with Fig. 3). The concrete part of the lining is of green B25-grade
sprayed concrete with Rq = 4.6 MPa. It is 35cm thick; the elastic modulus is
10 MPa. The Drucker-Prager plasticity surface with the cohesion of 730kPa and
angle of internal friction of 55° is prescribed. The tension in concrete is excluded.

The steel part consists of the I-profile 20cm high. The cover of the flange
on the rock mass side is 10cm thick; the cover on the opposite side is Scm
thick. The flanges are 20cm wide and 2cm thick. The web is 1cm thick. The
steel strength is 205MPa. The plasticity surface is of the von Mises type.

The calculation of internal forces in the lining was carried out for three dif-
ferent problems:

Calculation 1: The lining is elastic. The full coupling applies (in the mea-
ning that both normal and shear stresses act on the contact between steel and
concrete).

Calculation 2: The lining is elasto-plastic, the full coupling applies.

Calculation 3: The lining is elasto-plastic, the partial coupling applies. It
means that only normal stresses act on the contact between concrete and
steel, while shear stresses are zero. It is a simulation of the situation where
the bond between steel and concrete is broken. The breaking of the bond
makes slipping of the parts of the lining against each other possible.

The results of the calculation, the internal forces M, N, Q, which were
obtained separately for the two components of the composite structure, are
graphically presented in Figures 6 through 11. The internal forces are obtai-
ned (see Fig. 1 and Fig. 2 respectively) by means of the integration along the
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Obr. 9 Vypocet 2 (osténi je elastoplastické, spraZeni
tiplné): Vnitini sily v ocelové ¢dsti osteni

Fig. 9 Calculation 2 (the lining is elasto-plastic; full
coupling): Internal forces in the steel part of the

lining part of the lining

Osteni je sprazenou ocelobetonovou konstrukei podle obr. 5 (srovnej s obr. 3).

Betonova ¢ést osténi je z mladého stitkaného betonu B25 0 Rd = 4,6 MPa. M4
tloustku 35 cm. Modul pruZnosti je 10 MPa. Je predepsdna plocha plasticity
podle Drucker-Pragera, o kohezi 730 kPa a tihlu vnitiniho tfeni 55°. Tah v betonu
je vyloucen.

Ocelovou &dst tvoii I-profil vysky 20 cm. Kryti jeho péasnice u hory je 10 cm,
kryti na opatné strané je 5 cm. Sitka pasnic je 20 cm, tloustka 2 cm. Stojina ma
tloustku 1 cm. Pevnost oceli je 205 MPa. Plocha plasticity je Misesova.

Vypoget vnitinich sil osténi byl proveden pro tfi riznd zadanf:

Vypocet 1: Osténi je pruzné, spraZeni tplné (rozuméj: na kontaktu oceli
s betonem pusobi jak normélov4, tak smykova napéti).

Vypocet 2: Osténi je pruznoplastické, spraZeni tplné.

Vypocet 3: Osténi je pruznoplastické, sprazeni ¢dste¢né. To znamend, Ze na
kontaktu mezi betonem a oceli pusobi pouze normédlova napéti, zatimco smyko-
v napéeti jsou nulové. Tim simulujeme situaci, kdy dochdzi k poruseni prilna-
vosti mezi oceli a betonem. Poruseni prilnavosti umoziuje vzdjemné proklouz-
nuti &asti osténi vci sobé.

Vysledky vypoctu, vnitini sily M, N, Q, ziskané oddélen¢ pro obé slozky spra-
Zené konstrukce ostént, jsou graficky znazornény na obr. 6 —11. Vnitin{ sily jsou
porizeny (viz obr. 1, resp. obr. 2 ) integraci napéti po tloustce osténi (tedy pres
elementy 1,2, 3, resp. 4, 5, 6, ¢i jejich analogie). Rozdily mezi vysledky jedno-
tlivyich vypoctu jsou evidentni.

4. ZAVER

Navrzeny model sprazeného ocelobetonového osténi je umistén do 2D. Presto
obsahuje jednotlivé své ¢asti, ocelovou i betonovou, v trojdimenzionalnim zad4-
ni. Jednotlivé &4sti jsou poloZeny na sebe a v duleZitych uzlech elementt MKP
propojeny tak, Ze dochazi ke sprazeni obou struktur. Toto spfaZeni miiZe byt bud
tiplné (kdyZ na kontaktu oceli s betonem pusobi jak normdlova, tak smykové
napéti), nebo Castecné (kdy? na kontaktu mezi betonem a ocelf puisobi pouze nor-
mélova napéti, zatimco smykova napéti jsou nulova).

Jak ocel, tak beton mohou byt definovény jako elastoplastické hmoty, na beto-
nu miZe byt vylouden tah. Je to velmi vyznamné, nebot' vylou¢enim tahu se méni
pomér tuhosti obou ¢asti. Ndsledkem toho dochdzi k vyznamnému transferu
vnitinich sil mezi betonem a oceli.

Vnitini sily ziskdvame vypoctem pro kazdou Cdst osténi zv1ast. To umoziuje
samostatné posouzeni &asti podle prislusnych norem.

ING. ALES ZAPLETAL, DRSC., zapletal@metrostav.cz,
METROSTAV a. s.
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Obr. 10 Vypocet 3 (osteni je elastoplastické, spraze-
ni édsteéné): Vnitini sily v betonové dsti osteni

Fig. 10 Calculation 3 (the lining is elasto-plastic;
partial coupling): Internal forces in the concrete

Obr. 11 Vypoclet 3 (osténi je elastoplastické,
spraZeni Cdstecné): Vnitini sily v ocelové Cdsti
osténi

Fig. 11 Calculation 3 (the lining is elasto-plas-
tic; partial coupling): Internal forces in the steel
part of the lining

thickness of the lining (i.e.
through elements 1,2,3 or4,5,6
or their analogies). The differen-
ces between the solutions are evi-
dent. Elasto-plastic calculations 2
and 3 are similar in their results.

4. CONCLUSION

The proposed model of the
composite steel-concrete lining is
carried out in the 2D system.
Despite this fact, it contains parts,
the steel and concrete, which are
in a three-dimensional form. The
individual parts are superimposed
and interconnected in significant
nodes of the FEM elements in
a manner which guarantees that
both structures are coupled. This
coupling can be full (when both
the normal and shear stresses are
in action on the contact between
the steel and concrete) or partial

(when only the normal stress is in
action on the contact between the
steel and concrete, while the
shear stresses are zero).

Both steel and concrete can be
defined as elasto-plastic matters;
tension can be excluded in the
case of concrete. It is very important because the exclusion of tension means
a change in the ratio between concrete and steel rigidity values. As a result,
a significant transfer of internal forces takes place between concrete and steel.

We will obtain the internal forces by calculations, separately for each part.
This procedure makes separate assessment of each part according to relevant
standards possible.

ING. ALES ZAPLETAL, DRSC., zapletal @metrostay.cz
METROSTAY a.s.

Obr. 12 Vypocet 2: Plastifikace

betonu. (* = plastifikovany beton,

TC = vylouceny tah (trhlina))

Fig. 12 Calculation 2: Plasticisation of
concrete (* = plasticised concrete,

TC = tension excluded (a crack))

[1]: KleCka, T., Bouska, P., Kolisko, J.: Moduly pruznosti stifkaného betonu tunelového osténi v Praze na Cerném mosté. Zprava Kloknerova

tstavu CVUT, 1997.
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TUNELY SILNICNIHO OKRUHU KOLEM PRAHY
ZKUSENOSTI PO ZAHAJENI RAZBY NA STAVBE 513
TUNNELS ON THE PRAGUE CITY RING ROAD
EXPERIENCE AFTER THE COMMENCEMENT OF EXCAVATION
IN CONSTRUCTION LOT 513

PETER STEFKO, LIBOR MARIK

uvoD

Praha se stejné jako vétSina evropskych metropoli dlouhodobé potykd s nardstajici
intenzitou dopravy a dopravnim pretiZzenim centra mésta. ReSenim vzniklé situace je
odlehéenti vnitnich husté osidlenych ¢ésti Prahy od tranzitni a piiméstské dopravy
vybudovanim kapacitniho silni¢niho okruhu. Cely okruh je rozdélen do 11 staveb
oznacenych &isly 510 az 520, jejichZ vystavba probihd etapovité. Usek okruhu mezi
Vestcem a Lahovicemi je ozna¢ovan jako stavba 513. Smérem od Lahovic, kde nava-
zuje na stavbu 514, trasa komunikace prekracuje mostnim objektem feku Vltavu
a prudce stoupd ve dvou smeérové rozdélenych tunelovych troubdch smérem od
Komoran k Cholupicim. V priportdlovych dsecich, kde mald vyska nadlozi neumoz-
fuje razbu tunell, probihd jejich vystavba v oteviené stavebni jamé. V dsecich
s vhodnymi geotechnickymi poméry jsou tunely navrZeny razené pomoci Nové
rakouské tunelovani metody (NRTM). PodéIny sklon tunelt vyZaduje ve sméru stou-
péni pouZit v jizni tunelové troubé tifpruhovy profil s §itkou mezi obrubniky 11,75 m.
V opatném sméru je v severni tunelové troubé navrZen dvoupruhovy profil
s nouzovym pruhem $fiky 1.5 m. Celkova Sitka vozovky mezi obrubniky dosahuje
9,75 m. Sitka mezi obrubniky hraje vyznamnou roli, nebot’ ovliviiuje celkovou plo-
chu vyrubu, a tim i vy3i investiénich nakladii. Z hlediska Geské normy CSN 737507
urCuje $itka vozovky mezi obrubniky kategorii tunelu.

Pied zahdjenfm praci ziskal zhotovitel stavby vysledky geotechnického pruzkumu,
jehoZ souldsti byla i razba pruzkumné Stoly, situované ve stredu kaloty jizniho tfp-
ruhového tunelu (viz obr. 1). Stabilitu vyrubu pruzkumné Stoly soudkovitého tvaru
o plose vyrubu 25 m? zajisthje primarn{ osténi ze stitkaného betonu vyztuZené ocelo-
vymi sitémi a vyztuznymi prihradovymi ramy. Stola o svétlé vyice 5,5 m a §itky
4.5 m probihd v celé délce jizniho tunelu a umoZnuje vétrani i odvodnéni podzemni-
ho dila béhem vystavby.

V dob¢ pripravy textu ¢linku byla stavebni jéma na Cholupickém portdle délky
85 m a hloubky a7 17 m vytéZena na droveri kaloty tunelt a na portdlech vrcholily pii-
pravy pro zahdjeni ipadni razby (viz obr. 2). V jiznim tunelu bylo vyrazeno 106 m
kaloty. V komoranské stavebni jameé délky 170 m a hloubky témér 30 m probihaly
préce na zajiStovéni svahtl zdporovym paZenim a odtéZovani zeminy. V jiZnim tune-
lubylok 15. 11.2007 vyrazeno 867 m kaloty a s odstupem cca 400 m za ¢elbou kalo-
ty odtéZeno 478 m jadra v levé a 488 m v pravé &asti tunelu.

Vystavbu tunelt v méstské aglomeraci mnohdy provazi fada komplikaci. Nejinak
tomu bylo i v piipadé tunelii na stavbé 513. Nékteré nejasnosti v zaborech pozemki
nutnych pro vystavbu stavebnich jam v kombinaci s potfebou upresnit geotechnické
poméry v misté stavebni jamy Komorany a nutnosti upravit technické feseni zajisté-
ni stavebni jamy na nové zastizené geotechnické podminky vedly ke zdrZeni zahdje-
ni stavebnich praci. Zpracovatel realizaéni dokumentace po dohod¢ se zhotovitelem
stavby navrhl investorovi alternativni feSeni, které umoznilo zahdjit razbu jizniho
tunelu jesté pred vyhloubenim portélovych stavebnich jam. Navrh technického rese-
ni a zkuSenosti projektanta a zhotovitele stavby po prvnim roce vystavby popisuje
nasledujici text.

Obr. 1 Prizkumnd $tola situovand ve stiedu kaloty jizniho tunelu
Fig. 1 The exploration gallery found in the centre of the southern tunnel calotte

INTRODUCTION

Prague, analogously to the majority of large European cities, has been facing
a long — term problem of growing intensity of traffic and congestion of traffic in the
city centre. The remedy for this situation is to reduce the intensity of transit and sub-
urban transportation in densely populated regions of Prague by means of the deve-
lopment of a capacity outer city ring road. The whole ring road is divided into 11 con-
struction lots marked by numbers 510 through 520, which are built in stages. The
section of the city ring road between the municipalities of Vestec and Lahovice is
denoted as construction lot 513. In the direction from Vestec, where it links to con-
struction lot 514, the route crosses the Vltava River on a bridge and steeply ascends
through two dual-carriageway tunnel tubes from Modrany toward Cholupice. There
are cut-and-cover sections in the pre-portal sections, where the small height of the
overburden does not allow the construction of tunnels by mining methods. The New
Austrian Tunnelling Method (NATM) was designed for the sections with suitable
geotechnical conditions. The longitudinal gradient of the tunnels requires a three-
lane profile with the kerb-to-kerb width of 11.75m to be used for the ascending sout-
hern tunnel tube, while a double-lane profile with a 1.5m wide emergency lane is
required for the opposite direction, i.e. the descending northern tube. The total kerb-
to-kerb width reaches 9.75m. The kerb-to-kerb width plays a significant role becau-
se it affects the total excavated cross-sectional area, thus also the total investment
cost. Czech standard CSN 737507 stipulates that the tunnel category is determined
according to the kerb-to-kerb width.

The contractor obtained the results of a geotechnical survey before the commen-
cement of the work. Part of the survey was also the excavation of a geotechnical
exploration gallery. The position of the gallery within the southern (three-lane) tun-
nel cross section was in the centre of the top heading (see Fig. 1). The stability of the
exploration gallery excavation (a barrel-shaped cross section, the excavated cross-
sectional area of 25 m2) was provided by a primary lining consisting of shotcrete,
mesh and lattice girders. The gallery with the net height of 5.5m and net width of
4.5m runs throughout the length of the southern tunnel; it makes the ventilation and
drainage of the underground working during the construction possible.

At the time when this paper was being prepared, the excavation of the constructi-
on trench at the Cholupice portal (85 long and up to 17m deep) was completed to the
level of the calotte of the tunnels; preparation operations for the commencement of
the downhill excavation culminated at the portals (see Fig. 2). The southern tunnel
had 106m of the top heading excavation completed in the direction from Cholupice.
The slopes of the 170m long and nearly 30m deep Komorany construction trench
were supported by soldier beam and lagging walls and the excavation proceeded. As
of 15.11.2007, the length of 867m of the top heading was completed in the southern
tunnel, with the bench excavation proceeding at a distance of about 400m from the
top heading face, using the staggered sequence for the left side and right side of the
tunnel (the advance lengths of 478m and 488m respectively).

Tunnel construction in an urban concentration is often connected with many com-
plications. The case of the tunnels of construction lot 513 did not differ. Some unc-
lear details regarding the right of way necessary for the construction of construction
trenches, combined with the need for the adjustment of the information on geotech-
nical conditions in the location of the Komorany portal construction trench, and the
necessity for the modification of the design for the stabilisation of the construction
pit with respect to newly encountered geological conditions resulted in a delay in the
works commencement. The author of the design of means and methods (the detailed
design), with the contractor’s approval, submitted a design alternative, which allo-
wed the builders to start the southern tunnel excavation before the completion of the
portal construction trenches. The design of means and methods and the designer’s
and contractor’s experience after the initial year of the construction are described in
the following text.

GEOTECHNICAL CONDITIONS — ASSUMPTIONS AND REALITY

While geotechnical conditions play some role only in terms of the design for the
stabilisation of slopes of construction trenches and the foundation design in the case
of cut-and-cover sections of tunnels, the rock mass represents a building material
which contributes, together with the lining, to the overall loading capacity of the
lining-ground system in the case of tunnels driven using the NATM. The forecast of
the rock mass behaviour during the tunnel excavation and throughout the 100-year
life of the tunnel significantly influences the overall design of means and methods of



Obr. 2 Pohled na Cholupicky portdl a stavebni jamu
Fig. 2 A view of the Cholupice portal and the construction trench

GEOTECHNICKE POMERY — PROGNOZA A SKUTECNOST

Zatimeo v pifpadé hloubenych tisek tunelt hrajf geotechnické poméry roli pouze
z hlediska ndvrhu zajisténi stability svahu stavebnich jam a zpasobu zaloZeni objek-
tl, u tunelt raZenych pomoci NRTM predstavuje horninovy masiv stavebn{ materi-
al, ktery se spolu s osténim podili na celkové tnosnosti systému osténi — hornina.
Prognéza chovéni horninového masivu béhem razby tunelu i po celé stoleté obdobi
Zivotnosti tunelu vyrazné ovliviiuje celkovy ndvrh zptisobu zajisténi stability vyru-
bu, technologicky postup vystavby a s tim souvisejici vysi investi¢nich ndkladd.
Vysledky geotechnického prizkumu predstavuji jeden z hlavnich podkladi pro
nédvrh technologickych tifd vyrubu. Geotechnicky prizkum proto v predchozich
stupnich projektové dokumentace zahrnoval vrtny pruzkum, geofyzikdlni pruzkum
i geotechnickd sledovdni provadénd v pruzkumné $tole, jejiZ efektivnost byva
v souvislosti s pouzitim flexibilni NRTM casto zpochybnovéna, a to zejména
z ekonomickych davodu.

Prizkumnd geotechnickd $tola raZend v profilu kaloty jiZzniho tunelu poskytla
fadu informaci o hornindch zastiZzenych v trase tunelu i odezvé horninového masi-
vu na razbu Stoly. Souddst geotechnického pruzkumu tvoril i pokusny dsek Stoly
razeny v plném profilu kaloty budouciho tunelu. Termin provadéni prizkumné Stoly
a vyhodnoceni ziskanych vysledku Casové kolidoval s terminem dokonceni zada-
vaci dokumentace stavby. Ziskané vysledky zohlednovala zaddvaci dokumentace
pouze &dstecne, a pozadovala je proto zapracovat az do realizatni dokumentace.
Technologické tfidy vyrubu navrZzené v realizani dokumentaci proto zcela neko-
responduji s technologickymi tfidami vyrubu navrzenymi v zaddvaci dokumentaci.
Rovné7 zajistén{ zejména portdlovych svahi stavebnich jam se v realizalni doku-
mentaci od puvodniho ndvrhu ligf.

Podle prognézy stanovené v zaddvaci dokumentaci tvori horninovy masiv v trase
tunelu pevné horniny letenského souvrstvi charakteristického flySovym vyvojem.
Geotechnické parametry souvrstvi jemné slidnatych jilovitych bridlic, drob, kiemi-
tych bridlic a kiemencu degraduje provrasnénf a silné tektonické poruseni. Skalni
horniny jsou ve vétsich hloubkédch dokonale zpevnéné bez pralinové propustnosti.
Pukliny jsou vétSinou tésné sepnuté nebo vyplnéné (viz obr. 3). Pouze v mocnéjsich
polohdch drob & ordovickych kiemencl byl avizovdn pohyb podzemni vody.
Vlivem prizkumné Stoly provadéné v predstihu doglo k ¢dste¢nému odvodnéni
masivu a béhem vystavby nebyly ocekdvany vyznamné pritoky podzemni vody do
prostoru vyrubu. Hlavni systém diskontinuit tvori vrstevni plochy, které mély podle
prognézy v piipadé dovrchni razby od Komoran smérem k Cholupicim zapadat do
horninového masivu a piiznivé ovliviiovat stabilitu Celby.

Béhem razby jizniho tunelu se potvrzuje predpoklad prakticky odvodnéného
horninového masivu. Pfitoky do Celby jsou spiSe ojedinélé a omezuji se na lokdlni
slabé vyrony, které po Case mizi. Na zpuisob provadéni nebo stabilitu vyrubu nema-
ji vliv. MnoZstvi vody vytékajici z tunelu v&etné technologické vody nepresahuje
2 1/s. Sklon systému diskontinuit se viak v prubéhu razby asto ménf a grafitickd
vyplii puklin zpUsobuje lokalni nestability Celby i lice nezajisténého vyrubu. Proto
je nutné ihned po provedeni zdbéru provést geotechnické hodnoceni Celby
a navrhnout stabilizaén{ opatfeni. VétSinou se jednd o jehlovani a strojni obtrhdn{
uvolnénych &dsti lice vyrubu. Ve zvIasté nepriznivych geotechnickych podminkach
dochdz{ k ndhlému vypaddvani celych bloku horniny, které by mohly ohroZovat
bezpe&nost pracovniku (viz obr. 4). Celbu v téchto pripadech zhotovitel lokdln€ sta-
bilizuje kotvenim a stifkanym betonem. I pfes navrZzend opatieni dochdzi misty
k tvorbé geologicky podminénych nadvyrubu, které jsou za GCasti investora
i zhotovitele dokumentovény a zhotovitelem co nejrychleji sanovany. Jejich vyskyt
je spiSe ojedin€ly. Celkové vykazuje horninovy masiv vysoky stupen stability.
Meérené deformace lice vyrubu po provedeni zdbéru rychle odeznivajf
a neprekraCuji obvykle po vyraZeni plného profilu tunelu 10 mm.

HLOUBENE TUNELY KOMORANY

Stavebni jama niZe poloZeného Komoranského portélu dosahuje hloubky 29 m
a délka hloubenych tuneld presahuje 170 m (viz obr. 5). Zajisténi boku stavebni jamy

the excavation support and the tunnel construction, thus also the investment costs.
The results of geotechnical survey represent one of the principal source documents
for the specification of excavation support classes. For that reason, the geotechnical
survey which was carried out for the preceding design stages consisted of a drilling
survey, geophysical survey and geotechnical monitoring operations performed in the
exploration gallery; the effectiveness of the gallery is often cast doubt on in the con-
text of the use of the NATM, primarily for economic reasons.

The geotechnical exploration gallery, with the alignment following the top heading
of the future southern tunnel excavation, provided lots of information about the rock
types encountered along the tunnel route and about the rock mass response to the gal-
lery excavation. Part of the geotechnical survey was even a trial excavation section
which where the excavated cross section was identical with the profile of the calotte of
the future tunnel. The term for the excavation of the exploratory gallery collided with
the term required for the completion of the tender documents. The tender documents
took the results of the survey into account only partially and they required that they be
incorporated into the detailed design (design of means and methods). The excavation
support classes which were specified in the tender documents therefore not fully cor-
respond to the excavation support classes specified in the final design. Even the sup-
port of slopes of the construction trenches, most of all the support of the portal slopes,
which is contained in the final design differs from the original design.

According to the forecast contained in the tender documents, the rock mass found
along the tunnel route consists of massive rock of the Letnd Member, which is cha-
racterised by the flysch type of evolution. The geotechnical parameters of the series of
strata of finely micaceous clayey shales, greywacke, quartziferous shale and quartzite
are degraded by folding and heavy faulting. At greater depths, the rocks are perfectly
consolidated, without intrinsic permeability. Fissures are mostly locked or filled (see
Fig. 3). Movement of ground water was predicted for thicker beds of greywacke or
Ordovician quartzite. The excavation of the exploratory gallery, which was carried out
in advance of the tunnel excavation, resulted in partial draining of the rock mass, the-
refore no significant inflows of ground water to the excavated space were expected.
The main discontinuity system forms bedding planes which were, in the case of the
uphill excavation from Komorany toward Cholupice, expected according to the fore-
cast to dip into the rock mass, thus favourably affect the excavation face stability.

Today, during the course of the excavation of the southern tunnel, the assumption
that the rock mass was virtually completely drained is being confirmed. The inflows
to the heading are rather sporadic; they are restricted to local weak blowouts, which
disappear over time. They do not affect the excavation procedure and excavation sta-
bility. The discharge of water from the tunnel, including the process water, does not
exceed 2 I/s. The dip angle of the discontinuity system frequently changes and the
graphitic filling of fissures causes local instability of the excavation face and the
walls of the unsupported opening. It is therefore necessary to carry out the geotech-
nical assessment of the face and propose stabilisation measures immediately after the
completion of the excavation advance. The usual form of the measures is forepoling

Obr. 3 Geologické poméry na Celbé jizniho tunelu
Fig. 3 Geological conditions at the excavation face in the southern tunnel




Obr. 4 Nestabilita ¢elby pri nepriznivém sklonu vrstev
Fig. 4 The excavation face instability due to the unfavourable dipping of rock layers

je provadeno z prirozené svahovaného predvykopu, z jehoz dna jsou provadény pilo-
ty a zdpory stabilizujici spodni partie stén jamy. I kdyZ geotechnicky prazkum avizo-
val bézi pokryvi mélce pode dnem stavebni jémy, dopliujici prizkum ukézal, Ze pis-
Cité sedimenty naplavené v minulosti fekou Vltavou dosahuji vétSich mocnosti
a piloty ani zdpory nelze vetknout do skalniho podlozi. Skutecnost, Ze se po celé
vySce stavebni jamy nachdzi pouze vrstva piscitych sedimentd, ovliviiovala dimenze
pilot, zdpor i zpusob kotveni jamy. Spolu s omezenou 3ifkou doCasného zdboru
pozemku pro realizaci hloubenych tuneld vedla zména geologickych poméru
k tpravé zpusobu zajidténi stavebni jamy. V rdmci realizatni dokumentace doslo
k prohloubent svisle paZenych stén na tikor svahované dsti. Portdlovou sténu tvorf
velkoprimérové piloty @ 1180 mm vrtané mimo profil tunelti, a zdporovd sténa pro-
vddénd nad obéma tunely. Zatimco piloty presahuji dno stavebni jémy o 3,5 m, patu
zdpor stabilizuje Zelezobetonovy vénec spojeny s mikropilotovym destnikem
z ocelovych rour délky 15 ma @ 108 mm provddénym v rozsahu kaloty nad obéma
tunely. Piloty i zdpory spojuje v koruné stény v jeden tuhy celek Zelezobetonovy hla-
vovy trdm. Po vysce portdlové stény jsou piloty i zdpory v péti irovnich kotveny pra-
mencovymi kotvami pres Zelezobetonové a ocelové prevézky. OdtéZovani stavebni
jémy probihd po etdzich, které respektuji technologii provadéni pazeni jamy, betond-
Ze previzek a predpindni kotev. Ve stavebni jamé se v oblasti budouctho jizniho tune-
lu nachdzi pruzkumnd $tola, jejiz osténi je nutno pri odt€Zovani jamy bourat.
Horninovy pilif dosahuje na portdle raZenych tunelti mocnosti pouze 9,5 m, coZ klade
zvySené ndroky pro zajisténi stability dila pri zahdjeni razby severniho i jizniho tune-
lu.

Hloubené tunely provadéné ve stavebni jgmé nekorespondujf $ifkovym uspord-
dénfm s profilem navazujicich raZenych tuneli. Do stavebni jamy zasahuji pripojo-
vaci a odbocovaci pruhy prilehlych kiizovatek, coz vede ke zvétseni $itky hloube-
nych tuneli o jeden jizdni pruh. Stisnéné poméry pfed portdlem tunelu omezené
mostem pres Vltavu a hloubenym tunelem délky 70 m neumozZnily splnit bezpeg-
nostni doporuceni smérnice 2004/54/ES Evropského parlamentu a Rady na umisté-
ni pfipojovacich pruht v dostatecné vzdalenosti pred portdlem. Tunely tvorf Zele-
zobetonovd klenbova konstrukce osténi se spodni klenbou. Celkov $itka jizniho
hloubeného tunelu presahuje 21 m, severniho pak 16 m. Minimdln{ tloustka osténi
ve vrcholu klenby severniho tunelu ¢ini 600 mm, u jizniho se vzhledem k rozpéti
klenby a vysce zpétného zdsypu zvétsuje na 800 mm az 1000 mm v misté nejvetsi
vysky nadlozi. Vzhledem ke sniZujici se mocnosti nadlozi smérem k portalu tunelu
a zna¢né délce hloubenych tunelt je dimenzovéni osténi z ekonomickych davoda
provedeno po usecich, kde dochdzi ke zméné tloustky osténi i stupné vyztuZeni.
Oba hloubené tunely chréni proti pruniku podzemni vody ,deStnikovy systém
plstové foliové izolace umisténé v oblasti klenby tunelu.

Fig. 6 The demolition of the exploration gallery lining in the area of the
Cholupice construction trench

Obr. 5 PazZeni stavebni jaimy Komorany
Fig. 5 Komorany construction trench partition

and mechanical scaling — removing of loose rock from the excavated surface.
Complete rock blocks are abruptly released in the especially unfavourable geotech-
nical conditions, which could threaten the safety of workers (see Fig. 4). In such the
cases the contractor stabilises the excavation face locally by anchors and shotcrete.
Despite the measures contained in the design, local, geologically conditioned overb-
reaks occur. They are documented in the presence of the owner and contractor and
the contractor takes care of a remedy as quickly as possible. The occurrence of
overbreaks is rather sporadic. In general, the rock mass displays a high level of sta-
bility. The measured deformations of the excavated surface become stable very
quickly and, once the full profile excavation is completed, they usually do not exce-
ed 10mm.

KOMORANY CUT-AND-COVER TUNNELS

The construction trenches for the lower, Komorany portal is 29m deep as
a maximum, and the length of the cut-and-cover tunnels is over 170m (see Fig. 5).
The support of the sides of the trench is installed from a pre-excavated trench, which
has its sides reposing at natural slopes; piles and soldier beams stabilising the sides
of lower parts of the construction trench are installed from the bottom of the pre-
trench. Despite the fact that the geological survey forecast the base of the cover to be
at a shallow depth under the construction trench, an additional survey showed that
the sandy alluvium formed in the past by the Vltava River is thicker and neither the
piles nor the soldier beams could be keyed into the bedrock. The fact that the layer
of sandy sediments was the only material which is encountered throughout the depth
of the construction trench affected the dimensions of the piles, soldier beams and the
method of the anchoring of the walls. The change in the geological conditions, toget-
her with the limited width of the plan area of temporary works led to a change in the
system of the construction trench support. Deeper vertically supported sides were
designed within the framework of the design of means and methods, at the expense
of the sloped portion of the trench depth. The portal wall is formed by large-profile
piles @ 1180mm, which were drilled outside the profiles of the tunnels, and a soldier
beam and lagging wall, which was carried out above both tunnels. While the piles
reach 3.5m under the bottom of the trench, the toes of the soldier beams are stabili-
sed by a reinforced concrete waler, which is connected with a canopy tube pre-sup-
port. The pre-support consists of 15m long, 108mm diameter steel tubes forming an
umbrella above the top headings of both tunnels. The piles and soldier beams are
connected at the top of the walls by one capping piece. The portal walls are suppor-
ted by five tiers of stranded anchors passing through reinforced concrete or steel
walers. The excavation of the construction trench is divided into stages with the
levels of benches corresponding to the needs of the technology of the installation of
the retaining walls, casting of walers and pre-stressing of anchors. There is the explo-
ration gallery in the area of the construction trench and the future southern tunnel.
The gallery lining must be demolished during the course of the excavation of the
trench. The rock pillar is only 9.5m thick at the portal of the mined tunnels, which
places increased demands on the stabilisation of the works at the beginning of the
excavation of both the southern and northern tunnel.

The cut-and-cover tunnels, which are built in an open cut, do not correspond in
terms of the width arrangement to the profile of the adjacent mined tunnels. There
are slip lanes and turning lanes of neighbouring intersections which are found in the
layout of the construction trench. For that reason, the width of the cut-and-cover tun-
nels is greater by one lane. The conditions in front of the tunnel portal, which are con-
strained due to the existence of a bridge over the Vltava River and the 70m long cut-
and-cover tunnel, did not allow the designer to meet the safety recommendations of
the Directive of the European Parliament and of the Council No. 2004/54/ES for the
location of slip lanes to be at a sufficient distance before portals. The tunnels are rein-
forced concrete lining structures with upper vaults and inverted arches. The total
width of the southern and northern cut-and-cover tunnels exceeds 21m and 16m res-
pectively. The minimum thickness of the lining in the crown of the northern tunnel
lining is 600mm), while an increased 800mm up to 1000mm thickness is required for
the southern tunnel lining with respect to the span of the vault and the increasing
height of the backfill. Because of the height of the overburden, which decreases
toward the tunnel portal, and the considerable length of the cut-and-cover tunnels,
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HLOUBENE TUNELY CHOLUPICE the structural analysis of the lining was carried out economically, separately for seve-
ral sections, which differ in the thickness and the reinforcement content. Both cut-

and-cover tunnels are protected against infiltration of ground water by an “umbrella
type” waterproofing system, with the membrane covering the tunnel vault.

Prostorové poméry na Cholupickém portdle nejsou tak stisnéné, jako na
komoranské stran¢ a stavebni jamu lze ¢dste¢né provést svahovanim severniho
svahu jdmy v prirozeném sklonu 1,5 : 1 se zaji$ténim stability svahu tyCovymi

kotvami a vrstvou stifkaného betonu se siti. Pouze na jizni strané jdmy vyZaduji CHOLUPICE CUT-AND-COVER TUNNELS

mistni poméry sténu jdmy zapaZit zdporovym paZenim o svétlé vySce 6 m az

9 m. Zapory IPE 360 vrtané s rozte¢i 2 m a vetknuté 2 m do skalnfho podlo#f sta- The spatial conditions at the Cholupice portal are not so much constrained as those
bilizuji lanové kotvy aktivované pres ocelové prevazky. Mezi zdporami jsou on the Komorany side; the construction trench can be partially excavated with the
instalovany dievéné paziny o tlouitce 100 mm. Portalovou sténu tvoif stejnd northern side sloped at a natural gradient of 1.5 : 1 and the slope stabilisation provi-

ded by rod anchors, a sprayed concrete layer and steel mesh. The local conditions
require that only the southern side of the trench be stabilised by a 6m to 9m high sol-
dier beam and lagging wall. The soldier beams (IPE 360 sections), which are inser-
ted in boreholes drilled at 2m spacing, 2m deep in the bedrock, are stabilised by cable
anchors, which are activated through steel walers. Timber lagging 100mm thick is
installed between the soldier beams. The portal wall consists of large-profile piles
and steel soldier beams; it is the same system as that used at the Komorany portal.
The work on the construction trench started by the drilling for soldier beams and
piles in May 2007, followed by the casting of the capping piece on the portal wall.
The subsequent operations consisted of the excavation of individual benches of the

jako v piipadé Komoranského portalu velkoprumérové piloty a ocelové zdpory.
Préce na stavebni jamé zapoCaly vrtanim zdpor a pilot v kvétnu 2007 s ndslednou
betondzi ztuzujictho hlavového trdmu portdlové stény. Ndsledovalo odtéZovani
stavebni jamy po etapich a osazovani a predepindni pramencovych kotev
v jednotlivych kotevnich drovnich na portdlové sténé a jizni zdporové sténé.
Rozpojovini probihalo bez pouziti trhacich praci a jedinou komplikaci predsta-
vovalo bourdni primdrniho osténi pruzkumné $toly (viz obr. 6). Oba hloubené
tunely navazuji bez zmény tvaru vnitiniho lice osténi piimo na profil razenych
tunelt. Pouze dimenze osténi se oproti raZenym tunelim u hloubenych tunela

zvétSuje ze 400 mm na 600 mm. construction trench and installation and pre-stressing of the cable anchors at the indi-
L . . . vidual anchoring levels on the portal wall and the southern soldier beam and lagging

SPECIFIKA RAZENYCH USEKU TUNELU wall. The ground disintegration was carried out without a need for blasting operati-
Jiz pti ndvrhu primérniho osténi tunelu a technologického postupu razby mus{ ons; the only complication was the breaking of the primary lining of the exploration
projektant zohlednit dispozi¢ni feSeni definitivniho osténi tunelu. Koncepce gallery (see Fig. 6). Both cut-and-cover tunnels link to the profile of the mined tun-

tuneldl vychazi z délky bloku betondZe definitivniho osténi 12 m. V disecich raze- nels directly, without changing the shape of the internal contour of the lining. Only

nych tuneldi pobliz obou portdld vyzaduji geotechnické poméry rychlé uzavirni the dimension of the cut-and-cover tunnel lining is changed, compared with the

spodni klenby tunelu. V tsecich dile od portilu je pouit piicny profil bez uza- mined tunnels; it is increased from 400mm to 600mm.

vieni spodni klenby a hornf klenba spo¢ivd na patkdch. Navrh technologickych

trid vyrubu tuto skute¢nost zohlednuje. Usek razeny v technologické tfidé vyru- SPECIFICS OF MINED TUNNEL SECTIONS

bu 5a urcené do nejhorsich geotechnickych podminek md délku uréenou jako As early as the primary tunnel lining and excavation procedure design phase, the
ndsobek délky bloku betondze definitivniho osténi. Pokud to geotechnické pod- designer must take into consideration the spatial arrangement of the final lining of
minky v trase dila dovoli, Ize i technologickou tiidu vyrubu 5a provadet v dpraveé the tunnel. The concept of the tunnels is based on the length of a casting block of the
bez spodni klenby. V dalSich dsecich jiz neni spodni klenba pouzita a rozhrani final lining, which is to be 12m. In the sections of the mined tunnels which are near
mezi jednotlivymi technologickymi tf{dami vyrubu neni vdzdno na rozhran{ the portals, the geotechnical conditions require quick closing of the tunnel invert. In
mezi bloky betondze definitivniho osténi. Dalsi tpravy standardné navrzenych the sections which are at a greater distance from the portals, a cross section without
technologickych tfid vyrubu vyZaduje situovéni tunelovych propojek, vyklenka the closing by invert is used; the vault is supported by footings. The specification of
pro osazen{ skifni SOS, poZdrniho hydrantu a vyklenku ¢i§téni bo¢ni tunelové excavation support classes takes this fact into consideration. The length of the secti-
drendze. on where the excavation passes through excavation support class Sa, which is desig-
Pro potieby vystavby zavadi realizaéni dokumentace kromé stani¢eni hlavni ned for the worst geotechnical conditions, was determined as a multiple of the final
trasy uvadéné v km i tunelové stani¢eni v tunelovych metrech (TM). Jednd se lining casting block length. Where the geotechnical conditions along the tunnel route
o stani¢eni s nulou umisténou na Komotanském portale ve staniCeni hlavn{ allow it, even excavation support class 5a can be without invert. The invert is not
trasy km 9,045 stoupajici ve sméru dovrchni razby od Komofanského used in the subsequent sections and the interfaces between individual excavation
k Cholupickému portlu. Tunelové staniéen na rozdil od stani¢eni hlavnf trasy support classes are not bound to the interfaces between the final lining casting blocks.
umoznuje snadnou identifikaci konkrétniho mista v severnim i jiznim tunelu Other modifications of the typical excavation support classes are required for locati—
a omezuje tak vznik chyb béhem vystavby na minimum. Po ukongeni stavby ons with cross passages, recesses for SOS cabins, fire hydrants and recesses provi-
pozbyva tunelové stani¢en{ na vyznamu a pro potfeby objednatele jsou veskeré ded for the purpose of cleaning side drains running along the tunnel sides.
tidaje prevedeny zpét do staniCenf hlavnf trasy. To satisfy the needs of the tunnel construction, the detailed design introduced
Délka razenych dsekd jizniho a severnfho tunelu nenf totoznd. Oba tunely lez{ asystem of chainage measured in tunnel metres (TM) in addition to the chainage sys-

tem established for the main route. The zero chainage of the TM system is at the
Komorany portal, at the main route chainage of km 9.045, rising in the direction of
the uphill excavation from the Komorany portal toward the Cholupice portal. As
opposed to the main route chainage, the tunnel chainage makes easy identification of
a particular location in the southern or northern tunnel possible, thus it keeps the
number of errors made during the constriction at a minimum level. When the con-
struction is completed, the tunnel chainage will lose the importance and all data will
be converted to follow the main route chainage system.

The lengths of the mined sections of the southern tunnel and northern tunnel are not
identical. Both tunnels are on a horizontal curve. The centre line of the southern tun-
nel is parallel with the horizontal alignment of the main route, whereas the centre line
of the northern tunnel diverts in the area of the Komorany portal, runs parallel to the
main route in the next section and returns close to the horizontal alignment of the main
route before the Cholupice portal. This design ensures a sufficient distance between the
two tunnel tubes along the major part of the mined tunnel sections lengths.

The division of the tunnel into final lining casting blocks with equal lengths leads
to the standardisation of the structural design and affects the engineering solution of
other structures and tunnel equipment systems. In addition to the locations of cross

ve smérovém oblouku. Zatimco osa jizniho tunelu tvori rovnobézku k ose hlav-
ni trasy, osa severniho tunelu se v prostoru Komoranského portdlu od osy hlav-
ni trasy nejprve odkldni, v dal§im tseku probihd rovnobézné s osou hlavni trasy
a pred portdlem Cholupice se opét k ose hlavni trasy priblizuje. Tim je na vetsi-
né délky razenych tseku tunelu zajiiténa dostate¢nd vzdjemna vzdalenost obou
tunelovych trub.

Rozdélen{ tunelu na bloky betondZe definitivniho osténi stejné délky vede ke
standardizaci konstrukéniho feSeni a ovliviiuje technické feSeni dalsich staveb-
nich objektu i provoznich soubort technologického vybaveni tunelu. Kromé
polohy propojek a vyklenki ovliviiuje blokové schéma definitivntho osténi
i polohu kanaliza¢nich a kabelovych Sachet, sparorez vozovky, umisténi svitidel
nouzového osvétleni a chraniek pro kabely vedené v definitivnim osténi tunelu
k jednotlivym zafizenim. Jako zakladni byl pri ndvrhu blokového schématu zvo-
len vzhledem k paralelnimu prabéhu osy tunelu s osou hlavnf trasy jizni tunel.
Délka razeného tseku tunelu je bezezbytku rozdélena na bloky délky 12 m.
Bloky betonaZe atypické délky se v jiznim tunelu nevyskytuji. Polohu tinikovych
tunelovych propojek urCuji pozadavky na bezpecnost provozu v tunelu

a v tunelech se jich nachdzi celkem 8. Osa tunelové propojky odpovidd vzdy ose passages and recesses, the block scheme of the final lining affects the locations of
bloku betonaz,e. VhOdI}f)vu lpravou polohy portdld, situovinim t}unel(zvych pro- sewerage manholes and cable shafts, the joints layout, locations of the emergency
pojek a vedenim trasy jizniho tunelu se podafilo vytvorit blv(?kove sch.ervna sever- lighting luminaries and cable ducts in the lining leading to individual fittings. The
niho tunelu pouze pouze s 8 atypickymi bloky betoonéie, priemZ nejvetsi kom- southern tunnel was chosen as the basic tunnel for the block scheme design with res-
plikaci pfi vytvéfeni blokovych schémat obou tunelii predstavuje situovani tune- pect to the horizontal alignment of the tunnel, which is parallel with the alignment of
lovych propojek. the main route. The length of the mined section of the tunnel is divided into aliquot,

Z hlediska razby tunelu definujf zdkladni pravidla pro zajisténi stability vyru- 12m long parts. Atypically long casting blocks do not exist in the southern tunnel.
bu a technologicky postup vystavby technologické tfidy vyrubu. Projektant rea- The locations of escape cross passages are determined by the requirements for the
liza¢n{ dokumentace analyzoval stdvajici znalosti o horninovém masivu v trase tunnel operation safety; there are 8 escape cross passages in the tunnels. The centre
tunelli a provedl ndvrh technologickych tiid vyrubu pro oba tunely. Realiza¢ni line of each cross passage is always in the middle of the particular casting block. By
dokumentace obsahuje pro kazdy tunel v souladu se zaddvaci dokumentaci 3 properly adjusting the locations of the portals, locations of the cross passages and the
technologické tridy vyrubu oznadované 3,4 a 5a. Technologicka tfida vyrubu 5a horizontal alignment of the southern tunnel, the designer managed to create a block
je urCena do nejtézsich geotechnickych podminek a obsahuje i modifikaci pro scheme for the northern tunnel containing only five atypical casting blocks; the most
razbu pod ochranou mikropilotového destniku od obou portélt. Dalsi dvé tridy serious complication which was encountered during the work on the block schemes

pak definuji zpasob zajisténi stability vyrubu a technologicky postup vystavby was the determination of the locations of the cross passages.




Obr. 7 Prvni tidery bouraciho kladiva pri zahdjeni razby ze Stoly
Fig. 7 Initial blows by the impact hammer on the commencement of the exca-
vation from the gallery

v lepsich geotechnickych podminkédch. Pro ovéfeni geotechnickych podminek
byla v predstihu pred razbou tunelu vyraZena v ose jizniho tunelu prizkumnd
Stola. Projektant Stoly nalezl jeji optimdlni polohu v profilu kaloty. Pocva Stoly
se nachdz{ v drovni 3,35 m nad drovni nivelety tunelu a svétld vyska dosahuje
5,5 m. Sitka 3toly 4,5 m umoznila bezproblémovy pohyb mechanizmd, neu-
moznila vak jejich vzdjemné mijeni pri provozu ve §tole. Proto jsou ve Stole po
cca 200 m navrZeny vyhybny jednostrannym roz§itenim profilu toly do profilu
kaloty budouciho tunelu. V jednom tseku doglo v rdmci geotechnického pra-
zkumu k vyrazeni pokusného vyrubu v plném profilu kaloty budouciho tunelu
s po¢vou v drovni po&vy prizkumné Stoly.

Pfi ndvrhu technologickych tiid vyrubu jiZniho tiipruhového tunelu zohlednil
projektant realizaéni dokumentace polohu pruzkumné Stoly a pokusil se maxi-
mélné vyuzit jejich rozméru pri Gpravé tvaru piicného fezu tunelu. Limitujicim
faktorem bylo vyskové vedeni trasy tunelu i celkovd plocha vyrubu ovliviujici
rozsah provadénych praci, a tim i vysi investi¢nich nakladu. Po dohodé se zho-
tovitelem s ohledem na nasazenou mechanizaci doslo ke zvétSeni vysky kaloty
na 6,6 m za cenu prohloubeni jeji po¢vy na troven 2,25 m nad niveletu tunelu,
tj. 1,1 m pod po&vou pruzkumné 3toly. NadvySeny rub primdrniho osténi tunelu
odpovidal teoretickému lici primdrniho osténi $toly, aby bylo moZno vyztuzné
rémy a sité osténi tunelu umistit pod primdrni osténi Stoly. Odchylky a tolerance
provadéni primérniho osténi $toly smérem do profilu v§ak mnohdy vedly k nut-
nosti demolice stropu Stoly. RovnéZ vyuziti jednostrannych vyhyben jako sou-
¢asti primdrniho osténi tunelu se ukdzalo jako neredlné. Pokusny vyrub plného
profilu kaloty se podarilo diky dobrym geotechnickym podminkdm v daném
tiseku zachovat a zakomponovat do primdrniho osténf tunelu. Priuzkumné §tola sni-
Zila objem vyrubu kaloty pii $ifce vyrubu v pocvé kaloty 16,4 m a vySce kaloty
6,6 m z 85 m? jen na cca 60 m2. Plocha vyrubu jadra dosahovala pii vySce vyrubu
3,56 m az 57 m2. V technologické tiidé vyrubu 5a se spodni klenbou tvoril treti
¢ast vertikédlniho ¢lenénf profil pocvy o ploSe 25 m2. Plocha vyrubu nejvétsiho pro-
filu se spodnf klenbou dosahuje po odeteni plochy vyrubu prizkumné Stoly vice
neZ 140 m2 veetné prizkumné Stoly pak 165 m2. Plocha vyrubu jizniho tunelu bez
spodni klenby dosahuje 113 m2, resp. 138 m?2 v&etné plochy prizkumné $toly.

Zadévaci dokumentace poprvé v Ceské republice umoziiuje variovat jednotli-
vé prvky zajisténi stability vyrubu bez nutnosti ménit smluvni cenu za bézny
metr tunelu vyraZeného v urcité technologické tfidé vyrubu a v ur¢itém interva-
lu,. Samoziejmé v ur¢itém intervalu, ktery v pfipad€ raZenych tuneld stavby 513
predstavuje 20 % od smluvni ceny. Pokud tprava jednotlivych prvku zajiténi
stability vyrubu (kotvy, jehly, tloustka primérniho osténi, vyztuzné sité a rdmy
atd.) nevede k odchylce od smluvni ceny o vice neZ 20 %, neni zhotovitelem
ndrokovano zvyseni ¢i sniZeni investi¢nich ndkladu a k tpravé muZe dojit po
dohodé odpovédnych zdstupcu objednatele a zhotovitele piimo na stavbé. AZ
v pripadé, 7e rozsah dprav vede k odchylce od smluvni ceny vétsi nez 20 %,
dojde k jeji dpravé. Systém se blizi rakouskému zpusobu hodnoceni podle
ONORM B2203 s tim, Ze nejsou jednotlivé prvky zajisténf stability vyrubu hod-
noceny bodové, ale pifmo podle smluvni ceny. Nové posuzovéni zmén zpusobu
zajistén{ stability vyrubu béhem vystavby otevird prostor k operativnimu rozho-
dovéni podle skute¢né zastiZenych geotechnickych podminek, coZ je jeden
z hlavnich principt NRTM. V dobé pripravy ¢ldnku probihala jednani o zvétSeni
profilu severniho tunelu. Proto jeho parametry neuvadime.

ALTERNATIVNI ZPUSOB ZAHAJENI RAZBY JIZNIHO TUNELU

V dvodu popsané komplikace oddalovaly termin zahajeni razeb obou tunelu.
Proto zpracovatel realiza¢ni dokumentace navrhl po dohodé se zhotovitelem
alternativni zptsob zahdjeni razby jizniho tfipruhového tunelu, ktery byl ndsled-
né predloZen objednateli k odsouhlaseni. Ndvrh spocival v provedeni rozsiteni
profilu prizkumné Stoly na plny profil kaloty tunelu a zahdjeni raZby
z vytvoreného ndrazi uvnitf horninového masivu. OdtéZovani rubaniny
a doprava materidlu do podzemi probihaly pfes pruzkumnou §tolu. Jako
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Regarding the tunnel excavation, the basic rules for the securing of the excavation
stability and the excavation procedure are defined by excavation support classes. The
designer who carried out the detailed design (design of means and methods) analysed
the pieces of knowledge of the rock mass along the tunnel route and specified the exca-
vation support classes for both tunnels. The design of means and methods contains, in
agreement with the tender documents, 3 excavation support classes, which are marked
as classes 3, 4 and 5a. Excavation support class 5a is intended for the most difficult
geotechnical conditions; it even contains a modification for the excavation using cano-
py tube pre-support to be installed from both portals. The specification for the other
two classes define the excavation support system and excavation procedure for better
geotechnical conditions. An exploration gallery following the centre line of the sout-
hern tunnel was driven for the purpose of the verification of the geotechnical conditi-
ons. The designer found the optimum alignment for the gallery. In the cross section,
the gallery is found within the tunnel top heading profile, with the bottom at a height
of 3.35m above the tunnel bottom. The net height of the gallery reaches 5.5m. The
width of the gallery allowed trouble-free movement of tunnelling equipment, but it did
not allow machines to pass along one another in the gallery. For that reason there are
passing bays in the gallery, which are provided every 200m by enlarging the gallery
profile on one side, to the profile of the future tunnel calotte. In one section of the tun-
nel, a trial excavation was carried out, with the full cross section of the future tunnel
top heading and the bottom identical with the exploration gallery bottom level.

When the specification of excavation support classes for the southern, three-lane
tunnel was being developed, the author of the final design made allowance for the
position of the exploration gallery within the tunnel cross section and attempted to
use its dimensions for the benefit of the shape of the tunnel cross section. The limi-
ting factor was the vertical alignment of the tunnel and the total excavated cross-sec-
tional area, which affected the volume of the works and the investment costs. After
discussions with the contractor, with respect to the tunnelling equipment to be used,
the top heading height was increased to 6.6m by lowering of its bottom to the level
of 2.25m above the tunnel bottom, i.e. I.1m under the bottom of the exploration gal-
lery. The overcut outer surface of the primary lining of the tunnel corresponded to
the theoretical inner surface of the primary lining of the gallery so that the lattice gir-
ders and steel mesh could be installed beneath the primary lining of the gallery.
However, deviations of the primary lining of the gallery causing its protrusion into
the tunnel excavated cross section frequently required demolition of the gallery
lining. The use of the one-sided passing bays as parts of the primary lining of the tun-
nel also showed unrealistic. Owing to the good geotechnical conditions in the given
section, the trial top heading full-face excavation was preserved and incorporated
into the primary lining of the tunnel. The exploration gallery reduced the volume of
the top heading excavation (16.4m wide at the top bottom and 6.6m high) to a mere
60m? area. The excavated cross-sectional area of the bench reached up to 57m2 (at
the excavation height of 3.56m). In excavation support class 5a with invert, there was
a third part in the vertical excavation sequence. It was the invert with the excavated
cross sectional area of 25m?2. The cross-sectional area of the largest tunnel profile
with the invert reaches, after the deduction of the exploration gallery cross section,
over 140m2; if it is together with the exploration gallery profile, it makes up 165m?2.
The excavated cross-sectional area of the southern tunnel without the invert reaches
113m2, or 138m? without the exploration gallery area.

It has been for the first time in the Czech Republic that a contractor is permitted by
tender documents to vary individual elements of the excavation support system wit-
hout a necessity for changing the contractual unit price for a meter of the tunnel exca-
vated through a particular excavation support class. Of course, it is so within a certain
interval, which is 20% of the contractual price in the case of the mined tunnels of con-
struction lot 513. If the modification of the individual elements of the primary support
system (anchors, needles, primary lining thickness, steel mesh, lattice girders etc.) does
not result in a deviation from the contractual price exceeding 20%, the contractor does
not require an increase (or decrease) in the investment cost and the modification can
be agreed between the authorised representatives of the owner and contractor directly
on site. Only when the extent of modifications results in a deviation from the contrac-
tual price greater than 20% will the contractual price be changed. The system is very
similar to the Austrian method of the assessment according to ONORM B2203, with
a difference in the assessment of individual elements of the excavation support system:
they are assessed directly according to the contractual price, not by points. The new
approach to the assessment of the excavation support system during the course of the
construction opens the space for an operative decision-making process taking into con-
sideration the actually encountered conditions, which is one of the main NATM prin-
ciples. There were negotiations in progress at the time of the preparation of this paper
regarding the enlargement of the northern tunnel cross section. For that reason we do
not present the parameters of this tunnel.

ALTERNATIVE PROCEDURE FOR THE COMMENCEMENT
OF THE SOUTHERN TUNNEL EXCAVATION

The complications which were described in the introduction delayed the date of
the commencement of the excavation of both tunnels. For that reason, the author of
the detailed design proposed, after discussions with the contractor, an alternative pro-
cedure for the commencement of the excavation of the southern, three-lane tunnel,
which was subsequently submitted for approval to the owner. The proposal was
based on the idea of enlarging the exploration gallery cross section to the full profi-
le of the tunnel top heading and starting the excavation from a point of attack to be
established inside the rock massif. The muck was removed and materials were supp-
lied through the exploration gallery. The first one-sided passing bay in the gallery,
which was located at the tunnel chainage TM 250, i.e. about 80m beyond the
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optimdlni misto pro zahdjeni razeb byla vyuzita prvni jednostrannd vyhybna
Stoly situovand do tunelového metru TM 250, tj. cca 80 m za sténou
Komoranského portdlu. Alternativn{ zahdjen{ razby bylo navrZeno ve 2 varian-
tach. Prvni varianta predpoklddala po rozsifeni profilu vyhybny dovrchni razbu
smérem k Cholupickému portdlu. Druhd varianta predpoklddala po vytvoreni
dostate¢ného manipula¢niho prostoru v podzemi dovrchni razbou kaloty smérem
k Cholupickému portdlu do¢asné zastaveni razby. Provedeni zpétné razby smé-
rem ke Komoranskému portdlu az na vzdélenost cca 6 m od portdlové stény by
umoznilo vyrazeni prvni tunelové propojky do severniho tunelu ve stani¢eni TM
215 a otevieni dalsiho pracovi§té s moZnosti razby dvoupruhového tunelu. Po
zvazeni vyhod a nevyhod obou variant vybral zhotovitel pro realizaci prvni vari-
antu. Hlavnim diivodem pro vybér varianty byla omezend kapacita pruzkumné
Stoly jako dopravni cesty pro obsluhu dvou podzemnich pracovist' v kazdém
tunelu a zdkaz odtéZovéani rubaniny prazkumnou $tolou pies Cholupicky portal.
V realiza¢ni dokumentaci pfedstavoval alternativni ndvrh pouze variantni feSen{
technologického postupu praci. Technologické tfidy vyrubu i standardni techno-
logické postupy vystavby zustaly zachovany.

Razba jizniho tunelu byla zahdjena dne 2. 4. 2007 roz§ifenim vyhybny pra-
zkumné Stoly (viz obr. 7). Nedostatek prostoru omezoval zpocatku vykony
a razba probihala v technologické tfidé vyrubu 5a s modifikaci bez spodnf klen-
by. Délka zdbéru v kaloté se pohybovala do 1 m. Primérn{ ostén{ vyhybny Stoly
zasahovalo do profilu tunelu a muselo byt po jednotlivych zdbérech odstranéno.
Rychlost razby se pohybovala do 1 m za den. Po vytvoreni dostate¢ného mani-
pula¢niho prostoru a zlepSeni geotechnickych podminek ve vétsi vzdalenosti od
portdlu se vykony zvySovaly aZ na 2 zdbéry kaloty za den s primérnou rychlos-
ti razby 4,2 m/den (max. 5.4 m/den). I kdyZ celkové vykazoval horninovy masiv
vysokou stabilitu, dochdzelo pfi prodluzovéni délky zdbéru k nezddoucim nad-
vyrubim zpusobenym lokdlnim vypadévanim bloku horniny po plochéch dis-
kontinuit, a to jak na lici vyrubu, tak z Celby (viz obr. 4).

Po vyrazeni 700 m jizniho tunelu Ize konstatovat, Ze i pres jistd omezen{ zpu-
sobend stisnénym prostorem prizkumné $toly jako dopravni komunikace umoz-
nilo alternativni feSeni zahdjit razbu tunelu pied doreSenim problému v oblasti
tunelovych portdll a odtéZenim stavebnich jam. Béhem dovrchnf razby tunelu
od Komoranského portélu doslo k vytéZeni stavebni jamy Cholupice na troven
kaloty tuneld, navrtani mikropilotovych de$tniku, betonaZi ochrannych Zelezo-
betonovych véncu a pripravé portdlu pro zahdjeni dpadni raZby. OdtéZovéni sta-
vebn{ jémy Komorany probihé po etapdch s ochrannym celikem po obvodu pru-
zkumné Stoly. Po zahdjeni tpadni razby od Cholupického portdlu bude dovrch-
ni razba docasné prerusena a po demolici osténi Stoly stavebni jama Komorany
dotéZena na troven kaloty obou tuneld. Nasledné lze zahdjit dovrchni razbu
obou tunelt i od Komoranského portdlu.

VYZNAM PRUZKUMNE STOLY PRO RAZBU TUNELU

NRTM patii k metoddm, které dokdzi operativné reagovat na skute¢né zasti-
Zené geotechnické podminky a optimalizovat postup vystavby i zpusob zajistén{
stability vyrubu. Nutnost provadéni prazkumnych $tol v souvislosti s NRTM
proto patif k asto poklddanym otdzkdm a vede mnohdy k bouflivym diskusim.
Proto nebudeme hodnotit ekonomickou stranku véci a zaméfime se na vliv pra-
zkumné Stoly pouze z pohledu zhotovitele, jehoz tkolem je realizace podzemni-
ho dila.

Poloha prazkumné $toly v ose tunelu v profilu kaloty se ukézala jako opti-
mélnf jak z hlediska provddéni vyrubu a jeho stability, tak z hlediska provadéni
trhacich praci. Nepfesnosti v provadéni primdrniho osténi Stoly vedly mnohdy
k nutnosti bourdni osténi i v pristropi tunelu (viz obr. 8). VEtSi nadvyseni profi-
lu by sice vyzadovalo vyplnéni pripadného prostoru mezi licem osténi $toly
a rubem ostén{ tunelu stifkanym betonem, nosnd funkce ostén{ by viak zlstala
zachovéna. Primdrni osténi $toly by melo byt vzhledem k docasné funkci slabé
vyztuZeno, aby néslednd demolice nepredstavovala Casové ztrity. Jednd se

Obr. 8 Bourdni osténi pruzkumné $toly v pristropi kaloty
Fig. 8 Demolition of the exploration gallery lining in the top heading crown
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Komorany portal wall, was used as the optimum place for the commencement of the
tunnel excavation. Two variants of the alternative commencement of the excavation
were prepared. The first variant expected an uphill excavation toward the Cholupice
portal to start once the profile of the passing bay has been enlarged. The other variant
assumed that the excavation would be temporarily suspended after a sufficient mano-
euvring space had been created in the underground by the uphill excavation of the top
heading toward the Cholupice portal. A counter excavation toward the Komorany por-
tal, up to a distance of 6m of the portal wall, would have made the excavation of the
first cross passage to the northern tunnel at chainage TM 215 and establishing of
a point of attack allowing the excavation of the double-lane tunnel possible. Taking
into consideration advantages and disadvantages of both methods, the contractor chose
the former alternative for the realisation. The main reason for the choice of this alter-
native was the limited capacity of the exploration gallery which was to become the
transport route for the servicing of two underground workplaces (partial headings) in
each tunnel, and a ban on the removal of muck via the exploration gallery through the
Cholupice portal. In the detailed design, the alternative proposal represented only
a variant of the technological procedure of the works. The excavation support classes
and the standard means and methods of excavation remained unchanged.

The excavation of the southern tunnel started on 2.4.2007 by operations enlarging
the exploration gallery to the dimensions of the passing bay (see Fig. 7). A lack of
space limited the outputs at the beginning; the excavation passed through excavation
support class 5a, with the modification without invert. The advance per cycle was up
to Im. The primary lining of the passing bay protruded into the tunnel profile and had
to be removed after the individual advances. The excavation advance rate was up to
1m per day. Once a sufficient manoeuvring space had been created and the geotechni-
cal conditions had improved (at a greater distance of the portal), the outputs improved
reaching even two top heading advance rounds per day, with the average advance rate
of 4.2m per day (maximum 54m/day). Despite the fact that the rock mass displayed
high stability, undesired overbreaks occurred in the cases of extended lengths of the
excavation rounds; rock blocks locally slipped down along discontinuity surfaces, both
from the excavated tunnel surface and the excavation face (see Fig. 4).

After the completion of 700m of the southern tunnel excavation it is possible to
state that, despite some restrictions associated with the constrained space in the
exploration gallery, the alternative design made it possible for the tunnel excavation
to start even though the solution to the problems in the area of the tunnel portals has
not been concluded and the construction trenches excavation has not been comple-
ted. The excavation of the construction trench at the Cholupice portal to the tunnel
top heading floor level was finished and the installation of the canopy tube pre-sup-
port, casting of the reinforced concrete capping pieces and preparation of the portal
for the commencement of the downhill excavation were performed during the cour-
se of the uphill excavation of the tunnel from the Komorany portal. The excavation
of the construction trench Komorany is being carried out in stages, with a protective
layer of untouched rock left around the exploration gallery circumference. When the
downhill excavation from the Cholupice portal starts, the downhill excavation will
be temporarily suspended; the Komorany construction trench excavation will be
completed to the level of the top headings of both tunnels only after the demolition
of the gallery lining. The uphill excavation of both tunnels from the Komorany por-
tal can be resumed subsequently.

IMPORTANCE OF THE EXPLORATION GALLERY
FOR THE TUNNEL EXCAVATION

The NATM belongs among the methods which are able to operatively respond to
the actually encountered geotechnical conditions and optimise the construction pro-
cedure and the means and method of the excavation support. The necessity for the
driving of exploration galleries in the context of the NATM therefore belongs among
frequently asked questions and it many times leads to wild discussions. For that rea-
son we are not going to assess the economic side of the problem; we are going to
focus on the effect of the exploration gallery purely from the viewpoint of
a contractor, whose task is to carry out the underground works.

The position of the alignment of the exploration gallery following the top heading
profile proved to be optimum both in terms of the excavation execution and stabili-
ty and in terms of the blasting operations. Inaccuracies in the construction of the pri-
mary lining of the gallery often resulted in the necessity for the demolition of the
lining, even in the tunnel crown (see Fig. 8). On the one hand, larger overcutting of
the profile would have required the filling of the potential space between the inner
surface of the gallery lining and the outer surface of the tunnel lining with shotcrete;
on the other hand, the load-bearing function of the lining would have remained uns-
poiled. The reinforcement of the primary lining of the gallery should be weak, with
respect to the temporary function of the lining, so that the subsequent demolition
does not cause time losses. This is primarily possible by the replacement of steel
mesh by steel wire reinforced shotcrete or replacement of steel anchors by glassfib-
re reinforced plastic anchors. Once the gallery lining had been removed, the loose-
ned rock mass was easier to excavate, both in weaker layers using a tunnel excava-
tor and in harder layers using the drill and blast method. The explosion energy was
focused toward the free space formed by the gallery, which fact made the use of
effective drill patterns and more considerate manner of rock disintegration possible.

Owing to the properties of the rock mass along the tunnel route, no significant
deterioration of the properties of the rock mass in the tunnel surroundings which is
usual, for example, in an environment formed by clay or deterioration prone rocks
or soils, took place. In general, the excavation was stable, with the vectors of dis-
placement not exceeding 10mm. The gallery acted as a stabilising element in the
longitudinal direction. It was possible in a case of need, in an unstable environment,
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zejména o nahrazeni vyztuznych siti dratkobetonem nebo ocelovych kotev sklo- to implement measures leading to the improvement of the rock mass ahead of the
lamindtovymi. Po demolici osténi §toly umozZiioval rozvolnény horninovy masiv excavation face. Thanks to the good quality of the rock mass, this possibility has not
snazs§i odtézovani jak v mékéich polohdch tunelovym bagrem, tak v tvrdsich been used yet.
polohdch za pouziti trhacich praci. Energie vybuchu sméfovala do volného pro- The excavation of the gallery caused partial drainage of the rock mass and redu-
storu $toly, coZ umoZiiovalo ndvrh efektivnich vrtnych schémat a Setrnéjii roz- ced the water inflows to the tunnel excavation to a minimum level. However, the
pojovan{ horninového masivu. water table would be lowered during the course of the tunnel excavation in any case,
Vzhledem k vlastnostem horniny v trase tunelu nedochdzelo vlivem razby considering the duration of the works and the existence of the fissure type permea-
Stoly k vyraznému zhorSenf vlastnosti masivu v okolf vyrubu, jak tomu byvé bility of the rock mass. The low rates of ground water inflows are also attributable to

the exceptionally dry summer 2007, where the water surface in the wells being moni-
tored dropped even by several metres within the whole locality, independently of the
area affected by the presence of the exploration gallery or by the tunnel excavation.

The exploration gallery positively influences the possibility to ventilate the
underground spaces throughout the construction period and provides another escape
route in the case of critical situations. It made the excavation of the three-lane tunnel
possible before the excavation of the construction trenches for the portal cut-and-
cover sections of the tunnel was finished.

The use of primary lining of the one-sided passing bays encounters a problem of
the connection of lattice arches and steel mesh with those of the tunnel lining, and
the problem of the accuracy of the lining installation. The lining of the one-sided pas-

napf. v prostedi jili nebo hornin & zemin ndchylnych k degradaci. Vyrub byl
celkove stabilni s vektory deformace do 10 mm. Stola pusobila v podélném
sméru jako stabilizujici prvek. V pripadé nutnosti by bylo mozné provést
v nestabilnim prostredi opatfeni vedouci ke zlepSeni horninového masivu
v predstihu pred provedenim zébéru. Vhledem ke kvalité horninového masivu
tato moZnost nebyla doposud vyuZita.

Razbou §toly doslo k ¢dste¢nému odvodnéni horninového masivu a omezeni
pritokt vody do vyrubu tunelu na minimum. Ke sniZenf hladiny podzemni vody
by pri razbé vlastniho tunelu doslo s ohledem na dobu vystavby a puklinovou
propustnost horninového masivu v kazdém piipadé. Nizké pfitoky podzemni

Vf)dy rovnéz souvisi s mimofddné suchym léterr} v roce 200077 kdy v celé lokali- sing bays protruded into the tunnel cross-section and the exact positions of the latti-
té poklesla hladina sledovanych studni aZ o nékolik metru, a to nezdvisle na ce girders were not documented. For that reason the lining had to be completely
oblasti ovlivnéné pritomnosti pruzkumné Stoly, resp. razbou tunelu. demolished and replaced by the tunnel top heading lining.

Priizkumnd Stola pozitivné ovliviiuje moznost vétrani podzemnich pracovist The primary lining of the trial section of the top heading excavation within the fra-
po dobu vystavby a tvoif dal3i tnikovou cestu v piipadé krizovych situaci. mework of the exploration gallery excavation was, owing to the satisfactory positi-
V piipadé tiipruhového tunelu umoznila zahdjeni razby v predstihu pred odtéze- on of the lining and good quality of the rock mass, left untouched, at the expense of
nim stavebnich jam portdlovych dseku tunelu. the possibility of connecting the lattice girders supporting the previous excavation

Vyuziti primdrniho osténi jednostrannych vyhyben nardzi na problém napoje- (top heading) with the girders newly installed in the bench excavation due to the fact
ni vyztuznych rdmu a siti i presnost provadéni. Osténi jednostrannych vyhyben that their position had not been documented. The joint elements for the connection
zasahovalo do profilu tunelu a presnd poloha vyztuznych rdmu nebyla doku- of the lattice girders installed during the bench excavation were also unprepared. It
mentovéna. Proto doslo k dplné demolici osténi a jeho nahrazeni primdrnim is possible to recommend on the basis of experience that the top-heading-full-face
osténim kaloty tunelu. passing bays be constructed in exploration galleries and sufficient overcutting of the

Primérni ostén{ pokusného tiseku razby kaloty v priizkumné §tole bylo vzhle- future tunnel profile be carried out if the geotechnical conditions allpw it. One-sided
dem k vyhovujici poloze a dobré kvalité horninového masivu ponechéno za cenu passing bays can be constructed eiFh?ﬁ with the 'POSiﬁOUS Qf latt'ice girders beipg con-
nemoZnosti napojeni vyztuznych rdma stdvajici kaloty a nové provadéného osté- sistently documented and the possibility of their connection with the remaining part
ni v opéf, nebot jejich skutecnd poloha nebyla dokumentovana. RovnéZ nebyl of the tunnel top heading lining being maintained, or in the position protruding into

the tunnel profile, where the reinforcement content must be minimum so that the
demolition of the lining causes no problems during the tunnel excavation. A problem
to be dealt with always remains in the case of the use of the existing lining, i.e. the
state of stress in the original lining, the margin of the loading capacity of the original
lining and the structural behaviour of the new and old liners as a whole.

Because of the fact that it was impossible at the time of the work on this paper to
assess the experience gained during the excavation of the northern tunnel, which will
pass through a rock massif where no exploration gallery is present, it is not possible
to unambiguously assess the influence of the exploration gallery on the excavation
stability, deformational behaviour of the rock mass or inflows of water to headings.

If we disregard the economic effectiveness of the construction of the exploration

pripraven styénikovy prvek pro napojenf rdmu pfi osazovan{ rdmi v op&ff tune-
lu. Na zdkladé zkuSenosti 1ze doporucit provadéni vyhyben v pruzkumnych §to-
lach v plném profilu kaloty a s dostatecnym nadvySenim nad profilem budouci-
ho tunelu, pokud to geotechnické podminky dovoli. Jednostranné vyhybny lze
provadét bud s dislednym dokumentovanim polohy vyztuZnych rdami
a moznosti jejich napojeni na zbyvajici ¢ast osténi kaloty tunelu nebo v profilu,
nebo v profilu tunelu s minimdlnim vyztuZenim osténi, aby jeho demolice
nezpusobovala problémy pfi razbé tunelu. Pfi vyuZiti stévajictho osténi vzdy
zUstdvd otdzkou stav napjatosti a rezervy dnosnosti puvodniho osténf a statické
chovdni nového a starého osténi jako celku.

Vzhledem k tomu, Ze v dobé zpracovéni ¢ldnku nebylo moZno vyhodnotit gallery, which, however, plays a crucial role, it is possible from the engineering point
zkuSenosti z razby severniho tunelu, kterd bude probihat v horninovém masivu of view to state that if we assess the influence of the exploration gallery, positives
bez pritomnosti prizkumné toly, nelze jednoznacné posoudit vliv prizkumné prevail over negatives in the particular conditions of the excavation of the southern
Stoly na stabilitu vyrubu, deformaé¢ni chovani horninového masivu nebo pritoky tunnel of construction lot 513.
vody do Celby.

Pokud nehodnotime ekonomickou efektivitu provadéni prizkumné $toly, CONCLUSION
kterd vSak hraje zdsadni roli, Ize z ryze technického hlediska konstatovat, ze
v konkrétnich podminkéch razby jizniho tunelu stavby 513 prevladaji pfi hod-
noceni vlivu pruzkumné $toly pozitiva nad negativy.

The implementation of any underground construction project is an original per-
formance. Its success is influenced by many factors. The completion of the excava-
tion of the Cholupice construction trench to the calotte level at the end of September
2007 made the commencement of the downhill excavation of both tunnel tubes pos-

ZAVER sible. The uphill excavation of the southern tunnel by the alternative method using

Provédéni kazdého podzemniho dila je origindlni a dspésnou realizaci ovliv- the exploration gallery as a transport route minimised the delay suffered at the begin-
fiuje mnoho faktord. DotéZeni stavebni jamy Cholupice na konci zif 2007 na ning of the excavation works. Nearly 700m of the southern tunnel top heading and
droven kaloty umoznilo zahdjen{ tpadni razby v obou tunelovych troubach. 400m of the bench had been excavated before the completion of the excavation of
Dovrchni razba jizniho tunelu alternativnim zpsobem s vyuZitim prazkumné the construction _trenche& The positive attitude adopted by t_hg aner’s and contrac-
Stoly jako dopravni cesty minimalizovala Casovy skluz na pocatku harmonogra- tor’s representatives contributed to the overcoming of the initial problems and the

construction work is gaining momentum. The method of the excavation cost estima-
tion and determination of the excavation support means and methods which has been
used during the construction is original in the Czech Republic. It makes the full use
of the NATM advantages possible. The contractor continues to excavate the tunnel
even under worsened conditions, according to the construction schedule, so that the
deadline for the construction commissioning in 2010 is met. When the situation
regarding the enlargement of the double-lane northern tunnel is solved, the com-
mencement of the excavation from the Cholupice portal will be immediately pos-
sible, to be followed with a short delay by the excavation from the Komorany por-

mu. Pred vytéZenim stavebnich jam bylo vyraZeno vice nez 800 m jizniho tune-
lu v kaloté a 400 m v jadre. Pozitivni piistup zdstupcu investora i zhotovitele pri-
spél k prekondn{ pocdte¢nich problému a stavba nabird na tempu. Pfi stavbé se
uplatiiuje v Ceské republice dosud nepouZity zpusob oceriovéni razby a zpusobu
zajistén{ stability vyrubu, ktery umoziuje plné vyuziti vihod NRTM. Zhotovitel
postupuje pri razbé tunelu i ve ztizenych podminkédch podle harmonogramu
praci tak, aby byl dodrzen termin uvedeni stavby do provozu v roce 2010. Po
dofeSeni situace kolem rozsiteni dvoupruhového severniho tunelu Ize okamzité
zahdjit jeho razbu od Cholupického portdlu a s krétkym casovym odstupem i od tal. The project owner is the Directorate of Roads and Motorways of the Czech

portélq Komofans}(ého. Investvore/m stavby je Reditelstvi silnic a ddlnic (Vleg,ké Republic, the contractor is a group of companies consisting of SKANSKA-DS,
republiky, zhotovitelem sdruZeni SKANSKA-DS, SKANSKA-BS a Alpine SKANSKA-BS and Alpine Mayreder, the consulting engineer’s supervision is pro-

Mayreder, autorsky dozor provadi firma Pragoprojekt, geomonitoring pro inves- vided by Pragoprojekt, the geomonitoring services are provided for the owner by
tora zajiStje firma Mott MacDonald, poradenskou Cinnost zajistuje firma D2 Mott MacDonald, consultancy services are provided by D2 Consult and the final
Consult a realizaéni dokumentaci tunelovjch objektl zpracovdvd firma IKP design (design of means and methods) for the tunnel structures is carried out by IKP

Consulting Engineers. Consulting Engineers.
ING. PETER STEFKO, CSc. peter.stefko@skanska.sk, SKANSKA-BS, a. s., ING. PETER STEFKO, CSc. peter.stefko@skanska.sk, SKANSKA-BS, a. s.,
ING. LIBOR MARIK, libor.marik@ikpce.com, ING. LIBOR MARIK, libor.marik@ikpce.com,

IKP CONSULTING ENGINEERS, s. . o. IKP CONSULTING ENGINEERS, s. . o.
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

1. KONFERENCE EURO: TUN 2007
15T CONFERENCE EURO: TUN 2007

The Conference, which was focused on computational methods used
in underground engineering, was held on 27 — 29 August 2007 in
Austria, at the Technical University Vienna. It was one of the EU the-
matic conferences focused on computational methods in applied scien-
ces (ECCOMAS). The conference was organised under the auspices of
the EU, within the framework of the TUNCONSTRUCT project
(Technology Innovation in Underground Construction). The conference
was attended by 120 participants from 19 countries (8 from the Czech
Republic); 3 exhibitors took part (inclusive of Cervenka Consulting
from the Czech Republic — see Fig. 1). The guests heard 100 papers read
in 3 rooms during 3 days. The majority of the papers were from
Germany, Austria and Spain; 2 papers were from the Czech Republic.

Konference zamérend na vypocetni metody v podzemnim stavitelstvi
se konala 27. — 29. srpna 2007 v Rakousku na Technické Univerzite ve
Vidni. Konference byla jednou z tematickych konferenci EU zamére-
nych na vypoletni metody v aplikované veédé (ECCOMAS).
Konference byla organizovdna za podpory EU v rdmci projektu
s ndzvem Inovace technologii v podzemnim stavitelstvi (TUNCON-
STRUCT). Konference se zilastnilo pres 120 ucastniki z 19 zemi
(8 z CR) a 3 vystavovatelé (vEetnd firmy Cervenka Consulting z CR —
viz obr. 1). Behem 3 dni bylo predneseno ve 3 sélech pres 100 prispév-
kii. Vétsina prispévkil byla z Némecka, Rakouska a Spanélska, z CR
byly predneseny 2 piispévky. Kromé odborné &asti konference zahrno-
vala i dva spoleenské veCery — v historické budové Technické
Univerzity a na videriské radnici (viz obr. 2).

i V /A
A i
Obr. 1 Vystavni stinek firmy Cervenka Consulting, s. r. o (CR)
Fig. 1 Stand of Cervenka Consulting Company

Konference byla rozdélena na ndsledujici tematické okruhy:
Zakladni sekce (RS):

- RSO1: Modelovéni materidlu

- RS02: Oddélené prvky

- RS03: Ovérovani modelt a identifikace parametru

- RS04: Konec¢né prvky a hrani¢ni prvky

- RS05: Numerické metody v tuneldiské praxi

- RS06: Seismika a dynamika

- RSO7: Stabilita a bezpec¢nost

Mini symposia (MS):

- MSO01: Urceni seddni s nebo bez podpory celby

- MS02: Zéklady navrhu zaloZenych na znalostech v podzemnim
stavitelstvi

- MS03: Mezni stav dnosnosti vystroje tunell s vyuZitim numeric-
kych metod

- MS04: Posun k ndvrhum zaloZenym na realizaci jako néstroje pro
zlepSeni strukturni bezpe&nosti a pouZitelnosti ostént

- MSO05: Tunely zatizené pozary

- MS07: Vypoletni modely razby tunelil v zemindch a hornindch

Vice udaju o konferenci lze nalézt na webové strdnce:
http://eurotun.tuwien.ac.at

Ing. MATOUS HILAR, MSc., Ph.D., CEng., MICE.,

hilar@d2-consult.cz,

D2 Consult Prague, s. r. o.

Obr. 2 Spolecensky vecer na radnici meésta Vidne
Fig. 2 Banquet was placed at Vienna City Hall

XIV. EVROPSKA KONFERENCE MECHANIKY ZEMIN A GEOTECHNICKEHO INZERNYRSTVI
XIV EUROPEAN CONFERENCE ON SOIL MECHANICS AND GEOTECHNICAL ENGINEERING

The 14th annual Conference on Soil Mechanics and Geotechnical
Engineering was held on 24 — 27 September 2007 in the congress
and exhibition palace in Madrid (Palacio de Congresos Yy
Exposiciones de Madrid), under the auspices of the ISSMGE. The
conference was prepared by an organising committee headed by
Prof. Vincente Cuéllar and Prof. César Sagaseta, who used the expe-
rience gained by the Czech Geotechnical Society, which had prepa-
red the preceding 13th annual conference in Prague. The next, 15th
annual conference will be held in 2001, in Athens.

The Conference was focused on problems of geotechnical engi-
neering in urban environments, from surveying, mapping, through
foundation in urban areas or deep excavations, to underground
works.

The conference attracted keen interest of the professional public.
Over 315 authors from all over the world contributed to the confe-
rence proceedings, which consisted of 4 volumes weighing nearly
6 kg. Of the 831 specialist who attended the conference, 15 were
from the Czech Republic.

Ve dnech 24. — 27. zari 2007 se v Kongresovém a vystavnim
paldaci v Madridu (Palacio de Congresos y Exposiciones de
Madrid) konal pod zastitou ISSMGE 14. ro¢nik konference
mechaniky zemin a geotechnického inzenyrstvi. Konference byla
pfipravovédna organizaénim vyborem pod vedenim prof. Vincenta
Cuéllara a prof. Césara Sagasety, ktefi vyuzili zkuSenosti Ceské
geotechnické spole¢nosti, kterd pripravila predchézejici 13. roénik
v Praze. Konference se kond pravidelné 1 x za 4 roky v ruznych
evropskych méstech a do Madridu se vrétila po 35 letech. Dals{
15. ro¢nik konference probéhne v roce 2011 v Aténach.

Konference byla zamérfena na geotechnickou problematiku v urba-
nizovaném prostfedi — od pruzkumu, mapovani, pres zaklddan{
v méstské zdstavbé ¢i hlubinné zaklddani aZ po vystavbu tunelt. Tato
témata byla rozdélena do ndsledujicich hlavnich tematickych okruha:

1) Foundation in urban areas. Codes and standards.

2) Deep excavations and slopes in urban areas.

3) Underground works in urban areas.

4) Rehabilitation of buildings and Infrastructures in urban areas.
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5) Ground improvement in urban areas. Konference se tésila velkému zdjmu odborné verejnosti. Tistény

6) Site investigation and mapping in urban areas. sbornik konference obsahuje 4 svazky vazici skoro 6 kg a prispélo

V tematickém okruhu 3 byla prezentovana fada prispévku pojed- do néj svymi ¢lanky vice nez 315 autoru z celého svéta. Samotné
navajicich o vyuZiti podzemi a tuneli v méstskych aglomeracich. konference se zi¢astnilo 831 specialistii (z Ceské republiky 15).
V pripadé tunelt byla pozornost vénovdna hlavné problematice Nedilnou soucdsti konference byly technické exkurze, z nichZ
vlivu razby na deformace nadloZi a nadzemnich konstrukci. Jedna jedna byla bohuZzel zruSena. Je zajimavé, Ze z 6 technickych exkur-
sekce byla zaméfena na inovace v tunelovacich metodach. V rdmci zi byly 4 vénovany podzemnim stavbam (napf. tunely na rychlo-
technického programu byla usporddana specialni prednédska prof. drdze Madrid — Valladolid, prestupni stanice Puerta de Sol). Na této
M. Melise vénovand podzemnim vyrubim v zemindch se zaméfe- konferenci se prezentovalo formou expozice 58 firem véetné Ceské
nim na Madrid. Vedle prednasek bylo v samostatném sale kongre- softwarové firmy FINE. Konference byla podpofena mnoha spon-
sového centra vystaveno 123 postert. Za zminku stoji i pracovni zory, z nichz 12 bylo hlavnich — jmenujme napf. firmy Liebherr,
setkani technickych komisi (workshop), kterych bylo celkem 9. OHL, FCC ¢i Dragados. 5
Nejvetsi zajem byl o ERTC7 Numerické metody v geotechnickém DOC. DR. ING. JAN PRUSKA, pruska@fsv.cvut.cz,
inZenyrstvi a TC34 Progndzy a simulacni metody v geomechanice. CVUT PRAHA - Fakulta stavebni

11. KONGRES ISRM DRUHE PULSTOLETI MECHANIKY HORNIN
11™ ISRM CONGRESS ,SECOND HALF CENTURY OF ROCK MECHANICS*

Two months after the successful World Tunnel Congress 2007, Za zminku stoji deklarovand, ale i dobre viditelnd, spoluprice
the jubilee 11th ISRM Congress (International Society for Rock ISRM s ITA AITES, projevujici se v hojné tcasti odborniku z oblasti
Mechanics) was held in Lisbon. The jubilee character of the con- tunelovani a podzemniho stavitelstvi, které jsme potkali na kongresu
gress (the ISRM congresses are held every 4 years) was given by v Praze. Clenem predsednictva kongresu ISRM byl predchozi prezi-
the fact that the 15t congress was held 40 years ago, 4 years after the dent ITA AITES Harvey Parker.
foundation of the ISRM, again in Lisbon. The Congress was inten- Z jednani kongresu lze vyvozovat, Ze mechanika hornin je dnes
ded, as its title implied, to review the past activities. The scope and svébytnou védeckou disciplinou, kterd se rychle rozviji a je tizce spja-
duration of the Congress negotiations allowed the guests to take ta s praktickymi aplikacemi nejen v prumyslové rozvinutych zemich,
a general view of the current state and goals of geomechanics as ale zejména v souvislosti s rozvojem infrastruktury v jihovychodni
a scientific discipline. Asii (Cina, Indie, Japonsko). Hlavni dsili v sou¢asné dobé sméfuje

ke zdokonaleni metod matematického modelovani geomechanickych

Dva mésice po dspésném prazském tuneldiském kongresu se dloh vcetné ziskdvani a zpresnéni vstupnich dat, sniZeni rizik
konal v Lisabonu jubilejni 11. kongres ISRM (International Society a nejistot, pouzivani geofyzikdlnich metod a novych technologii
for Rock Mechanics). Jubilejni charakter kongresu (kongresy (laserové skenovdni polnich dat), standardizace testovacich a zkuSeb-
ISRM se konaji kazdé 4 roky) byl ddn tim, Ze pravé pred 40 lety se nich postupt. Z hlediska pouZivanych matematickych metod je stéle
konal v Lisabonu 1. kongres spole¢nosti ISRM, ktera byla ustave- nejroz$itenéjsi metoda koneénych prvki (FEM) a jejich variant,
na o Ctyfi roky drive. I vlastni Cinnost ISRM je spjata Casto kombinovanych s pravdépodobnostnimi pristupy vzhledem
s Portugalskem, nebot’sekretariat spolecnosti sidli po celou dobu ve k rozptylu vstupnich dat. Za zminku stoji rychly néarast pouZivani
védeckovyzkumném tstavu LNEC v Lisabonu. metody PFC (particle flow code), kterd je zdkladem postupti mode-

Kongres, jak uZ jeho ndzev naznacuje, mél bilancujici charakter lovéni tzv. syntetické horniny (SRM — synthetic rock mass), umoznu-
a jeho rozsah a délka trvdani umoZnily ziskdni prehledu jici modelovéni materiélu, které odpovidaji vysledktim laboratornich
o soucasném stavu a sméfovani geomechaniky jako samostatné a polnich zkouSek hornin (prace prof. Fairhursta et all). Vykonnd
védecké discipliny. méfici a vypocetni technika dnes jiZ umoZnuje propojit postupy zis-

Hlavni témata byla, a tedy i jednotlivé sekce mély nazvy: kévani zdkladnich dat pfi pruizkumu a monitoringu s jejich interpreta-

* Cesta od popisu k modelovani cf a vyuzitim pri matematickém modelovéni a projektovani.

e Zemétieseni a dynamika hornin Rozsah kongresového jedndni lze srovnat s prazskym kongresem

e Tunely, komory a podzemni dobyvani ITA/AITES (bylo predneseno 215 prednédsek, ve sborniku bylo publiko-

e Svahy, zdklady a lomové dobyvani vano 320 prispévku, posterové sekce zahrnovala nékolik desitek postert),

* Naftové inZenyrstvi a ukladan{ kysli¢niku uhli¢itého ikdyZ pocet Gi¢astniki byl vyrazné mensi (cca 650). Srovnatelnd byla také

Po tfech dnech jednéni v sekcich nasledoval jesté jeden den, kdy organizace celého odborného prabéhu akce v modernim kongresovém
prednasky a diskuse byly organizovany v uz§ich tematickych sku- centru na predmésti Lisabonu na brehu feky Tejo. OvSem pozice
pindch — napf. Inovace v podzemnich stavbdch, Aplikace geofyzi- a dostupnost prazského Kongresového paldce a zejména vyhled na
kdlnich metod, Udrzba a opravy podzemnich staveb, Aplikace lase- Prazsky hrad jsou dle mého ndzoru bezkonkuren¢ni.
rového skenovdni, Horninové inZenyrstvi a Zivotni prostfedi nebo DOC. ING. RICHARD ,Sv‘Nl,]PAREK, snuparek@ugn.cas.cz,
Podzemni uklddani odpadu. USTAV GEONIKY AV CR, v. v. i.

ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

ODBORNA EXKURZE ¢BS V IRSKU Ceska betonafskd spolegnost (CBS CSSI) poradd kaZdoroéné zahraniéni
odborné exkurze s cilem zprostredkovat Gcastnikam, a to nejen z fad svych

CCS TECHNICAL EXCURSION IN IRELAND ¢lenu, ndvstévu vyznamnych betonovych staveb v urcitém regionu. Po prede-
The Czech Concrete Society (CCS) organises every year technical Slych letech, kdy bylo navstiveno mimo jiné Nizozemi, Svycarsko, Dénsko,
excursions in foreign countries, with the aim of mediating visits to sig- Skotsko a Spanélsko, pripadla letos volba na Irsko. V prubéhu péti dnu byly
nificant concrete construction sites in a certain region for its members navstiveny stavby — napr. most Boyne na délnici N1 pfes stejnojmennou feku,
and other persons. While the Netherlands, Switzerland, Denmark, stadion Croke park v Dublinu, univerzitni most v Limericku pres feku
Scotland and Spain were visited in the previous years, the result of this Shannon nebo origindlné architektonicky pojatd budova Aras Chill Dara pro
year’s selection was Ireland. The projects which were seen during five tirad hrabstvi Kildare. JiZ tradi¢n¢ jsou poradateli exkurze do programu zahr-

days comprised e.g. the Boyne bridge on the N1 motorway crossing novdny i stavby tunelové. V Irsku tak byly navstiveny hned tunely tfi.
the river of the same name, the Croke Park stadium in Dublin, the uni-

versity bridge in Limerick over the Shannon River or the inventively
architecturally designed building of Aras Chill Dara housing Kildare PORT TUNEL V DUBLINU

County Council. It has become a tradition that the organisers of the Hlavn{ mésto Irska Dublin se, tak jako vétSina evropskych metropoli,
excursion include also tunnel structures in the program. In Ireland, potykd s velkymi dopravnimi problémy. Problematika je feSena systémem
three tunnels were seen (the Port Tunnel in Dublin, Limerick Tunnel kapacitnich komunikaci. Propojeni mezi dnes dramaticky se rozvijejicim
and a Matiére system prefabricated imbanked tunnel). prostorem byvalého pristavu a ddlniénim okruhem mésta zajiStuje od




16. rocnik - €. 4/2007

Obr. 1 Stavba tunelu Limerick
Fig. 1 Limerick tunnel construction

Cervna lonského roku 4,5 km dlouhy Port Tunnel. Tunel sestdvé ze dvou
samostatnych tunelovych trub se dvéma jizdnimi pruhy pro kazdy smér.
Ve velmi komplikovanych geologickych podminkdm byla ¢ést tunelu
budovdna jako razend a Cast hloubend (portdlové diseky délky cca 1600 m
a 600 m) Razeny usek byl proveden technologii TBM v délce 2250 m ve
vdpencich a pro cca 350 m v balvanitém jilu bylo vyuZito specidlné upra-
vené soupravy TBM.

Vystavba probihala 5 let a celkovd cena dila v&etné vSech projektovych
a investorskych praci dosdhla 752 miliont eur.

VYSTAVBA TUNELU LIMERICK

V soucasné dobé probihd vystavba ddlni¢niho obchvatu tohoto zépado-
irského univerzitniho mésta. Pfechod feky Shannon je podle doporuceni
vysledki odbornych studif, a s ohledem na zdsah do Zivotniho prostieds,
navrzen v hloubeném tunelu celkové délky 675 m. Pfevazna ¢ast tunelu je
provadéna metodou plaveni (ponofovdni) za pouZiti segmentu vybudova-
nych v suchém doku na kraji feky. Celkem pét segmentt délky 100 m
sestdvd ze dvou tunelovych trub se spole¢nou stredni sténou, s osténim
z vodonepropustného betonu.

| T : Al
Obr. 2 Prefabrikovany presypany tunel systému Matiére u mésta Cahier
Fig. 2 Matiére system prefabricated imbanked tunnel near the city Cahier

Vystavba prefabrikovaného piesypaného tunelu
systému Matiére

Na vykiiZen{ budované ddlnice N9 s Zelezni¢ni trati u mesta Cahier je
vyuzito prefabrikované klenbové konstrukce presypaného tunelu (Casto
nepresné nazyvino jako presypany most) systému Matiére CM4. Jednd se
o v CR zndmy systém pouZivany pro propustky a ekotunely, jmenujme
napt. tunel Dolni Ujezd, sklddajici se ze tif prvku, dva bo¢ni sténové seg-
menty se zdkladovou patkou a horni klenbovy segment. Zajimavosti je, Ze
vystavba tunelu probihd za provozu na jednokolejné trati pod sestavova-
nou klenbou osténi. Kromé moZnosti prohlidky vystavby piimo na stave-
ni§ti méli Gcastnici exkurze moznost prohlédnout si prvky systému
Matiére rovnéZ primo pii jejich vyrobé ve vyrobné prefabrikdtu Banagher
Concrete.

Névstéva tunelovych staveb byla pro ¢eské odborniky jisté piinosnd, lze
viak konstatovat, Ze nikoliv a7 tak naCerpanim novych myslenek, trendu
nebo technologii, ale spiSe poznanim skutené velkorysosti investorl
a projektantt pii schopnosti Cerpat finance z fondi EU.

Dalsi odbornd exkurze pldnovand na dnor pristiho roku bude do exotic-
t&j81 lokality, a sice do mista, kde se stavi nejen intenzivné, ale také za
pouZiti téch nejdrazsich a nejvyspélejsich prostiedku. TéSme se na poznat-
ky z Dubaje. 5

ING. PAVEL SOUREK, pavel.sourek@satra.cz, SATRA s. r. o.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA (STAV K 18. 10. 2007)
TUNEL $PEJCHAR — PELC-TYROLKA (SPELC)

Severni tunelova trouba (STT) a Jizni tunelova trouba (JTT)
tunelového dseku Kralovskd obora jsou dvoupruhové tunely, které
jsou razeny NRTM s horizontdlnim ¢lenénim vyrubu na kalotu,
opeii a dno s pouzitim trhacich praci. STT razi Metrostav
v soucasné dobé v porusenych skaleckych kifemencich. Subterra,
kterd buduje JTT, provadi razbu tunelu v pis¢itych bridlicich dob-
rotivského souvrstvi. Z hlediska pritoki do podzemniho dila je
situace doposud priznivéjsi, nez bylo oekdvano. Maximdlni pritok
na Celbé zatim neprekrocil 1 1/s. K polovin€ fijna je v STT vyraZe-
no 350 m kaloty, 200 m opéefi a 16 m dna, v JTT 152 m kaloty
a 16 m opéfi a dna.

TUNEL STAVBY 514

Tunel stavby 514 Prazského okruhu v tdseku mezi Lochkovem
a Radotinem, ktery stavi pracovnici spolecnosti Hochtief, vyraz-
né prekrogil polovinu z celkové délky tuneli. Celba kaloty tfi-
pruhové tunelové trouby byla obnaZena jiz ve vzdalenosti 1100 m
od portédlu. Dalsi &dst ¢lenéného vyrubu — opéfi bylo odtéZeno
jiz v délce 190 m. Dvoupruhovy tunel je v ploSe kaloty vyraZzen
v délce 840 m, nizZ8i stupen vyrubu pak v délce 580 m. Mezi
obéma tunely jsou vyraZeny jiz 3 propojky. Z dlouhého hloube-
ného tseku tunelovych trub pred Lochkovskym portdlem (380 m)
jsou vybetonovény zdkladové pasy pro tripruhovy tunel v celé
délce a 2 sekce vlastni klenby tunelu. Na soubéZnych zdklado-
vych pasech probihd montdz formy pro hloubeny dvoupruhovy
tunel a montdZ vozu pro oSetfeni klenby tunelu po betondZi.

THE CZECH REPUBLIC (AS OF 18 OCTOBER 2007)

THE SPEJCHAR - PELC TYROLKA TUNNEL (SPELC)

The northern tunnel tube (NTT) and Southern tunnel tube (STT) of the
Krélovska Obora section are double-lane tunnels which are being driven
by the NATM with horizontal sequencing of the face (top heading, bench
and invert), using the drill-and-blast technique. The NTT is currently dri-
ven by Metrostav a.s. through fractured Skalec quartzite. Subterra a.s.,
which is constructing the STT, is currently passing through sandy shale
of the Dobrotiv Member. In terms of inflows to the excavation, the situ-
ation has still been more favourable than expected. The maximum inflow
at the heading has not exceeded 1 /s yet. As of mid October, 350m of the
top heading, 200m of bench and 16m of invert excavation has been com-
pleted in the NTT, while 152m of top heading and 16m of bench and
invert have been finished in the STT.

THE TUNNEL IN CONSTRUCTION LOT 514

The excavation of the tunnel in construction lot 514 of the Prague City
Ring Road (the section between Lochkov and Radotin), which is being
constructed by Hochtief a.s. employees, has passed significantly over
a half of the total length of the tunnels. The face of the top heading of the
three-lane tube is at a distance of 1100m from the portal. Another excava-
tion sequence — the bench — has got 190m from the portal. The double-lane
tunnel excavation has proceeded 840m in the top heading and 580m in the
bench. The drives of tree cross passages have already been finished. The
casting of strip foundation for the whole length of the three-lane tunnel
and two sections of the tunnel vault have been finished in the 380m long
cut-and-cover section of the tunnel tubes in front of the Lochkov portal.
The formwork for the double-lane cut-and-cover tunnel is being



TUNEL STAVBY 513

Na tunelovych objektech stavby 513 SOKP vykondvanych fir-
mou Skanska BS, a. s., pokracuji price na raZeni tfipruhové tune-
lové roury ze strany Komoranského portdlu. V soucasnosti je vyra-
Zend kalota v délce 750 m a opéfi v délce 370 m. Pocatkem fijna
zapocaly také razici prace na tfipruhovém tunelu od Cholupického
portalu.

Stavebni jdma na portdlu Komorany je vyhloubena v pri-
portdlové Easti na 3. kotevni droven, tj. cca 16 m pod trovni
puvodniho terénu. V soucasné dobé se osazuji kotvy 3. kotevni
drovné portdlové stény, 1. a 2. kotevni drovné na strandch — zapo-
rovych sténdch. Soubézné probihaji vykopové prace ve stredu sta-
vebni jamy.

Prdce na vykopu a zaji§tén{ stavebni jamy Cholupického portdlu
pokracuji Vykopem na definitivni hloubku, betondZi Zelezobetono-
vych trdmi a osazenim lanovych kotev ve 3. a 4. kotevni drovni.
Dokonceni vykopu s kompletnim zajiSténim stén stavebni jamy se
predpoklddd do konce mésice fijna.

TUNEL DOBROVSKEHO

Na tunelu Dobrovského v Brné byly zahdjeny pripravné a sa-
nacni préce. Jednd se o méstsky tunel situovany ve sméru mezi
Zaboviesky a Krilovym polem o délce tunelové trouby I
1053 m a 1060 m v pripadé tunelové trouby II. Trouby maji teo-
retickou plochu vyrubu 125 m? a o razby se déli spole&nosti
Metrostav (trouba I) a Subterra (trouba II). Z profila prizkum-
nych §tol zajiStuje Subterra v té€sné blizkosti Krdlovopolského
portdlu tésnici a zpevinujici chemickou injektdZ v nadloZi tune-
lu. Soucasné probihd zesilovani osténi pruzkumnych $tol 2a
a 2b osazovanim obvodovych vyztuZznych prvka HEB, které
budou soucdsti primédrniho osténi velkého prafezu tunelu. Ve
Stole 2a bylo osazeno v metrové vzddlenosti 35 a ve Stole 2b
pak dokonce jiz 50 prvku. V pruzkumné $tole umisténé do pra-
fezu tunelové trouby I jsou apllkovany pouze injektdzi préce,
s prestrojovdnim obvodovych ramu Metrostav zatim nezacal.

ING. PAVEL POLAK, polak@metrostav.cz

SLOVENSKA REPUBLIKA
TUNEL BORIK

Razenie dialni¢ného tunela Borik uspesne pokracuje a malo by
byt zaviSené prerdzkou v decembri roku 2007. Tunel Borik
s dvomi rdrami dlzky takmer 1 km je situovany na useku dialni-
ce D1 Mengusovce — Janovce v blizkosti mesta Svit. V polovici
oktébra 2007 je uz vyrazenych takmer 500 m v oboch rirach od
vychodného portdlu, kym na zdpadnom portali, kde sa zacalo
s razenim neskor, je vyrazenych viac ako 120, resp. 90 m. Od
vychodného portdlu zdroven zacali priace na betonédzi sekundér-
neho ostenia.

VEREJNO-SUKROMNE PARTNERSTVO
PRI VYSTAVBE DIALNIC

Vlada Slovenskej republiky sa vo vyrazne vac¢Som zabere vra-
tila k myslienke verejno-sikromného partnerstva pri vystavbe
dialnic, ktoru jej predchodcovia mali v plane pouzit pri vystavbe
tunela Visnové. Podla ndvrhu postupu vystavby vybranej nadra-
denej cestnej dopravnej infrastruktiry cez projekty verejno-
sikromného partnerstva (PPP), sa predoklada aplikdcia PPP na
vystavbu deviatich tdsekov na dialnici D1 medzi Zilinou
a PreSovom a dvoch na rychlostnej komunikécii R1 medzi Nitrou
a Tekovskymi Nemcami v celkovej dizke 151 kilometrov.
Vystavba uvedenych 151 km by stdla podla predbeznych odhadov
pouzitych v Stidii realizovatelnosti 105,7 mld. Sk bez dane
z pridanej hodnoty v sicasnych cenach. Sucastou pripravovanych
usekov by boli aj tunely Ovéiarsko, Visnové, Mald Fatra, Rojkov,
Havran, Cebrat’a Sibenik. V oktébri 2007 nie je zatial jasny defi-
nitivny rozsah usekov budovanych ako PPP projekty, ministerstvo
financii pozaduje na zdklade vlastnych analyz redukovat’ich dizku
a zvys$nu Cast budovat’ tak ako doposial’ z prostriedkov §tatneho
rozpoctu.

ING. MILOSLAV FRANKOVSKY,, frankovsky@terraprojekt.sk

¢. 4/2007

16. rocnik -

assembled on the parallel strip foundation and the travelling framework
for the curing of the tunnel vault after the casting is being erected.

THE TUNNEL IN CONSTRUCTION LOT 513

The work on the tunnel structures of construction lot 513, which are
constructed by Skanska BS a.s., continues by the excavation of the three-
lane tunnel tube from the Komorany portal. Till now, a length of 750m of
top heading and 370m of bench excavation have been completed. The
excavation of the three-lane tunnel from the Cholupice portal started at
the beginning of October 2007.

The excavation of the construction trench at the Komorany portal has
reached the third anchoring level, i.e. about 16m under the original terra-
in surface. Currently, the anchors are being installed in the portal wall, at
the 3rd anchoring level and at the 1st and 2nd anchoring level on the
sides, in the soldier pile and lagging walls. The excavation in the centre
of the construction trench continues simultaneously.

The work on the excavation and stabilisation of the construction trench
at the Cholupice portal continues by the excavation to the final depth, cas-
ting of reinforced concrete walers and installation of cable anchors at the
3rd and 4th anchoring level. The completion of the excavation and the
support of the sides of the construction trench is expected to take place
by the end of October.

THE DOBROVSKEHO TUNNEL

Preparation and stabilisation work on the Dobrovského tunnel in Brno
has started. It is a twin-tube urban tunnel, which is located between Zabo-
viesky and Krdlovo Pole. The tubes are 1053m and 1060m long. The the-
oretical excavated cross —sectional area is 125m?; the tunnel tubes will be
constructed by two companies — tube I by Metrostav a.s. and tube II by
Subterra a.s. Subterra a.s. is performing sealing and stabilisation chemical
grouting in the tunnel overburden in the close vicinity of the Kralovo Pole
portal, from within exploration galleries. At the same time, the lining of
the exploration galleries 2 and 2b is being reinforced by the installation of
HEB lining elements; these elements will become parts of the primary
lining of the future tunnel. The elements are installed at one meter spacing;
35 pieces have been erected in gallery 2a and 50 pieces are in gallery 2b.
The grouting is the only operation which is being performed in the galle-
ry which was driven for the exploration for the tunnel tube I, The contrac-
tor, Metrostav a.s., has not started to install supporting frames yet.

ING. PAVEL POLAK, polak@metrostav.cz

THE SLOVAK REPUBLIC
THE BORIK TUNNEL

The excavation of the Borik motorway tunnel successfully continues; it
should be concluded by a breakthrough in December 2007. The Borik tun-
nel consisting of a pair of nearly 1km long tubes is located within the
Mengusovce — Janovce section, near the town of Svit. As of mid October,
nearly 500m of the excavation from the eastern portal has been completed
in each tube, while 120m and 90m excavation sections have been finished
from the western portal, where the work started later. Even the work on
the casting of the secondary lining has started at the eastern portal.

THE PUBLIC PRIVATE PARTNERSHIP AT MOTORWAY
CONSTRUCTION PROJECTS

The government of the Slovak Republic returned in much wider a scope
to the idea of the Public-Private partnership at the construction of motor-
ways, which was planned by its predecessors to be applied to the Visnové
tunnel construction. According a the of the process of development of
a selected superior road transportation infrastructure through Public
Private Partnership projects, the application of the PPP is expected to be
applied to the construction of nine sections within the D1 motorway bet-
ween Zilina and PreSov and two sections within fast highway R1 between
Nitra and Tekovské Nemce, at a total length of 151 kilometres. According
to the preliminary estimations which were ised in the feasibility staudy, the
cost of the construction of the above-mentioned 151km would amount to
Sk 105.7 billion, without VAT, at current prices. Part of the sections which
are being prepared would also be the Ovéiarsko, Visiové, Mald Fatra,
Rojkov, Havran, Cebrat and Sibenik tunnels. At the moment, in October
2007, no definite scope of the sections to be developed as PPP projects is
clear; the Ministry of Finance requires, on the basis of thir own analyses,
that their length be reduced and the remaining part be developed using the
state budget for the funding, as it has been till now.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt.sk
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ZPRAVODAJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
CZECH TUNNELLING COMMITTEE ITA/AITES REPORTS
wwWw.ita-aites.cz

PRACOVNI SHROMAZDENI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
ITAZ/AITES CZECH TUNNELLING COMMITTEE WORKING SESSION

The autumn session of the ITA/AITES Czech Tunnelling Committee was held
in the Bfevnov Monastery, Prague 6, on Thursday 15" November 2007. The sessi-
on was attended by 38 delegates (from 50 member organisations), 17 individual
members of the Committee and 10 guests. The session was very important becau-
se of the fact that the elections of the new chairman and new board of the
Committee for the 2008 — 2011 term was a part of the agenda.

The meeting was opened by Mr. Ivan Hrdina, the incumbent chairman of the
CTuC, who presented the report of the Board and the Committee on their activiti-
es since the previous General Assembly.

The subsequent vote resulted again in the election of Mr. Ivan Hrdina as the
Chairman of the ITA/AITES CTuC Board. Mr. Hrdina is, in addition, a member of
the ITA Executive Council.

The Board which was elected for the 2008-2011 term consists of Prof. Jif{
Bartak, DrSc., Prof. Josef Aldorf, DrSc., Mr. Libor Marik, Mr. Otakar Hasik, Mr.
Stanislav Sikora and Mr. Viclav Soukup.

Parts of the Working Session were also very successful presentations by two CTuC
member organisations: Mr. Michal Zdmecnik, who gave a presentation of construc-
tion materials produced by BASF — Stavebni hmoty CR s.r.0.; Mr. Libor Fleischner
(Promat s.r.0.), who presented the issue of fire protection of underground structures.

Podzimni pracovni shromézdéni Ceského tuneldiského komitétu ITA/AITES
se konalo ve ¢tvrtek 15. listopadu 2007 v Brevnovském kldstete v Praze 6.
Ziicastnilo se 38 delegati z 50 Clenskych organizaci, 17 individudlnich ¢lenu
komitétu a 10 hostu.

DuleZitost jeho jednéni byla mimoradnd, protoZe na programu byla podle usne-
senf z valného shromaZdéni komitétu, které se konalo v kvétnu t. ., volba nového
predsedy a predsednictva komitétu pro funkcni obdobi 2008 az 2011. Navic se
predsednictvo CTuK na svém jednéni v zdff 2007 rozhodlo predloZit na pracov-
nim shromazdéni k projednan{ ndvrh zmeény stanov komitétu z hlediska ,,hlasova-
ctho* poradku. 5

Jednani zahdjil predseda CTuK Ing. Ivan Hrdina, ktery pritomné srde¢né uvital
a ndsledné prednesl zpravu o ¢innosti predsednictva a komitétu od posledniho val-
ného shromdzdeén.

Za hlavni aktivitu komitétu oznadil dokonéeni vyhodnoceni ITA/AITES WTC
2007, ktery se konal v kvétnu 2007 v Praze, a to z hlediska odborného, organizac-
niho a z hlediska ekonomického. Zakladni tdaje o WTC 2007 Ize stdle najit na:
www.wtc2007.org.

Poznamenal, 7e CTuK i organizaéni vybor obdrZeli fadu pochvalnych vyjadreni
nejen od zahrani¢nich Gcastniku. Kongres byl urcité tispédny po vsech strankach.
Takové je také hodnoceni kongresu ze strany byvalého i soucasného predsedy ITA
Mr. Harvey Parkera a Mr. Martina Knightse i cel€ exekutivy ITA.

Ing. Hrdina podékoval viem ¢lenum CTuK, kteff se aktivné podileli na piipravé
i zaji§téni prubéhu kongresu. V této souvislosti navrhl, aby do usneseni
z pracovniho shromdzdéni bylo zapracovdno ocenéni iniciativy a préce, kterou
vykonal predseda organiza¢niho vyboru Ing. Georgij Romancov. Byl to on, kdo
priSel s mySlenkou uchdzet se o konédni kongresu v Praze v roce 2007 a hlavné pro
tuto myslenku dovedl presvédcit fadu védhajicich €lent komitétu i jeho predsednic-
tva. Z jeho iniciativy se zrodil skutecny dspéch Ceského podzemniho stavitelstvi
a vSech, kteff se v této oblasti angazuji.

A

Obr. 1 Ucastnici pracovniho shromdzdéni CTuK ITA/AITES, které se konalo
ve étvrtek 15. listopadu 2007 v historickych prostordch Brevnovského kldste-
ra v Praze 6

Fig. 1 Attendees of the ITA/AITES CTuC Working Session, which was held
on 15th November 2007 on historical premises of the Brevnov Monaster in
Prague 6

K ekonomickému vyhodnoceni kongresu Ing. Hrdina uvedl, Ze k 14. 10.2007 byla
zpracovdna neauditovand cetni uzdvérka, kterou v pondeli 12. listopadu 2007 pro-
jednala rada Sdruzeni WTC 2007. Na zdkladé tohoto jednadni Ize pocitat
s neauditovanym ziskem ve vysi 3 598 tis. K&. Toto ¢islo musi byt jeste potvrzeno pro-
bihajicim auditem, ktery provadi nezdvisld auditorskd firma. Po jeho dokonceni bude
provedeno vréceni vkladd a vyplata podilu na zisku ¢lenim Sdruzeni WTC 2007.

K dalsim aktivitim CTuK Ing. Hrdina uvedl:

— Casopis Tunel je obecné dobfe hodnocen, roste i pocet odbératelt, ale bylo by
potrebné, aby moznost publikovat ¢lanky a prispévky do jeho rubrik vyuzival
$irs{ okruh ¢lent komitétu;

— konference Podzemni stavby 2010 Praha — jeji piiprava bude véci nového predsed-
nictva, které by mélo vyuzit dspéch WTC 2007 k zvySent jeji mezindrodni prestize;
— v dal§im obdobi chce komitét podporovat vzdélavaci akce, praci pracovnich sku-
pin, vydat dalii svazek edice Dokumenty CTuK zaméfeny na stikany beton

a organizovat odborné zahranicn{ zdjezdy na tunelové stavby.

V dal§im prubéhu Ing. Hrdina, ktery je ¢lenem exekutivy ITA/AITES, informo-
val o jejim jedndnt, které se konalo 2. az 4. listopadu 2007 v Madridu.

Déle delegéti rozhodli 0 zméné stanov komitétu. Pro hlasovani o zméné stanov,
pro volby predsedy a predsednictva, pro hlasovani o rozpo¢tu komitétu a jeho
vyhodnocenf bude naddle pocet hlast jednotlivych ¢lent komitétu diferencovany
podle jejich zafazeni do Clenskych kategorif podle ndsledujict tabulky:

Clenska kategorie Pocet hlasu

A — Velkd dodavatelskd organizace 10

B — Mald dodavatelské organizace 7

C — Velkd inzenyrska organizace

D1 — Mald inZenyrskd organizace

D2 - Mald inZenyrské organizace

E - Skola, instituce

F - Jednotlivec

G - Duchodce, student 1

Tim se zohledni rozdilny ekonomicky a odborny piinos ¢lent komitétu. Pro
ostatni hlasovén{ plati naddle, Ze kazdy ¢len m4 jeden hlas.

Pracovni shromédzdéni ddle zavdzalo nové predsednictvo, aby do jarniho valné-
ho shromézdeéni pripravilo celkovou revizi stanov, které by mély lépe odpovidat
souasné dobé a trendim innosti komitétu.

Volby nového predsednictva a predsedy CTuK pro obdobi
2008 az 2011

Clenové CTuK do stanoveného terminu 15. 10. 2007 navrhli jednoho kandiddta
na predsedu komitétu, a to Ing. Ivana Hrdinu, dosavadniho predsedu CTuK.
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Obr. 2 Nové zvolené predsednictvo CTuK pro obdobi 2008 az 2011. Zleva:
Ing. Stanislav Sikora, Ing. Otakar Hasik, prof. Ing. Jifi Bartik, DrSc.,
Ing. Viclayv Soukup, predseda CTuK ITA/AITES Ing. Ivan Hrdina,
prof. Ing. Josef Aldorf, DrSc. a Ing. Libor Marik

Fig.2 The newly elected CTuC Board for the 2008-2011 term. From the left:
Mr. Stanislay Sikora, Mr. Otakar Hasik, Prof. Jiri Bartik, DrSc., Mr. Viclay
Soukup, Mr. Ivan Hrdina, the chairman of the CTuC, Prof. Josef Aldorf,

DrSc. and Mr. Libor Marik
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Kandidatu do predsednictva navrhli 14, z nichz 3 navrZeni kandidaturu nepiijali
(Ing. Matous Hilar — D2 Consult Prague s. r. 0., Ing. Drahomir Jani¢ek — Minova
Bohemia s. 1. 0. a Ing. Georgij Romancov, CSc., Metroprojekt Praha a. s.).

Volby probéhly podle piijaté zmény stanov a jejich vysledek ozndmil Ing. Petr
Vozarik, predseda volebni komise (jejimi dal$imi ¢leny byli Ing. Ludvik Sajtar —
Satra s. 1. 0. a Ing. Drahomir JaniCek — Minova Bohemia s. 1. 0.).

Predsedou CTuK ITA/AITES byl opét zvolen Ing. Ivan Hrdina, ktery ziskal 244
hlasi z celkového mozného poctu hlast piftomnych delegdtti 252 hlasti, coz je 96,8 %.

Vysledky voleb do predsednictva CTuK ITA/AITES
. Prof. Ing. Jiii Barték, DrSc. (CVUT —FS Praha) — obdrZel 229 hlasu;

. Prof. Ing. Josef Aldorf, DrSc. (VSB TU Ostrava) — obdrZel 210 hlasu;

. Ing. Libor Matik (IKP Consulting Engineers s. . 0.) — obdrZel 179 hlasu;
. Ing. Otakar Hasik (Metroprojekt Praha a. s.) — obdrzel 154 hlasu;

. Ing. Stanislav Sikora (VOKD a. s.) — obdrzel 134 hlasu;

. Ing. Viclav Soukup (Metrostav a.s.) — obdrZzel 122 hlasu,
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7. Ing. Jan Vintera (Subterra a. s.) — obdrzel 107 hlast;

8. Ing. Petr Micunek (OHL ZS a. s.) — obdrZel 106 hlasu;

9. Ing. Martin Srb (D2 Consult Prague s. r. 0.) — obdrZel 105 hlast;

10. Ing. Jiff Smolik (individudln ¢len) — obdrZel 95 hlasu;

11. Ing. Zden¢k Krcek (Mapei s. 1. 0.) — obdrzel 21 hlasu.

Cleny predsednictva pro obdobi 2008 az 2011 byli tedy zvoleni: Prof. Ing. Jif{
Bartdk, DrSc., Prof. Ing. Josef Aldorf, DrSc., Ing. Libor Mafik, Ing. Otakar Hasik,
Ing. Stanislav Sikora a Ing. Véclav Soukup.

Soucdsti pracovniho shromdzdéni byly také velmi zdafilé prezentace dvou
¢lenskych organizaci CTuK, které se navic podilely na zabezpeceni podminek pro
jednéni.

Za firmu BASF — Stavebni hmoty CR s. r. 0. vystoupil Ing. Michal Zame&nik
a 0 ochrané konstrukci proti ti¢inkiim poZiri v podzemnich stavbach hovoril
Ing. Libor Fleischer z firmy Promat s. r. o. ING.MILOSLAV NOVOTNY,

novotny@metrostav.cz, sekretdr CTuK ITA/AITES

VYJEZDNI ZASEDANI REDAKCNI RADY CASOPISU TUNEL
AWAY MEETING OF THE EDITORIAL BOARD OF TUNEL MAGAZINE

This year’s away meeting of the Editorial Board of Tunel magazine, which
is published by the ITA/AITES Czech Tunnelling Committee jointly with the
ITA/AITES Slovak Tunnelling Association, was held on 4t through 6th October
2007. The members of the WTC 2007 Scientific Board were also invited to the
trip. The places remaining to the planned number of 35 persons were offered to
the ITA/AITES Czech Tunnelling Committee member organisations. After the
Editorial Board meeting itself, which was held in the morning on 4.10.2007 in
Ostrava, the participants set off for Poland.

In Poland, the first visit was made to the Silesian University of Technology
in Zabrze. They received warm welcome at the Faculty of Organisation and
Control from Prof.Dr.Hab.Ing. Andrej Karbovnik, the Dean of the faculty and
the Chairman of the Editorial Board of ,,Budownictwo gornicze i tunelowe*
magazine, and Dr.Ing. Ryszard Zylinski, the Vice-Chairman. The meeting was
focused on the present and future of tunnel engineering in Poland. The next
destination was Weliczka near Krakow and a tour of the world-famous salt-
mine. On their way home, the participants visited Auschwitz II concentration
camp near Oswietim.

Je jiz tradict, Ze redak¢ni rada Casopisu Tunel poradd kazdy rok jedno vyjezd-
ni zaseddni. Je vZdy spojeno s odbornym programem (tc¢ast na konferenci,
exkurze na podzemni stavbu at’provozovanou, nebo teprve budovanou).

Letosni (tj. v roce 2007) se vyjezdni zaseddni konalo ve dnech 4. az 6. fijna
2007 a smérovalo do Polska. K tcasti na cesté byli prizvani predevsim ¢lenové
védecké rady WTC 2007 a dalsf mista do pldnované kapacity 35 osob byly
nabidnuty ¢lenskym organizacim Ceského tuneldrského komitétu ITA/AITES.

Vlastni jedndni redakéni rady probéhlo ve Ctvrtek 4. 10. 2007 v Ostrave
v hotelu Sport Club od 20:00 hod. do 23:00 hod. Oproti béZznému programu, tj.
zhodnoceni predchoziho a piiprava ndsledujictho &isla Casopisu, projednala
redakéni rada za dCastni prizvanych hostd ediéni plan asopisu na rok 2008.
V této souvislosti apelovala na vSechny budouci autory, aby dodrZovali termi-
loh v elektronické podobé. Opakuje se totiZ stdle stejny neSvar — autori prevez-
mou napt. situaci nebo podélny profil z projektové dokumentace a nevezmou
na védomi, Ze po zmenseni do velikosti vhodné pro tisk bude vétSina legendy
nebo i cely obrazek necitelny. Proto je nutné takové piflohy nejprve upravit
a pak je teprve predat do redakce vypalené na CD véetne otisku ve velikosti,
v jaké bude priblizné tistén v Casopise.

Vse by bylo v poradku, kdyby autofi dodrzovali pokyny pro piipravu
a predvéni ¢ldnku do Casopisu Tunel (viz www.ita-aites.cz/Casopis).

V Polské republice tcastnici cesty nejprve navstivili Slezskou politechniku
v Zabrze. Zde je na Fakulté organizace a fizen{ privitali prof. Dr. hab. Ing. Andrej

Obr. 2 Ucastnici cesty p¥i prohlidce solnych dolii ve Veliéce u Krakova
Fig. 2 Participants in the tour of salt mines in Weliczka near Krakow
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Obr. I Snimek ze setkdni na Fakulté organizace a rizeni Slezské polytechniky — vpravo prof.
Dr. hab. Ing. Andrej Karbownik, dékan fakulty a predseda redakcni rady Casopisu
o, Budownictwo gornicze i tunelowe“, vlevo prof. Josef Aldorf, DrSc.,z VSB TU Ostrava
Fig. 1 A picture from the meeting at the Silesian University of Technology - for the right:
Prof. Dr. hab. Ing. Andrej Karbownik, the Dean of the faculty and the Chairman of
the Editorial Board of ,,Budownictwo gornicze i tunelowe” magazine; for the lefi:
Prof. Josef Aldorf, DrSc, the VSB TU Ostrava

Karbownik, dékan fakulty a predseda redakéni rady Casopisu Budownictwo gor-
nicze i tunelowe a zdstupce predsedy Dr. Ing. Ryszard Zylinski. Setkani bylo
zaméfeno na soucasnost a budoucnost tunelového stavitelstvi v Polsku.
Podrobnou informaci prednesl Dr. Ing. Ryszard Zylinski. Zminil star§{ tunelové
stavby, mezi které dnes jiz patii 14 km jediné trasy metra ve VarSave.
Z planovanych tunelovych staveb ve VarSavé uvedl 910 m dlouhy tunel pro tep-
lovod pod fekou Vislou, mestsky automobilovy tunel pod krdlovskym paldcem
a 820 m dlouhy hloubeny tunel v podzemnich sténich podél feky Visly.
Samoziejme se také stile uvazuje o druhé trase metra ve sméru vychod — zdpad.

Z dalsich staveb zminil pldnovany tunel v Krakove a tunel pod zédlivem ve
Svinouzsce (tunel by mél spojit rozd€lené ¢dsti mesta a nahradit pomalé privozy).

Dalsim cilem byly solné doly ve Velitce. Prohlidka této vyjimecné piirodni
i technické pamdtky vSechny dcastniky nadchla. Béhem skoro 4 hodiny trvaji-
ctho pobytu v podzemi prohlédli fadu historickych komor, prekopu, sestoupili
do hloubky 130 m, prohlédli podzemni muzeum a poobédvali v podzemni res-
tauraci vybudované v nové vyhloubené komore Budryka v solném loZisku.

Po noclehu v Krakoveé a jeho ranni prohlidce se ticastnici pri zpéteni cesté
zastavili v koncentraénim tdbofe Auschwitz II u Osvétimi. Zrudnost nacistické-
ho rezimu si zde vSichni uvédomili zv14sté naléhave.

ING. MILOSLAV NOVOTNY, novotny@metrostav.cz
sekretdr CTuK ITA/AITES

POZVANKA NA 13. MEZINARODNI SEMINAR

Zpeviiovani, tésnéni a kotveni horninového masivu
a stavebnich konstrukci 2008

Termin a misto konani: 21.-22. tinora 2008

Ostrava, nové aula VSB-TU Ostrava v Ostravé — Porubé

Témata seminare: m nové poznatky z oblasti materidld a technologii pro zpeviiovani
a tésnéni horninového masivu a stavebnich konstrukei m zkuSenosti z realizaci v roce
2007 v oblastech hornictvi, podzemnim a pozemnim stavitelstvi m problematika
stabilizacnich opatfeni pri raZeni podzemnich dél v zastavénych dzemich m tésnéni
podzemnich konstrukei proti vodé

Kontakt: Hana Sedldrov4, katedra geotechniky a podzemniho stavitelstvi,

Fakulta stavebni; Vysokd $kola banskd — Technickd univerzita Ostrava

L. Podésté 1875, 708 00 Ostrava-Poruba

Tel.: +420 596 991 943, Fax: +420 597 321 944, E-mail: Hana.Sedlarova@vsb.cz



