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EDITORIAL

V minulém &isle na§eho Casopisu se shodou okolnosti pfipo-
minalo vyro&i dvou vyznamnych stavebnich firem, pasobicich
v oblasti podzemnich staveb, které uz podle svych ndzvua byly
puvodné zaméfeny na vystavbu doli. To je dobrd prileZitost
k zamySleni nad vztahem hornictvi a podzemniho stavitelstv{
a jeho vyvojem.

V druhé poloviné 20. stoleti a vlastné jesté pred asi 30 lety
byly tyto obory u nds zcela oddéleny. Velky rozsah a ekonomic-
ka sila uhelného a uranového hornictvi kontrastovaly se spora-
dickymi vyznamnéj$imi podzemnimi stavbami. Odbornd vefej-
nost byla také zcela rozdélena na dulni specialisty a stavbare,
kteri meli sva vlastni odborna féra, periodika i publikace, pfi-
¢emz kontakty obou skupin byly vice nez fidké. O néco lepsi
situace byla na Slovensku, kde se Banské stavby Prievidza sna-
zily uplatnit v podzemnim stavitelstvi i mimo oblast hornonitri-
anskych dola.

Situace se zacala ménit s vystavbou prazského metra, na niz se
vyznamné podileli organizace a pracovnici kladenskych dola.
I mezi odborniky se objevil zvySeny zdjem o vyuZiti poznatka
a zkusSenosti druhé strany. V této souvislosti musim vzpomenout
zakladatele Casopisu Tunel ing. Jaroslava Gréna, ktery jako
jeden z prvnich navdzal uz$i styky s banskym vyzkumem
a praxi. Osvicen¢jsi bansti specialisté si zase zacinali uvédomo-
vat, Zze boom hornictvi jednou skonc¢i a Ze podzemnf stavitelstvi
je oblasti, kde budou moci v budoucnu uplatnit své znalosti.

Samozrejmé bylo postupné nutné zbavit se stereotypu a zjed-
noduSenych piistupl, danych rozdilnymi podminkami obou
oboru. Je potieba si uvédomit, Ze ackoli technologické postupy
razeni podzemnich dél mohou byt podobné, je zde zdkladni roz-
dil v pfistupu k vyslednému dilu. Pro stavitele je cilem a vysled-
kem vlastni podzemni dilo, zatimco pro hornika je dalni chodba
pouze nutnym prostiedkem pro vlastni dobyvani suroviny. S tim
samoziejmé souvisi pouzivand technologie, ndklady, Zivotnost,
ale i vztah ke kvalité a jeji kontrola atd.

Obé¢ strany se také musely vyrovnat s predsudky a povérami.
Tak mezi stavbari se soudilo, Ze kvalita a Zivotnost podzemnich
dél razenych v hornictvi s vysokymi postupy jsou naprosto nevy-
hovujici, hornici naopak poukazovali na vyssi ndklady a mensi
vykony pfi realizaci podzemnich staveb.

K zdsadnimu obratu dos$lo v novych politickych a ekonomic-
kych podminkach po roce 1990. Prudky ttlum hornictvi donutil
dulni vystavbové organizace hledat uplatnéni v podzemnim sta-
vitelstvi, sou¢asné nastal priliv banskych pracovniku i do stdva-
jicich stavebnich firem. Doslo k propojeni odbornych skupin
predevsim v oblastech, kde se problematika podzemnich staveb
a hornické Cinnosti prolind, tj zejména v oblasti geomechaniky
a geotechniky, predev§im v otdzkéach stability a vyztuze pod-
zemnich dél. V soulasnosti maZeme najit piispévky rady dul-
nich odbornikt napf. v ¢asopise Tunel nebo Geotechnika, odbor-
né konference jako pravidelnd Geotechnika nebo seminar Zpev-
novani, tésnéni a kotveni horninového masivu maji pravidelné
stavitelskou a hornickou sekci a také vyuka na stavebnich fakul-
tach technickych univerzit obsahuje problematiku podzemniho
stavitelstvi i dalni vystavby.

S rostoucim objemem podzemnich staveb v Ceské republice
jako s ukazatelem rustu technologické a ekonomické drovné
spoleCnosti je dnes tézisté Cinnosti jednoznacné na strané pod-
zemniho stavitelstvi, predev§im tunelafstvi. To, Ze poznatky
a zkuSenosti z banské Cinnosti se v této oblasti uplatiiuji, je jen
ku prospéchu véci.

Doc. Ing. Richard Stiupdrek, CSc.
¢len redakcni rady casopisu Tunel

EDITORIAL

By coincidence, the previous issue of our magazine reminded us of
anniversaries of two important construction companies active in the
field of underground construction, which had originally been involved
in construction for mines. It provides a good opportunity for me to
contemplate on the relationship between mining and underground
construction and its development.

In the second half of the 20th century and, as a matter of fact, even
some 30 years ago, these industries were completely separated in our
republic. The large extent and economic power of the coal and urani-
um mining industries contrasted with sporadic underground construc-
tion projects which would be worth mentioning. Even the pool of pro-
fessionals was divided into two groups comprising mining specialists
and builders, who had their own separate professional forums, perio-
dicals and publications, while the contacts between the two groups
were rather rare. The situation in Slovakia was slightly better. Slova-
kian Banské Stavby Prievidza tried to assert themselves in underg-
round construction and even outside the area of the Upper Nitra
mining region.

The situation started to change with the commencement of the con-
struction of the Prague Metro. The contribution of organisations and
employees of Kladno mines to the success of this project was signifi-
cant. Increased interest in utilisation of the know-how and experience
available on the other side appeared even among civil engineering
professionals. In this respect, I must remember Mr. Jaroslav Gran, the
founder of the Tunel magazine, who was one of the first persons to
establish closer relations with mining research and practice. On the
other hand, more enlightened mining specialists began to realise that
one day the mining boom would end and underground construction
was a future field where they would be able to sell their skills.

Of course, it was necessary to step by step get rid of stereotypes and
simplified approaches ensuing from different conditions in the two
industries. We must realise that even if work procedures for underg-
round excavation are similar, there is a fundamental difference in the
attitude towards the final product. The aim of builders is the underg-
round works itself, while, for miners, an underground gallery is only
a necessary means of extracting raw materials. Of course, the applied
technique, costs, length of life, but also the attitude towards quality
and quality management etc. are related to the above aims. In additi-
on, both sides had to overcome prejudices and superstitions. For
instance, builders believed that quality and longevity of underground
structures built by the mining industry were absolutely insufficient as
a result of too high advance rates, while miners pointed out higher
costs and lower outputs existing in the sphere of underground con-
struction.

A radical change occurred in the new political and economic condi-
tions after 1990. Abrupt mining checks forced organisations providing
construction for mines to seek work in the field of underground con-
struction. At the same time, influx of miners in existing construction
companies began. Professional teams joined their forces mainly in
areas where the problems of underground construction and mining
were mingled, namely in the field of geomechanics and geotechnics,
above all regarding issues of stability and support of underground
works. Today we can find papers by many mining professionals pub-
lished, for example, in Tunel or Geotchnika magazines; read in tech-
nical conferences, e.g. the regular Geotechnika or the seminar “Rock
mass consolidation, sealing and anchoring”, which have regular con-
struction and mining sections; even the teaching in civil engineering
colleges of technical universities contains the issues of underground
construction or construction for mines.

With the growing volume of underground construction in the Czech
Republic, which is used as an indicator of the growth of technical and
economic level of the society, the centre of gravity of activities is une-
quivocally on the side of underground construction, first of all tunnel
construction. The fact that the mining know-how and experience are
applied in this field is to the benefit of the whole industry.

Doc. Ing. Richard Snupdrek, CSc.
Member of the Editorial Board
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VAZENI KOLEGOVE A CTENARI CASOPISU TUNEL,

kazd4 spole¢nost md ve své historii milniky, které ji opraviuji k urci-
té rekapitulaci vlastni historie. Takova chvile v letoSnim roce nastala
pro OHL ZS. Dovolte mi, abych se touto cestou pozastavil pravé nad
uplynulymi roky nasi akciové spole¢nosti.

V roce 1952 vznikl stitni podnik Zelezni¢ni stavitelstvi Brno, jehoZ
Uspesnd ¢innost znamenala stabilni a progresivni rozvoj. V roce 1992
byl podnik transformovén na akciovou spolecnost a rok poté prijal
novy nizev ZS Brno, a. s. Nasledné zmény ve vlastnickych vztazich
a s tim i souvisejici snaha o zvyraznéni vazby na nadndrodni $panél-
skou spole¢nost pro stavebni ¢innost, koncese a sluzby — Skupinu OHL
— vytstily v zatim posledn{, ale nemén¢ zdsadni proménu: v letoSnim
roce jsme zménili ndzev spolenosti na OHL ZS, a. s.

OHL ZS, a. s., sv§mi sou¢asnymi aktivitami navazuje na bohatou tra-
dici multioborové stavebni vystavby. Mdme tfi oborové zdvody zame-
fené na pozemni a dopravni stavitelstvi.

Nejcastéji byvdme spojovani s oborem dopravnich staveb — jsme
nejen vyznamnym dodavatelem pro modernizaci tranzitnich Zeleznic-
nich koridoru (z posledni doby mohu jmenovat napriklad vybudovan{
&asti koridoru mezi Ceskou Tiebovou a Pierovem, kde vyrostly &tyfi
tunely Krasikov, Hnévkov, Trebovice a Mald Huba), rekonstruujeme
také nddrazni budovy a okolni prostory (napriklad v 1été dokoncend
rekonstrukce nddrazi Ostrava-Svinov), podilime se na stavbé fady
tramvajovych trat{ (z nichZ pravdépodobné nejzajimavéjsi prace byla
na zaloZeni mostnich estakdd tramvajové trati Hlubocepy — Barrandov
v Praze), stavime i velké silni¢ni stavby (kde nemohu opomenout
mimotroviiovou brnénskou kfizovatku Hlinky ¢i Kralovopolské tunely
v Bré).

Cinnost OHL ZS, a. s., je viak mnohem 3ir3i. Podilime se i na moder-
nizaci méstskych infrastruktur (zejména na vystavbe kolektorové sité
v Brné a v Praze, rekonstrukci kanalizaénich stok), vystavbé Cisticek
odpadnich vod na fadé mist v celé republice. Vénujeme se rekonstruk-
cim historickych objektd, realizujeme vystavbu budov uréenych pro
kulturni, vzdéldvaci ¢i zdravotnické instituce a vénujeme se i mnoha
dalSim aktivitdm.

Pusobime také v zahrani¢i, napt. v Bulharsku, Cerné Hote, Chorvat-
sku, Bosné a Hercegoviné, Madarsku, Azerbajdiénu ¢i na Slovensku.

Kvalitni provedeni stavebnich praci v podzemi i na povrchu neni
myslitelné bez odborné zdatnych, pracovitych a loajdlnich zaméstnan-
cu. Investice do dalsiho odborného rustu nasich lidf i cilevédomad spo-
luprdce s vysokymi Skolami ndm vytvéreji jiz nyni predpoklady pro
dalsf dspésny rozvoj.

Vysokou prioritou pro nasi spole¢nost je rozvoj systému fizenf jakos-
ti, bezpecnosti a Zivotniho prostredi. To potvrzuje i fakt, Ze jsme se
jako prvni spoletnost v Ceské republice a prvni stavebni spolednost
v Evropé stali drzitelem certifikdtu ,,Uzndn{ za excelenci®. Stejné tak
neopomijime ani ekologicky prfistup k vystavbe a respekt k trvale udr-
Zitelnému rozvoji.

I presto, Ze jsme zménili ndzev spole¢nosti, zachovali jsme v$e, co
jsme z dlouhé historie nasi firmy povaZovali za dobré a inspirujici.
Zaroven chceme, aby nové jméno bylo pro vSechny ¢leny velkého tymu
OHL ZS impulzem k dal§imu osobnimu i firemnimu rozvoji. Osobné
jsem rad, 7e pravé ted a tady mohu byt souddsti procesu, ktery dalsi
vyvoj spolecnosti jisté zkvalitni.

DEAR COLLEAGUES AND TUNEL READERS

Every company has milestones in its life which give it the right to sum-
marise its own history to a certain extent. Such a moment has come this year
for OHL ZS. Allow me to take this opportunity to remember the past years
of the life of our company.

The year 1952 saw the birth of Zelezniéni stavitelstvi Bro, a state enterp-
rise whose successful activities made stable and progressive development pos-
sible. In 1992 the state enterprise was transformed into a joint-stock company
and, the next year, the company was given a new name, ZS Brno, a. s. Subse-
quent changes in proprietary relationships, which were associated, among
others, with the effort to accentuate the relationships to OHL Group, a multi-
national Spanish company active in the fields of civil engineering, concessions
and services, resulted in, for the time being, the last but not less significant
change: We have changed the company name to OHL ZS, a.s this year.

OHL Z8, as. follows its great tradition of multidisciplinary construction
activities. We have three plants focused on building and railway and road
construction.

Most frequently, the image of our company is associated with the field of
railway and road construction; we are not only an important contractor for
modernisation of transit railway corridors (among the recent contracts I can
name the construction of a part of the corridor between Ceskd Trebova and
Prerov comprising four completed tunnels — the Krasikov, Hnévkov, Trebo-
vice and Mald Huba). In addition, we reconstruct station buildings and the
grounds around (for example the reconstruction of the station in Ostrava-
Svinov); we participate in construction of a number of tramlines (the most
interesting work on tramlines was the foundation of viaducts for the tramli-
ne between Hlubocepy and Barrandov); we also carry out large road con-
struction contracts (I cannot neglect the grade-separated intersection Hlinka
in Brno or the Kralovo Pole tunnels in Brno).

But the scope of activities of OHL ZS, a.s. is much wider. We even par-
ticipate in modernisation of urban infrastructures (mainly in the constructi-
on of the network of utility tunnels in Brno and Prague and reconstruction
of trunk sewers), construction of sewage treatment plants in many places all
over the Czech Republic. We engage in reconstruction of historic buildings,
construction of buildings for cultural, educational or medical institutions
and are involved in many other activities.

We are even active abroad, for instance in Bulgaria, Monte Negro, Croa-
tia, Bosnia and Herzegovina, Hungary, Azerbaijan or Slovakia.

High quality construction work in the underground or on the surface is unt-
hinkable without skilled, hardworking and loyal employees. Investment in
further professional growth of our employees and goal-directed co-operation
with universities create today conditions for future successful development.

The development of the quality, safety and environmental management
systems is a high priority for our company. It is confirmed by the fact that
we are the first holders of the Award for Excellence in the Czech Republic
and the first construction company in Europe holding this award. We devo-
te the same attention to environmental aspects of construction and environ-
mentally sustainable development.

Despite the fact that we have changed the company name, we have pre-
served everything our company considered to be good and inspiring. At the
same time, we want the new name to be an impulse for all members of the
large team of OHL ZS to strive for further personal and company develop-
ment. Personally, I am happy that just now and here I can be part of the pro-
cess which is certainly going to increase quality of the further development.

e

Ing. Michal Stefl

predseda predstavenstva a generalni feditel OHL ZS, a. s.
Chairman of the Board of Directors and CEO of OHL ZS, a.s.
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TuNel

VAZENI CITATELIA CASOPISU TUNEL,

nasa spolo¢nost GEOFOS, s. r. 0., préve v tomto roku dovfSi 10 rokov posob—
nosti v stavebnictve na Gzemi Slovenskej a Ceskej republiky v oblasti inZinier-
skogeologického a geotechnického prieskumu. Takmer od zaciatku svojej exi-
stencie je ¢lenom Slovenskej tuneldrskej asocidcie ITA/AITES, pretoZe od prvo-
pociatkov spolocnosti sa ¢lenovia pracovného kolektivu aktivne podielaji aj na
priprave podzemnych a tunelovych stavieb na dialni¢nej sieti Slovenskej repub-
liky. St to najmi stavby dialhi¢nych tunelov na trase Hricovské Podhradie —Vis-
nové — Vritky s tunelmi Ovéiarsko, Zilina a Vigfiové, na trase dialnice D3 Hri-
Covské Podhradie — Cadca — Skalité s tunelmi Povazsky Chlmec, Svréinovec,
Polana. InZinierskogeologické price s zabezpecované v roznych etapich, od
etapy Stddif, hodnotenia vplyvov na Zivotné prostredie a etdp orienta¢ného pries-
kumu. V etapach podrobného IG prieskumu to boli priame dokumentécie pries-
kumnych $toInf a tunelov naSimi teraj$imi pracovnikmi na pripravovanych, ale aj
realizovanych stavbach Ovéiarsko, Branisko, Horelica, Visnové. Podielali sme sa
aj na geotechnickom dozore tunela Sitina. Tieto aktivity nadviazali na dlhoroc¢né
price odbornej praxe na inZinierskogeologickych prieskumoch projektovanej
stavby Precerpavacej vodnej elektrarne Ipel’ (1979-1993), s projektovanou alter-
nativou podzemne;j elektrdrne, ktord by mala reprezentovat' na Slovensku poten-
cidlne jedint stavbu tohto druhu (po Preerpdvacej vodnej elektrarni Cierny Vah,
avsak s elektrdriou v telese priehrady na dolnej nddrZi).

Okrem dialhi¢ne;j siete st to v poslednych rokoch aj IG préice na prieskumoch
pre prvy Zelezni¢ny tunel po cca 50 rokoch v tseku Nové Mesto nad Vdhom —
Pidchov, tunel Turecky vrch s dizkou takmer 1700 m. V roku 2006 bol ukonceny
komplexny inZinierskogeologicky a hydrogeologicky prieskum v etape hodnote-
nia EIA pre tunel Diel na dseku modernizdcie Zeleznice Pichov — Povazskd
Bystrica s cielom postidenia vplyvu vystavby tunela na kipele Nimnica.

Spolocnost’ aktivne a dlhodobo spolupracuje na riesenych tlohdch s vysoko-
Skolskymi pracoviskami katedry inZinierskej geoldgie FUK Bratislava, katedry
geotechniky Stavebnej fakulty STU v Bratislave a katedry geotechniky Zilinskej
univerzity.

Sticastou inzinierskogeologickych, hydrogeologickych a geotechnickych prac
na priprave podzemnych diel nie je iba zabezpecenie kvalitnych terénnych préc,
ale najmé komplexné zhodnotenie a interpretdcia inzinierskogeologickych a geo-
technickych pomerov. Na zdklade odbornych skisenosti a entuziazmu kolektivu
bol v spolocnosti skompletovany softwarovy systém na digitalizéciu ziskanych
tidajov pri dokumentécii a spracovani vysledkov, ktory s vyuzitim principov GIS
dokdze velmi rychlo poskytniit projektantom sledované pozadované parametre.

V roku 2005 ziskala majoritny podiel v spolo¢nosti GEOFOS firma SG-Geo-
technika, a. s., Praha. Nasa spolo¢nost’tak nadviazala na predchddzajicu spolu-
pracu na stavbach Zelezni¢nych tunelov na Morave i na historicku dspeSnu vza-
jomnost’ slovenskych a ceskych inZinierskych geoldgov a geotechnikov. V spo-
lupréci so spolo¢nostou SG-Geotechnika a jej organizaénou zlozkou na Sloven-
sku nasa spolo¢nost'v poslednom obdobi riesila komplexny inZinierskogeologic-
ky prieskum na tseku diafnice D1 Hubov4 — Ivachnové s tunelom Cebrat'a pri-
pravuje sa na geologické a geotechnické prace pri razenf prieskumnej $tolne Pola-
na (trasa D3), ako aj na prdce na zaCatej stavbe tunela Borik (trasa D1).

S aktivnou pomocou SG-Geotechnika, a. s., spolocnost GEOFOS, s. 1. 0., roz-
$irila svoje Cinnosti o kompletné sluzby geotechnického terénneho skiSobnictva.

Spolognost, ako ¢len tuneldrskej asocidcie, md za ciel’ sa dalej rozvijat'v spo-

lupréci s SG-Geotechnika, a. s., na tunelovych stavbach a ma zdujem prispievat’

svojimi prispevkami v Casopisoch a na pripravovanych odbornych konferenciach
ku skvalitnovaniu préc v odbore.

DEAR READERS OF TUNEL MAGAZINE

This year our company GEOFOS,; s. 1. 0., will top off 10 years of its engineering-
geological and geotechnical survey activities within the construction industry in the
Slovak and Czech Republics. It has been a member of the Slovak Tunnelling Associ-
ation ITA/AITES nearly since the foundation of the company because members of its
working team have actively participated in the preparation of underground structures
and tunnels on the motorway network of the Slovak Republic since the very beginning
of its existence. The main contracts were associated with motorway tunnels on the
route Hri¢ovské Podhradie- ViSnové — Vriitky containing the Ovciarisko, Branisko,
Horelica and Visnové tunnels, and on the route of the D3 motorway Hricovské Pod-
hradie — Cadca - Skalité containing the Povazsky Chlmec, Svr¢inovec and Polana tun-
nels. The engineering-geological operations are carried out in various stages, starting
from studies, environmental impact assessment and orientation survey stages. In the
area of detailed EG surveys, our staff provided direct documentation of exploration
galleries and tunnels at constructions being prepared or in progress, namely the Ovci-
arsko, Branisko, Horelica and Visniové sites. We also participated in the geotechnical
supervision over the Sitina tunnel. These activities were continuation of many years of
professional practice in engineering-geological surveys in the design phase of the Ipel
pumped storage scheme construction (1979-1993), where an underground power plant
was one of design alternatives, which should represent potentially the only structure of
this type in Slovakia (after the Cierny Véah pumped storage scheme, which, however,
has the power plant incorporated into the lower reservoir dam structure).

In addition to the motorway network, the EG activities have been focused in recent
years on surveys for the nearly 1700m-long Turecky Vrch tunnel, which is the first
railway tunnel to be built after approximately 50 years, in the section between Nové
Mesto nad Véhom and Puchov. A comprehensive engineering-geological survey in
the EIA stage of the Diel tunnel in the Pichov-Povazskd Bystrica section of the
modernised railway network was completed in 2006; the objective of the survey was
the assessment of the impact of the tunnel construction on Nimnica spa.

The active and long-term co-operation of the company on problems solved by uni-
versity working places of the department of engineering geology of the FUK Brati-
slava, the department of geotechnics of the faculty of civil engineering of the STU in
Bratislava and the department of geotechnics of the University in Zilina has become
a commonplace.

Part of the engineering-geological, hydrogeological and geotechnical work on the
preparation of underground works is not only quality field work, but also compre-
hensive assessment and interpretation of engineering-geological and geotechnical
conditions. Professional experience and enthusiasm of the team members were the
basis on which a software system for digitisation of the gathered data was developed
to be used in the phase of the data documentation and processing. The system uses
the GIS principles to swiftly provide parameters required by designers.

In 2005, the majority share in GEOFOS was obtained by SG-Geotechnika, a. s.,
Praha. In this way, the previous co-operation of our company on constructions of rail-
way tunnels in Moravia and the historic successful solidarity among Slovakian and
Czech engineering geologists and geotechnicians has continued. Our company, in col-
laboration with SG Geotechnika and its organisation department established in Slo-
vakia, has recently solved a comprehensive engineering-geological survey for the
Hubové-Ivachnovd section of the D1 motorway containing the Cebrat’tunnel, and is
preparing for geological and geotechnical work in the course of the drive of the explo-
ration gallery for the Polana tunnel (the route D3) as well as for the Borik tunnel,
which is already under construction on the D1 motorway.

GEOFOS,; s. 1. 0., with active help of SG-Geotechnika, expanded its services by
adding a comprehensive geotechnical field testing package.

The aim of the company, as a member of the tunnelling association, is to further
develop co-operation with SG-Geotechnika, a. s., on tunnel constructions. They are
interested in contributing to the process of improving quality of work in the industry
through their own papers published in magazines and future technical conferences.

q’kv@\u

RMDr Antonin Matejéek

riaditel spoloCnosti Geofos, s. r. o.
Director of Geofos, s. r. 0.




15. rotnik - C. 4/2006

BRNENSKE PODZEMI - HISTORIE, SOUCASNOST A BUDOUCNOST
BRNO UNDERGROUND - THE HISTORY, PRESENCE AND FUTURE

ALES SVOBODA, PETR MICUNEK

ovob

Historie brnénského podzem je velmi bohat4 a jeho rozsah s pokracujicim
losti a doplnuji chybéjici souvislosti o dobé, kdy tyto stavby vznikaly a slou-
Zily svému dcelu. Dokladt o ¢innosti naSich predkd, které ndm Brno pro-
stfednictvim podzemi postupné nabizi, je zatim stdle dost. Je to pamet' mésta,
kterd ndm predkladd k posouzent, co ze zajimavé Casti historie lezici pod
brnénskou dlazbou bude pro pristi generace zachovéno.

Budovan{ podzemnich staveb v historii i soucasnosti méstskych urbanistic-
kych celka je ovlivnéno mnoha okolnostmi. Tak jako v minulosti i dnes je dule-
Zitym podnétem ke vzniku podzemnich prostor potreba disponovat v samém
centru skladovacim a technickym zdzemim, ke kterému se nyni pfipojuje
i snaha o vyuZiti téchto objektu k potfebdm kulturné-spoleCenskym. Jednim
z mnoha faktort, jeZ zdsadné ovlivnily uplatnéni této stavebni ¢innost v mésté
Brné, jsou pithodné geologické podminky, umoznujici jednoduchym a pritom
pomérné bezpecnym zpusobem podzemni stavby zakladat a provéadét.

HISTORIE

Od samého pocétku mestského osidleni vznikaly stavby vyvolané potre-
bou skladovat potraviny v chladnych prostordch. Prvni podzemni sklipky
mély tvar prosté jamy ve tvaru hrusky s kruhovym otvorem, hloubené az dva
metry pod droven terénu. Slouzily vzdy jen nékolik let, vétSinou k ukladéan{
obili (tzv. obilnice). Zacdtkem 13. stoleti rostla potreba vétSich prostor na
uskladnén{ zboZz{ urenému k prodeji. Hlavni pri¢inou byl prichod novych
majetnéjSich osadniki a ndsledny rozmach kupeckého a femeslnického pro-
stfedi v rychle se rozvijejicim stredovékém mésté. Konstrukce sklept byla
rozmanitd. Zpravidla ji tvorily desky (vétSinou jedlové) zaprené za drevéné
sloupy nebo trdmy, koliky opletené proutim a omazané jilovitou hlinou, nebo
byly vyhloubeny do ulehlé spraSe bez dalsitho vyztuZeni. Vstup do sklepa
umoznovala vnéjsi vstupni Sachta s Zebtikovym schodi$tém. V nékterych pri-
padech byly stény sklepa vyzdény z kamenu spojovanych jilem. Ty pak pre-
kryval plochy tramovy strop, na kterém leZelo obytné pfizemi s dilnou nebo
kupeckym krdmem.

Ve 14. stoleti bylo Brno jednim z nejvyznamnéjSich meést ¢eského kralov-
stvi. Pocet obyvatel stoupl na tehdy tctyhodnych 7 500 a Brno se stalo tre-
tim nejlidnatéj$im méstem krdlovstvi. Vzrustajici pocet kupcu, femesInika
a Slechticu, kteff zakladali ve mésté své rezidence, vyZadoval dalii prostor
k ubytovéni novych obyvatel a skladovéni vétStho mnoZstvi zboZ{ i potravin.
Domy byly postupné rozsifovany a pod novymi trakty vznikaly nové kamen-
né sklepy ruznych velikosti a poltd, propojené podzemnimi chodbami se
sklepy puvodnimi. Se stabilizaci hospoddiské situace, rozvojem obchodu

Obr. 1 Ndlez kostnice u sv. Jakuba
Fig. I The discovery of the ossuary at St. Jakub church

INTRODUCTION

The history of the underground in the city of Brno is very chequered and
the extent of the underground keeps growing with continuing surveys.
New discoveries and findings every year extend the knowledge and add
missing contexts regarding the time when the underground structures ori-
ginated and served their purposes. Brno’s underground has been offering,
step by step, sufficient numbers of documents proving the activities of our
ancestors. It is the memory of the city, which submits for our considerati-
on a question which parts of the interesting history lying under the surfa-
ce of Brno streets should be preserved for future generations.

The development of underground structures in the history and presence
of today’s towns and cities is affected by many circumstances. Like in the
past, also today an important impulse to develop underground spaces is
a need for storage and technical background available in the very centre;
a new impulse is added today - an effort to utilise those structures for cul-
tural and social purposes. One of the many factors which fundamentally
affected the development of this construction branch in Brno is the favou-
rable geology, which allows foundation and implementation of underg-
round structures in a relatively safe manner.

HISTORY

Structures induced by a need for storage of foodstuffs in cool spaces ori-
ginated from the very beginning of the urban settlement. The first little
underground cellars originated in the form of a simple pear-shaped hole
with a circular opening , which were dug as deep as 2m under the ground
surface. They were used always only for several years, mostly for storage
of grain. The need for larger spaces for the storage of goods intended for
sale grew at the beginning of the 13th century. The main reason was the
arrival of new, wealthier settlers and subsequent boom in the mercantile
and artisanal environment in the fast developing medieval town. There
were various types of cellar structures there. The structure usually consis-
ted of boards (mostly made of fir wood) braced behind wooden posts or
beams, pegs weaved round with wicker and covered with clay, or the cel-
lars were dug in compact loess without any support. The entry to the cel-
lar was possible through an entrance shaft with a ladder staircase. In some
cases the walls of the cellar were lined with stone masonry with clay used
as mortar. The walls supported a flat slab and girder floor. The living
ground floor with a workshop or mercantile shop lay on the floor.

In the 14th century Brno was one of the most important towns in the
Bohemian kingdom. The number of inhabitants grew to the then respectab-
le 7500 and Brno became the third most densely populated town in the king-
dom. The growing number of merchants, artisans and noblemen who built
their residences in the town required new space for accommodation of new
inhabitants and storing larger amounts of goods and foodstuffs. The houses
were enlarged step by step, and new stone cellars originated of various sizes
and numbers originated under the new bays. The new cellars were intercon-
nected via underground galleries with the original cellars. A new stage of
development of cellars started at the end of the 15th century, in a period of
stabilisation of the economic situation, commercial development and growth
of property owned by town dwellers. Owing to the application of mining
methods with the excavation subsequently supported by brick vaults, the
cellars even started to expand under concourses. The 17th and 18th centuri-
es saw expansion of cellars by means of excavation of new levels, irrespec-
tive of the surface buildings. Labyrinths of branching cellars originated not
only under courtyards or neighbouring buildings, but also reaching far
across street boundary lines, under concourses, streets and squares.

UNDERGROUND CONSTRUCTION PURPOSES

Underground structures under Brno can be divided into several groups
according to the type and mode of application. Structures for military or
defence purposes form the first group. They were built near the ramparts
in the form of cellars and galleries of casemate for the purpose of storing
military provisions and connecting strategic defence points. Military shel-
ters under Petrov Hill and Spilberk Hill (built in the 20th century) also can
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Obr. 2 Kostnice u sv. Jakuba
Fig. 2 The ossuary at St. Jakub church

a nartstdnim majetku méstant koncem 15. stoleti zac¢ind nov4 etapa vystav-
by sklepu. Pouzitim metody raZeni dilnim zpusobem s ndslednym zaklenu-
tim cihlovou klenbou se sklepni prostory za¢inaji rozifovat i pod vefejnd
prostranstvi. V 17. a 18. stoleti pokracuje zvétSovéni sklept hloubenim dal-
Sich pater bez ohledu na nadzemni zdstavbu. Vznikaji rozvétvené sklepni
labyrinty nejen pode dvory ¢i sousednimi objekty, ale zasahuji hluboko pred
uli¢nf ¢dry, pod vefejnd prostranstvi, ulice i nAmesti.

UCELY UZIVANI PODZEMNICH STAVEB

Podle druhu a zplsobu pouziti miZzeme podzemni stavby pod Brnem roz-
délit do nékolika skupin. Pfedné jsou to stavby vojenského &i obranného cha-
rakteru. Byly stavény v blizkosti opevnéni jako sklepy a chodby kasemat za
ticelem uskladnéni vojenského proviantu a z diivodii propojeni strategickych
mist obrany. K nim muZeme pricist i vojenské kryty pod Petrovem a Spilber-
kem vybudované ve 20. stoleti. Dals{ skupinu tvoif stavby technické, jako jsou
studny, jimky, historické vodovody a kanaliza¢ni stoky v&etné staveb kolekto-
rovych systému vznikajicich v soucasnosti. Nejvétsi a nejrozsahlejsi je skupi-
na staveb komer¢niho zaméfeni: od pvodnich sklipki a lochu pres domovni
sklepy a rozsdhld podzemni skladiste, v prubéhu doby soustavné rozsifovand
a opét zasypdvand, aZ po dne$ni podzemni parkingy i obchodnf centra.

POCATKY SANACE BRNENSKEHO PODZEMI

V dobé modernizaci a prestaveb domu i celych bloku byla sklepent, kterd
ztratila pavodn{ funkei lednic &i skladt vina a kupeckého zboZi, Casto zave-
zena odpadky nebo suti a zazdéna. Staré Stoly historickych vodovodu presta-
ly byt kontrolovény, studny a jimky byly zasypény a vétSina vojenskych sta-
veb zanikla pri likvidaci méstského hradebniho systému. Novym dldzdénim
mésta v upravenych uliénich ¢ardch byly odstranény pfirozené vétraci pra-
duchy a sklepni prostory zacaly trpét nadmérnou vlhkosti. Nedokonale vypl-
néné podzemni prostory s pokleslymi zdsypy spole¢né s proménlivym vod-
nim rezimem spodnich pramenu a ob&asnymi havariemi vodovodniho fadu
zpusobily, Ze stropni klenuté konstrukce zacaly Casem ztrcet svoji stabilitu
a tnosnost. Zriceni nékolika domu, propadani vozidel a piibyvajici drazy
vrcholici lidskymi tragédiemi primély vedeni mésta zabyvat se brnénskym
podzemim se v§i vaznosti.

Po havarii vodovodu v Pekarské ulici v tinoru 1976 s tragickymi nésledky,
kdy se do rozbahnéného vykopu historické kanaliza¢ni stoky propadla péta-
Ctyficetiletd Zena, rozhodla rada Nérodniho vyboru mésta Brna fesit situaci
sanac{ brnénského podzemi. V roce 1977 bylo schvéleno vypracovani doku-
mentace o dosud objevenych podzemnich objektech a zahdjeni systematic-
kého priizkumu. Timto tkolem byl povéfen Stitni dstav pro rekonstrukci
pamétkovych mést a objektti (SURPMO). Pod vedenim arch. Libora Hana-
ka a pozdéji Ing. AleSe Svobody zacala vznikat dokumentace mapujici ves-
keré podzemn prostory pod historickym centrem. Pfi shromaZdovani infor-
maci v brnénskych archivech, podrobném prizkumu suterénu a sklepnich
prostor pod méstem byla vypracovdna metoda systematického vyhledavani
a vyklizeni nezndmych podzemnich prostor. Do dnesni doby byly prozkou-
mdny zhruba dvé tretiny blokt v historickém centru a Pekatské ulici. Pro-
zkum by mél ndsledné pokracovat v dalsich lokalitdch, neméné zajimavych
jako napr. aredl hradu Spilberk, Mendlovo ndmésti a prostor byvalych hra-
puvodniho stredovékého mésta, budou pruzkumy pokracovat i nadale a jejich
dokonceni neni mozné v soucasné dobé Casove specifikovat.

KOSTNICE U SV. JAKUBA

Béhem nékolika poslednich let bylo pii prizkumu brnénského podzemi
objeveno a sanovano mnoZstvi unikatnich historickych objektl a zajimavych

TuNel

be added to this group. Another group comprises technical structures, e.g.
wells, sumps, historic water mains and sewers, including the utility tunnel
systems which are originating today. The group consisting of commercial-
ly orientated structures is the largest and most extensive of all groups. It
starts from original little cellars and holes, through house cellars and
extensive underground stores, which were continuously extended or, just
opposite, backfilled during the time, up to today’s underground car parks
and shopping centres.

BEGINNING OF REHABILITATION OF BRNO UNDERGROUND

In the times of modernisations and reconstructions of houses and even
complete blocks, cellars which had lost their original function of refrige-
rators or stores for wine and merchandise were frequently backfilled with
spoil or debris and the entries were bricked up. Old galleries containing
historic water mains were no more inspected, wells and sumps were back-
filled and most of military structures were demolished in the process of
removal of town ramparts. Natural ventilation holes were blocked by new
pavement of streets laid up to changed street boundary lines, thus the cel-
lar spaces started to suffer from excessive moisture. The imperfectly back-
filled underground spaces (with the tops of the backfill sunk) together with
the varying hydraulic regime of underground springs and occasional
bursts of a water main caused that the vaulted roof structures started to
loose stability and load bearing capacity. Several collapsed buildings,
vehicles sinking through the pavement and growing numbers of injuries
culminating with human tragedies made the city hall to address the issue
of the Brno underground in complete earnest.

After a burst of a water main in Pekarskd Street in February 1976 (a
forty five years old woman sunk into a historic sewer covered with mud),
the local Brno government decided to solve the situation through rehabili-
tation of the Brno underground. In 1977, the commencement of the work
on documents on underground structures which had been discovered till
that time and commencement of a systematic survey were approved. The
National Institute for Reconstruction of Historic Towns and Buildings
(SURPMO) was assigned this task. New documents mapping all underg-
round spaces under the historic centre started to originate under the lea-
dership of Arch. Libor Handk and subsequently Ing. Ale§ Svoboda. A met-
hod of systematic detection and emptying of unknown underground spa-
ces was developed during the process of gathering information in Brno
archives and detailed surveying of basements and cellars under the town.
The survey of about two thirds of blocks in the historic centre and Pekar-
skd Street has been completed till now. The survey is expected to continue
in other locations, which are not less interesting, for instance the grounds
of the Spilberk Castle, Mendel Square and the area of the former ramparts.
As the interesting historic underground spaces even originated in the clo-
sest vicinity to the original medieval town, the surveys will further conti-
nue and it is today impossible to specify the completion date.

ST. JAKUB OSSUARY

The several recent years saw a multitude of unique historic structures
and interesting underground spaces discovered and rehabilitated during
the survey of the Brno underground. It is a confirmation of the fact that the
historic structures hidden under the pavement of Brno streets indeed
belong among exceptional phenomena of this city. The fact that the histo-
ric and architectural value of these structures is so interesting logically led
to the effort to make the spaces accessible to the wide public, thus to allow
the public to see places hidden till lately under the historic core of Brno.

One of the most interesting discoveries is the find of a historic ossuary
near St. Jakub church in Jakubské Square. A test pit located at the corner
of the building No. 2 revealed a sound brick wall at a depth of approxi-
mately four metres. Once the wall had been broken through, human ske-
letal remains began to pour from the opening. The survey continued
through a gallery driven along the outer side of the wall, toward the
church. The second opening in the wall was made in that location, with the
same result. The extent of the ossuary which was discovered by the survey
had not been known then. The process of removing bones from the ossu-
ary and storing them in other cellars (all of that under the supervision by
archaeologists) took several months. Many new finds were revealed with
the spaces emptying. The human remains, carefully stacked in the ossua-
ry corridor, filled the space up to the crown of the vaults. The bones were
stacked up in layers — skulls, shins, ribs etc. so that the corridor space was
utilised as much as possible. The extensive complex discovered by the sur-
vey consisted of three cellars at a total length of 25m, which were com-
pletely filled with skeleton remains. The number of the skeletons was
unassessable. The structure of the part of the ossuary which was situated
under the square was stabilised and provided with supports. When the con-
struction work had been finished, the remains were returned back to the
original place; also very carefully, like our ancestors, with respect to the

intention to make this historic rarity accessible for the public.




Obr. 3 Kostnice u sv. Jakuba
Fig. 3 The ossuary at St. Jakub church

podzemnich prostor. Znovu se tak potvrzuje skuteCnost, Ze historické
podzemni stavby ukryté pod brnénskou dlazbou patif opravdu k vyjime¢nym
fenoméntm tohoto mésta. Jejich historicka i architektonickd hodnota je tak
zajimavd, Ze logicky vyustila ve snahu tyto prostory zpiistupnit pro Sirokou
vefejnost a umoznit tak nahlédnout do mist doneddvna ukrytych pod histo-
rickym jadrem Brna.

Jednim z nejzajimavéjsich objev je nélez historické kostnice u kostela sv.
Jakuba na Jakubském ndmésti. Sondou umisténou na rohu domu €. 2 v hloub-
ce asi &ty metrd byla objevena pevna cihelnd zed. Po jejim proraZeni se
z otvoru zaCaly vysypévat lidské kosterni ostatky. Stolou z vnéjsi strany
podél zdiva prazkum pokradoval smérem ke kostelu. Tam byl proveden
druhy pruraz zdi se stejnym vysledkem. Byla objevena kostnice, avsak jeji
rozsah zatim nebyl zndm. Béhem nékolika dalSich mésict probihalo postup-
né vyvazeni kosti do jinych sklepnich prostor — vSe pod dohledem archeolo-
gu. Pfed nimi se postupné, tak jak se prostor uvoliioval, objevovalo mnoho
dalgich zjiSténi. Vypln lidskych ostatki dosahoval v této kostnici aZ do
vrcholu kleneb a chodba jimi byla vyplnéna velmi peclivé. Kosti byly skla-
ddny vzdy po vrstvach — lebky, holen{ kosti, Zebra... tak, aby vyplnily pro-
stor chodby co moZnd nejvice. Byl objeven rozsahly komplex tvofeny tfemi
sklepnimi komorami v celkové délce 25 m, kompletné vyplnény dal§imi kos-
ternimi ostatky v neodhadnutelném mnozstvi. Cést kostnice, kterd byla situ-
ovédna pod ndmestim, byla staticky zajisténa a po dalSich technickych tpra-
véch zacalo uklddani vyjmutych ostatkl zpét na puvodni misto. A podle
vzoru naich predku také velmi peclivé a s ohledem na zdmér: zpiistupnit
tuto historickou zvlastnost i pro verejnost.

SKLEPENI DOMU MINCMISTRU

Dalsi zajimavy ndlez byl u¢inén v roce 1999 pii prizkumu Dominikdnské-
ho ndmésti, v mistech, kde pavodné stdval dim mincmistra Bruna a pozdé&ji
Mikulase od VéZe. Dum na rohu Panenské ulice a Rybného trhu (jak se tehdy
Dominikdnské ndm. nazyvalo) zabiral téméF tretinu celkové plochy dne$niho
ndmésti. Pravé v téchto mistech byla provedena pruzkumna Sachta, kterd odha-
lila pavodni rané gotické zdivo a porusenou klenbu s lunetami. S postupem
praci podél této zdi smérem k Nové radnici byl objeven prostor s kompletni
klenbou velkého rozpéti. Klenba dosahujici vysky 3,5 m (pfi §ifce 7 m) vSak
byla pod dlazbou ndmésti, kde stéle parkuji automobily, v hloubce pouhych 60
cm! Délka puvodniho sklepa je témér 20 m a jeho kamenné zdivo s rané barok-
ni klenbou a lunetami tvorf po vyklizeni zdsypu vpravdé monumentélni prostor.
Velikost prostoru a historickd hodnota tohoto ndlezu byla ve spolupréci s arche-
ology inspiraci k zajimavému zdméru pro jeho vyuZiti. V mist¢ ptvodniho
schodisté byla navrzena pristupova chodba napojend na suterén Nové radnice,
ktery je vzdalen pouhych 7 m. Timto zpfistupnénim vznikla mozZnost vyuzit
nalezené prostory ke zfizeni méstského lapiddria, kde by byly trvale umistény
gotické kamenné fragmenty ze zni¢ené Krdlovské kaple, kterd stéla az do roku
1908 v tesném sousedstvi mincmistrovského domu. Zdroven by mélo lapiddri-
um slouzit jako expozice Muzea brnénského podzemi pristupného Siroké verej-
nosti. Prostory byly nazvany “Sklepeni domu mincmistra” a v roce 2005 byl
cely zamér véetné expozice dokoncen.

ZELNY TRH
Ke zpfistupnéni se rovnéZ pripravuje podzemni labyrint pod Zelnym
trhem. Propojenim nékolika sklepnich komplext vznikl velmi zajimavy
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Obr. 4 Mincmistrovsky sklep, vstupni chodba pred dokonéenim sanace
Fig. 4 Master of mint’s cellar; the entrance corridor before completion

MASTER OF MINT'S CELLAR

Another interesting find was made in 1999 during the survey of Domi-
nikdnské Square, in the location where a master of mint, Bruno (later
Mikuld$ od VéZe) had in the past his house. The house on the corner of
Panenska Street and Rybny Trh (the original name of Dominikdnské Squa-
re) covered nearly a third of the overall area of the today’s square. The test
pit which was dug in this location discovered original Early Gothic
masonry and a damaged vault with lunettes. The survey continuing along
this wall toward Novd Radnice (New Town Hall) revealed a space with a
complete large-span vault. Unfortunately, the vault with the height rea-
ching 3.5m (at the span of 7m) was located just under the surface of the
square in a place permanently occupied by parking cars, at a depth of a
mere 60cm! The length of the original cellar is nearly 20m; the stone
masonry with an Early Baroque vault and lunettes created a monumental
space indeed once the backfill had been removed. The dimensions of this
space and the historic value of this find were an interesting inspiration for
the municipality co-operating with the archaeologists to utilise the space
for an interesting purpose. An access gallery connected to the basement of
the New Town Hall, which is found at a distance of a mere 7m, was desig-
ned to be in the location of the original staircase. This access allowed the
municipality to utilise the discovered spaces for permanent installation of
a stone collection consisting of Gothic stone fragments from the damaged
Royal Chapel, which stood in the close vicinity of the master of mint’s
house. At the same time, the stone collection should be utilised as an expo-
sition of the Museum of Brno Underground open to the wide public. The
spaces were named “Cellars of Master of Mint’s House”. The entire pro-
ject inclusive of the exposition was completed in 2005.

ZELNY TRH SQUARE

Another underground structure is being prepared for opening, namely
an underground labyrinth under Zelny Trh square. The very interesting
space of the former mercantile cellars, which documents the brisk trading
and marketing activities of Brno citizens continuing since the beginning of
the 13th century to our days, originated by interconnecting several cellar
complexes. The system of the cellars, which were originally utilised for
storing foodstuffs, beer and wine aging and merchandise to be sold at the
market, is very extensive and complicated. By making the cellars acces-
sible and utilising them for presentation, for instance, of the history of
viniculture or the Brno fairs, the city of Brno will obtain a new very att-
ractive historic space.

PRESENT TIME

The method of surveys which is currently utilised is based primarily on
detection of existence of historic structures under the surface of streets and
squares, town parks and courtyards and, if the relationships in the sphere
of rights in property allow it, also in basements of existing buildings. All
rehabilitation and survey activities are carried out step-wise, proceeding
from one construction block to the next. The blocks were given numbers
in compliance with a semi-finished rehabilitation programme. The sequ-
ence of the blocks being systematically surveyed also, more or less, fol-
lows the programme. The progress of the operations is co-ordinated with
the ongoing or future operations and intentions of the Brno City Hall (the
construction of primary and secondary utility tunnels, reconstruction of
individual parts of the city centre, up-building of vacancies, emergency
repairs of sunk road surface etc.).
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prostor byvalych kupeckych sklepeni dokumentujici ¢ilou obchodni a trho-
vou ¢innost Briiand jiz od 13. stoleti. Sklepy pivodné vyuZivané k uskladné-
ni potravin, zrdni piva a vina a k ukldddni zboZi ur¢eného na trh jsou velmi
rozmémé a spletité. Jejich zpristupnénim spolecné s pripadnym vyuZitim pro
prezentaci napr. historie vinafstvi a brnénskych trhu ziskd Brno i zde velmi
atraktivn{ a turisticky pfitazlivou historickou prostoru.

SOUCASNOST

Metoda prazkumt pouzivana v soucasnosti zjistuje predevsim pritomnost
historickych staveb v podloZi komunikaci ndmésti a ulic, méstskych parki
a dvort, a pokud to majetkoprdvni vztahy dovoli, také v suterénech stavaji-
cich domu. Viechny sana¢ni a prazkumné prace jsou realizovdny postupné
po jednotlivych stavebnich blocich, které byly ocislovany v souladu z roz-
pracovanym asanaénim pldnem a podle &islovéni je vice méné dodrZeno
i jejich poradi systematického pruzkumu. Postup je koordinovan s probihaji-
cimi ¢i navazujicimi pracemi a zdméry Magistrdtu mesta Brna (primdrni
i sekundérni kolektory, rekonstrukce jednotlivych Césti méstského centra,
zéstavba proluk, havérie svrsku komunikact atp.).

Pruzkumné prace probihaji v tomto poradi:

@ stavebni vyvoj — vychozi dokumentace stavebné-historického pruzkumu.
Shromazduje viechny dostupné historické i sou¢asné materidly historické-
ho jadra, se zaméfenim na parter a podzemni &4sti doma. VyuZivd veskeré
dostupné prameny, tj. staré mapy a plany mésta i jednotlivych objektu, iko-
nografii i historické fotografie. Soucdsti je také monitorovani souc¢asného
stavu suterént nynéjSich objektd, stavu komunikaci a parku, a na zdkladé
téchto poznatku doporu¢uje umisténi jednotlivych pruzkumnych sond;

@ projekt zpristupnéni a vyklizeni — dokumentace technického feSeni
a zpracovani stavebniho pruzkumu s pfesnym vyznaCenim postupu praci
pri realizaci pruzkumu a docasného zajisténi objevenych prostor. Vychdzi
ze zpracovaného stavebniho vyvoje a dopliuje ho o soucasné informace
technického charakteru (nynéjsi umisténi technickych a inZenyrskych sitf,
statickou stabilitu dot¢enych konstrukei, metodiku provadeni jednotlivych
sond, Sachet, §tol a prarazu...);

e stavebni pruzkum - realizace prizkumnych pracf v konkrétnich lokalitach
zajisténd dodavatelskymi firmami s koordinaci archeologickych a geolo-
gickych pruzkuma. Tyto prace probihaji pod stdlou kontrolou zpracovatele
projektu prizkumnych praci, nebot’ aktudlni situace pii objevovani pod-
zemnich objekti vyZaduje Casto zdsahy a zmény do pracovnich postupt.
Velmi Casto také dochdzi k rozsifeni ptvodnich pruzkumnych zdméri na
zakladé zjisténych skutecnosti. VSechny tyto prace jsou konzultovdny se sta-
vebnimi specialisty (statik, spravci inZenyrskych siti) i archeology a geology;

o stavebné-historické zhodnoceni — vyhodnoceni historické a pamétkové
hodnoty objevenych objektt véetné doporudeni pro obnovu nebo adapta-
ci prostor z hlediska pamdatkové péce. Dokumentuje pisemnou i obrazo-
vou formou dochované stavebni konstrukce, architektonické detaily
a zatazuje objekt do historickych souvislosti pivodnich stavebnich situa-
ci. Doporucuje zpusob zachovani, piipadné nového vyuzZiti objevenych
prostor a stdvé se podkladem pro nésledné stavebné-technické zajisténi
objektu;

e statické zajisténi — zpracovani dokumentace a realiza¢ni préce spojené se
zéchranou ¢i zajisténi nalezenych prostor z hlediska stavebné-technického.
Resi statické zajisténi objektu i staveb s objektem souvisejicim, zajistije
moznost vstupu, vétrani, odvlhéen, pripadné dalsich praci. Respektuje pfi-
tom puvodni historické materidly i postupy tak, aby nebyla pokud mozno
narusena historickd hodnota objektu;

@ zivéretné vyhodnoceni a dokumentace — soubor stavebnich, archeolo-
gickych a geotechnickych zprdv zkoumaného bloku s jeho vyhodnocenim

Obr. 6 Mincmistrovsky sklep pod Dominikdnskym naméstim
Fig. 6 Master of mint’s cellar under Dominikdnské square

Obr. 5 Mincmistrovsky sklep, vstupni chodba po dokonceni sanace
Fig. 5 Master of mint’s cellar; the entrance corridor after completion

The sequence of the survey operations is as follows:

e construction development — source documents of the history survey of
the structures. This operation collects all available historic and current
materials on the historic core, targeted towards the ground floor level
and underground parts of buildings. It uses all available sources, i.e. old
maps and plans of the town and individual structures, iconography and
historic photographs. Monitoring of the current condition of basements
of existing buildings and condition of roads and parks is also part of the
survey. The locations of individual survey pits is recommended on the
basis of information obtained by monitoring of the current condition of
the basements, roads and parks, which is also part of the survey.

o design for making accessible and clearing out the underground spa-
ces — documents dealing with technical solution and performance of the
structural survey with exact specification of the procedures of the sur-
vey operations and temporary stabilisation of the discovered spaces.
This operation is based on the documents produced by the above “con-
struction development”; it adds topical technical information (current
position of utilities, structural stability of structures affected by the sur-
vey, methodology of execution of individual pits, shafts, galleries and
breakthroughs, ...).

e construction survey - survey work carried out in particular locations by
contractors, in coordination with archaeological and geological surveys.
These operations are carried out under continual supervision by the aut-
hor of the design for making accessible and clearing out the underg-
round spaces because the actual situation encountered in the course of
the discoveries of underground structures often requires changes in the
work procedures. The original survey plans are often extended on the
basis of new discoveries. All of the above-mentioned operations are
consulted with building specialists (a structural engineer, administrators
of utility networks), but also with archaeologists and geologists.

o structural and historic assessment — assessments of historic and heri-
tage-related values of the discovered structures, including recommenda-
tions for renovation or adaptation of the spaces from the viewpoint of
the care of historical monuments. It documents the preserved structures,
architectural details in a written form and graphic form, and puts the
particular structure in the historic context of the original construction
layouts. It submits recommendations for the manner of preservation or
new utilisation of the discovered spaces, and becomes the source docu-
ment for subsequent stabilisation/support of the structure.

o structural stabilisation/support — development of documents and exe-
cution of the work associated with the preservation or stabilisation/sup-
port of the discovered spaces. It solves the structural stabilisation/support
of the structure proper and the associated structures, provides the possi-
bility of entry, ventilation, dehumidification and other building work
items. In doing so, it respects the original materials and procedures so
that the historic value of the structure is not corrupted, if possible.

o final evaluation and documentation — a set of construction reports,
archaeological reports and geotechnical reports on the surveyed block
with evaluation of the surveys once all of the survey operations have
been finished. The discovered structures are plotted in a historic map of
the underground, which documents all underground structures, both his-
toric and new. Individual underground structures are further incorpora-
ted into so called “passports”. The passport contains a summary of the
history and presence of the discovered structure, detailed (geodetic) sur-
vey of all spaces, documents on the actual state and recommendations
for other building work and maintenance of the structure.




Obr. 7 Podzemi pod Zelnym trhem
Fig. 7 Zelny Trh underground

po dokonceni vSech prizkumnych praci. Nalezené objekty jsou zakresle-
ny do historické mapy podzemi, kterd dokumentuje veskeré podzemni
objekty historické i soucasné. Jednotlivé podzemni objekty jsou ddle zpra-
covdvdny do tzv. pasportu, kde je shrnuta historie i soucasnost objeveného
objektu, podrobné zaméreni viech prostor, dokumentace soucasného stavu
a doporuceni pro dalsi stavebni prace a tdrzbu objektu.

METODY SANACE

Metody sanace objevenych podzemnich prostor prosly od 70. let 20. sto-
leti vyraznym kvalitativnim vyvojem. Bylo to ovlivnéno mnoha faktory —
finan¢ni naro¢nosti poéinaje pres technické a technologické problémy koor-
dinace s pokldddnim inZenyrskych siti a koncici okrajovym zdjmem prislus-
nych orgdnt pamétkové péce o jejich zachoviéni ¢i dokonce prezentaci verej-
nosti. Sanace byla provddéna metodami, které historickou hodnotu nere-
spektovaly. Ve vétSiné piipadn byla sklepeni bez dostate¢né dokumentace
zasypdvana piskem a injektovdna cementovym mlékem. Piskovy zdsyp byl
vSak po Case, vlivem proménlivého vodniho rezimu, postupné vyplaven
a kolace ztvrdlého cementového mléka zacaly pritéZovat klenbové konstruk-
ce v nove se tvoricich kaverndch. Vedlo to pouze k tomu, Ze v dnesni dobé
jsou tyto sklepni prostory znovu sanovény. Dal3{ zpusoby sana¢nich metod
reprezentuje pouZiti tzv. rubové i licové skorepiny. V piipadé pouZiti lico-
vych skorepin a metody statického zajistén{ stitkanym betonem (tzv. torkre-
tem) dochdzelo prakticky ke zniCeni veskerych historickych hodnot puvod-
nich konstrukef i architektonickych detail. K provédéni rubovych skorepin
jako jediné nedestruktivni sana¢ni metodé se pristupovalo pouze sporadicky.

V soucasné dobé, kdy se péce o historické hodnoty a zejména pak snaha
0 jejich prezentaci stala duleZitou souldsti regenerace pamétkového staveb-
niho fondu, doznaly i sanaéni metody kvalitativnich zmén. Objevené prosto-
ry jsou staticky zajiStovdny s pouzitim puvodnich materidli a dodrZenim tra-
di¢nich stavebnich postupt. Novodobé konstrukce jsou provadény s ohledem
na celkovou architektonickou koncepci predpoklddaného nového vyuziti
prostoru. DileZitym faktorem rekonstrukce podzemnich objektu je obnoven{
systému vétrani a odvlhdeni veSkerych konstrukei. V piipadé nédlezu, které
nenf mozno z nejruznéjsich pri¢in zachovat (znatné statické poruchy, mimo-
fadnd finanni &i technickd ndro¢nost oprav, nizkd stavebné-historickd hod-
nota), je pouzita k vyplnéni kaveren cementopopilkovd smes (KOPOS). Ta
umoziuje dostatenou a bezpe¢nou tinosnost v nadloZi s moZnosti opétovné-
ho vytéZeni bez destrukce puvodnich historickych konstrukei.

BUDOUCNOST

Neustdld stavebni ¢innost v bezprostiedni blizkosti historické zéstavby,
zastavovani proluk objekty s nékolikapodlaznimi suterény, renovace histo-
rickych objektl, budovani kolektort i nové dpravy povrchi ulic a namésti
zasahuji vétSinou destruktivnim zptisobem do brnénského historického pod-
zemi. Jen mald &dst objevenych prostor mé predpoklady k dalsi existenci.
Rozhoduje o ni nejen historickd hodnota, stavebnétechnicky stav a statickd
tinosnost pivodnich konstrukef, ale také moZnost realizace prijatelného vstu-
pu a pravdépodobnost dalsiho vyuziti. Presto se podafilo zachovat mnoho
cennych a zajimavych podzemnich objektu, které na svoji vhodnou prezen-
taci teprve Cekaji.

ING. ALES SVOBODA, R - atelier s. 1. 0, svobales@seznam.cz
ING. PETR MICUNEK, OHL ZS, a. s., pmicunek@ohlzs.cz
Autori fotografii: Petr Baran a Petr Francdn

Obr. 8 Podzemi pod Zelnym trhem
Fig. 8 Zelny Trh underground

REHABILITATION METHODS

The methods of rehabilitation of the discovered spaces have undergone
significant quality development since the 1970s. They were affected by
many factors — starting with the financial demands, through technical and
technological problems of co-ordination with the installation of utility net-
works and ending by insufficient interest of the relevant monument prese-
rvation authorities in preserving them or even presenting them to the pub-
lic. The rehabilitation was carried out by methods which did not respect
the historic values. In the majority of cases, the cellars were backfilled
with sand, which was injected with cement slurry. But, after some time,
the sand backfill was gradually washed away as a result of the unstable
water regime. The hardened cement slurry crust started to act as a load on
the cellar vault structures in the newly originating caverns. It resulted into
the current situation where those cellars have to be “re-rehabilitated”.
Other rehabilitation methods are represented by the application of so-cal-
led “outer shell” or “inner shell”. In the case of application of the inner
shell and the method of providing structural support by means of sprayed
concrete (shotcrete), virtually all of the historic values of the original
structures and architectural details were destroyed. The outer shell, which
is the only rehabilitation method without destructive effects, was applied
only sporadically.

At the present time, when the care of historic values and primarily the
efforts for presentation of the values have become an important part of
regeneration of the national ancient monument fund, even the refurbish-
ment methods have gone through qualitative changes. The discovered spa-
ces are being structurally stabilised using original materials and traditional
building procedures. Modern structures are being built with respect paid
to the overall architectural concept of the planned new utilisation of the
space. An important factor of rehabilitation of underground structures is
renovation of the original ventilation systems and removal of moisture
from all structures. When discoveries are made which cannot be preserved
for various reasons (serious structural defects, extraordinary financial or
technical demands of repairs, low historic values of the structures), the
caverns are backfilled with cinder concrete (KOPOS). It provides suffici-
ent and safe support in the overburden and, at the same time, re-excavati-
on is possible without damaging the original historic structures.

FUTURE

The uninterrupted building activities in close vicinity of historic buil-
dings, construction of buildings with multi-level basements in vacancies,
renovation of historic structures, construction of utility tunnels and new
pavement of streets and squares mostly have a destructive impact on the
Brno historic underground. Only a small part of the discovered spaces is
in the frame for continuing existence. The existence depends not only on
the historic value, building condition and static load capacity of the origi-
nal structures, but also on the possibility of construction of an acceptable
entrance and probability of future utilisation. Despite this fact, many valu-
able and interesting underground structures were successfully saved which
have not been presented to the public yet.

ING.ALES SVOBODA, R - atelier s. r. 0, svobales@seznam.cz
ING. PETR MICUNEK, OHL Z8S, a. 5., pmicunek@ohlzs.cz
Photo: Petr Baran a Petr Francdn
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TuNel

REKONSTRUKCE KANALIZACNIHO SBERACE ,.C, V BRATISLAVE
RECONSTRUCTION OF THE TRUNK SEWER ,.C" IN BRATISLAVA

MIROSLAV JAROLIM, KAZIMIR KRAINA, MARIAN ORAVEC

uvob

Hlavni kanaliza¢ni sbéra¢ ,,C*“ DN 2600/1650 je soucasti sousta-
vy pro likvidaci odpadnich vod v Bratislavé. V tseku mezi ulicemi
Vajnorskd a Roznavskd podél ulice TomdSikovej je sbéral jiz
v nevyhovujicim technickém stavu, nevyhovuje kapacitné a i jeho
situovani je v Casti trasy nevhodné. Problém kapacity existujictho
dseku sbérace ,,C* se nedal resit jen rekonstrukci, proto souddsti dila
je inovd vétev ,,C-C“. Nové zfizovany tsek bude navic respektovat
investice do vystavby aredld privdtnich investorl, vystavbu autobu-
sové stanice pred ZelezniCn{ stanici Bratislava — Nové Mesto a dals{
zastavéni uzemni lokality.

Zakladni udaje stavby:

Objednatel Bratislavskd vodarenska spolo¢nost, a. s.,
Bratislava

Zhotovitel Zdruzenie ,,Zbera¢ C-SKANSKA*“

Podzhotovitel OHL ZS, a. s.

Projektant Hydroteam, spol. s r. o., Bratislava

Nazev stavby Rekonstrukcia kanalizacného zberaca ,,C*

Misto stavby Bratislava III — Nové Mesto
Zahajeni stavby  21.4.2006
Ukonceni stavby  31. 8. 2007

Stavajici kanaliza¢ni sbéra¢ ,,C* DN 2600/1650 prochdzi od ulice
Vajnorskd pod zelenou plochou pfi Zelezni¢ni trati Bratislava — Nové
Zamky, ddle pred budovu stanice ZSR Nové Mésto a pokraluje pod
aredlem posty, kde se opét primykd k Zelezni¢ni trati aZ do $achty S17
na Roznavské ulici. Délka tohoto tseku je 1148 m.

Vystavba nového sbérace ,,C-C* DN 2000 v délce 1305 m je navr-
Zena protlaCovdnim ocelové chranicky — trouby 2350 x 25 mm po
dsecich asi 50 m a ndsledné vtahovanim sklolamindtové trouby DN
2000 SN 2500. Meziprostor je zaplnén betonovou smési B15. Cést

Obr. 1 Tlaénd stanice na dné stavebni jamy
Fig. I The jacking station

INTRODUCTION

The main DN 2600/1650 trunk sewer ,,C* is part of the sewage dis-
posal system in Bratislava. The structural condition of the section of
the sewer between Vajnorska and Roznavskad Streets, along Tomasiko-
va Street, is poor; it is inadequate in terms of capacity and of the situ-
ation of a part of the alignment. The problem of capacity of the exis-
ting section of the trunk sewer “C” could not be solved by means of
reconstruction. For that reason a new branch denominated the “C-C”
was designed. In addition, the newly built section will respect private
development investments, development of a bus station in front of the
Bratislava — Nové Mesto station and other development activities in
the location.

Basic data on the construction:

Employer Bratislavska vodarenska spolo¢nost’, a.s.
Bratislava

Contractor Zdruzenie ,,Zbera¢ C-SKANSKA*

Sub-contractor OHL 7S as.

Designer Hydroteam spol. s r.0. Bratislava
Reconstruction of the trunk sewer “C”
Bratislava III — Nové Mesto

Project commencement 21. 4. 2006

31.8.2007

Project name
Project location

Project completion

The existing DN 2600/1650 trunk sewer “C” passes from Vaj-
norskd Street, under a green area along the railway line Bratislava
— Nové Zamky, further in front of the building of the station ZSR
Nové Mesto and continues under the grounds of a post office,
where it returns back to continue along the railway route, up to the
S16 shaft in Roznavské Street. The length of this section amounts
to 1148m.

The construction of the new trunk sewer section, the DN2000
“C-C” branch at a length of 1305m, is designed to be carried out
by jacking a 2350x25mm steel casing pipe, as a sequence of about
50m long sections, with each section provided with DN 2000 SN
2500 glass fibre reinforced plastic pipe pulled inside after the par-
ticular jacking step. The annulus is filled with B15-grade concre-
te. Part of the trunk sewer must be built by means of a traditional
mined gallery because of collisions with existing utilities. The
reconstruction of the DN 2600/1650 trunk sewer “C” will be car-
ried out by pulling new DN 1400 pipes inside the original trunk
sewer from starting shafts provided in the locations of the original
shafts.

The depth of the longitudinal alignment of the bottom of the
sewer ranges from 4.75 to 6.67m.

With respect to the prescribed technique and the deadline for
completion, the contractor decided to deploy three jacking sets for
the works. Two sets were provided by Skanska and OHL ZS
brought one set.

CHARACTERISTIC OF THE CONSTRUCTION AREA

From the morphological point of view, the area is found at the
southeastern foot of the Malé Karpaty (Little Carpathians) moun-
tain range, where the mountains pass to Danube Lowland. Accor-
ding to the completed geological investigation, major part of the
excavation profile consists of granular sandy gravel and dense
sand or argillaceous sand (in the upper part of the profile). In the
bottom part, which rests on stiff clay existing at the depths of 14m
and lower, there are medium grained gravels to coarsely grained




Obr. 2 Ocelovd chrdnicka a ¢elo protlaku
Fig. 2 The steel casing pipe and front end of the pipe jack

sbérace je tieba z duvodu kolize se stdvajicimi inZenyrskymi sitémi
realizovat klasickou Stolou.

Rekonstrukce sbérace ,,C* DN 2600/1650 probéhne vtahovanim
novych trub DN 1400 ze startovacich jam v mistech pavodnich
Sachet do pivodniho sbérace.

Niveleta dna sbérace se pohybuje v rozmezi 4,75 — 6,67 m pod
terénem.

Vzhledem k predepsané technologii a terminu ukonceni stavby se
zhotovitel rozhodl, Ze na cely objekt nasadi tfi protlaCeci soupravy.
Dvé soupravy nasadila Skanska a jednu soupravu OHL ZS.

CHARAKTERISTIKA UZEMI STAVBY

Z geomorfologického hlediska se izemi stavby nachdzi na jiho-
vychodnim tpati Malych Karpat, kde tyto prechédzeji do Podunajské
niZiny. Dle provedeného geologického pruzkumu se ve vEt§iné pro-
filu razby nachdzi pisCity §térk zrnity, ulehly, resp. v horni ¢asti pro-
filu hlinity pisek. Ze spodni ¢asti, jejimZ podkladem jsou tuhé jily
v hloubkdch od 14 m, vystupuji Stérky stfedné- a hrubozrnné
s valouny 10 — 14 cm. Hladina podzemni vody je ustdlend v hloub-
ce 5 — 5,6 m pod terénem. Dle pozorovani Slovenského hydromete-
orologického tistavu (SHMU) se sez6nné zvySuje aZ o cca 2 m. Rea-
lizaCni préice probihaji za pritomnosti podzemni vody ve vétSiné
razeného profilu. NavrZzenou technologii md byt minimalizovdno
Cerpani podzemni vody i rozsah vykopovych praci v dispozi¢né
omezeném prostoru stavenisté. Soucasné se eliminuje moznost sedd-
ni terénu ve vazbée na okolni vystavbu.

TECHNOLOGIE

Stabilita stavebnich jam je se zietelem na dané hydrogeologické
podminky zabezpelena predraZenymi Stétovnicemi Larsen III N
v kombinaci s rozpérnymi rdmy, ¢imzZ se vyznamné snizilo mnoZstvi
Cerpanych vod a zdroven se zabrdnilo i vymyvéni drobnych &éstic
a sufézi. Dna jam jsou opatfena vrstvou monolitického betonu
z divodu uzavieni pritoku ze spodni Cdsti a zdroven i montaZe stroj-
niho zafizeni do jam.

K realizaci protlaku ocelovych trub 2350/25 mm byla vybrdna
protlaceci souprava eského vyrobce ZSZT 1,7/ING, jeZ byla upra-
vena na moZnost zatlaovéni trub o praméru nad 2 m. Hlavnf tlac¢-
nou stanici tvori 12 kust pifimocarych hydromotora, které pracuji
s tlakem 16 MPa. Hmotnost HTS je celkem 19 000 kg, z toho hmot-
nost tlaéného suportu 8000kg. Hydraulick4 stanice typu HS-09-80 je
situovand na povrchu u startovaci jamy. Zajimavy je i nizky prikon
soupravy 5,5 kW. Pri realizaci bylo dosahovéno tla¢né sily 6000 kN.
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gravels with boulders the sizes of 10-14cm. According to obse-
rvations by the Slovakian Hydrometeorological Institute, the
ground water level seasonally rises even by more than two meters.
The pipe jacking is carried out in the presence of ground water in
the greater part of the excavated cross section. The proposed tech-
nique is expected to minimise the need for pumping water as well
as the extent of earthmoving operations in the constrained site
conditions. At the same time, it eliminates the possibility of the
ground surface settlement in respect of the buildings existing in
the vicinity.

CONSTRUCTION TECHNIQUE

Stability of the construction trenches is provided, with respect
to the given hydrogeological conditions, by Larsen III N sheet
piles combined with bracing frames; this system allowed signifi-
cant reduction of the volume of pumped water and, in the same
time, prevented washout of small particles and underground ero-
sion. The bottoms of the pits are covered with cast-in-situ concre-
te so that inflows from the floor are sealed and assembly of the
equipment in the pits is possible. .

A 1.7/IGN jacking set manufactured by SZZT, a Czech Repub-
lic-based company, was selected for the jacking of the
2350/25mm steel pipes. The jacking set was modified to be capa-
ble of jacking pipes over 2m in diameter. The main jacking stati-
on (MJS) consists of twelve linear hydraulic motors, which work
with a pressure of 16MPa. The total MJS weight amounts to
19,000kg, 8,000kg of that is the weight of the thrust carriage. A
HS-09-80 hydraulic station is located on the surface, beside the
starting pit. The low input of the set of 5.5MW is also interesting.
The thrust achieved in the course of the pipe jacking amounted to
6000kN. The jacking set allows the operations to advance in
three-metre steps; the joints of the steel pipes were rigid, welded
around the whole circumference. Thus ground water was preven-
ted from penetrating inside the pipeline. Because of the impossi-
bility of controlling the jacking direction (the jacking set was
unsteerable), the jacking operations encountered complications
regarding maintaining the line and level of the pipe jack. The
crews, despite the fact that they were very experienced, were not
able to carry out the about 50m long stretch with the designed
horizontal and vertical alignment maintained. The result was
always the same: the pipe jack length remained unfinished and
a counter-heading using traditional methods was applied as a sub-
stitute solution. The daily advance rate of 3.0m (0.375m per

Obr. 3 Rozhrani protlaku a klasické Stoly
Fig. 3 The interface between between the pipe jack and traditional
tunnel
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Obr. 4 Sklolamindtovd trouba DN 2000 v ocelové chrdniéce — zavdzeci viiz
Fig. 4 A GRP pipe DN 2000 in the steel casing pipe — the carriage

Protld¢eci souprava umoznuje realizovat prace v tifmetrovych kro-
cich, kdy spoje ocelovych trub byly provedeny jako tuhé, svarované
s celoobvodovym svarem. Tim bylo zabrafovano vstupu podzemni
vody do provadéného dila. V prubéhu realizace protlaku dochdzelo
vzhledem k nemoZnosti ovliviiovat smér protld¢eni (protldceci sou-
prava je nefiditelnd) ke komplikacim v dodrZeni sméru a nivelety.
Osddky, a¢ velmi zkuSené, nebyly schopny provést cca 50 m dlouhy
protlak v daném sméru a niveleté na plnou délku v parametrech
danych projektovou dokumentaci. Vysledkem bylo vzdy nedokon-
Cenf protlacovan{ predmétného tseku a nahradni feSeni protirazbou
klasickou metodou. Denni postup pfi realizaci ¢inil 3 m (0,375
m/osobu a sménu).

K zajisténi dodrZeni smérovych a vyskovych parametru vedeni
protlaku bylo pfijato n&kolik opatfeni. Reznd hrana ocelového potru-
bi byla opatfena specidlnim predstitkem, ktery zabezpecil moznost
rektifikace korekce sméru osddkou. Tlacené trouby nebyly vafeny
celoobvodové, nybrz bylo vytvofeno jejich ,.kloubové“ spojeni.
Vzéjemnd souvislost byla zabezpeCovédna kluznymi prekryvacimi
prilozkami z ocelové pdsoviny prstencové rozmisténymi ve spoji
ocelovych trub. Problém s vnikdnim spodni vody tupymi spoji do
dila byl vyfeSen pomoci hydrovrtd snizenim hladiny podzemni
vody. Navrzenou zménou technologie bylo dosaZeno moZnosti
korekce vedeni protlaku a bezproblémového dodrZeni parametra
dila. Nadile bylo dosahovadno denniho postupu 3 m. Zdlouhavé sva-
fe¢ské prace po vnéj§im obvodé ocelovych trub v prostoru jamy
byly nahrazeny men§im poctem svaru uvnitf trub, oviem s negativ-
nim ¢asovym dopadem na proluky v odtéZovéani. Produktivita se
v§ak zvysila na 0,5 m/osobu a smeénu.

ZAVER

Variantnim feSenim raZeb by bylo i pouZiti tunelovaciho razictho
stroje, coZ by vzhledem k délce nového kanalizaniho sbérace bylo
progresivni. Tato varianta vSak byla zamitnuta vzhledem k pudorys-
nym poméram sbérafe a ddle z duvodu kolizi se soucasnymi, pro
mesto nedotknutelnymi, inZenyrskymi sitémi. Niz$i postupy pii
aplikaci tuzemského protlacovaciho zafizeni byly kompenzovany
otevienim vice pracovist z budoucich kanaliza¢nich Sachet.

Clének se nezabyva vyspélymi technologiemi, které vstupuji do
vnimdni naSich technikd a inZenyra a které jsou v Casovém hledisku
stdle dostupnéjsi, snazi se vyjadrit skute¢nost, kdy v souCasné dyna-
micky se rozvijejici spoleCnosti je nékdy ucelné vritit se o pér let
zpét a pri implementaci novych poznatkii novelizovat a prolongovat
tradi¢ni overend feseni.
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ING. KAZIMIR KRAINA, OHL 7S, a. s., Brno,
MARIAN ORAVEC, marian.oravec@skanska.sk,
SKANSKA BS, a. s., Prievidza

Obr. 5 Pohled na cdst hotového dila
Fig. 5 A view of a part of the complete work

person and shift) was achieved during the jacking operations.
Several measures were adopted with the aim of maintaining the
designed line and level. The cutting edge of the pipe was provided
with a special pre-shield, which allowed the crew to rectify the
direction. The pipes were not joined by welds along the whole cir-
cumference, thus a kind of articulated joints was created. Conti-
nuity of the pipeline being jacked was provided by internal sliding
rings covering the joints of the pipes. The problem of water lea-
king through the butt joints inside the pipeline was solved by
lowering the water table by means of well points. Owing to the
proposed modification of the technique, the correction of the line
and level of the pipeline during the jacking became possible and
the works parameters were maintained without problems. The
advance rate of 3.0m per day was a commonplace from then on.
The lengthy welding operation carried out on the outer surface of
the pipes in the starting pit was replaced with a smaller number of
welds carried out inside the pipeline; although with a negative
impact on the time because the mucking out had to be interrupted.
On the other hand, the productivity increased to 0.5m per person
and shift.

CONCLUSION

Utilisation of a TBM existed as a variant of the excavation tech-
nique, which would have been progressive considering the length
of the new trunk sewer. This variant, however, was rejected with
respect to the ground plan conditions of the sewer and because of
collisions with existing utility networks (in the section where the
traditional mining method was utilised) which were untouchable
for the municipality. The lower advance rates at the utilisation of
domestic pipe jacking sets were compensated for through opening
more working places in the locations of future manholes.

This paper does not deal with state-of-the-art techniques,
which have begun to be perceived by our technicians and engine-
ers and which are more and more easily accessible in terms of
time. It tries to express the fact that it is sometimes reasonable
even in the today’s situation of our dynamically developing so-
ciety to return several years back and innovate and prolong tradi-
tional proven solutions, concurrently with implementation of new
knowledge.

ING. MIROSLAV JAROLIM, mjarolim@ohlzs.cz,
ING. KAZIMIR KRAINA, OHL ZS, a. s., Brno,
MARIAN ORAVEC, marian.oravec@skanska.sk,
SKANSKA BS, a. s., Prievidza
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VYZNAM REALIZACIE PRIESKUMNEJ STOLNE PRE TUNEL VISNOVE

THE IMPORTANCE OF THE EXPLORATION GALLERY
DRIVEN FOR THE VISNOVE TUNNEL

ANTONIN MATEJCEK, JULIUS BOHYNIK

PRIRODNE A GEOLOGICKE POMERY

Tunel Visnové je sticastou dialni¢ného tseku D1 Lietavska Liicka —
Turany a po vybudovani bude svojou dlzkou 7 404 km najdlhSim tune-
lom slovenskej dialni¢nej siete. So zretelom na jeho dlzku, nidrocné
geomorfologické pomery tzemia Malej Fatry v jeho koridore
(obr. 1, 3), nebolo mozné realizovat’ prieskum Ziadnou inou metédou
ako prieskumnou §tdlnou.

Vyvoj hodnotenia horninového masivu v koridore tunela Visnové je
viazany na zmeny koncepcie situovania trasy dialnice v etapdch inZi-
nierskogeologickych Stidii pred a v etape hodnotenia vplyvov na
zivotné prostredie v rokoch 1995-1997. Na zdklade vysledkov hodno-
tenia bol odporticany tunelovy variant A v severnej Casti koridoru
tunela (obr. 2).

V rokoch 1997-1998 bol realizovany orientacny inZinierskogeologic-
ky prieskum (1) v spolupréci so spolocnostou GEOFOS, s. r. 0., Zilina.
Pri prieskume boli vyuzité tak metédy geofyzikalneho a vrtného priesku-
mu, ako aj zhodnotenia koridoru s vyuzitim terénnych inZinierskogeolo-
gickych metdd s vypracovanim progndzy inZinierskogeologickych, geo-
technickych a hydrogeologickych pomerov v zmysle metodiky normy
Sial98. Vyraznou zmenou v priprave tunela v tejto etape prac bol navrh
a projekéné prijatie zmeny smerového vedenia trasy tunela zo severnej do
juznej Casti koridoru pre prognézu priaznivejsich pomerov tohto variantu.
Zmena bola realizovand uz v priebehu etapy orienta¢ného prieskumu.

Komplexné zhodnotenie inZinierskogeologickych pomerov v etape
realizécie prieskumnych prac bolo spracované ¢iastkovymi zdvere¢ny-
mi pracami €. 1 az €. 7 a zdvere¢nou spravou v 12/2002 (3).

Na zdklade vysledkov doteraz vyrazenych tsekov prieskumnej $tol-
ne si geologickd stavba, ale najmi tektonicky vyvoj dzemia velmi
komplikované s vyraznym dosahom na kvalitu a heterogenitu horni-
nového masivu. Horninovy masiv Malej Fatry, v ktorej je situovany
koridor tunela, bol postihnuty deformdciami v etape herzynskej, alpin-
skej tektoniky a v etape neotektonického vyvoja. Na zdklade analyz
vyvoja masivu, najmé najmladsich etdp, bolo mozné vysvetlit hetero-
genitu geotechnickych pomerov, ale najmi zlozitost'a aktivitu hydro-
geologickych pomerov, najmé v zénach s extenznym vyvojom.

V zmysle regiondlneho geomorfologického ¢lenenia Slovenska je
tizemie v useku dialnice D1 Vi$nové — Dubnd Skala stcastou Fatran-
sko-tatranskej oblasti. Mas{v zo strany Visnového (zdpadny portél)
patri do celku Zilinskej kotliny. Masiv Malej Fatry je stcastou celku
Mala Fatra, podcelku Licanskd Fatra, oddielu Lucanské Veterné hole.
Vychodny portél leZi na rozhrani celku Turcianska kotlina, podcelku
Turcianske nivy.

Obr. 1 Morfologicka Clenitost’severnej casti Lucanskej Malej Fatry v korido-
re tunela Vistiové
Fig. 1 Dissected topography of the northern part of the Liicanskd Mald Fatra

in Vistiové tunnel corridor

NATURAL AND GEOLOGICAL CONDITIONS

The Visnové tunnel is part of the D1 motorway section between Lie-
tavskd Lucka and Turany. Once the tunnel is completed, its length of
7.404km will make it the longest tunnel within the Slovakian motor-
way network. Because of its length and difficult geomorphological
conditions of the area of the Mald Fatra mountain range through which
the tunnel corridor passes (see Figures 1 and 3), no survey method was
possible other than an exploration gallery.

The development of the assessment of the rock mass in the corridor of
the Visnové tunnel is associated with changes in the concept of the
motorway alignment in the stages of engineering geological studies
before and during the environmental impacts analysis in the years 1995-
1997. The results of the analysis led to a recommendation to use the tun-
nel variant A in the northern part of the tunnel corridor (see Fig. 2).

In 1997-1998, an orientation engineering geological survey (1) was
carried out in co-operation with GEOFOS s.r.0. Zilina. The survey was
performed using both geophysical and drilling methods and an assess-
ment of the corridor by means of field engineering geological met-
hods, resulting in a prognosis for engineering geological, geotechnical
and hydrogeological conditions, which were carried out according to
the principles required by the Sial98 standard. In this stage of the
work, a substantial change in the preparation of the tunnel was brought
about by a proposal, which was accepted, for a change in the tunnel
alignment design. The horizontal alignment was relocated from the
northern part of the corridor to the south because of a prognosis of bet-
ter geotechnical conditions for this variant. The change was imple-
mented as early as the stage of the orientation survey.

A comprehensive assessment of the engineering geological conditi-
ons in the stage of the survey operations was developed in partial clo-
sing studies No. 1 through No. 7 and the final report in December 2002
(3). The results of the assessment of the till now completed sections of
the exploration gallery show that the geological structure, but mainly
the tectonic history of the area, is very complicated, with a significant
impact on quality and heterogeneity of the rock mass.

In terms of the regional geomorphological division of Slovakia, the
area along the Visnové — Dubnd Skala section of the D1 motorway is
part of the Fatra-Tatra region. The massif from the Visniové side (the
western portal) is part of the Zilina basin. The Mald Fatra massif is part
of the Mald Fatra unit, sub-unit Lic¢anskd Fatra, section Liucanskd
Vetrnd Hola. The eastern portal lies at the boundary of the Tur¢ianska
basin unit and Turcianska flood plain.

In terms of seismism in the meaning of STN 73 0036 Seismic Acti-
on on Structures (09.1997), the area in question is found in a source
area of seismic risk 2. The closest earthquake registered in the history
occurred in Zilina, in the region of Minol¢a. The basic seismic accele-

ration for this region is o,=1,0 m.s2.

THE BASIC CHARACTERISTIC OF THE EXPLORATION GALLE-
RY AND VISNOVE TUNNEL

The Visnové tunnel is designed within the corridor of the motorway
route as a twin-tube tunnel, with the southern tunnel tube (STT) and
northern tunnel tube (NTT). The 7480.23m long exploration gallery
was driven with the aim of verifying the basic engineering geological
conditions. The gallery was driven from 11/1998 to 08/2002. Part of
the works was the excavation of a dismantling chamber (DM) for the
purpose of dismantling a tunnel boring machine, which was carried out
from 09/2002 to 11/2002. In the first stage of the works, after comple-
tion of cross passages, the exploration gallery will be used as an esca-
pe gallery for the previously completed STT (2).
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Z hladiska seizmicity v zmysle STN 73 0036, Seizmické zatazenie
stavieb (09.1997), sa predmetné tizemie nachddza v zdrojovej oblasti
seizmického rizika 2. NajbliZSie historicky zaznamenané zemetrasenie
bolo zaznamenané v Ziline, v oblasti Min&ola. Zakladné seizmické
zrychlenie pre tito oblast’je 0=1,0 m.s.

ZAKLADNA CHARAKTERISTIKA PRIESKUMNE)J STOLNE
A TUNELA VISNOVE

Tunel Visnové je projektovany v koridore trasy dialnice ako dvojri-
rovy, s juznou tunelovou rirou (JTR) a severnou tunelovou rirou
(STR). Pre overenie zdkladnych inZinierskogeologickych pomerov
bola v JTR realizovand prieskumnd $tolnia s dlzkou 7 480,23 m. Pries-
kumn4 $tolna bola razend od 11/1998 do 8/2002. Stcastou prac bolo
aj vyrazenie demontdznej komory (DM) pre tcely demontéZe raziace-
ho stroja, ktord prebehla v obdobi 9/2002—-11/2002. Prieskumna §t6lna
v prvej etape prac po uprave a vybudovani prepojovacich chodieb
bude slizit’ ako dnikovd $tolnia pre skor vybudovani STR (2).

METODIKA KOMPLEXNEHO HODNOTENIA
GEOTECHNICKYCH POMEROV

Pre ucely komplexného hodnotenia geotechnickych pomerov bol
horninovy masiv roz¢leneny v hierarchickych rovinich na nasledovné
typy, bloky a tseky a s rovnakymi vlastnostami:

1) litologické typy v zmysle zdkladného geologického c¢lenenia,

2) inzinierskogeologické a geotechnické typy (ig, gt typ) hornin

z hladiska Specifikdcie geotechnickych vlastnosti,

3) kvazihomogénne bloky,

4) geotechnické dseky.

Litologické typy reprezentuji zdkladné stratigrafické clenenie.
Podla ¢lenenie v zmysle regiondlnej inZinierskogeologickej klasifika-
cie Slovenska je tunel situovany v regidne jadrovych pohori, v oblas-
ti vysokych pohori — Mald Fatra a v regione tektonickych vkleslin
s oblastami vniitrohorskych kotlin tektonického povodu, Zilinskou
a Tur¢ianskou kotlinou.

Na zdklade doterajSich prac horninovy masiv je budovany forma-
ciami hornin:

® flySovej formacie zastipenej ilovcovym komplexom centrdlno-

karpatského paleogénu,

® pestrou pieskovcovo-slienovcovo-viapencovou formaciou kom-

plexu vrchného triasu a spodnej jury (lias),

® vapencovo-dolomitickej formacie, zastipenej komplexom tria-

sovych karbonatickych hornin kriznanského prikrovu Malej Fatry
v zdpadnej Casti trasy tunela,

® spodnou terigénnou formaciou spodného triasu obalovej, malo-

fatranskej jednotky,

® formaciou variskych granitoidov, ktord je reprezentovand

jadrom Malej Fatry.

(Viz tab. I na str. 14)

Razené tseky prieskumnej Stolne boli s postupom razenia, samo-
statne od ZP aj od VP, roz¢lenené podla zastipenia ig a gt typov, tek-
tonickych a hydrogeologickych pomerov do kvazihomogénnych blo-
kov. Bloky uZ charakterizovali prevlddajice geotechnické podmienky
razenia vyjadrené priradenymi technologickymi triedami v zmysle
NRTM a TBM. Kritéria zaclenenia razenych tsekov do tried zodpo-
vedali podkladom DSN, resp. boli v iseku TBM na zdklade mozZnosti
hodnotenia prispésobené objektivnym podmienkam (upravend
Sial98). .

V tseku razenom zo ZP bolo v celej dlzke vyclenenych 33 zdklad-
nych blokov s oznacenim Z1-33, s 80 podblokmi. V dseku razenom
z VP bolo vyclenenych 46 zdkladnych blokov s oznaenim V1-46,
s 112 vy€lenenymi podblokmi. Celkom v masive $t6lne bolo vyclene-
nych 192 kvazihomogénnych blokov. Stélna bola aj ¢lenend na tseky
podla triedy razenia. V celkovej dlzke §tdlne 7 480,3 m sa trieda zme-
nila 311 x. Pocet vyclenenych dsekov poukazuje na vyrazni hetero-
genitu horninového masivu. V kazdom tseku so zmenou zatriedenia
bol charakteru masivu prispdsobeny rozsah a druh vystrojovacich prv-
kov na zabezpecenie stability vyrubu.

Pre dcely optimdlneho ¢lenenia masivu pri raziacich pracach tunela
bol horninovy masiv roz¢leneny na geotechnické dseky. V masive
tunela Visnové bolo celkom vyclenenych 7 typov geotechnickych tdse-
kov 1-2-3-4-5-6a-6b. Pri roz¢leneni boli zohladnené zastipenie pred-
pokladanych ig a gt typov, najmé zo skupiny nepriaznivych, so zohlad-
nenim geotechnickych vlastnosti s interpretdciou moZzZnosti vyskytu
nepriaznivych geotechnickych pomerov.
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Obr. 2 Variantné rieSenia trasy dialhice v etape hodnotenia EIA
Fig. 2 A design variant of the motorway alignment in the EIA stage

THE METHODOLOGY FOR COMPREHENSIVE ASSESSMENT
OF GEOTECHNICAL CONDITIONS

The rock mass was divided for the purpose of the comprehensive
assessment of geotechnical parameters in hierarchic levels into the fol-
lowing types, blocks and sections with identical properties:

1) lithological types in the meaning of the basic geological classifi-

cation,

2) engineering geological and geotechnical types (eg, gt types) of

rock from the aspect of specification of geotechnical properties,

3) quasi-homogeneous blocks,

4) geotechnical sections.

The lithological types represent the basic stratigraphic categorisati-
on. In terms of the regional engineering geological classification of
Slovakia, the tunnel is located in a region of core mountain ranges, in
an area of high mountain ranges (the Mald Fatra) and in a region of
trough faults with areas of intramount basins of tectonic origin (Zilina
and Turciany basins).

According to the existing documents, the rock mass consists of the
following rock formations:

® a flysh formation, which is represented by a clay complex of the
central Carpathian Palacogene,

® a variable sandstone-marlstone-limestone formation of the
Upper Triassic and Lower Jurassic (lias) complex

® limestone-dolomitic formation, which is represented by a com-
plex of the Triassic carbonate rock of the Kriziany nape of the
Mal4 Fatra

® a lower terigene formation of the Lower Triassic of the nappe of
the Mald Fatra unit,

® a Variscan granitoide formation, which is represented by the
core of the Mala Fatra.

(See table 1 on page 15)

The mined sections of the exploration gallery were divided with the
advancing heading, separately for the headings from the WP and EP,
according to the proportions of the eg and gt types and the tectonic and
hydrogeological conditions, into quasi-homogeneous blocks. The
blocks already characterised the prevailing geotechnical conditions of
excavation expressed by the excavation support classes specified for
the NATM and TBM application. The criteria for the classification of
the mined sections corresponded to the final design or, in the TBM sec-
tion, were adapted to objective conditions where the assessments allo-
wed it (amended Sial98).

There were 33 basic blocks determined within the whole length of
the section driven from the WP. The blocks were marked W1-33; they
consisted of 80 sub-blocks. There were 46 basic blocks determined in
the section driven from the EP, marked E1-46, with 112 determined
sub-blocks. In total, there were 192 quasi-homogeneous blocks deter-
mined in the massif passed through by the gallery. In addition, the gal-
lery was divided into sections according to the excavation classes. The
class changed three hundred eleven times along the total length of the
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LITOLOGICKA NEROVNORODOST HORNINOVEHO MASIVU PRIESKUMNEJ STOLNE
(JUZNEJ TUNELOVEJ RURY) SO ZAKLADNYMI GEOTECHNICKYMI UDAJMI

Vy¢lenenie dseku Pevnost’v . P Modul
v absolitnom DIzka L prostom Uh(t)ll_ev]:?;tor;leho deformacie
staniceni JTR Geologicky vek Dol';ltl;:;'; ce InZinierskogeologicka charakteristika tlaku o, in situ
od do (m) (Mpa) ©) (Mpa)

CENTRALNO - KARPATSKY PALEOGEN
ilovec pies¢ity, laminovany az
Ipz, Ipn, Iptp tenkodoskovity s polohami siltovcov
1000 1115 115 b paleogén - 4-20 18 - 30 12-45
utiansky vyvoj
Pz Pn. Pt pieskovec, lokdlnec drobnozrnny zlepenec,
> 1, ELp doskovity az lavicovity
1115 2399 1284 MEZOZOIKUM - fatrikum - krizianska tektonicka jednotka
Bstp slienité bridlice, tmavosivej az Ciernej,
lias - zbridli¢natené |, kunerddsky zlom*
allgiuské vrstvy V. ilovité vapence ,typ fleckenmergel®,
1115 1258 441 stp ,kunerddsky zlom* - budinované 25 - 60 30 - 32 100 - 800
vrchny trias rét piescité vapence, so zastipenim v budinich
(kontaknd z6na) Vptp, Brtp (tét) a bridlic - tzke zony
vapenec gutensteinského typu, doskovity az
Vez, Ven, Vetp lavicovity, lok. kras
30 - 100 36 - 48 300-1000

. B dolomit tenkodoskovity az masivny, polohy
1258 1780 500 stredny az vrchny Dz, Dn, Db, Dtp brekciovitych dolomitov

trias (necleneny)

karbonatické ilovce - karbonaticky
Iktp kataklazit, drvené dolomity s ilovitou 10 - 30 20 - 36 100 - 500
vypliiou a sadrovcom

vapenec doskovity az lavicovity,

Ven, Vatp s z6nami klivazi a zon brekcif
dolomit, tenkodoskovity, ojedinele az
Dn, Dtp lavicovity, v poruchdch az zvetrany — Dz
stredny az vrchny podobne ako vdpence Vgz - Vz.
1780 2346 566 trias (necleneny) 30 — 100 30-52 300 - 4 000
Bk brekcia karbonaticka, hrdzavozlta,
s roznym stupnom litifikdcie
TB tektonicka brekcia — vSeobecne
kataklazit regio- ot . sl P .
2346 | 2381 35 nélneho charakte-ru Bk kataklazit zemitého charakteru s dlomkami | 1 _ 49 30 - 34 100 - 500
- necleneny

MEZOZOIKUM - tatrikum - malofatranska (obalova) tektonicka jednotka

Batp kremity pieskovec aZ kremenec,
d brekciovity, kataklazovany

2381 2399 18 spodny irias bridlica flovita, cervenofialova, 20 - 50 35-40 300 - 800
Brn, Brtp p
kataklazovand
2399 8480 6081 PALEOZOIKUM - Krystalinikum
Gkn tektonickd melange, usmernene;j,

Smuhovitej textiry s budinami hornin

KeyStalinikum- mylonitizovany granitoid charakteru

2399 2890 5289 ystaiin . BrGtp krystalickych bridlic, Ciernej farby, 10 - 70 34-48 300 - 2400
mylonitizované ’ ety . -

vyraznej bridli¢natej textiry

granitoidny blastomylonit, usmernenej

brmylGn, ’ ; bl ” .
textdry, lokdlne zbridli¢-nateny s polohami
brmylGtp keyst. bridlic
granitoid prevaine litového typu,
Gz, Gn, Gtp v§esmernej, nerovnomerne zrnitej,
granitickej textdry
bGn biotiticky granodiorit, chloritizovany,

epidotizovany, vSesmernej textdry

porfyricky granitoid, ruzovosivy,

2890 | 8480 5590 kryStalinikum pGn, pGp s porfyrickymi vyrastlicami K. Fiveov, 10 - 130 30 - 52 50 - 10000
lokdlne s prechodom do pegmatitoidov
hGn, hGtp hybridny granitoi[de,xirl?rz;vosivy, usmernenej
itizovand rula az mi tit
MGn, MGtp usmernenej az paskovanej textiry, ostro
ohranicené resty
L lamprofyr, zeleny az tmavozeleny
Tabulka 1
Vyssie definované ¢lenenie bolo mozné na zaklade komplexného zhod- gallery of 7480.3m. The number of the determined sections proves the
notenia  geologickotektonickych, inZinierskogeologickych, geotechnic- significant heterogeneity of the rock massif. The scope of the excava-
kych a hydrogeologickych vlastnosti, so zhodnotenim masivu v klasifi- tion support and the amount and types of the support elements were
ka¢nych systémoch podla RQD, ONORM B 2203, Sia 198, QTS, s vyjad- adjusted in each section with the changing class, according to the cha-
renim technologickych tried NRTM pre profil prieskumnej §tlne a profil racter of the rock mass.
tunela v komplexnych grafickych vystupoch, v 100 m tsekoch $tolne The rock massif was divided into geotechnical sections to allow
v mierke 1:100, mape geologicko-tektonickej nerovnorodosti masfvu §tol- optimum division in the course of the excavation. There were 7 types
ne v mierke 1:1000 a v pozdlZnom profile $tdlne v mierke 1:5000/5000 (3). of geotechnical sections determined in the Visnové tunnel massif, i.e.
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LITHOLOGICAL HETEROGENEITY OF THE ROCK MASS ALONG THE EXPLORATION GALLERY ROUTE
(THE SOUTHERN TUNNEL TUBE) WITH BASIC GEOTECHNICAL DATA

Unconfin
Absolute come(:essi Angle of Modulus of
chainage of the Length L P internal in situ
section Geological age Dominating Engineering geological charakteristic ve friction ¢ deformation
eg-types strength
cc
from to (m) (Mpa) °) (Mpa)
CENTRAL CARPATHIAN PALAEOGENE
claystone — sandy, laminated to thinly
Ipz, Ipn, Iptp plated, with siltite interlayers
1000 | 1115 115 Palacogene — 420 18 - 30 12-45
Hutniany history
sandstone, locally fine-grained
Pz, Pn, Ptp conglomerate, platy to heavy-bedded
1115 2399 1284 MESOZOIC - Fatricum - kriZinany tectonic unit
Bst marlaceous shale, dark grey to black,
Lias - stp cleaved ,,Kunerad Fault*
Allgdu layers Vst clayey limestone ,.fleckenmergel type*,
1115 | 1258 441 stp . Kunersd Fault“ - budinované 2560 30-32 100 - 800
Upper Triassic - . o i ek
Rhaetian (contact Vptp, Brip sandy limestone, present in boudins (rét)
and shale — narrow zones
zone)
G in-type limest: platy to
Vez, Ven, Vetp heavy-bedded, locally karst
30 - 100 36-48 300-1000

Medium to Upper Dz, Dn, Db, Dtp dolomite thinly bedded to massive, layers
1258 1780 522 Triassic T of brecciated dolomite
(non-differentiated)

carbonatic claystone - carbonatic
Iktp cataclasite, sheared dolomite with clayey 10-30 20-36 100 - 500
filling and gypsum

limestone platy to heavy-bedded,

Ven, Vetp with cleavage zones and brecciated zones
dolomite, thinly plated, sporadically to
Triassi Dn, Dtp heavy-bedded, up to weathered in faults —
1780 | 2346 566 T1assic. Dz similarly to limestone Vgz - Vz. 30 - 100 30-52 300 - 4 000
(non-differentiated) -
Bk carbonatic breccia, rusty-yellow, various
degree of lithification
B tectonic breccia — generally

Cataclasite of . .
loamy cataclasite with carbonate

2346 2381 35 regional nature - Bk fraoments 10 - 40 30-34 100 - 500
non-differentiated & ;
MESOZOIC - Fatricum — Mala Fatra (nappe) tectonic unit
Batp siliceous sandstone to quartzite,
2381 | 2399 18 Lower Iriassic breceiated, cataclastic 20-50 35-40 300 - 800
Brn, Brtp clayey shale, red-violet, cataclastic
2399 8480 6081 PALAEOZOIC - Crystalline complex
Gkn tektonic mélange, aligned, smudgy texture
with budines
. mylonitised granitic rock, of crystalline
2399 2890 5289 Crystalline F:_({mplex BrGtp shist character, black, pronounced 10 -70 3448 300 - 2400
- mylonitised schistous texture
granitoid blastomylonite, aligned texture,
::::ﬁgrl; locally cleaved, with layers of crystalline

schist

granitic rock mostly of tonalite type,
Gz, Gn, Gtp omnidirectional, irregularly granular,
granitic texture

biotite granodiorite, chloritised,
epidotised, omnidirectional texture

bGn

porphyritic granitic rock, pink-grey, with

2890 8480 5590 Crystalline complex pGn, pGtp porphyric insets, K-feldspar, locally with 10 -130 30-52 50 - 10000
transition to pegmatitic rock

hybrid granitic rock, dark grey, aligned

hGn, hGtp texture
migmatitised gneiss to migmatite aligned
MGn, MGtp to banded texture, sharply bounded patches
L lamprophyre, green to dark green
Table 1
Geologicko-tektonické pomery, roz¢lenenie masivu na bloky sections 1-2-3-4-5-6a-6b. When the sections were being determined, the
vymedzené najvyraznejSou tektonikou s vyjadrenim najvyznamnejsich proportion of the anticipated eg and gt types was taken into considerati-
pritokov do $tolne je zndzornené 3D rezom masivom koridoru tunela on, primarily those from the group of the unfavourable ones, taking into
(obr. 3). consideration geotechnical properties , with interpretation of the possi-
Porovnanie predpokladanych geotechnickych pomerov vyjadrenych bility of occurrence of unfavourable geotechnical conditions.
v dokladoch DSN a skuto¢ne overenymi geotechnickymi pomermi je The above defined division could be performed on the basis of
spracované zo strany zhotovitela stavby v prispevku uverejnenom a comprehensive assessment of geological-tectonic, engineering-geolo-
v Casopise Tunel 2/2003 (2). gical, geotechnical and hydrogeological properties, carried out together
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with categorisation of the rock mass
in RQD, ONORM B 2203, Sia 198,
QTS classification systems, with pre-
sentation of the NATM excavation
support classes for the profile of the
exploration gallery and profile of the
tunnel in comprehensive graphic out-
puts, i.e. in 100m-long sections of the
gallery on a 1:100 scale, in a map of
geological-tectonic heterogeneity of
the mass in the gallery on a 1:1000
scale, and in a longitudinal section
through the gallery on a 1:5000/5000
scale (3).

The geological-tectonic conditi-
ons, the division of the massif into
the blocks with the most distinct tec-
tonics with expression of the most

Obr. 3 3 D model masivu tunela Visiiové s geologicko-tektonickou stavbou significant inflows into the gallery is shown in a 3D section through
Fig. 3 A 3D model of the Vistiové tunnel massif with geological-tectonic pattern the massif along the tunnel corridor (see Fig. 3).

Comparison of the anticipated geotechnical conditions expressed in
the final design with the actually verified conditions was presented by
the contractor in a paper published in TUNEL 2/2003 (2).

The geological conditions encountered by the exploration gallery
(STT) were interpreted for the NTT in the map of geological hetero-
geneity of the massif within the tunnel corridor (see Fig. 4). The divi-
sion of the completed exploration gallery into classes is also expressed
by complex technical specifications for the exploration gallery exca-
vation, which were evaluated in the final report (3) and contractor’s
paper published in the TUNEL issue No. 2/2003 (2).

Apart from sections with favourable excavation conditions, which
represent a significant part of the rock massif, there were sections
within the alignment which were proven by the exploration gallery and
interpreted as unfavourable mining conditions with the presence of
risk factors. The individual basic risks were analysed for the entire
length of the completed exploration gallery.

Z geologickych pomerov v prieskumnej $t6lni (JTR) boli pomery
interpretované do STR v mape geologicko-tektonickej nerovnorodosti
masivu v koridore tunela (obr. 4). Roz¢lenenie vyrazenej prieskumne;j
S$tdlne do tried je aj vyjadrené zloZitymi stavebno-technologickymi
podmienkami razenia prieskumnej Stdlne, ktoré boli zhodnotené
v zdvereCnej sprave (3) a v prispevku zhotovitela diela v Casopise
Tunel 2/2003 (2).

Popri tdsekoch s priaznivymi podmienkami razenia, ktoré reprezen-
tuji vyraznd &ast’horninového masivu, boli realizdciou prieskumne;
S$tolne overené a interpretované Useky s nepriaznivymi banskotechnic-
kymi podmienkami préc s pritomnostou rizikovych faktorov. Jednotli-
vé, zdkladné rizikd boli analyzované pre cely usek vyrazenej pries-
kumne;j Stdlne.

CHARAKTERISTIKA HLAVNYCH RIZIK

Na zaklade vyrazenej prieskumnej Stdlne bolo prostredie zhodnote-
né ako heterogénne z hladiska: CHARACTERISTIC OF THE MAIN RISKS
@ pestrej litologickej stavby, mineralogického zloZenia hornin, pro-

duktov tektonickych procesov, vyplnovych hornin a zemin v zénach

diskontinuit;

@ viacetapového tektonického vyvoja so zastipenim zdkladnych tex-
tirnych prvkov (vrstevnatost'u sedimentarnych hornin), krystalickd
bridli¢natost’ (zbridli¢natenie, usmernenie krystalickych bridlic
amylonitov), z6n katakldzy a budindZze a dilatantnych zén v pasmach

The environment was assessed on the basis of the information pro-

vided by the exploration gallery as heterogeneous in terms of:

@ the varied lithological structure, mineralogical composition of rock,
tectonic processes, filling rock and soils in discontinuity zones,

@ the multi-stage tectonic history containing basic textural elements
(layering in the case of sedimentary rock), crystalline schistosity (cle-
avage, alignment of crystalline schist and mylonite), cataclastic and

masivu s relativnymi gravitalnymi pohybmi, s réznymi zdkladnymi boudinage zones, and dilatancy zones in the zones of the massif exhi-
smermi orienticie tychto nehomogenit, ktorého odrazom je r6zny biting relative gravity movements with various basic directions of
stav a rozloZenie napitosti masivu v okoli vyrubu, a to aj z dlhodo- orientation of these inhomogeneities; The varying state of the rock
bého hladiska; mass stress and distribution of the stress in the vicinity of the exca-

@ rozneho stavu kvality (geotechnickych parametrov) jednotlivych vation, even in the long-term, is the consequence of this history,
typov hornin z ddsledku zloZitosti vyrazného vplyvu endogénnych ® the varying state of quality (geotechnical parameters) of individual
a exogénnych ¢initefov, najmi tektonického vyvoja, zvetrdvania, gra- rock types resulting from the complicated nature of the significant
vitatného rozvolnenia masivu a porusenia svahovymi pohybmi; influence of endogenous and exogenous factors, mainly the tectonic

@ zlozitosti hydrogeologickych podmienok, s predpokladom pridenia history, weathering, gravity loosening of the rock mass and failures
podzemne;j vody v systémoch otvorenych diskontinuit a zén zlomov, due to mass movements.
so zloZitou Struktirou hydrogeologickych kolektorov. Vyrazenim ® complexity of hydrogeological conditions with ground water assu-
prieskumne;j Stolne sa umelo porusil systém prirodzenych bariér med to flow in systems of open discontinuities and fault zones, with
a podzemnym voddm sa umoznilo intenzivne odtekat cez §tolnu. a complicated structure of aquifers. The excavation of the explorati-
Tym sa porus§ili hydraulické pomery podzemnych vdd v masive. on gallery artificially disturbed the system of natural barriers and
Zmena pomerov v tesnom okol{ §tdlne je nevratnd. Smerom do Sir- ground water was allowed to flow at a significant rate through the
Sieho okolia sa postupom casu vytvori novy, upraveny reZim so gallery. Thus the hydraulic conditions of ground water in the massif
zmenenymi hydraulickymi pomermi; were disturbed. The change of the conditions in the close vicinity of

@ hydrochemickych vlastnosti vody, agresivity a vylihovacich vlast- the gallery is irreversible. A new modified regime with changed hyd-
nosti na vystrojovacie prvky a konstrukéné materialy. raulic conditions will develop in the more distant outer environment.
V podmienkach razenia prieskumnej §tdlne boli overené nasledovné @ hydrochemical properties of ground water, corrosivity and leaching

druhy a skupiny rizik: properties acting on the support elements and building materials.

@ strata stability vyrubu v celbe a steniach formou uvolnovania The following types and groups of risks were proven during the
ulomkov, blokov, nadvylomov najmi v masivoch s: exploration gallery excavation:

a) nepriaznivymi sklonmi vrstevnatosti paleogénnych hornin a hornin @ loss of the excavation stability at the face and side walls in the form
liasu, dominantnymi systémami otvorenych diskontinuit so sklo- of loosening of fragments, blocks or overbreaks, primarily in the
nom do vyrubu, v zénach otvorenych pldch s flovou vypliiou, resp. rock mass exhibiting:

v z6énach smernych s osou $tdlne (uvolnovanie blokov zo stien), a) unfavourable slope of layers of Palacogene rock and Liassic rock;

b) nepriaznivymi geotechnickymi parametrami, v intenzivne tektonic- dominating systems of open joints dipping toward the excavation

ky porusenych zénach, face; in zones of open planes with clayey filling or zones approxi-
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Obr. 4 Geologicko-tektonickd mapa tiseku prieskumnej §tolne razenej zo ZP s vyclenenim na kvdzihomogénnych blokov, tried razenia a geotechnickych tvisekov

pre masiv prieskumnej §tolne (dole) a masiv severnej tunelovej riry (hore)

Fig. 4 Geological-tectonic map of the exploration gallery driven from the WP, with determination of quasi-homogeneous blocks, excavation classes and
geotechnical sections for the massif passed by the exploration gallery (bottom) and massif to be passed by the northern tunnel tube (top)

¢) v zénach s pridiacim, tlakovym tc¢inkom podzemnej vody,

d) vo vyrazne rozvolnenych zénach v okrajovych Castiach masivu,
resp. v z6nach katakldz;

® strata stability v kalote (v horninovej klenbe) celby, resp. z pred-
polia, so vznikom nadvylomov az zdvalov. Ku vzniku straty stabili-
ty v kalote dochddzalo najmaé:

a) v zénach smernych a otvorenych diskontinuit (vo vychodnom okra-
ji mezozoického masivu, vo vymedzenych zénach v masive krys-
talinika),

b) v zénach s vyraznym rozvolnenim masivu, zvyrazneny najmé pri
kriZeni systémov a pri tlakovom t¢inku podzemnej vody. Takymto
pripadom je nadvylom v dseku razenom NRTM zo ZP (obr. 4,5),
v bloku zdpadne od demontdZnej komory,

¢) uvolnenim a ,,vyteCenim™ vyplni, dlomkov, blokov horniny a zén
porusenej horniny z priestoru kaloty a stien, najmé v miestach pri-
tokov vody s tlakovym ucinkom;

® nestabilita horniny a zeminy ako produktu tektonického porusenia
pri zmene vlhkosti a na styku s vodou ako:

a) objemové zmeny, naptciavanie (dvihnutie kolajiska) v usekoch ig
typu ILktp, a mylonitizovanych granitoidoch,

b) rozbredanie, zmena geotechnickych vlastnosti na styku s technolo-
gickou vodou, z tGrovne poloskalnej horniny na zeminu, zo zemin
pevnej, tvrdej konzistencie pri otvoreni na zeminy s mikkou az
kasovitou konzistenciou, v zonach kataklaz v mezozoiku a v kon-
taktnej zone mezozoikum-krystalinikum, problém s odtazbou roz-
brednutej ribaniny,

¢) prejav sadania a deformdcii vystrojovacich prvkov (zatld¢anim piti-
ek, najmé vSak v zénach s degraddciou geotechnickych parametrov
horniny a zeminy) v zénach karbonatickych kataklazitov — Iktp,

d) problém so zabezpecenim kvality odtekajicej banskej vody do
povrchového recipientu z dovodu rozptylenia flovych Castic v etape
odtazby a Cerpania vody, s dlhodobou sedimentéaciou tohoto kolo-
idného roztoku.

Vicsina zmien je spdsobend vplyvom minerdlneho zloZenia horni-
ny, vypliiovych zemin, $truktdrnych vizieb a ilovych mineralov, najmi
zo skupiny smektitu, illitu a montmorilonitu, ako produktov dynamo-
metamorfézy hornin.
® vyvojom, rastom deformacii vyrubu, zvieranie stien podzemného

diela v kataklasticky porusenych zénach zosuvom poruseného paleo-

génu, mezozoika, kontaktnych zén medzi tektonickymi jednotkami

(paleogén-mezozoikum; zény kunerddskeho zlomu; mezozoikum-

krystalinikum; mylonitizované z6ny krystalinika; zbridlicnatené zony

mately parallel with the alignment of the gallery (blocks falling

from the walls),

b) unfavourable geotechnical parameters; in significantly tectonically
disturbed zones,

¢) in zones under hydrostatic pressure of flowing ground water,

d) in significantly loosened rock zones in fringe areas of the rock mas-
sif, or in cataclastic zones,

@ loss of the excavation stability at the face of the top heading (the
rock arch) or in the front zone, with occurrence of overbreaks or even
caving. The loss of stability in the top heading occurred mainly:

a) in zones of joints crossing the gallery excavation at an acute angle
and zones of open joints (on the eastern edge of the Mesozoic mas-
sif, in confined zones in the crystalline complex),

b) in zones with significant loosening of the massif, intensified most of
all at crossings of the systems and in case of ground water pressure
action. This is the case of an overbreak in the section driven by the
NATM from the WP (see Figures 4, 5), in the block found west of
the dismantling chamber,

c) releasing and “pouring” of the filling, debris, blocks of rock and
zones of broken rock from the roof and side walls (mainly in loca-
tions of pressure water inflows),

@ instability of rock and soil as a product of tectonic disturbance in the
case of changed moisture and at the contact with water, for example:

a) volumetric changes, swelling (heaving of the rail) in the ig-type and
Iktp-type, and in mylonitised granitic rock.

b) the rock becoming slushy, thus changing geotechnical conditions: at
the contact with process water - from the level of semi-rock to soil,
from hard and firm soil consistency to soft or even liquid when
uncovered; in cataclastic zones and in the Mesozoic zone and the
Mesozoic — crystalline complex contact zone; a problem with loa-
ding of the slushy muck.

c¢) manifestation of settlement and deformation of the support elements
(settlement of footings, most of all in zones with the geotechnical
parameters of the rock or soil degraded) in the zones with carbona-
tic cataclastices — Iktp,

d) the problem with quality of mine water discharging to a surface
recipient - due to clay particles dispersion in the stage of the muck
loading and water pumping, because of the process of sedimentati-
on of the colloidal solution lasting very long.

The majority of the changes was caused by the mineral composition
of the rock, the soil filling of joints, structural relationships and clay
minerals, mainly those from the group of smectite, illite, montmorillo-
nite, which are products of dynamic metamorphism of rock,




Obr. 5 Zdval v iiseku razenom technologiou NRTM v stani¢eni 2900,0 m, na
rozhrani blokov Z32 a Z33/1, po prievale podzemnej vody

Fig. 5 The collapse in the section driven by the NATM at 2900.0m chainage,
at the intersection between the Z32 and Z33/1 blocks, after ground
water breakout

v krystaliniku, rozvolnené zény s vyraznym zvetranim v okrajovej

Casti kryStalického masivu). Maximdlne deformdcie boli namerané

v zéne kataklazovanych karbonatickych ilovcov s celkovou konver-

genciou vo vodorovnom smere do 385 mm. Usek bol sanovany kom-

pletnym prebudovanim v etape vystavby dnikovej $tdlne;

® siistredené ale aj rozptylené pritoky az privaly podzemnej vody

s tlakovym reZimom, tlakovym suféznym dcinkom vody v obdobi
razenia, alebo nestabilitny vplyv skor erodovanych a suféziou vypla-
venych tektonickych nehomogenit nevyplnenych (korézny kras
v mezozoiku) alebo sekunddrne vodou vyplnenych zén vplavenim
ilov s kaSovitou konzistenciou (mezozoikum a krystalinikum v okra-
jovych cCastiach masivu). V dosledku tlakovej sufézie rychla zmena
stability kataklazovanych a dynamometamorfovanych, zbridli¢nate-
nych z6n poloskalného aZ zemitého charakteru, najmé v zénach so
stratou napdtia (drvené, dilatantné zény v mezozoiku a v krystalini-
ku) za vzniku kaverien v okoli vyrubu. Ststredené pritoky boli via-
zané najméi na:

a) extenzivne, otvorené systémy nehomogenit v tektonizovanych
zénach v krystaliniku v smere SZ-JV, sprievodné zény s kataklazou
hornin spolu s bariérovym t¢inkom dynamometamorfovanych zén
ilovitého charakteru,

b) odlahcené, dilatantné, ale na smer razenia prieCne zony s prejavmi
gravitacnej tektoniky najmé v okrajovej Casti masivu a centrdlnej
Casti masivu (okraj vrcholovej Casti masivu kéty Rdzsosnd),

¢) bariéru tektonického kontaktu mezozoika a krystalinika.

Pritoky podzemnej vody boli v karbonatickom useku razenom zo
ZP s trvalymi vydatnostami v poslednom tseku karbondtov
v 1180-1340 m od ZP (bariérové vyvery vody na tektonickom kon-
takte s krystalinikom). VyraznejSie zvodnelé pasmo v tseku krystali-
nika bolo aZ od stanicenia 2900-2554 m od ZP, kde ststredené prito-
ky spdsobili zdval a po jeho sandcii vyraznu nestabilitu Celieb v zéne
smernych portch (obr. 4).

Pri razeni od VP boli vyrazné pritoky az privaly vdd registrované
v dseku od 420-490 m po 2812-2827 m od VP, najméd v zdnach
705-730 m, 993-995 m, 1112-1130 m, 1600-1850 m, 2 414-2421 m,
2493-2499 m. Pritoky vody boli v rozpiti od 20 do 110 Ls™. Dalsie
vyrazne zvodnené pasmo bolo v tdseku 28102921 m s pritokmi nad
100 1.5 a v zéne na stani¢eni 3500-3509 m s pritokmi iba 20 l.s!.
Maximadlny odtok zo $tdlne razenej z VP bol nad 400 1.s™'. Voda odteka-
la gravitacne. V Case hydrogeologického monitoringu masivu su celko-
vé odtoky z prieskumne;j §tolne v rozpiti 160-240 L.s'. Pri dal¥ich razi-
acich pracach je mozné predpokladat, Ze najmd zmenou hydraulickych
pomerov podzemnych vod sa Ciastocne eliminuju rizikové tcinky tlako-
vych vdd, a nepriaznivé sufézne tcinky. Realizdciou prepojovacich cho-
dieb, ako stcasti prac na tnikovej chodbe, bol overeny aj po vyrazeni
Stdlne stdly deStrukény vplyv hydrualického tlaku podzemnej vody
v zénach SZ-JV prelomenim a zdvihnutim beténového dna v prepojo-
vacej chodbe PCH17. Odborny odhad na mnoZstvo odtekajicej vody
z tunela STR sa predpokladd po ustdleni do cca 300 1.s™'.
® Cerpanie vody ako rizikovy faktor bol vyrazny pri razeni zo ZP,

v tseku so stalym sklonom k VP. Maximélne ¢erpané mnozstvo vody
bolo v rozpiti 140-150 L.s!, nakolko vodu bolo nutné odCerpdvat’
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® development and growth of deformations of the excavation, con-
vergence of side walls in cataclastically deformed zones, Palacogene
and Mesozoic zones disturbed by sliding, contact zones between the
tectonic units (the Palacogene-Mesozoic; the Kunerdd Fault zone; the
Mesozoic-crystalline complex; the mylonitised zone of the crystalline
complex; cleavage zones in the crystalline complex; loosened layers
with distinct weathering in the fringe areas of the crystalline massif).
Maximum deformations were measured in the cataclastic carbonatic
claystone with the overall horizontal convergence up to 385mm. This
section was stabilised by complete reconstruction during the con-
struction of the escape gallery.

@ concentrated or stray inflows, even inrush of ground water, hyd-
raulic pressure, internal erosion effects of pressure water during the
excavation period, or the harmful influence on the stability resulting
from earlier subsurface erosion of tectonic inhomogeneities, which
were either unfilled (corrosion karst in the Mesozoic) or filled with
liquid consistency clay brought by flowing ground water (the Meso-
zoic and the crystalline complex in fringe areas of the massif). A rapid
change of stability of the cataclastic and dynamically metamorphosed
cleaved zones of semi-rock degraded to the character of ground
(mainly in zones with the stress lost, i.e. crushed and dilatancy zones
in the Messozoic and the crystalline complex), which was caused by
subsurface erosion by pressure ground water; the change was accom-
panied by development of caverns in the vicinity of the excavation.
The concentrated inflows were bounded most of all to:

a) NW-SE trending extensive systems of open joints in tectonically
disturbed zones in the crystalline complex; accompanying cataclas-
tic rock zones together with the barrier effect of dynamically meta-
morphosed zones of exhibiting the character of clay.

b) lightened dilatancy zones transverse in relation to the direction of
the excavation, with manifestations of gravity tectonics mainly in
the peripheral part of the massif and in the central part of the mas-
sif (a fringe area of the upper part of the Rdzso$n4 hill massif),

c) the barrier of the tectonic contact of the Mesozoic and crystalline
complex.

Ground water inflows were encountered in the carbonatic section
driven from the WP, with permanent yields in the last section of the
carbonates at 1180-1340m from the WP (barrier springs at the tectonic
contact with the crystalline complex). A more distinct saturated zone
in the crystalline section was found between the 1180m and 1340m
chainages from the WP, where the concentrated inflows caused a col-
lapse and, when the collapse had been dissolved, significant instabili-
ty of the excavation faces in the zone of joints nearly parallel with the
gallery route remained (see Fig. 4).

Significant inflows, even inrushes of ground water were registered
during the excavation from the EP in the section starting from 420-490m
chainage and ending at the 2812-2827m from the EP; mainly at the 705-
730m, 993-995m, 1112-1130m, 1600-1850m, 2414-2421m and 2493-
2499m sections. The inflow rates varied between 20 and 110 1.s™. Anot-
her saturated zone was encountered in the 2810-2921m section, with
inflows over 100 1.s™!, and the 3500-3509m zone with inflows a mere
20 1.s!. The maximum rate of the outflow from the gallery driven from
the EP was higher than 400 1.s”!. Water flew away by gravity. The ove-
rall outflows from the excavation gallery measured during the hydroge-
ological monitoring varied within the interval of 160-240 1.s"It is pos-
sible to expect that the risk effects of pressure water and adverse underg-
round erosion effects will be partially eliminated, mainly owing to the
changed hydraulic conditions. The permanent destructive effect of the
hydraulic pressure of ground water was proven after the excavation of
the cross passages, which are parts of the work on the escape gallery.
The concrete bottom of the cross passage CP17 in the NW-SE zones was
broken and heaved. The rate of the outflow from the NTT once it has sta-
bilised is estimated by experts at about 300 1.s”!.

@ water pumping was a distinct risk factor during the excavation
from the WP, in the section driven at a constant gradient descending
toward the EP. The maximum pumping rate varied between 140 and
150 l.s-1; water had to be pumped from the entire length of the
mined section, till the gallery excavation broke through. The con-
centrated inflows of water even represented a high level risk to the
work and risk of defects of electrical equipment in the gallery and
caused most of all defects of the TBM.

@ ground water chemistry and corrosivity. Sulphurous water of
the AX2 corrosivity rate in the meaning of STN EN 206-1 was
determined on samples taken in the chainage section beginning at
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PROGNOZNE ZASTUPENIA GEOTECHNICKYCH USEKOV V MASIVE STR

Geotechnicky tisek 1 2 3 4 5 sp(;}lu v
Dlzka tdseku v m 705,0 725,0 1355,0 1555,0 2210,0 74040
% zasttipenie tseku NRTM 9,5 9.8 18,3 21,0 29.8 100,0
PERCENTAGE OF THE ANTICIPATED LENGTHS OF THE GEOTECHNICAL SECTION IN THE NTT MASSIF
Geotechnical section 1 2 3 4 5 together
inm
Section length in m 705.0 725.0 1355.0 1555.0 2210.0 7404,0
% of the NATM section 9.5 9.8 18.3 21.0 29.8 100,0

Tabulka 5/ Table 5 the WP and ending at the chainage of 705m. With respect to
destruction of the sprayed concrete primary lining in the section
between the 300m and 800m chainages (WP) and an to results of
additional chemical analyses, the corrosive environment section
was extended to cover the entire length of this section. According
to STN 73 1210, all waters from the sections comprising the cry-
stalline complex rock were categorised as A1 rate of corrosivity, in
isolated cases A2 (Tomanovic, in.3); the waters were assessed to
be of an attacking type because of the leaching-type corrosivity
property (the type I corrosivity) and carbonate-type corrosivity
(the type II corrosivity).

® the risks which were registered in the tunnel corridor were also
associated with changes in the hydrogeological regime of springs
and activities of underground flows above the exploration gallery. A
system of monitoring facilities (boreholes in the tunnel corridor,
measurement facilities on surface water courses) was built and supp-
lemented in the course of the exploration gallery excavation, and
a continuous measurement system was arranged.

@ the risk of polluting surface water courses by inflows of mine
water pumped or flowing from the exploration gallery.

z celej diiky razeného tseku az do doby prerazenia $tolne. Sustrede-
né pritoky vody vSak reprezentovali aj vysoké pracovné riziko
a riziko porich na elektrickych zariadeniach v §tdlni, najmi vSak
najmi na raziacom stroji TBM;

® chemizmus podzemnych vdd a ich agresivita. V zmysle STN EN
206-1 bola vo vzorkdch vdd zistend siranova agresivita v Udrovni
stupna agresivity AX2 v tseku stani¢enia 705 m od ZP. Na zdkla-
de deStrukcie striekanych beténov primdrneho ostenia $tdlne v dseku
cca 300-800 ZP a doplnujicich chemickych analyz hornin bol dsek
s agresfvnym prostredim roz$ireny na tento cely tsek. Podla STN 73
1210 boli vSetky vody z tuseku krystalinika zatriedené do urovne
stupnia agresivity A1, ojedinele az A2 (Tomanovi¢, in.3) a vody boli
hodnotené ako ndporové z dovodu kordzie vylihovanim (korézia I.
druhu) a korézie uhlicitej (kordzia II. druhu);

® rizikami, ktoré boli zaregistrované v koridore tunela boli aj zmeny
v hydrogeologickom reZime pramenov a aktivity povrchovych
tokov v tizkej z6ne nad prieskumnou §télnou. V etape razenia pries-
kumne;j §tolne sa vybudoval a doplnil systém monitorovacich objek-
tov (vrty v koridore tunela, merné objekty na povrchovych tokoch)
a zabezpe(il sa stdly monitoring;

o riziko znecistenia povrchovych tokov pritokmi banskej vody
Cerpanej, alebo odtekajicej z prieskumne;j $tolne.

THE NORTHERN TUBE OF THE VISNOVE TUNNEL

Geotechnical conditions and risks to be encountered in the tunnel
tube construction phase are assessed on the basis of a prognosis for the
geological-tectonic pattern of the massif and a prognosis for geotech-
nical conditions which was developed using the information from the
exploration gallery. The NTT was divided on the basis of criteria iden-
tical with those obtained from the exploration gallery into quasi-homo-
geneous sections with determination of geotechnical sections.

The prognosis for the percentage along the STT length is affected
mainly by the spatial interpretation of the fault zones outside the gallery
zone. The interpretation of the conditions based on knowledge of the
massif which was passed through by the exploration gallery extended to
the massif to be encountered by the northern tube is difficult in the secti-
ons of regional faults nearly parallel with the tunnel alignment. The line-
ar character of the fault may be disturbed by a system of younger trans-
verse faults. Similarly, the interpretation may be changed in a case of
another combination of crossing of the systems of fault zones. The NTT
excavation conditions will be changed mainly by changing hydrogeolo-
gical conditions. The pressure conditions will change (improve) in the
majority of the saturated zones owing to the permanent drainage effect of
the completed excavation gallery. Despite this fact, striking isolated aqu-
ifers which have not been opened yet is to be expected, although resul-
ting in inflows with lower rates. In terms of the significant risk due to the
NW-SE faults (crossing the gallery route at an acute angle) affecting the
excavation, the relevant sections of the NTT will be more exposed to the
risk since the sections where the faults will be passed through will be lon-
ger; pressure water effects are anticipated for those sections. Even chan-
ges in the ground water chemistry are expected to accompany the chan-
ges in the hydraulic conditions. .

RNDr. ANTQNiN MATEJCEK, matejcek@vud.sk,
ING. JULIUS BOHYNIK, bohynik@vud.sk, GEOFOS, s. r. o.

SEVERNA TUNELOVA RURA TUNELA VISNOVE

Geotechnické pomery a rizikd v etape vystavby severnej tunelovej
riry su predpokladané na zdklade prognézy geologicko-tektonickej
stavby masivu a prognézy geotechnickych pomerov z poznatkov pri-
eskumnej $tolne. Masiv STR bol na zdklade zhodnych kritérif ako pri-
eskumna §t6lna roz¢leneny na kvdzihomogénne tseky s vy¢lenenymi
geotechnickymi tdsekmi.

Progndza roz¢lenenia je pri STR zataZzend najmaé priestorovou inter-
pretaciou poruchovych z6n mimo zény $tdlne. Velmi obtiazna inter-
pretacia pomerov z masivu prieskumnej stélne do masivu severného
tunela je v dsekoch smernych, regiondlnych zlomov, ktorych priebez-
nost’ méze byt ovplyvnena aj syst¢émom mladsich prie¢nych zlomov.
Podobne mdze byt zmenend interpretdcia v pripade inej kombindcie
kriZenia systémov poruchovych zén. Podmienky razenia severnej
tunelovej riry budid zmenené najmid zmenou hydrogeologickych
pomerov. Stalym drendZnym t¢inkom vyrazenej prieskumne;j Stdlne sa
vo vicsine zvodnenych z6n zmenia tlakové pomery, a to k priaznivej-
Siemu stavu. Aj napriek tomu je predpoklad narazenia ojedinelych
doteraz neotvorenych zén s pritokmi, ktoré v§ak budd podstatne men-
Sie. Z hladiska vyrazného rizikovému vplyvu systémov smernych
portdch SZ-JV na razenie budu tseky s tymto zataZenim v profile STR
vyraznejsie z dovodu dlhsieho dseku prekondvania portch a z dovodu
prognézovanych tlakovych tc¢inkov vody. So zmenou hydrualickych
pomerov sa predpokladd aj zmena chemizmu podzemnej vody.

RNDr. ANTONIN MATEJCEK, matejcek@vud.sk,
ING. JULIUS BOHYNIK, bohynik@vud.sk, GEOFOS, s. r. .
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ZAKLADNI GEOTECHNICKA ZPRAVA - NASTROJ PRO RIZENI
GEOTECHNICKYCH RIZIK PRI TUNELOVANI

GEOTECHNICAL BASE LINE REPORT - TUNNELLING
GEOTECHNICAL RISKS CONTROL INSTRUMENT

ALEXANDR ROZSYPAL

UVEDENI DO PROBLEMATIKY

Mezi odborniky na podzemni stavby, at'uz to jsou projektanti, stav-
byvedouci, investofi nebo specialisté na geotechniku, je zbyte¢né zda-
raziovat vyznam geologickych poméra pro optimalni projekt i razbu
tunelu. Uroveii subjektil, provadéjicich u nds geotechnicky priizkum,
geotechnicky monitoring nebo odborny geotechnicky dozor, je u nds tra-
di¢né vyS§i, neZ je evropsky pramér. Presto se stile znovu a znovu set-
kdvame s tim, Ze zvolené projektové reseni ¢i pouzitd technologie razeb
nejsou v zastizenych geologickych podminkach nejvhodnéjsi. Obcas to
mad za ndsledek i pomérné rozsahlé havérie a ekonomické ztréty.

Zjevnou pricinou je to, Ze poznatky o geologickych pomérech nejsou
ty, které jsou povazovdny za ty v rozhodovacim procesu v prubéhu pri-
pravy i provddéni vystavby ty nejduleZitéjsi. Pfednost maji obvykle kri-
téria ekonomickd (nizké ndklady na razbu, rychlost razeb). A to presto,
Ze pravé geologické poméry maji na ekonomiku nejvyraznéjsi vliv.

Dalsi pri¢inou je, Ze vystupy z jinak pomérné uspokojivé provede-
nych geotechnickych prizkuma jsou nékdy bez podrobnéjsiho rozbo-
ru a odborného vysvétleni pouZivany k rozli¢nym Gcelim osobami bez
patfiéné geotechnické erudice. Napriklad projektantem a statikem
k ndvrhu typu a Gnosnosti osténi, dodavatelem k ndvrhu technologie
razeb, investorem do zaddvacich podminek jako podklad pro ocenéni
praci predkladateli nabidek na zhotoveni tunelu. Neni pak divu, Ze
podrobny geotechnicky pruzkum muzZe byt pro néktery z vyse uvede-
nych cild pouZit nevhodné. Jinak spravné ddaje o vlastnostech hornin
a horninového masivu mohou byt pro rizné dcely nevhodné interpre-
tovany a pouZity.

Proto se u velkych inZenyrskych a tunelovych staveb v zahranici,
predevsim ve Spojenych stdtech, objevuje trend zpracovat dva zédklad-
ni typy geotechnickych dokumentd. Jejich prostiednictvim se pak fidi
jak zpracovani projektové dokumentace pro stavebni povoleni, tak
i vyberové fizeni na dodavatele vlastni razby.

Pro dokumentaci na stavebni povoleni stavby se zpracovdvd tak
zvand souhrnnd geotechnickd zprava. Pred vypracovdanim zadévacich
podminek pro vybérové fizeni na zhotovitele stavby se zase vydava tak
zvana zakladni geotechnicka zprava (geotechnical base line report).

Souhrnnd geotechnickd zprdva obsahuje rekapitulaci v§ech geotech-
nickych zprdv, posudku, expertiz, vypoctu atd., které byly v prubéhu
piipravy vystavby provedeny. DuleZité je zduraznéni cila, pro které
byly ty ¢i ony dokumenty pofizeny a vymezena doba jejich pofizeni
vzhledem k Casové ose pripravy vystavby. Zdkladnim smyslem je sou-
hrnné zavére¢né zhodnoceni geologickych poméra a geotechnickych
vlastnosti v kone¢ném misté vystavby. Tato zprava by méla byt prede-
v§im podkladem pro projektanta a statika a méla by obsahovat charak-
teristické, piipadné i doporucené navrhové hodnoty parametra hornin
tak, jak budou pouzity do statickych vypoctu ve smyslu Eurokédu 7.

Zékladni geotechnickd zprava se tcelové zpracovavd pro zaddvaci
podminky pro vybér zhotovitele stavby a pro fizeni geotechnickych
rizik béhem raZzeb. V Ceském prekladu se zaCal pouZivat nédzev
,.zdkladni geotechnickd zprava“.

Jejim cilem je predevS§im byt vhodnym podkladem pro ocenéni
ndkladu spojenych s vystavbou, stanovit kritéria pro posouzeni, zda
byly pri razb€ zastizeny odlisné geotechnické poméry nez ty, které
byly uvedeny v zaddvaci dokumentaci a které predpoklddal projektant.
Tato zprava je také zdkladnim geotechnickym dokumentem, na jehoz
zdkladé volf jak investor, tak i dodavatel svou strategii fizeni geotech-
nickych rizik béhem razby tunelového dila.

SMYSL ZAKLADNi GEOTECHNICKE ZPRAVY

Smyslem zdkladni geotechnické zpravy je vytvorit pravni formula-
ci téch geotechnickych podminek, které investor vaci ostatnim

INTRODUCTION TO THE PROBLEMS

Emphasizing the importance of knowledge of geological conditions for an
optimum design and excavation of a tunnel is certainly an unnecessary thing
as far as underground construction professionals are concerned, no matter
whether they are designers, site agents, employers or geotechnical specialists.
The level of the subjects which carry out geotechnical investigation, geo-
technical monitoring or professional geotechnical supervision has been tradi-
tionally higher in our republic than the average level in Europe. Despite this
fact, we again and again encounter designs or tunnelling techniques which
are not the most suitable for the particular geological conditions. From time
to time the inadequacy results into extensive collapses and economic losses.

The obvious reason of this situation is the fact that the information about
geological conditions is not the most important factor in the decision-making
process during the course of the planning and implementation of an underg-
round construction. Priority is usually given to economic criteria (low cost of
the works, high advance rate of excavation). All of that occurs despite the fact
that geological conditions influence the economy most of all factors.

Another cause of the problems is the fact that outputs of otherwise relatively
satisfactorily conducted geotechnical surveys are sometimes utilised for various
purposes without any more detailed analyses and technical explanations, by per-
sons lacking adequate geotechnical education; for instance, by a designer and
structural engineer specialised in designing the type and loading capacity of the
lining, by a v contractor experienced in designing the tunnelling technique, by an
employer knowing how to prepare tender packages to be used by tenderers for
cost estimations. No wonder that detailed geotechnical investigation may be uti-
lised improperly in terms of some of the above-mentioned objectives. There are
various purposes where otherwise correct data on properties of rock and rock
mass may be improperly interpreted and utilised.

For this reason, large civil engineering and tunnelling projects abroad and pri-
marily in the United States are showing a trend towards developing two basic
types of geotechnical documents. The processes of development of the final
design and/or the tender proceedings are controlled through these documents.

The final design requires development of so-called “Geotechnical Summa-
ry Report”, while so-called “Geotechnical Baseline Report™ is issued before
the preparation of tender packages starts.

The Geotechnical Summary Report contains a list of all geotechnical
reports, assessments, expert opinions, calculations etc. which were carried out
in the construction planning phase. Important thing is to emphasise the objec-
tives for which the particular documents were ordered and to specify the time
in which they were developed, relative to the time axis of the construction pre-
paration. The primary objective is a summary final assessment of geological
conditions and geotechnical properties at the final location of the construction.
Primarily, this report should provide grounds for the designer and structural
engineer; it should contain characteristic and, if needed, also recommended
design values of parameters of the rock types encountered, which will be int-
roduced into structural analyses in the meaning of the Eurocode 7.

The Geotechnical Baseline Report is developed in the American practice to
become part of tender packages and for geotechnical risk management during
the tunnel excavation. It is issued to become a suitable background document
for the construction cost estimation, to determine criteria for assessing whether
the geotechnical conditions encountered during the course of the tunnelling
work differ from those stated in the tender package and which were anticipa-
ted by the designer. This report is even a basic geotechnical document used by
both the employer and contractor for selecting their geotechnical risk manage-
ment strategies to be followed during the tunnel excavation.

THE PURPOSE OF THE GEOTECHNICAL BASELINE REPORT

The purpose of the geotechnical baseline report is to create a legally bin-
ding expression of the geotechnical conditions which are guaranteed by the
employer in relation to the other parties to the project, as well as those which
are not guaranteed.
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Gcastnikiim vystavby smluvné zaruuje a naopak téch, které smluvné
nezarucuje.

Toho se dociluje dvéma zpusoby. Za prvé je to prostfednictvim
tak zvanych smluvnich zékladi a za druhé prostfednictvim definice
toho, co je povazovéno za odli§né geotechnické podminky staveniste.

Jako smluvni zdklady se voli ty geotechnické parametry, které jsou
v prubéhu vystavby rozhodujici pro tpravy technologie razby
a vyznamné se tak promitaji do skute¢nych nakladi na provedeni dila.
Jejich hodnoty jsou pak ve smluvnich podminkdch dodavateli raZzeb
zaruCeny smluvné.

Druhym vyznamnym cilem zdkladni geotechnické zpravy je jedno-
zna¢nd formulace ,,0dlisnych podminek staveniste”. I tato formulace
md pravni povahu. Popisuje pro investora i pro dodavatele smluvné
zdvazny postup zji§tovéni rozdili mezi na stavbé zastizenymi a v zada-
vacich podminkdch pro vybér zhotovitele stavby predpoklddanymi
geotechnickymi podminkami.

Zéakladni geotechnicka zprdva ve Spojenych stitech tvori obvykle
standardn{ soucdst zaddvacich podminek pro vybér dodavatele stavby.
To ma velkou vyhodu, protoze soucdsti zaddvacich podminek pak jiz
nemusi byt Casto zavadéjici a neprehledny soubor vSech geotechnic-
kych a geologickych zprdv zpracovanych pro razné Gcely v riznych
fazich pripravy stavby, ne ziidka i riznymi autory. Tim se prirozené
vyloué¢i pozdéjsi nedorozuméni plynouci z nedostate¢né odborného
pouZivani rozliénych geotechnickych podkladu, které byly Casto pii-
pravovany s riznou podrobnosti a pro zvlastni ucely. Vylucuji se tak
zavadéjici hodnoceni, chybné pouZivani podkladu a pozdéjsi spory
mezi investorem a dodavatelem, které z toho vyplyvaji.

Ustanoveni o odlisnych podminkédch stavenisté téZ obsahuje pro
investora i dodavatele smluvné zdvazny postup pro dpravu ocenovani
vicepraci dodavatele, ke kterym v piipadé odlisnych podminek stave-
ni§té dochazi.

Hodnoty smluvnich zdkladd nemusi z fyzikdlniho hlediska predsta-
vovat presnou ,,geotechnickou skute¢nost™. Vétsinou vychdzeji z inter-
polace v ramci oboru hodnot geotechnickych parametra zjisténych
prazkumem nebo jejich extrapolaci nad meze tohoto oboru. Jejich
volba nevychézi z potreby projektanta ¢i statika dimenzovat stavebni
konstrukci, ale predevsim z potieby investora fidit geotechnickd rizika
a jasné nastavit své smluvni vztahy s dodavatelem.

Hodnoty smluvnich zdkladt majf totiZ pfimy vliv na nabidkovou cenu
dodavatele a na zpusob, jak jsou provddény cenové dpravy v prubéhu
vystavby. Volba hodnot smluvnich zdkladu se proto obvykle provadi za
Ucasti investora. Jen tak mohou smluvni zdklady geotechnickych para-
metra odrdZet pristup a rozhodnuti investora o rozdéleni geotechnickych
rizik mezi d¢astniky vystavby a jejich fizeni v jejim prubéhu.

Zakladni myslenkou, na které je postavena filozofie smluvnich
zékladi geotechnickych parametrt a i ustanoveni o odli$nych pod-
minkdch stavenisté, je, Ze rizika odpovidajici geologickym pomértm,
které jsou hor$i nez odpovidd stanovenym hodnotdm smluvnich
zékladq, prebird investor.

Toto pojeti vychdz{ z predstavy, Ze je to zpravidla investor, kdo doda-
vateli ,,preddva horninovy masiv* k provedeni stavby. Je to totiZ zpravi-
dla préavé on, kdo nechdva provést geotechnické pruzkumy, rozhoduje
o jejich rozsahu a komplexnosti a nechdvd zpracovat i projektovou
dokumentaci pro stavebni povoleni a dokumentaci pro zadani stavby. Je
to obvykle proto i investor, kdo by mél nechat zpracovat i zdkladni geo-
technickou zprdvu a udinit ji soucdsti zaddvacich podminek.

Proto také, pokud budou skute¢né geotechnické poméry nepfizni-
vEj8i nez ty, které byly stanoveny smluvnimi zaklady a kritérii uvede-
nymi v ustanovenich o odli$nych podminkéch stavenisté, je to inves-
tor, kdo by mé¢l dodate¢né ndklady dodavatele souvisejici s nutnym
reagovanim na tyto zmeny (viceprdce) uhradit.

USTANOVENI O ODLISNYCH PODMINKACH STAVENISTE

Soucdsti zakladni geotechnické zpravy tedy je ,,Ustanoveni o odlis-
nych podminkdch staveni§té“. Prostfednictvim tohoto ustanoveni lze
jednoznacné stanovit rozdily mezi geologickymi pomery, pro které
byla zpracovdna nabidka dodavatele a které investor smluvné garanto-
val, a skute¢nymi podminkami stavenisté zastizenymi pii razb€. Dule-
7ité je, Ze se stanovuje i zpusob, jak se tyto rozdily kvantifikuji, a Ze
se stanovuje zpusobem jasnym jak dodavateli, tak i investorovi. Pod-
statnd je i skutecnost, Ze tyto zpusoby jsou soucdsti smluvnich dohod
mezi investorem a dodavateli.

Ustanoveni o odliSnych podminkéch staveni§té md za cil sniZit nejis-
toty dodavatele o skutecnych geotechnickych podminkach na stavenisti
pii zpracovdvani jeho cenové nabidky. Prostfednictvim ustanoveni

TuNel

It is achieved by two methods. Firstly, through so-called “contractual
bases”; secondly, through defining which geotechnical conditions are consi-
dered to be differing site conditions.

The geotechnical parameters which are critical during the construction in
terms of changes in the excavation means and methods and thus are reflected
in the actual cost of the works are selected as the contractual bases. The valu-
es of these parameters are then guaranteed to the contractor by the contract.

The other significant objective of the geotechnical baseline report is to
define in unambiguous wording the meaning of the term “Differing site con-
ditions”. This wording has also a legal character. It describes the procedure,
which is contractually binding for both the employer and contractor, for
determination of differences between the actually encountered geotechnical
conditions and conditions anticipated in the tender package.

The geotechnical baseline report is the usually a standard part of tender
packages in the United States. The great advantage of this system is that there
is no need for other geotechnical and geological reports which were develo-
ped for various purposes and in various phases of the construction planning,
often even by different authors, which often form misleading and confusing
packages. Naturally, this system prevents subsequent misunderstandings
ensuing from insufficiently professional application of a variety of geotech-
nical documents, which were often prepared in differing degree of detail
and/or for specific purposes. Thus misleading assessments, erroneous appli-
cation of background documents and the resulting future disputes between
the employer and contractor are avoided.

The stipulation concerning the differing site conditions even contains
a procedure for valuation of contractor’s additional work required in the case
of differing site conditions. This stipulation is also contractually binding for
the employer and contractor.

From the physical viewpoint, the contractual values of the bases do not
have to represent the accurate “geotechnical reality”. They are mostly based
on interpolation within the range of values of the geotechnical parameters
determined by the exploration or their extrapolation beyond the limits of this
range. The selection of the values is not based on designer’s or structural
engineer’s need to develop the structural design; it is based primarily on
employer’s need to control geotechnical risks and explicitly define the con-
tractual relationships with the contractor.

The values of the contractual bases directly affect the tenderer’s bid price
and the method of the changes in the price carried out during the constructi-
on. For this reason, the values of the contractual bases are usually selected in
the presence of the employer. It is the only possibility to guarantee that the
contractual bases of the geotechnical parameters will reflect employer’s atti-
tude and decision on the geotechnical risk allocation between the employer
and contractor and the risk management during the construction.

The basic idea on which the philosophy of the contractual bases of geo-
technical parameters and the stipulation regarding the differing site conditi-
ons is based is that the risks corresponding to geological conditions which are
worse than the values of the contractual bases are allocated to the employer.

This concept is based on the idea that it is usually employer’s role to “hand
the rock massif over” to the contractor for the implementation of the con-
struction. The employer usually orders the geotechnical surveys, decides on
their extent and complexness and orders the final design and the detailed
design. For that reason, the employer should usually order also the geotech-
nical baseline report and make it part of the tender package.

For the same reason, if the actual geotechnical conditions are worse than
those set as the contractual bases and the criteria contained in the stipulations
regarding the differing site conditions, the additional cost incurred by the
contractor due to the necessity for responding to the changes (additional
work) should be born by the employer.

STIPULATION FOR DIFFERING SITE CONDITIONS

The “Stipulation for differing site conditions™ is part of the geotechnical
baseline report. It allows the differences between the geological conditions
contractually guaranteed by the employer, which the contractor used for the
bid calculation, and the site conditions actually encountered during the exca-
vation to be solved. It is important that the stipulation even defines the met-
hods of quantification of the differences, and it describes in an unambiguous
way which is clear to both the contractor and employer. Another important
thing is that these methods are contained in the contract between the emplo-
yer and the contractor.

The objective of the stipulation for differing site conditions is to bring
down contractor’s uncertainties regarding the actual geotechnical site condi-
tions during the bid pricing phase. Owing to the stipulation for differing site
conditions and the contractual bases, the scope of the possible geotechnical
risks allotted to the contractor is significantly reduced. It is so because the
employer carries the risk by their own. Thus the contractor, with respect to
the fact that they work in a competitive environment, may bring down the bid
price.




Tuel 15. rocnik - €. 4/2006

o odlisnych podminkédch stavenisté a smluvnich zdkladi se dodavateli Should the contractor carry all of the geotechnical hazards alone, they
snizuje rozsah moznych geotechnickych rizik. Jejich Cast totiz bere would have to create a financial reserve to cover them by increasing the bid
investor timto zpusobem na sebe. Dodavatel tak maZe v soutéZnim pro- price. This increased bid price would have to be paid by the employer, no
stfedi sniZit svou nabidkovou cenu. matter whether the geotechnical risks materialise or not. The stipulations for
Pokud by vSechna potenciélni geotechnickd rizika nesl dodavatel the differing site conditions and the contractual bases are developed with the
sam, musel by je kryt finan¢ni rezervou tvorenou zvySenou nabidko- aim of preventing the unnecessary cost incurred by the employer.
vou cenou. Tu by pak musel investor hradit bez ohledu na to, zda se The stipulation for differing site conditions is utilised in the USA nearly
tato geotechnickd rizika ve skute¢nosti projevi, ¢i nikoliv. Ustanoven{ always as a standard part of general conditions or special conditions of con-
o odli§nych podminkdch staveni§t¢ a smluvni zdklady jsou vytvoreny tracts for underground construction projects.
tak, aby se témto zbyte¢nym ndkladiim investora predeslo. It is important for the employer that this stipulation allows them to legally
Ustanoveni o odli§nych podminkéch stavenisté je v USA téméf vidy compensate the contractor for the particular additional work when the diffe-
pouzivano jako standardni souédst vieobecnych obchodnich podminek ring conditions are really encountered. Flexibility of the discussions about the
nebo zvlastnich technickych podminek smlouvy o provedeni podzem- requirements for payment for the additional work associated with the diffe-
niho stavebniho dila. ring site conditions depends on the works contract, how appositely and reli-
DilleZité je, Ze toto ustanoveni umoZiiuje v piipadé skutedného zasti- ably the geotechnigal site conditions are defined and how unambiguous the
#enf odlisnych podminek investorovi legdlng dodavateli kompenzovat | Tules for the valuation (the contractual bases) are.

The more unambiguous description the stipulation for the differing site
conditions, the easier process of identification, determination and quantifica-
tion of the conditions during the construction.

ndklady na souvisejici viceprace. Pruznost, s jakou jsou pak béhem
vystavby projedndvany poZadavky na hrazeni vicepraci z davoda
odli$nych podminek stavenisteé, zavisi na tom, jak vystizné a spolehli-
vé jsou geotechnické podminky stavenisteé definovany a jak jedno-

zna¢né jsou pravidla pro jejich ocefiovani zapracovdna do smluvnich DEVELOPMENT OF GEOTECHNICAL BASELINE REPORT

dokumentu (prostfednictvim smluvnich zdkladu). A geotechnical baseline report should be carried out by experienced geo-

Cim jednoznagnéji je ustanoveni o odli§nych geotechnickych pod- technical experts. It is advised that it should not be the supplier of the detai-

minkdch stavenisté popsano, tim snadnéji je pak mozné béhem vystav- led geotechnical investigation. It could happen in such the case that a poten-
by odlisné podminky zjistit, urcit a kvantifikovat. tial insufficiency of the investigation would not come to light.

Knowledge of geological conditions must be combined with knowledge of

ZPRACOVANI ZAKLADNI GEOTECHNICKE ZPRAVY the particular construction method, knowledge of geotechnical risk manage-

ment, as well as knowledge of designing civil engineering structures. These
activities are usually far beyond the usual scope of experience of the persons
who carry out geotechnical investigation.

Establishing a team comprising various specialists is often a reasonable
thing. But it always must be headed by an experienced professional geotech-
nician. In any case, a responsible representative of the employer must be
a member of the team. The reason is the fact that the conclusions of the geo-
technical baseline report will always affect employer’s risk management stra-
tegy and contractors pricing strategy.

Zdakladni geotechnickd zprdava by méla byt vypracovana zkuSenymi
geotechnickymi experty. Doporucuje se, aby to nebyl zpracovatel
podrobného geotechnického prazkumu. V takovém pripadé by se totiZ
mohlo stdt, Ze by pripadné nedostate¢nost prazkumu nevysla najevo.

Pri zpracovavéni zdkladni geotechnické zpravy je duleZitd nejen
znalost geologickych poméra, ale i znalosti technologii vystavby kon-
krétni stavby, znalost zdsad fizeni geotechnickych rizik i projektovani
a navrhovdni inZenyrskych konstrukci. Tyto ¢innosti jdou zpravidla
daleko za bézny rdmec zkuSenosti obvyklych zpracovateli geotech-

nickych prizkuma. PITFALLS IN THE COURSE OF THE WORK

Casto je vhodné vytvofit tym sloZeny z riiznych specialisti. Vzdy ho
v8ak musi vést zkuSeny odbornik geotechnik. Tym musi v kazdém pii- ON THE GEOTECHNICAL BASELINE REPORT

padé zahrnovat i odpovédného zdstupce investora. Duvodem je to, Ze of course, the geo_tec.hnical baseline.repon even coptains a summary ?l_ﬂd
zavéry zdkladni geotechnické zpravy nutné ovlivni strategii Tizeni comprehensive description of geotechnical and geological conditions on site.
rizik investora i cenovou strategii dodavateld. When the report is beir}g developed, there are only the source documents ava-
ilable which were available during the previous geotechnical investigations.
USKALI PRI VYPRACOVAVANI ZAKLADNI R]eliability Zf thle gltio}t]echr}ical base!ine re;lpolrt tt;er?f(])(r'; d?pendsi3 on cfor}rll-
GEOTECHNICKE ZPRAVY plexness and scale of these investigations, the level of skill of members of the
] . L 3 ) o ) working team and complexity and variability of geotechnical conditions wit-
Z4kladni geotechnickd zprdva obsahuje samozrejmé i souhrnny hin the particular area.
V}’é?rp?:l_\’?ﬁd popis geotechnickych a geologickych poméru na stave- For that reason, there even may be some flaws in the geotechnical baseli-
nisti. Pfi jeho zpracovavani ov§em muZe vychdzet pouze z dostupnych ne report. For instance:
podkladu ziskanych Pr?dChOmel geotechmcl.(}'lml pruzkumy. SP°1eh11‘ @ The expected rock mass response to the effects of the civil engineering
vost zdkladni geotechnické zpravy proto zdvisi na komplexnosti a roz- construction is not correctly described.
§ghu t'echto prtlzkvumu', na Odbor{lé 1’{r0vm JerlCOh zprvacov?tel,u ana 519' @ The determination of values of the contractual bases is sometimes vague,
Zitosti a prg){nenl,lv0§t1 geo}echnlckyc.h pomeru v .prevdmet/nem uzemi. too much general, multisense or only qualitative, without giving reasons
Proto muze mit zdkladni geotechnickd zprava i nekteré nedostatky. and explanation. This condition subsequently results into disputes regar-
NaErl’klad: o o ) L ding the meaning of the content of the contract.
L Predpoklada’na osiezva }}OfHIHOVehO masivu na inZenyrsky zisah The employer must always be aware that the objective of the geotechnical
stavbou neni dobre popsana. . ) . baseline report is to define the risk and allotment of the risk between the par-
e Stanoven{i hodnot smluvnich zdkladu je nekdy neurcité, prilis vseo- ties to the contract, thus to prevent client’s unjustified or invalid claims.

becné, mnohozna¢né nebo jen kvalitativni bez zdavodnéni a vysvét-
leni. To md pozdéji za ndsledek vznik sport ohledné toho, co je ve CONSEQUENCES OF A FAILURE TO DEVELOP
smlouve vlastné uvedeno. THE GEOTECHNICAL BASELINE REPORT

Investor si musi byt vzdy védom, Ze cilem zédkladni geotechnické
zprdvy je stanovit a rozdelit riziko mezi smluvni strany a tak predejit
nepravym nebo neplatnym ndrokiim dodavatele.

A serious mistake usual in the current Czech practice is that the pieces of
geotechnical information which were gathered during the construction pre-
paration phase are incorporated into the tender package without being assor-

DUSLEDKY NEVYPRACOVANI ZAKLADNI GEOTECHNICKE ZPRAVY ted and evaluated, virtually in the form in which they originated. The con-

tractual documents which are subsequently signed by the employer and con-

Obvyklym vdznym nedostatkerzl soucasné Ceské praxe je, Ze geotech- tractor usually do not allot the responsibility for unqualified assessment of the
nické poznatky shromdzdéné v prub¢hu pripravy stavby jsou do zaddva- geotechnical data in the tender package and for consequences of such
cich podminek vybérovych fizeni na zhotovitele stavby zapracovdvany defaults. The tenderers usually do not have enough time nor enough experi-
bez utfidéni a hodnocent, prakticky ve stejné podobé, v jaké vznikly. ence to be able to carry out additional supplementary surveys and to interpret

Smluvni dokumenty, které jsou pozdéji mezi investorem a doda- and evaluate the geotechnical data available. Moreover, this data is usually
vatelem stavby podepsédny, zpravidla nestanovuji odpovédnost za contained in the tender package in a non-systematic way and without a uni-
neodborné hodnoceni geotechnickych dat v téchto podkladech a za fying interpretation.

z toho vyplyvajici dusledky. Nabizejici dodavatelé nemivaji dostatek Under these circumstances, it is possible that the tenderer is not able to

Casu ani dost zkuSenosti pro provedeni dodate¢nych doplikovych recognise an existing geotechnical risk. The reason is that identification and
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pruzkumu a pro vyklad a vyhodnoceni dostupnych geotechnickych
dat. Ta byvaji navic v zaddvacich podkladech uvddéna nesystema-
ticky a bez jednoticiho vykladu.

Za téchto okolnosti se muZze stdt, ze nabizejici dodavatel neni scho-
pen rozpoznat stdvajici geotechnické riziko. Identifikace a kvantifika-
ce geotechnickych rizik a vypracovani variant moZnost{ jeho snizovani
totiz vyZaduji souhrnné geotechnické vyhodnoceni zkuSenymi odbor-
niky s prihlédnutim k povaze té ¢i oné stavby. Investor je z tohoto
pohledu casto v situaci podobné, ne-li stejné, jako nabizejici potencidl-
ni zhotovitel stavby.

Pak dochdzi k tomu, Ze ve vysoce soutéZnim prostfedi nabizejici
dodavatelé predkladaji cenové velmi podcenéné nabidky. Investori na-
opak nevytvdreji na kryti stavajicich geotechnickych rizik dostate¢né
finan¢ni rezervy. Jsou-li pak ndsledné na stavenisti zastiZeny nepiizni-
vejsi geotechnické poméry neZ ty, které byly nedostate¢né odborné
odvozeny z nesystematického souboru geotechnickych zprav a podkla-
du ruzné tdrovné, vznikaji ze strany dodavateli dodate&né znaéné néro-
ky na penéZni kompenzaci. Investofi vSak na takovy stav zpravidla
nejsou pripraveni a nemaji pro néj v pohotovosti finanéni rezervy.

ROZHODNUTI PROVADENA PRI ZPRACOVAVANI
ZAKLADNI GEOTECHNICKE ZPRAVY

Pri zpracovévani zdkladni geotechnické zprdvy je treba vzdy roz-

hodnout:

o Které geotechnické i jiné parametry by mély byt pouZity jako smluv-
ni zaklady.

@ Jaké konkrétni hodnoty téchto parametru zvolit pro hodnoty smluv-
nich zdkladu.

@ Jakd kritéria a postupy pouZzit pro ustanoveni o odliSnych podmin-
kéch staveniste.

e Jakym zpusobem by méla byt zdkladni geotechnickd zprdva vsazena
do celkového ramce smluvni dokumentace na doddvku stavby tunelu.

e Jaké je rozdéleni kli¢ovych roli a odpovédnosti mezi investora,
dodavatele a projektanta pfi pfipravé a pouzivani zdkladni geotech-
nické zpravy v prubéhu vystavby.

VYBER GEOTECHNICKYCH PARAMETRU PRO SMLUVNI ZAKLADY

Za smluvni zdklady musi byt vybrané takové geotechnické para-
metry, které lze v prubéhu vystavby bez potiZi prubézné a spolehlivé
méfit. Hodnoty téchto parametra by mély souviset s poZadavky na
tUpravy stavebnich postupt &i dpravy dokumentace béhem raZeb.
Napriklad pevnost, velikost deformace atp. VEtSinou se ale za smluv-
ni zdklady voli geotechnické parametry majici pfimy vztah k techno-
logii vystavby. Napiiklad:

e Zatfidéni horninového masivu podél trasy inZenyrského dila, podle
nékterych zavedenych klasifikaci horninového masivu (RMR, Beni-
awski, Tesar, Barton atp.).

e Geotechnické kategorie a jejich predpoklddané rozdéleni podél trasy.

@ Technologické tridy a jejich rozdéleni podél trasy.

e Izocary stejnych poklest povrchu terénu (poklesové kotliny nad tra-
sou podzemniho dila).

e Vrtatelnost, rozpojitelnost, lepivost, bobtnavost (tlacivost) atp.
a jejich rozdeleni podél trasy.

e Hydrostaticky tlak, hladiny podzemnich vod a pfedpokladané pod-
minky v oblasti podzemnich vod v&etné odhadu velikosti prfitoka do
stavebnich jam, zéfezu ¢i tuneld.

e Dopady vystavby na okolnf stavby.

e Poruchové zdny a jejich prostorové parametry.

e Dalsi geotechnické zdroje potencidlnich problému nebo rizik, které
by mohly mit vliv na proces vystavby, jako jsou podzemni dutiny,
balvany, prubéh povrchu nezvétralého skalniho podkladu, vyskyt
plynu, kontaminované pudy &i podzemni vody atp. (Mohou se uva-
dét jako mnoZstvi na jednotku délky trasy, nebo jako percentudlni
zastoupeni v trase).

Znovu je tfeba zduraznit, e parametry zvolené jako smluvni zdkla-
dy musi byt moZné v pribéhu vystavby bez potizi méfit, ¢i jinak jed-
noznacné stanovovat podle jasné stanovenych pravidel.

Smluvni zdklady totiz musi umoZnit snadnou odpovéd na otdzku
,,0dlisné od ¢eho?* ,,0dlisné o kolik?*.

Nésledné musi umoZnit urcit objem vicepraci v mnoZzstvi smluvnich
jednotek. Jejich vyndsobenim smluvnimi jednotkovymi cenami pak jizZ
Ize snadno spocitat financni kompenzaci.

TuNel

quantification of geotechnical risks ad development of variants of possibiliti-
es to reduce them require a comprehensive geotechnical assessment carried
out by professionals experienced in the particular type of the construction.
From this viewpoint, the employer is often in a situation similar to, if not even
identical with, that of the tenderer, a potential contractor.

As a result, tenderers, operating in the highly competitive environment,
submit significantly underestimated bids. On the contrary, employers do not
build sufficient reserves for the coverage of existing geotechnical risks. Sub-
sequently, when more unfavourable geotechnical conditions are encountered
than those derived insufficiently professionally from a non-systematically
developed set of geotechnical reports and documents of various quality, con-
tractors make claims for additional financial compensation. However, emplo-
yers are not prepared for such situations and do not have financial reserves
for them available.

DECISIONS MADE DURING THE WORK ON THE
GEOTECHNICAL BASELINE REPORT

When the geotechnical baseline report is being prepared it is always neces-

sary to decide:

e Which geotechnical and other parameters should be used as the contractu-
al bases.

e Which concrete values will be chosen for the values of the contractual bases.

e Which criteria and procedures will be utilised for the stipulation for the dif-
fering site conditions.

e How should the geotechnical baseline report be incorporated into the enti-
re package of the works contract documents.

e How will the key roles and responsibilities be allotted between the emplo-
yer, contractor and designer in the phases of preparation and application of
the geotechnical baseline report during the construction.

SELECTION OF GEOTECHNICAL PARAMETERS
FOR THE CONTRACTUAL BASES

Geotechnical parameters suitable for the selection as contractual bases
must be easy to measure continuously and reliably during the construction.
The values of these parameters should be related to changes in construction
procedures or changes in the design during the tunnel excavation, e.g.
strength, magnitude of deformation etc. However, geotechnical parameters
related directly to the tunnelling method are chosen most frequently, for
example:

e Categorisation of the rock mass along the tunnel alignment according to some
of common classification systems (RMR, Bienawski, Tesar, Barton etc.).

@ Geotechnical categories and the anticipated distribution of the categories
along the tunnel alignment.

e Excavation support classes and their distribution along the alignment.

e Ground surface isosettlement lines (settlement troughs above the tunnel
alignment.

o Dirillability, breaking characteristics of rocks, stickiness, swelling property
(squeezing capacity) etc., and distribution of the properties along the tun-
nel alignment.

e Hydrostatic head, water table levels and anticipated conditions in the field
of ground water, including guessing at the rates of seepage into constructi-
on trenches, open cuts or tunnels.

e Impacts of the construction on existing buildings.

e Weakness zones and their spatial parameters.

e Other geotechnical sources of potential problems or risks which could influ-
ence the construction process, such as underground cavities, boulders, the
course of the unweathered rock interface, occurrence of gas, contaminated
soil or ground water, etc. (They can be presented as an amount per an align-
ment length unit or as percentage of the occurrence along the alignment).
It is again necessary to emphasise that the parameters selected as the con-

tractual bases must be measurable during the construction without problems
or the unambiguous determination must be possible according to explicitly
defined rules. The reason is that the contractual bases must make the questi-
ons “From what does it differ?” and “How much does it differ?” easy to ans-
wer. Subsequently, they must make the determination of the volume of addi-
tional work and number of contractual measurement units possible. Then the
financial compensation can be easily calculated by multiplying the contrac-
tual units by contractual unit prices.

It is evident that the more unambiguously determined value of the con-
tractual base, the easier determination of occurrence of differing site conditi-
ons, the degree of the difference and compensation for the contractor for
additional work, if needed.
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Je samozrejmé, Ze ¢im jednoznacnéji bude hodnota smluvniho SETTING OF THE VALUE OF A CONTRACTUAL BASE
zdkladu stanovena, tim snazsi pak bude pro smluvni strany urcit vznik Naturally, the process of setting the values of the contractual parameters is
odli$nych podminek na stavenisti, miru jejich odli§nosti, a urcit pii- based on the values identified by the geotechnical survey, laboratory testing
padné kompenzace dodavateli za viceprace. and field testing or monitoring. It is, however, always necessary to take into

account the question regarding the possible reliability of the determination of
NASTAVENI HODNOTY SMLUVNIHO ZAKLADU the given parameters and the particular purpose of the contractual bases
Pfi nastavovani hodnot smluvnich zdkladt se samozfejmé vychézi z hod- aprlgécl_azf;ﬁ;l‘z .e“ as the particular situations in which they will be utilised.

not zji§ténych geotechnickym prizkumem, laboratornimi i polnimi zkous-
kami, ¢i monitoringem. VZdy je vak tfeba prihlédnout k tomu, s jakou spo-
lehlivosti mohly byt dané parametry zjistény a k jakému konkrétnimu tdéelu
a v jakych konkrétnich situacich budou smluvni zdklady pouzity.

Napriklad:

Pocet balvanu, které budou zastiZeny v prabéhu razby kanalizacni-
ho sbérace, miZe mit pouze jen nepiimou souvislost s tim, kolik jich
bylo zastizeno v prubéhu geotechnického prizkumu pfi vrtani. Vrtan{
vrtd s pomérné velmi malym pramérem totiz nepfedstavuje spolehli-
vou metodu pro zjis§téni mnozstvi balvanu v trase liniového inZenyr-

The number of boulders which will be encountered during the excavation
of a sewer tunnel can be only indirectly related to the number which was
encountered by boreholes drilled in the course of the geotechnical survey.
The reason is the fact that drilling relatively small-diameter boreholes cannot
be considered a reliable method in terms of determination of the quantity of
boulders along the tunnel alignment. Therefore, if the designer and employ-
er consider that the number of boulders to be encountered during the sewer
tunnel excavation is likely to be higher than that indicated by the survey
results (such a situation could significantly influence the excavation method,
types of mining machines or the way of equipping or application of the

ského dila. Pokud tedy projektant a investor povazuji za pravdép?dob— machines), the contractual bases may contain a higher number of boulders
né, Ze pri razbé sbérale bude zastizeno vEétSi mnozstvi balvant, nez than that indicated by the drilling survey.
naznacuji vysledky prizkumu (a takovd situace by m(o)hla V)’Izn;imné The determination of swelling properties of clayey ground does not have to
ovlivnit technologii razby sbérace, typ pouZitych strojii nebo zpusob, be based only on results of laboratory tests. The real squeezing capacity of
jakym by takovd zafizeni byla vybavena nebo pouZita), muZe byt clays experienced during construction of structures in the vicinity or other
ve smluvnim zdkladu uveden vys§i pfedpoklddany pocet balvani, nez structures built in the past in similar geological conditions can also be utilised.
jaky bezprostiedné naznacuji vysledky vrtného prizkumu. Results of laboratory testing or field testing of rock strength may exhibit
Stanoven{ nachylnosti jilovitych hornin k bobtnédni nemusi byt zalo- significant scatter. This variability may be associated with the variability of
Zeno jen na vysledcich laboratornich zkousek, ale i na zkuSenostech se the rock proper. However, it may also result from not absolutely identical
skuteCnou tlacivosti hornin na konstrukce z okolnich staveb, nebo conditions of the tests, preparation of samples and methodology of measure-
z jinych staveb, které byly v minulosti stavény v podobnych geologic- ments. In such a situation, if the set of results of, for example, strength tests
kych podminkéch. is not considered to give sufficiently true picture of this property, a different
Ve vysledcich laboratornich nebo polnich zkousek pevnosti hornin value of the contractual base for strength of the particular rock may be set
muZe byt znalny rozptyl. Tato proménlivost miZe souviset s promén- than that which could be derived solely from the measured data, for instance
livosti vlastnosti samotné horniny. MazZe viak byt zpusobena i ne zcela by statistical methods.
stejnymi podminkami samotnych zkousek, pfipravy vzorka a metodi- The geotechnical baseline report should contain a description of parame-
ky méfeni. Pokud za takového stavu nebude soubor vysledku zkousek, ters determined by the survey or by direct measurement, or show the range
dejme tomu pevnosti, povaZzovan za dostatené vystizny, tak stanove- of the parameter values. It is important for the selection of the types of the
ni hodnoty smluvniho zdkladu pevnosti dotyéné horniny se muze geotechnical parameters for the contractual bases. It is recommended that the
vyrazné liit od stanoveni, které by bylo moZné odvodit pouze bezpro- uncertainties under which the values of the parameters were determined or
stfedné ze zméfenych dat napiiklad statistickymi metodami. derived should always be described. The simplest method of determination
Pii vybéru typu geotechnického parametru pro smluvni zdklad a pii of the value of a Fontractual base is to take the highest Vglue, lowest val_ue,
stanovovani jeho hodnoty je dileZité v zdkladni geotechnické zpravé | anaverage or typical value of the set of values of the particular geotechnical
popsat nebo uvést rozsah hodnot tdchto parametrdi zjisténych v prizku- parameter, which were determined by measurements or by another method.

mu nebo primymi mérenimi. Doporucuje se také vzdy popsat nejisto-

ty, za kterych byly hodnoty t&chto parametrii uréovany &i odvozovany. EXAMPLES OF SETTING OF THE CONTRACTUAL BASES

Nejjednodussim zpisobem muZe byt stanovena hodnota smluvniho Let us assume that there is a tunnel to be driven through a rock massif con-
zdkladu jako nejvétsi hodnota, nejmensi hodnota, primér, nebo typic- sisting of two rock types; one rock type is of poorer quality, thus the excava-
ké hodnota souboru zméfenych ¢i jinak zjiSténych hodnot ur¢itého tion through this rock mass will be more difficult than through the other type.
geotechnického parametru. It is impossible to reliably determine the relative proportion of the two types

in the rock massif along the tunnel alignment on the basis of the completed
PRIKLADY NASTAVENI HODNOT SMLUVNICH ZAKLADU geotechnical investigation. It is, however, possible to make an assumption on

the basis of the information which is available that the lower quality rock
mass may be encountered along 30 per cent to 60 per cent of the total tunnel
length. The relative proportion of the two rock types was selected as a con-
tractual base; now the value of the contractual base must be determined using
the above-mentioned information.

The contractual value of the base can be set by the employer, for example,
as the average of the highest value and lowest value of the estimated percen-
tage of the lower quality rock, i.e. 45% of the tunnel length. Such a perfect-
ly clearly determined value of the contractual base will allow both the emplo-
yer and contractor to perceive their own particular geotechnical risks.

If subsequently, for the purpose of the cost estimation, the contractor uses
their own assumption that the lower quality rock will be encountered along
30% of the tunnel length, the difference between the contractual value of the
base (45%) and the value assumed by the contractor (30%) represents the

Predpoklddejme, Ze se bude razit tunel. Podél jeho trasy jsou zastou-
peny dva typy horniny; jeden typ horniny je méné kvalitni a razba
v ném bude obtiznéjsi nez ve druhém typu. Pomérné zastoupeni obou
typu hornin po délce trasy tunelu neni mozné na zakladé provedeného
geotechnického prazkumu spolehlivé stanovit. Na zdkladé dostupnych
poznatku je vSak mozné predpoklddat, 7 méné kvalitni hornina se
muZe vyskytovat na 30 % az 60 % celkové délky tunelu. Pomérné
zastoupeni obou téchto hornin bylo vybrdno za smluvni zdklad a nyn{
je tfeba s pomoci vySe uvedeného poznatku stanovit jeho hodnotu.

Smluvni hodnota zdkladu muZe byt napiiklad investorem nastavena
jako primér nejvétsi a nejmensi hodnoty odhadu percentudlniho
zastoupeni méné kvalitni horniny. To je 45 % délky tunelu. S pomoci
takto jasné uréené hodnoty smluvniho zakladu budou jak dodavatel,

tak investor vnimat geotechnickad rizika, kterd kazdy z nich ponese. risk which the contractor must take.

Pokud poté dodavaitel Pﬁ kalkul.aci své cenové nabidky vyjde ze If, however, the actual proportion of the lower quality rock is higher than
svého odhadu, Ze méné kvalitni hornina bude pouze na 30 % délky trasy, the value of the contractual base, the financial responsibility for the proven
pak rozdil mezi smluvni hodnotou zdkladu (45 %) a jim odhadnutou additional cost will pass from the contractor to the employer, within a margin
hodnotou (30 %) pro néj piedstavuje riziko, které musf vzit na sebe. corresponding to the extent to which the value of the contractual base for the

Jestlize vSak skute¢né zastoupeni méné kvalitni horniny bude vEtsi nez lower quality rock (45%) was exceeded.
hodnota smluvniho zdkladu, tak finan¢nf odpovédnost za prokdzané vicend- If the contractual base for the lower quality rock is defined at the level of
klady prechdzi z dodavatele na investora a to v rozsahu, ktery je imérny mite 45% and if the contractor uses the value of 30%, the contractor is not legal-
prekroeni méné kvalitni horniny vuci hodnoté smluvniho zdkladu (45 %). ly entitled to claim compensation. However, if the proportion of the lower

Pokud je smluvni zdklad nekvalitni horniny definovdn na drovni quality rock encountered during the excavation amounts to 55% of the tun-
45 % a pokud dodavatel pouZije pro svou kalkulaci hodnotu 30 %, pak nel length and the contractor is able to prove that the cost incurred due to this
v rozsahu 30-45 % vSak nenf zddny duvod pro jeho pravni narok na fact was higher, the contractor is entitled to claim sufficient compensation to

kompenzaci. Pokud bude ale pri razbé tunelu zjisténo, Ze nekvalitni an extent corresponding to 10% added to the proportion of the lower quality
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hornina zaujimd 55 % délky trasy, a pokud je dodavatel schopen pro-
kdzat, Ze to zpusobilo vicendklady, je opravnén od investora poZado-
vat dodate¢nou kompenzaci v rozsahu 10 % zastoupeni méné kvalit-
ni horniny. A to pfesto, Ze 55 % spadd do rozsahu odhadnutého geo-
technickym prazkumem.

Podminkou pro uplatiovéani tohoto pfistupu je provddét béhem razby
tunelu hodnovérné, investorem i dodavatelem vzdjemné odsouhlasené pri-
bézné méfeni parametru, kterymi se kvalita horniny jednoznaéné stanovuje.

Jinym prikladem strategie nastaven{ hodnoty smluvnich zdkladu je
zpusob stanovovdni jejich hodnot v piipadé razby jiz vys$e zminéného
kanaliza¢niho sbérafe v Stérkové terase s nepravidelnym vyskytem
velkych balvanu.

Za parametr smluvniho zdkladu byl vybrén pocet velkych balvanu
v trase, které je nutno prekondvat zvld$tnim opatrenim.

Na zékladé geotechnického prizkumu bylo mozné odhadnout, Ze
polet balvanu v trase bude v rozmezi 200 az 300 kusu. Pokud se
smluvni zdklad nastavi na hodnotu 300 kusu, tak tim investor dodava-
teli naznaCuje, Ze jeho cenovd nabidka by méla byt zpracovdna tak,
aby jeho néklady na razbu pocitaly s proraZzenim 300 kust balvang.
Investor dodavateli uhradi prorazeni 300 ks balvant bez ohledu na to,
zda jich ve skuteCnosti bylo piipadné méné. V takovém piipadé je
pravdépodobnost vzniku odli$nych podminek stavenisté (stanovenymi
poctem balvanu na trasu) velmi nizké.

Stejné tak viak muZe byt investorem hodnota smluvniho zdkladu
nastavena na spodnim rozhrani ocekdvaného rozmezi, a to hodnotou
pouze 200 kusu balvant na trasu. Pokud pak ve skute¢nosti bude muset
dodavatel pfi razbé prekondvat vétsi pocet balvanu neZ 200, tak veske-
ré prokédzané nédklady s tim spojené bude muset plné hradit investor.

V tomto pripadé se tedy investor rozhodl pro podstoupeni vy$si miry
geotechnického rizika. Nicméné v takovém piipadé by mél investor
s nejvyssi pravdépodobnosti obdrzet od dodavatele podstatné nizs{
nabidkovou cenu na razbu. Ta by totiz méla byt ocenéna pouze na oce-
kdvany poCet 200 kust balvanu v trase. Investor ale zaplati dodavate-
li za vé3i pocet balvani nez 200 pouze tehdy, jestlize se skute¢né
vyskytnou, a to presné podle skute¢ného poctu.

Pokud je smluvni zéklad nastaven na hodnotu, kterd se pri razbé
ukdZe byt odpovidajici skutecnosti, tak investor obdrZzi od dodavatele
optimdlni cenovou nabidku a nebude muset platit vicendklady.

Pokud bude smluvni zdklad nastaven na prumér ve skute¢nosti oce-
kavanych hodnot, tak geotechnické riziko, Ze tomu tak nebude, sdili ve
stejné mife investor i dodavatel. Pokud ale budou skute¢né geotech-
nické podminky priznivejsi, neZ odpovidd hodnoté smluvniho zdkladu,
md vyhodu dodavatel. Jeho skute¢né ndklady totiZ budou niZ$i nez ty,
které uvazoval v cenové nabidce investorovi a nez bude cena, kterou
dostane zaplacenu. Jeho dosaZeny zisk bude VvEtSi, nez uvazoval
v nabidce.

Pokud budou geotechnické podminky horsi, nez odpovida hodnoté
smluvniho zédkladu, md vyhodu opét dodavatel. Je to proto, protoZe
prislusné viceprace dostane od investora zaplacené.

Investor i dodavatel tedy maji moZnost volit i ruzné strategie fizeni
geotechnickych rizik.

Nastavi-li investor nizkou hodnotu smluvniho zakladu, obdrzi od
dodavatele nizsi nabidkovou cenu. Musi vSak poditat s tim, Ze béhem
stavby bude muset pravdépodobné hradit urdity rozsah vicepraci. Mus{
byt proto na takové situace profesné i kapacitné personalné vybaven
a mus{ mit pro takovy pfipad i pfisluiné finan¢ni rezervy.

(Pravdou ovSem je, Ze v naSich podminkdch je u vefejnych vybérovych
fizenich optimalni pouZiti takové strategie ponékud seSnérovéno pravidly
jako: ,, vitézi vzdy vyhradné nejniZ§i cena, smluvni cena vSak nesmi byt
ve skuteCnosti v Zddném pripadé prekroCena o vic nez x % atp.).

Utastnici vystavby si musi byt védomi toho, Ze smluvni hodnoty
zékladd uvedené ve smlouvé nejsou zédrukou toho, Ze takto stanovené
geotechnické parametry budou ve skuteCnosti na stavbé zastiZeny.

V Zadném pripadé neni smluvni hodnota zdkladu hodnotou, se kte-
rou by mél pracovat projektant, statik atp. Pro tcely projektu, navrho-
véni a dimenzovdn{ geotechnickych konstrukei je tfeba charakteris-
tické, ndvrhové a vypoctové hodnoty hornin stanovovat odligné, a to
v souladu s pravidly Eurokédu 7.

PROVAZANOST SMLUVNICH ZAKLADU SE SMLUVNIMI
DOKUMENTY

Mezi zékladnimi ustanovenimi zdkladni geotechnické zpravy, smluv-
nimi zdklady, projektem, ustanovenim o odliSnych podminkéch stave-
nisté, metodami vystavby, pravidly financovani a smluvnimi dokumen-
ty by méla byt tizkd provdzanost. Jinak zdkladni geotechnickd zprava,

TuNel

rock, despite the fact that the 55% value is still in the range anticipated by the
geotechnical investigation.

The condition for application of this approach is that the measurements of
the parameters which are carried out for the purpose of unambiguous deter-
mination of the rock mass quality during the tunnel excavation must be con-
tinual, credible and mutually approved by the employer and contractor.

Another example of the strategy of setting the value of contractual bases is
the method of determination of the values of the bases in a case of excavation
of a sewer tunnel through a gravel terrace with occurrence of large boulders.

The parameter which was selected for the contractual base was the num-
ber of large boulders encountered along the tunnel route, which will have to
be overcome using a special measure.

It was possible to make the estimation on the basis of geotechnical surve-
ys that the number of the boulders will vary from 200 pieces to 300 pieces.
If the value of the contractual base is set at 300 pieces, it will mean that the
employer suggests to the contractors that the bid price should be calculated
considering the cost of breaking through 300 boulders. The employer will
compensate the contractor for breaking through 300 boulders, irrespective of
the possible fact that the actual number is lower. In such the case, the proba-
bility of origination of different site conditions (defined by means of the num-
ber of large boulders along the tunnel route) is very low.

On the other hand, the employer can set the value of the contractual base
at the lower limit of the expected range, the value of 200 boulders for the enti-
re tunnel length. Then, if the real number of boulders the contractor must
overcome is higher than 200, the employer will be obliged to compensate the
contractor for all documented cost incurred due to this fact.

In this case, the employer decided to take a higher degree of geotechnical
risk. Nevertheless, in such the case it is highly probable that the employer
should obtain substantially lower bid prices for the excavation from the ten-
derers. It is so because the excavation pricing should be based only on the
anticipated number of 200 boulders to be encountered along the route. The
employer will pay the contractor for a larger number of boulders than 200
only if it is really encountered, exactly according to the actual number.

If the contractual base is set at a value which will prove to correspond to
the reality during the excavation, it will mean that the employer has received
an optimum bid price and no additional payments will be required.

If the contractual base is set at the average of the actually expected values,
the geotechnical risk that the reality will be different will be equally shared by
the employer and contractor. However, if the real geotechnical conditions are
more favourable than those corresponding to the value of the contractual base,
the advantage is on the side of the contractor. The real cost of their work will
be lower than the cost they calculated with in their bid price and than the price
they will be paid. Their profit will be higher than they planned in their bid.

If the geotechnical conditions are worse than those corresponding to the
value of the contractual base, the advantage is again on the side of the contrac-
tor. It is so because the relevant additional work will be paid by the employer.

It is obvious that both the employer and the contractor have various stra-
tegies of geotechnical risk management available to chose.

If the employer sets the value of the contractual base low, they will recei-
ve lower bids from tenderers. But they must expect that they probably will
have to pay for a certain volume of additional work during the construction.
For this reason, they must have human resources on site sufficient in terms of
the profession and capacity, as well as adequate financial reserves in case of
necessity.

(However, the truth is that, in the conditions of the Czech Republic, the
optimum application of such the strategy is somewhat restricted by the pub-
lic tendering rules, for instance: “the lowest bid always and exclusively wins,
however, the contractual price must be never and on no account be exceeded
in reality by more than x per cent etc.”)

The parties to the project must be aware of the fact that the contractual
values of the bases do not mean a guarantee that the geotechnical parameters
determined in the above way will be actually met on site.

The contractual value of the base is by no means the value which should
be used for calculations by the designer, structural engineer etc. The structu-
ral analyses and structural design of geotechnical structures require other
methods of determination of characteristic, design and calculation values of
rock mass conforming to the Eurocode No.7.

LINKS BETWEEN THE CONTRACTUAL BASES AND THE
CONTRACT DOCUMENTS

There should be close links between the principal stipulations of the geo-
technical baseline report, contractual bases, the design, the stipulation for dif-
fering site conditions, construction methods, payment conditions and con-
tract documents. Otherwise, the geotechnical baseline report, contractual
bases and the stipulation for differing site conditions would be rather mea-
ningless. The most frequent mistake made during the course of the applicati-
on of the geotechnical baseline report and the stipulation for the contractual
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smluvni zdklady i ustanoveni o odli$nych podminkach staveniste ve bases is that the above-mentioned fundamental rule is not adhered to. It is the-
valné mife postradaji smysl. refore reasonable if the following procedure is maintained:
Nejcastejsi chybou pfi pouzivdni zdkladni geotechnické zpravy The geotechnical baseline report should contain, apart from determination
a ustanoveni o smluvnich zékladech je prdvé nedodrZzovéni tohoto of contractual values of the bases, the reasons why the particular contractual
zdkladniho pravidla. Proto je tc¢elné dodrZovat ndsledujici postup: base was selected and how the selection was carried out.
Zékladni geotechnickd zprdva by kromé stanoveni smluvnich hodnot The possibility of linking the parameters for the contractual bases to the
zéakladd méla obsahovat odivodnént, pro¢ a jak byl smluvni zdklad zvolen. special specifications must be judged during the process of selection of the
Pri vybéru parametrd pro smluvni zdklady se musi posoudit moz- parameters. The specifications must determine methods of unambiguous
nost jejich provdzani se zvlastnimi technickymi podminkami. Ty mus{ measurement of the parameters. If it is impossible, the particular parameter is
stanovit, jak parametry smluvnich zdkladi jednozna¢né méfit. Pokud not suitable as a contractual base.
to neni mozné, neni vhodné [a_kov}’z parametr pro volbu smluvniho If, for examp]e, the rate of inflow of ground water at the excavation face
zékladu pouzit. is set as a parameter for the contractual base, it in necessary for the special
Pokud napfiklad bude jako parametr pro smluvni zaklad stanovena _specifications to contain a stipulatign for the measurements of the inflows,
rychlost pritoku podzemni vody v Celbé tunelu, tak ve zvlastnich tech- Le. when and how they ‘_’Vlll be Ca_med out. )
nickych podminkach je zapotiebf stanovit kde, kdy a jak budou méfe- It also' must be taken into co.nmderatlol'q that it is 1mpos51ble and unreaso-
ni pritoku podzemni vody v tunelu provédéna. nable to incorporate all theoretically possible geotechnical parameters, con-
Je také tieba vzit v dvahu, Ze neni mozné ani Gcelné do zdkladni ditions and circumstances, which may influence the construction process.
geotechnické zpravy zahrnout Uplné vSechny mozné geotechnické Only the most important are selected.

However, for certain geotechnical conditions which might be locally
encountered on site, the employer is entitled to require that the contractor
should have equipment for handling certain potential complicated events
available. Payments for such “preparedness for emergency response” may be
part of the contract conditions, but payments for solving such states are made
only if they really materialise.

As examples, we can consider the coping with substantially higher rate of
ground water inflows into a construction trench than expected by the design;
an encounter with underground cavities during the excavation; detection, tre-
atment and disposal of contaminated soils and ground water; or a need for
exceptionally strong primary support of the underground opening, etc.

A great advantage of the geotechnical baseline report is the fact that whe-
rever it exists, all parties to the project are aware of existing geotechnical and
other risks and restrictions upon the project associated with the risks. They
better understand special technical requirements of the design following from
uncertainties regarding geotechnical conditions; they engage themselves with
a higher level of understanding in the process of solving the unusual states
which may occur during the course of the construction.

parametry, podminky a okolnosti, které pripadaji v tvahu, a které
mohou proces vystavby ovliviiovat. Vybiraji se jen ty nejduleZitéjsi.

Pro urcité geotechnické podminky, které by vSak mohly na stavbé
mistné nastat, ale muze investor pozadovat, aby mél dodavatel poho-
tove technologické vybaveni pro zmahéni urcitych potencidlnich slo-
Zitych pripadu. Platby za takovou ,,pohotovost mohou byt souddsti
smluvnich podminek. AvSak platby za skute¢né zmdhdni takovych
stavu se déji pouze tehdy, pokud skute¢né nastanou.

Jako priklad 1ze uvést zvlddani podstatné vétsiho pritoku podzem-
nich vod do stavebni jamy, neZ predpokladal projekt, kontakt s pod-
zemnimi dutinami pfi razbé podzemniho dila, zjisténi, zpracovéni
a likvidace kontaminovanych pud a podzemnich vod, nebo potieba
mimoradné silné doCasné vyztuZe primérniho osténi tunelu atp.

Velkou vyhodou zdkladni geotechnické zprivy je, Ze pri jeji exi-
stenci vSichni Gcastnici vystavby sndze vnimaji stavajici geotechnickd
1 jind rizika a s nimi souvisejici omezeni projektu. Lépe pochopi
zvlastni technické pozadavky projektu vyplyvajici z nejistot o geo-
technickych pomeérech a G¢innéji a s vétsim porozumeénim se zapoji do
feSenf neobvyklych stava, které v prabéhu vystavby mohou nastat. CONCLUSION

ZAVER The geotechnical baseline report may become a very effective means of
geotechnical risk management during tunnel excavation.

The application of this report can also contribute to reduction of the actu-
al excavation cost and improvement of quality of the construction. It also
always facilitates the solution of complicated situations where different con-
ditions are encountered on site than those anticipated by the parties to the pro-
ject. One of very important contributions of the geotechnical baseline report
is the increased effectiveness of the overall project management process,
from the tender proceedings up to the construction site handover and final

Zékladni geotechnickd zprdva muize byt velmi G¢innym ndstrojem
pro fizeni geotechnickych rizik béhem razeb tunelu.

Jeji vyuziti maze prispét nejen ke sniZeni skutenych ndkladu na
razbu, ale i ke zvySenf kvality stavby. Vzdy také usnadni feSen{ sloZi-
tych situaci, kdy jsou na stavenisti zastiZzeny odliSné podminky nez ty,
které byly predpokldddny tcastniky vystavby. Velmi vyznamnym piis-
pévkem zdkladni geotechnické zpravy je zefektivnéni celkového fize-

ni vystavby od vybérového fizeni aZ po predani stavenisté a konecné invoice.
Vyﬁétov"énf- B ) ) . The report even indirectly contributes to the improvement of excavation

Neprimo tak prispivd i ke zvySeni bezpecnosti razeb. Za vétsinou hava- safety. Most incidents and emergencies are results of inadequate efforts for
rif a mimorddnych udélosti je totiZ nedmérnd snaha Setfit a pospichat. savings and acceleration of the works.

Do praxe byla zédkladn{ geotechnickd zprdva GspéSné zavedena ve The geotechnical baseline report has been successfully introduced into the
Spojenych stétech, kde je i b€Zné pouZivdna. Za urCitych okolnosti se practice in the United States, where it has been routinely utilised. Under cer-
Ize setkat s tim, Ze souhrnnd i zdkladni geotechnickd zprdva jsou tain conditions, it is possible to find a geotechnical baseline report and geo-
vypracovény v jednom elaboratu. technical summary report contained in one document.

ZkuSenost americkych investori ukazuje, Ze celkové ndklady na The experience gathered by American employers suggests that the total
stavbu s vyuZitim zdkladni geotechnick€ zpravy jsou v rozhodujicim cost of a construction where the geotechnical baseline report was applied is
po&tu piipadu vzdy mensi neZ bez ni. in most cases lower than without the report.

Na své ispésné zavedeni do praxe u nds jeste éekd, i kdyZ jsou pro The report has still been waiting for successful introduction into the practice
to vSechny predpoklady a jeji pouZivani by mélo nepochybné stejny in the Czech Republic. All conditions for the introduction have been met and
pozitivni efekt jako ve Spojenych statech. the utilisation would undoubtedly have the same effect as in the United States.

DOC. ING.ALEXANDR ROZSYPAL, CSc., DOC. ING.ALEXANDR ROZSYPAL, CSc.,
rozsypal@geotechnika.cz rozsypal@geotechnika.cz
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ZKUSENOSTI Z RAZEB JIZNIHO TUNELU NOVEHO SPOJENI

EXPERIENCE GAINED FROM THE EXCAVATION OF
THE SOUTHERN TUNNEL OF THE NEW CONNECTION PROJECT

DAVID CYRON, STEFAN IVOR, STEFAN ORBAN

uvoD

RaZeny stavebni objekt (SO) 801.1 jizni tunel Nového spojeni tvoif spolu se
SO 800.1 severni tunel Nového spojeni dvojici tunelt, které se po svém tplném
dokonceni zacleni do rozsdhlé stavby Nového spojeni v Praze. Tato stavba pro-
poji Zelezni¢ni stanice Praha hlavni nddraZ{ a Masarykovo nddraZ{ se stanicemi
Libeti, VysoCany a HoleSovice a dokonf tak tiplnou prestavbu Zelezni¢niho uzlu
Praha.

Reent nové Zelezni¢ni trasy v oblasti Zizkova a Karlina bylo navrzeno dvéma
dvoukolejnymi tunely pod horou Vitkov. Toto feSeni se ukdzalo jako nejvhodnéj-
§i vzhledem k ochrané obou méstskych Ctvrti pred vlivem Zelezni¢ni dopravy.
Vyrazen{ jizniho tunelu je velmi duleZitou soucdsti celé stavby Nového spojent
a predstavuje vyznamny meznik sméfujici k jejimu dokonCenf plénovanému vari-
antné nejdffve v roce 2009.

Utelem tohoto prispévku je uvést zakladni technické ddaje stavebniho objek-
tu 801.1. jizniho tunelu Nového spojeni, struéné postihnout skute¢né zastizené
geologické a hydrogeologické poméry a zminit se o podstatnych technologickych
postupech, které byly pouzity pro dspésné vyrazeni tohoto podzemniho dila.

ZAKLADNI UDAJE A TECHNICKA DATA TUNELU

Region Hlavni mésto Praha

Investor Sprdva Zelezni¢n{ dopravn{ cesty, s. 0.

Projektant SUDOP Praha, a. s. 5

Zhotovitel Sdruzeni Nové spojeni Praha — SKANSKA, a. s., SSZ, a.s.,
Metrostav a. s., Subterra, a. s.

UZivatel Ceské drdhy, s. o.

Sledované obdobi vystavby  5/2005 — 6/2006

Jizni vitkovsky tunel je tvoren dvéma hloubenymi dseky budovanymi v otevre-
né stavebni jame a dsekem razenym. Tunel je veden v podélné ose vrchu Vitkova
v pifmych dsecich a smérovych obloucich o polomérech 647,80 m a 601,80 m.
Nejdelsi primy tsek v tunelu je 495,561 m dlouhy. Ve sméru razby od vyjezdové-
ho (vychodniho) portdlu je tunel navrZen v celé délce tpadné ve sklonu 3,3 /oo.

Celkova délka tunelu: 1365 m
Délka razené Csti: 1251 m
Délka hloubené casti:

vychodnf (vyjezdovd) 69 m

zdpadni (vjezdovd) 45m
Plocha vyrubu: 96-108 m” (podle tiidy NRTM)
Siika vyrubu 128 m
Vyska vyrubu 95-104 m
Bezpecnostni vyklenky oboustranné po25m

Komory pro napindni trakéniho vedeni - vyrub téchto komor je
1258 - 173 m?

Pozn.: Pokud jde o geologické a hydrogeologické poméry a provadéni geomoni-
toringu lez najit podrobné informace v ¢lanku uvefejnéném v Cisle 2/2006 tohoto
casopisu (Kossler, Teska — Geotechnicky monitoring na tunelech Nového spojen).

KONSTRUKCNI RESENI

Konstrukce primdrniho osténi razeného dvoukolejného tunelu byla vytvorena
standardné ze stitkaného betonu SB 20 (C16/20) vyztuzeného plosné pii obou povr-
Sich dvéma ocelovymi sitémi. Konstrukce byla doplnéna o ocelové prihradové
obloukové rdmy, o hydraulicky upinatelné svorniky (kotvy) a v tsecich v kaloté
ohroZenych nestabilitou vyrubu navic o obvodové ocelové jehly.

Pouziti a cetnost jednotlivych vyse uvedenych prvka primédrniho osténi byly
definovany v technologickych tfiddch vyrubu. Protoze NRTM je zaloZena na
observaci — pozorovén{ (méfenf) a popisu deformac &i stavd, byly prvky osténi
v piipadé potfeby modifikovany i v rdmci technologickych tid. Tim se zvysila
bezpetnost vystavby v tézkych geotechnickych podminkdch nebo se naopak
snizenim poCtu prvku ostén{ vyuzily pifznivési geologické poméry, nez bylo pred-
pokladano v projektové dokumentaci. Ke splnéni téchto cilt byly zatfidéni a jeho

INTRODUCTION

The mined structure #801.1, i.e. the Southern Tunnel of the New Connection
and the structure #800.1, i.e. the Northern Tunnel of the New Connection project,
are a pair of tunnels which will be incorporated into the extensive New Conne-
ction Project in Prague after their completion. This project is designed to conne-
ct Prague — Hlavn{ nddrazi railway station and Prague — Masarykovo nddraz{ sta-
tion with stations in Liben, Vyso¢any and Holesovice districts of Prague. It will
finish the overall reconstruction of the Prague rail junction.

The design of the new railway line in the area of the Zizkov and Karlin districts
comprises two double-track tunnels under Vitkov hill. This design proved to be
most suitable in terms of protection of both urban districts against the impact of rail-
way traffic. The excavation of the Southern Tunnel is important part of the whole
New Connection project. It represents a significant milestone heading towards
completion of the project, which is scheduled in the earliest variant for 2009.

The purpose of this contribution is to present basic technical data on the struc-
ture #801.1, i.e. the Southern Tunnel of the New Connection Project, concisely
describe the actually encountered geological and hydrogeological conditions and
to mention substantial technical procedures which were used for successful com-
pletion of this underground structure.

BASIC DATA AND TECHNICAL DATA ON THE TUNNEL

Region Prague, the capital of the Czech Republic

Client Sprdva Zelezni¢n{ dopravni cesty s.o.

Designer SUDOP Praha, a.s.

Contractor SdruZen{ Nové Spojeni Praha, a group of companies
consisting of SKANSKA, a.s.; SSZ, ass.;
Metrostav a.s.; Subterra, a.s.

User Ceské drahy, s.0.

Construction period covered  05/2005 — 06/2006

The Southern tube of the Vitkov tunnel comprises two cut-and-cover sections,
i.e. sections built in an open trench, and a mined section. The tunnel runs along
the longitudinal axis of Vitkov hill. The horizontal alignment consists of straight
sections and curves with radii of 647.80m and 601.80m. The longest straight sec-
tion of the line in the tunnel is 495.561m long. The tunnel is excavated on
a 3.3 %00 down gradient (viewed in the direction of the excavation from the exit
(eastern) portal.

Total tunnel length: 1365m
Mined section length: 1251m
Cut-and-cover section length: the eastern (exit) section 69m
the western (entrance) section 45m
Excavated cross-section area: 96 — 108m? (depending on the NATM class)
Excavated cross-section width: 12.8m
Excavated cross-section height: 9.5-104m
Safety niches on both sides: every 25m

Overhead line tensioning chambers 3x — excavation volumes of
125.8 - 173m?

Note: Regarding geological and hydrogeological condition and execution of
geomonitoring, detailed information is available in the paper published in
No. 2/2006 of Tunel magazine (Kossler, Teska — New Connection Tunnels — Geo-
technical Monitoring).

THE TUNNEL STRUCTURE DESIGN

The primary lining of the mined double-track tunnel is of a standard design
consisting of SC 20 (C16/20) shotcrete reinforced with two layers of steel mesh
placed on both surfaces. The structure was complemented by lattice arches,
water-expanded rock bolts and, in top heading sections threatened with instabili-
ty of the excavation, by additional steel spiles around the excavation perimeter.

The specifications of the type and quantity of the above-mentioned elements
of the primary lining were defined in excavation support classes. Because the
NATM is based on observation (measurement) and description of deformations or
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TECHNOLOGICKA TRIDA NRTM
NATM SUPPORT CLASS 3. 4a. 4b. Sa.

Clenéni vyrubu | Excavation sequences kalota — jddro kalota — jddro kalota — jddro kalota — jddro

Top heading — Bench Top heading — Bench — protiklenba — protiklenba
Top heading — Bench = Top heading — Bench

— Invert — Invert
(rozmery jsou uvddeny v m) (dimensions in m)
§itka vyrubu / excavation width 12,70 12,80 12,80 12,90
vyska vyrubu / excavation height 9,52 9,55 10,332 10,382
plocha vyrubu / excavated cross-section area 96,22 97,51 106,84 108,13
tloustka doc¢asného osténi SB 20
thickness of temporary SC 20 shotcr. lining 0,22 0,25 0,25 0,30
pocet svorniku na délku 1 zdbéru 3 8 10 12
number of rock bolts per round
délka svorniku / rockbolt length 3 4 4 4az6
min. dnosnost svornika v kN 120 150 150 170

min. bearing capacity of rockbolts in kN

Tab. 1 Piehled vybranych parametri tunelu v tiidich NRTM
Table 1 Summary of selected parameters of the tunnel in the NATM classes

tipravy ovlivnény podrobnym geologickym sledovanim a zejména kontrolnim méfe-
nim deformaci horninového masivu a zejména lice konstrukce primarniho osténi.

POSTUP VYSTAVBY

Na zékladé ndvrhu dodavatele stavebnich praci firmy Metrostav a. s. byly pro-
vedeny pri tvorb¢ realizaéni dokumentace tyto zmény:

Kalota tunelu byla upravena tak, aby jeji tvar tvoril pulkruh, coz umoznilo vyro-
bu pithradového obloukového rdmu o &tyfech stejnych prveich. Toto feSenf zrychli-
lo a zjednodusilo osazenf téchto prvkd s vylou¢enim moZné chyby ve tvaru osténi.

Postup razeb byl zvolen pouze z vychodni strany, aby dlouhodobéjsimi sta-
vebnimi pracemi bylo co nejméné naruseno okoli zdpadniho portélu.

Razba jizniho tunelu Nového spojeni probéhla tispésné bez prerusent i pod budo-
vou Nérodniho pamdtniku na hofe Vitkov bez ohledu na puvodni podminku sou-
béZné razby obou tuneld (jizniho i severniho) pod budovou nérodniho pamatniku.

Dodavatel spolu s projektantem upravili pocet, tvar a polohu napinacich komor
pro trakéni vedeni a ndsledné i spojovacich chodeb mezi jiznim a severnim tunelem
tak, aby minimalizovali dosah deformaci na povrch a omezili Skodlivé seismické
vlivy trhacich praci, vzniklych pii vystavbé téchto zvétSenych atypickych profild.

METODA VYSTAVBY

Razba jizniho tunelu byla provddéna podle zdsad Nové rakouské tunelovani
metody (NRTM) a zpusob zajiSténi vyrubu byl popsan technologickou tfidou
vyrubu, definujict:

@ typ Clenéni,

@ pocet dil¢ich zabérl a jejich maximalni délku,

@ vysku kaloty, jadra a protiklenby,

@ tloustku primdrniho ostént,

@ vzdalenosti vyztuznych réma,

@ délku svornika (kotev) a zpusob zajisténi Celby.

Lisecy =5 i, hae

Obr. 1 Rozrdzka jizni tunelové trouby (JTT) vitkovského tunelu Nového spojeni
Fig. 1 Excavation of the Southern Tunnel Tube (STT) of the Vitkov tunnel of

the New Connection project

states, the elements of the lining were modified when necessary even within the
limits of the particular support classes. This approach improved the safety of the
construction work carried out in difficult geotechnical conditions or, to the contra-
ry, allowed reduction of the quantity of the elements of the lining in case of more
favourable geological conditions than those assumed in the design documents. To
meet those objectives, the classification and its modifications were affected by
detailed geological observation and above all by check measurements of deforma-
tions of the rock mass, mainly of the internal surface of the primary lining.

CONSTRUCTION PROCEDURE

The following modifications were introduced into the detailed design (design
of means and methods) based on contractor’s (Metrostav a.s.) proposal:

The top heading cross section was changed to form a semi-circle; this measu-
re allowed production of a lattice girder consisting of four identical elements.
This design accelerated and simplified the installation of those elements and exc-
luded possible deviations from the required shape of the lining.

The decision was made that the excavation be carried out solely from the eas-
tern side so that long-term construction operations caused as little nuisance to the
neighbourhood of the western portal as possible.

The excavation of the Southern Tunnel of the New Connection project was
carried out successfully without interruption even under the National Monument
building on Vitkov hill, regardless of the original condition that both tunnels (the
Southern and the Northern) were to be driven under the National Monument buil-
ding simultaneously, in parallel.

The contractor together with the designer modified the quantity, shape and
position of the overhead line tensioning chambers and, subsequently, even the
cross passages between the Southern and Northern tunnels so that the reach of
deformations to the surface was minimised and the harmful seismic effects of
blasting operations, which originated in the course of the work on those enlarged
atypical profiles, were diminished.

CONSTRUCTION METHOD

The Southern Tunnel excavation was carried out using the New Austrian Tun-
nelling method (NATM); the excavation support was described by means of the
particular excavation support class, which defined the following details:

@ the type of the excavation sequencing

@ the number of partial headings and the maximum lengths of the headings

@ the height of the top heading, core and invert

@ the thickness of the primary lining

@ the spacing of lattice girders

@ the length of rockbolts (anchors) and the face support procedure.

The excavation face in the Southern Tunnel was divided horizontally. The defi-
nition level for the excavation was the level of the top heading, i.e. the 1st working
level, which was placed on the vertical axis of the cross section 1800mm above the
top of rail of the future track. This level was uniform for all support classes. The top
heading excavation was followed at the distance depending on the particular class
by continual excavation of the bench and, in the classes 4b and Sa, also by closing
the profile by invert. The support class Sa was applied only to the places where the
most unfavourable geotechnical conditions were encountered. Such the places were
identified in the vicinity of portals, namely where the mined sections of the nort-
hern tunnel and the open trench ran alongside, and in adjoining short sections with
the subtle rock pillar that remained between the southern and northern tunnel. The
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TuNel

TECHNOLOGICKA TRIDA
SUPPORT CLASS 3. 4a. 4b. Sa.
Cdsti vyrubu | Excavation sequences kalota — jadro kalota — jadro kalota — jadro kalota — jadro
Top heading — Bench  Top heading — Bench — protiklenba — protiklenba
Top heading — Bench = Top heading — Bench
— Invert — Invert
¢lenéni / type of sequencing horizontélni / horizontal
pocet diléich zdbéra / number of partial headings 3 3 3 4
max. délka zdbéru — kaloty / max. advance length — top h. 20 1,5 15 10
— jadra a opér / core and side walls 4.0 30 20 20
odstup dil&ich zdbéra / distance between faces 100 a vice 70 — 100 70 — 100 m 50 - 70 m
of partial headings 100 and more
vzddl. uzavreni prstence / distance of the ring closing - - 100 — 130 m 80 — 100 m
vzdélenost rdmu / spacing of lattice girders 20 1,5 1,5 1,0
vyska kaloty / top heading height 6,37 6,40 6,40 645
vySka jadra / core height 2,30 2,30 2,30 230
vyska pocvy / invert height 1,030 1,030 1,632 1,632
vzddlenost kotveni od Celby maximalné druhy zastiikany zdbérovy postup
distance of anchoring from the face in the second round provided with shotcrete (as the maximum distance)
vzdélenost rdmu od celby max. 2 m max.1,6 m max. 1,60 m max. 1,50 m
distance of lattice girders from the face - uklonénd Celba uklon.celba déleni kaloty
zajisténi Celby / face support sklon 3:1 +SB 20 + jehly
inclined face tl.5cm +SB20 t1.10 cm
3:1 incl. inclined face divided top
+SC 20 heading face
5 cm th. + spiles

Tab. 2 Popis parametri technologickych tfid
Table 2 Description of the parameters of the support classes

Pfi razb¢ jizniho tunelu byla Celba tunelu ¢lenéna horizontdlné. UrCujici rovi-
nou raZeb byla vyska kaloty, tj. 1. pracovni troven, kterd byla umisténa na svislé
ose pricného profilu 1 800 mm nad temenem budouci Zelezni¢ni koleje. Tato
vyska byla jednotnd pro vSechny technologické tiidy. Za kalotou tunelu s odstu-
pem podle jednotlivych tfid probihala kontinudlni razba jadra a v tfidéch 4b a 5a
také uzavirdni tunelu protiklenbou. Technologicka tifda Sa byla provedena pouze
v mistech s nejnepriznivéj$imi geotechnickymi podminkami. Bylo to v blizkosti
portdll zejména v soubéhu raZenych dsekd a hloubené stavebni jdmy severniho
tunelu a v kratkych navazujicich dsecich se subtilnim horninovym pilitem mezi
jiznim a severnim tunelem. Ostatn{ technologické tiidy vyrubu byly vyuZity na
zdklade aktudlné zastizenych geologickych a geotechnickych podminek také
s prihlédnutim na podzemni a nadzemni stavebni objekty v blizkosti tunelu.
Ochrana téchto objektt si vyZzddala dpravu délky zdbérovych kroku s ohledem na
G¢inky trhacich praci. Rozhodujici byl odborny vypoCet seismickych projevi,
ze kterého vyplynula limitn{ velikost trhavinovych nélozek v jednotlivych vrtech
ina celou Celbu, ze kterych byla odvozena zkracend délka zabéru. S ohledem na
omezenf G¢inkd trhacich praci byl pred kazdym dal§fm postupem vyrub zatfido-
vidn kompetentnimi zdstupci objednatele a zhotovitele. Urceni technologické
tiidy vyrubu se pak pisemné zaznamenalo.

TECHNOLOGICKA TRIDA NRTM Projekt Skuteénost
m m
3 347 530,95
4a 282 448
4b 183,75 50,24
Sa 41247 135,25

Tab. 3 Porovndni projektovanych a skute¢né zastiZenych technologickych trid NRTM v JTT

Do tifdy 5a byla také zatiidéna razba vyklenku pro napinédni trak&éniho vedent.
V trase jizniho tunelu byly vyraZeny celkem tfi tyto komory. RaZba vyklenku byla
provaddéna z navyseného profilu dvoukolejného tunelu roz§itenim kaloty v délce

probrény také boky tunelu, &imZ byl vytvoren profil o celkové velikosti 173 m?.

+SC20 10 cm th.

other support classes were utilised on the basis of actually encountered geological
and geotechnical conditions and with respect to the underground and surface struc-
tures found near the tunnel. Protection of those structures required modification of
the advance lengths with consideration given to the effects of blasting operations.
Expert calculations of seismic effects were the deciding reference documents. The
limiting weight of cartridges in individual blast holes and maximum charge weight
were determined according to this calculation; the reduced round length was deri-
ved from those weights. With respect to the requirement for reduced impact of blas-
ting operations, the excavation class was determined before each advance by com-
petent representatives of the client and contractor. They recorded the determined
support class in writing.

NATM SUPPORT CLASS Design Reality
m m
3 347 530.95
4a 282 448
4b 183.75 50.24
Sa 41247 135.25

Table 3 Comparison of design and actually encountered NATM support classes in the STT

The excavation of the overhead line tensioning chambers was also put into the
class Sa. Three chambers were excavated along the route of the Southern Tunnel.
The excavation was carried out from a vertically extended profile of the double-
track tunnel by widening the top heading along a 9m long section. In the widest
point, the excavation width reached 17m. When the bench excavation was being
carried out, the tunnel sides were also widened. The resulting excavated cross-
section area reached 173m?.

MECHANICAL EQUIPMENT USED

The following principal equipment was used for the excavation of the whole
southern tunnel:

@ Atlas Copco L2C drill rig

@ Liebherr R 932, R 934 excavator

@ Volvo L120 E wheeled loader

@ Volvo A25C tipping trucks

@ Meyco Potenza shotcrete sets

@ Atlas Copco DC 16/HL mobile platform



Obr. 2 Zdbérovy krok v kaloté JTT pred nandSenim stiikaného betonu
Fig.2 An excavation cycle in the STT top heading before application of
shotcrete

POUZITA STROJNI MECHANIZACE

K vyrazeni celého jizniho tunelu byly pouZity tyto hlavni strojni mechanizmy:
@ Vrtaci viz — Atlas Copco L.2C

@ Razici stroj — Liebherr R 932, R 934

® Kolovy naklada¢ — Volvo L120 E

@ Dumpery — Volvo A25C

@ Stitkdn{ betonu — Meyco Potenza

@ Mobiln{ ploSina — Atlas Copco DC 16/HL

VRTANI A TRHACI PRACE

Jedna z hlavnich operaci razictho cyklu byla na jiznim tunelu provadéna
pomoci vrtactho vozu Atlas Copco L2C, ktery byl osazen systémem ABC, coZ je
pridavné vybaveni pro méfeni pozice a sméru vrtné korunky. Tento systém je
uréeny pro vrtani podle predem stanoveného vrtného schématu. S ohledem na
snahu o sniZeni dynamickych a seismickych t¢inku trhacich praci na podzemni
i nadzemni objekty se ukdzalo praktické pouZitf systému ABC jako velmi uZitec-
né. Navrzend vrtnd schémata umoznila vyssi efektivitu provadéni trhacich praci
a spolu s vys§{ drovni vybavenosti vrtactho vozu se podarilo dosdhnout zkrdcenf
pracovni operace vrtdni. Trhaci prace byly provadény maximdlné efektivné
s pouZitim riznych druhu a typu trhavin iniciacf elektrickym i neelektrickym roz-
nétem. Zv1aste vyzkouseni a zavedeni emulznich trhavin se ukdzalo jako velmi
ucinné, jelikoz umoznilo zkrétit dobu na vlastni nabfjeni a sniZit dobu nutnou na
odvétrani prostoru pridé tunelu. Krat§i doba odvétrani je déna nizs$fim obsahem
povybuchovych zplodin nez u klasickych trhavinovych ndlozek. PouZiti neelek-
trického roznétu umoznilo presnéjsi nacasovani jednotlivych nédlozek, zkritilo Cas
na adjustaci i nabijen pri zachovani vy$si bezpe¢nosti provadénych ¢innosti.

STRIKANY BETON

Provadeéni stifkaného betonu jako soucdsti konstrukce primérniho osténi je jed-
nou z technologicky velmi ndro¢nych pracovnich operaci. Jeji spravné vyladéni
a postup provadéni md velky vliv na kvalitu a funkénost primdrniho osténi. Pro-
jektem predepsand kvalita stifkaného betonu byla SB 20 (C16/20) v tloustkdch
220, 250 a 300 mm podle navrzené technologické tifdy. Receptura betonové
smési musela byt odladéna tak, aby po néstfiku prubéh tuhnuti a tvrdnuti vyho-
voval oboru J2 pro mlady stifkany beton. NandSen{ stifkaného betonu bylo pro-
vadéno mokrou cestou pomoci manipuldtoru s pistovym erpadlem typu Meyco-
Potenza. Od zacétku razeb byly systematicky sledovény kvalitativni parametry
doddvané smési betonu jako teplota, konzistence, doba zpracovatelnosti a zazna-
mendvano bylo mnoZstvi urychlujici pifsady priddvané v trysce véetné teploty
vzduchu na pracovisti zdvislé na ro¢nf dob€ a intenzité vétrani v tunelu. Opako-
vané byly provédény instruktaZ a vyhodnocovani Cinnosti pracovniku provadéji-
cich néstiik betonové smési. Spolu s dodavatelem prisad do stitkaného betonu
byla vyhodnocovéna spotieba a efektivnost vyuZivani stavebni chemie pro rizné
podminky provadéni stifkaného betonu. Pfed vysypanim mixu do nésypky stroje
Meyco-Potenza byla kontrolovand konzistence dovezené betonové smési. Hod-
nota sednuti odebraného vzorku podle Abramse musela vyhovét rozmezi 180 —
240 mm. Zkouska byla provddéna pri prvni a druhé denni doddvce a ndsledné pri
kazdé treti doddvee a v pripadé pochybnosti o konzistenci dovezené smési. Cel-
kem bylo provadéno 4 az 5 zkousek denné. V pribéhu budovéni primdrniho osté-
ni odebirala po ndstiiku maximalng 2500 m? plochy sjednan4 nezvisl4 laboratof
vzorky pro pravidelné kontrolni zkousky pevnosti stitkaného betonu v tlaku a
odvrtdnim zjistovala tlouStku nastitkané vrstvy primédrniho osténi. Kontrolnf
zkousky sestdvaly z méfeni ndrtstu pevnosti stifkaného betonu do forem o veli-
kosti 50 x 50 x 15 cm a jejich porovndn{ se spodnf hranici oboru J2 dle TKP sta-
veb CD - kap. Tunely, odst. 20.2.3.2. V intervalech méfeni provadénych pene-
tratni jehlou byl zjistovan nabéh tvrdnuti po 6, 15,30, 60 a 120 minutich a po 12
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Obr. 3 Prdce na levém opéri JTT
Fig. 3 Work in the left side-wall area

DRILL AND BLAST WORK

Drill and blast work, one of the main operations of the excavation cycle on the
Southern Tunnel, was carried out using an Atlas Copco L2C drill rig. It was equ-
ipped with the ABC system, an attachment measuring the position and direction
of the drill bit. This system is designed for drilling according to a pre-set drilling
pattern. The designed drillpatterns allowed higher efficiency of the drill and blast
operations and, together with a higher level of the equipment of the drill rig, we
managed to shorten the drilling operation time. The blasting operations were per-
formed with maximum efficiency using various kinds and types of explosives ini-
tiated by both electric and non-electric firing methods. Especially the execution
of trial blasting and introduction of emulsion explosives showed very efficient
because it made shortening of the charging time and reduction of the time requi-
red for defuming of the space at the excavation face possible. The shorter defu-
ming time is possible owing to the lower content of blasting fumes than in the
case of traditional charges. The utilisation of non-electric firing allowed more
accurate timing of individual charges; it shortened the time for adjusting and
charging operations with the higher level of safety of the operations maintained.

SPRAYED CONCRETE

Application of sprayed concrete as part of the primary lining structure is one of
technically very demanding work operations. Correct preparation and procedure of
this operation significantly affects quality and functionality of primary lining. The
design required SC 20 (C16/20) grade concrete sprayed at a thickness of 220, 250
and 300mm, depending on the support class. The concrete formula had to be adjus-
ted so that the setting and hardening curve satisfied the field J2 for green concrete.
Shotcrete was applied using the wet process by means of a manipulator with a pis-
ton pump of the Meyco-Potenza type. Quality parameters of concrete supplied to
the site such as temperature, consistency or application life were systematically fol-
lowed from the beginning of the excavation. The amount of accelerator added at the
nozzle was recorded, including the ambient temperature at the workplace, which
depended on the season and intensity of ventilation in the tunnel. Training and
assessment of the work of the shotcreting crew members were performed regular-
ly. Consumption and efficiency of utilisation of building chemicals in various
shotcrete application conditions were assessed jointly with the supplier of additives
in sprayed concrete. The consistency of the concrete supply was checked prior to
pouring concrete from the transmixer to the Meyco-Potenza machine hopper. The

Obr. 4 Pohled do vyraZené JTT pred rozrdzkou tunelové propojky
Fig. 4 A view down the excavated STT before the commencement of the cross
passage excavation
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Obr. 5 Provedent odstielu pomoci neelektrického roznétu
Fig. 5 The non-electric shot firing system

a 24 hodindch byly ovérovany pevnosti metodou Hilti-Tester 4. Nésledné na
odvrtanych vélcich odebranych z forem provedla laborator zkousky pevnosti
nastifkanych vzorku v tlaku po 28 dnech. Celkem bylo odebrano a vyhodnoceno
19 kontrolnich zkousek stitkaného betonu. Kontrola tloustky primarniho osténi
byla ovéfovdna pomoci jadrovych vyvrtu, které se provedly in situ v misté urce-
ném zéstupcem stavebniho dozoru na celou hloubku ostén{ az k lici vyrubu. Na
odebranych vzorcich se nasledné provedla zkouska pevnosti v tlaku po 28 dnech.
Zkouska byla provddéna v Cetnosti na kazdych i zapoCatych 250 m vyrazeného
tunelu. Celkem bylo provedeno 5 jadrovych vyvrtd. VSechny vyvrty vyhovély
pevnostné i ve srovndni s predepsanou tloustkou primérniho osténi.

GEODETICKE PRACE

Razend ¢ast jizntho tunelu Nového spojeni ma délku 1 251 m. Z geodetického
hlediska bylo nejtézsi dlohou rozmisténi zdkladniho bodového pole (ZBP) na
povrchu tak, aby konfiguraci, presnost a stabilitou umoznilo razbu s dostate¢nou
presnosti pouze z jedné strany, tedy od vychodniho portdlu. Zakladni bod bodo-
vého pole je ocelovy pilif stabilizovany aZ do hloubky 20 m. Dalsi body z divo-
du stisnénych podminek (soucasnd razba severniho i jizniho tunelu) byly stabili-
zovany na okolnich budovach a na zajisténych svazich v okoli tunelu. Pred zaha-
jenim razby pak bylo provedeno propojeni vychodniho a zdpadniho portélu poly-
gonovym tahem okolo vrchu Vitkova a vypoltena kalkulace presnosti prorazky,
kterd prognézovala pri¢nou odchylku 57 mm pii presnosti urCovani ZBP do
5 mm na hladin€ vyznamnosti 99 %. PrordZka tento odhad potvrdila. Byla dosa-
Zena pii¢nd odchylka 50 mm a vyskovd odchylka 10 mm. ZBP v tunelu bylo
budovéno jako jednostranné pripojeny a orientovany polygonovy tah s délkou
stran 120 az 150 m. Na stabilizaci byly pouzity hmozdinky a specidlni padla
podle norského patentu. Velkou vyhodou této stabilizace je, ze body nezasahuji
do prujezdného profilu, a tifm je minimalizovéna moZnost jejich poSkozeni. Na
méreni Ghld a délek byla pouZita vtefinovd totdln{ stanice Leica TC1800, méreni
vySek bylo provedeno pomoci nivelatniho pristroje Leica NA 3003 se stiednf
kilometrovou chybou 1 mm. Podrobné bodové pole tvorily konvergencni body
uréované ZBP piistrojem Leica TCRA 1205. Pro vedeni razby se maximédlné
osveédCil systém CATS (Computer Aided Tunnel System), ktery byl mimo kon-
trolu osazenych pithradovych rdmu pouZzivén i pro nastaveni do pracovni polohy
vrtactho stroje Atlas Copco L2C. Systém ABC (rezim regular) spolu s navrtinim
podle prednastavenych vrtnych schémat a pouZiti specidlnich trhavinovych nélo-
Zek do obrysovych vrtl vyrazné sniZily objemy nezavinénych nadvylomu. Na
zpracovani naméfenych dat byl vyuZit v terénu i pfi zpracovani vysledku program
TMS Profile plus 3.04 od firmy Leica, coZ umoznovalo provadeéni rychlé a spo-
lehlivé kontroly smérového a vyskového vedeni razby. Zaméfovany vyrub byl
zpracovan pomoci programu Micro Station v 8.0 a nadstavbou ProGEO 1.00.
ZAVER

Slavnostni prordzka jizniho tunelu Nového spojeni se uskutecnila dne 23. 5.
2006. Tim byla ukonéena nejobtiznéjsi etapa vystavby tohoto dvoukolejného
Zelezni¢nfho tunelu. Byla naplnéna snaha dodavatele firmy Metrostav a. s.
o dokonceni razeb za co moznd nejkrat$f dobu. Razba 1251 m dlouhého tunelu
byla dokonCena za necely rok, coZ predstavuje prumérny vykon vice nez 100 m
vyraZeného tunelu zajisténého primdrnim osténim. Jako dspeésné Ize vyhodnotit
také zaveden progresivnich zmén a postupt pii razbé tunelu, které umoznily
zefektivnit pomocné a souhrnné i hlavni operace razictho cyklu. Pfitom se poda-
filo dodrZovat technologickou kdzeri i bezpe¢nost prace. PouZiti novych postupt
a technologickych dprav spolu s rychlosti a kvalitou vystavby tunelu muze
vyznamné prispét k ispésnému dokonceni vystavby jizni i severni tunelové trou-
by do roku 2008. ING. DAVID CYRON, cyron@metrostav.cz,

5 _ ING. STEFAN IVOR, ivor@metrostav.cz,
ING. STEFAN ORBAN, orban@metrostav.cz, METROSTAV a. s.
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slump values had to comply with the 180 — 240mm range. The samples were taken
from the first and second supply of the day and then every third supply and whe-
never the consistency of the concrete supply raised doubts. A total of 4 to 5 tests
were conducted per day. An independent hired laboratory collected samples in the
course of the construction of the primary lining when a maximum of 2500m? por-
tion of the lining surface had been completed to perform regular check testing of
compressive strength of shotcrete. It also measured the thickness of the primary
lining on cored samples. The check testing consisted of measurement of develop-
ment of strength of shotcrete sprayed into 50 x 50 x 15¢m moulds and comparison
of the results with the lower border of the J2 field according to Czech Railways’
Technical Specifications, the Tunnels chapter, paragraph 20.2.3.2.

The rate of early strength development was determined by means of Vicat
needle at intervals of 6, 15, 30, 60 and 120 minutes; concrete strength after 12
and 24 hours was verified with a Hilti-Tester 4 method. Subsequent testing of the
compressive strength of the sprayed samples at 28 days was carried out by the
laboratory. In total, 19 check tests of shotcrete were carried out. The thickness of
the primary lining was verified by means of cored samples collected in situ, at
points determined by client’s supervision engineer. The depth of the cored bore-
holes reached through the lining up to the excavated rock surface. Compressive
strength at 28 days was tested on the samples. The testing frequency was every
250m (even started 250m length) of the excavated tunnel. A total of 5 core sam-
ples were collected. All samples complied with the requirements for compressi-
ve strength and for the thickness of the primary lining.

GEODETIC SURVEYING

The mined section of the Southern Tunnel of the New Connection project is
1251m long. In terms of geodetic surveying, the most difficult task was to design the
fundamental geodetic surface control (FGC) so that its configuration, precision and
stability allowed the excavation to be carried out only from one side, from the eas-
tern portal, with sufficient precision. The basic point of the surface control is a steel
pillar stabilised down to a depth of 20m. Because of constrained conditions (simul-
taneous excavation of the northern and southern tunnel), the other points were sta-
bilised on surrounding buildings and on stabilised slopes in the vicinity of the tun-
nel. The eastern and western portal were interconnected by a traverse survey led
around Vitkov hill prior to the commencement of the excavation operations. The cal-
culation of the excavation precision predicted lateral deviation of 57mm at the pre-
cision of the survey of the FGC up to 500, at a significance level of 99%. The bre-
akthrough proved that the prediction was correct. The actual transverse and vertical
deviations amounted to 50mm and 10mm respectively. The underground FGC was
built as an on one end connected and oriented traverse with the length of the traver-
se lines ranging from 120m to 150m. The traverse points were stabilised using
dowels and special targets designed according to a patent registered in Norway. A
significant advantage of this stabilisation is the fact that the points do not extend into
the clearance profile, therefore the chance of damage is minimised. Angle and
distance measurements were carried out using a Leica TC1800 total station (angular
accuracy in seconds), level survey was performed with a Leica NA 3003 levelling
instrument with a mean kilometre error of 1mm. The detailed minor control consis-
ted of convergence points surveyed from the FGC with a Leica TCRA 1205 instru-
ment. The Computer Aided Tunnel Surveying (CATS) system, which was used not
only for checking on installed lattice girders but also for setting the Atlas Copco L2C
drill rig into position, acquitted itself very well. The ABC system (in regular regime)
combined with the drilling according to pre-set drill patterns and utilisation of spe-
cial charges for contour holes significantly reduced the volume of accidental overb-
reaks. The measured data processing, both on site and in the process of assessment
of results, was carried out using TMS Profile plus 3.04 program produced by Leica.
Owing to this system, quick and reliable line and level control of the excavation was
possible. The results of the excavation survey were processed using the Micro Sta-
tion v8.0 program and the ProGEO 1.00 superstructure.

CONCLUSION

The Southern Tunnel breakthrough ceremony took place on 23 May 2006. It
was the end of the most difficult phase of the construction of this double-track rail-
way tunnel. Metrostav a. s., the contractor, succeeded in its effort to finish the
excavation within as short time as possible. The 1251m long tunnel drive was
completed in less than a year time. It represents an average monthly advance rate
exceeding 100m of the tunnel provided with primary support. Even the introduc-
tion of progressive changes and procedures into the tunnel excavation can be con-
sidered a success. They made an increase in efficiency of auxiliary and, in sum-
mary, even the main operations of the excavation cycle possible. At the same time,
technological discipline and safety at work were successfully maintained. The
application of new procedures and technical modifications, together with the
speed and quality of the tunnel construction can significantly contribute to the
successful completion of the Southern and Northern tunnel tubes by the year 2008.

ING. DAVID CYRON, cyron@metrostav.cz,
5 . ING. STEFAN IVOR, ivor@metrostav.cz,
ING. STEFAN ORBAN, orban@metrostav.cz, METROSTAY a. s.
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RAZBA SEVERNIHO VITKOVSKEHO TUNELU NOVEHO SPOJENI

CONSTRUCTION OF THE NORTHERN VITKOV TUNNEL,
NEW CONNECTION PROJECT

OLDRICH CEJKA, MIROSLAV CHYBA

ovoD

V letnich mésicich roku 2005 zahdjila spole¢nost Subterra, a. s.,
prdce na razbé a budovéni primdrniho osténi severniho vitkovského
tunelu z vychodniho (vyjezdového) portdlu v soubéhu s realizaci hlou-
beného zdpadniho (vjezdového) portdlu. Po vyhloubeni zdpadniho
portdlu na troven umoznujici zahdjeni razby tunelovych trub bylo pfi-
stoupeno nejprve k vyrazeni ¢asti jizni tunelové trouby (JTT) a poslé-
ze k zahdjeni razby trouby severni (STT). Ke slavnostni prordzce kalo-
ty severni tunelové trouby doSlo po 329 dnech dne 29. Cervna
2006. Dobirka jddra a dna STT pak probihala je3té v prubéhu mésice
cervence.

GEOLOGICKE A HYDROLOGICKE POMERY

Oblast vrchu Vitkova, pod kterym se provadi razba severniho vit-
kovského tunelu, je tvorena horninami $dreckého a zejména dobrotiv-
ského souvrstvi. Vice — viz ¢lanek: Kossler, Teska — Geotechnicky
monitoring na tunelech Nového spojeni uvefejnény v &isle 2/2006
tohoto Casopisu.

Hydrogeologické podminky mély byt podle provedenych prazkumu
pro razbu pomérné priznivé. VEt§i soustredéné pritoky do dila se
nepredpoklddaly, mohly se vyskytnout pouze mensi prusaky podzem-
ni vody — spiSe destovd voda prosakujici z povrchu po puklinach
a poruchéch. Tyto predpoklady se v prabéhu razeb potvrdily.

METODA VYSTAVBY, KONSTRUKCE A POSTUP PRACI

Razba tunelu je provadéna podle zasad Nové rakouské tunelovaci
metody s horizontdlnim ¢lenénim vyrubu s vyjimkou kratkého dseku
u vychodniho portélu, kde byla kalota pod malym nadloZim ¢lenéna
vertikdlne. RaZeni tunelu je zafazeno do technologickych trid 3, 4a,
4b a 5a. Délka zdbéru se pohybuje v zdvislosti na technologické tfidé
od 1 m do 2 m. Osténf{ je tvoreno stifkanym betonem tridy SB 20
v tloustkdch 0,25 a7z 0,4 m s vyztuZenim dvojici ocelovych siti, pri-
hradovych 3- a 4prvkovych piihradovych rdmu a systémovym kotve-
nim osténi hydraulicky upinanymi svorniky délky 3 az 6 m. V mistech
nestability pristropi kaloty byly pouzity predvrtdvané ocelové jehly.

Obr. 1 Zdpadni portdl JTT véetné prizkumné $toly
Fig. I The western portal of the NTT, including exploration gallery

INTRODUCTION

In summer, 2005, Subterra, a.s. commenced with excavation and installa-
tion of primary lining in the northern tube of Vitkov tunnel from the eastern
(exit) portal in parallel with execution of the cut and cover western (entry)
portal. After the construction pit for western tunnel portal was excavated to
the level enabling commencement with construction of the tunnel tubes,
works on the southern tunnel tube commenced and the northern tunnel tube
followed. Ceremonial breakthrough of the calotte in the northern tunnel tube
took place after 329 days on June 29, 2006. Excavation of the bench and
invert of the northern tunnel tube continued until July.

GEOLOGICAL AND HYDROLOGICAL CONDITIONS

Vitkov hill, under which the northern Vitkov tunnel is driven, consists of
the Sérka and in particular the Dobrotiva Member rocks. More details are
available in article: Kossler, Teska — Geotechnicky monitoring na tunelech
Nového spojeni (New Connection Tunnels - Geotechnical Monitoring) pub-
lished in issue 2/2006 of this magazine.

Hydrogeological conditions were expected to be quite favorable accor-
ding to the available survey data. No major concentrated water inflow into
the works was expected, only minor underground water penetration could
have occurred — rather rain water infiltrating from the surface through cracks
and faults. These assumptions were confirmed during the construction.

CONSTRUCTION METHOD, DESIGN, AND PROGRESS OF WORK

Tunnel is constructed according to the principles of the New Austrian
Tunneling Method with horizontal division of the excavation (with the
exception of a short section near the eastern portal where the top heading
was divided vertically with respect to the low overburden). Tunnel driving
was included into the excavation support classes 3,4a, 4b, and 5a. The round
length was between 1 and 2 meters depending on the support class. Lining
was made with SB 20 grade shotcrete and its thickness varied between
0.25 and 0.4 meters. The concrete was reinforced by two layers of steel
mesh, 3- and 4-piece lattice girders, and by a system of 3—6 m-long friction
rock bolts expanded by pressurized water . Pre-drilled steel needles were
used in places with unstable top heading roof. Initial phases of the tunneling
were performed under the protection of horizontal micropile umbrellas with
the lengths of 15-21 m. Specific technical parameters for individual classes
were identical also for the southern tunnel tube (see the previous article).

Portal walls of the cut and cover western portal consisted of vertical mic-
ropiles 108/16 mm with lengths between 15 and 18 meters divided into two
levels. Stabilization of the walls has been achieved by permanent cable
anchors with lengths between 12 and 16 meters with vertical distance of
anchoring levels of 3.5 m. Heads of the micropiles were interconnected by
an anchored reinforced concrete capping piece.

Driving of the northern Vitkov tunnel from the eastern portal commenced
after ceremonial installation of St. Barbara’s statuette on August 5, 2005.
Total length of the mined part of the northern tunnel tube is 1,150 meters.
Driving took place in all excavation support classes expected in advance; the
top heading was divided vertically in the portal area due to the minimal
overburden thickness. Disintegration of the rock massif was performed exc-
lusively by machines in the first dozens of meters, later on also with blas-
ting operations. Primary lining convergences were small and they have
never achieved the limit values.

The following machinery was used during the tunnel construction: Lieb-
herr 934 tunnel excavator, Caterpillar 925 excavator, 2 Volvo 120 E loaders,
Atlas Copco boomer, Meyco Potenza mobile manipulator with pump and
compressor, AC lifting platform, 2 x Volvo A 25D 4x4 Dumper, and 3 x
Tatra 815, JCB 4 CX tractor-excavator.

Average monthly progress of the top heading excavation was 110 meters,
maximal progress was reached in October, 2005 — 143 meters of the tunnel
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Obr. 2 Zacatek razby JTT ze zdpadniho portdlu
Fig. 2 Commencement of the NTT excavation from the western portal
Uvodni &asti razeb probéhly po ochranou horizontélnich mikropiloto-
vych destnikt v délce 15-21 m. Konkrétni technické parametry pro
jednotlivé tiidy jsou stejné jako pro jizni tunelovou troubu (viz pred-
chozi ¢lanek).

Portélové stény hloubeného zdpadniho portélu jsou tvoreny svisly-
mi mikropilotami 108/16 mm délky 15-18 m ve dvou etdzich. Stabili-
zace stén je zajiSténa pomoci trvalych lanovych kotev délky 12-16 m
s vertikaln{ vzdalenosti kotevnich trovni 3,5 m. Hlavy mikropilot jsou
sprazeny kotvenym Zelezobetonovym tramem.

Razba severniho vitkovského tunelu z vychodniho portdlu zapocala
po slavnostnim osazeni sosky sv. Barbory dne 5. srpna 2005. Celkova
délka razené ¢asti STT ¢ini 1150 m. RaZba probihala ve vSech predem
predpoklddanych technologickych tfidéch, v oblasti portdlu pak vzhle-
dem k minimdlnimu nadloZ{ tunelu s razbou kaloty ¢lenénou vertikdl-
né. Rozpojovéani horninového masivu probihalo v prvnich desitkdch
metrti vyluéné strojnim zpusobem, pozdéji s pomoci trhacich praci.
Konvergence primdrniho osténi byly malé a nikdy nedosahly limitnich
hodnot.

Pri razbé byla vyuZivana nésledujici strojni sestava: tunelbagr Lieb-
herr 934, bagr Caterpillar 925, 2 x naklada¢ Volvo 120 E, vrtaci vuz
Atlas Copco, mobilni manipuldtor s ¢erpadlem a kompresorem Meyco
Potenza, ploSina AC, 2 x Dumper Volvo A 25D 4x4 a 3 x Tatra 815,
traktorbagr JCB 4 CX.

Prumérny mési¢ni vykon pii razbé kaloty byl 110 m, maximalni
vykon byl dosazen v fijnu 2005 — 143 m kaloty tunelu. Vétran{ tunelu
bylo navrzeno jako separitni foukaci s ventilatorem Korfmann GAL
1400 umisténym v tunelu s lutnovym tahem & 1600 mm.

Po pripravnych pracich bylo v poloviné Cervna 2005 zahdjeno hlou-
beni zdpadniho (vjezdového) portélu. Pfi vystavbe portdlové Casti bylo
nutné vyresit problémy spojené s nepfiznivou konfiguraci terénu (prik-
ré zdpadni svahy Vitkova). Operativni feSen{ vyZadovala také doprava
rubaniny na mezideponii vzhledem k ukonceni provozu Hrabovské
spojky az ke konci roku 2005. K dopravé rubaniny bylo pres Hrabov-
skou spojku vybudovdno mostni provizorium s dvojici dopravniko-
vych pasu. Alternativné byla rubanina dopravovana pomoci ndklad-
nich automobild.

Problémovym mistem zdpadniho portdlu se dle predpokladu stal
subtilni, v oblasti portdlu JTT pouze cca 3,5 m §iroky, horninovy pilif
mezi severnim a jiznim tunelem. Pilif byl sepnut s primarnim osténim
JTT ty¢ovymi kotvami, u nichZ doslo vzhledem k pohybam hornino-
vého masivu k néristu kotevnich sil méfenych pomoci osazenych
dynamometra. Pro zabrénéni vycerpdni tinosnosti kotev bylo puvodné
navrzené rozmisténi svornikt doplnéno o dalsi kotvy. V souasné dobé
se nérust kotevnich sil zastavil.

S razbou JTT od zdpadniho portdlu bylo zapocato 22. listopadu
2005, po dosazeni vyskové trovné dna kaloty tunelu. Razba probiha-
la v technologické tfidé 5a strojnim zplisobem bez pouZiti trhacich
praci s délkou zdbéru 1 m. Razba jadra a uzavirani dna protiklenbou
probihalo vzhledem ke geotechnicky citlivému dseku soucasné v dél-
kéch zdbéru 2 a7 3 m. Zédroven s raZbou byla likvidovédna prazkumna
geologickd Stola. Horninové prostredi v jeji bezprostredni blizkosti
bylo znaéné rozvolnéno pouzitim trhacich praci pfi jeji vystavbe. Cel-
kem bylo ze zdpadniho portdlu vyrazeno 43 m JTT. Konvergence

Obr. 3 Vertikdlni ¢lenéni kaloty STT
Fig. 3 Vertical division of the NTT top heading

calotte. Tunnel ventilation was designed as a separate blowing system with
Korfmann GAL 1400 fan located in the tunnel and with the air duct having
1,600 mm in diameter.

After the preparatory works, excavation of the western (entry) portal
commenced in the half of June, 2005. Problems with unfavorable terrain
configuration had to be resolved during the portal area construction (steep
western slopes of Vitkov). Operative solution was required also for transport
of the loose rock to the temporary heap due to the end of Hrabovskd spojka
operation as of the end of 2005. In order to enable the loose rock transport,
a temporary bridge with two belt conveyors was built over Hrabovskd con-
nection track. Alternatively, the loose rock was transported by lorries.

As expected, the subtle rock pillar between the southern and northern tun-
nel tube in the area of the western portal became the weak point of the con-
struction. The pillar was attached to the primary lining of the southern tun-
nel tube by rod-type anchors on which increase of the anchoring forces mea-
sured by the installed dynamometers took place due to the rock massif
movements. In order to avoid depletion of the load bearing capacity of the
anchors, the design layout of the struts was complemented with other
anchors. Increase of the anchoring forces has recently stopped.

Driving of the southern tunnel tube from the western portal commenced
on November 22, 2005 when the level of the tunnel calotte bottom was rea-
ched. Driving was performed in the excavation support class 5a by machi-
nes without blasting works utilization; round length was 1 meter. Excavati-
on of the bench and invert took place in one step along 2-3 meter sections
in the geotechnically sensitive section. The exploratory geological gallery
was destroyed during the tunneling progress. The rock environment in its
close vicinity was disintegrated by blasting performed during its constructi-
on. 43 meters of the southern tunnel tube were constructed from the western
portal. Convergences did not reach their limit values, maximal subsidence in
a measured point was 20 mm. Due to the above-mentioned subtle rock pil-
lar between both tunnels, the construction of the southern tunnel tube was a
prerequisite for commencement with construction of the northern tunnel
tube. In order to minimize the stability risks, the rock massif in front of the
northern tunnel tube was left at the level of the calotte of the southern tun-

Obr. 4 Vrtani kaloty STT
Fig. 4 NTT top heading drilling




Obr. 5 Razba kaloty STT
Fig.5 NTT top heading from the east

Obr. 6 Kalota STT z vychodu
Fig. 6 NTT top heading from the west

nedosdhly limitnich hodnot, maximdlni dosaZzeny pokles méreného
bodu ¢inil 20 mm. Vystavba dseku JTT podminovala vzhledem k jiz
zminénému subtilnimu horninovému piliti mezi obéma tunely zahdje-
ni razby STT. Pro minimalizaci rizika poruseni stability byl hornino-
vy masiv v prostoru pfed STT ponechén v trovni vrchliku kaloty JTT
po dobu jeji razby. K odtéZeni doslo aZ po vyraZzeni celého 43 m dlou-
hého dseku JTT.

Razba STT ze zdpadniho portdlu byla zahdjena 6. bfezna 2006, cel-
kem bylo ze zdpadu vyrazeno 129 m. Razba probihala v technologic-
ké tfidé S5a v kombinaci strojniho rozpojovéni a rozpojovéni trhacimi
pracemi. Postupy pfi pobirdni kaloty a jadra+dna byly stejné jako
u JTT. Vzhledem k nizkému nadlozi v blizkosti portdlu (iibo¢ni tunel)
bylo provddéni tunelového tseku technicky i organizatné ndro¢né.
Navzdory obtiZznym geotechnickym podminkdm nepfesdhly namétrené
hodnoty konvergenci limitni hodnoty.

RAZBA V PROSTORU POD NARODNIM PAMATNIKEM

Usekem razby, na n&j? se po préavu soustiedila pozornost viech zain-
teresovanych Gcastnikl vystavby, bylo podchdzeni budovy Nérodniho
pamitniku na Vitkové véetné jezdecké sochy Jana Zizky.

V obou pripadech se jednd o atypické konstrukce, jejichz chovani
vlivem seismického zatiZeni trhacich praci ¢i vlivem poklesu od razeb
bylo té7ko predvidatelné. Oba objekty byly z tohoto davodu nadstan-
dardné sledovény ndstroji monitoringu — dukladna pasportizace, méfte-
ni poklesu husté bodové sit€, méfeni $ifky trhlin, seismickd méren{
kazdého odpalu atd.
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nel tube during the period of its construction. The material was removed
only after the complete 43 meters long section of the southern tunnel tube
was completed.

Northern tunnel tube construction from the western portal commenced on
March 6, 2006 and 129 meters of the tunnel were constructed from the west.
The works took place in the support class 5a using the combination of
machine disintegration and blasting works. The progress speed during top
heading and bench+invert construction was identical to that reached in the
southern tunnel tube. Execution of this section was difficult both from tech-
nical and organizational perspective due to the low overburden thickness
near the portal (hillside tunnel). Despite of the difficult geological conditi-
ons, the measured convergences did not exceed the limit values.

CONSTRUCTION UNDER THE NATIONAL MONUMENT

The section which justly received most attention of all parties involved in
the construction was the passage under the building of Vitkov national
monument with the equestrian statue of Jan Zizka.

In both cases, these were non-standard structures. Their response to seis-
mic loading induced the blasting operations or to the subsidence caused by
the tunneling works was difficult to estimate. Therefore, both buildings were
carefully monitored by numerous monitoring tools — thorough condition
survey, subsidence measurement within a dense network of points, crack
width measurement, seismic measurement of each blast, etc.

The equestrian statue of Jan Zizka was secured by tubular scaffolding
before commencement with tunnel construction in its vicinity. The purpose
of the scaffolding was to stabilize the selected major peripheral parts of the
statue — tail and right hand holding the mace. In addition to seismic sensors,
the statue was also equipped with an anemometer because the structural cal-
culation proved a significant influence of high wind speed on the statue sta-
bility. Combined effects of wind loading and seismic load caused by blas-
ting could have resulted in its damage. On-line data was transmitted to a web
page enabling the contractor to respond to identified values and to modi-
fy/discontinue the blasting operations.

The national monument building was equipped with permanent seismic
stations and the measured values were automatically transmitted in form of
SMS messages immediately after each blast. Whenever the defined limit
seismic loading values were approached (v =12 mm/s, £>50Hz) the drilling
pattern was modified (reduced number of boreholes, reduced round length,
lower quantity of explosive).

Reduced seismic load was certainly achieved also by usage of a semi-
automated drilling system (Regular, Atlas Copco) enabling the crews to
observe the alignment of individual boreholes, their precise distribution
according to the drilling scheme, and identical length of the boreholes. The
system works on the basis of entering the design horizontal and vertical
alignment data specified in absolute geographic coordinates and the drilling
pattern data in relative coordinates into the drilling machine’s control sys-
tem (using a PCMCIA card). The entered drilling pattern comprises the lay-
out of the boreholes, their length, and inclination. The drilling machine is
aligned by adjusting the drilling carriage fitted with cross staffs into the
direction of the laser beam of the total station. Based on the identified posi-
tion of the carriage, the machine’s software can adjust the drilling pattern for
the particular face. Machine operators then use the graphic display to navi-
gate the carriage into the required position and inclination; drilling depth is
indicated on a numeric display.

Obr. 7 Kalota po odpalu
Fig. 7 Top heading after a blast
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Jezdeckd socha Jana Zizky byla pied zapo&etim razby v jeji blizkosti
zajiSténa pomoci trubkového leseni. Jeho d¢elem byla zejména stabili-
zace vybranych hmotnych perifernich ¢asti sochy — ohonu a pravé
ruky tfimajici palcdt. Socha byla vedle ¢idel pro méfeni seismiky
vybavena i anemometrem pro sledovani rychlosti vétru. Staticky vypo-
Cet totiZ prokdzal znacny vliv vysoké rychlosti vétru na stabilitu sochy.
V pripadé sloZeni t¢inku od zatiZeni vétrem a seismického zatiZeni od
provedeného odpalu mohlo znamenat jeji poSkozeni. Vysledky mére-
ni byly online pfendSeny na webovou stranku a umoznovaly tak zho-
toviteli reagovat na zjisténé veli¢iny a upravit, ¢i pripadné zastavit
trhaci prace.

Budova ndrodniho pamatniku byla vybavena stdlymi seismickymi
stanicemi a naméfené veliCiny byly automaticky zasilany pomoci SMS
zprav neprodlené po provedeni kazdého odpalu. V pripadé priblizeni
se stanovenym limitnim hodnotdm seismického zatiZzeni (v =12 mm/s,
£>50Hz) dochézelo k tpravé vrtného schématu (redukce poctu vrtu,
zkracovéni délky zdbéru ¢i snizovéani mnoZstvi pouzité trhaviny).

Ke sniZeni seismické zdtéZe prispélo jist€ i pouzivani poloautoma-
tického systému vrtdni (systém Regular, Atlas Copco) umoznujiciho
osddkdm dodrZeni souososti jednotlivych vrtl, jejich precizni rozmis-
téni dle vrtného schématu a identické délky vrtu. Systém funguje na
zdkladé zaddni smérového a vySkového vedeni dila v absolutnich
zemépisnych soufadnicich daného projektem a vrtného schématu
v relativnich soufadnicich do systému vrtaciho stroje (pomoci
PCMCIA Kkarty). Zadané vrtné schéma obsahuje rozmisténi vrtu, jejich
délku a sklon. Ustaveni vrtaciho stroje probihd pomoci navedeni vrtné
lafety osazené zdmérnymi kiiZi do sméru laserového paprsku totdln{
stanice. Software stroje pak dle zjisténé polohy lafety dokéze ,,nasadit*
vrtné schéma na konkrétni ¢elbu. Obsluha stroje poté pomoci grafic-
kého zndzornéni na displejich navadi lafety do pozadované polohy
a sklonu, hloubka vrtdni je zndzornéna ¢iselnym ddajem.

DalSim opatfenim prispivajicim k redukci seismiky bylo pouZiti
neelektrického systému roznétu (Indet Shock), jehoZ vyhodou oproti
roznétu elektrickému je preciznéjsi Casovéni jednotlivych Casovych
stupna.

Razba STT pod Narodnim pamdtnikem Vitkov (NP) nédsledovala
s odstupem nékolika tydnt za jiZ probéhlou razbou JTT, kde poklesy
neprekrotily predpoklddané hodnoty. Useky pod NP byly pro minima-
lizaci poklesi zatiidény do technologické tfidy 4b (protiklenba),
nadloZi tunelu se pohybovalo kolem 40 m. Po pfibliZzeni razby STT
k severo-vychodnimu rohu NP vSak doslo k prekro¢eni o¢ekdvanych
hodnot poklesa a sledované body nevykazovaly trend ustéleni. Bylo
tedy pristoupeno k realizaci 8 ks injektovanych mikropilot 108/16mm
délky 12—15 m pod krajnimi zdkladovymi patkami objektu pro vyztu-
zeni zakladové spéry a vyplnéni pripadnych dutin — jednou z moznych
pri¢in poklesu byl totiz nefunkéni systém deStové kanalizace v dané
Casti objektu s negativnim vlivem na stav zdkladové spary patek.
Vyvoj deformaci se po provedeni MP zastavil a dal$i dodatecnd opat-
feni nebylo nutno pfijimat. Razba tedy probéhla i v tomto citlivém
tseku bez vétsich komplikaci.

ZAVER

Razby severni tunelové trouby a uUseku jizni tunelové trouby ze
zépadniho portdlu probéhly za prispéni vech ucastniki vystavby bez
vaznych problému. K tdspé$nému vysledku prispélo dodrzovéni tech-
nologické kédzné, snaha o minimalizaci dopadi stavebni innosti na
Zivotn{ prostfedi a plné respektovani omezujicich podminek pfi razbé
tunelu. Z tunelafského hlediska byly prinosem spravné zvolend a mini-
maln€ poruchova strojni sestava a zkuseny pracovni kolektiv tuneldia
a vedoucich technikl. K vysokym vykonum prispély relativné prizni-
vé geologické podminky s dobrou stabilitou vyrubu a prakticky tGplna
absence podzemni vody.

V soucasné dobé probihd v prostoru zdpadniho portdlu montdz
tunelové formy v soubéhu s betonézi definitivniho osténi dna a zékla-
dovych patek hloubené &ésti. Predpoklad zhotoveni kompletni defini-
tivy hloubeného tseku je do konce roku 2006, poté se betondZ presu-
ne do razené ¢asti STT a bude pokracovat smérem k vychodnimu por-
tdlu. V severni tunelové troubé nyni probihd profilace priméarniho oste-
ni tunelu frézovdnim a aplikace jemnozrnné vrstvy stifkaného betonu
jako podklad pro mezilehlou hydroizolaci.

OLDRICH CEJKA, ocejka@subterra.cz,
MIROSLAV CHYBA, mchyba@subterra.cz, SUBTERRA, a. s.

Obr. 8 Montdz bedniciho vozu pred zdpadnim portilem
Fig. 8 Assembly of the movable formwork

Usage of the non-electric priming system (Indet Shock) was another mea-
sure contributing to seismics reduction. Its main advantage in comparison
with the electrical ignition is more precise timing of individual time steps.

Northern tunnel tube construction under the Vitkov national monument
followed the southern tunnel tube with the time gap of several weeks kno-
wing that the subsidence invoked by the southern tunnel tube did not exce-
ed the expected values. In order to minimize the subsidence, sections under
the national monument were classified as 4b (invert); the tunnel overburden
thickness varied around 40 meters. When the northern tunnel tube approa-
ched the north-eastern corner of the national monument, expected subsiden-
ce values were suddenly exceeded and the monitored points did not show
any stabilization trend. It was therefore decided to implement eight grouted
micropiles 108/16mm with lengths between 12 and 15 meters under the
outer strip footings of the building in order to reinforce the foundation base
and to fill-in potential cavities. This was done because the possible causes
of subsidence included malfunctioning rain sewer system in given part of
the building with negative impact on the condition of the foundation base.
Development of deformation stopped after the micropiles installation and no
additional measures were therefore required. The tunnel driving therefore
did not cause any major problems in this section.

CONCLUSION

Driving of the northern tunnel tube and part of the southern tunnel tube
from the western portal took place without major problems thanks to the
assistance of all involved parties. Successful result was achieved thanks to
the technological discipline, attempts to minimize the environmental impact
of the construction, as well as full respecting of the limiting conditions
during the tunnel construction. From the tunneling perspective, main bene-
fits comprised correctly chosen failure-free machinery and experienced
team of tunnel engineers and chief engineers. High performance was pos-
sible thanks to relatively favorable geological conditions with good excava-
tion stability and virtually no ground water.

The tunnel formwork is currently being assembled in the western portal
area in parallel with concreting of the final invert lining and the strip foo-
tings of the cut and cover part. It is expected that the cut and cover section
will be fully completed before the end of 2006. The concrete casting opera-
tions will then move to the mined part of the northern tunnel tube and they
will continue towards the western portal. The northern tunnel tube is cur-
rently subject to profiling of the primary lining by milling and application of
fine-grained shotcrete which will serve as the base for an intermediate
waterproofing system. . 5

OLDRICH CEJKA, ocejka@subterra.cz,
MIROSLAV CHYBA, mchyba@subterra.cz, SUBTERRA, a. s.
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BEZPECNOST DOPRAVY V ZELEZNICNICH TUNELECH
SAFETY OF TRAFFIC IN RAILWAY TUNNELS

BOHUSLAV STECINSKY

uvob

Bezpecnost Zelezni¢ni dopravy obecné a bezpecnost Zelezni¢ni dopravy
v tunelech obzvlastje zéleZitosti multidisciplindrni a interdisciplindrni. Na
tuto problematiku lze nahliZet z riznych pohledu a perspektiv a stejné tak
bohaté je mnoZstvi pfistupu, které 1ze zohlednit pri koncepenich volbdch
slouzicich k zajisténi nezbytné nutné, pozadované, optimalni nebo i nad-
standardn{ dirovné bezpe¢nosti provozované dopravy.

Zelezni¢ni doprava m4 oproti silniéni dopravé, kterd je jeji hlavni kon-
kurentkou, v oblasti bezpecnosti nékolik stéZejnich vyhod. Je to predevsim
vyrazné vetsi direktivnost, absolutni profesionalita z hlediska osob zabyva-
jicich se vykony souvisejicimi s provozovanim dopravy a provozovanim
drdhy a predev§im vyraznéjsi regulace pohybu dopravnich prostiedku po
dopravni cesté. Tyto vyhody Zelezni¢ni dopravy z hlediska bezpecnosti
jsou zdroven nevyhodami z pohledu konkurenceschopnosti, protoze Zelez-
ni¢ni dopravu nezanedbatelnym zpusobem zdrazuji. Zaroveri jsou viak pro
provozovani Zelezni¢ni dopravy nezbytnym predpokladem jiz od doby jeji-
ho vzniku. Nenf{ bez zajimavosti, Ze naprosta vétSina vyznamngjsich exter-
nalit (mimofadnych uddlosti — nehod), které Zelezni¢ni dopravu provazeji,
se déje na droviiovych stycich drahy a pozemni komunikace, na Zeleznic-
nich piejezdech, v naprosté vétSiné zavinénim nezodpovédnych fidicu
nedodrZujicich pravidla provozu na pozemnich komunikacich.

Z hlediska tunelt je podstatné, Ze veskerd pozitiva Zelezni¢ni dopravy se
pfiznivé projevuji i na drovni bezpe¢nosti dopravy v Zelezni¢nich tunelech.
Stiety na prejezdech jsou pro tyto objekty irelevantni, a tak samotna prav-
dépodobnost vzniku mimofddné uddlosti v tunelu odvozend z Cetnosti
mimoFadngch udalosti na Zelezni¢ni siti Ceské republiky je relativné mala.
Tato pravdépodobnost pochopitelné roste s rostouci délkou tunelové trouby.
S ohledem na charakter nasi Zelezni¢ni sité¢ a délky stavajicich tuneld Ize
troven bezpe¢nosti dopravy v nich povaZovat za standardni. Praimérny tunel
na nasi Zelezni¢ni siti md délku mezi 350 — 500 m a pouze 5 tunelu piesa-
huje svou délkou 1 km, pri¢emz 74dny tunel neni del${ neZ 2 km. V soucas-
né dobé je vSak ve fdzi projekéni pripravy celd fada novych tuneld, které
svou délkou vyrazné presahuji provozované tunely. I z tohoto duvodu je
problematice bezpecnosti v Zelezni¢nich tunelech vénovéna velkd pozornost
jak ze strany provozovatele dréhy a drazni dopravy, kterymi jsou Ceské
dréhy, a. s. (CD), tak ze strany vlastnika Zelezni¢ni infrastruktury a investo-
ra, kterym je Sprava Zelezniéni dopravnf cesty, s. 0. (SZDC).

Pokud je v tvodnich odstavcich tohoto &lénku zduraziiovéna droveri
bezpecnosti Zelezni¢n{ dopravy jako takové, je to ¢inéno ve snaze poukd-
zat nésledné na nutnost optimalizovat v jednotlivych pristupech vazby
bezpecnosti a ekonomiky. K otdzkdm bezpecnosti dopravy v tunelech lze
pristupovat z pohledu pravdépodobnosti vzniku mimofddné udélosti
a ndsledné z hlediska mozného zvlddnuti téchto mimotddnych uddlosti.
Z hlediska pravdépodobnosti vzniku mimotadnych udélosti je mozné Cinit
takovd opatrent, kterd tuto pravdépodobnost pokud mozno minimalizuji
(preventivn{ opatfeni). Tato opatfeni mohou byt béznd v rdmci celé Zelez-
ni¢ni sité, nebo mohou byt specifickd pro tunelové objekty. Na opaéném
spektru moZnych piistupt je koncep&ni pohled, pfi némZ havdrii povazu-
jeme za jev jisty a veskeré Usili se soustieduje na zajisténi prostiedkd pro
co moznd nejlepsi zvlddnuti mimorddné udélosti (represivni pristup). Tyto
pfistupy je obvykle nutné kombinovat. VZdy je vak nutno posuzovat
i efektivitu pfijatych opatfeni. VynaloZené néklady by mely pfinést odpo-
vidajici efekt. Z téchto divodu je nutno zpracovat scénare moznych uda-
losti (pficiny, rozvoj, dopady). Navrhnout opatfeni k minimalizaci ohroze-
ni, rozvoje mimofddnych udalosti a jejich dopadu. NavrZend opatfeni maji
byt podrobena ekonomické analyze z hlediska jejich efektivity a pridané
hodnoty. Celkovy ndvrh koncepce bezpe¢nostniho feseni by mél byt pod-
roben rizikové analyze. Tento proces musi byt postupny a iteracni.

PODKLADY, BEZPECNOSTNI STUDIE, LEGISLATIVA

ZvySend pozornost zalala byt vénovdna problematice bezpecnosti
dopravy v tunelech po sérii nehod, které se v tunelech uddly na konci

INTRODUCTION

Safety of railway traffic in general and the safety of railway traffic in tunne-
Is in particular are multidisciplinary and interdisciplinary matters. This issue can
be viewed from various angles and perspectives; the number of approaches
which can be adopted in the process of making conceptual decisions in the area
of providing the safety of the future traffic at a necessary level or a required,
optimum or even above-standard level.

Compared with its main competitor, which is road transport, railway tran-
sport has several principal advantages in terms of safety: higher level of direc-
tive control, absolutely professional background in terms of persons performing
the transportation processes and the railway operation processes, and primarily
a higher level of control of movement of means of transport along traffic rou-
tes. The above-mentioned safety-related advantages of railway transport are at
the same time disadvantages in terms of competitiveness because they conside-
rably increase the cost of the railway transport. However, they have been a pre-
requisite for the operation of railway traffic since its origination. There is an
interesting finding that the absolute majority of more significant accidents asso-
ciated with railway traffic have happened at railway crossings, where irrespon-
sible drivers breaching road traffic regulations caused the absolute majority of
these accidents.

Regarding tunnels, the important fact is that all positives of railway traffic
have even been translated into the level of traffic in railway tunnels. The acci-
dents at railway crossings are irrelevant to the tunnels; therefore the probability
of origination of any emergency in a tunnel, which is derived from the frequ-
ency of emergencies occurring within the railway network in the Czech Repub-
lic, is relatively low. Of course, this probability grows with the tunnel length
increasing. With a view to the character of our railway network and the lengths
of the existing tunnels, the level of safety in the tunnels can be considered as
standard. An average tunnel in our railway network is about 350m to 500m
long; only five tunnels are longer than 1 km, while none of them is longer than
2 km. However, there are currently several new tunnel projects in the designing
phase which exceed the lengths of the operating tunnels. This is one of the rea-
sons why the problems of safety in railway tunnels is paid great attention both
by Ceské drihy, a.s. (CD), the railway and railway transport operator, and Spré-
va Zelezniéni dopravni cesty, s.0. (SZDC), the owner of the railway infrastruc-
ture and investor.

The reason why the level of railway traffic is emphasised in the opening para-
graphs of this paper is our effort to show the necessity for optimising the relati-
onships between safety and economy. The issues of traffic in tunnels can be
addressed from the aspect of probability of origination of an emergency and
subsequently from the aspect of capability to handle the particular emergency.
In terms of the probability of origination of emergencies, measures can be
implemented which minimise this probability as much as possible (preventive
measures). These measures can be common measures implemented all over the
railway network, or they can be specific to tunnel structures. The conceptual
viewing is on the other end of the spectrum of possible approaches, where an
accident is considered to be an event, which will certainly occur and all efforts
are focused on provision of means allowing as successful as possible handling
of the emergency (the repressive approach). The above-mentioned approaches
must usually be combined. However, even the efficiency of the adopted mea-
sures must always be assessed. The costs incurred should yield adequate effects.
For this reason it is necessary to develop scenarios of possible events (the cau-
ses, development, impacts); to propose measures to be taken to minimise the
dangers, development of emergencies and their impacts. The efficiency and
added value of the proposed measures should be subjected to an economic
analysis. The overall proposal of the concept of the safety design should be sub-
jected to a risk analysis. This process must be carried out step by step, in an
iterative way.

SOURCE DOCUMENTS, SAFETY STUDY, LEGISLATION

Particular attention started to be paid to the issues of safety in tunnels after
a series of accidents which occurred at the end of the twentieth century
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dvacdtého stoleti (Mont Blanc, Tauernsky tunel, lanovka v Kaprunu, tunel
pod kandlem La Manche).

Jako jedna z prvnich zapoCala svou prdci skupina expertt UNECE
(Ekonomickd komise OSN pro Evropu). V prvni fdzi byla prace soustre-
déna na tunely obecné, bez rozliSovani charakteru dopravy. Postupné se
vSak specializovala skupina expertd pro tunely na pozemnich komunika-
cich a pro tunely Zelezni¢ni. Vysledkem préce byla pro oblast Zelezni¢nich
tunel smérnice: Doporudeni viceprofilové skupiny expertd pro bezped-
nost v Zelezni¢nich tunelech.

Takrka soubéZné byla zpracovdvdna smérnice Mezindrodn{ Zelezni¢ni
unie (UIC): CODE 779-9 Bezpecnost v Zelezni¢nich tunelech. Tato smér-
nice je v soucasné dobé nejucelenéj§im prehledem moZnych opatfeni
a piistupt slouZicich k dosaZeni poZzadované tirovné bezpenosti.

Poslednim evropskym legislativnim aktem dotykajicim se problematiky
bezpecnosti v Zelezni¢nich tunelech jsou Technické specifikace interope-
rability — Bezpecnost v Zelezni¢nich tunelech (TSI SRT). Zpracovéni TSI
zadala Evropskd komise v rdmci zajistén{ technické propojenosti Zelez-
ni¢nich systému v kontextu komplexu opatfeni slouZicich k ozdraven{
a zvySeni konkurenceschopnosti Zelezni¢ni dopravy (takzvané Zelezni¢n{
balitky Evropské komise). TSI SRT byly schvileny v poloviné tohoto
roku a jsou pro Zeleznice EU zdvazné. Obecné se rozliSuji TSI pro vyso-
korychlostni a konven¢ni Zelezniéni systém. Nyn{ prijaté TSI jsou ureny
pro konvencni i vysokorychlostni Zelezni¢ni systém. Aplikace této smér-
nice bude zatim zdvaznd na vybranych tratich evropské Zelezni¢ni sité,
v budoucnu se viak predpoklddd rozsifeni pusobnosti na vSechny traté
evropského Zelezni¢niho systému. V Ceské republice se TSI tykaji viech
koridorovych trati a vybranych trati dohody AGC a AGTC.

Specificky predpis &i pravné relevantni podklad v Ceské republice
zabyvajici se bezpenosti Zelezni¢nich tunell neexistuje a s ohledem na
prijatd TSI se ani nepredpoklddd, Ze by vznikl.

Obecné zdsady jsou stanoveny normou CSN 73 7508 Zelezni&ni tune-
ly. Z hlediska pozarni ochrany je zdkladnim prdvnim predpisem zdkon
¢. 133/1985 Sb., v platném znéni (zdkon o poZarni ochrané) a jeho prova-
déci vyhlaska ¢. 246/2001 Sb., v platném znéni (vyhlaska o poZarni pre-
venci). Vedle téchto dokumentu je v platnosti nafizeni vlady ¢. 11/2002
Sb., v platném znéni, kterym se stanovi vzhled a umistén{ bezpe¢nostnich
znalek a zavedenf signdlQ.

Ceské drahy zadaly v roce 2004 dvoustupiiovy projekt Bezpetnost
v Zelezni¢nich tunelech. Prvni faze byla zpracovdna v roce 2004. Druhd
faze se zpracovdva v tomto roce. V rdmci tohoto projektu byla mapovéna
nynéjii troveii bezpetnosti provozu v Zelezni¢nich tunelech sité Ceské
republiky; provedena studie pristupt a metodik rizikové analyzy. V tomto
roce by mélo dojit k dokonCeni projektu a stanoveni nékterych konkrét-
nich postupti pfi ndvrhu bezpeé¢nostniho feSeni Zelezni¢nich tuneld. Vedle
této obecné studie je vhodné zminit také konkrétni priace na projektu
Nového spojeni Praha—Beroun, ktery zadala SZDC a v ramci néhoZ byla
zpracovana rizikova analyza pro bezpe¢nost dopravy.

Vedle téchto podklad existuje v Evropé iniciativa FIT (European The-
matic network on Fire in tunnels), jejiz péci byla zpracovana kompilace
evropskych, ndarodnich smérnic pro pozarni bezpe¢nost v tunelech. A také
projekt Up Tun (Upgrading Methods for Fire Safety in Existing Tunnels).
Jak jiZz ndzev napovidd, jednd se o projekt, ktery ma predevsim nalézt zpa-
soby jak zvySit pozarni bezpe¢nost v existujicich tunelech. Obé iniciativy
FIT i Up Tun se zabyvaji jak silni¢nimi tunely, tak tunely Zelezni¢nimi.

BEZPECNOSTNi KONCEPCE

Jak bylo feéeno jiz v ivodu, bezpe¢nostni koncepci lze zpracovat v zor-
ném thlu dvou zdkladnich premis:

a) v zdvislosti na pravdépodobnosti vzniku mimoradné uddlosti v tunelu;

b) s predpokladem, Ze k mimorddné udélosti diive ¢i pozdéji dojde.

Ve skutecnosti se bezpe¢nostni koncepce obvykle zpracovavd pii vza-
jemném zohlednéni obou téchto predpokladu.

S jistou mirou zjednoduseni Ize konstatovat, Ze u kratSich tunelt (cca do
350 m) se nepredpokladd nutnost dodate¢nych bezpe¢nostnich opatreni
oproti standardnim opatfenim v rdmci Zelezni¢ni{ sité. Pravdépodobnost
vzniku nehody v téchto tunelech je mald a s ohledem na malé délky tune-
10 je zajisténa jak maximalni moznd délka inikova cesty z tunelu, tak pod-
minky pro eventudlni pfistup represnich sloZek pouze z portdla tunelu.

U tunelt s délkou nad 1 km jiz pravdépodobnost vzniku nehody mirné
narustd, ale predevsim klesd pravdépodobnost moZné sebezédchrany z pro-
stor tunelu v pfipadé vzniku mimorddné udalosti.

Smérnice, které byly zminény v predchézejici kapitole, obvykle pokry-
vaji tunely délek od 1 km do 15 km. Horni hranice 15 km byla stanovena
smluvné, nenf exaktné stanovenou hranici. U tuneld s délkou nad 15 km
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(the Mont Blanc and Tauern tunnels, the Channel tunnel, the Kaprun funicu-
lar tunnel).

A group of experts of the UNECE (United Nations Economic Commission
for Europe) was the first to start the work. In the initial phase, the work was
focused on tunnels in general, without distinguishing between the traffic modes.
However, two groups gradually developed specialised in road tunnels and rail-
way tunnels respectively. The work in the field of railway tunnels resulted into
the directive: Recommendations of the Multidisciplinary Group of Experts on
Safety in Tunnels (Rail).

The work on the CODE 779-9, Safety in Railway Tunnels, was carried out
by the International Railway Union (UIC) nearly simultaneously. This directi-
ve is currently the most comprehensive overview of possible measures and app-
roaches allowing us to achieve the required safety level.

The last European legislative act associated with the issue of safety in rail-
way tunnels are the Technical Specification for Interoperability — Safety in Rail-
way Tunnels (TSI SRT). The development of the TSI was ordered by the Euro-
pean Commission within the framework of technical interconnection of railway
systems within the context of a complex of measures focused on improving and
increasing the competitiveness of railway traffic (so called “Railway packages
by the European Commission”). The TSI SRT were approved in the middle of
2006 and they are binding for EU railways. In general, we distinguish the TSI
for high-speed railway system and the conventional railway system. The TSI
SRT which were adopted now are intended for the conventional and highspeed
railway system. For the time being, the application of this directive will be obli-
gatory for selected lines of the European railway network, but their force is
extended to cover all lines of the European railway system. In the Czech Repub-
lic, the TSI apply to all railway lines of the corridor and selected lines covered
by the AGC and AGTC agreements.

No specific regulation or legally relevant document dealing with safety in
railway tunnels exists in the Czech Republic and, with respect to the approved
TSI, it is not expected that they would originate. General rules are defined by
the standard CSN 73 7508 Railway Tunnels. The fundamental legal regulation
in terms of fire protection is the Law No. 133/1985 Coll. (the Fire Protection
Act) as amended and the relevant implementing order No. 246/2001 Coll. (the
Fire Prevention Order) as amended. Apart from the above-mentioned docu-
ments, the Ordinance No. 11/2002 Coll. is in force; it specifies the visual aspect
and positions of safety signs and introduces signals.

In 2004, Ceské Drahy (Czech Railways) ordered the development of a doub-
le-stage project called “Safety in Railway Tunnels”. The first stage was develo-
ped in 2004. The second stage is being developed this year. The works on this
project consisted, among others, of mapping of the current level of safety of
traffic in tunnels on the railway network in the Czech Republic and develop-
ment of a study of approaches and methodologies of the risk analysis. The pro-
ject should be completed and some particular procedures of designing safe rail-
way tunnels should be developed in 2006. In addition to this general study, we
should mention the particular work on the New Connection from Prague to
Beroun Project, which was ordered by SZDC and which contained, among
others, a risk analysis for traffic safety.

The FIT initiative (the European Thematic network on Fire in Tunnels),
which exists in Europe developed another document issued in addition to the
above-mentioned ones, namely a compilation of European and national directi-
ves on fire safety in tunnels. The UPTUN initiative (Upgrading methods for
Fire Safety in Existing Tunnels) is another element of the system. Both the FIT
and UPTUN initiatives cover road tunnels as well as railway tunnels.

THE SAFETY CONCEPT

As mentioned in the introduction, the safety concept can be developed from
the viewpoint of the following two basic premises:

a) with respect to the probability of occurrence of an emergency in the tunnel;

b) on assumption that an accident will sooner or later occur.

In practice, safety concepts are usually developed with both above-mentio-
ned assumptions taken into consideration.

It can be stated, with a certain measure of simplification, that the necessity
for additional safety measures complementing standard measures applied wit-
hin the railway network is not expected in the case of shorter tunnels (approxi-
mately up to 350m long). The probability of an accident in those tunnels is low
and, considering the short length of the tunnels, the condition of the maximum
allowable length of the escape route from the tunnel is met, as well as the con-
dition for a contingent access of intervention forces, which is sufficient from the
tunnel portals.

Regarding tunnels longer than 1 km, the probability of an accident slightly
grows, but, the most important thing, the probability of successful self-rescue of
passengers from the tunnel space in the case of emergency steeply diminishes.
The directives mentioned in the preceding chapter usually cover 1km to 15km-
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se predpoklada specificky piistup, ktery muze byt jesté rozsdhlejsi a roz- long tunnels. The upper limit of 15km was set on the basis of an agreement; it
manitéjsi, nez je stanoveno v uvedenych podkladech. Je zfejmé, Ze u tune- is not an exactly determined limit. Tunnels longer than 15km are assumed to be
10 téchto délek jiz nemd smysl rozliSovat pravdépodobnost vzniku mimo- assessed using specific approaches, which may be even more extensive and
fadné uddlosti pfimo v tunelu nebo mimo tunel. Pokud dojde k nehodé, je variable than the approach specified in the above-mentioned documents. It is
moznost sebezdchrany nebo represniho zdsahu velmi mald, pokud nejsou obvious that there is no point in distinguishing between origination of an acci-
zajistény dodate¢né podminky umoznujici jak sebezdchranu osob z ohro- dent directly in the tunnel or outside the tunnel when tunnels with the length
Zenych mist, tak piistup zachranujicich slozek. exceeding 15km are concerned. If an accident happens, the possibility of self-

Obecné by kazdd bezpe¢nostni koncepce méla sestdvat v kombinaci rescue or intervention is very low unless additional conditions allowing both the
ndsledujicich opatfent: self-rescue of persons from endangered locations and access for the interventi-

a) opatfeni pro zabrdnéni mimofadnym udélostem, on forces are met.

b) opatieni pro zmirnéni rozsahu nasledkd mimofddnych udélosti, In general, any safety concept should contain a combination of the following

¢) opatfen{ pro zachranu vlastnimi silami, measures:

d) opatfeni pro umoznéni zdchrany zdchrannymi slozkami. a) accident prevention measures,

Kombinace dodate¢nych prvka vybaveni tunelt z hlediska bezpe&nost- b) measures mitigating the extent of consequences of accidents,
ni koncepce bude vzdy zdvisld predevs§im na jednom parametru, kterym je ¢) measures making the self-rescue possible,
délka tunelu. d) measures making the rescue by rescue system units possible.

V rémei zpracovani CSN 73 7508 Zelezni¢ni tunely byla do textu The combination of additional components of the tunnel equipment from the
normy zakotvena zdsada vypracovani ,.koncepce poZarnébezpecnostniho viewpoint of the safety concept will always depend primarily on one parame-
feSeni“ a ,,projektu pozarnébezpecnostniho feSeni” pro kazdy tunel indivi- ter, the tunnel length.
dudlné, na zdkladé podrobné analyzy podminek konkrétni tunelové stav- The CSN 73 7508 Railway Tunnels standard contains a principle, which was
by. Koncepce pozarnébezpecnostniho feseni je soucasti piipravné doku- incorporated into the standard during its elaboration, that the “concept of the fire
mentace, resp. dokumentace k tzemnimu fizeni. PoZdrnébezpecnostni safety design” and the “fire protection design” must be prepared individually for
feSeni tunelového objektu je souldsti projektu stavby. each tunnel, on the basis of a detailed analysis of conditions of each particular

Zasadnim cilem bezpecnostni koncepce musi byt minimalizace moz- tunnelling project. The concept of the fire safety design is a part of planning
nosti vzniku nehod a poZart a zajisténi moZnosti rychlého zdsahu v pripa- documents or the design documentation for issuance of the zoning and planning
dé, 7e krizov4 situace nastane, pri snaze minimalizovat nésledky na lid- decision. The fire protection design for a tunnel structure is part of the final
skych Zivotech a nasledné majetku. design. The basic aim of the safety concept must be minimisation of possibiliti-

es of occurrence of accidents and fires, as well as creation of conditions allowing
ROZDELENI TUNELU Z HLEDISKA RIZIK prompt response in case of a state of crisis, with an effort to minimise consequ-

Hlavnim kritériem, na jehoZz zdklad¢ Ize zatridit tunel pro potfeby bez- ences in terms of human life losses and, subsequently, damage to property.

pecnostni, je délka tunelové trouby. Kazdd hranice v rdmci takového déle-
ni je do ur€ité miry volena konven¢né na zdkladé kompromisniho rozhod- CATEGORISATION OF TUNNELS FROM

nuti. V Ceské republice je dosud legislativné stanovena jedind hranice pro THE PERSPECTIVE OF RISKS

rozdéleni tuneld, a tou je délka tunelové trouby 350 m. Tato hranice je The main criterion applicable to the categorisation of a tunnel in terms of safe-
ddna vyhldskou Ministerstva vnitra ¢. 246/2001 Sb. v platném znéni. Hra- ty is the length of the tunnel tube. Any limit used for this categorisation is in some
nice byla stanovena na zdkladé moZnosti zvlddnuti poZdru z obou tunelo- measure chosen conventionally, on the basis of a compromise. The only limit
vych portalu. Tunely délky nad 350 m jsou povazovény za objekty se slo- which has been set by the legislation of the Czech Republic for the division of
Zitymi podminkami pro zdsah. Jednd se tedy o hranici, jejiz hodnota byla tunnels into categories is the tunnel length of 350m. This limit is contained in the
stanovena s ohledem na charakter represivnich opatfeni. Order No. 246/2001 Coll. as amended (issued by the Ministry of Interior). The

Jako vhodnéjsi déleni se jevi takové stanoveni mezi, které vedle repre- limit was determined with respect to the possibility of handling a fire from both
sivniho pohledu ve vét$im rozsahu respektuje charakter Zelezni¢ni dopra- tunnel portals. Tunnels longer than 350m are considered to be structures with
Vy a mozZnosti preventivnich opatteni. Jako prvni mez lze stanovit délku conditions difficult for rescue intervention. It is therefore a limit with a value
tunelové trouby v zdvislosti na prumérmé délce vlakové soupravy. Nésle- which was determined with respect to the character of repressive measures.
dujici mez je potom stanovena jako hranice pro uplatnéni plosnych sta- A categorisation system using limits which, apart from the repressive point
vebné-technologickych poZadavka. Posledni rozhodujici mez je ddna of view, take more into account the character of railway traffic and possibilities
potrebou nadstandardnich opattent, kterd v Zddném piipadé nelze plo§né of preventative measures. The first limit can be derived from the tunnel length
predepsat bez znalosti konkrétnich podminek. in relation to the average length of the train sets. The next limit is then determi-

Smérnice EBA, pouZivand v podminkdch némeckych drah (DB) a zpra- ned as a limit for satisfying global structural and equipment-related require-
covand predevsim s prihlédnutim k problematice vysokorychlostnich tratf, ments. The last crucial limit is given by the need for above-standard measures
povazuje, z hlediska bezpecnostniho, za tunely stavby s délkou nad 500 m. which can be by no means prescribed globally, without knowing the particular
Od této hranice po hranici 1000 m Ize v bezpecnostni koncepci akcepto- conditions.
vat nekterd zjednoduSeni. Tunely s délkou nad 1000 m a do délky The EBA directive used in the conditions of German railways (DB), which
15 000 m jsou povazovény za rizikové a jsou u nich uplatiovéany plo§né was developed primarily with respect to the problems of high-speed railways,
nékterd stavebné-technologickd opatfeni. Tunely s délkou nad 15 000 m considers only tunnels longer than 500m to be tunnels in terms of safety. From
musi byt posouzeny specificky. this limit up to the limit of 1000m, it is possible for the safety concept to accept

Obdobné pristupuje k ¢lenéni jak smérnice UIC tak TSI SRT (hranice some simplifications. Tunnels with the length higher than 1000m and up to
20 km). Pfi¢emz zdsadni specifikace jsou stanoveny pro tunely délek od 15,000m are considered to be hazardous; therefore some structural and equip-
1 km do 15 (20) km. U tunelt s délkou tunelové trouby nad 15 (20) km se ment-related measures are applied to them globally. Tunnels longer than
predpokldda specifickd analyza a dalsi dodate¢nd opatieni. 15,000m must be assessed specifically.

Nase Zelezni¢n{ tunely tak 1ze konvenéné rozdélit do tif kategorii. Tune- The approach of the UIC code as well as the TSI SRT is similar, with the
ly s délkou do 350 m, od 350 m do 1000 m a nad 1000 m. U nové uvazo- limits of 15km and 20km respectively. The basic specifications are set for tun-
vanych tunelt k tomu jiZ pfistupuje i hranice 20 km. nel tubes over 15 (20) km long. Specific analyses and other additional measu-

Tunely s délkou nad 1000 m jsou predev§im tunely Vinohradské, kde res are assumed for tunnels longer than 15km and 20km respectively.
systém tif (resp. Ctyf) tunelovych trub je navzdjem propojen bo¢nimi tniko- Tunnels in the Czech Republic can be conventionally divided into three cate-
vymi §tolami a tunel Spicicky, ktery je stavebné dvoukolejny provozovany gories: tunnels up to 350m long, from 350m to 1000m long and longer than
jednokolejné. U vech &tyf tunell je umoznéna zvysend rychlost evakuace 1000m. The 20km limit is added in the case of the newly planned tunnels. The
postiZenych osob z mista krizové situace. V piipadé Vinohradskych tunelt category of tunnels longer than 1000m is represented primarily by the Vinohra-
(komplex tunelovych trub) tinikem do vedlejsich tunelovych trub, v pripadé dy tunnels, where the system of three (or four) tunnel tubes is interconnected by
tunelu Spi¢ackého diky vlastni prostorové tipravé svétlého tunelového pri- parallel escape galleries, and the Spi¢dk tunnel (a double-rail tunnel structure
fezu. Pty provozovany tunel s délkou nad 1 km je novy Krasikovsky tunel, with one rail operating). All of the four tunnels allow increased speed of eva-
ktery byl uveden do provozu v roce 2004. Tento tunel byl jiZ navrZen pii cuation of persons from the scene of crisis. Regarding the Vinohrady tunnels (a
zohlednéni soucasnych bezpelnostnich poZzadavku. Priblizné uprostied complex of tunnel tubes), the escape is possible via the neighbouring tunnel
tunelové trouby je vstup do tinikové Stoly, ktery zajistuje maximdlni délku tubes; the Spicak tunnel evacuation is possible owing to a special arrangement
tnikové cesty pro cestujici a vlakovou ¢etu v piipadé havdrie do 500 m. of the net tunnel cross section. The fifth operating tunnel which is over 1km
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PRAVDEPODOBNOST VZNIKU MIMORADNE UDALOSTI V TUNELU

V této Casti Clanku je uveden postup vypoctu pravdépodobnosti vzniku
nehody v tunelu v rimci Zelezniéni sité Ceské republiky. Vypocet byl pro-
veden v roce 2002 pro ovéfeni predpokladu o nizké pravdépodobnosti
vzniku havirie v tunelech Ceskych drah. Komentaf k parametrim vypoctu
je uveden v posloupnosti jednotlivych kroka.

Nejdfive bylo nutné vyjadrit pravdépodobnost vzniku nehody v tunelu
za predpokladu, Ze pravdépodobnost Zelezni¢ni nehody je 1,0 (to zname-
na nehoda vznikla):

Pxr = Celkova délka Zel. tunelt / Celkova délka trati = 36,5 / 94440 =
0,0038648877

Tento vypocet vyjadiuje pravdépodobnost, s niZ v pripadé vzniku neho-
dy v Zelezni¢ni siti CD bude mistem nehody tunel. Tato hodnota je samo-
zfejmé velmi vysokd a pravdépodobnost vzniku nehody v tunelu (Pyyy) je
podminénou pravdépodobnosti. Pravdépodobnost vzniku nehody v tunelu
je uvazovéna jako podminéna pravdépodobnosti vzniku nehody na Zelez-
niéni trati (Py). Vyslednou pravdépodobnost vzniku nehody v tunelu
potom dostaneme ze vztahu:

Pynt = Pyr * Py, kde Py je pravdépodobnost vzniku nehody na Zelez-
niénf trati v siti CD.

Urceni PN je teoreticky problematické, Ize ji vSak odvodit ze statistic-
ké Cetnosti nehod za urcité obdobi. Pro nase potfeby uvazujeme s hodno-
tou nehodovosti prevzatou ze Statistické ro¢enky CD. V zdjmu zjednodu-
Sen{ uvazujeme vSechny nehody za rok 2001 s vyjimkou nehod na prejez-
dech (stret se silni¢nim vozidlem), které nejsou v tunelech relevantni.
Tento pristup je konzervativni a jednoznalné na strané bezpe¢né z hledis-
ka neopravnéného sniZovdni pravdépodobnosti vzniku nehody. Nehod
takto definovanych bylo v roce 2001: 2547. Pro vypocet Cetnosti vzniku
nehody musime toto &islo vztdhnout k celkovému mnoZstvi situaci, pri
nichZ nehoda muZe vzniknout. Budeme predpoklddat, Ze tato situace je
déna celkovym mnoZstvim realizovanych vlakovych cest za rok. V tomto
bodé je vhodné provést idealizaci relevantnich hodnot. Vzhledem ke sku-
te¢nosti, Ze vypravené vlaky maji rizny charakter, budeme uvaZovat
pouze prumérnou piepravni vzddlenost osobnich vlaku a zavedeme pojem
celkovy polet idealizovanych vlakt. Celkovy polet idealizovanych vlaku
ziskdme délenim celkového poctu vlakovych kilometri osobni dopravy
prumérnou piepravni vzdalenosti. Primérnd prepravni vzdélenost v ramci
vnitrostatni dopravy je 38,57 km, v rdmci mezindrodni prepravy
223,62 km. Je zfejmé, Ze konzervativnéjsi vypocet bude pfi uZiti hodnoty
prumérné mezindrodn{ prepravni vzdalenosti. Celkovd hodnota vlakovych
kilometrt osobni dopravy za rok 2001 je 100 852 mil. Pfi zaokrouhlen{
vychézi celkovy poCet idealizovanych vlaku:

100 852 mil. /224 = 450,2 mil.

Pravdépodobnost nehody jednoho idealizovaného vlaku odvozend od
skute¢né Cetnosti dle tdaji z roku 2001:

PN = 2547/ 450,2 mil. = 5,65748556E-6.

Tuto hodnotu povaZujeme za pravdépodobnost vzniku nehody v siti
Ceskych drah odvozenou z Cetnosti vyskytu nehod v roce 2001. Pro tipl-
nost je tieba dodat, Ze Cetnost vyskytu nehod v roce 2001 nijak nevybocu-
je ze statistického rozptylu v porovndni s pfedchozimi roky.

Pynt = 0,0038648877 *5,65748556E-6 = 2,18655E-8

Dosazeny vysledek, ktery hovori o pravdépodobnosti vyskytu nehody
v Zelezni¢nim tunelu v siti CD, je moZno srovnat s predpokladem névrho-
vého indexu spolehlivosti stavebni konstrukce pro dosaZeni mezniho
stavu. Dle CSN P ENV 1991-1 Zasady navrhovani a zatiZeni konstruket,
priloha A, tabulka A.2 je informativni hodnota indexu spolehlivosti pro
jeden rok B = 4,7 pro mezni stav inosnosti. Tato hodnota indexu spolehli-
vosti odpovidd pravdépodobnosti poruchy Pf = 10°. Je ziejmé, Ze hodno-
ta fadové koinciduje s hodnotou pravdépodobnosti vzniku krizové situace
v tunelu. Pokud bychom pro srovndni pouZili hodnotu indexu spolehli-
vosti pro navrhovou Zivotnost B = 3.8, bude pravdépodobnost poruchy Pf
= 10%, pficemz je zfejmé, 7e pravdépodobnost vzniku krizové situace
v tunelu se v zdvislosti na ase takto skokové nemeni.

Z porovnani tedy vyplyva (pfi naznaeném stupni zjednoduseni vypo-
&tu), Ze dosazeni mezniho stavu dnosnosti konstrukce v prubéhu névrho-
vé Zivotnosti je pravdépodobnéjsi nez vznik krizové situace v tunelu. Tato
nerovnice md opacné znaménko pouze v pocdtecnim stadiu Zivotnosti
konstrukce a ani zde nedochdzi k rddové jiné drovni spolehlivosti. Pri
interpretaci je nutno vzit v potaz, Ze vznik mezniho stavu nutn¢ nezname-
nd kolaps konstrukce, stejné jako vznik krizové situace neni ekvivalentni
s jejim katastrofickym pribéhem a dusledkem. V zdjmu objektivity je
ovSem nutno zduraznit, Ze vznik krizové situace v tunelu konverguje ke
katastrofickym dusledktm rychleji neZ pfi dosaZeni mezniho stavu.

TuNel

long is the new Krasikov tunnel; it was opened for traffic in 2004. This tunnel
design allowed for the current safety requirements. There is an entry to an esca-
pe gallery approximately in the middle of the tunnel length. The maximum
length of the route for the escape of passengers and the train crew to a safe place
in case of an accident is less than 500m.

PROBABILITY OF AN ACCIDENT IN A TUNNEL

This part of this paper describes the process of calculation of the probability
of an accident happening in a tunnel which is used within the network of rail-
ways in the Czech Republic. The calculation was carried out in 2002 with the
aim of verifying the assumptions that the probability of accidents happening in
tunnels operated by Ceské Drahy (Czech Railways) is low. The commentary to
the calculation parameters is presented in the order of successive steps.

First of all, the probability of an accident in the tunnel had to be expressed
under the assumption that the probability of a railway accident is 1.0 (this means
that an accident has happened).

Pyr = Aggregate length of railway tunnels / Aggregate length of railway
lines = 36.5 / 9444.0 = 0.0038648877

This calculation expresses the probability of an accident happening in a tun-
nel in the case of an accident happening within the network of Czech Railways’
network. Of course, this probability is very high; the probability of an accident
in a tunnel (Pyyy) is conditioned by the probability of an accident happening on
arailway track (Py). The resulting probability of an accident in a tunnel is obta-
ined from the following relationship:

Pynr = Py * Py, Where the Py is the probability of an accident happening on
a railway track within the Czech Railways* network.

The determination of the PN is a problematic task, however, it can be deri-
ved from statistical frequency of accidents for a certain time. For our purposes,
we calculate with the accident rate value borrowed from the Statistical Year-
Book issued by Czech Railways. For the benefit of simplification, we take into
consideration all accidents for 2001 with the exception of the accidents which
happened at railway crossings (collisions with road vehicles), which are irrele-
vant. This is a conservative approach, which is unambiguously on the safe side
regarding unjustified diminishing of the probability of an accident happening in
a tunnel. The number of accidents covered by the above definition in 2001
amounted to 2547. For the purpose of the calculation of the accident probabili-
ty, we must relate this number to the overall number of situations in which the
accidents may happen. We will assume that this situation is given by the overall
number of train trips carried out during a year. At this point, it is reasonable to
idealise the relevant values. With respect to the fact that the trains set out to the
tracks are of a various character, we will consider only the average transport
distance for passenger trains; and we will introduce the term “total number of
idealised trains”. We will obtain the total number of idealised trains when we
divide the total number of train-kilometres of the passenger transport by the
average transport distance. The average transport distance within the frame-
work of domestic transportation and international transport is 38.57km and
223.62km respectively. It is obvious that the calculation using the average inter-
national transport distance value will be more conservative. The aggregate
value of the passenger transport train-kilometres for 2001 amounts to 100,852
million. If the figures are rounded off, we will obtain the following aggregate
number of idealised trains:

100 852 million / 224 = 450.2 million

The probability of an accident encountered by one idealised train derived
from the real frequency according to the 2001 data is as follows:

PN = 2547/ 450.2 million = 5.65748556E-6.

We consider this value to be the value of probability of an accident happe-
ning within Czech Railways’ network derived from the frequency of the occur-
rence of accidents in 2001. For the sake of completeness, we must add that the
frequency of occurrence of accidents in 2001 by no means leaves the line of the
statistical straggling compared with the previous years.

Pynr = 0.0038648877 *5.65748556E-6 = 2.18655E-8

The result obtained by the calculation, which shows the probability of occur-
rence of an accident in a railway tunnel within the Czech Railways‘ network
can be compared with the assumed design index of reliability of a building
structure calculated for the achievement of the ultimate state. According to the
standard CSN P ENV 1991-1 Basis of Design and Actions on Structures,
Appendix A, Table A.2, the informative value of the reliability index for one
year B =4.7 for the ultimate limit state. This value of the reliability index cor-
responds to the value of probability of failure Pf = 10°. It is obvious that this
value coincides in the order of magnitude with the probability of development
of a state of crisis in a tunnel. If the value of the probability index for the design
life B = 3.8 is used for the comparison, the probability of failure will be
Pf = 10#, while it is obvious that the probability of origination of an emergen-

cy situation in a tunnel is not a matter of a step change.
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INTERDISCIPLINARNI CHARAKTER OTAZEK BEZPECNOSTI It therefore follows from the comparison (at the above outlined simplificati-
DOPRAVY V TUNELECH on of the calculation) that the probability that the ultimate limit state of the
structure will be reached during the design life is higher than that an emergen-
cy situation will originate. The probability is lower only at the initial phase of
the structure life; nor in this case does the level of reliability change in its order
of magnitude. When this relationship is being interpreted, it is necessary to con-

V soucasné dobé se o Zelezni¢ni dopravé v Evropé, resp. o Zeleznici
a vSem, co s ni souvisi (feCeno velmi laicky), hovori jako o Zelezni¢nim
evropském systému. Pfi¢emz se rozliSuje konvenéni Zelezni¢ni systém
a vysokorychlostni Zelezni¢ni systém. V ramci konvencniho Zelezni¢niho

systému, ktery je zatim jako jediny v $ir$im zdjmu Ceské republiky (vyso- sider the fact that the origination of the limit state does not necessarily mean
korychlostn{ traté jsou zatim pouze ve stadiu studif), se rozliduji takzvané a collapse of the structure, the same as in the case of origination of a state of cri-
subsystémy. sis, which does not have to have a catastrophic course and consequences.
Subsystémy evropského konvenéniho Zelezni¢niho systému jsou rozdé- However, for the benefit of objectivity, it must be emphasised that the develop-
leny na oblast strukturdlni a provozni: ment of a state of crisis in a tunnel heads towards to catastrophic consequences
a) strukturalni oblast tvori: much faster than in the case of the limit state having been reached.
a. infrastruktura,
b. energie, THE INTERDISCIPLINARY CHARACTER OF SAFETY ISSUES
¢. fizeni a signalizace, OF TRAFFIC IN TUNNELS

d. dopravni provoz a management dopravy,
e. vozovy park;
b) provozni oblast tvori:
a. udrzba,
b. telepatické aplikace pro osobni a ndkladni dopravu.

Pri tvorbe TSI v oblasti vysokorychlostnich trati byly zpracovany jed-
notlivé TSI pro kazdy subsystém vysokorychlostniho Zelezni¢ntho systé-
mu. V piipadé konvenéniho Zelezni¢niho systému se postupuje obdobné.
Vedle TSI pro kazdy subsystém se vSak zpracovavajf také TSI prurezové-
ho charakteru, které maji pokryt specifické oblasti konven¢niho zZeleznic-
niho systému. Jednémi z téchto prurezovych TSI jsou TSI pro bezpe&nost

Railway transport in Europe, or railway and everything that is associated
with railway (expressed in a very lay manner), is currently referred to as the
European railway system, while they distinguish a conventional railway system
and high-speed railway system. So called sub-systems” are distinguished wit-
hin the framework of the conventional railway system, which is, for the time
being, the only system in which the Czech Republic is interested (high-speed
lines are currently in the stage of studies only).

The sub-systems of the European conventional railway systems are divided
into two areas, i.e. the structural area and operational area, as follows:

a) the structural area covers:

v Zelezni¢nich tunelech (Safety in railway tunnels — SRT). Vedle téchto a. infrastructure
TSI jsou zpracovany napiiklad TSI pro pristup osob se sniZenou pohybli- b. power,
vosti nebo TSI pro hluk zpusobovany vozidly. ¢. control and signalling,

TSI SRT pokryvaji &tyfi subsystémy: infrastrukturu, energii, fizeni d. traffic operation and transport management,
a signalizaci a vozovy park. Tfm jsou charakterizovany zdkladni subsysté- e. rolling stock;
my podilejici se na dosazeni bezpecnosti dopravy v Zelezni¢nich tunelech. b) the operational area covers:
Uroveri zajisténi bezpenostnich pozadavkil a existence bezpetnostnich a. maintenance,
prvki v jednotlivych subsystémech mohou negativné ¢i pozitivné ovliv- b. telematic applications for passenger and freight transport
novat poZadavky na bezpeCnostni prvky v ostatnich subsystémech. Jako Individual TSI sets were developed for each sub-system of the high-speed
priklad pro vysvétleni 1ze uvést funkci zachranné brzdy. railway system during the work on the TSI for high-speed railway lines. A simi-

Zéchrannd brzda je prvkem vozového parku souprav pro osobni dopra- lar procedure applies to the conventional railway system. Interdisciplinary TSI
vu. Pfi bézném Zelezni¢nim provozu slouZi k zastaveni vlaku v piipadé sets are also developed in addition to the TSI designed for particular sub-sys-
jakéhokoliv krizového stavu, a to jak ze strany Zelezni¢niho persondlu, tak tems. They are intended to cover specific areas of the conventional railway sys-
ze strany cestujicich. V tunelu se vSak tento prvek povaZuje za kontrapro- tem. One general-purpose TSI set covers the Safety in Railway Tunnels (SRT).
duktivn{. Nenf totiZ ti¢elné, aby vlakovd souprava, byt'v jakémkoliv ohro- Apart from this TSI set, a TSI set for the access of mobility impaired persons or
iem’, zastavovala v tunelu. Zdsah v tunelové troubé je velmi problematic- a TSI set for noise from moving vehicles were deve]oped'
ky, v mnoha pfipadech prakticky nemozny. Z tohoto divodu je jako The SRT TSI covers four sub-systems: infrastructure, power, control and sig-
zdkladni bezpecnostn{ koncept volena zdsada, Ze vlak by nemél v Zddném nalling, and rolling stock. This is a characteristic of the basic sub-systems con-
pfipadvé zastavovat v tunelu. Abychom tuto zdsadu plnili, musime zajistit tributing to the achievement of safe traffic in railway tunnels. The level of com-
Casové omezenou deaktivaci funkce bezpecnostni brzdy, takzvané prekle- pliance with safety requirements and existence of safety elements in the parti-

nuti nebo premosténi funkce zdchranné brzdy. To je moZné pouze u sou-
prav, které jsou jiz konstruovdny s védomim potieby tohoto opatieni.
Pokud je veskerd doprava v zdjmovém tunelovém objektu provozovand
pouze témito soupravami, dosdhli jsme opatfenim na vozovém parku sni-
Zen{ pravdépodobnosti realizace mimorddné uddlosti v tunelu. Opatfeni na
infrastruktufe pak mohou mit odli§ny charakter neZ za predpokladu pro-
vozovani souprav bez premosténi funkce zdchranné brzdy.

Zdroven je s problémem zastavovén{ vlakovych souprav spojen sub-
systém fizeni provozu a signalizace. Vlakova cesta je prvky signalizace na
dopravn( cesté rozdélena na tratové tseky. Hlavni traté jsou zabezpeCeny
automatickym zabezpeCovacim zafizenim (autoblokem), ktery zajistuje
takovy pohyb vlakové soupravy po dopravni cesté, jenZ umozni obsazeni
jednoho tratového tseku pouze jednou vlakovou soupravou.

Tim je zajiStén bezpecny pohyb vlakovych souprav po dopravni cesté
a je zabrdnéno moZnosti najetf a srazky souprav. Useky autobloku nemo-
hou byt s ohledem na propustnost trati pifli§ dlouhé. U del3ich tunelt,
s délkou cca nad 1 km, je nutné umistit hranici dseku autobloku a s nim

cular sub-systems may be negatively or positively influenced by requirements
for safety elements in the other sub-systems. As an explanatory example, we
can mention the function of an emergency brake.

The emergency brake is an element of passenger trains. During common rail-
way operation, it is used for stopping the train in case of any state of crisis by
railway personnel or by passengers. On the other hand, this element is even con-
sidered to be disserviceable inside a tunnel. It is because of the fact that it is
unreasonable to stop a train set inside a tunnel, no matter which threat is being
faced. Any intervention in a tunnel is very difficult, in many cases virtually
impossible. For this reason the rule that a train should by no means stop in a tun-
nel is chosen to be the main safety concept. To be able to comply with this rule,
we must be able to deactivate the emergency brakes for a limited time. This
deactivation is called “bypassing” the emergency braking function. It is possib-
le only in train sets which started to be designed with the necessity for this mea-
sure known. If all transport passing through the particular tunnel is carried out
using solely those train sets, the aim of reducing the probability of an accident

spojenou ndvést (signalizaci) do tunelové trouby. V tomto pifpadé nelze in the tunnel by means of measures affecting the rolling stock will be achieved.
vyloutit, e bude souprava zastavena v tunelu z diivodu organizace draz- The character of measures affecting the infrastructure can be different than
ni dopravy. Nejednd se o mimoradnou udalost, ale z divodu potlaeni those designed under the assumption that train sets are operated without the
mozného vzniku paniky ze zastaveni v uzavieném prostoru je vhodné emergency brakes “bypassing” function.
i tato zastaveni pokud moZno omezit nebo zcela vyloucit. To lze provést The issue of stopping train sets is at the same time associated with the ope-
organiza¢nim opatfenim v rdmci subsystému fizeni a signalizace. rational control and signalling sub-system. The train path is divided into track
Pokud hovofime o opatfenich pro zabrdnéni mimordadnym uddlostem sections by means of signals installed along the transport route. Main tracks are
a opatfenich pro zmirnéni rozsahu ndsledki mimorddnych udalosti, pak provided with a signalling system with automatic train protection (automatic
obvykle hovorime o prvcich subsystému fizeni a signalizace, energie block), which guarantees that the train set moves along the transport route

a vozového parku. Snazime se dosdhnout ur€ité trovné bezpecného pro- where any particular track section can be occupied only by a single train set.
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Obr. 1 Krasikovsky tunel
Fig. 1 The Krasikov tunnel

iy s

vozovani drdZzni dopravy a provozovani drdhy v Zelezni¢nich tunelech,
aniz bychom v tunelovych objektech instalovali dodatecné, financné
ndkladné prvky subsystému infrastruktury. To je, jak jiZ bylo i dfive fece-
no, obvykle mozné u kratich tuneli. Naopak u tunelu delSich délek jiz
rostou i pozadavky na vybaveni, respektive na celkové koncepeni reeni
z hlediska subsystému infrastruktury.

Z pohledu stavebniho je pochopitelné rozhodujici stanovit v rdmci pro-
jektové pripravy koncepci a poté feSeni bezpecnostni problematiky z hle-
diska infrastrukturnich prvku. Abychom byli schopni nemalé vynakladané
prostredky pouzit smysluplné a efektivné, je nutné zpracovat pravdépo-
dobné scéndre krizovych situact, jejich feSenf a dopady. Na zdklade téch-
to scéndfu je mozné posoudit ekonomickou efektivitu pfijatych opatfeni
a provést jejich definitivni ndvrh.

Bez tohoto interdisciplindrniho pifstupu neni zaru¢eno efektivni pouZi-
ti prostredkt v rdmci subsystému infrastruktury. Velmi Casto se setkdvdme
s nekompetentnim prendSenim postupu béZnych v tunelech pozemnich
komunikaci na tunely Zelezni¢ni. Mnohdy tak muze dojit k dublovén{ bez-
pecnostnich prvkd, které jsou na tunelech pozemnich komunikaci jedine¢-
né, na Zeleznici vSak jejich obdoba tvoii standardni soucdst vybaveni
dopravni cesty. Stejné tak ploSnym prejimdnim prvka vybaveni silni¢nich
tuneld maZe dojit k situaci, kdy jsou tyto prvky relativné samouicelné nebo
je jejich pouziti d¢elné pouze v nékterych konkrétnich pripadech.

Veskeré postupy, o nichZ jsme dosud hovorili, jsou zaméfeny na zvla-
déni takovych krizovych situaci a mimorddnych udélosti, které se d&ji vli-
vem poruSeni mechanismu, lidskou chybou, zdvadami apod. Pokud
bychom aplikovali dané postupy na krizovou situaci souvisejici s teroris-
tickym ttokem, dostdvame se do situace, kterd je o pozndni komplikova-
néjsi. Preventivni opatfeni v této oblasti nejsou prakticky v sildch Zelez-
ni¢nich podniki. Mnohd opatfeni by se musela soustfedit na pfisnd
bezpe¢nostni opatfeni monitorujici pohyb osob. Jednd se napiiklad
0 monitorovéni interiéru vlakovych souprav. Tento postup je jiz uplatio-
van napriklad v primestské dopravé Londyna atd.

V oblasti tunelt je relevantni monitoring piistupu neopravnénych osob
do objektu tunelu apod. Vétsimu ohroZen{ budou pravdépodobné vystave-
ny tunely v intravildnu mést. VSechny smérnice a podklady, o nichZ jsme
doposud hovorili, tuto problematiku nefe$i a odkazuji na ndrodni nebo
spise specificka opatfenf pfijata bud investorem, nebo mistni exekutivou.

VYHODNOCENI OPATRENI V OBLASTI BEZPECNOSTI
TUNELU V ZELEZNICNI SITI CESKE REPUBLIKY

V rdmci projektu Bezpecnosti dopravy v Zelezni¢nich tunelech, ktery
zadaly Ceské drahy, a. s., byla provedena mimo jiné Analyza stavu Grovné
bezpetnosti Zelezni¢nich tunel v CR dle vyhlasky UIC 779-9. Tuto analy-
zu provedla Technické tdstfedna Ceskych drah (TUCD). Na tomto misté
nelze uvést Sirsi podrobnosti. Celkovy prehled o zédvérech z této analyzy
vSak poddvaji tabulky, které byly jednim z vystupt (viz tabulka 1, 2, 3).

Tabulka 1 se tykd infrastruktury a jeji hodnoceni je provedeno pro dvé
tirovné. Pro droven ,,starych®, stavajicich tunela (ST) podle skute¢ného stavu
a pro ,,nové™, pfipravované tunely (NT) jako predpoklad mozného feseni.

Pro hodnoceni jsou v tabulce uvedeny ndsledujici znacky:

A — je splnéno;

N — nenf splnéno.

Tufel

This system guarantees safe movement of train sets along the transport route
and prevents rear-end collision and head-on collision of trains. The sections
covered by the above automatic block system must not be too long with respect
to the requirements for railway track capacity. For longer tunnels with the length
of approximately 1km, the border between the automatically protected sections
and the light sign which is part of the automatic protection system must be loca-
ted inside the tunnel tube. Stopping of the train set inside the tunnel caused by
the railway traffic control system cannot be prevented in this case. Such a situ-
ation does not constitute a state of emergency, however, to prevent the possibi-
lity of panic raised by the train stopping in the confined space, it is advisable to
curtail such stopping or even make it impossible by means of an organisational
measure proposed within the control and signalling sub-system.

Speaking about measures designed to prevent emergencies and measures
mitigating the extent of consequences of accidents, we usually mean the ele-
ments of the control and signalling, power and rolling stock subsystem. We aim
for achieving a certain level of safety of the railway transport operation and ope-
ration of railways in tunnels without installation of additional, cost demanding
elements of the sub-system for infrastructure. It is possible, as already mentio-
ned above, in the case of shorter tunnels. Requirements for equipment, or for an
overall conceptual solution in terms of the sub-system of infrastructure, grow
with the growing tunnel length.

From the civil engineering point of view, the most important thing is to deter-
mine the concept in the designing stage, then to solve the issue of safety from
the aspect of the infrastructure elements. It is necessary for us, to be capable of
utilising the considerable volume of investments reasonably and effectively, to
develop presumable scenarios of states of crises, solutions for them and their
consequences. The economic effectiveness of the proposed measures can be
assessed and the final design of the measures can be developed on the basis of
these scenarios.

The effectiveness of utilisation of the financial means cannot be guaranteed
without this interdisciplinary approach. Incompetent transfer of procedures
common for road tunnels to railway tunnels is a frequently met phenomenon. It
may many times result into doubling the numbers of the safety elements which
are parts of standard railway tunnel equipment and are supplemented by simi-
lar elements, which are unique only in terms of road tunnels. Similarly, utilisa-
tion of elements of road tunnel equipment without proper consideration may
result into the situation where those elements become relatively purposeless or
the utilisation may be purposeful only in some specific cases.

All of the procedures we have described till now are focused on handling sta-
tes of crises and emergencies resulting from defects of mechanical equipment,
human errors, default cases etc. If we apply those procedures to a state of crisis
associated with a terrorist attack, we will get to a much more complicated situ-
ation. Preventative measures in this area are virtually beyond the capacity of
railway companies. Many of the safety measures would have to be focused
strictly on monitoring of movement of persons, for instance monitoring of the
interior of trains. This procedure has already been applied to commuter rail lines
in London etc.

Regarding tunnels, a relevant measure is the monitoring of unauthorised
access of persons into a tunnel etc. Tunnels in rural areas will probably be expo-
sed to higher risk. All of the directives and documents that have been referred
to above do not solve this issue. They refer to national measures, or rather spe-
cific ones adopted either by the investor or local executive bodies.

ASSESSMENT OF MEASURES ADOPTED FOR THE SAFETY
IN TUNNELS WITHIN THE RAILWAY NETWORK OF THE
CZECH REPUBLIC

The work on the project named Safety of Traffic in Railway Tunnels, which
was ordered by Ceské Drahy as. (Czech Railways), consisted, among other
documents, from the Analysis of the State of the Level of Safety in Railway
Tunnels in the Czech Republic, which was carried out according to the UIC
Directive 779-9. The analysis was carried out by Technické dstiedna Ceskych
drah (Czech Railways’ technical laboratory). It is impossible to present more
details in this paper. The overall survey of conclusions of the analysis is shown
in tables, which were among the outputs of the analysis (see Tables 1, 2, 3)

Table 1 refers to the infrastructure; the assessment is divided into two levels:
the level of “old” existing tunnels (ET), which is assessed according to the actu-
al state, and the level of “new” tunnels (NT) found in the planning stage, which
is assessed according to assumed possible solutions.

The following symbols are used in the table for the assessment purpose:

A - implementation completed;

N - not implemented.
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Infrastruktura (I) / Infrastrukture (I) NT /NT ST /ET Pozn.
Note
Do/Up to 350- Nad/Over Do/Up t0350- Nad/Over
350m 1000 m 1000 m 350 m 1000m 1000 m

Prevence udalosti I-1 Monitorovani rychlosti / signalizace A A A A A A
Event prevention Monitoring of speed / signalling
1-2 Rozhlasové (radiové) spojenti:
operacnf stiedisko — persondl — cestujic{ A A A A A A a
Wireless coverage: operations centre - personnel — passengers
I-3 Detekce (ndprava, tratovy obvod) A A A A A A
Detection (axle, track circuit)
1-4 Ovlddaci zarizeni (zablokovand brzda, prehraté boxy) N3 N3 N3 N3 N3 N3
Control equipment (jammed brake, overheated boxes)
I-5 Usporddéni vyhybek / Configuration of rail switches A A A A A A b
1-6 Kontrola trati / Inspection of track A A A A A A
1-7 Kontrola pristupu
(bezpecnost — viz vykladovy slovnik — str. ) N5 N4 N4 N4 N4 N4
Access control
1-8 Inspekce podminek v tunelu

Inspection of conditions in the tunnel

SniZeni Géinku 1-20 Jednotratové dvoutunely N5 N5 N5 N5 N5 N5
Diminishing consequences Single-track twin-tube tunnels
1-21 Prufez dvoutratovych tubust A A A N4 N4 N4
Cross section of double-track tunnel tubes
1-22 Pozadavky pozarni ochrany na konstrukce A A A N4 N4 N4
Fire safety requirements for structures
1-23 Detekce pozéru, koure (dymu) a zplodin hofeni v tunelech N5 N3 N3 N5 N3 N3
Detection of fire, smoke and combustion products in tunnels
1-24 Stabilni hasici zafizeni (sprinklery nebo podobné zafizeni) N5 N5 N5 N5 N5 N5

Permanently mounted fire extinguishers
(sprinklers or similar systems)

1-25 Zatizeni pro odvod koure/vétraci systém N5 N5 N5 N5 N5 N4
Smoke extraction / ventilation system
1-26 Tratovy drendzni systém (drendz a zadrzovaci nadrz) A A A A A A @©

Railway drainage system (drainage and holding tanks)

Podpora tniku 1-40 Unikové cesty (cesty, zdbradli, znaceni) A A A N N A
Escape support Escape routes (ways, handrails, signage)
1-41 Nouzové osvetleni / Stand-by lighting system N5 A A N5 N3 N3
1-42 Nouzové telefony/komunikacni prostredky N3 N3 N3 N3 N3 N3
SOS boxes / communication facilities
1-43 Unikové vzdalenosti / Escape distances A A A A A Aq d
1-44 Vertikéln{ vystupy/pristup / Vertical exit routes / access route N5 N5 N5 N5 N5 N4
1-45 Bodni vystupy/pristup / Side exit routes/access route N5 N5 N5 N5 N5 N4
1-46 Kfizujici se chodby / Cross passages N5 N5 N5 N5 N5 N5
1-47 Paraleln{ sluzebni a bezpe¢nostni tunel N5 N5 N5 N5 N5 N4

Parallel service and safety tunnel

Podpora zachrany 1-60 Prostredky pro uzemnéni / Means for earthing A A A N3 N3 N3 @
Rescue support 1-61 Pristup k tunelovym vstupiim a vystupum A A A NS N4 N4
Access to tunnel entries and exits
1-62 Trat pristupnd silni¢nim vozidlim A A A N5 N4 N4
Railway track accessible for road vehicles
1-63 Zéchranné plochy na vstupech a vystupech z tunel A A A N5 N5 N4
Areas for rescue teams at tunnel entries and exits
I-64  Dodévka vody (na pfistupu do tunelu) N5 A A N5 N5 N3
Water supply (to the tunnel entry)
1-65 Dodavka elektrické energie pro zdchranné sluzby N3 N3 A N3 N3 N3
Power supply for rescue services
1-66 Instalace radiového spojeni pro zachranné sluzby N3 N3 A N3 N3 N3
Installation of wireless communication for rescue services
1-67 Spolehlivost elektrické instalace (pozarni odolnost) A A A N3 N3 N3
Reliability of electrical installation (fire resistance)
1-68 Systém fizeni N5 N5 N4 N5 N5 N4

Control system

1-69  Zelezniéni dopravnf prostfedky pro zéchranu
(tunelova zéchrannd vlakova souprava) N5 N3 N5 N3 N3
Rail-bound means of transport for rescue purposes
(tunnel rescue train set)

1-70 Silni¢ni/zelezni¢ni dopravni prostredky pro zachranu N3 N3 N3 N5 N3
Road-Rail means of transport for rescue purposes

Tab. 1 Opatreni infrastruktury
Table 1 Measures relating to infrastructure
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TuNel

ZELEZNICNi VOZOVY PARK (R)
ROLLING STOCK (R)
Prevence udalosti R-1 ProtipoZérni opatfeni (poZdrni zatiZen{, zabranéni $ifeni poZaru) A
Event prevention Fire prevention measures (fire load, fire spread prevention)
R-2 Detekce poZéru v soupravé (pohonné jednotky a/nebo vagény) N3
Fire detection in train (engine units and/or wagons)
SniZeni uc¢inku R-10  Indikétory vykolejeni vlaku N4
Diminishing consequences Train derailment indicators
R-11  a) Zachrannd brzda / Emergency brake A
b) UdrZzovani schopnosti pohybu / Keeping the moving ability up A
R-12  Hasici pfistroje (pohonné jednotky a/nebo vagény) Extinguishers (engine units and/or wagons) A
R-13  Centrélni fizen{ klimatizace / Central control of the air-condition system N4
R-14  Schopnost rozpojit vlak / Possibility for decupling train carriages A
R-15  ZajiSténi prvni pomoci v soupravé / First aid available on train A
Podpora zachrany R-20  Zachranné prostiedky a provedeni vagénu (v&etné pristupu pro zdchranné sluzby) N3
Rescue support Rescue equipment and design of wagons (including an access for rescue services)
Tab. 2 Opatieni vozového parku
Tab. 2 Measures relating to the rolling stock
PROVOZ (0)
OPERATION (0)
Prevence udalosti O-1 Provozni predpisy (zejména pro osobni/ndkladni vlak) A
Event prevention Operating instructions (primarily for passenger/freight trains)
0-2 Predpisy pro prepravu nebezpeénych latek / Dangerous substances transport regulations A
SniZeni uc¢inku 0-10  Zastaveni nasledujicich a protijedoucich vlakt (mimo tunel) v piipadé udalosti A
Diminishing consequences Stopping of following and oncoming trains (outside the tunnel) in case of emergency
Podpora uniku 0-20  Informace cestujicim o situaci (priprava informac) N3

Escape support
0-21  Kompetence persondlu

Personnel competency

Havarijni a evakuacni plany

Emergency and evacuation plans

Podpora zachrany 0-30
Rescue support

Information for passengers on the situation (preparation of information)

N3

Pozn.: U novych tuneld ano
Note: Yes for new tunnels

0-31  Nameétova cviceni se zachrannymi sluzbami (komunikace a koordinace Zeleznice/zachranné sluzby) A
Thematic exercises with rescue services (railways/rescue services communication and coordination)

0-32  Informace o prepravé nebezpeénych ldtek / Information on transport of dangerous substances A

0-33  Zajisténi zdchrannych prostfedku / Provision of rescue equipment A

Tab. 3 Provozni opatreni
Tab. 3 Operational measures

K ,,N“ je pripojeno &islo dle stupnice (napt. N3):

2 — Ize fesit bez vyznamnéjsich finangnich nakladt (napiiklad Skolent,
vzdélavani, informovanost)

3 — lze fesit s dostupnymi finan¢nimi ndklady

4 — Ize fesit s extrémnimi finan¢nimi ndklady

5 — opatieni se nedoporuluje fesit z divodu neprijatelnych extrémnich
ndkladt nebo z jiného divodu, ktery feSeni znemoznuje.

V poslednim sloupci jsou v pozndmce uvedeny doplnujici ddaje s nésle-
dujicim vyznamem:

a — pokryti tratovym radiovym spojenim TRS do 40 %;

b — pokryti TRS pres 95 %;

¢ — tratovy drendzni systém bez zadrzovaci nadrze;

d — s vyjimkou tunelu Spi¢acky;

e — jen u elektrifikovanych trati.

Tabulky 2 a 3 jsou v rdmci analyzy doplnény jesté fadou upfesnujicich
pozndmek, které zde z davodu rozsahu neuvadim. Tabulky v této podobé
je tedy tfeba chépat jako zevSeobecnujici a informativni a je tfeba na né
nahlizet v kontextu vyhlasky UIC 779-9.

ZAVER

V tomto ¢ldnku jsem se pokusil nazna¢it mozné koncepéni pristupy
k otdzkdm bezpecnosti dopravy v Zelezni¢nich tunelech. Zdiraznil jsem
nutnost komplexniho piistupu a ekonomické nebezpeci plosného prejima-
ni bezpe¢nostnich prvku bez znalosti jejich skute¢ného uplatnéni a vyuZi-
ti. Déle bylo uvedeno stru¢né zhodnocenf tirovné bezpe¢nosti soucasnych
Zelezninich tuneld v siti Ceské republiky. Clédnek neobsahuje specifikace
konkrétnich bezpe&nostnich prvku, které 1ze v rdmci bezpe€nostnich fese-
ni na tunelech uplatnit.

ING. BOHUSLAV STECINSKY, stecinsky@gr.cd.cz,
CESKE DRAHY, a. 5., generdlni Feditelstvi

The “N” is supplemented by a figure (e.g. N3) according to the following scale:

2 — solvable without more significant cost (e.g. training, education, awareness)

3 —solvable at a cost which is available

4 — solvable at an extremely high cost

5 — the implementation of the measure is not recommended because of an
unacceptable cost of for another reason which makes the solution impossible.

The last column “Notes” contains symbols with the following meanings:

a — coverage by a railway wireless system TRS up to 40%;

b —TRS coverage up to 95%;

¢ — track drainage system without a holding tank;

d — with the exception of the Spi¢4cky tunnel;

e — only on electrified tracks

The analysis contains additional details supplemented to the Table 2 and
Table 3. They are not presented in this paper with respect to the extent of the
paper. The tables presented in this form should be understood as generalising
and informative tables; they must be viewed in the context of the UIC Directi-
ve 779-9.

CONCLUSION

This paper is my attempt to outline possible conceptual approaches to the
issues of traffic safety in railway tunnels. I emphasised the necessity for a com-
prehensive approach and pointed out the economic threats following from glo-
bal transfer of safety elements from road tunnels without knowing the conditi-
ons for proper application and utilisation of those elements. In addition, I pre-
sented a brief assessment of the safety level in existing tunnels within the Czech
Republic’s railway network. The paper does not contain specifications of parti-
cular safety elements which can be incorporated into tunnel safety designs.

ING. BOHUSLAY STEC‘iNSKY, stecinsky@gr.cd.cz,
CESKE DRAHY, a. 5., General Directorate
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REKONSTRUKCE JABLUNKOVSKYCH TUNELU
RECONSTRUCTION TO THE JABLUNKOV TUNNELS

JIRI RUZICKA, JAN KOREJCIK

ovoD

Jablunkovsky prusmyk nedaleko Mostu u Jablunkova lezi
v nadmoftské vySce 552 m. Z jedné strany je sevien hrbety Morav-
skoslezskych Beskyd, ze strany druhé masivem Slezskych a Sloven-
skych Beskyd. Prismykem prochdzi rozvodi Cerného a Baltického
more a v jeho tésné blizkosti se nachdzi nase hranice se Slovenskou
republikou. Toto misto bylo vzdy duleZitou spojnici obou regiont
anejinak je tomu i dnes. Pro prekondni prasmyku Zeleznici byly vybu-
dovéany dva jednokolejné tunely, jejichZ stoletd Zivotnost se pomalu
blizZi ke svému konci. Také nutnost modernizace trati v rdmci budova-
nych koridoru pfispéla k rozhodnuti o rekonstrukci Jablunkovskych
tunelu.

HISTORIE JABLUNKOVSKYCH TUNELU

Jablunkovsky tunel ¢islo I (tunel Kalchberg) byl postaven roku 1870
jako soucdst jednokolejné KoSicko-bohuminské drdhy. JiZ v roce 1898
byla dokoncena stavba druhé koleje v tseku Cadca — Jablunkov ve
snaze zrychlit a finan¢né zefektivnit provoz trati, avSak s vyjimkou
tunelu. Jablunkovsky tunel &islo I byl otevien aZ roku 1917. Se stav-
bou bylo zapocato v roce 1914 a pro celou jeho délku byla zvolena
moderni rakouskd normdlni (anglickd modifikovand) tunelovaci sou-
stava. Pro vystavbu tunelu byl pouzit beskydsky piskovec z nedaleké-
ho lomu.

Na zacdtku 2. svétové vdlky v roce 1939 byla v obou tunelech odpéa-
lena néloz a doslo k zavalu s prolomenim nadloZi. Pfitom se propadla
i stitni silnice nad tunelem. Roku 1940 bylo nadloZi doplnéno
a destruované osténi obnoveno.

V dalsich letech bylo provedeno nékolik ¢dste¢nych rekonstrukef,
posledni z nich v roce 1999. V rdmci oprav byly nékteré pasy presta-
vény a u nekterych byla dodate¢né zfizena spodni klenba. Dile byly
provadény injektdZe osténi i za rub osténi, odvodnovaci vrty a také
nové vysparovani zdiva. Mezi nékterymi pasy byly zfizeny svodnice
pro odvodnéni lice osténi. V roce 1971 byl v tunelu zfizen Zelezni¢ni
svriek ze zabetonovanych prazcu. Ten se viak neosvédCil, a proto byl
v roce 1987 nahrazen klasickou konstrukef z dfevénych prazct ve $tér-
kovém loZzi.

GEOLOGICKE A HYDROGEOLOGICKE POMERY

PodloZi severozdpadni ¢dsti zdjmového izemi je tvoreno horninami
slezské jednotky kridového stafi, prevazné istebnanské piskovcové
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Obr. 1 Poloha Jablunkovského tunelu
Fig. 1 Location of the Jablunkov tunnel

INTRODUCTION

The Jablunkov Pass near Mosty u Jablunkova lies at an altitude of
552m above sea level. The pass is lined by the crests of the Moravi-
an-Silesian Beskydy Mountains and, on the other side, by the massif
of the Silesian and Slovakian Beskydy Mountains. The divide bet-
ween the Black Sea and the Baltic Sea runs along the pass; our bor-
der with the Slovak Republic is in the close vicinity. This location
has always been and remains to be an important connecting line bet-
ween the two regions. To allow the track to overcome the pass, it was
necessary to build two single-rail tunnels. The 100-year service life
of those tunnels is drawing to the end. Also the necessity for an
upgrade to the railway track in the framework of the corridors being
under construction contributed to the decision to reconstruct the
Jablunkov tunnels.

THE JABLUNKOV TUNNELS HISTORY

The Jablunkov (Kalchberg) tunnel #I was built in 1870 as part of the
Kogice — Bohumin single-track line. The second track in the Cadca —
Jablunkov section was built, in the effort to accelerate and made more
financially effective the operation of the line, as long ago as 1898,
however, without the tunnel construction. The Jablunkov tunnel #II
was opened as late as 1917. This construction began in 1914 using the
modern Standard Austrian Tunnelling Method (the Modified English
Method) for the entire length of the tunnel. The tunnel was built using
Beskydy sandstone from a nearby quarry.

At the beginning of the World War II in1939, charges were set off in
both tunnels resulting in a daylight collapse. A secondary road leading
above the tunnel also sank down. The cavity was backfilled and the
damaged lining renewed in 1940.

The following years saw several partial reconstructions, the last of
them in 1999. Some sections were re-built and some were provided
with an invert. Apart from this, drainage boreholes, re-pointing of the
masonry and grouting, both into and behind the lining, were carried
out. Water collecting drains were installed between some of the rounds
evacuating water from the external face of the lining. In 1971 the
trackbed in the tunnel was replaced by a system with sleepers embed-
ded in concrete. This system, however, had not acquitted itself well.
For that reason it was replaced by traditional wooden-sleepers and bal-
last trackbed in 1987.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

The bedrock in the north-western part of the area of operations con-
sists of the Cretaceous Silesian Unit, mainly the Istebné Sand layers.
In the south-eastern and eastern part of the location, the Pre-Quaterna-
ry bedrock is formed by Palacogene Krosnény Member of the Silesi-
an Unit, which means flysch-type alternation of calcareous sandstone
and mudstone. Mudstone intercalated with sandstone prevails in the
southern part of the location. The interface between the Istebné and
Krosnény Members is tectonic; the fault passes along the saddle, app-
roximately in parallel to the tunnel centre line.

Due to the terrain configuration, there are several streams flowing
from the surrounding slopes to the area of the pass and supplying the
area of the tunnel cover with water. The entire length of the tunnel
tubes lies in the Palacogene bedrock consisting mainly of mudstone
with sporadic clay layers and isolated sandstone intercalations. The
cover is formed by about 2 to 6m thick layer of clayey loam, clay,
made ground and sand with fragments, which is always saturated
down to the level above the interface with the Palacogene bedrock.
This means that the tunnel tube is completely submerged under the
water table. Water penetrates to this level along faults in the other-
wise little permeable to impermeable environment. The locations
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Obr. 2 Situace tunelu
Fig. 2 Tunnel layout

vrstvy. V jihovychodni a vychodni ¢asti lokality je predkvarterni pod-
loZi budovdno paleogenimi krosnénskymi vrstvami slezské jednotky,
to znamend flySové stiidani vrstev vépnitych piskovcl a jiloveu.
V jizni ¢asti lokality se nachdzeji prevazné jilovce s propldstky pis-
kovce. Styk vrstev istebnanskych a krosnénskych je tektonicky, zlom
prochdzi sedlem podélné pfiblizné rovnobézné s osou tunelu.

Vzhledem ke konfiguraci terénu stékd z prilehlych svahu do oblasti
prusmyku nékolik drobnych vodoteli, které zavodnuji oblast tunelo-
vého nadlozi. Tunelové trouby lezi v celé své délce v paleogennim
podlozi, tvofeném prevadzné jilovci se sporadickymi vrstvami prachov-
ct a ojedinélymi proplésty piskovcu. Pokryvy tvorf asi 2 aZ 6 m silnd
vrstva jilovitych hlin, jild, navaZek a pisku s ilomky, kterd je zvodné-
14 vzdy az nad droven styku s paleogennim podloZim. To znamend, Ze
tunelovd trouba je v celém rozsahu pod hladinou podzemni vody. Voda
k nf pronikd podél poruch v jinak mélo propustném aZ nepropustném
prostredi. Mista prusaki vody v tunelu ¢4ste¢né koresponduji s oblast-
mi vodotedi na terénu, piipadné s terénnimi depresemi, v nichZ se
dlouhodobé zdrzuje povrchové voda. Intenzita prusaku s urditou retar-
daci kopiruje lokdlni dotaci atmosférickymi srdzkami.

POPIS SOUCASNEHO STAVU

Jablunkovsky tunel ¢islo I je dlouhy 606,58 m. Délka Jablunkov-
ského tunelu ¢islo II je 608,20 m. Oba jednokolejné tunely jsou vede-
ny v pifimé a jednd se o tunely vrcholové s maximdlnim sklonem
8,1 %o. Nadlozi dosahuje vysky az 24 m. Svétld vyska tunelové trouby
¢inf cca 6 m, svetld §itka 5,5 m. Jablunkovské tunely jsou provozovany
elektrickou trakef a tratova rychlost v daném tseku je 80 km/hod. Pru-

jezdny profil tunela pro provoz s elektrickou trakci je nevyhovujici.

VYVOJ A KONCEPCE REKONSTRUKCE TUNELU

Jablunkovské tunely jsou soucdsti III. Zelezni¢niho koridoru Cheb —
Plzeii — Praha — Ceska Tiebova — Ostrava — stétni hranice SR. Kon-
krétné lezi v tiseku Détmarovice — Mosty u Jablunkova — statni hrani-
ce SR, ktery je duleZity pro propojeni II. tranzitniho koridoru VarSava
— Videti se Slovenskou republikou. Rekonstrukce tunelt bude prove-
dena v rdmci optimalizace tratového tseku statni hranice SR — Mosty
u Jablunkova — Bystfice nad OI3i. Na tuto stavbu je v soucasné dobé
vypracovdna pripravnd dokumentace. Optimalizace tseku klade zvy-
Sené ndroky také na Jablunkovské tunely. Bude zde zvySena rychlost
na 120 az 140 km/hod pro klasické soupravy a na 140 az 160 km/hod
pro soupravy s nakldpécimi skiinémi. Je tfeba upravit vyskové vedeni
trasy a zvétsit pricny profil tunelu. Kompletni rekonstrukce je nutnd
i kvali zdvadovému stavu tuneld.

Pavodni feSeni uvazované v UTS (tizemné technickd studie) pred-
pokladalo prestrojeni obou tunelovych trub na dva nové jednokolejné
tunely. Bylo by tfeba odstranit osténi, poté rozsifit profil kazdé tunelo-
vé trouby a ndsledné vybudovat nova osténi. Metroprojekt Praha, a. s.,
predlozil nové feSenf, pfi némz je Jablunkovsky tunel ¢islo II rozsifen
a prestrojen na tunel dvoukolejny. Po jeho uvedeni do provozu mél byt
Jablunkovsky tunel &islo I zruSen. Béhem pripominkového fizeni
k pripravné dokumentaci byl ale vznesen nadstandardni poZadavek
HZS Moravskoslezského kraje na vybudovani tinikové Stoly pro novy
dvoukolejny tunel, ktery investor nakonec akceptoval. Podle prepra-
covaného projektu bude zruSena pouze ¢dst jednokolejného tunelu
a zbytek spolu s novou propojkou bude vyuzit pro unikovou Stolu.

Vyhodou nového feSeni je mimo jiné dspora Casu potiebného na
rekonstrukci tuneld, a tim i krat$i doba pro vyluky na jedné koleji
a odpada problém stiidavych vyluk v obou tunelech. Bylo provedeno

where water seeps to the tunnel depth correspond partially with the
locations of the watercourses on the surface, or with terrain depres-
sions where long-standing accumulation of surface water occurs. The
seepage intensity copies, with a certain retardation, the local amount
of rainfall.

CURRENT CONDITION

The Jablunkov tunnel #I is 606.58m long. The length of the Jab-
lunkov tunnel #II is of 608.20m. Both single-rail tunnels are straight
in ground plan. They are of the summit type, with a maximum gra-
dient of 8.1 %o. The overburden thickness reaches 24m. The clea-
rance height and width of the tunnel tube amount approximately to
6m and 5.5m respectively. The Jablunkov tunnels are electrified; the
design speed for the given section is of 80km per hour. The clea-
rance envelope does not comply with the requirements for an elect-
rified track

DEVELOPMENT AND CONCEPT OF THE TUNNEL
RECONSTRUCTION

The Jablunkov tunnels are parts of the railway corridor III Cheb —
Plzeii — Prague — Ceské Tfebovd — Ostrava — the state border with the
SR. In particular they lie in the Détmarovice — Mosty u Jablunkova —
the Slovakian state border section, which is important for the conne-
ction of the transit corridor II Warsaw - Vienna with the Slovak
Republic. The tunnels will be reconstructed in the framework of the
construction lot “Optimisation of the SR state border — Mosty u Jab-
lunkova — Bystfice nad OIS{ track section”. The design documentation
for issuance of the zoning and planning decision for this construction
lot has been just completed. The optimisation of this section puts inc-
reased demands also on the Jablunkov tunnels. The design speed will
be increased there to 120 — 140 km/hour for traditional trains, and to
140 — 160km/hour for trains with tilting bodies. The vertical alignment
must be modified and the tunnel cross-section enlarged. The overall
reconstruction is necessary also because of the defective condition of
the tunnels.

The original solution which was under consideration in the regio-
nal planning and technical study assumed that both tunnels would
be reconstructed to form a pair of new single-rail tunnels. The liners
would have to be removed, then the profile of each tunnel tube
enlarged and new liners erected. Metroprojekt Praha, a. s. submitted

JABLUNKOVSKY TUNEL - CELKOVA DELKA 612 m
JABLUNKOV TUNNEL - TOTAL LENGTH OF 612 m
TEREN

TERRAIN

JIZNi PORTAL
SOUTH PORTAL
RAZENY PORTAL
DRIVEN PORTAL
NORTH PORTAL

NOVY TUNEL
NEW TUNNEL
STAVAJICI TUNEL
CURRENT TUNNEL

RAZENY PORTAL
DRIVEN PORTAL
SEVERNI PORTAL

UNIKOVA STOLA
ESCAPE GALLERY

STANICENI km :
CHAINAGE km 288,7 288,8 288,9 289,0 289,1 289,2 289,3

Obr. 3 PrevySeny podélny profil tunelu
Fig. 3 Exaggerated longitudinal profile of the tunnel
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Obr. 4 Postup razZby tunelu

I. faze — razba a primdrni vystrojeni kaloty

II. faze — ubourdni &dsti pitvodniho tunelu a razba s primdrnim vystroje-
nim zbytku profilu

I11. faze — provedeni mezilehlé izolace a betond? definitivniho osteni
Fig. 4 Excavation procedure of the tunnel

Phase I — driving of the top heading with primary reinforcing

Phase II — demolition of the remaining part of tunnel, driving and

primary support of the remaining part
Phase III — intermediate waterproofing, casting of the final lining

ekonomické posouzeni obou variant vetné navazujicich objektt
a nové fedeni je téméf o 90 miliond korun levnéjii. Uspora je dosta-
tend, aby pokryla ndklady na likvidaci vyfazeného tunelu a zvySené
ndklady na dpravu predportdlovych ¢dsti. Rozsifen{ volného prostoru
u portdli umozni lepsi podminky pro vybudovani piijezdovych komu-
nikaci pro zdsahovou techniku. A diky pfimému tseku dvoukolejné
trati pred jiznim portdlem nového tunelu 1ze vybudovat novou zastav-
ku Mosty u Jablunkova, kterd nahradi nynéjsi provozné nevyhovujici
zastdvku v oblouku. Dalsi vyhodou nového feseni je moznost vyuZiti
¢asti vyrubaného osténi nynéjsiho tunelu pro vyplnéni profilu rusené-
ho tseku tunelu. Tento materidl bude béhem vystavby uloZen na mezi-
deponii v blizkosti portdlu, ¢fmZ budou minimalizovdny ndklady na
prepravu.

TECHNICKE RESENI ROZSIRENI TUNELU

Nové navrhovany dvoukolejny Jablunkovsky tunel ma délku 612 m
a je vybaven dnikovou $tolou. Osova vzddlenost koleji je 4 m a tunel
je navrzen v primé. Osa nového tunelu je vzddlena od osy starého jed-
nokolejného tunelu 4 m. Dle sklonovych poméra se jednd o tunel
vrcholovy se stoupdnim a klesanim 2 %o. Tunel je navrZen se spodn{
klenbou po celé délce tunelu a s uzavienou mezilehlou hydroizolaci.
Duvodem je horninové prostiedi, které tvori prevazné jilovce. Jsou to
velmi mékké sedimenty se sklonem k tlacivosti. Svétld vyska tunelo-
vé trouby Cinf cca 9 m, svétld §itka 11,4 m. Po obou strandch tunelu
jsou vedeny sluzebni chodniky, ve kterych jsou umistény kabelovody,
chranicky pro vedeni inZenyrskych siti a suchovod. Déle jsou na obou
stranach tunelu po 24 m zachranné vyklenky.

Razena cast délky 588 m bude budovédna dle zdsad Nové rakouské
tunelovaci metody. UvaZuje se rozpojovani horniny s vyuZitim trha-
cich praci (predev§im pri demolici osténi soucasného tunelu), mekéei
partie jiloved budou rozpojovdny mechanicky. Razba je navrZena po
dil¢ich vyrubech s vodorovnym ¢lenénim Celby, které jsou dostateéné
velké pro nasazeni vykonnych mechanizmu. Primédrni osténf je ze stri-
kaného betonu. Definitivni ostén{ je monolitické Zelezobetonové a je
dimenzovéano na hydrostaticky tlak podzemni vody, takZe nenf tieba
udrzovat trvaly drendZni systém za rubem definitivniho osténi.
V podélném sméru je ¢lenéno po pasech délky 12 m, pfi¢emZ betondz
horni klenby bude provadéna do posuvného bednéni.

Tunel bude realizovdn ve trech fdzich. V prvni fazi bude v celém
rozsahu vyraZena kalota tunelu, kterd bude ihned primdrné zajisténa
stifkanym betonem. V této fézi je existujici jednokolejny tunel vyuZzit
jako prvotni dil¢i vyrub opefi nového tunelu. Rubaninu z kaloty bude
mozno odvazet jeSt¢ funkénim starym jednokolejnym tunelem na
Zelezni¢nich vagénech do mista jejiho definitivniho uloZeni. Ve druhé
fézi bude postupné bourdna prevaznd &4st starého tunelu se soucasnou
razbou zbytku profilu nového tunelu, pfi¢emz vnéjsi opera soucasné-

a new solution where the Jablunkov tunnel #II is enlarged and reli-
ned to form a double-rail tunnel. Once this tunnel has been brought
into service, the Jablunkov tunnel #1 was designed to be cancelled.
However, a non-standard requirement was imposed by the HZS of
the Moravian-Silesian region during the comments negotiation peri-
od for excavation of an escape gallery for the new double-track tun-
nel. The client eventually accepted it. According to the redesigned
layout only a part of the single-track tunnel will be cancelled and the
remaining part with a new cross passage will be utilised as the esca-
pe gallery. The advantage of this new solution is, among others, the
savings in the time required for the reconstruction of the tunnels,
therefore also a shorter time for closing one track for traffic; the pro-
blem of staggered closing of the tunnels is removed. An economic
assessment of the two variants including associated structures was
performed with a conclusion that the new solution is nearly CZK 90
million cheaper. This saving is sufficient to cover the costs of the
removal of the abandoned tunnel and the increased cost of the work
on the pre-portal sections. The extension of the free space at the por-
tals will render better conditions for the development of access
roads for emergency vehicles. Owing to the straight section of the
double-rail track before the south portal of the new tunnel, a new
intermediate station Mosty u Jablunkova can be built. It will repla-
ce the current intermediate station, which is inadequate because of
its position within a track curve. Another benefit of the new soluti-
on is a possibility of utilising a portion of the demolished lining of
the current tunnel for the backfill of the tunnel section that is to be
cancelled. This material will be deposited on an intermediate stock-
pile near the portal, thus the transportation cost will be minimised.

THE TUNNEL ENLARGEMENT TECHNIQUE

The newly designed Jablunkov double-rail tunnel is 612m long; it
is provided with an escape gallery. The track centre distance is of
4m; the horizontal tunnel alignment is straight. The axis of the new
tunnel is at a distance of 4m from the old single-rail tunnel. Regar-
ding the gradient, the tunnel is of a summit type with an uphill and
downhill gradient of 2.00%o. The tunnel design comprises the invert
and closed waterproofing along the entire length. The reason is the
rock environment consisting mainly of mudstones. These are very
soft, squeezing prone sediments. The clearance height and width of
the tunnel tube amounts approximately to 9m and 11.4m respective-
ly. Service walkways with cableways and ducts for services and a dry
hydrant line are on either side of the tunnel. Also on either side of the
tunnel are safety recesses, built every 24m.

The 588m long mined section will be excavated using the NATM.
Drill-and-blast techniques are under consideration (mainly for demo-
lition of the lining of the current tunnel); softer portions of mudsto-
ne will be excavated mechanically. A horizontal excavation sequen-
ce is designed, with the sizes of the partial headings allowing utili-
sation of powerful equipment. The primary lining is from shotcrete.
The cast in situ reinforced concrete final lining is designed to carry
the full hydrostatic head from natural ground water. It is therefore
unnecessary to maintain a permanent drainage system beyond the
external face of the lining. In the longitudinal direction, the lining is
divided into 12m long casting blocks, where the upper vault will be
cast behind a travelling shutter.

The tunnel construction will be divided into three phases. The top
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Obr. 5 Umisténi nového dvoukolejného tunelu
Fig. 5 Placement of the new double-track tunnel

ho tunelu je soucdsti primdrniho osténi nového dvoukolejného tunelu.
Nasledné bude cely profil zajistén primdrnim osténim ze stifkaného
betonu. Ve treti fizi bude provddéna uzaviend mezilehld hydroizolace
a betondZ definitintho osténi tunelu.

Vjezdové hloubené tseky celkové délky 24 m budou budovidny
v zajiiténé stavebni jamé. Definitivni osténi hloubenych dseku je navr-
Zeno z vodostavebného betonu a bude provedeno do oboustranného
bednéni. Nové navrZzené portaly jsou stylové jednoduché a svym sklo-
nem kopiruji reliéf zatravnéného terénu. Jejich zaclenéni do okolniho
prostredi je velmi pfirozené a nendsilné. K obéma portdlam jsou
v rdmci pozarniho zabezpeleni privedeny pristupové komunikace
véetné ndstupnich a zdchrannych ploch pro hasice.

VYBUDOVANI UNIKOVE STOLY A ZRUSENI CASTI TUNELU

Vsechny tpravy stdvajictho jednokolejného tunelu budou provede-
ny aZ po zprovoznéni nového dvoukolejného tunelu. Unikova $tola
délky 276 m je vedena od jizniho portdlu pfiblizné do poloviny nepou-
Zivaného jednokolejného tunelu a déle noveé vybudovanou propojkou
do mista zachranného vyklenku dvoukolejného tunelu. Propojka bude
provedena jako raZend s dvoupld§tovym osténim a uzavienou mezi-
lehlou féliovou izolaci. Bude v ni umisténa pretlakovd komora. V &ésti
jednokolejného tunelu vyuzitého pro tnikovou Stolu bude nejprve
odstranéno kolejové loZe a patfi¢né upraven povrch osténi. V dalsi fazi
bude provedena uzavrena féliova izolace a definitivni Zelezobetonové
osténi.

Severni &ast jednokolejného tunelu bude dikladné zasypéna prevdz-
né rubaninou z razby nového tunelu, kterd bude do té doby uloZena na
blizké mezideponii. Zbytek profilu se zaplni po sekcich popilkobeto-
nem, ktery bude po zatuhnuti a smr$tén{ doinjektovan. PouZitim injek-
tdzi a uzaviené f6liové izolace dojde k podstatnému omezeni drendz-
nich G¢inku soucasnych tunelt a hladina podzemni vody by se méla
vrétit do své prirozené dlouhodobé polohy. Nakonec bude zbourdn
severni portal vetné Sikmych kiidel a bude provedena definitivn{
terénni Gprava svaha véetné zatravnéni. Jizni portél s napisem Kalch-
berg 1870 bude zrekonstruovan a zachovan jako technickd pamatka
pro pristi generace.

ZAVER

Navrzené technické feSeni uvazuje provést rozSifeni tunelu
i v nepfiznivych geologickych podminkéch. Je vhodné vyuZito existu-
jictho tunelu jako dvodniho dil¢iho vyrubu, ktery zdroven umozniuje
v dobé razby kaloty odvoz vyrubu po Zeleznici k pfimému uloZeni do
nové budovanych zdsypu v jinych &dstech predmétné stavby a soucas-
né umoznuje premisténi zastdvky Jablunkov-Mosty do provozné
vyhovujici polohy. V neposledni fadé je moZno nasadit efektivné
vykonnou techniku pfi razbé, a tim zdroven zkrétit dobu vystavby.
Pouziti uzaviené vodot€sné izolace znamend vylouceni drendZniho
systému za osténim tunelu, coZ bude mit pfiznivy dopad na prirozeny
hydrologicky rezim vod v nadloZ{ tunelu.

ING. JIRI Rl?ZvIC:'IfA, e-mail: ruzicka@metroprojekt.cz,
ING. JAN KOREJCIK, e-mail: korejcik@metroprojekt.cz,
METROPROJEKT Praha, a. s.

TuNel

heading excavation with shotcrete primary lining along the whole
tunnel length will be carried out in the first phase. In this phase the
current single-rail tunnel is utilised as a primary excavation sequence,
namely a sidewall drift within the cross section of the new tunnel. It
will be possible to get the muck from the top heading on railway
wagons, via the still functional old single-rail tunnel up to the perma-
nent stockpile. The second phase will consist of stepwise demolition
of a major part of the old tunnel, carried out simultaneously with the
excavation of the remaining portion of the new tunnel profile. The
external sidewall of the current tunnel is part of the primary liner of
the new double-rail tunnel. Subsequently the complete profile will be
supported by shotcrete primary lining. The closed intermediate
waterproofing will be installed and the final lining cast in the third
phase.

The cut-and-cover entrance sections at a total length of 24m will
be constructed in a box. The final lining of the cut and cover secti-
ons will be from water retaining concrete; a double-sided formwork
set will be used for the casting. The design style of the newly desig-
ned portals is simple. The slope of the portals copies the shape of the
surrounding grass-covered terrain. They are incorporated into the
landscape in a natural and unforced manner. Access roads including
mustering areas for fire brigades are provided at both portals as a part
of the fire engineering design.

NEW ESCAPE GALLERY CONSTRUCTION AND
CANCELLATION OF A PART OF THE TUNNEL

All work on the current single-rail tunnel structure will be carried
out after the new double-rail tunnel is opened to traffic. The 276m
long escape gallery leads from the southern portal approximately to
the mid point of the unused single-track tunnel and then through the
newly built cross passage to a safety recess in the double-track tun-
nel. The cross passage will be mined, with a double-shell lining and
a closed intermediate membrane waterproofing system. It will conta-
in a positive pressure refuge. First of all, the ballast bed will be cle-
ared from the part of the single-track tunnel that will be used as an
escape gallery and the surface of the lining will receive a proper tre-
atment. Subsequently, the waterproofing membrane will be installed
and the final reinforced concrete lining cast.

The northern part of the single-track tunnel will be carefully back-
filled mainly with the muck obtained from the new tunnel excavati-
on, which will be deposited temporarily on an intermediate stockpi-
le. The remaining portion of the cross section will be backfilled, sec-
tion by section, with cinder concrete. Once the cinder concrete has
hardened and the shrinkage process has been over, additional grou-
ting will take place. By using cement grouting and a closed mem-
brane waterproofing system the drainage effect of the existing tun-
nels will be reduced and the water table should return to its natural
long-standing level. The last operations will consist of the demoliti-
on of the northern portal including skew wings, and final finishes of
slopes including grass seed sowing. The southern portal with a sign
Kalchberg 1870 will be reconstructed and maintained as a technical
monument for future generations.

CONCLUSION

The design requires that the tunnel be enlarged even in the unfavou-
rable geological conditions. It reasonably utilises the existing tunnel as
an initial partial heading, which will at the same time allow, the remo-
val of the muck from the top heading excavation by rail to the direct
deposition into the backfill carried out in other parts of the constructi-
on and, at the same time, the intermediate station Jablunkov — Mosty
to be relocated to a position suitable for the operation. At last but not
least, powerful mining equipment can be utilised effectively, thus the
construction time can be reduced. The application of the waterproofing
means exclusion of a drainage system behind the tunnel lining. This
will have a positive effect on the hydrological regime of groundwater
in the tunnel overburden.

ING. JIRI Rl}ZVICjI’(A, e-mail: ruzicka@metroprojekt.cz,
ING. JAN KOREJCIK, e-mail: korejcik@metroprojekt.cz,
METROPROJEKT Praha, a. s.
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PRISTAV VUOSAARI A CESTNO-ZELEZNICNE TUNELY
PROJEKTU VUOLI VO FINSKU

VUOSAARI PORT AND VUOLI ROAD/RAILWAY TUNNELS IN FINLAND

MILAN PASTIERIK, MIRKO SORONEN

ovoD

Pristav Vuosaari projektu VUOLI sa nachddza vychodne od Helsink
priblizne 15 km od medzindrodného letiska Vantaa. V roku 1992 bola oblast’
Vuosaari vybrand ako miesto budicej vystavby moderného ndkladného pri-
stavu na ploche 150 ha, ktorej stcastou je budovanie obchodného parku,
vodnych ciest a dopravnych prepojeni 2 cestnymi tunelmi Porvarinlahti,
Zelezni¢ného tunela Labbacka a Savio (obr. 1). Stavba bola odstartovana
zaCiatkom roku 2003 a jej ukonCenie je pldnované na jesen roku 2008.

Projekt VUOLI, ktory zabezpeCuje dopravné prepojenia, zahrnuje Finsku
spravu ciest, Finsku spravu Zeleznic a Finsku ndmornu spravu. T4 sa stane
jeho vlastnikom po dokonceni stavebnych préc.

FAKTY A CISLA
Celkové ndklady na projekt VUOLI 508,5 mil. EUR
z toho tunely Labbacka a Porvarinlahti 23,7 mil. EUR
Tunely Porvarinlahti 2x 1,7 km
Tunel Labbacka 0,6 km
Tunel Savio 14 km
Vodné cesty 36 km
Obchodny park 73 ha
Nékladny pristav 150 ha
Plocha ziskand zasypanim mora 90 ha
Zelezni¢ny most Porvarinlahti 154 m

Obr. 1 Plan pristavu Vuosaari s polohou severného a juzného portdlu
Fig. 1 Layout plan Vuosaari harbour with the position of northest and

southern portals

INTRODUCTION

The harbour of Vuoli is found east of Helsinki, approximately 15km
from Vantaa international airport. In 1992, the Vuosaari region was
selected as the place for the future construction of a modern freight har-
bour on an area of 150 hectares. Part of the construction will be a shop-
ping park, waterways and traffic connections through the Porvarinlahti
twin-tube motorway tunnel and Labbacka and Sivuio railway tunnels.
The work on the project started at the beginning of 2003 and its end is
planned for autumn 2008.

VUOLI project, which ensures the transport connection, is jointly
financed by the Finnish Road Administration, Finnish Railway Admi-
nistration, and Finnish Marine Administration, which will become the
owner of the completed work.

FACTS AND NUMBERS

Total costs of VUOLI project € 508.5 million

from that Labbacka and Porvarinlahti tunnels € 23.7 million
Porvarinlahti tunnels 2x 1.7 km
Labbacka tunnel 0.6 km
Savio tunnel 14 km
Waterways 36 km
Commercial Park 73 hectares
Cargo port 150 hectares

90 hectares
154 m

Area obtained by filling the sea
Porvarinlahti railway bridge

PORVARINLAHTI AND LABBACKA TUNNELS

Skanska BS has participated in the construction of the above-mentio-
ned tunnels since 15 August 2005 when work started on the northern
portal successively of three tunnel tubes (Figure 2). The excavation was
preceded by finishing of the portal by blasting and stabilisation of the
portal by the installation of steel anchors and steel fibre reinforced
shotcrete. The road tunnels will interconnect the port with Keha III
motorway ring and the railway cargo traffic will pass over the 19 km
long link from the port to Kerava region where it will connect to the
main railway network.

ENVIRONMENTAL IMPACT ASSESSMENT (EIA)

The study of environmental impact took place between 1994 and
1995 and it has not been exceeded so far as regards the scope of publis-
hed works and proposals in connection with other construction projects
in Finland. The main reason is that the port as well as Labbacka and Por-
varinlahti tunnels are located directly in the area of marshlands and
swamps covered by Natura 2000 environmental program aimed at pre-
serving the natural heritage within EU member states (Figure 3). The
project therefore comprises an extensive monitoring and protection pro-
gram covering both underground and surface waters, vegetation, and
birds.

GEOLOGICAL CONDITIONS AT THE CONSTRUCTION SITE
AND STRUCTURAL-MECHANICAL CHARACTERISTICS OF THE
ROCK ENVIRONMENT

From the regional geological perspective, the construction site is
located in Svekofenoidy province and it consists mostly of dark, very
fine to vitreous metamorphosed basalt with occasional occurrence of
light pink, coarse-grained granite, quartzite veins and light metamorp-
hosed carbonates. The rocks in the massif formed 1750-1900 million
years ago during mountain building processes known as Svekokarelian
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TUNELY PORVARINLAHTI A LABBACKA

Firma Skanska BS sa podiela na vystavbe uvedenych tunelov od
15. augusta roku 2005, ked boli za¢até préce na severnom portali postupne
na troch tunelovych rdrach (obr. 2). Samotnému razeniu predchddzala
kone¢nd dprava portdlu pomocou trhacich pric a taktieZ jeho zabezpecenie
osadenim ocelovych kotiev a strickanym beténom s ocelovou mikroarma-
tdrou. Cestné tunely budd spdjat’ pristav s dialhicnym okruhom Keha III
andkladnd Zelezni¢na doprava v celkovej dlzke 19 km bude smerovat’z pri-
stavu do regionu Kerava, kde sa napoji na hlavnu Zelezni¢nd siet.

HODNOTENIE UCINKOV VYSTAVBY
NA ZIVOTNE PROSTREDIE (EIA)

Environmentdlna Stddia dcinkov na Zivotné prostredie prebiehala
v rokoch 1994 az 1995 a dodnes nebola prekonand, ¢o sa tyka rozsahu pub-
likovanych prac a navrhov v porovnani s inymi projektmi vystavby vo Fin-
sku. Hlavnym dovodom je fakt, Ze samotny pristav s tunelmi Labbacka
a Porvarinlahti sa nachddza priamo v oblasti mocarisk a mokradi, patriacich
do chraneného prirodného tizemia Natura 2000, ktorého cielom je zacho-
vanie prirodného dedi¢stva v rdmci Clenskych krajin Eurdpskej tnie
(obr. 3). Stcastou projektu je preto rozsiahly program monitorovania ochra-
ny podzemnych a povrchovych vod, vegetécie a vtictva.

GEOLOGICKE POMERY STAVENISKA A STRUKTURNO
MECHANICKE VLASTNOSTI HORNINOVEHO PROSTREDIA

Z regiondlne geologického hladiska patri tizemie staveniska do provincie
Svekofenoidy a je tvorené prevazne tmavymi, velimi jemnozrnnymi az sklo-
vitymi metamorfovanymi bazaltmi s obasnym vyskytom svetlo ruZzovych,
hrubozrnnych 7il, kremennych Zil a svetlych metamorfovanych karbona-
tov. Horniny skalného masivu boli formované pred 1750-1900 mil. rokov
pocas horotvornych procesov zndmych aj ako Svekokarélsky orogén. Na
zdklade laboratérnych skuSok a merani podla pevnosti v jednoosom tlaku
patria horniny k velmi az extrémne tvrdym, s pevnostou medzi 200 az
333MPa. Horniny st zdravé, nezvetrané a pretkané systémom puklin bez
vyraznych zlomov alebo inych tektonickych portich. Hornina je na zlomoch
hydrotermdlne premenend a pukliny s v poruche prevazne vyplnené kalci-
tom, jemnozrnnym pyritom a hnedocervenym flom. Na zdklade geologic-
kého mapovania na ¢elbach tunelov boli vyclenené tri hlavné puklinové
systémy so smermi sklonov 180-190/81, 270/80 a systém 297/20, ktory
vSak nie je pravidelny. Pukliny su priebezZné, uzavreté a zvicsa bez vyplne.
Ich povrch je drsny a7 stupriovity, zriedkavo zvlneny. Rozstupy medzi puk-
linami sd vo vzdialenosti medzi 400 az 900 mm, teda stredné az velké. Kva-
lita horniny, jej pevnost’spolu s celkovym charakterom diskontinuit v hor-
ninovom masive, pritomnostou vody a napétovym faktorom, si zdkladom
klasifikécie systému Q horninového prostredia pocas razenia tunelov.

RAZENIE TUNELOV A JEDNOTLIVE VYSTROJOVACIE TRIEDY
NA ZABEZPECENIE STABILITY MASIVU POCAS VYSTAVBY

Razenie tunelov prebieha pomocou vrtno-trhacich prac s pouZzitim vrt-
nych vozov Atlas Copco Boomer 353 a Tamrock Axera a emulznych a pras-
kovych trhavin typu Kemix a Anniiti. Spésob odpalovania je neelektricky,
syst¢émom NONEL (obr. 4). Vrtnt schému cestnych tunelov tvori 184 vrtov,
v Zeleznitnom 165 vrtov priemeru 48 mm a 4 nenabijané zdlomové
vrty priemeru 102 mm (obr. 5). Vrtné stroje st vybavené pocitacom, ktory

Obr. 3 Prijazdovd cesta k severnému portdlu s pohladom na chrdnené tvizemie
NATURA 2000

Fig. 3 The access road to the northern portal with a view of the NATURA 2000
protected area

Obr. 2 Severny portdl s tunelmi B, A, R pred zaciatkom razenia
Fig. 2 The northern portal with the B, A, R tunnels before the driving commencement

orogeny. According to laboratory testing and measurements based on
the uniaxial compressive strength, they belong among very hard to
extremely hard, with the strength varying from 200 to 333 MPa. They
are sound, unweathered and interwoven with a system of fissures wit-
hout noticeable faults or other tectonic disturbances. The rock is hyd-
rothermally metamorphosed at the faults with joints mainly filled
with calcite, fine-grained pyrite and brown-red clay. Three main joint
systems were determined on the basis of geological mapping at the
tunnel excavation faces, with the trend 180-190/81, 270/80 and
a 297/20 system, which, however, is not regular. The joints are persi-
stent, closed, and mostly without any filling. Their surface is coarse
to stepped, rarely undulated. The spacing between the joints varies
between 400 and 900 mm, i.e. it is of the medium density. Rock qua-
lity and its strength together with the overall character of the discon-
tinuities in the rock massif, presence of water, and the stress factor
represent the basis of the Q system of rock mass classification during
tunnels construction.

DRIVING OF TUNNELS AND INDIVIDUAL EXCAVATION
SUPPORT CLASSES FOR SECURING THE MASSIF STABILITY
DURING THE CONSTRUCTION

The tunnels were driven by the drill-and-blast technique using Atlas
Copco Boomer 353 and Tamrock Axera machines and emulsion and
powder explosives of Kemix and Anniiti types. NONEL non-electric
blasting technology was used (Figure 4). The drilling scheme of the road
tunnels consists of 184 boreholes, the railway tunnel had 165 boreholes
with the diameter of 48 mm, and four non-load grip shots with the dia-
meter of 102 mm (Figure 5). The drilling machines were equipped with
computers and laser enabling determination of the machine position
before drilling; subsequent drilling was then fully automated.

Three basic support classes for road tunnels and railway tunnel con-
struction were determined based on the geological survey, drilling and
mapping works, seismic and gravimetric measurement, with Q limit
values of 1-4, 4-10, and 1040 in the profiles with overburden thick-
ness exceeding 5 meters and four special classes for portal areas (20
meters from the portals) and for the sections with overburden height
below 5 meters.

Steel reinforcement in individual classes was made from CT M22
mechanical anchors and from encapsulated rock bolts T25 with lengths
of 3 and 4 meters fitted in both longitudinal and cross profile at the spa-
cing between 1.5 and 2 meters depending on the Q value.

Critical part of the railway tunnel profile was a 50 meters long sec-
tion about 30 meters from the portal (in the direction of tunnel driving)
where the overburden thickness was as little as 1.5 meters at some pla-
ces. Blasting operations at the face will be divided into three parts with
gradual advance in advance heading, roof brushing, and flitching to
the final profile with the maximal step length of 2 meters (Figure 6).
Tunnel stability will be secured by an umbrella consisting of titanium
anchors in the tunnel calotte (length of 8 meters) with spacing of 4
meters and by eight three-meter galvanized anchors on the sides. The



Obr. 4 Celba cestného tunela a zapojenie roznetnej siete neelektrického systé-
mu NONEL

Fig. 4 Road tunnel excavation face with the NONEL non-electric priming
wires

s vyuzitim laserového ldca zaisti polohu stroja pred vitanim a nésledné vita-
nie je potom zabezpecené automaticky.

Na zdklade geologického prieskumu, vrtnych a mapovacich préc, seiz-
mickych a gravimetrickych merani boli stanovené 3 zdkladné vystrojovacie
triedy pre razenie cestnych tunelov, respektive Zelezni¢ného tunela s okra-
jovymi hodnotami Q v rozmedz{ 1-4,4-10 a 1040
v profiloch s nadloZim vicsim ako 5 m a Styri Speci-
dlne triedy pre oblast’ portdlov so zarazenim v dlzke
do 20 m a pre useky s hribkou nadloZia menSou
ako Sm.

Ocelovi vystuz tvoria v jednotlivych triedach
mechanické kotvy CT M22 a lepené svorniky T25
dlzky 3 a 4 m, ktoré sa osddzaju v pozdlZznom a pri-
ecnom profile vo vzdialenostiach 1,5 az 2 m v z4vis-
losti od hodnoty Q.

Kritickym miestom v profile Zelezni¢ného tunela
je priblizne 50 m dlhy dsek vo vzdialenosti 30 m od
portdlu v smere razenia, kde hribka nadloZia v niek-
torych miestach dosahuje len 1,5 m. Trhacie prace
v Celbe budii rozdelené na 3 Casti s postupom razenia I
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v predrdZke, pribierke stropu a pribierke bokov na
konec¢ny profil s maximadlnym zdberom dlzky 2 m
(obr. 6). Stabilita tunela bude zabezpeCovand dazd-
nikom z titanovych kotiev v kalote tunela v dlzke

8 m s preloZzenim po 4 m a osadenim 6smich, 3 m
dlhych galvanizovanych kotiev po strandch. Sticas-
tou vystuZe v tejto vystrojovacej triede je dalej osa-
denie dvoch vrstiev ocelovej mrezoviny a 40 cm hru-
bej vrstvy striekaného beténu s ocelovou mikroar-
matirou prekrytou findlnou 5 cm hrubou vrstvou
hladkého striekaného beténu. KedZe postup razenia
bude v tomto tiseku spomaleny, projektant prijal roz-
hodnutie o zhotoveni prerdzky z cestného tunela

a tym moZnosti razenia na Celbe Zelezni¢ného tunela o

v predstihu v miestach s nadloZim o hribke vicsej

ako 5 m, aby nedoslo k ohrozeniu planovaného ter-
minu ukoncenia projektu. Profil tunela md plochu
73 m?, $irku 8,4 m a vysku 9,.5 m. Priebeh razenia
cestnych tunelov na plny profil s plochou 90 m? je po
prekonani priportdlovych tsekov bezproblémovy,
s dlzkou zdberu 4-5 m na odpal. Sirka cestnych

tunelov jell,5 m a vyska 8,9 m (obr. 7). al

Po vyrazeni 482 m tseku Zeleznicného tunela
bude razenie postupne prechddzat’ponad cestné tune-
ly v krizovani na dlzke 114 m. Vyskovy rozdiel
medzi poc¢vou Zelezni¢ného tunela a korunou cest-
nych tunelov je v tomto dseku maximdlne 15 m.
Sirka pilierov medzi cestnymi tunelmi je 10,5 m.
Kazdych 100 m je medzi cestnymi tunelmi pldnova-
né ich prepojenie Unikovymi chodbami Sirky 4 m
a vysky 4,75 m.

Obr. 6 Vrtnd schéma postupu razenia Zelezni¢ného
tunela v useku s nizkym nadloZim

Fig. 6 Drilling pattern for the excavation sequences
under shallow cover

Obr. 5 Vrtnd schéma cestného tunela Porvarinlahti
Fig. 5 Drilling pattern for the Porvarinlahti road tunnel

support in this class furthermore consists of two
layers of steel mesh and 40 cm layer of steel fiber
reinforced shotcrete covered with final 5 cm
thick layer of smooth shotcrete. As the driving
progress will be slower in this section, the desig-
ner decided to make a break-through from the
road tunnel thus enabling continuation with rail-
way tunnel construction in places with the over-
burden thickness higher than 5 meters in order to
comply with the planned term of project comple-
tion. The tunnel profile has the cross-section of
73 square meters, width of 8.4 meters, and height
of 9.5 meters. The course of road tunnels driving
to the full profile of 90 square meters was wit-
hout any problems after overcoming the portal
sections, the advance length was 4-5 meters per
blast. The road tunnels were 11.5 meters wide
and 8.9 meters high (Figure 7).

After the 482 meters, the railway tunnel was
about to cross the road tunnels in the length of 114
meters. The height difference between the railway
tunnel floor and the road tunnels crown was less
than 15 meters in this section. Width of the pillars
between the road tunnels was 10.5 meters. Every
100 meters, the road tunnels will be interconne-
cted by cross passages with the width of 4 meters
and height of 4.75 m.

TUNNELS GROUTING IN RELATION TO
THE PROTECTED NATURAL
ENVIRONMENT (NATURA 2000)

Direct contact of the environment protected by
Natura 2000 and construction of the tunnels,
which takes place directly under the marshland,
forced the designer to propose a complex system
of grouting profiles in all three tunnel tubes (Figu-
re 8). The grouting, purpose of which is in parti-
cular to protect the marshland and swamps from
possible underground water level lowering and
drying due to the tunneling and blasting works,
has been carried out since the beginning of tunne-
Is construction. In Porvarinlahti tunnel, grouting is
applied every 10—15 meters with borehole length
of 15 — 20 meters, i.e. with the minimal overlap of
5 meters at the pressure of 1 — 3 MPa. The grou-
ting profile of the road tunnels has 31 boreholes in
this section and the grouting mixture of water and
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Obr. 7 Celba cestného tunela v reldcii k rozmerom vitacieho voza
Fig. 7 Road tunnel excavation face relative to the dimension of the drill rig

INJEKTAZ TUNELOV VO VZTAHU K CHRANENEMU
PRIRODNEMU PROSTREDIU SYSTEMU NATURA 2000

Bezprostredny kontakt chrdneného prostredia Natura 2000 a razenia
tunelov, ktoré prebieha v niektorych tisekoch priamo pod mocarinami dané-
ho tzemia, printilo projektanta k ndvrhu komplexného systému injetdz-
nych profilov vo vsetkych troch tunelovych rirach (obr. 8). Injektaz, ktorej
ucel je hlavne ochrana mocarisk a mokradi pred pripadnym poklesom pod-
zemnych vod a vysychanim v dosledku tazby a trhacich préc, sa vykondva
od zaCiatku prac na tuneloch. V tuneli Porvarinlahti sa injektdZ aplikuje kaz-
dych 10-15 m s dlzkou vrtov 15-20 m, teda s prekrytim minimélne 5 m pri
tlaku 1-3 MPa. InjektaZny profil cestnych tunelov ma v tomto tseku 31
vrtov a injektdZna zmes vody a cementu typu mikro a rapid sa mieSa
v pomere W/C=1, ktory sa, ak je potrebné, v dosledku velkych tnikov
zmesi meni az na pomer W/C = 0,8-0.6.

Kvalita injektdZe sa overuje vodnymi tlakovymi skiskami v 4 Styroch
vrtoch v klenbe tunela, kazdych 5 m postupu, pri tlaku 1Mpa v trvani 5 min.
Velkost' Lugeonovho ¢isla bola v jednotlivych meranych dsekoch po injek-
taZi mensia ako 0,2. Po vyrazeni 140 m dlzky tunela a s postupne zvysujui-
cou sa hriibkou nadlozia do 20 m bude injektdZ vykondva len v takom pri-
pade, ked vysledky vodnych tlakovych skigok a z nich vypogitand hodno-
ta Lugeonovho &isla bude v rozmedzi 0,2-0,6-1.8, ked sa injektuje postup-
ne bud iba v klenbe, alebo v klenbe a bokoch alebo v celom profile.

V pripade vodnych sktisok a vypocitanych hodnét Lugeonovho ¢isla vys-
$ich ako 5 pravdepodobne by mohlo dojst opit’k zmendm a dalii postup
razenia by zdvisel na rozhodnuti projektanta. Vodné tlakové skdsky sa budd
robit’po navitani 21 m dlhych vrtov.

V Zelezni¢nom tunely Labbacka, kde prebichala spociatku injektdz
prvych 30 m v rovnakych rozstupoch, prislo k zmene projektu na zdklade
novych dit z dodato¢ne vykonaného geofyzikdlneho prieskumu, ktorého
vysledkom bolo zistenie mensej hribky nadloZia, ako sa povodne v projek-
te predpokladalo. Injektované tseky sa skratili na 4 m s rovnakou dlzkou
vrtov 15 m a celkovym poctom 26 vrtov pri injektovani plného profilu,
alebo 9 vrtov pri injektovani klenby v striedavom poradi. Pocas razenia
bude tieZ potrebné previtavat’ korunu tunela a7 po sedimentdrnu vypli
mociara jednym kontrolnym vrtom, ako doplnok k novym informdcidm
z geofyzikdlneho prieskumu.

ZAVER A ZHODNOTENIE POSTUPOV RAZENIA

Po prekonani kritickych priportdlovych dsekov a rozsireni cestnych tune-
lov na plny profil razenie prebieha bez problémov s priemernym postupom
100 m za mesiac na jednu tunelovu riru. V pripade priaznivych geologic-
kych podmienok a vysledkov vodnych tlakovych skuSok sa postup vyraz-
ne urychli a zvysi o 50 az 80 metrov, a to hlavne v dosledku vynechania
casovo ndrocnej injektdze. Postup razenia v Zelezni¢nom tuneli v dseku
s velimi nizkym nadloZim je pldnovany na 2 m za tyZden. Po vyrazenf pre-
razky z cestného do Zelezni¢ného tunela bude postup na jeho druhej celbe
pokracovat’v koordindcii s razenim v cestnych tuneloch. Trhacie prace budd
pokracovat'opit'na plny profil a injektaZ, podobne ako v cestnych tuneloch,
bude aplikovand len v pripade nepriaznivych geologickych podmienok a na
zdklade vysledkov vodnych tlakovych skusok.

ING. MILAN PASTIERIK, e-mail: milan.pastierik @skanska.sk,
SKANSKA BS a. s., PRIEVIDZA
ING. MIRKO SORONEN, e-mail: mirko.soronen@skanska.fi

Obr. 8 Pldn severného portdlu s tunelmi a mociarom v ich nadloZi
Fig. 8 Layout plan of the northern portal with the tunnels and marsh land above

cement of mikro and rapid types was mixed in the proportion of W/C=1
which was changed up to W/C = 0.8-0.6 where necessary due to high
losses of the mixture.

Grouting quality is verified by suitable water pressure tests in four
boreholes in the tunnel vault, every 5 meters of construction advance at
the pressure of 1MPa for 5 minutes. The Lugeon’s number was lower
than 0.2 in individual measured sections after the grouting. With 140
meters of the tunnel length already constructed and with increasing
overburden thickness of up to 20 meters, grouting will be performed
only when the results of water pressure tests and the Lugeon’s number
calculated from them will be between 0.2-0.6—1.8 when grouting is gra-
dually performed only in the vault and on the sides or within the whole
profile.

Results of water tests and calculated values of the Lugeon’s num-
ber higher than 5 could result in another change and the subsequent
tunneling progress would depend on the designer’s decision. Water
pressure tests will be performed after drilling of 21 meters long bore-
holes.

In Labbacka railway tunnel, where identical grouting spacing was
used during initial 30 meters, the design was changed based on the new
data obtained from an additional geo-physical survey which resulted in
determination of a lower overburden thickness than originally expected.
The grouting sections were shortened to 4 meters with equal borehole
length of 15 meters and with the total number of 26 boreholes in the
event of full profile injection or 9 boreholes in the event of alternating
vault grouting. During the period of the tunneling, it will be also neces-
sary to drill one test hole up to the sedimentary level of the marshland
as an addition to the new information obtained within the framework of
the geo-physical survey.

CONCLUSION AND ASSESSMENT OF THE DRIVING
PROGRESS

After overcoming the critical portal sections and after extension of
the road tunnels to the full profile, tunnels were driven without any
problems with average advantage rate of 100 meters per month in each
tunnel tube. Favorable geological conditions and results of water pres-
sure test are expected to further increase the construction advance rate
by additional 50 to 80 meters, mainly due to aborting the time consu-
ming grouting. Construction advance rate in the railway tunnel secti-
on with very low overburden is planned to be 2 meters per week. After
the break-through from the road tunnel into the railway tunnel is com-
pleted, progress on its second face will continue in coordination with
the road tunnels. Blasting works will again continue in the full profile
and grouting, similarly to the road tunnels, will be applied only in
unfavorable geological conditions depending on the water pressure
test results.

ING. MILAN PASTIERIK, e-mail: milan.pastierik @skanska.sk,
SKANSKA BS a. s., PRIEVIDZA
ING. MIRKO SORONEN, e-mail: mirko.soronen@skanska.fi
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POZNATKY ZE ZKUSEBNIHO POZARU V TUNELU VALIK
INFORMATION GAINED DURING FIRE TEST IN VALIK TUNNEL

JIRI SVOBODA, VLADIMIR VLCEK, JIRI POKORNY, PETR KUCERA, JAN HORA

uvob

Zdkladni pozadavky na vyzkouSeni poZdrniho zabezpeceni tunelu
v Cesku jsou dany technickymi podminkami ,,Provoz, spréva a ddrzba
tunelt pozemnich komunikaci“ (TP 154). Zkousky jsou souldsti prvni
hlavn{ prohlidky tuneld. U tunelu Valik to byl navic pozadavek HZS
PK uplatnény pfi projedndvéni dokumentace ke stavebnimu povoleni.
Po dohodé s pracovniky HZS PK a GR HZS byly zkousky rozdéleny
na 2 ¢dsti, a to na zkuebni poZér v tunelu v dobé pred hlavni montazi
technologie a naopak zkousku IZS az po tplném dokonceni a namon-
tovani veskeré technologie v tunelu.

ZKUSEBNI POZAR

Pred uvedenim tunelu Valik na délnici D5 do provozu byl dne 25. 5.
2006 proveden zkuSebni poZzdr. Pfi tomto poZiru byl vyzkouSen vliv
pfirozeného vétrani a ndsledné nucené vétrani na $iten{ koufe v tune-
lové troubé. Byl také ovérovan vliv velikosti razeného profilu tunelu,
reverzace ventildtoru na $ifeni kourfe. Koncepce pozarni zkousky byla
navrzena na zékladé matematickych modelt zpracovanych vyzkum-
nym dstavem TUPO. V predstihu byly zpracovany modely typu pole
a z6nové modely. Cilem bylo odhadnout velikosti poZdru a moZné pru-
béhy teplot v prostoru pfi tepelném zatizeni SMW.

ZADANI POZARU

PoZér osobniho automobilu byl simulovdn hofenim 170 litrd auto-
mobilového benzinu (BA) v oteviené nddrZi o plose 4 m?> umisténé ve
stredu vozovky jizni tunelové trouby (JTT). Po celou dobu hofeni/poZa-
ru byly v Case snimdny teploty, hustoty toku tepla, rychlosti proudéni
vzduchu v tunelu. Ddle bylo vzorkovano ovzdusi v blizkosti prazského
portalu pro chemickou analyzu k urceni hlavnich toxikantu, celkové
vydatnosti zplodin horenf a tepelného vykonu pozaru. V blizkosti/okol{
prazského a rozvadovského portédlu byla méfena meteosituace (teplota,
relativni vlhkost vzduchu, rychlost a smér vétru).

Zkusebni pozar byl proveden 2x:

1) za nuceného vétran{ jednim ventildtorem;

2) za prirozeného vétrani (proudéni vzduchu portdl Rozvadov — por-
tdl Praha), nasledné spustén{ ventilatoru.

O den dfive byly provedeny opakované zkousky pomoci vyvijece
studeného koure pri obdobném zadéni funkce ventilace, ziZeni profi-
lu tunelu apod. Problémem byla jiZz prfiprava zafizeni tak, aby byla
viechna zafizen{ schopna soucasné ¢innosti (odchylny pracovni rezim
jednotlivych vyvije¢u). Nutnd doba zahfivan{ je minimalné 40 min.

ZAVERY MATEMATICKYCH MODELU, NAVRHOVANA
TECHNICKA OPATRENI PRO OCHRANU VLASTNI TUNELOVE
TROUBY

Za predpokladu vykonu poZzaru SMW, geometrickych rozmért tune-
lu a predpokldadanych vnéjsich podminek byly modelovanim stanove-
ny nejvy33i teploty plynt v posuzovaném prostoru 250 °C, skokové
diference se v ojedinélych pripadech blizily 350 °C.

Prumérna vySka plamene méla dosahovat 4,5 az 5,1 m nad povrchem
hoticich latek. Na zdkladé teplot stanovenych modelovanim se predpo-
klddalo, Ze prognézované teploty ani vy$ka plamene nemohou tepelné
negativné pusobit na stavebni konstrukci tunelu. Piesto byla chranéna
konstrukce tunelu od kéty -10 m do vzdalenosti +20 m (méfeno od osy
tepelného zdroje). Osténi bude obloZeno od vysky +5 m nad podlahou
po horni klenbu. Pro ochranu konstrukce bylo pouZzito rohoZzi
ORSTECH DP80 pripevnénych hmoZdinkami na obezdivku a zajisté-
nych prubéZnymi pojistovacimi lanky. Ochrana obezdivky byla navrze-
na na zdkladé vypoctovych modela provedenych v piedstihu vyzkum-
nou organizaci HZS-TUPO.

INTRODUCTION

The basic safety requirements for the fire system testing in the Czech
Republic are given by technical requirements “Operating, Management and
Maintenance of Road Tunnels” (TP 154). The test are part of the first main
tunnel inspection. Moreover, in the case of Valik Tunnel, this was a condi-
tion stipulated by HZS PK during construction permission hearing. After
agreement with HZS PK and GR HZS, the fire tests were divided into 2
parts, the test fire in the tunnel before the main tunnel equipment installati-
on and IZS test after complete assembly of the tunnel equipment.

FIRE TEST

Before the start of operation of the Valik Tunnel on DS Motorway, there
was the fire test performed on 25.5.2006. During this test, the function of
natural ventilation on smoke spreading in the tunnel tube was tested, follo-
wed by the same for artificial ventilation. The effect of the tunnel cross sec-
tion and reverse operation of ventilation fan was also monitored. The con-
cept of the fire test was designed as a result of mathematical models prepa-
red by research institution TUPO. In advance the field and zone models
were prepared. The aim was to asses the size of the fire and potential tem-
perature development by SMW fire.

FIRE TEST DESIGN

The car fire was simulated by burning 170 I of petrol (BA) in open tank
with area of 4 m2 placed in the middle of roadway of the South Tunnel
Tube (JTT). During the whole duration of fire the temperatures, densities of
thermal flow and speed of air flows were monitored in time. Further, the
sampling of air in the Prague portal vicinity for chemical analysis of main
toxic substances, total abundance of combustion products and thermal rate
of the fire were performed. In the vicinity of both, Prague and Rozvadov
portals, the meteorological conditions were monitored (temperature, relati-
ve air humidity, velocity and direction of the wind).

The fire test was performed 2x:

1) during artificial ventilation with one fan

2) during natural ventilation (the air flow direction from Rozvadov por-
tal to Prague portal), with subsequent starting of ventilation fan.

A day earlier the repetitive tests by cold smoke initiator, by similar functio-
ning of ventilation, tunnel profile reduction, etc. were carried out. The problem
was to prepare the test equipment for concurrent functioning (different work
regime of particular initiators). The time period needed for heating is 40 min.

MATHEMATICAL MODEL RESULTS, PROPOSED TECHNICAL
MEASURES FOR TUNNEL TUBE PROTECTION

Based on the assumptions of SMW heat release rate of the fire, tunnel
cross section and expected outside conditions, the highest gas temperatures
250°C in the assessed space were determined by the model; temperature
jumps in sporadic cases were close to 350°C.

The average height of the flame was estimated to be 4.5 to 5,1 m above the
burning surface. Based on the temperatures gained by modelling it was sup-
posed that neither predicted temperatures nor the flame height could negati-
vely affect the tunnel lining. Nevertheless, the lining was protected in distan-
ces -10m to +20m (measured from the heat source axis). The lining was pro-
tected from the invert to the level +5m. For protection the ORSTECH DP80
mats were used; they were fixed to the lining by dowels and secured by con-
tinuous steel strings. The lining protection was designed according to the mat-
hematical models carried out by research institute HZS-TUPO.

Prognosis of the thermal field was performed by using zone and field
type models, both in reduced scale and in the model with approximately
realistic tunnel dimensions. Modelling was done assuming conditions simi-
lar to the ones expected during the experiment.

The results of modelling gave assurance that the temperatures during the
fire test will not cause lining damage.
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Prognéza teplotniho pole byla uskute¢néna s vyuZitim zénovych
modeld a modela typu pole, a to ve zmen$eném méfitku a v modelu
s priblizné redlnymi rozméry tunelu. Modelovani bylo provedeno za
podminek blizicich se predpoklddanym podminkdm pfipravovaného
experimentu.

Vysledky modelovéni vedly k pfesvédCenti, Ze teploty dosaZené pri
pozarnich zkouskdch nezpusobi poSkozeni tunelového osténi.

Meéfeni pri zkouskdch predpoklad ziskany modelovanim potvrdila.
Shodu mezi predikovanymi a naméfenymi hodnotami 1ze posuzovat
jako prijatelnou.

Modelovdni poZdru je nesporné perspektivni oblasti, kterd nalezne
své uplatnéni v fadé praktickych aplikaci. Kombinace realnych zkou-
Sek a modelovani se jevi jako optimdlni postup, ktery vede k dspore
finan¢nich prostredka.

PREDMET MERENI

Pfi pozarnich zkouskach bylo snimédno v Case:

* teplotni pole

- teploty ovzdusi ve svislé roviné podélnou osou tunelu na pozicich

-50 m, -20 m, -5 m, 0 m (pozice nddrze s BA), +5 m, 10 m, 15 m,
35 m a 80 m (smér proudéni vzduchu v tunelu) ve tfech vyskovych
hladindch 2,5 m, 4 m, 8 m, viz priloha 1,

- teploty na osténi JTT na pozicich -5 m,0 m, 5 m, 10 m a ve vys-

kovych hladindch 0 m, 4 m a 6,5 m, viz pfiloha 2,
- bezprostredniho okoli plamene horiciho BA v oteviené nddrzi
na pozici 0 m;

¢ pole hustot toku tepla

- na pozici -5 m ve vySce 1,5 m na podélné ose JTT,

-na pozici 0 m ve 2,5 m vzdalenosti od okraje nddrZe kolmo na

podélnou osu JTT ve vyskach 1,5 ma 2,5 m,

- na pozici +5 m a ve 2,5 m vzdalenosti kolmo na podélnou osu JTT,

- na pozici +5 m ve vySce 1,5 m na podélné ose JTT;

« sireni horkého koure

- na pozicich +40 m a +80 m po celém profilu a v podélném sméru JTT,

- na rozhrani raZené a hloubené cdsti prazského portdlu JTT ve

vysce 4 m na podélné ose;

* koncentrace vybranych toxikanta v ovzdusi pozaru na podélné
ose a rozhrani hloubené a razené Casti praZského portdlu JTT se vzor-
kovanim ovzdusi na vySkovych hladindch 4 m, 6 m a 8 m (na svislici);

¢ rychlosti proudéni vzduchu v tunelu;

* meteosituaci na portalech;

¢ odhad tepelného vykonu pozZaru.

CASOVY PLAN ZKUSEBNIHO POZARU

Streda 24.5.2006 149%-1700 zkouska $ifeni studeného koure.

Ctvrtek 25.5.2006 vlastni cvi¢eni. Tunel byl kompletné uzavien po
cely den véetnd piiportilovych tsekil za pomoci pracovnikii PCR,
oddéleni ddlni¢ni policie Svojkovice.

730830 Skoleni pracovniku a navstévnika VIP

9001000 1. pozdr — nucené vétrani, po odvétrani ndsledovala prohlid-
ka mista pozaristé pro odborniky

13001400 2 pozdr — prirozené vetrdni s naslednym spusténim venti-
latoru

DILCI ZAVERY E
Zkousky ,,studenym‘ kourem
Technické zabezpeceni zkou-
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The measurements during the actual tests confirmed the modelling pre-
diction. The compliance between predicted and measured values could be
judged as reasonable.

Fire modelling is certainly a promising area, which might find use in
many practical applications. Combination of real tests and modelling seems
to be optimum approach, leading to financial savings.

MEASUREMENTS

During the fire test the following characteristics were measured in
real time:

e thermal field

- air temperatures in vertical plane through longitudinal tunnel axis in
- 50m, - 20m, - 5Sm, Om (position of fuel tank with BA), + 5m, 10m,
15m, 35m a 80m (direction of air flow in the tunnel) in three levels
2.5m, 4m, 8m, see Attachment No.1,

- lining temperatures in positions - 5m, Om, 5m, 10m and in levels Om,
4m a 6,5m, see Attachment No.2,

- immediate vicinity of burning BA flame open tank in position Om.

o thermal flow field density

- in position —5m in level 1,5m on longitudinal tunnel axis,

- in position Om in 2,5m distance from the tank edge, perpendicular to
longitudinal tunnel axis in levels 1,5m and 2,5m,

- in position +5m and in 2,5m distance perpendicular to longitudinal tun-
nel axis

- in position +5m and in the level 1,5m on longitudinal tunnel axis.

 Spreading of hot smoke

- In positions +40m and +80m in the whole tunnel profile and in longi-
tudinal direction

- In the boundary between mined and cut and cover sections in the Pra-
gue portal in level 4m on the longitudinal tunnel axis

* Concentration of selected toxins in the air on longitudinal axis, in the
boundary area of the mined and cut and cover sections in the Prague
portal, with air sampling in the levels 4m, 6m a 8m (on vertical line)

* Air velocity in the tunnel

* Meteorological situation on portals

* Assumption of heat release rate

FIRE TEST TIME SCHEDULE

Wednesday 24.5.06 14%0-17%  test of cold smoke spreading

Thursday 25.5.06 the fire test itself. Tunnel was completely closed
during the day including sections next to the portals; this was achieved with
help of police, Motorway Police Svojkovice department.

730 -830 training of workers and VIP visitors

900-1000 1st fire — artificial ventilation, after ventilating the experts visi-
ted the fire area

1300-14% 2nd fire — natural ventilation with subsequent starting of the
ventilation fan.

DISCUSSION OF RESULTS

“Cold” smoke tests
There is a serious problem with this type of the test. In our case the
smoke volume of 20m3/s was produced. The rented equipments were
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V DOBE KONANI ZKUSEBNIHO POZARU

Obr. 1 Pri¢ny profil tunelu v misté
poZdru

Fig. I Tunnel cross section at the fire
location
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Obr. 2 Schéma nasazeni
Fig. 2 Rescue scheme

vztlakového efektu je podobnost s redlnymi situacemi pouze hypote-
tickd. Chybi zde kompletné moznost sledovani teplotniho pole. Rych-
lost pohybu studeného koute se bliZila rychlosti vétru prirozeného
vétrani v tunelu.

Na zédkladé vySe uvedeného lze konstatovat, Ze overeni funkénosti
pozdrnébezpecnostniho vybaveni tunelu za pomoci studeného koure je
naprosto nevhodné.

ZKOUSKA . TEPLYM" KOUREM

Teploty koufovych plynt byly pfi druhé poZérni zkouSce vyssi nez
pfi prvni. Teploty na povrchu stavebnich konstrukei, pfipadné hustoty
tepelnych toku, byly u obou zkouSek priblizné srovnatelné, pricemz
vy§sich méfenych hodnot bylo u druhé zkousky dosahovéno po del3f
Casovy usek. Cinnosti ventilace dochdzi k intenzivnéj$imu fedéni kou-
fovych plynt a vzduchu, coZ je pfi¢inou nizsich teplot plyna.

Vypovédni hodnota ovérovacich zkousek v tunelu Valik je omezena
nékolika faktory. Zejména §lo o prvni zkousku svého druhu v CR.
Vzhledem k chybéjicim zkuSenostem s podobnymi projekty panovaly
obavy z mozného poSkozeni tunelu nebo zarizeni. Vlastni metodika
zkousek je tedy vysledkem nutného kompromisu v nékolika duleZi-
tych aspektech.

Prvnim aspektem byla povaha a vykon energetického zdroje. Lze
predpokladat, Ze pro pribliZeni se redlnym podminkdm poZéru je vhod-
né koncipovat energeticky zdroj o vykonu min. 15 MW, pfi¢emz pali-
vem jsou pevné latky. PouZitim kapalné horlavé latky a redukci vyko-
nu na 5 MW byly ovlivnény mimo jiné doba trvan{ poZdru, rozloZeni
teplot v teplotnim poli, hodnota hustoty tepelného toku, mnoZstvi
zplodin horeni. Lze konstatovat, Ze naméfené hodnoty byly nizsi, nez
jakych bude dosazeno pri skute¢ném pozéru.

Dal§im aspektem posuzovéni chovdni plynd pfi poZdru nebylo
stanoveno optimdlni situovani zkuSebniho pozdru. Stav, kdy smér
proudéni vzduchu ventildtorem je shodny s prfirozenym proudénim
vzduchu v tunelové troubé, je optimdlni ze vSech moZnych situaci.
Vyrazné sloZit€jsi jsou situace, kdy ventildtor usmértiuje tok plyna
proti sméru pfirozeného proudéni.

Nelze stanovit v obecné roviné pro vSechny tunely, Ze systémy
nuceného vétrdn{ proudovymi ventildtory (podélné vétrani) musi, nebo
opa¢né nemohou byt v Cinnosti bezprostfedné po vzniku mimoradné

made by different manufacturers, the operation of smoke initiators is
not continuous, it is periodical. Cold smoke behaviour is fundamentally
different to the smoke behaviour during the real fire. Because of missing
uplifting effect, the similarity to the real situation is only hypothetical.
What is completely missing is the possibility to monitor thermal field.
The cold smoke velocity was close to the air velocity caused by natural
ventilation.

Based on the above fact, it could be stated that the test of fire safety
tunnel equipment using the cold smoke is completely unsuitable.

HOT“ SMOKE TEST

The smoke gases temperatures during the second test were higher than
during the first one. The temperatures on the lining surfaces, or the ther-
mal flow densities were in both tests similar; the higher measured values
during the second test were obtained for the longer time period. By acti-
on of ventilation, the diluting of smoke gases is more intensive, resulting
in lower gas temperature.

The confidence to the values gained during tests in Valik Tunnel is
limited by few factors. Firstly, it was the first test of this kind in the Czech
Republic. Owing to missing experience with similar projects there were
concerns in respect of possible tunnel lining or tunnel equipment dama-
ge. The test methodology itself is therefore a result of compromising few
important aspects.

First aspect is character and output of energy source. It could be
assumed that to get closer to the actual fire conditions, the energy
source should give min 15 MW fire, based on solid fuels. Using the
liquid combustible and reducing the energy source to produce 5 MW
fire, the fire duration, heat distribution, value of thermal flow densi-
ty and volume of combustion products were affected. It could be sta-
ted that the measured values were lower than the values during the
real fire.

Another aspect was the choice of optimum position of the test fire.
Condition, when the artificial air flow direction is the same as a natural
air flow direction is the optimum of all scenarios. More complicated are
scenarios when the fan directs the gas flow in the opposite direction to the
natural air flow.

It cannot be, for all tunnels, generally stated that systems using jet fans
(longitudinal ventilation) have to be, or the other way around can not be
in operation immediately after start of fire, although for unidirectional
tunnels this would be usually the case. The basic values for the decision
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uddlosti, i kdyZ ve vétSin€ pripadu tomu tak zpravidla u jednosmérné
provozovanych tuneld bude. Zdkladnimi hodnotami pro rozhodovaci
proces (spusténi — nespusténi ventilace) je smér a rychlost proudéni
vzduchu uvnitf tunelovych trub a na portdlech tunelu (tzv. rozhodné
veli¢iny).

V pripadech souhlasného sméru proudéni plynu v tunelu a sméru
hlavniho tahu ventilatoru (smér proudén{ plynt = smér hlavniho tahu),
1ze podélné vétrani uvést do Einnosti bezprostiedné po vzniku poZdru,
pripadné s minimdlnim Casovym zpoZdénim potifebnym k vyjezdu
automobill ven z tunelové trouby.

V pripadech proudéni plynt v tunelu proti sméru hlavniho tahu ven-
tildtoru (smér proudéni plynt L smér hlavniho tahu), vyZaduje situace
podrobnéjii analyzu. Uvahy tykajici se zmény sméru proudéni plyni
vétracimi zafizenimi by mély byt akceptovdny pouze s nejveétsi obe-
zretnosti, a to zejména s ohledem na technické moZznosti vzduchotech-
nickych systému, predpoklddané okolni podminky v okamZziku mimo-
fadné uddlosti a celkovou koncepci pozdrni bezpecnosti.

Cinnost podélného vétrani miZe byt zejména u kratsich tuneld pii-
¢inou vyznamného narusenf stratifikace plyni v prostoru. V piipadé
vyskytu osob v prostordch s vyskytem koufe muze byt d¢inek ventila-
ce i negativni. Rozhodnuti o uvedeni nebo neuvedeni vétrani do pro-
vozu zdvisi na dobé potiebné ke zméné sméru proudéni vzduSin
v tunelu. Zdvislost mezi dobou potfebnou ke zméné sméru, paramet-
ry tunelu a okolnimi podminkami v§ak neni v soucasné dob¢ dostate¢-
né provéfena. Tato problematika piesahuje znalosti vzduchotechniku
i pozdrnich inZenyru zabyvajicich se projektovanim tuneld. Vychodis-
kem muZe byt studie zabyvajici se modelovanim vhodné zvolenych
situaci s vystupy zapracovanymi do dimenzacni tabulky. Za vyuZitel-
ny lze povazovat napt. model typu pole FLUENT.

ZAVER POZARNI ZKOUSKY

Obecné Ize konstatovat, Ze v pripadé kratkych tunelt nelze pozadavek
na instalaci nucenych systému zcela vylou¢it. Jednd se viak o specific-
ké pripady, které se vymykaji obecnym predpokladim. Projekéni navrh
a technické provedeni nucenych vétracich systému pii respektovéni
ndvrhovych pravidel jsou u krétkych tuneli pomérné problematické.

Stdvajici zpusob navrhovéni odvétracich zafizeni (podélnd ventilace
proudovymi ventildtory) dle CSN 73 7507 a TP 98 t&inné postihuje
pouze &ast moznych variant, které mohou pfi provozovani tunelu
nastat. Redlné mohou nastat situace, kdy navrzené podélné vétrani
neni schopné plnit svou funkci. V téchto pripadech nemusi byt prove-
ditelnd evakuace osob pred prijezdem poZédrnich jednotek a osoby
nemaji zajiSténou troven ochrany jinak obvyklou. U stdvajicich tune-
10, nebo v piipadé ndvrhu a realizace systému vétréni, které nejsou
schopné adekvidtné reagovat na vSechny predpoklddané varianty
mimorddnych uddlosti, mohou pfi hasebnim zdsahu nastat situace,
které vyznamnym zpusobem znesnadni jeho provedeni a ddle ztiz{
nebo znemozni pfipadnou zdchranu zbyvajicich osob, které se neeva-
kuovaly. Tyto situace 1ze fesit nasazenim vykonnych mobilnich venti-
laénich zafizeni.

Management vétrdni tunelovych trub v pfipadé mimorddnych uda-
lost{ 1ze povazovat za nesmirné citlivou problematikou, kterd je ovliv-
néna celou soustavou aspektu, napf. situovani stavby v terénu, geome-
trické a konstruk&ni provedeni tunelu, G¢innost vétracich systému,
okoln{ podminky, misto uddlosti v tunelu. Zpusob (ovlddén{) vétrani,
napr. uvedeni do ¢innosti, nastaveni zpozdéni v zdvislosti na urcitych
podminkdch v pripadé mimoradné udaélosti je individudlni zéleZitosti.
Lze jej stanovit pouze na zdkladé podrobného posouzeni vsech pred-
vidatelnych variant uddlosti a ovliviiujicich initelt.

V urcitych situacich neni jednoznac¢né, zda ventilaci uvést do pro-
vozu, nebo naopak ponechat po uréitou dobu mimo provoz, piipadné
po jakou dobu. Je zfejmé, Ze zdkladnimi hodnotami pro rozhodovaci
proces (spusténi — nespusténi ventilace) jsou smér a rychlost proudéni
vzduchu uvnitf tunelovych trub a na portalech tunelu.

Z vy3e uvedenych odstavcu jednozna¢né vyplyva nutnost realizace
redlnych zkousek v tunelech pred jejich uvedenim do provozu. Divo-
dem je predevs§im ovéfovani validity navrzenych ventilanich systému
ve vztahu k redlnym situacim, odhalovéni pripadnych kritickych situ-
aci a ndvrh odpovidajicich opatfeni. Poznatky ze zkousek mohou byt
ddle zevSeobecnény a implementovany do stdvajicich predpisu.
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process (operation- non operation of the ventilation system) is the air
flow velocity in the tunnel tubes and in the tunnel portals (so called deci-
sive values).

In the case of identical direction of the air flow in the tunnel and direc-
tion of main fan draft (air flow direction=main draft direction) the longi-
tudinal ventilation could be put into operation immediately, or with mini-
mum delay required for vehicles to leave the tunnel after the fire start.

In the case of air flow in the tunnel against the main fan draft (air flow
direction L main draft direction), the situation requires more detailed ana-
lysis. The considerations in respect of changing the air flow direction by
ventilation equipment should be accepted only with utmost caution,
mainly taking into consideration technical capabilities of ventilation sys-
tems, expected outside conditions in the moment of fire and also the
general concept of fire safety.

The action of longitudinal ventilation, especially in short tunnels,
might cause significant disturbance to the gases stratification in the
space. In the case of personnel presence in the areas with the smoke,
the action of the ventilation might have a negative effect. The decision
on using or not using the artificial ventilation depends on the time
required to change the air flow direction in the tunnel. The relation bet-
ween the time period needed to change the air flow direction, tunnel
parameters and outside conditions is not sufficiently verified at pre-
sent. These problems go beyond the present knowledge of ventilation
and fire specialists, working in the tunnels design. Starting point could
be a study, using modelling of various scenarios, with results in the
form of table (tables). Applicable could be for example the field model
type FLUENT.

CONCLUSION

Generally could be stated that in the case of short tunnels the installa-
tion of artificial ventilation cannot be completely excluded in specific
cases, which surpass general assumptions. Design and implementation of
artificial ventilation systems for short tunnels is, while respecting design
rules, rather problematic.

The existing method of ventilation systems design (longitudinal venti-
lation using jet fans) according CSN 73 7507 and TP 98 covers only part
of possible scenarios, which could happen during the tunnel operation. In
reality the scenario, in which the designed longitudinal ventilation is not
able to fulfil its function, might happen. In such cases the evacuation of
personnel before the fire fighting brigade arrival might not be feasible
and personnel do not have the required protection. For the existing tun-
nels, or in the cases of design and implementation of ventilation systems,
which are not able appropriately react to all assumed scenarios of fires,
the situations during the fire extinguishing might happen, which signifi-
cantly complicate the rescue operation and further complicate or make
impossible rescue of remaining personnel who were not evacuated. These
situations could be solved by using powerful mobile ventilation
equipment.

Ventilation management of tunnels in the case of fire could be consi-
dered as extremely sensitive problem, which is affected by many aspects,
as for example location of the tunnel in the surrounding area, geometri-
cal and construction features of the tunnel, efficiency of ventilation sys-
tems, outside conditions and fire location. The method (regulation) of
ventilation, e.g. starting, setting the delay in relation to certain conditions
in the case of fire, is an individual matter, which could be specified only
as a result of detail consideration of all predictable scenarios and other
affecting factors.

In certain situations it is not clear, if the ventilation shall be operatio-
nal immediately, or left idle for certain time period and what is the dura-
tion of such time period. It is obvious that the basic values for the decisi-
on process (operation-non operation of ventilation) is the direction and
velocity of the air flow in the tunnel tubes and in the portals.

Based on the above, the necessity of performing the real tests in
tunnels before they are put into operation is obvious. The reason is
primarily verification of validity of the designed ventilation systems
in relation to real scenarios, exposure of possible critical scenarios
and proposal of relevant precautions. The test results could be furt-
her generalized and implemented into the current legislation.
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DALNICNIHO TUNELU VALIK

FINAL STRUCTURES OF VALIK MOTORWAY TUNNEL

JIRI SVOBODA,

uvob

Dne 6. 10. 2006 byla uvedena do provozu stavba 0510/IB ¢asti
délnice D5 Praha — Rozvadov. Jednd se o posledni tsek etapovité
budovaného obchvatu mésta Plzné. Hlavnim objektem této Casti dal-
nice je razeny tunel Valik, ktery byl po celou dobu vystavby v cent-
ru pozornosti, a to predevsim z hlediska ekologie a ochrany Zivotni-
ho prostredi.

Ra7bé tunelt a postupu vystavby bylo vénovéno v Easopise Tunel jiz
difve nékolik pifspévki. Na§ ¢ldnek je zaméfen na realizaci definitiv-
nich konstrukc{ spojenych s dokoncovacimi pracemi.

HLAVNI UCASTNICI VYSTAVBY

Investorem stavby bylo Reditelstvi silnic a délnic CR, zavod Praha,
generdlnim projektantem Pragoprojekt, a. s., a vystavbu provadélo
sdruzeni firem SdruZeni 0510/IB DMB, kde vedoucim sdruZenim byly
Dalni¢ni stavby Praha, a. s., a ¢lenové Metrostav a. s. a Berger Bohe-
mia, a. s. Zhotovitel tunelu byl Metrostav a. s., divize 5.

Realizace stavby byla zahdjena v zdfi 2003 a dokonéena v fijnu
2006.

TECHNICKE RESENI

Tunel Valik je ddlni¢ni tunel se dvéma tunelovymi troubami. Kazda
trouba md dva jizdni pruhy $itky 3,75 m a jeden odstavny pruh $itky
3,25 m. Délka tunelu je 390 m (JTT — 380 m), Sitka vozovky mezi
obrubniky je 11,5 m, pfi¢ny sklon dopravniho pdsu je jednostranny
2.5 %, podélny sklon nivelety 4 % a polomér smérového oblouku 2280 m.

Tunel Valik je navrZen jako dvojice tunelovych trub stykajicich se
ve strednim Zelezobetonovém pilifi. Toto feSeni vyrazné snizuje $itku
hu trvalych zdborl pozemku, zejména v oblasti obou priportdlovych
zéfezu.

Oba tunely maji stejné prostorové parametry kategorie T11,5. Vyska
prujezdného profilu nad vozovkou je 4,8 m, resp. 5,2 m (+ 0,15 m)
v pravém jizdnim pruhu. Tunel md svétlou §itku 14 m a vrchol klenby
je nad niveletou 8,16 m. Tunely jsou z menS{ ¢dsti stavény jako hlou-
bené v otevienych stavebnich jamdch s ndslednym presypanim, v delsi
¢asti jako razené. Tunely hloubené jsou délky 30, resp. 20 m, razené
useky délky 330 m.

Obr. 1 Pohled na pojizdné plosiny pro montdz izolace a vyztuZe
Fig. 1 A view of the movable platform for instalation of the waterproofing

and reinforcement

ZBYSEK VOZARIK

INTRODUCTION

Construction lot 0510/IB of the part of D5 motorway between Pra-
gue and Rozvadov was commissioned on October 6, 2006.

This was the last section of the Plzen by-pass road, which has been
constructed in several stages. Valik mined tunnel was the main struc-
ture on this part of the motorway, being in the centre of attention
during the entire construction period mainly due to the environmental
reasons.

Driving of individual tunnel tubes and the progress of construction
were described in several previous articles published in the Tunel
magazine. Our article focuses on the final structures and finishing
works.

PARTIES TO THE CONSTRUCTION

Employer: Reditelstvi silnic a ddlnic CR, zdvod Praha (Directora-
te of Roads and Motorways of the Czech Republic, Prague Branch;
General Designer: Pragoprojekt, a.s. Construction was executed by
a group of companies Sdruzeni 0510/IB DMB led by D4lni¢nf stav-
by Praha, a. s. and further incorporating Metrostav a. s. and Berger
Bohemia, a. s. The tunnel itself was constructed by Metrostav a. s.,
Division 5.

The construction commenced in September, 2003 and ended in
October, 2006.

TECHNICAL SOLUTION

Valik is a motorway tunnel with two tunnel tubes. Each tube has two
lanes with the width of 3.75 meters and one lay-by lane with the width
of 3.25 m. The tunnel is 390 meters long (the southern tunnel tube is
380 meters long), roadway width between the curbs is 11.5 meters,
single-sided transverse gradient of the road is 2.5 % and longitudinal
gradient of the tunnel alignment is 4 %. Horizontal curve radius is
2,280 meters.

Valik tunnel has been designed as a couple of tunnel tubes meeting
in the central reinforced concrete pillar. This solution considerably
reduces the tunnel complex width and enables achieving of significant
savings as regards plan area of permanent works, in particular within
the area of both portals.

Both tunnels have the same spatial parameters of T11.5 category.
Height of the tunnel profile above the road is 4.8 meters, respectively
5.2 meters (+ 0.15 m) in the right lane. The clear width of the tunnel is
14.0 meters and the top of the vault is 8.16 meters above the roadway.
The tunnels consist of a small cut and cover part which was subsequ-
ently backfilled; major part of the tunnels was constructed by mining
methods. The cut and cover tunnels have the length of 30 and 20
meters, the mined tunnel sections are 330 meters long.

CUT AND COVER TUNNELS

The cut and cover tunnels are connected to the central mined part.
Both ends of the tunnels are provided with portal structures. Both por-
tals were designed as slanted tunnel tubes complemented with a para-
pet wall in the vault area. The tunnels have been constructed from
water retaining concrete without external waterproofing layers; exter-
nal waterproofing jacket from GSE PE-LD (3 mm) was used only at
the interface of the mined and cut and cover parts.

The cut and cover tunnels consist of vault structure firmly connected
to the wall footings. Minimal lining thickness (in the crown) is
550 mm and it increases towards the footings. Due to the time reasons,
concreting of the vaults commenced before the secondary lining of the
mined parts using a special movable steel form. The steel form was
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HLOUBENE TUNELY

Hloubené tunely bezprostfedné navazuji na stfedni razenou ¢ast. Na
obou koncich je tunelovy usek ohranicen portdlovymi konstrukcemi.
Oba portély jsou feSeny jako Sikmo sefiznuty tunelovy tubus, doplné-
ny v klenbové ¢4sti parapetni zidkou — ochrannou atikou. Konstrukce
vlastnich tuneltl je navrZzena z vodostavebniho betonu bez vnéjif izo-
lace, pouze v &asti od styku razené a hloubené Cdsti jsou tunely pre-
kryty vnéjsi plastovou izolaci GSE PE-LD tl. 3 mm.

Konstrukci hloubenych tunelt tvori klenbova konstrukce pevné spoje-
nd se zdkladovymi pasy. Min. tlouStka osténi (ve vrcholu) je 550 mm
a smérem k patkdm se rozsifuje. BetondZe kleneb byly z Casovych divo-
du zahajeny pred sekunddrnim osténim raZenych ¢asti na samostatné oce-
lové posuvné forme. Projekt ocelové formy byl zpracovan pro betondz
bloku délky 10 m s pouZitim bednéni z materidlu DOKA a pohledovou
Casti tvorenou dvojitou preklizkou. Kompaktni klenby jsou z betonu
C30/37 XF4,XD3, s max. hodnotou prusaku vody 20 mm a jsou uloZené
na podéInych zékladovych pasech ze Zelezobetonu tiidy C 25/30 XAl.

Ukl4ddni betonu do prostoru za plentami bylo do vynechanych oken
ve vnéjSich plentdch umisténych tak, aby betonovd smés nepadala
z vyS$ky veétsi neZ 150 cm. Hutnéni Cerstvého betonu bylo provadéno
vnitin{ vibraci — ponorné vibratory a v dolnf{ ¢dsti také pomoci priloz-
nych vibrétort pripevnénych na vnitinim bednéni.

RAZENE TUNELY

Pro konstrukei razenych tseka byla pouZita klenbova konstrukce se
spodni klenbou. Napojeni spodni a horni klenby je kloubové, vytvore-
né plochym kloubem. Min. tloustka osténi ve vrcholu klenby je
400 mm a smerem ke spodni klenb¢ se rozsifuje na cca 600 mm. Kom-
paktni klenba s opérami je vytvorena z betonu C 25/30 XF4, XD3,
s max. hodnotou prusaku vody 20 mm a spodni klenba je z betonu
tiidy C 25/30 XAl.

BetondZ raZenych tunelt byla v pri¢ném profilu rozdélena na dvé
¢asti. Nejprve se provddéla betonaz spodni klenby s vySkovym stup-
ném v celé délce tunelu. Na vycisténé dno tunelu bylo sestaveno oce-
lové bednéni na Cele bloku a na podélnych svislych sténdch. Délka
kazdého zdbéru 10 m a §itka betonovaného bloku 14 m. BetondZ dna
byla realizovdna pomoci mobilniho ¢erpadla. Betonovalo se po jedno-
aby nedochdzelo k vytlaleni betonu z dna betonem z vyS§i drovné
stény. K tomu bylo nutno zajistit spravnou recepturu betonu.

Po vybetonovani spodni klenby ndsledovala tprava podkladu pod
izolaci horni klenby, montdZze hydroizolacniho systému, vyztuZe a beto-
ndz. Tyto vSechny préace v klenbé byly provddény ze 4 pracovnich plo-
Sin a vlastniho bednictho vozu s pouzitim spole¢né kolejové drahy.

Pouzitd vodotésnd izolace je GSE z PE-LD tl. 2,5 mm se signdlni
vrstvou. Jednotlivé pfi¢né spary mezi sekcemi byly zajiStény zesile-
nym péasem izolace. Vyztuz klenby byla provedena z divodu tspory
Casu z prihradovych Zeber po 1 m, v rubové i licni strané doplnéné
o vdzanou vyztuz za pouziti distancnich podloZek tak, aby bylo zajis-
téno RDS predepsané 50mm kryti.

Betondz horni klenby tunelu byla provddéna do samohybné ocelové
hydraulické formy firmy OSTU Stettin vybavené hydraulickym ovl4-
dénim, rozvodem betonu s pohyblivym rozdélovacem, pneumatickymi
vibritory a také pojistnymi pretlakovymi prvky. Konstrukce ddle
umoznovala pfipojeni ocelového bednéni pro betondz vyklenka SOS,
propojky tunelu, hydrantt, vyklenku pro ¢isténi drendZi a kabelovych
nik. Doprava betonu do rozdélovace na formé byla pomoci stabilniho
Cerpadla pred formou. Beton byl do formy ukldddn pomoci nékolika
plnicich oken rovnomérné na obé strany tak, aby rozdil hladin betonu
nebyl vétsi nez 120 cm. Hutnéni Eerstvého betonu bylo pomoci priloz-
nych vibrétori na formé a betondZ jednohol0 m dlouhého bloku trva-
la zhruba 7-9 hod a béhem ni bylo uloZeno priblizné 180 m3 betonu.
Odbednéni se provddélo po 18 hod. od ukonceni betondze. Tomu
odpovidala pevnost betonu v tlaku cca 12 MPa (zjisténo Schmidtovym
tvrdomérem). Po presunu formy se obnaZzeny beton ihned oSetfoval
pripravkem proti vysychdni. Opatfeni a oSetfovdni betonu bylo nutno
prizpusobit klimatickym podminkam.

BETONOVA VOZOVKA

Vozovka v tunelu je navrzena cementobetonovd (CB I — XF4, tl. 260
mm). Na hrané portdlu se napojuje na okolni asfaltovou vozovku

délnice. Betonova deska je vybetonovana v celé §ifi do obrub a spary ve
vozovce jsou fezané, opatfené v podélném sméru kotvami a v pricném

Obr. 2 Bednici vuz po odbednéni bloku
Fig. 2 Movable formwork after the stripping

designed for 10m long casting blocks using the formwork from DOKA
material and the facing from double plywood. Compact vaults were
constructed from C30/37 XF4, XD3 concrete with maximal water
penetration of 20 mm and they are placed on longitudinal wall footings
from reinforced concrete of C 25/30 XA1 grade.

Concrete was poured into the space behind the boards through gates
in outer boards which were located so that the concrete mixture would
not fall from the height exceeding 150 cm. Fresh concrete compaction
was achieved by internal vibration (immersed vibrators), as well as by
external vibrators attached to the inner formwork.

MINED TUNNELS

Vault structure with invert was used in the mined tunnels. The con-
nection between the invert and top vault is made with a flat hinge.
Minimal lining thickness in the crown is 400 mm and it increases to
approx 600 mm towards the invert. The compact vault with supports
has been made from C 25/30 XF4, XD3 concrete with maximal water
penetration of 20 mm and the invert has been constructed from C
25/30 XAl grade concrete.

Concrete works in the mined tunnels were divided into two parts in
the transverse section. Concreting commenced in the invert with the
vertical step along the entire tunnel length. Steel formwork for the face
of the block and the longitudinal vertical walls was subsequently
assembled on the clean floor. Length of each step was 10 meters and
the width of the concreted block was 14 meters. The floor of the tun-
nel was concreted with a mobile concrete pump. Casting was perfor-
med in individual layers starting from the lower level of the floor in
order to avoid concrete ejection by the concrete from the higher level
of the wall. This required correct concrete composition.

Preparation of the substrate for vault waterproofing layers and appli-
cation of the waterproofing system, placement of reinforcement, and
concreting followed after the invert completion. All these steps were
carried out from four platforms and the mobile formwork using com-
mon track.

GSE waterproofing was made from PE-LD with the thickness of
2.5 mm with a signal layer. Individual cross-joints between the secti-
ons were secured with a strengthened band of the waterproofing mem-
brane. Due to the time savings, the reinforcement of the vault was
made from the lattice girders with the spacing of 1 meter; the girders
were complemented with tie-up reinforcement in both face and back
sides, which was placed on spacers in order to ensure the 50 mm cover
required by the detailed design.

The top vault of the tunnel was concreted into a traveling hydraulic
steel form manufactured by OSTU Stettin and equipped with hydrau-
lic control, concrete distribution by moving distributor, pneumatic
vibrators, and also with safety overpressure elements. The structure
has furthermore the steel formwork for SOS wall niches, cross passa-
ges, hydrants, niches for drainage cleaning, and cable niches to be atta-
ched. Concrete was transported into the on-form distributor using
a stable concrete pump located in front of the formwork. The concrete
was poured into the form through several filling gates, evenly on both
sides, so that the difference between the concrete levels was not more
than 120 cm. Fresh concrete was compacted by external vibrators atta-
ched to the form. Casting of one ten meter section took approximately



Obr. 3 Pohled na dokondéené definitivni osténi tunelu
Fig. 3 A view of the completed final lining

sméru trny. Umisténi pfi¢nym spdr je pfizpusobeno poloze kanaliza¢-
nich Sachet. Horni podkladni vrstvu konstrukce vozovky tvori kameni-
vo zpevneéné cementem (KSC 1) v tloustte 200 mm s vrypy. Spodni pod-
kladni vrstva je tvofena ze SD 0-32 tl. 250 mm. Vyplii spodni klenby je
provedena ze dvou vrstev SD 0-32 a 16-32.

Odvodnéni vozovky je zajiSténo podélnym a pri¢nym sklonem do
prafabrikovanych §térbinovych Zlabu s obrubnikem, doplnénych
o samozhasivé kusy, zamezujic{ $ifen{ ohné ve vnitinim prostoru tune-
lu. Tyto odvodnovace jsou zadstény do samostatné kanalizace, kterd je
napojena do nepropustnych akumula¢nich nadrzi.

Chodniky v tunelu jsou betonové se zdrsnénym povrchem z betonu
C 30/37 XF4 tl. 120-150 mm, vyspddové smérem k vozovce. PFi¢né
spary jsou fezané po 2,5 m. Obrubnik chodniku je proveden jako
monoliticky.

DOKONCOVACI PRACE

Architektura tunelu zahrnuje jednak vlastni barevné feSenf interiéru
stén a kleneb, vozovky, chodniku, interiéru propojky, SOS skfin{
a viditelnych technologii. Je navrZzena cilené tak, aby signalizovala
fidi¢i smér tniku a snadnou orientaci pfi hleddn{ dnikovych cest, pii-
padné privoldn{ pomoci.

Odrazna vrstva je okrové barvy podle vzorkovnice RAL. Na portd-
lech je ndtér realizovany az do vrcholu tunelu. Pro barevny vodici pds
vysky 650 mm byla zvolena barva zelend (ve dvou odstinech) a je
vedeny ve vys§i 1000 mm nad tdrovni chodniku. Uprostred je okrovd
postava chodce signalizujici smér tniku osob. Stejny barevny pds je
zvyraznény v misté propojky a SOS skiini. Pro ndtér klenby tunelu
byla vybrana barva Seda.

Zékladem pozdrnébezpecnostniho feSeni tunelu je jasné a srozumi-
telné oznaceni sméru tiniku osob, informace o vzdalenosti k tinikové-
mu vychodu, piipadné telefonu. Piktogramy a pismo jsou provedeny
fotoluminiscenénim nétérem o svitivosti 150 mecd/m?. Stejné jsou
lemovény otvory SOS skiiné a vlastni propojka.

ZAVER

Realizaci definitivnich obezdivek tunelu v&etné ndvrhu receptur
betont byla vénovédna zvySend pozornost viech ucastniki vystavby
v Cele s projektantem Pragoprojekt, a. s., a zhotovitelem Metrostav
a. s. a vysledkem toho je stavebni dilo ve velmi vysoké kvalité.

Pri ndvrhu sekunddrniho osténi se mus{ zohlednit tolerance vnitfni-
ho povrchu definitivni obezdivky, kde se nepresnosti, deformace
a smérové a vySkové vedeni trasy tunelu nepriznive séitaji, coz mize
mit za ndsledek zmenSeni prijezdného profilu tunelu. Toto je duleZité
zohlednit jiz v niz§ich stupnich projektové dokumentace pfi sestavo-
van{ pfi¢ného profilu tunelu.

Architektonické ztvarnéni tunelu, pfilehlého provozneé-technického
objektu a barevné feSeni protihlukovych stén je vysledkem vefejné
diskuse s obcany plzefiského regionu, kterou ve spolupréci s Prago-
projektem, a. s., fidili pracovnici RSD CR.

ING. JIRI SVOBODA, svobodaj@pragoprojekt.cz ,
PRAGOPROJEKT, a.s.

ING. ZBYSEK VOZARIK, vozarikz@metrostav.cz,
METROSTAY, a. s.
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7-9 hours, during which approximately 180 cubic meters of concrete
were placed. Formwork was removed after 18 hours from the end of
the process. At that time, the compressive strength of the concrete was
approximately 12 MPa (determined with Schmidt hardness tester). As
soon as the formwork was moved, the exposed concrete was immedi-
ately treated with an anti-drying substance. Measures and treatment of
the concrete had to be adapted to the climatic conditions.

CONCRETE ROAD

The road in the tunnel is designed as a concrete slab (CB I — XF4,
thickness of 260 mm). It is connected to the asphalt road of the motor-
way at the portals. The concrete slab spreads all over the tunnel width
between the curbs. Sawed joints in the road have been provided with
anchors in the longitudinal direction and by dowels in the transverse
direction. The transverse joints have been located with regard to the
position of the gully holes. The top base layer of the road structure
consists of gravel with cement (KSC I) with the thickness of 200 mm
with marks. The bottom base layer is made from 0-32 gravel and its
thickness is 250 mm. The inverted arch space is filled with two gravel
layers (0-32 and 16-32).

The road with both transverse and longitudinal gradient is drained
into precast slot channels with curbs complemented with flame retar-
dant pieces preventing the fire from spreading within the tunnel. These
channels terminate in a separate sewer system which is connected to
impermeable accumulation tanks.

Sidewalks in the tunnel are made from concrete, with rough surface
from C 30/37 XF4 concrete (thickness of 120—150 mm) inclined
towards the road. The transverse joints have been cut every 2,5 meters.
The curb of the sidewalk is monolithic.

FINISHING WORKS

Tunnel architecture comprises the color solution of the interior and
vaults, road, sidewalk, interior of the interconnecting tunnel, SOS
niches, and visible equipment. It has been specifically designed to
show the escape route to the drivers and to enable easy orientation
when looking for the escape route or in need to call help.

Ochre reflective coating corresponds to the RAL color chart. Portals
are coated up to the crown. The color guide band with the height of
650 mm is green (in two shades) and it is located in the height of
1,000 mm above the sidewalk level. There is an ochre figure of a wal-
ker in the middle signaling the escape direction. The same color band
is located in the area of the cross passage and SOS niches. The tunnel
vault coating is grey.

The fire safety system of the tunnel is based on clear and compre-
hensible designation of the escape routes and information about the
distance from the emergency exit or telephone. Pictograms and signs
are made from photo-luminescent coating with the light intensity of
150 mcd/square meter. The same coating has been used around the
SOS niches and the interconnecting tunnel.

CONCLUSION

All parties to the construction led by the designer (Pragoprojekt,
a.s.) and contractor (Metrostav a.s.) paid increased attention to the
final lining of the tunnel including concrete composition. This has
resulted in the very high quality of the entire work.

Design of the secondary lining had to respect the tolerances of the
internal surface of the final lining where all inaccuracies, deformati-
ons, and both horizontal and vertical alignment add unfavorably to
each other. This could result in reduced clearance of the tunnel. This
fact had to be taken into account already during the lower levels of the
design documentation when the cross-section of the tunnel was
planned.

Architectural form of the tunnel, its adjacent service building, and
the color design of noise suppression barriers resulted from public dis-
cussion with the citizens of the Plzen region which was managed by
the employees of the Directorate of Roads and Motorways of the
Czech Republic in cooperation with Pragoprojekt, a.s.

ING. JIRI SVOBODA, svobodaj@pragoprojekt.cz ,
PRAGOPROJEKT, a.s.

ING. ZBYSEK VOZARIK, vozarikz@metrostav.cz,
METROSTAY, a. s.
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TuNel

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

5. RAKOUSKY TUNELARSKY DEN A 55. GEOMECHANICKE KOLOKVIUM - SALCBURK (RIJEN 2006)
THE 5TH AUSTRIAN TUNNELLING DAY AND 55TH COLLOQUIUM ON GEOMECHANICS

— SALZBURG (OCTOBER 2006)

The paper by Mr. Libor Marfik comments on the course of the 5th
Austrian Tunnelling Day and 55t Colloquium on Geomechanics.
These events took place from 11th to 13th October 2006 in Salzburg,
Austria. The professional level of both events was good and the num-
ber of attendees high, as usual. Thanks to the helpful organisers, Mr.
Ivan Hrdina, chairman of the CTuC, was given the opportunity of
inviting the attendees to visit the WTC 2007 in Prague and submit
their registration forms through the congress web page
www.wtc2007.org.

V leto$nim roce byl Salcburk ve znameni ¢isla 5. Kromé kazdo-
ro¢niho letos jiz 55. Geomechanického kolokvia se konal i paty
Rakousky tunelarsky den (Osterreichischer Tunneltag). Pri dvou-
leté periodicité se rovnéZ jednd o vyznamné kulaté vyro¢i. Obé akce
probihaly od 10. do 13. f{jna 2006 a svym obsahem i tcast{ celé rady
zahrani¢nich expertl zdaleka presahovaly hranice Rakouska. Prvn{
akce se zaméruje na rakouské tuneldrské zkuSenosti a jeji poradatelé
se netaji zdmérem vyuZit pritomnosti zahrani¢nich ¢astniki geome-
chanického kolokvia k prezentaci vysledku rakouského tunelarstvi.
Vlastni kolokvium ma $ir$i zdbér a kromé projektovani, provadeni
a financovani podzemnich dél se obecnéji zabyva problémy geotech-
niky. Obé akce jiz tradi¢né provézela zajimavd vystava vyrobku,
zatizeni a sluZeb z oblasti geotechniky. Vystavovatelé védomi si
moZnosti prezentace svych vyrobki obsadili jednotlivé stdnky
odborniky, ktefi pohotoveé reagovali na mnohdy specidlni dotazy
navstévnika vystavy.

Poradatelem Rakouského tuneldrského dne je jiz tradi¢né rakouskéa
organizace ITA a konferenci otevrel jeji prezident pan Dipl.-
Ing. Wolfgang Stipek V tvodu kratce sezndmil pritomné s historii
a souCasnosti organizace i ¢innosti jejich ¢lena v jednotlivych pra-
covnich skupindch v rdmci mezindrodn{ organizace ITA/AITES. Zdu-
raznil vyznam pripravované mezindrodni smérnice konvenéniho
tunelovéni, ale zdroven upozornil, Ze se jednd o dokument, ktery diky
tGcasti odbornikl z mnoha dcastnickych zemi ITA pfi jeho zpracovani
predstavuje uréity ndzorovy kompromis. V ramci Gvodniho projevu
byla poprvé preddna cena za inovaci v oblasti vyvoje projektovani,
vystavby a provozovani podzemnich staveb. Cenu ziskal Ing. Hor-
lein z firmy PORR Tunnelbau GmbH za prici ,,Vyvoj a nasazenf pla-
stovych zmrazovacich jehel pfi razbé pomoci $tita“. Dosavadni zpu-
sob zmrazovani probihal pomoci ocelovych jehel, které pri razbé $ti-
tem komplikovaly technologicky postup a mnohdy zpusobovaly
poskozeni hlavy §titu. Pfi pouZiti plastu tento problém odpada.

Po predini ceny jiZ patfil fe¢nicky pult prezidentovi CTuK
Ing. Ivanu Hrdinovi, ktery pozdravil dcastniky konference, kratce
je seznamil s v§vojem podzemnich staveb v Ceské republice, pravé
provadénymi stavbami a pozval pfitomné na svétovy tuneldrsky kon-
gres ITA-AITES WTC 2007, ktery se priSti rok kond v Praze.

Téma prvniho bloku prednések 5. Rakouského tunelarského dne
mélo ndzev ,,Zvlastni vyzvy aktualnich velkych staveb* a postup-
né ho naplnily predndsky o tunelu Wienerwald jako prvnim tunelu
v Rakousku razeném pomoci TBM, o mezindrodnim porovndni
razby pomoci TBM v zemindch a skalnich hornindch, o vyzvé, kte-
rou predstavovala razba v nezpevnénych zemindch pri vystavbé
tunelu Vomp Terfens a prizkumné Stoly Brixlegg West, o vystavbé
tunelu Gfill, ktery byl doCasné provozovéan pri zaji§téni vyrubu
pouze primdrnim osténim a umoznil tak spojeni mezi dvéma lokali-
tami dopravné oddélenymi sesuvem nebo o zvldStnostech pfi prova-
déni meéstského Zelezni¢niho tunelu Lainzer v dseku LT44. Odpo-
ledni ¢dst predndSek se zabyvala zkuSenostmi z praktického pouZi-
vani rakouské normy pro zadavani tunelu raZzenych cyklickou
razbou ONORM B2203-1:2001. PiedndSené prispévky véetnd
nékolika dopliiujicich ¢lanku jsou publikovény ve sborniku. Proto se
v dal§im textu omezim pouze na stru¢ny prehled predndSenych pris-
pévka, ktery piipadné zdjemce upozorni na feSend témata.

Obr. 1 Jedndni Rakouského tuneldrského dne zahdjil prezident rakouské ITA
pan Dipl.- Ing. Wolfgang Stipek

Fig. 1 Mr. Wolfgang Stipek, the president of ATA, had an opening speach at
the beginning of the Austrian Tunnelling Day

Z pohledu Ceského tuneldre evokuje prvni predndska o tunelu
Wienerwald velkolepy zdmér Ceskych projektantd propojit Prahu
s Berounem pomoci dlouhého Zelezni¢niho tunelu raZzeného pomoci
TBM. V pripadé tunelu Wienerwald rakousti inZenyfi jiZ tento zdmer
realizuji a razba prvniho Zelezni¢niho tunelu pomoci TBM praveé
probihd. Tunel propojuje Viden a St. Polten a vzhledem k rozsahu
stavby je rozdélen do 4 dseku. Na konvenéné razeny dvoukolejny
vychodni dsek o délce 2,37 km navazuji dva jednokolejné tunely
razené pomoci TBM o délce 2x10,75 km. Tunelové roury propojuje
23 pri¢nych propojek. Az 80 % trasy tvori flySové pasmo se stiida-
nim piskovci, slinovcu a jemnozrnnych jiloveu. Razbu provadi dva
tunelovaci stroje firmy Herrenknecht AG délky 10,4 m, ndvésné zafi-
zeni firmy Rowa Tunneling Logistics AG zvétSuje celkovou délku
razicitho komplexu na 248 m. Kromé vlastni razby vyzaduje pfiprava
projektu i feseni fady logistickych udloh od dopravy a montdze $titu
pres deponovdni obrovského mnoZstvi vytéZené horniny az po
dopravu prefabrikdtt a monolitického betonu. Zvlastnosti technické-
ho feSeni je dvouplastové osténi s mezilehlou izolaci, kdy primarni
osteén{ tvoii Zelezobetonové prefabrikaty a definitivni osténi monoli-
ticky beton. Vyznamnou roli hraje pravé vyroba a zdsobovéni beto-
novymi dilci. Na celkovou délku 22 km tunelu je nutno vyrobit
a smontovat vice nez 57 000 prefabrikdta sestavenych do 9552
prstencu. Vyrobna produkuje 120 ks prefabrikdtu za den. Rubaninu
z Celby odtézuji pdsové dopravniky $itky 1000 mm. V portdlové
oblasti jsou dopravniky napojeny na zdsobniky pdsu, které umoznu-
ji pomérne rychly postup TBM bez nutnosti ¢asto nastavovat doprav-
nikovy pés. K dal§im duleZitym zafizenim patii betonérka s kapaci-
tou skladu piimési do betonu 2100 m3, vyhfivanim nebo chlazenim
zameésové vody a dalSich komponent betonové smési. Tunel Wiener-
wald je diky své poloze zarazen do programu odbornych exkurzi
porddanych v rdmci kongresu WTC 2007 v Praze.

Problematika razby tunela pomoci TBM piedstavuje v Rakousku
aktudlni téma a i druhy prispévek pojedndval o této tunelovaci meto-
dé. Na prfkladu podzemnich staveb realizovanych firmou Alpine
Mayreder Bau byly prezentovany razby ve skalnich hornindch
i nesoudrznych zemindch. Predndska dokumentovala rychly vyvoj
v oblasti razicich §titt od razby londynského metra $titem v prostie-
di stabilizovaném stlacenym vzduchem aZ po soucasné podzemni
stavby provadéné s nasazenim $titi o praméru presahujicim 12 m.
V rdmci predndsky byly prezentovédny priklady ze stavby 4 km
dlouhé 3toly o pruméru 3,2 m raZené $titem Robins v nadmorské
vySce nad 2000 m n. m. Diky ndro¢nym klimatickym podminkdm
razba probihala pouze v letnich mésicich. Geotechnické podminky




Obr. 2 Panelovd diskuse k problematice rakouské normy (?NORM B2203-1:2001
Fig.2 The panel discussion about the Austrian standard ONORM B2203-1:2001

umoznily ve vétsi Casti Stoly ponechat vyrub bez dal§iho zajisténi,
pouze v nestabilnich dsecich tvoril osténi stfikany beton. Na prikla-
du Gotthard Basis tunelu byla diskutovana otdzka pozadavku vyso-
kych dennich vykonu (20 m/den) za soucasného udrZen{ prijatelnych
geotechnicky podminénych nadvyrubu. Poslednim piikladem
z razby ve skalnich hornindch byla razba vodovodniho pfivadéce
Shangxi z prehrady Wanijazhai ve vépencich a dolomitech dvojitym
Stitem o pruméru 4,82 m. Osténi tvorily hexagondlni Zelezobetonové
prefabrikaty tloustky 250 mm zabudovdvané okamzité béhem razby.

K razbdm TBM v nesoudrznych zemindch patii priklad prodlouze-
ni trasy metra linie 2 v Aténdch. Z celkové délky tdseku 2700 m pred-
stavovala konvencni razba 1476 m, usek délky 920 m byl raZen
pomoci $titu s otevienym Celem o pruméru 9,7 m. V Cele Stitu byla
upevnéna fréza a pristropi zajiStovala soustava nozu. V horni ¢asti
Celby zajistovaly jeji stabilitu pritlacné desky. Horninovy masiv tvo-
fily aténské bridlice, konglomerdty, piskovce a vdpence, které byly
siln¢ zvétralé a diky relativné Castym zemétresenim silné tektonicky
porusené. Trasa podchdzi mnozstvi budov a usek raZeny Stitem kfi-
Zuje hlavnf silnici. Dodavatel nabidl raZbu pouze pomoci NRTM, ale
investor nabidku zamitl a prosadil nasazeni vlastniho S§titu. I kdyZz
razba Stitem dosahovala zpoldtku dobrych vykonu, pfi zastizeni
poruchovych zén a silné tektonicky poruseného masivu dosahovaly
deformace nadloZ{ decimetrovych hodnot. Pfi razbé NRTM nedosa-
hovaly deformace prognézovanych hodnot.

Z dalsich staveb byla prezentovdna napf. razba méstského tunelu
v Lipsku $titem o pruméru 9 m, nebo vystavba tseku C852 a C855
okruzni trasy v Singapuru provadéného v proménné geologii od
meékkych jilu pres tekouci pisky aZ po nezvétraly granit. Pii razbé
byla pouzita fada opatfeni, nckteré tdseky byly raZeny pomoci
NRTM, jiné zeminovym Stitem. V zdvéru predndsejici poukédzal na
skute¢nost, Ze razba pomoci $titu stdle vice nahrazuje konvenéni
tunelovani. To je pouzivdno na atypické profily, kaverny nebo v silné
tla¢ivych hornindch. Pfi razbé Stitem hraje zdsadni roli dobrd pro-
gndza geotechnickych podminek a jim odpovidajici konstrukce Stitu.

Znédmkou tuneldiské ,,dospélosti“ byla predndsSka Christiana
Gampera z firmy Strabag SE z Vidné. Zatimco v Ceské republice
jsou havdrie vzniklé béhem razby tabuizovdny a z obdobnych akc{
Ize nabyt dojmu, Ze k nim ani nedochdzi, v predndSce s ndzvem
»Razba v nezpevnénych zemindch — velkd vyzva“ uvedl autor kromé
fady komplikovanych raZeb v sloZitych geotechnickych podminkach
hned tfi priklady zdvalu s prolomenim nadloZi aZ na Groven povrchu.
K prvnimu zédvalu doSlo pri razbé ve zvodnélych Stérkopiscich
s malym nadlozim, kdy stabilitu vyrubu zajiStovaly sloupy tryskové
injektdZe. K zdvalu doSlo po zvySeni pfitoku vody do ¢leby aZ na
70 /s s vyplavovdnim ¢dstic zeminy. Zdval dosahoval aZ k povrchu
a v prostoru tenisového hriste vznikl krdter o objemu 300 m3. K dal-
§imu zdvalu doslo pri razbé se zajis§ténim pomoci mikropilotovych
destniku. Po provedeni zabéru pod destnikem a zajisténi vyrubu stii-
kanym betonem se chystala osddka postavit prihradovy rdm. Néhle
doslo k popraskéni osténi a po nékolika minutdch tunel zkolaboval.
Zaval se zastavil az v dseku, kde jiz byla provedena spodni klenba.
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Zéavalu nezabranil ani mikropilotovy destnik instalovany v oblas-
ti horni klenby tunelu. Tteti pfipad popisuje mechanizmus zdvalu
pri razbé pod stlatenym vzduchem. Behem razby ve stlaCeném
vzduchu doslo nejprve k pritoku vody do ¢elby s vyplavovanim
jemnych &dstic. Pritok byl zastaven, Celba zajisténa a osazeny pri-
hradové oblouky. Presto ndsledoval po uréitém Case zédval cca
100 m3 kaSovitého bahna, ktery se ndsledné zvétsil az na 800 m3
a postupoval jesté 60 m od Celby, kde se zastavil. Pfi nadloZ{ tune-
lu 100 m se na povrchu vytvoril krater o priméru 25 m a celkovy
objem zédvalu dosdhl 2300 m3. Pfednéaska pojedndvala i o dal$ich
téZkostech pri razbé v nesoudrZzném prostiedi a zpusobech zm4-
héni popisovanych zdvala. Pfi pfedndice autor rozliSoval mezi
pojmy NRTM a metoda stifkaného betonu, které byvaji v Ceské
republice Casto zaménovény, resp. uvadény jako synonymum.
V piipadé NRTM se jednd o spoluptsobeni nosného prstence
a primdrniho osténi, zatimco metoda stfikaného betonu je spojo-
vana praveé s razbou v nesoudrznych zeminach, kdy primarni{ osté-
ni zcela prebird nosnou funkci.

Vystavba tunelu Gfill ukazuje, jak lze v pfipadé spole¢ného
zdjmu vech Glastniku vystavby v rekordnim Case zvlddnout nejen
slozité geotechnické, ale i legislativni problémy. Na podzim roku
2004 doslo diky rozsdhlému sesuvu svahu k posSkozeni mostu Gfill
a preruSeni provozu na silnici B188 Paznauntal. Jedingym zpuso-
bem, jak obnovit dopravni spojeni, bylo vyrazeni nového tunelu
o délce 460 m. Prdace na projektu zapocaly v lednu 2005 a do zacat-
ku Iéta 2005 byly vybaveny vSechny dredni néleZitosti a priprave-
na zaddvaci dokumentace pro vybér dodavatele. Tuneldrské prace
zapoCaly na zaédtku fijna a po 82 dnech byla prorazena kalota
nového tunelu. V prvni fazi byl tunel zajiStén pouze primarnim
osténim a po vytvoreni vozovky zahédjen 22. 12. 2005 provizorn{
provoz ve dvou pruzich tunelu. Po prevedeni dopravy zapocaly
prace na sesuvem poSkozeném mostu a prilehlé ¢dsti komunikace.
Dne 2. 5. 2006 byla doprava z tunelu prevedena zpét na opravenou
komunikaci a tentyZ den zapocaly prace na dokonceni tunelu. Po
odstranéni vozovky a betondZi patek definitivniho osténi byla pro-
vedena betondZ klenby a v definitivnim feSeni obnovena vozovka.
Do konce listopadu 2006 probéhne montdz vetsi ¢dsti technologic-
kého vybaveni tunelu a na jare 2007 nové zprovoznény tunel plné
nahradi problematicky most. Do té doby bude tunel provozovin
pouze v jednom jizdnim pruhu.

Posledni predndska pojedndvala o zvlastnostech vystavby mést-
ského Zelezni¢niho tunelu Lainzer ve Vidni v tseku LT44. Trasa
tunelu je CdsteCné raZena, Cdstené provddéna v oteviené stavebni
jamé. Cely tsek leZi v terasdch Dunaje tvofenych zvodnélymi tieti-
hornimi sedimenty. ZajiSténi bezpe¢nosti prace si vynutilo provadé-
ni rozsdhlého sniZen{ hladiny podzemni vody. Razba s nadlozim od
7,5 m do 15,5 m probihala v nesoudrZznych zemindch konvenéni
tunelovaci metodou. Plocha vyrubu 84 m? jednokolejného tunelu
byla ¢lenéna na 3 diléi vyruby s délkou zabéru v kaloté max. 1 m. Ve
vzddlenosti max. 4 m za Celbou kaloty bylo odtéZovéno jidro a po
2 m za razbou jadra uzavirdna spodni klenba. Plocha dvoukolejného
tunelu dosahovala 129 m2. Predndska pojedndvala o komplikacich
spojenych s provadénim méstského tunelu pri podchodu dédlkového
teplovodu, elektrického vedeni 380 kV vybaveného vlastnim chladi-
cim systémem, ale i o zkuSenostech s pouZitim modelu KLIMT na
vyhodnoceni ekonomické dspésnosti zakazky.

Odpoledni blok prednédsek patfil problematice rakouské normy
ONORM B2203-1:2001 a jejiho uplatnéni pii zaddvani a provadéni
konvenéné raZzenych tuneld. Jednd se o normu, kterd nemd u nds, ale
ani jinde ve svété obdoby a snaZi se zavést do zpusobu zaddvani
a vyhodnocovani podzemnich staveb specifika konven¢ni tunelovac{
metody. Predndsky uvedly rozséhly blok diskuse, do kterého se zapo-
jili i zahrani¢ni Gcastnici ze Svycarska a Némecka, kde je norma na
nékterych stavbach pouzivdna.

V dalsich dvou dnech probihaly prednasky Geomechanického
kolokvia. VSechny prednesené prispévky jsou uvedeny v béZné
dostupném casopise Felsbau ¢. 5/2006, ktery vyddvd Rakouskd
spolecnost pro geomechaniku. S Casopisem Felsbau jsme béhem
kolokvia navazali spoluprdci a dohodli se na vyméné &ldnku, které
bychom rddi publikovali v ¢asopise Tunel. Proto v dal§im textu
uvddime pouze struénou anotaci prednesenych témat. Hlavnim
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tématem prvniho dne kolokvia byly poruchové zény, jejich zjisto- Poslednim prispévkem tohoto tematického bloku byl prispévek
véni, charakterizovani a zdoldvani. V prednaskdch autofi uvadeli pojedndvajici o vystavb¢ vodni elektrarny Gigel Gibe v Etiopii.
mozné pif¢iny vzniku poruch, jejich projevy na povrchu dzemi | Bghem razby 700 m dlouhé toly do3lo diky §patnym geotechnickym
;i VZji§t’0mef poruchovych zén u alpskych tuneli s vysokym nad- podminkdm ke dvéma zdvalam v oblasti poruchovych zén. Druhy
ozim.

zaval, ke kterému doslo v blizkosti portdlu, mél vliv i na stabilitu
tizemi v portdlové oblasti.

Dalsi tematicky blok zahrnoval pfispévky zabyvajici se stano-
venim a kontrolou investi¢nich nakladu. Prvni predndska pojed-
nédvala o ndkladech rakouskych projekti dopravni infrastruktury.
Prispévek pochédzel z dilny zdstupca firmy ASFINAG, kterd je

Piiklad z tunelu Lotschberg ve Svycarsku uvadi zptisob zjiitova-
ni poruchovych z6n pri razbé pomoci TBM a konvenéni tunelovaci
metodou. Pfi razbé konvenéni metodou byla ofekdvédna poruchovd
z6na vyplnénd sedimenty. Priazkum probihal pomoci dlouhych jadro-
vych vrtd provadénych v predstihu pred razbou z Celby tunelu.
Vzhledem k vySce nadloZi a oéekdvanému vodnimu tlaku bylo nutné

vrtdni provadét pres preventry. Pfi zastizeni poruchy bylo nutné pou- ¢tvrtou nejveétsi evropskou investi¢ni organizaci spravujici
7it pro utésnéni injektdze. PFi razbé TBM byla ofekdvand poruchova | 2060 km silni¢ni sité. V dal8i predndsce autor uvddél fakta o pro-
z6na systematicky sledovdna 80 m dlouhymi predvrty, jejichZ stény gnéze a skute¢né vynaklddanych ndkladech na vystavbu 35 km
se skenovaly a vyhodnocovaly. Vysledky slouZzily ke stanoveni poru- dlouhého tunelu Létschberg ve Svycarsku. Pfi financovéni rozsah-
chy a zplsobu jejiho zdoldvani. Iych tunelovych projekti je nezbytné nutné zvolit zcela transpa-

V dalsim prispévku se autor zamyslel nad kritérii rozhodovan{ pro rentni systém financovani a porovndvat skute¢né vynalozené
projekt dvou kaveren o plose 360 m2 slouzicich pro rozplet silni¢- investi¢ni naklady s prognézou. Vyznamnou roli hraje analyza pii-

nich tunelu Sendvid ve Slovinsku. Pfi projektovan{ byly zohledné-
ny nejen vysledky statickych vypocta, ale predevsim jiz realizované
stavby obdobnych rozméru v obdobnych geotechnickych podmin-
kach. Pri oéekavanych deformacich primarniho osténi byly pro eli-
minaci poruch betonu primdrniho osténi instalovany deformaéni
prvky. Pro korekci realiza¢ni dokumentace kaveren byly pouZity

padnych vicendkladi. V zdvéru pfispévku autor porovndvéa vyhod-
noceni ndklada stavby a doporueni rakouské smérnice pro odvo-
zovéni néakladu dopravni infrastruktury, kterou vydala rakouskd
geotechnickd spoleénost. Blok prednasek zakonéil prispévek
zastupcu rakouskych drah o kontrole nékladu pri vystavbé infra-

zkuSenosti z provadéni standardnich profild tunelu pfed dosazenim struktury rakouskych Zeleznic.

oblasti kaverny. K obéma akcim patfi jiz tradi¢né dostateény Casovy prostor pro
Velmi zajimavéd predndSka se tykala vystavby tunelu Ayas predndsky i ndsledné diskuse, které konferenci oZivi a umoznuji

v Turecku, ktery by mél spojovat Ankaru s Istanbulem. Ke slozitym vyménu ndzoru i zkusenosti. Pfednesené piispévky ukdzaly rtznoro-

geotechnickym podminkdm se pfi vystavbé pridala i nékterd politic- dost horninového masivu, se kterou se musi tuneldr pri feSeni tech-

ky rozhodnut{ a zdrZeni zpusobena nedostatkem finanénich prostied- nickych problémi vypofadat a které se ne vzdy podafi jednoduse

kii. Vysledkem je dosud nedostavény tunel, pro jehoZ zajiSténi bylo zvlddnout. Mnohdy dochdzi vzhledem k neolekdvanému vyvoji

nutno instalovat stovky kilometru kotev, mikropilotovych destnika
a dal§ich opatieni pro sniZeni deformaci vyrubu.

K dal§imu prispévku, ktery popisuje zdval pfi razbé tunelu, patri
prednéska na téma tunel Gotthard — isek Amsteg, popisujici obno-
veni razby TBM po zévalu v misté hydrotermalné porusené horniny
o mocnosti 50 m. Pfi razbé v tomto materidlu doslo ke kolapsu ¢elby
a zavaleni hlavy $titu, které zpusobilo jeho odstaveni na dobu dels{

k havdriim, které je tieba zvladat, z jejich prubéhu se poucit a snazit
se jim predchdzet. T k tomu slouzily prispévky, které o zavalech
a havdriich pojednavaly, snazily se je analyzovat a ostatni ticastniky
konference seznamovaly s jejich prabéhem i jevy, které jim predchd-
zely. Obé konference jsou diky vysoké dasti zahrani¢nich odborni-
ku i otevrenosti, s jakou se o geotechnickych problémech mluvi, ne-

nez 6 mésicu. Pro obnaZeni{ hlavy $titu musela byt vyraZena obcho- ocenitelnym zdrojem informaci a zkusenosti.

z{ $tola, ze které doslo k proinjektovdni poruSeného masivu a pod »

ochranou mikropilotovych destnika byl proveden vyrub do oblasti ING. LIBOR MARIK, libormarik@ikpce.com, IKP
hlavy Stitu. CONSULTING ENGINEERS, s.r.o.

CCC 2006 HRADEC KRALOVE
CCC 2006 HRADEC KRALOVE

The Central European Congress on Concrete Engineering which
was organised for the second time since its origination in 2004,
was held on 20th and 215t September, for the first time in the Czech
Republic. It is a joint project of four founding states (the Czech
Republic, Austria, Hungary and Croatia), which is aimed primari-
ly at passing experience, know-how and new solutions by profes-
sionals in the field of concrete engineering who mainly work in
central Europe.

This year’s congress, which was hosted by the Ceskd Betonaisk4
Spole¢nost, was held in Aldis congress centre in Hradec Kralové.
The main congress topic was the CONCRETE STRUCTURES
FOR TRAFFIC NETWORK. The major part of the programme
was therefore dedicated to bridges and also to tunnel structures.
Foreign contributions brought information for instance on the Wie-
nerwald Tunnel, Leipzig city tunnel and Vienna metro in Austria
and the Veliki Glozac and Zaranac tunnels in Croatia. Czech con-

Obr. 1 Velerni setkdni ucastniku kongresu se konalo v prostordch &astolovic-
kého zamku
Fig. 1 The evening gala dinner was held at the Castolovice castle

struction was represented by the New Connection tunnels in Pra- (Ceskd republika, Rakousko, Madarsko, oChorvatsko) md jako
gue, the Libouchec tunnel, Hnévkov II tunnel, Valik tunnel and the hlavni cil preddvdni zkuSenosti, poznatkii a novych feSeni od
project of the railway tunnel between Prague and Beroun. odborniku z oboru betonového stavitelstvi pusobicich predevsim
ve sttedni Evropé. Jednacim jazykem v3ech kongresu byla ustave-

Jiz podruhé od svého vzniku v roce 2004 a poprvé v Ceské na angli¢tina. Leto$ni kongres porddany Ceskou betonafskou spo-
republice se ve dnech 20. a 21. zaf{ konal Stfedoevropsky betonar- le¢nosti v kongresovém centru Aldis v Hradci Krdlové mél jako

sky kongres (Central European Congress on Concrete Enginee- hlavni téma BETONOVE KONSTRUKCE PRO DOPRAVNI
ring). Spole&ny projekt Ctyf zaklddajicich stdta této iniciativy INFRASTRUKTURU (Concrete Structures for Traffic Network).




Velkd Cdst programu tak kromé mosti byla vénovédna i stavbdm
tunelovym. Zahrani¢ni prispévky pfinesly informace zejména
o stavbdach Wienerwaldtunnel, Leipzig city tunnel a Vienna metro
v Rakousku a o tunelech Veliki Glozac a Zaranac v Chorvatsku.
Ceské stavby byly zastoupeny tunely Nového spojeni v Praze,
tunelem Libouchec, tunelem Hnévkovsky II, tunelem Valik a pro-
jektem Zelezniéniho tunelu mezi Prahou a Berounem. Obsah téch-
to prispévku s hlavnim zfetelem na betonové konstrukce a jejich
provadéni potom doplnovaly pfispévky z teoretické a experimen-
talni roviny.

Prostor vénovany tunelovym stavbam na této betonéarské konfe-
renci dokazuje, jak se obor podzemniho stavitelstvi prolind s obo-
rem stavitelstvi betonového. Vyuziti betonu v podzemnim stavitel-
stvi ma své nenahraditelné misto a spolu se sou¢asnym rozvojem
tunelovych staveb tak potvrzuje své vyznamné misto vedle dopo-
sud v ,betonafiné* dominantnich staveb mostu. Dal3i vyvoj proto

KONFERENCE ,GEOTECHNIKA 2006
CONFERENCE ,GEOTECHNIKA 2006

The 11th international conference Geotechnika 2006, which was
organised by the Faculty of Civil Engineering of the VSB-TU
Ostrava (the Mining University in Ostrava) and the BERG Faculty
of the Technical University in KoSice, was held on 20th — 22nd Sep-
tember 2006 in Strbské Pleso in the High Tatras, Slovakia. The
Geotechnika 2006 conference programme was divided into two
circuits of topics. The first circuit dealt with geotechnical problems
of underground, civil engineering, road/railway and water resour-
ces construction; the other circuit was focused on the issues of geo-
technics for underground construction.

The 55 papers published in the conference proceedings and over
40 papers presented directly during the conference sessions, are
the evidence of continuing interest in this conference.

Ve dnech 20. — 22. 9. 2006 probéhla na Strbském Plese ve Vyso-
kych Tatrdch 11. mezindrodni konference Geotechnika 2006, orga-
nizovand Fakultou stavebni VSB-TU Ostrava a Fakultou BERG
Technické univerzity v KoSicich. Na pripravé konference dile
vyznamné spolupracovaly Politechnika Slaska v Gliwicich, Kated-
ra geotechniky Stavebni fakulty STU v Bratislavé, Ustav geotech-
niky Fakulty stavebni VUT v Brn&, Ustav geoniky AV CR v Ostra-
vé, Ustav geotechniky SAV v Kogicich a Stavebni geologie-Geo-
technika, a. s. Organizacni zajisténi konference prevzala jiz tra-
di¢né agentura Orgware Stupava.

Tradice konferenci Geotechnika — Geotechnics byla zaloZena
v roce 1994 pracovniky a katedrami geotechniky tehdejSich hor-
nickych fakult VSB v Ostravé, TU v Kosicich a PS v Gliwicich
a cilem téchto konferenci bylo ukdzat vysledky a smér rozvoje
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musi hledat spole¢né cile vedouci k vytvoreni bezpecnéjsich, eko-
nomictejSich a uzivatelsky vyhodnéjSich betonovych konstrukci
tunelu a podzemnich staveb v jejich specifickych podminkéch.
Hostitelskou zemi CCC 2007 bude Madarsko. Hlavnim tématem
kongresu ve Visegriadu bude INOVATIVNI MATERIALY
A TECHNOLOGIE PRO BETONOVE KONSTRUKCE (Innovati-
ve Materials and Technologies for Concrete Structures). Predpo-
kldddme, Ze i zde bude dén prispévkum z oboru podzemnich
staveb odpovidajici prostor. Proto si dovolujeme vés pozvat k pri-
hldseni prispévku i na tento kongres. Termin podéni abstraktu byl

stanoven na 30. 3. 2007. Podrobnéjsi informace jsou uvedeny na
www.fib.bme hu/ccc2007.

ING. PAVEL SOUREK, pavel sourek@satra.cz, SATRA, s. 1. 0.
PROF. ING. JAN L. VITEK, CSc., vitek@metrostav.cz,
METROSTAV a. s.

geotechnickych disciplin na téchto fakultdch, které v té€ dobé zaca-
ly prochdzet velmi sloZitym obdobim své transformace, kdy
zejména v Ceské a Slovenské republice se hornictvi zaalo dosté-
vat na okraj zdjmu jak prumyslu, tak odborné vefejnosti. Katedry
geotechniky, které v této oblasti dlouhodobé pracovaly, byly proto
nuceny jak v odborné, tak vyukové a védeckovyzkumné Cinnosti
presunout své aktivity zejména do oblasti podzemniho stavitelstvi
a do nékterych dalsich oblasti geotechnického inZenyrstvi, ve kte-
rych mély vybudovdno persondlni i odborné zazemi. Diky spolu-
prici s vye uvedenymi katedrami stavebnich fakult v CR a SR se
tato transformace tspesné realizovala.

Program konference Geotechnika 2006 byl koncipovan do dvou
tematickych okruhu:

B Geotechnické problémy podzemnich, inzenyrskych, doprav-

nich a vodohospodarskych staveb.

m Aktudlni problémy geotechniky podzemnich staveb.

O trvalém zdjmu o tuto konferenci svéd&i i 55 prispévku publi-
kovanych ve sborniku a vice nez 40 piispévku prezentovanych na
samotném jednéni konference. Témata prispévkua potvrzuji, Ze spo-
luprace geotechniku z hornického prostiedi a geotechnika ze sta-
vebnich fakult nabyla zna¢ného rozsahu a stdle se rozviji. Kvalita
zpracovanych prispévku i zpusob jejich prezentace byly Gcastniky
konference vysoce hodnoceny. Stejné vysoké hodnoceni si zaslou-
Z{ i hlavni organizétori konference Ing. Nora Badikové a L. Micha-
lica z agentury Orgware.

Katedra geotechniky a podzemniho stavitelstvi
VSB-TU Ostrava, garant konference

SEMINAR ,POJISTNY SYSTEM FOLIOVYCH I1ZOLACI PODZEMNICH STAVEB"

THE SEMINAR “THE MEMBRANE WATERPROOFING

A discussion seminar titled The membrane waterproofing
safety system in underground construction (Lessons learnt from
mistakes, the system optimisation) was held under the auspices of
the Czech Tunnelling Committee ITA/AITES, Metrostav a. s.,
Minova Bohemia s. r. 0. and Matteo s. r. 0. The safety system must
be understood as one of important components of closed waterp-
roofing systems for tunnels and also for cut and cover structures
built in difficult hydrogeological conditions.

Pod zastitou Ceského tuneldiského komitétu ITA-ITES a firem
Metrostav a. s, Minova Bohemia s. r. 0. a Matteo s. r. 0., se dne
14. 9. 2006 uskute¢nil diskusni semindf pod ndzvem Pojistny
systém foliovych izolaci podzemnich staveb (Pouceni z chyb,
optimalizace systému). Pojistny systém je nutné chépat jako jednu
z dulezitych soucdsti celoprofilovych hydroizolaénich systému
pro tunely a také pro hloubené stavby provadéné ve slozitych hyd-
rogeologickych podminkéch.

SAFETY SYSTEM IN UNDERGROUND CONSTRUCTION"

V dvodnim referdtu sezndmil Ing. Jani¢ek ze spole¢nosti Mino-
va s. r. 0. UCastniky semindre s jeho programem. Ing. Tokar z firmy
Dektrade na zdkladé firemnich dlouholetych zkusenosti zduraznil
ve svém prispévku nutnost aplikace pojistného systému vcetné
jeho aktivace.

Ing. Matzner z firmy Matteo s. r. 0. v nésledujicim pripévku na
nekolika prikladech poukdazal na vady pri provddéni a doporucil
pouZivani pojistného systému. Jaroslav Simek, specialista hydro-
izolaénich praci ze spoleCnosti Metrostav a. s., podrobné hovoril
o problematice hydroizolaci a o pojistném systému.

JelikoZ podle ndzoru pritomnych je nutné diskutovat i o dal§ich
tématech (od vodostavebného betonu az ke strikanym izolacim),
uvazuji organizdtori semindfe o ustaveni pracovni skupiny
.Hydroizolace‘ pri CTuK ITA/AITES.

ING. MILOSLAV NOVO?‘NY,
ita-aites @metrostav.cz, sekretir CTuK
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA (STAV K 16. 10. 2006)
TUNEL VALIK

Den otevreni tunelu, 5. fijna 2006, byl svitkem vSech, kdo se podi-
leli na vystavbeé celého délni¢niho tseku, od investora a projektantu az
po realizdtory a stdtni spravu. Podékovéni vSem ziastnénym na
vystavbeé se dostalo od premiéra ¢eské vlddy Ing. M. Topoldnka, ktery
pii oficidlnim zahéjeni prestrihl startovni pdsku. V nasi fotografické
reportdzi priblizujeme &tendfim atmosféru slavnostniho dne i stavu
tunelu v dobé pred zahdjenim dopravy. Nésledujiciho dne doslo na dédl-
ni¢nim obchvatu Plzné zprovoznénim celého 3,5 km dlouhého tseku
zahrnujiciho tunel Valik k historickému propojeni Ceské a némecké
ddlni¢ni sité. Délnice D5 dnes spojuje v délce 151 km Prahu s némec-
kymi hranicemi u Rozvadova. Posledni dsek s dlouho diskutovanym
380 m dlouhym tunelem Valik byl klicovym mistem vystavby. Jedna
se o prvni zprovoznény razeny dilniéni tunel v Ceské republice. Dilo
vyhovuje evropskym bezpecnostnim standardim a spliuje ndro¢nd
ekologickd hlediska.

METRO IVC2

Na tseku razenych tunelt odd. 13 byly dokonceny préce na kolejo-
vych betonech a ocelovych konstrukcich pro vedeni kabelu. V soucasné
dobg je provddéna poklddka kolejového svrsku. V misté napojeni pii-
stupové $toly je instalovéno bednéni pro betondZ boku tratového tunelu.

NOVE SPOJENI - VITKOVSKE TUNELY

Na jiznim Vitkovském tunelu probihd betondZ zakladovych pasu.
Od vychodniho portélu se zapocalo s poklddkou mezilehlé izolace a
v nejblizsi dobé zapo¢ne v proudu také osazovani armatury definitiv-
niho osténi. Na zdpadnim portdlu se provddi betondZ hloubeného
dseku tunelu. V severnim tunelu se provadéji profilace a Gpravy povr-
chu pod mezilehlou izolaci. U vychodniho portélu se v tiseku se zhor-
Senou kvalitou horninového masivu betonuje protiklenba.

TUNEL PANENSKA

Na severnim portdlu probihd zahumusovéni a vysadba stromku.
Byla dokonc¢ena betonaz vozovek v obou tunelech a chodnik v pravém
tunelu. Pred jiznim portdlem se provadi hutnéni podkladnich vozov-
kovych vrstev. Kompletni technologické vybaveni tuneli Panenské a
Libouchec bude pripraveno ke zkouskdm k 31. 10. 2006.

TUNEL LIBOUCHEC

V pravém tunelu se dokoncuji ndtéry vrchliku v hloubenych a raze-
nych usecich. Provad{ se zdsyp na jiZznim portdlu a buduji se gabiono-
vé konstrukce. Predpoklddd se, Ze tunel Libouchec a Panenskd bude
uveden do provozu tésné pred Vanocemi tohoto roku.

TUNEL KLIMKOVICE

V tunelu A bylo vybetonovéno 49 dvanactimetrovych past defini-
tivniho osténi od brnénského portdlu. Od ostravského portédlu pribylo
dalgich 8 past uzavieného monolitického osténi. Pfed timto portdlem
se zalind budovat provozné-technologicky objekt. V razeném tdseku
tunelu B bylo od ostravského portédlu vybetonovéno dal§ich 56 pasu
osténi. Pred vlastnim portdlem je zcela dokoncen hloubeny dsek a pro-
vadi se jeho zasypdvani.

TUNEL BREZNO

Z vyjezdového portdlu se razi jednokolejny tunel sekvenéni meto-
dou. K datu sepséni aktuality chybi k Sachté dnikového vychodu vyra-
zit v kaloté posledni 3 m. Ze strany vjezdového portdlu je tunel dora-
Zen do unikové Sachty. Na obou tdsecich od Sachty probihd betondZ
uzavreného definitivniho osténi. Od vjezdového portélu je dokonceno
celkem 760 m a od vyjezdového pak 619 m z celkové délky 1758 m
hloubenych a razenych tseku Zelezni¢niho tunelu. Hloubeny dsek
délky 249 m u vyjezdového portilu je jiz z 85 % zasypan. U vjezdo-
vého portdlu se betonuje hloubeny usek v délce 31 m. .

ING. PAVEL POLAK, polak@metrostav.cz (CTuK)

THE CZECH REPUBLIC (AS OF 16™ OCTOBER 2006)
THE VALIK TUNNEL

The tunnel inauguration day, the 5t October 2006, was a festive occasion
for all of those who had participated in the construction of the entire motor-
way section, from representatives of the employer and designer, through con-
tractor’s employees to the government offices. All of them were thanked by
Ing. M. Topolanek, the Czech Prime Minister, who cut the tape during the
official opening. Our picture report tries to give the readers an idea of the
atmosphere of this special day and the condition of the tunnel just before the
opening of the tunnel for traffic. Next day, the entire length of the 3.5km-long
motorway section bypassing the city of Plzen, which contains the Valik tun-
nel, was brought into service, thus the historic event of interconnecting the
Czech and German motorway networks took place. At present, the 151km-
long D5 motorway connects Prague with the German border at Rozvadov.
The last section, containing the long time disputed 380m-long Valik tunnel,
was a critical point of the project. The tunnel complies with European safety
standards and meets the demanding environmental criteria.

METRO IVC2

Trackbed concrete casting and installation of cable support steelwork were
completed in the running tunnels of construction lot No. 13. The trackwork
installation is currently in progress. Formwork for the casting of the side-wall
of the running tunnel is being erected at the connection of the access adit.

THE NEW CONNECTION — THE VITKOV TUNNELS

Strip foundation is being cast in the southern Vitkov tunnel. The installa-
tion of the intermediate waterproofing system started from the eastern por-
tal; the flow of operations will continue soon by the placement of the rein-
forcement of the final lining. The casting of the cut-and-cover tunnel struc-
tures is in progress at the western portal. Profiling and finishing of the sub-
strate under the intermediate waterproofing layers is being carried out in the
northern tunnel. The invert casting takes place at the eastern portal, in a sec-
tion where the rock mass quality is deteriorated.

THE PANENSKA TUNNEL

Soiling and planting is carried out at the northern portal. Casting of the conc-
rete roadways has been completed in both tunnel tubes, the walkway casting
has been finished in the right tunnel tube. Roadway base layers are being com-
pacted in front of the southern portal. The complete tunnel equipment of the
Panenskd and Libouchec tunnels will be prepared for testing by 31.10.2006.

THE LIBOUCHEC TUNNEL

The coating of the vault is being finished in the cut-and-cover and mined
sections of the right tunnel tube. The southern portal is being backfilled and
gabion structures are being erected at this portal. The inauguration of the
Libouches and Panenskd tunnels is expected to be held just before the
Christmas 2006.

THE KLIMKOVICE TUNNEL

Forty nine 12m-long blocks of the final lining have been completed in the
A-tube from the Brno portal. Other eight blocks of the closed cast-in-situ lining
have been added from the Ostrava portal. The construction of the service building
has started in front of this portal. The mined section of the tunnel tube B has other
56 blocks of the lining completed (from the Ostrava portal). The cut-and-cover
section adjacent to the Ostrava portal has been completed and is being backfilled.

THE BREZNO TUNNEL

The single-track tunnel is being driven from the exit portal using the sequ-
ential method. As of the date of writing this news, last 3m of the tunnel exca-
vation remained to be driven to arrive to the escape shaft. The excavation from
the entrance portal has arrived at the escape shaft. The closed final lining is
being cast in both sections of the tunnel (on both sides of the shaft). Of the
overall length of the mined and cut-and-cover sections of the railway tunnel,
a length of 760m has been completed from the entrance portal and 619m from
the exit portal. The 249m-long section of the cut-and-cover tunnel at the exit
portal is being backfilled, 85% of the backfill has been finished. A 31m-long
section of the cut-and-cover tunnel is being cast at the entrance portal.

ING. PAVEL POLAK, polak@metrostav.cz (CTuK)
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FOTOREPORTAZ Z OTEVRENI DALNICNIHO TUNELU VALIK NA OBCHVATU PLZNE NA DALNICE D5
THE PICTURE REPORT OF THE INAUGURATION OF THE VALIK TUNNEL ON THE D5 MOTORWAY BYPASS OF PLZEN
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Obr. 1 Dokoncovaci prdce u prazského portdlu Obr. 2 Rozvadovsky portdl pred otevienim tunelu
Fig. I Finishing work at the Prague portal Fig. 2 The Rozvadov portal before the tunnel inauguration

Obr. 3 Tunel s technologickym vybavenim
Fig. 3 The tunnel with the equipment

Obr. 5 Nouzové osvétleni a luminiscenéni pdsky u skrine SOS Obr. 6 Dispecink rizeni provozu ve Svojkovicich
Fig. 5 Emergency lighting and luminescent stripes at the SOS box Fig. 6 The traffic control centre in Svojkovice

Obr. 7 Slavnostni otevieni provozu ddlniéniho tunelu Valik — predseda viddy
Ceské republiky Mirek Topoldnek a generdlni Feditel RSD Ing. Petr Laus-
man pri prestriZeni pdsky

Fig. 7 The inauguration of the Valik motorway tunnel — Mirek Topoldnek, the
Prime Minister of the Czech Republic, and Ing. Petr LauSman, general direc-
tor of the Directorate of Roads and Motorways, cutting the tape.

Obr. 8 Letecky pohled na rozvadovsky portdl po uvedeni tunelu Valik do provozu
Fig. 8 An aerial view of the Rozvadov portal after the Valik tunnel opening to traffic
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SLOVENSKA REPUBLIKA
TUNEL SITINA

V oktébri 2006 su na 1,5 km dlhom tuneli Sitina na dseku dialnice
D1 v Bratislave ukon¢ené montdze hlavného a poziarneho osvetlenia,
montuje sa vzduchotechnika v portdlovych objektoch, ukoncend je
inStdldcia napdjacich kablov (priblizne 235 km) a premenlivého
dopravného znacenia v tuneli. V rdmci stavebnych pric po vykonani
funk¢nej skusky poziarneho vodovodu prebiehaji uz len dokoncova-
cie prace na zdsypoch portdlov a armovanych svahoch. V predportdlo-
vych tsekoch bola uskutonend betondz vozovky s cementobeténo-
vym krytom. Predpokladanym terminom uvedenia tunela a celého dia-
Ini¢ného tseku do prevadzky zostdva jar roku 2007.

TUNEL BORIK

V priebehu letnych a jesennych mesiacov roku 2006 prebiehali prace
na zapadnom i vychodnom portdli dialnicného tunela Borik dlzky
999 m, ktory je sticastou podtatranského tseku dialnice D1 Mengusov-
ce — Janovce dlzky 8 km v blizkosti mesta Svit. Hrubé terénne tpravy
vratane paziacich konStrukcif a kotevnych prvkov su takmer ukoncené,
na oboch portdlovych stendch uz boli realizované mikropilotové dazd-
niky. Razenie tunelovych rir by malo zacat’ eSte v tomto roku razenim
krétkych dsekov pilierovej §tdlne od oboch portédlov.

STOLNA POLANA

Na stavbe prieskumne;j §tolne diiky 840 m pre dialni¢ny tunel Pola-
na prebiehajui v sicasnosti pripravné prace na portdli, ktoré by mali
umoznit’ eSte v tomto roku zaciatok razenia $tolne. Tunel Polana na
dseku dialnice D3 Svr¢inovec — Skalité bude mat jednu riru s oboj-
smernou premdvkou. Prieskumnd §télna bude razend v profile druhej,
budicej tunelovej riry, pricom bude stavebne a technologicky uprave-
nd na funkciu unikovej cesty a pristupovej komunikdcie. Vystavba
tunela by mala zacat’v roku 2008.

ING. MILOSLAV FRANKOVSKY,
[frankovsky@terraprojekt.sk (STA)

Obr. 1 Pohlud na juzny portdl tunela Sitina
Fig. 1 A view of the southern portal of the Sitina tunnel
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THE SLOVAK REPUBLIC
THE SITINA TUNNEL

The installation of the main lighting and fire lighting has been comple-
ted, the ventilation system is being installed in the portal sections, the
installation of power supply cables (approximately 235km) and the vari-
able traffic signs in the tunnel was finished in October 2006 at the 1.5km-
long tunnel construction on the D1 section in Bratislava. The building
work carried out after the completion of the operation test of the fire main
consists only of finishing of the backfill of the portals and reinforced slo-
pes. The casting of the concrete pavement of the road has been carried out
in the pre-portal sections. The tunnel inauguration and opening of the enti-
re motorway section to traffic is planned for the spring of 2007.

THE BORIK TUNNEL

The summer and autumn months of the year 2006 saw the work car-
ried out on the western and eastern portal of the 999m-long Borik tun-
nel, which is part of the 8km-long D1 motorway section between Men-
gusovce and Jdnovce running along the Tatras mountain range, near
the town of Svit. General ground shaping including bracing structures
and anchoring have nearly been finished; micropile umbrellas have
already been installed at both portal walls. The excavation of both tun-
nel tubes should start this year by the excavation of short sections of
the pillar gallery from both portals.

THE POLANA GALLERY

The preliminary work on the portal of the 840m-long exploration
gallery for the Polana motorway tunnel is currently in progress. It
should allow the driving of the gallery to start this year. The Polana
tunnel on the Svr¢inovec — Skalité section of the D3 motorway will be
a single-tube bi-directional tunnel. The cross section of the explorati-
on gallery will be contained inside the cross section of the second tun-
nel tube to be built in the future. Its structure and equipment are desig-
ned to allow the gallery to be used as the escape route and access road.
The commencement of the tunnel construction is planned for 2008.

ING. MILOSLAV FRANKOVSKY,
frankovsky@terraprojekt.sk (STA)

Obr. 2 Prdce na vychodnom portdli tunela Borik
Fig.2 The work on the eastern portal of the Borik tunnel

ZPRAVODAIJSTVI CESKEHO TUNELARSKEHO KOMITETU ITA/AITES
CZECH TUNNELLING COMMITTEE ITA/AITES REPORTS
www.ita-aites.cz

INFORMACE O STAVU PRIPRAVY ITA/AITES WTC 2007
INFORMATION ON THE STATUS OF PREPARATION OF THE ITA/AITES WTC 2007

The congress preparation phase is culminating. Our web page alrea-
dy contains the Registration Forms for regular participants, accompany-
ing persons and young participants, as well as the Accommodation
Form and Tour and Social Events Form. We would like to note that the
number of participants in some social events is limited by the capacity
of the halls where they will be held (the Czech Philharmonic Orchestra
concert and the Welcome Reception at Prague Castle) and the tickets
will be provided on a first-come, first-served basis. The process of
collecting applications for reservation from exhibitors is also underway;

the stands will be allotted also according to the order of the submitted
applications and executed contracts.

The Scientific Council decided in November 2006 that the submitted
papers would be published in the Congress Proceedings and, subsequ-
ently, the Council, in collaboration with co-chairmen of individual sec-
tions who were nominated to these functions by the ITA Executive,
would select the papers which will be presented orally. This fact will be
communicated to the relevant authors. The other authors will be offered
a possibility of the presentation through posters. It must be noted that




the number of papers delivered to the address of the Czech Tunnelling
Committee has reached nearly 300. This number ranks the contents of
the WTC 2007 among the most extensive in the history of the
ITA/AITES World Congresses in terms of the professional interest.

Zavér letosniho roku je dal$im vyznamnym meznikem, jelikoZ pri-
prava kongresu vstupuje do vrcholné faze. Organizacéni vybor zpracové-
vd a na webovych strankdch www.wtc2007.org se postupné objevuji
podrobné ndplné vSech kongresovych akci a prihlasovaci formuldre
véetné toho zdkladniho — registra¢niho formuldre rddného ucastnika. Na
moznost prihldSent jiZ v leto§nim roce zv1asté upozornujeme, nebot je to
spojeno s nezanedbatelnym finanénim zvyhodnénim a prednostnim
zajisténim ulasti na nejatraktivnéjSich spolecenskych akcich, kde je
poCet osob limitovan kapacitou salti, v nichZ jsou poradany. Jde o kon-
cert Ceské filharmonie v Rudolfinu a galavecCer na Prazském hrade.

Kulminuje prijfmani a kontrola piispévkua do sborniku konference. Je tieba
konstatovat, ze v terminu pldnované uzdvérky prijiméni prispévka, tedy
30. zari 2006, situace nebyla zdaleka uspokojivd, ponévadZz v porovnéni
s po¢tem prihldSengch abstraktil (temer 400) jich byla na adresu sekretaridtu
CTuK dorugena neceld tietina a prltom sotva polovina autort dokdzala ,,na
prvni pokus® splnit velmi precizné formulované pozadavky nakladatelstvi
BALKEMA. Byli jsme si védomi, Ze dspéch kongresu stoji a padd s po¢tem
akvalitou odbornych referatu, a proto ¢lenové a spolupracovnici védecké rady
i organiza¢niho vyboru kongresu nelitovali Gsili, aby autoram pomohli preko-
nat celou fadu technickych i formalnich problému spojenych s vypracovanim
prispévki a jejich zaslanim. Z téhoZ divodu jsme také kontaktovali zdstupce
nakladatelstvi BALKEMA, ktef{ ndm vysli vstric jak terminové, tak technicky.
A7 budete Cist tyto fadky, bude jiZ z naSich webovych strének zfejmé, nakolik
byly tyto aktivity korunovany dspéchem. Véfime, Ze sbornik prispévku WTC
2007 bude v dosavadni historii kongrest ITA patiit k nejobsahlej$im a svoji
odbornou i formalni{ drovni uspokoj i ty nejnarocnéj St ucasmiky

Jsme presvedcenl ze Vysokou formdlni i obsahovou trovni se bude
vyznalovat i piipravovana publikace ,,Podzemni stavitelstvi v CR*, kte-
rou obdrZz{ vSichni U¢astnici kongresu.

Do konce roku se pak védeckd rada musi vyporadat se svym hlavnim tiko-
lem — posoudit odbornou kvalitu jednotlivych piispévku a vybrat a doporucit

PRACOVNI SHROMAZDENI CTUK ITA/AITES
THE CTUC ITA/AITES WORKING SESSION

A working session of the Czech Tunnelling Committee ITA/AITES
was held in Boby Centrum in Brno on Wednesday, 15 November 2006.
The organisation of the session was undertaken by two Brno-based
companies: POYRY ENVIRONMENT a. s. and AMBERG ENGI-
NEERING BRNO a. s. The following main topics of the meeting were
discussed:

- the current state of the WTC 2007 preparation and the next work,

- the report on the CTuC activities since the General Assembly which

was held in May 2006,

- information on the content of the web pages (www.ita-aites.cz and

www.wtc2007.o0rg),

- information on the activities of the the CTuC working groups and

the WG ITA/AITES.

Presentations of the organising companies and an afternoon excursi-
on to the Brno underground utilities followed.

V brnénském Boby Centru se konalo ve stfedu 15. listopadu 2006
pracovni shromazdéni Ceského tuneldiského komitétu ITA/AITES.
Jeho zajisténi se spole¢né ujaly dvé brnénské firmy — POYRY
ENVIRONMENT, a. s., a AMBERG ENGINEERING BRNO, a. s.

Jednani zah4jil v zastoupem’ predsedy CTuK prof. Ing. Jifi Bartdk,
DrSc., ktery nejprve omluvil nepfitomnost predsedy Ing. Ivana Hrdiny,
ktery musel z pracovnich divodu odcestovat do zahrani¢i. V kratkém
vystoupeni pak pozdravil tc¢astniky generdlni feditel Péyry Envinron-
ment, a. s., Ing. Pavel Kutélek.
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k ustni prezentaci ty, které povazuje za nejlepsi. V této souvislosti vitdme
nabidku STA ke spolupraci, nebot’ mnoZstvi prispévku a ¢as vymezeny pro
jejich studium je relativné velmi kratky. Definitivni rozhodnuti o néplni a roz-
sahu prezentaci padne samoziejmé po dohod€ se zéstupci ITA, kter{ byli exe-
kutivou ITA jako spolupredsedajici do jednotlivych odbornych sekci nomino-
vani. V tomto okamZiku predpokldddme, Ze prezentace budou probihat ve
trech prednéskovych sélech soucasné, coz by v prubéhu tif hlavnich kongreso-
vych dni umoZnilo vystoupit émér stovce prednésejicich (kromé prednédseji-
cich v rdmci Keynote Lecture a Open Session). Mimo to se pocitd rovnéz
s firemnimi prezentacemi v prostordch vystavy a vSem, ktefi nebudou vyzvéni
k dstni prezentaci svého prispévku, bude nabidnuta moZnosti seznédmit s nim
podrobnéji ostatn{ d¢astniky v posterove sekei.

Kongres a jeho doprovodné akce jsou také mistem pro prezentaci firem
a organizaci, jejichZ aktivity jsou zaméreny na podzemni stavby, na skute¢né
svétovém tuneldrském féru. Pro zahrani¢ni firmy je to samozfejmosti
a s celou fadou z nich jiz byly uzavreny prislusné smlouvy. Je potéSujict, Ze
nékolik vyznamnych ceskych a slovenskych firem jiz také projevilo zdjem
0 Ucast na vystave, o sponzoring a inzerci v prostordch Kongresového centra
i v kongresovych tiskovindch (3. bulletin, mimoradné &islo Casopisu Tunel
a pod.). Porddéni svétového tuneldiského kongresu na doméci pudé by mélo
vyburcovat i vSechny ostatni. Spojent této zcela mimoradné prileZitosti ke své
propagaci s podporou akce, o jejiz poradani se bezispesné uchdzely takové
tuneldrské velmoci, jako je Rakousko a Velkd Britdnie, ur€it¢ pozvedne pres-
tiz Ceského a slovenského podzemniho stavitelstvi, a tim prispéje k dalSimu
rozvoji a ekonomickému dspéchu nasich firem doma i v zahranici.

Cely prubéh piipravy je prabéZné konzultovan s generdlnim sekretdfem
ITA p. Claude Berenguierem, ktery nds koncem zdff t. r. opét navstivil.
PotéSilo nds, Ze se stavem piipravy vyjadril spokojenost. Dne 24. listopa-
du 2006 se konalo vyro¢ni zaseddni organiza¢niho vyboru, na kterém byl
stav pfiprav podrobné diskutovan a vyhodnocen. Informaci z tohoto zase-
dén{ naleznete na webovych strankdch CTuK www.ita-aites.cz.

ING. GEORGIJ ROMANCOY, CSc.,
predseda organizacniho vyboru WIC 2007
PROF. ING. Jifi BARTAK, DrSc.,
predseda vedecké rady WTC 2007, office-wtc2007 @metroprojekt.cz

Hlavnim bodem zpravy predsedy CTuK, kterou prednesl prof. Bar-
tdk, byla priprava kongresu WTC 2007, ddle informace o casopise
Tunel, o edi¢nf ¢innosti CTuK a o podpore vzdélavacich akei. V zavéru
zprdvy o cinnosti CTuK prof Bartdk zduraznil, Ze porddani kongresu
WTC v Ceské republlce je mimoradna udalost, kterd se bude opakovat
asi ne dfive nez opét po vice nez dvaceti letech, a proto by ji ¢lenové
CTuK méli vyuzit k hojné i¢asti svych pracovniki na kongresu a k pre-
zentaci svych firem.

Predseda OV WTC 2007 Ing. Georgij Romancov, CSc., v dal§im
bodé jedndni sezndmil pritomné predevsim se strukturou webovych
stranek kongresu, kde jiZ je i registra¢ni formuldf pro Gcast na kongre-
su a jeho doprovodnych akcich. Upozornil také na vyhody ,.early bird*
registrace. Prof. Bartdk jako predseda védecké rady kongresu informo-
val o stavu pifspévku, kterych jiz doslo 284, coz znamend, Ze sbornik
prazského kongresu bude v historii WTC nejobsahlejsi. Zminil se
i 0 stavu pFipravy reprezentaéni publikace ,,Podzemni stavitelstvi v CR*.

Ing. Libor Marik informoval o novinkdch na webovych strdnkdch
CTuK, z nich je nejdule21tejs1 vytvorfeni sekce pro diskusni férum.
Ing. Stanislav Sikora stru¢né komentoval oblast aktivity ITA WG i pra-
covnich skupin CTuK. V této souvislosti Vystoupll Ing JaniCek, feditel
firmy Minova Bohemia, s. 1. 0., a informoval o zdméru vytvofit v CTuK
pracovni skupinu ,,Hydrmzolace tunelu“.

Po zajimavych prezentacich firem Poyry Environment, a. s., a Amberg
Engineering Brno, a. s., probéhla exkurze na kolektory v historickém
centru Brna, pri které dcastniky doprovézel Ing. Véclav Torner.

Vice informaci o pracovnim shromézdéni 1ze najit na: www.ita-aites.cz.

ING. MILOSLAV NOVOTNY,
sekretdi CTuK ITA/AITES, ita-aites@metrostav.cz

SEMINAR ,ZPEVNOVANI, TESNENI A KOTVENI HORNINOVEHO MASIVU

A STAVEBNICH KONSTRUKCI 2007

THE “STABILISATION, SEALING AND ANCHORING OF ROCK MASS AND CIVIL ENGINEERING

STRUCTURES 2007" SEMINAR

The Department of Geotechnics and Underground Engineering of the
Faculty of Civil Engineering of the VSB-TU Ostrava, in collaboration with
Minova Bohemia s.r.o. Ostrava, is organising the 12th annual international
seminar titled “Stabilisation, Sealing and Anchoring of Rock Mass and
Civil Engineering Structures 2007”. It will be held on 22d and 23rd Febru-
ary 2007 in the new aula of the VSB-TU Ostrava in Ostrava-Poruba. You
can send your enquiries and confirmations of interest in the participating

and submitting your papers through e-mails to: hana.sedlarova@vsb.cz by
8. 12.2006. The deadline for submitting the papers will be 12. 1. 2007.

Katedra geotechniky a podzemniho stavitelstvi Fakulty stavebni
VSB-TU Ostrava ve spoluprici s firmou Minova Bohemia, s. r. 0.,
Ostrava pripravuje 12. ro¢nik mezindrodniho semindre ,,Zpeviovani,
tésnéni a kotveni horninového masivu a stavebnich konstrukei 2007,
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ktery se uskutecni ve dnech 22. — 23. tinora 2007 v nové aule VSB-TU
Ostrava v Ostravé-Porubg.

Program semindie bude tradi¢né vénovan novym poznatkum z oblas-
ti materidlu a technologii pro kotveni, zpeviiovani a té€snéni hornin,
horninového masivu a stavebnich konstrukci a realizacim v hornictvi,
podzemnim a pozemnim stavitelstvi v roce 2006. Nové bude zarazena
problematika navrhovdni a realizace stabiliza¢nich opatfeni pri raZeni
podzemnich dél v zastavénych tzemich.

Organizdtori semindre vitaji jak zdjem o Gcast, tak zdjem o zpra-
covéni prispévku a vystoupeni na seminéfi. Se Zddosti o informace

TuNel

a potvrzenim zdjmu o ucast a zpracovani prispévku se obracejte
e-mailem na: hana.sedlarova@vsb.cz do 8. 12. 2006. Termin pro
zpracovani prispévku bude 12. 1. 2007.

Véfime, 7e téma semindre, které je dlouhodobé predmétem zdjmu
pracovnika v hornictvi a podzemnim stavitelstvi, i v pri§tim roce splni
vaSe oCekdvani. Organizdtofi semindfe opétovné pfipravi, tentokrdt
v novém prostiedi auly VSB-TU, jak kvalitni program, tak vytvori pii-
leZitost pro odborné, pracovni a obchodni setkdni tcastnikil semindre.

Katedra geotechniky a podzemniho stavitelstvi VSB-TU OSTRAVA

Minova Bohemia, s. r. o.

WORKSHOP ,ZAKLADY TUNELOVANI VE MESTECH", PRAHA, MASARYKOVA KOLEJ CVUT, 11. ZARI 2006
THE ,FUNDAMENTALS OF URBAN TUNNELLING“, PRAGUE, MASARYK COLLEGE OF THE CZECH
TECHNICAL UNIVERSITY, 11TH SEPTEMBER 2006“, TRAINING COURSE

The Organising Committee of the World Tunnel Congress WTC 2007
prepared the 1t annual training course “Fundamentals of Urban Tun-
nelling” for young engineers and doctoral students. The course was held
on the premises of the Masaryk College of the Czech Technical Univer-
sity in Prague-Dejvice; the organisers prepared a series of lectures on
the following topics:

1. Design of underground structures in developed areas

2. Engineering-geological and geotechnical survey for underground

structures in developed areas

3. Methods of tunnelling in towns

4. Concrete in underground construction

The lectures were mostly delivered in English, by prominent Czech
professionals (Ing. Martin Srb, Ing. Matou$ Hilar, Ph.D., RNDr. Lubo-
mir Klimek, CSc., Prof. Jan L. Vitek, CSc., Ing. Pavel Poldk). The cour-
se was attended by over 65 persons from construction and design
companies and universities.

The 2nd annual training course will be held before the commencement
of the WTC 2007, under the auspices of the ITA/AITES, on 4t and 5t
May, again in the Masaryk College in Prague-Dejvice. This pre-congress
training course will introduce the foremost world’s experts in the field of
urban tunnelling, who will present their papers informing the course atten-
dees on the latest knowledge and experience in this construction branch.

Information and application forms for this pre-congress course are
available on the web page www.wtc2007.org.

Organiza¢ni vybor svétového tuneldfského kongresu WTC 2007 pod
patronaci Ceského tuneldského komitétu ITA/AITES pripravil a 11. zai{
2006 realizoval 1. ro¢nik vyukového workshopu ,,Zdklady tunelovan{

v zastavénych tzemich“ pro mladé inZenyry a doktorandy. Workshop se
konal v prostoriach Masarykovy koleje CVUT v Praze-Dejvicich a orga-
nizdtoti pripravili sérii prednasek na téma:

1. Navrhovéni podzemnich konstrukei v zastavénych tizemich;

2. Inzenyrskogeologicky a geotechnicky pruzkum pro podzemni stav-

by v zastavénych tizemich;

3. Metody tunelovani ve méstech;

4. Beton v podzemnim stavitelstvi.

Prednasky probéhly vesmés v anglickém jazyce a podileli se na nich
prednf odbornici z CR (Ing. Martin Srb, Ing. Matous Hilar, Ph.D., RNDr.
Lubomir Klimek, CSc., Prof. Jan L. Vitek, CSc., Ing. Pavel Poldk).

Workshopu se zd€astnilo vice neZ 65 tcastnikl z prumyslu a vyso-
kych §kol. Uastnici obdrzeli prezentace vypracované prednésejicimi,
které mohou slouZit pro dalsf studium a vzdéldvéani. Snahou organizéto-
1t bylo predevsim ovéfit si zdjem mladé odborné vefejnosti v CR a SR
o tato témata a rovn€Zz jazykoveé pripravit u¢astniky workshopu na jeho
2. roénik, ktery se uskutedni v predveler svétového tuneldrského kon-
gresu WTC 2007 (4. — 5. 5. 2007) rovnéZ v Masarykové koleji CVUT
v Praze-Dejvicich.

Na tomto predkongresovém vzdélavacim workshopu vystoupi predni
svétovi odbornici v oblasti tunelovani ve méstech, ktefi v fadé svych
prednések sezndmi Gcastniky s nejmodernéjs§imi poznatky a zkuSenost-
mi z této oblasti.

Informace a prihldsky na tento predkongresovy workshop je mozno
ziskat na webovych strankdch www.wtc2007.org.

PROF. ING. JOSEF ALDORF, josef.aldorf@vsb.cz,
VSB-TU OSTRAVA

POZVANKA NA KONFERENCI K 25. VYROCI ZALOZENI USTAVU GEONIKY AV CR V OSTRAVE
INVITATION TO THE CONFERENCE HELD ON THE OCCASION OF THE FOUNDATION
OF THE INSTITUTE OF GEONICS OF THE ACADEMY OF SCIENCES OF THE CR IN OSTRAVA

A technical conference focused on geomechanics and geotechnics will be held on 23rd — 25th May 2007 at the Institute of Geonics of the Acade-
my of Sciences of the Czech Republic in Ostrava. The details will be published on www.ugn.cas.cz. The contact persons: Dr. Ing. Pavel Konecny
(konecpa@ugn.cas.cz) and Doc. Ing. Richard Snupérek, CSc, (snuparek@ugn.cas.cz).

Ve dnech 23. — 25. kvétna 2007 se bude konat na Ustavu geoniky AV CR v Ostravé odborné konference se zaméfenim na geomechaniku a geo-
techniku. Podrobnosti budou zvefejnény na www.ugn.cas.cz. Kontaktni osoby Dr. Ing. Pavel Koneény, (konecpa@ugn.cas.cz) a Doc.Ing.Richard

Stupiérek, CSc., (snuparek@ugn cas cz).

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE
SLOVAK TUNNELLING ASSOCIATION ITA/AITES REPORTS

www.sta-ita-aites.sk

KONFERENCIA ,PODZEMNE STAVEBNICTVO 2006 — BOJNICE*“ 1. = 3. OKTOBRA 2006
THE “UNDERGROUND CONSTRUCTION 2006 — BOJNICE“ CONFERENCE 1ST — 3RD OCTOBER 2006

The “Underground Construction 2006 conference was held in Boj-
nice at the beginning of October 2006. The programme structure and
its contents have become traditional since the first conference in 1996,
which was held in Prievidza. The conference is organized under this
title every 5 years. The co-organiser of the 2006 conference was the
National Motorway Association and the STA ITA/AITES. The confe-
rence was attended by 230 professionals active in the field of underg-

round construction, from employees of central administrative bodies,
through employers, designers, geologists, contractors, equipment and
material suppliers, technical and safety supervisors, rescue services to
operators of tunnels and other underground constructions.

Konferenciu rdmcovala oslava 55. vyrocia zaloZenia podniku Ban-
ské stavby Prievidza (ktory sa stal v roku 2005 ¢lenom nadnarodného




Obr. 1 Ing. Miroslav Beka, predseda predstavenstva a generdlny riaditel’spo-
lo¢nosti Skanska BS, pri prihovore
Fig. 1 Ing. Miroslav Beka, chairman of the board and CEO of Skanska BS

Obr. 3 Uéastnici exkurzie do Bane Novdiky
Fig. 3 Attendees of the excursion in the Novdky Mine

koncernu SKANSKA a od 1. janudra 2005 vystupuje pod menom
Skanska BS, a. s.). Do programu konferencie boli zaradené aj niekto-
ré dalSie akcie, a to roziirené zasadanie Komitétu STA s prizvanim
zdstupcov predsednictva CTuK a vyjazdné rokovanie redak&nej rady
casopisu Tunel. Miestom konferencie a Casti sprievodného programu
bolo Mestské kultirne a spolocenské centrum v Bojniciach, spolocen-
sky vecer sa uskutoc¢nil v priestoroch Bojnickeho zamku.

Struktira programu konferencie a jej obsahova naplii sa traduje od
prvej konferencie v roku 1996, ktord sa konala v Prievidzi. Pripo-
menme si, Ze pod tymto ndzvom sa konferencia organizuje kazdych
pat rokov. Spoluorganizatorom konferencie PS 2006 boli Narodna
dialhi¢na spolo¢nost' a STA ITA/AITES. Konferencie sa zicastnilo
230 odbornikov, ktori maju co do ¢inenia s podzemnym stavebnic-
tvom, pocinajic pracovnikmi tstrednych orgdnov, investorov, projek-
tantov, geologov, zhotovitelov, doddvatelov techniky a materidlov,
odborného a bezpe¢nostného dozoru, zdchrannych zborov az po pre-
vadzkovatelov tunelovych a inych podzemnych stavieb.

V tivodnom ceremonidli sa ucastnikom konferencie prihovorili:

@ Stitny tajomnik Ministerstva dopravy, pogt a telekomunikacii
SR Ing. Milan Moj8, ktory charakterizoval sicasnu situdciu roz-
ostavanosti a pripravy dalsich tunelovych stavieb na Slovensku.

@ Predseda STA Ing. Rébert Turansky, ktory okrem charakteristi-
ky sucasnosti podzemného stavebnictva na Slovensku vyzdvihol
aj historickd tlohu Banskych stavieb Prievidza vo vyvoji tohto
odvetvia.

@ Predseda CTuK Ing. Ivan Hrdina uviedol prehlad najndroénej-
§ich tunelovych stavieb v CR postavenych v neddvnej minulos-
ti, rozostavané stavby v suicasnosti, ako aj niektoré aktudlne pri-
pravované a ocCakdvané stavby v blizkej budicnosti. V jeho
vystipeni odznela aj informdcia o stave priprav WTC 2007
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Obr. 2 Pohl‘ad do sdlu na vcastniky konferencie
Fig. 2 A view in the conference hall

v Prahe a pozvanie slovenskych ucastnikov na tento kongres.

@ Zistupca Ndrodnej dialni¢nej spolonosti Ing. Dusan Sestdk zre-
kapituloval hlavné akcie sti¢asného programu tunelovych stavi-
eb na dialnicnej sieti SR.

® Generdlny riaditel' Slovenskej spravy ciest Ing. Peter Havrila
informoval o zdmeroch a potrebe tunelov aj na cestnych komu-
nikdciach niz8ich kategorii.

@ Predseda Pripravného vyboru konferencie Ing. Miroslav Beka,
predseda predstavenstva a generdlny riaditel’ spolocnosti Skanska
BS. V jeho prihovore zaznela rekapituldcia najdolezitejSich pod-
zemnych stavieb vybudovanych touto spolo¢nostou pocas pétdesi-
atrocnej historie, potreba Sirenia osvety o nevyhnutnosti a dolezi-
tosti podzemného stavebnictva, ako aj vyznam osobnych stretnuti
vyznamnych ,.hrdov** na poli podzemného stavebnictva.

Odborna Cast’konferencie odznela v rozsahu a Struktire avizovane;j
v predchddzajicom cisle ¢asopisu Tunel (€. 3/2006). Na konferencii
odznelo v Zivom vystiipeni 26 prispevkov, zbornik konferencie obsa-
huje celkom 51 prispevkov. Odborné prispevky a rovnako tak rokova-
nie konferencie boli roz¢lenené do Styroch tematickych okruhov:
V tematickom bloku InZiniersko-geologicky a geotechnicky prieskum
odzneli 3 prispevky. S najpocetnejSie obsadenou témou Projektovanie
a priprava stavieb vystiipilo 14 odbornikov. V bloku Realizécia a moni-
toring pocas vystavby prezentovalo svoje poznatky 6 ucastnikov.
Financie, rizikd a zmluvné podmienky prezentovali dvaja prednasate-
lia. Avizovany tematicky okruh Technické a bezpecnostné opatrenia sa
vypustil pre nezdujem potencidlnych autorov.

V prednesenych a v zborniku publikovanych prispevkov odzneli
viaceré vysledky a hodnotenia vo vSetkych Styroch tematickych okru-
hoch, ktoré sa daju oznacit ako aktudlny stav (,,state of the art™) tune-
larského odvetvia. Do istej miery sa z tohto hodnotenia dd v porovna-
ni s tym, ¢o odznelo na konferencidch v Poprade (v roku 1995) a pred
desiatimi rokmi v Prievidzi (1996), vyvodit' aj dosiahnuty pokrok po
prvom desatto¢i od zaciatku realizdcie stavby prvého dialhi¢ného
tunela na Slovensku.

Najdolezitejsie zmeny sa koncentrujui do oblasti pripravy a projek-
tovania podzemnych stavieb. Pokrok prirodzene nastal aj v technicke;j
oblasti a Ciastocne aj v legislative. Tou najddlezitejSou aj najvidite-
InejSou zmenou je to, Ze mdZeme byt praktickymi uZivatelmi viace-
rych diali¢nych tunelov tak v CR, ako aj v SR. (Za pozndmku bude
iste stdt’aj to, Ze v roku 1996 zdvideli mnohi ¢eski kolegovia Slovakom
vtedy vlddou SR deklarovany program tunelovych stavieb. Po roku
2000 sa situdcia obratila a zavist'sa presunula na slovensku stranu).

Vecny zdver a hodnotenie konferencie, ktoré organizatori zverili
Prof. Ing. Jifimu Bartdkovi, vyznelo pozitivne v tom zmysle, Ze velkd
organizatného vyboru konferencie Ing. Ivan Magdolen reagoval na
jeho ocenenie urovne konferencie replikou, Ze tam, kde je osobne
Prof. Bartik uc¢astnikom, nemdze ist’o ni¢ iné ako o dobri akciu.

Bonusom konferencie, venovanym tcastnikom konferencie spoloc-
nostou Skanska BS, bolo predstavenie muzikalu Na skle malované,
s ktorym vystupil divadelny stibor Novej scény z Bratislavy.

ING. JOZEF FRANKOVSKY,
¢len organizacného vyboru konferencie



