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Vazeni Citatelia,

v poslednej dobe som mala moZnost navstivit' niektoré eurdpske hlavné mestd — Prahu, VarSavu, Budapest'a Sofiu — nie ako bezny turista,
ale ako ,,tuneldr*. Projekty v realizdcii, ktoré som videla, rieili rovnaky problém, zlepsit'situdciu v doprave velkomesta vybudovanim doprav-
ného prepojenia pod povrchom zeme. Najvacsim zadosti¢inenim z mopch ciest bola sktisenost, ze Iudia, pracujici na tychto stavbach, mna
a mojich kolegov brali ako svojich. To ma naplna dobrym pocitom, Ze patrim medzi nich, skupinu technikov, ktori drZia spolu, aby bojovali
s prirodou, borili sa s mnoZstvom technickych, ekonomickych, ale aj spolo¢enskych problémov. Stdle nds spdja spolocny ciel' a tym je vystav-
ba diela, ktoré pomoze tisicom lud{ v ich kazdodennom Zivote. Hoci je prinos tohto diela neodskriepitelny, my, ktori jeho budovanim travi-
me dni, mesiace, ba aj roky, vi¢sinou zostdvame v anonymite. Nie raz je nase vnimanie verejnou mienkou potlacené vyhldseniami politikov,
ktorf si vSade na svete radi privlastnia tdspech.

Aby nasa kazdodennd prdca a snaZenie nezostali nepovSimnuté, aby aj verejnost’videla, Ze za pripravou a realizdciou tunelovych stavieb je
mnozstvo Iudi, odbornikov, ktori tiito pracu robia so srdcom, pretoZe inak sa to ani nedd, odstartovala Slovenska tunelarska asocidcia v oktdbri
tohto roku medidlnu kampan s heslom ,,Tunely st potrebné*. Pri jej priprave STA spolupracuje s profesiondlnou medidlnou poradkynou, ktord
po precitani niekolkych cisiel ndsho Casopisu zostala v ddive. Podla jej slov je nase periodikum vynikajici Casopis, ktory prindSa hutné
a kvalitné odborné informdcie, a z ktorého citit, Ze ho pripravuju Iudia, pre ktorych sa tunely stali celoZivotnou zdlubou.

Cislo, ktoré drzite v rukéch, je venované spolocnostlam GEOtest Brno a Basler Hofmann Slovensko. T4 prva sa pohybuje vo svete priesku-
mu, pripravy a sledovania realizdcie stavieb uz 50 rokov a jej skusenosti, ktoré prindsa v tomto Cisle, stoja za povSimnutie. T4 druhd uz 10 rokov
v nasich zemepisnych Sirkach presadzuje Svajciarske know-how s heslom ,,RieSenie pre spolo¢nost’a zZivotné prostredie. Myslienka nového
Zelezni¢ného koridoru v Ziirichu, ktord k realizdcii priviedli prdve pracovnici tejto firmy, je inSpirujica nielen z koncepcného, ale aj
z technického hladiska — vyrub s plochou 680 m? realizovany banskym spdsobom je naozaj raritou. Skdsenosti z vystavby dopravnych tunelov
prinasajd aj dalsie prispevky, ktoré prlbhzuju tunely Polana a Borik na Slovensku, ako aj ceské tunely, Slivenec, Klimkovice a tunely cez Ceské
stredohorie. Netradi¢nou témou v ¢isle je problém akademickej pripravy novych ¢lenov nasej tuneldrskej komunity na technickych univerzi-
tach v Ostrave a Prahe. Velmi podnetny je prispevok venovany moZnostiam pouzitia a vyhoddm nevystuzeného sekunddrneho ostenia tunelov.

Na zdver by som Vam rada popriala prijemné a inSpirujice chvile stravené pri ¢itani nasho Casopisu. ) )

ING. VIKTORIA CHOMOVA
¢lenka redakcnej rady

Dear readers,

Lately, I have used the opportunity to visit several European capitals — Prague, Warsaw, Budapest and Sophia — not as a common tourist but as a “tun-
neller”. The projects under way I saw solved the same problem - improving the traffic situation in a big city by developing traffic connections under the
ground surface. The greatest satisfaction I experienced during my journeys was the finding that the people who work on these projects took me and my
colleagues as their own kin. It has filled me with a positive feeling that I belong among them, forming a team of technicians who pull together with the
aim of combating nature, dealing with plentiful technical, economic and even societal problems. We have been unified by a common aim of implemen-
ting projects which will help thousands of people in their everyday lives. Despite the fact that the value of this effort is indisputable, we, who spend days,
months and even years constructing, mostly remain anonymous. On numerous occasions, the perception of our work by the public is suppressed by sta-
tements made by politicians, who are always apt to seize the success.

In October 2008, the Slovak Tunnelling Association kicked off a medial campaign using the slogan “Tunnels are needed”. The objective of the cam-
paign is to emphasise our everyday work and efforts, to let the public know that the preparation and implementation of tunnel constructions is the result
of the work of many people, professionals, who carry out their tasks with all their hearts, because no other way is possible. During the preparation of the
campaign, the STA has collaborated with a professional medial advisor. She was amazed when she read several issues of our magazine. In her words,
our periodical is an outstanding magazine, which provides concise, high quality technical information, and it is possible to feel from its content that it is
prepared by people for whom tunnels have become a lifelong fancy.

The issue you are reading is dedicated to the companies of GEOtest Brno and Basler Hofmann Slovakia. The former has been active in the world of
surveys, preparation and monitoring of implementation of constructions for 50 years. The experience it offers in this issue is remarkable. The latter has
been implementing Swiss know-how in our latitudes for 10 years, using the slogan “Solutions for the society and environment”. The idea of the new
Zurich Diameter Line, which was brought to the implementation phase by employees of this company, is inspiring not only from the conceptual point
of view, but also from the technical aspect — the excavated area of 680m? to be carried out by mining methods is a real rarity. Experience from the con-
struction of transport-related tunnels is also contained in other contributions, which outline the Polana and Borik tunnels in Slovakia and the Slivenec
and Klimkovice tunnels and tunnels passing across the Ceské Stredohof{ uplands in the Czech Republlc A non-traditional topic contained in this issue
is the academic preparation of new members of our tunnelling community at the Technical Universities in Ostrava and Prague. Another paper, which is
dedicated to possibilities and advantages of the use of unreinforced secondary lining of tunnels, is highly stimulating.

To conclude, I would like to wish you to spend pleasant and inspiring time reading our magazine.

ING. VIKTORIA CHOMOVA
a member of the Editorial Board
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40 LET EXISTENCE GEOTESTU BRNO,
ALE UZ 50 LET CINNOSTI PRO PODZEMNI STAVITELSTVI

Pro¢ tento matouci ndzev? GEOtest Brno, stejné jako ostatni organi-
zace pusobici mimo jiné i v oboru podzemniho stavitelstvi, prochézel
slozitym vyvojem. Slozitost ale nespoCivala v ndroCnosti feSenych
tkolu. K tém bylo vzdycky pristupovdno odpovédné a na vysoké
odborné trovni. Problémem bylo kam s podnikem, ktery fesil Sirokou
Skdlu odbornych otdzek, mimo jiné i inZenyrskogeologické
a geotechnické pruzkumy pro podzemni stavby. A tak byli pravni pred-
chudci riznych jmen zafazovani asto do kuriéznich organizacnich
struktur. Jméno GEOtest Brno, s pfidomkem nédrodni podnik, se popr-
vé objevilo v roce 1968. Podnik vznikl osamostatnénim brnénského
zdvodu narodniho podniku IGHP Zilina s celostatni ptisobnosti, ktery
se v souladu se svym ndzvem vénoval inZenyrskogeologickym
a hydrogeologickym prizkumum. I kdyZ zdénlivé se jednalo jen o dals{
organiza¢ni zmeénu, byl tento moment pro dalsi vyvoj podniku rozho-
dujici. Podnik ziskal ur¢itou samostatnost a uz od svého vzniku az do
soucasnosti je klicovym prvkem podnikové politiky komplexnost.
Rozhodnuti, zabyvat se na stejné odborné urovni Sirokou skdlou pro-
blému, se ukdzalo jako spravné. GEOtest Brno, nyni od roku 1992 akci-
ova spole¢nost, je jedinym z podniku vzniklych v 60. letech minulého
stoleti, ktery si svij komplexni odborny charakter trvale udrzoval
a stdle drzi.

Co znamenala a co znamend tato podnikovd koncepce pro podzemni
stavitelstvi? Odborni pracovnici GEOtestu Brno, a. s., jsou schopni
fesit problematiku prizkumu pro podzemni stavby v celé jejich §ifi. Od
tvodnich inZenyrskogeologickych a hydrogeologickych studii, pres
analyzy a progndzy vlivu dila na Zivotni prostredi, detailni geotechnic-
ké pruzkumy v&etné naro¢nych laboratornich a polnich zkousek az ke
sledovdni, dokumentovdni a usmérfiovdni postupu vystavby
a monitorovan{ nejriznéj$ich vlivu stavby a provozu podzemniho dila
na jeho okoli.

Tento odborné nepochybné spravny pristup je ale ovliviiovdn sou-
Casnou praxi. Podzemni dila jsou stdle rozsahlejsi, buduji se ve stdle
slozitéjsich pifrodnich podminkédch, naroky projektanti na poznani
vlastnosti prostiedi s rozvojem vypoletnich metod rostou, ochrané
Zivotniho prostredi je vénovdna stdle vétsi a veétsi pozornost. A tak se
komplex pruzkumnych, dokumentaénich a monitorovacich praci stdva
pro jediny podnik jen obtizné zvladnutelnym dkolem. A proto soucas-
né praxe sméfuje, podle mého nézoru, ke sprdvnému feseni. Mezi pod-
niky pusobicimi v oboru dochédzi k dohoddm o odborné spolupraci
a vytvareji se ucelovd sdruZeni pro zajisténi vSech fézi pripravy
a realizace podzemnich dél. Vysledkem této spoluprice jsou, a vérim,
Ze i v budoucnosti budou, vysoce kvalitni podklady pro ndvrh
a vystavbu podzemnich dél. Stejné tak veéfim, spolu s odbornymi pra-
covniky nasi spolecnosti, Ze GEOtest Brno, a. s., schopny poskytnout
své sluzby v kterémkoli diléim oboru potfebném v podzemnim stavi-
telstvi i naddle bude vyznaénym a Zddanym partnerem vSech, kteff
v ném pusobi.

SUoutte
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40 YEARS OF GEOTEST BRNO EXISTENCE, BUT ALREADY
50 YEARS OF WORK FOR UNDERGROUND ENGINEERING

Why this confusing heading? GEOtest Brno, the same as other organisati-
ons acting in the field of underground engineering, underwent complicated
development. Complications were not caused by the exactingness of the tasks
being dealt with. The tasks were always approached responsibly and on high
professional level. The problem was the question to which place the company,
which dealt with a wide assortment of technical issues, among others even
engineering geological and geotechnical surveys for underground constructi-
ons, was to be put. The legal predecessors of various names were therefore
incorporated in often curious organisational structures. The name GEOtest
Brno, with a suffix of “national enterprise”, appeared for the first time in 1968.
The company originated through the act of giving independence to the Brno
plant of IGHP Zilina, a national enterprise with countrywide field of activity,
which dedicated itself, in accord with its name, to engineering geological and
hydrogeological surveys. Even though it was seemingly only another of chan-
ges in the organisation, this moment was crucial for the further development
of the company. It was given some independence, and comprehensiveness has
been a fundamental element of the company policy since its origination till
now. The decision to deal with a wide assortment of problems on equal pro-
fessional level proved to be correct. GEOtest Brno, a joint venture company
since 1992, is today the only company of those which originated in the 1960s
which has maintained without interruption its comprehensive professional
character.

What has this company concept meant for underground engineering?
Professionals from GEOtest Brno, a. s., are capable of dealing with problems
of surveys for underground constructions in their entirety; from initial engine-
ering geological and hydrogeological studies through environmental analyses
and prognoses, detailed geotechnical surveys including complex laboratory
and field testing, up to observation, documentation and guidance of construc-
tion processes and monitoring of all sorts of impacts of a construction and
operation of an underground structure on its surroundings.

However, this, undoubtedly correct, approach is affected by the current
practice. Underground workings are larger and larger, are implemented in
more and more difficult natural conditions, requirements of designers for the
knowledge of the ground environment keep growing along with the develop-
ment of computing methods, environmental protection receives greater and
greater attention. As a result, the complex of survey, documentation and moni-
toring works has become manageable only with difficulties for a single com-
pany. This is why the current practice is converging upon a solution which is,
in my opinion, the only reasonable one. Companies acting within the industry
conclude agreements on co-operation in the professional phase and special-
purpose consortia are established with the aim of ensuring all phases of the
construction planning and implementation processes. This co-operation yields
and, I believe, will yield even in the future, high quality source documents for
the design and construction of underground structures. I also believe, together
with the professional staff of our company, that GEOtest Brno, a. s., which is
capable of providing its services within any partial branch of the industry re-
quired in the field of underground engineering, will be even in the future an out-
standing and sought after partner for all entities
acting within this field.

RNDr. LUBOMIR PROCHAZKA

generalni Feditel spole¢nosti GEOtest Brno, a. s.
Chief Executive Officer, GEOtest Brno, a. s.
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VAZENI CITATELIA CASOPISU TUNEL, VAZENI KOLEGOVIA,

spolo¢nost’ Basler & Hofmann si tento rok pripomina 10. vyrocie od svojho vstupu
na slovensky trh projektovania a konzultacného poradenstva v oblasti podzemnych sta-
vieb a tunelov. Desat” rokov je dlhd doba, no na strankach ¢asopisu Tunel sa k vam pri-
hovdrame po prvy raz. Mohli byste sa opytat, kde sme cely ten Cas boli? Naberali sme
odvahu, alebo sme dozrievali? Ci mozno sme Cakali na to, aby sme z naéei ¢innosti
mohli vybrat'a odprezentovat zaujimavé prispevky hlavne zo Slovenska. Ved to nako-
niec moZete posudit’sami.

Histdria spolo¢nosti Basler & Hofmann sa zacala pisat’ pred 40 rokmi vo $vajciar-
skom Ziirichu, kde pani Dr. Konrad Basler a Ernst Hofmann zalozili mald projekéntd
kanceldriu. Dnes m4 spolo¢nost'vyse 250 odbornikov vo viacerych odvetviach projek-
tovania a konzultatného poradenstva a vo Svajciarsku patri medzi popredné firmy vo
svojom odbore. Po etablovani sa na Svajciarskom trhu bola zrealizovand prvé zahranic-
nd akvizicia a zaloZend dcérska spolo¢nost’ Basler & Hofmann Singapur Ltd. O nedlho
na to sa znacka Basler & Hofmann objavila na Slovensku. Koncom roku 1994 patrila
spolocnost’ Basler & Hofmann k zakladajicim spolo¢nikom firmy Geoexperts, spol.
s 1. 0., Zilina, ktord sa ¢asom vypracovala na jedného z lidrov v oblasti geotechnického
monitoringu na Slovensku. V roku 1998 firma Basler & Hofmann spolu s bratislavskym
Dopravoprojektom zaloZila Specializovand firmu na projektovanie tunelov
a geotechniku — Infraprojekt, s r. 0., Bratislava, v ktorom posobila do aprila 2005.

Na jar roku 2005 pribudla do rodiny tuneldrov stopercentnd dcérska spolo¢nost’
Basler & Hofmann Slovakia, s r. 0., Bratislava, ktord po¢tom odbornikov a auto-
rizovanych inzinierov v projektovani tunelov a podzemnych stavieb patri momen-
talne medzi vedice spolo¢nosti na Slovensku. Okrem projektovania sa snazime byt
aktivny aj smerom mimo spolocnosti. Sme ¢lenom Slovenskej asocidcie konzultac-
nych inZinierov, ¢lenom Slovenskej cestnej spolo¢nosti a hlavne ¢lenom Slovenske;j
tuneldrskej asocidcie, kde mdme svojho zastupcu aj vo vybore. Podporujeme odborné
podujatia pre Specialistov ako aj pre Studentski obec. V roku 2005 sme prevzali pamit-
ni medailu od dekana fakulty BERG v Kosiciach za ¢innost’odborného garanta prvého
sympézia Vystavba tunelov a bezpecnost’v tuneloch.

Skor nez spomeniem pdr nasich referencnych projektov, dovolte trochu si zapolemi-

zovat. V roku 2002 som sa zdCastnil sldvnostného prerazenia Zelezni¢ného tunela
v SirSom centre mesta Ziirich. Myslel som si, Ze re¢nenie na udalostiach je len vysadou
byvalého vychodného bloku, no re¢ni sa aj vo Svajciarsku. Slovo mali predstavitelia
kanténu, mesta, investora, zdstupca stavebnej spolocnosti no i zdstupca projektanta
tunela. A na takej istej trovni. A vetci hovorili o prinose pre krajinu, kantén, mesto, pre
obycajnych ludi a vSetci to patricne osldvili. Aj ja som oslavoval. A mal som dobry
pocit. Minuly rok som sa zicastnil sldvnostného otvorenia tunela Sitina v Bratislave.
Recnilo vela Iudi, zdstupcovia vlady, mesta, investora, ba aj taki, ¢o nemuseli. A ti, co
stravili bezsenné noci za pocita¢mi, nad vypoctami a projektami tunela, na tych sa akosi
pozabudlo. No tesilo nds, Ze mozeme vidiet' zrealizované dielo, ktoré sme pred tym
nosili len v hlavach a Ze na to dielo sa pri§lo pozriet' mnoZstvo obycajnych ludi, nie
takych, ktorf pridu v obleku, dielo skritizuji ako najdrahsi tunel v Eurépe a potom sldv-
nostné prestrihnd pasku. To mi dobry pocit pokazilo. Je vieobecne zndme, Ze projek-
tantov je mdlo a v projekcii tunelov este menej. A aky je trend na Skoldch? Mladi nemaji
zdujem. Ved projektant ni¢ ,,nezarobi* a jeho hodnota v spolo¢nosti pravnikov, ekoné-
mov, IT-$pecialistov, doktorov je najnizsia. Ten tunel naprojektovali inZinieri pre kaz-
dého, no skoro kazdy na inZinierov zabtida.
_ Jednym z hesiel naSej spolocnosti je: ,,RieSenie pre spolocnost'a Zivotné prostredie.
Co sa za tym ukryva? Svajciari to pochopili. Urobia tunel len kvoli tomu, aby uchova-
li pole, ornd podu ¢i les. Americania to pochopili. Celd dialhicu v Bostone prestivaji
pod zem. My sme to zatial' nepochopili. U nds budeme radsej budovat'vysoké estakady,
budeme projektovat'dialnice s vysokym prevysenim a tvorit’tak hlboké zdrezy ¢i vyso-
ké ndsypy a rozdelovat'trodnd podu ¢i lesy, rozdelovat’ dediny. Preco tahat'stavby nad
zemou do vySky, ked vyspely svet ide pod zem? Nechceme sa od nich Pouéit? Dnes sa
povie, Ze tunel je drahy, no nechceme si uvedomit, Ze pdda bude ¢im dalej tym drahsia
a eSte drahSie budd rieSenia v budicnosti, ktoré budd musiet nahradit’tie dne$né.

Co sme vlastne za tie roky na Slovensku vyprojektovali? Podielali sme sa na r6znych
stuptioch projektovej dokumentécie, s vynimkou tunela Branisko, vietkych dialhi¢nych
tunelov, ktoré su dnes v realizdcii ¢i v prevddzke — Horelica, Sitina, Borik. Spo-
lupracovali sme pri tvorbe projektovej dokumentéciu k tunelom Svr¢inovec a Polana,
pre tunel Vistiové sme boli spoluautorom projektu pre razenie pomocou TBM.
Spracovali sme viaceré hlukové Stidie, ¢i analyzy rizik bezpecnosti tunelov.
Momentdlne sa zaoberdme realiza¢nou dokumentdciou tunela Laliki v Polsku, projek-
tovou pripravou Zelezni¢nych tunelov pre modernizciu Zelezni¢nych
koridorov a kooperujeme na viacerych projektoch vo Svajciarsku.

Co dodat'na zaver? Nech hodnoty, ktoré tvorime pod zemou a takmer
ich nevidno, sliiZia &o najviac vietkym ludom a nech si aspon percento
z nich pri prejazde cez tunel spomenie, kto tie hodnoty vytvoril.

Prajem prijemné Citanie.

TuoufHel

DEAR TUNNEL MAGAZINE READERS, DEAR COLLEAGUES,

This year, Basler & Hofmann company commemorates the 10th anniversary of its entry to the
Slovak market, in the field of underground construction and tunnel design and consultancy. Ten
years is a long time, yet it is for the first time that we can address you on the Tunel magazine pages.
The question is suggesting itself: Where have we been for that long time? Have we been mustering
the courage or growing mature? Or, we may have been waiting for the moment when we will be
able to choose and present interesting papers from our history, first of all from Slovakia. After all,
you can make your own judgment.

Basler & Hofmann company history started 40 years ago, in Zurich, Switzerland, where
Dr. Konrad Basler and Ernst Hofmann founded a small designing office. Today, the company
employs over 250 professionals in various branches of designing and consultancy activities. It
belongs among foremost companies in its field of activity. Once it had established its position on
the Swiss market, it made the first foreign acquisition and founded Basler & Hofmann Singapur
Ltd., its daughter company. Soon the trademark Basler & Hofmann appeared in Slovakia. At the end
of 1994, Basler & Hofmann company belonged among founding partners of Geoexperts, spol.
§ 1. 0., Zilina, which, in some time, worked its way up to become one of the leaders in the field of
geotechnical monitoring in Slovakia. In 1998, Basler & Hofmann company, together with
Bratislava-based Dopravoprojekt, founded Infraprojekt, s r. o., Bratislava, a company specialised in
tunnel design and geotechnics. It was active in this company till April 2005.

In the spring of 2003, Basler & Hofmann Slovakia, s r. 0., Bratislava, a hundred per cent owned
daughter company, was added to the family of tunnellers. In terms of the number of professionals
and chartered engineers in the field of tunnel design and underground construction, it currently
belongs among leading companies in Slovakia. Apart from design activities, we have been trying to
be active even outside the company. We are a member of the Slovak Association of Consulting
Engineers, a member of the Slovak Road Association and, above all, a member of the Slovak
Tunnelling Association, where we have our representative even in the Board. We support technical
events for both specialists and the student community. In 2005, we received a commemorative
medal from the dean of the BERG faculty in Kosice for our activity in the position of a technical
guarantor of the first symposium on Tunnel Construction and Safety in Tunnels.

Before I recall several reference projects of ours, allow me to polemise a little bit. In 2002,
T attended a ceremonial breakthrough of a railway tunnel in the wider centre of the City of Zurich.
T supposed that perorations at various events were a specialty of the former Eastern Block, howe-
ver, perorations are common even in Switzerland. Speeches were delivered by representatives of the
canton, the city council, the owner, a representative of the contractor, but also a representative of the
tunnel designer, at the same level. All of them spoke about the benefit for the country, canton, city
and ordinary people and all of them duly celebrated it. I also celebrated and had a good feeling. Last
year, ] attended the inauguration of the Sitina tunnel in Bratislava. Speeches were delivered by many
people — representatives of the government, city and owner, even such ones who were not necessa-
1y there. On the other hand, those who spent sleepless nights at computers, over calculations and
tunnel drawings were somewhat forgotten. Never mind, we were happy that we could see in reali-
ty the work which we had carried only in our heads and that it was visited by so many ordinary peo-
ple, not such ones who come clad in suits to express their criticism that the tunnel is the most expen-
sive in Europe and then ceremonially cut the tape. This is what spoiled my good feeling. It is gene-
rally known that consulting engineers are rare and those in the field of tunnel design even rarer. And,
which trend is at schools? Young people are not interested. After all, a designer “earns” nothing and
his or her value in the society of lawyers, economists, IT-specialists or doctors is the lowest.
Engineers produced the tunnel for everybody, but everybody forgets the engineers.

One of our company slogans is “Solutions advantageous for the society and environment”. What
is hidden behind this slogan? The Swiss have made sense of it. They construct a tunnel only to pre-
serve fields, arable land or forests. Americans have understood it. They have been diverting a whole
motorway underground in Boston. We have not made sense of it yet. In our country, we will prefer
construction of high viaducts, will design motorways with great differences in altitudes, thus creating
deep open cuts or high embankments and, doing so, we will divide fertile land or forests, as well as
villages. Why do we elevate structures high above ground when the developed world goes underg-
round? Do we not want to learn a lesson from the world? Today, everybody says that a tunnel is expen-
sive, but they do not want to realise that land will be more and more expensive, and even more expen-
sive will be the future solutions to the structures which will have to replace the current ones.

What have we, as a matter of fact, designed during the past years in Slovakia? We participated
in various stages of designs (with the exception of the Branisko tunnel) for all motorway tunnels
which are currently under construction or under operation, namely the Horelica, Sitina and Borik
tunnels. We collaborated on the preparation of the designs for the Svi¢inovec and Polana tunnels;
we were co-authors of the design for the TBM driving of the Visfiové tunnel. We completed many
noise studies or tunnel safety risk analyses. At the moment, we are dealing with the detailed design
for the Laliki tunnel in Poland, a design for railway tunnels for the modernisation of railway corri-

dors and co-operate on several designs in Switzerland.

What should I add to conclude? May the values which we create underg-
round and are nearly unnoticed serve as much as possible all people. May at
least one per cent of them realise during their passage through a tunnel, who
created these values for them.

I wish you pleasant reading.

ING. JAN KUSNIR
konatel spoloénosti / Acting Secretary
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CINNOST GEOTESTU BRNO PRO POTREBY
PODZEMNIHO STAVITELSTVI

GEOTEST BRNO SERVICES FOR THE NEEDS
OF UNDERGROUND ENGINEERING

JAN FOUSEK, JIRI PAVLIK

Po celou dobu existence GEOtestu Brno, a. s., tvorily a tvoi{ jistou ¢dst
jeho pracovni ndplné pruzkumy pro podzemni stavby a sledovani jejich
realizace. Samoziejmé pruzkuml v ruznych stupnich podrobnosti bylo
daleko vice, protoZe fada investi¢nich zdméru se za fdzi dvodnich studif
a pruzkumu uZ ddle nedostala. V nasledujicim textu se pokusime ukdzat
rozsah této Cinnosti. Pritom se kromé prehledu a kratké charakteristiky vét-
Siny feSenych problémi budeme vénovat podrobnéji t€m, které byly roz-
séhlé nebo odborné ndrofné nebo z nejruznéjsich duvodu zajimavé.
Pfehled rozdélime podle ti¢elu podzemnich staveb na dopravni, vodohos-
podédrské a jiné. Casovou posloupnost v téchto skupindch nebudeme
dusledné dodrzovat.

ZELEZNICNi PODZEMNI STAVBY

Nejvétsim komplexem praci pro Zelezni¢ni tunely byla fada prizkumu,
polnich a laboratornich zkousek a méfeni a dokumentovéni a sledovani
rekonstrukci tuneldi na Zelezni¢ni trati Brno—Ceskd Tiebova.

Jesté pred zahdjenim praci pro ziskéni podklada pro projekty rekon-
strukce jednotlivych tuneld byl v roce 1975 zkoumadn vliv poZdru praZco-
vé zakladky klenby na ocelové vyztuZi v neobezdéné Césti tunelu €. 6,
v jehoZ dusledku se zritila &ést klenby. Vypracovany posudek poskytl pod-
klady pro ndvrh sanace postizené Césti a vyloudil negativni vliv zahrati
masivu na tuhnuti stifkaného betonu, kterym byla sanace realizovéna.

InZenyrskogeologické a geotechnické prizkumy pro sanace trvaly
s prestdvkami v obdobi let 1976-1999 s vrcholem ve druhé poloving 80.
let. Prizkumy, vedené zkusenymi pracovniky, vyuZivaly kromé klasickych
odkryvnych praci (vrtd, Sachtic a pruzkumnych Stol) velmi Casto
i geofyzikdlni metody. ProtoZe se jednalo o rekonstrukce, byla nutnou sloz-
kou priizkumnych praci i pasportizace stévajictho stavu jednotlivych tune-
10, a to v jejich obezdénych i neobezdénych &dstech. Casté bylo i pouZiti
polnich méfeni pro zjiStovani geotechnickych parametrd horninovych

Obr. 1 Provizorni zabezpeleni klenby tunelu ¢&. 6 na trati Brno-Ceskd
Trebovd po poZdru praZcové zaklddky osténi

Fig. 1 Temporary support of the vault of tunnel No. 6 on the Brno-Ceskd
Trebovd railway line, after the fire of sleeper packing behind excava-
tion support

Throughout the time of the existence of GEOtest Brno, a. s., surveys for
underground construction projects and observation of their implementation have
formed certain part of the company work load. Of course, there were many other
surveys carried out in various degree of detail because many investment pro-
grams did not get further beyond the stage of a preliminary study and survey. We
are going to try to present the extent of these activities in the following text. In
doing so, we will, apart from a summary and brief characteristics of the majority
of the problems which were solved, dedicate ourselves to those problems which
were far reaching, professionally difficult or interesting for widely assorted rea-
sons. We will divide the summary according to the purpose of the underground
structures into transport-related, water management construction and other con-
struction. We will not maintain the time sequence within these groups.

UNDERGROUND CONSTRUCTIONS FOR RAILWAY TRANSPORT

The largest complex of work for railway tunnels was an array of surveys, field
and laboratory tests and measurements, documentation and observation of recon-
struction of tunnels on Brno-Ceskd Trebova railway line.

In 1975, before the commencement of the work, focusing on obtaining source
documents for designs for reconstruction of the individual tunnels, an investigation
was carried out with the aim of determining the impact of a burning sleeper packing,
lying on supporting steel frames in an unlined part of tunnel No. 6. This accident
resulted in a collapse of a part of the tunnel roof. The completed assessment provi-
ded data for the affected part repair design and ruled out a negative effect of the rock
mass heating on setting of sprayed concrete, which was used for the repair.

Engineering geological and geotechnical surveys for the repairs continued,
with some breaks, from 1976 — 1999, with the peak in the second half of the
1980s. Apart from traditional rock exposure investigation methods (boreholes,
test pits and exploration galleries), the experienced crews which conducted the
surveys very frequently used also geophysical methods. Because the surveys
were performed for the needs of reconstruction, a necessary component was also
the survey of the actual condition of the individual tunnels, both in the sections
provided with a lining and unlined sections. Field measurements focusing on the
determination of geotechnical parameters of rock massifs and determination of
the position of natural rock arch above the existing excavation were also frequ-
ently conducted. Thorough knowledge of the rock massif structure was obtained
by detailed documentation of natural and artificial rock exposures. This is how
basic data for analyses of stability of rock walls at portals, which were parts of
nearly all surveys being conducted, were obtained. These procedures were appli-
ed to the survey and observation of tunnels No. 1,2,4, 6 and 8.

Tunnel reconstruction projects consisted, first of all, of enlarging the clearan-
ce profile because the original profile of the tunnels, which had been driven in
1844-1848, was suitable for the steam traction of that time but was far from satis-
factory for the current electric traction. However, the enlargement of the clearan-
ce profile resulted in reduction of the overburden height, in some cases even
under a critical limit where the natural arch does no more develop. In such the
cases it was necessary to consider even a possibility of replacing the tunnel with
an open cut or a cut-and-cover tunnel.

This was the case of the geotechnical survey for the reconstruction of tunnel
No. 6, where both the tunnel and open cut variants were studied. Despite the fact
that the survey proved that it was possible to lead the railway through the recon-
structed enlarged profile tunnel, the open cut variant won because of the necessi-
ty for an additional change in the horizontal alignment of the railway, which requ-
ired significant widening of the trackbed. The analysis which was carried out for
the open cut variant resulted in the determination of a stable slope angle and
recommendation that the slope be interrupted by means of berms. A rockslide
happened before the end of the reconstruction work, fortunately during off hours.
The wall assumed a unified slope, reposing just at the angle which had been deter-
mined as the general gradient of the slope.

Similarly, all of the three above-mentioned variants had to be followed during
the survey for the reconstruction of tunnel No. 1. In this case, however, the survey
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masivi, pro méfen{ napjatosti masivi a pro uréeni polohy horninové klen-
by nad stdvajicim vyrubem. Dokonalé pozndni stavby horninového masi-
vu bylo zajiStovano podrobnou dokumentaci prirozenych i umélych skal-
nich vychozu. Tak byly ziskdvéany podklady pro analyzy stability skalnich
stén u portélu, které byly soudsti téméf viech realizovanych pruzkumu.
Témito postupy byly zkoumadny a sledovény tunely ¢. 1,2,4,6 a 8.

Rekonstrukce tunelu spo&ivaly predev§im ve zvétieni prujezdného pro-
filu, nebot’ pivodni profil tunela razenych v letech 1844—1848 vyhovoval
tehdejsi parni trakei, pro soucasnou elektrickou trakci zdaleka nevyhovo-
val. ZvétSeni prujezdného profilu vSak zpusobovalo zmenSeni mocnosti
nadloZi, v n¢kterych pripadech i pod kritickou mez, kdy se nevytvoii hor-
ninové klenba. V téchto piipadech bylo nutno uvaZovat o moznosti nahra-
zen{ tunelu zdfezem, pripadé tunelem hloubenym z povrchu.

Tak tomu bylo v piipadé geotechnického prizkumu pro rekonstrukci
tunelu ¢&. 6, kde byly studovény jak varianta tunelové, tak i zdfezovd.
Prestoze pruzkum ukézal moznost vedeni Zeleznice v rekonstruovaném
tunelu s vétS§im profilem, zvitézila varianta zdrezovd pro nutnost dodate¢-
né zmény smerového vedeni Zeleznice, vyZadujici znalné rozsiteni Zzelez-
ni¢niho télesa. V rdmci prizkumu pro variantu zéfezovou byl vypoctem
stanoven thel stabilniho sklonu svahu a sou¢asné bylo doporuceno roz¢le-
nit svah bermami. V zdvéru rekonstrukénich praci doslo ke skalnimu sesu-
vu, naStésti v dobé pracovniho klidu, pri¢emz sténa dostala jednotny sklon
— préavé pod tihlem stanoveného generelniho sklonu svahu.

Obdobné pfi prizkumu pro rekonstrukci tunelu €. 1 bylo nutno sledovat
vSechny tfi zminéné varianty. Zde vSak prazkum ukazal nedostate¢nou
mocnost nadloZi na podstatné ¢dsti délky tunelu. V prostoru nad tunelem
se nachdzi prirodni rezervace Obfanska strdn se vzacnymi stepnimi rostli-
nami, takZe ani otevfeni vykopu pro vedeni Zelezni¢ni trati neprichdzelo
v tvahu. Pro feSen{ této svizelné situace GEOtest Brno, a. s., navrhl feSe-
ni simulujici napjatostni d¢inek nadloZi s dostate¢nou vyskou pro vytvore-
ni horninové klenby. NavrZzené feSeni spocivalo v pfi¢ném sepnuti masivu
soustavou mirné sklonénych predpjatych kotev 30 m dlouhych, které rea-
lizoval Geospol, s. 1. 0., Brno. Popsané feseni umoznilo razbu zvétseného
profilu bez vétsich obtiZi. Pouze v krdtkém tdseku pii vjezdovém (brnén-
ském) portdlu, kde terénni poméry nedovolovaly horninovy masiv pricné
sepnout, pracovnici provadéjici rekonstrukei tunelu uvidéli modro oblohy,
prestoZe byl tento tsek zabezpe€en destnikem z podélnych mikropilot.

Rekonstrukce tunelu €. 7, kterou GEOtest Brno, a. s., sledoval, byla zaji-
mavd v pouziti dvou tunelovacich metod. V poloviné tunelu prilehlé
k vijezdovému portalu byla pouzita klasicka rakouska tunelovaci metoda, coz
bylo jeji posledni uZiti v Zelezni¢ni siti tehdejiich CSD (v roce 1977), v druhé
poloviné tunelové trouby moderni Nova rakouska tunelovani metoda.

Nejobtiznéjsi se ukdzala rekonstrukce tunelu €. 8. Jednalo se o nejdels{
tunel na trati Brno—Ceska Tiebova, ktery mél velmi vysoké nadloZi, takze
zde nenastaly problémy jako u tunela ¢. 1 a 6. Urcitou komplikaci zpuso-
bila existence $toly I. bfezovského vodovodu pro zdsobovani Brna vodou
vedeného pod kosym tihlem v nevelké vyskové odlehlosti nad tunelem.

Pro zjisténi geotechnickych vlastnosti horninového masivu potrebnych
pro ndvrh rekonstrukce tunelového dila byla v nevelké vzddlenosti od
vyjezdového portdlu raZena pruzkumnd $tola s navrzenymi rozrazkami pro
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Obr.3 Sesuv v hloubeném zdrezu pfi rekonstrukci tunelu ¢. 6 na trati
Brno—Ceskd Trebovd

Fig. 3 The rockslide in the open cut during the reconstruction of tunnel No.

6 on Brno—Ceskd Trebovd rail line

Obr. 2 Realizace zdrezové varianty rekonstrukce tunelu ¢é. 6 na trati
Brno-Ceskd Trebovd

Fig. 2 Implementation of the open cut variant of the reconstruction of tunnel
No. 6 on Brno—Ceskd Trebovd rail line

proved insufficient thickness of the cover along a substantial part of the tunnel
length. There is the nature reserve of Obtanskd Stran with rare steppe plants in the
area above the tunnel; therefore, an open cut for the railway track was out of the
question. The solution to this difficult situation which was proposed by GEOtest
Brmo, a. s., simulated the stressing influence of a sufficiently thick cover on the
development of a natural rock arch. The proposed solution consisted of transver-
se tying of the rock massif together by an array of 30m long, slightly inclined
pre-stressed anchors. The anchors were installed by Geospol, s. 1. 0., Brno. The
above-described solution made the excavation of the enlarged profile possible
without significant problems. Only in a short section at the entrance (Brno) por-
tal, where the terrain conditions did not allow the transverse tying of the rock
massif together, did the workers who carried out the tunnel reconstruction catch
sight of blue skies, despite the fact that this section had been stabilised by an umb-
rella consisting of longitudinal micropiles.

The reconstruction of tunnel No. 7, which was monitored by GEOtest, a. s.,
was interesting in terms of the use of two tunnelling methods. The traditional
Austrian Tunnelling Method was applied to the half of the tunnel which was adja-
cent to the entrance portal; it was the last application of this method within the
network of the then CSD (Czechoslovak State Railways — 1971), whereas the
modern New Austrian Tunnelling Method was applied to the other half of the tun-
nel tube.

It turned out that the reconstruction of tunnel No. 8 was the most difficult of
all. It was the longest tunnel on Brno-Ceska Trebova rail line. The overburden
was very high, therefore, problems similar to those encountered at tunnels No. 1
and 6 were not encountered there. Certain complications were caused by the exi-
stence of the gallery of the Brezov Water Main I, supplying Brno with water. The
gallery crossed the tunnel at an oblique angle, at a smallish distance above the
tunnel.

An exploration gallery, which was needed for determining geotechnical pro-
perties of the rock mass required for the design of the tunnel reconstruction, was
driven at a short distance from the exit portal. Various field tests and measure-
ments (loading tests, shear tests, measurement of stresses in the rock mass by
means of the convergence method in circular profiles of underground openings)
were performed in short adits driven to the side walls, spread along the length of
the gallery. Significant loosening of the rock mass, reaching up to the distance of
90m from the portal, was encountered as early as the beginning of the excavati-
on. The loosening was caused by the sliding of a large volume of hard rock. As
a result of the loosening, the width of fissures increased even to several centi-
metres or, on the sliding surface, to the magnitude in the order of decimetres. For
that reason, a subsequent geophysical survey, designed to determine the extent of
the rockslide, was conducted. Geophysical measurements proved that part of the
tunnel tube at the exit portal passed through the sliding body. This was the reason
why GEOtest Brno, a. s., suggested that the profile of the existing tunnel should
not be enlarged and, instead, the tunnel be converted to a single-rail tunnel and
a new tunnel be constructed for the second rail, which would run outside the
above-mentioned rockslide area. The suggestion was accepted.

Due to the inaccessibility of the terrain, it was not possible to carry out the pro-
per exposure investigation in the portal area which was required for the determi-
nation of geological conditions for the new tunnel. Only geophysical measure-
ments were conducted in this area. They found slightly worsened geotechnical
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Obr. 4 Tunel & 1 na trati Brno—Ceskd TFebovd pied rekonstrukei (listopad
1994)

Fig. 4 Tunnel No. 1 on Brno—Ceskd TFebovd railway line, before the recon-

struction (November 1994)

umisténi riznych polnich zkouSek a méfeni (zatéZovacich a smykovych
zkousek, méfeni napjatosti masivu konvergenéni metodou v kruhovych
profilech podzemnich vyrubu). Jiz v pocdte¢nich usecich razby se ukédzalo
znaéné rozvolnéni masivu, které dosahovalo az do vzdalenosti 90 m od
portdlu $toly. Toto rozvolnéni bylo zpusobeno sesutim zna¢né kubatury
skalni horniny, pfi¢emz rozvolnénim byly pukliny rozevieny az nékolik
cm, pri smykové plose az fadove decimetra. Proto nésledné probéhl geo-
fyzikélni prazkum pro zjisténi rozsahu sesuvu. Geofyzikdlni méreni uka-
zalo, 7e Cdst tunelové trouby pri vyjezdovém portdlu prochédzi télesem
sesuvu. Proto GEOtest Brno, a. s., doporucil nezvétSovat profil stdvajictho
tunelu a tento tunel zjednokolejnit a pro vedeni druhé koleje vyrazit tunel
novy, vedeny mimo zminény sesuv, coZ bylo akceptovéno.

Pro zjisténi gelogickych poméra nového tunelu (oznacovaného posléze
¢. 8A) v prostoru priportdlové ¢asti nebylo mozno pro nepristupnost teré-
nu realizovat zddné pruzkumné odkryvné dilo. Probéhlo zde pouze geofy-
zikdIni méfent, které zjistilo v této Cdsti ponékud zhorSené geotechnické
vlastnosti horninového masivu. Pfi zaraZeni smérové $toly se ukdzalo
misto skalni horniny mohutné téleso tektonického jilu, které zasahovalo az
do vzdélenosti cca 40 m od portdlu Stoly. Vystroj smérové Stoly nebyla
dimenzovédna na prachod télesem jila, takZe v dusledku horskych tlaku
doslo ke zvednuti po¢vy az o 1 m. Razba byla proto zastavena a bylo nutno
uskute¢nit dodate¢ny prizkum pomoci subhorizotalnich, mirné dovrch-
nich vrtd hloubenych z jiZ zpfistupnéného prostoru pii portdlu Stoly.

Tunel &. 8 stejné jako vSechny tunely v tseku Brno-Blansko byl razen
v granodioritech brnénského vyvrelého masivu. Proto bylo velkym pre-
kvapenim, kdyZ jeden vrt zastihl piskovce — patrné kifdového stéri — pred-
povrch — od nejjiznéj§iho mapovaného vychozu Ceské kridy je vzdélen cca
5 km.

Podle vysledku dodate¢ného pruzkumu bylo rozhodnuto zménit celko-
vou koncepci razby a postupovat smérem od vjezdového portdlu. Razba
pak byla tspésné dokoncena a posléze se pristoupilo k rekonstrukci stdva-
jictho tunelu spodivajici pouze v zesileni vystroje bez vétsich zdsahl do
horninového masivu.

Vétsina ¢innosti GEOtestu Brno, a. s., v oboru Zelezni¢nich tunelu se
sice soustiedila na trat Brno—Ceska Tiebova, ale nékteré préce uskute¢nili
jeho pracovnici i v jinych ¢4stech republiky. Za zminku stoji komplexn{
posudek pro potreby sanace Dolnolu¢anského tunelu na trati
Tanvald-Liberec. Posudek zpracovany v roce 1989 na zdkladé vizudlni
prohlidky, méfeni nespojitosti a stabilitnich analyz vydstil v navrh tfi moz-
nych zpusobu sanace. Stoji zde za zminku vyuZit{ vysledka rozsahlych
polnich zkousek mechaniky hornin z pruzkumu pro prehradu Josefuv Dul,
budovanou v blizkosti tunelu v analogickych geologickych podminkdch.

Mnohem rozsdhlej$i byl pruzkum pro potieby rekonstrukce
Novohamerského tunelu na trati Karlovy Vary—Potacky, realizovany rov-
néZ v roce 1989. Pfi prazkumu byly aplikovany obvyklé pruzkumné meto-
dy: vrtané sondy, polni a laboratorni zkousky mechaniky hornin a rozsahla
geofyzikdlni méfeni. Pasportizace stavu tunelu a méfen{ strukturnich prvka
na umélych i pfirozenych vychozech karlovarského Zulového masivu byly
rovnéz soucdsti uskute¢nénych Setieni. Vysledkem prazkumu byl névrh
rekonstrukce pristfelovdnim vyrubu po obvodu tunelu s jeho zajisténim
monolitick§m betonovym osténim nebo stiikanym betonem s vyztuznymi
sitémi a svorniky.
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properties of the rock mass in this part. When the pilot gallery excavation started,
a mighty body consisting of tectonic clay was encountered instead of hard rock.
The body extended up to the distance of about 40m from the gallery portal. The
support of the pilot gallery excavation had not been calculated for passing through
clay, therefore, as a result of ground pressures, the bottom heaved even by 1m. For
that reason, the excavation was terminated and additional survey had to be con-
ducted by means of sub-horizontal, slightly upwards inclined boreholes, which
were drilled from the gallery portal area that had already been made accessible.

Tunnel No. 8, the same as all tunnels on Brno-Blansko rail line section, was
driven through granodiorites of the Brno igneous massif. It was therefore a great
surprise when one borehole encountered sandstone, probably of the Cretaceous
age, which therefore represented the southernmost spur of the Bohemian
Cretaceous Basin. It, however, does not emerge to the surface; it is at the distan-
ce of about Skm from the southernmost exposure of the Bohemian Cretaceous
Basin which has been mapped.

With respect to the results of the additional survey, the decision was made that
the overall concept of the excavation be changed, with the excavation proceeding
from the entrance portal. The excavation was then successfully completed and,
subsequently, the reconstruction of the existing tunnel started. It consisted only of
reinforcing the support, without intervention to the rock mass.

The majority of GEOtest Brno, a. s., activities in the field of railway tunnels
were focused on Brno-Cesk4 Tiebovd rail line, nevertheless, some activities were
performed even in other parts of the republic. Worth mentioning is
a comprehensive assessment for the needs of the reconstruction of the Dolni
Lucany tunnel on Tanvald-Liberec rail line. The assessment, which was carried
out in 1989 on the basis of visual inspection, measurement of discontinuities and
stability analyses, led to a proposal for three possible methods of reconstruction.
Worth mentioning is the use of results of the extensive rock mechanics field tes-
ting which had been carried out during the survey for the Josefv Dul dam, which
was constructed not too far from the tunnel, in analogical conditions.

Much more extensive was the survey for the reconstruction of the Nové Hamry
tunnel on Karlovy Vary-Potucky rail line, which was conducted also in 1989. The
following common survey methods were applied during the survey: boreholes,
field and laboratory rock mechanics tests and extensive geophysical measure-
ments. The tunnel condition survey and measurements of structural elements on
artificial and natural exposures of the Karlovy Vary granite massif were also parts
of the investigation. The survey result was the proposal that the reconstruction be
carried out by means of contour blasting and support of the excavation by a cast-
in-situ concrete lining or shotcrete with welded mesh and rock bolts.

Similarly, in 1990-1991, a geotechnical survey was carried out for the recon-
struction of the Jarov tunnel on Prague-Vrané nad Vltavou rail line. The tunnel
had been driven through massive Algonkian rocks, the character of which made
the omission of all support possible (with the exception of the portal part). The
survey consisted of detailed geological documentation of the tunnel tube walls,
loading tests (for the purpose of determining deformational characteristics of the
rock mass), drilling of fans of borehole in the underground and geophysical mea-
surements (for the purpose of both determining the magnitude of the rock arch
around the excavation and assessing the changes in the geotechnical properties
along the tunnel route). The measurement of scleroscope hardness by Schmidt
hammer, which allowed, in addition, the determination of the course of the com-
pressive strength of rock mass to be carried out inside the tunnel once the corre-
lation relationship had been determined, was used for the same purpose.

In the context of modernisation of the European railway network, employees
of GEOtest Brno, a. s., participated in surveys for the Tatenice and Trebovice
tunnels on the eastern branch of the transit corridor III. The complex of work

Obr. 5 Tunel ¢. 1 v rekonstrukci (stav cervenec 1996)
Fig.5 Tunnel No. 1 under reconstruction (the state as of July 1996)
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Obr. 6 Uspordddni kotev priéného sepnuti masivu
Fig. 6 Anchoring pattern for the transverse tying of the rock massif

Obdobné v letech 1990-1991 probéhl geotechnicky pruzkum pro rekon-
strukci Jarovského tunelu na trati Praha—Vrané nad Vltavou razeného
v pevnych algonkickych horninéch, jejichz charakter dovolil vynechan{
jakékoli vystroje kromé piiportdlové &ésti. Prazkum sestdval z podrobné
geologické dokumentace stén tunelové trouby, zatéZovacich zkousek pro
stanoveni deformacnich charakteristik horninového masivu, z hloubeni
podzemnich vrtd usporddanych do véjifu a z geofyzikdlniho méfeni pro
zjisténi jednak velikosti horninové klenby kolem vyrubu tunelu, jednak pro
posouzeni zmen geotechnickych vlastnosti po délce tunelu. K témuz tcelu
bylo vyuZito méfeni skleroskopické tvrdosti Schmidtovym kladivkem
umoZziujicim navic po stanoveni korela¢niho vztahu uréeni prubéhu pev-
nosti v tlaku horniny v tunelu.

V souvislosti s modernizaci evropské Zelezni¢ni sité se pracovnici
GEOtestu Brno, a. s, podileli na pruzkumech Tatenického a Trebovického
tunelu na vychodni{ vétvi III. tranzitntho koridoru. Komplex pracf, realizo-
vany na tunelech vybudovanych ke konci prvni poloviny 19. stoleti, které
prosly slozitym vyvojem (rekonstrukce Tatenického tunelu v roce 1930,
opusténi Trebovického tunelu jiz 21 let po jeho dobudovéni a obnoveni
provozu v roce 1932), byl obvykly a odpovidal sou¢asnému stavu rozvoje
oboru. Cile prazkumu u Tatenického tunelu — vySetfit geotechnické vlast-
nosti piskovcového masivu kiidového stdff v tunelu a v predzarezech, roz-
méry a skladbu osténi a zdrubnich zdi a na zdkladé uCinénych zjisteni
zhodnotit navrzené zpusoby prestavby — byly splnény. RovnéZ problema-
tika Tiebovického tunelu, situovaného do neogennich jild, byla uspokoji-
vé vyfeSena. Na zdklad€ ziskanych ddaju byly navrzené technologie rekon-
strukce zhodnoceny, nové byla zminéna moZnost vyuZiti jadrové metody
jako dals{ mozné technologie. Nicméné kritickym rozborem vsech moz-
nosti se dospélo k doporudeni pfesunout trasu z neogennich sedimenta do
kiidovych hornin.

SILNICNI PODZEMNI STAVBY

Zatimco Zelezni¢ni tunely byly nedilnou soucdsti Zelezni¢nich tratf jiz
od samého pocdtku jejich existence, silnicn{ tunely se staly prvkem komu-
nikaci aZ s ristem ndrokd na rychlost, plynulost a kapacitu dopravy.
V GEOtestu Brno, a. s., byla vétSina praci pro silni¢ni tunely realizovédna
az v poslednich 20 letech. Vyjimkou byl pruzkum pro silni¢ni tunel
Lesnd—Cacovice na puvodn{ trase méstského okruhu Brno (nynf jiZ opus-
téné) realizovany ve dvou etapach v letech 1974 a 1975. V ramci praci,
uskute¢nénych GEOtestem Brno, s. p., byla posuzovdna moznost pouZiti
mildnskych stén na obou portdlech, byly zjistovany vlastnosti granodiori-
tového masivu polnimi zkouskami v prizkumné §tole a v prazkumné $ach-
t¢ a byl zkoumdn vliv trhacich praci na okolni objekty.

Nejvetsi podil praci GEOtestu Brno, a. s., pro silni¢n{ tunely pfipadd na
pruzkumy a sledovani vystavby silni¢nich tunelt ve mésté Brné, situova-
nych na velkém méstském okruhu (VMO).

Tak byly tspésné realizovéany prizkumy a sledy na dvoutroubovém
Pisdreckém tunelu Prazské radidly délky 511 m. Odborni pracovnici
GEOtestu Brno, a. s., zajistovali prevdznou ¢dst pruzkumu uz od roku 1984
a poté cely sled stavby do roku 1997. Komplex prizkumt z roku 1994
zahrnoval nejenom vlastni tunel, ale i souvisejici objekty na komunikaci
(estakddy, mosty, opérné zdi, ndsypy). Geologicky a geotechnicky sled
stavby zahrnoval nejenom dokumentaci geologickych skute¢nosti béhem
razby a jeji usmérnovani, ale i dodate¢né polni zkousky na obou portilech.
Ve slozitéjsich pomérech na pisdreckém portdlu byly provedeny zatéZova-
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ci zkousky horninového masivu, hutnénych Stérkopiskovych polstaia

activities which were carried out on these tunnels, constructed before the end of
the first half of the 19th century, which had undergone complicated development
(reconstruction of the Tatenice tunnel in 1930, abandonment of the Tiebovice tun-
nel as early as 21 years after the tunnel completion, and resumption of the opera-
tion in 1932), was common and corresponded to the current condition of deve-
lopment of the industry. The objectives of the survey for the Tatenice tunnel — to
investigate geotechnical properties of a Cretaceous age sandstone massif along
the tunnel and in open cuts, dimensions and composition of the lining and revet-
ment walls, and to assess the proposed reconstruction techniques on the basis of
obtained findings — were met. The problems of the Trebovice tunnel, which is
located in Neogene clays, were also satisfactorily solved. The proposed recon-
struction techniques were assessed on the basis of the obtained knowledge; the
possibility to use the German system was newly mentioned as another viable
technique. Nevertheless, a critical analysis of all options resulted in
a recommendation that the alignment be shifted from Neogene sediments to
Cretaceous rock mass.

UNDERGROUND CONSTRUCTIONS FOR ROAD TRANSPORT

Whereas railway tunnels have been inseparable parts of rail lines since the very
beginning of their existence, road tunnels became elements of roads later, when
the requirements for speed, fluency and intensity of traffic started to grow. The
major part of GEOtest Brno, a. s., work for road tunnels was carried out only
during the past 20 years. There was one exception, the survey for the Lesnd-
Cacovice road tunnel on the original route of the city circle road in Brno (now
abandoned), which was constructed in two phases in 1974 and 1975. The activi-
ties of GEOtest Brno, s. p., consisted of assessing the possibility of application of
Milan diaphragm walls at both portals, determining properties of a granodiorite
massif by field tests in an exploratory gallery and a trial shaft, and examining the
impact of blasting on adjacent buildings.

The greatest proportion of GEOtest Brno, a. s., activities for road tunnels is for-
med by surveys and monitoring of construction of the road tunnels in the city of
Brno which are located on the Large City Circle Road (LCCR).

This is how the surveys and observations for the 511m long Pisdrky twin-tube
tunnel on the Prague Radial Road were successfully realised. Professional staff of
GEOtest Brno, a. s., carried out the major part of the surveys from 1984 and, sub-
sequently, the complete observation of the construction till 1997. The complex of
surveys conducted in 1994 comprised not only the tunnel itself, but also associa-
ted structures on the road (viaducts, bridges, retaining walls and embankments).
The geological and geotechnical observation of the construction comprised not
only documentation of geological data during the excavation and its guidance,
but also additional field tests at both portals. In the more difficult conditions at the
Pisarky tunnel portal, the field tests consisted of loading tests on the rock mass,
the compacted gravel-sand beds and sandy gravels in the Svratka River flood-
plain terrace; the field tests at the Liskov portal were focused on thick layers of
loess.

GEOtest Brno, a. s., significantly participated even in the preparation and
implementation of another tunnel construction on the LCCR, the Husovice tun-
nel in Kohoutova Street. A 585m long twin-tube tunnel was built in this location,
in complicated geology. The surveys identified the bedding conditions and geo-
technical properties of the granodiorite forming the Brno massif and solid pro-
ducts of its weathering, shreds of Neogene clays and sands, and thick loessal
covers. The survey of the parts of streets adjacent to the tunnel running in deep
open cuts was part of the work even on this construction. In addition, the influ-
ence of the excavation on adjacent buildings of a university campus and residen-
tial buildings was solved and a concept of their support was designed within the
framework of the survey operations. The geological observation comprised, apart
from usual documentation of geological data, verification of load-bearing capa-
city and deformation of the foundation of a tunnel lining wall element by a mock-
up field test, both for Neogene clays and loess. Measurements on steel models of
the wall element proved that the design and the selected technique were correct
in terms of the ultimate limit state and limit state of excessive deformation. The
configuration and realisation of the tests were evaluated as very successful. The
last part of the geological observation was the analysis of stability of a rock expo-
sure on Husovice Hill at the exit portal and geotechnical assessment of the pro-
posed architectural design.

The work on the LCCR tunnels still continues, first of all on the till now the
largest tunnelling project in Brno, the Dobrovského tunnel. Surveys for this tun-
nel were carried out in several stages, starting as long ago as the 1990s. At the
beginning, exploratory drilling was carried out; then, when the final concept
became known, three exploratory galleries were driven within the framework of
the survey, with short adits on the gallery sides in which the field tests and mea-
surements were centralised. These tests and measurements were supplemented by
measurements in boreholes drilled from the surface, in so-called “centralised sur-
vey locations. After the successfully completed survey phase, the geotechnical
observation and monitoring operations continue during the course of the excava-
tion of the Dobrovského tunnel tubes.




Obr. 7 Portdl pruzkumné §toly u tunelu ¢. 8 na trati Brno—-Ceskd Trebovd
Fig. 7 Exploration gallery portal — tunnel No. 8 on Brno—Ceskd Trebovd rail line

a pisCitych $térku tdolni terasy feky Svratky, na liskoveckém portdlu byly
predmétem polnich zkousek mocné polohy sprasi.

Vyrazné se GEOtest Brno, a. s., podilel i na piiprave a realizaci dalsiho
tunelu na VMO na ulici Kohoutova (Husovicky tunel). Zde byl ve sloZi-
tych geologickych podminkdch vybudovan dvoutroubovy hloubeny tunel
délky 585 m. Pruzkumy byly zji§tény dlozné poméry a geotechnické vlast-
nosti granodioritu brnénského masivu a jeho zvétralin, dtrzku neogennich
jila a piska a mocnych sprasovych pokryvu. Také zde byly predmétem pru-
zkumu i ¢asti komunikaci prilehlych k tunelu a vedenych v hlubokych
zétezech. V rdmci pruzkumnych praci byl rovnéz fesen vliv hloubent tune-
lu na blizké objekty vysokoskolskych koleji a obytnych domt a byla navr-
Zena koncepce jejich zajisténi. V rdmci geologického sledu bylo kromé
obvyklé dokumentace geologickych skutecnosti realizovdno polni mode-
lovou zkouskou ovéreni Gnosnosti a deformace zdkladu sténového prvku
ostén{ tunelu, a to jak na neogennich jilech, tak na sprasich. Méreni na oce-
lovych modelech sténového prvku ukédzala spravnost ndvrhu a zvolené
technologie z hlediska mezntho stavu tinosnosti i z hlediska mezntho stavu
deformaci. Uspordddni téchto zkousek a jejich realizace byla hodnocena
jako velmi tspésna. A kone¢né posledni soucésti geologického sledu bylo
fesen{ stability skalniho vychozu Husovického kopce u vyjezdového por-
tdlu a geotechnické posouzen{ navrzeného architektonického fesent.

Price na tunelech VMO stdle pokracuji. Jednd se predevs§im o dosud
nejveétsi tunelovou stavbu v Brné — tunel Dobrovského. Prizkumnd &innost
pro tento tunel probihala v nékolika etapach, pfi¢emz zacala uz v 90 letech
minulého stoleti — zprvu se uskutec¢nioval vrtny pruzkum a poté, az byla
zndma konend koncepce, se v rdmci pruzkumu vyrazily 3 pruzkumné
Stoly s rozrazkami, v nichZ se soustiedily poln{ zkousky a méfeni doplné-
né méfenimi ve vrtech hloubenych z povrchu — v mistech tzv. soustredé-
ného pruzkumu. Po tspésné realizované pruzkumné fazi pokracuji prace
geotechnického sledu a monitoringu pfi razbé trub tunelu Dobrovského.

Predmétem ¢innosti GEOtestu Brno, a. s., byl i dopliujici prizkum,
geotechnicky sled a monitoring na hloubeném tunelu v Jihlavé na obchva-
tu silnice 1/38. V letech 2003 a 2004 zde byly realizovéany predev§im roz-
séhlé dokumentacni préce v nerovnomérné zvétralém masivu metamorfitt
(rul). Charakter zvétrani a rozpukéni masivu byl pfi¢inou i velmi sloZitych
hydrogeologickych poméru, kdy bylo nutno realizovat komplikované
odvodnéni pocvy a stén hloubeného tunelu. Prvni konvergenéni méfeni
v roce 2004 ukézala, Ze i v téchto obtiznych podminkéch jsou deformace
plochych kleneb i opérnych stén velmi malé a patrné nebudou ovliviiovat
stabilitu tunelu. Nicméné bylo doporuceno v konvergenénich méfenich
pokraCovat vzdy v rdmci planované udrzby tunelu.

Daleko méné &asté jsou zatim pruzkumy pro silniéni tunely
v extravildnu. Do dnesniho dne se GEOtest Brno, a. s., podilel na prazku-
mech pro délni¢ni tunel Klimkovice na D47. Podrobny prizkum, ktery byl
rozd€len na 2 etapy, byl realizovéan v letech 1997 a 1998. V prvni etapé
bylo nutno ziskat geologické a geotechnické tidaje pro vybér vhodnéjsi
varianty ze dvou navrZenych tras tunelu. Na zdkladé vysledka komplexu
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Another subject of GEOtest Brno, a. s. activities was supplementary survey,
geotechnical observation and monitoring for a cut-and-cover tunnel in Jihlava, on
the 1/38 road diversion. In 2003 and 2004, extensive documentation work on an
non-uniformly weathered metamorphite (gneiss) massif was the main task there.
The character of the weathering and jointing of the massif was even the cause of
very difficult hydrogeological conditions, where a  complicated system of dra-
inage of the bottom and walls of the cut-and-cover tunnel had to be implemented.
The first convergence measurements in 2004 proved that deformations of flat
vaults and retaining walls were very small even in these difficult conditions and
they probably would not affect the tunnel stability. Nevertheless, it was recom-
mended that convergence measurements be continued, within the framework of
the planned tunnel maintenance.

Surveys for road tunnels in rural areas are much less frequent. Till now,
GEOtest Brno, a. s. has participated in surveys for the Klimkovice tunnel of the
D47 motorway. The detailed survey, which was divided into 2 phases, was carri-
ed out in 1997 and 1998. During the first phase, it was necessary to gather geo-
logical and geotechnical data for the selection of the more suitable variant of the
two variants which had been proposed for the tunnel alignment. The 1600m long
alignment was selected as more advantageous on the basis of the results of
a complex consisting of a borehole survey, geophysical measurements, informa-
tive hydrodynamical tests and laboratory tests which was realised within the fra-
mework of Phase I. This alignment was subsequently examined by means of
a significantly bigger amount of exploration boreholes, field tests and mine wor-
kings. Stability calculations for pre-portal open cuts and geophysical measure-
ments were parts of the survey. Because of relatively complicated hydrogeologi-
cal conditions, a condition survey of local water sources in the vicinity of the tun-
nel route was conducted. As a response to an expert assessment of the survey
report, the information on the geological structure in the vicinity of the Ostrava
portal was additionally adjusted. The assumption of the occurrence of drift, which
was based on geophysical measurements, was not confirmed after the completi-
on of a supplementary survey borehole. The demanding observation of the con-
struction of this tunnel was provided by a group of specialist companies; it is dealt
with in a separate paper.

Till now, studies and initial survey stages for tunnel constructions have been
carried out only rarely during the development of a concept of road network in
a certain region. GEOtest Brno, a. s., provided engineering geological and geo-
technical data for this activity in the area of the Jesenik Mountains.

In 1996, a study on tunnel structures on the 1/44 road route belonged among
those operations. The conditions for the construction of a total of 10 tunnels with
the lengths ranging from 320m (Ruda n. M.) to 7200m (Cervenohorské Sedlo)
were assessed on the basis of terrain reconnaissance and an archive information
search, in three variants of this road alignment. Apart from the above-mentioned
tunnels on the 1/44 road, the same methodology of assessing the viability of
a tunnel construction was applied to the 1200m-long Horni Lipov4 tunnel on the
11/435 road diversion. A new alignment was recommended by GEOtest Brno,
a. s., on the basis of results of a survey from 1996. The tunnel alignment broke
through the main ridge of the Jesenik Mountains slightly more to the north of the
designed alignment under the Cervenohorské Sedlo Pass. Owing to the use of the
wealth of experience from a survey for the near pumped storage scheme of
Dlouhé Stran¢ during the work on this route design, the proposed alignment ran
through significantly more favourable geological conditions. In addition, the pro-
posed alignment reduced the length of the tunnel by one kilometre, although, at
the expense of increasing the length of the open-air road alignment by 2km. The
informative survey for the tunnel on the proposed alignment was carried out in
1998. The viability of the intention to construct the tunnel on the fast highway

Obr. 8 Rozvolnény masiv v dusledku svahovych pohybu (stani¢eni 87 m
pruzkumné §toly tunelu ¢&. 8)

Fig. 8 Rock massif loosening due to mass movements (chainage m 87 of the
exploration gallery, tunnel No. 8)
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Obr. 9 Portdl pruzkumnych 3tol tunelu Dobrovského v Brné (stav v roce
2002)

Fig.9 The portal of exploration galleries for the Dobrovského tunnel in
Brno (the condition as of 2002)

vrtného pruzkumu, geofyzikélnich méfeni, orientatnich hydrodynamic-
kych zkousek a laboratornich zkousek, realizovaného v rdmci I. etapy,
byla zvolena vyhodnéjsi trasa dvoutroubového tunelu délky 1600 m. Ta
byla poté ve druhé etapé prozkoumdna jiZ vyrazné vétSim objemem pru-
zkumnych vrtd, banskymi dily, polnimi zkouskami. Soucdsti prazkumu
byly stabilitni vypolty v portdlovych zafezech a geofyzikdlni mefeni.
Vzhledem k pomérné sloZitym hydrogeologickym poméram byla uskuted-
néna i pasportizace lokdlnich vodnich zdroju v okoli tunelové trasy. Na
zdkladé expertniho posouzeni elabordtu o prizkumu byla je$té dodatecné
zpresnéna geologickd stavba v blizkosti ostravského portdlu. Predpoklad
vyskytu glacigennich sedimentt, zaloZeny na geofyzikalnich méfent, se po
vyhloubeni dopliiujictho prizkumného vrtu nepotvrdil. Néro¢ny sled
vystavby tohoto tunelu zajiStovalo sdruZeni odbornych firem a pojedndva
0 ném samostatny ¢lanek.

Zatim jen zcela ojedinéle byly realizovény studie a Gvodni pruzkumné
etapy pro tunelové stavby pri vytvéreni koncepce silni¢ni sité v uréitém
regionu. GEOtest Brno, a. s., zajiStoval inZenyrskogeologické a geo-
technické informace pro tuto innost v oblasti Jeseniku.

V roce 1996 to byla studie tunelovych staveb na trase silnice 1/44. Na
zékladé terénni rekognoskace a archivnich reSersi byly ve tfech variantdch
vedeni trasy této silnice posuzovéany podminky pro vystavbu celkem 10
tunelu délek od 320 m (Ruda n. M.) do 7200 m (Cervenohorské sedlo).
Kromé uvedenych tunel na silnici 1/44 byla posouzena stejnou metodikou
i moznost vybudovani tunelu Horni Lipovd v délce 1200 m na preloZce sil-
nice 11/435. Na zdkladé vysledku pruzkumu z roku 1996 bylo GEOtestem
Brno, a. s., doporuceno nové vedent trasy tunelu prordzejiciho hlavnf he-
ben Jeseniku severnéji od projektované trasy pod Cervenohorskym sed-
lem. Tato navrZend trasa byla vedena v podstatné priznivéjsich geologic-
kych pomérech, nebot pri ndvrhu této trasy bylo vyuZito bohatych zkuSe-
nost{ z prizkumu pro blizké vodni dilo PVE Dlouhé Strané. Navic navr-
Zend trasa zkrétila tunel o cely kilometr, avSak za cenu prodlouZeni ven-
kovniho vedeni silnice 0 2 km. V roce 1998 byl realizovén orientaéni pra-
zkum pro tunel v navrZené trase. S minimem prizkumnych praci (2 vrty
o celkové délce 170 m, 5 km geofyzikélnich profil) byla kladné posouze-
na moznost realizace zdméru vybudovéni tunelu na rychlostni silniéni
komunikaci. Uskute¢néné préce, které kromé uvedeného zahrnovaly déle
rozsahlé reserse, terénni rekognoskace a orientacni zkousky vlastnosti hor-
nin na vzorcich vrtného jadra, umoznily sestavit pomérné detailni navrh
podrobného prizkumu pro potieby projekce tohoto tunelu.

PODZEMNI STAVBY PRO MESTSKOU HROMADNOU
DOPRAVU

V neddvné dobé (v jarnich mésicich leto§niho roku) probéhl podrobny
geotechnicky prizkum pro tramvajovy tunel umistény do masivu kfemi-
tych diorit ve vychodnim svahu tzkého tidolf feky Svratky v Brn€ mezi
Pisdrkami a Zabovieskami, jehoZ realizace umozni rozsifit soucasnou
dvoupruhovou, dopravné velmi zatiZenou komunikaci velkého méstského
okruhu na &tyfpruhovou. Prizkum sestéval z omezeného po&tu jadrovych
vrtd, geofyzikalnitho méfeni a polnich smykovych zkousek umisténych do
stény byvalého lomu pii projektovaném pisdreckém portalu.

S vyjimkou soucasného priizkumu a 2 priizkumnych etap pro tramvajo-
vy tunel pod kopcem Spilberk se v minulosti jednalo opakované o reSerSni
prace a posouzeni geologickych, hydrogeologickych a geotechnickych
poméri v trasdch podzemni tramvajové rychlodrdhy, jejichZ smérové

Obr. 10 Méfeni napjatosti masivu v kruhovém profilu rozrdzky pruzkumné
Stoly tunelu Dobrovského konvergencni metodou

Fig. 10 Measurements of the state of stress in a circular profile of a short
adit in the Dobrovského tunnel wall, using the convergence method

was positively assessed using a minimum of survey work (2 boreholes at the total
length of 170m, Skm of geophysical profiles). The completed work, which com-
prised, apart from the above-mentioned activities, extensive information search,
terrain reconnaissance and informative tests of rock mass properties on core sam-
ples, made it possible to carry out relatively detailed design for the detailed sur-
vey for the needs of this tunnel design.

UNDERGROUND CONSTRUCTIONS FOR URBAN MASS TRANSIT

Recently (in the spring months of 2008), a detailed geotechnical survey was
conducted for a tram tunnel, passing through a quartzose diorite massif on the
eastern slope of a narrow valley of the Svratka River in Brno, between the
districts of Pisérky and Zabovfesky. The tunnel construction will render the wide-
ning of the currently double-lane, very busy road on the LCCR to a four-lane road
possible. The survey consisted of a limited number of core holes, geophysical
measurements and field shear tests, which were performed on a wall of an aban-
doned quarry, near the Pisarky portal under design.

With the exception of the current survey and two survey stages for the tram
tunnel under Spilberk Hill, the past work repeatedly consisted of information
search and assessment of geological, hydrological and geotechnical conditions
along the routes of the light rail transit system, the horizontal and vertical align-
ments of which very frequently varied. The information search which was carri-
ed out contains lots of information which is usable even today, first of all the
information on the central part of Brno.

In this chapter, worth more detailed mentioning is the realisation of a 499m
long exploratory gallery for the above-mentioned tram tunnel under Spilberk Hill.

Obr. 11 Portdl pruzkumnych $tol tunelu Dobrovského po zahdjeni raZby
tunelové trouby II (stav v roce 2008)

Fig. 11 The portal of exploration galleries for the Dobrovského tunnel, after
the commencement of the tunnel tube II excavation (the condition as
of 2008)




Obr. 12 Sestava polni smykové zkousky pri pruzkumu pro tramvajovy tunel
Zabovieskd v Brné

Fig. 12 The setup of a field shear test during the survey for the tram line in
Zaboviesky, Brno

a vySkové vedeni se velmi Casto ménilo. Ve zpracovanych reserSich je
k dispozici znaéné mnoZstvi dodnes vyuZitelnych informaci predevsim
z centrdlni ¢4sti Brna.

Za podrobnéjsi zminku v tomto oddile stoji realizace prizkumné smé-
rové $toly pro zminény tramvajovy tunel pod kopcem Spilberk v délce
499 m. Ve $tole byla realizovdna detailni geologickd dokumentace stén
a Celeb a méfeni skleroskopické pevnosti Schmidtovym kladivkem. Ve
4 rozrdzkéach byl uskute¢nén komplex polnich zkouSek a méfen{ zahrnuji-
cf klasické zatéZovaci zkousky, zkousky plochymi lisy, smykové zkousky
rohové i v rdmech a konvergenéni méfeni. Rovnéz byly sledovany defor-
mace povrchu pri razbé $toly a jejich vyvoj v Case. Rozsah banského dila
umoZnil odbér 43 balvanitych vzorkll a nésledné laboratorni zkousky
4 zastizenych petrografickych typli hornin. Priizkumné préce ve smérové
Stole budouciho tramvajového tunelu pod vrchem Spilberk ukdzaly veelku
priznivé geotechnické vlastnosti pro realizovatelnost podzemniho dila.
V zdvéru zpravy o uskute¢néném pruzkumu se doporucilo doplnit pri-
zkum na vyjezdovém portdle, uskuteCnit pasportizaci na Pellicové ulici,
realizovat rezZimn{ hydrogeologickd méfeni a vyuZit Stolu pro technologic-
ké poloprovozni zkousky injektdZi, stfikaného betonu a ty¢ovych kotev.

VODOHOSPODARSKE A ENERGETICKE PODZEMNI STAVBY

Vyznamnou slozkou ¢innosti GEOtestu Brno, a. s., v oblasti vodohospo-
ddrskych a energetickych staveb byly pruzkumy pro precerpaci vodni elek-
trarny, i kdyZ do oboru podzemnich staveb nédleZely jen nékteré jejich Cdsti.

Nejvyznamnéjsi realizovanou precerpaci vodni elektrdarnou je PVE
Dlouhé Stréané v Jesenikdch. GEOtest Brno, a. s., se podilel na piipravé
viech jejich &dsti podzemnich i povrchovych ve viech fézich pruzkumu,
sledovéni vystavby i na kontrolnich Cinnostech pri zahdjeni provozu po
dobu vice nez 30 let od poloviny 60. let do poloviny 90. let minulého sto-
leti. Komplexn{ pifstup ke sloZité problematice souboru staveb, ktery
dosud nemd v CR obdoby, umoziioval odborny profil firmy, schopné fesit
vSechny tkoly neloziskové aplikované geologie.

Jako podzemni byla v souboru staveb PVE Dlouhé Strdné realizovdna
elektrarna. Geotest Brno, a. s., zde provadél prazkumnou ¢innost v riznych
fazich projektové pripravy zapoCatou jiz v dobé existence jeho predchidci
(Geologicky pruzkum Brno, zdvod stavebni geologie a IGHP Zilina, zdvod
Brno). Pruzkum spocival ve vyhloubeni fady prizkumnych vrtu a zejména
ve vyraZeni 6 pruzkumnych $tol umoZiiujicich detailni studovéni geologické
stavby horninového masivu pro lokalizaci kaveren podzemni hydroelektrar-
ny a slouzicich i pro umisténi fady polnich geotechnickych zkousek pro pro-
jekt ndro¢ného podzemniho dila i nadzemnich objekti. Zkousky byly zamé-
feny na stanoven{ deformacnich a pevnostnich charakteristik a v neposledni
fade pro zjisténi napjatosti masivu. Velmi tcelné se ukdzalo uZiti Schmidtova
kladivka pro stanovenf kvality horniny, na zakladé jehoZ vysledku (ndsledné
ovérenych geofyzikdlnim mérenim) byla nové lokalizovdna poloha kaverny
hydrocentraly o cca 50 m smérem k dst{ prazkumné $toly. Schmidtovo kla-
divko se rovnéZ ukédzalo jako velmi dobry pomocnik pfi hleddni vhodného
materidlu pro sypdni rokfilové hrdze dolnf nadrze.
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Detailed geological documentation of the excavation walls and faces and measu-
rement of scleroscope hardness by Schmidt hammer were carried out in the gal-
lery. A complex of field tests and measurements was realised in four short side
adits. The complex consisted of classical loading tests, flat jack tests, shear tests
(both of the corner type and in frames) and convergence measurements.
Deformations of the surface during the gallery excavation and their development
with time were also followed. The extent of the mine working rendered taking of
43 boulder samples possible, including subsequent laboratory tests on four
encountered petrographical rock types. The surveys in the pilot gallery for the
future tram tunnel under Spilberk Hill proved that the geotechnical properties
were relatively favourable in terms of the viability of the underground working.
It was recommended in the conclusion of the report on the completed survey that
the survey at the entrance portal be added, the condition survey in Pellicova Street
be carried out, hydrological regime measurements be conducted and the gallery
be used for technological pilot tests of the grouting, shotcrete and rod-type
anchors.

UNDERGROUND CONSTRUCTIONS FOR WATER
MANAGEMENT AND POWER PRODUCTION PURPOSES

Surveys for pumped storage schemes formed an important component of
GEOtest, a. s. activities in the area of water management and power production
projects, despite the fact that only some parts of the projects belonged to the field
of underground construction.

The most important pumped storage scheme (PSS) which was implemented is
the Dlouhé Strdné PSS in the Jesenik Mountains. GEOtest Brno, a. s., participa-
ted in the preparation of all parts of the construction, both the underground and
surface ones, during all phases of the survey and construction observation, as well
in as the checking activities during the commissioning. The work lasted for over
30 years, from the middle of the 1960s to the middle of 1990s. The comprehen-
sive approach to the complicated problems of the complex of constructions,
which has not had an equivalent in the Czech Republic till now, was possible
owing to the professional profile of the company, which was able to accomplish
all tasks of applied geology (other than that of mineral deposits).

One of the underground structures within the complex of the Dlouhé Strané
PSS was a powerhouse. Geotest Brno, a. s., carried out surveys during various
designing stages, starting already at the time when the company predecessors
existed (the Department of Civil Engineering Geology of Geologicky priizkum
Brno and the Brno plant of IGHP Zilina). The survey comprised the drilling of
many exploration boreholes and, above all, excavation of 6 exploratory galleries,
allowing detailed studies on the geological structure of the rock massif in which
the underground powerhouse caverns were to be located. In addition, the galleri-
es housed many field geotechnical tests required for the design for both the
demanding underground working and surface structures. The tests were focused
on the determination of deformational and strength-related properties and, at last
but not least, determination of the state of stress in the massif. The use of the
Schmidt hammer rebound tests turned out to be very useful for the determination
of quality of rock. The location of the powerhouse cavern was shifted by appro-
ximately 50m toward the mouth of the exploration gallery on the basis of the
results of this survey (which were subsequently verified by geophysical measu-
rements). In addition, the Schmidt hammer proved to be a very good aid when
a material suitable for the downstream reservoir rockfill dam was searched for.

Other underground constructions for pumped storage schemes where GEOtest
Brno, a. s., participated in the planning and implementation phases comprised
diversion tunnelg for the DaleSice dam and, first of all, headrace tunnels in Slovak
locations of the Cierny Vih (in collaboration with the Department of Geology and

Obr. 13 Tézba horniny pod hotovou klenbou hloubeného tunelu na obchvatu
Jihlavy

Fig. 13 Digging the ground under the completed vault of the cut-and-cover
tunnel on the Jihlava bypass road
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Dalsimi podzemnimi stavbami pfecerpdvacich vodnich elektrdren, na
jejichz pripravé a realizaci se GEOtest Brno, a. s., podilel, byly obtokové
Stoly budované prehrady DaleSice a zejména tlakové privadéce na sloven-
skych lokalitich Cierny Védh (ve spoluprici s katedrou geologie
a zaklddani staveb VUT BRNO) a nerealizovanych Hrhov, Mald Vieska
a Ipel. Zatimco na prvnich dvou zminénych nerealizovanych dilech zajis-
tovali odbornici komplexni prizkumy pro viechny &dsti elektrdren, jejichZ
soucdasti byly i geotechnickd dokumentace, polni zkousky mechaniky hor-
nin v pruzkumnych Stolach Viola 1 (dl. 122 m) a Viola 2 (dI. 308 m) na
Hrhove a ve Stole Tereza (dl. 283 m) na Malé Viesce a laboratorni zkous-
ky mechaniky hornin, na lokalité Ipel to byly uz pouze laboratorn{ zkous-
ky. Geotechnickym pruzkumem ve $tole délky 435 m, véetné polnich
a laboratornich zkouSek mechaniky hornin, spolupracoval GEOtest Brno,
a. s., také na pfipravé PVE Kfivoklat—Cerveny Kdmen.

Vodovodni a kanalizacni Stoly jsou dal§imi podzemnimi stavbami, které
byly predmétem ¢innosti GEOtestu Brno, a. s.

Nejdiive, v letech 1967-1970, to byly ruzné etapy prazkumi na celé
trase II. brezovského privadéte vletné Stolovych tsekd. Do vlastniho
oboru podzemnich staveb patii geologicky sled, dokumentace
a geotechnické zkousky polni i laboratorni ve Stolovych tsecich Jih délky
1269 m a Sever délky 1498 m, realizované v letech 1972-1973. Na zdkla-
dé praci ve Stoldch bylo upresnovéano definitivni zajisténi stén vyrubu
a nutnost injektdazi. Uskutecnénd geologickd dokumentace prispéla
k detailnéjSimu pozndni geologické stavby permokarbonu Boskovické
brazdy v okoli obce Mald Lhota.

V 80. letech minulého stoleti probihala razba 8049 m dlouhého Stolového
vodovodniho piivadéce Vitkov—Podhradi-Dolejsi Kun€ice piivadejiciho
vodu do Ostravy z prehrady Slezskd Harta. V rdmci dopliwjictho prazkumu
pri razbé za plného provozu Geotest Brno, a. s., provadél kromé laborator-
nich zkouSek vzorku horniny a méfeni Schmidtovym kladivkem po délce
Stoly fadu polnich zatéZovacich zkousek (celkem 36 ks), pro které bylo
nutno vzhledem ke kruhovému profilu pfivadéde vyvinout specidlni mobil-
ni zatéZovaci zafizen{ uloZené na podvozku banského kolejového voziku.

Rozsédhlejsi byly price GEOtestu Brno, a. s., na trase Brnénského
oblastniho vodovodu z ddolni prehrady Vir do Brna pfi geologickém sle-
dovdni, dokumentaci a geotechnickych zkouskdch béhem razby $tolo-
vych privadécu v celkové délce 20 538 m. Privadéce byly rozdéleny na
3 tuseky a realizovdny v obdobi 1988-1993. Razba byla provadéna
z men3f Cdsti ruéné trhacimi pracemi (pfivod surové vody Vir-Korouzné
v délce 4691 m, portdly Svarec, Bele¢ I a II, odbocka Cernvir v délce
330 m), pfevdzné pak strojné razicim strojem RS 24-27 o pruméru
2,84 m v celkové délce 15 847 m. Béhem sledovéni vystavby bylo usku-
te¢néno znaéné mnozstvi zkousek a méteni. Fyzikalni vlastnosti hornin
byly stanoveny na 588 vzorcich, jejich pretvarné vlastnosti na 28 vzor-
cich, abrazivnost na 10 vzorcich. Petrografickému rozboru bylo podro-
beno 146 vzorku, chemické analyze podzemni vody s ohledem na jejich
agresivitu vaci stavebnim hmotdm pak 30 vzork vody. Pietvarné vlast-
nosti horninového masivu byly zjistény 31 polnimi zatéZovacimi zkous-
kami. Uskute¢néné zkousky a méfeni krome bezprostredniho vyuZiti pri
operativnim fizeni razby a vystrojovan{ vyrubu prispély i k detailnéjsimu
poznani horninovych komplexu bite$ské a oleSnické skupiny moravika
a svrateckého krystalinika. Obdobny charakter, ale vyrazné mens{ roz-
sah pak mély price spojené s pruzkumem a realizaci tras vodovodn{
Stoly Bystrc—Bosonohy, podchodu pod komunikacemi a Stoly pod kop-
cem Chochola v Bystrci. Naposledy byl privadéé¢ BOV predmétem &in-
nosti GEOtestu Brno, a. s., v roce 2005, kdy doslo k poruchdm na osté-
ni Stoly v blizkosti portdlu Béle¢ 1. Pruzkum byl realizovdn
v poskozeném tdseku délky 12 m a v prilehlych dsecich. Byla zkouma-
na kvalita betonu osténi, kvalita horniny v lici vyrubu a byly méfeny
deformace na 7 mistech ve zkoumaném tseku. Na zdkladé ucinénych
zjistén{ byly analyzovany mozné pric¢iny poruch a byly rozdéleny do tif
skupin. Geologické pri¢iny mohou spoéivat v existenci poruchového
pdsma a pusobeni podzemni vody, pripadné v existenci svahovych
pohybu v oslabené ¢dsti masivu. Jako stavebn{ pficiny pfipadaji v dvahu
existence pracovnich spdr v betonu, nedostatené navazovani vyztuze,
nekvalitni beton ve spodni &dsti osténi a nedostate¢né vyplnéni nadvy-
lomt za osténim. Konecné nelze vyloucit ani provozni pfi¢inu poruchy,
a to vznik rdzu pii ndhlém uzavieni prutoku. Do zahdjeni sana¢nich
praci bylo doporuceno sledovani chovdni jak postiZeného tdseku Stoly,
tak svahu nad privadééem.

Kromé uvedenych rozsdhlych praci na vodovodnich Stoldch byly
predmétem Cinnosti GEOtestu Brno, a. s., jeSté dil¢i prace na nové
odvodniovaci $tole na Sachté Hodru$a u Banské §tiavnice, na Stole pro
vytlak surové vody na prehradé Obii hlava ve Znojmé a na kanaliza¢nich
Stoldch v Brné (Kamenomlynskd—Staré Brno, Cacovice—Kralovo Pole)
a ve Stiibfe. Cilem Cinnosti ve zminénych Stoldch bylo zjiStovéan{

Obr. 14 Méreni deformaci havarovaného S$tolového privadece Brnénského
oblastniho vodovodu u portilu Béle¢

Fig. 14 Measurements of deformations of the damaged water supply gallery
at the Béle¢ portal of the Brno regional water line

Foundation of Structures of the Technical University in Brno) and, the not-reali-
sed ones, Hrhov, Mald Vieska and Ipel”. While comprehensive surveys for all
components of the powerhouses were carried out by professionals on the initial
two of the above-mentioned not-realised constructions (parts of the survey were
also geotechnical documentation, field testing of mechanical properties of rocks
in 122m-long Viola 1 and 308m-long Viola 2 exploration galleries in Hrhov and
in 283m long Tereza gallery in Mald Vieska, and laboratory testing of mechani-
cal properties of rocks for the above-mentioned sites; only laboratory tests were
conducted in the Ipel” location. GEOtest Brno, a. s., also collaborated on the pre-
paration of the Kfivoklat-Cerveny Kémen PSS, through a geotechnical survey in
a435m long gallery, including field and laboratory tests.

Water supply and sewerage galleries were other constructions which formed
the subject of GEOtest Brno, a. s., work.

In the beginning, in 1967-1970, various stages of surveys were performed
throughout the length of the Bfezov water supply line, including mined sections.
The operations belonging to the field of underground construction comprised
geological observation, documentation and both field and laboratory geotechni-
cal tests in the 1269m long mined section South and 1498m long mined section
North, which were carried out in 1972-1973. The final excavation support and
requirements for grouting were adjusted on the basis of the activities in the galle-
ries. The completed geological documentation contributed to more detailed
knowledge of the geological structure of the Permo-Carboniferous Boskovice
Trough, in the vicinity of the village of Mald Lhota.

In the 1980s, the excavation of the 8049m long Vitkov—Podhradi-Dolejsi
Kuncice water supply tunnel, carrying water from the Slezskd Harta dam to
Ostrava, was in progress. GEOtest Brno, a. s., carried out, within the framework
of a supplementary survey, without any interruption to the excavation operations,
not only laboratory tests on rock samples and measurements by Schmidt hammer
throughout the tunnel length but also a number of field loading tests (36 in total),
for which it was necessary (because of the circular cross section of the tunnel) to
develop a special mobile loading device mounted on a mine car carrier.

The work of GEOtest Brno, a. s., on the route of the Brno regional water line
(BRVL) from the Vir storage dam to the city of Brno was more extensive. It com-
prised geological observation, documentation and geotechnical tests during the
course of the excavation of water supply tunnels, at the total length of 20,538m.
The tunnels were divided into 3 sections and were constructed in 1988 — 1993.
Smaller part of the tunnels was dug by hand and blasting (the 4691m long Vir-
Korouzné raw water supply tunnel, the Svarec, Béle¢ I and II portals, a 330m long
branch for Cernvir); the majority of the driving, at the length of 15,847m, was
performed by a 2.84m-diameter RS 24-27 TBM. A significant amount of tests and
measurements was conducted during the observation of the construction.
Physical properties of rock were determined on 588 samples, deformational pro-
perties of rock on 28 samples and abrasiveness on 10 samples. 146 samples were
subjected to petrographical analyses; a chemical analysis of 30 water samples was
required with respect to the corrosive effect of water on building materials.
Deformational properties of the rock mass were determined by means of 31 field
loading tests. The completed tests and measurements contributed, apart from the
immediate use during the operative control of the excavation and excavation
support measures, to more detailed knowledge of the rock complexes comprising
the Bite$ and Olesnice Groups of the Moravicum and the Svratka crystalline
complex. The work associated with the survey and construction of the
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Obr. 15 Mista Cinnosti GEOtestu Brno, a. s., v CR v oboru podzemniho
stavitelstvi v letech 1968-2008

Fig. 15 Locations of GEOtest Brno, a. s., activities in the Czech Republic, in
the field of underground construction during 1968-2008

charakteristik horninového masivu i usmériiovani zpusobu provadén{
podzemniho dila v rdmci geotechnického sledu.

KOLEKTORY

Prizkum pro projekt kolektorovych sitf a sled vetné monitoringu jejich
provadéni byly rovnéZ jednou z vyznaénych Cinnosti GEOtestu Brno,
a. s. Nejvetsi podil praci jak ve fdzi prizkumu masivu, tak i pfi geotechnic-
kém sledu naleZi kolektorim v Brné. Primarni kolektory byly predmétem
Cinnosti prevazné v 80. letech minulého stoleti, sekunddrni kolektory pak
v 90. letech a s prestdvkami pokracuji dodnes. Primérni kolektory byly zde
razeny v neogennich jilech pevné az tvrdé konzistence prostoupenych dis-
kontinuitami, coZ si pro stanoveni jejich geotechnickych vlastnosti vyzada-
lo realizaci velkorozmérovych polnich smykovych a zatéZzovacich zkousek.
Sekundarni kolektory byly situovdny blizko pod povrchem prevazné
v kvartérnich sedimentech i materidlech antropogenniho puvodu. Projevy
jejich razby na povrch a na zdstavbu bylo nutno neustdle monitorovat.

Dal§im mestem, kde na pripravé kolektorové sit¢ se GEOtest Brno, a. s.,
podilel, byla Jihlava. Na této lokalité byly pro stanoveni potiebnych hod-
not geotechnickych vlastnosti horninového masivu moldanubickych rul
vyhloubeny Sachtice s rozrdzkami, v nichz tyto vlastnosti byly zjiStovany
polnimi smykovymi a zatéZovacimi zkouskami.

JINA CINNOST V PODZEMI

I kdyZ do oboru podzemnich staveb piimo nepatif, povazujeme za vhod-
né zminit i dals{ dvé ¢innosti, jimiZ se pracovnici GEOtestu Brno, a. s.,
zabyvali.

Je to predevsim stavebni a geotechnicky pruzkum podzemnich prostor
v historickych jadrech mést Brno, Jihlava, Znojmo a Nové Mésto na
Morave. Detailnim a obcas i velmi obtiZznym Setfenim se tak ziskaly cenné
podklady pro rekonstrukce a opravy historickych objektt, informace pro
objasnéni pri¢in nékterych poruch a predevsim dvodni podklady pro nej-
ruznéj8i vyuZiti téchto prostor zvIaste v posledni dobg.

Kone¢né povaZujeme za vhodné zminit i znaleckou ¢innost specialistt
GEOtestu Brno, a. s., pri posuzovéni bezpe€nosti jeskyni jako predméta
turistického zdjmu. V prostordch Katefinské jeskyné a Punkevnich jeskyn{
v Moravském krasu, v Konépruskych jeskynich a v Bozkovskych dolomi-
tovych jeskynich byly posuzovany prohlidkové trasy z hlediska bezpec-
nosti ndvstévniku jeskyni. V Katefinské jeskyni jako v prostoru pro obas-
nou koncertni ¢innost byl zkouman vliv akustického namahén{ horninové-
ho masivu ve strop¢ nejvetsi prostory slouZici jako koncertni sdl a kone¢né
tamtéZ byla realizovédna i analyza stability skalni stény nad vchodem do
jeskyné po havdrii v roce 1996, kdy doslo ke zriceni bloku védpenct
a poskozeni sprdvniho objektu.

Prace v oboru podzemniho stavitelstvi predstavuji stale jednu ze stézej-
nich Cinnosti stfediska geotechniky a. s. GEOtest Brno — a to jak ve fazi
pruzkumu pro projekt podzemnich staveb, tak i pii geotechnickém sledu,
slouzicim pro usmérmovani stavebniho postupu pii zjisténi odliSnych
poméra od predpokladu projektu.

.. i ING. JAN FOUSEK, fousek@geotest.cz,

ING. JIRI PAVLIK, CSc., pavlik@geotest.cz, GEOTEST BRNO, a. s.
Recenzoval: Doc. Ing. Viadislav Hordk, CSc.
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Bystrc-Bosonohy water supply gallery, crossings under roads and a gallery under
Chochola hill in Bystrc had a similar character but a significantly smaller scope.
The BRVL was the subject of GEOtest Brno, a. s., activities for the last time in
2005, when defects of the gallery lining appeared in the vicinity of the Béle¢
I portal. The survey was performed in a 12m-long damaged section and in adja-
cent sections. It was focused on quality of the concrete lining, quality of rock on
the excavation surface and measurement of deformations in 7 locations within the
section being examined. The possible causes of the defects were analysed on the
basis of the findings. They were divided into three groups. Geological causes may
be associated with the existence of a fault zone and effects of ground water, or
with the existence of slope movements in the weakened part of the massif. The
structural causes which may be taken into consideration comprise the existence
of construction joints in concrete, insufficient coupling of reinforcing bars, poor
quality of concrete in the bottom part of the lining and insufficient backfilling of
overbreaks behind the lining. Finally, nor an operational cause of the damage can
be excluded, namely the origination of a shock wave in the case of abrupt closing
of the flow. It was recommended that both the affected section of the gallery and
the slope above the water supply line be observed till the beginning of the repair
operations.

In addition to the above-mentioned extensive work on water supply tunnels,
activities of GEOtest Brno, a. s., comprised partial work operations on a new dra-
inage gallery at the HodruSa mine near Banskd Stiavnica, on raw water delivery
line at the Obii Hlava dam in Znojmo and sewerage galleries in Brno
(Kamenomlynské-Staré Brno, Cacovice—Kralovo Pole) and Stiibro. The objecti-
ve of the activities in the above-mentioned galleries was to determine rock mass
characteristics and guide the excavation operations within the framework of the
geotechnical observation.

UTILITY TUNNELS

Surveys for the purpose of designing utility tunnel networks and observation,
including the monitoring of the construction operations, were another significant
activity of GEOtestu Brno, a. s. The utility tunnels in Brno form the largest pro-
portion of the work, both in the phase of surveying and during the geotechnical
observation. Primary utility tunnels were subject of the activities mainly in the
1980s, while the work on the secondary utility tunnels started in the 1990s and
continues, with breaks, till now. The utility tunnels for the city of Brno were dri-
ven through Neogene clays of firm to hard consistency, affected by pervasive dis-
continuities. Large-scale field testing, both shear tests and loading tests, were
required for the determination of geotechnical properties of the rock mass in this
condition. The secondary utility tunnels were located shallow under the surface,
mainly in Quaternary sediments and materials of anthropogenic origin. It was
necessary to continually monitor effects of the excavation on the surface and exis-
ting buildings.

Jihlava was another town where GEOtest Brno, a. s., participated in the
preparation of a utility tunnel network. In this locality, the required values of
geotechnical properties of the rock mass consisting of moldanubic gneiss were
determined by means of a trial pit, field shear tests and loading tests, which were
carried out in short adits in the pit walls.

OTHER ACTIVITIES IN THE UNDERGROUND

Even though they do not belong to the field of underground construction, we
believe that the following two activities of GEOtest Brno, a. s., are also worth
mentioning.

First of all, it is the structural condition survey and geotechnical survey of
underground spaces in historic cores of the cities of Brno, Jihlava, Znojmo and
Nové Mésto na Moravé. The detailed and sometime even very difficult investi-
gations provided valuable source documents for reconstructions and repairs of
historic buildings, information required for clarifying causes of some defects and,
above all, initial data for various use of these spaces, mainly quite recently. .

Finally, we think that it is reasonable if we mention even the expert activities
of GEOtest Brno, a. s., specialists during the process of assessing safety of caves
as subjects of tourist interest. They assessed viewing routes in the spaces of
Katerinskd Cave and Punkva Caves in the Moravian Karst, in Konéprusy Caves
and Bozkov Dolomite Caves in terms of safety of visitors. In the Katefinské
Cave, which is a space for occasional concerts, the survey was focused on the
impact of the acoustic loading on the rock mass forming the roof of the largest
cavern used as a concert hall; an analysis of stability of the rock wall above the
entrance of this cave was carried out in 1996, after a collapse during which
a limestone block fell down and damaged an administrative building.

Work in the field of underground construction has still represented one of the
main activities of the Department of Geotechnics of GEOtest Brno, a. s., both in
the phase of surveys for designing underground structures and during geotechni-
cal observation, carried out for the purpose of guiding the construction process in
the case of identification of deviations on the basis of design assumptions.

» i ING. JAN FOUSEK, fousek@geotest.cz,
ING. JIRI PAVLIK, CSc., pavlik@geotest.cz, GEOTEST BRNO, a. s.
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TUNEL UMIRAY - MACUA, ZARUKA PITNE VODY PRO MANILU

THE UMIRAY - MACUA TUNNEL, A GUARANTEE
OF DRINKING WATER FOR MANILA

PAVEL BLAHA, ROMAN DURAS, JAN FOUSEK, JITKA NOVOTNA

1. OvoD

Lidskd civilizace je od svého pocdtku vdzdna na prirodn{ zdroje, a to
jak na zdroje surovin, tak na zdroje energie. S vyvojem lidského rodu
se pozadavky na druhy surovin i zdroje energii ménily. Nikdy vSak
nebyly tyto zmény tak rozsahlé, jako v druhé poloviné dvacdtého sto-
leti a na pocdtku stoleti jedenadvacétého. Zasobovani ¢lovéka potieb-
nymi surovinami si vyZaduje ¢im ddl tim vét$i a dimysInéjsi stavby.
To se tykd jak surovin potfebnych a nutnych pro bezprostiedni Zivot
Clovéka, tak surovin potfebnych k dal§imu rozvoji lidské civilizace.

2. VODNI DILO ANGAT

Podobné, jako byla existence ¢lovéka po celou dobu jeho vyvoje
z4dvisld na prirodnich zdrojich, je i prondsledovdna pfirodnimi
katastrofami. Zdd se pravdépodobnym, Ze ¢im je lidskd civilizace
vyspélejsi, tim je i zranitelnéjsi. Poskozeni lidskych vytvoru jakouko-
li ptirodni pohromou vZdy znamenalo, znamen4 a bude znamenat eko-
nomické ztrity a v téch nejhorSich pripadech i lidskd zranéni a ztréty
na Zivotech. Zustdvé otdzkou, jakou miru zodpovédnosti ve smyslu
vzniku a prabéhu pifrodnich katastrof nese civilizalni rozvoj a jakou
priroda sama. Nejtragi¢téjsi jsou vSak ty katastrofy, které Elovék prav-
dépodobné vyvolal a ovlivnit nemuize.

Zivot lovéka poznamenavaji nejen katastrofy globalniho charakte-
ru, ale i jevy mensiho rozsahu. Do téch miZeme pocitat i ni¢ivé G&in-
ky tropickych tajfuni. Tajfun Winnie — Nanmadol, ktery postihl
Filipiny koncem roku 2004, je typickym piikladem téchto udélosti.
Jeho ndsledky ohrozily i zdsobovéni hlavniho mésta Filipin — Manilu
— pitnou vodou. Manila je zdsobovdna vodou z vodniho dila Angat
(obr. 1), které pokryva az 90 % spotieby vody v hlavnim mésté. Kdyz
si uvédomime, Ze jde o zdsobovani regionu s minimalné deseti milio-
ny obyvatel, predstavuje takovéto ohroZeni nemaly problém.

Prehradni hrdz vodniho dila byla vybudovdna v Sedesdtych letech
dvacétého stoleti. Samotnd rockfillovd hrdz ma vySku 133 metru
a zadrZuje pfi plném vzduti jezero o objemu asi 700 miliont kubickych
metri vody. Voda z néddrZe je dopravovdna do dpravny vody na

Obr. 1 Situace zdjmové lokality (zdkladni mapa: Microsoft Encarta, vloZend
mapa: Google Earth)

Fig. 1 Overview of the area of operations (Microsoft Encarta basic map,
inserted map: Google Earth)

1. INTRODUCTION

Since its beginning, human civilisation has been bound to natural
resources, resources of both raw materials and energies. Requirements for
various kinds of raw materials and energy resources have been changing
along with the development of the human society. However, never have
those changes been so wide as the changes which took place during the
second half of the twentieth century and at the beginning of the twenty
first century. Supplying people with necessary raw materials requires ever
larger and more sophisticated constructions. This applies to raw materials
required and necessary for the immediate lives of people as well as raw
materials required for further development of the human civilisation.

2. THE ANGAT WATERWORKS

Similar to its dependency on natural resources, mankind has been pur-
sued by natural catastrophes throughout the time of its development. It
seems probable that the more developed the human civilisation, the more
vulnerable it becomes. Damage to human artefacts by any natural disaster
always meant, means and will mean economic losses and, in the worst
cases, even injuries and fatalities. There remains the following question:
which proportions of responsibility regarding the origination and course of
natural catastrophes are attributable to the development of civilisation and
nature itself? Although, the most tragic are the catastrophes which pro-
bably were not brought about by people and could not be influenced by
them.

Human life is marked not only by global-character catastrophes, but
even by smaller-scale phenomena. Devastating effects of tropical typho-
ons can be counted among them. Typhoon Winnie — Nanmadol, which hit
the Philippines at the end of 2004, is a typical example of such events. Its
consequences even threatened supplies of potable water for Manila, the
capital of the Philippines. The City of Manila is supplied with water from
the Angat waterworks (see Fig. 1), which covers up to 90 per cent of the
consumption in the capital. If we realise that the region to be supplied has
a population of least ten million, we can see that such the threat means
a significant problem.

The dam was built in the 1960s. The 133m high rockfill dam impounds
about 700 million cubic metres of water at the full reservoir level. Water
is transported from the reservoir to a treatment plant in a Manila suburb
through a 20km long pipeline, 3000mm in diameter. Water is treated in the
plant and then distributed further throughout the city. For a visitor from
Central Europe, the water line with measuring equipment installed (at least
partially) above ground offers a really unusual sight.

3. TYPHOON NANMADOL AND ITS IMPACT

At the beginning of December 2004, extensive tropical depression
Winnie gave rise to Nanmadol typhoon, which hit a vast area of the wes-
tern Pacific. According to the information published on , precipitation on
Luzon Island and its surroundings reached catastrophic values. The total
rain precipitation during the typhoon exceeded 1200mm (see Fig. 3).
Similar values were measured even in Taiwan. It is possible to say that the
total depth of precipitation on Luzon was virtually nowhere smaller than
500mm; in the area around the Angat dam, according to the above-menti-
oned American server, it exceeded 800mm. This value is even confirmed
by the measurement which was conducted on the dam, where the rate of
precipitation reached 986mm per 24 hours on 3 December 2004. It is like-
ly that the local currents of air, together with the rugged terrain, signifi-
cantly affected the total amount of precipitation. At the Ipo equalising
reservoir, which is only four kilometres away from the main dam as the
crow flies, the rate of precipitation reached only 33mm during the same
time. The fact that the actual local rainfall differed from the data provided
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Obr. 2 Situace vodniho dila Angat
Fig. 2 Layout of the Angat waterworks

predmésti Manily potrubim o pruméru 3000 mm a délce 20 km. Na
tpravné je voda upravovdna a déle pak rozvddéna po celém mésté. Pro
stfedoevropana predstavuje vedeni rozvodu vody spolu s méfici tech-
nikou (alespon ¢aste¢né) nad terénem skutecné nezvykly pohled.

3. TAJFUN NANMADOL A JEHO UCINKY

Na pocatku prosince 2004 vyvolala rozsdhld tlakova nize Winnie
tajfun Nanmadol, ktery postihl rozsdhlou oblast zdpadniho Pacifiku.
Podle udaju zvefejnénych na serveru NASA dosahly srdZky na ostro-
vé Luzon a v jeho okoli katastrofdlnich hodnot. Celkové destové srdz-
ky behem tajfunu presdhly droven 1200 mm (obr. 3). Obdobné hodno-
ty byly naméfeny i na Tchaj-wanu. Je moZné fici, Ze na Luzonu celko-
vé srazky prakticky nikde neklesly pod 500 mm a v okoli vodniho dila
Angat dosdhly podle vyse uvedeného amerického serveru hodnot pres
800 mm. Tuto hodnotu potvrzuje i méfeni na hrazi vodniho dila, kde
srdzky 3. prosince 2004 dosdhly drovné 986 mm za 24 hodin. Je prav-
dépodobné, Ze mistni vzdu$né proudéni spolu s Clenitym terénem
vyrazn¢ ovliviiovaly celkovy thrn srdZek. Na vyrovndvaci nadrzi IPO
vzddlené od hlavni hrdze vzdu$nou Carou pouhé Ctyfi kilometry dosdh-
ly srézky za stejnou dobu pouze 33 mm! Ze skute¢ny lokalni spad sra-
Zek byl jiny, neZ lze vy<ist z ddaji hydrometeorologickych stanic, také
dokazuje méfend troven hladiny vody v nddrZi (obr. 4). Ve dne 1. 12.
pred rekordni srdzkou z 3. 12. nastoupala hladina v nddrzi na kétu
216,59 m n. m. Den pred tim spadlo na Angatu 251 mm
a meteorologickd stanice na fece Umiray prestala fungovat. UZ po
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Obr. 4 Hladina vody v nddrzi Angat (modrd krivka) a denni sraZky na hrdzi
Angat (Cervené sloupce) a na vyrovndvaci hrdzi IPO (zelené sloupce)

Fig. 4 Water surface level in the Angat reservoir (blue curve) and daily
precipitation at the Angat dam (red columns) and at the Ipo equalising
reservoir (green columns)

Obr. 3 Celkové srazky béhem tajfunu Nanmadol (upraveno podle trmm.
gsfc.nasa.com)

Fig. 3 Total rain precipitation during typhoon Nanmadol (adjusted according
to trmm.gsfc.nasa.com)

by meteorological stations is even proved by the measured level of water
surface of the reservoir (see Fig. 4). During the day time of 1 December,
just before the record rainfall, the level of the water surface in the reser-
voir rose to the altitude of 216.59m a.s.1. One day before, 251mmm of rain
fell on Angat, and the meteorological station on the Umiray River ceased
to function. The station was put out of action as early as the initial blasts
of typhoon; its operation was successfully resumed as late as July 2005.

Of course, such the extreme rains were bound to affect the area around
the dam. The banks of the reservoir were stripped of all vegetation during
the course of the typhoon. The effects reached not only the level of water
surface in the reservoir; the vegetation cover was removed by beating of
waves (induced by the typhoon) up to the level which corresponded to the
maximum magnitude of waves. We should realise that the velocity of air
during Nanmadol typhoon reached up to 320kph. The banks of the reser-
voir were, as a result of the above-mentioned phenomena, affected up to
the elevation of 230m a.s.l. (see Fig. 5). Nevertheless, owing to the self-
regeneration power of nature, the slopes around the reservoir were again
covered with grass and low bushes during the two years after Nanmadol
typhoon (see the photo in Fig. 5).

As mentioned above, the precipitation accompanying the typhoon exce-
eded 1000mm. The increased amount of water could not freely flow away
on the ground surface to local water courses and seeped into the soil cover.
Conditions suitable for developing slope deformations started to originate

Obr. 5 Letecky pohled na prehradni jezero Angat 10 tydnu po tajfunu a dva
roky po tajfunu

Fig. 5 Aerial view of the Angat reservoir, 10 weeks after the typhoon and two
years after the typhoon
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Obr. 6 Svahové deformace na brezich feky Umiray
Fig. 6 Slope deformation on the Umiray River banks

prvnich néporech tajfunu byla stanice vyfazena z innosti a obnovit
jeji ¢innost se podafrilo aZ v Eervenci roku 2005.

Je samozrejmé, Ze takovéto extrémni srdzky se musi projevit i na
krajin€ v okoli vodniho dila. V prubéhu tajfunu byly brehy nadrze zba-
veny veskeré vegetace. PostiZzen{ sahalo nejen do vysky vzduti nddrze,
ale vlivem vlnobiti (vyvolaného tajfunem) byl strzen rostlinny pokryv
az do vyse odpovidajici maximdlnim vindm. Méli bychom si uvédo-
mit, Ze proudéni vzduchu béhem tajfunu Nanmadol dosahovalo rych-
losti az 320 km/hod. Biehy nddrze byly kvili zminénym jevim posti-
Zeny az do vysky 230 m n. m (obr. 5). AvSak diky samoregenera¢nim
schopnostem prirody byly do dvou let od tajfunu Nanmadol svahy
nadrze jiz znovu zarostlé travinami a nizkymi keri (vloZend foto na
obr. 5).

Jak jiz bylo zminéno, vodni srazky doprovazejici tajfun dosédhly pres
1000 mm. ZvySené mnoZstvi vody nebylo schopno volné odtéci po
terénu do mistnich vodote¢i a zasakovalo do padniho pokryvu. Na bre-
zich prehradniho jezera, podél fek a potoku i na svazich hor zacalo
dochdzet k vytvareni vhodnych podminek pro vznik svahovych defor-
maci. Vlivem enormniho zasakovani vody do pokryvu dochdzelo ¢asto
ke ztekuceni suti a jejich odtékéni po svazich do potoki a fek (obr. 6).
Rychlost pohybu takovychto svahovych deformaci je velmi vysoka
a muze dosdhnout aZ desitek kilometrti za hodinu. Jen samotny pohyb
takovychto téles vyvolava katastrofdlni nasledky. V pripadé neobydle-
ného tropického pralesa dochdzi ,,pouze” k devastaci rostlinného
pokryvu. Akumulacni ¢4sti svahovych deformaci byly v fekdch oka-
mzité rozmyty a odneseny do udoli ddle po vodé nebo az do vlastni
nadr7e Angat v zdvislosti na velikosti prutoku a spadu koryta.
Objemova hmotnost smési vody a undSeného sedimentu se v tomto

Obr. 8 Pohled na ruéni &isténi ndpustného kandlu vtoku tunelu
Fig. 8 A view of the manual cleaning of the feeding canal at the tunnel intake
structure
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Obr. 7 Rez zanesenym tunelem (podle materidlii firmy EDCOP)
Fig. 7 A section through the silted tunnel (according to EDCOP company
materials)

on the banks of the reservoir, along rivers and streams, and on mountain
slopes. The enormous seepage of water into the cover frequently resulted
in liquefaction of rock debris, which started to flow down the slopes to
streams and rivers (see Fig. 6). The speed of movement of such slope
deformations is very high; it may reach even tens of kilometres per hour.
Even the movement of such bodies alone has catastrophic consequences.
In the case of an uninhabited tropical forest, vegetation cover is the only
subject of devastation. Accumulation parts of the slope deformations were
immediately washed and transported further, in the water flow direction,
to a valley or even down to the Angat reservoir itself, depending on the
flow rate and gradient of the stream bed. At that moment, the volume
weight of the mixture consisting of water and floating sediments may inc-
rease up to 1.4 g.cm, thus the erosive action of the river may intensify.
This is how the Umiray River banks were stripped of all vegetation and
the Quaternary cover up to the level of 8 — 10 metres was removed.

4. NATURAL CONDITIONS

The Philippine Islands lie on the Philippine plate; the Pacific plate sub-
ducts beneath the Philippine plate. The northern and eastern parts of
Luzon Island belong to the Eastern Philippine section of later Alpides. The
sub-base is formed by a crystalline rock complex of the Pre-Upper
Cretaceous age. Younger sediments of Miocene age lie discordantly on the
crystalline complex; they are locally covered by a basalt nappe. The thick-
ness of the whole complex is up to 8000 metres. There are gabro and gra-
nodiorite bodies in the middle. The hiatus which originated at the end of
the Miocene period is followed by sandstone sedimentation, which is often
covered by vulcanite nappes of basalt-andesite composition. The young
volcanism, deep-focus earthquakes and the nearness of the Philippine
Trough are properties of a non-consolidated geological structure; they
indicate increased geological risk for the entire waterworks scheme.

We carried out the assessment of detailed geological conditions in the
area of the power plant and tunnel outlet using the results of exploration
boreholes, test pits and measurements on seismic profiles, which had been
carried out before. However, with respect to the results of field reconnais-
sance, the data on the bedding conditions and the character of the
Quaternary sediments which was obtained through the previous surveys
must be considered as only roughly informative. Changes in the thickness

Obr. 9 Pohled na rucni ¢isteni vytoku zaneseného tunelu (foto firmy EDCOP
2005)

Fig. 9 A view of the manual cleaning of the outlet of the silted tunnel (photo
by EDCOP 2005)
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Obr. 10 Satelitni snimek IKONOS, pohled na vtokovy objekt a svahové deformace
Fig. 10 IKONOS satellite image; a view of the inlet structure and slope defor-
mations

okamziku muZe zvysit az na 1,4 g. cm™, a tim zvySit eroznf ¢innost fek.
Brehy feky Umiray byly takto zbaveny veskeré vegetace a kvartérniho
pokryvu az do vysky 8-10 metra.

4. PRIRODNI POMERY

Filipinské souostrovi lezi na tzv. filipinské desce, pod kterou se pod-
souva deska pacificka. Severni a vychodni ¢ast ostrova Luzon nélez{
k tzv. vychodofilipinskému tiseku mladoalpid. Podkladem je komplex
krystalickych hornin predsvrchnokiidového stéfi. Na nich lezi diskor-
dantné mladsi sedimenty miocénniho stdri mistné prekryté ve svrchni
Casti bazaltovymi prikrovy. Mocnost celého komplexu je az 8000
metra. Ve stfedu se nalézaji t€lesa gaber a granodioritd. Po hidtu kon-
cem miocénu ndsleduje sedimentace piskoveu prekryvand casto pri-
krovy vulkaniti bazalto-andezitového slozeni. Mlady vulkanismus,
hlubokd zemétieseni a blizkost Filipinského piikopu charakterizuji
nekonsolidovanou geologickou stavbu a naznacuji zvySené geologické
riziko pro cely komplex vodniho dila.

Pro posouzeni detailnich geologickych pomért v prostoru elektrar-
ny a vytoku tunelu jsme pouzili vysledky v minulosti realizovanych
prazkumnych vrtu, kopanych sond a vysledky méfeni na seismickych
profilech. OvSem vzhledem k vysledkam terénni prohlidky je nutno
povazovat predev§im tdaje o dloznych pomérech a charakteru kvar-
térnich sedimentl ziskanych z prazkumnych dél jen za hrubé orien-
taéni. Béhem povodné doslo k fddové metrovym zméndm mocnosti
aluvia a na vytvdreni sou¢asného charakteru terénu se podilely dnes jiZ
nezjistitelné sedimentalni a erozni pochody. Zmény v mocnosti kvar-
térnich sedimentd v koryt€ feky Macua neprob€hly pouze po tajfunu
v prosinci 2004, ale de facto probihaji neustdle, zejména pak pri
povodnich v obdobi vyraznych srdzek v listopadu a prosinci kazdého
roku. Podle hydrometeorologickych tdaju maji atmosférické srdzky
v oblasti feky Umiray jiny ro¢ni prubéh neZ na ostatnich méficich sta-
nicich v oblasti.

5. PROVOZOVANI VODOHOSPODARSKEHO SYSTEMU

Zvyseny odbér vody zpusobeny rychlym ristem poctu obyvatel
v metropoli zpusobil, Ze feka Angat prestala byt schopné v dostate¢né
mife plnit prehradu. Z tohoto divodu bylo v osmdesétych letech roz-
hodnuto prevddét do nddrZe tunelem o délce 13 km také vody z feky
Umiray. Tunel, vybudovany v devadesdtych letech dvacdtého stolet,
pievéadi do nadrze primémé 13 m?® vody za vtefinu. V dobé dostatku
vody v fece Umiray lze toto mnoZstvi zvysit aZ na 24 m¥/s.

Béhem tajfunu Nanmadol a nasledné povodné, kterd byla vyraznéj-
§i v povodi teky Umiray, byl zni¢en prakticky cely vtokovy objekt
tunelu. Vzhledem k tomu, Ze tunelovd trouba nebyla nijak zabezpece-
na a ani nebyla fizené zaplavena, povodnova vina se dostala i do tune-
lu a zaplnila jej ruznymi sedimenty. Jak vypadala situace v tunelu po
povodni, je patrné z obr. 7. Zna¢n4 ¢dst tunelu nebyla pristupnd vibec
a ve zbyvajici ¢dsti byla tunelové trouba zaplnéna smési vody, hliny,
kameni a organického materidlu. Nebylo vyjimkou, Ze v tunelu byly
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of the alluvium in the order of metres occurred during the flood; sedimen-
tation and erosion processes, which are no more detectable, participated in
the formation of the current character of the terrain. Changes in the thick-
ness of the Quaternary sediments in the Macua River valley did not occur
only after the typhoon in December 2004. De facto, they occur perma-
nently, first of all during floods in significant rainfall seasons, i.e. in
November and December, at the end of each year. Hydrometeorological
data shows that the course of atmospheric precipitation in the Umiray
River area during a year differs from the precipitation measured at other
measurement stations in the region.

5. OPERATION OF THE WATER RESOURCES SYSTEM

Increased consumption of water, which was caused by rapid growth of
population of the metropolis, resulted in the fact that the Angat River cea-
sed to be capable of filling the reservoir in a sufficient extent. This is why
the decision was made in the 1980s to divert even the Umiray River water
to the reservoir, through a 13km long tunnel. The tunnel, which was built
in the 1990s, carries water at a rate of roughly 13m? per second. In the
periods when there is enough water in the Umiray River, this rate can be
increased to 24m?/s.

Virtually the whole tunnel intake structure was destroyed during typho-
on Nanmadol and the subsequent flood, which was more intense in the
Umiray River catchment area. Because of the fact that the tunnel tube had
been neither protected nor inundated in a controlled manner, the flood
wave even got inside the tunnel and filled it with various sediments. The
condition of the tunnel interior after the flood is shown in Fig. 7.
Significant part of the tunnel was completely inaccessible and the remai-
ning section was filled with a mixture of water, loam, stones and organic
matter. It was no exception to find whole trees with trunk diameters exce-
eding 0.5 metre in the tunnel. The character of the sediments in the tunnel,
a chaotic mixture of organic and inorganic matter consolidated by pressu-
re induced by flowing water, is shown in the photos in Figures 8 and 9,
which show the condition about 2.5 months after the typhoon. The pictu-
re even shows the tunnel cleaning operation, which could not be perfor-
med by equipment and all the work had to be carried out manually. The
tunnel was again put into operation as late as March 2005, after recon-
struction of necessary components; however, for example the cable supp-
lying power for buildings at the tunnel intake receiving water from a small
hydroelectric station was not replaced till the time of our last visit.

While documenting the initial condition within the locality, we tried to
use even non-traditional techniques. We investigated the wider area of
operations by means of ASTER multi-spectral satellite images, and the
immediate surroundings of the intake structure by means of IKONOS high
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Obr. 11 Mechanické vlastnosti hornin
Fig. 11 Mechanical properties of rock
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Obr. 12 Méreni v tunelu:
- horni &dst: teplota osténi, teplota, vodivost a pH pritoki
- stiedni édst: geologicky Fez a typizace hornin, podle materidli firmy EDCOP
- spodni &dst: mista pFitokit, typy vod
Fig. 12 Measurements in the tunnel:
- upper part: temperature of the lining; temperature, conductivity and
PpH of inflowing water
- central part: geological section and determination of rock types,
according to EDCOP documents

- bottom part: locations of leaks, types of water

nalezeny celé stromy s kmeny o pruméru presahujicim pul metru.
Charakter ndplavi v tunelu, chaotickou smés organickych a anor-
ganickych hmot zhutnénych tlakem proudici vody ukazuji fotografie
na obr. 8 a 9, které zachycuji stav asi 2,5 mésice po tajfunu. Na obrdz-
ku je patrné i ¢iSténi tunelu, ke kterému nebylo moZné pouzit mecha-
nizace a veskeré prace musely byt provadény rucné. Tunel byl po
rekonstrukci nezbytnych soucdsti znovu uveden do provozu az
v bfeznu 2005, ovSem napiiklad kabel zajistujici napajeni objektu na
vtoku do tunelu z malé vodni elektrdrny jeste nebyl v dobé nasi posled-
ni ndv§tévy vyménény.

K dokumentaci pocdte¢niho stavu na lokalité jsme se snaZili pouZi-
vat i netradiéni postupy. Sir§i okoli zdjmového tizemi jsme zkoumali
pomoci multispektralnich satelitnich snimku ASTER a bezprostredn{
okoli vtokového objektu pomoci snimki s vysokym rozlisenim
IKONOS. Vyfez ze zdbéru této druZice je na obr. 10. Obrézek je zpra-
covdn v nepravych barvich, tj. ke konstrukci snimku byla pouZzita
pasma Cervené a zelené barvy a blizkého infra. Tuto kombinaci jsme
volili proto, abychom sniZili presvétleni vtokového objektu. Na tomto
vyfezu je mozné pozorovat jednotlivé objekty v oblasti vtoku a Cetné
svahové deformace lezici na severovychod od vtokového objektu.
Zatim se ndm nepodafilo objasnit duvody, pro¢ svahové pohyby
postihly jen Cdst dzemi. Vzhledem k tomu, Ze do oblasti neni
pro omezenou dobu pobytu na vtokovém objektu mozné vstoupit, jsme
tento problém zatim neresSili. Predpokldddme, Ze vyskyt svahovych
deformaci byl zapfi¢inén kombinaci geologické stavby tzemi
a mnoZstvi srazek, které v daném tzemi spadly. Je pravdépodobné, Ze
pri pristi navsteve lokality se na nékteré svahové deformace pokusime
dostat vrtulnikem a zjistit davody rozli¢ného postiZeni svahu svaho-
vymi pohyby.

6. PRACE V TUNELU

Za klicovy objekt v systému Umiray — Angat je nutné povazovat
tunel spojujici obé feky. Jednim ze zdkladnich prament informaci
0 horninovém prostredi, které jsme méli k dispozici, je geologicky fez
tunelem. Vlastnosti hornin, které jsme zjistili zkoumédnim archivnich
zprdv, jsou uvedeny na obr. 11. Vzhledem k nizkym po¢tim zpracova-
nych vzorkd jsou v obrdzku znézornéné hodnoty uvedené pouze ori-
entacni. Parametry smykové pevnosti charakterizuji horninovou
hmotu a nikoli horninovy masiv, jehoZ vlastnosti jsou rozhodujici pro
dimenzovéani osténi tunelu. Rozptyl hodnot uvddénych v tabulce
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resolution images. A section of the images provided by this satellite is pre-
sented in Figure 10. The picture was processed using unrealistic colours,
which means that red and green colour zones and the close infra zone were
used for the imaging. We chose this combination with the aim of reducing
the flaring of the intake structure. In this section, it is possible to see indi-
vidual structures in the intake area and numerous slope deformations nort-
heast of the intake structure. We have not succeeded in explaining the cau-
ses of the fact that land sliding affected only a part of the area. Since it has
been impossible to enter the area because of the fact that the time of stay-
ing on the intake structure is limited, we have not addressed this problem
yet. We expect that the slope deformations were caused by a combination
of the geological structure of the area and the amount of precipitation
which fell within the given area. It is likely that we will try to get to some
of the slope deformations by helicopter, to determine the causes of the
varying affection of slopes by mass movements.

6. WORK IN THE TUNNEL

The key structure within the Umiray — Angat system is certainly the tun-
nel connecting the two rivers. One of the basic sources of information
about the ground environment which we have had available is a geological
section through the tunnel. The rock properties which we determined by
studying archive reports are presented in Fig. 11. With respect to the small
number of the samples which were analysed, the values shown in the pic-
ture are only orientative. The parameters of shear strength characterise the
rock and not the rock mass, the properties of which are critical for the tun-
nel lining design. The spread of the values contained in the table suggests
that mechanical properties of the rock and rock mass are variable. The tun-
nel was driven by a 4.3m diameter TBM; the average excavation advance
rate was 544 metres per month. The variability of the geological conditi-
ons is also characterised by the spread of the values of the monthly advan-
ce rates, which range from 994m/month (June 1998) to 20m/month
(December 1997). We guess from the condition of the tunnel lining that
the strength-related and deformational characteristics of the rock mass
were taken into consideration during the design calculations because the
lining does not exhibit any significant damage resulting from rock pres-
sures.

The measurements in the tunnel which we conducted in November
2007 provided lots of new information. The results of all the measure-
ments are presented in Figure 12. Ground water types are demonstrated at
the bottom of the picture (details are available in the text below). The
inflows of ground water into the tunnel, as we managed to record them
during a passage through the tunnel, are presented above them. The loca-
tions where inflow rates higher than about 1 1/s were encountered are mar-
ked in blue colour, while green colour marks all other, smaller leaks. The
inflows have turned out to be more significant than we expected at the
moment of the survey. The highest inflow rate which we recorded was at
8272m, where about 6.5 1/s flew into the tunnel. This amount is not a result
of guessing; it was measured by means of a measuring vessel with the
volume of 80 1. Next time, we plan that we will again document all inflows
during the course of an inspection walk through the tunnel to get the idea
of changes in the hydrological regime during a year. We verified the yield
of eleven springs between chainages m 7,159 and 11,959 by direct mea-
surements. We selected higher-yield springs, where the yield ranged from

Hole for inflow
Otvor/pro pritok

Obr. 13 Pritok vody do tunelu
Fig. 13 Inflow of water into the tunnel
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Obr. 14 Trhlina v segmentu osténi
Fig. 14 A crack in a lining segment

ukazuje na variabilitu mechanickych vlastnosti hornin a horninového
masivu. Tunel byl raZen metodou TBM prumérem 4,3 m, prumérny
mésicni postup byl 544 bm/mésic. Variabilitu geologickych poméra
charakterizuje i rozptyl mési¢nich postupt, ktery kolisd mezi 994
bm/mésic (VI/98) a 20 bm/mésic (XI1/99). Ze stavu tunelového osténi
soudime, Ze pevnostni a deformacni charakteristiky masivu byly pfi
jeho navrhu respektovény, protoZe toto nevykazuje vyrazné poskozeni
vlivem horskych tlaku.

Meéfeni v tunelu, kterd jsme uskuteCnili v listopadu 2007, poskytla
S$kdlu novych informaci. Vysledky vSech méfeni jsou uvedeny na obr.
12. V nejspodnéjsi Cdsti obrazku jsou zndzornény typy podzemnich
vod (detaily déle v textu). Nad nimi jsou zndzornény pritoky podzem-
ni vody do tunelu, tak jak jsme je zdokumentovali béhem prujezdu
tunelem. Tmavé modrou barvou jsou oznacena mista, kdy byly zjisté-
ny pritoky o vydatnosti vétsi nez cca 1 I/s, svétle modrou barvou pak
vSechny ostatni mens{ pritoky. Ukazuje se, Ze pritoky vody do tunelu
jsou vyrazn€jsi, nez jsme do okamziku dokumentace predpokladali.
Nejvetsi pritok jsme zaznamenali v 8272 metrech, kde do tunelu prité-
kalo cca 6,5 I/s. Tato veli¢ina neni odhadovand, ale zmérend pomoci
odmérné nddoby o objemu 80 1. Pristé¢ pldnujeme vSechny pfitoky
znovu zdokumentovat pfi pési kontrole tunelu, abychom ziskali pred-
stavu o zménach vodniho reZimu béhem roku. Méfeni, kterd jsou
uvddéna na obrdzku, byla zjistovdna v obdobi nejvysSich srdzek,
pristi méreni budou naopak provedena v obdobi s nejmensim mnoz-
stvim srazek. Pfimym méfenim jsme overovali vydatnosti jedendc-
ti pritokud ve stani¢eni 7159 az 11959 m. K méfeni jsme vybirali
vydatnéjsi prameny, jejichZ vydatnost se pohybovala od 0,04 1/s do
jiz zminénych 6,5 I/s. Vysledky méfeni jsou zndzornény v horni ¢asti
obrizku 12 tmavé modrymi body. Cést pfitoki vody do tunelu byla
podchycena jiz pfi vystrojovdni tunelu. V téchto pfipadech je do
osténi tunelu osazena kratkd trubka, kterou voda do tunelu vtéka.
Ukézka jednoho z pritokl vody do tunelu je na obr. 13. Zbyld &ast
pritokd je samovolnych, tj. voda si béhem provozu tunelu vytvorfila
v osténi otvor, jimZ do tunelové trouby pritékd. Pfesny pomér obou
typu pritoku jsme nezjiStovali, ale odhadujeme, Ze oba typy jsou
zastoupeny rovnomerné.

Pri dokumentaci pritokt vody do tunelu jsme zjistili, Ze v panelech
osténi tunelu jsou trhliny a Ze na panelech jsou Cetné sintrové povlaky
(obr. 14). Tyto skute¢nosti jsme bliZeji nedokumentovali. Divodem je
skuteénost, Ze do tunelu je Casové omezeny pristup. Vstup do tunelu je
mozny pouze v dobé jeho uzavieni, coz byva jedenkrate za 4-6 tydnu.
I v tomto pfipadé je mozné v tunelu setrvat maximalné Sest hodin.

Mimo vydatnosti pfitoki vody do tunelové trouby jsme mérili
i vybrané parametry vody pritékajici do tunelu — teplotu, mérnou vodi-
vost a pH. Vydatnost pfitoku jsme méfili jen v horni &dsti tunelu, kdez-
to vybrané vlastnosti podzemni vody jsme méfili v celé délce tunelu.
Vysledky vSech téchto méfeni jsou téZ zndzornény na obrdzku 12.
Vsechny namétené parametry ukazuji na zna¢nou rozdilnost vlastnos-
ti podzemni vody. Snad nejvice je to prekvapujici u pH. Tyto hodnoty
se méni od 7,58 (11 258 m) do 10,4 (3656 m). Teplota pritékajici vody
se pohybuje v mezich 21,9 °C (8274 m) az 262 °C (9056 m).
Minimdlni vodivost 92 uS/cm jsme zjistili v 8274 metrech
a maximdlni hodnota byla zméfena 1017 uS/cm ve 11258 metrech.
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0.04 U/s to the above-mentioned 6.5 I/s. Results of the measurements are
presented at the top of Figure 12 by means of dark-blue points. Some of
the tunnel inflows were dealt with during the installation of the tunnel
lining. A short pipe through which water flows into the tunnel was embed-
ded in the tunnel lining at each of the springs. One of the water inflows
into the tunnel is presented in Fig. 13. Remaining inflows developed by
themselves; water created holes in the lining during the tunnel operation,
allowing water to flow into the tunnel tube. We have not surveyed the
exact proportion of both inflow types, but we guess that both types are
represented equally.

While documenting the inflows of water into the tunnel, we found out
that there were cracks in lining segments and numerous sinter crust pat-
ches are on the segments (see Fig. 14). We did not record these facts in
a more detailed way. The reason is the fact that the time available for the
access to the tunnel was limited. The access to the tunnel is possible only
in the period during which it is closed, which is usually once in four to six
weeks. Even in such the case it is possible to stay in the tunnel for six
hours as the maximum.

Apart from the measurement of the yield of water inflows into the tun-
nel tube, we measured selected parameters of the water flowing into the
tunnel, namely temperature, electrical conductivity and the pH value. The
yield of inflows was measured only in an upstream section of the tunnel,
whereas the selected properties of ground water were measured throug-
hout the tunnel length. The results of all of those measurements are also
presented in Figure 12. All of the measured parameters suggest that the
ground water properties are very variable. This fact is probably the most
surprising in the case of the pH values. These values range from 7.58
(11258 m) to 10.4 (3656 m). The temperature of the water flowing into the
tunnel varies between 21.9 degrees centigrade (8274 m) and 26.2 degrees
centigrade (9056 m). The minimum and maximum values of conductivity
of 92 uS/cm and 1017 uS/cm were measured at 8274 metres and 11258
metres respectively.

One of the most important measurements in the tunnel was the measu-
rement of temperature of the tunnel lining. We measured the temperature
by an infrathermometer, from a moving vehicle. The identified differences
are surprisingly great, with the main anomalous zone found between app-
roximately 5500 metres and 8200 metres. In contrast to a normal block,
the temperature in this tunnel section is lower. If we assume a smooth
course of temperature in the tunnel, following the red dot curve, the mag-
nitude of the temperature anomaly in the middle of the tunnel reaches
practically three degrees centigrade. The cause of the cooling of the rock
mass must be searched for in the groundwater flow.

To learn more about the character of the ground water, we plotted cross
charts from all measurements. The cross charts for the water temperature
- pH and water temperature — conductivity relationships show neither
dependency nor clustering of the points, forming partial assemblies. The
condition of the cross chart which displays the relationship between the
temperature of water flowing into the tunnel and the temperature of the
tunnel lining in close vicinity of the leak is different. In this particular
case, it would have been more surprising if both temperatures were iden-
tical. The causes may be searched for partly in the different physical tech-
nique of the temperature measurement, partly in certain thermal inertia of
the rock mass against flowing water. Nevertheless, there is a significant
fact there: all points lie close to the line of correlation. The correlation
coefficient of the line is 0.895; it is the evidence of a real state of depen-
dency between these parameters.

Nevertheless, the cross chart for electrical conductivity and pH (see Fig.
15) is the most significant. In this case, it is obvious from the chart that the
points form clusters in two areas, while only one point lies totally outside.
We obtained samples of water concurrently with the field measurement.
After preliminary office processing of the results of the measurements
conducted in the tunnel still in the Philippines, we selected one sample
from each group and sent it to GEOtest Brno. a.s. laboratories with the aim
of conducting a physico-chemical analysis of the water. The results of the
laboratory analysis confirmed the results of field measurements. It turned
out that the ground water flowing into the tunnel from the rock mass could
be divided into three basic types.

The assessment of the character of the ground water flowing into the
tunnel itself was carried out from the hydrochemical viewpoint, from the
aspect of its quality as drinking water (the water terminates in a potable
water reservoir) and from the viewpoint of its corrosive effect on concre-
te (see Table 1).
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ni. Teplotu jsme méfili z jedouciho voziku v tunelu infrateplomérem.
Zjistené rozdily jsou prekvapivé vysoké s tim, Ze hlavni anomélni
pasmo sahd od cca 5500 metra do 8200 metru. V této Césti tunelu
dochdzi oproti normalnimu poli k poklesu teploty. Pokud bychom
predpoklddali klidny prabéh teploty v tunelu podle te¢kované ervené
kfivky, pak velikost teplotni anomalie ve stfedu tunelu dosahuje prak-
ticky tff stupiiti. Pfi¢inu ochlazeni horninového masivu je potfebné
hledat v proudéni podzemni vody.

Abychom 1épe poznali charakter podzemnich vod, zkonstruovali
jsme ze viech méfeni kifzové grafy. Kiizové grafy pro vztahy: teplota
vody — pH a teploty vody — vodivost nevykazuji zddné zavislosti ani
74dné shlukovani bodu do dil¢ich celka. Jind je situace u kiizového
grafu sledujictho zdvislost mezi teplotou vody vtékajici do tunelu
a teplotou osténi tunelu v té€sné blizkosti pritoku. V tomto pripadé by
vice piekvapilo, pokud by ob€ teploty byly stejné. Duvody je mozné
hledat jednak v odlisném fyzikdlnim zpusobu méfenf teploty a jednak
v urcité teplotni setrvacnosti horninového masivu oproti proudici
vodé. Podstatnd je vSak skute¢nost, Ze vechny body leZi v blizkosti
korelaéni piimky. Koeficient korelace piimky je 0,895 a svéd&i
o skute¢né zdvislosti mezi témito parametry.

Nejpodstatnéjsi je ovSem kiiZovy graf pro mérnou vodivost a pH
(obr. 15). V tomto pripadé¢ je z grafu patrné, Ze body se shlukuji do
dvou oblasti, jen jeden bod leZi zcela mimo. SoubéZné s terénnim
méfenim jsme odebirali vzorky vody. Po predbézném kamerdlnim
zpracovani vysledku méfeni v tunelu je$té na Filipindch jsme z kazdé
skupiny vybrali jeden vzorek a ten jsme dopravili do laboratoff
GEOtestu Brno, a. s., za G¢elem provedeni rozboru fyzikdlné-chemic-
kych vlastnosti vody. Vysledky laboratornich zkoumdni potvrdily
vysledky terénnich méfeni. Ukdzalo se, Ze podzemni vodu pritékajici
do tunelu z horninového masivu je mozné rozdélit do tii zdkladnich
typu.

Vlastni hodnoceni charakteru podzemni vody vtékajici do tunelu
bylo provedeno jednak z pohledu hydrogeochemie, z pohledu jeji kva-
lity jako vody pitné (voda konci v nadrzi pitné vody) a z pohledu jeji
agresivity na beton (tab. 1).

Vzorek 5469 charakterizuje vody se stfedni mineralizaci a s vyso-
kym (zdsaditym) pH. Z hlediska hydrogeochemie jde o vodu Na—-SO,
typu s nizkym podilem vdpniku a hydrogenuhli¢itana. Md zvySeny
obsah fluorida (2,5 mg/l). Jde tedy pravdépodobné o vodu s urcitou
dobou zdrZzeni v horninovém prostiedi vulkanitd. Vzhledem
k relativné nizkym obsahim vépniku, hoi¢iku a hydrogenuhliitanu
muZe byt agresivni na beton — rozpousténim. Z hlediska kvality vody
v porovndni s limity pro pitnou vodu v EU (Vyhlaska ¢. 252/2004 Sb.
CR) jsou z danych parametri prekroeny limity v piipadé vyse uvede-
nych fluorida.

Vzorek 6298 charakterizuje vody s nizkou mineralizaci a s neut-
ralnim pH. Z hlediska hydrogeochemie jde o vodu CaHCO; typu. Jde
tedy pravdépodobné o vodu s velmi kriatkou dobou zdrzeni
v horninovém prostiedi, pravdépodobné v z6éné poruseni hornin
(mohlo by jit o prednostni proudéni podzemni vody v tektonickém
pasmu). Voda ma charakter vody ,destové“. Vzhledem k nizkému
obsahu rozpusténych ldtek Ize predpokladat agresivitu vody na beton
— jeho rozpousténi. Z hlediska kvality vody jako vody pitné nejsou ze
sledovanych parametrt prekroCeny z4dné ukazatele.

Vzorek 8600 charakterizuje vody s vysokou mineralizac{
a s neutrdlnim pH. Z hlediska hydrogeochemie jde o vodu Ca-SO,
typu s nizkym obsahem sodiku. Jde tedy pravdépodobné o vodu
s dlouhou dobou zdrZeni v horninovém prostredi. Lze predpokladdat, Ze
voda vystupuje po hluboké tektonické linii na rozhrani vulkanitt
(které jsou zdrojem siranl) a vdpencu (které jsou zdrojem vapniku).
Agresivita vody na betonové konstrukce je dana vySsim obsahem sira-
nu. Z hlediska kvality vody v porovnani s limity pro pitnou vodu jsou
z danych parametru prekroceny limity v piipadé celkové tvrdosti, kon-
centrace vdpniku a sirant. Uvedené prekrocené ukazatele nepredsta-
vuji hygienické riziko pro uZivatele vody (tab. 2) vzhledem k nafedéni
podzemni vody z pritoki vodou povrchovou z fek Angat a Umiray.

Na zdkladé provedenych méfeni a laboratornich stanoveni lze
z pohledu proudéni podzemni vody vymezit minimalné tfi odli$né
z6ny. Jde o z6énu vulkanit (prvni typ — skupina vod charakterizovand
vzorkem 5469), o zénu rychlého obéhu pozemni vody (druhy typ —
skupina vod charakterizovand vzorkem 6298) a z6nu hlubokého obéhu
podzemni vody (treti typ — vzorek 8600).
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Obr. 15 KriZovy graf, vodivost — pH
Fig. 15 Conductivity — pH cross chart

Sample 5469 is characteristic of medium mineralised water with high
(alkaline) pH. From the hydrochemical point of view, it is water of the Na
— SO, type with a small proportion of calcium and acid carbonates. It con-
tains increased amount of fluorides (2,5 mg/l). It is therefore probably
water which was retained for some time in the vulcanite rock environment.
With respect to the relatively low content of calcium, magnesium and acid
carbonates, it may have corrosive (dissolving) effect on concrete. In terms
of quality of the water in comparison with the limits on drinking water
applied in the EU (the Decree No. 252/2004 Coll. of the Czech Republic),
the limits on the particular parameters are exceeded in the case of the
above-mentioned fluorides.

Sample 6298 is characteristic of low mineralisation water with neutral
pH. From the hydrogeochemical point of view, it is CaHCO; type of water.
It is therefore probably water which was retained for a very short time in
the rock environment, probably in a fractured zone (it could be the case of
preferential ground water flow through a fault zone). The water has the
character of “rainwater”. With respect to the low content of dissolved
solids, it can be expected that it has corrosive (dissolving) effect on conc-
rete. In terms of quality of the water as drinking water, no limit on the
monitored parameters was exceeded.

Sample 8600 is characteristic of highly mineralised water with neutral
pH. From the hydrochemical viewpoint, it is the Ca—SO, type of water,
with low content of sodium. It is therefore water which was retained for
a very long time in the rock mass. It is possible to assume that the water
rises along a deep fault line at the interface between vulcanites (which are
the source of sulphates) and limestone (which is the source of calcium).
The corrosive effect of the water on concrete structures is the result of the
higher content of sulphates. In terms of quality of the water in comparison
with the limits on drinking water, the limits on the particular parameters
are exceeded in the case of the total hardness and concentration of calcite
and sulphates. The above-mentioned exceeded indicators do not pose
a sanitary risk for water users (see Table 2) because of the fact that the
ground water from the leaks is thinned with surface water from the Angat
and Umiray Rivers.

It is possible to distinguish at least the following three distinct zones in
terms of the ground water flows, on the basis of the completed measure-
ments and laboratory determination of properties: a vulcanite zone (first
type — the group of water characterised by sample 5469), a rapid ground-
water circulation zone (second type — the group of water characterised by
sample 6298) and a deep circulation of ground water zone (third type —

sample 8600).
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Tab. 1 Hydrogeochemické ukazatele

1 2 3 4 5 6
pH 8,65 75 722 65-95
konduktivita uS.cm’ 505 108 1023 1250
tvrdost celkovéd mmol/l 0.6 045 6,65 2-35
mineralizace mg/1 373 96 967
sodik mg/1 93,7 84 115 200
draslik mg/l <1 <1 1,1
lithium mg/1 <0,1 <0.,1 <0,1
amonné ionty mg/l <0,1 <0,1 <0.,1 0.5
vépnik mg/1 240 18,0 255 30 - 80
hor¢ik mg/1 <09 <09 7 10-30
mangan mg/l < 0,05 <005 < 0,05 0,05
zelezo mg/1 <0,1 <0,1 <0,1 02
chloridy mg/l 6 5 6 100
sirany mg/l 220 72 511 250
dusitany mg/l 0,06 0,14 < 0,01 0.5
dusi¢nany mg/1 <3 <3 <3 50
fluoridy mg/l 25 <02 <02 15
orthofosfore¢nany mg/l <005 0,05 <0,05
hydrogenuhli¢itany ~ mg/1 26,1 574 1751

Table 1 Hydrogeochemical indicators
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1 2 3 4 5 6
pH 8.65 75 7,22 6,5-95
conductivity pS.cm-1 505 108 1023 1250
total hardness mmol/l 0.6 045 6,65 2-35
mineralisation mg/l 373 96 967
sodium mg/l 93.7 84 11,5 200
calcium mg/l <1 <1 1,1
lithium mg/l <0.1 <0,1 <0,1
ammonium ions mg/l <0.1 <0,1 <0,1 05
calcium mg/l 240 18,0 255 30 - 80
magnesium mg/l <09 <09 7 10 - 30
manganese mg/l <0.05 < 0,05 < 0,05 0,05
iron mg/l <0.1 <0,1 <0.,1 0,2
chlorides mg/l 6 5 6 100
sulphates mg/l 220 72 511 250
nitrites mg/l 0.06 0,14 <001 05
nitrates mg/l <3 <3 <3 50
fluorides mg/l 2.5 <02 <022 1.5
orthophosphates mg/l <0.05 0,05 <005
acid carbonates mg/l 26.1 574 175,1

Vysvetlivky: 1 parametr, 2 jednotka, 3 pritok 5469, 4 pritok 6298, 5 pritok
8600, 6 Pitnd voda (vyhldska &. 252/2004 Sb.)
Pozn.: Cervené hodnoty prekracuji vyhldasku ¢&. 252/2004 Sb.

Tab. 2 Agresivita podzemnich vod vudci betonovym konstrukcim

1 2 3 4 5]
sirany mg/1 220 72 511
pH 8,65 75 722
CO, agresivni na CaCO, mg/l - - -
amonné ionty mg/1 <0,1 <0,1 <0,1
horéik mg/l <09 <09 7

Wsvetlivky: 1 parametr, 2 jednotka, 3 pritok 5469, 4 pritok 6298, 5 pritok 8600
Pozn.: Cervené hodnoty prekracuji CSN EN 206 — 1/72

7. ZAVER

Tunel spojujici feku Umiray s vodni nddrZzi Angat je nutno povazovat
za jeden z kli¢ovych prvka systému zésobovani hlavniho mésta Filipin —
Manily pitnou vodou. Jeho potrebu si filipinsti vodohospodafi uvédomo-
vali uz pred desetiletimi, protoze mnozstvi vody privadéné do prehradni-
ho jezera fekou Angat nestaCilo potiebdm rozpinajici se metropole.
Kromé potfeby je vSak nutné si neustdle uvédomovat i jeho duleZitost,
a tim také zranitelnost. Z toho divodu je potreba celou stavbu néleZité
chranit zejména pred nepriznivymi jevy a jejich nésledky. Pro potieby
projektovani ochrannych opatieni je nezbytné ziskat jednak radu jedno-
razovych informaci a poznatka o geologické stavbé Sir§iho okoli a také
opakovanym pozorovdnim vybranych struktur a prvku reliéfu, na jejichz
zdklade je moZné, pti navrhu a konstrukci ochrannych opatfent, postupo-
vat maximdln¢ efektivné a ekonomicky. Pfi zajistovani vSech potfebnych
podkladt a pii zpracovavani vysledkt méfeni se osvedcil multidiscipli-

ndrni piistup specialistd riznych obora.
DOC. RNDr. PAVEL BLAHA, DrSc., blaha@geotest.cz,
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Legend: 1 parameter, 2 Unit, 3 inflow 5469, 4 inflow 6298, 5 inflow 8600
6 Drinking water (Decree No. 252/2004 Coll.)
Note: Red values exceed the Decree No. 252/2004 Coll.

Table 2 Corrosive effect of ground water on concrete structures

1 2 3 4 5
sulphates mg/l 220 72 511
pH 8.65 75 722
CO, corrosive effect on CaCO, mg/l - - -
ammonium ions mg/l <0.1 <0.1 <0.1
magnesium mg/l <09 <09 7

Legend: 1 parameter, 2 unit, 3 inflow 5469, 4 inflow 6298, 5 inflow 8600
Note: Red values exceed the CSN EN 206 — 1/Z2 standard

7. CONCLUSION

The tunnel connecting the Umiray River with the reservoir on the Angat
River must be considered as one of the key elements of the system supply-
ing Manila, the Philippine capital, with drinking water. Philippine water
engineers realised the need for this system decades ago because the amount
of water carried to the reservoir by the Angat River was not sufficient for
the expanding metropolis. It is, however, necessary to realise not only the
necessity but also the importance and thus also vulnerability of the system.
For that reason, the entire structure must be duly protected, above all aga-
inst adverse phenomena and their consequences. It is necessary for desig-
ning protective measures to obtain many one-shot pieces of information
and knowledge on the geological structure of the closer surroundings. It is
also necessary to proceed with maximum effectiveness and economy when
designing and implementing the protective measures, using repeated obse-
rvations of selected structures and elements of the terrain as the basis. The
multidisciplinary approach of all specialists in various fields of science
acquitted itself during the preparation of all required fundamentals and pro-
cessing of measurement results.
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GEOLOGIE TUNELU KLIMKOVICE A MONITORING

PRIPORTALOVYCH OBLASTI
KLIMKOVICE TUNNEL GEOLOGY AND MONITORING
OF PORTAL AREAS

JAN STACH, MILAN SVATUSKA

1. OVOD

V minulém ¢isle ¢asopisu Tunel 3/2008 byl publikovan ¢ldnek o uvedeni
do provozu tunelu Klimkovice v kvétnu 2008. Verejnost tak byla komplexné
sezndmena s jeho zdkladnimi technickymi tdaji, geologickymi podminkami,
s postupem vystavby a monitoringem vlivu stavby tunelu. Velmi stru¢né pfi-
pomindme, Ze tunel je budovan ¢asteCné v otevienych jamdch a z vetsi Casti
razen ve skalnfim masivu. Technicky je feSen dvéma tunelovymi troubami
s péti tunelovymi spojkami. Celkovd délka tunelu A ve sméru Brno—-Ostrava
je 1071 m (z toho razend ¢ast 865 m). Trouba B ve sméru Ostrava-Brno dosa-
huje délky 1088 m (raZend Cést Cini 875 m). Oba tunely maji shodné kon-
struk&ni usporadani se svétlou $fikou 12,2 m a vyskou prujezdného prurezu
nad vozovkou 4.8 m [1]. .

Investorem stavby bylo RSD CR, projektantem tunelu Amberg
Engineering Brno, a. s., jeho zhotovitelem Metrostav a. s. a Subterra,
a. s. Monitoring vliva stavby uskuteCriovalo SdruZeni Tunel Klimkovice —
monitoring (GEOtest Brno, a. s., SG-Geotechnika a. s. a INSET s. r. 0.).

GEOtest Brno, a. s., jako vedouci tohoto sdruZeni v rdmci monitoringu
realizoval pruzkumné price a geologicky sled stavby, ddle pak méfen{
inklinometrickd a méfeni na kotevnich prvcich v oblasti stavebnich jam.
Zaveretnd zpracovani dokumentaci dovoluji doplnit nékteré poznatky
o geologii tunelu a monitoringu.

2. GEOLOGICKE POMERY TUNELU

Yoevs o

Podrobnéjsi ndhled na inZenyrskogeologické a hydrogeologické poméry
umoznila zejména podrobnd geologickd dokumentace razby obou tunelo-
vych trub [3], prestoze byla provadéna jiz v obdobi realizace stavebnich
jam na brnénské a ostravské strang.

Trasa tunelu protind v mirném oblouku tdhly terénni hibet, klesajici jiho-
vychodnim smérem od vrcholu Meznik (381 m n. m.) az do centra
Klimkovic. Pfimo nad trasou tunelu dosahuje nadmorskd vyska terénu
zhruba 300 metr. Maximdlni vy3ka nadloZ{ tunelu je 31 m.

Uzemi, kterym klimkovicky tunel prochdzi, je tvofeno horninami morav-
skoslezského spodniho karbonu—kulmu. Ten je na lokalité samotné i v jejim
SirSfm okoli zastoupen kyjovickymi vrstvami hradecko-kyjovického souvrst-
vi, stratigrafického stari nejvyssi visé-spodni namur. Jednd se o nejsvrchnéjsi
a nejvychodnéj§i litostratigrafickou jednotku kulmu Nizkého Jeseniku.
Litologicky celek ma flySovy charakter s prevahou vrstev jilovet a prachovet

Obr. 1 Prehlednd mapka oblasti
Fig. 1 General map of area

1. INTRODUCTION

A paper on the Klimkovice tunnel opening to traffic in May 2008 was
published in the previous issue of the magazine, Tunel 3/2008. It infor-
med the public in a comprehensive way about basic technical data, geo-
logical conditions, construction procedures and monitoring of the impact
of the construction. We only briefly bring to mind that the tunnel was
built partly in open trenches and the major part was driven through a rock
massif. It consists of two tunnel tubes with five cross passages. The total
length of A tunnel, leading in the Brno — Ostrava direction, is 1071m (the
mined part is 865m long). The tunnel tube B, in the Ostrava — Brno direc-
tion, is 1088m long (an 875m long mined part). The structural system of
both tunnels is identical, with the net width of 12.2m and the height of
the clearance profile over the roadway of 12.2m [1].

The project owner was the Directorate of Roads and Motorways of the
CR; the tunnel designer was Amberg Engineering Brno, a.s. and a group
of companies consisting of Metrostav a.s. and Subterra a.s. was the con-
tractor. The monitoring of impacts of the construction was carried out by
the Tunel Klimkovice - Monitoring consortium, consisting of GEOtest
Brno, a.s., SG-Geotechnika a.s. and INSET s.r.0.

GEOtest Brno, a.s., as the leader of the above-mentioned consortium,
carried out monitoring activities consisting of exploration and geological
observation of the construction, inclinometer measurements and measu-
rements on anchors in the area of construction trenches. The final issues
of documents and reports allow us to add the new knowledge about the
tunnel geology and the monitoring.

2. GEOLOGICAL CONDITIONS OF THE TUNNEL

More detailed viewing of the engineering geological and hydrogeolo-
gical conditions was possible primarily owing to detailed geological
documentation of the driving of both tunnel tubes [3], despite the fact
that it had been carried out earlier, during the excavation of construction
trenches on the Brno and Ostrava sides.

The tunnel route, gently curving, cuts through an elongated terrain
ridge descending in the south-west direction away from Meznik Hill
(381m a.s.l.) up to the centre of the town of Klimkovice. Directly over
the tunnel route, the terrain altitude reaches about 300 metres. The maxi-
mum height of the tunnel overburden is 31m.

The area the Klimkovice tunnel passes through is formed by Moravian-
Silesian Lower Carboniferous (Culm) rocks. This formation is represen-
ted in the location itself and its wider surroundings by the Kyjovice mea-
sures of the Hradec-Kyjovice Member, of the Uppermost Visé (Lower
Nomur) age. It is the uppermost and easternmost lithostratigraphical unit
of the Lower Jesenik Culm. This lithological unit has the character of
flysch with claystone and siltstone prevailing over psammitic sediments,
the majority of which is represented by greywacke. In terrain elevation
areas the Culm rocks are covered by a layer of eluvia. There are even
denudation remnants of sandy glaciofluvial sediments and little extensive
secondary loess nappes. Neogene clays, containing lime concretions in
basal layers, were preserved in the stream valleys found in the vicinity of
both portals (the Brno and Ostrava portals). Thicker covers consisting of
deluvial sediments of mixed origin developed in bottom parts of terrain
elevations. The thickness of the Quaternary fluvial sediments covering
river valley floors reaches the order of several meters.

21 Lithology of the Culm massif

From the lithological point of view, the local rocks forming the
Kyjovice Member can be generally described as a flysch alternation of
aleuropelitic and psammitic layers with the thickness ranging from seve-
ral millimetres to several metres. For the purposes of the description of the
excavation along the tunnel route, we distinguished the following four

basic rock types:
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Obr. 2 Geologické rezy v ose tunelovych trub (4x prevysené)
Fig. 2 Geological cross-sections along the axis of the tunnel tubes (4x exaggerated)

nad psamitickymi sedimenty, zastoupenymi v naprosté prevaze drobami.
V oblastech terénnich elevaci jsou kulmské horniny pokryvény vrstvou eluvii.
Jsou zde roziffeny i denudadni zbytky pisCitych glacifluvidlnich sediment
a mdlo rozsdhlé pokryvy sprasovych hlin. V tdolich, protékanych vodotecemi
nedaleko obou portdlt tunelu (brnénského i ostravského), se zachovaly neo-
génni jily, v bazdlnich polohdch obsahujici konkrece vapencu. V dpatnich par-
tiich terénnich elevact jsou vyvinuty mocnéjsi pokryvy deluvidlnich sedimen-
to smésné geneze. Kvartérni fluvidlni sedimenty, vypliujici nivy vodotedt,
dosahuji nevelkych, fddové nékolikametrovych mocnosti.
2.1 Litologie kuimského masivu

Z litologického hlediska je mozno zdejsi horniny kyjovickych vrstev sou-
hrnné popsat jako flySové stiiddni aleuropelitickych a psamitickych vrstev
o mocnostech od nékolika milimetri do nékolika metrti. Pro podrobnéjsi
popis vyrubu v trase tunelu jsme zatadili horniny do &tyt zdkladnich typa.

Legenda:
N Legend:
Roviny hlavnich maxim:
(pruseénice na spodni polokouli)
Planes of main maximums:
__ puklin: 192/72
cracks: 192/72
___vrstevnatosti V1: 252/17
foliation V1: 252/17
____vrstevnatosti V2: 289/74
foliation V2: 289/74
——— vrstevnatosti V3: 115/58
foliation V3: 115/58
Azimut osy tunelu:
Azimuths of tunnel axes
ortal Brno
rno portal
portal Ostrava
Ostrava portal

Obr. 3 Zdkladni strukturni prvky zndzornéné ,,velkymi oblouky*
Fig. 3 Fundamental structural elements depicted by ,,great curves*

Fig. 2 — Longitudinal section through B tunnel tube) in those locations
where the greywacke layers totally prevailed in the sedimentation
rhythms. Greywacke is defined herein as the type of sandstone which
contains rock fragments in a prevailing psammitic fraction and exhibits
higher proportion of a clayey-silty matrix.

In the other parts of the excavation, in which the aleuropelitic and
psammitic layers rhythmically alternated, finely or coarsely rhythmic
flysch was marked, depending on the prevailing thickness of the layers.

Quartzite, feldspar (mainly plagioclase), mica (mainly muscovite),
clayey minerals and calcite were found in the mineral composition of the
rocks. In addition, fragments of the following rocks are present: quartzi-
te, metaquartzite, sericite-chloritic and micaceous shales, phylites, limes-
tone and crystalline marble. A constant property is the relatively low con-
tents of quartzite and usually high contents of carbonate. Locally, the car-
bonate contents are so high that it is possible to refer to greywacke limes-
tone. The pelitic rocks have the lowest carbonate contents.

Quartz stringers were found in many locations in joints and fissures or
dislocations in the rock mass. Carbonate stringers were not encountered.

2.2 Tectonic geology

The entire Carboniferous rock massif, consolidated by the Variscan
orogeny, is affected by folding and fault tectonics. More intense affecti-
on was recorded mainly in the first third of the tunnel route and then
again at the end of the mined section of the tunnel. Only milder folding
of rock measures prevails in the central part of the route. The tunnel route
passes obliquely across the preponderant trend of structures.

The folds are mostly of large dimensions, with the wave lengths rea-
ching several tens of metres, locally even the low hundreds of metres,
and amplitudes in the order of metres to tens of metres. The majority of
the folds are inverted, with the eastern vergency. The most frequent
direction of fold axes is N — S to NNE — SSW. The course of fold axes is
not totally linear; in general, the axes are slightly bent southward. Axial
planes of folds are undulated. The folds of layers in closure areas are
round to pointed. They can be classified by the size of the angle betwe-
en the limbs as open to closed folds, even isoclinal folds. By the magni-
tude of the angle of dip of axial planes, we can distinguish the prevailing
inverted folds and even upright and inclined folds, in isolated cases
recumbent folds.
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Pod aleuropelity shrnujeme jemnozrnné horniny, které jsou v prevazujici
mife tvofeny zrnitostni frakci do 0,05 mm. Cisté pelity, tj. bez vyrazné pii-
mési aleuritické slozky, zde nebyly ani rozbory vzorku zjistény. Prevazné
pelitické (jilovité) vrstvy jsou tmavé Sedé az CernoSedé, prachovité (aleuri-
tické) zpravidla svétlej$i. Mohou byt vyrazné lamindrné vrstevnaté
i makroskopicky nevrstevnaté, vSesmérné zrnitého vzhledu. Ponejvice
v lavicovitych az masivnich aleuropelitech byvaji také Casto vyvinuty
v hojném poctu konkrece pelokarbondti, v jejichZ sloZeni pevaZuje side-
rit a oligonit.

Droby byly v mapé a fezech vymezovdny v zasadé tam, kde jejich vrstvy
(zejména lavice) naprosto prevazuji v sedimenta¢nich rytmech. Jako drobu
zde definujeme typ piskovce, obsahujici v prevazujici psamitické frakci
dlomky hornin a vykazujici vyssi zastoupeni jilovito-prachovité zakladn{
hmoty (matrix).

V ostatnich partiich vyrubu, kde se aleuropelitické a psamitické polohy
rytmicky stiidaly, byl podle prevazujici mocnosti vrstev vymezovéan drob-
né ¢i hrubé rytmicky flys.

V minerédlnim sloZeni hornin byl zjistén kiemen, Zivce (pfev. plagioklas),
slidy (pfev. muskovit), jilové minerély, kalcit. Déle jsou pritomné dlomky
hornin: kfemence, metakvarcity, sericit-choritické a slidové bridlice, fylity,
vdpence a mramory. Stidlym znakem je pomérné nizky obsah kiemene
a zpravidla vysoky obsah karbondtu. Misty je podil karbonatu tak vysoky,
7e lze hovorit o drobovych vdpencich. Pelitické horniny maji obsah karbo-

V horninovém masivu byly na mnoha mistech zjistény kfemenné Zilky
na vrstevnich spdrach i na puklindch ¢i dislokacich. Karbondtové Zilky
zastiZzeny nebyly.

vrstevnatost kliny a dislokace
foliation mirmud distocations

Disjunctive structures occur in the fold closure areas where the angles
formed by the limbs are acuter if the strength limit is exceeded (namely
in the cases of more competent layers). These faults mostly originate in
parallel series, deviate from the axial planes of folds and result in inter-
layer sliding. There are traces of movements on the bedding planes,
faults and often even fissures; filling with crushed rock also occurs fre-
quently. The extent of the movement is relatively small on these planes,
mostly only several centimetres.

Dislocation structures of larger extent are represented by overthrust
folds, originating mostly as a result of rupturing or reduction of
a common limb of a fold. These structures are present in the Kyjovice
Member in a rather typical state of evolution. The prevailing proportion
of overthrust-character fault planes dips not too much steeply, trending
W to WNW. Overthrust folds may manifest themselves through the pre-
sence of several parallel displacement planes. They may be locally hid-
den in an interlayer slide.

Mightier tectonically weakened zones are spread mainly in the rocks
in which aleuropelitic layers prevail. The width of the zones aftected in
this way, mostly in the closures of fold structures, may reach several met-
res. If these fold structures are, in addition, broken by overthrust folds,
the width of the tectonised zones further grows. Transverse dislocations
which are developed in greywacke are mostly not attended by more sig-
nificant failures. There where thicker greywacke beds occur, the inter-
mediate, mostly pelitic layers are usually significantly broken, slickensi-
ded and in compression. It is so due to the various competence of the
rocks (the resistance to deformation), which are affected by rock pressu-
res during the rock mass folding.

2.3 Main trends of the rock mass cleavage

The prevailing trend of cleavage of the rock mass (with the
exception of locally extended aleuropelite bodies without obvi-

ous cleavage) is given by the course of bedding planes on which
individual variously thick layers get separated. The main trends
of bedding planes and fissures, together with the marking of the
azimuth of the tunnel axis, are depicted in Fig. 3 by means of so-
called “great curves”, in stereographical projections.

Two distinct maximums and one secondary maximum can be
distinguished in the overall contour diagram for bedding planes,
which was plotted using the measurements carried out in 2007
throughout the mined part of the tunnel. The direction and dip of
the line of maximum slope of 252°/17° expresses the mean ori-
entation of the prevailing position of layers within the investiga-
ted area: the N-S to NW-SE trend of layers with slight N-S to
NW-SE deviations. The “expansion” of this V1 maximum
(namely toward the S to SE dipping trends) is the reflection of
the slight undulation of this nearly sub-horizontal bedding of the

Obr. 4 Souhrn méreni — pélové a konturové diagramy
Fig. 4 Summary of measurement — pole and contoured diagrams

layers. The second principal maximum, V2 (the line of maxi-
mum slope 289°/74°), represents the mean trend of layers for-
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Obr. 5 Stavebni jama Ostrava — geologickd dokumentace provizorniho portdlu, km 142,183
Fig. 5 Ostrava-side construction trench — geological documentation of the temporary portal, km 142.183

2.2 Tektonika

Cely masiv karbonskych hornin, konsolidovany variskou orogenezi, je
postizen vrasovymi ohyby i zlomovou tektonikou. Intenzivnéjsi postiZzeni
bylo zaznamendno zejména v prvni tietiné trasy tunelu a potom opét ke
konci raZené Cdsti stavby. Ve stiedni &dsti trasy prevaZuji jen mirnéjsi ohyby
vrstev. Trasa tunelu miff Sikmo vaci prevazujicimu sméru struktur.

Vrésy jsou vétsinou velkych rozméra, s vinovou délkou nékolika desitek,
misty aZ prvnich stovek metrii a amplitudou v fadu metra a7 desitek metra.
Vétsinou jsou prekocené, s vergenci smérem k vychodu. Smér vrasovych
os je nejéastéji S-J az SSV-JJZ. Pribéh vrdsovych os neni zcela linedrni,
v generelu osy mirné upadajf jiznimi sméry. Osni roviny vras jsou zvinéné.
Ohyby vrstev v zdmkovych oblastech jsou oblé az $picaté. Podle velikosti
meziramenniho thlu je Ize klasifikovat od rozevienych po seviené az izok-
lindlni. Podle velikosti tklonu osnich ploch zde kromé prevazujicich vras
prekocenych muzeme rozlisit i vrasy piimé a §ikmé, ojedinéle i lezaté.

V zdmkovych oblastech ohybt, kde ramena sviraji ostiej$i meziramenni
tihly, dochdzi pfi prekro¢eni meze pevnosti horniny (zejména u vice kompe-
tentnich vrstev) ke vzniku rupturnich postiZeni. Tyto zlomy se vétSinou vytvé-
fejf v paralelnich sériich, odchyluji se ze sméru osnich rovin ohybu a vyznivaji
do mezivrstevnich skluzi. Na vrstevnich plochdch, zlomech a Easto i puklindch

ming the common limbs of inverted folds (layers trend NNE-SSW, steep
WNW dipping). The third, less distinct, V3 maximum (the line of maxi-
mum slope 115°/58°) represents layers in the sides of inclined non-inver-
ted folds, which occur in the area of operations much less.

Significant variance of measured values is visible in the overall con-
tour diagram (see Fig. 4), which was plotted for all measurements carri-
ed out in the fissure systems (1909 measurement points were used). It is
possible to find out by means of comparison with the diagrams for the
individual sections into which we divided the route of the mined part that
the fissure systems locally bend depending on the course of the bedding
planes. The main transverse system P1 is oriented roughly perpendicular
to the trend of the prevailing cleavage (slightly inclined or steeply dip-
ping inverted folds).

24 Hydrogeology

The Kyjovice Member environment is characterised by the presence
of discrete fissure-type aquifers, situated mainly in tectonically weake-
ned zones — intensely fractured weakness zones and fissure systems,
which allow easy migration of water. Interstitial aquifers probably do not
originate in the layers in which greywacke prevails owing to the fact that
local greywacke contains a significant proportion of clayey matrix, thus
its capacity to bind water in pores is substantially limited. In general, it
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Obr. 6 Pri¢ny geologicky ez 1 — 1’ v km 141,240
Fig. 6 Geological cross-section 1 — 1’ km 141.240
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jsou stopy pohybu, Castd je i vyplii podrcenou horninou. Vzdalenost pohybu je
v§ak na téchto plochéch relativné mald, vétSinou jen nékolik cm.

Disloka¢nimi strukturami vétsiho rozsahu jsou vrasové presmyky, vzni-
kajici prevazné pretrzenim ¢i redukefi stfedniho ramene vrds. Tyto struktu-
ry jsou v kyjovickych vrstvach pritomny ve veelku typickém vyvoji.
Pievazujici ¢ast dislokacnich ploch charakteru presmyku md neprili§ strmy
tiklon k Z a7z ZSZ. Vrasové presmyky se mohou projevovat pritomnosti
nékolika paralelnich presunovych ploch. Misty mohou byt skryté do mezi-
vrstevniho skluzu.

Mohutnéjsi tektonicky oslabend pasma jsou rozsitena zejména v hornindch
s prevahou aleuropelitickych vrstev. Takto postizené zdny, vétSinou
v zdmcich ohybovych struktur, mohou dosahovat aZ nékolikametrové moc-
nosti. Pokud jsou tyto ohybové struktury navic pretrhdny vrasovymi presmy-
ky, dochazi k dal§imu nartstédni mocnosti tektonizovanych zén. V drobéch
jsou vyvinuty pri¢né dislokace prevazné bez doprovodu vyraznéj§iho poru-
Seni. Pfi vyskytu hrubéjsich drobovych lavic byvaji mezilehlé prevazné peli-
tické vrstvy vyrazné porusené, ,,rozklouzané®, stladené, coz je odrazem ruzné
kompetence hornin (tj. odolnosti vuci deformacim), podléhajicich hornino-
vym tlakim béhem vrdsnéni masivu.

2.3 Hlavni sméry odiuénosti horninového masivu

Prevazujici smér odlu¢nosti hornin (s vyjimkou lokdlné rozsifenych tles
aleuropeliti bez patrné vrstevnatosti) je dén pribéhem vrstevnich ploch,
podle nichZ dochdzi k oddélovani jednotlivych vrstev o rizné mocnosti. Na
obr. 3 jsou tzv. ,,velkymi oblouky* ve stereografickych projekcich zndzor-
nény hlavni sméry prubéhu vrstevnatosti a puklin spole¢né s vyznacenim
azimutu osy tunelu.

Na souhrnném konturovém diagramu pro plochy vrstevnatosti, k jehoZ
konstrukci bylo pouzito 2007 méfeni z celé raZené Césti tunelu, Ize rozlisit
dveé vyraznd a jedno podruzné maximum. Smér a sklon spadnice 252°/17°
vyjadfuje prumérnou orientaci prevazujictho postaveni vrstev ve zkouma-
ném tzemi: prabéh vrstev ve sméru S-J a7 SZ-JV s mirnymi tiklony k Z aZ
JZ. ,RoztaZeni* tohoto maxima V1 (zejména k tklonam ve sméru k J aZ
IV) je odrazem mirného zvInéni tohoto téméf subhorizontdlniho uloZeni
vrstev. Druhé vyrazné maximum V2 (spadnice 289°/74°) predstavuje pru-
mérnou orientaci vrstev ve stfednich ramenech prekocenych vrds (smér vrs-
tev SSV-JJZ, strmy tklon k ZSZ). Treti, méné vyrazné maximum V3
(spddnice 115°/58°) reprezentuje k VIV uklonéné vrstvy v ramenech Sik-
mych nepiekocenych vrds, které se v zdjmovém tzemi vyskytuji v daleko
mensi mife.

Ze souhrnného konturového diagramu (obr. 4) vSech méfeni na puklino-
vych systémech (pouZzito 1909 méfenych bodu) je patrny znacny rozptyl
naméfenych hodnot. Srovndnim s diagramy pro jednotlivé dseky, na které
jsme trasu razené Cdsti tunelu rozdélili, 1ze zjistit, Ze puklinové systémy se
lokdlné staceji v zdvislosti na prubéhu vrstevnatosti. Hlavni pfi¢ny pukli-
novy systém P1 je orientovén zhruba kolmo na pribéh prevazujici vrstev-
natosti (mirné uklonénych i strmé zapadajicich prekocenych vrstev).

2.4 Hydrogeologie

Prostredi kyjovickych vrstev se vyznaluje pritomnosti nespojitych puk-
linovych zvodni, situovanych zejména v zénéch tektonického oslabeni hor-
nin — intenzivné rozpukanych poruchovych pasmech i v puklinovych systé-
mech, které umoZnuji snadnou migraci vod. Pralinové zvoden ve vrstvach
s prevahou drob se ziejmé nevytvari, nebot zdejsi droby obsahuji znacny
podil jilovité matrix a jejich moZnost védzat vodu v pérech je tim zna¢né
omezena. Obecné lze konstatovat, Ze hydrogeologické poméry horninové-
ho masivu byly vzhledem k razbé vcelku piiznivé. Pouze vyjimecné byl

Obr. 7 Inklinometrickd méreni v piloté P9
Fig. 7 Inclinometer measurements in P9 pile

TuoufHel

can be stated that the hydrological conditions of the rock mass were
relatively favourable to the tunnel excavation. The influence on the stabi-
lity of excavation and development of overbreaks was observed only in the
environment of siltsone, with water seeping along discontinuity surfaces.

3. EXPLORATION IN PORTAL SECTIONS

The comprehensive processing of the data on geological structure of
construction trenches was possible owing to the results of the detailed
exploration [2] and subsequent observation within the framework of the
construction monitoring, such as, for example:

o Systematic geological documentation of construction trenches (the
Brno portal section and Ostrava portal section, 166m and 46m long
respectively).

o Logging of inclinometer drill holes installed around the perimeter of
construction trenches, including laboratory testing of rock mechanics.

o Additional boreholes for verifying foundation conditions of A tunnel
tube in the Ostrava-side cut-and-cover part of the tunnel.

o Documentation of the foundation base of all cut-and-cover sections
of the tunnel

e Documentation of the piles stabilising a weakness zone at the
Ostrava temporary portal.

The lithological types which were identified were similar to the types
found in the mined tunnel sections, with similar cleavage and character of
weathering (deterioration). Quaternary soils are represented first of all by
secondary loess (class F6 according to CSN 73 1001 classification), local-
ly deluviofluvial sediments (F8). Deluvia and eluvia of Culm rock with
a higher proportion of weathered Culm rock correspond to G5 soil class
(clayey gravels) and F2 soil class (gravelly clay) up to R6 class for rock
with the character of soils. The Culm semi-rock, found in the bottom parts
and at the bottom of the construction trenches, is represented by pelites
(claystone) and aleurites (siltstone) — collectively named aleuropelites.
They exhibit tabular jointing; in a sound condition they are categorised as
R3 class. The semi-rock is formed by greywacke with bedded to thickly
tabular jointing categorised as class R2 in a sound condition (compressive
strength over 50MPa, which is a formal border between semi-rock and
hard rock). Semi-rock and hard rock are found in separate layers or in the
form of coarsely or finely rhythmical flysch.

Tectonic measurements on the bottom and walls of construction tren-
ches, processed in a series of contour diagrams, rendered the division of
the portal sections into several sections with prevailing trends and angles
of dip of discontinuity surfaces (above all bedding plates and fissure sys-
tems) possible.

The complete geological documentation, including the results of tectonic
measurements, allowed the plotting of the geological map of the bottom of
construction trenches, elevations of the Brno and Ostrava temporary portals
(see Fig. 5) and side walls of the trenches. It further allowed the plotting of
cross sections through the construction trenches (see an example in Fig. 6).
The recorded mode of deposition, degrees of weathering (deterioration) of
rock mass, occurrence of faults and hydrogeological factors allowed the
possibility to define the opinion on the problem of stability of the excava-
tion. In addition, the adjustment of information on the engineering geologi-
cal conditions was practically important, namely in the following cases:

The knowledge of actual modes of deposition of layers and positions of
fissure systems with dislocations clarified the cause of the occurrence of less
stable sections and resulted in systematic support of surface layers of weat-
hered zone of the rock mass with shotcrete, welded mesh and dowels and
coping with overbreaks. Results of the documentation were operatively used
even during the installation of canopy tube pre-support and protective col-
lars on portal walls, as well as the driving of the tunnel tubes themselves.

A higher percentage of sound aleuropelites and sound greywacke, cate-
gorised as classes 5 and 6 according to CSN 73 3050, was identified in the
area of the Brno-side construction trench.

A fault zone in the Brno-side construction trench was identified within the
framework of the work on the geological documentation. The zone was on
the right side of the trench, at JI-2 inclinometer borehole (up to chainage km
141.260). The dipping was unfavourable, down toward the trench (see
Fig. 6). The falling of rock, recorded as early as the upper excavation stages,
together with the increase in deformations toward the construction trench
(survey and inclinometer monitoring) documented the fact that additional
support of a part of the right slope by means of anchoring was necessary.

Owing to the determination of the depth of rock weathering in the fault
zone at the Ostrava temporary portal, in the pile wall location, it was pos-
sible, after necessary modifications of the shape of the continuous spread
footing, to use a flat foundation system for the built-in structure of
A tunnel.
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zaznamendn vliv na nestabilitu vyrubu a vznik nadvylomi v prostiedi The exploration work and geological observation confirmed that the
prachovcu s prusaky vod podél ploch diskontinuit. hydrogeological conditions were relatively uncomplicated; apart from the

coping with outflows from the inner surface of the stabilised sections of
3. PRUZKUM PRIPORTALOVYCH USEKU walls of the trenches during the spring thawing, no other special measure

exceeding the framework of the design had to be implemented.

Only geological and geotechnical observation is usually applied to con-
structions of a similar character during the works. Taking into considerati-
on the specific extent of the construction trenches and geological uncerta-
inties (the difficult geological conditions which had been indicated by pre-
vious exploration stages, indications of deep weathering and extensive
fault zones, danger of landslides and instability), the detailed exploration
was a great asset to the project.

The results of numerous stages of exploration work obtained in 1997 —
2004, before the excavation of construction trenches and the tunnel, in
principle confirmed agreement in the interpretation and properties of the
Culm rock massif. Detailed documentation of the cut-and-cover tunnel
sections and excavation of both tunnel tubes made more accurate determi-
nation of prevailing trends of cleavage of the rock mass possible and allo-
wed detailed identification of fold structures and dislocation structures in
geological sections (which, however, slightly differ from one another in
the two mined sections).

Komplexn{ zpracovani poznatki o geologické stavbé stavebnich jam
umoznily vysledky podrobného prizkumu [2] a néslednych praci sledu
v rdmci monitoringu stavby, tj. napriklad:

o Systematickd geologickd dokumentace stavebnich jam (brnénskd pii-

portalova oblast dlouhd 166 m, oblast ostravska 46 m).

o Dokumentace vrtil pro osazeni inklinometrii po obvodu stavebnich

jam, v¢. laboratornich zkousek mechaniky hornin.

e Doplriujici sondy pro ovéfeni zdkladovych poméra tunelové trou-

by A v ostravské hloubené ¢4sti tunelu.

o Dokumentace zdkladovych spér vSech hloubenych dseku tunelu.

o Dokumentace pilot pro zajisténi poruchy u ostravského provizorniho

portdlu.

Zjistény byly obdobné litologické typy jako v raZenych Cdstech tunelu
s obdobnou odlu¢nosti a charakterem zvétrdvéani (poruSeni). Kvartérni
zeminy zastupuji prevazné sprasové hliny (dle Klasifikace CSN 73 1001
tiidy F6), lokdlné splachové sedimenty (F8). Deluvia a eluvia kulmskych
hornin s vy$§im obsahem zvétralych kulmskych hornin odpovidaji zemi-

ndm tid G5 (térky jilovité) a F2 (jil Stérkovity) a7 hominim charakteru | 4- MONITORING OF PORTAL SECTIONS

zemin tf. R6. Kulmské poloskalni horniny jsou ve spodnich partiich a dné The monitoring in the areas of the excavation trenches for the cut-and-
stavebnich jam zastoupeny pelity (jilovci) a aleurity (prachovci) — souhrn- cover tunnel sections consisted of the observation of stability of supported
né oznacované jako aleuropelity s deskovitou az lavicovitou odlu¢nosti walls (shotcrete, welded mesh, dowels, rod-type anchors and cable anchors
a jako zdravé byly fazeny do tiidy R3. Skalni horniny tvori deskovité az supporting reinforced concrete walers). When the staged excavation was
hrube lavicovité odlu¢né droby, ve stavu zdravém tf. R2 (dosahuji pevnos- finished, the observation of deformations was carried out by 3D surveying
ti v prostém tlaku vice nez 50 MPa, coZ predstavuje formaln{ hranici mezi of survey points using total stations (carried out by INSET s.r.0., a member
poloskalnimi a skalnimi horninami). Skalni a poloskaln{ horniny se vysky- of the consortium). GEOtest Brno, a.s. conducted inclinometer measure-
tuji v samostatnych polohéch nebo ve formé hrubé ¢i drobné rytmického ments of the regime and observation of stresses on anchoring elements [4].
flyse.

Tektonickd méfeni na pofveé a sténdch stavebnich jam, zpracovand 4.1 Survey monitoring
v fadé konturovych diagramu, umoZnila roz¢lenit piiportdlové tseky do
nékolika sekci s prevlddajicimi sméry a velikostmi iklond ploch nespoji-
tosti (predevsim vrstevnich ploch a puklinovych systému).

Zpracovand geologickd dokumentace véetné vysledku tektonickych
méfeni umoznila konstrukci geologické mapy poévy stavebnich jam,
pohledu na provizorni portdly Brno a Ostrava (obr. 5) a na stény bo¢nich
zétezu. Dale umoznila konstrukci pri¢nych feza stavebnimi jémami (pfi-
klad obr. 6). Zaznamenané tloZzné poméry, stupné zvétravani (poruseni)
hornin, vyskyt poruch a hydrogeologické prvky dovolily ujasnit nazor na
problematiku stability vykopu. Toto upresnéni inZenyrskogeologickych
poméra mélo dale nékolikery prakticky vyznam, a to zejména:

— Skute¢né dlozné poméry vrstev a pozice puklinovych systému

The largest movements occurred at the crowns of both construction tren-
ches. Vertical and longitudinal movements of the survey points installed on
the reinforced concrete walers on temporary portals and walls of the tren-
ches stabilised at maximums ranging from 15 to 35mm. Transverse defor-
mations toward the excavation trench stabilised at the values of up to 20 —
25mm. Vertical displacement of survey points anchored in the RC walers,
combined with the transverse deformations toward the excavation trench,
reached maximums up to 75Smm. It was the reason for the above-mentio-
ned anchoring of the slope.

s dislokacemi objasnily pri¢inu méné stabilnich tseku a vedly k cilenému Dis Plgzgrr:\(erz{n()mm)
zajisténi piipovrchovych tseka zvétralé zony horninového masivu stika- o 10 P 2 30 0 .

nym betonem, ocelovymi sit€mi, hiebiky a k zvlddnuti nadvylomu.
Vysledky dokumentace byly operativné vyuzivany i pro zhotoveni ochran-
nych mikropilotovych destnikt a ochrannych limci v portdlovych sténach
a vlastni raZbu tunelovych trub.

— V prostoru brnénské stavebni jamy bylo identifikovéno vyS§i procen-
tudlni zastoupeni zdravych aleuropelitu a zdravych drob fazenych do trid
5 a6 dle CSN 73 3050.

— V rdmci geologické dokumentace byla identifikovdna poruchové zéna
v brnénské stavebni jamé vpravo u inklinometrického vrtu JI-2
(az po stani¢eni km 141,260) s nepriznivym tiklonem vrstev do jamy (obr.
6). Soucasné zaznamendvané problémy s opady jiZ od hornich etdZ{ vyko-
pu spolu s ndrustem deformaci do stavebni jamy (geodeticky
a inklinometricky monitoring) dokladovaly nutnost dodate¢ného zajisténi
Casti pravého svahu prikotvenim.

— Hloubkové vymezeni zvétralych hornin v poruchové zéné
u ostravského provizorniho portdlu v misté pilotové stény umoznilo plos-
ny zpusob zaloZen{ vestavéné konstrukce tunelu A po nezbytnych tpra-
vach tvaru zdkladovych pasu.

— Prazkumné préce a geologicky sled potvrdily veelku nekomplikované
hydrogeologické poméry, kdy kromé zvlddéni vytoku z rubu stabilizova-
nych dseku stén zdfeza v dobé jarniho tén{ nebylo nutné pfijmout Zddné
zvl4stn{ opatfeni nad rdmec projektu.

Na stavbach obdobného charakteru je obvykle uplatiovan v dobé
vystavby pouze geologicky a geotechnicky sled. Vzhledem ke specifické-
mu rozsahu stavebnich jam, geologickym nejistotdm (sloZité geologické
poméry, které signalizovaly predchozi etapy pruzkumd, indicie hloubko-
vého zvétravani hornin a rozsdhlych poruchovych pasem, nebezpedi sesu- O.b" - 8 JI-2: Velikost vektor u deformace do vykopu )

vl a nestability), byla realizace podrobného priizkum pfinosem. Fig. 8 Borehole JI-2: Magnitude of the vector of deformation (towards the trench)
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Vysledky fady etap prazkumnych praci z let 1997 az 2004, predchaze-
jici vystavbé stavebnich jam a razbé tunelu, v zdsadé potvrdily shodu
v interpretaci a vlastnostech kulmského horninového masivu. Podrobna
dokumentace hloubenych dseki a razby obou tunelovych trub umoZnila
upfesnéni prevazujicich sméra odlu¢nosti hornin, déle pak v geologickych
fezech detailni identifikaci vrasovych a disloka¢nich struktur, které se vSak
v obou raZenych udsecich vzdjemné ponékud Iisi.

4. MONITORING PRIPORTALOVYCH USEKU

Monitoring v oblasti vykopu v hloubenych &éstech tunelu spocival ve
sledu stability zajisténych stén (stiikany beton, ocelové sité, hrebiky, tyco-
vé a lanové kotvy do Zelezobetonovych previzek). Po postupném odtéZzo-
vani etdZ{ vykopu byl provédén sled deformaci geodetickym 3D méfenim
osazenych bodu totdlnimi stanicemi (realizoval Clen sdruZeni INSET,
s. 1. 0.). GEOtest Brno, a. s., provddél rezimni inklinometrickd métent
a sled napéti na kotevnich prvcich [4].

4.1 Geodeticky monitoring

K nejvétsim pohybum dochdzelo v korundch obou stavebnich jam.
Vertiklni a podéIné pohyby geodetickych bodii v ZB prevazkach na pro-
vizornich portdlech a sténdch jam se ustdlily na maximech v rozmezi
15-35 mm. PFi¢né deformace smérem do stavebni jamy se pak ustdlily na
hodnotdch do 20-25 mm. Vertikdlni pohyby geodetickych bodu
v kombinaci s priénymi deformacemi smérem do jamy, kotvenych v ZB
prevézkdch pravé stény stavebni jamy, dosahovaly maxim az 75 mm, coZ
vedlo k jiz zminénému dodatenému prikotveni svahu.

4.2 Inklinometricky monitoring

Inklinometrickd méfeni byla realizovdna dvousenzorovou (biaxidlni)
servo-inklinometrickou sondou S242SV30 (vyrobce SISGEO, S. r. 1. —
Itdlie), jako ridici a zdznamovd jednotka byl pouzit datalogger C800U stej-
ného vyrobce. Provddéna byla v sedmi inklinometrickych vrtech (JI-1az
JI-5 ve stavebni jamé Brno a JI-6 a piloté P-9 ve stavebni jdmé Ostrava)
vybudovanych jako soucdst komplexniho monitorovaciho systému.
Pramérmd hloubka vrtt je cca 21 m.

Meéfenim na obvodu brnénské stavebn{ jamy byly vyznamnéj§i deforma-
ce pozorovéany na jeji pravé strané, a to vrtu JI-4 (km 141,280) v hl. 4 az
-8 m s max. deformaci 13 mm a ve vrtu JI-2 (km 141,240) hl. -7 az -5 m
s max. deformaci 22 mm, resp. 30 mm do stavebni jamy. Zrychleny nartst
deformaci v této Casti vedl k dodate¢nym opatfenim ke zvySeni stability
svahu jamy. Nésledné deformace dosahovaly velikosti jiz jen do 8 mm.
Rozvoj deformaci v inklinometrickém vrtu JI-2 dokladuje obr. 8. V levé stra-
né zéfezu a za provizornim portdlem jamy Brno byly zjistény velikosti defor-
maci podstatné priznivéjsi, stejné jako méfeni ve stavebni jamé Ostrava.

4.3 Méreni kotevnich prvkii

Meéfeni bylo provadéno na 14 lanovych kotvéch v prevéazkach obou pro-
vizornich portdld a pilotové sténé ostravského predzéfezu a na 20 tyco-
vych kotvich v prevazkéch stén obou predzdfezi v reZimu téZenf jednotli-
vych etdzi.

Pro méfeni napéti na lanovych kotvéach byly pouZity dynamometry typu
Electric Load Cell 1200 kN vyrobce SISGEO S. r. 1., Italy s Datalogger
C800U. Napéti na lanovych kotvich bylo soucasné odecitdno i pomoci
tenzometrického mustku Digital Strain Indikdtoru P-3500 od vyrobce
VISHAY, USA. Na tycovych kotvdch byly instalovdny dynamometry typu
Hydraulic Load Cell 750 kN.

Namérené hodnoty kotevnich napéti v rdmci reZimniho sledu prokdzaly,
Ze kotvy byly dostate¢né zakotveny a po dobu sledu nedoslo ke ztrdté funké-
nosti. Zmény napéti, ke kterym v prubéhu monitoringu doglo, byly vcelku
nevyznamné. Prevdiné se jednalo o zmény vratné v souvislosti
s atmosférickymi jevy — zdmrz, tdni, nebo ohfivani a vysychdni masivu.
Nebyly zjisténé Zadné zmény, které by indikovaly nestabilitu jak obou pro-
vizornich portal, tak i vSech stén stavebnich jam.
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Obr. 9 Elektricky kruhovy snima¢ napéti pro lanové kotvy
Fig. 9 Electrical circular tensionmeter for cable anchors

4.2 Inclinometer monitoring

Inclinometer measurements were conducted using an S242SV30 two
sensor (biaxial) servo inclinometer probe (manufactured by SISGEO,
Sxrl., Italy); a C800U Datalogger of the same manufacturer was used for
the control and data logging. The measurements were carried out in seven
inclinometer boreholes (JI-1to JI-5 in the Brno-side construction trench
and JI-6 and in the pile P-9 in the Ostrava-side construction trench), which
were installed as parts of the comprehensive monitoring system. The ave-
rage depth of the boreholes is about 21m.

More significant deformations were observed through measurements on
the perimeter of the Brno-side construction trench, on the right side of the
trench, namely in JI-4 borehole (km 141.280) at the depth of - 4 to - 8m,
with the maximum deformation of 13mm, and JI-2 borehole (km 141.240)
at the depth of -7,0 to -5,0m, with the maximum deformation of 22mm
(30mm toward the construction trench). The accelerated increase in defor-
mations in this part was the reason for the implementation of additional
measures increasing stability of the slope of the trench. Subsequent defor-
mations reached the size not exceeding 8mm. The development of defor-
mations in JI-2 inclinometer borehole is documented in Fig. 8. Sizes of the
deformations which were measured on the left side of the trench and
behind the Brno temporary portal, as well as those measured in the
Ostrava-side construction trench, were substantially more favourable.

4.3 Measurement on anchoring elements

The measurement was conducted on 14 cable anchors installed through
walers on both temporary portals, on the pile wall in the Ostrava-side pre-
cut and on 20 rod-type anchors supporting walers on walls in both pre-cuts
(during the course of the individual excavation stages).

Electric Load Cell 1200 kN tensionmeters manufactured by SISGEO
Srl., Italy, and a C800U Datalogger were used for the measurement of
stress in cable anchors. The stress in cable anchors was concurrently read
by means of a Digital Strain Indicator strain-gauge bridge, manufactured
by VISHAY, USA. Hydraulic Load Cell 750kn tensionmeters were instal-
led on rod-type anchors.

The values of stresses in anchors measured in the framework of the regi-
me observation proved that the fixation of anchors was sufficient and no
event of a lost function occurred during the observation. The changes in
stresses which occurred during the course of the monitoring were relative-
ly insignificant. They were mostly reversible changes, associated with
atmospheric phenomena — complete freezing, thawing or heating up and
drying up of the rock mass. No changes indicating instability of any of the
two temporary portals or any of the walls of the construction trenches were
found.
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TUNEL POLANA
POLANA TUNNEL

BRANISLAV NEUSCHL, LUBICA CIGEROVA, MICHAL KUBIS
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_Tunel Polana je stcastou dialni¢ného tiseku D3 Svr¢inovec—Skalité.
DlZka navrhovanej trasy dialhice je cca 12,3 km so zaciatkom v kriZovatke
pri obci Svréinovec a koncom v mieste napojenia na uz rozostavany dia-
Ini¢ny usek Skalité-hranica SR/PR v obci Skalité. Predmetny tsek dialni-
ce sa nachddza v Zilinskom kraji, v okrese Cadca. Dialnica D3 je st&astou
multimodalneho dopravného koridoru €. VI., ktory po dobudovani umoZni
kvalitné a rychle prepojenie severnej a juznej Eur6py. Navrhovand dialhni-
ca prechddza velmi Clenitym a morfologicky naro¢nym prostredim. Cely
usek dialhice bude budovany v plnom profile kategérie D24,5/80. Projekt
stavby bol spracovany na drovni dokumentdcie pre stavebné povolenie
a dokumentdcie na ponuku zdruZenim projektovych spolo¢nosti: ALFA
04, a. s., Basler & Hofmann Slovakia, s. r. 0., Basler & Hofmann AG,
Ingenieure und Planer, Pragoprojekt, a. s. a Mott MacDonald Limited—org.
slozka a dalSich organizacii.

DIALNICNY USEK D3 SVRCINOVEC-SKALITE

Usek Svr¢inovec—Skalité je stcastou dialni¢ného tahu D3, ktory sa
v krizovatke HriCovské Podhradie napdja na dialhicu DI, tvoriacu
v Slovenskej republike zdkladny tah v smere vychod-zdpad. Dialhica D3
dop]na dialnind siet’v smere Zilina—Kysucké Nové Mesto-Cadca—Skalité,
¢im vytvéra s tsekom D1 od Bratislavy jednu zo severo-juznych doprav-
nych osf Slovenska. V celom dseku D3 je v sticasnosti doprava vedend po
existujicich cestdch I/11 a 1/12, ktoré s vyuzivané aj tranzitnou medzi-
Statnou prepravou. V sledovanom tseku Svr¢inovec—Skalité prechddzaji

tieto komunikdcie intravilinmi obci, o vyrazne znizuje plynulost
arychlost'dopravy, znehodnocuje Zivotné prostredie a ohrozuje bezpecnost’

ich obyvatelov. Obe komunikdcie vyustiji na hrani¢nych priechodoch —
cesta I/11 na priechode Svr¢inovec a cesta 1/12 na priechode Skalité.
Hrani¢ny priechod Skalité, ako aj samotnd cesta 1/12 nevyhovuji poZia-
davkdm ndkladnej dopravy. RieSenim nepriaznivej dopravnej situdcie
v izemli je vybudovanie novej stibeZnej kapacitnej komunikdcie. Dialnica
D3 bude mat’ vyznam aj z hladiska tranzitnej medziStitnej dopravy.
Napojenim na rozostavany usek Skalité—hranica SR/PR a vyuZivanim
suvisiaceho hrani¢ného priechodu sa umozni priechod nakladnej dopravy
v smere do Polska a spit, ¢im bude odlahceny najblizsi hramcny prlechod
Trstend. Vybudovanim kriZovatky Svr¢inovec bude vyrieSené prepojenie
dialhice a cesty I/11 vo Vsetkych dopravngch smeroch, ¢im sa v tomto bode
vytvori moZnost’ prepojenia troch eurépskych $tdtov — Polska, Ceska
a Slovenska. Ugelom navrhovanej stavby dialnice je zlepsit'dopravnii situ-
dciu v SirSom meradle ako je len stavbou dotknuté tizemie. Vybudovanie
tejto stavby pozitivne ovplyvni dopravnu situdciu a prerozdelenie dopravy
medzi severo-juznymi koridormi na tzemi Slovenska.

Stavba zaCina tesne pred kriZovatkou Svr¢inovec, kde sa napoji na tisek
D3 Cadca (Bukov)—Svrcmovec Za krizovatkou vstupuje do tunela
Svréinovec dlzky cca435m.V daljom tseku trasa vedie okrajom zdstav-
by obci Svréinovec a Cierne, po svahoch tidolia rieky Clernanky V tejto
Casti tizemia je navrhnuté aj obojstranné odpocivadlo Cierne, ktoré bude
sticastou dialni¢ného vybavenia. Nasledne dialhica vystupuje na masiv
hrebena Valy, v ktorom vedie v hlbokych zdrezoch nad okrajom svaho-
vych deformdcii, ktorymi je postihnuté tpitie tohto masivu. Vstup aj
vystup z tohto hrebena je charakterizovany vedenim komunikdcie na roz-
siahlych mostnych objektoch. Po zostupe z hrebena Valov preklenie trasa
dialhnice tdolie toku Cadecky a dalej sa dostdva na svahoch az nad okraj
zdstavby obce Skalité. Za tdolim potoka Rieka, obchddzajic zédstavbu
obce, vsttipi dialhica do masivu Polany dialni¢nym tunelom Polana dlzky
cca 890 m. Koniec tseku je napojeny na rozostavany usek D3
Skalité—hranica SR/PR.

CHARAKTERISTIKA TUNELA

V mieste horského masivu Polana prekondva dialnica juzné tbocie
kopca Gazdikov grun tunelom s ndzvom Polana. Zapadny portdl bol
pomenovany podla potoka Rieka a vychodny podla osady Pazderovci.

INTRODUCTION

The Polana tunnel is part of the Svr¢inovec — Skalité section of the D3 motor-
way. The length of the proposed motorway route is about 12.3km. It starts at an
intersection at the village of Svr¢inovec and its end is in the village of Skalité, in
the location where it connects to the Skalité — the Polish border motorway secti-
on, which has been under construction. The given motorway section is found in
the Zilina Region, the Cadca District. The D3 motorway is part of the Multimodal
Traffic Corridor VI, which, after completion, will make quality and fast conne-
ction between northern and eastern Europe possible. The proposed motorway
passes through very rugged and morphologically difficult terrain. The full profi-
le category D24.5/80 will be applied to the entire motorway section. The con-
struction design was carried out at the final design and tender purposes level by
a consortium of following engineering consultancy firms: ALFA 04 a.s., Basler &
Hofmann Slovakia sr.o., Basler & Hofmann AG, Ingenieure und Planer,
Pragoprojekt a.s., Mott MacDonald Limited-org. unit and other organisations.

SVRCINOVEC — SKALITE SECTION OF D3 MOTORWAY

The Svr¢inovec - Skalité section is part of the D3 motorway route. At the
Hricovské Podhradie intersection, the D3 motorway links the D1 motorway,
which forms a basic motorway route in Slovakia in the east-west direction. The
D3 motorway is added to the motorway network to provide connection in the
direction Zilina - Kysucké Nové Mesto - Cadca - Skalité, thus it forms, toget-
her with the D3 section from Bratislava, one of north-south traffic axes in
Slovakia. Throughout the D3 section traffic currently led along the existing
I/11 and /12 roads, which are even used by international transit transport.
These roads pass through villages in the Svr¢inovec — Skalité section, which
significantly reduces fluency and speed of traffic, damages the environment
and jeopardises the safety of their inhabitants. Both roads lead to border cros-
sings: I/11 road at the Svr¢inovec border crossing and 1/12 at the Skalité cros-
sing. The Skalité border crossing as well as I/11 road do not meet requirements
of haulage. The unfavourable transportation situation in the area will be solved
by developing a new parallel capacity road. The D3 motorway will be impor-
tant even in terms of interstate transport. Owing to the connection to the Skalité
— Polish border, which is under construction, and the use of the related cros-
sing, passage of freight traffic to Poland and back; thus the burden on the nea-
rest border crossing, Trstend, will be relieved. By constructing the Svr¢inovec
intersection, the connection of the motorway and /11 road will be solved for
all directions of traffic, thus the possibility of interconnecting three European
states — Poland, the Czech Republic and Slovakia, will be opened. The purpo-
se of the proposed motorway construction is to improve the traffic situation on
a scope that will be wider than the area affected by the construction. This pro-
ject will positively affect traffic situation and re-distribution of traffic between
the north-south corridors existing in Slovakia.

The construction starts just before the Svr¢inovec intersection, where it will
connect to the Cadca (Bukov) — Svréinovec section of the D3 motorway. After
the intersection, it enters the about 435m long Svr¢inovec tunnel. The route of
the following section passes through the outskirts of the villages of Svr¢inovec
and Cierne, on the slopes of the Cierfianka River. This part of the area will con-
tain the Cierne double-sided lay-by, which will be part of motorway equipment.
Subsequently, the motorway ascends to the Valy mountain range, where it runs
along deep open cuts above the edges of the landslide areas which exist at the
foot of the mountain range. The entry to the ridge as well as the exit is charac-
terised by the road alignment leading on large bridge structures. When the
motorway route has descended from the ridge, it crosses a valley of the Cade¢-
ka stream and then gets on slopes up to the edge of buildings of the village of
Skalité. After the Rieka stream valley, it bypasses the village and enters the
Polana mountain massif through the about 890m long Polana motorway tunnel.
The end of the section is connected to the Skalité — Polish border section of the
D3 motorway, which is under construction.

TUNNEL CHARAKTERISTICS

In the location of the Polana, the motorway overcomes a southern slope of
Gazdikov Grun hill by means of a tunnel named Polana. The western portal
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Obr. 1T, ranseuropska cestnd siet’ v SR a pripravovany iisek dialhice D3,
Svréinovec—Skalité

Fig. 1 Trans-European road network in the SR and the Svrcinovec — Skalité
section of the D3 motorway under preparation

Smerovo je trasa tunela vedend v dvoch protichodnych oblikoch pre-
pojenych prechodnicou. Pozdlzny sklon tunela je prevazne 2%. Priecny
sklon vozoviek sa meni od 3,5 % az do -3 % v zavislosti na smerovom
vedeni. Tunel je tvoreny dvoma tunelovymi rirami a ich vzdjomnd vzdia-
lenost’ osi je premenlivd, pricom minimalne hodnoty st cca 25 az 29 m
v portdlovych oblastiach a 45 m v strednej Casti tunela. Obe tunelové riry
st rozdelené na tseky budované hlbenim a razenim. Pre razend Cast’ sa
predpokladd metéda NRTM (Novd rakiska tunelovacia metdda)
s pouzitim mechanického rozpojovania a rozpojovania trhacimi pracami.
Tunelové ostenie je navrhnuté dvojpldstové tvorené primarnym
a sekunddrnym ostenim, oblikového tvaru. Tunel bude obsahovat’3 pri-
eCne prepojenia, nudzovy zdliv v strede kazdej tunelovej rury
a technologické vybavenie potrebné pre bezpecnu prevddzku tunela.
Tunel bude v zakladnom reZime prevadzkovany jednosmerne.

Tab. 1 Parametre tunela

Juzna tunelova
rira (PTR)

Popis Severna tunelova
rara (LTR)

2T - 8,0 (Sirka medzi obrubnikmi
8,0 m, chodniky 2x1,0 m)

Kategéria tunela

Typ tunela ) Dvojriirovy dialni¢ny tunel

Celkova stavebna dlzka 8920 m 898,1 m
Razena Cast’ 8460 m 8670 m
Hibend Cast 16+30 m 16+15,1 m
Priechodny prierez 48x80m

Predpokladany cas zaciatku 2011
vystavby objektu

Predpokladany cas 2014
uvedenia do prevadzky

Ditka tunela podla NV ¢. 344/2006 Zz., § 2, odst. (b) uzavretej Casti tunela je:
889,57 m.

GEOMORFOLOGICKE A GEOLOGICKE POMERY

Podla regiondlneho geomorfologického clenenia Slovenska (Atlas
SSR, 1980, Maziir, Lukni) patri tizemie severne od Cadce po Skalité do
oblasti Zdpadnych Karpdt, ktoré na iizemie zasahuji geomorfologickym
celkom — Jablunkovskym medzihorim, ktorého reliéf bol sformovany
pocas Stvrtohor periglacidlnou modeléciou a rie¢nou erdziou. Jeho hor-
ninové prostredie je tvorené magurskym tektonickym celkom zasttipe-
nym rac¢anskou litofacidlnou tektonickou jednotkou — zlinskym suivrst-
vim (stredny eocén, Potfaj, 2003). V rdmci zlinskeho sdvrstvia podla
Potfaja tizemie v trase dialhice je tvorené vsetinskymi vrstvami. Tieto
vrstvy sa vyznacuju prevahou hrubych vrstiev lastirnato odlu¢nych
ifloveov s lavicami jemno- aZ strednozrnnych pieskovcov s glaukonitom.
Prekédzkou, ktord tunel prekondva, je juzné tibocie kopca Gazdikov gran
(710 m n. m.) masivu Polany nad tidolim rieky Cieriianka, severne od
obce Skalité. Vyska prekondvanej prekdzky presahuje o viac ako 82 m
droven trasy dialnice. Masiv, ktorym prechddza tunel Polana, je charak-
terizovany sdvrstvim paleogénnych hornin zastipenych vrstvami flovca
a pieskovca, s prevahou flovcovych vrstiev. S ohladom na rozdielnu cit-
livost horniny na exogénne Cinitele je masiv ilovcov a pieskovcov
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was named after the Rieka stream and the eastern after the village of
Pazderovci.

The horizontal alignment of the tunnel consists of two reverse curves con-
nected by a transition curve. The longitudinal gradient of the tunnel is most-
ly 2%. The transverse gradient of the roadway varies from 3.5% to -3%,
depending on the horizontal alignment. The tunnel is formed by two tunnel
tubes. The distance between their axes is variable, with the minimum values
are about 25 to 29m in portal areas and the distance of 45m in the central part
of the tunnel. Both tunnel tubes are divided into cut-and-cover sections and
mined sections. The NATM (New Austrian Tunnelling Method) is assumed
to be used for the mined part, with both mechanical rock disintegration and
the drill-and-blast. The vaulted double-shell tunnel lining consisting of
a primary and secondary linings is designed. The tunnel will contain 3 cross
passages, a lay-by in the middle of each tunnel tube and equipment required
for the safe operation of the tunnel. During the basic regime, the tunnel will
have one-way traffic.

Table 1 Tunnel parameters

Southern tunnel
tube (NTT)

Northern tunnel
tube (NTT)

Description

Tunnel category 2T — 8.0 (curb-to-curb width

8.0m, walkways 2x1.0m)

Tunnel type Twin-tube motorway tunnel

Total structural length 892.0 m 898.1 m
Mined part 846.0 m 867,0 m
Cut-and-cover part 16+30 m 16+15.1 m
Clearance profile 48x80m

Expected commencement time 2011
Expected commissioning time 2014

The tunnel length of the closed part of the tunnel according to the Decree of the
Government of the SR No.344/2006 Coll., §2, section (b) is 889.57 m.

GEOMORPHOLOGICAL AND GEOLOGICAL CONDITIONS

According to the regional geomorphological division of Slovakia (Atlas
SSR, 1980, Mazir, Luknis), the area north of Cadca up to Skalité belongs to
the Western Carpathians, to which area it extends through the Jablunkov
Uplands geomorphological unit, the topography of which was formed
during the Quaternary period by periglacial modelling and river erosion. The
rock environment in the area is formed by the Magura tectonic complex,
which is represented by the Raca litofaccial tectonic unit — the Zlin Member
(Middle Eocene, Potfaj, 2003). Within the Zlin Member, according to Potfaj,
the area along the motorway route consists of the Vsetin Member. This
member is distinguished by prevalence of coarse layers of conchoidally
fractured claystones with beds of fine-grained to medium-grained sandsto-
nes with glauconites. An obstacle the tunnel must overcome is the southern
slope of Gazdikov Grdn hill (710m a.s.l.) in the Polana massif, above the
Cierfianka stream valley, north of the village of Skalité. The elevation of the
top of the obstacle to be overcome is by 82m higher than that of the motor-
way alignment. The massif the Polana tunnel passes through is characteri-
sed by series of measures of Palacogene rocks represented by claystone and
sandstone layers with the majority of sandstone layers. As a result of vary-
ing sensitivity of the rock mass to exogenous factors, the claystone and
sandstone massif is markedly heterogeneous, with various depths of weat-
hering, intensity and degree of decomposition, various sizes and types of
blocks. The massif is disturbed by a system of continuous zones of faults
and faults, which were interpreted on the basis of geophysical works and
documentation of individual rounds during the excavation of the galle-
ry. Two main directions were determined according to the character of
faulting. One of them has the character of transverse to oblique faults,
while the other one has the character of parallel zones, parallel with the
axes of the tunnel tubes.

Several stages of exploration were conducted with the aim of obtai-
ning information sufficient for the knowledge of the engineering geolo-
gical and geotechnical conditions for the Polana tunnel. The engineering
geological exploration for the Polana tunnel was solved during the ori-
entating survey stage (Panek et al., 1997; 1998) for the original design
variant. The detailed exploration was conducted during the surface engi-
neering geological and hydrogeological survey stage (Zithurecky et al.,
2006) and the geotechnical monitoring stage, of which the exploration
gallery for the Polana tunnel was a part.

The exploratory gallery location is in the cross section of the left tun-
nel tube. The total length of the gallery is 302.1m, of that length about




Obr. 2 Ortofotomapa
Fig. 2 Ortophotomap

vyrazne heterogénny, s rozdielnymi hibkami zvetrania, intenzitou
a stupfiom rozpadu, rozdielnou velkostou a typom bloku. Masiv je poru-
Seny systémami priebeZnych poruchovych zén a zlomov, ktoré boli
interpretované na zdklade geofyzikdlnych prac a dokumentacie jednot-
livych zaberov pri realizovani Stélne. Podla charakteru porusenia boli
vyclenené dva hlavné smery, z ktorych je jeden charakteru prie¢nych az
Sikmych zlomov a druhy systém je charakteru paralelnych zén, stibez-
nych s osami tunelovych rur.

Za tcelom ziskania dostatocne vypovedajicich informacii o inZi-
nierskogeologickych a geotechnickych pomeroch tunela Polana boli rea-
lizované viaceré etapy prieskumu. InZinierskogeologicky prieskum pre
tunel Polana bol rieSeny v etape orientacného prieskumu (Panek et al.,
1997; 1998) v pdvodnom variantnom rieSeni. Podrobny prieskum bol rea-
lizovany etapou povrchového inZinierskogeologického a hydrogeo-
logického prieskumu (Zathurecky et al., 2006) a etapou geotechnického
monitoringu, ktorého sticastou bola realizacia prieskumnej §tdlne tunela
Polana.

_ Prieskumnd §t6lia je vedend v mieste favej tunelove; riry a jej celkovd
dlzka je 302,1 m, z toho cca 25,54 m sa nachddza v mieste budiceho hlbe-
ného tunela a Cast’ dlzky 276,56 m je vedend v profile razeného tunela.
Pocas vystavby Stolne sa zistili velmi komplikované geologické pomery,
¢o spdsobilo, Ze takmer celd Cast’$tdlne bola budovand pod ochranou mik-
ropilétového ddZzdnika, resp. pod ochranou ihiel.

Po preruseni geologickych prac pri razeni $tlne bol prieskum ukonce-
ny doplnkovym, povrchovym inZinieskogeologickym prieskumom for-
mou zvislych, prieskumnych jadrovych vrtov, kopanych Sach-
tic, povrchovych geofyzikdlnych merani a vodorovnych jadrovych vrtov,
vitanych zo $tolne do masivu pravej tunelovej riry (Sekyra et al., 2008).

Na zdklade ziskania hodnovernych vysledkov z povrchovych inZinier-
skogeologickych prieskumov a z vysledkov geotechnického monitoringu
pocas razenia prieskumnej §tdlne boli pre jednotlivé tunelové riry vycle-
nené zdkladné kvazihomogénne bloky. Pre lavi tunelovi riru 12 dsekov
a pre pravu tunelovi riru 10 tdsekov. V tychto dsekoch bolo rozpitie inZi-
nierskogeologickych a geotechnickych charakteristik v nasledovnych roz-
sahoch:

RQD od 5-25 do 50-70 %, QTS od 33,5 bodu po troven 69 bodov,
NRTM od triedy 3 po triedu 5a.

Hydrogeologické pomery tzemia tunela Polana st podmienené klima-
tickymi pomermi spolu s geomorfologickymi, odtokovymi pomermi,
geologicko-tektonickou stavbou a dal§imi Cinitelmi (zalesnenie a pod.).
Od tychto Cinitefov zdvisi podiel infiltrovanych zrazok, ktory sa podiela
na doplnani zdsob podzemnych voéd v geologickych Struktirach
a formovani ich fyzikdlno-chemickych vlastnosti. Hydrogeologické
pomery boli podrobne overené prieskumnou §tdliiou a vo zvy$nom tseku
trasy boli hydrogeologické pomery overené vrtnymi pracami realizova-
nymi pod droven nivelety tunela. Komplex spevnenych paleogénnych
sedimentov vytvara hydrogeologicky masiv bez vyznamnejsich sivislych
hydrogeologickych kolektorov vrstvového typu s obehom podzemne;j
vody prevazne v pripovrchovej zéne a v pdsmach puklinového
a tektonického poruSenia.
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25.54m are in the location of the future cut-and-cover tunnel and
a 276.56m long portion leads within the profile of the future mined tun-
nel. Very complicated geological conditions were identified during the
gallery driving, which was the reason why nearly the entire part of the
gallery was constructed under the protection of a micropile umbrella or
forepoles.

After the suspension of the geological work during the gallery excava-
tion, the exploration was completed by additional surface engineering
geological survey having the form of vertical rotary cored boreholes, dug
holes, surface geophysical measurements and horizontal cored boreholes,
drilled from within the gallery into the rock mass, into the cross section
of the future right tunnel tube (Sekyra et al., 2008).

Basic quasi-homogeneous blocks were determined for individual tun-
nel tubes on the basis of credible results of the surface engineering geo-
logical explorations and results of the geotechnical monitoring carried
out during the excavation of the exploratory gallery — 12 sections for the
left tunnel tube and 10 sections for the right tunnel tube. The ranges of
the engineering geological and geotechnical characteristics in these sec-
tions were as follows:

RQD from 5-25 to 50-70%, QTS from 33.5 points to the level of 69
points, NATM from class 5a.

Hydrogeological conditions in the area of the Polana tunnel depend on
climatic conditions together with geomorphological run-off conditions,
the geological-tectonic structure and other factors (wooding etc.). The
proportion of the infiltrating precipitation which contributes to the ground
water recharging in geological structures and forming their physical-che-
mical properties depends on these factors. The hydrogeological conditi-
ons were verified in detail by the exploration gallery and, in the remai-
ning section of the tunnel route, the hydrogeological conditions were
verified by drilling under the tunnel alignment level. The complex of con-
solidated Palacogene sediments forms a hydrogeological massif without
more significant continuous hydrogeological aquifers of the layer type,
with ground water circulation occurring in mainly in the surface layer and
in fissure-type and faulted zones.

TUNNEL STRUCTURE

The tunnel design is carried in a way guaranteeing that the lining
structure, waterproofing, ventilation, escape routes and tunnel equip-
ment complied with the requirements imposed on tunnels in the EU
and, at the same time, met requirements imposed by the legislation of
the Slovak Republic. The cross sections of the left tunnel tube and right
tunnel tube are identical in terms of dimensions. We designed the
dimensions and geometry of the cross section taking into consideration
the dimensional parameters of the clearance profile, the roadway width
and the minimum width of walkways. The tunnel axis is always per-
pendicular to the roadway, therefore the cross section of both tunnel
tubes will be rotated in the vertical plane relative to the transverse gra-
dient of the roadway; thus the volume of unnecessary excavation is
reduced.
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KONSTRUKCIA TUNELA

Technické rieSenie tunela je navrhované tak, aby konStrukcia ostenia,
izol4cie, vetranie, tinikové cesty, technologické vybavenie z hladiska bez-
pecnosti a riadenia prevadzky zodpovedali poziadavkdm kladenym na
tunely v EU, a zdroven splnali poziadavky platnej legislativy SR. Prierezy
lavej a pravej tunelovej riry sd rozmerovo zhodné. Pri ndvrhu velkosti
a tvaru priecneho rezu tunela sme vychadzali z rozmerovych parametrov
prejazdného prierezu, Sirky vozovky a min. Sirky chodnikov. Tunelova os
je vzdy kolmd na vozovku, prierez bude teda v oboch tuneloch natdcany
v stilade s jej klopenim, ¢im sa obmedzi razenie jalového vyrubu.

Hlbeny tunel bude budovany v otvorenej stavebnej jame a konstrukcia
blokov a zdkladovej dosky je kolmd na vozovku obdobne ako v razenej
Casti. Zakladova doska ma hribku 800 mm, a klenba tunela 400 mm.
Samotny portdl je zrezany v sklone 60° a v spodnej ¢asti mad navrhnuté
Cielka, ktoré umoZnia priame napojenie beténového zvodidla.
KonStrukcia klenby a zdkladovej dosky je Zelezobeténova z vodotesného
beténu (C 30/37). .

Stavebné jamy budd hlbené postupne v jednotlivych stuprioch.
Zaistenie stien vykopu sa zabezpedf strickanym beténom v kombindcii so
zvaranymi sietami, kotevnymi prahmi a lanovymi kotvami. Doplnkové
prvky budd tvorit'klince a ako pomocny prvok pod prahmi si navrhnuté
mikropilty. Definitivna tprava portdlov tunela bude tvorend prevaZne
vystuZzenym ndsypom.

Obe tunelové riry budi budované sti¢asne dovrchnym razenim zo stra-
ny zdpadného portdlu. Na zdklade IGP sa predpokladd nasadenie troch
vystrojovacich tried VT3, VT4, VT5a (tab. 2) Vystrojovacia trieda 3 sa
predpoklada len v dlzke 65 m. Razenie tunelovych rir bude po dlzke roz-
delené horizontdlnym ¢lenenim na kalotu, stupen a dno. V mieste nidzo-
vého zélivu bude kalota Clenend aj vertikélne. Protiklenba bude realizova-
nd v celej dlzke razenych tunelov. Primdrne ostenie je na zdklade static-
kého vypoctu dimenzované tak, aby spolahlivo zabezpecilo stabilitu vyru-
bu tunela v Case prerozdelenia napiti v horninovom masive do vybudova-
nia sekundarneho — definitivneho ostenia.

Tab. 2 Prvky primdrneho ostenia v zdkladnych vystrojovacich triedach

VT3 Striekany beton, ocelové zvarané siete, ocelové priehradové obliky,
maltované a samozéavrtné svorniky
VT4 Striekany beton, ocelové zvarané siete, ocelové priehradové obliky,
maltované a samozdvrtné svorniky, ihly, sklolamindtové kotvy v celbe
VT5a Striekany betén, ocelové zvarané siete, ocelové priehradové obliky,
samozdvrtné svorniky, mikropildty, sklolamindtové kotvy v celbe

Unikové cesty budi razené paralelne s postupom razenia tunelovych
rtr. SuibeZne s razenim v dostato¢nom odstupe predpokladdme zaciatok
betondrskych prac (betondz zdkladovych konstrukcii, izolatérskych prac
a nasledne betondZ sekundédrneho ostenia). Unikové cesty vicsieho pro-
filu budu vyuzité na privod vetrania k ¢elbe a odvoz ribaniny druhou
tunelovou rdrou. Sekundarne — definitivne ostenie je dimenzované na
zataZenie od celého tlaku horniny, tj. nepredpokladd sa spolahlivost’ pri-
marneho ostenia v obdobi pozadovanej Zivotnosti tunela a pocita sa so
sekundarnym ostenim ako so samostatnou nosnou Castou. Definitivne
ostenie je navrhnuté Zelezobeténové z beténu (C 30/37) hr. 400 mm
v klenbe a 600 mm v protiklenbe. Betondz bude vykondvand po dsekoch
rovnakej dlzky — 10 m. Vzhladom ku kratkej dlzke tunela predpoklada-
me nasadenie jedného debniaceho vozna. V osteni budd zabudované
chréanicky a prechodky z bezhalogénového materidlu, ktoré sliZia pre
kablové vedenia napdjané z chodnika do stropného priestoru tunela.
Hydroizol4cia tunela je navrhnutd ako medzilahld, hribky min. 2,5 mm,
s ochrannou signdlnou vrstvou na licnej strane. Na strane primarneho
ostenia bude f6lia chranend proti poskodeniu geotextiliou. Ako doplnok
k plosnej féliovej izoldcii je navrhnutd rastrova izoldcia, ktord bude osa-
dend v mieste vyklenkov a v oblastiach zvySenych priesakov vody.
V mieste pracovnej $kary vzajomne susediacich blokov bude izolacia
zosilnend (zdvojend) pasom z izolacnej félie Sirky 500 mm, resp.
v miestach zvySenych pritokov okrajovym dilatatnym pdsom.
Podzemné vody presakujice z horninového prostredia v okoli tunelo-
vych rir budd zberané do perforovaného drendZneho potrubia rubovej
drendZe tunela DN 200 mm. Z tohto potrubia budd cez Cistiace Sachty
prie¢ne zvedené do reviznych Sacht hlavnej stoky tunela. Tu tvori PP
rira DN 400 mm pre vysoké zdtaZe, ktord je ulozend pod vozovkou
v strede jazdného pruhu. Revizne Sachty na potrubi hlavnej stoky budu
osadené v dlZzkovych intervaloch do 50 m (v oboch tuneloch). Poklopy
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The cut-and-cover tunnel will be built in an open trench; the structure
of the blocks and the base slab is perpendicular to the roadway, similar to
the mined section. The base slab and the vault are 800mm and 400mm
thick respectively. The portal itself is inclined at 60° ; it has heads at the
bottom part which will render connecting a concrete barrier possible. The
vault and base slab structures are of water retaining reinforced concrete
(C 30/37).

The excavation of construction trenches will be divided into stages.
The walls of the trenches will be stabilised by shotcrete in combination
with welded mesh, anchored walers and cable anchors, complemented
by dowels and, as an auxiliary element, micropiles under the walers.
The final tunnel portals will be mainly formed by a stabilised embank-
ment.

Both tunnel tubes will be constructed simultaneously. The excavation
will proceed uphill from the western portal side. It is expected on the
basis of the EGE that three excavation support classes VT3, VT4 and
VT5a will be used (see Table 2). Excavation support class 3 is expected
to be encountered only at a length of 65m. The excavation of the tunnel
tubes will be divided horizontally into the top heading, bench and invert.
The top heading in the location of the lay-by will be even divided verti-
cally. The invert will be constructed throughout the length of the mined
tunnels. The primary lining is designed on the basis of a structural analy-
sis, based on the requirement to reliably guarantee stability of the tunnel
during the process of redistribution of stresses in the rock mass until the
secondary - final lining is completed.

Table 2 Primary lining elements for basic excavation support classes

VT3 Shotcrete, welded mesh, lattice girders, grouted rockbolts, self-drilling
rockbolts
VT4 Shotcrete, welded mesh, lattice girders, grouted rockbolts, self-drilling
rockbolts, dowels, GRP anchors into excavation face
VT5a Shotcrete, welded mesh, lattice girders, grouted rockbolts, self-drilling
rockbolts, micropiles, GRP anchors into excavation face

Escape routes will be driven simultaneously with the advancing excavati-
on of the tunnel tubes. Concurrently with the excavation, at a sufficient
distance from the excavation face, the concrete casting operations are plan-
ned to start (casting of foundation structures, installation of the waterproofing
system and subsequently the casting of the secondary lining). Larger profile
escape routes will be used for the supply of fresh air to the excavation face
and mucking out through the other tunnel tube. The secondary — final lining
is calculated for the load of the whole rock pressure, which means that the
reliability of the primary lining throughout required the tunnel life is not
counted in and the secondary lining is considered as an independent load-
bearing part. The final lining is designed as a reinforced concrete (C 30/37)
structure 400mm thick in the upper vault and 600mm in the invert. The conc-
rete casting will proceed in section with identical lengths of 10m.
Considering the short length of the tunnel, we assume that only one tunnel
form traveller will be used. Conduits and sleeves of a non-halogen radiating
material will be cast in the lining for cables leading from the walkway to the
tunnel roof space. The waterproofing is an intermediate System using
a 2.5mm thick membrane with a protective signal paint layer on the inner
side. The membrane will be protected against damaging on the primary lining
side by geotextile. As an addition to the areal waterproofing system; a raster

Obr. 3 Prieskumnd $télna tunela Polana, zdpadny portdl (portdl Rieka)
Fig. 3 Exploration gallery for the Polana tunnel, western portal (Rieka portal)
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Obr. 4 Pozdfiny geologicky rez pravou (juZnou) tunelovou riirou: 1 — interpretované zlomy, 2 — predpokladand hranica medzi kvartérom a paleogénnym podlo-
zZim, 3 — predpokladané litologické hranice, 4 — predpokladany dosah silného zvetrania aZ zvetrania paleogénnych hornin, 5 — interpretované ohranice-
nie svahovych deformdcii, 6 — predpokladané vrstvy pieskovca, 7 — predpokladané vrstvy ilovca

Fig. 4 Longitudinal geological section through right (southern) tunnel tube: 1 — interpreted faults, 2 — assumed border between Quaternary and Palaeogene sub-
base, 3 — assumed lithological borders, 4 — assumed range of heavy weathering to weathering of Palaeogene rock, 5 — interpreted limits of slope deformati-

ons, 6 — assumed sandstone layers, 7 — assumed claystone layers

na Sachtdch budu liatinové s uzatvdranim proti samovolnému otvdraniu.
V rovnakych intervaloch — oproti reviznym Sachtdm — budi osadené Cis-
tiace Sachty na rubovej drendzi, a to vo vyklenkoch cistenia. Poklopy
cistiacich vyklenkov boli na Ziadost investora navrhnuté bezhalogénové
sklolamindtové. Sklolamindtovy kompozit ma voci kovovému poklopu
tretinovd hmotnost, a vyrazne sa tak zjednodusi manipulacia a pracnost’
pocas udrzby. Tvar Cistiaceho vyklenku zamedzuje vniknutiu kolesa
vozidiel, pricom samotnd wnosnost’ navrhnutého sklolamindtového
poklopu je triedy C 250. Voda v systéme drendZzneho odvodnenia je
vedend gravitatne smerom od vychodného portdlu k zdpadnému.
Jednotlivé potrubia hlavného odvodnenia smeruji z tunelovych rir
k sttokovej Sachte situovanej pred portdlom, odkial je voda vedend
riirou PP DN500 do nasledujicej $achty a bud zdsobuje akumulacni
nddrz poziarneho vodovodu o objeme 150 m3, alebo pokracuje cez
lomovi Sachtu do sedimentacnej nddrze. Za nddrzZou je Cistend v ORL
a nésledne je zadstend do recipienta. Odvodnenie pocas vystavby polo-
hovo kopiruje definitivne rieSenie, priCom stistava obsahuje navyse aj
docasnd chemickd dpraviiu vody a rozSirend sdstavu sedimentécie.
Chemickd dpravia a sedimentaéné nddrZe budi ponechané v prevadzke
aZ do doby prirodzeného vycistenia zberanych vdd a ndsledne po kon-
trole kvality vody moZe byt spriepustnend vetva urcend pre zasobovanie
akumulacnej nddrZze. Nddrz ma zabezpecené zdsobovanie aj
z vodovodne;j pripojky.

Vody z oplachu vozovky, resp. tekutiny, ktoré vyteCd pri havdrii,
budu zachytdvané do pozdlZzneho Strbinového zlabu a odvddzané tymto
zlabom cez sifénové — Cistiace Sachtice von z tunela pred portdl do
zéchytnej nadrze kontaminovanych vod o objeme 150 m?.

Spodné vrstvy vozovky si chranené drendZnou a protimrazovou vrst-
vou zo $trkodrvy v podklade vozovky. PozdlZne odvodnenie tejto vrst-
vy je zaistené perforovanou PVC rirou DN150. Voda z tohoto odvod-
nenia je prostrednictvom zbernych Sachiet odvadzana do hlavného
odvodnenia tunela.

Obr. 5 Vizualizdcia vychodného portdlu tunela (Banské projekty, s. r. 0.)
Fig. 5 Visualisation of the eastern tunnel portal (Banské projekty, s. r. 0.)

waterproofing system is designed for niches and locations with increased see-
page of ground water. The thickness of the waterproofing membrane will be
increased (doubled) on construction joints between neighbouring blocks
using 500mm wide mats of the waterproof membrane or, in the locations with
increased inflows, by waterstops. Ground water seeping from the rock mass
surrounding the tunnel tubes will be collected by DN 200mm perforated dra-
inage pipelines, which will be installed on the outer side of the lining. From
these pipelines, water will be diverted via inspection manholes and transver-
se branches to inspection manholes on the main tunnel sewer. The sewer con-
sists of DN 400mm heavy duty PP tubes laid under the roadway, in the cent-
re of the traffic lane. Inspection manholes on the main sewer will be installed
at spacing not exceeding 50m (in both tunnel tubes). Manhole covers will be
of cast iron, secured against accidental opening. Inspection manholes on the
outer drains will be installed at the same intervals, in cleaning niches, in front
with the inspection manholes on the sewer. Non-halogen glass reinforced
plastic covers were designed for the cleaning niches at the request of the
owner. The advantage of a GRP composite cover over a metallic cover is that
its weight is a third of the metallic cover, thus the handling is simpler and
work expenditure lower during the maintenance. The shape of the cleaning
niche prevents wheels of vehicles from entering, whilst the load-bearing
capacity of the GRP cover is of C 250 class. Water will run through the dra-
inage system by gravity in the direction away from the eastern portal to the
western. Individual pipelines of the main sewer lead from the tunnel to
a junction manhole, which is located in front of the portal. From the manho-
le, water will flow through a PP DN500 pipeline to the next shaft. It either
supplies a 150m3 fire protection reservoir or continues via a break-point
manhole to a sedimentation basin. After the basin, it is treated in an oil sepa-
rator and, subsequently, it is discharged to a receiving water course. The lay-
out of the drainage system used during the course of construction is identical
with the final solution, with the addition of a temporary chemical treatment
plant and an expanded sedimentation system. The chemical treatment plant
and sedimentation basins will remain under operation until collected water is
purified naturally. Subsequently, after testing the water quality, the branch
designed to supply water to the fire protection reservoir. Water supply to the
reservoir is also secured through a water-service pipe.

Roadway rinsing water or liquids which will leak during an accident will
be collected in the longitudinal slotted drain, diverted through the drain via
traps in inspection manholes and discharged in front of the tunnel to a 150m3
contaminated water catch basin.

The road subbase is protected by means of a drainage and frost blanket
course of crushed run rock This course is longitudinaly drained through
DN150 perforated PVC pipes. The water from this drain is diverted via col-
lection shafts to the main tunnel sewer.

Unreinforced concrete road cover is designed for the Polana tunnel. Tunnel
category 2T-8.0 with the curb-to-curb width is designed for the tunnel width
configuration. This category was granted a dispensation from the Ministry of
Transport of the Slovak Republic in the context of a revision of STN 737507
standard, which is under preparation (February 2008). The road cover will con-
tain slipping dowels and anchors in longitudinal and transverse sawed joints.
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Obr. 6 Vzorovy priecny rez tunela Polana so spodnou klenbou: 1 - teoreticky
vyrub, 2 — primdrne ostenie (striekany beton), 3 — geotextilia, 4 — plos-
nd izoldcia, 5 — sekunddrne ostenie, 6 — odvodiiovaci vozovkovy Zlab, 7
— kandl pre kdble, 8 - filtracny beton, 9 — drendZ medzilahlej izoldcie
DN 200, 10 - prefabrikovany obrubnik, 11 — cementobetonovy kryt hr.
120 mm, 12 — tlakové potrubie pre poZiarnu vodu DN 150 mm, 13 — ISD
chrdnicky DN 40/43, 14 — hlavné odvodnenie tunela, 15 — odvodnenie
drendznej a protimrazovej vrstvy, 16 — CB kryt dvojvrstvovy, 17 — oba-
lované kamenivo hrubozrnné, 18 — asfaltovy postrek — modifikovany,
19 - cementovd stabilizdcia, 20 - drendZna a protimrazovd vrstva

Fig. 6 Typical cross section of the Polana tunnel with invert: 1 — theoretical
excavation, 2 — primary lining (shotcrete), 3 — geotextile, 4 — areal
waterproofing, 5 — secondary lining, 6 — slotted drain, 7 — cable duct, 8
— porous concrete, 9 — DN 200 drainage of the intermediate waterproo-
fing, 10 — precast curb, 11 — concrete cover 120mm thick, 12 — DN
150mm hydrant pressure line, 13 — DN 40/43 ISD conduits, 14 — main
tunnel sewer, 15 — drainage of the drainage and frost blanket course, 16
— double-course concrete cover, 17 — coarse-grained coated aggregates,
18 — Bituminous spray — modified, 19 — Cement stabilisation, 20 —
Drainage and frost blanket course

Pre tunel Polana je navrhnuta nevystuZena cementobeténova vozovka.
Sirkové usporiadanie vozovky v tuneli je navrhnuté pre kategriu tunela
2T-8)0, Sirky 8 m medzi obrubnikmi, pre ktord bola udelend vynimka
MDPT SR, a to v nadvéznosti na pripravovanu aktualizdciu STN 737507
(februdr 2008). Vozovka bude obsahovat klzne tfne a kotvy v mieste
pozdlZnej a priecnej rezanej Skdry.

Standardna skladba vozovky je:

CB kryt dvojvrstvovy 70/180 mm CB1 250 mm
Obalované kamenivo hrubozrnné OKH I 50 mm
Asfaltovy postrek — modifikovany PI, EKM 0,50 kg/m?
Cementova stabilizdcia SCI 160 mm
Drendzna a protimrazova vrstva SD 0-45 350 mm

V mieste nidzového zdlivu a v mieste hiben)'/ch tunelov je skladba
mierne modifikovand. Prechod z CB vozovky na vozovku s bitumenovym
povrchom bude zrealizovany pomocou kotevného prahu hr. 450 mm.

Chodniky sd tvorené cementobetéonovym krytom hr. 120 mm
s jednotnym spddom 2 %. V priestore pod chodnikom sui vedené kablové
trasy a poziarny vodovod.

BEZPECNOSTNE STAVEBNE UPRAVY A TECHNOLOGICKE
VYBAVENIE TUNELA

Tunel je vybaveny nidzovymi chodnikmi po strandch vozovky,
obsahuje 3 tnikové cesty, jednostranny nidzovy zéliv pre kazdd tune-
lovi rdru. Pred vychodnym aj zdpadnym portdlom s situované ndstup-
né plochy pre integrovany zdchranny systém, nidzové plochy pre letec-
ki zdchrannt sluzbu a k portdlom st privedené samostatné zdsahové —
obsluzné komunikédcie. Napdjanie a ovlddanie technologického vyba-
venia tunela sa nachddza pri zdpadnom portdli (Pazderovci) v budove
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The standard construction of the road pavement is as follows:

Two-course concrete cover 70/180 mm  CB I 250 mm
Coated aggregate: coarse-grained OKH I 50 mm
Bitumen spray - modified PILEKM  0.50 kg/m?
Cement stabilisation SCI 160 mm
Drainage and frost blanket course SD 0-45 350 mm

The construction is slightly modified in the lay-by and cut-and-cover tun-
nels. The transition from the concrete cover to the bituminous surface road
will be carried out using a 450mm thick anchoring sill.

Walkways consist of 120mm thick cement cover at a unified gradient of
2%. Cable ways and a hydrant line are led in the space under a walkway.

STRUCTURAL SAFETY MEASURES AND TUNNEL
EQUIPMENT

Each tunnel tube will be equipped with emergency walkways on both sides
of the roadway and it will contain 3 escape routes, a single-sided lay-by.
Assembly areas for the integrated rescue system, emergency areas for air
ambulance are located in front of both the eastern and western portal.
Separate intervention — service roads will lead to the portals. The tunnel equ-
ipment power supply and control systems are located at the western portal
(Pazderovci), in the tunnel services building (PSB). The PSB will be unman-
ned. The primary control of the Polana, Svr¢inovec and Horelica tunnels will
be carried out from the regional control centre in Cadca (in the initial stage
the Horelica tunnel control centre will be expanded and, in the next stage,
directly in the Center of Administration and Maintenance of Motorways,
when it is complete). The standard tunnel equipment comprises a heated, wet
hydrant line, SOS call stations, lighting, traffic signalling and escape route
markings. It contains monitoring systems, tunnel closure facilities, commu-
nications systems and emergency power supply systems. A longitudinal ven-
tilation system has been designed for the Polana tunnel: 8 jet fans are in the
southern tunnel tube (four 2-unit groups) and 10 fans in the northern tube
(five 2-fan groups).

SAFETY DOCUMENTATION PACKAGE AND RISK ANALYSIS RESULTS

Safety in a road tunnel requires a series of measures. It is directly affected
by the tunnel structure, geometry of the cross section, amount of safety equ-
ipment,, traffic signalling, information and escape route markings, traffic
management, training of emergency services and management of sudden fai-
lures, awareness of rules of conduct in tunnels as well as improvement in
communications between relevant administrative bodies and emergency ser-
vices such as the Police, fire fighters and ambulance.

Securing a minimum level of safety in tunnels in the Trans — European
road network is required by the Directive of the European Parliament and of
the Council No. 2004/54/ES [1]; in Slovakia, the Decree No. 344/2006 Coll.
on minimum safety requirements for tunnels in the road network [2] was
issued. These regulations define minimum requirements for safety equipment
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Obr. 7 Schéma metodiky postupu pri vyhotovovani kvantitativnej analyzy rizik,
priklad pre tunel Poluna so zohladnenim dopravy nebezpecnych ndkladov
1 - ohranicenie systému: indikdtor $kod a usmrteni, 2 — tvorba scendrov:
poZiar, explozia a mrak toxického plynu, 3 — vznik pravdepodobnosti sce-
ndrov, 4 — rozsah §kéd scendrov, 5 - riziko jednotlivych scendrov, 6 — cel-
kové riziko tunela Poltina pre posiidenie v diagrame W/A

Fig. 7 Chart of the quantitative risk analysis methodology, the example for the
Poluna tunnel with transport of dangerous goods allowed for. 1 - System
boundaries: Damage indicator, 2 - Development of scenarios: fire, explosion
and cloud of toxic gas, 3 -Development of probability for scenarios, 4 -Extent
of damage for scenarios, 5 - Risk for individual scenarios, 6 - Total risk for
Polana tunnel for assessment in the W/A diagram
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Obr. 8 Vysledky kvantitativnej analyzy rizik bez dopravy nebezpecnych veci
pre tunel Polana (obidve riry) posidenie v diagrame W/A, A — prav-
depodobnost’vyskytu [1/rok], B — polet usmrtenych oséb, 1 — jednotli-
vé rozsahy scendru poZiar (5 MW / 30 MW, / 100 MW), 2 — sithrnnd
krivka celkové riziko, 3 — riziko neakceptovatelhé, 4 — ALARP oblast,
5 - riziko akceptovatelé

Fig. 8 Results of the quantitative risk analysis without transport of dangerous
goods for the Polana tunnel (both tubes) assessment in the W/A dia-
gram, A- probability of occurrence [1/year], B- number of fatalities,
1 - individual ranges of the fire scenario (5 MW /30 MW, / 100 MW),
2 — total risk summation curve, 3 — unacceptable risk,4 — ALARP area,
5 — Acceptable risk

prevadzkovo-technického objektu (PTO). PTO je navrhnuty ako bez-
obsluzny. Primdrne ovladanie tunela Polana, Svréinovec a Horelica
bude realizované z regiondlneho dispe¢ingu v Cadci. V prvej etape len
roz$irenim dispe€ingu tunela Horelica a v druhej etape po vybudovani
priamo v objekte SSUD Cadca. Tunel je tandardne vybaveny vyhrie-
vanym zavodnenym poZiarnym vodovodom, stanicami nidzového
volania (SOS), osvetlenim, dopravnym a tunikovym znacenim.
Obsahuje monitorovacie systémy, zariadenia na uzavretie tunela,
komunikalné systémy, systémy nidzovej dodédvky elektrickej energie.
Tunel Polana md navrhnuté pozdlZzne vetranie, juznd tunelovd rira
obsahuje 8 pridovych ventildtorov (4 skupiny po 2 jednotkéch)
a v severnej rure sa nachddza 10 pridovych ventildtorov (5 skupin po 2
ventilatoroch).

BEZPECNOSTNA DOKUMENTACIA A VYSLEDKY
ANALYZY RIZIK

Bezpecnost'v cestnom tuneli si vyZaduje cely rad opatreni a priamo ju
ovplyviuje konstrukcia tunela, geometria profilu, rozsah bezpe¢nostnych
zariadent, dopravné znacenie, informac¢né a inikové znacenie, manaZment
dopravy, Skolenia pohotovostnych sluZieb a manazmentu nahlych portch,
informovanost’ uzivatelov o pravidlach spravania sa v tuneloch, ako aj
zlepSenia komunikédcie medzi prislu§nymi tdradmi a pohotovostnymi sluz-
bami ako policiou, hasi¢émi a zdchrannou sluzbou.

Zabezpecenie minimdlnej drovne bezpecnosti v tuneloch transeurdp-
skej cestnej siete stanovuje (Smernica eurépskeho parlamentu a rady
2004/54/ES) a na Slovensku (Nariadenie vlddy SR ¢. 344/2006
Z. z. o minimdlnych bezpecnostnych poziadavkach na tunely v cestnej
sieti) [2]. V tychto predpisoch su definované minimalne poZiadavky na
bezpecnostné zariadenia pre kazdy tunel na zaklade druhu a dlzky tunela
a taktiez o¢akdvanej intenzity preméavky. Od tychto poziadaviek moézu byt
povolené obmedzené odchylky, ak tdaje ku nasledovnym bodom kladne
posiidi prislusna komisia EU:

e do tvahy berie obmedzenid odchylku(y);

e do tvahy berie obmedzenid odchylku pre nutné dévody;

e riziko znizujice alternativne opatrenie, ktoré mozno pouzit alebo
zosilnit, aby bola zabezpe€end rovnocennd troven bezpecnosti v<ita-
ne dokazu, v tomto pripade vo forme analyzy zdvaznosti rizika.

Samotnd bezpecnostnd dokumentdcia posudila rozsah navrhovanych
opatreni v aktudlnom stave projektovania. Postidenie preukdzalo, Ze su
splnené vietky poziadavky, ktoré vyplyvaji zo smernice EU a NV SR.
V niekolkych bodoch tunel Polana dokonca prevySuje minimélne poZia-
davky, napriklad ¢o sa tyka poc¢tu nidzovych vychodov, vykonu vetrania
a dostupnosti vody na hasenie.

Obr. 9 Vysledky kvantitativnej analyzy rizik s dopravou nebezpecnych veci
pre tunel Polana (obidve riiry) posiidenie v diagrame W/A, A — prav-
depodobnost’vyskytu [1/rok], B — polet usmrtenych oséb, 1 — jednotli-
vé rozsahy scendru poZiar (5 MW | 30 MW, | 100 MW), 2 — explozia
(50 kg / 18 t propdn), 3 — mrak toxického plynu (50 kg / 20t chlor),
4 — suhrnnd krivka celkové riziko, 5 - riziko neakceptovatelhé,
6 — ALARP oblast, 7 - riziko akceptovatelhé

Fig. 9 Results of quantitative risk analysis with transport of dangerous goods
for the Poluna tunnel (both tubes), assessment in the W/A diagram,
A- probability of occurrence [1/year], B- number of fatalities, 1 — indi-
vidual ranges of the fire scenario (5 MW |/ 30 MW, /| 100 MW),
2 — explosion (50 kg / 18 t propane), 3 — cloud of toxic gas (50 kg /
20t chlorine), 4 — total risk summation curve, 5 — unacceptable risk,
6 —ALARP area, 7 — Acceptable risk

for each tunnel on the basis of the tunnel type and length and the anticipated
traffic volume. Limited deviations from the requirements are permitted if the
data on the following items are confirmed by a relevant EU committee:

e it takes into consideration the limited deviation(s);

e it takes into consideration the limited deviation for inevitable reasons;

e arisk reducing alternative measure which can be used or intensified so

that equivalent level of safety is secured, including the proof; in this case
in the form of an analysis of the seriousness of the risk.

The safety documents package itself assessed the extent of the proposed
measures in the actual condition of the work on the design. The assessment
has proved that all requirements following from the above-mentioned EU
directive and the decree of the SR government have been met. In several
points, the Polana tunnel even exceeds the minimum requirements, for exam-
ple those which are related to the number of emergency exits, the ventilation
capacity and availability of fire water.

In the meaning of the EU directive (annex 1, chapter 1.1.3) or the decree
of the SR government (annex 2, article 1.1.3), a risk analysis has to be carri-
ed out if a tunnel:

e exhibits a special characteristic with respect to specific parameters, or

e the minimum requirements are not met.

The only remarkable special characteristic of the Polana tunnel is the high
proportion of heavy traffic. Because of the high proportion of heavy traffic
and with respect to the possible future development of the traffic volume, the
risk analysis was carried out. No unified methodology is available for the
quantitative risk analysis which would be prescribed by the EU or Slovak
legislation. The EU methodology is in the stage of preparation, therefore the
methodology used in Austria and Switzerland was chosen. As shown in Fig.
7, a usual indicator has been chosen for the first step, i.e. fatalities. The risk
can be determined and assessed by examining the frequency and extent of
damage associated with individual situations.

Risk analysis — without transport of dangerous goods

To allow the risk assessment (see Fig. 8), this diagram contains the
ALARP scope (As Low as Rationale Possible or As Low as Reasonably
Practicable). This area was designed by the Austrian Tunnel Safety Board for
the purpose of the risk analysis for the 1km long Fasenstaub tunnel in
Switzerland, and it must be adequately adjusted to the length of the tunnel to
be assessed. Figure 8 shows the summation curve for the total risk for both
Polana tunnel tubes. It follows from the aspect of the quantitative risk analy-
sis, where the total risk curve is found inside the ALARP area and in the
acceptable risk area, that no additional safety measures are necessary.



€. 4/2008

17. rocnik -

V zmysle smernice EU (priloha I, kapitola 1.1.3), resp.

NV SR (priloha ¢. 2 ¢lanok 1.1.3) musi byt'vyhotovend ana-
Iyza rizik, ak tunel:
e s ohladom na Specifické parametre vykazuje zvlastnu 1E
charakteristiku;
e alebo ak nie sd splnené minimdlne poZiadavky.

Ako zvlaStna charakteristika tunela Polana je ndpadny 1E-04 -

len velky podiel tazkej prepravy. Z dovodu vysokého po-
dielu tazkej prepravy, ako aj s ohladom na mozny budiici A
vyvoj intenzity premdvky, bola vyhotovend analyza rizik.
Pre vykondvanie kvantitativnej analyzy rizik nie je
k dispozicii Ziadna jednotnd metodika, ktord by predplso—
vala EU alebo slovensky zdkonodarca. Metodika EU je
v Stadiu pripravy, a preto bola zvolend metodika, ktord sa

pouZiva v Rakiisku a vo §Vajéiarsku. Ako ukazuje (obr. 7), 1.E-0T

je v prvom kroku zvoleny obvykly indikétor §kody — mftvi.
Vysetrenim frekvencie a rozsahu $kdd jednotlivych situdcii
mozno nakoniec ich riziko ur€it’a posudit.

Analyza nebezpecenstva — bez dopravy nebezpecnych veci

Pre postdenie rizik (obr. 8) je v tomto diagrame zakresleny aj rozsah
~ALARP — As Low As Rationale Possible (nazyvany aj ,,As Low As
Reasonably Practicable*). Tato oblast’bola v zmysle analyzy rizik navrh-
nutd raktiskou komisiou pre bezpecnost'v tuneloch pre 1 km dlhy $vajci-
arsky tunel Fasenstaub a mus{ byt dlzke posudzovaneho tunela zodpove-
dajiico prispdsobend. Obrazok 8 zndzoruje stctovi krivku celkového
rizika pre obidve rury tunela Polana. Z pohladu kvantitativnej analyzy
rizik s priebehom celkového rizika v oblasti ALARP, ako aj v oblasti
akceptovatelného rizika, vyplyva, e nie si potrebné Ziadne dalSie bez-
pecnostné opatrenia.

Analyza nebezpecenstva — s dopravou nebezpecnych veci

Podmienky prepravy nebezpecnych veci v cestnej sieti SR definuje
zdkon €. 168/1996 Z.z. o cestnej doprave a opatrenia definuje NV SR
¢. 344/2006 Z.z. To znamend, Ze prepravu nebezpecnych nédkladov je

mozné vykonat'len za mimoriadnych podmienok a preprava musi splnat’

zdkonom stanovené bezpecnostné poziadavky.

Rovnako ako pre situdciu bez prepravy nebezpecnych veci je pre sta-
novenie rizika potrebné vytvorit’ sictovi krivku s celkovym rizikom
(obr. 9).

Priebeh sictovej krivky s celkovym rizikom, ktory zahimia jednotlivé
scendre poziaru, explézie a mraku toxického plynu jasne ukazuje, Ze
dominuje predovSetkym riziko poziaru.

Pre ziskanie porovnania s inymi tunelmi ukazuje (obr. 10) vysledky
kvantitativnej analyzy rizik pre 13 rakiskych cestnych tunelov.

Celkové zavere¢né zhodnotenie mozno chépat’ ako odborny posudok
bezpecnosti pre tunel Polana a zdvery su nasledovne.

Na zdklade vykonaného postidenia bezpecnosti a kvantitativnej analy-
zy rizik nevyplyva pre cestny tunel Polana nutnost dal$ich bezpecnost-
nych opatreni. Tunel Polana je podla sic¢asného stavu projektovania vyba-
veny vietkymi, v zmysle NV SR &. 344/2006 Z.z. a predpisov EU potreb-
nymi bezpe¢nostnymi opatreniami. Pldnované si dokonca dodato¢né bez-
pecnostné opatrenia, ktoré vyzaduje EU len pre dlhsie cestné tunely alebo
tunely s vicSou intenzitou premédvky. Na zdklade dobrovolhe vyhotovenej
analyzy rizik sa preukdzalo, Ze Ziadne rizikd nemozno oznacit’ ako ne-

akceptovatelné a Ze z pohladu kvantitativnej analyzy rizik moze byt

dokonca povolena aj preprava nebezpecnych veci.

ZAVER

Dialnica D3 sa svojim charakterom radi medzi najtazsie tseky budo-
vané na izemi SR. Dialhi¢ny dsek Svréinovec—Skalité po svojom dobu-
dovani doplni vyznamnu Cast planovanej dialhice D3 a velkou mierou
prispeje k ochrane Zivotného prostredia, zlepsi bezpecnost’ a dopravni
situdciu v dotknutom regiéne. Samotny tunel Polana bude prvy z piatich
tunelov s ktorymi sa vodici prichddzajici z PR na dialnicnom dseku D3
stretn.

Préce na projektovej dokumentécii tunela, ale aj samotnej dialhice si
vyziadali vynaloZenie velkého tsilia celého kolektivu. Vsetkych by pote-
Sila realizécia celej stavby ¢o mozno v najkratSom Case.

ING. BRANISLAV NEUSCHL, bne@bhb.sk,
BASLER & HOFMANN SLOVAKIA, s.r. 0., BRATISLAVA,
ING. LUBICA CIGEROVA, cigerova@alfa04.sk, ALFA 04 . 5., BRATISLAVA,
MGR. MICHAL KUBIS, Ph.D., kubid@vud.sk,
GEOFOS,s.r. 0., ZILINA
Recenzoval: Prof. Ing. FrantiSek Klepsatel, CSc.
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Obr. 10 Vysledky kvantitativnej analyzy rizik s dopravou nebezpecnych
ndkladov pre 13 cestnych tunelov v Rakiisku a pre tunel Poluna.
A — pravdepodobnost’vyskytu [1/rok], B — pocet usmrtenych osob

Fig. 10 Results of quantitative risk analysis with transport of dangerous
goods for 13 road tunnels in Austria and for the Polana tunnel.
A- probability of occurrence [1/year], B- number of fatalities

Risk analysis — involving transport of dangerous goods

Dangerous goods transport conditions are defined for the road network of
the Slovak Republic by the Law No. 168/1996 Coll. on road transport, and
measures are defined by the Decree of the SR Government No. 344/2006
Coll. It means that transporting dangerous goods is allowed only under extra-
ordinary conditions and the transport has to meet safety requirements presc-
ribed by the legislation.

The summation curve with the total risk must be created for the purpose of
the determination of the risk (see Fig. 9), the same as that created for the situ-
ation without transport of dangerous goods.

The course of the summation curve with the total risk containing indivi-
dual scenarios of a fire, explosion and a toxic gas cloud clearly shows that the
risk of fire dominates.

The comparison with other tunnels is possible from Figure 10, showing
the results of a quantitative risk analysis carried out for 13 Austrian road tun-
nels.

The overall final assessment can be considered as an expert opinion for the
Polana tunnel, with the following conclusions:

No need for additional safety measures arises for the Polana tunnel from
the completed assessment of safety and the quantitative risk analysis. The
Polana tunnel is equipped in compliance with the current state of tunnel
design by all, in the meaning of the Decree of the Gvt. of the SR No.
344/2006 Coll. [2] and EU regulations required safety measures. Even such
additional safety measures are planned which are required by the EU only for
longer road tunnels or tunnels carrying greater traffic volume. The voluntari-
ly conducted risk analysis proved that none of the risks can be marked as una-
cceptable and, from the viewpoint of the quantitative risk analysis, even tran-
sport of dangerous goods can be permitted.

CONCLUSION

Owing to its character, the D3 motorway ranks among the most difficult
sections built in the Slovac Republic. The Svr¢inovec - Skalité motorway
section will, when it is finished, complement a significant part of the planned
D3 motorway and will substantially contribute to natural protection, impro-
ve safety and traffic situation in the given region. The Polana tunnel itself will
be the first of the five tunnels which the drivers arriving from Poland will
meet in the D3 section.

The work on the tunnel design and also on the whole motorway required
great effort of the whole team and I believe that all of its members would be
pleased if the entire project was implemented as early as possible.

ING. BRANISLAV NEUSCHL, bne@bhb.sk,

BASLER & HOFMANN SLOVAKIA, s. r. 0., BRATISLAVA,
ING. LUBICA CIGEROVA, cigerova@alfa04.sk, ALFA 04 a. s.,
BRATISLAVA,

MGR. MICHAL KUBIS, Ph.D., kubid@vud.sk,

GEOFOS, s. r. 0., ZILINA
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HLAVNA TEPNA ZURICHU: OD MYSLIENKY K REALIZACII
ZURICH DIAMETER LINE: FROM AN IDEA TO IMPLEMENTATION

MARTIN BOSSHARD, ROLAND KOBEL

uvob

V budiicich desattotiach sa vo Svajiiarsku predpoklada zna&ny nérast
vyuZivania Zelezni¢nej dopravy. Kvoli zvlddnutiu tohto ndrastu bude
hlavn4 stanica Ziirich rozsirend o novi podzemni prejazdnd Zelezni¢nd
stanicu — Zeleznind stanica Lowenstrasse. Tato ma byt tunelom
Weinberg napojend na existujicu siet' Svajciarskych Zzeleznic SBB.
Uvedenim tejto takzvanej hlavnej tepny do prevadzky v roku 2013 ziska
priemyselnd oblast’ Ziirichu na daliej atraktivite. Investicné ndklady
tohto projektu sa pohybuji okolo 1,8 mld. Svajciarskych frankov.

VSEOBECNY POPIS PROJEKTU

Ziirich je hospodarskym centrom Svajéiarska. Letisko na jeho sever-
nom okraji, pozdvihnuté na medzindrodnd droven, zabezpecuje spojenie
do celého sveta. Zelezni¢n4 stanica v strede centra mesta zaistiije prepo-
jenie do vietkych délezitych miest Svajciarska a do okolitych velkych
miest Nemecka, Rakuska, Talianska a Francuzska.

V budicich desatiotiach sa vo Svajciarsku, a predovietkym v Ziirichu,
predpokladd zna¢ny ndrast vyuZivania Zelezni¢nej dopravy. Na hraniciach
mesta sa od uvedenia S-Bahnu do prevadzky (mdj 1990) jeho navstevnost’
viac ako zdvojnasobila. Nastastie trend ukazuje, Ze rast dopytu stéle pretr-
véva. Avsak, aby tieto dodatocné migra¢né potreby mohli byt zaistené, je
tak v mestskej, ako i v priemyselnej oblasti Ziirichu nevyhnutnd dalSia
vystavba.

Svajéiarske Zeleznice SBB a kantén Ziirich sa preto rozhodli, Ze stre-
dom mesta vybuduji nové dvojkolajové Zelezni¢né spojenie so Stvorko-
lajovou podzemnou prejazdnou Zelezni¢nou stanicou. V septembri 2001
bolo obyvatelstvom kanténu mesta Ziirich, s 82% poctom sihlasnych
hlasov, odhlasované prevzatie 40% podielu investi¢nych ndkladov.

Hlavna tepna

Nova trasa — pomenovand ako Hlavnd tepna — zac¢ina na zdpadnom
okraji mesta Ziirich pri ZelezniCnej stanici Altstetten a odtial’ prebieha
pozdlz jestvujicej prijazdovej trate k hlavnej stanici. Priamo z hlavnej
stanice smeruje do podzemia, kde vyusti do novej podzemnej Zelezni¢ne;j
stanice Lowenstrasse. Nasledujuci, priblizne 5 km dlhy tunel Weinberg
kon¢i na severnom okraji mesta pri ZelezniCnej stanici Oerlikon, kde
bude Hlavna tepna zasa napojend na jestvujicu Zelezni¢nu siet’ smeruju-
cu na letisko.

Prejazdna Zelezniéna stanica L6wenstrasse

Budiica Zelezni¢na stanica Lowenstrasse bude disponovat’styrmi kola-
jami s dvomi stredovymi ndstupiskami. Tieto si pldnované tak pre
S-Bahnovu, ako i pre dialkovi vlakovi dopravu. V Spicke tam mozu
kazdé 2 mindty vojst 400 metrov dlhé dvojposchodové vlaky

Miliény osob za rok — millions of persons per year
— 1 milién — 1 million -
—— 10 miliénov — 10 million
— 30 miliénov — 30 million
== 60 miliénov — 60 million’

Obr. 1 Hlavnd Zeleznicénd stanica Ziirich je hlavnym uzlom $vajéiarskej Zelez-
nicnej siete (Zdroj: 1G Zalo)

Fig. 1 The Ziirich Main Railway Station is the main rail junction on the
Swiss railway network (Source: 1G Zalo)

INTRODUCTION

A significant increase in the exploitation of railway transportation is
expected in Switzerland in the future decades. With the aim of coping
with this increase, a new underground through station, the
Lowenstrasse Station, will extend the Ziirich Main Railway Station.
The station is planned to be connected to the existing network of Swiss
Railways, the SBB, through the Weinberg tunnel. By the opening of this
so-called Diameter Line to traffic in 2013, the industrial area of Ziirich
will further increase its attractiveness. The investment cost of the pro-
ject hovers around 1.8 billion Swiss franks.

GENERAL PROJECT DESCRIPTION

The city of Ziirich is an economic centre of Switzerland. An airport
on its northern edge, which has been raised to an international level,
provides links to the whole world. The railway station in the centre of
the city provides connection to all important cities in Switzerland and
neighbouring big cities in Germany, Austria, Italy and France.

A significant increase in the exploitation of railway transportation is
expected in Switzerland, above all in Ziirich, in the future decades. The
numbers of visitors to the city outskirts have more than doubled since
the opening of the S-Bahn to traffic (May 1990). Fortunately, the trend
shows that the increase in the demand continues to exist. However, furt-
her development is necessary both in the residential and industrial areas
of Ziirich if additional migration needs are to be satisfied.

The Swiss Railways (SBB) and the Canton of Ziirich therefore deci-
ded that they would build a new double-rail line with a four-rail underg-
round through station. In September 2001, inhabitants of the canton of
Ziirich voted (approving votes of 82%) for covering a 40% proportion
of the investment cost.

The Diameter Line

The new line, which was named the Diameter Line, starts at the wes-
tern edge of the City of Ziirich, at the Altstetten railway station. From
this point, it runs along the existing approach rail line to the Main
Railway Station. It leads underground, directly from the Main Railway
Station, to enter the new underground railway station Lowenstrasse.
Then the about Skm long Weinberg tunnel follows, ending at the nort-
hern edge of the city, near the Oerlikon railway station, where the
Diameter Line will be connected to the existing railway line heading
toward the airport.

The Lowenstrasse through station

The future Lowenstrasse railway station will have four rails with two
central platforms. The platforms are planned both for the S-Bahn and
long-distance railway traffic. In peak hours, they can handle 400m long
double-decker railways with a maximum capacity of 2000 passengers,
arriving every 2 minutes. Passenger dispersion areas are located on an
intermediate floor above the new platform. Three extensive passages,
crossing the railway station, and properly located staircases render short
transfer routes to all parts of the Main Railway Station possible. They
even optimally connect the whole railway station with the city.

The final vertical location of the underground railway station is
determined by two governing objects: the Sihl River, which runs under
the at-grade railway station, must be passed under, while the space for
the contingent subsequent construction of a four-lane motorway tunnel
must be preserved. This is why the depth of the rails is determined at 16
metres under the surface.

The zones on the edges of the dispersion areas will be used as com-
mercial spaces. The existing selling spaces at the new railway station
are considered to be the best locations in Switzerland in terms of tur-
nover. The demand for them is adequately high. The 28,000 square
meters in total form the largest commercial centre in Switzerland
having its own railway connection.
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Obr. 2 Radidlna trasa (éervend): Nové spojenie medzi Zel. stanicou Altstetten
a Zel. stanicou Oerlikon cez Zel. stanicu Lowenstrasse a cez
Weinbergtunel (Zdroj: SBB AG)

Fig. 2 Diameter Line (red): New connection between Altstetten and Oerlikon
railway stations via Lowenstrasse railway station and Weinberg
tunnel (Source: SBB AG)

s maximalnou kapacitou 2000 pasazierov. V medziposchodi nad novym
nastupiskom st umiestnené rozptylové plochy pre cestujicich. Tri roz-
siahle pasdze naprie¢ Zelezni¢nou stanicou a vhodne umiestnené vchody
umoznujd krdtke prestupové cesty do vSetkych Casti hlavnej Zelezni¢nej
stanice. Tieto optimdlne spdjaju i celd Zelezni¢nd stanicu s mestom.

Kone¢nd vertikdlna poloha podzemnej ZelezniCnej stanice je urend
dvomi smerodajnymi objektmi: rieka Sihl, ktora pretekd pod nadzemnou
Zelezni¢nou stanicou, mus{ byt prekonand zdola, a pritom musi byt'zacho-
vany priestor pre eventudlnu neskorsiu vystavbu Stvorpridového dialhic-
ného tunela. Preto je poloha kolaji ur¢end na 16 metrov pod povrchom.

Okrajové zény rozptylovych ploch budd vyuzité ako obchodné pries-
tory. Existujice predajné plochy na hlavnej Zelezni¢nej stanici sd pova-
Zované za obratovo najsilnejsie lokality Svaj¢iarska a primerane tomu st
i ziadané. Celkovo 28 000 metrov Stvorcovych vytvéra najvicsie obchod-
né centrum Svajéiarska s vlastnym Zelezni¢nym spojenim.
Tunel Weinberg

PodTla poziadaviek $vajciarskych Zeleznic (SBB) musi byt dvojkolajo-
vy tunel Weinberg vybudovany pre maximélnu prejazdovu rychlost’ 120
km/h. Dodato¢ne si na oboch tunelovych koncoch navrhnuté dvojité
vyhybne, ktoré musia byt prejazdné pri rychlosti minimalne 40, respekti-
ve 65 km/h. V rozsiahlej rizikovej analyze boli porovndvané rozne tune-
lové varianty ako napriklad dvojkolajovy tunel, dva jednokolajové tune-
ly a tunel s paralelne oproti sebe umiestnenymi bezpecnostnymi
a dnikovymi §tolnami. Pre posddenie rizika bola rozhodujica skutocnost,
Ze v tuneli Weinberg nie je planovand Ziadna ndkladnd doprava, a tym je
vylicend preprava nebezpecného ndkladu. Z porovnania variantov
vyplyva, Ze variant dvojkolajového tunela s nidzovym vychodom kaz-
dych 1000 metrov vykazuje najlepsi pomer ndkladov a vynosov.
Spolkovy trad pre dopravu (BAV) vSak stanovil v stavebnom povoleni
maximdlny odstup nidzovych vychodov na 500 metrov, aby vzdialenost’

obchodné
plochy — dispersion areas
and commercial

Obr. 3 Prierez planovanou Zel. stanicou Lowenstrasse (Zdroj: 1G Zalo)
Fig. 3 Cross section through the planned Léwenstrasse railway station
(Source: IG Zalo)

The Weinberg tunnel

According to requirements of the Swiss Railways (SBB), the
Weinberg double-rail tunnel must be built to accommodate the maxi-
mum travel speed of 120 kph. Double passing sidings were additional-
ly designed at both ends of the tunnel; they must be passable at
a minimum speed of 40 and 65 kph respectively. The extensive risk
analysis contained a comparison of various variants of the tunnel, such
as, for example, a double-rail tunnel, a pair of single-rail tunnels and
a tunnel with safety and escape adits running in parallel, located on the
opposite sides. The fact that no freight traffic is planned for the passa-
ge through the Weinberg tunnel, thus the transport of dangerous goods
is excluded, was the deciding factor in terms of the risk assessment. It
follows from the comparison of variants that the variant consisting of
a double-rail tunnel with an emergency exit provided every 1000m
offers the best proportion between the costs and returns. However, the
building permit issued by the Federal Office of Transport (BAV) requ-
ired the maximum spacing of emergency exits of 500 metres so that the
distance to an emergency exit did not exceed 250m in the case of emer-
gency stopping in the tunnel. This requirement was the reason for chan-
ging the design.

GEOLOGICAL — GEOTECHNICAL CONDITIONS

The Weinberg tunnel

The section running through sedimentary rock

From the northern portal at the Oerlikon railway station, the initial,
about 4300m long, section of the Weinberg tunnel passes continually
through the Upper Freshwater Molasse. In the Ziirich area, the molasse
rock consists of alternation of sandstone, claystone and marl, with smo-
oth transitions between the individual rock types.

Within the initial 500 to 600 metres, it is necessary to expect a 10
metres thick micaceous sandstone complex, which was already encoun-
tered during the construction of the Wipkinger tunnel in the vicinity.
This micaceous sandstone is poorly cemented, finely to medium grai-
ned rock, which is very sensitive to water. The occurrence of totally
weakened sandstone, crushable with hand, cannot be excluded.
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Obr. 4 Situdcia prejazdnej Zeleznicnej stanice Lowenstrasse (zvyraznené Cervenou) s obsluznymi a obchodnymi priestormi v medziposchodi (zvyraznené zelenou)

(Zdroj: IG Zalo)

Fig. 4 Layout of the Lowenstrasse through station (highlighted red) with service and commercial spaces on an intermediate floor (highlighted green) (Source:

IG Zalo)
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Obr. 5 Poloha tunela Weinberg a Zel. stanice Lowenstrasse (Zdroj: IG ZALO)
Fig. 5 Layout of the Weinberg tunnel and the Lowenstrasse railway station
(Source: IG ZALO)

k dnikovému vychodu pri nidzovom zastaveni v tuneli nebola vicSia
ako 250 metrov. Této poZiadavka bola podnetom pre dalSie prepraco-
vanie projektu.

GEOLOGICKOGEOTECHNICKE POMERY

Tunel Weinberg

Usek sedimentovanej horniny

Od severného portdlu pri Zeleznicnej stanici Oerlikon prechddza
tunel Weinberg prvych priblizne 4300 metrov vrchnou sladkovodnou
molasou. Molasovd hornina pozostdva v oblasti Ziirichu zo striedavého
rozloZenia pieskovca, flovca a sliena s priebeznym prechodom medzi
jednotlivymi typmi hornin.

Prvych 500 az 600 metrov sa musi pocitat’s 10 metrov hrubym sludovo-
pieskovcovym komplexom, ktory sa vyskytol uz pri stavbe nedalekého
tunela Wipkinger. U tohto sludového pieskovca ide o zle cementovand,
jemno- a7 strednozrmne pevnt horninu, ktord je velmi citlivd na vodu. Uplne
zmikcené, rukou rozdrvitelné pieskovce nemozu byt pritom vylicené.

V oblasti Bucheggstrasse boli na jeseri v roku 2003 vyvrtané dodatog-
né jadrové vrty, aby sa preskimal priebeh skalnej depresie. Klenba tune-
la sa dotyka 6 az 8 metrov hrubej vrstvy ladovcovej morény s dlzkou asi
120 metrov. Nad touto morénou sa nachddza Strk fadovcového povodu
s horninovou vodou, ktory je opit prekryvany morénovou hmotou.

Usek rozvolhenej horniny

. Od Limmatu aZ po Sachtu juZného traktu prechddza tunel Weinberg v
dlzke 245 metrov réznymi vrstvami rozvolhenej horniny s velmi rozdiel-
nymi vlastnostami. Po molasovom tseku nasleduje jemnozrnnd, siltovo-
jemnopiesocnd, riedka flovitd molasa, ktord je prestiipend jemnym Strkom,
kamenmi a ojedinelymi balvanmi. Tédto kompaktne usadend a prakticky
vodu nepriepustnd moréna bola v oblasti Limmatu prekrytd jazernymi
sedimentmi. Tieto prevazne siltovo-jemnopiesocné, uloZené vo velmi jem-
nych vrstvéch, ako aj flovité jazerné sedimenty, si v oblasti Zelezni¢ne;j sta-
nice v prirodzenom a nenaru$enom stave, usadené velmi kompaktne. Nad
tym nasleduje fadovcovému povodu podobny limmatalsky Strk. Tieto hor-
niny vykazuji strednd az vysoku nosnd schopnost’ a si mdlo sadavé.
Priepustnost vody dosahuje priemerni hodnotu 3x10-3 m/s.

Oblast’juzného traktu

V oblasti juzného traktu je podloZie tvorené najmé limmatalskym Str-
kom. Na zdklade jeho vysokej priepustnosti tvor{ hlavnd vodonosni
vrstvu tdolia Limmatu, a tym aj najdolezitejsi privod podzemnej vody
do mesta Ziirichu. Zodpovedajic tomu su preto vysoké poZiadavky na
ochranu spodnej vody, na pouzitie prostriedkov injektovania a na
zabrdnenie nadmernému poklesu spodnej vody. Ked7e rieka Limmat
CiastoCne infiltruje i do vodonosnej vrstvy, vykazuje hladina podzem-
nej vody oproti rieke Sihl prirodzeny pokles (v pozdlZznom smere tune-
la). V oblasti juZzného traktu sa nachddza okolo 3 aZ 7 metrov nad dol-
nym okrajom tunelového stropu, respektive opornej konstrukcie.
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Additional core drilling was carried out in the Bucheggstrasse area in
the autumn of 2003, with the aim of investigating the course of a rock
depression. The tunnel crown touches a 6 to 8m thick glacial moraine,
which is about 120m long. Gravel of glacial origin with ground water
lies above the moraine; the gravel is again covered with moraine mass.

The section running through loose rock

From the Limmat River up to the shaft for the southern bay of the sta-
tion building, a 245m long section of the Weinberg tunnel passes
through various layers of loose rock with very variable properties.
A molasse section is followed by a fine-grained, silty and fine-sandy
molasse, which is permeated by fine-grained gravel, stones and discon-
nected boulders. This compactly sedimented moraine, which is virtual-
ly impervious for water, was covered by lacustrine sediments in the
Limmat River area. These mainly silty and fine-sandy sediments, for-
ming very thin laminas, as well as the lacustrine clayey sediments are
found in the area of the railway station in the natural and undisturbed
condition; the sedimentation is very compact. The Limmat gravel,
which is similar to the glacial origin, follows above the sediments.
These rocks exhibit medium to high load-bearing capacity and their
tendency to sinking is small. The water permeability coefficient
k reaches an average value of 3x10-3 m/s.

The area of the southern bay of the station building

The sub-base in the area of the southern bay consists mainly of the
Limmat gravel. Due to high permeability, the gravel forms the main
water-bearing layer in the Limmat valley, thus it provides the most
important supply of ground water to the city of Ziirich. The exacting
conditions for ground water protection, the use of the grouting and pre-
vention of excessive lowering of the water table are adequate. Since the
Limmat River partially infiltrates even into the water-bearing layer, the
water table level exhibits a natural decline compared with the Sihl
River (along the length of the tunnel). In the area of the southern bay,
the level is found about 3 to 7m above the lower edge of the tunnel roof
or the support structure.

The Lowenstrasse through station

In the Limmat River area, the thickness of the gravel layer continu-
ally grows from the eastern boundary of the layer toward the west. At
the passage under Lagranstrasse Street, the thickness amounts roughly
to 50m. Lacustrial sediments and the bedrock formed by the Upper
Freshwater Molasse are under the gravel layer. The major part of the
Diameter Line route runs through the gravel which consists mostly of
pure sandy gravel (in the upper part) up to clayey, silty and sandy gra-
vel (of the “sedimented moraine mass” type). The gravel forms a water-
bearing layer with a significant flow of the Limmat water, with a high
permeability coefficient of 3 x 10-3 m/s.

:

\‘|
)
n

RAIL #9

RAIL #7

Obr. 6 Stidia stavebného postupu pre druhé podzemné podlaZie prejazdnej
stanice v Ziirichu, 1999 (Zdroj: 1G Zalo)

Fig. 6 Study of the construction procedure for the second underground floor
of the through station in Ziirich, 1999 (Source: IG Zalo)
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3 TUNELOVE RURY POD RIEKOU LIMMAT
3 TUNNEL TUBES UNDER THE LIMMAT RIVER

VEDENIE TRASY POD ZELEZNICNYM
MOSTOM

TUNNEL ALIGNMENT UNDER A RAILWAY
BRIDGE
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TUNNEL ALIGNMENT ALONG RAILWAY BRIDGE

SPOJENIE POD JIZNYM TRAKTOM
CONNECTION UNDER THE SOUTHERN BAY

Obr. 7 Volba stavebnej metody tunela Weinberg (Zdroj: IG Zalo)
Fig. 7 Selection of the construction method for the Weinberg tunnel (Source:

Prejazdnd Zelezni¢nd stanica Lowenstrasse

Od vychodnej hranice Strkovej vrstvy v oblasti Limmatu sa jej hribka
smerom na zdpad nepretrzite zvacSuje a pri podjazde ulice Langstrasse
dosahuje mocnost’ priblizne 50 m. Pod vrstvou Strku nasledujd jazerné
sedimenty, ako i skalny podklad z vrchnej sladkovodnej molasy. Trasa
Hlavnej tepny prebieha z vicSej Casti Strkom, ktory pozostdva
v podstatnej Casti z Cist€ho pieskového Strku (v hornej Casti) az po flovi-
ty, siltovo-pieskovy Strk (typu ,,usadenej morénovej hmoty"). Strk vytvéd-
ra vodonosnd vrstvu s rozsiahlym pridom podzemnej vody Limmatu
s vysokou priepustnostou 3 x 10-3 m/s.

VOLBA METODY VYSTAVBY TUNELA WEINBERG

Prejazdna stanica Ldwenstrasse

V roku 1999 bola vypracovand §tidia postupu stavebnych prac pre
druhd podzemnii prejazdni stanicu. V ramci Stidie boli z hladiska tech-
nickej realizovatelnosti preskiimané moZnosti budovania stanice raze-
nim, resp. hlbenim z povrchu. Okrem toho boli odhadnuté ndklady
a preskimany vplyv predbeznych investicii. Obrdzok 6 poukazuje na
moznost’ vystavby banskym spdsobom s plochou vyrubu 680 m2. Této
metdda bola dspesne pouZitd profesorom Lunardim v Mildne pre stanicu
Venezia, ktory bol pri tejto Stidii na$im partnerom.

Prevedené porovnanie ukdzalo, Ze predbezné investicie sa oplatia, len
ak bude Hlavna tepna rychlo zrealizovand. Ak by sa tak nestalo, bola by
raziaca metdda stéle atraktivnejSia. Na zdklade tohto porovnania bolo na
realizdciu podla obrdzka 3 zvolené riesenie hlbenou stavbou, predbezné
investicie boli rozhodnuté ako i dalie urychlovanie pldanovaného tempa.

V pociatocnej faze projektu sa koncentrovalo najmi na Zelezni¢nu sta-
nicu Lowenstrasse, kvoli juznému traktu, a tam chybajicemu nadloZiu
bolo vyhybnu pldnované umiestnit'za rickou Limmat.

Toto rieSenie bolo potom porovnané s rieSenim zobrazenym niZSie,
s kolajovym rozpletom umiestnenym pod juznym traktom, trasou vede-
nou v jednej tunelovej rire popod rieku Limmat, juZne od Zelezni¢ného
mostu. Toto rieSenie s jednou tunelovou rirou bolo nakoniec zvolené ako
optimédlne.

Tunelovy usek v molase

V oblasti Ziirichu boli v predchddzajicich rokoch vo vrchnej sladko-
vodnej molase realizované mnohé tunelové stavby s porovnatelnymi roz-
mermi priecneho profilu, ako napriklad tunely Gubrist, Heitersberg
a Ziirichberg, ako i predneddvnom realizovany tunel Ziirich-Thalwil. Pri
vSetkych tychto stavebnych dielach sa ukdzalo, Ze v existujicej geoldgii
predstavuje najispornejsie rieSenie TBM-razenie s primdrnym segmen-
tovym a sekunddrnym monolitickym ostenim.

Nanajvys tizke priestorové pomery okolo Zelezni¢nej stanice Ziirich
vobec neposkytuji idedlne predpoklady pre inStaldciu raziaceho stroja.
Obmedzené volné plochy su beztak potrebné pre podjazd juZného trak-
tu a stavbu podzemnej Zelezni¢nej stanice Lowenstrasse. Pociatok

IG Zalo)

SELECTION OF THE TUNNELLING METHOD FOR
THE WEINBERG TUNNEL

The L6wenstrasse through station

A study of the construction work procedure for the second underg-
round through station was carried out in 1999. Within the framework
of the study, options for constructing the station by mining or cut-and-
cover techniques were investigated in terms of engineering viability.
In addition, the costs were assessed and the influence of preliminary
investments was analysed. Figure 6 shows the option of the construc-
tion by a mining method, with the excavated cross-sectional area of
680m?2. This method was successfully applied by Professor Lunardi,
who was our partner during the work on this study, to the Venezia sta-
tion in Milan.

The comparison which was carried out proved that preliminary
investments would pay off only if the Diameter Line was implemen-
ted fast. If it was not so, the mining method would still be more att-
ractive. Based on the comparison, the cut-and-cover technique was
chosen for the construction according to Figure 3; the preliminary
investments were approved as well as further acceleration of the plan-
ned construction speed.

During the initial phase of the design, the focus was primarily on
the Lowenstrasse railway station; because of the southern bay and the
lack of overburden in that location, it was planned to locate the pas-
sing siding behind the Limmat River.

This solution was subsequently compared with the solution shown
below, where the rail gridiron is located under the southern bay of the
station building, with the route running through a single tunnel tube
under the Limmat River, south of the railway bridge. This solution,
consisting of a single tunnel tube, was eventually chosen as the opti-
mal one.

The tunnel section passing through the molasse

Many tunnel structures with comparable cross-sectional dimensions
were completed in the Ziirich area in the Upper Freshwater Molasse
during the previous years, for example the Gubrist, Heitersberg
and Ziirichberg tunnels, as well as the recently completed Ziirich-
Thalwil tunnel. It was proved during all of the above-mentioned works
that the tunnelling by means of TBMs, with a segmental primary lining
and a cast-in-situ secondary lining represents the most economic solu-
tion in the existing geological conditions.

The extremely constrained space conditions around the Ziirich rail-
way station do not offer ideal conditions for the installation of a TBM.
Nevertheless, limited free areas are necessary for the passage under the
southern bay and the construction of the Lowenstrasse underground
railway station. The TBM driving must, therefore, inevitably start from
the Brunnenhof shaft at Oerlikon. Based on extensive geological
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surveys and thorough risk analyses,
a combined TBM excavation was cho-
sen. We are confident, with our persua-
sion solidified by the Ziirich — Thalwil
project (Zimmerberg-Basistunnel) suc-
cess in the driving along a section con-
sisting of loose ground, that we will
even cope with the loose rock portion
of the Weinberg section, where the
challenges are even stronger.

- the TBM will start in Oerlikon, in
the hard rock mode,

- at the Centre, it will be converted
to the HPBS (hydro-pressure-
balance shield) mode

- and drive, in the HPBS mode, an
about 250m long stretch through
loose ground under the Limmat
River and the railway station
embankment.

Of course, such the driving of the

Limmat

Obr. 8 Volba stavebnej metody v tiseku s rozvolhenou horninou (Zdroj: IG Zalo)

Fig. 8 Selection of the construction method for the stretch passing through loose ground (Source: IG Zalo)

TBM-razenia musi byt preto nevyhnutne realizovany zo Sachty
Brunnenhof pri Oerlikone.

Na zdklade rozsiahlych geologickych prieskumov ako i dokladnych
rizikovych analyz padla volba nakoniec na TBM-kombinovany raziaci
Stit. Utvrdeny udspeSnym razenim v useku s rozvolnenou horninou
z projektu Zﬁrich Thalwil (Zinunerberg-Basistunnel) sme presvedéenl’
vyzvami:

- ako skalny raziaci stroj zac¢ina TBM v Oerlikone,

- pri centrale bude prestavany na hydrostitovy raziaci stroj,

- a ako hydrostitovy raziaci stroj prerazi 250 metrovy tsek rozvolnene;j

horniny popod rieku Limmat a ndbreZie Zelezni¢nej stanice.

Samozrejme nie je takéto razenie podjazdu mozné bez toho, aby sa
nemyslelo na mozné nebezpecenstvd a s tym spojenu realizdciu prisli-
chajicich opatreni. Ako pomocné stavebné opatrenia boli navrhnuté:
injektovanie v rieke Limmat, ddZdnik z velkopriemerovych rir pod sta-
ni¢nym nabrezim, ako aj injektovanie pri vyusteni do Sachty juzného
traktu.

VOLBA STAVEBNEJ METODY JUZNEHO TRAKTU

Vynimocne, kvoli realizdcii kolajového rozpletu, bude mat’ tito Cast’
tunela Weinberg pod juznym traktom samostatn€ kliiCové postavenie.
Obvykld metdda realizicie hlbenia pod stropnou konstrukciou musela
byt zamietnutd, kedZe nebol povoleny Ziadny zdsah zvonku do juZného
traktu.

underpass is impossible without con-
sidering possible hazards and imple-
menting adequate measures associated
with the hazards. The following additional construction measures were
proposed: grouting under the Limmat River bed, large-diameter cano-
py tubes installed under the station embankment and grouting at the
entrance to the southern bay shaft.

SELECTION OF THE TUNNELLING METHOD FOR
THE SECTION UNDER THE SOUTHERN BAY
OF THE STATION BUILDING

As an exception, because of the construction of the rail gridiron, this
part of the Weinberg tunnel passing under the southern bay will have
an independent, key position. The conventional method of excavation
under a roof structure (the cover-and-cut method) had to be rejected
because no outside intervention in the southern bay was permitted.

The tunnel driving to the east and west of the Bahnhofstrasse
Passage would be possible. However, the driving under the
Bahnhofstrasse Passage is not viable because of the lack of overbur-
den, as shown in Figure 8. The cover-and-cut method resulted from
this fact.

FINAL DESIGN AND TENDER DOCUMENTS

Hard rock TBM driving

Application of a TBM will be proposed for the 4.3km long stretch
of the Weinberg tunnel running through hard rock. A similar concept
of the common tunnel profile excavation is designed as that applied to

PASAZ BAHNHOFSTRASE
BAHNHOFSTRASSE PASSAGE

110 m

PODJEZD JUZNY TRAKT - PASSAGE UNDER SOUTHERN BAY

SACHTA JUZNY TRAKT
SOUTHERN BAY SHAFT

OBJEKT 2.1 = STRUCTURE 2.1

OBJEKT 3.1 = STRUCTURE 3.1

L
OBJEKT 3.2 - STRUCTURE 3.2

Obr. 9 Pozdfiny rez podjazdom pod juinym traktom (Zdroj: IG Zalo)

Fig. 9 Longitudinal section through the underpass of the southern bay (Source: IG Zalo)
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ZELEZOBETONOVE SEGMENTY
REINFORCED CONCRETE SEGMENTS

VNUTORNE OSTENIE
INNER LINING

Obr. 10 Vzorovy priecny rez dvojpldstového ostenia v skalnej hornine (Zdroj: 1G Zalo)
Fig. 10 Typical cross section through the double-shell lining in hard rock
(Source: 1G Zalo)

Razenie vychodne a zdpadne od Passage Bahnhofstrasse by bolo
mozné. AvSak razenie popod Passage Bahnhofstrasse je kvoli chybajtice-
mu nadloZiu nerealizovatelné, ako ukazuje obrdzok 8. Z toho rezultovala
metdda razenia pod zastropenim.

DOKUMENTACIA PRE STAVEBNE POVOLENIE
A DOKUMENTACIA PRE PONUKU

TBM-razenie v skalnej hornine

Na 4,3 km dlhom useku skalnej horniny tunela Weinberg bude preto
navrhnuté TBM-razenie. Bezny tunelovy profil je koncepcne navrhnuty
podobne ako u tunelu Ziirich-Thalwil (Zimmerberg-Basistunnel), vykazu-
je ale o Cosi mensi, 11,3 m priemer.
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the Ziirich — Thalwil tunnel (Zimmerberg - Basistunnel); the Weinberg
tunnel diameter is slightly smaller (11.3m).

TBM driving through loose ground

HPBS driving

The TBM driving will be interrupted at the end of the hard rock sec-
tion to allow the conversion of the TBM to the mode allowing the ope-
ration in loose rock. The conversion of the TBM to a hydroshield will
be carried out underground, at the transition of the molasses into the
moraine.

Considering the fact that the tunnel bottom is found at the depth up
to 25m under the natural water table level, the requirements imposed
on the HPBS driving and the related segmental lining will be extre-
mely exacting. During the construction, the segmental lining must be
in such a condition in which it is capable of independently carrying the
relevant hydraulic pressure. The sealing between segments must with-
stand hydraulic pressures up to 2.5 bar. It means that a relatively more
expensive system of segments must be used within the tunnel section
passing through the loose ground. The manufacturing and assembly
tolerances are, therefore, much tighter. The lining consists of two
shells, with an intermediate waterproofing system.

The Limmat River crossing | The station embankment

It is necessary to prevent leakages (of slurry during the hydroshield
operations) under the Limmat River or the station embankment and
cave-ins and inadmissible settlement in the station embankment area.
Various auxiliary measures must be implemented to allow the passage
of the HPBS:

- Installation of a canopy of large-diameter pre-support tubes from
the station embankment to the Limmat River (to be installed step-
wise from the southern bay shaft)

- stabilisation of the end block before the TBM breakthrough to the
southern bay shaft

The results of the completed additional surveys focused on the

Limmat River or the occurrence of boulders proved that no boulders
will be in all probability encountered which would have the sizes of
the boulders which were encountered at the crossing under the Limmat
River during the S-Bahn construction in the 1980s. The final design
assumed that it was impossible to install the canopy tube pre-support
through sheetpile cofferdams. For that reason, a building permit for
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Obr. 11 Pomocné stavebné konstrukcie v tiseku s rozvolienou horninou (Zdroj: IG Zalo)
Fig. 11 Auxiliary structures in the stretch passing through loose ground (Source: I1G Zalo)
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a shaft in the Limmat River was obta-
ined, from which the missing part, up
to the compact moraine, would be
closed by means of grouting,.

INJEKTAZNE VRTY
(ODSTUP = 1.50 M)
GROUTING BOREHOLES
(SPAN OF 1.50M)

It was, however, proved by trials
that modern microtunnelling equip-
ment is capable of breaking through
the sheet pile walls which will be
encountered along the routes of the
three uppermost large-diameter tubes.
This is why we decided that we would
abandon the grouting from the
Limmat River and extend the canopy
tube pre-support up to the moraine.

One large-diameter tube will have
a larger diameter than the others to
make the used as an access adit pos-
sible. If necessary, the grouting will
be possible from this adit. This auxi-
liary construction work would be
necessary if the attempts to complete

Obr. 12 Priecny rez tunelom v rozvolhenej hornine s dazdnikom v mieste Zeleznicného ndstupiska (Zdroj IG Zalo)
Fig. 12 Cross section through the tunnel passing through loose ground, with canopy tube pre-support, at the

railway station embankment (Source: IG Zalo)

TBM-razenie v rozvolnenej hornine

Razenie hydrostitom

Na konci skalného tiseku bude razenie prerusené, aby bolo mozné razia-
ci stroj prestavat’ na nasledujice razenie rozvolnenej horniny. Prestavanie
TBM na hydrostitovii prevadzku sa realizuje v podzemi pri prechode od
molasy k moréne. )

S prihliadnutim na fakt, Ze dno tunela lezi v hlbke az do 25 metrov pod
prirodzenou hladinou podzemnej vody, budd na razenie hydroStitom a tomu
prislichajice segmentové ostenie, kladené obzvlast' vysoké ndroky.
Segmentové ostenie musi byt pocas vystavby v takom stave, aby mohlo
docCasne samostatne prevziat'zodpovedajici vodny tlak. Segmentové tesne-
nia musia odolat’ vodnému tlaku az do 2.5 bar. V tseku nespevnenej horni-
ny musi byt'teda nasadeny pomerne drahsi segmentovy systém. Vyrobné
a montdzne tolerancie su preto ovela prisnejSie. Ostenie je dvojvrstvové
s uzavretym izolaénym systémom.

KriZenie s riekou Limmat/Stanicné ndbreZie

Aby sa zabranilo tinikom (suspenzie pri pouziti hydrostitu) pod Limatom
alebo stani¢nym ndbreZim, vykominovaniu a nepripustnému sadaniu
v oblasti stani¢ného nabrezia, musia byt'pre prechod raziaceho stroja vyko-
nané r6zne pomocné opatrenia:

- ochranny dazdnik z velkopriemerovych rir

the drilling for all pipes to the end
failed or the stabilisation of rock
blocks by grouting could not be carri-
ed out.

The passage under the southern bay
of the station building

Figure 13 shows the structure of the rectangular cross section appli-
cable in the case of the cover-and-cut method.

The roof deck and side diaphragm walls will be installed from lon-
gitudinal and transverse adits.

The cross section contains the longitudinal adits which will be requ-
ired for the installation of the diaphragm walls. The longitudinal adits
will be driven from the southern bay shaft. When the longitudinal adits
and diaphragm walls are completed, the installation of the roof deck
may start. The transverse adits will be driven from the longitudinal
adits: from the longitudinal adits in the south toward the longitudinal
adits in the north or vice versa.

The water table must be lowered by means of small dewatering
wells prior to the commencement of driving the longitudinal and late-
ral adits. Small dewatering wells will be sunk outside the southern bay,
between the diaphragm walls of the existing structures and the exteri-
or facade of the southern bay.

od stani¢ného ndbreZia aZz po Limmat,
postupne budovany zo Sachty juzného traktu,
- injektovanie cielového bloku pred Sachtou
juzného traktu pre vyustenie TBM.
Vysledky vykonanych dopliujdcich priesku-
mov tykajdcich sa rieky Limmat, resp. otdzok
ohladom vyskytu balvanov preukdzali, ze sa
s velkou pravdepodobnostou neobjavia Ziadne
balvany v takej velkosti, aké sa vyskytli pri kri-
Zeni rieky Limmat pocas vystavby trate S-Bahn
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v osemdesiatych rokoch. V dokumentdcii pre
stavebné povolenie sa vychddzalo z toho, Ze
ochranné dazdniky z velkopriemerovych rdr nie
st schopné prekonat’ Stetovnicové steny. Preto

bolo ziskané povolenie na Sachtu v Limmate, | PODPERNY STROP
z ktorej sa injektovanim uzatvori chybajica cast’ éfgggxgg‘{ V PRIECNYCH

az po kompaktni morénu.

Pokusmi sa vSak ukazalo, Ze mikrotunelova- IN TRANSVERSE ADITS

ROOF DECK CONSTRUCTED

POZDLZNE STOLNE ZHOTOVENE ZO
SACHTY JUZNY TRAKT
LONGITUDINAL ADITS DRIVEN FROM
SOUTHERN BAY SHAFT

PLNE IZOLOVANY TUNEL
TUNNEL WITH WATERPROOFING
AROUND FULL CIRCUMFERENCE

STRK — GRAVEL

cie zariadenia st dnes schopné prerazit’ Stetovni-
cové steny, na ktoré sa narazi v trase 3 najvrch-
nejsich velkopriemerovych rir. Preto sme sa roz-
hodli, Ze sa zriekneme injektovania z Limmatu
a predlZime ochranné ddZdniky aZ po morénu.

LACUSTRINE DEPO-

SIS W’Q HEBENE PODZEMNE STENY ZHOTOVENE

7 POZDIZNYCH STOLNI - DIAPHRAGM
WALLS BUILT FROM LONGITUDINAL ADITS

JAZERNE USADENINY ’\

U

Jedna velkopriemerovd rira bude vybudovand

..... Obr. 13 Priecny rez podjazdom pod juznym traktom s pouZitim metody hibenim pod stropnou konstrukciou

s A PN s Zdroj: IG Zal,
povej Stolne. Ak to bude potrebné, mdzu byt (Zdroj alo)

injektdzne prace realizované z tejto $tolne. Tieto
pomocné stavebné opatrenia by boli nutné, ak by

Fig. 13 Cross section through the underpass of the southern bay, constructed by the cover-and-cut
method (Source: IG Zalo)
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Obr. 14 Rez pozdfinou Stoliiou
Fig. 14 Section through a longitudinal adit

sa nepodarilo prerazit' vetky riry aZz na koniec, alebo zrealizovat injektaz-
ne prace na spevnenie blokov.

Podjazd juzného traktu

Na obrazku 13 je zobrazend konStrukcia pravouhlého prie¢neho profilu
pri metode hibenia pod stropnou konstrukciou.

Stropnd doska a bo¢né podzemné steny budi zhotovené z pozdlznych
a priecnych $tolni.

V zobrazenom profile st viditelné pozdlzne Stolne, ktoré budui potrebné
na realizdciu podzemnych stien. Tieto pozdlzne $t0Ine budi razené od Sach-
ty juzného traktu. Akondhle ako budd zhotovené pozdlZne S§tdlne
a podzemné steny, mdZe sa zacat’s vystavbou stropnej dosky. Razenie pri-
ecnych Stolni bude realizované z pozdlznych $t0lni. Teda od pozdlznych
$tolni na Juhu k pozdlznym Stélnam na severe alebo naopak

Pred razenim pozdlznych a priecnych $toIni musi klesnit’ hladina pod-
zemnej vody za p0m0c1 malych Cerpacich studni. Malé Cerpacie studne
budu vyhlbené mimo juzného traktu, medzi podzemnymi stenami existuji-
cich stavebnych diel a fasidou juzného traktu.

Razenie pozdlznych §t6In{ sa vykond v plnom profile so stupnovitou &el-
bou a rychlym uzatvdranim prstenca primarneho ostenia. Predchddzajice
zaistenie okrajov vyrubu a stupiovitej Celby prevezme ochranny dazdnik. Po
dokoncen{ pozdlznych $toIni budd vyhlben¢ podzemné steny. Zdkladny pre-
jazdny prierez 5 metrov vysokych pozdlznych $tolni dovoluje pouzitie
mechanizmov pre hibenie podzemnych stien s krdtkym vyloZnikom tak, aby
sa mohlo pracovat’ s rypadlom. Tdto metéda sa najlepSie osvedcila
v podobnych zemindch. Vodiace stienky a segmenty podzemnych stien budi
realizované v etapdch po asi 3 metroch.

Razenie priecnych $t6lni a beténovanie predpitych podpernych nosnikov
bude realizované striedavym postupom vystavby tak, aby sa mohlo zaiste-
nie vyrubu ndsledne zhotovenych §tolni po bokoch podopriet’ o predtym

Obr. 16 Zel. stanica Lowenstrasse — prechod riekou Sihl (Zdroj: IG Zalo)
Fig. 16 Lowenstrasse railway station — the passage under the Sihl River
(Source: IG Zalo)

SEKUNDARNA STOLNA
SECONDARY ADIT

PRIMARNA STOLNA
PRIMARY ADIT

STREDOVY DIEL PO VYRAZENI
CENTRAL PART AFTER EXCAVATION

UZAVEROVY NOSNIK JAKO POSLEDNY
CLOSING BEAM - AS THE LAST ITEM

PREDPINACIE LANO PO UKONCENI BETONAZE
PRESTRESSING CABLE AFTER
COMPLETION OF CASTING

Obr. 15 Rezy prie¢nymi $toliiami
Fig. 15 Sections through transverse adits

The longitudinal adits will be driven full-profile, keeping a stepped
face and quickly closing the primary lining ring. The preliminary sup-
port of the edges of the excavation and the stepped face will be provi-
ded by canopy tubes. When the longitudinal adits are completed, the
excavation for the diaphragm walls will be carried out. The basic cle-
arance height of the longitudinal adits of 5m allows the use of diap-
hragm wall excavation equipment with a short boom, therefore, an
excavator can be used. This method has acquitted itself in similar types
of ground. Guide-walls and segments of diaphragm walls will be
installed in phases forming about 3m long sections.

The transverse adits will be driven and pre-tensioned rest beams will
be cast using a staggered sequence so that the support of the subsequ-
ently excavated adits could rest on the sides, on the previously com-
pleted rest beams. The excavation support, which is the same as that in
the case of the longitudinal adits, consists of shotcrete. With respect to
the much smaller excavated cross-sectional area, the forepoling will
consist of groutable anchors around the periphery of the excavation
and anchors supporting the face.

When the protective roof deck is completed, the excavation under
the deck will follow. It will be carried out from the southern bay shaft,
in two stages allowing the installation of the bracing platform. The
excavated cross-sectional area is 225 m? at the southern bay shaft and
340 m? at the boundary of the Lowenstrasse railway station.

Obr. 17 Sachta Brunnenhof (Zdroj: IG Zalo)
Fig. 17 Brunnenhof shaft (Source: 1G Zalo)




Obr. 18 Raziaci §tit od spolocnosti Herrenknecht (Zdroje: Herrenknecht AG)
Fig. 18 Herrenknecht TBM (Source: Herrenknecht AG)

zhotovené podperné nosniky. Zaistenie vyrubu pozostiva tak ako pri
pozdlznych $tlnach zo strieckaného beténu. Predhdnand vystuZ bude
s ohladom na ovela mensiu plochu vyrubu realizovand injektovatelhymi
kotvami po okraji vyrubu a kotvami zaistiijicimi ¢elbu.

Po zhotoveni ochranného stropu bude nasledovat’odtazba zo Sachty juzné-
ho traktu v dvoch etapach, aby bolo mozné zabudovanie rozpernej ploSiny.
Prie¢ny profil vyrubu &inf medzi 225 m? pri Sachte juzného traktu a 340 m?
na hranici konstrukénej polozky k Zelezni¢nej stanici Lowenstrasse.

STAV PRAC A PREHLAD

Stavebné prédce sa zaCali podla terminu 10. septembra 2007.

Hlbenie Sachty na droven kaloty bolo zrealizované do Vianoc 2007, a tak
sa 9. janudra 2008 mohlo zacat'razenie spojovacieho tunela.

Konvenc¢né razenie kaloty smerom na Oerlikon zo Sachty Brunnenhof
mohlo byt'uzavreté do 7. jila 2008, tym bola vykonand prvé prerdzka hlav-
nej tepny.

Raziace prace prebiehali bez problémov s minimalnym sadanim 3—4 mm
na povrchu, ¢im sa aj potvrdili popisané zradné vlastnosti sludovych pie-
skovcov.

Raziace prace TBM budi realizované od 13. oktébra 2008 po montdzi
TBM a zriadeni logistiky odtazby riibaniny.

Raziace prdce na tnikovych a zdchrannych $t6lnach s otvorenym TBM
priemeru 4.75 m zacali 28. augusta 2008 z miesta inStaldcie stroja na Zelez-
ni¢ne;j stanici Oerlikon.

Pripravné prace s rozsiahlymi prelozkami dopravy a inZinierskych sietf,
demoldciami v Shopville a na centrdlnom prisune materidlu pri Sachte juzné-
ho traktu sa darili natolko, Ze v jili 2008 sa mohlo zacat’s pracami na pod-
zemnych stendch. Potom budu nasledovat raziace prace pod juZnym traktom
a prace na ochrannom ddzdniku z velkopriemerovych riir zo samotnej Sachty.
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Obr. 19 Do skalnych hornin — TBM @ 4,75 m (Zdroj: IG Zalo)
Fig. 19 Hard rock TBM (Source: IG Zalo)

THE STATE OF THE WORKS AND THE OUTLOOK

Construction work commenced on 10th September 2007, according
to the schedule.

The shaft sinking to the top heading level was completed by
Christmas 2007, thus the connecting tunnel driving could start on 9th
January 2008.

The conventional top heading excavation from the Brunnenhof
shaft, in the direction toward Oerlikon, could be completed by 7th
July 2008; it was the first breakthrough on the Diameter Line. The
excavation advanced without problems, with the minimum surface
settlement of 3 — 4mm, which even confirmed the treacherous pro-
perties of the micaceous sandstone.

The TBM driving will start on 13th October 2008, after assembling
the TBM and establishing the muck removal system.

The driving of the escape and rescue adits by means of a 4.75m-dia-
meter open-face TBM will start on 28th August 2008, from the TBM
assembly location at the Oerlikon railway station.

The preparation work consisting of extensive diversions of traffic,
relocations of utility networks, demolitions in Shopville and the cent-
ral storage of materials at the southern bay shaft was so successful
that the work on the diaphragm walls could start in July 2008. The
tunnelling under the southern bay and installation of large-diameter
tube canopy from the shaft itself will follow.

PARTIES TO THE PROJECT:

e Employer:
SBB AG and the Canton of Ziirich, acting for SBB AG
Infastruktur Projektmanagement,

® Design for and management of the Bahnhof Lowenstrasse and
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Zalo engineering association: Basler & Hofmann AG, Poyry
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uas AG, Ziirich
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Marti AG, Implenia Bau AG, Brunner Erben AG, Astrada AG,
Toneatti AG
Logistik Bahnhof Lowenstrasse part 2.0 consortium:
Holcim AG, Kibag AG, Neue Agir AG

® Weinberg tunnel consortium of construction companies:
Weinberg tunnel consortium: Implenia Bau AG, Wayss &
Freytag Ingbau AG, Bilfinger Berger AG, PraderLosinger SA

DIPL. ING. MARTIN BOSSHARD, martin.bosshardhz.ch,
BASLER & HOFMANN, ZURICH,
DIPL. ING. RONALD KOBEL, SBB AG, ZURICH
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TUNEL BORIK - MODIFIKOVANE PROJEKTOVE RIESENIE
V REALIZACNEJ DOKUMENTACII
THE BORIK TUNNEL - A MODIFIED DESIGN SCHEME
IN THE DETAILED DESIGN

ROBERT ZWILLING, JAN SNOPKQ

uvoD

Tunel Borik je sucastou zdkladného dialnicného tahu D1
v Slovenskej republike prebichajiceho po trase Bratislava—Zi-
lina—PreSov—KoSice—hranica s Ukrajinou. Po dobudovani bude pred-
metny tsek dialnhice sicastou eurdpskej cesty ES0, ktord prechadza
z Franciizska cez Nemecko, Cechy, Slovensko, Ukrajinu a Rumunsko
a dalej na juh. Trasa tseku dialnice D1 medzi Mengusovcami
a Janovcami lezi na Uzemi PreSovského kraja, prevazne okresu
Poprad. Horsky masiv Borik prekondva dialnica tunelom
s rovnomennym ndzvom. Tunelové rieSenie skracuje trasu dialhi¢né-
ho dseku oproti povrchovému rieSeniu — obchddzanim horského masi-
vu zo severnej strany o viac ako 3600 m a z juznej strany o cca
3500 m. Dalej umoziiuje bezkolizne vedenie dialni¢nej trasy urbani-
zovanym prostredim a chrdnenou krajinnou oblastou TANAP.
Tunelové rieSenie predstavuje najmensi zasah do prirodného prostre-
dia, a teda zdroven plni vyznamnu ekologickd funkciu — ochranu kra-
jinného prostredia. Portaly tunela sa nachddzaju v dpdtnych Castiach
chrbta Borika, ktory ma dlzku 2,5 km, $irku 0,7-1,1 km a maximdlnu
nadmorskd vysku 922,1 m.

Tunel je projektovany pre dialhi¢nd dopravu s dvomi tunelovymi
rirami, s jednosmernou premavkou. Prierezy tunelovych rdr su rieSe-
né s poziadavkami kladenymi na tunely v Eurdpskej tnii. Dlzka tune-
lovych rir je 985 m, resp. 979 m, podla nariadenia vlady 344/2006
Z.z.SR z24.5.2006. Smerovo je trasa vedend v dvoch protismernych
oblikoch s vloZenou prechodnicou. Vyskovo prebiehaji obe riry pre-
vazne v sklone cca 1 %. Vzhladom na celkovi dlzku tunela s navrh-
nuté tri prieCne prepojenia, krajné dve prechodné pre chodcov
a stredné prejazdné, Priblizne v strede kaZdej tunelovej riry sa nachdd-
za nidzovy zaliv dlzky 50 m.

IDENTIFIKACNE UDAJE STAVBY

Stavba: Dialnica D1 Mengusovce-Janovce, Tunel Borik

Investor: Narodna dialni¢na spolo¢nost;, a. s., Mlynské Nivy
45, 821 09 Bratislava

Dodavatel* Zduzenie IS — Marti Contractors, Priemyselnd 7,

042 45 Kogsice

TUBAU, a. s., Byt&ickd 89,010 09 Zilina
GEOFOS, s. 1. 0., Velky diel 3323, 010 08 Zilina
Basler & Hofmann Slovakia, s. r. 0., Panenska 13,
811 03 Bratislava

Terraprojekt, a. s., Podunajska 24, 821 06 Bratislava
Amberg Engineering Slovakia, s. r. 0., Zdhradnicka
27, 811 07 Bratislava

DOPRAVOPROIJEKT, a. s., Kominarska 24,

832 03 Bratislava

Zhotovitel tunela:
Geotech. monitoring:
Projektant DVP:

Stavebny dozor:

Autorsky dozor:

TECHNICKE UDAJE

Kategdria tunela: T-7.5

Typ tunela: Dvojpruhovy jednosmerny

Dizka lavej (severnej)

tunelovej riry:

Dizka pravej (juznej)

tunelovej riry: 978,96 m (z toho razeny tunel 931,06 m)

Vyska priechodného prierezu: 4,8 m

Pocet prechodovych chodieb: 3 z toho jedna prejazdnd pre zdsahové
jednotky

Zaciatok vystavby: 2006

Predpokladany ¢as uvedenia do prevadzky: 2009

985,40 m (z toho razeny tunel 935,04 m)

INTRODUCTION

The Borik tunnel is part of the basic motorway route D1 in the
Slovak Republic, running from Bratislava, through Zilina, PreSov and
Kosice to the Ukrainian frontiers. After completion, the motorway sec-
tion in question will become part of the European route ES0 running
from France, through Germany, the Czech Republic, Slovakia,
Ukraine and Romania further to the south. The D1 motorway section
between Mengusovce and Janovce lies in the PreSov region, mostly in
the Poprad district. The motorway crosses the mountain massif Borik
via a tunnel of the same name. Compared with an at-grade design with
the road bypassing the mountain massif on the north or south, the tun-
nel solution reduces the motorway route length by over 3,600m and
about 3,500m respectively. In addition, this solution allows the align-
ment to pass the urbanised environment and the TANAP conservation
area without any collision. The tunnel solution means the lowest envi-
ronmental impact; therefore it fulfils a significant role in terms of envi-
ronmental protection. The tunnel portals are located in foothill parts of
the Borik ridge. The ridge is 2.5km long, 0.7 — 1.1km wide, with the
maximum altitude of 922.1m a.s.l.

The tunnel is designed for motorway traffic, with two unidirectional
tunnel tubes. The tunnel cross sections are solved in accordance with
requirements applied to tunnels in the European Union. The tunnel
tubes are 985 m and 979 m long, according to the Decree of the
Government of the SR of 24.5.2006. The horizontal alignment of the
tunnel consists of two reverse curves interconnected by a transition
curve. The vertical alignment is mostly on a gradient of about 1.0%.
Three cross passages have been designed with respect to the aggrega-
te length of the tunnel: the outer two passages for pedestrians and the
central one vehicular sized. A 50m long lay-by is approximately in the
centre of each tunnel tube.

PROJECT IDENTIFICATION DATA

Project: Mengusovce — Janovce section of D1 motorway, the
Borik tunnel

Owner: Naérodna dialni¢nd spolo¢nost’a.s., Mlynské Nivy 45,
821 09 Bratislava

Contractor: ,,IS - Marti Contractors* consortium, Priemyselnd 7,

042 45 Kosice

TUBAU, as., Byt&icka 89, 010 09 Zilina

GEOFOS, s.ro., Velky diel 3323,010 08 Zilina

Basler&Hofmann Slovakia s.r.o., Panenska 13,

811 03 Bratislava

Terraprojekt a.s., Podunajskd 24, 821 06 Bratislava

Amberg Engineering Slovakia, s.r.o., Zdhradnicka 27,

811 07 Bratislava

Consulting engineer’s supervision: DOPRAVOPROIJEKT, a.s., Komindrska 24,
832 03 Bratislava

Tunnelling contractor:
Geotech. monitoring:
Consulting engineer:

Supervising engineer:

TECHNICAL DATA

Tunnel category: T-7.5
Tunnel type: Double-lane, unidirectional
Left (northern) tunnel tube

length: 985.40m (of that - mined tunnel 935.04m)
Right (southern) tunnel tube

length: 978.96m (of that — mined tunnel 931.06m)
Height clearance: 4.8m

Number of cross passages: 3; of that one for intervention units
Commencement of works: 2006

Expected commissioning date: 2009




TuHel 17. rocnik - €. 4/2008

INZINIERSKOGEOLOGICKE POMERY ENGINEERING GEOLOGICAL CONDITIONS

Tunel Borik je situovany v trase dialnice D1 Mengusovce—Janovce The Borik tunnel is located on the route of the Mengusovce —
v horskom masive Borik. Z geomorfologického hladiska patri do Janovce section of the D1 motorway, in the Boérik mountain range.
Fatransko-tatranskej oblasti, celok Kozie chrbty, severny vybezok oddie- From the geomorphological point of view, it belongs to the Fatra-Tatra
lu Dibrava. SirSie okolie tunela tvori mierne zvineny az rovny reliéf | region, the Kozie Chrbty unit, the northern spur of the Diibrava secti-
Popradske;j kotliny. on. The slightly undulated to flat terrain of the Poprad Basin forms the

tunnel surroundings.
Engineering geological conditions

InZinierskogeologické pomery
Na geologickej stavbe tizemia sa podielal kvartérny komplex a horniny

choského prikrovu. Kvartérny komplex bol zastipeny deluvidlnymi The Quaternary complex and the Cho¢ Nappe participated in the
sedimentami, v ramci ktorgch boli vyclenené ily, kamenitoflovité formation of the geological structure of the area. The Quaternary com-
a flovitokamenité sute, eluvidlnymi sedimentami v zastdpeni rozloZenych plex was represented by diluvial sediments, consisting of clays, stony-
dolomitov a glaciofluvidlnymi sedimentami, v ktorych boli dokumento- clayey and clayey-stony debris, eluvial sediments consisting of
vané vrstvy pieskov a Strkov s réznym %nym petrografickym zastdpenim decomposed dolomites and glaciofluvial sediments within which lay-

valinov, s rdznou opracovanostou, roznym stupfiom zvetrania ers of sands and gravels were documented with various percentage of

a premenlivym priemerom valinov. Predkvartére horniny chocského the content of cobbles, variqus degree of milling, various degree of
~~~~~ wear and varying diameter of cobles. The Pre-Quaternary rocks of the

Cho¢ Nappe mostly consisted of dolomites and, in the section contai-
ning the lay-bys, the Lunz clayey shales. In the portal sections and tec-
tonic faults, the rocks were significantly faulted, heavily weathered to
decomposed. The clayey shales formed weakened locations with per-
manent ground water inflows.

ilovité bridlice. Pri portdlovych Castiach a v mieste tektonickych porich
boli horniny znacne tektonicky porusené, silne zvetrané az rozlozené. Ilo-
vité bridlice vytvarali v horninovom masive oslabené miesta s trvalym
pritokom podzemnej vody.

Ako uz bolo spomenuté, v trase tunela boli vécSinou zasttipené dolo- ] . " . .
mity cho¢ského prikrovu s hustou sietou drobnych puklin. Sporadicky As mentioned above, the Chot Nappe dolomites with a dense net-

: . P oor g work of tiny fissures prevailed along the tunnel route. Layers of har-
boli v komplexe dolomitov dokumentované P?Vlf)hy pevnejsich brekeio der brecciated dolomites were sporadically documented in the dolomi-

te complex. They usually formed the filling of larger tectonic faults.
The Lunz clayey shales were dark-grey to dark-green, forming lami-
nas to thick tables, sporadically even beds. Within the rock massif,
they formed weakened locations, tectonic insertions, which are boun-
ded by expressive tectonic faults having the character of clay with
dolomite debris broken and weathered to various degrees.

Hydrogeologické pomery Hydrogeological conditions

Hydrogeol(?gvlck? pomery bo}l odozzou na _ge"]"%wk“ a te.ktomcku Hydrogeological conditions were a response to the geological and
stavbu razenej Casti tunelovych rir. Kedze dominantné zasttipenie v trase tectonic structure within the mined section of the tunnel tubes. Since

tunela a jeho okoli mali dolomity chocského prikrovu, samotny vyrub bol the Cho¢ Nappe dolomites prevailed along the tunnel route and in its

Lunzské flovité bridlice boli tmavosivej az svetlozelenej farby, lamino-
vané az hrubodoskovité, sporadicky lavicovité. V rdmci horninového
masivu vytvarali oslabené miesta, tektonické vlozky, ohranicené vyraz-
nymi tektonickymi poruchami, ktoré mali charakter ilu s rdzne poruse-
nymi a zvetranymi dlomkami dolomitov.

suchy. Ojedinelé vlhké miesta sa viazali na tektonické poruchy, ktoré boli vicinity, the excavation itself was dry. Sporadic wet locations were
vyplnené ilovitymi zeminami. Odli$nd bola situdcia v miestach vyskytu bound to the tectonic faults which were filled with clayey soils. The
ilovitych bridlic, najmé na kontakte s dolomitmi. Vzhladom na fakt, Ze situation in the locations where clayey shales were encountered, main-
kontakt bol flovity, v favej tunelovej rire, v mieste zdlivu boli dokumen- ly at the contact with dolomites, was different. Because of the fact that
tované trvalé pritoky podzemnej vody s vydatnostou 5-6 l/min. Aj there was clay at the contact, permanent ground water inflows with the
v samotnych vrstvach flovitych bridlic bolo sporadicky dokumentované yield of 5-61/min were documented in the left tunnel tube, in the lay-
kvapkanie, resp. slabé pritoky podzemnej vody. by location. Dripping or weak inflows of ground water were sporadi-
Kvartérny komplex deluvidlnych sutf a glaciofluvidlnych $trkov, domi- cally documented even in the clayey shale layers themselves.
nantne zastipenych na zdpadnom portdli, bol suchy. The Quaternary complex of deluvial debris and glaciofluvial gravels

. which dominate at the western portal was dry.

PRIMARNE OSTENIE TUNELA
Z ddvodu blizkeho vzdjomného smerového vedenia juznej a severnej PRIMARY TUNNEL LINING

tunelovej riry sa ako ndhrady horninového piliera realizovali stredové Because of the fact that the horizontal alignment of the southern

piliere. Piliere boli budované jednak zo zdpadného portdlu (dlhy 120 m) tube is very close to the northern one, the rock pillar is substituted by

Obr. 1 Situdcia tunela
Fig. 1 Tunnel layout
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PRIECNY REZ BEZ PROTIKLENBY
CROSS SECTION WITHOUT INVERT

PRIECNY REZ S PROTIKLENBOU
CROSS SECTION WITH INVERT

250 ,, 3500 | _
y! 7500 i

Obr. 2 Vzorové priecne rezy tunela bez spodnej klenby a so spodnou klenbou
Fig.2 Typical cross sections through the tunnel with and without an invert

a jednak z vychodného portdlu (dlhy 60 m). Oproti dokumentdcii na
ponuku bol stredovy pilier v realizacnom projekte tvarovo optimalizova-
ny. Za piliermi pokracovalo razenie juZnej a severnej tunelovej riry
samostatne.

DalSou zmenou bolo zostladenie Celieb na jednu troven na zdpadnom
portdli, ¢im zardzkové body jednotlivych tunelovych rir boli na
rovnakej urovni. Touto zmenou sa spdsobili nasledujice dpravy v pro-
jektovej dokumenticii:

Zmena zaciatku a konca razenia pilierovej $tdlne a piliera;

Vyrovnanie pilierovej §tolne, zaciatok razenia §tolne bol hned od za-
¢iatku medzi pravou a lavou tunelovou rirou;

Nad juZnou tunelovou rirou bol vybudovany dvojradovy mikropiléto-
vy ddzdnik z dovodu nizkeho nadloZia tunela (cca 1 m);

Pri beténovani stredného piliera podla pdvodného projektu sa posled-
nd etapa vykondvala so stratenym debnenim a s previazanim na pilétovi
stenu (predsadend severnd tunelova rura). Navrhované rieSenie zjedno-
dusilo vytvorenie poslednej etapy piliera s volnym pristupom od portélu;
portalu.

Primdrne ostenie bolo realizované Novou rakiskou tunelovacou met6-
dou. Vylomové prace sa realizovali kombindciou mechanického rozpo-
jovania a pouzitia vrtno-trhacich prac. Vykondvanie trhacich pric
a skladovanie vybusnin sa riadilo schvdlenymi postupmi zhotovitela.

V dokumentécii na ponuku bolo celkovo navrhnutych 5 typov vystro-
jovacich tried s daliim rozdelenim na razenie so stredovym pilierom
v portdlovych oblastiach, razenim niddzovych zdlivov a prepojovacich
chodieb. Tieto triedy boli upravené oproti predchddzajicemu projektu
z hladiska technologickych moznosti doddvatela stavby a pocas realizé-
cie boli modifikované s ohladom na skuto¢ne zastihnutd geologickd situ-
dciu pocas razenia tunela.

Primarne ostenie bolo tvorené striekanym beténom triedy C 25/30
s vystuzenim pomocou ocelovych sieti a priehradovym nosnikom triedy
ocele 10505 (R). Na radidlne kotvenie tunela boli pouZité maltované,
samozdvtrné a hydraulicky rozpinané svorniky. V pripade potreby sa
pouzivala predhdnand ocelovd vystuz a vo vystrojovacej triede VI bol
pouzity mikropilétovy dazdnik tvoreny ocelovymi rdrami ¢114/6,3.
Stabilizdcia Celby sa v pripade potreby realizovala kotvenim samozavrt-
nymi svornikmi s injektdZou dlzky 8 m.

Stredovy pilier

Uz pocas razenia pilierovej Stolne bolo ostenie zjednotené na jeden
konstantny profil, a preto vyska piliera ostala po celej svojej dlzke
konstantnd v kazdej etape betonaZe. V dokumentécii na ponuku malo
ostenie Stolne kopirovat’ zvéicSovanie profilu z dévodu realizicie MP
ddzdnika. Pilier sa menil len $irkovo podla smerového vedenia tunelov.
Dilatacné useky piliera sa zjednotili na 10 m a doslo aj ku zjednoduseniu

central concrete pillars. The pillars were constructed both from the
western portal (120m long) and the eastern portal (60m long).
Compared with the tender documents, the geometry of the central pil-
lar was optimised in the detailed design. Behind the pillars, the sout-
hern and northern tunnel tubes were driven separately.

Another modification consisted of arranging the excavation faces at
the western portal to a side-by-side position, thus the excavation opening
points for the individual tunnel tubes were at one face. The following
modifications in the design documents were caused by this change:

The change in the starting and ending points of the pillar adit exca-
vation and the pillar.

The straightening of the pillar adit; the adit excavation started from
the very beginning between the right and left tunnel tubes.

A double-tier tube canopy was installed over the southern tunnel
tube because of shallow tunnel cover (about 1.0m thick).

When the central pillar was to be cast according to the original
design, the last stage was carried out using sacrificial formwork and
tied to a pile wall (the front end of the northern tunnel tube is set for-
ward). The proposed solution simplified the implementation of the last
stage of the pillar construction, allowing free access from the portal.

A larger handling area was obtained for the excavation at the wes-
tern portal.

The primary support was installed using the New Austrian
Tunnelling Method. The excavation was performed using
a combination of mechanical breaking and the drill and blast techni-
que. The blasting operations and storage of explosives followed con-
tractor’s approved procedures.

The total of 5 excavation support classes was proposed in the tender
documents. The classes were further divided according to the subject
of the excavation, i.e. the excavation containing the central pillar in the
portal areas, excavation of lay-bys and excavation of cross passages.
The classes were adjusted compared with the previous design in terms
of technological abilities of the contractor. They were further modifi-
ed during the construction, with respect to the geological situation
which was actually encountered during the excavation.

The primary support consisted of C 25/30 sprayed concrete, steel
mesh and lattice girders of 10505 (R) grade steel. Grouted rock bolts,
self-drilling bolts and water-expanded bolts were used for the radial
anchoring of the excavation. If required, steel spiling was applied and,
in the case of excavation support class VI, canopy tube pre-support was
installed (steel tubes ¢p114/6.3). When needed, the excavation face was
stabilised by anchoring, using 8m long, grouted self-drilling rock bolts.

The central pillar

The lining was unified to a single constant profile as early as during
the pillar adit excavation. Therefore, the height of the pillar remained
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throughout its length constant in each concrete casting
stage. In the tender documents, the lining of the adit was
expected to copy the variable excavation profile, which
was continually enlarged to allow the installation of the
canopy tube pre-support. The pillar changed only its
width, according to the horizontal alignment of the tun-
nels. The length of the casting blocks (expansion blocks)
was unified to 10m and the pillar reinforcement and cas-
ting procedure were simplified. The length of the pillar at
the eastern portal was reduced by 1.0m, to 60m (6 pillar
construction stages). As a result of the change in the loca-
tion of the excavation opening points at the western por-
tal, the chainage of the beginning and the end of the pil-
lar was shifted without changing its length of 120m (12
pillar construction stages).

The central pillars were constructed in pillar adits
backwards, from the end of the adit toward the portal.
C25/30 grade, rapid-set concrete and reinforcement con-
sisting of bars and mesh of 10505 (R) steel grade were
used for the construction of the central pillar. The mini-
mum concrete cover over the reinforcement was 5cm.
The connection of the primary lining to the central pillar
was facilitated by means of keys in the structure.

The casting of the central pillar was carried out in two
stages. First the bottom part was cast and the upper part
followed.

The foundation of the central pillar was changed com-
pared with the tender documents. Micropile foundations
were added in the locations where, according to the sub-
base tests, the required load-bearing capacity of the foun-

Obr. 3 Vzorovy priecny rez tunela s ndhradou horninového piliera Zelezobetonovym

pilierom

Fig. 3 Typical cross section through the tunnel with the rock pillar substituted by

the reinforced concrete pillar

vystuZenia a betondZze piliera. Pilier na vychodnom portili bol skriteny
o 1 m na 60 m (6 etdp vystavby piliera). Na zdpadnom portali sa zme-
nou zardzkovych bodov posunulo staniCenie zaCiatku a konca piliera pri
nezmenenej dlzke 120 m (12 etdp vystavby piliera).

Stredové piliere sa budovali v pilierovych $tolnach spitne od konca §t61-
ne smerom k portalu. Na vyhotovenie stredového piliera sa pouzival rych-
lo tuhntci betén triedy C25/30 a priitova a sietova vystuz triedy 10505 (R).
Minimdlne krytie vystuZe bolo 5 cm. Napojenie primédrneho ostenia na
stredovy pilier bolo zabezpecené pomocou vylamovacich prvkov.

Betondz stredového piliera bola vykondvana v dvoch etapach. Najskor
sa beténovala spodnd a potom hornd Cast piliera.

ZalozZenie stredového piliera bolo upravené oproti dokumentécii na
ponuku pridanim zaloZenia piliera na mikropildtach v miestach, kde
podla skisok podlozia neboli dosiahnuté pozadované tnosnosti
v zdkladovej Skdre.

Tunelové rary
Pravé (juZnd) tunelovd rdra mé celkovd dizku 995011 m (celkova dizka
vrdtane otvorenej Casti tunela), z toho razend Cast’ 931 m, s jednostrannym
nddzovym zdlivom dlzky 51,2 m umiestnenym pribliZne v strede tunelo-
vej rury, sliziacim ako odstavny priestor, a troch tnikovych chodieb
s protipoziarnymi dverami sliZiacich na opustenie tunelovej riry
v pripade vzniku poZiaru. Juznd rira sa razila z dvoch strdn, zo zapadné-
ho portdlu v smere stani¢enia 251 m a z vychodného portdlu 680 m. PoCas
razenia bola Celba horizontédlne rozdelena na kalotu, lavicu a dno.
Razenie lavej (severnej) tunelovej riry bolo taktieZ realizované z Casti
z0 zdpadného a z Casti z vychodného portalu. Z celkovej dlzky 1001,45 m
(celkovd dlZka vrétane otvorene;j Casti tunela) tvorf razend ast’ 935,04 m.
Stcastou severnej rdry je jednostranny nidzovy zéliv dlzky 51,2 m. Zo
zdpadného portdlu sa vyrazilo 329,12 m a z vychodného portdlu
605,92 m.
Razenie tunelovych riir zo zdpadného portédlu malotipadny sklon cca
1 % a razenie z vychodného portdlu bolo dovrchné, v pozdlZznom sklone
cca 12 %.
Zjednoduseny popis vystrojenia jednotlivych vystrojovacich tried
tunela
VTII profil bez spodnej protiklenby, razenie celého profilu bez ¢le-
nenia vyrubu, vystrojenie: striekany betén s ocelovou sietou
s kotvenim s hydraulicky rozpfnanymi svornikmi,

dation base was not achieved.

Tunnel tubes

The total length of the right (southern) tunnel tube is
995.011m (the total length, including the open section of
the tunnel; of that the mined part takes 931.00m), with
a 51.2m long single-sided lay-by located approximately
at the mid point of the tunnel tube length, serving as an emergency
stopping space, and three escape adits with fire doors allowing evacu-
ation of the tunnel tube in the case of a fire. The southern tunnel tube
was driven from two sides: 251.00m from the western portal in the
direction of the chainage and 680.00m from the eastern portal. The
excavation face was divided during the excavation into top heading,
bench and invert.

The excavation of the left (northern) tunnel tube was also carried out
partly from the western portal and partly from the eastern portal. Of the
total length of 1001.04m (the total length including the open section of
the tunnel) the mined part makes up 935.04m. Part of the northern tun-
nel tube is a 51.2m long single-sided lay-by. The lengths of 329.12m and
605.92m were driven from the western and eastern portals respectively.

From the western portal, the tunnel tubes were driven on a down
gradient of about 1%, while the excavation from the eastern portal was
carried out uphill, on the longitudinal gradient of about 1.2%.

Simplified description of the tunnel individual excavation sup-
port classes:

Class II the profile without invert, excavation of the whole profile
without dividing the face, support consisting of shotcrete,
mesh and water-expanded rock bolts

Class III the profile without invert, excavation using the horizontal
excavation sequence, support consisting of shotcrete,

mesh, lattice girders and water-expanded rock bolts

Class IV, V the profile with invert, excavation using the horizontal

sequence (top heading, bench, invert), the support con-
sisting of shotcrete, mesh, lattice girders, self-drilling
grouted rock bolts; the roof support by means of spiling

Class VI the profile with invert; excavation using the horizontal
sequence; the support consisting of shotcrete, mesh, lattice
girders, self-drilling grouted rock bolts; this excavation
support class was applied to portal parts of the tunnel,
where the overburden was supported during the tunnel
excavation by a tube canopy and contingent grouting of the
ground environment through self-drilling rock bolts. The
excavation face was anchored by self-drilling bolts.

In the area of the central pillar, the tunnel lining was connected
directly to the pillar; keys were provided in the upper and bottom parts
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VTIII profil bez spodnej protiklenby, razenie celého profilu
s horizontdlnym ¢lenenim vyrubu, vystrojenie: strieckany betén
s ocelovou sietou a prichradovym nosnikom s kotvenim
s hydraulicky rozpinanymi svornikmi,

VT IV, V profil zo spodnou protiklenbou, razenie celého profilu
s horizontdlnym c¢lenenim vyrubu, vystrojenie: striekany
betén s ocelovou sietou a priehradovym nosnikom
s kotvenim so samozdvrtnymi a maltovanymi svornikmi,
zabezpecenie stropu vyrubu bolo realizované pomocou ihlo-
vania,

VT VI profil zo spodnou protiklenbou, razenie celého profilu

s horizontalnym ¢lenenim vyrubu, vystrojenie: strickany betén
s ocelovou sietou a prichradovym nosnikom s kotvenim so
samozavrtnymi a maltovanymi svornikmi, tito vystrojovacia
trieda bola pouZivand v portdlovych castiach tunela, kde bolo
nadlozie pocas razenia tunela zachytené pomocou mikropil6-
tového ddZdnika s pripadnou injektdZou horninového prostre-
dia pomocou samozavrtnych svornikov. Kotvenie ¢elby bolo
realizované samozdvrtnymi svornikmi.

V oblasti stredového piliera bolo ostenie tunela napdjané priamo na
pilier cez vylamovacie prvky v hornej a v spodnej Casti piliera. Po do-
siahnuti bezpecnej vzdialenosti tunelovych rir a prenesenia napétia
medzi tunelovymi rirami horninovym pilierom pokracovalo razenie kaz-
dej tunelovej riry samostatne.

V tabulke 1 sd uvedené porovnania predpokladanych a skuto¢ne zrea-
lizovanych dlzok v jednotlivych vystrojovacich triedach pre juznd
a severnd tunelov riru.

Pocas razenia tunelovych rir prebiehal geotechnicky monitoring,
v ktorom boli realizované nasledovné ¢innosti:

e meranie deformdcii na povrchu, vyvoj poklesovej kotliny

v prie¢nom smere a sledovanie deformécii portdlovych stien pomo-
cou stabilizovanych nivela¢nych bodov na povrchu terénu,

e meranie deformécif vyrubu — konvergencné profily,

e meranie deformdcii v zéne vplyvu vyrubu a sledovanie stability

svahu — inklinometrické merania vo vrtoch,

® meranie stupna rozvolnenia horniny v okoli vyrubu — extenzome-

trick€ merania,

e meranie napiti na kontakte horniny s primdrnym ostenim s pouzitim

tlakomernych krabic,

e meranie napéti v betdne primdrneho ostenia s pouzitim tlakomer-

nych krabic,

e inzinierskogeologické sledovanie razenia, vratane hydromonitorin-

gu, systematickd kontrola a dozor v priebehu razenia,

e sledovanie skuto¢ného vyrubu a nadvylomov.

Rozmiestnenie a pocet meracich profilov a bodov bol navrhnuty podla
predpokladanych inZinierskogeologickych pomerov. Pocet meracich pro-
filov sa poCas razenia tunelovych rir optimalizoval podla potreby
a profily boli osadzované do miest, kde razenie prechddzalo do inej
vystrojovacej triedy, pripadne sa vyskytol nejaky problém a bolo potreb-
né si overit'stabilitu primarneho ostenia.

Na zdklade vysledkov, o ktorych boli informovani vSetci tcastnici
stavby elektronickou postou a geotechnickymi poradami, sa primdrne

Tab. 1 Porovnanie dizok pouditych vystrojovacich tried

of the pillar to allow the connection. When the safe distance between
the tunnel tubes had been achieved and the rock pillar had started to be
able to withstand the stress between the tunnel tubes, the excavation of
each tunnel tube continued separately.

Table 1 presents comparisons of the expected lengths and the
lengths actually driven through individual excavation support classes,
for the southern tunnel tube and northern tube.

Geotechnical monitoring was conducted during the driving of the
tunnel tubes. The following activities were performed as parts of the
monitoring:

e measurement of surface deformations, development of the settle-
ment trough (transversally), and monitoring of deformations of
portal walls by means of levelling points stabilised on the surface

e measurement of deformations of the excavation — convergence
stations

e measurement of deformations in the zone affected by the excava-
tion and monitoring of the slope stability — inclinometer measure-
ments in boreholes

e measurement of the degree of ground loosening in the vicinity of
the excavation — extensometer measurements

e measurement of stresses at the contact between rock and primary
lining using pressure cells

e measurement of stresses in the concrete primary lining using pres-
sure cells

e engineering geological monitoring of the excavation operations
including hydromonitoring, systematic checks and supervision
during the course of the excavation

e monitoring of the actual excavation and overbreaks

The distribution and number of measurement stations and points
were designed according to the expected engineering geological con-
ditions. The number of measurement stations was optimised during the
course of the driving of the tunnel tubes according to the need. The sta-
tions were installed in the locations where the excavation passed to
another support class rock or a problem occurred and the stability of
the primary support had to be verified.

Measurement results were distributed to all parties to the project
through e-mail and the primary lining was optimised at geotechnical
meetings. Measures designed to improve safety during the tunnel
excavation were implemented if necessary.

SECONDARY TUNNEL LINING

Concrete grade C25/30 with polypropylene fibres was designed for
the secondary lining. This solution was proposed and approved in the
previous design stages to provide protection of the structure in the case
of a fire in a tunnel tube. Unreinforced concrete was used in excavati-
on support classes II and III, while concrete reinforced with steel mesh
and reinforcement bars was used in the other classes, i.e. IV, V and VI.

The maximum length of casting blocks was 10m. The locations of
individual niches for cleaning the outer drainage, hydrant niches, SOS
niches and cross passages were accommodated to this length. Conduits
for installation of tunnel equipment were cast in the blocks according
to respective equipment schemes.

Table 1 Comparison of the lengths driven through the applied excavation support classes

Dokumentacia na ponuku (predpoklad)
Tender documents (assumption)

Skuto¢ne zrealizované dizky
Actual lengths of drives

vr severnd TR juind TR vr severnd TR Jjuind TR
Class NIT STT Class NIT STT
1T 390,808 393424 II.B 542 85,1
1T 147,893 143,897 1I1,B 3713 3934
v 90,816 88,913 IV.B 2552 217,7
\Y 83,008 81,652 V.B 14,1 4,1
IV-P 41,756 41,995 V-PB 93,6 77,6
V-P 71,591 73,029 VI-PB 95.5 1019

VI-P 77,198 66,122 III-B NZ 15

Nz 40 40 IV-B NZ 51,2 36,3
Dizka celkom / Total length 94307 92903 Dizka celkom / Total length 935.1 931,1
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ostenie optimalizovalo, prehodnocovali sa pouzitia jednotlivych vystro-
jovacich tried a boli vykondvané v pripade potreby opatrenia na zvysenie
bezpecnosti prace pocCas razenia tunela.

SEKUNDARNE OSTENIE TUNELA

Sekunddrne ostenie bolo navrhnuté z beténu triedy C25/30 s pouZitim
polypropylénovych vldkien. Toto rieSenie bolo navrhnuté a schvélené
v predchédzajticich projektovych stupnoch ako ochrana konstrukcie pri
vzniku poZiaru v tunelovej rire. Vo vystrojovacich triedach 1I a III bol
pouzity betdn bez vystuZenia, v ostatnych triedach IV, V a VI vystuzeny
ocelovou sietovinou s doplnenou pritovou vystuzou.

Dizka betonovanych blokov bola maximélne dlzky 10 m, ¢omu bolo
prispdsobené aj umiestnenie jednotlivych vyklenkov pre Cistenie rubovej
drendze, vyklenkov pre hydranty, SOS vyklenkov a prepojovacich cho-
dieb. Podla vypracovanej technologickej schémy boli v blokoch umiest-
nené chranicky pre technologicku Cast tunela.

Popis zmien stavebnej Casti vyplyvajicich z projektu technologic-
kej Casti tunela

V stibehu s projektovanim realizacnej dokumentacie pre stavebnt Cast’

prebiehalo projektovanie technologickej Casti tunela v stupni dokumen-
tacia na ponuku. Do stavebnej Casti to prindSalo zmeny vyplyvajice zo

vzdjomnej koordindcie. Stavebnu Cast’ preto bolo potrebné aktualizovat’

a prisposobit’ poziadavkam technoldgie tunela. Hlavnou pric¢inou zmien
boli zmeny v predpisoch o bezpecnostnych poZiadavkdch pre cestné
tunely, ktoré sa od roku 2004 zmenili. V tom Case bola projektovand sta-
vebnd a technologickd Cast’ tunela v projektovom stupni dokumentdcia
pre ponuku.

Pri vypracovani projektu bola reSpektovand smernica 2004/54/ES
Eurépskeho parlamentu a rady ,,0 minimdlnych bezpecnostnych poZia-
davkdach na tunely v transeurdpskej cestnej sieti** z aprila 2004, nariade-
nie vlady SR €. 344/2006 ,,0 minimdlnych bezpecnostnych poziadavkach
na cestné tunely v cestnej sieti”, technické podmienky TP 04/2006
Poziarna bezpecnost cestnych tunelov a technické podminky TP 98
Technologické vybaveni tunelti na pozemnich komunikacich.

Zmeny, ktoré boli odsthlasené a odporicanie pre zmenu stavebnej
Casti:

Obojstranny nddzovy zdliv v tunelovych rdrach bol zmeneny
z obojstranného na jednostranny a predlzeny o 10 m oproti tendrovej
dokumentdcii. V tomto predlZeni sa budd nachadzat elektrické rozvadza-
¢e a SOS kabina.

Prejazdny profil pre unikovi cestu UC2 bol zmeneny na 3,6x3,5 m.
Této tnikova chodba bude slizit'v pripade potreby pre pristup zachran-
nych jednotiek. Z dovodu umiestnenia podruznych rozvddzacov
v unikovych cestdich UC1 a UC3, ktoré zabezpecuji potreby zariadeni
umiestnenych v tychto tinikovych cestich, ako aj z dovodu umiestenia
systému vzduchotechnickych klapiek pretlakového vetrania nad dverami
UC st aj tieto UC realizované rovnakého profilu ako UC 2, priCom poZi-
arne dvere budu len rozmeru prechodového profilu pre zdchrannii 0sob.
V unikovych chodbdch boli doplnené priecky a poZiarne dvere kvoli
zamedzeniu zadymenia chranenej unikovej cesty.

V zmysle TP 04/2006 PoZiarna bezpecnost cestnych tunelov bol redu-
kovany pocet poziarnych vyklenkov v maximdlnej vzdialenosti 150 m
a s umiestnenim v blizkosti tinikového vchodu. SOS vyklenky boli navrh-
nuté na min. pddorysnd plochu 1,5 m? a min. vysku vyklenku 2,25 m
v zmysle Ceskych technologickych podmienok TP 98 Technologické
vybaveni tuneld pozemnich komunikaci.

Nidzové osvetlenie bude v zmysle TP 04/2006 rozmiestnené vo vzdi-
alenostiach 20 m a v blizkosti tinikovych ciest a poZiarnych hydrantov.

V koordindcii s projektantom technologickej Casti sa upravili polohy
portdlov dopravného znacenia, polohy, pocty a velkosti kdblovych Sachi-
et v chodnikoch a chréniCiek v sekunddrnom osteni pre technologické
vybavenie tunela.

Uzemnenie a ochrana konstrukcie tunela pred bludnymi priadmi

Uzemnenie tunela je navrhnuté zékladovym uzemnovacom uloZzenym
v beténe zdkladovych pitiek v oboch tunelovych rdrach. Zkladnymi
kovovymi prvkami uzemnovacov st dve ocelové tyce kruhového profilu
s priemerom 25 mm. TyCe sd uloZené na oboch strandch kazdej tunelovej
riry vzdy v celej dizke dilatacného dielu. TyCe uloZené v jednotlivych
dilata¢nych dieloch st pozdlzne prepojené s ty¢ami v nadvézujicich dila-
ta¢nych dieloch pomocou pdsov FeZn 30x4 mm prlvarenych k tyciam,
a to do celkovej dlzky spojeného obeténovaného uzemnovaca 300 m.
Tieto 300 m dlhé tseky zdkladovych uzemnovacov v oboch pitkdch
kazdej tunelovej riry sd pozdlZne i prie¢ne navzdjom prepojené cez roz-
pojitelné body umiestnené v rozvodniach tunela alebo v prechodovych
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Obr. 4 Zrealizovany niidzovy zdliv v juZnej tunelovej riire v primdrnom
osteni

Fig. 4 A completed lay-by in the southern tunnel tube, provided with
a primary lining

Description of the changes in the structural design following
from the tunnel equipment design

The work on the tunnel equipment design for the tender purposes
was carried out concurrently with the work on the detailed structural
design. As a result, the changes following from mutual coordination
had to be implemented in the structural design. The structural design
had to be, therefore, updated and accommodated to the requirements
of the tunnel equipment. The main reasons of the changes were chan-
ges in regulations on safety requirements for road tunnels, which had
been changed since 2004. At that time, the structural design and equ-
ipment design were carried out in the tender documentation stage.

The following regulations were allowed for during the work on the
design: the Directive of the European Parliament and of the Council
No. 2004/54/ES on minimum safety requirements for tunnels in the
Trans — European road network of April 2004 and the Decree No.
344/2006 of the Government of the SR on minimum safety require-
ments for road tunnels in the road network, the Technical
Specifications TP 04/2006 Fire safety in road tunnels and Technical
Specifications TP98 Road tunnel equipment.

The changes which were approved and recommended for imple-
mentation in the structural part (civils):

The double-sided lay-by in the tunnel tubes was changed to
a single-sided one and extended by 10m compared with the tender
documentation. Switchboards and an SOS cabin will be installed in
the extension.

The clearance profile for UC2 escape route was changed to 3.6 x
3.5m. The escape route will be used for the access of rescue units if
necessary. Because of the fact that sub-switch boards ensuring the
needs of the equipment which is installed on the escape routes are
installed on UC1 and UC3 escape routes and air dampers of the pres-
sure ventilation system are installed above doors of these escape rou-
tes, the profile of these routes is identical with the UC2 profile, while
the fire doors will have dimensions of a transition profile for rescue of
persons. Partition walls and fire doors were added in rescue adits to
prevent the protected rescue route against smoke logging.

In compliance with specifications TP 04/2006 on fire safety in road
tunnels, the number of fire equipment recesses was reduced (maxi-
mum spacing of 150m), locations in the vicinity of escape exits. SOS
niches were designed with the ground plan area of 1.5m? and mini-
mum height of 2.25m, as required by Czech technical specifications
TP 98 on road tunnel equipment.

Emergency lights will be distributed in the meaning of TP 04/2006,
at 20m spacing plus in the vicinity of escape routes and fire hydrants.

The following changes were carried out in coordination with the
engineering consultant for the tunnel equipment: locations of portals,
traffic signs and locations, numbers and dimensions of cable pits in
pavements and conduits for the installation of tunnel equipment, cast
in the secondary lining.

Earthing and protection of the structure against stray currents

The tunnel earthing design consists of earthing assemblies cast in
the concrete footings in both tunnel tubes. The basic metal elements of
the earthing assembly are two steel, circular cross section rods 25mm
in diameter. The rods are placed on both sides of each tunnel tube,
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Obr. 5 Sldvnostnd prerdzka juZnej tunelovej riry dria 11. 12. 2007
Fig.5 Southern tunnel tube breakthrough ceremony on 11. 12. 2007

chodbéch. Pisik FeZn 30x4 mm je dalej vyvedeny v kaZdej kablovej
Sachte tak, aby sa k nemu dali pripojit' dalSie elektrické zariadenia.

Ochrana pred bludnymi pridmi spociva v navrhnuti ochrannych opat-
reni prislusnych zistenému riziku vzniku bludnych pridov v mieste
tunela. Ide v zdsade o opatrenie v stavebnej Casti tunela a 0 umozZnenie
merania bludnych pridov v priebehu vystavby a aj po dokonceni stavby
tunela.

Zo zéverov zakladného kordzneho prieskumu vyplyvala nutnost zais-
tit' ochranné opatrenia v stupni €. 3. Stupen ¢. 3 predstavuje kombindciu
primérnej a sekunddrnej ochrany podla TP 124.

Do miest s predpokladanym zvySenym negativinym pdsobenim blud-
nych pridov na konstrukciu tunela si zabudované CMS elektrédy na
umoznenie sledovania korézie vystuze. Ide vZdy o prechod medzi hlbe-
nou a razenou Castou tunela a o portdlové bloky tunela. Na rozhraniach
hlbenej a razenej Casti je inStalovand vzdy jedna CMS elektréda a na
portaloch tunela su inStalované vzdy dve CMS elektrédy. Konce CMS
elektréd st prepojené pomocou kdblov uloZenych v chranickach do kon-
trolnych meracich objektov instalovanych v ¢eldch tunela na oboch von-
kajsich slabopridovych stranéch.

HLCBENE TUNELY A TERENNE UPRAVY NA ZAPADNOM
PORTALI

V névrhu realizacnej dokumentdcie doslo k zmene tvaru jamy oproti
dokumentdcii na ponuku. Tato zmena bola spésobena posunom zarazko-
vych bodov oboch tunelovych rir na jednu droven, ¢o malo nasledovné
pozitivne dosledky:

e nebolo potrebné realizovat konstrukceiu strednej piltovej steny,

® nebolo potrebné realizovat konstrukciu beténového stropu — koryt-
nacky,

e zaliatok razenia pilierovej $tdlne bol umiestneny v priamej osi, ¢im
sa vylucil zloZity postup razenia pilierovej $tdlne pod ddzdnikom pri
zmene smeru zo Sikmej osi do priame;j osi §tolne.

Z dévodu posunu zardzkového bodu severnej tunelovej riry bola pod-
zemnd pilotova stena predlzend v smere do razeného tunela. Konstrukcia
bola zrealizovand z velkopriemerovych pilot & 880 mm, ktoré boli
zabezpecené pomocou kotviacich prahov v troch trovniach. Kotvenie
bolo navrhnuté pomocu §tvorpramencovych lanovych kotiev dlzky 20 m
so vzdjomnou vzdialnostou 2400 mm. V Casti trvalého zarubného miru
st lanové kotvy navrhnuté s trvalou protikoréznou tpravou, s ochranou
kotevnych hlav, ktoré si zakomponované do trvalého zarubného muru.

Z dovodu zachovania linie docasného zdberu bola ¢elnd portdlova
stena navrhnutd v sklone 5:1. Kotvenie celnej portdlovej steny korespon-
dovalo s predzaistenim vyrubu pilierovej Stdlne a oboch tunelovych rir
prostrednictvom mikropilotového ddzdnika. Zaistenie ¢elnej steny bolo
navrhnuté po spodnd drover kaloty z klincov, resp. samozévrtnych (IBO)
kotiev & 32, L = 8-12 m, pri¢om IBO kotvy umiestnené v profile §tdlne
a tunelovych rir boli navrhnuté vodorovne, takze ich bolo mozné vyuzit
ako zaistenie ¢ela vyrubu pocas razenia.

Stcastou prac na hrubych terénnych tdpravich bol aj geotechnicky
monitoring, ktorého cielom je sledovanie deformdcii svahov, najmé juz-
nej a Celnej portdlovej steny. Za tymto tGc¢elom bol osadeny 1 inklinome-
ter do hlbky 20 m nad lavym svahom zaistenym pilotovou stenou a 10
pozorovacich geodetickych bodov. Inklinometrické meranie, ako aj geo-
detické merania prebiehali kazdych 7 dni pocas budovania portdlového
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throughout the length of each casting (expansion) block. The rods
installed in individual casting blocks are connected with the rods in
neighbouring blocks by means of 30x40mm FeZn strips welded to the
rods, up to the total length of the connected earthing assembly cast in
the footings of 300m. The 300m long sections of the foundation eart-
hing assemblies, which are in both footings of each tunnel tube, are
connected longitudinally and transversally with each other through
connectable points installed in switchboards in the tunnel or in cross
passages. The 30x40mm FeZn strip is further led to each cable pit,
where other electrical devices can be connected to it.

The protection against stray currents is a system of protection mea-
sures adequate to the determined risk of origination of stray currents in
the given tunnel location. It is, in principle, a measure in the structural
part of the tunnel enabling the measuring of stray currents during the
construction and after the completion of the tunnel construction.

The results of the basic corrosion survey led to the conclusion that
degree No. 3 of protective measures had to be designed. Degree 3 is
a combination of primary and secondary protection according to spe-
cifications TP 124.

CMS electrodes allowing the monitoring of reinforcement corrosion
are installed in the locations where increased negative effect of stray
currents on the tunnel structure is expected. It is always the transition
between a cut-and-cover and mined part of the tunnel and tunnel por-
tal blocks. One CMS electrode is always installed at the interface bet-
ween the cut-and-cover and mined part, while two CMS electrodes are
always installed at tunnel portals. The ends of the electrodes are con-
nected, by cables leading through conduits, to test points installed at
the front faces of the tunnel.

CUT-AND-COVER TUNNELS AND BULK EXCAVATION
AT THE WESTERN PORTAL

A change in the shape of the construction trench was carried out in
the detailed design compared with the tender documentation. The
change was caused by the shifting of the excavation opening points for
the two tunnel tubes to the side-by-side position. It had the following
positive consequences:

e the central pile wall did not have to be constructed,

e the concrete vault (so-called “turtle shell” construction technique)

did not have to be constructed,

e the beginning of the pillar adit driving was located on the straight
axis, thus the complicated procedure for the pillar adit driving
under canopy tube pre-support in the situation where the directi-
on of the axis of the adit was changing from skew to straight was
excluded.

Because of the shifting of the northern tunnel tube excavation ope-
ning point, the diaphragm wall was extended toward the mined tunnel.
The structure was carried out from large-diameter piles @ 880 mm,
which were supported by three tiers of anchored walers. The anchoring
design consisted of 20m long, four-strand cable anchors installed at
2400mm spacing. Cable anchors with permanent corrosion protection
were designed for a part of the permanent revetment wall; anchor
heads, which are also corrosion-protected, are integrated into the revet-
ment wall.

With the aim of maintaining the limits of the area of temporary
works, the front portal wall was designed inclined at 5:1. The ancho-
ring of the front portal wall corresponded with the canopy tube pre-
support of the excavation of the pillar adit and both tunnel tubes. The
support of the front wall was designed to cover the area ending at the
bottom of the top heading, consisting of dowels or self-drilling (IBO)
anchors @ 32, L = 8 - 12 m, with the IBO anchors located within the
cross section of the adit and tunnel tubes installed horizontally to be
used during the driving as the excavation face support.

Part of the work on the bulk excavation was geotechnical monito-
ring, which was carried out with the aim of observing slope deforma-
tions, primarily deformations of the southern wall and front portal
wall. For this purpose, 1 inclinometer was installed at the depth of
20m, above the left slope supported by a pile wall, and 10 monitoring
survey points. The inclinometer measurement as well as the survey
were performed every 7 days during the work on the portal trench, then
they were carried out every 30 days.

The cut-and-cover section of the tunnel tubes at the western portal
consists of 3 blocks of the left tunnel tube (a 26.416m long section)
and 2 blocks of the right tunnel tube (a 14.194m long section).
Individual blocks of the cut-and-cover tunnels are founded on 800mm
thick base slabs, which are connected by means of shear keys. The




Obr. 6 Realizdcia sekunddrneho ostenia tunela v mieste priecneho
prepojenia

Fig. 6 Installation of the secondary tunnel lining at the cross
passage

vykopu a nédsledne kazdych 30 dni.

Hlbeny tsek tunelovych rir na zédpadnom portli je tvoreny 3 blokmi
lavej tunelovej riry a (dizka dseku 26,416 m) a 2 blokmi pravej tunelo-
vej rary (dizka tseku 14,194 m). Jednotlivé bloky hlbenych tunelov su
zaloZené na vzdjomne zazubenych zédkladovych doskédch hribky
800 mm. Zelezobeténové klenby hibenych tunelov hribky 450 mm,
z beténu C25/30 maji vnitorny prierez totozny s profilom razeného tune-
la. V klenbe budu uloZené chrani¢ky pre vedenie kdblov technologické-
ho vybavenia a CMS elektrédy na meranie stupfia kordzie vystuZze.
Ochrana Zelezobeténovych konstrukcii pred horninovou vodou bude rea-
lizovand pomocou PE hydroizolacie hribky 2 mm. Hydroizoldcia bude
chranena vrstvou geotextilie a 50 mm hrubou vrstvou striekaného beténu
vystuZeného jednou vrstvou zvaranych sieti.

Koneény vyzor zdpadného portdlu tunela bude spoluurcovat’'45 m dlhy
lavostranny zdrubny muir obloZeny riadkovym kamennym murivom, ktory
bude zabezpeteny permanentnymi kotvami. Celny portdlovy svah bude
zabezpeceny vystuznymi prvkami Green Terramesh, so sklonom 45°.

HLBENE TUNELY A TERENNE UPRAVY
NA VYCHODNOM PORTALI

Portalovd jama v priestore vychodného portdlu bola zrealizovand podla
dokumentdcie na ponuku okrem pravého svahu v km 1,112-1,160 km,
ktory bol navrhuty a zrealizavny v sklone 1:1.75. Toto rieSenie umoZznilo
vynechat’ docasné zaistenie svahu striekanym beténom a klincami, ¢o
umoznilo rychlej$i postup hlbenia zdrezu. Hranice docasného zdberu
zostali nezmenené.

Stcastou prac na hrubych terénnych dpravach bol aj geotechnicky
monitoring, ktorého cielom je sledovanie deformécii svahov, najmi
severnej a Celnej portdlovej steny. Za tymto ucelom bol osadeny 1 inkli-
nometer do hlbky 20 m nad pravym klincovanym svahom a 8 pozorova-
cich geodetickych bodov (4 na celnej stene, 4 na pravom bo¢nom klin-
covanom svahu).

Hlbeny dsek tunelovych rir na zdpadnom portdli je tvoreny 4 blokmi
lavej tunelovej riiry a (dlZka dseku 40,000 m) a 5 blokmi pravej tunelo-
vej riry (dlzka dseku 49,762 m). Jednotlivé bloky hlbenych tunelov, spra-
vidla dlzky 10 m, st zaloZené na vzdjomne zazubenych zdkladovych
doskéch hriibky 800 mm. Zelezobeténové klenby hlbenych tunelov hriib-
ky 450 mm, z beténu C25/30 maji vnitorny prierez totozny s profilom
razené¢ho tunela.

Konec¢ny vyzor vychodného portdlu tunela Borik bude spoluurcovat’

cca 100 m dlhy pravostranny gravitacny zarubny mur obloZeny riadko-
vym kamennym murivom. Do tohto miru bude zakomponovany techno-
logicky objekt — vychodny portal. Celny portdlovy svah bude rovnako
ako na zdpadnom portdli zabezpeCeny vystuznymi prvkami Green
Terramesh, so sklonom 45°.

ODVEDENIE DRENAZNYCH A OPLACHOVYCH VOD
Z TUNELA

Do nédvrhu odvodnenia tunela boli v realizacnej dokumentécii zapra-
cované viaceré technické zmeny vyplyvajice zo skisenosti z predoslych
tunelovych stavieb na Slovensku, ktorych zmyslom je najmé elimindcia
detailov citlivych na poruchy a poskodenia pocas realizécie stavby.
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450mm thick, C25/30 reinforced concrete vaults of the cut-and-cover
tunnels have their inner cross section identical with the profile of the
mined tunnel. Conduits for cables for tunnel equipment and CMS
electrodes for measuring the degree of corrosion will be cast in the
vault. Protection of reinforced concrete structures against ground
water will be performed by a 2.00mm thick PE waterproofing mem-
brane. The membrane will be protected by geotextile and a 50mm
thick layer of shotcrete with one layer of welded mesh.

The final look of the western portal will be co-determined by a 45m
long, left-side, coursed masonry faced revetment wall, which will be
supported by permanent anchors. The front portal slope will be stabi-
lised by Green Terramesh units at a gradient of 45°.

CUT-AND-COVER TUNNELS AND BULK EXCAVATION
AT THE EASTERN PORTAL

The portal trench at the eastern portal was carried out according to
the tender documentation, with the exception of the right slope at cha-
inage km 1.112 — 1.160, which was designed and carried out at
a gradient of 1:1.75. Owing to this solution, the temporary support of
the slope with shotcrete and dowels could be omitted, which fact made
faster progress of the excavation of the trench possible. The borders of
the area of temporary works remained unchanged.

Part of the bulk excavation operations was geotechnical monitoring,
which was focused on the observation of slope deformations, primari-
ly the northern wall and front portal wall. For that purpose, 1 inclino-
meter was installed at the depth of 20m above the right slope suppor-
ted with dowels and 8 monitoring survey points (4 on the front wall, 4
on the right side slope supported with dowels).

The cut-and-cover section of the tunnel tubes at the western portal
consists of 4 blocks forming the left tunnel tube (a 40.000m long sec-
tion) and 5 blocks forming the right tunnel tube (a 49.762m long sec-
tion). Individual blocks of the cut-and-cover tunnels, usually 10m
long, are founded on 800mm thick base slabs, which are connected by
means of shear keys. . The 450mm thick, C25/30 reinforced concrete
vaults of the cut-and-cover tunnels have their inner cross section iden-
tical with the profile of the mined tunnel.

The final look of the eastern portal will be co-determined by an
about 100m long, right-side, coursed masonry faced gravity revetment
wall. The equipment services structure at the eastern portal will be
incorporated into the wall. The front portal slope will be stabilised in
the same way as the slope at the western portal, by Green Terramesh
stabilisation units at a gradient of 45°.

EVACUATION OF DRAINAGE AND RINSING WATER FROM
THE TUNNEL

Some technical changes, drawn from experience from previous tun-
nel constructions in Slovakia, were incorporated into the detailed
design for the tunnel drainage. The purpose of the changes was, first
of all, the elimination of details sensitive to failures and damage during
the course of the construction.

The changes contained in the modified design for the evacuation of
drainage water consist mainly of the replacement of the main DN 400
main sewer and the DN 150 drainage of the sub-grade by DN 350 dra-
inage piping, fulfilling both functions.

PVC-U DN 200mm perforated pipes are designed for the side dra-
ins located at the footing of the vault, between the primary lining and
secondary lining structures. The pipeline is placed throughout its
length on concrete bed and encased in porous concrete.

The main drain, consisting of DN 350 pipes with a perforated top
part, is encased in the lower part (up to the perforation level) in C16/20
concrete, while it will be protected by porous concrete on the top.

The main drain within the entire extent of the cut-and-cover tunne-
Is consists of pipes without perforation (PVC-U DN 400 in the eastern
portal section and PVC-U DN 250 in the western portal section), loca-
ted under the base slabs. Mechanical protection is provided by C16/20
concrete.

Permanent drainage of the cut-and-cover tunnel sections is provided
by DN 200 drainage pipes placed on the base slab. PVC-U DN 200
pipes without perforation are designed for the crossings of expansion
joints between cut-and-cover tunnels and mined tunnel tubes. This dra-
inage is connected to drainage cleaning niches, which are provided in
the initial blocks of the cut-and-cover tunnels at the eastern portal.



17. rocnik - €. 4/2008

Zmeny v modifikovanom ndvrhu odvedenia drendznych vod obsahuji
najmé nahradenie hlavného kanaliza¢ného zberaca DN 400 a odvodnenia
plane DN 150 za drendZne potrubie DN 350 plniace obe funkcie.

Bocné drendZzne odvodnenie umiestnené pitich klenby medzi konst-
rukciou primdrneho a sekunddrneho ostenia je mnavrhnuté
z perforovanych rir PVC-U DN 200 mm. Potrubie je po celej dlzke tune-
la uloZené na podkladny betén a obeténované filterbetonom.

Hlavny drendZzny zbera¢ DN 350 s perfordciou v hornej Casti je
v spodnej Casti obeténovany beténom C16/20 (po droven perforécie)
v hornej Casti bude chrdneny drendZnym medzerovitym beténom.

V celom rozsahu hlbenych tunelov je hlavny drenaZny zbera¢ navrh-
nuty ako plnostenny (PVC-U DN 400 — vychodny portalovy tisek a PVC-
U DN 250 — zdpadny portdlovy tsek) a umiestneny pod droviiou zdkla-
dovych dosiek. Mechanickd ochrana je zabezpeCena betéonom triedy
C16/20. .

Trvalé odvodnenie hlbenych Casti tunela je zabezpecene drenaZnymi
rirami profilu DN 200 umiestnenymi na zdkladovej doske. V mieste pre-
chodu cez dilatdciu hlbeny — razeny tunel je potrubie navrhnuté ako plno-
stenné z PVC-U DN 200. Toto drendZne odvodnenie je zistené do
vyklenkov Cistenia drendze, ktoré su navrhnuté v prvych blokoch hlbe-
nych tunelov na VP.

Pre odvedenie oplachovych vdd bola hlavnou zmenou zmena tvaru $tr-
binovych prefabrikdtov, zZlab odvodnenia vozovky md modifikovany tvar
umoznujici lepSie vyuZitie priestorov pre kdblové chrani¢ky ako aj lep-
Siu aplikdciu vodorovného dopravného znacenia.

Odvodnenie povrchu vozovky je realizované zo Strbinovych prefabrikd-
tov s obrubnikom (betdén C45/55, XD3, XF4 v sulade s STN-EN-206-1),
uloZenych vZdy na niZ8ej strane vozovky. Navrhnuty kladaCsky plan Str-
binovych prefabrikatov odvodnenia vozovky v dlzkovom usporiadani
4-4-2, zabezpecCuje kopirovanie spojov jednotlivych prefabrikdtov
a pracovnych Skér sekunddrneho ostenia tunela, a tym eliminuje moznost’
vzniku trhlin v §trbinovych prefabrikatoch. Cistiace Sachty dlzky 2 m si
situované kazdych 50 m.

VOZOVKA, CHODNIKY A KABLOVE TRASY

Na zédklade skisenosti z viacerych slovenskych dialni¢nych tunelov
bola v rdmci realizacnej dokumentécie v tuneli Borik navrhnutd overend
konStrukcia vozovky s nevystuZenym cementobeténovym krytom
s rezanymi prie¢nymi i pozdlZznymi Skdrami, ktord nahradila pdvodne
navrhnutd vozovku s ten$im krytom vystuZenym dratkobeténom.

Skladba vozovky v razenom tuneli je nasledovna:

Cementobeténovy kryt CB1 260 mm
Cementova stabilizacia 5 SCI 220 mm
Drenézna vrstva — Strkodrva ~ SD 0-32, 0-45 min 330 mm

Uvedend skladba bez drendZnej vrstvy s modifikovanou hribkou
cementovej stabilizdcie bude pouZitd aj v tsekoch hlbenych tunelov
a nidzovych zalivov.

Dvojvrstvovy cementobeténovy kryt hribky 26 cm bude deleny na
dosky rezanymi Skdrami vystrojenymi klznymi tffimi a kotvami.
Maximélny rozmer dosiek krytu vozovky je 5,0x3,6 m, pricom priecne
Skéry koreSponduju s pracovnymi Skdrami blokov sekunddrneho ostenia.

Umiestnenie reviznych Sachiet hlavného drendZneho zberaca
a osadenie poklopov do cementobeténového krytu je navrhnuté tak, aby
nedochddzalo k vzniku ,.divokych® trhlin cementobeténového krytu
vozovky.

Névrh rieSenia chodnikov a kdblovych trds reSpektuje poZiadavky
upraveného projektu technologického vybavenia tunela. Zmeny oproti
dokumentdcii na ponuku boli najmi nasledovné:

e uloZenie chrdniCiek 14 @40 HDPE do pravého chodnika lavej
(severnej) tunelovej riry, ¢im sa eliminovalo nepruzné uloZenie
vozovky v mieste navrhovaného kandla pre optické kable;

e zmena poctu, priemeru a osadenia chrani¢iek a zmena poctu, rozmi-
estnenia a velkosti kdblovych Sachiet vyplynula zo zmien technolo-
gického vybavenia tunela a novych poziarnych predpisov;

e uloZenie poklopov kdblovych Sachiet bude rieSené pomocou bet6-
nového ozubu, dodato¢ne zrealizovaného v mieste kdblovej Sachty.

ING. ROBERT ZWILLING, rzw@bhb.sk,
BASLER & HOFMANN SLOVAKIA, s. r. 0., BRATISLAVA,
ING. JAN SNOPKO, snopko@terraprojekt.sk,
TERRAPROJEKT, a. s., BRATISLAVA
Recenzovala: Ing. Viktoria Chomovd

Obr. 7 Zrealizované hibené ¢asti tunela na vychodnom portdli
Fig. 7 Completed cut-and-cover sections of the tunnel at the eastern
portal

The change in the shape of the slotted drain was the main change
regarding the evacuation of rinsing water. The shape of the slotted
drain was modified to allow better use of the space for cable ways and
better application of road markings.

Water from the roadway surface is evacuated through precast slotted
drains with curbs (C45/55, XD3, XF4 concrete complying with STN-
EN-206-1 standard), which are always installed on the lower side of
the roadway. The 4-4-2 configuration is designed in the laying plan for
the slotted drains, which means that the joints between individual
prefabricates copy the joints in the tunnel secondary lining. This con-
figuration eliminates the possibility of developing cracks in the slotted
drains. Inspection (cleaning) manholes 2m long are installed at 50m
spacing.

ROADWAY, WALKWAYS AND CABLEWAYS

A structure of the roadway verified on the basis of experience obta-
ined from several Slovak motorway tunnels was designed for the Borik
tunnel in the detailed design. It has an unreinforced concrete cover
with sawed transverse and longitudinal joints. This design replaced the
originally designed roadway with a thinner cover of steel fibre rein-
forced concrete.

The following roadway structure is used in the mined tunnel:

Concrete cover CBI 260 mm

Cement stabilisation SC1 220 mm

Drainage course — gravel-sand  SD 0-32,0-45  min 330 mm

The above-mentioned structure without the drainage course and
with the modified thickness of cement stabilisation will be used even
in the cut-and-cover tunnel sections and lay-bys.

The 26cm thick double-course cement cover will be divided into
slabs by sawed joints containing slipping dowels and anchors. The
minimum dimension of the top slabs is 5.0 x 3.6m, whilst the trans-
verse joints correspond to construction joints in the secondary lining
blocks.

The locations of inspection manholes on the main drain and instal-
lation of covers in the concrete roadway is designed in a way which
will prevent the development of “wild” cracks in the concrete road
cover.

The walkway and cable way design allows for requirements of the
modified tunnel equipment design. There were mainly the following
deviations from the final design (tender documents):

e the placement of 14 @#40 HDPE cableways under the right walk-
way in the left (northern) tunnel tube; thus the non-elastic bearing
of the roadway structure in the location of the proposed duct for
optical cables was eliminated.

e a change in the number, diameter and location of cableways and
a change in the number, location and dimensions of cable pits due
to changes in the tunnel equipment and new fire regulation.

e the mounting of cable pit covers will be solved by means of a dent
in concrete, which will be carried out additionally in the cable pit
location. )

ING. ROBERT ZWILLING, rzw@bhb.sk,

BASLER & HOFMANN SLOVAKIA, s. r. 0., BRATISLAVA,
ING. JAN SNOPKO, snopko@terraprojekt.sk,
TERRAPROJEKT, a. s., BRATISLAVA
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VYUKA GEOTECHNIKY NA FAST VSB-TU PO RESTRUKTURALIZACI
STUDIA NA VYSOKYCH SKOLACH V CESKE REPUBLICE
TEACHING GEOTECHNICS AT THE FACULTY OF CIVIL ENGINEERING,
VSB-TECHNICAL UNIVERSITY OSTRAVA AFTER RESTRUCTURALISA-
TION OF UNIVERSITY STUDY IN THE CZECH REPUBLIC

JOSEF ALDORF, JIR[ HORKY, EVA HRUBESOVA

uvob

Vyuka geotechniky a geotechnickych disciplin md na Vysoké skole
batiské-Technické univerzité (VSB-TU) Ostrava dlouhou tradici, protoZe
vyuka hornictvi, pro kterou byla $kola zfizena v roce 1849, sama o sobé
vzdy zahrnovala discipliny, které lze fadit do obsahové ndplné geotech-
niky ve smyslu Terzhagiho definice.

Od roku 1955, kdy byla ustanovena katedra vystavby dolt a pozd&ji
(1974) katedra geotechniky a vystavby dolu, se vyuka geotechniky sys-
tematicky rozviji jak z hlediska oboru, tak obsahové ndpIn¢ a struktury
studia. Rozvoj disciplin hornické geotechniky byl postupné vystfidan,
vzhledem k dtlumu hornictvi v letech 1968—-1970 a nésledné po roce
1989, Sir§im zamérenim do oblasti podzemniho stavitelstvi a envi-
ronmentalni geotechniky.

Po vzniku Stavebni fakulty VSB-TU (FAST) v roce 1997 vytvorila
katedra geotechniky a podzemniho stavitelstvi jednu z klicovych kateder
fakulty a akreditovala obory magisterského i doktorandského studia,
zamérené do oblasti geotechniky (obor geotechnického a podzemniho
stavitelstvi — Mgr. — a horninové inZenyrstvi — Dr.).

VYVOJ MAGISTERSKEHO STUDIJNIHO OBORU

Odbornd pedagogickd Cinnost katedry byla od pocdtku svého vzniku
v roce 1955 orientovéna predevsim na oblast vystavby dold, zejména hlu-
binnych. VyZadovala to predev§im velmi rozsdhld investiéni Cinnost
v hornictvi. Discipliny, jeZ byly katedrou odborné i pedagogicky péstova-
ny, se soustredily na predméty: Trhaci préice, Razeni dulnich dél, Stavebni
hmoty, Hloubeni jam, Stavitelstvi, Projektovdni banskych zafizen,
Vystavba dolu apod. Postupné, v souvislosti s ndznaky ttlumu hornictvi
a piipravou vyznamnych podzemnich staveb (prazské metro) v poloviné
Sedesdtych let, se zacala prace katedry vyraznéji orientovat na oblasti geo-
techniky a podzemniho stavitelstvi. Soubézné, od roku 1974, rozsitila
katedra své zaméfeni i na oblast projektovani dold. Orientace na podzem-
ni stavitelstvi a geotechniku se postupné prohlubovala, predev§im spole-
&enskou poptévkou po profilu absolventt a v dasledku rozsifovéni ptisob-
nosti hornickych vystavbovych podniku, které byly hlavnimi odbérateli
absolventu a kterym se oblast podzemniho stavitelstvi stala prevazujici
aktivitou (prikladem je vyvoj ptvodniho podniku Vystavba dolt uranové-
ho prumyslu k dne$ni spole¢nosti Subterra). Postupné se rovnéZ rozsiro-
valy ndroky na védomosti studentu z disciplin Cist€ stavebnich (betonové
a ocelové konstrukce aj.). Pres doCasné posileni investi¢ni Cinnosti
v hornictvi v 70. a 80. letech tento trend postupoval ddle a déle se posilo-
val zdjem na stavebn{ orientaci puvodné hornického oboru. K velmi vyraz-
né zméné doslo po roce 1989, kdy prudky ttlum hornictvi snahu po sta-
vebn( orientaci oboru jesté posilil a rozsifil ji o oblasti ekologickych sta-
veb, méstského stavitelstvi a staveb pramyslovych. Rozdéleni Ceskoslo-
venska mélo za ndsledek zaméreni i na dopravni stavitelstvi. Takova Site
zabéru byla zvladdnutelnd pouze roz§itenim potu obori se stavebnim
zaméfenim, jeZ se v Casové fadé postupné vyvijely takto:
* od roku 1955 — zaméfeni vystavba dolt v rdmci oboru dobyvani loZisek
* od roku 1976 — obor 21-22-08: Vystavba dolt a geotechnika
e od roku 1989 — obor 21-33-08: Hornické a podzemn{ stavitelstvi
profil: Podzemnf stavitelstvi a geotechnika
profil: Ekologické stavitelstvi
* od roku 1992 — obor 37-23-08: Geotechnické a dopravni stavitelstvi
profil: Podzemn{ stavitelstvi a geotechnika
profil: Dopravn{ stavitelstvi
¢ od roku 1997 — obor 36-19-08: Geotechnické a podzemni stavitelstvi
Od doby vzniku katedry (1955) absolvovalo inzenyrské studium
vystavbovych a geotechnicky zaméfenych oborad na HGF a FAST vice

INTRODUCTION

Teaching geotechnics and geotechnical disciplines has a long tradition at
the VSB-Technical University (VSB-TU) as teaching of mining programs,
for which the university was established in 1849, contained disciplines
which, in the sense of the definition of Terzhagi, are possible to line up in the
contentual context of geotechnics.

Since the founding of the Department of Mine Construction in 1955 and
later the founding of the Department of Geotechnics and Mine Construction
in 1974, the teaching of geotechnics have systematically developed not only
in the light of specialisation but also in the contentual context and study struc-
ture. Development of mining geotechnical disciplines have been gradually
replaced, due to the downturn of mining industry in 1968-1970 and subse-
quently in 1989, by a broader specialization in the area of underground engi-
neering and environmental geotechnics.

After the creation of the Faculty of Civil Engineering in 1997, the
Department of Geotechnics and Underground Engineering, one of the key
departments of the faculty, was founded and then the master’s and doctoral
programs had been accredited in the area of geotechnics (study program
Geotechnics and Underground Engineering).

DEVELOPMENT OF THE MASTER'S PROGRAM

Since the establishment of the department in 1955, the teaching activity of
the department has mainly oriented to the area of construction of mines, par-
ticularly the deep ones. This was necessary due to the very extensive invest-
ment activities in the mining industry. Disciplines, which had been expertly
and pedagogically cultivated by the department, converged into the subjects
like: Blasting, Driving of Mine Workings, Construction Materials, Shaft
Sinking, Structural Engineering, Mine Facilities Design, Construction of
Mines etc. Gradually, in connection with the indications of recession in the
mining industry and preparatory work for important sub-surface constructi-
on projects (for example, Prague underground transport project) in the midd-
le of the sixties of the last century, the departmental work started distinctly to
orient towards the areas of geotechnics and underground engineering.
Concurrently, the department had extended its work in the field of mining to
the area of mine planning since 1974. Orientation towards the field of
underground engineering and geotechnics gradually took roots according to
the societal demands on the profile of the graduates and in consequence of
the expansion of activities of mine construction companies, who were the
main employers of the graduates, to the field of underground engineering
which became their main sphere of activities (An example is, the transfor-
mation of the company “Construction of Mines of Uranium Industry” to the
today’s Subterra.) Greater demands were as well placed on the knowledge of
the students in pure structural disciplines (concrete and steel structures etc.).
In spite of a temporary strengthening of investment activities in mining
industry in the seventies and eighties, this trend further continued and the
interest of constructional orientation of initial mining program gained furher
strength. After 1989, a great change in orientation took place, when due to
the sudden recession in the mining industry the efforts towards constructio-
nal orientation of the program further strengthened and extended in the fields
of ecological structures, municipal engineering and construction of industri-
al objects. The division of Czechoslovakia had the impact of extension of ori-
entation towards transport engineering. This wide spectrum was manageable
only by the extension of a number of study programs with orientation
towards construction. They have developed on the following order:

e since 1955 - specialization in the field of mine construction within the

program Mining of Deposits

esince 1976 - Program no. 21-22-08: Construction of Mines and

Geotechnics
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neZ 570 posluchatu. Obor geotechnické a podzemni stavitelstvi byl na
FAST akreditovan do roku 2007 se zafazenim do studijniho programu
36-07-T stavebni inZenyrstvi s délkou studia 5 roku.

Studium bylo zakonceno obhajobou diplomové préce a stétni zdvérec-
nou zkouskou a bylo realizovdno kreditnim zpusobem. Obsahovalo
povinny Uplny geotechnicky a stavebni zdklad (Horninové inZenyrstvi,
Rozpojovani hornin, RaZeni a vyztuzovani podzemnich dél, InZzenyrsk4
geologie a hydrogeologie, Mechanika podzemnich konstrukci, Podzemni{
stavby, Zakladani staveb, Uprava vlastnosti hornin a zemin), na ktery
navézal volitelny vybér disciplin podrobnéjsitho profesniho zamérent,
jenZ naplioval obsah 4 studijnich zamétent:

* Podzemn{ stavitelstvi

* Geotechnika

* Dulni stavitelstvi

» Trhaci technika a rozpojovani hornin

Absolvent tzv. dlouhého magisterského studijntho oboru je schopen
plnit inZenyrské tkoly (navrhovani, realizace, projektovani a kontrola)
v oblasti geotechnického a podzemniho stavitelstvi, specidlni geotechni-
ky, enviromentdlni geotechniky, geotechnického prizkumu, rozpojovéani
hornin a ddln{ vystavby.

STRUKTURALNI PRESTAVBA STUDIA A MOZNOSTI STUDIA
GEOTECHNIKY

V souvislosti s pldnovanym vstupem CR do EU a nutnosti prizptisobit
vzdéldvaci systém vysokych Skol pozadavkam EU formulovanym v tzv.
Bolonské deklaraci ministra $kolstvi zemi EU, bylo pristoupeno ke struk-
turdlni prestavbé studia zaloZené na zavedeni tfistupnového modelu
vysokoskolské pripravy v etapach:

e bakalérské studium

* magisterské studium

* postgradudlni (doktorandské) studium

Po fadé analyz a diskusi k profilu jednotlivych stupnii piipravy byl na
FAST VSB-TU prijat model vyuZivajici tyto délky studia:

* 4 roky bakaldfského studia (Bc.)

* 1,5 roku magisterského studia (Ing.)

* 3 roky doktorandského studia (Ph.D.)

V rdmci strukturdlni prestavby byl sjednocen ndzev oboru ve vsech
etapdch studia a po akreditaci byla v akademickém roce 2003/04 zahdje-
na vyuka v oboru:

* Bc. obor 3647R017 Geotechnika (4-lety)

* Mgr. (Ing.) obor 3607T035 Geotechnika (1,5-lety — navazujici ma-

gisterské studium)

* Ph.D. obor 3607V035 Geotechnika (3-lety)

Délka studia ma z hlediska pfipravy studenti v oblasti geotechniky
mimorddny vyznam. Filozofie zdsad tvorby bakaldfskych programu
vychdzela z téchto skuteCnosti a pozadavka na profil absolventa:

« absolvent bakaldrského studia musi byt pouZitelny a pfipraveny pro

stavebné-geotechnickou praxi predev§im v oblasti provoznich
a organizatorskych funkci. Musi tedy zvladnout jak obecné stavebni
zéklad, tak zdkladn{ geotechnické discipliny v rozsahu prevySujicim
troven absolventdi priimyslovych 3kol, jejichz odbornd tradice
a troven v podminkdch CR a SR je zndmd. TotéZ se tykd rozsahu
ekonomické a manazerské pripravy;

e absolvent bakaldrského studia musi zvlddnout takovou tdroven

a rozsah teoretického a pifrodovédného zdkladu, ktery mu umoZzni

-
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Obr. 1 Exkurze studentii VSB TU Ostrava na Zelezniéni tunel Mald Huba
Fig.1VSB TU Ostrava students on excursion to the Mald Huba railway tunnel
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esince 1989 - Program no. 21-33-08: Mining and Underground
Engineering

Specialisation: Underground Engineering and Geotechnics

Specialisation: Ecological Engineering

esincel992 - Program no. 37-23-08: Geotechnical and Transport

Engineering

Specialisation: Underground Engineering and Geotechnics

Specialisation: Transport Engineering

*since1997 - Program no. 36-19-08: Geotechnical and Underground

Engineering

Since the establishment of the department in 1955, more than 570 students
have completed the engineering programs with specialisation in the fields of
construction and geotechnics at the Mining Engineering Faculty and at the
Faculty of Civil Engineering. The 5-year program Geotechnical and
Underground Engineering has been accredited (up to 2007) within the study
program no. 36-07-T ,,Civil Engineering".

The program had been realised through credit system and used to be finis-
hed by the defence of undergraduate thesis work and final public examinati-
on. The compulsory part of the program included basic subjects from geo-
technical and civil engineering fields (Mining Engineering, Rock
Disintegration, Driving and Supporting of Underground workings,
Engineering Geology and Hydrology, Mechanics of Underground Structures,
Underground Constructions, Foundation Engineering, Improvement of Soil
and Rock properties), and this was further supported by elective selection of
disciplines of more detailed professional specialisation, which was satisfied
by the contents of 4 specialisations:

e Underground Engineering

* Geotechnics

* Mining Constructions

* Blasting Technics and Desintegration of Rock

A graduate of the so called lengthy master”s program is able to fulfil engi-
nering tasks (making proposals, realization, design and supervision) in the
area of geotechnical and underground engineering, special geotechnics, envi-
ronmental geotechnics, geotechnical prospecting, disintegration of rocks and
mine constructions.

STRUCTURAL MODIFICATION OF THE PROGRAM
AND THE POSSIBILITIES OF STUDYING GEOTECHNICS

Structural modification of the program has been done in connection with
the planned accession of the Czech republic to EU and the necessity of ado-
pting the university education system to the requirements of EU formulated
by the so called ,,Bologna Declaration* made by EU Ministers of Education.
It is based on the introduction of 3-phase university education system in dif-
ferent stages:

* Bachelors Program

* Master’s Program

* Postgradual(Doctoral) Program

After a series of analysis and discussions regarding the contents of parti-
cular level of education and training, the Faculty of Civil Engineering has
accepted the following duration of study under each phase :

* 4 years in case of the bachelor program (Bc.)

* | and a half year in case of the master’s program (Ing.)

* 3 years in case of the doctoral program (PhD.)

The name of the program has been unified in all stages of study within the
framework of structural modification and subsequent to accreditation tea-
ching activities have started in the academic year 2003/04:

* Bc. Program 3647R017 Geotechnics (4-year program)

* Master’s (Ing.) program 3607T035 Geotechnics (1 and a half year — con-

sequent master’s program)

* Ph.D. program 3607V035 Geotechnics (3 year program)

The program duration has great importance for education and training of
students in the area of geotechnics. Philosophical basis for the development
of bachelor programs have stemmed from the realities and demands on the
profile of the graduates. Those are:

» graduate of bachelor program must be useable and prepared mainly for
constructional geotechnical tasks to be performed in the field and orga-
nisational positions. They must, therefore, have sufficient knowledge on
civil engineering basics as well as basic geotechnical disciplines to the
extent of more than the graduates from industrial schools, whose techni-
cal and professional tradition and standard is known in the Czech and
Slovak Republic. This also relates to the extent of training and education
in management and economic disciplines.

» graduate of bachelor program must have such standard and extent of the-
oretical and natural science basics, which will enable him to continue in
the engineering and doctoral education without the necessity of speciali-

sed training courses.
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pokracovat v nasledné inZenyrské a doktorandské piipravé bez nut-
nosti specidlnich doskolovacich kurzu;

* hodinové zatiZeni studenti je nutno sniZit s ohledem na evropské

a svetové trendy a do vyuky max. zapojit moderni vyukové prostredky;

* studijni pldn bakaldského studia musi umoZznit mobilitu studentl

v ramci CR i jinych evropskych $kol a vzajemnou uznatelnost absol-
vovanych zkousek;

« absolvent bakaldrského studia musi mit prileZitost po urcité praxi zis-

kat autorizacni osvédéeni v oboru.

Zkuenost z realizace Ctyfletych inZenyrskych programu v neddvné
minulosti (1981-1994) potvrzuje, Ze tento zdmér je redlné dosazitelny
a Ze absolventi tohoto typu studia mohou byt ve stavebné-geotechnické
praxi tspésni.

Studijni pldn bakaldfského oboru geotechnika zarazeny do studijniho
programu Stavebni inZenyrstvi navazuje na spolecné dvouleté studium,
v jehoZ rdamci jsou zatazeny zdkladni prirodovédné, spolecensko-ekono-
mické a stavebni discipliny (matematika, fyzika, chemie, geologie,
pozemni stavitelstvi, geodézie, statika, teorie architektury a dalsi)
a v rdmci dal3ich stavebné-technickych a technologickych disciplin ddva
mozZnost specializatniho studia geotechnickych predméti v rozsahu
a struktufe:

* geologie 3. semestr — 3+2 hod. *

 mechanika hornin a zemin — 4. semestr — 3+2 hod. *

e zakladdn{ staveb — 5. semestr — 2+2 hod. *

* inZenyrskd geologie a hydrogeologie — 5. semestr — 242 hod. *

e trhaci prace a rozpojovani hornin — 5. semestr — 2+2 hod. *

e razeni a vyztuZovani podzemnich dél — 6. semestr — 2+2 hod. *

e tprava vlastnosti hornin a zemin — 6. semestr — 242 hod. *

* environmentdlni geotechnika — 7. semestr — 2+2 hod. *

* podzemnf stavitelstvi — 7. semestr — 2+2 hod. *

e zakladdn{ ve slozitych podminkdch — 7. semestr — 2+2 hod. *

* geotechnicky monitoring — 8. semestr — 2+2 *

* tydenni rozsah vyuky

Tato struktura disciplin zajiStuje, Ze absolvent tohoto oboru ziskd
zdkladni geotechnické znalosti v Sirokém teoretickém i praktickém roz-
sahu (v¢. odborné praxe), na které navaze rada specidlnich geotechnic-
kych disciplin v navazujicim magisterském studiu oboru. Jsou to prede-
v§im:

» mechanika podzemnich konstrukei — 9. semestr — 242 hod. *

* geohydrodynamika — 9. semestr — 2+2 hod. *

e razeni podzemnich dél a jam — 9. semestr — 2+2 hod. *

e vétrani podzemnich dél — 9. semestr — 242 hod. *

« technické odstfely a jejich i¢inky — 9. semestr — 242 hod. *

* modelovani v geotechnice — 9. semestr — 0+3 hod.

* podzemni stavby — 10. semestr — 2+2 hod.

* geotechnické stavby — 10. semestr — 242 hod.

e silni¢ni a geotechnickd laborator — 10. semestr — 0+3 hod.

e statika a dynamika geotechnickych staveb — 10. semestr — 3+2 hod.

e diplomovy projekt — 11. semestr — 0+10 hod.

Je treba zduraznit, Ze toto geotechnické vzdéldni probihé ve vzajemné
provédzanosti s odbornymi Cisté stavebnimi disciplinami (stavitelstvi;
betonové, ocelové a drevéné konstrukce; stavebni hmoty; stavebni
mechanika, spolehlivost staveb, ekonomika ve stavebnictvi; atd.), takze
je souCasné naplnovan profil stavebniho inZenyrstvi a moznost uplatnén{
absolventa se vyrazné rozsifuje.

POSTGRADUALNI STUDIUM GEOTECHNIKY

Nedilnou soucdsti védecké a pedagogické prce byla vzdy védecka pri-
prava (védeckd aspirantura). V rdmci této pripravy byli zdjemci
o védeckou ¢innost v oblasti vystavby dold vychovévéni, od zaveden{
této formy v tehdejsim Ceskoslovensku (pfiblizné od roku 1960),
v rdmci komise — Dobyvéni loZisek (v subkomisi pro vystavbu dolu).
Celkovy pocet ,.kandidatu véd* (CSc.) za dobu existence této subkomise
je 55.V souvislosti s prechodem na postgraduélni doktorandské studium
(Zakon o vysokych Skoldch z roku 1990) byla ve Skolnim roce 1991/92
tato forma studia zahrnuta do studijniho oboru Hornické a podzemnf sta-
vitelstvi. V souvislosti s nutnosti prohloubeni znalosti z geotechniky
a véd souvisejicich s horninovym prostredim byl v roce 1994 akreditovdn
studijni obor doktorandského studia Horninové inZenyrstvi, jenz spolu
s katedrou geotechniky a podzemniho stavitelstvi garantoval
i spolupracujici Ustav geoniky AV CR v Ostravé, z jehoZ pracovniki se
rekrutovali Skolitelé i garanti nékterych disciplin. Studijni obor dokto-
randského studia 21-12-09 Horninové inZenyrstvi byl primym pokraco-
vanim inZenyrského studijniho oboru geotechnické a podzemni stavitel-
stvi, prohluboval jeho poznatky s durazem na samostatnou védeckou
préaci doktoranda. Zakladnim objektem zdjmu byl horninovy masiv v celé
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e it is necessary to reduce credit load of students with regard to the European
and world trends and ensure maximum use of modern teaching tools.

e curriculum of bachelor program must make mobility of students possible wit-
hin the Czech republic and to other European universities and ensure mutual
recognition of the finished examinations

* after certain years of experience, the graduate of bachelor program must have
the opportunity to obtain authorised certificate in the field of activities.

Experience from the realization of 4-year engineering programs in the past

(1981-1994) certifies that this goal is realistic and achievable and graduates of this
type of program can be successful in the constructional geotechical area.

Curriculum of bachelor program ,,Geotechnics™ is included in the study program

,,Civil Engineering” and the first two years are based on a common curriculum
which contains basic natural science, socio-economic and engineering disciplines
(mathematics, physics, chemistry, geology, underground engineering, geodesy, sta-
tic, theory of architecture and others). The other part of the program based on con-
structional technical and technological disciplines offers the possibilities of speciali-
zed study of geotechnical subjects as per the following structure and extent:

* Geology 3rd semester— 342 hours*

* Mechanics of Soil and Rock — 4th semester— 3+2 hours *

* Foundation Engineering—5th semester—2+2 hours *

* Engineering Geology and Hydrogeology — 5th semester — 2+2 hours *

* Blasting and Rock Disintegration — Sth semester — 2+2 hours *

* Driving and Supporting of Underground Workings — 6 th semester
— 242 hours *

e Improvement of Soil and Rock properties — 6th semester — 2+2 hours *

* Environmental Geotechnics — 7th semester — 2+2 hours *

e Underground Engineering — 7th semester — 242 hours *

» Foundations in Complicated conditions — 7 semester — 242 hours *

* Geotechnical Monitoring — 8th semester — 2+2 hours *

* - weekly teaching load
This structure of disciplines ensures that graduate of this program obtains basic
geotechnical knowledge in a broad theoretical and practical extent (including tech-
nical training), and, a series of special geotechnical disciplines related to that body
of knowledge is offered in the master’s program . In particular, those are:

* Mechanics of Underground Structures — 9th semester — 2+2 hours *

* Geohydrodynamics— 9th semester — 242 hours *

* Excavation of Mine workings and Shafts — 9th semester — 2+2 hours *

* Ventilation of Underground Workings —9th semester — 2+2 hours *

» Technical Blasts and Their Effects — 9th semester — 2+2 hours *

* Modelling in Geotechnics — 9th semester — 0+3 hours

* Underground Structures — 10th semester — 2+2 hours

* Geotechnical Structures — 10th semester — 242 hours

* Road and Geotechnical laboratory — 10th semester — 0+3 hours

» Statics and Dynamics of geotechnical constructions — 10th semester — 3+2 hours

* Undergraduate Thesis work -11th semester — 0+10 hours

It is necessary to emphasize, that this geotechnical education is realised in the

mutual relationship with professionally pure civil engineering disciplines (con-
struction; concrete, steel and wooden structures, building materials, , structural
mechanics, reliability of structures, economics in construction industry etc.), the-
refore, the profile of civil engineer is simultaneously fulfilled and the possibility
of placement of graduate is further expanded.

POSTGRADUATE STUDY OF GEOTECHNICS

The unseperable part of scientific and pedagogical works always was the tra-
ining for scientific works (research and study towards the degree CSc.).Within
the framework of this program, the interested persons had been educated and tra-
ined in the scientific activities in the area of construction of mines since the ini-
tiation of this form of study in the then Czechoslovakia (around the year 1960)
under the jurisdiction of the committee “Mining of Deposits”(sub-committee for
construction of mines). The total number of persons who have been awarded the
degree of Candidate of Science during the life of this sub-committee is 55. As a
result of transformation into the postgradual doctoral program (University Act
1990), this program has been included within the study field ,,Mining and
Underground Engineering”. In connection with the necessity of deepening the
knowledge of geotechnics and sciences related with the rock environment, the
doctoral program ,,Rock Enginnering" was accredited in 1994 and the responsi-
bility of maintaining the quality of the program had been jointly taken up by the
Department of Geotechnics and Underground Engineering along with the
Institute of Geonika of the Czech Academy of Science located in Ostrava and
some research guides and persons had been recruited from the ranks of this insti-
tute as research guide and persons guaranteeing certain disciplines. Doctoral
program 21-142-09 ,,Rock Engineering* was the direct continuation of the
engineering program ,,Geotechnical and Underground Engineering", and deepe-
ned knowledge base with emphasis on independent scientific work of the Ph.D
student. Basic object of interest was rock mass in itS whole entity and comple-
xity. The aim of the doctoral study was to manage the issues of ,,working with
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své §ifi a komplexnosti. Cilem doktorandského studia bylo zvlddnuti pro-
blematiky prace s horninou a v horninovém prostredi. Studijni obor byl
systémovy, zaloZeny na multidisciplindrnim pojeti, coz nejlépe doku-
mentuje nezanedbatelny podil odborniku fady $pickovych geotechnic-
kych pracovist CR pii zajisténi vyuky v oboru. Obsah oboru odpovidal
studijnim smérim rozvijenym ve vyspélych zemich (Felsbau, Rock
Engineering), jak dokldda seznam studijnich disciplin:

A. Pfedméty teoretického zdkladu:

e fyzika hornin

¢ inZenyrskd geologie

* konstitutivni modelovani geomateridlu

» matematické a fyzikdlni modelovén{ v horninovém inZenyrstvi

* teoretickd geomechanika

B. Piedméty odborné:

* aplikovana geomechanika

* geofyzikdlni metody pruzkumu

* hydrogeologie a odvodnovéni

* inZenyrsk4 klasifikace horninového masivu

* kotven{ hornin

* monitoring a inverzni analyza v horninovém inZenyrstvi

* stabilita svahu a sanace svahu

* stabilita zdklad a zdkladovych jam

e Uprava vlastnosti hornin a zemin

C. Pfedméty aplikované:

» geotechnika a geotechnické stavby

* mechanika podzemnich konstrukc{

« geotechnika sklddek odpadu

* podzemni stavitelstvi

e pripadové studie v horninovém inZenyrstvi

e rozpojovani hornin

* technologie dobyvéni uzitkovych surovin

* technologie raZenf a hloubeni podzemnich objekt

e vliv antropogenni ¢innosti v horninovém masivu na Zivotn{ prostredi

* zakladdn{ staveb

Tato koncepce byla s malymi tpravami prevzata i pro model struktu-
rovaného studia. V roce 2005 byl obor akreditovan se zménou nazvu na
3607V035 Geotechnika s délkou studia

3 roky v internim studiu;

5 let v externi forme studia.

Studium je vybérové, urfené pro nejlepsi absolventy navazujiciho
magisterského studia a odborniky geotechnické praxe. Od akademického
roku 2007/2008 je realizovano kreditnim systémem.

Dals{ rozvoj oboru Geotechnika je spojen predevsim s pokracujicim
intenzivnéj$im vyuzivanim podzemi pro civilizatni, ekologické
a urbaniza¢ni potfeby spolecnosti, s rozvojem potieby zavadeni efektivnéj-
Sich, ekonomiltéjSich a bezpecnéjsich metod provadéni podzemnich staveb.

Zékladni sméry rozvoje spatfujeme zejména v:

e orientaci na komplexnéj$i poznéni fyzikdlnich zdkonitosti jevi

a interakef odehravajicich se v horninovém masivu v procesu vytva-
feni podzemniho dila

e orientaci na inovace a technologicky rozvoj procesu provadéni pod-

zemnich dél

e orientaci na zhospoddrnéni vystavby a vySS$i bezpeCnost prace

v horninovém prostred{

e rozvoji disciplin z oblasti podzemniho urbanizmu a jejich zaClenéni

do studia geotechniky ve vSech formach
* tvorbé a vyuZivdni informacnich a znalostnich databdzi a systémua
e vyuziti systému e-learningu a bibliografickych databdzi v procesu
vyuky a efektivnéjsim vyuZziti laboratornich, vypocétovych
a simulagnich metod v piipravé studentu

e vy$§im vyuZivani odbornych praxi a exkurzi v procesu bakaldrského
a magisterského studia

e zkvalitnéni pfipravy v oblastech fizeni a vedeni pracovnich tymd,
ekonomiky a pripravy a realizace staveb s vyuZitim odbornika
Z praxe

* zkvalitnéni pripravy pedagogi a metod vyuky a jejich zapojeni do
veédecko-vyzkumné a odborné price a spoluprdce s praxi, ve vyS§im
vyuZiti tymové préce a jejtho multidisciplindrniho charakteru.

PROF. ING. JOSEF ALDORF, DrSc., josef.aldorf@vsb.cz,
PROF. ING. JIRI HORKY, CSc., jiri.horky@vsb.cz,

DOC. RNDr. EVA HRUBESOVA, Ph.D., eva.hrubesova@ysb.cz,
KATEDRA GEOTECHNIKY

A PODZEMNIHO STAVITELSTVI FAST, VSB-TU OSTRAVA

Recenzoval: Prof. Ing. Jifi Bartdk, DrSc.
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rocks and in the rock environment“. The study program was systematic, based
on multidisciplinary concept, which can be best documented by the fact that
there was unnegligible participation of specialists in the teaching activities from
top geotechnical working places in the Czech republic. Content of the program
respected the direction of study developed in advanced countries (Felsbau, Rock
Engineering), as is evident from the list of study disciplines:

A. Subject of theoretical basis:

* Rock Physics

» Engineering Geology

e Constitutive Modelling of Geomaterials

» Mathematical and Physical modelling in Mining engineering

* Theoretical Geomechanics

B. Technical subjects:

* Applied Geomechanics

* Geophysical Survey Methods

e Hydrogeology and Dewatering

* Engineering Classification of Rock Mass

* Rock Bolting

* Monitoring and Back Analysis in Mining Engineering

* Stability of Slopes and Slope redevelopment

* Stability of Foundations and Foundation Shafts

e Improvement of Soil and Rock properties

C. Applied subjects:

* Geotechnic and Geotechnical Structures

* Mechanics of Underground Structures

* Geotechnics of Waste Disposal

e Underground Engineering

* Case studies in Mining Engineering

* Rock Disintegration

* Mining of Raw Materials

* Excavation of Underground Objects

* Influence of Anthropological Activities in Rock mass on Environment

» Foundation Engineering

This concept along with some minor modifications has been taken up also for the
model of the structured study program. The program has been accredited in 2005
with the change of program fitle to ,,Geotechnics™ having following duration:

* 3 years for internal study

e 5 years for external study

The study is a selective one, and meant for the best graduates of the related mas-
ter’s program and specialists with work experience in geotechnical areas. From the
academic year 2007/2008 the study is being realised through a credit system.

DEVELOPMENT OF GEOTECHNICAL STUDY PROGRAM

Further development of Geotechnic program is first of all connected with the
continued intensive utilisation of underground for civilization, ecological and
urbanisation needs of the society, with the development of needs of introducing
more effective, economic and safe methods of realisation of underground con-
structions.

Particularly, we see the basic directions of further development in:

* orientation towards more complex understanding of physicall laws of effects
and interactions playing within the rock mass in the process of construction of
underground workings

e orientation towards innovation and technological development of the process
of construction of underground workings

* orientation towards the economisation of construction and higher work safety
in rock environment

* development of disciplines in the area of underground urbanism and their inc-
lusion in the study program of geotechnics in all forms

* creation and utilization of information and knowledge database and systems

e utilization of systems of e-learning and bibliographic databases in the teaching
process and more effective use of laboratory, computational and simulation
methods in the training and education of students

* higher utilisation of professional training and excursions in the process of
bachelor and master’s program

» enhancing quality of training and education in the area of management and
team management, economics, preparation and realization of construction by
utilising the specialistss from the field

* enhancing quality of training and education of teachers and the methods of
teaching and their involvement in scientific research and professional work in
collaboration with the industry, higher utilization of team work and their mul-
tidisciplinary character.

PROF. ING. JOSEF ALDORF, DrSc., josef.aldorf@vsb.cz, PROF. ING.
JIRI HORKY, CSc., jiri.horky@ysb.cz,

DOC. RNDr. EVA HRUBESOVA, Ph.D., eva.hrubesova@vsb.cz,
KATEDRA GEOTECHNIKY

A PODZEMNIHO STAVITELSTVI FAST, VSB-TU OSTRAVA
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KOMPLEXNI VYUKA OBORU PODZEMNI STAVBY
NA CVUT V PRAZE
UNDERGROUND CONSTRUCTION COMPREHENSIVE TEACHING
AT THE CZECH TECHNICAL UNIVERSITY IN PRAGUE

JAN PRUSKA, SVATOSLAV CHAMRA

SYSTEM VYUKY NA FSV CVUT

Studium na FSv CVUT se fidi kreditnim systémem, srovnatelnym se
studiem na podobnych Spickovych technickych univerzitich Evropy.
Systém studia je zaloZen na predpokladu osobni odpovédnosti studenta
za svuj odborny profil i za organizaci svého studia. Fakulta k tomu vytva-
ii predpoklady tim, Ze k povinnym predmétim jednotlivych studijnich
oboru nabizi studentim skupiny volitelnych predméti prohlubujicich
vzdélani v urCitém profesnim zaméfeni a dédle volitelné predméty.
Akademicky rok md dva semestry, zimnf a letni, sklddajici se ze 14 tydna
vyuky a 6 tydna zkouskového obdobi. V obdobi letnich prazdnin se téZ
konaji vyuky v terénu z nékterych predmétu, vycvikové kurzy a praxe
studentt. Uchaze&i o studium jsou prijimédni do strukturovanych studij-
nich programu. To znamend, Ze po Uspé$ném ukoncenf bakalarskych pro-
gramu muZe jejich absolvent pokraovat ve studiu v navazujicich magis-
terskych programech a ddle muZe pripadné pokrafovat ve studiu
v doktorskych programech.

Stavebni fakulta CVUT v Praze v sou¢asné dobé umoziuje prezencni
formou bakaldfské a magisterské studium a prezenéni ¢i kombinovanou
formou doktorské studium. Bakalafské studium je mozné v ndsledujicich
studijnich programech: stavebni inZenyrstvi (v ¢eském nebo anglickém
jazyce), geodézie a kartografie, architektura a stavitelstvi, bezpe¢nostni
a rizikové inZenyrstvi. Kazdy studijni program se déli déle na jednotlivé
studijni obory (tab. 1). Na programu stavebni inZenyrstvi jsou prvni dva
roéniky spole¢né pro vSechny studenty, rozdéleni studenti do obort
podle jejich zdjmu a s ohledem na kapacitu kateder zajistujicich oboro-
vou vyuku se provadi v prubéhu &tvrtého semestru. Prehled predmétu,
které nabizi studentim katedra geotechniky v jednotlivych studijnich
programech je uveden v tabulce 2 mimo doktorské studium. Po ziskan{
predepsaného poctu kreditt v predepsané skladbé je studium ukon&eno
statn{ zdvére¢nou zkouskou, jejiz ¢dsti je obhajoba bakaldiské prace. Pri
slavnostni promoci se absolventim udéluje akademicky titulu bakaldr
(Bc.). Standardni doba studia v bakalarskych programech je 4 roky.

Tab. 1 Studijni programy a obory bakaldrského studia a pocty
studentu ve Skolnim roce 2007/2008

Stavebni inZenyrstvi — v Ceském jazyce (2749 studenti)
Konstrukce pozemnich staveb

Konstrukce a dopravni stavby

Vodni hospodarstvi a vodn{ stavby

InZenyrstvi Zivotniho prostredi

Management a ekonomika ve stavebnictvi

Informacni systémy ve stavebnictvi

Materidlové inZenyrstvi

Geodézie a kartografie — v Ceském jazyce (419 studentt)
Geodézie a kartografie
Geoinformatika

Architektura a stavitelstvi — v Ceském jazyce (997 studenti)
Architektura a stavitelstvi

Civil Engineering — v anglickém jazyce (44 studenti)
Building structures

Magisterské studium nabizi navazujici studium na bakalarské studijni
programy (1,5 roku, u oboru Architektura a stavitelstvi 2 roky), navic
vSak nabiz{ studijni program Budovy a prostredi (téZ v anglickém jazy-
ce). Po ziskani predepsaného poctu krediti v predepsané skladbé je
studium ukonceno stdtni zdvéreénou zkouskou, jejiz Casti je obhajoba

EDUCATION SYSTEM AT THE FACULTY OF CIVIL
ENGINEERING OF THE CZECH TECHNICAL UNIVERSITY

Studies at the Faculty of Civil Engineering of the Czech Technical
University (CTU) are controlled by a credit system, which is comparable
with the systems which are used at similar top-level technical universities in
Europe. The study system is based on the assumption that each student is
personally responsible for his or her professional profile and organization of
his or her studies. The faculty creates conditions for this system by means
of the offering to students packages of optional subjects which improve the
education in certain professional direction, and other optional subjects.
These subjects are added to the subjects which are compulsory for indivi-
dual fields of study. An academic year has two semesters, i.e. the winter and
summer semesters. Each semester consists of a 14-week teaching period and
a 6-week examination period. During summer holidays, field training events
focused on some subjects take place, as well as training courses and short-
term employment of students in the field of construction. Applicants for the
studies are admitted to structured study programs. This means that once
a student successfully graduates from Bachelor’s programs, he or she can
continue to study in Master’s study programs and, possibly, to continue furt-
her in Doctoral programs.

The Faculty of Civil Engineering of the CTU in Prague currently offers
Bachelor’s and Master’s studies in the attendance form and Doctoral studies
in the attendance or combined form. Bachelor’s studies are possible in the
following study programs: Civil Engineering (both in Czech and English),
Geodesy and Cartography, Architecture and Building Engineering, Safety
and Risk Engineering. Each of the study programs is sub-divided into indi-
vidual fields of study (Table 1). Initial two years of the Civil Engineering pro-
gram are common for all students; the division of students into the individu-
al fields of study is carried out during the fourth semester, according to their
interest and with respect to the capacity of the departments providing the tea-
ching in the particular fields of study. The list of the subjects which are offe-
red to students by the Department of Geotechnics is presented in Table 2
except for doctoral study. When the prescribed number of credits has been
obtained in the prescribed configuration, the study is finished by the final state
exam, with the Bachelor’s thesis defense being part of the exam. Graduates
are awarded the academic title of Bachelor (Bc) at a graduation ceremony.
Standard duration of the study within Bachelor’s programs is 4 years.

Table 1 Study programs and fields of Bachelor’s study; numbers of students
in the academic year 2007/2008

Civil Engineering — in Czech (2749 students)
Building Structures

Structural and Transportation Engineering

Water Management and Water Structures
Environmental Engineering

Management and Economics in the Building Industry
Information Systems in the Building Industry
Material Engineering

Geodesy and Cartography — in Czech (419 students)
Geodesy and Cartography
Geoinformatics

Architecture and Building Engineering — in Czech (997 students)
Architecture and Building Engineering

Civil Engineering — in English (44 students)
Building structures
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diplomové price. Absolventi ziskdvaji titul inZenyr (Ing.). Standardn{
doba studia je 1,5 roku, v programu Architektura a stavitelstvi 2 roky.

Studenti se v jimi zvoleném bakaldrském ¢i magisterském studijnim
oboru hlési asi na deset predmétt v kaZzdém semestru, z nichZ pét je obvy-
kle zakonc¢ovano zkouskou. Kazdy predmét se hodnoti kredity (1 kredit
predstavuje asi 1 hodinu tydng€, hlavni predméty jsou hodnoceny o néco
vice). Standardn{ studijni zatiZeni je 30 krediti béhem &trndctitydenniho
semestru. Systém krediti CVUT je kompatibilni s evropskym systémem
ECTS (European Credit Transfer System). Siroké nabidka volitelnych
kurzt umoznuje studentim, aby se soustfedili na vybranou specializaci,
jejiz zvladnuti nakonec predvedou ve svém zdvére¢ném bakaldrském
projektu a v diplomové prici.

Doktorské studium je Ctyrleté prezenéni ¢i kombinovanou formou a je
mozné v téchto studijnich programech: Stavebni inZenyrstvi (v Cestiné ¢i
angli¢tiné), které se dédle Cleni na 8 studijnich oboru, Geodézie
a kartografie (v CeStiné ¢i angli¢tin€) a Architektura a stavitelstvi (v Ces-
tin€), kterd md 2 studijni obory. V kazdém studijnim programu si student
voli 6 predmétl z nabidky (minimélné dva z povinnych predmétd) plus
dva cizi jazyky a spoleéné se svym Skolitelem téma doktorské prace.
Doktorské studium je zakoncené stitni zkouskou a obhajobou doktorské
prace. Absolventi ziskdvaji akademicky titul doktor (Ph.D.).

PRINCIP SPOJUJICI VYUKY PODZEMNICH STAVEB

Zékladni predndsky z geotechniky — geologie, mechaniky zemin
a zakladani staveb jsou souldsti vSech studijnich obort, avSak podrobn&jsi
predndsky z mechaniky hornin a podzemnich staveb jsou povinné na oboru
konstrukce a dopravni stavby a volitelné na oboru inZenyrstvi Zivotntho
prostiedi a materidlové inZenyrstvi, kde se nabizi jako specializace geo-
technika. Vyuka geotechniky se odehrdva v nékolika krocich ve spole¢ném
usporadani — prednésky a semindfe, doplnéné o on-line kurzy, zamérené na
samostatnou ¢innost studentt. Za¢ind se v prvnim studijnim ro¢niku geolo-
gif, ve druhém ro¢niku mechanikou zemin, ve tfetim ro¢niku mechanikou
hornin a ndsleduje zakldddni staveb a podzemni stavby. Teorie a technologie
na specializaci geotechnika je doplnéna o vypocty, zalozené v zékladnich
predndskach na klasickych metodach a ve ¢tvrtém ro¢niku studia na poci-
taCové analyze. Predndsky z inZenyrské geologie, které jsou zdkladem pro
ziskdvani vstupnich dat vSech analyz, jsou oblibené pro exkurze v terénu.
Magisterské studijni plany jsou zaméfeny na podrobné analyzy struktury
zemin, zakldddni a podzemnich staveb, ale i na jejich spoluptsobeni
s okolim, kde jsou ovéfovany metodami polnich méfeni. Moderni 2D a 3D
software pro numerické analyzy je Siroce vyuzivan v magisterskych pra-
cich. Jako priklad je v tabulce 2 uveden doporuceny studijni plan pro zame-
feni geotechnika na studijnim oboru Konstrukce a dopravni stavby (KD)
pro bakaldrské a magisterské studium.

Bakalarské studium se zakoncuje obhajobou bakalarské prace a statni
zavérenou zkouskou, magisterské studium obhajobou diplomové prace
a stdtni zdvérecnou zkouskou. Je potéSitelné, Ze z nabizenych témat baka-
lafskych a diplomovych praci si v posledni dobé studenti vybiraji asto
tematiku spojenou s podzemnimi stavbami (tab. 3). Je také potéSitelné, Ze
se studenti CVUT pravideln¢ zicastnuji Studentské védecké odborné
Einnosti (v roce 2008 obsadila 3. misto préce Filipa Kolafika Modelovani
tunelu Blanka pomoci MKP) a soutéZi o nejlepsi diplomovou préci
z geotechnického oboru Ceské tuneldiské asociace (v roce 2006 ziskala
1. misto prdce Petra LapiSe Vypocet presypdvanych konstrukei a 3. misto
obsadila Petra Stecovd s praci Ndvrh vyjezdového portdlu tunelu
Sudoméfice; v roce 2007 obsadila 1. misto price Petra Makéska Statické
feSen{ tunelu Svr¢inovec a 3. misto ziskal Petr Chamra s praci Analyza
rizik projektu Nové spojeni — Jizni Vitkovsky tunel).

Doktorské studijni plany obsahuji povinné teoretické predmety
a individudlni fakultativni kurzy v oblasti zvolené specializace, které
jsou zédkladem pro dal3i teoreticky rust. Pro doktorské studium nabizi
katedra geotechniky nasledujici predméty:

o Geologie a hydrogeologie

o Geotechnicky monitoring a terénni zkousky

o Odpady, hospodareni s odpady

e Dynamika zemin a hornin

® Mechanika podzemnich staveb

o Numerické vypocty podzemnich staveb

ON-LINE VYUKA GEOTECHNIKY

Podnétem pro zaloZeni vyuky mechaniky hornin on-line na katedfe
geotechniky Ceského vysokého uceni technického (CVUT) byla potre-
ba feSeni problému tradi¢nich prednések, vzniklych v dasledku sniZzeni
poctu kontaktnich hodin na geologickych semindfich (obr. 1).

Tuel

The Master’s study offers follow-up studies to the Bachelor’s study pro-
grams (1.5 years; 2 years for the Architecture and Building Engineering field
of study). Apart from the follow-up studies, it offers the Buildings and
Environment study program (also in English). When the prescribed number
of credits has been obtained in the prescribed configuration, the study is finis-
hed by the final state exam, with the diploma thesis defense being part of the
exam. Graduates are awarded the academic title of Engineer (Eng.). Standard
duration of the study is 1.5 years, whilst it takes 2 years in the case of the
Architecture and Building Engineering program.

Students enroll, within the Bachelor’s or Master’s study which they chose,
in about ten subjects in every semester, usually five of them are finished by
an exam. Each subject is valued by credits (1 credit is equal to about 1 hour
per week, crucial subjects are valued little more; major subjects are valued
slightly higher). The standard study load is 30 credits for a 14-week semes-
ter. The CTU credit system is compatible with the ECTS (the European
Credit Transfer System). The wide offer of optional courses allows students
to concentrate on the selected specialization, the mastering of which they
eventually demonstrate in their final Bachelor’s project and diploma thesis.

The Doctoral study has the attendance form or a combined form. It takes
4 years. It is possible to choose from the following study programs: the Civil
Engineering program (in Czech or English), which is sub-divided into 8
fields of study, the Geodesy and Cartography program (in Czech or English)
and the Architecture and the Building Engineering (in Czech), which com-
prises 2 fields of study. Within the particular study program, the student cho-
oses 6 subjects from the offered selection (at least two of them must be from
the compulsory subjects) plus two foreign languages and, jointly with his or
her supervisor, chooses the topic of the doctoral thesis. The Doctoral study is
finished by the state exam and the defense of the doctoral thesis. The gradu-
ates are awarded the academic title of Doctor (Ph.D.).

PRINCIPLE OF THE UNIFYING TEACHING
OF UNDERGROUND CONSTRUCTION

Fundamental lectures on Geotechnics, i.e. geology, soil mechanics and
foundations, are parts of all branches of study, but detailed lectures on rock
mechanics and underground structures are compulsory in the Structural and
Transportation Engineering branch of study and optional in the Material and
Environmental Engineering, where the Geotechnics specialization is offered.
The geotechnical teaching is carried out in several steps, following a common
scheme: lectures and seminars plus on-line courses, which are concentrated
on self-activity of students. It starts in the first year by geology, while soil
mechanics is taught in the second year and rock mechanics in the third year
of study. Foundation structures and underground structures are taught con-
sequently. Computations based both on classical methods in basic lectures
and on computer analysis are added to the theory and technology in
Geotechnics in the fourth year of study. Lectures in Engineering Geology as
the basis for the collection of input data for all analyses are popular for in situ
excursions. Master’s study plans are focused on detailed analyses of soil
structures, foundations and underground structures as well as on the interac-
tion with their surroundings, which is checked by field measurement met-
hods. Modern 2D and 3D numerical analysis software is widely utilized in
Master’s Diploma theses. The recommended study plan for the specializati-
on in Geotechnics within the Structural and Transportation Engineering for
the Bachelor’s and Master’s studies is presented, as an example, in Table 2.

Bachelor’s study is finished by the defense of Bachelor’s thesis and the
final state exam; Master’s study is finished by the defense of the diploma the-
sis and the final state exam. It is delightful that students, when choosing from
the offered topics of Bachelor’s and diploma theses, often decide on the
topics related to underground construction (see Table 3). It is also delightful
that the CTU students have regularly participated in the Student Scientific
Technical Activities (in 2008, the work by Filip Kolarik “The FEM Modeling
of the Blanka Tunnel” was placed third) and competed for the Czech
Tunnelling Association’s award of the best diploma thesis within the field of
geotechnics (in 2006, the work by Petr Lapis “Structural Analysis of False
Tunnel Structures” was placed first, whilst the work by Petra Stecovd “The
Sudoméfice Tunnel Exit Portal Design” was placed third; in 2007, the first
place was won by the work by Petr Makdsek “Structural Analysis of the
Svréinovec Tunnel” and the work by Petr Chamra “Risk Analysis of the New
Connection Project — the Vitkov Tunnel South” was placed third).

The Doctoral study plans contain compulsory theoretical subjects and indi-
vidual facultative courses within the area of the chosen specialization, which
are the basis for further theoretical growth. The Department offers the follo-
wing subjects for the Doctoral study:

e Geology and Hydrogeology

o Geotechnical monitoring and in-situ testing
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Tab. 2 Doporuceny studijni pldin zaméreni geotechnika na oboru
Konstrukce a dopravni stavby (v eském jazyce) s pocty studentu ve
Skolnim roce 2007/2008

Bakalarské studium
Rocnik Semestr Pozn.D Rozsah Nazev Podcet studentu
1 zimni P 2+1 Geologie 400 2
letn{ P 2+1 Geologie 400 2
2 zimn{ P 2+1 Mechanika zemin 3352
letn{ P 2+1 Mechanika zemin 3352
3 zimni P 2+1 Zakladani staveb 1 1223
letni P 342 Podzemn{ stavby
a mechanika hornin 127 3
4 zimni PV 0+3 Odborny projekt 21
v 1+1 Vypocty zdkladovych
konstrukef na pocitaci 93
letni PV 0+4 Bakaldrska prace 15
v 1+1 Vypocty podzemnich
konstrukel 33
v 1+1 InZenyrska geologie 29
Magisterské studium
5 zimni P 2+2 Geotechnika
(Zakladani staveb 2) 58
\Y% 1+1 Zéklady lomarstvi 34
v 1+1 Laboratore geotechniky 6
v 1+1 Statika zakladovych
konstrukei 12
letni PV 0+4 Diplomovy seminaf 14
PV 2+1 Mechanika podzemnich
staveb 11
PV 2+1 Zemni konstrukce 14
PV 142 Geotechnicky monitoring 7
\Y 1+1 Geotechnika zivotniho
prostredi 19
v 0+2 Terénni cviceni
z inZenyrské geologie 19
6 zimni P Diplomov4 price 7

Pozndmky:
D P — povinny predmét, PV — povinné volitelny, V — volitelny
2) student si voli predmét v jednom semestru, vyuka spolecnd pro
studijni program Stavebni inZenyrstvi
3) student si voli predmét v jednom semestru, vyuka spolecnd pro
studijni obor Konstrukce a dopravni stavby a Materidlové inZenyrstvi
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Table 2. The recommended study plan for the specialization in Geotechnics
within the Structural and Transportation Engineering (in Czech) with num-
bers of students in the academic year 2007/2008

Bachelor’s study
Year  Semester Note Range  Course Number of students
1 winter  C 2+1 Geology 400 2)
summer C 2+1 Geology 4002
2 winter  C 2+1 Soil mechanics 3352
summer C 2+1 Soil mechanics 3352
3 winter C 2+1 Foundation Engineering 1 122 3)
summer C 342 Underground structures
and rock mechanics 127 3)
4 winter CO 0+3 Technical project 21
O 1+1 Computer aided analyses
of foundation structures 93
summer CO 0+4 Bachelor’s project 15
O 1+1 Underground structure
design 33
O 1+1 Engineering geology 29
Master’s study
5 winter C 242 Geotechnics 20
(Foundation 2) 58
O 1+1 Basics of quarrying 34
O 1+1 Geotechnical laboratories 6
O 1+1 Foundation structures
analysis 12
summer CO 0+4 Master’s seminar 14
CcO 2+1 Mechanics of underground
structures 11
CO 2+1 Earth structures 14
CO 142 Geotechnical monitoring 7
(¢ 1+1 Environmental geotechnics 19
O 0+2 Field training course
in engineering geology 19
6 winter C Master"s thesis 7
Notes:

D C - compulsory subject; CO — compulsorily optional subject;
O — optional subject

2) The student chooses the subject for one semester; the teaching is
common for the Civil Engineering study program

3) The student chooses the subject for one semester; the teaching is
common for the Structural and Transportation Engineering and the
Material Engineering fields of study.

Tab. 3 Seznam diplomovych praci obhajovanych na katedre geotechniky FSv CVUT v roce 2007 a 2008

2007

Jméno Nézev price Studijni obor Vedouci price

studenta

Petr Saldk Vystavba na brownfields. VyuZiti starych zakladu pro novou vystavbu M Prof. Ing. Ivan Vanicek, DrSc.

Jakub Lefner Navrh technologického postupu praci a statické posouzeni navrZeného zpusobu M Doc. Dr. Ing. Jan Pruska
zahdjeni razby tunelu stavby 513 Lahovice—Vestec

Petr Makasek Statické feSeni tunelu Svr¢inovec Prof. Ing. Jifi Bartdk, DrSc.

Ladislav Ter$ Zalozeni administrativni budovy Horomérickd
Jifi Bartozela
Tomds Konopdsek Gabiony v dopravnim stavitelstvi

Lucie Malinska

Viclav Pavlovsky

2008
Lukas Griinwald

Vliv vegetace na povrchovou zdstavbu

programy Plaxis a Cesar

Vliv extrémnich sraZek na stabilitu dulnich vysypek

Simulace meznich stava typu HYD pro protipovodiiové ochranné hraze

Ing. Jan Saldk, CSc.
Prof. Ing. Ivan Vani¢ek, DrSc.
Ing. Jan Zalesky, CSc.
Prof. Ing. Ivan Vanicek, DrSc.

N N N N Z Z

Prof. Ing. Jifi Bartdk, DrSc.

Vzduchotechnicky objekt tunelu Blanka — porovnani modelového reSeni

C Prof. Ing. Jifi Bartdk, DrSc.
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Eliska Vrbova
Ondrej Kohout
FrantiSek Ptak

Pavel Soukup

Jan Jezek
Petr Hybsky
Jakub Nosek

Jana Bamburova
Martin Kosak

Jan Piza
Tomas Redina

Tomas Beranek

Stabilizace zemin
Resenf stability podloZi hrdze VD MSeno

Numerické modelovani dvoupruhového tubusu tunelu Lochkov

Numerické modelovani dalni¢niho tunelu Valik

Numerické modelovani kolektoru Vodi¢kova pomoci MKP a porovnani vysledka

numerickych modell v programech Plaxis a Geo4-MKP s méfenim in-situ

Matematické modelovéni vlivu predsazené clony z tryskové injektdZe na velikost

deformaci prilehlé zdstavby

Tunel Lochkov — zpétn4 analyza razby pruzkumné $toly a tunelu provedena
pomoci MKP

Vyuziti indexovych klasifikaci horninového masivu v podminkach CR

Parametrickd studie vypocta poklesové kotliny nad vyrubem provedenych
analyticky a numerickym modelem MKP

Stochastické modelovéni vybraného fezu tunelu Blanka pomoci MKP
Projekt zaloZen{ administrativni budovy — variantn{ feSen{

Posouzent stabilitnich problémut na vnéjsi vysypce dolu Bilina

Michaela Koumarovd Hodnocenf stability vysypky s uZzitim geotechnického monitoringu

KD

KD

KD

KD
KD

KD

KD

KD

KD
M
C

Prof. Ing. Ivan Vanicek, DrSc.

Doc. Dr. Ing. Jan Pruska

Doc. Ing. Matous Hilar,
Ph.D.

Doc. Dr. Ing. Jan Pruska
Doc. Dr. Ing. Jan Pruska

Prof. Ing. Jifi Bartdk, DrSc.

Doc. Ing. Matous Hilar,
Ph.D.

Doc. Dr. Ing. Jan Pruska

Doc. Dr. Ing. Jan Pruska
Doc. Dr. Ing. Jan Pruska
Ing. Jan Saldk, CSc.
Doc. Dr. Ing. Jan Pruska
Ing. Jan Zdlesky, CSc.

C — Pozemni stavby a konstrukce, Z — InZenyrstvi Zivotniho prostredi, KD — Konstrukce a dopravni stavby, M — Konstrukce a materidl

Table 3 The list of the diploma theses which were defended at the CTU, Faculty of Civil Engineering, Department of Geotechnics in 2007 and 2008

2007

Student name

Petr Salak
Jakub Lefner

Petr Makdsek
Ladislav Ter§

Jiri Bartozela
Tomés Konopdsek
Lucie Malinskd
Viclav Pavlovsky
2008

Lukas Griinwald

Eliska Vrbova
Ondrej Kohout
FrantiSek Ptak

Pavel Soukup
Jan Jezek
Petr Hybsky

Jakub Nosek

Jana Bamburova

Martin Kosak

Jan Piza
Tomé4s Redina

Tomas Beranek

Thesis name

Development of brownfields. The use of old foundations for new construction.

Technological procedure design and structural analysis of the proposed
excavation start-up system in the construction lot 513: Lahovice-Vestec

Structural analysis of Svr¢inovec tunnel

Foundation design for the Horomérickd administrative building
The influence of extreme rainfall on the stability of spoil heaps
Gabions in Traffic Engineering

Simulation of HYD type limit states for flood protection dykes

Influence of vegetation on buildings

Ventilation structure at the Blanka tunnel — comparison of the model solution
in software Plaxis and Cesar

Soil stabilization
Stability analysis of the subsoil of the dam Mseno

Numerical modeling of the dual lane tube of the Lochkov tunnel

FEM modeling of the Valik tunnel
FEM modeling of the Vodickova utility tunnel

Mathematical modeling of the influence of a jet grouted shield on the
surface deformations

Tunel Lochkov — back analysis of pilot adit and tunnel excavation using FEM

The use of the rock mass index classification in conditions of the Czech Republic

Parametric study of the determination of the settlement trough above excavation
by analytical and numerical (FEM) methods

Stochastic modeling of a chosen Blanka tunnel profile using FEM
Foundation design for an administrative building

Stability analysis of the Bilina mine deposit site

Michaela Koumarovd Assessment of a waste dump stability with the use of geotechnical monitoring

Field of study"

M

oW mmZEZEZ

os]

STE

STE
SIIE

STE
SE!

STE

STE

STE

STE
M
B

Thesis supervisor

Prof. Ing. Ivan Vanicek, DrSc.

Doc. Dr. Ing. Jan Pruska
Prof. Ing. Jif{ Bartdk, DrSc.
Ing. Jan Saldk, CSc.

Prof. Ing. Ivan Vanicek, DrSc.

Ing. Jan Zdlesky, CSc.

Prof. Ing. Ivan Vanicek, DrSc.

Prof. Ing. Jif{ Bartdk, DrSc.

Prof. Ing. Jir{ Bartdk, DrSc.

Prof. Ing. Ivan Vanicek, DrSc.

Doc. Dr. Ing. Jan Pruska

Doc. Ing. Matous Hilar,
Ph.D.

Doc. Dr. Ing. Jan Pruska
Doc. Dr. Ing. Jan Pruska

Prof. Ing. Jir{ Bartdk, DrSc.

Doc. Ing. Matous Hilar,
Ph.D.

Doc. Dr. Ing. Jan Pruska

Doc. Dr. Ing. Jan Pruska
Doc. Dr. Ing. Jan Pruska
Ing. Jan Saldk, CSc.
Doc. Dr. Ing. Jan Pruska
Ing. Jan Zdlesky, CSc.

B —Building structures, E — Environmental engineering, STE — Structural and transportation engineering, M — Structures and material.
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V letech 1968-1974 Nyni

1. roénik - geologie
rozsah: 3+2 hodiny

1 tyden - vyuka v terénu

1. rocnik - geologie
rozsah: 2+1 hodina

4. rocnik - inZzenyrska geologie
rozsah: 1+1 hodina
1 tyden - vyuka v terénu

3. rocnik - inZzenyrska geologie
rozsah: 2+1 hodina
pouze volitelna!

5. roénik - hydrogeologie
& regionalni geologie
rozsah: 3+0 hodin

1 tyden - vyuka v terénu

1 tyden - vyuka v terénu
pouze volitelna!

Vsechny predméty byly povinné!

Obr. 1 Vyuka geologickych predmétii na studijnim oboru Konstrukce
a dopravni stavby

V obdobi let 20052007 vytvorili pracovnici katedry dynamické
webové stranky pro geologii, které umoznuji podporu vyuky, dopliiova-
ni informaci ze semindfQ a kontrolu studia v ndsledujicich hlavnich téma-
tech:

zdklady petrografie, B

zdklady regiondlni geologie Ceské republiky,
virtudlni galerie hornin,

zdklady inZenyrské geologie.

Reakce studentti na kurzy on-line byly ziskdny pomoci dotaznika.
Prizkum byl provddén na bézi dobrovolnosti a vSichni studenti si vedli
dobre. V hodnocenich v rdmci pruzkumu se objevily nésledujici pripo-
minky studenti:
studenti potfebuji zvIstni kontroln{ testy on-line,
spolupusobeni s uciteli e-mailem je omezené,

u kazdého tématu by mél byt opakovaci dotaznik,
studenti oCekdvaji okamZitou zpétnou vazbu prostrednictvim
e-mailu nebo diskusi prostiednictvim pocitacového chatu.

Tyto odpovédi se daji pouZit pri vytvdreni d¢inného prostiedi webové
vyuky v dalsi fazi vyvoje.

NUMERICKE MODELOVANI

Vypolty zdkladu a podzemnich staveb se prednéseji ve tfech krocich.
V bakalarskych kurzech se uZivaji klasické vypocetni metody a jednodu-
ché pruzné plastické modely v programu GEOS5 (www.fine.cz)
a PLAXIS (www.plaxis.nl). Cilem téchto kurzt je ovéfeni vypo&tu, pro-
vedenych klasickymi postupy v predchdzejicich prednaskdch mechaniky
zemin a hornin, se zaméfenim na piipravu dat. V magisterskych kurzech
numerického modelovéani v oblasti geomechaniky se modely modernich
material, tj. zpeviiovéani zemin, rozpukané horniny a anizotropni chova-
ni, prednéseji a zkousi v programech PLAXIS, Z_Soil (www.zace.com),
FLAC a UDEC (www.tasca.fr), na které md naSe katedra zaplacené
licence. Studijni materidly pro predndSejici a manudly jsou na prislusnych
webovych strankdch tvarci programu a off-line na PC v pocitacové
ulebné, urené pouze pro tyto kurzy a pro studenty, pracujici na

=T E R R X -
- Ful =

— | ———— — —

;

Winrallay

# Iaby lemr b e,

I

Obr. 2 Ukdzka webové stranky
Fig. 2 Example of the web page
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e Waste and waste management

e Soil and rock dynamics

e Mechanics of underground structures

e Numerical analyses of underground structures

ON-LINE TEACHING OF GEOTECHNICS

The impulse to establish the on-line geology teaching of rocks at the
Department of Geotechnics of the Czech Technical University in Prague
(CTU) was the need to solve the problems of traditional lectures caused by
reduction of contact hours in geological seminars (see Fig. 1).

During 1968-1974 Now

1st year - Geology
scope: 2+1 hours

1st year - Geology
scope: 3+2 hours
field training: 1 week

3rd year - Engineering geology
scope: 2+1 hours
only optional!

4th year - Engineering geology
scope: 1+1 hours
field training: 1 week

5th year - Hydrogeology
& Regional geology
scope: 3+0 hours

field training:1 week

field training: 1 week
only optional!

All subjects were compulsory!

Fig. I The teaching of geological subjects in the Structural and Transpor-
tation Engineering field of study

During the academic years 2005-2007, the staff of the Department developed
dynamic web pages for geology that provide on-line training, the seminars
information updating and check up service in the following main topics:

e basic lectures on petrography,

e regional geology of the Czech Republic,

o virtual gallery of rocks.

e basic lectures on engineering geology.

Student comments on the on-line courses were collected by means of
questionnaires. The participation in the survey was voluntary and all of the
students gave a good account. The following student comments were found
during the survey evaluation:

e students need extra on-line check-up tests,
e interaction with teachers via e-mail is limited,
e cach topic should have a repetition questionnaire,
e students expected immediate feedback provided by email or discussi-
ons using chatting through computers.
These comments can be used to create an effective web educational envi-
ronment in the next stage of the development.

NUMERICAL MODELLING

The computation of foundation and underground structures is lectured in
three steps. In Bachelor’s courses, classical computing methods and simple ela-
stoplastic models are used in GEOS5 (www.fine.cz) and PLAXIS
(www.plaxis.nl) software. The aim of the courses is to verify the results of the
computations performed in previous soil and rock mechanics lectures by clas-
sical approaches, with the focus on the data preparation. In Master’s courses in
numerical modelling in geomechanics, advanced material models i.e. soil sta-
bilization, jointed ground, anisotropic behavior are lectured and tested using
PLAXIS, Z_Soil (www.zace.com), FLAC and UDEC (www.itasca.fr) softwa-
re, for which our department owns the licenses. Study materials for lecturers
and manuals are available on related web sites of software developers and off-
line on PCs in the computer classroom, which is designated only for these cour-
ses and for students working on Bachelor’s and diploma projects in geotechnics.
Only the best students are successful in handling 3D analyses. The amount of
the obtained practical experience is exponentially greater than that gained by the
carrying out of standard 2D analysis. The second limitation is the number of li-
censes being available at the moment; students can work with 1 license of 3D
Tunnel in PLAXIS, 2 licenses of Z_Soil.3D and 1 license of FLAC3D. The
third limitation is the processing and data preparation time required for these
analyses, which is enormous (Fig 3). Even despite the above-mentioned limita-
tions of the numerical modeling in terms of the use during the studies, it must
be stated that the popularity of numerical models among students is continual-
ly growing. After all, 14 diploma theses of the 22 theses which were carried out
in 2007 and 2008 (64 %) were dedicated to numerical models.
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Obr. 3 Vysledek numerického modelovdni ze studentské prdce
Fig. 3 A result of numerical modelling from student work

geotechnickych bakaldfskych a diplomovych projektech. V feSeni 3D
analyz jsou dspéSni jen ti nejlepSi studenti. Velikost ziskané praxe je
exponencidlné vétsi neZ pii provadéni standardnich 2D analyz. Druhym
omezenim je pocet licenci, uZivanych v jednom okamZiku. Studenti
mohou pracovat s 1 licenci na 3D Tunnel PLAXIS, 2 licencemi na Z_Soil
3D a I licenci na FLAC3D. Tretim omezenim je doba zpracovéni a pii-
prava dat pro tyto analyzy, kterd je enormni (obr. 3). I pfes vySe uvedené
omezeni numerického modelovani pro vyuZiti ve studiu je nutné konsta-
tovat, Ze obliba numerickych modeli mezi studenty neustéle roste, vzdyt
za rok 2007 a 2008 bylo z 22 diplomovych praci 14 vénovano numeric-
kym modelam (tj. 64 %).

PODZEMNI VYUKOVE STREDISKO

Misto a geologie

Podzemni vyukové stiedisko se nachdz{ 50 km na jih od Prahy,
v blizkosti Slapské prehrady, mezi obcemi Celina a Smilovice. VyuZzivé
opustény dil zndmy jako Stola Josef. Celkova délka pateini Stoly je
1700 m, plocha pri¢ného fezu je 14—16 m2. Mocnost skalniho nadloZ{ je
90-110 m. Hlavni pruzkumné Stola s pficnym profilem 40 m2 je spojena
s dal§imi pruzkumnymi dily etnymi prekopy, které sleduji formace rudy
aumoznuji pristup k dal§im dvéma patrum. Celkova délka tol je asi 9 km;
90 % vyrubu je bez vystroje. Konec hlavni $toly je spojen s povrchem 90 m
dlouhou nevystrojenou vétraci tolou. Stola Josef se nachézi v oblasti zla-
tonosnych loZisek Psi hory. Geologicka skladba je heterogenni. Obsahuje
vyvrelé horniny (bazalty, andezity, ryolity), usazené horniny (rohovce)
a jejich kombinace (tufy, tufity), které jsou charakterizovdny mlad$imi
typy magmatickych hornin (granodiority, albitické granity). Zlatonosnd
oblast Psich hor se nachdzi hlavné v proterozoickém pésu, v hornindch sta-
rych pies 600 miliont let. Tyto horniny byly nésledné, v prubéhu variské-
ho vrdsnéni, penetrovdny granitoidy stiedoceského plutonu. LozZiska ve
vychodni Mokrské zlatonosné z6né jsou v tufech a vulkanitech jilovského
pdsma a vetsina zdpadni Mokrské zlatonosné zony lezi v granodioritech
stfedoCeského plutonu. NadloZi je tvoreno vulkanicko-sedimentdrni for-
maci — vétSinou tufy a tufitickymi bridlicemi.

Historie Stoly

Komplex Stoly Josef byl vybudovién v priibéhu rozsdhlého geologic-

kého pruzkumu zlatonosnych loZisek Celina a Mokrsko v osmdesatych
letech minulého stoleti. Razba Stoly byla zahdjena v roce 1981.
V poloviné devadesétych let byl pruzkum ukonéen a Stola byla uzaviena.
Nizké koncentrace Cinila t€Zbu neziskovou a Skodici Zivotnimu prostre-
di. V roce 2005 byla podepsdna smlouva mezi fakultou a ministerstvem
Zivotniho prostredi, které bylo vlastnikem komplexu, o vyuZiti §toly pro
vzdélavaci a vyzkumné tcely. Prace na obnove, které provadél na vlast-
ni ndklady Metrostav a. s., byly zahdjeny téméF okamzZité. V tinoru 2007
predal Metrostav komplex fakulté. V soucasné dobé je zpristupnéno 600
metri podzemnich $tol. Prace na zlepSeni pristupnosti zbytku podzemni-
ho komplexu pokracuji a projekt na stavbu podpurnych zafizeni na povr-
chu je v soucasné dobé v pripravné fazi.

Vyuziti zarizeni

Podzemni vyukové stiedisko Josef se buduje jako multidisciplindrni

pracovisté. Jeho hlavni vyuziti bude pro:

e vyuku v 1-3 dennich blocich, zaméfenych na podzemnf stavby,
mechaniku hornin, zkousen{ materidld, inZenyrskou geologii,
geodetické prace a mapovan;

e specidlni vyu€ovani a kurzy obsluhy stroju, instalace svornikového
osténi a kotvent, trhaci préce, vétrani a $koleni bezpecnosti price;

TuHel

UNDERGROUND EDUCATIONAL FACILITY

Location and geology

The Underground Educational Facility is located 50 km south of
Prague, near the Slapy dam, between the villages of Celina and
Smilovice. It uses an abandoned mine, known as ,,Josef gallery*. The
total length of the main drift is 1700 m, with a cross-section of 14-16 m2.
The overlying rock thickness is 90—110 m. The main exploration gal-
lery with a cross-section of 40 m?2 is connected to various exploration
workings by numerous insets, which follow ore formations and provi-
de access to further two levels. The total length of the galleries is app-
roximately 9 km; 90% of the excavated spaces are unlined. The end of
the main gallery is connected to the ground surface by means of a 90 m
long, unlined ventilation adit. The Josef gallery is located in an area of
Psi Hory auriferous deposits. The geological structure is heterogene-
ous, consisting of volcanic rock (basalts, andesites, rhyolites), sedi-
mentary rock (hornfels) and their combinations (tuffs, tuffites), cha-
racterized by younger intrusive rock types (granodiorites, albitic gra-
nites). The Psi Hory gold-bearing district is located mainly in
a Proterozoic belt, in of more than 600 million years old rocks. The
rocks were subsequently, during the Variscan orogeny, penetrated by
granitoid rocks forming the Central Bohemian Pluton. The deposits in
the eastern Mokrsko ore-zone are found in the tuffs and volcanites of
the Jilové Belt and major part of the western Mokrsko ore zone lies in
the granodiorite of the Central Bohemian Pluton. A volcanic-sedimen-
tary formation is in the overburden, consisting mostly of tuffs and tuf-
fitic shales.

History of the Gallery

The Josef Gallery underground complex was built during the large-
scale geological exploration of the Celina and Mokrsko gold bearing
deposits in the nineteen eighties. The excavation of the gallery com-
menced in 1981. In the mid 1990s, the exploration of the area ceased
and the gallery was closed. The low gold concentration makes the
mining unprofitable and environmentally unfriendly. In 2005, the
agreement on the use of the gallery for educational and research pur-
poses was signed between the faculty and the owner of the complex,
the Ministry of the Environment. Renovation work, carried out by
Metrostav a.s. at its own expense, commenced almost immediately. In
February 2007 Metrostav a.s. handed the complex over to the faculty.
600 meters of underground galleries are currently accessible. The work
aimed at improving the access to the remaining part of the underg-
round complex continues and a project for the construction of a surface
support facility is currently in the preparation stage.
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Tab. 4 Situace renovované cdsti podzemniho komplexu
Fig. 4 Layout of the renovated part of the underground complex




Obr. 5 Praktickd vyuka mechaniky hornin
Fig. 5 Practical rock mechanics teaching

e experimentéln{ védecky vyzkum v oblasti materidlového inZenyr-
stvi, geotechniky, geologie a hydrogeologie.

Vzdéldvani studentu podle poslednich studijnich planu zacalo v zaf{
2007, v renovované &asti podzemniho komplexu (obr. 4). Zkusebni vzdé-
lavaci kurzy zacaly v Cervnu 2007 (obr. 5, 6). V tabulce 4 je uveden pre-
hled vyuziti Stoly Josef ve vyuce za posledni ti semestry.

Tab. 4 Celkem Pocet Resené
studentt  predmétu  zavéretné
prace
letni semestr 2006/2007 83 5 3
zimni semestr 2007/2008 107 8 2
letni semestr 2007/2008 113 8 2
tj. celkem za 3 semestry 303

cca 40 % — puldenni exkurze — obecné info o UEF Josef, prvni navstéva
podzemi

cca 60 % — tematicky zaméfend, jednodenni vyuka (geologie,
technologie v podzemi...)

Moderni podpurna zafizeni (rekonstrukce stavajici povrchové budovy
pro administrativn{ dcely, ubytovéni, dilny a povrchové laboratote) pti-
budou k aredlu v rdmci projektt planovanych do blizké budoucnosti.

PODEKOVANI

Vyse popsané price byly podporovany Ministerstvem kolstvi Ceské
republiky pro vyzkumné projekty MSM 6840770003 Rozvoj algoritmi
pocitacovych simulaci a jejich aplikace v inZenyrstvi a MSM
6840770005 UdrZitelna vystavba.

DOC.DR. ING. JAN PRUSKA, pruska@fsv.cvut.cz,
ING. SVATOSLAV CHAMRA, CSc., chamra@fsv.cvut.cz,
CVUT v PRAZE, FSv, katedra geotechniky
Recenzoval: Doc. Ing. Vliadislav Hordk CSc.
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Obr. 6 Praktickd vyuka geodezie
Fig. 6 Practical survey training

The use of the facility

The Josef Underground Educational Facility is being built as
a multidisciplinary workplace. It will be used for the following main
activities:

e teaching in 1-3 day blocks focusing on underground structures,
rock mechanics, material testing, engineering geology, survey
and mapping;

e specialized tuition and courses in operation of machines, instal-
lation of the rock bolt and anchor support, blasting work, venti-
lation and safety awareness training;

e experimental scientific research in material engineering,
geotechnics, geology and hydrogeology.

The teaching of students according to the latest study plans com-
menced in September 2007 in the renovated portion of the underg-
round area — Fig. 4. Trial courses started in June 2007 — see Figures 5
and 6. An overview of the use of the Josef gallery during the last three
semesters is presented in Table 4.

Table 4 Students Subjects  Final
in total in total theses
solved
Summer semester 2006/2007 83 5 3
Winter semester 2007/2008 107 8 2
Summer semester 2007/2008 113 8 2
Total for the 3 semesters 303

about 40% - half-day excursions — general information on the UEF
Josef, the ,.first visit to the underground

about 60% - subject-oriented one-day training (geology, equipment
used in the underground, ..)

Modern support facilities (the reconstruction of the existing surface
building for administration purposes, accommodation, workshops and
surface laboratories) will be added to the site in the near future pro-
jects.
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TUNELY PRES CESKE STREDOHORI
TUNNELS ACROSS THE CESKE STREDOHORI HIGHLAND

JIRI SYVOBODA, KAMIL NOVOSAD

uvoD

Reeni koncepce ddlniéni sité Ceskoslovenské republiky véetné dalni-
ce D8 se datuje od roku 1963. Schvélena a uptesnéna Ceskou vlddou byla
v roce 1993. .

Usek D8 0805 Lovosice—Rehlovice je poslednim délni¢nim tsekem,
ktery je soucdsti dédlni¢niho tahu Praha-Usti nad Labem-—stétni hranice
CR/SRN.

Koridor, jimZ vyslednd varianta ddlnice prochdz{ chrédnénou krajinnou
oblast Ceské stiedohoft, byl doporuden Ministerstvem Zivotniho prostie-
di CR na podkladé krajinafského vyhodnocent zpracovaného v roce 1994
podle tehdy platné metodiky. ReSeni zahrnovalo 3 koridory s 5 varianta-
mi. Pro ministerstvem doporuceny koridor bylo v roce 1996 vypracova-
no hodnoceni vlivi na Zivotni prostiedi — tzv. EIA a ndsledné vydéno sou-
hlasné stanovisko. Pro upfesnénou trasu, podle podminek stanoviska,
byla v roce 2000 vyddna vyjimka pro pruchod délnice chranénou krajin-
nou oblasti Ceské stfedohofi a ndsledné v roce 2002 bylo vydano
i Gizemni rozhodnuti. V soucasné dobé se postupné vydévaji na jednotli-
vé tseky stavebni povoleni.

POPIS STAVBY DALNICNIHO USEKU

Na zacatku stavba navazuje v prostoru Lovosic na jii [provozovanou
ddlnici D8 Praha—Lovosice. Na konci navazuje na rovnéZ provozovany
tisek Rehlovicest. hranice CR/SRN.

Celkova délka stavby 0805 je 16,4 km. Jeji soucdsti jsou 3 mimotirov-
nové kfizovatky, 2 délniéni tunely, 18 délni¢nich mosta a 9 nadjezdq, pre-
lozky silnic, polnich cest a mistnich komunikaci, prelozky vsech druhu
inZenyrskych siti, objekty vodohospodarské, rekultivace, vegeta¢ni tGpra-
vy a potfebnd protihlukovd opatieni.

Technicky ndvrh obsahuje nékolik jedine¢nych feSeni pruchodu kraji-
nou — jako napriklad délni¢ni most Vchynice zakryty protihlukovym
tubusem, délni¢ni obloukovy most pres Oparenské tidoli budovany bez
zasahu do tdoli, ekomosty — kritké presypané tunely pro prechod zvere
s navddéci vysadbou zelené, dvé dvojice raZenych délniCnich tunelu
s nazvem tunel Prackovice a tunel Radej¢in pojmenovanych podle bliz-
kych obci a fadu dalsich zajimavych objekta.

PRIPRAVA STAVBY

Priprava stavby k tzemnimu rozhodnuti je sloZity, ekonomicky,
odborné i asove ndro¢ny proces, ktery musi probihat v souladu s dal$imi
zévaznymi dokumenty, Gzemnimi plény velkych tzemnich celki a obci.
Je tieba vyhovét pozadavkam EIA, ziskat souhlas dotéenych orgdna stat-
ni spravy i samosprdvy v tzemi, kterym ddlnice prochdzi, a zajistit hlad-
ké projednéni s ekologickymi organizacemi. Rozhodujicim hlediskem je
ochrana Zivotniho prostredi ve vztahu jak k obyvatelstvu, tak i pfirodé
a krajiné. Posldnim chréanéné krajinné oblasti totiZ neni dplné vylouceni
jakékoli lidské Cinnosti, ale jeji koordinace a usmérnovani s cilem zacho-
vat zdkladni hodnoty tizemi. Proto v pfiprave i realizaci této dalnice vstu-
puji do pozadavku funk&nich, technickych a ekonomickych i hlediska
ekologickd a aspekty pfirodni, kulturni a estetické. Je tedy samozrejmé,
Ze technické feSeni a tim i celkové ndklady na ochranu Zivotniho prostre-
di, vyvolané podminkami vSech stanovisek a rozhodnuti Ministerstva
Zivotniho prostedi CR, jsou nadstandardni ve srovndni s béZznymi nakla-
dy na vystavbu délnic.

TECHNICKE RESENI TUNELU PRACKOVICE A RADEJCIN

Vzhledem k tomu, Ze obé tunelové stavby tvori jeden dopravni uzel,
jsou obé dvojice délni¢nich tuneld technicky feSeny stejné. Je navrZen
stejny pri¢ny profil a také technologické vybaveni tuneli je navrZeno
obdobné (s ohledem na délku tuneltt). Za provozu budou tunely fizeny
ze stdvajiciho tunelového dispecinku umisténého v SSUD Rehlovice, kde
je také dispeink Policie Ceské republiky. Tento dispegink bude fdit cel-
kem 4 tunely.

Oba ddlniéni tunely jsou jednosmérné, dvoupruhové kategorie T 9.5.
Dvé samostatné tunelové trouby jsou v piipadé tunelu Prackovice dlouhé

INTRODUCTION

The concept of the motorway network in the Czech Republic, including
the D8 motorway, dates from 1963. It was approved and refined by the Czech
government in 1993.

The D8 section 0805 between Lovosice and Rehlovice is the last motor-
way section which is part of the motorway route Prague — Usti nad Labem —
the border with the FRG.

The corridor through which the final variant of the motorway passes through
the Nature Reserve of Ceské Stfedohoii was recommended by the Ministry of
the Environment of the Czech Republic on the basis of a landscape assessment,
which was carried out in 1994 in compliance with the methodology which was
in force at that time. The solution comprised 3 corridors with 5 variants. In
1996, the Environmental Impact Assessment (EIA) was carried out for the cor-
ridor which was recommended by the ministry. Subsequently, an approving
opinion was issued. In 2000, an exception for the passage of the motorway
through the Nature Reserve of Ceské Stiedohofi was granted for the route
which was refined according to the requirements of the opinion. The planning
permission was issued subsequently, in 2002. Currently, building permits are
being issued step-by-step for individual sections.

DESCRIPTION OF THE CONSTRUCTION
OF THE MOTORWAY SECTION

At the beginning, the route links the already operating D8 motorway
Prague — Lovosice in the area of the town of Lovosice. At the end, it conne-
cts the also operating section Rehlovice — the border with the FRG.

The total length of the construction lot 0805 is 16.4km. It comprises 3
grade-separated intersections, 2 motorway tunnels, 18 motorway bridges and
9 flyovers, relocations of roads, cart-roads and local roads, relocations of all
kind of utility networks, water-related structures, land reclamation, horticul-
tural works and necessary noise suppression measures.

The engineering design contains several unique solutions to the passage
through the landscape, for example the Vchynice motorway bridge, which is
encased in a noise attenuation tube, the arched motorway bridge over the
Oparenské valley, which will be constructed without intervention in the val-
ley, ecobridges (short false tunnels allowing the passage of game, with the
planting providing guidance for game), two pairs of mined motorway tunne-
Is, which are named Prackovice and Radej¢in after villages found in their
vicinity, and numerous other interesting structures.

CONSTRUCTION PREPARATION

The preparation of a project for the obtaining of a planning permission is
a complicated process, which is demanding in terms of economy, professional
skills and time. It has to proceed in compliance with other binding documents,
structure plans for large territories and municipalities. It is necessary to com-
ply with the requirements contained in the EIA, obtain approvals of state aut-
horities and municipalities in the area through which the motorway passes and
obtain approvals of environmental organisations. The crucial point of view is
the environmental protection in relation to both the population and the nature
and landscape. The reason is the fact that the purpose of the establishment of
a national reserve is the coordination and regulation, not the complete exclu-
sion of any human activity, with the aim of preserving the basic values of the
territory. This is why the aspects of ecology, nature, culture and aesthetics have
been mixed with the functional, technical and economic requirements during
the preparation and implementation of this motorway project. It is therefore
obvious that the engineering design and thus also the total costs of the envi-
ronmental protection induced by the conditions contained in all opinions and
decisions of the Ministry of the Environment of the Czech Republic are
above-standard compared with usual costs of construction of motorways.

ENGINEERING DESIGN FOR THE PRACKOVICE AND RADEJCIN TUNNELS

With respect to the fact that the two tunnel structures form one traffic node,
the engineering design for both pairs of the motorway tunnels is identical.
The cross section design is the same and the tunnel equipment design is simi-
lar (considering the lengths of the tunnels). During the operation, the tunnels
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Obr. I Tunel Prackovice — podélny profil LTT
Fig. 1 The Prackovice tunnel — longitudinal profile through LTT

270 m (LTT) a 260 m (PTT), v pripadé tunelu Radej¢in 600 m (LTT)
a 620 m (PTT). Tunely jsou prevdzné razené.

Tunel Prackovice prostupuje v oblasti Ceského stfedohoif masiv he-
bene kopce Debus ve vrcholové partii Prackovického lomu nad obci
Prackovice.

Vrcholovy tunel Radejéin prochdzi v oblasti Ceského stiedohofi domi-
nantni plochy kopec vychodné od nadraZi Radej¢in. Mezi tunely je pouze
kréatky most pfes chranénou lokalitu Uhelnd strouha.

Situovani tunell je podfizeno smérovému a vyskovému vedeni prileh-
lych dseku trasy délnice, které musi prihlédnout ke komplikovanym geo-
logickym pomérum zejména v sesuvné oblasti Prackovického lomu
a také k pozadavkam ekologickych organizaci. Prostor Uhelné strouhy je
normdlné nepfistupny. Nelze zde vybudovat pristupové komunikace.

Mezi sousednimi tunelovymi troubami jsou navrZeny bezpecnostni
propojky pro tnik osob do druhé tunelové trouby. V misté tnikovych
chodeb jsou na protéjsi strané v tunelové troubé umistény vyklenky
pro SOS kabiny a vyklenky s hydranty. Vzhledem k tomu, Ze tunelem
bude povolena doprava nebezpecnych nakladi, bude zde prakticky popr-
vé u nds zavedeno automatické sledovani vozidel s nebezpecnym ndkla-
dem. DispeCer bude prubéZné védét, kolik vozidel a s jakym nakladem se
momentdlné nachdz{ v tunelu.

Osténi délni¢nich tunelt Prackovice a Radej¢in bude dvoupldstové
s mezilehlou féliovou izolaci destnikového typu.

POPIS KONSTRUKCE OSTENI TUNELU

Primdrni osténi je navrZené v kombinaci stfikaného betonu
s ocelovymi sitémi, s radidlnimi svorniky a ocelovymi ptihradovymi
ramy. Pristropi vyrubu bude zaji$téno vrtanymi jehlami, a to predev§im
v priportdlovych astech a v prostiedi nestabilnich a tlativych materialu.
Vlastni portaly budou v pfistropi tunell zaji§tény mikropilotovymi dest-
niky.

Podle geologického prizkumu a jeho vyhodnoceni byly horniny zasti-
Zené budouci razbou tuneld klasifikovény a zatfidény do technologic-
kych tfid NRTM 3,4 a 5, u tunelu Prackovice prevazuje tiida Sa, 5b.

Sekundarn{ ostén{ bude monolitické Zelezobetonové z betonu C 25/30-
XF4, XD3 (horni klenba) a C 25/30-XA1 (spodni klenba). Tunely
Prackovice budou v sekunddrnim osténi se spodni klenbou v celé délce,
tunely Radej¢in podle predpokladu se spodni klenbou pouze
v priportdlovych &dstech.

S'[RUCNA’ INZENYR§KOGEOLOGICKA CHARAKTERISTIKA
ZAJMOVEHO UZEMI

Z4jmové tizemi patii do Ceského stiedohofi, které je tvofeno komple-
xem mensich, nékdy zcela izolovanych vulkanickych téles rizného slo-
Zeni a tvaru. SloZzity reliéf vznikl za neogenni a kvartérni denudace

will be controlled from the existing tunnel management centre in the Rehlo-
vice Centre of Administration and Maintenance of Motorways (CAMM),
where there is also a management centre of the Police of the Czech Republic.
This management centre will control four tunnels in total.

Both motorway tunnels are unidirectional, with two lanes, of the T 9.5 cate-
gory. The two tunnel tubes of the Prackovice tunnel are 270m (LTT) and 260m
(RTT) long. The LTT and RTT of the Radej¢in tunnel are 600m and 620m
long respectively. The major part of the tunnels will be constructed by mining.

In the Ceské Stredohoif area, the Prackovice tunnel penetrates the massif
of the crest of Debus hill in the top part of the Prackovice quarry, above the
village of Prackovice.

The Radejéin summit tunnel passes, in the Ceské Stredohoit highland area,
under a dominant flat hill east of the Radej¢in railway station. There is only
a short bridge between the tunnels. The bridge crosses a protected locality,
the Uhelnd Strouha gully.

The locations of the tunnels are subjected to the horizontal and vertical
alignment of the adjacent motorway route sections, which must be designed
with respect to the complicated geological conditions, mainly in a slide area
of the Prackovice quarry, and to requirements of environmental organisati-
ons. The area of the Uhelnd Strouha is normally inaccessible. No access roads
can be constructed in this location.

Cross passages between neighbouring tunnel tubes are designed to allow
the escape of persons to the other tunnel tube. SOS niches and hydrant niches
are located in the side wall, opposite the cross passage entrances. Because of
the fact that the transport of dangerous goods through the tunnel will be per-
mitted, the tunnel will become virtually the first place in the Czech Republic
where the automatic monitoring of heavy goods vehicles with hazardous
goods will be installed. The tunnel operator will be continuously informed
about the actual number of vehicles which are in the tunnel, including the
goods they carry.

The Prackovice and Radej¢in tunnels will be provided with double-shell
linings with an intermediate membrane forming an umbrella-type waterpro-
ofing system.

DESCRIPTION OF THE TUNNEL LINING STRUCTURE

The primary lining design is a combination of sprayed concrete, welded
mesh, radial rock bolts and steel lattice girders. The top heading will be sup-
ported by spiles installed in boreholes. The spiles will be used, above all, in
the portal sections and in an environment consisting of instable and squee-
zing ground. The portals themselves will be supported in the tunnel crown by
canopy tube pre-support.

According to the geological survey and its assessment, the rock which will
be encountered will be categorised as the NATM excavation support classes
3,4 and 5; classes 5a and 5b will prevail at the Prackovice tunnel.

The upper vault and invert of the secondary lining will be in C 25/30-XF4,
XD3 and C 25/30-XAl cast in situ reinforced concrete, respectively. The
Prackovice tunnel tubes will have the secondary lining with the invert throug-
hout their lengths, whilst the Radej¢in tunnels are assumed to have the invert
only in portal sections.
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sut’hlinitokamenitd — loamy stone debris
tuf rozlozeny — decomposed tuff

tuf zvétraly — weathered tuff

tuf navétraly — slightly weathered tuff
tuf zdravy — massive tuff

bazalt zvétraly — weathered basalt
bazalt zdravy — massive basalt
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Obr. 2 Tunel Radejcin — podélny profil LLT
Fig. 2 The Radejcin tunnel — Longitudinal section through the LTT

a eroze, pri¢emz se vyrazné uplatnily rozdily v odolnosti hornin. Udol{
akotliny se vytvorily v tufech nebo mékkych podloznich kfidovych sedi-
mentech a rozséhlejsi piikrovy podminily vznik tabulovych vrcha. Mensi
télesa dala vznik kuZelovitym tvarim ruzného vzhledu podle charakteru
horniny, jako napf. oblast ¢ediCovych loml Prackovice a Dobkovicky.
Vychodni okraje vulkanického télesa Kubacky postihuji v zdjmovém
uzemi svahové pohyby blokového typu a zasahuji az do prostoru dalnice
D8 — stavba 0805. Labe se zde zafezdvalo pod bézi vulkanického
prikrovu do mékkych kiidovych hornin a odnéselo zpod okraja ker vytla-
Cované turonské slinovce, takZe se mensil sklon svaht a jednotlivé kry
vulkaniti se posouvaly do udoli Labe. Béhem vyvoje tdoli se okraj
vulkaniti od feky vzdaloval, rychlost pohybu se zmen3ovala aZ dnes
zcela doznéla.

Horninovy masiv, kterym bude prochédzet budouci tunel Prackovice, je
vyrazné poSkozen od d¢inku komorovych odstelt provadénych drive pri
teZbé Cedice v Prackovickém lomu.

TUNEL PRACKOVICE

Tunelové trouby tunelu Prackovice prochdzeji z hlediska geologické
stavby tizem{ a konfigurace terénu velmi komplikovanym prostiedim.
Dle CSN 73 1001 je stavba zarazena do III. geotechnické kategorie, tj.
ndroc¢nd stavba ve sloZitych geotechnickych podminkdch. Budou realizo-
viny v dzemi s bazaltoidnimi télesy (CediCova télesa) a v tsecich
s mocnymi tufickymi polohami a s vyskyty slinovca. V prubéhu podrob-
ného geotechnického prizkumu byly v prostiedi horninového masivu
zvétralych tuft zjistény polohy s tendenci vysoké bobtnavosti, kterd byla
prokdzéna laboratornimi zkouSkami. Clenitost terénu se projevuje
svahovymi uloZeninami rizného charakteru. Vzhledem ke viem t€mto
skutenostem je potfeba vénovat mimorddnou pozornost zajisténi prileh-
lych svahu a svahi zafezu (definitivnich i doCasnych), aby nemohlo dojit
béhem stavby i po stavbé k aktivaci starych nebo novych mistnich
sesuvd.

Z petrologického hlediska je zde zastoupena pomérné pestra skdla hor-
nin, z vylevnych hornin budou prevladat olivinické alkalické bazalty
a bazanity a olivinické foidity, které jsou vétSinou silné alterované (auto-
metamorfované). Pro vylevné horniny byl pouzivan smluvni souhrnny
ndzev ,bazalt” (rozloZeny, zvétraly, navétraly a zdravy), pro pyroklasti-
ka byl pouzivéan souhrnny ndzev ,tuf* (rozloZzeny, zvétraly a navétraly).

Ve skalnich vychozech na lomové sténé a na okolnich svazich nad
budouci délnici jednoznalné prevladaji zvétralé az silné zvétralé (altero-
vané) bazalty a tufy.

Z prevédzné Csti jsou u portalu svahy pokryté suti. Suté maji vétSinou
kamenity a misty az balvanity charakter, vypln je prevdzné hlinito-pisci-
td a celkové jsou kypré.

Byla zji§téna pomérné velkd porusenost skalnich vychozi, zejména ve
svahu nad spodni plo§inou v misté razeného prazského portdlu. Trhliny
jsou rozeviené, strme ukloneéné a jsou vétSinou orientovéany Sikmo k ose
délnice. Masiv je vyznacné narusen starymi komorovymi odstrely.

BRIEF ENGINEERING GEOLOGICAL CHARACTERISTICS
OF THE AREA OF OPERATIONS

The area of operations is found in the Ceské Stfedohof highland, which is
formed by a complex of smaller, sometime completely isolated volcanic bodi-
es of various composition and shape. The complicated topography originated
during Neogene denudation and erosion, where the differences in the hardness
of rocks played a significant role. Valleys and basins developed in tuff or weak
cretaceous sediments found in the sub-base; more extensive overthrust sheets
created conditions for the origination of table hills. Smaller bodies gave rise to
conical shapes of various appearances, depending on the character of the rock,
such as, for instance, the area of the Prackovice and Dobkovicky basalt quar-
ries. The eastern edges of the Kubacky volcanic body are, in the area of ope-
rations, affected by block type mass movements, which extend up to the space
of the D8 motorway construction lot 0805. In this area, the Elbe River cut
down under the base of the volcanic overthrust, into the weak cretaceous rock,
and carried away the Turonian marlstone which was forced out from under the
edges of the blocks. As a result, the gradient of slopes was reduced ad indivi-
dual vulcanite blocks slid to the Elbe River valley. During the evolution of the
valley, the edge of the vulcanites shifted away from the river; the velocity of
the movement declined and till now the movement has completely ceased.

The rock mass through which the future Prackovice tunnel will pass is sig-
nificantly broken as a result of the chamber blasting which was carried out in
the past during the production of basalt at the Prackovice quarry.

THE PRACKOVICE TUNNEL

As far as the geological structure of the area and the terrain configuration
are concerned, the Prackovice tunnel tubes pass through a very complicated
environment. According to the CSN 73 1001 standard, the construction
belongs to geotechnical category Il1, i.e. a difficult construction in complica-
ted geotechnical conditions. The tunnels will be constructed in an area where
basaltic bodies occur and in sections with thick tuff layers and occurrences of
marlstone. During the detailed geotechnical survey, layers of rock prone to
intense swelling were identified in the environment of the rock mass consis-
ting of weathered tuff. The swelling was confirmed by laboratory tests. The
roughness of the terrain manifests itself by colluvial deposits of varying cha-
racter. With respect to all of the above-mentioned facts, it is necessary to pay
extraordinary attention to the stabilisation of the adjacent slopes and slopes of
open cuts (both final and temporary) so that the activation of old or new local
landslides during the construction and after the construction is prevented.

From the petrological point of view, a relatively wide range of rock types
is represented in the area of operations. Regarding vulcanites, the prevailing
types will be olivine alcalic basalts and basanites and olivine foidites, which
are mostly heavily altered (autometamorphosed). A collective name “basalt”
(decomposed, weathered, slightly weathered and fresh) was used for the vul-
canites, while a collective name “tuff” (decomposed, weathered and slightly
weathered) was used for pyroclastic rocks.

Weathered to heavily weathered (altered) basalts and tuffs unambiguously
prevail in the outcrops existing on the quarry face and the surrounding slopes
above the future motorway.

The major part of the slopes at the portals is covered with debris. The cha-
racter of the debris is mostly rocky and locally even bouldery; loamy-sandy
filling prevails. As the whole, the debris is loose.
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Obr. 3 Cdst E a F - tunel Prackovice a Radejéin Fezy
Fig. 3 Parts E and F - sections through the Prackovice and Radejcin tunnels

V predstihu byla realizovdna prazkumnd $tola v pravé opére levé
tunelové trouby, za tdlelem ovéfeni konkrétnich geologickych
a hydrogeologickych pomért, k ovéfeni vhodnosti a G¢innosti kon-
strukénich prvkt pouzitych k zajistén{ razenych tuneld a v neposledni
fadé k zajisténi piistupu a k zahdjeni praci u severniho tsteckého por-
tdlu a plochy mezi tunely a mosty pres ,,Uhelnou strouhu®. Tato §tola
byla s Upravami realizovana v letech 2004 a 2005.

TUNEL RADEJCIN

Tunely budou raZeny v nehomogennim prostied{ tvorenym rozloZe-
nymi zvétralymi a navétralymi tufy. Ve stfedni ¢dsti razeného tseku se
vyskytuji v tésném nadloZi pfip. v horni ¢asti profilu velmi pevné
nezvétralé bazalty.

Zvétrani ma vetsi vliv na raZzeni pouze v priportdlovych Castech.

Horninovy masiv byl rozdélen na kvazihomogenni celky, které
vychézeji z vysledku vSech archivnich a novych pruzkumnych praci
a geotechnickych zkousek.

Z komplexniho hodnocenf zji§ténych agresivnich sloZek vyplyva, Ze
v dosahu koliséni hladiny podzemni vody byla zjisténa prevazné slaba
agresivita na beton. Pruzkumna $tola nebyla realizovdna.

POPIS STAVAJICI SITUACE

Pro stavbu tunelu Prackovice bylo jiz vyddno stavebni povoleni
a ndsledné byly v leto$nim roce zahdjeny predstihové prace zejména
v byvalém lomu Prackovice.

Lom Prackovice byl vytéZen pred vice nez 15 lety. Pro rozruSovani
horninového masivu (pro vlastni t€Zbu) zde byly provddény zejména
komorové odstrely, které silné narusily stabilitu horninového prostie-
di. Byla zde také v minulosti loZiskovd pruzkumné §tola, o které se
nezachovaly prakticky zZddné informace.

Novd prazkumnd 3tola pro budouci ddlni¢ni tunely byla vybudové-
na jiz v letech 2004 az 2005 jako provizorni dilo s Zivotnosti maxi-
madlné 2 roky. Je vedena zhruba v ose levé tunelové trouby. Podrobnym
zpusobem ovéfila sloZité geologické podminky a stanovila vlastnosti
horninového masivu vletné reakce na razbu podzemniho dila.
Vzhledem na komplikované podminky v pocdtku razby, kdy
se nepodafilo §tolu z planovaného portélu zarazit, byl poédtek Stolové-
ho tseku posunut cca 0 40 m smérem do hory. Bylo nutné nejdfive
vyhloubit startovaci svislé dilo — Sachta. Nésledné z této Sachty bylo
smérem pod kopec Debus razeno pruzkumné dilo. Prizkumni $tola
tvori ¢dst vyrubu budouctho ddlni¢niho tunelu. Je zajisténa pouze
doCasnym osténim tvofenym stifkanym betonem se svarovanou pii-
hradovou vyztuzi a vyztuznymi KARI sitémi & 6/100 x 6/100 mm.
Svorniky jsou pouZity typu Boltex s omezenou Zivotnosti. PouZité
vyztuZovaci prvky maji pouze docasny charakter (zejména svorniky).

Na stavbé bylo jiz provedeno vymyceni lesnitho porostu v misté
budované opérné zdi a razeného portdlu (stav ze srpna 2008). Porost

It was found out that the rock outcrops are relatively very intensely bro-
ken, above all on the slope above the lower platform at the mined Prague por-
tal. The fissures are open, steeply dipping and mostly crossing the centre line
of the motorway on a skew. The rock mass is significantly disturbed by pre-
vious chamber blasting.

An exploration gallery was driven in advance, through the right side wall
area of the final left tunnel tube. The gallery was designed with the aim of
verifying the actual geological and hydrogeological conditions, verifying the
suitability and effectiveness of the structural elements to be used for the exca-
vation support and, last but not least, providing access and allowing the start
of the work at the northern (Ust{) portal and at the area between the tunnels
and bridges over the Uhelnd Strouha gully. It was driven, with modifications,
in 2004 and 2005.

THE RADEJCIN TUNNEL

The tunnels will be driven through an inhomogeneous environment con-
sisting of decomposed, weathered and slightly weathered tuffs. Very hard,
unweathered basalts are found in the central part of the mined section, in the
closest overburden or in the upper part of the cross section.

The influence of the weathering on the excavation is more significant only
in portal sections.

The rock massif was divided into quasi-homogeneous blocks on the basis
of the results of all archive surveys, new surveys and geotechnical tests.

It follows from the comprehensive assessment of the identified aggressive com-
ponents that low-intensity concrete-aggressive action was found within the reach
of the water table fluctuation. There was no exploration gallery driven there.

DESCRIPTION OF THE ACTUAL SITUATION

The building permit for the Prackovice tunnel has already been issued.
Preliminary work started this year, after the issuance of the permit, first of all
at the former Prackovice quarry.

The Prackovice quarry was exhausted more than 15 years ago. The rock
mass was broken (for mining purposes) mainly by means of chamber blas-
ting, which significantly disturbed the stability of the rock environment. In
addition, there was a deposit exploration gallery in this location in the past,
about which virtually no information has been preserved.

A new exploration gallery for the future motorway tunnels was driven in
2004 and 2005 as a temporary working with the maximum length of life
planned for 2 years. It runs roughly through the area on the axis of the left
tunnel tube. It verified in detail the complicated geological conditions and
determined properties of the rock mass, including the response to the exca-
vation. With respect to the complicated conditions at the beginning of the
excavation, when the attempt for the starting of the opening drift from the
planned portal failed, the beginning of the gallery was shifted by about 40m
inside the massif. It was necessary first to sink a starting shaft. The explora-
tion gallery was excavated subsequently from this shaft, in the direction
under Debus hill. The gallery excavation forms a part of the excavation of the
future motorway tunnel. The excavation is supported only by a temporary
lining, consisting of shotcrete, lattice girders and KARI mesh @ 6/100 x
6/100 mm. Boltex rock bolts with limited length of life were used. The
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Obr. 4 Tunely Prackovice a Radejéin — prehlednd situace
Fig. 4 General layout of the Prackovice and Redejcin tunnels

zde plnil ochranou funkci nestabilniho povrchu terénu, ktery je tvoren
kamenitymi a balvanitymi zeminami. Atmosférickymi srdZkami
a ostatnimi klimatickymi vlivy trvale dochdzi k zficeni dlomku skal,
opaddni kamenu a posouvéni sutovych kuZelu z okolnich svaha
nad budouci délnici.

Situaci komplikuje také staré duln{ dilo (3toly loZiskového prazku-
mu), jehoZ pozustatky byly objeveny u paty portdlové stény.

Nepfiméfené dlouhé solitérni pusobeni provizorni vyztuze pra-
zkumné $toly predstavuje vyznamné bezpe¢nostni riziko plynouci
z Casovych souvislosti vystavby, protoZze sméruje k moznému selhdn{
provizorni vyztuZe, ndsledné ztraté stability horninového masivu
a zavaleni vyrubu. Proto bylo nutné navrhnout dalsi dodate¢né rozséh-
1é zpevnujici sanace poruSeného horninového masivu.

Vlastni obnoveni razeb Ize predpokladat v zaf{ 2008. Stavajici stav,
po dlouhém preruseni praci, vyZaduje nadmérny rozsah predstiho-
vych sana¢nich praci. Tyto price se v soucasné dobé provadéji (srpen
2008).

ZAVER

Jakékoli dlouhodobé preruseni praci prinasi vZdy dalsi nepiijemné
zvySeni investi¢nich ndkladi a ohroZuje bezpe€nost price. Pouze
rychlé zabudovani definitivnich konstrukei zdrubnich zdi a provedeni
definitivniho osténi tunelovych trub je zdsadnim a trvalym stabili-
zaénim opatfenim pro feSeni stdvajici situace. Prdce spojené se
zabezpecovacimi pracemi, to je sanace nestabilnich svahu, sanace
stdvajicich hornickych dél a portdlové stény tunelu Prackovice, je
nutné dokonéit co nejdfive. Bez vyraZeni alespon jedné tunelové
trouby nelze zahdjit prace na mosté pres Uhelnou strouhu, kam neni
jiné pristupové cesty.
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support elements which were used are only temporary (above all the rock
bolts).

The forest growth which was on site has already been cleared in the area
where a retaining wall is to be built and at the portal of the mined tunnel (the
condition as of August 2008). This growth protected the instable surface of
the terrain, which is formed by rocky and bouldery soils. Atmospheric preci-
pitation and other climatic effects cause continual loosening of rock chips,
falling of stones and shifting of debris cones from the surrounding slopes
above the future motorway.

The situation is further complicated by an old mine working (a deposit
exploration gallery). Remains of the working were discovered at the toe of
the portal wall.

The inadequately long time for which the temporary support of the explo-
ration gallery has been solitarily in function represents a significant safety risk
following from the time relationships existing during the construction. It may
result in a failure of the temporary support, subsequent loss of stability of the
rock massif and a collapse of the excavation. It was therefore necessary to
design other additional extensive measures stabilising the disturbed rock mass.

The resumption of the excavation itself can be expected in September
2008. The existing condition, after the long-term suspension of the operati-
ons, requires excessive extent of advanced stabilisation operations. These
operations are currently being carried out (August 2008).

CONCLUSION

Any long-term suspension of work always results in a further unpleasant
increase in the investment cost and jeopardises the safety of workers. The
only possible measure capable of definite and permanent stabilisation of the
rock mass, thus solving the existing situation, is quick erection of final struc-
tures of the retaining walls and installation of the final lining of the tunnel
tubes. The operations associated with the stabilisation, i.e. the stabilisation of
instable slopes, stabilisation of existing mine workings and erection of the
Prackovice tunnel portal wall must be completed at the soonest. The work on
the bridge over the Uhelnd Strouha gully, where there is no other access road,
cannot start without the completion of excavation of at least one tunnel tube.
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MERENI DEFORMACI A TEPLOT NA DEFINITIVNICH
TUNELOVYCH OSTENICH

MEASUREMENT OF DEFORMATIONS AND TEMPERATURES
ON FINAL TUNNEL LINERS

PAVEL SOUREK, JAN L. VITEK, JOSEF ALDORF, LUKAS DURIS

1. OvoD

Navrhovéni definitivnich osténi raZenych tuneld je pomémé sloZity
proces. Statické pusobeni zdvisi na interakci tunelového osténi
s horninovym masivem a zatiZeni je zavislé na mnoha faktorech: tuhosti
osténi, velikosti vyrubu, geotechnickych podminkdch, postupu vystavby
a v neposledni fadé na klimatickych podminkdch. Posuzovana konstruk-
ce je mnohokrdt staticky neurcitd a nelze také primo aplikovat metody
navrhovani podle meznich stavi ve formé bézné u pozemnich konstruk-
ci. Vzhledem k dopravnimu vyznamu tunelti neni moZné piipoustét jaké-
koli vyluky nebo jind omezeni provozu. Ndvrh osténi proto musi byt bez-
peény, rovnéZ ekonomicky a zdroven musi spliiovat nejvyssi pozadavky
na uzitné vlastnosti po celou dobu Zivotnosti dila. ZkuSenosti
s dlouhodobou funkef a skute¢nym namdhdnim jsou ve svété ruzné a je
tieba ovéfit tyto skuteCnosti i v ¢eskych podminkédch. V rdmci vyzkumu
podporovaném téZ GACR se provadi fada métent, kterd dokladuji redlné
namahdni, resp. redlné zatiZeni tunelovych osténi. Obsahem ¢ldnku je
kromé popisu méfeni predevsim prezentace vysledku z doposud prove-
denych méfeni na riiznych tunelech postavenych v CR za poslednich 10
let. Zdroven lze uvést nékteré ziskané zkuSenosti a doporucent.

2. KONSTRUKCNI RESENI RAZENYCH TUNELU V CESKE
REPUBLICE

Geologické podminky, smérové, vyskové a dispozi¢ni feSeni tunelo-
vych tras, ale predev§im délka tunelu a strojni potencidl provaddécich
firem v Ceské republice jsou diivody, pro¢ v posledni dobé naprosto roz-
hodujici vétSina naSich raZenych tunelt je navrhovana na principech kon-
venéniho tunelovani pomoci Nové rakouské tunelovaci metody (NRTM).
Systém NRTM spocivé ve vyuziti dvou typu osténi pro zajisténi vyruba-
ného prostoru. Docasné — primérni osténi (zpravidla vrstva vyztuzeného
stifkaného betonu se svafovanymi sitémi, doplnénd rastrem horninovych
svorniku) zajisthje vyraZeny prostor po dobu vystavby. V této fdzi obvy-
kle dochdzi k ustdleni deformaci a k preskupeni napéti v masivu.
Definitivni — sekunddrni osténi predstavuje trvalou nosnou konstrukci
prenéSejici veSkerd pusobici zatizeni po celou dobu Zivotnosti dila.
Definitivn{ osténi je tvoreno zpravidla betonovou nebo Zelezobetonovou
monolitickou konstruket, sklddajici se v pficném fezu z horni klenby ulo-
Zené na boCnich (zdkladovych) blocich a pripadné spodni klenby.
VyztuZeni spodni a horni klenby tvori obvykle vrstvy svarovanych oce-
lovych siti u obou povrchi osténi, ke kterym se priddvaji piflozky
z betonarské vyztuze podle vysledku statickych vypocti. Doposud bohu-
Zel jen vyjimetné bylo u naSich modernich tunelt vyuZito definitivni
osténi pouze z betonu prostého.

Betondz jednotlivych konstruk&nich prvki osténi probihd vétsinou
proudovou metodou po sekcich, ve spodni klenbé do systémového bed-
néni, v horn{ klenbé do pojizdné ocelové formy s hydraulickym ovlada-
nim. Délka pracovnich sekci se lisi podle velikosti pricného profilu, smé-
rového feSeni a délky pouZité formy od cca 5 m do 12 m. Jednotlivé
prstence definitivniho osténi pusobi staticky samostatné.

3. PREDPOKLADY NAVRHU DEFINITIVNIHO OSTENI

Pfi ndvrhu definitivniho osténi je dnes jiZ zcela standardné vyuZzivano
prostiedk moderni vypocetni techniky. Vnitini sily a deformace ostén{
se pocitaji pomoci numerickych modelt metodou koneénych prvka, kde
je simulovéno celé horninové prostiedi vEetné postupu raZeb a etapy vlo-
Zeni jak primérniho, tak i sekunddrniho osténi. Statické vypocty se pro-
vadéji predev§im v mistech nejnepriznivéji zatiZzenych profila se zohled-
nénim mnoha zatéZovacich stavu a jejich kombinaci, zejména:

— vlastni tiha;
— geostatické zatiZeni horninovym prostfedim;
— hydrostaticky tlak podzemni vody (v pfipadé uzaviené izolace);

1. INTRODUCTION

Designing final liners of mined tunnels is a relatively complicated pro-
cess. The statical behaviour depends on the tunnel lining — rock mass
interaction, and the loading depends on many factors, such as stiffness of
the lining, the size of the excavated opening, geotechnical conditions, the
construction procedure and, at last but not least, climatic conditions. The
structure which is the subject of the assessment is a system with many
redundant members, therefore, the limit states design methods which are
commonplace in building design cannot be directly applied to it. Because
of the importance of tunnels for traffic, it is impossible to permit any clo-
sure or other traffic restraining measures. For that reason, a tunnel lining
design must be not only safe but also economic and, at the same time,
must meet the most demanding requirements for end-use properties for
the entire lifetime of the structure. Worldwide experience with long-term
functioning and actual loads varies, therefore, these facts need to be veri-
fied even in Czech conditions. Many measurements documenting real
stressing or real loads acting on tunnel structures have been conducted
within the framework of the research funded even by the GACR (the
Grant Agency of the Czech Republic). Apart from description of the mea-
surements, this paper contains a presentation of results of the measure-
ments which have been carried out on various tunnels completed during
the previous decade in the Czech Republic till now. At the same time, it
is possible to present some items of experience which have been obtai-
ned, together with suggestions.

2. STRUCTURAL DESIGN FOR MINED TUNNELS IN THE
CZECH REPUBLIC

Geological structure, configuration of horizontal and vertical align-
ment of tunnels, but, above all, tunnel lengths and the equipment Czech
contractors are able to provide are the reasons why absolute majority of
Czech mined tunnels have been designed upon conventional tunnelling
principles using the New Austrian Tunnelling Method (the NATM). The
NATM system is based on the use of two types of excavation support.
Temporary (primary) support (usually a layer of sprayed concrete rein-
forced with welded mesh, supplemented by a grid of rock bolts) secures
stability of the excavated opening during the construction period. During
this phase, deformations usually become stable and stresses in rock mass
are redistributed. The final (secondary) support is provided by means of
a permanent load-bearing structure, carrying all acting loads throughout
the lifetime of the structure. The final lining is usually a cast-in-situ, unre-
inforced or reinforced concrete structure, with the cross section consis-
ting of an upper vault resting on side footings (foundation blocks) and,
if necessary, an inverted arch. The reinforcement of the upper vault and
inverted arch usually consists of layers of welded mesh on both surfaces
of the lining structure, supplemented by reinforcing bars as required
according to the results of structural analyses. Unfortunately, sole use of
unreinforced concrete final liners in our modern tunnels has been very
rare.

Individual structural elements of the lining are usually cast using
a production line technique, section by section; forming systems are used
for the invert, whereas hydraulically controlled traveller formwork is
used for the upper vault. The length of the casting blocks varies from
about 5Sm to about 12m, depending on the size of the cross section, the
horizontal alignment and the length of the formwork to be used. In terms
of the structural analysis, individual rings of the final lining act indepen-
dently.

3. FINAL LINING DESIGN ASSUMPTIONS

State-of-the-art computer technology is today the standard during
designing final liners. Internal forces and deformations of the lining have
been calculated by means of numerical models, using the finite element
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— smrstbvéni a dotvarovéni betonu definitivniho ostén; method, where the whole ground environment is simulated, including the
— vliv teploty (ochlazeni/otepleni) excavation sequence and the primary and secondary support insertion sta-
— technologick4 zatiZent, atd. ges. Structural analyses have been conducted, first of all, for the profiles
U klasickych pozemnich a mostnich staveb lze ve vétsiné piipadu where the loading is the most unfavourable, taking into consideration
pomerné jednoznacné definovat zatiZeni, kterému musi nosné konstruk- many loading cases and their combinations, namely the following ones:
ce odolavat. Konstrukce mé rovnéZz pomérné presné definovatelné geo- — dead weight
metrické a fyzikdlni parametry. V piipadé raZenych tunelt jde naopak — geostatical load induced by the ground environment
témer vzdy o kompaktni celek tvofeny na jedné strané konstrukcemi oste- — ground water hydrostatical pressure (in the case of a closed waterp-
ni tunelu a na strané druhé okolnim spolupusobicim a zdroven zatézuji- roofing system)
cfm horninovym masivem. Uréit pfiméfené parametry k celému systému — final lining shrinkage and creep
horninovy masiv—osténi je velmi naro¢né. ZatiZeni horninovym masivem — influence of temperature (decrease/increase in temperature)
vykazuje zna¢ny stupeii nejistoty a téZ tloustka osténi maze byt vlivem — technological loads etc.
ruznych okolnosti jind, neZ pfedpoklddd projekt. Pfi redlném néavrhu osté- For the majority of cases of classical underground structures and bridge
ni tuneld se proto vychdzi z fady zjednoduSujicich predpokladi. K t€mto structures, it is possible to relatively unambiguously define the loads the
predpokladiim se pridévaji normativni, ale i osobni (vlastni) bezpe¢nost- load-bearing structure has to resist. Geometrical qnd physical parameters
ni rezervy. Z toho plyne, Ze dimenzovén{ tunelt je znacné z4vislé na sub- of these structures are relatively accurately definable. In the cases of
jektivnich pohledech projektanta a jeho zkusenosti, a pfedeviim na moz- mined tunnels we nearly alwz}ys deal with compact assemblies consisting,
nostech ziskat vystizné parametry pro popis ptisobenf horninového masi- on the one hand, of tunnel lining structures and, on the other hand, the sur-
vu. D4 se tedy ofekdvat, Ze ndvrhy osténi budou spiSe konzervativni. rounding rock mass, which both interacts with the structure and, at the
Dal§im problémem celého ndvrhu je nejednotnd metodika (absence same time, acts as a load. The task to determine parameters adequate to the

whole rock mass — tunnel lining system is very difficult. The confining
pressure displays a significant degree of uncertainty, and even the thick-
ness of the lining may differ from design assumptions, owing to various
circumstances. This is why many simplifying assumptions are adopted
during the work on a real tunnel lining design. These assumptions are

primé nédvrhové normy) v uvazovdni velikosti zatiZeni, zatéZovacich
stavu a jejich kombinaci, rovnéZ pak vliv spolupusobeni definitivniho
tunelového osténi s primarnim osténim vetné uvazovéni jeho pretvar-
nych a pevnostnich charakteristik v Case.

4. SYSTEM A ROZSAH EXPERIMENTALNIHO MERENI fiupplem?nted by safety 'rnar'gins, both those prescribed by standards and
esigner’s personal (subjective) ones. It means that structural analyses of

Na zdklad¢ vySe uvedenych skutecnosti bylo rozhodnuto o vhodnosti tunnels significantly depend on subjective viewing by designers and their
zjidténi, jak jsou opravdu existujici tunely namahdny, resp. zatiZeny a zda experience, and, first of all, on the capability to obtain apposite parameters
jejich skute¢né pﬁsobeni odpovida pfedpokladﬁm ve statickych vypo- for the description of the rock mass action. It is therefore expectable that
¢tech. Proto byly v rdmci vyzkumného projektu GACR a v rdmci geo- structural analyses of tunnel liners will be rather conservative. Another
technického monitoringu umistény do definitivnich, pfipadné doCasnych problem of the entire process of structural analysing is the non-uniform
osténi vybranych tuneli zafizeni ke sledovani pomérngch deformaci methodology (the absence of a direct standard for the designing) in terms
a teploty, strunové vibraéni tenzometry. Pomocf tenzometri jsou tak dnes of the assumptions about the magnitude of loads, loading cases and their
sledovany v CR naptr. tyto tunely: combinations, as well as the influence of the interaction between the final

— Valik (délnice D5) tunnel lining and the primary lining, including the consideration given to

— Panenska (ddlnice D8) deformational and strength-related properties of the lining with time.

— Libouchec (dalnice D8)

— Klimkovice (dédlnice D47) 4. THE SYSTEM AND SCOPE OF EXPERIMENTAL

— Mrézovka (Méstsky okruh v Praze) MEASUREMENTS

— Tunelovy komplex Blanka (Méstsky okruh v Praze)

— Vitkovské (Zelezni¢ni tunely Nového spojeni v Praze)

— Kabelovy tunel Vltava (Praha)

Pomoci tenzometrického a odporového méreni jsou ziskdvany hodno-
ty pomérnych deformaci a teploty v daném misté betonového osténi
v prubéhu Casu. Konstrukce tenzometrt je velice robustni a spolehlivd
a umoznuje jejich funkci po dobu mnoha let. Nase nejstarsi zkusenosti
S uvefiveny’m ! tenzometry trvajt Nz 20 .let. ?redpok} ada 8¢, z& zmeny and geotechnical monitoring. Strain gauges are currently used in the Czech
v zatezovani vgleflmvt}v,nf,ho ostent homms) vym masivem Jsou pomalé, Republic for the monitoring of, for example, the following tunnels:

a proto posta¢i odecitdni hodnot pouze nékolikrat do roka. Tenzometry ~ Valik (D5 motorway)

jsou umistény ve vybranych pri¢nych fezech, které jsou pokud mozno
vyznamné namdhany. Jde o mista s vysokym nadlozim, v neptiznivych
geologickych pomérech, pripadné s vysokou hladinou podzemni vody
apod. Rozmisténi tenzometra v pficném fezu je ureno tak, aby bylo sle-
dovédno pusobeni v oblastech s extrémnimi kladnymi i zdpornymi ohy-
bovymi momenty. Vychdzi se rovnéZz z predpokladu jisté symetrie
a ocekdvd se, Ze symetricky umisténé tenzometry by mely poskytovat téZ

With the above-mentioned facts taken into consideration, the decision
was made that it was reasonable to determine how the real existing tunne-
Is are stressed (or loaded) and whether the actual behaviour of the structu-
res corresponds to the assumptions applied in structural analyses. For that
reason, relative deformation and temperature monitoring devices and
vibrating-wire strain gauges were installed in final or temporary liners of
selected tunnels, within the framework of a GACR funded research project

— Panenska (D8 motorway)

— Libouchec (D8 motorway)

— Klimkovice (D47 motorway)

— Mrézovka (City Circle Road in Prague)

— Blanka tunnel complex (City Circle Road in Prague)

— Vitkov tunnels (railway tunnels — the New Connection project,

priblizné symetrické hodnoty deformaci, a tim dosdhnout jisté kontroly _ E/rﬁil,lae )cable tunnel (Prague).
vlastniho méfeni. . ) . The variable values of relative deformations and temperatures in parti-
Obrazky 1-3 ukazuji schéma umisteéni tenzometru v definitivnim oste- cular locations of a concrete lining are obtained continually by means of
ni tunelu Mrdzovka, Valik a Libouchec. Pfi vyhodnocovéni jsou rovnéz strain gauge and resistivity measurements. The strain-gauge design is
vyuzivany vysledky dalSich provddénych méfeni na definitivnim osténf, very robust and reliable, allowing the instruments to function many years.
a to napr. geodetické sledovéni deformaci osténi, méfeni teploty povrchu Our experience with these strain gauges has lasted already 20 years. It is
betonu v misté tenzometrd, sledovani hydrostatického tlaku od podzem- expected that changes in the loading action of rock mass on a final lining
nf vody v bezprostfednim okolf tunelu. are slow, therefore the reading of the measured values only several times
V pifpadé tunelu Klimkovice jsou teplotni ¢idla kromé definitivniho osté- in a year is sufficient. Strain gauges are located in selected cross sections,
ni navic umisténa i v horninovém masivu, cca 1 m za vylomem (obr. 5). such ones which are, if possible, significantly stressed. Such cross secti-
Strunové tenzometry jsou pfipevnény na vyztuz (obr. 4) a propojovaci ons are found in locations with a high overburden cover, in unfavourab-
kabely jsou pomoci chrani¢ek vyvedeny do skfinék umisténych do nik le geological conditions or in high water table conditions, etc. The strain
v osténi piistupnych téZ béhem provozu tuneld. V méfici skiffice se pii- gauges are distributed within a cross section with an aim of monitoring
pojuje odecitaci zafizeni a zaznamendvaji naméfené hodnoty deformact the action in the areas where extreme positive or negative bending
a teplot. Jednou z vyhod pouZitych tenzometrt je, Ze nepotiebuji Zddnou moments will exist. The system of distributing strain gauges is also based
kalibraci. Impulz vyslany ze tectho zafizeni rozkmitd strunu a zdroven on an assumption that there is a certain symmetry and it is expected that
se odecte jeji frekvence, kterd je zdvisld na délce tenzometru, resp. na symmetrically installed strain gauges should even provide approximate-
deformaci v misté tenzometru. Odmémd délka je u téchto pristroju 140 ly symmetrical deformation readings, thus to achieve a certain degree of

mm, coZ je natolik velkd hodnota, Ze eliminuje nehomogenni charakter self-verification of the measurement.
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Obr. 1 Schéma rozmisténi tenzometru v definitivnim osténi
tunelu Mrdzovka

Obr. 2 Schéma rozmisténi tenzometru v definitivnim osténi tunelu Valik
Fig. 2 Distribution of strain gauges in the final lining of the Valik tunnel

Fig. 1 Distribution of strain gauges in the final lining of the
Mrdzovka tunnel

betonu, a tim umoznuje velmi vystizné zaznamendni reél-
nych pomérnych deformaci. Nulové teni se provede tésné
po betondzi, dalsi odelitdni se v soucasné dobé opakuji ve
&tvrt az pulro¢nich intervalech. V piipadé tunelu Klimkovice
je odetitani provadéno nékolikrat denné z divodu postiZen{
vlivu zmén teplot v osténi (obr. 5).

5. NAMERENE HODNOTY

tenzometry (1)

levy tubus

strain gauges

left tube

»i tenzometry (p)
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5.1. Naméahani osténi tunelti

Naméfené hodnoty pomérnych deformaci mohou byt porovndvany
s vysledky podobnych méfeni na jinych tunelech nebo s vysledky mére-
ni na betonovych vzorcich. Je tieba si uvédomit, Ze namérend hodnota je
sou¢tem nékolika vlivii. Zahrnuje obvykle pruznou deformaci betonu od
zatizeni, deformaci od smrStovani a dotvarovani betonu a deformaci od
zmény teplot. Ddle je tfeba sledovat i materidlové parametry betonu, aby
bylo mozné prepoctem odvodit napéti, kterd v betonu (resp. ve vyztuzi)
mohou vznikat. Existuje téZ moZnost prepocitdvat pomérné deformace
podle predpokladu, Ze beton a vyztuz se deformuji shodné (vzhledem
k soudrZnosti) a pres modul pruznosti oceli stanovit napéti ve vyztuzi. Je
vSak nutné pripomenout, Ze vyztuZ je namdhana nejen vlivem vnéjsiho
zatiZzeni osténi, ale t€Z vlivem vnitnich pnuti, kterd vznikaji napr. od smr-
Stovani betonu. Cim je stupefi vyztuZeni mensi, tim v&tsi budou napéti
v oceli od smrstovani betonu.

Definitivni ostén{ tunelt Valik, Panenskd a Libouchec bylo realizova-
no prevazné v roce 2005. Této skute¢nosti odpovidaji i doposud namé-
fené hodnoty, které dosahuji vyuZiti tnosnosti prifezu pouze v fadu

Obr. 4 Tenzometry umisténé na vyztuZi osténi
Fig. 4 Strain gauges fixed to the reinforcement of the final lining

Obr. 3 Schéma rozmisténi tenzometru v definitivnim osténi tunelu Libouchec
Fig. 3 Distribution of strain gauges in the final lining of the Libouchec tunnel

Figures 1-3 present locations of strain gauges in the final liners of the
Mrazovka, Valik and Libouchec tunnels. When the assessment is carried
out, results of other measurements conducted on the final lining, such as
survey of the lining deformations, measurement of concrete surface tem-
perature in the strain gauge locations and monitoring of ground water
pressure in the close surroundings of the tunnel.

In the case of the Klimkovice tunnel, thermal sensors are located even
in the rock mass, about 1m beyond the edge of the excavated opening, in
addition to the sensors embedded in the final lining (see Fig. 5).

The vibrating-wire strain gauges are fixed to reinforcement bars (see
Fig. 4), and connecting cables lead through conduits to boxes installed in
niches in the lining, which are accessible even during the tunnel operati-
on. The measurement box contains a data acquisition appliance and
a deformation and temperature data logger. One of the advantages of the
strain gauges used in the tunnels is the fact that they need no calibration.
An impulse sent from the data acquisition appliance vibrates a string and,
at the same time, the vibration frequency is read. The frequency depends
on the length of the strain gauge, or on the deformation which developed
in the strain gauge location. The measurement length is 140mm in the
case of these appliances. This value is sufficient to eliminate the inho-
mogeneous character of concrete, thus it allows very apposite recording
of real relative deformations. The zero reading is taken just after the conc-
rete casting, while other readings are currently repeated at quarter-year to
half-year intervals. In the case of the Klimkovice tunnel, the readings
were taken several times per day with the aim of determining the influ-
ence of temperature changes in the lining (see Fig. 5).

5. MEASURED VALUES

5.1. Stresses in tunnel liners

The measured values of relative deformations can be compared with
results of similar measurements conducted on other tunnels, or with
results of measurements carried out on concrete samples. It is necessary
to be aware of the fact that the measured value is a summary of
several effects. It usually contains elastic deformation of concrete indu-
ced by loading, deformation induced by concrete shrinkage and creep,
and deformation induced by temperature changes. Further, even the
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Obr. 5 Schéma rozmistéeni méridel a vysledky sledovdni vyvoje teplot v osténi
a horninovém masivu v tunelu Klimkovice v letnim obdobi

Fig. 5 Locations of measuring instruments and results of the monitoring of
development of temperatures in the lining of the Klimkovice tunnel
and the surrounding rock mass, in a summer season

steel by the shrinkage of concrete.

The final liners of the Valik, Panenska and Libouchec tunnels were
constructed mainly in 2005. The values of the exploitation of the section
which have been measured till now, reaching only several per cent, cor-
respond to the above-mentioned fact. The stress in steel fluctuates about

nékolika procent. Napéti v oceli se pohybuje v nékolika malo desitkdch several tens MPa and the stress in concrete approaches 2MPa. The entire
MPa a napéti v betonu se blizi 2 MPa. Cely prurez osténi klenby je cross section of the vault lining is subjected to compression; the greatest
namédhdn tlakem, nejvét§ich namahéni je dosazeno v bocich klenby stress is reached in side walls, near the inner face of the lining. The explo-
u vnitfniho lice osténi. VyuZiti prifezu pfi porovnani se statickym navr- itation of the section, compared with the structural analysis, differs; this
hem je razné a souvisi pfedevsim s poZzadavky na omezeni §iiky trhlin fa;t is associated pnmanly with design requirements for hfmtat@“ of
danych v projektu. Priibéh namahani v ase je jiz ustdleny s velmi nepa- widths of cracks. The time-stress curve has stabilised, with minute incre-
trnymi piirGstky, na ¢asovém prabéhu se navic projevuji vlivy teploty ments; in addition, the influence of temperature changes during individu-
v pribéhu roénich obdobi. Pribéhy na vybranych profilech tunelu Valik al seasons of the year affeq the curve. Curves plotteq for. selected cross
a Libouchec jsou uvedeny na obr. 6 a 7. sections of the Valik and Libouchec tunnel are shown in Figures 6 and 7.

The final lining, which is without a closed waterproofing system in this
particular case (non-stressed by hydrostatic pressure), has been loaded
only by the own weight, shrinkage and forces induced by changes in tem-
perature. Although, the measured values illustrate only the loads induced
by volumetric changes during the hardening of concrete, and loads indu-
ced by changes in temperature; the dead weight is not taken into consi-
deration because the zero reading was taken only after striking the form-
work. Geostatical loads will start to act within a horizon of several years,
when the gradual loss of the load-bearing capacity (deterioration) of the
primary lining starts to manifest itself. This fact depends on the parame-
ters of the primary lining (the design, the real structural condition) and on
the aggressive action of the environment in which the lining is found.

Regarding the Mrdzovka tunnel, the final lining was completed during
2003 and the tunnel was opened to traffic in 2004. In addition, the tunnel
is provided by an intermediate waterproofing system covering the full
circumference of the structure, clamped between the primary and secon-
dary liners. Even in this case, the measured values have not suggested yet
that the lining is exploited at the level of characteristic (operating) load
values. The maximum value of stress in the reinforcement of about 30-

Definitivni osténi, v tomto piipadé bez uzaviené izolace (bez naméhani
hydrostatickym tlakem), je zatiZeno doposud pouze vlastni tihou, smrsteé-
nim a zatiZzenim od zmény teploty. Nametené hodnoty ovSem znazornuji
pouze zatiZeni vlivem objemovych zmén od tvrdnuti betonu a zmény tep-
loty, vlastni ttha nenf s ohledem na nulové ¢tenf aZ po odbednéni zohled-
néna. Geostatické zatiZeni zacne pusobit v horizontu nékolika az desitek
let s postupnou ztrdtou nosné schopnosti (degradaci) osténi primérniho.
Tato skuteCnost zdvisi na parametrech primarniho osténi (ndvrh, skute¢né
provedeni) a na agresivité prostredi, ve kterém se nachézi.

U tunelu Mrézovka bylo definitivni osténi dokongeno jiz v prubéhu
roku 2003 a v roce 2004 byl tunel uveden do provozu. Navic je tunel
vybaven celoplo$nou uzavienou izolaci sevienou mezi primarnim
a sekunddrnim osténim. Namérené hodnoty i v tomto pripadé dosud
nevykazuji vyuZiti osténi na drovni charakteristickych (provoznich) hod-
not zatizeni. Maximaéln{ napéti v betondiské vyztuZi bylo z méfeni odvo-
zeno hodnotou cca 30-50 MPa, zatimco tlak v betonu doposud nepresa-
huje 5 MPa. Casovy priibéh namahani potvrdil nardist zatizeni od hydro-
statického tlaku po uzavieni éerpacich Sachet prostupujicich izolaci véet-

né ustdleni ristu namdhdni po ustileni hladiny podzemni vody v masivu 50MPa was deduced from the measurements, whereas the compression
(obr. 8). Cely profil osténi je pfevdzn€ tlaten, kromé tahla mostovky, pri- in concrete has not exceeded SMPa yet. The course of the time-strain
béh deformaci v Case je rostouci se zohlednénim teplotnich vlivii ro¢nich curve was confirmed by an increase in the load induced by the hydrosta-
obdobi. tical pressure which appeared after the closing of pumping wells passing
V tunelu Klimkovice dosahujf napéti v betonu velikosti max. 4-5 MPa through the waterproofing membrane, including the stabilisation of the
(pfepoctem) z normovych hodnot modulu pruznosti a odpovidaji vesmés growth of strain once the water table in the rock mass had stabilised (see
zatizeni vlastn{ tthou osténi, vlivu smritovani a teplot v ostén{ a rovnéz Fig. 8). Nearly entire profile of the lining is in compression, with the
zatiZen{ hydrostatickym tlakem. exception of the road deck, forming a tension bar; the time-deformation
Vitkovské tunely nového spojeni jsou mereny od roku 2007. Spolu curve ascends when the effect of temperature development during the
s tunelem Libouchec zde bylo vyuzito definitivni osténi z prostého beto- seasons of the year is allowed for.
nu. Vysledky doposud provedenych méfeni jsou obdobnd s tunely In the Klimkovice tunnel, stresses in concrete reach the maximum of
Libouchec a Panenskd, nebot’ zde je rovnéz vyuzito deStnikového typu 4-5MPa (results of recalculation from characteristic values of the elastic

izolace. Vyjimkou jsou hodnoty tahovych naméhdni na vnitfnim boku modulus); they correspond mostly to the loads induced by the dead
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Obr. 6 Casovy pritbéh skutecnych pomérnych deformaci v osténi tunelu Valik
(stlaceni +)

Fig. 6 Time history of actual relative deformations in the Valik tunnel lining
(compression +)
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Obr. 8 Casovy pribéh skutecnych pomérnych deformaci v osténi tunelu
Mrdzovka (stlaceni +)

Fig. 8 Time history of actual relative deformations in the Mrdzovka tunnel
lining (compression +)

klenby jizniho tubusu (obr. 9) patrné zapri¢inéné objemovymi zménami
betonu.

Kabelovy tunel Vltava a tunelovy komplex Blanka jsou v soucasné
dobé ve vystavbé a méfici profily se bud' v soucasnosti osazuji, nebo se
budou osazovat v budoucnu. Vysledky z doposud provedenych méteni
tak zatim nemd smysl prezentovat. Oba profily budou zatiZzeny podzem-
ni vodou.

5.2. Teplotni zatizeni

Tenzometry v osténi tuneld umoznuji zdroveni i méfeni teploty diky
integrovanému teplotnimu ¢idlu. Spolu s pomérnymi deformacemi jsou
tak odeCitany i hodnoty okamZitych teplot v misté tenzometru, doplno-
vané méfenim povrchové teploty laserovym teplomérem. Takto ziskané
hodnoty, na tunelu Klimkovice odecitané dokonce v pravidelnych krat-
kodobych intervalech (obr. 5), umoznily autorskému tymu provést srov-
ndni s predpoklady obecné vyuzivanymi pro navrh velikosti teplotniho
zatiZeni definitivniho osténi tuneli. V Ceské republice jsou nejvice vyu-
Zivény hodnoty teplotnich diferenci vnéj§iho a vnitiniho lice osténi podle
némecké drazni smérnice DS 853, resp. podle TKP CD, kap. 20 — Tunely.
Na obr. 12 jsou uvedeny letn{ a zimni rozdily teplot v osténi pro dseky
tunelu 200 m a vice od portélu (ozna¢. norma), coZ zhruba odpovidd vét-
Sin€ sledovanych méficich profilt. Z prubéhu statisticky vyhodnocenych
meéfeni teplot po tloustee osténi od povrchové teploty po teplotu vnéjsiho
lice dale vyplyva skutecnost, Ze prubéh teplot zdaleka nemd linedrn{ cha-
rakter. Naopak stridavé oteplovani a ochlazovani betonu se projevuje
zejména v povrchové vrstve osténi, zatimco ¢dsti vzdalenéjsi od povrchu
jiz podléhaji mensim rozdilum teplot. Naméfené hodnoty se v prevdzné
mife blizi krajnim hodnotdm s oznacenim II na obr. 12. Proto feSitelsky
tym navrhuje uvazovat bilinedrni prabéhy teplot po tloustce osténi (obr.
12, oznat. I). Ty jsou blizsi skute¢nému prabéhu teplot a pritom jejich
dopad na naméhdni osténi je mensi. To znamend, Ze pravdépodobné redl-
né naméhani osténi od ohfdti, resp. ochlazeni je pravdépodobné mensi
neZ predpokladd soucasné pouzivany ndvrhovy predpis. PouZivadni ndvr-
hového predpisu lze povaZzovat za prili§ konzervativni a téZ neekonomic-
ké. Priklad naméhéni od teploty pfi raznych predpoklddanych prubézich
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Obr. 7 Casovy pribéh skutecnych pomérnych deformaci v osténi tunelu
Libouchec (stlaceni +)

Fig.7 Time history of actual relative deformations in the Libouchec tunnel
lining (compression +)
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0br. 9 Casovy pribéh skutecnych pomérnych deformaci v osténi tunelu
Vitkovsky (stlaceni +)

Fig. 9 Time history of actual relative deformations in the Vitkov tunnel lining
(compression +)

weight of the lining, shrinkage and temperatures of the lining, and the
hydrostatic pressure.

The Vitkov tunnels have been subjects of the measurements since
2007. These tunnels and the Libouchec tunnel are the structures where
the final lining of unreinforced concrete was used. The results of the mea-
surements which have been completed till now are similar to those obta-
ined from the Libouchec and Panenska tunnels, because they have the
same “umbrella type” of the waterproofing. An exception occurred on the
inner side of the side wall of the southern tunnel tube, where the values
of tensile stresses differ (see Fig. 9), probably owing to volumetric chan-
ges in concrete.

The Vltava cable tunnel and the Blanka tunnel complex are currently
under construction and the measurement stations are either currently
being installed or will be installed in the future. There is therefore no
point in presenting results of the measurements which have been com-
pleted. Both profiles will be loaded by ground water.

5.2. Temperature load

Owing to an integrated temperature sensor, strain gauges in tunnel
liners render even the measurement of temperatures possible. Thus, even
the actual values of temperatures at the strain gauge, supplemented by the
measurement of the surface temperature, are read together with the valu-
es of relative deformations. The values, obtained in the above-mentioned
way, which were read even at regular short-term intervals in the case of
the Klimkovice tunnel (see Fig. 5), allowed the team of authors to carry
out a comparison with the assumptions commonly used for determining
the design magnitude of thermal loads acting on final liners of tunnels. In
the Czech Republic, the values of differences between temperatures of
the outer and inner surfaces of the liners are most frequently used, follo-
wing the DS 853 German Railways’ directive or Czech Railways’
Technical Specifications, chapter 20 — Tunnels. Fig. 12 shows the diffe-
rences in summer and winter temperatures in a lining for tunnel sections
200m and farther from a portal (marked as the standard), which roughly
corresponds to the majority of the monitored measurement stations. It



17. rocnik - €. 4/2008

TuoufHel

Ll

:E LB -
z —
< e | P— - ,-'n..-/
o) s e \
g 7 S - i

i e —— i I
o0 — e e — f
2 — S E— — f
b= — P I
5 | — e !
= -
1 e —— ~,
E L] \ S ——— — _ c - — 3
Z - e S | L] n "W 2 ™ " L o S = i m; m
) tl e e B B e e ——— = :
= [ = b 1
1 - - — -
g F L — 5
S <= -
£ 18 | — ‘ .
> #
2 | -
a F
S i -

obvod dila [m] — excavation circumference [m]
<%
vlastni tiha 1éto 1 1éto norma smrsténi __zima 1 N zima norma
dead weight summer 1 summer - standard shrinkage winter 1 winter - standard

Obr. 10 Srovndni velikosti ohybovych momentu v osténi vlivem teplotnich zmén

v tunelu Valik

Fig. 10 Comparison of the magnitude of bending moments induced by temperature changes in the lining of the Valik tunnel

teplot je uveden na konstrukei tunelu Valik na obr. 10 a Klimkovice na
obr. 11. Vysledky feSeni ukazuji, Ze naméhani prufezu ostén{ pfi biline-
drnim rozdé€len{ teploty je vyrazné mensi (aZ o cca 3040 %) neZ pri tzv.
normovém rozdéleni (obr. 12 — oznac. norma). Naproti tomu podle dosa-
vadnich vysledka méfeni teplot, a to i s ohledem na koncepci méfent,
nelze usuzovat na moznost tipravy absolutnich hodnot teplotniho zatiZe-
ni daného vySe jmenovanymi predpisy. Tomu by muselo odpovidat
vyrazné systemati¢téjs$i a dlouhodobéjsi mefeni na vybraném vzorku
tuneld v ruznych lokalitdch, s raznou dispozici, s raznou orientaci
a vyuZitim a se zdsadné jinou Cetnosti ode¢itdni hodnot teploty v osténi.

6. ZAVER

U Nové rakouské tunelovaci metody, kterd byla pouZita na vSech tune-
lech vybavenych tenzometry, prendsi v dobé vystavby veskerd zatizeni
primérni osténi spolu s okolnim horninovym masivem. Nésledné se
vybetonuje ostén{ sekunddrni, které je od primédrniho zpravidla oddéleno
hydroizolaci. Ve statickém vypoctu se obvykle predpokladd, Ze priméarni
osténi se Casem rozpadne a zatiZen{ bude prenaset sekundéarni osténi. Zda
k tomu dojde, v jaké mife a za jak dlouho, neni v naSich podminkdch
doposud presvédCivé prokdzdno a provadénd méfeni by méla pomoci
objasnit, jak se tento presun zatiZeni projevi na sledovanych tunelech.
ProtoZe jde o tunely nové, je soucasné zatizeni sekunddrniho osténi
pomérné malé a k jejich vyznamnéj$imu vyuZiti teprve dojde. Tomu

further follows from the statistically assessed measurements of tempera-
tures measured throughout the thickness of the lining (from the inner sur-
face to the outer surface) that the character of the temperature curves
through the lining is far from linear. Just the opposite, the alternation of
heating and cooling of the concrete manifests itself namely in the sur-
face layer of the lining. whilst the parts more distant from the surface
are subjected to smaller differences in temperatures. The majority of the
measured values approach extreme values, which are marked “II” in
Fig. 12. For that reason, the problem solving team has suggested that
bilinear temperature curves be assumed (marked “I” in Fig. 12). They
are closer to the real temperature curve and, at the same time, their
impact on the stressing of liners is smaller. It means that the real lining
stress induced by the heating or cooling is probably smaller than assu-
med by the currently used design regulation. The use of the design
regulation can be considered as too conservative and even sub-econo-
mic. An example of heat-induced stress at various assumed temperatu-
re curves is presented for the Valik tunnel in Fig. 10 and Klimkovice
tunnel in Fig. 11. The results of the solution show that the stress in the
lining sections at the bilinear temperature distribution is significantly
smaller (by up to about 30-40%) than the stress at the so-called charac-
teristic distribution (marked “characteristic” in Fig. 12). On the other
hand, according to the temperature measurement results which have
been obtained till now, and even with respect to the concept of the mea-

surements, it is not possible to conclude that the absolute

Prubéhy ohybovych momentu na stfednici sekund4rniho osténi pro ruzn4 teplotni zatiZzeni
Curves for bending moments on the centre line of a secondary lining, for various thermal loads
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Obr. 11 Srovnani velikosti ohybovych momentu v osténi vlivem teplotnich zmén v tunelu
Klimkovice

Fig. 11 Comparison of bending moments induced by temperature changes in the Klimkovice
tunnel

values of the thermal loading prescribed by the above-men-
tioned regulations can be adjusted. It would require signifi-
cantly more systematic and longer-term measurement on
a selected sample of tunnels in various locations, with vary-
ing configuration, various orientation and use, and with
radically different frequency of reading the values of tem-
perature in the lining.

6. CONCLUSION

In the case of the New Austrian Tunnelling Method, which
was applied to all tunnels equipped with strain gauges, all
loads are carried during the construction by the primary lining
together with the surrounding rock mass. During the next
stage, the secondary lining is cast, which is separated from
the primary lining, usually by a waterproofing membrane. It
is usually assumed in structural analyses that the primary
lining will disintegrate in the course of time and the loads will
be carried by the secondary lining. It has not been convin-
cingly proved in our conditions whether it happens, to which
extent and how long it will take; the measurements which
were conducted were expected to help to clarify how this
transfer of loads will manifest itself in operating tunnels.
Since the tunnels are new, the current loads acting on secon-
dary liners are relatively small and the time when the liners
will be used more significantly is still to come. The till now
measured values of relative deformations, which are very
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Obr. 12 Prubéhy zmény teploty v osténi tunelu
Fig. 12 Temperature curves through the lining

odpovidaji i dosud naméfené hodnoty yomernych deformaci, které se
pohybuji ve velmi malych hodnotéch. Casovy prubéh jiz v souasnosti
poukazuje na setrvale mirné rostouci nérust deformaci v Case.

Pii porovnani s vysledky méfeni samotného smrstovéni na laborator-
nich vzorcich lze konstatovat, Ze je dosahovano u tunelovych osténi men-
Sich hodnot pomérnych deformaci. Z toho se dd usuzovat, Ze smrstovani
betonu sekundérnich osténi je pomérné malé. Tuto skute¢nost Ize zdu-
vodnit tim, Ze a) prostfed{ v tunelech je pomérné vlhké a smrstovani od
vysychéni je proto mensi a b) prufez tunelového osténi je znatné vetsi
nez standardni laboratorni vélec, a proto smr§tovani probihd v tunelovém
osténi podstatné pomaleji. Vyznam provadénych méreni tedy spociva
zejména v tom, Ze pokud bude pusobeni tuneld sledovéno dostatedné
dlouho (k ¢emuZ byly vytvoreny predpoklady), pak bude mozné sledo-
vat, jak se sekunddrn{ ostén{ postupné zaté¢Zuje vlivem rozpadu primdrni-
ho osténi ¢ vlivem dlouhodobych deformaci v horninovém masivu.
Pokud je osténi vystaveno hydrostatickému tlaku, je to z mérent jiZ pozo-
rovatelné, jak je vidét na prikladu tunelu Mrazovka. Lze tedy oprdvnéne
predpokladat, Ze vysledky méfeni prinesou informace o redlném pusobe-
ni sekundérnich osténi tuneld a podle nich se bude moci usoudit, zda sou-
Casné postupy jejich ndvrhu jsou vystizné, ¢i zda je tfeba prijmout jisté
tUpravy navrhovych postupu.

Naopak mefteni teplot v sekunddrnim osténi prokazuje, Ze pfedpokla-
dy drdZni smérnice jsou prili§ konzervativni a vedou k nedimérné vyso-
kému naméhéni osténi od G¢inku teplot. Res1telsky tym navrhuje vyuZit
bilinedrni priibéhy teplot ziskané na zdkladé méfeni na tunelech v CR.
Pouziti navrhovanych prubéhu muZze vést k realistictéj§im ndvrhum
a ekonomi¢téjsi vystavbé novych tuneld.

Oproti béznému geodetickému sledovéni radidlnich deformaci ddvaji
méfeni na tenzometrech okamzitou odpovéd na skute¢né namahani —
vyuZiti osténi tunelu, bez ohledu na staticky vypocet. Radidlni deforma-
ce je naopak mozné pouze porovndvat s vysledky statického vypoctu, coz
samo o sob¢ nemusi byt spravnd interpretace a muZe vést k nespravnym
zdvérum.

Dosazené vysledky ukazuji na nutnost sledovat vyvoj deformaci
(namdhani) v novych konstrukcich - tunelech a pomdhaji odhalovat pii-
padné rezervy. Tim se mnohokrdt navrdti investice do méfeni vloZend.
Zéroven méfeni poskytuji moznost ovéreni bezpecnosti navrzené kon-
strukee, pripadné ovéfeni kvality jejtho provedeni.

Vysledky uvedené v prispévku byly ziskdny za podpory GACR
v rdmci grantového projektu ¢. 103/2008/1691.
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small, correspond to this fact. The time history has already shown that
deformations constantly moderately grow.

If we compare the deformations with the results of the measurements
of shrinkage itself on laboratory samples, we can state that the values of
relative deformations of tunnel liners are smaller. It is possible to conclu-
de that the shrinkage of secondary lining concrete is relatively small. This
reality can be explained by the fact that a) the environment in tunnels is
relatively humid and the shrinkage due to drying is therefore smaller, and
b) the tunnel lining section is significantly larger than a standard labora-
tory cylinder, therefore the process of shrinking is substantially slower in
the tunnel lining. The importance of the measurements which have been
conducted therefore consists in the fact that if the behaviour of tunnels is
monitored for a sufficiently long time (the conditions for it should be cre-
ated), it will be possible to follow how the secondary lining is gradually
loaded as a result of the disintegration of the primary lining or due to
long-term deformations within the rock mass. The fact that the lining is
exposed to a hydrostatic pressure is detectable on the basis of the measu-
rements, as the example of the Mrdzovka tunnel shows. It is therefore
possible to reasonably expect that results of the measurements will pro-
vide information about the real behaviour of secondary tunnel liners, and
it will be possible to use the results for judging whether the current secon-
dary lining design procedures are apposite or certain modifications of the
design procedures need to be adopted.

On the other hand, measurements of temperatures in secondary liners
have proved that the assumptions contained in the Czech Railways’
Technical Specifications are unnecessarily conservative and lead to ina-
dequately high stresses in the lining induced by changes in temperatures.
The problem solving team has suggested that the bilinear temperature
curves which were obtained by measurements in tunnels in the Czech
Republic be used. The use of the proposed curves can lead to more rea-
listic designs and more economic construction of new tunnels.

In contrast to the common survey which is used for the monitoring of
radial deformations, measurement readings on strain gauges provide
immediate information about the actual stress, thus also about the explo-
itation of the tunnel lining, without respect to the structural analysis.
Conversely, radial deformations can be compared only with results of the
structural analysis, which by itself does not have to be the right interpre-
tation and may lead to incorrect conclusions. The achieved results sug-
gest that it is necessary to monitor the development of deformations
(stresses) in new structures — tunnels, and help to discover potential reser-
ves. Thus the investments in the measurements will return many times.
At the same time, owing to the measurements, it is possible to verify safe-
ty of a designed structure or verify quality of construction work.

The results presented in this paper were obtained with the GACR’s
support, within the framework of the grant project No. 103/2008/1691.
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GEOTECHNICKY MONITORING PRI STAVBE
SOKP 514 - TUNELY SLIVENEC

GEOTECHNICAL MONITORING DURING THE CONSTRUCTION OF THE
LOT 514 OF THE PRAGUE CITY RING ROAD - THE SLIVENEC TUNNELS

RADEK BERNARD, JAKUB BOHATKA

1. OvoD

Tunely Slivenec jsou soucdsti stavby Silni¢niho okruhu kolem Prahy
(SOKP) a tato ¢dst md oznaceni Stavba 514. Investorem stavby je Redi-
telstvi silnic a ddlnic CR Praha (ddle RSD) a naSe spolecnost SG-
Geotechnika, a. s., ve sdruZeni se spole¢nosti PUDIS, a. s., spole¢né
zajistije béhem stavby tuneld kompletni geotechnicky monitoring (dédle
GTM). Vedoucim tohoto sdruzeni je SG-Geotechnika, a. s., kterd je pové-
fena také vedenim kanceldfe monitoringu.

2. GEOLOGICKE A GEOTECHNICKE POMERY

2.1 Dokumentovana geologie pfi razbé

Stavba 514 se nachézi na JZ okraji Prahy, z geologického hlediska jde
o velmi zajimavou a pestrou oblast. Geomorfologicky se jednd o kraj
Prazské plosiny s jihovychodné orientovanym svahem vltavského tdoli,
s prevySenim az 130 m. Razené tunely jsou situovédny v JV kifdle praz-
ského synklinoria stfedoceského paleozoika tradi¢né oznacovaného jako
barrandien.

ZastiZzené horniny patfi do jizniho segmentu sedimenta¢niho prostoru
prazského synklinoria (jizné od kodského zlomu). Horniny svrchniho
ordoviku (krdlodvorské a kosovské souvrstvi) a spodniho az svrchniho
siluru (litenské az kopaninské souvrstvi) maji generelné uloZené vrstvy
ve smeru JZ-SV s tklonem 20°-50° k SZ. Horniny jsou poruSeny zlo-
movou tektonikou v nerovnomérné intenzité. Z hlediska orientace zlomu
k prubéhu souvrstvi lze vy¢lenit nasledujici typy tektonického poruent:

o pricné zlomy — smer je prevazné SZ-JV (az Z-V), na nichZ dolo misty
k posunim bloku vrstev o vzdalenosti v fddu metru, biidlice s vy$§i
plasticitou doprovazené ohyby vrstev s vyvle¢enim podle zlomu;

o paralelni zlomy — prevladajictho sméru JZ-SV, jsou obvykle starsi
nez pricné zlomy. Zlomy paralelni s vrstvami maji na dvou mistech
charakter presmyku a dochézi zde k opakovani vrstevniho sledu.

Diéle byly dokumentovany dislokace soubézné s vrstvami se sklonem
pri¢nym k vrstevnim plochdm. NiZe jsou uvedeny stru¢né geologické
a geotechnické popisy jednotlivych souvrstvi:

Kopaninské souvrstvi. Litologicky se jednd o stfidani jilovitych vépni-
tych bridlic, v prostoru lochkovského portdlu silné zvétralych (W4), tiidy
R5 a detailn¢ provrasnénych, déle az zdravych (W1), R3 (dle
CSN 72 1001), tence deskovité az deskovité vrstevnatych s viozkami mikri-
tickych vapencu, mirné zvétralych (W3) aZ zdravych (W1), s postupem
razby prevazné zdravych, tfida R2, deskovité vrstevnatych (obr. 1).

Motolské souvrstvi bylo zastoupené bazaltovym tufem (granuldtem),
Sedozelenym, zdravym W1, tfida R2, polohami jilovité vdpnité bridlice,
zdravé W1, tiida R3 s podfadn}’/mi vlozkami bitumindézniho vépence,
zdravého W1, tiida R2. Casté je stiidan{ poloh tufiticko-véapnité bridlice,
Sedozelené, zdravé W1, tfida R4 a bazaltového tufu, zdravého W1, tiida
R2 nebo polohy diabasu, zdravého W1, tiida R2. V polohdch tufitickych
bridlic byly dokumentovany kulovité diagenetické konkrece o velikosti
az 0,5 m.

Litohlavské souvrstvi prezentuji ¢erné, graptolitové, jilovité, vapnité
bridlice, tfida R4, tence deskovité vrstevnaté. V dusledku paralelniho
zlomu (presmyku) byla odkryta v 3PT ve stani¢eni 1105-1125 TM polo-
ha Zelkovického souvrstvi, reprezentovaného jilovitou bridlici, vdpnitou,
¢ernou, zdravou (W1, R3) a polohou bazaltového tufu, Sedozeleného,
zdravého (W1, R2).

Kosovské souvrstvi predstavuje litologicky pestry sled hornin od brid-
lic (jilovitoprachovité bridlice, $edé, zdravé W1, tiida R4), prachovcu
(piscité prachovce, zdravé W1, tiida R3) az po kremité piskovce (kie-
menné piskovce, Sedoerné, zdravé W1, tiida R1-R2, deskovité az lavi-
covité vrstevnaté). Stiiddni horninovych typt md flySoidni charakter.

Kralodvorské souvrstvi tvori jilovité bridlice, tence deskovité az lavi-
covité vrstevnaté (W1, R4), Sedé a7 Sedozelené, na povrchu snadno

1. INTRODUCTION

The Slivenec tunnels are part of the Prague City Ring Road project.
This paper deals with construction lot 514 of the project. The owner of
the project is the Directorate of Roads and Motorways of the Czech
Republic, Prague. Our company, SG-Geotechnika, a.s., in a consortium
with PUDIS a.s., has jointly provided comprehensive geotechnical moni-
toring (hereinafter referred to as the GTM). SG-Geotechnika, a.s., the lea-
der of the consortium, is charged with managing the monitoring office.

2. GEOLOGICAL AND GEOTECHNICAL CONDITIONS

2.1 Geology documented during the excavation

Construction lot 514 is located on the SW edge of Prague. From the
geological viewpoint, it is a very interesting and chequered area. In terms
of geomorphology, it is the edge of the Prague plateau with a south-east
descending slope of the Vltava River valley, with the altitude difference
of up to 130m. The mined tunnels are located in the SE wing of the
Prague Synclinorium, which is built by the Central Bohemian
Palaeozoic. This wing is traditionally referred to as the Barrandian.

The encountered rock types belong to the southern segment of the Prague
Synclinorium sedimentation area (south of the Kody Fault). The Upper
Ordovician rocks (the Kralav Dvur and Kosov Members) and Lower to Upper
Silurian rocks (the Liten to Kopanina Members) have an SW-NE general trend
of layers, dipping NW at 20°- 50°. The rock mass is disturbed by faulting of
varying intensity. In terms of the orientation of faults toward the course of the
series of layers, the following types of faults can be specified:

o dip faults — with NW - SE (up to W — E) prevalent trend of the lay-
ers; the separation of the blocks of layers (dip separation) reaches
locally values in the order of metres; higher plasticity shales, accom-
panied by folding of layers and stretching out along the faults.

o strike slip faults — with the SW — NE prevalent trend; they are usually
older than dip slip faults. In two locations, the strike slip faults have the
character of an overthrust with repetition of the sequence of layers.

In addition, dislocations parallel with the strata, dipping transversally
to the bedding planes were documented. Brief geological and geotechni-
cal descriptions of individual series of strata are presented below:

The Kopanina Member. Lithologically, it is an alternation of the fol-
lowing clayey calcareous shales: heavily weathered in the area of the

Obr. 1 Zajimavd Celba z 2PT - provrdsnéné vdapence
Fig. 1 An interesting excavation face in the 2LT - folded limestone
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Obr. 2 Celkovd situace GTM tunelii Slivenec (ze serveru Barab)
Fig. 2 Slivenec tunnel overall GTM layout (from server Barab)

Obr. 3 Pruzkumnd $tola v profilu tunelu 3PT
Fig. 3 The exploration gallery within the profile of the 3LT

NN X2

rozvetravajici na jilovité eluvium. Nejvyssi ¢ast kralodvorského souvrst-
vi i v hloubce cca 60 m pod terénem ma charakter masivnich az Sedych
jilovet. U lahovického portélu (cca do 50 m), jsou horniny kralodvor-
ského souvrstvi postizeny Cetnymi pri¢nymi zlomy, tvoticimi poruchové
z6ny s vyplni drcené horniny, a paralelnimi zlomy. Z geotechnického hle-
diska se v této priportdlové oblasti jednd o silné poruSeny masiv
a vzhledem k minimdlnimu horninovému nadlozi (4 az 10 m) $lo
0 nejobtiznéjsi dsek razby.

Z vyse uvedeného je ziejmé, Ze byly zastiZeny velmi odlisné typy hor-
ninového masivu — horniny silné zvétralé az zdravé s proménlivou pev-
nosti v tlaku od 0.5 do 262,7 MPa (hodnoty ziskané z laboratornich zkou-
Sek na pravidelné odebiranych vzorcich z dokumentovanych hornin),
tudiZ i zatfidén{ hornin bylo velmi rozdilné od R1 do R6.

2.2 Geotechnické poméry

Pro stavbu SOKP 514 bylo provedeno nékolik etap pruzkumnych praci.
Predbézny GTP provedla spole¢nost IKE, s. r. 0., v roce 1998, podrobny
geotechnicky pruzkum (vrtné a geofyzikdlni prace) realizovala spole¢nost
PUDIS, a. s., v roce 2001-2002. V roce 2004 byla provedena posledni
etapa pruzkumnych praci spocivajici ve vyrazeni pruzkumné $toly situo-
vané v ose tfipruhového tunelu (dédle 3PT). Razba Stoly byla provddéna
z obou portdli a prizkumné price provedly spole¢nosti PUDIS, a. s.,
(dpadni Cdst) a Stavebni geologie-Geotechnika, a. s., (dovrchni ¢ést).
Geotechnické vyhodnoceni razby prizkumné $toly pro ndsledny projekt
tunelt provedla spole¢nost D2 Consult Praha v roce 2005.

Soucdsti pruzkumné Stoly bylo také vyraZeni 7 vyhyben, ve shod-
ném prufezu jako nédsledny profil kaloty 3PT. Ve dvou vyhybndch byly
realizovany sdruzené profily GTM (extenzometry, nivelace, konvergen-
ce), vSechny vyhybny umoznily geotechnické sledovéni projektovaného
vyrubu kaloty in situ a ndsledné predikci deformaci osténi a terénu.

Na zékladé provedenych prizkumnych praci byly geotechnické pomé-
ry v trase razby tuneld definovdny pomoci 18 kvazihomogennich celku.
Zakladnimi geotechnickymi parametry pro ureni téchto celk byla et
nost a charakter rozpukdni, pevnost hornin a vySka nadloZi. V zaddvaci
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Lochkov portal (W4), categorised as class R5, and folded in detail; furt-
her clayey calcareous shales , up to fresh (W1), R3 (according to CSN 72
1001); thinly bedded to bedded, with interlayers of micritic limestone,
moderately weathered (W3) to fresh (W1); with the excavation advan-
cing, mostly fresh, class R2, bedded (see Fig. 1).

The Motol Member was represented by basaltic tuff (granular), grey-
green, fresh W1, class R2; by layers of clayey calcareous shale, fresh W1,
class 3, with secondary interlayers of bituminoferous limestone, fresh
W1, class R2. Alternation of layers of tuffite-calcareous shale, grey-
green, fresh, class R4, and basaltic tuff, fresh W1, class R2 or a layer of
diabase, fresh (W1), class R2 occurs frequently. Spherical diagenetic
concretions up to 0.5m were documented in the layers of tuffite shales.

The Litohlavy Member is represented by black, graptolite, clayey,
calcareous shales, class R4, thinly bedded. A location containing the Zel-
kovice Member was exposed as a result of a parallel fault (overthrust) in
the 3LT at tunnel chainage TM 1105-1125; it is represented by clayey
shale, calcareous, black, fresh (W1, R3) and a layer of basaltic tuff, grey-
green, fresh (W1, R2).

The Kosov Member represents a lithologically chequered sequence of
rock types (clayey, silty shales, grey, fresh (W1, classR4), siltstone (sandy
siltstone, fresh W1, class R3) up to quartzose sandstone (quartzose sand-
stone, grey-black, fresh W1, class R1 — R2, bedded to tabular). The alter-
nation of rock types has the character of flysch.

The Kraluv Dvur Member consists of clayey shales, thinly bedded to
tabular (W1, R4), grey to grey-green, easily weathering on the surface
and decomposing to clayey eluvium. It has the character of non-stratified
grey claystone both in the highest part of the Kraluv Dvir Member and
at a depth of about 60m under the surface. At the Lahovice portal (rough-
ly up to 50m), the Krédliv Dvar Member rocks are affected by numerous
dip slip faults, forming fault zones filled with crushed rock, and strike slip
faults. From the geotechnical viewpoint, heavily faulted rock mass is
found in this portal area; with respect to the minimum ground cover (4 to
10m), this excavation section was the most difficult of all sections.

It is obvious from the above text that very variable rock types were
encountered within the rock massif: heavily weathered through fresh rock
with variable compressive strength from 0.5 to 262.7MPa (the values
obtained from laboratory tests on samples regularly taken from the docu-
mented rocks); therefore, the rock classification was very variable, from
R1 through R6.

2.2 Geotechnical conditions

Several stages of exploration were conducted for the Prague City Ring
Road construction lot 514. The preliminary geotechnical exploration was
carried out by IKE s.r.o. in 1998; the detailed geotechnical survey (dril-
ling survey and geophysical survey) was carried out by PUDIS as. in
2001 —2002. The last stage of exploration, consisting of driving an explo-
ration gallery, with its location on the axis of the future three-lane tunnel
(hereinafter referred to as the 3LT), was conducted in 2004. The gallery
was driven from both portals; the exploration was carried out by PUDIS
a.s. (in the downhill driven part) and Stavebni geologie —- GEOTECHNI-
KA as. (in the uphill driven part). The geotechnical assessment of the
exploration gallery drives, for the needs of the subsequent tunnel con-
struction project, was performed by D2 Consult Prague, s.r.o. in 2005.

Part of the exploration gallery was the excavation of 7 passing bays,
having their cross sections identical with the cross section of the final 3LT
top heading. Combined GTM stations (extensometers, levelling, conver-
gence measurements) were installed in two passing bays. In situ geo-
technical monitoring of the designed top heading excavation and subse-
quent prediction of deformations of the lining and ground surface was
carried out in all passing bays.

Geotechnical conditions along the tunnel excavation route were defi-
ned by means of 18 quasihomogeneous blocks, on the basis of the com-
pleted exploration. The basic geotechnical parameters for the determina-
tion of these blocks were the frequency and character of joints, rock mass
strength and height of overburden. The NATM excavation support clas-
ses TT3, TT4, TT5a and TT5b were defined in the final design.
Excavation support class 775¢, containing temporary invert of shotcrete
and welded mesh in the top heading, was designed during the work on
the detailed design, on the basis of contractor’s requirement. The detailed
design contained the determination of anticipated deformations of the pri-
mary lining for individual support classes (TT3 — TT5c) and excavation
phases (top heading, bench and invert), in the form of charts of vertical
and horizontal deformations with time.
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dokumentaci (DZS) byly definovany technologické tfidy NRTM TT3,
TT4,TT5a a TT5b. V pribéhu zpracovéni realizadni dokumentace (RDS)
byla na zdkladé poZadavku zhotovitele vyprojektovéna vystrojovaci tiida
TT5c¢, obsahujici provizorni protiklenbu kaloty ze stifkaného betonu
s armovacf siti. V RDS byly stanoveny oc¢ekdvané deformace primdrniho
osténi v jednotlivych tfidach (TT3-TT5c) a fazich vyrubu (kalota, jadro,
invert), a to formou grafu svislych a vodorovnych deformaci v Case.

3. STRUCNA CHARAKTERISTIKA PROJEKTU

3.1. Zakladni data o stavbé

Razba tunelt Slivenec zahrnuje vystavbu dvou soubéZnych tunelt dlou-
hych cca 1300 m (stoupajici tiipruh a klesajici dvoupruh) mezi Lochkovem
a Radotinem. Profil vyrubu ve dvoupruhovém tunelu (dale 2PT) ¢ini cca
125 m? a ve tifpruhu (3PT) cca 156 m?. Tunely jsou raZeny podle zdsad
Nové rakouské tunelovaci metody (NRTM). Na razené tunely navazuji
hloubené dseky, které dosahuji na lochkovském portdle 350 m, takze cel-
kova délka tunela bude ¢init aZz 1660 m (celkova situace na obr. 2).

Stavebni prace tunell Slivenec byly zahdjeny v 1été roku 2006 vyko-
povymi pracemi na severnim portdlovém tseku, na ktery navazuje vice
neZ 300 m dlouhy tsek hloubenych tuneld. Pro zaraZeni tunelt zde muse-
la byt pfipravena a zajiSténa rozsdhld hloubend jama o hloubce az 15 m.
V prostoru jizntho lahovického portdlu (nad Radotinem) je velmi maly
prostor pro stavebni préce, takZe v této Casti byl proveden odrez
a zajisténi portdlovych stén veetné injektovanych MP destnikt nad klen-
bou obou tubust v délce 20 m. Z této (jizni) Edsti probéhla pouze raZba
kaloty 2PT pod destnikem. Mikropilotové deStniky dlouhé 20 m byly
zvoleny i na strané lochkovského (severniho) portalu, kde v prvni dekad-
dé prosince 2006 byla zahdjena razba kaloty dvoupruhového tunelu
(2PT). Nadlozi v priportdlovych oblastech z obou stran dosahovalo nece-
Iych 5 m, a tak raZba pod ochranou mikropilotovych destnika byla logic-
kym bezpe¢nostnim opatfenim. Pfi stavbé tunelt nadloZi postupné nara-
stalo od 5 m (u portdlu) aZ po misty 60 m ve stiedni ¢asti.

3.2. Technologie a postup razeb

Po provedeni spodni klenby v primdrnim osténi 2PT do staniceni 49 TM
(tunelmetra) pro 4 bloky definitivniho osténi (a 12 m) a vyraZeni kaloty 2PT
do zhruba 175 TM, byla v poloviné tnora 2007 zahdjena razba kaloty sou-
sednho tifpruhového tunelu s jiz zhotovenou prazkumnou Stolou (obr. 3).

Tuel

3. BRIEF CHARACTERISTICS OF THE PROJECT

3.1. Basic project data

The excavation of the Slivenec tunnel comprises the construction of
two parallel tunnels about 1300m long (an ascending three-lane tunnel
and descending double-lane tunnel) between the municipal districts of
Lochkov and Radotin. The excavated cross-sectional areas of the doub-
le-lane tunnel (hereinafter referred to as the 2LT) and the 3LT are about
125 m? and 156 m? respectively. The tunnels are driven according the
NATM principles. Cut-and-cover tunnel sections are connected to
the mined tunnels. Their length at the Lochkov portal (the portal in the
cadastral area of Lochkov) reaches 350m; therefore the total length of the
tunnel will be 1660m (see the overall layout in Fig. 2).

The Slivenec tunnel construction started in the summer of 2006 by the
excavation of a construction trench for the northern mined portal, to which
an over 300m long cut-and-cover tunnel section is connected. An extensive,
up to 15m deep, construction trench had to be prepared to allow the tunnel
excavation opening. There is very limited space for construction operations
in the area of the southern, Lahovice portal (the portal in the cadastral area
of Lahovice) (above Radotin); therefore, a half-cut was carried out in this
part and portal walls were provided with support, including the installation
of 20m long canopy tube pre-support above the vaults of both tunnel tubes.
The only tunnel driving operation carried out from this (southern) part was
the excavation of the 2LT top heading, protected by canopy tube pre-support.
Twenty metres long tube canopies were installed also on the Lochkov (nort-
hern) portal side, where the 2LT top heading excavation commenced in the
first decade of December 2006. The height of the overburden in the portal
areas did not exceed Sm on both sides, thus the excavation using the canopy
tube pre-support was a logical safety measure. During the course of the tun-
nel excavation, the height of the overburden gradually increased from Sm (at
the portals) up to 60m in some locations in the middle.

3.2. Means and methods of excavation

When the primary lining of the invert in the 2LT had been completed
up to chainage TM (tunnel metres) 49 (for four 12m long blocks of the
final lining) and the top heading excavation of the 2LT had advanced up
to roughly TM 175, the excavation of the top heading of the neighbou-
ring, three-lane tunnel, with the previously completed exploration galle-
ry in its cross section (see Fig. 3), started (in mid February 2007).
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Obr. 4 Vyvoj deformaci na profile 22.04 i s kiivkou varovnych stavi
Fig. 4 Development of deformations at profile 22.04 with the warning state curve
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Obr. 5 Konvergenéni méreni na profilu 21.60 (2PT)
Fig. 5 Convergence measurements in 21.60 station (2LT)

Stola byla pro razbu tunelu optimalné situovana, horni klenba primér-
niho osténi tunelu byla vyprojektovana cca 0,5 m pod strop prizkumné
Stoly. Zhotovitel razby tunelu tak odstranoval pouze boky a piipadné dno
osténi Stoly a jeji horni ¢dst zlstdvala pri vyrubu kaloty Jako podpurny
prvek v nové zhotovovaném osténi horni klenby tunelu. Stola zde tudiz
pusobila jako ztuZujici podélny nosnik, ktery evidentné vylepSoval stabi-
litu Celby tunelu. Dalim pozitivnim vlivem zmifiovaného umisténi pra-
zkumné Stoly pro vedeni raZeb bylo snizeni hladiny podzemni vody pod
dno Stoly, coZ samo o sob€ velmi priznivé ovlivnilo razbu obou tunelu.

S ohledem na stisnéné poméry lahovického (jizntho) portdlu
a optimalni vyuZiti mechanizmu bylo navrZeno razit tunelové trouby
v celé délce z lochovského portélu s horizontdlnim ¢lenénim vyrubu na
kalotu, opéfi a piipadné spodni klenbu (invert). Pouziti tfid NRTM
v obou tunelech bylo navrzeno a nasledné uplatnéno v rozmezi zminé-
nych tfid NRTM 3 az 5. Uzavirdni osténi spodni klenbou v rimci NRTM
5b bylo provddéno pouze v obou priportalovych dsecich a v mistech
zhorSenych geologickych podminek a zvySeného deformacntho chovan{
na primarnim osténi. Prvn{ tunelové prordzka na lahovickém portéle se
uskutecnila zhruba za 1 rok po zahdjeni veskerych razeb. Byla to slav-
nostni prorazka kaloty tifpruhového tunelu, kterd se uskutecnila dne 13.
12.2007. Razba kaloty 3PT zde trvala pouze 9 mésicu, protoZe 7 tseka
kaloty v thrnné délce 193 m bylo vyraZeno v etapé podrobného pruzku-
mu jako vyhybny prazkumné $toly. Z toho vyplyvd, Ze tdsek kaloty 3PT
dlouhy cca 1109 m byl vyraZen se solidnim primérnym meési¢nim postu-
pem 1232 m.

S pokracujicimi razbami v obou tunelech byl nésledné uskute¢nén
vyrub opéfi, ¢i v nékolika mélo pripadech i vyrub invertu. Soucdsti razeb
bylo také provedeni 6 tunelovych propojek. Kalota 2PT byla prorazena
cca 30 m od lahovického portdlu dne 2. 5. 2008. Nasledovalo dokonce-
ni razeb spodni ¢asti tunelu (opéfi) 3PT dne 24. 5. 2008 a dokonceni
razby invertu ve 2PT dne 7. 6. 2008. KdyZ pomineme zhotovovani
vyklenku v primdrnim osténi (vyklenky pro SOS, hydranty, atd.), tak
razba na popisovanych tunelech byla ukoncena dne 16. 6. 2008 prora-
Zenim propojky €. 1.

The position of the gallery was optimal for the tunnel excavation: the
crown of the primary lining of the tunnel was designed to be subsequ-
ently about 0.5m under the roof of the exploration gallery. Thus the con-
tractor for the tunnel excavation removed only the side walls and, where
it existed, the bottom of the gallery lining, while the upper part of the
lining remained during the tunnel top heading excavation, acting as
a support element in the lining of the tunnel crown being newly built.
This means that the gallery acted as a stiffening longitudinal beam, which
evidently improved the stability of the excavation face. Another positive
effect of the above-mentioned position of the exploration gallery was the
lowering of water table under the bottom of the gallery, which fact itself
very favourably affected the excavation of both tunnels.

With respect to the constrained conditions at the Lahovice (southern)
portal and the optimum exploitation of excavation equipment, the decisi-
on was made that the tunnel tubes be driven throughout their length from
the Lochkov portal, using a horizontal excavation sequence consisting of
a top heading, bench and, where required, an invert. The NATM excava-
tion support classes 3 through 5 were proposed and subsequently applied
to the NATM excavation of both tunnels. The closing of the lining by an
invert within the framework of the NATM class 5b was carried out only
in both portal sections and in locations where worsened geological con-
ditions or increased deformations of the primary lining were encountered.
The first tunnel breakthrough at the Lahovice portal took place about
a year after the commencement of all excavation operations. The three-
lane tunnel breakthrough celebration was held on 13.12.2007. The 3LT
top heading excavation in this tunnel took only 9 months because 7 sec-
tions of the top heading excavation at the total length of 193m had been
completed during the detailed exploration stage to serve as passing bays
in the exploratory gallery. This means that the driving of an about 1109m
long section of the 3LT top heading was completed at a solid average
advance rate of 123.2m per month.

With the excavation in both tunnels advancing, the excavation of the
bench followed; in several rare cases even the invert was excavated. The
driving of 6 cross passages was also part of the excavation operations.
The 2LT top heading broke through at a distance of about 30m from the
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Obr. 6 Objemny nadvylom z priportdlové oblasti lahovického portilu
Fig. 6 Large overbreak in the Lahovice portal tunnel section

3.3. Geotechnicka rizika pfi vystavbé
Geotechnickd rizika byla vymezena generdlnim projektantem prede-
v8im v ndsledujicich ¢dstech vystavby tunelu:
Povrchova zastavba nad budovanymi tunely.
Oba priportdlové dseky s minimalnim nadlozim nekvalitnich hornin
a zemin.
Vymezené useky poruchovych a tektonickych pasem.
Hydrogeologické poméry na ¢elbé a v blizkém horninovém prostiedi.

4. GEOTECHNICKY MONITORING (GTM) PRI STAVBE
TUNELU SLIVENEC

4.1. Cile monitoringu

Cilem ¢innosti souboru méfeni, sledovéani a hodnoceni v rdmci kom-
plexniho geotechnického monitoringu pri realizaci stavby raZzenych
i hloubenych tunelt (vCetné poskytnuti poradenské a konzultadni ¢innos-
ti) bylo dosazeni maximdlnich kvalitativnich a dobrych ekonomickych
parametru stavby za minimalnich negativnich dopadu na Zivotni prostie-
di a na dotcené objekty. Jednim z nejdulezitéjsich cili GTM pfi razbach
tuneld bylo pribézné ovérovéni shody predpokladu projektu stavby se
skute¢nosti a zisk4vani podkladi pro zatfidovani vyrubl do technologic-
kych tiid NRTM. Pozadované optimum bylo dosdhnout projektovaného
zattidéni, pripadné je podle moZnosti vylepsit.

Po skonceni vSech razeb na tunelech Slivenec jiZ v soucasnosti vime,
7e jsme se jednoznaéné podileli na nastaveni podminek pro dsporné pro-
vedent razeb. Tuto skute¢nost potvrzuje pouziti TT NRTM na obou tune-
lech. Tym odborniki kanceldfe GTM svym doporuenim a zatiidénim
totiz znatné vylepsil objem vyraZzenych metru v té nejlepsi projektované
tfidé NRTM 3 na obou tunelech. Tak napriklad podle zadévacich podmi-
nek byl predpoklad pouZiti NRTM 3 na tunelu 2PT 14,34% a ve skute¢-
nosti to byl dvojndsobek 29,72%. Jesté lepsi pomér byl zaznamendn ve
tridé NRTM 3 ve 3PT, jelikoZz projekt predpoklddal pouze 10,66 %
a realita Cinila az 37,33 %.

4.2. Rozsah a metody CTM

Maximdlni pozornost v prubéhu razeb byla vénovana perfektné pro-
pracovanému  geologickému sledovdni raZzeb v  soucinnosti
s konvergenénim (ddle KVG) méfenim primdrniho osténi. Celkem bylo
pri razbé v obou tunelech osazeno 126 konvergencnich profila (63 ve
2PT a 63 ve 3PT). Na celou délku tunelt bylo navrzeno sedm sdruzenych
pri¢nych profila. Tyto profily zahrnovaly predev§im nivelaéni méfeni
povrchu a konvergenéni méfeni na primdrnim osténi obou tunelu. Ve
dvou piipadech byly souddsti sdruzenych profili extenzometrické vrty
(1. a 2. sdruzeny profil) a v poslednich dvou profilech (18.06 a 18.07)
zase inklinometrické vrty. V nésledujicim prehledu uvadime vycet viech
monitorovacich metod pouZitych pfi razbé tunelt 514:

o geotechnické sledovéni razeb — IG vyrubu;

o méfeni deformaci vyrubu (konvergenéni méfeni);

o extenzometrické méfen{ ve vrtech z povrchu;

o inklinometrické méfeni pomoci presné inklinometrie ve vrtech;

o 3D geodetické sledovani portdlovych jam a hloubenych portald;

o dynamometrické méfeni trvalych kotev na portdlech;

o sledovani deformaci povrchu, nivelaéni méteni poklesu terénu;

e méfeni geodetickych bodli na objektech — sedéni, popt. méfeni

ndklond objektu;

TuoufHel

Lahovice portal on 2.5.2008. The completion of excavation of the 3LT
bench on 24.5.2008 and completion of the invert excavation in the 2LT
on 7.6.2008 followed. If we omit the excavation of niches in the primary
lining (SOS niches, hydrant niches etc.), we can say that the excavation
of the tunnels being described was completed on 16.6.2008 by the bre-
akthrough of the Cross Passage 1.

3.3. Geotechnical risks during construction
Geotechnical risks were determined by the general consulting engine-
er, first of all in the following parts of the tunnel construction project:
Surface buildings above the tunnel route
Both portal sections of the tunnel with the minimum cover, consisting
of poor quality rock and soils
Specified sections of weakness zones and fault zones
Hydrogeological conditions at the excavation face and in the adjacent
rock environment

4. GEOTECHNICAL MONITORING (GTM) DURING THE
SLIVENEC TUNNEL CONSTRUCTION

4.1. Objectives of the monitoring

The objective of the package of measurements, observation and assess-
ments within the framework of the comprehensive geotechnical monito-
ring during the construction of mined tunnels and cut-and-cover tunnels
(including consultancy services) was to achieve maximum quality para-
meters and good economic parameters of the construction at minimum
negative impacts on the environment and existing buildings. One of the
most important objectives of the GTM during the course of the tunnel
excavation was continuous verifying of agreement of the construction
design assumptions with the reality and obtaining grounds for the cate-
gorisation of the excavation into NATM support classes. The required
optimum was to achieve the categorisation assumed by the design or even
improve it, if possible.

Today, when all excavation for the Slivenec tunnel has been finished,
we know that we unambiguously contributed to the development of con-
ditions for economic execution of the excavation. This fact has been con-
firmed by the application of the NATM excavation support classes in
both tunnels. Through their recommendations and classification, the team
of the GTM office professionals significantly improved the volume of
excavation which was carried out in the best designed class, the NATM
class 3, in both tunnels. For example, according to the tender conditions,
the assumption for the use of the NATM class 3 in the 2LT was 14.34%,
whereas, in reality, it was 29.72%, which is two times more. Even a better
proportion was recorded as far as the NATM class 3 in the 3LT is con-
cerned, where the design assumed only 10.66% and reality was up to
37.33%.

4.2. GTM scope and methods
Maximum attention during the excavation was paid to the sophistica-
ted geological monitoring of the excavation, combined with convergence
measurements on the primary lining. The total of 126 convergence mea-
surement stations (63 in the 2LT and 63 in the 3PT) were installed during
the excavation in both tunnels. Seven combined cross sectional measure-
ment stations were designed for the whole length of the tunnels. The sta-
tions comprised, above all, the levelling of the ground surface and con-
vergence measurements on the primary lining of both tunnels. In two
cases, extensometer boreholes were parts of the combined stations (the
first and second ones), while inclinometer boreholes were in the last two
stations (18.06 and 18.07). The following overview contains a summary
of all monitoring methods used during the excavation of the tunnels of
construction lot 514:
e geotechnical monitoring of excavation — EG of the excavated ope-
nings
e measurement of excavation deformations (convergence measure-
ments)
e extensometer measurement in boreholes from the surface
e inclinometer measurements using precision borehole inclinometry
e 3D survey of portal construction trenches and portals of cut-and-
cover tunnels
vtensionmeter measurement on permanent anchors on portals
e observation of surface deformations, levelling of surface settlement
e measurement of survey points on buildings — settlement, or measu-
rement of the tilting of buildings
e convergence measurements on the secondary lining
e geoelectric corrosion measurement
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e observation of the development of defects
of buildings; measurement of cracks

osecmibesd 1.3 e observation of surface buildings; expert
— = —— opinions
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e 1 £ s A . . - buildings
— t e hydrogeological monitoring, measurement
o of water table in close vicinity of the
Seiam underground structure (wells and HG bore-
—gizs holes)
v
.
e 4.3. Organisation of the GTM office
i and setting of warning states
—rzm Continual GTM provided the project parties
with credible information about geotechnical
properties of the rock mass, its deformational
(=] behaviour on the primary lining being built or
W e the impacts of the construction on ground surfa-
A T ce, by means of upgraded BARAB® informati-
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- - - - - - - - e S ded on a brief, comprehensive assessment cove-

Obr. 7 Povrchovd méreni na profilu 18.06
Fig. 7 Ground surface measurements in 18.06 station

o konvergen¢ni méfeni sekundédrniho ostént,

o geoelektrické korozni mérent;

e sledovani rozvoje poruch objekta, méfenf trhlin;

o sledovani objektl nadzemni zéstavby, posudky;

o dynamickd a akustickd méfeni v objektech;

e hydrogeologicky monitoring, méfeni hladiny podzemnich vod
v blizkém okoli podzemni stavby (studny a HG vrty).

4.3. Organizace kancelafe GTM a nastaveni varovnych stavii

Nepretrzity GTM podédval viem zdCastnénym strandm hodnovérné
informace o geotechnickych vlastnostech horninového masivu, o jeho
deformacnim chovani na budovaném primarnim osténi ¢i o vlivech
vystavby tunelt na povrch, prostfednictvim inovovaného informaéniho
systému BARAB®. Na stavbé se v prubéhu razeb, v pravidelném tyden-
nim intervalu, konal kontrolni den geomonitoringu (KD GTM), kde
jsme vzdy preddvali struéné komplexni vyhodnocen{ za uplynulé obdo-
bi, které jsme doplnili o predikci GT podminek do dalstho KD GTM.
V mimorddnych prfipadech se tento kontrolni orgdn geotechnického
monitoringu seSel mimo pravidelné stanoveny Cas a neprodlené fesil
nastalou situaci. Podrobné komplexni vyhodnoceni GTM v mési¢nich
intervalech poddvaly vSem dcastnikim stavby prubézné DIil&i zpravy
GTM.

Projektem RDS byly podle statického vypocétu nastaveny varovné
stavy ohledné konvergen&nich méfeni ¢i limitniho seddni objektt povr-
chové zdstavby. Varovné stavy vychédzely z TKP projektu tuneld
Slivenec, z organizace a Fizeni razby, z geomonitoringu a jeho vyhod-
nocovani. Projekt geomonitoringu uvazoval predpoklddané charakteris-
tické typy deformacniho chovéni systému horninovy masiv — osténi
a z nich vyplyvajici 3 hlavni varovné stavy (tab. 1). Kritériem pro
posouzeni, zda nastal, ¢i nenastal varovny stav, byly predem stanovené
hodnoty deformaci vyrubu &i seddni terénu a ovlivnénych konstrukef na
povrchu s ohledem na prabéh vyvoje deformacniho chovani. Kritéria
pro varovné stavy byla béhem stavby upfesnovana na zakladé hodnoce-
ni vysledku méfeni, a to v zavislosti na rustu poznatka o chovéni pod-
zemni konstrukce v zastiZzenych geologickych podminkach. V tab. 2
jsou prehledné uvedeny vypoctové, Cili teoretické, varovné hodnoty
deformaci priméarniho osténi pro tifpruhovy tunel, pro jednotlivé TT
NRTM a dil¢i faze vyrubu.

4.4. Tii konkrétni problematické situace

Na pievdzné vétSin€ monitorovacich prvku bylo zaznamenéno piizni-
vé deformacni chovéni zafazené do varovného stavu bezpecnosti. Oviem
béhem vystavby tunelti probihala razba i ve sloZitych geotechnickych
podminkéch, a tak se v nékolika pfipadech musel odborny tym, zodpo-
védny za vedeni raZeb, zaméfit na vyfeSeni problematickych ukola. Nize
bychom rddi popsali a zhodnotili alespori tfi z téchto piipada.

ring the previous period of time. We added
a prediction for GT conditions till the next GSM. In extraordinary cases,
this geotechnical monitoring checking body met outside the regularly
determined time and dealt with the problem immediately. Detailed com-
prehensive assessments were handed on to all parties of the construction
at monthly intervals through Partial GTM Running Reports.

The warning states regarding convergence measurements or limit
settlement of surface buildings were set out by the detailed design (the
means and methods design), following the results of a structural analysis.
The determination of the warning states was based on owner’s Technical
Specifications for the Slivenec tunnel, the organisation and management
of the excavation, geomonitoring and its assessment. The geomonitoring
design took into consideration the anticipated characteristic types of the
rock mass—tunnel lining deformational behaviour and 3 main warning
states (see Table 1). A criterion for the assessment whether the warning
state has materialised consisted of pre-determined values of deformations
of the excavation or settlement of the ground surface and affected surfa-
ce buildings, taking into account the course of the development of the
deformational behaviour. The criteria for the warning states were adjus-
ted during the construction on the basis of the assessment of results of
measurements and the growing knowledge of the behaviour of the
underground structure in the particular geological conditions. Table 2 pre-
sents a summary of the design (it means theoretical) warning values of
deformations of the primary lining for the three-lane tunnel, for indivi-
dual NATM excavation support classes and partial excavation phases.

4.4. Three concrete problematical situations

Favourable deformational behaviour, categorised as the warning state
of safety, was recorded on the majority of the monitoring elements.
Nevertheless, the excavation passed even through difficult geotechnical
conditions during the course of the construction, therefore, the professio-
nal team responsible for the management of the excavation had several
times to deal with problematic tasks. We would like to describe and
assess at least three of those cases in the text below.

L. Increased deformational behaviour of the primary lining at chai-
nage TM 30 of the three-lane tunnel

The first of these situations occurred soon after the3LT excavation ope-
ning, at chaninage TM 30, when the section protected by canopy tube
pre-support had already been behind. The deformational behaviour at
22.04 monitoring station displayed an unfavourable trend toward
a relatively steep increase in the deformation velocity, above all on the
left side of the top heading. At a suggestion of the BTM site meeting, 11
pieces of 9m long IBO radial anchors were specifically added in this loca-
tion. Despite the fact that the effect of the additional measures manifes-
ted itself with a delay (a time lag due to activation of the mixture), it is
obvious from Figure 4 that the measures had positive influence on the
final value of deformation after the top heading excavation if we compa-
re it with the design curve modelled for the warning states. The distances
between convergence measurement stations were reduced in this portal
location with the aim of providing detailed information about the defor-
mational behaviour of the tunnel primary lining. Eventually, we verified
that the value of 50mm was not exceeded at any of the measurement



1. ZvySené deformacéni chovdni primdrniho osténi ve stani¢eni 30
TM tripruhového tunelu

Prvn{ tato situace nastala nedlouho po zarazeni 3PT, kdyZ ve stani-
Ceni 30 TM po opusténi razby pod MP destnikem, deformacéni chova-
ni na profilu 22.04 zaznamenalo nepfiznivy trend s pomérné strmym
narustem rychlosti deformace, predev§im v levém boku kaloty. Na
navrh KD GTM bylo provedeno cilené dokotveni 11 radidlnimi IBO
kotvami délky 9 m. I kdyZ se vliv dodate¢nych opatfeni projevil se
zpozdénim (Casova prodleva na aktivaci smési), tak z obr. 4 je zfejmé,
7e opatfeni mélo pozitivni vliv na ustdlenou hodnotu deformace po
razbé kaloty ve srovnéni s namodelovanou vypoctovou kiivkou varov-
nych stavi. Z duvodu ziskdni podrobnych informaci o deforma¢nim
chovdn{ primérniho osténi tunelu byly v této priportdlové oblasti KVG
profily zahu§tény. Z naméfenych vysledku jsme se nakonec ujistili, Ze
zadné profily zde neprekrocily hodnotu 50 mm po dokoncéeni vSech
razeb v této oblasti (limitni teoreticka hodnota 60 mm).

I1. Prekroéeni varovného stavu pri konvergencénim méreni 2PT

Jesté problematiCtéjsi situace nastala pri razbé kaloty 2PT tésné za
povrchovou zdstavbou. Ve stani¢eni od 740 TM byly geologickou
sluzbou zaznamenany zhorSené IG podminky zpusobené tektonickymi
poruchami na Celbe, a tak byl kontrolnim orgdnem odsouhlasen vloZe-
ny profil 21.60 (741,5 TM), i kdyZ predchozi profil nevykazoval zvy-
Sené deformacni chovani. Dnes je jiZ zfejmé, Ze tento profil zazname-
nal vibec nejvétsi absolutni deformace v celém dvoupruhovém tune-
lu. V prubéhu razby kaloty byl totiz zaznamendn prudky ndrust defor-
macf jiZ v prvnich dnech po osazeni KVG bodu, takZe bylo rozhodnu-
to o dodate¢ném navrtani 6 m dlouhych radidlnich IBO kotev na 8
postupech (2 dvojice kotev do kazdého zabéru). JelikoZ nebylo dosa-
Zeno potrebného efektu, tak byly tyto dodate¢né vystrojovaci prvky
jesté doplnény do stejnych zdbéra (737 az 746 TM) 8 m dlouhymi
vodorovnymi kotvami u patek kaloty. AZ po aktivaci téchto opatfeni
doslo k ustdleni deformaci na profilu, ale deforma¢ni hodnoty se po
razbé kaloty jiz pohybovaly ve II. stupni varovného stavu — maximum
¢inilo 62 mm ve vertikdlnim sméru (obr. 5). Z vySe uvedenych sku-
teCnosti bylo velmi pravdépodobné, Ze pri nédsledné razbé opéii v této
oblasti dojde k uzavreni spodni klenby v postizeném tdseku razeb.
Predpoklad se naplnil, dalsi pfirastek pfi uzavirdni profilu tunelu ¢inil
jesté vice nez 20 mm, ¢imz se kone¢nd max. hodnota bodu 21.60.02
ustdlila na 87 mm. JelikoZ oba sousedn{ profily dosdhly max. defor-
macnich hodnot do 40 mm, bylo logické, Ze v popisované oblasti byly
zaznamendny trhliny, které ohraniCovaly tuto oblast a byly zarazeny
do sledovani v rdmci GTM. Po uzavieni profilu tunelu spodni klenbou
doslo k definitivnimu ustaleni deformaci v této oblasti.

I11. Mimorddnd uddlost pri dokoncovdni razeb 2PT

Posledni zminovany priipad se stal pouze necelé dva mésice pred
ukon&enim vSech razeb. Jednalo se o propagaci nadmérného nadvylo-
mu pii razbé kaloty 2PT (obr. 6). Tato situace se prihodila necelych
30 m od lahovického portdlu. Horninovy masiv v krdlodvorském sou-
vrstvi byl tektonicky naruSen dvéma systémy tektonickych poruch,
Sitky do 10 cm, vypInénych drcenou horninou a jilem. Pfi strojnim
dociStovani nezajisténé Casti Cela vyrubu ve stanieni 12232 TM
(veCer dne 16. 4. 2008) doslo k ndhlé nestabilité Cela vyrubu
s ndslednym zavalovdnim a s rychlym vyjizdénim horninovych bloku
do vyrubu, az se vytvoril zminény nadmérny nadvylom nad klenbou
tunelu. JelikoZ $patné IG podminky byly predikovany v predstihu, tak
se v tomto stanieni jiZ postupovalo v nejhorsi technologické tridé
NRTM 5b se zdbérem 1 m. Zajimavé bylo, Ze KVG méreni v tyZ den
dopoledne nesignalizovalo na nejbliz§im profilu (9 m od mista zdvalu)
74dné nepriznivé prirustky deformace. Pii ndsledném mimorddném
KD GTM bylo neprodlené rozhodnuto o dokonleni razeb kaloty
z radotinského portdlu a o sanovdni vytvorené kaverny z povrchu
dvéma vrty. Prostor vysoky pres 6 m nad profil tunelu o objemu okolo
180 m? byl tspésné zaplnén na dvé etapy popilkocementem v dobé&,
kdy jiz probihala razba z lahovického portdlu. Po stabilizaci popilko-
cementové smési doslo dne 2. 5. v miste€ vytvorené kaverny k prordzce
pod ochrannym klenbovym destnikem z IBO kotev. Cel4 piiportalova
oblast az do stani¢eni 1209 TM byla ndsledné uzaviena spodni klen-
bou tunelu. Po vyhodnoceni této mimoradné situace jsme dospéli ke
skutec¢nosti, Ze se nakonec jednalo o nepatrné prodlouZeni raZeb
v délce zhruba 4 dnu. Po tspé$né zvlddnuté posledni situaci jsme se
ujistili, Ze ani pravidelnda KVG méren{ na husté situovanych profilech
(kazdych 10 m) na primdrnim osténi tunelu nemusi vZdy zjevné pred-
vidat mimorddnou situaci, popr. havarijni situaci. I presto, Ze zhotovi-
tel postupoval v té nejprisnéjsi technologické tfidé s malym zdbérem,
doslo k nadvylomu, ktery musel byt neprodlené feSen jako mimorad-
né uddlost podle vyhlasky OBU. Z této a podobnych skute¢nosti na
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stations after the completion of all excavation operations in this area (the
theoretical trigger value was 60mm).

I1. The exceeded warning states identified during convergence mea-
surements on the 2LT

Even more problematic situation occurred during the excavation of the
2LT top heading just beyond existing buildings. EG conditions which
were deteriorated owing to tectonic disturbance at the excavation face
were recorded by the geological service at chainage TM 740. For that rea-
son, the checking body agreed that an additional measurement station,
21.60, was added at chainage TM 741.5 even though the preceding stati-
on did not identify increased deformations. Today it is already obvious
that this station recorded the largest deformations from the whole doub-
le-lane tunnel. A steep increase in deformations was recorded during the
top heading excavation, in the initial days after the installation of con-
vergence points; therefore the decision was made that additional 6m long
radial IBO anchors be installed during the execution of 8 excavation
rounds (2 pairs of anchors per round). As the required effect was not achi-
eved, 8m long horizontal anchors were added to the previously added
support elements, to the top heading footings of the same excavation
rounds (chainage TM 737 and 746). Only after the implementation of
those measure did the deformations in the measurement station become
stable; although, the deformation values after the top heading excavati-
on already reached the level II of the warning state (the maximum ver-
tical deformation was 62mm — see Fig. 5). It was very probable, consi-
dering the above-mentioned facts, that the invert would be installed in
the affected section during the subsequent excavation of the bench. The
anticipation came true; an additional deformation increment during the
closing of the tunnel profile reached over 20mm. Thus the final value
measured on point 31.60.02 stabilised at 87mm. Since the maximum
deformation values recorded at both adjacent measurement stations did
not exceed 40mm, it was logical that cracks were observed in the area
being described; the cracks formed the borders of this area and were
incorporated into the GTM monitoring program. Definite stabilisation of
deformations in the given area was reached once the tunnel profile had
been closed by invert.

II1. An extraordinary event during the 2LT excavation completion
phase

The last of the cases we want to mention happened nearly two months
before the completion of all tunnel excavation operations. An excessive
overbreak propagated itself during the 2LT top heading excavation (see
Fig. 6). This situation happened les than 30m from the Lahovice portal.
The rock mass in the Krdlav Dvar Member was tectonically disturbed by
two up to 10cm wide fault systems, filled with broken rock and clay.
Sudden instability of the excavation face developed during the mechani-
cal scaling of the unsupported part of the excavation face at chainage TM
12232 (in the evening, 16.4.2008). The tunnel face collapsed and rock
blocks started to slide to the excavated opening, ending by the creation of
the above-mentioned excessive overbreak extending above the tunnel
crown. Since the poor EG conditions had been predicted in advance, the
excavation at this chainage was carried out using the worst NATM sup-
port class 5b, with the round length of 1m. There was an interesting fact
there that the convergence measurements carried out on that day afterno-
on in the closest measurement station (9m from the collapse location) did
not signal any unfavourable increments of deformation. A decision was
made immediately at the subsequent extraordinary GSM that the top hea-
ding excavation be finished from the Lahovice portal and the cavern
which originated be filled from the surface through two boreholes. The
over 6m high cavity above the tunnel profile, with the volume of about
180m3, was successfully filled in two stages with cinder concrete, at the
time when the excavation from the Radotin portal was already in pro-
gress. When the cinder concrete stabilised (on 2.5.2008), the excavation
broke through in the location of the backfilled cavern, under the protecti-
on of an umbrella consisting of IBO anchors. The entire portal area up to
chainage TM 1209 was subsequently closed by tunnel invert. After asses-
sing this extraordinary event, we arrived at the conclusion that it was
eventually a negligible delay of the excavation, which took roughly
4 days. When the last situation had been successfully coped with, we arri-
ved at the conclusion that even regular convergence measurements on
densely distributed measurement stations (every 10m) on the primary
lining can sometime fail to clearly predict an exceptional situation or
a collapse. The overbreak developed despite the fact that the contractor
applied the most stringent support class with short round lengths. It had
to be immediately dealt with as an emergency according to requirements
of a directive issued by the Regional Bureau of Mines. All of us who are
actively involved in designing and constructing tunnels in the Czech
Republic should learn a lesson from this and similar events happening
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podzemnich stavbach bychom si méli vSichni, kdo se aktivné podileji during underground constructions and make every effort to minimise the
na projektovani a vystavbé tunel v CR, vzit ponauceni a snaZit se, aby occurrence of such unfavourable situations.
takovychto nepfiznivych situaci bylo co nejméné.
4.5. Brief assessment of the GTM
4.5. Stru¢né hodnoceni GTM We have mentioned above how the convergence measurement on the
Vyse jsme zminili, jak se v nékterych usecich projevovalo konver- primary lining proved itself in three differing sections. From an overall
genéni méfeni na primarnim osténi tuneld na tfech odlisnych usecich. point of view, it is possible to note that the majority of the 126 conver-
Z celkového hlediska Ize poznamenat, Ze prevazna vétSina ze 126 KVG gence measurement stations were categorised as the most favourable
profila byla zafazena do nejpriznivéjsiho stavu bezpeénosti. state of safety. The indispensable monitoring elements on the constructi-
Nepostradatelnym monitorovacim prvkem na popisované stavbé, ktery on site being described which partially predicted the behaviour of the
pfedev$im v oblastech s niz§im nadloZim Cdstecné predikoval chovén{ rock mass, first of all in the areas with lower overburden, were extenso-
zastizeného horninového masivu, bylo extenzometrické a inklinometrické meter and inclinometer measurements in vertical boreholes, combined
meéreni ve svislych vrtech doplnéné o niveladni méfeni povrchu (sedént). with levelling of the ground surface (settlement). Six extensometer bore-
Sest extenzometrickych vrt bylo situovéno ve 2 sdruzenych profilech holes were located in 2 combined measurement stations in the initial part
v tivodni ¢asti raZzeb s nadloZim okolo 10 m. Prvni extenzometricky profil of the excavation, with the overburden about 10m high. The absolute ver-
18.01 ve stani¢eni 146 m dvoupruhového tunelu zaznamenal absolutn{ tical deformation measured in the first extensometer station, 18.01 at cha-
vertikdlni deformace necelych 34 mm na nejspodnéjsi kotvé extenzomet- inage TM 146 of the double-lane tunnel, reached nearly 34.0mm on the
ru v ose tunelu (tésné nad klenbou tunelu). Pro srovnéni s konvergennim lowest borehole anchor (the anchor on the tunnel axis, just above the tun-
méfenim v tomto sdruZzeném profilu byly naméreny takika totoZné hod- nel crown). In comparison with the convergence measurements in this
noty v klenbé tunelu. Ustdlend absolutni deformace zde po provedeni combined measurement station, the values measured in the tunnel crown
viech dil¢ich raZeb ve vertikdlnim sméru, z brezna roku 2008, predstavo- were nearly identical. The final absolute vertical deformation in this loca-
vala hodnotu 31,5 mm. Naméfené hodnoty dokumentuji, Ze dvéma neza- tion, after completion of all partial headings (March 2008), reached the
vislymi metodami jsme dosédhli téméf totoznych vysledka. V piipadé value of 31.5mm. The measured values prove that we achieved nearly
konvergen¢niho méfeni je ovSem nutné pfipomenout, Ze je nutné pricist identical results by two independent methods. Admittedly, it must be
nezachycenou prvotni probéhlou deformaci pred osazenim bodu v tunelu, noted that, in the case of the convergence measurements, it is necessary
kterou pfesné nezndme. V tomto pripad¢ jsme si ji ovem mohli priblizné to add the non-recorded initial deformation which happened before the
odvodit. V misté sdruZeného profilu se zastizenymi geologickymi pod- installation of convergence points in the tunnel and which we do not
minkami, které bylo moZné povazovat za mirné pfiznivé, tj. vapnité brid- know exactly. In this case, we were able to deduce an approximate value.
lice, jilovité, navétralé az zdravé (W1-W2; R4) s nadlozim 10 m, jsme se We verified during the excavation that the natural arch carrying all stres-
v dobé razeb presvédcili, Ze byla jiz vytvorena nad tunelem pfirozend hor- ses induced by the excavation had developed above the tunnel in the
ninova klenba, kterd prenasela veskerd napéti od vyrubaného prostoru. combined station location where the geological conditions were encoun-
Tato skuteCnost byla zfejmd rovnéZ z povrchovych méfeni, jelikoz tered which could be considered as moderately favourable, i.e. slightly
v popisovaném profilu byly naméfeny maximdlni poklesy terénu 15 mm, weathered to fresh (W1 — W2; R4) calcareous clayey shales with the
oproti tomu v piportdlové oblasti dosahovaly az 45 mm. overburden 10m high. This fact was obvious also from the ground surfa-
Inklinometrickd méreni (5 vrtl) byla projektem GTM naopak navrZe- ce measurements; maximum surface settlement values of 15mm were
na na druhém konci stavby, tj. pobliz lahovického portélu. Jeden vrt byl measured at the given station, whereas the values measured in the portal
vystrojen pred pricnym profilem 18.06, v blizkém okoli rozsdhlého objek- area reached even 45mm.
tu Radotinské voddrny (175 m od portélu) a zbylé Ctyti inklinometry byly Inclinometer measurements (5 boreholes) were required by the GTM
situovany ve sdruzeném profilu 18.07, cca 15 m od hrany lahovického por- design on the other end of the construction, i.e. in the vicinity of the
tdlu. Zjednodusené Ize konstatovat, Ze po ukonceni razeb dosahovaly hori- Lahovice portal. One borehole was installed before the measurement
zontdlni deformace v obou zminénych profilech maximdlné necelych station 18.06, in the close vicinity of extensive grounds of the Radotin
18 mm. Inklinovrty tudiZ zareagovaly na diléf razby obou tunelii pomérné water treatment plant (175 m from the portal) and the remaining four
pfiznivymi deforma¢nimi hodnotami. Oba popisované profily byly dopl- inclinometers were located within the 18.07 combined measurement sta-
nény nivelatnim méfenim povrchu (pficnd poklesovd kotlina). tion, about 15m from the edge of the Lahovice portal. In a simplified
Z vyhodnocenych méfeni bylo zjisténo, Ze na téchto dvou profilech bylo way, we can state that horizontal deformations after the completion of
naméfeno takika totozné maximdlni seddni nad tunely 44 mm a 43 mm excavation reached less than 18mm in the two above-mentioned measu-
(obr 7 a 8). Piitom profil 18.06 je situovan nad tunely s nadloZim zhruba rement stations. It means that the inclinometer boreholes responded to
40 m a profil 18.07 v piiportdlové oblasti s horninovym nadloZim cca 6 m. the partial headings in both tunnels by relatively favourable values of
K vysvétleni této podobnosti vysledka je nutné poznamenat, Ze prvni deformations. Levelling of the ground surface (the settlement trough)
z obou profili byl ovlivnén poruchovou oblasti v tunelech v misté méfe- was supplemented to both above-mentioned measurement stations. The
ného profilu a z grafu je zfejmé, Ze se vytvaii spojitd poklesova kotlina. results of the measurement showed that values of maximum settlement
Naopak druhy profil byl navrzen co nejbliZe k portélu a je osazen nad tune- measured in these two stations above the tunnels were nearly identical,
ly v misté MP destniku. Z obrédzku je patrné, Ze se zde nevytvorila spojitd 44mm and 43mm (see Figures 7 and 8), despite the fact that 18.06 mea-
poklesova kotlina, ale povrchové body se deformovaly pouze nad tunelem surement station is located above tunnels with the overburden about
(nebyla vytvorena pfirozend horninové klenba). Ostatni nivelatni profily 40m high, while 18.07 measurement station was installed in the portal
se deformovaly hluboko pod 40 mm. section, where the overburden is about 6m high. To explain this simila-
Tato méfeni byla samozrejme doplnéna v obou portdlovych dsecich rity of results, it must be stated that the first of the two measurement sta-
i trigonometrickym mérenim portédla, jez zaznamenalo pii dokonceni tions was affected by a fault zone in the tunnels existing in the location
razeb maximalni pohyby do 30 mm. of the measurement station; the chart shows that a continuous settlement
Velkym prinosem pro vyhodnocovani GTM a navrhovén{ daliho postu- trough has developed in this location. Conversely, the other station was
pu razeb byla i nivelacni méreni povrchu a predev§im povrchové zéstavby. designed to be as close to the portal as possible and was installed above
Objekty nad tunely byly z velké ¢dsti situovdny zhruba uprosted razeb the tunnel in the canopy tube pre-support location. It is obvious from the
v misté velkého nadloZi (nad 50 m). Cést povrchové zdstavby byla nad picture that no continual settlement trough developed; deformations
tunely ve staniceni, kde byly zdravé a pevné horniny, ale ¢dst byla naopak occurred only at the ground surface points above the tunnel (no natural
nad oblastf zhorSenych geologickych podminek. To se projevilo i na rozdil- arch developed). The deformations measured on the other levelling
nych absolutnich hodnotédch sedant jednotlivych objektu. Maximum 32 mm points were much smaller than 40mm.
(tudiz 7 mm nad vypoctovou bezpecnou limitni hodnotou) bylo naméfeno Of course, trigonometric measurements of portals were supplemented to
na tfech sousednich domech. OvSem pfiznivou skute¢nosti bylo rovnomer- the above-mentioned measurements in both portal sections; on the comple-
né seddni prakticky na vSech povrchovych objektech. Nejméné priznivy tion of the works, they recorded maximum movements of up to 30mm.
pomér nerovnomérného sedani byl zjistén na dvojdomku 19.006 a 19.008 The levelling of ground surface and, above all, existing buildings was
a Cinil prijatelnych 1 : 1500. Komplexnim GTM byla doporu¢ena nékterd a great contribution to assessing the GTM and designing further excava-
opatreni, aby rodinnd zdstavba byla co nejméné postiZzena samotnou vystav- tion procedures. The buildings above the tunnels were mostly located
bou tunelu. Napiiklad se jednalo o uzavieni spodni klenby tunelu 3PT pravé roughly in the middle of the excavation, where the overburden was suffi-
pod objekty, jeZ zaznamenaly maximdlni sedéni. Cile se podafilo plnit ciently high (over 50m). Part of the surface development was above the
v pfijatelnych mezich, jelikoZ pii pravidelnych prohlidkdch domu byly tunnels at chainage where fresh, massive rock was encountered; on the
zachyceny zmény charakteru vlasovych trhlin. contrary, a part was in an area displaying worsened geological conditions.
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Tab. 1 Definice varovnych stavi

Varovny stav Barva Charakteristika deformac¢niho chovani Kritérium: RAZBA
chovani masiva deformace deformace
a osténi — trend — hodnoty
Stav selend stav s vysokou mirou bezpe¢nosti Celba stabilni rychlé ustdleni méné nez 60 %
bezpecnosti ciend stav pripustnych zmén Celba stabilni ustdleni dle od 60 %
predpokladu do 100 %
1 Zlutd stav mezni prijatelnosti Celba rychlost def. od 100 %
stabiln{ mirné vyssi do 125 %
2 oranzova kriticky stav vyjizdéni bloka, konstantni vice nez
trhliny v osténi rychlost pretvéreni 125 %
3 - havarijni stav destrukce celby progresivni
vyjizdéni bloku, rast hodnot -
poruseni ostén{ v Case
Tab. 2 Tabulka hodnot varovnych deformaci — (3PT)
Trida Podtrida TI. osténi Predpokl. Roztet Varovné hodnoty deformaci
NRTM NRTM (mm) rozsah modulu ramenatu Umisténi VyraZena kalota Dorazeno jadro
hornin BRETEX bodu
Eqget Pri¢né Vertikalni Pri¢né Vertikalni
(MPa) Dy (mm) Dy (mm) Dy (mm) Dy (mm)
3. 3. 200 Edef =2800 1,5-25(20) Kalota +8,0 -200 +10,0 =250
Pata kaloty +120 -150 +150 -18,0
Pata tunelu +18,0 -200
4. 4.1 250 1600-2800 1,5-25(20) Kalota +10,0 =250 +150 -35,0
Pata kaloty +140 -150 +18,0 -20,0
Pata tunelu +18,0 -230
4. 2 250 350-1600 1,25-1,75 (1.5) Kalota +120 -30,0 +18,0 -40,0
Pata kaloty +14,0 -150 +18,0 -230
Pata tunelu +20,0 -250
5. Sa 300 150-700 0.8-1,2 (1,0) Kalota +16,0 -380 +18,0 -55,0
Pata kaloty +150 -20,0 +20,0 250
Pata tunelu +220 270
Sb/c 300 Edef =150 0.8-1,2 (1,0) Kalota +18,0 -450 +20,0 -60,0
Pata kaloty +200 -260 +240 -300
Pata tunelu +6,0 -350
Table 1 Definition of warning states
‘Warning state Colour Characteristics of deformational behaviour Criterion: TUNNEL EXCAVATION
Behaviour of rock mass deformations
and lining - trend deformations - values
State of safety oreen State with high degree of safety Stable excavation face Quick stabilisation Less than 60%
= State with acceptable changes Stable excavation face Stabilisation as anticipated  from 60% to 100%
1 yellow State of limit acceptability Stable excavation face Slightly higher from 100% to 125%
deformation rate
2 orange Critical state Sliding of blocks, Constant over 125%
cracks in lining deformation rate
3 red Emergency state Destruction of excavation — Progressive increase
face, sliding of blocks, in values with time -
damage to lining
Table 2 Values of warning deformations — (3LT)
NATM NATM Thickness Assumed Spacing Warning values of deformations
class sub-class of lining scope of ground  of BRETEX Location Completed top heading excavation Completed bench excavation
(mm) modulus lattice of the point
Edef (MPa) girders Transverse Vertical Transverse Vertical
Dy (mm) Dy (mm) Dy (mm) Dy (mm)
3. 3. 200 Edef =2800 1.5-2.5(2.0) Top heading +8.0 -20.0 +10.0 -25.0
Top heading footings +12.0 -15.0 +15.0 -18.0
Tunnel footings +18.0 -20.0
4. 4.1 250 1600-2800 1.5-2.5(2.0) Top heading +10.0 -250 +15.0 -35.0
Top heading footings +14.0 -150 +18.0 -20.0
Tunnel footings +18.0 -230
42 250 350-1600 1.25-1.75 (1.5) Top heading +12.0 -30.0 +18.0 -40.0
Top heading footings +14.0 -15.0 +18.0 -230
Tunnel footings +20.0 -250
5. Sa 300 150-700 0.8-1.2 (1.0) Top heading +16.0 -38.0 +18.0 -55.0
Top heading footings +15.0 -20.0 +20.0 -250
Tunnel footings +220 270
Sblc 300 Edef =150 0.8-1.2 (1.0) Top heading +18.0 -450 +20.0 -60.0
Top heading footings +20.0 -26.0 +24.0 -30.0
Tunnel footings +6.0 -35.0
[ ostatni provddénd méfent, at'uZ to byla trigonometrickd méfeni portd- This fact was obvious even from the differing absolute values of individu-
10 a hloubenych tsek, seismickd ¢i akustickd méfeni na objektech, nebo al buildings. The maximum of 32mm (therefore 7mm over the safe design
hydrogeologicky monitoring, taktéZ prispivala k optimélnimu zpasobu limit value) was measured on three neighbouring buildings. On the other
razeni. Napriklad jednotlivé diléi razby pod zminénou zdstavbou hand, the fact that the settlement was uniform virtually on all surface buil-
,»ViSfiovka™ musely byt podstatne omezeny v nocni dobe, jelikoz nékoli- dings was favourable. The least favourable proportion in terms of diffe-
kerd akustickd méfeni v obytnych domech prokdzala presahujici normo- rential settlement was identified on the semi-attached house 19.006 and
vou hlu¢nost nekterych operaci (TP, vrtdni, pouZiti impaktoru) pro tuto 19.008; it reached an acceptable value of 1 : 1500. The comprehensive
dobu. Jesté pred zahdjenim raZeb bylo takt€Z jasné speCIﬁkgvano narizeni GTM proposed several measures with the aim of minimising the effects of
rozhodnutim OBU 0 omezent trt‘aCICh pracich v nocnt dobe (od 21,'-30}10 the tunnel excavation on family houses. They, for example, comprised the
6:30 hod.) v oblasti povrchové zastavby (-100 m az +100 m). Trhaci price closing of the the3LT lining with invert under the buildings where the
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maximum settlement had been recorded. The
objectives were met to an acceptable extent — the
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inspections of the buildings had the character of
hair cracks.

Even the other measurements which were carri-
ed out, no matter whether the trigonometric mea-
surements of portals and cut and cover tunnel sec-
tions, the seismic or acoustic measurements on
buildings or the hydrogeological monitoring, con-
tributed to the optimum excavation procedure. For
example, the work on individual partial headings
under the above-mentioned development
“Visnovka” had to be significantly restricted
during night time because repeated acoustic mea-
surements in residential buildings had proved that
the noise generated by some operations (blasting,

Huy

drilling, operation of an impact breaker) exceeded
noise limits prescribed by regulations for this time
of day. Limits were clearly specified even before

EEPisas

the commencement of the tunnel excavation, in
the Decision of the Regional Bureau of Mines on

{ad B § uem

restriction of blasting operations in the night time

Trsroioe goeisges SEOTETHNIFL & 4

(from 21:30 to 6:30 hours) in the area of the surfa-

Obr. 8 Povrchovd méreni na profilu 18.07
Fig. 8 Ground surface measurements in 18.07 station

byly podle technologického projektu TP pravidelné sledovény trednim
méfenim zhotovitele raZeb. Zaroven probihala nezévisld kontrolni mére-
ni seizmickych G¢inki TP na povrchovou zdstavbu v rdmci GTM.
Vsechny tyto vysledky potvrdily, Ze zhotovitel se zhostil problematické
&asti razeb velmi zodpovédné a dodrzoval nafizeni a doporuceni. Veskeré
razby byly, v obdobi zhruba roku a pul, provedeny ve velmi dobré kvali-
t¢ a prakticky bez mimorddné udélosti (aZ na vySe zminény nadmérny
nadvylom).

K tspésnému dokonceni raZeb na stavbé 514 ur¢it¢ nemalou mérou
prispél i ISM, provozovany nas{ spole¢nosti. Inovovany on-line systém
Barab® byl v I. pololeti roku 2007 doplnén o prezenta&ni platformu GIS
(geograficky informacni systém). Platforma GIS umozZnuje vizualizaci
predmétt monitoringu (tj. poloha jednotlivych méficich mist, aktudln{
poloha Celeb atd.) spolu s mapovymi podklady (napr. projekt, situace aj.).
V soucasnosti je tento vicetucelovy systém vyuZit na vSech projektech
s nasi ucasti (www.barab.eu).

5. ZAVER

Momentalné mame za sebou I. etapu vystavby tunela Slivenec, oviem
v ndsledujicim obdobi budou probihat dals{ stavebni prace, tak aby mohla
byt stavba 514 spole¢né s dal§imi navazujicimi stavbami v 1. poloviné
roku 2010 uvedena do provozu. I pfi téchto pracich budou pracovnici
GTM provadét kontrolni méreni a sledovéni, a to predevsim pri betondzi
definitivniho osténi raZenych tunelt a pii zasypdvani hloubenych tunelt.
Diky hodnocent, kterého se ndm dostalo vicendsobné od nasich partnert
na stavbé, si dovolime konstatovat, Ze i za prispéni kanceldre geotechnic-
kého monitoringu se podafilo dspésné provést razby obou tuneli bez vét-
Sich problému. Podarilo se optimdlné zvlddnout i mimorddnou situaci
vzniklou ke konci razby tunelu 2PT. Na této situaci jsme si ovefili, Ze pokud
je na stavbé zkuseny a profesiondlni tym sloZeny z nékolika subjektu, je
mozné spole¢nymi silami prekonat veskerd dskali spojend s naro¢nymi

tunelovymi stavbami zafazenymi do 3. geotechnické kategorie.
ING. RADEK BERNARD, bernard@geotechnika.cz,
JAKUB BOHATKA, bohatka@geotechnika.cz,
STAVEBNI GEOLOGIE-GEOTECHNIKA, a. s.

Recenzoval: Doc. RNDr. Zdenék Kalab, CSc.
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ce development (100m before and 100m behind

the area). As required by the blasting design, the
blasting operations were regularly monitored by means of official measure-
ments conducted by the tunnelling contractor. Independent check measure-
ments of seismic effects were carried out in parallel, within the framework
of the GTM. The results of all of these measurements confirmed that the
contractor coped with the problematic part of the excavation very respon-
sibly and fulfilled the orders and recommendations. All excavation work,
which took about a year and half, was carried out in good quality and prac-
tically without emergencies (with the exception of the above-mentioned
excessive overbreak).

The information system used by our company for the monitoring cer-
tainly significantly contributed to the successful completion of the tunnel
excavation in 514 construction lot. The Geographical Information
System (GIS) presentation platform was added to the upgraded Barab®
on-line system in the first half of 2007. The GIS platform allows visuali-
sation of subjects of monitoring (i.e. the location of individual measure-
ment points, actual locations of the headings etc.), together with the map-
ping background (e.g. the design, layouts etc.). Currently this multiple-
surface system is being used on all projects on which we are participating
(www.barab.eu).

5. CONCLUSION

At present, the 1st stage of the Slivenec tunnel construction has been
finished; nevertheless, other construction work will proceed in the follo-
wing period so that 514 construction lot and other related constructions
can be commissioned in the first half of 2010. GTM workers will carry
out check measurements and observation even during this work, first of
all during the casting of the final concrete lining of mined tunnels and
backfilling of cut and cover tunnels.

Refering to the appreciation we have several times gained from our
partners on site, we dare to state that even the geotechnical monitoring
office contributed to the fact that both tunnel drives have been completed
successfully, without more serious problems. Even the extraordinary situ-
ation which originated at the end of the 2LT tunnel driving was optimal-
ly coped with. We persuaded ourselves on this situation that, if an expe-
rienced and professional team consisting of several subjects is present on
site, it is possible through joint efforts to overcome all pitfalls associated
with difficult tunnel constructions belonging to geotechnical category 3.

ING. RADEK BERNARD, bernard@geotechnika.cz,
JAKUB BOHATKA, bohatka@geotechnika.cz,
STAVEBNI GEOLOGIE-GEOTECHNIKA, a. s.

Projekt Geotechnicky a hydrogeologicky monitoring pfi stavbé tunelt ,,Slivenec* (J. Bohdtka — 12/2006)
Projekt Geotechnicky a hydrogeologicky monitoring pri stavbé tuneld ,,Slivenec* — Dodatek ¢. 1 — Hloubené portdly Lochkov

(Ing. R. Bernard — 9/2007)

RDS — RaZeny dvoupruhovy a tripruhovy tunel, C.6.1. (Valbek, s. r. 0. — 11/2006)
Urbanova L. a kol.: Zdvérecnd zprdva o geologické dokumentaci a geotechnickém monitoringu v prazkumné §tole ,,Lahovska*

Usek: km 11,806 az 12,515, SG-Geotechnika, a. s., 2005

Brezina B., Chmelaf R., Vorel J.: Podrobny geotechnicky pruazkum SOKP stavba 514, PUDIS 2002
Souckovd H. a kol.. PfedbéZny inZenyrskogeologicky prizkum Slivenec—Lahovice, IKE Praha 1998
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FOTOREPORTAZ Z UVEDENI STAVBY NOVE SPOJENI DO PROVOZU

PICTURE REPORT FROM THE INAUGURATION
OF THE NEW CONNECTION CONSTRUCTION

Obr. 1 Slavnostni zahdjeni razeb
Fig. 1 Ceremonial commencement of tunnel excavation

Obr. 3 Vlastni razby tunelu
Fig. 3 Tunnel excavation

Obr. 5 Pohled na hotovy portdl véetné technologické jizdy viaku
Fig. 5 View of the finished portal inclusive of a testing train ride

Obr. 2 Obrdzek typické celby
Fig. 2 View of a typical heading

Obr. 4 Den otevienych dveri pri dokonceni raZeb
Fig. 4 Doors Open Day after the completion of the tunnel excavation

Obr. 6 Ukdzka pracovniho proudu pfi provddeéni definitivniho osténi
Fig. 6 Example of the production line system of casting the final lining
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Obr. 7 Vystrojeny tunel s kolejovym svrskem
Fig. 7 Equipped tunnel with trackwork

Obr. 8 Dokoncené definitivni osténi
Fig. 8 Complete final lining

Obr. 9 Vystavba hloubenych tunelii a souvisejicich objekti
Fig. 9 Construction of cut-and-cover tunnels and related structures

Obr. 10 Dokoncené dilo z ptaci perspektivy
Fig. 10 Aerial view of complete works

Obr. 11 Pohled na portdl véetné pamdtniku Obr. 12 Prujezd prvniho viaku dokoncenym dilem
Fig. 11 View of a portal including the National Monument Fig. 12 Passage of the first train through the completed tunnel
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FOTOREPORTAZ ZE STAVBY TUNELU KOMORANY
NA SILNICNIM OKRUHU KOLEM PRAHY

PICTURE REPORT ON THE CONSTRUCTION OF THE KOMORANY
TUNNEL ON THE PRAGUE RING ROAD

Obr. 1 Hloubeni stavebni jamy v prostoru cholupického portdilu
Fig. 1 Excavation of the construction trench at the Cholupice portal

Obr. 3 Beraneni zdpor zajistent stavebni jamy v prostoru komoranského portdilu
Fig. 3 Driving soldier beams supporting the construction trench at the
Komorany portal

Obr. 5 Vrtdni a osazovdni svorniku v tripruhovém tunelu
Fig. 5 Drilling and installation of rock bolts in the triple-lane tunnel

Obr. 2 Budovdni definitivniho osténi odvodnovaci $toly
Fig. 2 Erection of the final lining of the drainage gallery

Obr. 4 Vrtdani Celby tiipruhového tunelu
Fig. 4 Drilling into the triple-lane tunnel excavation face

Obr. 6 Stavebni jama v prostoru komoranského portilu
Fig. 6 The construction trench at the Komorany portal
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Obr. 7 Bednici viiz na prechodu hloubeného Ctyipruhového a raZeného tii- Obr. 8 Zahdjeni razby dvoupruhového tunelu od cholupického portdilu
pruhového tunelu Fig. 8 Commencement of the driving of the double-lane tunnel from the

Fig.7 A travelling formwork at the transition between the cut-and-cover Cholupice portal

four-lane tunnel and the mined triple-lane tunnel
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Obr. 9 Stavéni tunelového rdmu v odstavném zdlivu dvoupruhového tunelu

Obr. 10 Izolaéni prdce ve vzduchotechnické Sachté
Fig. 9 Installation of a lattice girder in the double-lane tunnel lay-by

Fig. 10 Installation of waterproofing in the ventilation shaft
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Obr. 12 Vizdni vyztuZe prvniho bloku definitivniho osteni v tripruhovém

tunelu
Obr. 11 Odhalend pristupovd §tola v komoranské stavebni jamé

Fig. 12 Tying-up the reinforcement of the first block of the final lining in the
Fig. 11 Exposed access adit in the Komorany construction trench triple-lane tunnel
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ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES A 34. VALNE SHROMAZDENI ITA
PODZEMNI OBJEKTY PRO LEPS[ ZIVOTNI PROSTREDI A BEZPECNOST — AGRA 2008

WORLD TUNNEL CONGRESS & 34TH ITA GENERAL ASSEMBLY
UNDERGROUND FACILITIES FOR BETTER ENVIRONMENT & SAFETY — AGRA 2008

Two of Czech attendees at the ITA-AITES World Tunnel Congress,
which was held in September 2008 in the Indian town of Agra, inform
Czech and Slovak readers of Tunel magazine about the event.

Svétovy tunelédisky kongres ITA, jejiz soucasny oficidlni ndzev zni
International Tunnelling and Underground Space Association, se
konal 19.-25. zafi 2008 v prostorach hotelu Jaypee Palace (obr. 1) ve
mesté Agra v Indii. Kongres organizovala ITA spole¢né s TAI
(Tunnelling Association of India) a Central Board of Irrigation &
Power, kongresu se podle tdaja poradatele zucastnilo pres 1000 dele-
gdtl, zastoupeno bylo 38 stitll z 54 Clenskych stati ITA. Ceskd
republika méla na kongresu teti nejvySsi poCet delegdtu. Soudasti
kongresu kromé prednédsek (obr. 3) bylo valné shromdzdéni ITA, set-
kéani vedeni ITA, predkongresovy vzdéldvaci kurz, setkdni pracov-
nich skupin (WG — Working Groups), vystava spolecnosti podnikaji-
cich v oblasti podzemnich staveb (obr. 4), posterova vystava prispev-
ku nevybranych k prezentacim, spolecenské akce, ddle pak pokon-
gresové exkurze a vylety.

Predkongresovy vzdélavaci kurz

Kurzu se zd¢astnilo 200 delegatu, z nichz 40 bylo z Indie. Na kurzu
promluvilo 16 pfedndSejicich z 12 stdtd, 6 z nich bylo od sponzor-
skych organizaci ITA a 9 z nich byli vedouci pracovnich skupin ITA ¢i
z vedeni ITA. Ve 12 hodinich predndsek byly predneseny informace
o konven¢nich i mechanizovanych razbach, prednasky zahrnovaly jak
teoretické informace, tak praktické informace z realizovanych staveb.

Valné shromazdéni

Clenstvi

ITA pfijala dva nové ¢lenské stity (Kazachstdn a Peru) a 28 novych
pridruZenych ¢lenu (14 firemnich a 14 individudlnich ¢lent). Celkem
mad ITA 54 ¢lenskych stdtu a 274 pridruZenych &lena (147 firemnich
a 127 individudlnich ¢lenu).

Dulezita rozhodnuti

Pan Olivier Vion z Francie byl jmenovdn vykonnym feditelem ITA
s platnosti od 1. 1. 2009.

Svétovy kongres v roce 2009 bude v Budapesti v Madarsku, 2010
ve Vancouveru v Kanadé, a v roce 2011 v Helsinkdch ve Finsku (fin-
skd kandidatura zvitézila v hlasovani nad kandidaturou francouzského
Lyonu).

Piednasky

Na kongresu byly predneseny &tyfi hlavni predndsky (keynote
lectures). Prvni predndska prezidenta ITA Martina Knightse byla
zaméerena na management rizik a smluvni vztahy. Dal§{ 3 predndsky

]

Obr. 2 Taj Mahal — dominanta mésta Agra (foto Hilar)
Fig. 2 Taj Mahal — Agra’s landmark (photo by Hilar)

Obr. 1 Jaypee Palace — misto kondni kongresu (foto S'gurek)
Fig. 1 Jaypee Palace — the Congress venue (photo by Sourek)

.....

zemni prumysl, na vystavbu tuneld v Himdlajich a na metro
v indickych méstech. Prednasky potvrdily ambiciézni plany Indie na
vystavbu mnoha kilometrd tunelt v blizké budoucnosti.

Ve verfejném zaseddni (open session) bylo predneseno celkem sedm
prednasek se zaméfenim na svétové zkuSenosti s feSenim smluvnich
vztahu (contractual practices worldwide). Byly pfedneseny prispévky
z Brazilie, Némecka, §v§lcarska, Rakouska, Francie a dva z Indie.

Ostatn{ predndsky z technické sekce byly predneseny ve 3 dnech
s rozdélenim do nasledujicich témat:

* Geotechnicky pruzkum pod vysokym nadloZim

 Navrh vystrojeni hlubokych tunelt
Technologie mechanizované razby
Kontrola pritoka pod vysokym hydrostatickym tlakem
Tunelovan{ ve méstech a pridruzené problémy
Ventilace dlouhych tunell a poZdrni bezpe¢nost

Celkem bylo predneseno pies 150 piispévki, z nichz 7 bylo z Ceské
republiky (obr. 5). Pfednésky z technické sekce byly predndseny ve 3
mistnostech.

Organizace kongresu
Vzhledem k naSemu lonskému poradatelstvi svétového kongresu
v Praze bylo pomérné zajimavé pozorovat, jak se s danym tikolem

Obr. 3 Pohled do sdlu v prubéhu predndsek (foto TAI)
Fig. 3 View of the conference room during presentations (photo by TAI)



Obr. 4 Vystava spolecnosti podnikajicich v oblasti podzemnich staveb (foto TAI)
Fig. 4 Exhibition of companies having their businesses in underground
engineering (photo by TAI)

vyporadali nasi indic¢ti kolegové. K organizaci je mozné uvést nasle-
dujici pozndmky.

Byla poZadovéna riznd vySe vlozného pro mistni a zahrani¢ni dele-
géty, pro zahrani¢ni delegdty bylo vlozné 4x vyssi. Tento pfistup neni
pro svétové kongresy prili§ standardni.

V propozicich byla avizovdna pravidelnd autobusovd doprava
z Dilli do Agry v intervalech 2 hod. s dobou jizdy 4 hod. Skute¢nost
byla takovd, Ze byly vypraveny 2 autobusy za den a doba jizdy byla
priblizné 6 hodin.

Kromé 3 svazka sborniku dostali ucastnici kongresu knihy
o Historii indickych tuneli a Seznam indickych tuneld. Na titulnich
strandch obou knih jsou prekvapivé pouZity fotografie Ceskych tunelt
uverejnéné v Ceské publikaci vydané pro WTC 2007.

Jisté problémy v organizaci se projevily jiZ v sobotu odpoledne,
kdy mélo byt podle oficidlniho programu komunikacni jednédni

Obr. 6 Stravovdni na schodech budovy Jaypee Palace (foto gotvtrek)
Fig. 6 Taking meals on the Jaypee Palace staircase (photo by Sourek)
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Obr. 5 Predndska Ing. Butovice o tunelu Blanka (foto Sourek)
Fig. 5 Ing. Butovic¢ giving the paper on the Blanka tunnel (photo by Sourek)

(communication meeting), které pravidelné byva soucdsti svétovych
kongrest. Nezanedbatelné mnoZstvi delegdtu nacasovalo svij prijezd
do Agry tak, aby dané jednéni stihli, nicméné na misté se dozvedéli,
Ze toto jedndni bylo zruSeno.

Na sobotni privitaci recepci ITA hrala z reproduktort cely veder
&eskd populdrni hudba, coZ bylo pro nés pfirozené milé. Udajné tomu
tak bylo na pocest loriského kongresu v Praze.

Zvolend budova pro organizaci kongresu byla moderni s veskerym
potfebnym zdzemim. Problémem vSak byly pomérné stisnéné prosto-
ry na chodbéch, coZ vyvolalo piedevsim v dobé obédi pomérné znac-
né tlalenice. Pii obédech byl ddle markantni naprosty nedostatek stolt
a zidli, kvuli ¢emuZ lidé obédvali ve stoje, na schodech (obr. 6), na
parapetech, apod. Nevhodné bylo rovnéz vydavani jidla na stolech
umisténych pred postery (blokovani a znedisténi postert).

Predsedajici jednotlivych sekci byli vybrdni béhem tdvodnich dnu
kongresu, proto ¢asto nebyli prili§ obezndmeni s jednotlivymi fe¢niky
a s obsahem vybranych prednédsek. Puvodné avizovany Cas na pred-
nasku byl Casto na posledni chvili ménén a nasledné nebyl dodrzovin,
coz vedlo k vyraznému vzajemnému posunu programu v jednotlivych
sdlech. Ani poradi pfendSejicich stanovené v programu neodpovidalo
vzdy skutecnosti.

vvvvvvvvvv

mitdni v pifimém prenosu (vyfez umistény do rohu prezentace). Piimo
na kongresu byla proddvdna DVD, na kterych jsou prednasky
z predkongresového vzdéldvaciho kurzu a z vlastniho kongresu.
Na DVD je obrazovy a zvukovy zdznam predndSek spoletné
s promitanymi prezentacemi v pdf. Prodej zminénych materiala byl
proveden bez souhlasu autoru.

Veskeré spolecenské akce byly organizovdny vyhradné v budové
Jaypee Palace, Zddné dalsi reprezentativni prostory vyuZity nebyly. Na
druhou stranu nebyl za spolecenské akce (kromé pokongresovych
exkurzi a vyleti) pozadovdn zddny poplatek mimo zakladni registrac-
ni poplatek.

Umisténi neklimatizovanych vystavnich stdnka do prilehlého hote-
lového parku nebylo nejvhodnéjsi, teploty vzduchu 35 °C a vice nuti-
ly navstévniky i vystavovatele ke znanému omezeni doby stravené
v prostoru stdnka.

Shrnuti

I pres jisté organizalni nedostatky je tieba konstatovat, Ze veSkeré
cile kongresu byly splnény a ucast na kongresu byla pro vSechny
tcastniky velmi pfinosnd a zajimavd. Je celkem prirozené, Ze podmin-
ky organizdtoru pro pripravu kongresu byly vyrazné sloZitéjsi
v porovnani s vyspélej§imi stdty. Z tohoto pohledu je jist¢ vhodné oce-
nit veSkeré usili poradatelu, zejména je pak tfeba ocenit vstifcnost
a ochotu poradatelt v prab&hu kongresu.

Vice tdaju o kongresu lze nalézt na webové strdnce:
www.wtc2008.org

DOC. ING. MATOUS HILAR, Ph.D., hilar@d2-consult.cz,
5 D2 CONSULT PRAGUE,s.r. o.,
ING. PAVEL SOUREK, pavel.sourek@satra.cz, SATRA, s. r. o.
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GEOTECHNIKA 2008
GEOTECHNICS 2008

The 12th annual conference on Geotechnics was held from 10th to
12th September 2008 in Permon Hotel, Podbanské, the High Tatras.
The conference is a cyclical event, which is held regularly in
Slovakia, the Czech Republic, Poland and Hungary; it is organised
by technical universities of these countries. The theme of this yea-
r’s conference comprised Structures, Techniques and Monitoring of
Geotechnical Structures.

12. roénik konference Geotechnika byl usporddan 10.-12. 9.
2008 v hotelu Permon v Podbanském ve Vysokych Tatrdch.
Konference Geotechnika je cyklickou konferenci, pravidelné kona-
nou na Slovensku, v Ceské republice, Polsku a Madarsku
a organizovanou technickymi univerzitami téchto zemi. Tématem
letosni konference byly konstrukce, technologie a monitoring geo-
technickych konstrukei.

Podrobnéjsi témata konference byla ndsledujici:

1. Geotechnické problémy pozemnich, inZenyrskych, doprav-
nich a vodohospodarskych staveb:

J Geotechnicky vyzkum a prizkum

. Zemni konstrukce a stabilita svaht

. Zakladan{ staveb

. Dopravnf stavby

. Vodohospodéiské stavby

. InZenyrské stavby

. Environmentalni geotechnika

. Terénni zkouSky a monitoring

. Softwarové zabezpeceni geotechnickych tloh

PODZEMI[ - PROSTOR PRO BUDOUCNOST
BUILDING UNDERGROUND FOR THE FUTURE

An international congress organised by the French national tun-
nelling association AFTES (www.aftes.asso.fr) took place in
Monaco from 6th to 8th October 2008. This association, similar to
the ITA-AITES Czech Tunnelling Association, holds its national
conferences, open for foreign visitors, at regular 3-year intervals.
The first conference took place as early as 1974. The number of
attendees varies fluctuates about 600. A very rich technical expo-
sition is typical of the event.

During the course of years, the purely national conference has
been converted to a significant regional European tunnelling con-
ference of all countries using Romance languages. This year, the
conference was focused on the following topics:

* The underground - opportunities for projects

* Risk management and cost of underground work

 Technical innovations in underground work

» Tunnels, safe workings of stable values.

Ve dnech 6. az 8. fijna roku 2008 probéhl v Monaku mezinarod-
ni kongres organizovany francouzskou ndrodni tuneldrskou spo-
le¢nosti AFTES (www.aftes.asso.fr). Tato spole¢nost, obdobné
jako naSe tuneldrskd asociace, porddd své nérodni konference
oteviené pro zahrani¢ni dcastniky v pravidelném tfiletém interva-
lu. Prvni konference probéhla jiz v roce 1974. Polet Gcastniku se
pohybuje okolo 600. Typicka je velmi bohatd technickd expozice,
které se dcastni nejen stavebni firmy, ale i vSichni daleZiti doda-
vatelé stavebnich technologii, projekcnich a konzultacnich firem,
spole¢nosti provadéjicich monitoring, vyrdbéjicich instrumentace
i ostatni materidl pouZivany pfi tunelovéani atp.

Pii organizovdni konferenci AFTES a pii pripravach jeji obsa-
hové nédplné dochédzelo postupné k stdle uz§i provdzanosti
a spoluprici se $panélskou, italskou, §vycarskou a belgickou tune-
larskou spole¢nosti. Béhem let se tak ¢isté ndrodni konference pre-
ménila ve vyznamnou regiondlni evropskou tuneldrskou konferen-
ci vSech zemi, kde se mluvi romdnskymi jazyky. Konference tak
mohla dosdhnout velmi vyznamné drovne jak po odborné, tak i po
spolecenské a obchodnf strance.

Tuel

2. Aktudlni problémy geotechniky podzemnich dél:

. Tunely

. Geotechnické otdzky lomového a hlubinného dobyvéni

. Nové konstrukce a technologie v podzemnim stavitelstvi
. Geomechanicky vyzkum hornin a zemin

. Rizika v podzemnim stavitelstvi

. Likvidace starych banskych dél

. Zabezpecen{ stability izemi a geotechnicky monitoring

Vétiina predndsek byla z Ceské a Slovenské republiky, nicméné
byly predneseny piispévky i z dalSich evropskych stéta.
Z podzemnich staveb byly prezentovdny predev§im v soulasné
dobé realizované stavby jako tunelovy komplex Blanka,
Krélovopolské tunely, tunely Olafsj6rdur a Siglufjérdur na Islandu
&i Slivenecky tunel na SOKP. Z pfipravovanych tuneli byly pre-
zentovany tunely na dédlnici D3 ¢&i druhd tunelova trouba tunelu
Branisko. Kromé praktickych piiklada byla na konferenci pfedne-
sena fada teoretickych piispévki, které byly zaméfeny na kon-
venéni, ale i mechanizovany zpusob vystavby podzemnich dél.
Konference byla velmi dobre zorganizovana, misto konan{ konfe-
rence bylo pfirozené atraktivni nejen z hlediska kvalitnich sluzeb
hotelu Permon.

DOC. ING. MATOUS HILAR, Ph.D., hilar@d2-consult.cz, D2
CONSULT PRAGUE,s. r. o.,

DOC. ING. RICHARD SNUPAREK, CSc.,
richard.snuparek@ugn.cas.cz, USTAV GEONIKY AV CR

V leto$nim roce byla konference zaméfena na nésledujici témata:
* Podzemi — pfileZitost pro projekty

e Rizeni rizika a ceny praci provddénych v podzemi

¢ Technické inovace podzemnich praci

e Tunely — bezpecnd dila trvalé hodnoty

Podzemi - prilezitost pro projekty

Cilem organizdtoru konference bylo prostfednictvim prispévku
nashromazdit argumenty pro to, Ze podzem{ predstavuje neopome-
nutelné a vyznamné moZznosti jak realizovat strategii udrZitelného
rozvoje a feSit fadu environmentdlnich problému vznikajicich
s dal3fm rozvojem a rustem velkych i mens§ich méstskych aglome-
raci, a vytvdret tak spole¢enskou objedndvku pro investice tohoto
typu. Celkem bylo v této sekci predneseno 9 prispévka.

Rizeni rizika a ceny praci provadénych v podzemi

V této sekci se kladl duraz na prispévky zabyvajici se jednak
metodikou fizenf rizik, jednak konkrétnimi pripady aplikaci meto-
diky fizenf rizik pfi vystavbé tuneld. Rizika jsou chépand stejné
jako u nds jako soubéh pravdépodobnosti realizace nezddoucich
jevii a jejich diisledki pro vystavbu. Rizenf rizik je chdpano hlav-
né jako fizeni ceny a doby realizace stavebniho projektu. V ramci
sekce byly predneseny zajimavé prispévky na téma monitoring na
konkrétnich stavbéch tunelt, napiiklad Podchod Toulonu druhou
tunelovou troubou, Rizenf rizik na tunelu Koralm jako podklad pro
program geotechnickych pruzkumu a stanoveni ceny dila. Celkem
bylo v sekci predneseno 10 piispévka.
Technické inovace podzemnich praci

Pozornost konference byla zaméfena stejnou mérou na tunelo-
vani TBM i konvenénimi metodami. V centru zdjmu byla kritéria
na vybér optimdlni metody tunelovani, extrémni pripady provadeé-
ni tuneld ve velmi tézkych geologickych podminkéch, problemati-
ka vystrojovani tunelovych osténi za tunelovacimi stroji, vyvoj
dlouhodobého zatiZeni osténi a pouZivani novych materidlu
v tunelovém stavitelstvi. Celkem bylo v této sekci predneseno 12

prispévku.
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Tunely - bezpecna dila trvalé hodnoty

Zvlastni pozornost byla vénovdna uréovani ceny podzemnich
dél ve fazich jejich pfipravy, protoze je jejich obvyklym problé-
mem prekracovani pldnované ceny dila béhem jeho realizace.
Dalsim tématem této sekce bylo zajiStovani veétsi bezpeCnosti pri
prijatelnych ndkladech, vyvoj v technologiich vétrani tunelu
a Cisténi vzduchu. Celkem bylo v této sekci predneseno 10 piis-
pévka.

Zajimavou soucdsti konference byl ,,kulaty* diskusni stul nejvy-
znamneéjsich osobnosti francouzského podzemntho stavitelstvi na
téma Zkoumat a vyuzivat podzemni prostory, jak a az kam?
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Expozice se zicastnilo celkem 140 vystavovateld. Mezi nimi
Herrenknecht, Robbins, Lovat, Bouygues, Egis, Eiffage, Holcim,
Soilmec, Spie Batignolles, Bec Freres, Minova, Robodrill, Atlas
Copco, Arcadis, Amberg, Rocksoil, Soldata, Telemac, Solexpert,
Glotzl, Itasca, a mnoz{ dalsi.

Kromé dvou specialisti z SG Geotechniky (Kostohryz
a Rozsypal) se z Ceské ani Slovenské republiky nikdo neziicastnil.
To je $koda, protoze kongresy AFTES jsou dostupnéjsi nez velké
zahrani¢ni kongresy a svym technickym prinosem je Casto pred<i.

DOC. ING. ALEXANDR ROZSYPAL, rozsy-
pal@geotechnika.cz, SG-GEOTECHNIKA a. s.

6. RAKOUSKY TUNELOVY DEN A 57. GEOMECHANICKE KOLOKVIUM, SALCBURK
6TH AUSTRIAN TUNNELTAG AND 57T GEOMECHANICS COLLOQUY

One of the most important European and possibly world-wide
events organised by tunnellers was traditionally held in Salzburg
in the first half of October 2008. The importance of the event was
enhanced not only by the fact that the Austrian Tunnel Day was
held again after two years, but first of all because of the fact that
the Colloquy marked two significant anniversaries. In 2008, 100
years have lapsed since the birth of Professor Leopold Miiller, an
outstanding Austrian geomechanical engineer (1908-1988). The
other anniversary was also associated with this person — he foun-
ded the Austrian Society for Geomechanics 40 years ago.

Thanks to the helpfulness of the organisers at the end of the
Tunneltag opening, Ing. Alexandr Butovi¢, PhD., the Chairman
of the Preparatory Committee of the International Conference
Underground Construction Prague 2010, could give his presenta-
tion. He briefly informed the audience about tunnel constructions
in the Czech Republic and invited them to Prague, the capital of
the Czech Republic, for July 2010 to attend the above-mentioned
conference.

Jedna z nejvyznamnéjSich tuneldiskych evropskych, a mozna
i svétovych akei se tradiéné konala v prvni poloving fijna 2008
v Salcburku. Jeji vyznam byl zvySen nejen tim, Ze se opét po
dvou letech konal Rakousky tunelovy den, ale predevs§im proto,
Ze motto kolokvia pfipomnélo dvé velkd vyroc¢i. V roce 2008
uplynulo 100 let od narozeni vyznamného rakouského geome-
chanika profesora Leopolda Miillera (1908—-1988). S nim souvi-
selo i druhé vyrodi, protoze pred 40. lety inicioval zaloZen{
Rakouské geomechanické spolecnosti.

Pfi zahdjeni Tunelového dne, ktery se konal ve stiedu 8. f{jna
2008, postupné vystoupilo pét fecniku. W. Stipek, prezident
rakouské ITA, informoval o vnitrostatnich aktivitach rakouské
tuneldrské asociace, R. Galler naopak promluvil o jejich aktivi-
tdch na mezindrodnim poli. Prezident ITA-AITES M. Knights
mimo pozdrav od exekutivy ITA upozornil na souvislosti mezi
podzemnim stavitelstvim na strané¢ jedné a zménou klimatu
a souCasnou ekonomickou krizi na strané druhé. P. Kocsonya,
prezident madarské tuneldiské asociace, vystoupil s pozvanim na
ITA-AITES WTC 2009, ktery se bude konat pfisti rok
v Budapesti.

V zdvéru zahdjeni diky vstficnosti poradatelu krétce oslovil
ucastniky predseda pripravného vyboru nasi konference
Podzemnf stavby Praha 2010 Ing. Alexandr Butovi¢, Ph.D., ktery
stru¢né informoval o tunelovych stavbiach v Ceské republice
a pozval ucastniky do Prahy v Cervnu roku 2010 na zminénou
konferenci.

Jednédni Tunelového dne bylo rozdéleno do tii ¢dsti. Tématem
prvni bylo Tunelovani v minulosti a dnes, coZ se odrazilo prede-
v§im v prvnich dvou prednaskach. Ty srovndvaly razbu prvni
tunelové trouby Tauernského tunelu s nynéjsi razbou druhé tune-
lové trouby, a to z pohledu projektanta a dodavatele. V druhé
&asti — Vyzvy soucasnych staveb — byla napr. prezentovédna razba
tunelu bentonitovym S$titem na trase vysokorychlostni Zeleznice
v ddoli Innu. Téma srovnani diivéjsi a soucasné stavby se znovu
objevilo v predndSce o vystavbé preCerpdvaci vodni elektrarny
Limberg II, kterd predstavuje dalsi intenzifikaci kaprunského
hydroenergetického systému.

Obr. Pozvani na konferenci Podzemni stavby 2010 Praha tlumocil uicastni-
kitm rakouského tunelového dne Ing. Alexandr Butovié, Ph.D.

Fig. The invitation for the conference Underground Construction 2010,
Prague, was extended to the attendees of the Austrian Tunnel Day by
Ing. Alexandr Butovi¢, PhD.

Pred zahdjenim treti Cdsti, kterou byla panelovd diskuse, pro-
béhlo ocenéni tfi vybranych inovaci, které se uplatnily
v rakouském tunelovém stavitelstvi. Mezi nimi byly deformacni
elementy nové konstrukce osazované v tlac¢ivych hornindch do
podélnych nik v primarnim osténi ze stffkaném betonu. PouZiti
sne¢hovych dél pro u€inn€jsi a rychlej$i zlepSeni ovzdusi
v tunelech po odstrelu bylo dal§im ocenénym vtipnym ndpadem.

Zavére¢nd panelovd diskuse moderovand prof. Jodlem
z videnské technické univerzity by méla byt vzorem nebo podné-
tem pro Ceskou tuneldarskou obec. Na pédiu jako pred dvéma lety
opét oteviené diskutovali zdstupci investort, konzultantu
a dodavatelt rakouskych tunela.

Struéné charakterizovat jedndni 57. Geomechanického kolo-
kvia, které probéhlo ve Ctvrtek 9. a v patek 10. fijna 2008, je
skoro nemozné. Proto pfipomeneme jen jeho zaméfeni s tim, Ze
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sbornikem prednések je fijnové ¢islo ¢asopisu Geomechanik und
Tunnelbau (dfive Felsbau).

Kolokvium zahdjil predseda rakouské geomechanické spolec-
nosti prof. Wulf Schubert z TU Graz. Po ném vystoupil
prof. Dr. h.c. Franz Pacher se slavnostnim projevem ke stému
vyro¢i narozenin profesora Dr. Leopolda Miilera.

Vlastni jednani kolokvia bylo vénovéno nésledujicim tématim:

* Vyvoj v geotechnice

e Stavba tlakovych privadécu a kaveren

e Pruzkum v prabéhu stavby a predpovédni modely

e Pouziti pretlaku vzduchu a zmrazovani pfi stavbé tunelu

Ze je salcburské geomechanické kolokvium vyznamnd akce,
vyplyvé nejen z poCtu dcastnika, kterych letos bylo asi bez tfi
desitek tisic, ale také z poCetné obeslané vystavy — prezentovalo
se 50 vystavovatelq.

K vyro¢im poradatelé pripravili a v§em t¢astnikum v konferen-
¢nich materidlech vénovali dveé publikace. Prvni, 100 Jahre
Prof. Leopold Miiller, vydala v némc¢iné Rakouskd geomechanic-
kd spole¢nost. Rakouskd tunelarskd asociace pripravila publikaci
The Austrian Art of Tunnelling in Construction, Consulting and
Research. Dvé sté stran textu v angli¢tin€ je rozdéleno do kapitol:
Odborné spolecnosti
Smérnice
Univerzity
Tunelovani v Rakousku — Zelezni¢ni tunely; silni¢ni tunely;
vodni elektrdrny; kolektory

TufHel

e Zahrani¢ni aktivity rakouskych stavebnich firem

* Konzultanti

Sobotni exkurze na kaprunskou hydroenergetickou soustavu
musela byt také zajimavd. Soustava byla uvedena do provozu
v roce 1955 a stala se prukopnikem vysokohorskych vodnich
elektraren. Kaprunsky systém vyrabéjici ekologicky &istou elek-
trickou energii prochdzi podstatnou intenzifikaci, jejimz vysled-
kem bude zdvojndsobeni vykonu. V podzemni preéerpaci elekt-
rarné Limberg II budou od roku 2012 pracovat dvé soustroji
s vykonem 2 x 240 MW. Tlakovym privadéem celkové délky
cca 5.4 km bude protékat az 144 m3/s. Jeho vodorovna &dst bude
mit definitivni ostén{ z betonu na rozdil od tklonné tlakové Sach-
ty, jejiz osténi bude ocelové.

Do vlastni kaverny elektrarny by se vesla hlavni lod svatosté-
panské videnské katedraly — kaverna je 65 m dlouhd, 25 m Siro-
kd a 43 m vysokd. Kaverna pro transformdtory je priblizné stejné
dlouha (61 m), 15 m Sirokd a 16 m vysoka.

Piisti 58. Geomechanické kolokvium bude mit témata:
Rakouské projekty; InjektdZe skalnich masiva; Tunely s vysokym
nadlozim a VyuZiti rubaniny z tunelu. Konat se bude 8. a 9. fijna
2010.

ING. MILOSLAV NOVQTNY, ita-aites @metrostav.cz,
sekretdir CESKE TUNELARSKE ASOCIACE ITA-AITES

DRUHE ZASEDANI TECHNICKEHO VYBORU C4 PROVOZOVANI SILNICNICH TUNELU MEZINARODNI

SILNICNI ASOCIACE PIARC

SECOND MEETING OF THE PIARC TECHNICAL COMMITTEE C4 - ROAD TUNNEL OPERATIONS

The second quadriennial meeting of the Technical Committee
C4 was held under the auspices of the Ministry of Transport of the
Province of Quebec, in the building of the United Nations
International Civil Aviation Organisation, ICAO, Montreal. The
meeting took place on 18t and 2nd October 2008. The next day,
Friday, there was a day-long seminar focused on topical problems
of refurbishment of old tunnels. On Saturday, early morning, a fire
test was organised for the committee members in the Ville-Maria
tunnel. The meeting was attended by 54 delegates from all conti-
nents. The main objective of the meeting was to discuss the activi-
ties of the working groups which have the task, during the four-
year period between 2008 and 2011, ending by the world congress
in Mexico, of concentrating knowledge and carrying out docu-
ments in the following areas:

* Tunnel operations
o Safety
e Behaviour of a man in a tunnel
e Ventilation
* Knowledge management

Druhé zaseddni vyboru C4 ve ¢tyfletém pracovnim cyklu se
konalo pod patronaci ministerstva dopravy provincie Quebec
v budové Organizace spojenych nérodu pro civilni letectvi ICAO
v Montrealu. Jednani bylo napldnovdno na dva dny 1.-2. fijna
2008. V pétek nédsledoval celodenni semindf orientovany na aktu-
alni problematiku renovace starych tunelt a v sobotu v rannich
hodindch byla pro ¢leny vyboru zorganizovana zkouska poZirem
v tunelu Ville-Maria. Pfitomno bylo asi 54 delegétu ze vSech své-
tadilu. Hlavnim cilem jednéni byla diskuse k ¢innosti pracovnich
skupin, které maji ve Ctyfletém obdobi 2008 az 2011 kon&icim
svétovym kongresem v Mexiku soustfedit znalosti a vypracovat
dokumenty v oblastech:

* Provozovdni tunelu

* Bezpecnost

e Chovani ¢lovéka v tunelu

* Ventilace

e Znalostni management

Mezindrodni silni¢ni organizace md pomérné piisnd pravidla pro
své &leny, napiiklad ndrodni delegdt musi navstivit v§echny schuz-
ky. Pokud se dvou za sebou netcastni, tdZze se sekretaridt PIARC

Obr. 1 Prvnim krokem modernizace byla vyména ridiciho systému
Fig. 1 The first step of modernisation was replacing the management system

v dané zemi, zda nemuZe byt nahrazen, piipadné je nasledné
vyskrtnut ze seznamu. Clenstvi v pracovnich skupindch miize byt
fddné (Member), korespondenéni (Corespodence Member) nebo
jako asociovany ¢len (Associated Member). Kromé skupiny WG3
je Ceské republika zastoupena ve vSech pracovnich skupindch
a patii mezi aktivni zemé. Program vyboru probihal podle nésle-
dujiciho scénire.

Spoluprace s dalSimi organizacemi

Zastupce Svédska informoval o 34. zaseddni exekutivy ITA
a svétovém kongresu v Indii. Bylo zduraznéno, Ze je pomérné
jasné uréeno rozdéleni kompetenci mezi ITA A PIARC, které je
dano spole¢nym memorandem. Zatimco PIARC se zabyvd geo-
metrii tuneld, jejich vybavenim, provoznimi aspekty, bezpe¢nosti
a vztahy tunelu na okoli, ITA fesi komplex otdzek souvisejicich se
stavbou tunelu. Predseda vyboru C4 pan Piere Schmitz se sesel
s prezidentem ITA panem Martinem Knights, aby byla dohodnuta
konkrétni spolupréce, napf. pfi organizovani spole¢nych seminaru.
Jednim ze zdvéri jedndni je, ze ITA poskytne podklady




Obr. 2 Dvere pro tinik z tunelu do zdchranné cesty
Fig. 2 Escape door from the tunnel to a rescue route

k terminologii souvisejici s tunely, nebot'v PIARC je zpracovavan
obecny dopravni terminologicky slovnik a dopInéni o terminologii
tuneld ho velmi obohati.

Zajimavy prispévek k organizaci COSUF (Committee on
Operational Safety of Underground Facilities) predstavil pan
Lackroix. Jednd se o integrujici spolecenstvi, které za Clensky
poplatek poskytuje ¢lenam pridanou hodnotu v rozsiteni znalosti
o tunelech. Hlavni aktivity COSUF se odehravaji v pracovnich
skupindch, kdy napfiklad jedna skupina zpracovala veskeré publi-
kované znalosti z oblasti bezpecnosti tunelu, dal$i se zabyva
dobrymi priiklady (Best Practices) feSeni tunelu, tématem jsou
i fixni systémy pro haSeni poZzdri v tunelech, interakce opera-
tor—zarizeni apod.

Cilem COSUF je i organizovat specializované ,,master kurzy
na vysokoskolské drovni a ddle specializované kurzy orientované
na rizikovou analyzu nebo na vyuku dispecerti. Uplné novym prv-
kem je, Ze chtéji porddat kurzy pro bezpecnostni techniky jako
podporu direktivy Evropské komise 54/2004/ES. Cilem je sjedno-
tit droven bezpe€nostnich techniki v Evropé.

1. Aktivity pracovnich skupin

Zdkladni a nejvyznamnéjsi Cinnost vyboru C4 se odehrdva
v pracovnich skupinédch, a proto byla vénovdna této kapitole nej-
VEtsi pozornost.

WG1: Provozovani tunelu (Operation)

Skupinu vede p. Dalloz (F), mé 28 ¢lenu. Zabyva se velmi aktu-
alni problematikou provozovdni tuneld, pracuje na ndsledujicich
dokumentech:

¢ Guide for exercises and analysis incidents, traffic and mainte-

nance, jehoZ ndplni bude popis tréninku pro dispedery, kon-
trolni, bezpecnostni a servisni slozky a ddle popis cviceni —
koho a kdy cvicit, jak ,,cvicit techniku a popis cviceni ve
formé prehlednych tabulek;

¢ Recommendation on management of maintenance and safety

inspection, dokument popisuje jednak ddrzbu (definice, speci-
fika tunelu, politika ddrzby, strategie pro sub-kontrakty, jaké
indikdtory pro sledovéni stavu tunelu, nutnost/¢etnost vyme-
ny) a dale pozadavky na inspekce (pozadavky, organy, meto-
dologie inspekci, obsah inspekci);

¢ Develop recommendation on organization and procedure for

tunnel safety management including role and skills of players,
ktery bude obsahovat obecné principy bezpecnosti, zdkonna
opatfeni, planovéani bezpecnosti, role a odpovédnosti a také
otazky identifikace a fizenf rizika.

WG2: Bezpecnost (Safety)

Skupinu vede nové p. Kohl (A) a o préci v ni je velky zdjem.
Hlavnim cilem je pokracovani v pracich z minulého uddobi
v hodnoceni rizika se zamérenim na ocenovani rizika, se ¢tyfmi
podtématy:
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e Téma 1: Nejlepsi priklady z jednotlivych zemi, definice krité-
rif vybéru vhodnych metod, mozna standardizace jistych seg-
mentl analyzy rizik (moZnosti, limity ...);

e Téma 2: Strategie a risk analyza;

e Téma 3: Ocenéni rizik pfi prepravé nebezpe&ného zboZi (stra-
tegie v jednotlivych zemich, implementace ADR 2007 (krité-
ria v jednotlivych zemich), aplikace DG-QRAM (problémy,
otdzky, zkuSenosti z praxe);

e Téma 4: Jak identifikovat problém ve stdvajicich tunelech,
seznam typickych problému a jejich ovéfeni (funkéni problé-
my), jak kompenzovat pripadné odchylky od projektovanych
parametru.

Zajimava diskuse se rozvinula k obecné problematice rizik.
Vseobecné minéni je, Ze se prili§ mnoho skryva pod nejasnou for-
mulaci ,,analyza rizik®, pri¢emZ v soucasné dobé jsou teprve hle-
ddny pouzitelné metody. Zaveér byl, Ze je vhodné provadet vice
metod analyzy rizik, a to pouze tehdy, pokud je k tomu jasny
duvod a ne pro piipady, kde lze posuzovani drovné bezpe€nosti
fesit komparaci se standardy nebo jinymi metodami.

WG3: Ovliviiovani chovani lidi v tunelu (Influence User’s
behavior in tunnel)

Skupinu vede p. Tesson (F). Skupina ma zatim pouze 14 lidi,
nikoho z Ceské republiky.

Vystupem price by mél byt dokument Guidelines on drivers
education and real-time communication with drivers popisujici
jak skute¢né efektivné a v redlném Case spolupracovat s ridici,
a to v normdlnich a mimoradnych situacich, pri malych i katastro-
fickych problémech. Déle bude proveden vyzkum, jak $kolit fidi-
Ce pri vjezdu do tunelu, jak se chovat v tunelu v normélni
i kritické situaci, bude se hledat rozdil mezi profesiondlem
a amatérem.

WG4: Kvalita vzduchu, poZéry a ventilace

Silné obsazend skupina, v&etné &tyf Clent z Ceské republiky,
vedend p. Llorente (SP) méd otevieno pét dloh:

e Téma 1: Emissions: ndvrh ventilace vzhledem ke zplodindm
v dokumentu Vehicle pollutant emissions and fresh air
demand for ventilation control; vyjde z kompilace dokumentu
a prinese jednoznaény dokument hodnotici i budouci vyvoj
Skodlivin;

e Téma 2: Design Fires. Cilem je vnést jasno do problematiky
zkuSebnich pozéra,

e Téma 3: Guidelines for fixed fire system, skupinu vedou
zastupci Austrdlie a cilem je prfipravit navrhy pro instalaci
pevnych hasicich zafizentf;

e Téma 4: Vystupem by mélo byt kompendium k ndvrhu
a fizeni ventilace, které bude shrnovat vse, co bylo dosud
vytvoreno v pracich PIARC.

WGS5: Management znalosti (Knowledge Management)

PIARC vloni slavil sto let své existence a za ta léta vyproduko-
val desitky hodnotnych dokumentu, které jsou pouzivany v praxi.
Pii strategickych tvahdch, jakou zvolit ndpln prace, bylo jedno-
znaéné doporuceno zpracovat jakési kompendium znalosti, které
byly zpracovany v minulych letech. Mél by vzniknout PIARC
manudl, ktery bude popisovat tunel jako takovy, ddle stadia navr-
hovani tunelu, poZadavky na vybavovdni, analyzu rizik apod.

Pii diskusi bylo konstatovadno, Ze se bude jednat o zna¢né slozi-
ty tkol, nebot’ se vZdy vezme text z urcitého jiZ zpracovaného
dokumentu, text bude pripadné dopracovan, aby obsahoval
i novéjsi informace a bude doplnén i ivodem.

2. Seminaf Renovace starych tunelil

Pred timto semindfem bylo mozné navstivit La Fontaine tunel,
ktery pfevadi extrémni dopravu 120 000 vozidel/den pod rekou St.
Laurenz jiz od roku 1967. Jeho délka je 1,8 km a vyznacuje se tim,
7e ho tvori sedm segmentu s profilem pro tfi jizdn{ pruhy a stfedni
oddélujici obdélnikovou troubou, které byly betonovany na suchu
a plaveny na misto svého uloZeni. Pro zlepSeni bezpecnosti se
v minulych dvou letech udélalo to, Ze byl vyménén fidici systém
za pln€ integrovany systém, déle bylo zménéno napdjeni energii
a byla provedena fada tzv. ,,soft* opatreni, kterd se tykaji hlavné
zlepSeni organizace. Pfitom vSak fada problému pietrvavd a jsou
pomérné obtizné a s velkymi ndklady napravovdny. Na obr. 2
naptiklad vidime dvere pro tnik osob z tunelu do zachranné cesty
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mezi obéma troubami, které svym provedenim a netésnostmi zda-
leka neodpovidaji dne$nim standardim. Navic se v zdchrannych
cestdch nachdzeji rozvadée technologického zafizeni, které také
zhorSuji moZnost tniku osob.

Kanadsti kolegové na semindfi v nékolika predndskéch ukézali,
jak bude probihat rekonstrukce pro zvyseni bezpecnosti, ktera spoci-
va hlavné v doplnéni fady technologickych zafizeni a rekonstrukce
vedouci ke zlepSeni odvodneni tunelu. Samostatnou problematikou
je tvorba ledu na vjezdu do tunelu, kterd je zdrojem cetnych nehod.
Proto bude oblast portali vyhfivdna topnymi kabely.

Jednim z opatrenti, které ddajné funguje k ipIné spokojenosti, je
prevedeni ndkladnich vozidel do stfedniho jizdniho pruhu. Déje se
to daleko pred tunelem a je nutné pfipomenout, ze pocet niklad-
nich vozidel dosahuje az 30 % z celkového mnozstvi vozidel.
Pocet nehod kamionu se sniZil, coZ si vysvétluji tim, Ze kamion md
vyznalenou drdhu z obou stran dvéma plnymi bilymi Carami
a patrné se neuplatiiuje ,,wall effect”, coz je jev, ktery podvédomé
vytlacuje fidi€e od stény tunelu. Tento jev byl ovéfen i u nds
v rdmci projektu OPTUN, kdy bylo prokdzéano, Ze fidi¢i jedou

Tuel

v pruméru o 30 cm bliZe stfedu vozovky, neZ na volné komunika-
ci. Bliz8{ podrobnosti v ¢asopisu Tunel (¢. 3, 2006).

Zaveér

Vybor pro tunely C4 svétové silni¢ni organizace si opét dal
smélé cile spolivajici ve vytvoreni fady dokumentd. Tyto doku-
menty, které vytvareji tymy nejlepSich svétovych odbornika,
nésledné uréuji trendy vyvoje oboru a jsou ve vétsiné zemi prebi-
rany jako neoficidlni standardy. Podstatné je, Ze maji i pevné
danou strukturu i ¢asovy pldn predepsany sekretaridtem organiza-
ce. Dokumenty, které jsou zminény v tomto prispévku, budou
vydény pred svétovym kongresem v roce 2011.

Velmi dobré je, Ze se na jejich tvorbé jako fadni ¢lenové pra-
covnich skupin podileji nasi odbornici, pdnové A. Lebl, M. Novdk,
J. Smolik, V. Stransky, L. Sajtar, V. VIek a J. Zaparka. Od nich je
také mozné ziskavat dil¢i informace k probihajicim pracim.

_ PROF. ING. PAVEL PﬁlEYL, CSc.,
NARODNI DELEGAT VE VYBORU C4

ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

PATY PRISPEVEK K PROBLEMATICE TUNELARSKE TERMINOLOGIE
FIFTH CONTRIBUTION TO THE ISSUE OF TUNNELLING TERMINOLOGY

Professor Jiff Bartdk, DrSc., continues to publish his contributions
dealing with Czech tunnelling terminology. In the fifth continuation,
he dedicates himself to full-face TBM driving.

Jiz dfive bylo v této rubrice konstatovano, ze zakladni terminolo-
gie moderniho podzemniho stavitelstvi by méla byt uZivdna jednotné
jak na zdklad¢ historicky vzniklého ndzvoslovi, tak na zdklad¢ pre-
vzaté (pfipadné upravené) terminologie zavedené v tuneldrsky
vyspélych zemich — v obou pripadech se snahou o co nejvetsi vystiz-
nost a soucasné srozumitelnost jednotlivych pojmu.

Tentokrat bude soustfedéna pozornost na terminologii uZivanou
v technologii tunelovani, ktera zatim v Ceské republice, na rozdil od
vyspelého tunelarského milieu ve svété, nenalezla ani v novém tisi-
cileti jakékoli uplatnéni — razbu pomoci plnoprofilovych tunelova-
cich stroju. Nicméné tento pro nés ponékud nelichotivy stav se nepo-
chybné v nejblizsich letech musi zménit a k nasazeni plnoprofilo-
vych tunelovacich stroju dojde. Vaznymi adepty na jejich prvni nasa-
zeni jsou diky svym délkdm tratové tunely na prodlouzeni linky
A prazského metra z Dejvic do Motola, Zelezni¢ni Ejpovicky tunel na
II. tranzitnim koridoru a podzemni stavba svétovych parametra —
Zelezni¢ni tunel mezi Prahou a Berounem na tomtéZ koridoru.

Pro objektivni zhodnoceni skute¢nosti je vSak treba uvést, Ze tune-
lovaci stroje zmin€ného typu byly na naSich stavbéch tspésn€ pouzi-
vény jiz v 70. a 80. letech minulého stoleti.

Poprvé v nasi republice prob¢hla razba plnoprofilovym razicim
strojem na stavbé Stolového privadéce pitné vody pro mésto
Chomutov z vodniho dila Pisecnice (1970 az 1975), kde byl pouzit
stroj Demag o pruméru 2,7 m. Razici stroje obdobné konstrukce
i velikosti byly pouZity na stavbé privadée ostravského oblastniho
vodovodu z nddrzi Kruzberg a Slezskd Harta (1985 az 1992), ¢ésti
oblastniho vodovodu z Virské nddrze na Ceskomoravské vyso&ing
a také pri razb€ hlubinnych kabelovych tunelt a kanaliza¢nich sbé-
ralli v Praze. Kabelovy tunel Zizkov (1980 az 1985) byl vyrazen
mechanizovanym §titem Pristley o vnitinim pruméru 2.4 m, pfi razbé
kolektoru Zizkov (1975 a7z 1984) byl pouZit mechanizovany tit
téhoZ typu o vnitinim pruméru 3,6 m, kterym byl raZen téZ tepelny
napaje¢ MaleSice. Kanalizaci v prazském Chodové razil mechanizo-
vany $tit Wesfalia Liinen o vnitfnim pruméru 1,6 m, pozdéji ne-
uspésny v kiidovych piskovcich na Proseku.

Mezi stanicemi Malostranskd a Staroméstskd na I. provoznim
useku trasy A prazského metra (1971 az 1978) byl nasazen sovétsky
mechanizovany §tit TSEB priiméru 5,8 m s osténim z pressbetonu na
razbu obou tratovych tuneld pod Vltavou, pravy tratovy tunel byl

strojem proraZen aZ do stanice Mustek. Stejny mechanizovany $tit
byl nasazen na I. provoznim dseku trasy B (1979 az 1985) na raZzbu
levého tratového tunelu mezi stanicemi Mustek B a Florenc B. Na II.
provoznim dseku trasy B (1986 az 1990) byl pouZit v tseku Florenc
— Invalidovna §tit s osazenou vyloZnikovou frézou.

V obdobi 90. let minulého stoleti dalsi aktivity v nasazeni tunelo-
vacich strojii v Ceské republice bohuZel nepokracovaly a veskeré
tunelovaci prace ovladla u nds do té doby prakticky nepouzivana
Nova rakouska tunelovaci metoda. S touto adaptabilni technologif
razby bylo do dne$ni doby dosaZeno mnoha vynikajicich dspécha,
nicméné jeji opakované nasazeni v nejruznéjSich geologickych
podminkéch ukdzalo i na jisté limity jeji bezpeCnosti pii soucasném
zachovéni pfiméfené hospoddrnosti. Pro pokracovéani velmi dobré
trovné naseho podzemniho stavitelstvi je bezpodmine¢né nutno
doplnit tuto konvecéni cyklickou metodu o moderni technologii kon-
tinudlni raZby pomoci plnoprofilovych tunelovacich stroju.

Pozorny Ctendr jisté zaznamenal, Ze v predchozich odstavcich jsou
v souvislosti s tunelovacimi stroji disledné pouZivany terminy stars{
provenience, v§eobecné platné zejména v dobé zminéného minulého
nasazeni plnoprofilovych tunelovacich strojo v na$i republice
(Barték — Bucek,1983). Pouzivani t€chto nazvu, které budou pro jed-
noduchost v dal§im oznaCovény jako puvodni terminologie, &dstec-
né pretrvava i do dne$ni doby, a jeji schéma je proto uvedeno jako
prvni (obr. 1).

Plnoprofilové tunelovaci stroje

TBM

TBM se stitem

S otevi‘enyin S uzavi‘enym
celem celem

Otevi‘ené TBM
(do tvrdych hornin)

- s vylomikovou frézou - normalni rezim

- s drapikem - tlakovy rezim na celbé

= pneumaticky itit (APB)
* zeminovy stit (EPB)

® bentonitovy stit (SPB)

Obr. 1 Schéma k puvodni terminologii
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Je ziejmé, Ze v této puvodni (Ceské) terminologii jsou uréité nelo-
gi¢nosti (zafazeni tunelovych fréz do schématu), navic tato termino-
logie nemohla ve své dobé postihnout Sirokou $kdlu typa plnoprofi-
lovych tunelovacich stroju, které byly vyvinuty a postupné ve svété
Uspésne nasazovany v minulych cca tficeti letech. Jisté by $la dopl-
fiovat, ale autor ji pro ndzornost zimérné ponechdva v puvodni dobo-
vé formé. Nékteré historicky vzniklé terminy prestaly byt frekvento-
vané pouZivané a vétSina mladsi generace tuneldfskych odborniku
nékteré vibec neprijala za své. Na druhou stranu nutno konstatovat,
Ze termin razicf stroj, i bez zdlraznéni Ze jde o plnoprofilovy stroj, je
naprosto vZity a vSeobecné srozumitelny. Nelze také jednoznacné
odmitnout terminy nemechanizovany a mechanizovany §tit, jde vSak
o rozli§enf velmi hrubé a v dusledku toho za soucasné typové skély
plnoprofilovych tunelovacich stroju i nepresné.

Priliv novych informaci a masivni nasazeni modernich tunelova-
cich stroji na zahrani¢nich podzemnich stavbéch prinesly na prelo-
mu 80. a 90. let minulého stolet{ i novy trend v pouZzivani souviseji-
cich terminu (Kavanagh—Eisenstein, 1991). Oznadme schéma uvede-
né na obr. 2 zjednodusené jako terminologii novejsi.

Tunelovaci stroje

Razici stroje Stity

5 plnym 5 diléim Nemechanizovane Mechanizovaneé
zabérem zabérem - s paZenim Cela - normalni
cela cela - bez paZeni Cela - s pietlakemn
(frézyv) vzduchu

Obr. 2 Schéma k novéjsi terminologii
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Schéma novejsi terminologie je ponechano opét zdmérné
v jednoduché zdkladni formé, kterd byla u nds zvefejnéna v rdmci
uspésného vyukového kurzu v ReZi u Prahy (Eisenstein—Bartdk,
1994). Mimo jiné i tato okolnost méla zfejmé vliv na to, Ze novejsi
terminologie byla podstatnou ¢asti nasi odborné tunelarské sféry
postupné akceptovéna, bohuzel i s jednou, jak pozdé&jsi zpresnovani
terminologie ukdzalo, nepfesnosti — tunelovaci stroje jako celek byly
oznaceny jako TBM (Tunnel Boring Machines). Nutno konstatovat,
Ze tato nepresnost s dosti velkou Cetnosti pretrvava, a rozhodné niko-
li pouze v Ceském prostredi, jak je moZno pozorovat i u zahrani¢nich
odborniki pfi vystoupenich ¢&i v pisemnych elaboratech
k problematice tunelovacich stroju. Vyskytuje se téZ napr.
v oficidlnich a jinak velmi kvalitnich francouzskych ,,Doporucenich®
AFTES (2000), tykajicich se tunelovacich stroju.

Oznacovat obecné tunelovaci stroje jako TBM pfi dne$ni Grovni
znalosti této problematiky je zfejmé nespravné. Naopak by bylo
vhodné toto oznaceni nadale pouzivat jen jako termin vztahujici se na
plnoprofilové razici stroje (v pojeti puvodni terminologie)
a samoziejmé na tentyZ typ stroji, oznalenych v pojeti novéjsi ter-
minologie jako oteviené TBM. Nicmén¢ ndzory na spravny vyznam
terminu TBM ani v dne$ni dobé evidentné nejsou jednotné a autor
rubriky privitd postoje a pripadnd doplnéni ¢tendit Tunelu k této pro-
blematice.

Jinak vystizné a srozumitelné terminologické schéma z obr. 2 by
bylo mozno doplnit a zptesnit podle stdvajici Grovné této ve svéte jiz
fadu let prevladajici tuneldrské technologie. Neni to nutné, protoze
soucasné velmi podrobné a presné terminologické schéma pro plno-
profilové tunelovaci stroje existuje, jak si nepochybné uvédomuji
mnoz{ déastnici lonského svétového kongresu WTC 2007.

Nadmérnd délka ndzvoslovnému pojednéni vSak rozhodné nesvéd-
¢i, a proto se k tématu vratime znovu v pristim ¢isle Tunelu, kde pro-
bereme jiz zminéné terminologické schéma, obsazené v soucasné
Kklasifikaci tunelovacich stroju (Thewes,2007).

PROF. ING. JIRI BARTAK, DrSc., bartakj@fsv.cvut.cz,
CVUT PRAHA, Fakulta stavebni

TUNEL MUNSTER/WIESING NA NOVEJ BRENNERSKEJ ZELEZNICI
MUNSTER/WIESING TUNNEL ON THE NEW BRENNER RAIL LINE

In his paper, Ing. Martin MaruSic, the Department of
Geotechnics of the Faculty of Civil Engineering of the Slovak
Technical University in Bratislava, informs about the constructi-
on of the railway corridor along the Inn River valley. There are
several tunnels under construction in this section, between the
towns of Kufstein and Innsbruck, where he worked for a short
time. Geotechnical conditions for the tunnelling are difficult.

Najviacsim dopravnym projektom realizovanym v sucasnosti
v Rakiisku je vystavba rakiskeho tseku transeurépskeho korido-
ru sever-juh, vediceho z Berlina cez Mnichov, Innsbruck, Veronu
a Rim do Palerma. Stavba ma velky celoeurépsky vyznam najmi
pre ndkladnd dopravu do Talianska, preto sa realizuje s masivnou
finan¢nou dotdciou z EU. Rakisky tsek prechddza v Tirolsku
pozdlz tdolia rieky Inn medzi mestami Kufstein a Innsbruck, kde
cez Brennersky tunel, ktory svojou dlzkou asi 55 km bude jednou
z najpozoruhodnejSich podzemnych stavieb Eurdpy, prejde pod
hlavnym hrebetiom Alp do Talianska. Na stavbe rakiskeho tseku
TEN som mal moznost pracovat’ 3 mesiace v lete 2007 a opét ho
navstivit' v jini 2008. Ziskané poznatky zverejiujem v tomto
prispevku.

Udolie Innu je mimoriadne zatazenou dopravnou tepnou, kde
sa krizuje doprava smerujica severo-juznym smerom z Nemecka
do Talianska a vychodo-zdpadnym smerom z Dolného Rakiska
do Svajtiarska. Usek od mesta Kufstein na nemeckych hranici-
ach po Innsbruck je jednym z najzatazenejSich v Rakusku, kde
siCasnd kapacita trate uz nezvlada plnit ndroky na nu kladené.
Cela trat’ Zelezni¢nej osi je na uzemi Rakiska rozdelend na Styri
velké celky.

1. Usek Zeleznice medzi mestami Kundl a Baumkirchen.

2. Trat medzi Kundlom a hranicou pri meste Kufstein, ktorého

Obr. 1 Poloha Zeleznice (mapa: www.googlemaps.com)
Fig. I Railway layout (map: www.googlemaps.com)

realizdcia eSte nezacala a dokoncenie je pldnované na rok
2018.

3. Prestavba Zelezni¢ného uzla Innsbruck vybudovanim
12 756 m dlhého tunela Inntal, v ktorom je roz§ireny prierez
na napojenie na Brennersky bdzovy tunel. Tato Cast’ bola
uvedend do prevadzky v roku 1994.

4. Vybudovanie samotného Brennerského tunela s pred-
pokladanym dokoncenim v roku 2015. V sicasnosti sa



17. rocnik - €. 4/2008

Obr. 2 Vychodnd &ast’tiseku Kundl-Baumkirchen (zdroj: www.beg.co.at)
Fig. 2 Eastern part of the Kundl-Baumkirchen section (source: www.beg.co.at

- )
. HT Fritzans - Baumk

Obr. 3 Zdpadnd &ast’iiseku Kundl-Baumkirchen (zdroj: www.beg.co.at)
Fig. 3 Western part of the Kundl-Baumkirchen section (source: www.beg.co.at)

v rdmci podrobného prieskumu pre tento tunel razi prieskum-
nd $tolia z talianskej strany. Prieskumnd §tolia z rakiskej
strany dlzky 2,5 km bola vyrazend uZ v rokoch 1999-2000.
V stcasnosti je najintenzivnejSia stavebna Cinnost’ na useku
Kundl-Baumkirchen. Problémom pri pldnovani novej trasy bola
aj znacna zastavanost udolia a pritomnost izemi chrdanenych
kvoli vodnym zdrojom. Z tychto dovodov je trat pldnovand vic-
$inou pod zemou. Usek je dlhy 40,067 km, z toho 5688 m (14 %)
tvori volha trat, 1330 m (3 %) trate je vedenej v galéridch
a 33 049 m (83 %) tvoria tunely. Z tunelov je 5179 m budovanych
v otvorenych vykopoch, 15 849 m je konvencne razenych,
9531 m sa razi s pomocou plne mechanizovanych raziacich Stitov
a 2520 m sa realizuje vrchndkovou metddou. Cely tsek by mal
byt dany do prevadzky v roku 2010. Navrhova rychlost koridoru
TEN je stanovend na 250 km/h. V tzkom udoli s nedostatocnym
priestorom na budovanie trate bola zniZend na viacerych dsekoch

TuoufHel

na 160 km/h. Trat’ je stavebne rozdelena do desiatich
celkov (obr. 2, 3), ktoré sa buduju nezdvisle:

H1 Kundl/Radfeld je 4067 m dlhy dsek volnej trate
v mieste stucasnej Zeleznice, od ktorej sa odkldna
medzi obcami Kundl a Radfeld. V rdmci tseku sa
rekonStruuje eSte 1262 m existujicej trate az do
Radfeldu. V stcasnosti sa pripravuje jeho vystavba,
ktora by mala zacat'’koncom roku 2008.

H2-2 Radfeld Mitte je 790 m dlhy tsek tunela budo-
vaného v otvorenom pazenom vykope, ktory prechad-
za do 1600 m dlhého tunela realizovaného v otvorenej
stavebnej jame. Zaciatok vystavby bol v roku 2007,
planované dokoncenie je v roku 2010.

H2-1 Radfeld/Brixlegg je 4186 m dlhy tunel razeny
Novou rakiskou tunelovaciou metdédou a oblikom
obchddza zastavané Uzemia obci Rattenberg
a Brixlegg. Raziace prace boli ukoncené vo februari
2007, v stcasnosti sa zavadza vybavenie tunela.

H3-4 Miinster/Wiesing je 5835 m dlhy tunel
v Stadiu vystavby, ktory sa buduje pomocou hydrosti-
tu s bentonitovou paziacou suspenziou. Vicsia pozor-
nost' mu bude venovand v dal§om, kedZe je to usek, na
ktorom som pracoval.

H3-6 Wiesing/Jenbach je 663 m dlhy tunel razeny
konvencne, ktory spdja dva Stitované tseky. Prace boli
zacaté v roku 2007. V sucasnosti je tesne pred dokoncenim.

HS8 Jenbach je ndro¢ny udsek tvoreny 3696 m tunelom razenym
rovnakym hydrostitom ako H3-4 prechddzajici popod Zelezni¢ni
stanicu v Jenbachu a dvakrdt popod dialnicu. Okrem toho je
sicastou 620 m dlhy usek budovany v stavebnej jame paZenej
Stetovnicovymi stenami s kotvami v dvoch tdrovniach a 870 m
dlhy dsek volnej trate spojenej so sucasnou Zeleznicou. Stavba
zacala v roku 2006, koniec je planovany na rok 2010.

H4-3 Stans je tvoreny 525 m dlhym tunelom budovanym
v paZenej stavebnej jame a 2090 m dlhym tunelom razenym
v zemindch vo velkej Casti pod ochranou pretlaku vzduchu. Price
na useku zacali v auguste 2005 a ukoncenie je planované na rok
2010.

HS5 Vomps je 8480 m dlhy tunel Vomps—Terfens budovany
v skalnych hornindch Novou rakiskou tunelovacou metdédou,
v sedimentoch pod ochranou rirovych dazdnikov a ihiel. Prace
zacali v roku 2003, hruba stavba bola dokonc¢ena v roku 2007.

PRIESTOR PRE PROTIPOZIARNY SYSTEM 10cm -
CELKOVA VVROBNA TOLERANCIA 15em —. .
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Obr. 4 Priecny rez tunelom (zdroj: www.arge-h3-4.at)
Fig. 4 Tunnel cross section (source: www.arge-h3-4.at)
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H6 Galerie Terfens je 1330 m dlhd galéria, ktorej vystavba
zacala v oktébri 2003 a dokoncend bola v decembri 2006.

H7 Fritzens/Baumkirchen je 5315 m dlhy dsek, kde Zeleznica
bude prechadzat' 3940 m dlhym tunelom razenym v otvorenom
vykope, vrchndkovou metédou, v skalnej hornine aj konvencne.
Na tento tunel nadvidzuje 624 m dlhy usek v paZenej stavebnej
jame a 751 m volnej trate, ktord ukoncuje cely usek
Kundl-Baumkirchen.

Usek H3-4, Tunel Miinster/Wiesing

Tunel Miinster/Wiesing je dvojkolajny a je situovany v strede
tidolia v blizkosti rieky Inn. Zelezni¢n4 trat’je budovana pre navr-
hovu rychlost’ 160 km/h. Maximdlny sklon trate je 10 %o. Vyrub
ma kruhovy profil s priemerom 13 000 mm (plocha vyrubu
132,73 m?2). Po zabudovani vonkajSiecho ostenia ostane
11 630 mm. Geologické prostredie je tvorené kvartérnymi Strko-
vymi a pieskovymi sedimentmi a terciérnymi morskymi {lmi
v hlbsich polohdch. Koniec dseku je v lTadovcovej moréne tvore-
nej vdpencami. Maximdlna vySka nadloZia je 44 m, priemerne
35 m. Na celom tseku sa razi pod hladinou podzemnej vody, pri-
¢om jej najvyssi stav je 36 m nad hornou hranou vyrubu. V tuneli
su tri smerové obliky s polomerom 3000 m. Tunel dvakrat pod-
chadza dialnicu, raz sicasnu Zeleznicu a tieZ rieku Inn. Ako dni-
kové cesty slizia zdchranné Sachty rozmiestnené
priblizne kazdych 500 m. V tuneli nie si zdchranné vyklenky ani
iné prvky, ktoré by vyzadovali zmenu geometrie vyrubu, resp.
ostenia.

Usek H3-4 nadvizuje na konvenéne razeny tunel H2-1. V mieste
prechodu drdhy z horninového do zeminového prostredia sa
nachddza Sachta, odkial si vedené tunelovacie prace. Smerom na
vychod sa trhavinovo vyrazilo 36 m dlhé spojenie do existujiceho
tunela H2-1 a na opacnu stranu smerom na zdpad sa Stituje. Na
konci useku sa nadviaze na vybudovany tunel H3-6, kde sa prace
ukoncia a stroj sa potom rozoberie. Jedinou Castou, ktord ostane
v horninovom prostredi, bude §titovy pladst. Ide o plne mechanizo-
vany Stit firmy Herrenknecht s ¢elbou stabilizovanou bentonitovou
paziacou suspenziou. Je to najvacsi stit pouzity na tizemi Rakuska.
Dlzka ocelového $titu je 10 950 mm, hriibka 80 mm, pomer prie-
meru k dlzke D/L = 0,84, ¢o mu umozZnuje razit's minimdlnym
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polomerom smerového oblika 500 m. Fréza stitu je opatrend 64
diskami, 6 dvojitymi diskami a 268 pevnymi dldtami, je schopna
sa otacat’ na obe strany s maximdlnou rychlostou 3,15 ot./min
a penetrdciou 50 mm/min. Za fiou je umiestneny aj drvi¢, ktory je
schopny zdrobnit balvany az do dlzky hrany 1 m na tdlomky tran-
sportovatelné hydrodopravou. Navesy za §titom st dlhé okolo 97
metrov. Cely stroj ma hmotnost priblizne 2600 t, z ktorych 1400 t
pripada na Stitovd ast'a 1200 t na ndvesy. Automaticky geodetic-
ky systém je schopny zamerat’ polohu osi stroja s presnostou na
1 mm a pri riadenf{ je dosahovand vyskova aj smerova presnost’ do
20 mm od projektovanej osi tunela. Jeden pracovny cyklus stroja
pozostdva z vytaZenia zdberu dlhého dva metre, zabudovania
prstenca ostenia a predlZenia vedeni. Maximalny vykon za jeden
den bolo vyrazenie a vystrojenie 32 m tunela pri praci na tri osem-
hodinové zmeny.

Stavenisko sa nachddza v extravildne za obcou Brixlegg, medzi
Statnou cestou B171 a riekou Inn. Pre potreby stavby bol vybu-
dovany Specidlny vyjazd z dialnice A12, opatreny zdvorami
s dialkovym ovladanim a provizérny ocelovy most cez rieku.
V aredli sa nachddza 32 metrov hlbokd Startovacia Sachta
s plochou 822 m?. M4 ovdlny podorys a je budovana technol6gi-
ou pilétovych stien v hornej Casti v kvartérnych sedimentoch,
v oblasti dna na skalnej hornine, ktord bolo nutné rozrusit’ trhaci-
mi pridcami. Je v nej umiestnend stanica tizkorozchodnej zelezni-
ce, ktord sldzi na zdsobovanie procesov pri razeni. Cez Sachtu sa
spustaji tubingy, dopravuji sa nou pracovnici na vlak
a prechddzajui nou aj vSetky potrubia potrebné na prevadzku stro-
ja. Okrem Sachty sa na stavenisku nachddza aj vyrobna a sklad
tubingov, objekty bentonitového hospoddrstva ako mieSacia
linka, separacnd linka na regenerdciu suspenzie, nddrZe na Cer-
stvid a pouzitd suspenziu, medzidepdnia vytazeného materialu,
Cistiaren odpadovych vdd, dielne, sklady a.i.

Prstenec ostenia sa skladd zo siedmich dielcov — tubingov
a jedného klinového zdmku. Hribka vystuzenych dielcov je 500
mm, ich dlzka je 2 m, ¢o podmienuje dlzku jedného pracovného
cyklu stroja. Hmotnost’ jedného dielca je priblizne 15 t. V $kdrach
sa nachddza natavovacie tesnenie, takZe hydroizolacny systém
tunela je uzatvoreny, tlakovy. Vyrobna tubingov je priamo na
stavbe. Po oddebneni sa dielce portdlovym Zeriavom uskladnia
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Obr. 5 Rez zdchrannou Sachtou (zdroj: www.arge-h3-4.at)
Fig. 5 Section through a rescue shaft (source: www.arge-h3-4.at)
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na volné priestranstvo medzi vyrobnou a Startovacou Sachtou,
kde sa necha dozriet' betén. Kazdy sty tubing sa priamo na stav-
be deStrukcne skiska az do poruSenia. Aby Skdry medzi tubingmi
neboli priebezné, kvoli lepSiemu statickému posobeniu, vyraba
sa 30 rozli¢nych foriem prstencov, ktoré sa potom kombinovane
ukladaji za sebou. Vyrdbajui sa aj klinovité dielce pre razenie
v oblikoch.

Velmi dolezitou sucastou razenia je bentonitové hospodarstvo.
Na zabezpecenie stability celby sa do frézovej casti oddelenej od
zvysku Sstitu tesniacou ocelovou stenou doddva bentonitova sus-
penzia, ktorej tlak proti Celbe je zabezpecovany vankidSom
stlaceného vzduchu. V spodnej Casti sa potom odoberd a spolu
s vykopkom je tlacend na povrch, kde sa nachddza separacnd
linka. T4to je umiestnend v hale s plochou asi 200 m? a vyskou
asi 12 m, kde sa pouZitd suspenzia precedi cez sadu sit, takZe sa
z nej odlucia Strkové a pieskové Castice. Problematické je odse-
parovat’ ilovité zlozky, takze v prostredi {lov sa zacne zvySovat’
hustota uz odseparovanej suspenzie, zane narastat’ vnttorné tre-
nie (viskozita) a zniZi sa vodonepriepustnost. Tieto vlastnosti
treba pravidelne aj pocas cyklu sledovat' a vyhodnocovat, rovna-
ko ako reagenciu suspenzie so zeminou na Celbe. Po prekroceni
stanovenych limitov sa mus{ takdto pouZita suspenzia vypustit' zo
systému do nddrZe, odkial sa dalej spracovédva v centrifiigach na
odstrdnenie vody a transportuje na medzideponiu, kde sa nechd
eSte prirodzene vysusSit. Potom uZ ako flovitd zemina je vhodnd
do nasypovych telies.

Kazdych priblizne 500 m sa do tunela pripdja zdchrannd Sachta
s inikovym schodiskom na povrch. Nad Sachtami si vybudované
objekty na ich prekrytie s vybavenim na akitne oSetrenie
a niektoré aj s pristdvacou plochou pre vrtulniky. Celkovo ich je
na trase 11. Povodne bolo pldnované ich zhotovenie pomocou
technolégie podzemnych stien, s vybeténovanim dna pod hladi-
nou podzemnej vody, ale problémy s netesnostou lamiel a odlisné
geologické podmienky si u dvoch z nich vyziadali zmenu techno-
légie na pilétové steny, ktoré vykazuji dostatoéni vodotesnost’
v spojoch. Z tychto §4cht sa potom pretldcacou stpravou, pretla-

¢anim Zelezobetonovych rir vonkajSieho priemeru 4,83 m vybu-
duje prepojenie k hlavnej tunelovej rire a v preinjektovanej zemi-
ne sa pomocou tunelbagra dokon¢i prepojenie.

Po zabudovani primarneho ostenia, ktoré bude sluzit ako defi-
nitivne, nosné, sa toto obeténuje eSte 200 mm hrubou vrstvou
Specidlneho beténu s polypropylénovymi vldknami, ktory bude
slazit ako protipoZiarna ochrana nosného primdrneho ostenia.
V spodnej casti prierezu bude pozdlZna drendZ uloZend
v drendznom beténe, nad ktorym bude podsyp zo Strkopiesku.
Na nom bude poloZend 200 m hrubd Zelezobeténova doska, na
ktorej na vrstve podkladného beténu budi poloZené kolaje.

Pri podchddzani dialnice a sticasnej Zeleznice boli projektom
stanovené nulové tolerancie pre dosadnutie terénu, ¢o sa v zatial
zrealizovanej Casti podarilo dodrzat. Stroj je vybaveny Cerpadla-
mi na vypliovid injektdZz nadvylomov. Tieto tladia injektdznu
maltu za prefabrikované ostenie, ¢im sa da minimlizovat pokle-
sova kotlina. Malta sa zmieSava na linke priamo na stavenisku
a prevdza sa $pecidlnymi voziiami zdsobovacej Zeleznice.

Investorom vystavby je zdkonom ustanovend spolo¢nost
Brenner Eisenbahn GmbH, ktora zastreSuje cely tisek TEN Zelez-
nice na rakiskom dzemi. Sidtaz na vystavbu tunela
Miinster/Wiesing vyhralo konzorcium zloZené z firiem Porr
Tunnelbau GmBH a Max Bogl Austria GmBH. Prace na tuneli
H3-4 zacali v lete 2006, stroj bol uvedeny do prevddzky v jini
2007, v sucasnosti uz je vyrazenych viac ako 3000 metrov tune-
la. Ukoncenie raziacich prac sa o¢akava koncom roku 2008, vnu-
torné vybavenie tunela bude zhotovené do konca roku 2009, do
prevadzky sa planuje uviest' spolu s celym tsekom Kundl/Baum-
kirchen v roku 2011.

Na tunel Miinster/Wiesing bola zamerand pozornost’ z toho
dévodu, Ze v podobnych geologickych podmienkach sa planuje
razit’ aj dvojkolajny tunel na trati TEN, ktory bude podchadzat’
popod Bratislavu.

ING. MARTIN MARU.§IC, marusic @seznam.cz,
STAVEBNA FAKULTA STU, KATEDRA GEOTECHNIKY

OCHRANA KABELOVYCH TRAS V KLIMKOVICKEM TUNELU
PROTECTION OF CABLEWAYS IN THE KLIMKOVICE TUNNEL

Smooth traffic in tunnels and, if necessary, evacuation during
a fire, requires equipment systems. Many installed equipment
systems must be functional even during a fire, which property is
achieved by using special fire rated structures. As an example,
we can present the separation of power supply cables and con-
trol systems in subsurface cable ducts and the cable shaft in the
newly opened Klimkovice tunnel.

The ducts are walk-in or crawl-in structures, in which there are
cableways installed on the sides, divided into system groups.
Cables belonging to various systems are separated throughout
the length of the cableways and throughout the height of the
cable shaft, by a PROMATECT® — H fire rated partition, rated as
EI 30 (see Figures 1 and 2).

Pro bezproblémovy provoz v tunelovych stavbach
a pripadnou evakuaci pfi pozaru je nezbytné systémové vyba-
veni, které obsahuje zejména vétrdni tuneld, osvétleni (adap-
taéni, prujezdné, nouzové), silnoproudé a slaboproudé rozvody,
EPS, systém tisnového voldni, monitorovaci kamerovy systém,
evakuaéni rozhlas, radiové spojeni, svételnou dopravni signali-
zaci, nahradni zdroje elektrické energie, rozvod pozarni vody
a podobné. Rada téchto zafizeni musi byt funkéni i po dobu
pozéru, ¢ehoZ je dosaZeno pouZitim specidlnich protipozarnich
konstrukei (kabelové instalacni kandly, potrubi pro odvod tepla
a koufe, protipozérni dverte, t€snéni prostupu instalaci, protipo-
zarni stény, pricky, podhledy, obklady atd.).

Piikladem oddéleni napdjecich kabelovych tras a fidicich
systému je feSeni podzemnich kabelovych kanédlu a kabelové
Sachty v nové otevieném tunelu Klimkovice.

Obr. 1 Tunel Klimkovice — kabelovy kandl s podélnym oddélenim kabelovych
tras protipoZdrni pri¢kou PROMATECT® - H

Fig. 1 Klimkovice tunnel — cable duct with longitudinal separation of cable-
ways by means of a PROMATECT® - H fire rated partition




Obr. 2 Tunel Klimkovice — kabelovd Sachta se svislym oddélenim kabelovych
tras protipoZdrni prickou PROMATECT® - H

Fig. 2 Klimkovice tunnel — cable shaft with cableways vertically separated by
means of a PROMATECT® - H fire rated partition

Jednd se o pruchozi a prilezné podzemni objekty, ve kterych
jsou po strandch umistény kabelové trasy logicky rozdélené do
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systémovych skupin. V celé délce kabelovych kandli a na celou
vysku kabelové Sachty jsou kabely ruznych systému oddéleny pro-
tipozéarni prickou PROMATECT® — H, s poZérni odolnosti EI 30
(obr. 1 a 2). Vlastni tloustka pficky &ini pouhych 30 mm a je tedy
z hlediska prostorovych ndroku velmi dsporna. Zejména ve svislé
kabelové Sachté, ve které musel byt zachovdn minimdlni pralezny
prostor, se pocitalo s kazdym milimetrem. Konstrukce pricky
nevyzaduje Zddnou ocelovou podpurnou konstrukci. Samonosnost
je zajisténa vzdjemnym prosroubovanim dvou vrstev desek do sebe
a prikotvenim k okolnim masivnim konstrukcim.

Kromé poziarni odolnosti pficka vykazuje rovnéZ odolnost
proti pusobeni elektrického oblouku, na jehoZ G¢inky byl mate-
ridl PROMATECT® — H tisp&sné testovan.

Protipozarni desky PROMATECT® — H jsou diky své sklad-
bé vhodné do podzemnich vlhkych prostor a jedna se o mate-
ridlové velmi piibuzné desky s deskami PROMATECT® — T
a PROMATECT - H tunelova deska, které se pouZzivaji na celo-
plo$né ochrany Zelezobetonovyvh konstrukci v tunelech. Do
pri¢ek je provedeno nékolik reviznich otvorl pro pripadnou
kontrolu, vyménu nebo doplnéni kabelové trasy. V reviznich
otvorech jsou osazena revizni dvitka s poZarni odolnosti Promat,
typ SP, EI 30.

ING. LIBOR FLEISCHER, fleischer@promatpraha.cz,
PROMAT, s. r. o.

JEDNANI MEZINARODNICH VYBORU COSUF A PIARC V PRAZE
MEETINGS OF INTERNATIONAL COMMITTEES COSUF AND PIARC IN PRAGUE

An ITA-COSUF meeting was held in Prague on 2nd — 3rd
September 2008; a meeting of the Working Group WG2 of the
Technical Committee C.4 of the PIARC followed on 4th September
2008.

Ve dnech 2.-3. 9. 2008 probéhlo v Praze jednani vyboru
COSUF a dne 4. 9. 2008 navazovalo jedndni spole¢nosti PIARC
Technického vyboru C.4 pracovni skupiny WG 2. Obé jedndni se
konala v zasedacich mistnostech Domu technickych spolecnosti
na Novotného ldvce ¢. 5 v Praze 1.

Jednani vyboru COSUF, zalozeného spole¢ne ITA-AITES
a PIARC k zabezpecovani provozni bezpecnosti podzemnich pro-
stor, pfipravovaly Satra, a. s., a Sekce Tunely CSS jako &lenové
COSUF. Navazujici jednani WG 2 C.4 PIARC bylo odvozeno
z ¢innosti Ing. éajtara a ing. Smolika v pracovni skupiné WG 2
C.4 PIARC.

Prabéh obou jednéni byl finanéné zabezpefovén ve spolupraci
CSS, ¢lena spolecnosti PIARC, a CzTA (éeské tunelérské asocia-
ce ITA-AITES). Cést jednani spolecnosti COSUF kritce navitivil
také tajemnik spolecnosti ITA-AITES pan Berengieur.

Dvoudenni jedndni vyboru COSUF mélo na programu odpoled-
ne prvni den, po dopolednim jednani predsednictva, jedndni za
G&asti Ctyriceti ¢lent spole¢nosti COSUF. Toto jednéni bylo for-
mou prezentaci a diskusi organizovano jako vyména informaci
o nejnovéjSich zlepSenich technologickych systému slouZicich
k zajiStovani bezpecnosti ve vSech druzich podzemnich prostor.
Vymeéna obdobnych informaci pak pokracovala také druhy den
v dopolednim programu ve tfech pracovnich skupinidch a byla
uzavfena odpolednim jedndnim predsednictva vyboru COSUF.

K nejzajimavéjsim informacim z prezentaci prvniho dne jedna-
ni patfila jist¢ informace o pripravé komplexniho detek&niho
systému Fire Cat spolecnosti Seco Star GmbH. Navrhovany
detekéni systém, patentovany pro tzemi EU a prihldseny také
k patentovani v Japonsku, zabezpeCuje nepretrzité kamerové sle-
dovani provozu v tunelu pozemni komunikace prostrednictvim
vicefunkéniho kamerového voziku, ktery se pohybuje po kolejni-
cich upevnénych ve stropé ve vymezeném tdseku tunelu. V tomto

useku najizdi kamerovy vozik v pfipadé havarie v jeho useku nad
misto havdrie a soucasné na tomto misté zabezpeCuje okamzitou
dopravni signalizaci pro organizovdni havarijntho dopravniho
provozu. Jednotlivé tdseky vozikovych drah komunikuji se fidicim
strediskem tunelu s vyuZitim mobiln{ komunikaén{ site.

Jednani pracovni skupiny WG 2 C.4 PIARC dne 4. 9. 2008 bylo
obdobné organizovano formou prezentaci a navazujicich diskusi
o stavu zavddeni posledni zmény z roku 2007 Evropské dohody
o mezindrodni silniéni prepravé nebezpeénych veéci ADR
v tunelovych udsecich pozemnich komunikaci na jednotlivych
statnich izemich. Tato zména uklddd povinnost zaradit a oznacit,
prostrednictvim dopravniho znaceni, tunely pozemnich komuni-
kaci do stanovenych kategorii A—E ¢lenénych podle stupné nebez-
pecnosti nékladu. Prezentace stavu v CR byla pripravena
a pfednesena panem Ing. Rdkosnikem ze spoleCnosti Satra, a. s.

Spolupracujicimi autory prezentace byly odbor silni¢ni dopravy
MD CR a Sekce Tunely CSS. Anglicky text prednesené prezenta-
ce je mozno ziskat u vSech jejich autort. Pfednesené prezentace
zavddéni ADR na tizemich Rakouska, Ceské republiky, Francie,
Némecka, Itdlie, gpanélska, Svédska,Anglie a Svycarska prinesly,
pro patnact Gcastniku jedndni, zajimavé informace o rozdilnostech
v zavadéni dohodou stanovenych pravidel pro prepravu nebezpec-
nych nékladu v tunelech na jednotlivych dzemich. Jednotlivé pre-
zentace by mély byt, spolu se zdpisem z jednani, umistény na web
strance spolecnosti PIARC.

Prételské prostiedi tff dnt mezindrodnich jedndni o bezpe&nosti
v podzemnich prostorech, zejména v tunelech pozemnich komu-
nikaci, potvrzené zdafilou spole¢nou vecefi vyboru COSUF
potvrdilo velmi dobrou moZnost vyuZziti jednacich prostor na
Novotného ldvce pro usporaddni podobnych mezinarodnich jed-
nani.

Organizétori a také Gcastnici jedndni vyjadfovali v prabéhu jed-
nani srde¢né podékovani Ceské silni¢ni spole¢nosti a Ceské tune-
larské asociaci za vytvoreni podminek a finan¢ni podporu uspora-
ddni mezindrodnich jedndni v historickém centru Prahy.

JIRI SMOLIK, smolikj@subterra.cz, SEKCE TUNELY CSS
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CIVIL ENGINEERING STRUCTURES - RISK MANAGEMENT

In September 2008, JAGA publishers published a book by
Doc. Alexandr Rozsypal, CSc., titled Civil Engineering Structures —
Risk Management. The publication is focused on the elaboration of
methodology for managing risks during the construction planning,
designing and implementation stages. Tunel magazine readers and
tunnel construction professionals will be certainly interested in the
fact that a significant proportion of attention is paid just to this branch
of civil engineering construction.

It is obvious from the content of the book that the author made use
of all practical pieces of knowledge which have been available not
only in the Czech Republic but also abroad.

V zéti 2008 vydalo nakladatelstvi JAGA knihu doc. Alexandra
Rozsypala, CSc., InZenyrské stavby — Rizenf rizik. Obsahem publi-
kace je rozpracovéni metodiky fizenf rizik pri priprave, projektovéani
a v pribéhu vystavby. Soustfeduje se na vysvétleni podminek a zdsad
pouZiti této metody, a to predev§im na inZenyrskych stavbach. Mezi
ruznymi druhy staveb totiZ pfiprava, provddéni i provozovani inZe-
nyrskych dél obsahuje nejvétsi rizika. Ctendfe Gasopisu Tunel
a odborniky na tunelové stavitelstvi bude jist¢ zajimat, Ze znand Cdst
pozornosti je vénovdna praveé tomuto odvétvi inZenyrskych staveb.
O aktudlnosti tématu neni tfeba jist¢ nikoho v soucasnosti presvéd-
Covat.

Ze studia knihy je zfejmé, Ze autor vyuzil vSechny praktické
poznatky, které jsou dnes k tomuto tématu k dispozici nejen u nds, ale
i v zahranici.

Vyhodou autora pfi praci na knize také bylo, Ze mohl vyuzit roz-
sahly soubor zkudenosti z této oblasti, které byly shromazdovany ve
firmé Stavebni geologie Geotechnika. Ta se dlouhodobé zabyva kon-
zultaCni Cinnosti pfi projektovdni a vystavbé inZenyrskych staveb
a byla v roli zhotovitele monitoringu na vétSin€ tunell, které se
v posledni dobé u nés budovaly, a na fadé velkych staveb dopravni
infrastruktury pusobila v roli geotechnického dozoru. S proble-
matikou rizik inZenyrskych stavbéch se proto trvale setkdvala.

Myslim, Ze mohu fici, Ze tato publikace je reprezentativni souhrn
soucasného stavu znalosti v oblasti fizeni rizik na inZenyrskych stav-
bach nejen u nds, ale i v zahrani¢i. Pfitom se soustfeduje hlavné na
praktické otdzky. A protoZe na inZenyrskych stavbéach jde v prvni fadé
o riziko geotechnické, posuzuje danou problematiku Casto predevsim
z tohoto thlu pohledu. Lze vSak fici, Ze popsané metody fizen{ rizika
maji obecnou platnost pro fizenf rizik ve stavebnictvi vibec.

Odborny text je rozdélen do 5 kapitol.

Uvodni kapitola knihy je vénovina teorii rizika. Je v ni vysvétlen
pojem rizika, tak jak se dnes chdpe v inZenyrské praxi. Jsou popsany
razné druhy rizik, se kterymi je mozné se pri vystavbé setkat. Velkd
pozornost je soustfedéna na podstatu geotechnického rizika a jeho
pri¢iny, které maji svuj puvod ve vzdjemném spolupusobeni stavebni
konstrukce a horninového masivu. Jsou analyzovdny zdroje geotech-
nického rizika tkvici v pfirozenych vlastnostech hornin a v nejistotach
0 odezvé horninového masivu na stavebni zdsah do jeho prirozeného
stavu.

Ve druhé kapitole se pozornost pfesouva na obecné metodické zasa-
dy fizenf rizik. V kratkém historickém exkurzu jsou shrnuty zpusoby,
jak se clovék postupné ulil bezpecné stavét s vyuZivanim
a hodnocenim empirickych zkuSenosti, které pfitom ziskdval.

Probiraji se zdkladni praktické metody analyzy rizik, jeji razné
néstroje a prvky, strategie fizenf rizik, pristupy k hodnoceni trovné
rizik z hlediska jejich pfijatelnosti a filozofie volby celkové strategie
fizeni rizika.

Treti kapitola jiZ pojedndvéa o praktickych postupech fizeni rizik
v prubéhu pripravy, projektovani a vystavby konkrétniho stavebniho
dila. Vychézi z jednozna¢né zkuSenosti, Ze rozhodujici pfi¢iny vel-
kych havarii a mimoradnych udalosti, ke kterym na stavbach velkych
inZenyrskych staveb u nds i ve svét¢ doslo, spoéivaji predevsim
v nedostatcich pri pfipravé stavby, pfi jejim organizovéni, vytvareni
smluvnich vztaht a pri jejich praktickém fizeni.

Jsou proto popsdny podminky, které by mély byt v ruznych fazich
pripravy, projektovdni a provadéni stavby splnény, aby fizeni rizik
bylo dcinné.

Obsah &tvrté kapitoly je vénovén rizikiim geotechnickym. Ctenaf
nalezne podrobny vyklad zdkladnich metod sniZovani nejistot

INZENYRSKE STAVBY
RIZENI RIZIK

Alsgandr Ho

o vlastnostech a chovani horninového masivu dotéeného stavbou.
Jedna se predevsim o geotechnicky prizkum a geotechnicky monito-
ring. Poprvé se v Ceské literature v této souvislosti ucelené popisuje
princip souhrnné a zékladni geotechnické zpravy vcetné zdsad stano-

vovani odlisSnych podminek stavenis$té, které jsou jednim
z nejdalezitéjsich prvka fizeni geotechnickych rizik a dspésné se pred
nékolika lety zaCaly zavddét ve Spojenych stitech. U monitoringu se
popisuje optimélni zpusob jeho piipravy, fizeni a vyhodnocovani zis-
kanych vysledku. Autor se hlavné zaméfuje na jeho ,,zakomponova-
ni“ do systému fizeni rizik a systému fizenf celé vystavby.

Posledni pata kapitola obsahuje tivahy o vSeobecnych podmin-
kéch, které by mély byt navozovéany pro tspé$né uplatnovani meto-
diky fizeni rizik na naSich inZenyrskych stavbach. Ukazuje se na
nékteré prekdzky, které pro jeji i¢inné zavedeni je jeSté treba preko-
nat. Zduraznuje se jak velky vyznam pro rozhodovaci proces i pro
fizeni rizik v prubéhu piipravy a provddéni inZenyrskych staveb ma
to, ze s geotechnickym rizikem lze pracovat jako s ekonomickou
kategorii.

V zdveru této kapitoly se rozebiraji i poZzadavky, které v souvislosti
s v§vojem novych pozadavka na navrhovani staveb a s celkovym roz-
vojem socidlné-ekonomického prostredi bude na inzenyrskych stav-
béch klést na fizeni rizik bezprostfedni budoucnost.

Kniha Rizenf rizik na inZenyrskych stavbach je urena predeviim
pro viechny pracovniky z okruhu investord a spravcu vystavby inZe-
nyrskych staveb, technickych dozord, projektantl, projektovych
manageru, geotechnikii a viech specialisti zaméfenych na inZeny-
ring, ktefi povazuji za prioritu, aby vystavba probihala ekonomicky,
bez mimorddnych udalosti, vicepraci, bez prodluzovani terminu a bez
prekradovani rozpoctu.

PROF. ING. JOSEF ALDORF, DrSc., josef.aldorf@ysb.cz



17. rocnik - €. 4/2008

VYROCI / ANNIVERSARIES
SEDMDESATINY PROF. ING. JOSEFA ALDORFA, DrSc.

PROF. ING. JOSEF ALDORF, DrSc., SEPTUAGERIAN

Prof. Josef Aldorf (* 29. 10. 1938) patii jiz fadu let
k naSim pfednim pfedstavitelaim geotechnického oboru.
Jeho vice nez C&tyficetipétiletd pedagogickd, védecka
a odbornd Cinnost byla zamérena predev§im na oblast
vystavby dolt, hornické i stavebni geotechniky
a podzemniho stavitelstvi.

Prof. Aldorf se v hornickém femesle pohyboval od mlada,
nebot’ jiz v letech 1953 az 1955 se vyudil jeho praktickym
zdkladum na Hornickém ucilisti v Litvinove, prohloubil je
studiem na Ctyfleté Vys§i prumyslové Skole hornické
v Ostravé a nejvysstho Skolniho vzdélani v oboru dosahl
absolvovanim Hornicko-geologické fakulty Vysoké $koly banské
v Ostraveé v roce 1964. Jeho studium bylo zaméfeno predevsim na
vystavbu dolu, v kteréZto specializaci obhdjil i svou kandidatskou
praci (1977), nésledné i habilitaéni prdci, na jejimz zakladé byl
v roce 1978 jmenovan docentem pro obor vystavba doli. Doktorskou
dizertaci zpracoval v oboru dobyvani loZisek a jeji obhdjeni v roce
1986 bylo nutnym a soucasné logickym poslednim stupném ke jme-
novani profesorem pro obor vystavba doll a geotechnika.

Béhem svého dlouholetého zaméstndni na Vysoké $kole banské
pracoval prof. Aldorf tspésné v fadé vyznamnych akademickych
postu (vedouci katedry, prodékan, prorektor) a od roku 1997 zasta-
vé na sou¢asné Fakulté stavebni VSB-TU Ostrava funkci prodéka-
na pro védeckovyzkumnou innost.

V oboru hornické i stavebni geotechniky prof. Aldorf intenzivné
pedagogicky pusobil a dosud pusobi, k ¢emuz se vadze autorstvi &tyf
ucebnic a fady vysoko$kolskych skript z oblasti mechaniky hornin
a podzemnich staveb. Vyznamnd publikace Mechanika podzemnich
konstrukef je de facto zdkladn{ u€ebnici stejnojmenného predmétu,
ktery byl zaveden do vyuky diky prof. Aldorfovi. Nutno konstato-
vat, Ze pravé pod jeho vedenim byla v devadesatych letech nové
rozpracovéna koncepce geotechnickych disciplin na VSB a od roku
1997 pusobi jubilant jako garant oboru geotechnika.

TaktéZ pod jeho pfimym vedenim nebo za spolufeSitelského
pusobeni byly zpracovdny C&tyfi celostdtni grantové projekty
a desitky vyzkumnych dkolu. K t€ém pozoruhodnym patfilo napf.
feSeni stability svahu Kru$nych hor nebo feseni ochrany karlovar-
skych minerélnich pramenu. K jeho védecké a odborné innosti se
védze asi 350 prispévkli ve sbornicich védeckych konferenci
a publikovanych Casopiseckych ¢lanku. Stejné tak Siroky zdbér
jako osobni Cinnost védeckovyzkumnd md podil prof. Aldorfa na
vychové novych védeckych pracovniki (na jeho ,konté* je dspés-
né védeckd vychova deseti aspirantl a doktorandu).

Prof. Aldorf je vyhleddvanym expertem pro oblast podzemnich
staveb, takZe se v fadé pripadl dcastnil feSeni obtiZnych tkola,
vznikajicich ve stavebni praxi. Zpracoval stovky studii, odbornych
posudki a statickych vypoltid pro investorské, projekéni
i dodavatelské organizace v CR, v poslednich letech plisobil &
pusobi jako expert na velkych podzemnich stavbéch (podzemni
zdsobnik plynu Pfibram-Hdje, tunely Mrdzovka, Valik, Nové spoje-
ni, Klimkovice, Jablunkov, Dobrovského).

Prof. Aldorf je autorizovanym inZenyrem pro obor geotechnika
a Clenem predsednictva Ceské tuneldiské asociace ITA-AITES,
pusobi v tadé zkuSebnich komisi, v komisich pro obhajoby
a habilitace, je ¢lenem nekolika védeckych rad. Trvale se podili na
pripravé renomovanych védeckych konferenci, zejména Podzemni
stavby Praha a Geotechnika Vysoké Tatry, jejichZ dlouholety pfinos
pro troven geotechnického oboru v doméacim i mezinarodnim kon-
textu je nesporny. Nelze opomenout skutecnost, Ze je i dlouholetym
Clenem redakéni rady TUNELU a jeho aktivnim prispévatelem.

A pdr méné strohych osobnich slov na zdvér: Zndm pritele Josefa
jiz dlouhd 1éta a vzdy mné¢ imponovala jeho rozsdhld organizacni,
pedagogickd a odborné-veédecka ¢innost, kterd sved¢i o jeho vyso-
kém pracovnim nasazeni ve prospéch Vysoké Skoly bdnské

Prof. Josef Aldorf (* 29. 10. 1938) has belonged among our
foremost representatives in the field of geotechnics for many
years. His, over forty-five-year teaching, scientific and expert
activities have been focused, above all, on the area of develo-
ping mines, mining and civil engineering geotechnics and
underground engineering.

Prof. Aldorf gathered experience in mining from his young
age. He got trained in practical fundamentals in 1953 — 1955
at a vocational school of mining in Litvinov, deepened his
knowledge by studying at the four-year Technical College of
Mining in Ostrava and reached the highest school education
level in the industry in 1964 by graduating from the Faculty of Mining and
Geology of the University of Mining in Ostrava. His studies were focused first
of all on development of mines. In this specialisation, he defended his
Candidate of Science thesis (1977) and subsequently even a habilitation the-
sis, on the basis of which he was appointed lecturer in development of mines
(1978). The topic of his doctoral thesis was within the field of extraction of
deposits. He defended the thesis in 1986, thus he achieved the necessary and,
at the same time, logical last step to his appointment as professor in develop-
ment of mines and geotechnics.

During his long-term employment at the University of Mining, Professor
Aldorf worked successfully in many important academic positions (head of
the department, sub-dean, vice-rector); since 1997 he has held the function of
the pro-dean in scientific and research activities at the current Faculty of Civil
Engineering of the VSB — Technical University in Ostrava.

Intense teaching activities of Prof. Aldorf in the field of mining and geo-
technical engineering have continued. They are associated with the publishing
of four textbooks and several university duplicated textbooks on rock mecha-
nics and underground construction. An important publication Mechanics of
Underground Structures is de facto the fundamental textbook of the subject of
the same name, which was introduced into the teaching thanks to Prof. Aldorf.
It is necessary to state that it was under his leadership that the concept of geo-
technical disciplines was newly developed at the VSB. He has acted as the
guarantor for the geotechnical specialisation since 1997.

Four nation-wide grant projects and tens of research tasks were also carri-
ed out under his direct leadership or with his co-resolving role. Among the
notable ones, we can mention, for example, the solution to the problem of sta-
bility of slopes of the Kru$né Mountains or the problem of protection of mine-
ral springs in Karlovy Vary (Carlsbad). About 350 papers contained in proce-
edings of scientific conferences and published in magazines are associated
with his scientific and professional activities. The extent of Prof. Aldorf’s con-
tribution to the education of new scientific workers is the same as the extent
of his personal scientific research activities; he has managed to prepare ten
post-graduate students.

Prof. Aldorf is a sought-after expert for the field of underground construc-
tion, therefore he participated in many cases in solving difficult tasks, origi-
nating during the construction practice. He carried out hundreds of studies,
expert opinions and structural analyses for owners, consulting engineers and
contractors in the Czech Republic. In recent years, he has acted as an expert
on large underground construction projects (the gas storage cavern at Pribram-
Héje, the Mrazovka, Valik, New Connection, Klimkovice, Jablunkov and
Dobrovského tunnels).

Prof. Aldorf is a registered engineer for the field of geotechnics and
a member of the ITA-AITES Czech Tunnelling Association Board; he works
in many examining committees, defence and habilitation committees, is
a member of several scientific boards. He has permanently participated in the
preparation of renowned scientific conferences, first of all the Underground
Construction in Prague and the Geotechnics in the High Tatras, the long-term
benefit to the level of geotechnics in both domestic and foreign context is
indisputable. Neither the fact that he has been a long-standing member of the
editorial board of TUNEL and active contributor to the magazine must be for-
gotten.

Now, to conclude, several less curt, personal words: I have known my friend
Josef for many years and I have always been impressed by his extensive
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v Ostravé. SouCasné jsem vZdy velmi ocenoval jeho schopnost organisational, teaching and technical scientific activities, which give evidence
s pfehledem a v klidu resit problémy, které bézny i odborny Zivot of the great effort he has made on behalf of the University of Mining in Ostrava.
prinési. Jsem potéSen, Ze pravé ja mohu vyslovit na strankdch nase- At the same time, I have always highly appreciated his ability to deal circum-
ho ¢asopisu za sebe a za mnoho ostatnich jubilantovi uzndni za jeho spectly and calmly with the problems which arise during both the common and
velmi dspé$nou dosavadni Zivotni drahu a poprat mu do dalSich let professional life. I am happy that it is me who can express, on my behalf and
hlavné zdravi, zZivotni pohodu a chut'do préace. I na neddvném set- behalf of many other people, on the pages of our magazine, to Prof. Aldorf, cele-
kdni na Geotechnickém kolokviu v Salcburku jsem se utvrdil brating his personal jubilee, the appreciation of his very successful career and
v presveédCeni, Ze jeho vSeobecné prospeésné zaujeti geotechnikou wish him good health, peace of mind and desire for work. It was even during our
a naSe vzdjemné pratelstvi md pred sebou jesté¢ dlouhou budouc- recent meeting at the Geotechnical Colloquy in Salzburg that I solidified my per-
nost. Josifku, Zdar Buh. suasion that his generally beneficial concern for geotechnics and our mutual fri-
endship still have a long future ahead. Good speed, Josifek.
PROF. ING. JIRI BARTAK, DrSc. PROF. ING. JIRI BARTAK, DrSc.

70 ROKOV STAVEBNEJ FAKULTY SLOVENSKEJ TECHNICKEJ UNIVERZITY V BRATISLAVE

70™ ANNIVERSARY OF THE FACULTY OF CIVIL ENGINEERING
OF THE SLOVAK TECHNICAL UNIVERSITY IN BRATISLAVA

The origination of the M. R. Stefanik Technical College in Kogice over kandidatov ucitelstva na strednych Skoldch a odbor lesnickeho
70 years ago meant the crowning of the many years lasting efforts of a polnohospodarskeho inZinierstva s oddelenim lesnickeho inZinierstva.
Slovak nationality professors, employed by the Technical University in K dalsej organiza¢nej zmene, majticej vplyv na vyvoj Stavebnej fakul-
Brno. In July 1938, first ten professors were appointed; subsequently, at ty, doslo v $kolskom roku 1947/48, ked sa od OIS od¢lenilo oddelenie
a constituent College meeting, Prof. Jur. Hronec became the first chan- kreslenia a malovania a zriadilo sa oddelenie architektiry a pozemného
cellor. Sixty three students enrolled the first academic year, 1938/1939. stavitelstva. V roku 1950 sa oddelenie architektiiry a pozemného stavite-
Because of the fact that the town of KoSice was occupied by Horthy’s Istva oddelilo z OIS a stalo sa zdkladom novozriadeného odboru archi-
army after the Vienna Arbitration, the academic year opening ceremony tektiry a pozemného stavitelstva (OAPS).
was held in Martin on 5th December 1938.. Zakonom o vysokych Skoldch ¢. 58/1950 Zb. z 18. mdja 1950 boli

The commencement of the teaching in the three departments which odbory premenované na fakulty a dstavy na katedry, ¢im od Skolského
were aimed at education of students in the fields of civil engineering, roku 1950/51 vznikla z OIS Fakulta inZinierskeho stavitelstva (FIS),
water management and geodesy and cartography created foundations of z OAPS Fakulta architektiry a pozemného stavitelstva (FAPS) a z OSN
the modern technical teaching in Slovakia as well as foundations of the Fakulta $pecidlnych nauk (FSN). Fakulta $pecidlnych nduk v $kolskom
Faculty of Civil Engineering of the Slovak Technical University in roku 1951/52 zanikla a Studenti zememeracského inZinierstva sa zaCleni-
Bratislava. li k FIS. V roku 1952 vznikla Fakulta ekonomického inzinierstva (FEI),

This faculty is today the largest faculty of the Slovak Technical kde bol zriadeny aj smer stavebny.

University and the second largest faculty in Slovakia. The 410-strong Dalgie vyznamné zmeny v organizacnej truktire SVST nastali v roku
team of teachers and scientific workers, 22 departments, the Institute of 1960, ked doslo k zlieniu FIS a FAPS, a tym k vytvoreniu Stavebnej
Forensic Examinations in the field of civil engineering and geodesy, fakulty, ku ktorej bol v tom istom roku pricleneny aj stavebny smer zo
a computation centre and a study-information centre form an important zaniknutej Fakulty ekonomického inZinierstva. V takejto podobe existo-
teaching and scientific research centre. Currently, there are 3750 regular vala Stavebn4 fakulta a7 do roku 1976, ked sa z nej od¢lenili §tyri kated-
students and 180 engineers involved in post-gradual doctoral studies at ry, ktoré zabezpecovali vyucbu architektiry a urbanizmu a z ktorych bola
the Faculty of Civil Engineering. vytvorend Fakulta architektury.

Z celkového vyvoja Stidia na Stavebnej fakulte je jednoznacné, Ze

Pred viac ako 70 rokmi bolo vznikom Vysokej Skoly technickej Dr. M. dne$né odbory inZinierskeho Stidia maji korene uz v roku 1937.
R. Stefinika so sidlom v Kogiciach zavisené mnohoro¢né tsilie profeso- Z povodného oddelenia konstruktivneho a dopravného vznikol odbor
rov slovenskej narodnosti, pdsobiacich na Ceskej vysokej §kole technic- inZzinierske konStrukcie a dopravné stavby a z oddelenia inZinierskeho
kej v Brne. V juli 1938 boli menovani prvi desiati profesori a nasledne sa stavitelstva vodohospodarskeho a kultirneho odbor vodné hospodarstvo
na ustanovujicom zasadnuti profesorského zboru stal prvym rektorom a vodné stavby. Zememerac¢ské inZinierstvo sa stalo zakladom pre dnes-
VST prof. Jur. Hronec. Do prvého kolského roku 1938/1939 vstiipilo ny odbor geodézia a kartografia. Odbor pozemné stavby a architektira
63 Studentov. Otvorenie Skolského roku sa uskutocnilo 5. 12. 1938 md korene v oddelen{ architektiry a pozemného stavitelstva odboru inZi-
v Martine, ked po viedenskej arbitrdzi boli Kosice obsadené horthyov- nierskych stavieb. Zo stavebného smeru Fakulty ekonomického inZinier-
skym vojskom. stva vznikol odbor ekonomika a riadenie stavebnictva.

Zacatim vyucby na troch oddeleniach, zameranych na vychovu §tu- S postupnym rozvojom fakulty a prudkym rastom poctu jej poslucha-
dentov v oblasti stavebnictva, vodného hospodirstva, geodézie ¢ov bolo potrebné hladat' nové priestory pre katedry i pedagogicky pro-
a kartografie, sa poloZili zdklady dneSného moderného technického Skol- ces, preto sa v roku 1964 zacala stavat' nova budova Stavebnej fakulty
stva na Slovensku, ako aj zdklady Stavebnej fakulty STU v Bratislave. STU na Starohorskej a Radlinského ulici s dominantnou 23 poschodovou

Vlddnym nariadenim zo diia 14. februdra 1939 zmenila vldda Cesko- budovou, o &o sa zasldzil hlavne vtedajsi rektor SVST a neskor minister
slovenskej republiky eSte pocas pdsobenia Skoly v Martine jej ndzov na stavebnictva prof. Jozef Trokan. Budova bola dokonéend a dand do uzi-
Slovenskid vysokd Skolu technickd. Po vytvoreni Slovenského Stitu vania v roku 1974, pricom je dodnes sidlom Stavebnej fakulty. P6vodna
slovensky snem prijal zdkon ¢. 188 Sl. z. zo diia 25. 7. 1939, ktorym zria- budova na Ndmesti slobody je dnes sidlom Fakulty architektiry STU.
dil Skolu uz pod ndzvom Slovenska vysoka Skola technickd a za sidlo jej Zakonom SNR s tcinnostou od 1. aprila 1991 prijala Slovenska vyso-
definitivne urcil Bratislavu. Dovodova sprava zdkona konstatovala, Ze k4 Skola technickd sucasny ndzov Slovenskd technickd univerzita
novozriadend Skola je pokracovatelkou Vysokej Skoly technickej v Bratislave.

M. R. Stefanika a 7e Zkolsky rok 1939/40 je druhym $kolskym rokom Dnesnd Stavebnd fakulta je najvicSou fakultou Slovenskej technickej
vysokej Skoly technickej zriadenej v roku 1937. univerzity a druhou najvicsou fakultou na Slovensku. Jej 410 ucitelov

Pre histdriu a sicasnost’ Stavebnej fakulty je rozhodujice, Ze pocntic a vedeckych pracovnikov, 22 katedier, Ustav stidneho znalectva pre
Skolskym rokom 1939/40 sa po vydani vlddneho nariadenia ¢. 236 oblast’stavebnictva a geodézie, vypoctové stredisko a Studijno-informac-
Sl. z. zo dna 20 septembra 1939 v Bratislave otvorili tri odbory s piatimi né stredisko tvoria vyznamné vzdeldvacie a vedeckovyskumné centrum.
oddeleniami: odbor inZinierskeho stavitelstva (OIS) s oddelenim konst- V stcasnosti na Stavebnej fakulte Studuje 3750 posluchacov denného $ti-
ruktivnym, dopravnym a vodohospodarskym a oddelenim kreslenia pre dia a 180 inZinierov postgradudlneho doktorandského Stidia.
kandidatov ucitelstva na strednych Skolach; odbor $pecidlnych nduk
(OSN) s oddelenim zememeraskym a oddelenim prirodnych vied pre ING. MILOSLAV FRANKOVSKY (podli www.svf.stuba.sk)
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA

MESTSKY OKRUH MYSLBEKOVA-PELC-TYROLKA,
INFORMACE O MIMORADNE UDALOSTI NA SEVERNIM
TUNELU SPEJCHAR-PELC-TYTROLKA

V nedéli dne 12. 10. 2008 v 10,15 doslo k poruseni nadloZi tunelu
v prostoru Stromovky pfi pracich na rozsifovani tunelu v misté budo-
vaného bezpecnostniho zdlivu. Byla poruSena stabilita horninového
masivu zpevnéného tlakovou injektdZi a ndsledné se provalily zvod-
nélé sedimenty vltavské terasy do tunelu. Soucasné s tim se extrémné
zvysil pritok vody a bahna do tunelu.

K prolomeni skalniho nadloZi v rozsahu 2 x 2 metry a ndslednému
vytvoreni kréteru cca 30 m v prostoru parku Stromovka doslo i presto,
Ze byla pouzita veSkerd dostupnd a dohodnutd technickd a sanaéni
opatrent.

Pred tim, neZ doslo k propadu povrchu terénu, se podarilo zajistit
prostor parku i pracovi§té v podzemi a nedoslo tak ke zranénim ani
zddnym vyznamnym $koddm na strojnim vybaveni.

Prohlidkou mista zdvalu bylo zjisténo, Ze nedoslo k poskozeni jiz
vybudovaného primdrniho osténi a veSkery materidl se do tunelu
dostdvd otvorem o velikosti cca 2 x 2 m.

V soucasné dobé je misto oplocovano a intenzivné probihaji zabez-
pecovaci préce, a to jak z povrchu, tak z podzemi. V prvnim kroku
zabezpeCovacich praci je prioritni omezit pritok vody do tunelu ze
Stérkové terasy, kterd je v prostoru nad tunelem.

ZabezpeCovaci prdce fidi vedouci likvidace havdrie spolu
s havarijni komis{ sloZenou ze zdstupcu investora, projektanta, zhoto-
vitele, Obvodniho batiského dfadu v Kladné a FS CVUT.

Bezpeénostni zdlivy jsou budovédny v tunelech vétsich délek pro
mozZnost odstaveni havarovaného ¢i jinak nepojizdného vozidla jako
jeden z bezpe€nostnich prvku tunelu. Vlastni prace probihaji tak, ze
nejprve je vyraZen a zabezpecen tunel, a teprve poté je tento tunel roz-
Sifen o potrebny zéliv. Projektovand délka zélivu je 53 metru.

TUNEL STAVBY 514 SILNICNIHO OKRUHU KOLEM PRAHY

Razby obou tunelt byly podle pfedpokladu ukonceny v poloviné
roku a v prvni dekadé fijna 2008 byly rovnéZz dokonleny betondze
obou hloubenych tunelt v &dsti portdlu Lochkov.

V soucasné dob¢ probihaji betondZe definitivniho osténi raZzeného
tifpruhového tunelu. V jeho spodni Edsti jsou provedeny zdkladové
pasy zhruba v rozsahu 70 % a vlastni osténi je vybetonovdno
v rozsahu 60 % celkové délky tunelu. V dvoupruhovém tunelu jsou
vybetonovény zdkladové pasy v rozsahu zhruba 20 % celkové délky
a betondZ klenby byla pravé zahdjena.

Vystavba tunelového tseku stavby prazského expresniho silni¢niho
okruhu ¢. 514 probihd v souladu s ¢asovym pldnem s cilem uvedeni
stavby do provozu v poloving roku 2010.

TUNEL STAVBY 513 SILNICN[HO OKRUHU KOLEM PRAHY

Byly dokon&eny razby dna tunell a také betonaZe hloubenych tune-
lovych tseka pred obéma portaly.

Betondze zdkladovych pasu tiipruhového i dvoupruhového tunelu
byly v prvni dekddé fijna provedeny v rozsahu 70 % celkové délky
tunelu.

Ve stejném obdobi bylo provedeno prvnich 100 m betondZe klenby
tifpruhového tunelu a zahdjena betondz klenby dvoupruhového tune-
lu. Tyto betondZe budou probihat pfi nasazeni dvou souprav bednéni.

Préace na tunelovém dseku probihaji v souladu s predpokladem uve-
deni stavby ¢. 513 expresniho silni¢niho okruhu okolo Prahy do pro-
vozu v poloviné roku 2010.

ZELEZNICNI TUNEL JABLUNKOV €. 2

Dne 15. 4. 2008 bylo pomoci razby zahdjeno prestrojovani jedno-
kolejného tunelu €. 2 na tunel dvoukolejny délky 564 m. V f{jnu 2008
bylo na tunelu vyrazeno v kaloté cca 200 m. RaZba tunelu byla a je
s ohledem na velmi nepriznivé geologické podminky zna¢né obtizna
a ndro¢na.

THE CZECH REPUBLIC

MYSLBEKOVA — PELC-TYROLKA SECTION OF THE CITY CIRCLE
ROAD; INFORMATION ABOUT AN EXTRAORDINARY EVENT IN THE
NORTHERN TUBE OF THE SPEJCHAR - PELC-TYROLKA TUNNEL

The tunnel overburden collapsed on Sunday, 12.10.2008, at 10:15 hours, in
the area of Stromovka Park, during the work on enlarging the tunnel width for
an emergency parking bay. The stability of the rock mass, which had been
strengthened by pressure grouting, was disturbed and, subsequently, water-
bearing sediments forming a terrace of the Vltava River broke into the tunnel.
At the same time, the rate of water and silt inflow into the tunnel extremely inc-
reased.

An area of 2 x 2 metres of the rock cover collapsed and, subsequently,
a crater about 30m wide developed in the Stromovka Park, despite the fact that
all available and approved technical and stabilisation measures had been
implemented.

The space in the park and the underground workplace had been successful-
ly secured before the ground surface sank, therefore no injury nor significant
damage to the tunnelling equipment was suffered.

An inspection of the collapse location revealed that the primary lining which
had been installed before was not damaged; all material got inside the tunnel
through an about 2x2m opening.

At the moment, the collapse location is being fenced in and stabilisation
operations are in full swing, both at the surface and in the underground. The
priority of the initial step of the stabilisation operations is to reduce the
inflow of water from the gravel terrace, which is found above the tunnel,
into the tunnel.

The stabilisation operations are managed by an engineer in charge of the
recovery from the accident, jointly with a committee consisting of representa-
tives of the owner, designer, contractor, Regional Bureau of Mines in Kladno
and the Faculty of Civil Engineering of the Technical University in Prague.

Emergency parking bays are provided in longer tunnels to allow the parking
of a breakdown vehicle or a vehicle immobile for other reasons, as one of ele-
ments of the tunnel safety system. The work procedure is divided into steps,
with the tunnel excavation and support installation carried out first and enlar-
ging the width for the parking bay subsequently. The parking bay design length
is 53 metres.

THE TUNNEL IN CONSTRUCTION LOT 514
OF THE PRAGUE CITY RING ROAD

The excavation of both tunnels was completed as expected, during the first
half of the year; the casting of both cut-and-cover tunnels on the Lochkov por-
tal side was finished in the first decade of October 2008.

Currently, the casting of the final lining of the mined triple-lane tunnel is in
progress. The footings and the upper part of the final lining have been com-
pleted along approximately 70% and 60% of the total length of the tunnel, res-
pectively. Regarding the double-lane tunnel, the casting of the footings for the
lining has been finished along approximately 20% of the length of the tunnel,
whilst the casting of the upper part has just started.

The construction of the tunnelled section of construction lot 514 of the
Prague City Ring Road proceeds in compliance with the works schedule, with
the aim of opening the tunnel to traffic in the middle of 2010.

THE TUNNEL IN CONSTRUCTION LOT 513
OF THE PRAGUE CITY RING ROAD

The excavation of the invert of both tunnels and the casting of the cut-and-
cover sections in front of both portals have been completed.

As of the first decade of October, the casting of the footings in the triple-lane
tunnel and double-lane tunnel has been completed in the extent of 70 per cent
of the total tunnel length.

The same period of time saw the completion of the casting of initial 100m
of the upper vault of the triple-lane tunnel lining and the commencement of the
casting of the upper vault of the lining in the double-lane tunnel. These conc-
rete-casting operations have been performed using two sets of formwork.

The work on the tunnelled section has advanced in compliance with the
assumption that construction lot 513 of the City Circle Road around Prague

will be opened to traffic in the middle of 2010.
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Postup razby tunelu zkomplikovala dne 4. 5. 2008 v nocnich hodi- JABLUNKOV NO.2 RAILWAY TUNNEL
ndch mimorddnd udélost (ve stani¢eni tunelu TM 56,4 bm), kdy doslo
pii provadéni razicich a vyztuzovacich praci pri rozsifovani tunelové
trouby &. 2 Zelezni¢niho tunelu Jablunkov k havarii, jejimZ disledkem

The work on the conversion of single-track tunnel No. 2 to a 564m long
double-track tunnel started on 15.4.2008 using tunnel excavation techniques.
In October 2008, about 200.0m of the top heading excavation was finished.

byl zaval v tunelu v délce ce 8 Vai 10 m a vytvoien zdvalového kré- The tunnel excavation was very difficult owing to significantly unfavourable
teru aZ k povrchu tzemi o pruméru cca 8—10 m. Ihned bylo provede- geological conditions.
no zajisténi kaloty stfikanym betonem a podepfeni piistropi kaloty The advance of the excavation got complicated on 4. 5. 2008, during night,
dfevénymi stojkami. Na zdkladé vyjadfeni projektanta a po projednd- by an extraordinary event at tunnel chainage TM 56 4, where an accident resul-
ni v TPK byl stanoven zpiisob sanace zdvalu a zdvalového trychtyfe na ting in a collapse of about 8 to 10m long section took place during the work on
povrchu. S pouZitim mikropilotového destniku provedeného po celém the enlargement of and installation of the support in the tunnel tube No. 2 of
obvodé razeného profilu (kromé po¢vy) délky 12 m a ndsledné razby the Jablunkov railway tunnel; the collapse crater, which reached the ground
v dil¢ich porubech clenéné kaloty byl zdval sanovdn (piekrocen) surface, had the diameter of about 8 — 10m. The top heading was immediately
a touto technologif se pokracovalo v razbé i za zdvalem. ProtoZe kon- stabilised by shotcrete and the roof was supported by timber props. The met-
vergenéni méfeni provadénd za zdvalem zjistila vétsi ndrust deforma- hod of recovery allowing the work to be carried from the surface was determi-
ci, nez byly povolené tolerance, bylo k zajistén{ jejich eliminaci roz- ned on the basis of designing engineer’s statement and after a discussion in the
hodnuto o uzavieni profilu kaloty protiklenbou. Opatieni bylo dspes- Technical Advising Committee. The collapse was remedied and passed over by
né a dal$i raZba jiZ nepfinesla Zddnd mimoradna prekvapeni. Dne 2. 8. means of a 12m long canopy tube pre-support system, which was installed
2008 (TM 89,9 bm) se na zakladé vyhodnoceni méfeni KVG profilu around the entire perimeter of the mined cross section (with the exception of
preslo z razby kaloty ¢lenénym vyrubem na razbu plnym profilem the bottom), with the subsequent top heading excavation divided into partial
s protiklenbou. V soubéhu s razbou tunelu jsou provddény stavebn{ headings; this technique was used for the continuation of the excavation, even
préace na hloubenych tsecich obou portdli P1 a P2, které budou ukon- beyond the collapse. Since the convergence measurements which were con-
&eny v letoSnim roce. ducted behind the collapse proved a greater increase in deformations, excee-
Préce probihaji podle aktualizovaného HMG s terminem prordzky ding the permitted tolerances, the decision was made that the deformations
1.5.20009. would be eliminated by closing the top heading profile by an invert. The mea-
Znalecké vyjadieni k otazkam pii¢iny havirie tunelu Jablunkovsky sure was successful; the subsequent excavation did not encounter any surprise.
2, zpracované prof. J. Aldorfem, stanovuje jako pii¢inu havérie On 2. 8. 2008 (chainage TM 89.9) the top heading excavation sequence was
a zdvalu pouze faktory, které souviseji s nahlou zménou pfirodnich changed to full-face excavation with an invert, on the basis of an assessment
geotechnickych podminek v misté havarie a v dusledku toho se vzni- of the measurements which had been conducted at convergence stations.
kem zat&Zovaciho stavu osténi, ktery zpﬁsobil prekroceni jeho Gnos- Construction work on the cut-and-cover sections at both portals P1 and P2 has
nosti. been carried out in parallel with the tunnel excavation. It will be completed in
2008.
TUNELY VMO DOBROVSKEHO The operations follow an updated schedule, with the deadline for the bre-
. akthrough on 1. 5. 2009.
SdruZeni VMO Dobrovského B (9HL ZS, a.s., Subterrva, 8o 8o An expert opinion regarding the cause of the Jablunkov 2 tunnel collapse,
a Metrostav a. s.) ve své snaze zvitezit nad zndamymi ,,brnénskymi which was prepared by Prof. J. Aldorf, states that the collapse was caused only
tégly* postoupilo opét o kus ddle. by factors associated with an abrupt change in natural geotechnical conditions
V soutasné dobé dospély celby tuneld do oblasti ulice in the accident location, which resulted into the origination of a loading state

Dobrovského (TI— OHL), resp. ulice PeSinova (TII - SBT), kde jsou which led to the exceeding of the load-bearing capacity of the lining.
s uspéchem vyuzivany kompenzaéni injektdZe pro minimalizaci
negativnich projevi na okolni zdstavbu od provadénych praci DOBROVSKEHO TUNNELS ON THE LARGE CITY CIRCLE
v podzemf. . o L ROAD IN BRNO

Zadnd jind kompenzacn opatreni Ci lpravy technologie raZeni The VMO Dobrovského B consortium (OHL ZS , a. s., Subterra a. s. and

jsou tfeb idét vzhledem k priznivé yvoji ki ¢nich S . . .
nejsou freba provacdet vzhiedem K priziivemu vyvoj! Xonvergencnic Metrostav a. s.) has made further progress in its efforts to win the fight with the
deformaci tunelovych rour i poklesové kotliné nadlozi tunelovych o .

well-known “Brno Tegl” claystone.

rOlgé:olo ické pom&ry v trase tuneld nakonec dovoluii realizovat raze- Till now, the excavation faces have reached the area of Dobrovského Street
i i bez Zga'ié téfn’ pfeci/poh' el el atierapiiatio \/J’mi desinik (TI— OHL a. s.) and Pesinova Street (TII — Subterra a. s.) respectively, where
Ke dni f 4.10.2008 bylo na}{“ T uzavieno 127 bmi na TII 27}; bm compensation grouting has been successfully used for minimisation of negati-
celého pro fil.u tu.nelu SIZ dovani a vvhodnocovanf chovanf obiektd na ve effects of underground operations on existing buildings in the vicinity.
hp' d dl Vy NSRS delng hJ q No other compensation measures nor modifications to the excavation tech-
povrehu 1 X po ,Zﬁml Iie rg 4 eélepretr.the. a Je pravidelne vyhodnoco- nique has been required, owing to the favourable development of both the con-
v el el i ) (e el vergences in the tunnel tubes and the settlement trough above the tunnels.
The geological conditions along the tunnel route eventually make the exca-

TUNELY NA DALNICI D8 - 805 LOVOSICE-REHLOVICE vation possible even without the installation of canopy tube pre-support in the
K dokonceni dilnice D8 v tseku pres Ceské stfedohofi mezi top heading.

Lovosicemi a Rehlovicemi s délkou pfiblizné 16 km kone&né piispély As of 14. 10. 2008, the closing of the excavated profile by invert of the TI

i raZby tuneld. Pfipomefime si, Ze jeden z dvojice tuneld na trase — and TII tubes has been completed along the lengths of 127m and 275m res-

tunel Prackovice — md délku 270 a druhy tunel — Radej¢in délku pectively. The observation and assessing of the behaviour of structures on the

620 m. Po dokon&eni prazského portélu tunelu Prackovice byla kone¢- surface and underground is further carried out continuously; the results are

né dne 3. f{jna 2008 zahdjena samotn4 razba stavbou ochranného limce regularly dealt with in the MOBO (Monitoring Board) meetings.

(predstitku) pred levou tunelovou troubou. Vlastni priportdlové tseky

jsou potom razeny pod ochranou mikropilotovych destniki a vyrub | THE D8 MOTORWAY — CONSTRUCTION LOT 805
tunelu je vertikdlné i horizontdlné ¢lenén na opérové Stoly, dobirku LOVOSICE - REHLOVICE

kaloty a opéfi se dnem. Pro vyztuZen{ vyrubu slouZ{ prihradové ramy At last, even excavation of tunnels has contributed to the completion of the
a primdrn{ osténf ze stifkan¢ho betonu tloustky 300 mm vyztuZené D8 motorway in the about 16km long section running through the Ceské
dvojici KARTI siti. Sepnutf okolnf horniny je zaji§téno pomoc{ hydrau- Stiedohoif highland, between the towns of Lovosice and Rehlovice. Let us
licky upinanych svornikii a injektovatelnych kotev. Vyrub md také pi- bring to our minds the fact that one of the two tunnels on the route, the
stropi chranéné jehlami a v pripade potieby je kotvena i Celba. Prackovice tunnel, is 270m long, whilst the other one, the Prackovice tunnel,

Na druhou stranu tunel Radejéin stile Cekd na svoji prileZitost is 620m long. After the completion of the Prague portal of the Prackovice tun-
v podobe¢ vyddni stavebniho povoleni (snad 2Q/09) a v podob¢ zahd- nel, on 31d October, the excavation of the tunnel itself finally started by the con-
jeni razeb (snad v poloviné roku 2009). Zaznamenany progres se tak struction of a protective collar (pre-tunnel canopy) before the left tunnel tube.
odrazi pouze v provadéni dopliikového geologického pruzkumu, ktery The portal sections of the tunnel will be driven under the protection of canopy
md byt dokoncen koncem roku 2008. RDS by melo byt k dispozici tube pre-support. The excavation will be divided both vertically and horizon-
zacdtkem roku 2009. tally; the excavation sequence will consist of side-wall drifts, a top heading and
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KANALIZACE KARVINA A MIKROTUNELOVANI

Na stavbé Kanalizace — Karvind pokracuji zdarné i mikrotunelovaci
prace na dsecich Darkov, Alfa a sbéral CA2.

Usek ALFA byl jiz dokon&en a uplynulé mésice byly ve znamenf
definitivniho vystrojeni Sachtic a souvisejicich zkousek.

Na dseku Darkov a Rdj je nasazen novy stroj pro profily DN
300 mm (kamenina) a pokraCovat bude i stroj pro DN 400 mm (rov-
néZ kamenina).

V tseku sbérate CA2 probihaji v predstihu proti ¢asovému plénu
prace se strojem Iseki TCC 1400 ID, ktery zatlacuje sklolamindtové
trouby Hobas DN 1400 mm. Nejdelsi dsek zde mefil 189 m a byl pro-
tlacen v celé délce bez pouZiti mezitlacné stanice, ¢imz Subterra, a. s.,
zlepsila vlastni Cesky rekord. Prace probihaji natolik uspésné, Ze zrej-
mé nebude zapotiebi nasazovat druhy stroj, o kterém se uvazovalo
spiSe jako o rezerve.

KOLEKTOR VACLAVSKE NAMESTI = OPRAVA TRASY C

Sdruzeni MENASU (Metrostav, Navatyp a Subterra) pokracuje
v opravé trasy C.

Metrostav dokoncil razbu 1. 1avky a pokracuje v razbé lavky druhé,
kde vyrazil jiz cca 100 metru.

Vedle toho provedlo Zakladani staveb stabilizaci horniny pro razbu
8 pripojek k jednotlivym objektum vetné atypické piipojky pro pro-
pojeni kolektoru C se stdvajicim kolektorem JindfiSskd — Vodickova.
Nisledné zacal Metrostav provadét razbu vlastnich pripojek, kterych
je v soucasné dobé vyrazeno pet.

Zacalo také hloubeni stavebni jdmy pro budouci napojeni stdvaji-
cich vodovodnich fada do nové budované kolektorové sité a probihd
odkryti stropnich panelt pro demontdZ zbytku pivodnich vodovod-
nich fadu z kolektoru.

Subterra dokoncila veskeré razby a pripojky k jednotlivym objek-
tum. V soucasné dobé probihd betonaz dna a boku pripojek.

g
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Stavba €. 9646
Kolektor Centrum 1 A
etapa 0004 Vodfkova,
Praha

ol - TR EMAITHL

CENA ABF — NADACE PRO ROZVOJ ARCHITEKTURY
A STAVITELSTVI

Stavba ¢. 9646 Kolektor Centrum IA, etapa 0004 Vodickova ul.
Praha ziskala cenu Nadace pro rozvoj architektury a stavitelstvi ABF
za rok 2008 za progresivni feSeni technické infrastruktury. Cena byla
udélena za pouZitou inovaci a uplatnénou technologii (viz obr.).

ING. BORIS S'EBEST:A, sebesta@metrostav.cz,
ING. SONA POKORNA, s.pokorna@ subterra.cz

SLOVENSKA REPUBLIKA
TUNEL BORIK

Tunel Borik s dizkou takmer 1 km na prvej etape dseku dialnice
D1 Mengusovce—Jdnovce sa nachddza vo findlnej fdze stavebnych
prac v samotnom tuneli. Po ukonéeni betondze sekunddrneho ostenia
a vybudovani chodnikov a kdblovych trds by stavebné prace v tuneli
mali byt ukoncené vystavbou vozovky s cementobeténovym krytom
a montdzou potrubia poziarneho vodovodu a tiezZ vybudovanim tech-
nologickych centrdl pred tunelovymi portdlmi. Prace v tuneli by mali
pokracovat’ montdzami technologického vybavenia, ktoré bude

Tuel

a bench with a bottom. The excavation will be supported by lattice girders and
300mm thick shotcrete lining reinforced by two layers of KARI mesh. The
tying of the surrounding rock mass will be carried out by means of rock bolts
expanded by pressurised water and groutable anchors. The top
heading is protected by dowels and, if necessary, the excavation face is also
anchored.

On the other hand, the Radej¢in tunnel is still waiting for its opportunity
having the form of the issuance of the building permit (possibly 2Q/09) and the
form of the commencement of excavation (possibly in the middle of the year).
The progress which has been recorded is thus reflected only in the performan-
ce of a supplementary geological survey, which will be finished at the end of
2008, and the work on the detailed design, which will be completed at the
beginning of 2009.

KARVINA SEWERAGE; MICROTUNNELLING

The microtunnelling in the Darkov, Alfa and CA2 Interceptor Sewer secti-
ons of the Karvind Sewerage Project has successfully continued.

The ALFA section has been finished. During the previous months, manho-
les were provided with a final lining and related tests were conducted.

A new microtunnelling set for DN 300mm profiles (vitrified clay) was dep-
loyed on the Darkov and R4;j sections. The machine for DN 400mm (also vit-
rified clay) will continue to work.

In the CA2 Interceptor Sewer section, the work is in progress ahead of the
schedule, using an Iseki TCC 1400 ID machine, which jacks Hobas DN
1400mm glassfibre reinforced plastic pipes. The longest jacked section was
189m long. By jacking this section without an intermediate jacking station
Subterra a. s. improved its own Czech record. The work has proceeded so
successfully that another machine, which had been counted with rather as
a reserve, probably will not be necessary.

THE WENCESLAS SQUARE UTILITY TUNNEL - REPAIR
TO THE C ROUTE

MENASU consortium (Metrostav, Navatyp and Subterra) has continued
with the repair to the C route.

Metrostav a. s. completed the excavation of the 1t bench and further conti-
nues to excavate the 2nd bench, where about 100m of the excavation have been
completed.

Apart from this work, Zakldddn{ Staveb a. s. has completed the stabilisation
of the rock mass along the routes of all 8 branches connecting to individual
buildings, including the stabilisation for an atypical branch which will conne-
ct the C utility tunnel with the existing Jindrisskd — Vodi¢kova utility tunnel.
Metrostav started to excavate the connection branches in the stabilised ground;
the excavation of five of them has been finished till now.

The excavation of the construction trench for the future connection of exis-
ting water mains to the newly built network of utility tunnels has also started;
the uncovering of roof panels is in progress, to allow the removal of remnants
of water pipelines from the utility tunnel.

Subterra a. s. completed all excavation operations and construction of con-
nection branches to individual buildings.

At the moment, the bottom and side walls of the connection branches are
being cast.

ABF PRIZE AWARD

The Architecture and Building Foundation (ABF) awarded the ABF Price
2008 for a progressive engineering infrastructure design to construction lot No.
9646 — The Centrum Utility Tunnel — stage 0004 Vodickova Street. The prize
was awarded for the applied innovation and used technology (see Fig.).

ING. BORIS sEBESTfi, sebesta@metrostav.cz,
ING. SONA POKORNA, s.pokorna@subterra.cz

THE SLOVAK REPUBLIC
THE BORIK TUNNEL

The nearly 1km long Borik tunnel, at the first stage of the Mengusovce —
Jdnovce section of the D1 motorway, is found in the final phase of constructi-
on work inside the tunnel itself. After completion of the casting of the secon-
dary lining and after the construction of walkways and cableways, the con-
struction work inside the tunnel should be finalised by the construction of the
roadway with concrete surface, installation of the hydrant line and constructi-
on of equipment control centres in front of tunnel portals. The work on the tun-
nel should continue by the installation equipment, which will be provided by
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zabezpecovat’ spolo¢nost PPA Controll, a. s., ktord sa stala vitazom
verejnej sdtaze. Prvd etapa dseku Mengusovce—Janovce po mimou-
roviiovi krizovatku s cestou I/18 medzi Popradom a Svitom, vratane
tunela Borik, mala byt podla harmonogramu ukoncend a odovzdana
v aprili 2009, tento termin ale nebude pravdepodobne mdct byt do-
drzany.

PPP PROJEKTY NA VYSTAVBU DIALNIC
A RYCHLOSTNYCH KOMUNIKACII

StutaZe na projekty verejno-sikromného partnerstva (PPP projekty)
na vystavbu a prevadzku tsekov dialhic a rychlostnych komunikécif
v priebehu leta a jesene 2008 pokracovali na vSetkych 3 pripravova-
nych balikoch. Sutazné terminy na prvy balik dialhice DI s tunelmi
Rojkov, Havran, Cebrat a Sibenik boli posunuté na zaciatok roku
2009, ¢o umozni skompletovanie podkladov napriklad o vysledky
podrobného geotechnického prieskumu na tseku Turany—Hubova.
Sutaziacimi na prvy balik dialnice D1 sd dve konzorcia:
Skanska—Vinci a Bouygues—Doprastav—Vahostav SK-Colas—Inter-
toll-Mota Engil.

V druhom baliku PPP projektov st useky dialhice D1 Hri¢ovské
Podhradie-Lietavska Lucka, Lietavska Lﬁéka—\]ﬁﬁové, Lietavska
Licka—Zilina a Vistiové—Dubna Skala v celkovej dlZke zhruba 29 kilo-
metrov, vratane tunelov ViSnové, Zilina a Ov¢iarsko. V letnych mesi-
acoch prebehla pre druhy balik dialnice D1 predkvalifikdcia, z ktorej
boli do dalSej sita’e vybrané konzorcid Skanska—Vinci,
Hochtief—Alpine a Strabag—Porr.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt.sk
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PPA Control, a.s., which won the public competition. The first stage of the
Mengusovce — Janovce section, ending at the grade-separated intersection with
the road I/18 between Poprad and Svit, including the Borik tunnel, should be
completed and handed over to the client in April 2009, in compliance with the
contractual schedule; however, it will be probably impossible to meet this
deadline.

PPP MOTORWAY AND EXPRESSWAY PROJECTS

The tendering for PPP projects for construction and maintenance of motor-
way and expressway sections continued during the summer and autumn on all
3 construction packages being prepared. The tender deadlines for the first pac-
kage of the D1 motorway, containing the Rojkov, Havran, Cebrat'and Sibenik
tunnels, were shifted to the beginning of 2009, which will make the comple-
tion of the documents possible, by supplementing, for example, a detailed
geotechnical survey for the Turany — Hubova section. Two consortia take part
in the competition for the first package of the D1 motorway, namely the
Skanska — Vinci and Bouygues - Doprastav — Védhostav SK - Colas — Intertoll
— Mota Engil.

The second package of PPP projects contains the Hricovské Podhradie -
Lietavskd Liicka, Lietavskd Liicka - Visfové, Lietavskd Liicka - Zilina and
Visnové - Dubnd Skala sections of the D1 motorway, at the total length of
about 29km, including the Vishové, Zilina and Ov&iarsko tunnels. The pre-
qualification for the second package of the D1 motorway was conducted in the
summer of 2008. The consortia Skanska — Vinci, Hochtief — Alpine and
Strabag — Porr consortia have prequalified for the subsequent competition.

ING. MILOSLAV FRANKOVSKY, frankovsky@terraprojekt.sk

SPRAVODAJ SLOVENSKEJ TUNELARSKEJ ASOCIACIE
SLOVAK TUNNELLING ASSOCIATION ITA/AITES REPORTS

www.sta-ita-aites.sk

ZACALA SA MEDIALNA KAMPAN SLOVENSKEJ TUNELARSKEJ ASOCIACIE

POD HESLOM TUNELY SU POTREBNE

MEDIA CAMPAIGN OF THE SLOVAK TUNNELLING ASSOCIATION STARTED UNDER

THE SLOGAN: TUNNELS ARE NECESSARY

One of the main objectives of the Slovak Tunnelling Association is
to improve the public perception of tunnels, thus to influence the admi-
nistrative bodies which make decisions regarding tunnel constructions.
For that reason, the STA has prepared a media campaign having an aim
of calling attention to the long-running postponing of construction of
complex sections of motorways containing tunnels.

The first stage of the campaign comprises, for example, the additi-
on of the STA web page www.tunelysupotrebne.sk to the STA web
address or the installation of billboards along the I/18 road in the loca-
tion of Stre¢no. The billboards call attention to the fact that this extre-
mely busy section of the road, between Zilina and Vriitky, could have
been replaced by the Visnové tunnel if the original construction pro-
gram had been adhered to.

Jednym z hlavnych cielov Slovenskej tuneldrskej asocidcie potvrde-
nych aj zdvermi jej Valného zhromaZdenia konaného v decembri 2007
je zlepSenie vnimania tunelov v o€iach verejnosti, a tym aj ovplyvne-
nie ,,prijimatelov rozhodnuti“. UZ v marci tohto roku sa zacala aktiv-
na priprava medidlnej kampane s cielom nielen zlepSit’ vnimanie
vystavby a prevadzky tunelov verejnostou, ale tieZ prostrednictvom
médii upozornit' na dlhodobé odkladanie vystavby naro¢nych tdsekov
dialnic, na ktorych sa nachddzaji tunely. Stanoveny ciel je naro¢ny,
preto si pre tito aktivitu vybrala STA profesiondlneho partnera, medi-
dlnu agentiru — spoloénost WEBSTER. Po niekolkych mesiacoch pri-
prav bola 13. 10. 2008 zacatd prva cast kampane, ktorej heslo je
,»Tunely s potrebné“. Kampan v prvej etape pozostdva z kompletnej
zmeny webovej stranky STA a doplnenia web adresy STA
o www.tunelysupotrebne.sk. Na ceste I/18 v lokalite Strecno je osade-
ny rad bilboardov, ktoré upozorniuju, Ze tento extrémne dopravne zata-
7eny tsek cesty medzi Zilinou a Vritkami uz mohol byt nahradeny

Obr. Bilboard u cesty medzi Zilinou a Vrzitkamj
Fig. A billboard on a side of the road between Zilina and Vriitky

tunelom Visfiové, keby sa postupovalo podla pdvodnych plinov
vystavby. STA bude nasledne vydavat tlacové spravy so zaujimavymi
témami, tykajticimi sa najmé pripravovanych tunelov na dialnici D1
v tseku Hricovské Podhradie—KoSice. Do konca kalenddrneho roka sa
predpokladd vyhodnotenie prvej etapy medidlnej kampane
a rozhodnutie o dal$ich krokoch.

ING. VIKTORIA CHOMOVA, &lenka Komitétu STA ITA-AITES
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TUNELARSKY SEMINAR ,SEKUNDARNE OSTENIE TUNELA BORIK" V GERLACHOVE
TUNNELLING SEMINAR “SECONDARY LINING OF THE BORIK TUNNEL" IN GERLACHOVO

The Seminar — a working meeting of tunnelling professionals
from the STA member organisations — took place on 23rd October
2008 in Gerlachovo, the Slovak Republic. The topic of the seminar
was “Secondary lining of the Borik tunnel®. In addition to the con-
struction of the Borik tunnel, the experience from the installation of
secondary liners in other motorway tunnels was discussed.

Dna 23. oktébra 2008 sa v hoteli Hubert v Gerlachove uskuto¢nil
Semindr — pracovné stretnutie tuneldrskych odbornikov z ¢lenskych
organizdcii STA a ich hosti. Pracovné stretnutia takéhoto charakteru
sa konaji vzdy v znameni urcitej témy. Témou tohtorocného stret-
nutia bolo ,,Sekunddrne ostenie tunela Borik*, pri¢om okrem
poznatkov z realizdcie tunela Borik boli diskutované aj skiisenosti
so sekunddrnym ostenim ostatnych dialni¢nych tunelov. Seminar

bol usporiadany STA v spoluprdci s firmou Tubau, a. s., pod patro-
ndtom jej generdlneho riaditela Ing. Jozefa Hrica.

V rdmci semindru boli prednesené Styri samostatné prednasky na
témy:

* Realizacnd projektovd dokumentidcia sekunddrneho ostenia
tunela, predndSajici Ing. Roébert Zwilling, Basler&Hofmann
Slovakia s. r. 0.

* Poziarna odolnost’beténu sekunddrneho ostenia tunela, predna-
Sajuci Ing. Petr Herka, Krampe CZ spol. s 1. 0.

e Zariadenia na debnenie sekunddrneho ostenia tunela, predna-
Sajuci Ing. Peter Fekete, Porta s. r. o.

e Skusenosti z vystavby sekunddrneho ostenia tunelov Branis-
ko, Horelica, Sitina a Borik, prednéSajici Ing. Miroslav Zék,

Tubau a. s.

Najvicsiu odozvu mala druhd prednds-
ka poziarna odolnost’ beténu s poly-
propylénovymi vlaknami, ku ktorej bola
aj najzivsia diskusia. Po prefabrikova-
nych segmentoch s polypropylénovymi
vldknami pre tunely metra vo Viedni
a v Budapesti tspeSne vyrdbanych na
Slovensku, je tunel Borik prvy tunel na
Slovensku, kde boli pouzité polypropylé-
nové vldkna do beténu sekunddrneho
ostenia. Firma Tubau a. s. zvladla techno-
logické problémy pri aplikacii polypro-
pylénovych vldkien do monolitického
beténu ostenia bez vacsich tazkosti.
Pouzitie tychto vldkien prispelo tiez
k obmedzeniu tvorby trhlin v beténe,
hlavne typickych zvislych trhlin v strede
bloku v jeho spodnej Casti.

Stcastou semindra bola aj technickd
exkurzia v tuneli Borik, v ktorom sa
dokoncovali posledné prace pre staveb-
nu pripravenost’ betondze vozovky.

Semindru sa zucastnilo 36 0s6b z
tuneldrskeho odvetvia zo Slovenska

Obr. Ucastnici semindru na zdpadnom portdli tunela Borik
Fig. Attendees of the seminar at the western portal of the Borik tunnel

a Ceskej republiky.
ING. DUSAN SVAJDA, TUBAU, a. s.

ZPRAVODAJSTViI CESKEHO TUNELARSKEHO KOMITETU ITA-AITES
CZECH TUNNELLING COMMITTEE ITA-AITES REPORTS
wwWw.ita-aites.cz

MEZINARODNI KONFERENCE PODZEMNI STAVBY PRAHA 2010

DOPRAVNI A MESTSKE TUNELY

INTERNATIONAL CONFERENCE UNDERGROUND CONSTRUCTION 2010, PRAGUE TRANSPORTATION

TUNNELS AND URBAN TUNNELS

The ITA-AITES Czech Tunnelling Association has started to prepare
the 11th International Conference Underground Construction 2010,
Prague, which will be held from 14th to 16th June 2010 in the capital of
the Czech Republic, Prague. The ITA-AITES Slovak Tunnelling
Association also co-operates on the preparation of the conference.

The conference programme being prepared comprises two-day
negotiations in sections, technical and poster exhibition. A technical
excursion to a tunnel construction in progress will take place on the
third day. The conference programme will certainly reflect the increa-
sed amount of tunnel constructions in both the Czech and Slovak
Republics.

Conference topics:
- Design and implementation of underground structures — conventi-
onal tunnelling and cut-and-cover tunnels

- Design and implementation of underground structures — mechani-
sed tunnelling
- Geotechnical survey, monitoring and risk management
- Modelling of underground structures
- Underground structures - equipment, safety and maintenance
- Underground constructions - contractual relationships, funding
and insurance
The CzTA wishes for the Prague conference to become every three
years a forum for tunnel construction professionals from Central
and Eastern Europe. It will, therefore, strive for as high turn-out as
possible, not only from neighbouring states but also from Balkan
countries and Russia.

Information on the conference being prepared is available on

wWww.ita-aites.cz.
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Ceské tunelafskd asociace ITA-AITES zahdjila pfipravu 11.
Mezinarodni konference Podzemni stavby Praha 2010, kterd se
uskute¢ni ve dnech 14. az 16. ¢ervna 2010 v Praze, hlavnim mésté
Ceské republiky. Na pfipravé konference spolupracuje i Slovenskd
tuneldrskd asociace ITA-AITES.

Pripravovany program konference zahrnuje dvoudenni jednani v
sekcich, odbornou a posterovou vystavu. Treti den dopoledne probéh-
ne technickd exkurze na rozestavénou tunelovou stavbu.

Chceme, aby ndpln konference odrazila svétové i evropské zkuse-
nosti s pripravou i realizaci silni¢nich, Zelezni¢nich a méstskych pod-
zemnich staveb, zvlasteé pak zkuSenosti z mechanizovanych raZzeb
pomoci $titu a ze staveb dlouhych Zelezni¢nich tuneld.

V programu konference se jisté projevi ndrast objemu tunelovych
staveb v Ceské i Slovenské republice.

Chtéli bychom, aby se prazskd konference stala jednou za tfi roky
forem pro tunelarské odborniky ze stiedni a vychodni Evropy.
Proto budeme usilovat o co nejvétsi dcast nejen ze sousednich stdtu,
ale i z balkdnskych zemi a z Ruska.

Touto cestou bychom chtéli pozadat vSechny ¢leny CzTA i STA,
aby aktivné spolupracovali s piipravnym vyborem a vyuZili své zahra-
konference. V této souvislosti je dulezité, Ze prednasejici budou moci
predndset nejen v angli¢tiné, ¢estin€ a slovensting, ale pokud dodaji
svou prezentaci predem v angliétiné, tak budou moci hovorit
i némecky a rusky.

Pripravny vybor konference:

Predseda:

Ing. Alexandr Butovic¢, Ph.D. SATRA, spol. s 1. 0.
Clenové:

Ing. Miroslav Frankovsky STA

Ing. Otakar Hasik
Doc. Ing. Matous Hilar, Ph.D.

METROPROIJEKT Praha a. s.
D2 Consult Prague, s. . 0.

2. TUNELARSKE ODPOLEDNE
2. TUNNELLERS’ AFTERNOON MEETING

The ITA-AITES Czech tunnelling Association held the already
second Tunnellers’ Afternoon Meeting on 15th October. The discus-
sion was focused on the experience obtained during the operation of
motorway tunnels in the Czech Republic and the construction of the
Komorany and Slivenec tunnels on the Prague City Ring Road. In
the morning, before the afternoon meeting, an excursion to the
above-mentioned tunnels was organised. Because these half-day
seminars have attracted great interest among Czech professionals,
the CzTA is going to organise four Tunnellers’ Afternoon Meetings,
which will be dedicated to other tunnel constructions in the Czech
Republic.

Ve stredu 15. fijna 2008 probehlo 2. tuneldfské odpoledne na téma
ZkuSenosti z provozu délni¢nich tuneli a vystavba tunelu 513
Komorany a 514 Slivenec na Silni¢nim okruhu kolem Prahy
(SOKP). Odpoledniho semindie se zicastnilo pres 80 posluchacu
véetné byvalého ministra dopravy a spoju Ing. Jaromira Schlinga.

Cely program byl ¢asove zna¢né ndro¢ny, prednaskdm predcha-
zela dopoledni exkurze na obou stavbach. Zajimavé bylo okamzité
srovndni odli$nych technickych feseni, odliSného pfistupu zhotovi-
teli ke stejnym Cdstem konstrukce, napf. k podkladu pod izolaci,
pocvé tunelu, zdkladovym patkdm a pateénim drendZzim, k vyztuzi
definitivniho osténi, postupu betonaZe tunel a propojek atd. Ucast-
nili se i uZivatelé a projektanti technologickych zafizeni, kterym se
na rozestavéné stavbé odkryly nékteré souvislosti s budoucim defi-
nitivnim stavem.

Po pifjemném polednim obcerstveni zaCaly vlastni predndsky pre-
zentacemi zdstupci RSD o zkuSenostech z provozu. DluZno fici, Ze
zejména piedndsky o elektro ¢dstech Ing. Miroslava Koldy z firmy
SPELL, p. Miloslava Boucka z RSD a Ing. Véclava Misdrka
z Metroprojektu nerekly mnoho o zkuSenostech z provozovani, ale
spiSe detailné a odborné popisovaly proces projektovani technolo-
gického vybaveni tunelt.

Velmi zajimavé a dobfe obrazem provdzené byly piedndSky
Ing. Radko Jilemnického (RSD) o kanalizaci, drendZich a poZarnim
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vodovodu vcetné videa z kamerovych prohlidek drendZzi na jiz
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Doc. Ing. Vladimir Horak, CSc. VUT Bmo
Ing. Libor Marik IKP Consulting Engineers, s. 1. 0.
Ing. Miloslav Novotny CzTA ITA-AITES

Hana Tesaiikova GUARANT International, spol. s r. 0.
Doc. Dr. Ing. Jan Pruska FS — CVUT, katedra geotechniky
Ing. Karel Rossler, Ph.D. METROSTAY, a. s.

Doc. Ing. Alexandr Rozsypal, CSc. SG-Geotechnika, a. s.

Ing. Jiti Smolik SUBTERRA, a. s.

Ing. Martin Srb D2 Conzult CZ

Doc. Ing. Richard Stiupérek, CSc.  Ustav geoniky AV CR, v. v. 1.
Ing. Jaromir Zldmal POHL cz, a. s.

Témata konference:
1. Navrhovani a realizace podzemnich staveb — konven¢ni tunelo-

vani a hloubené tunely

.Navrhovdni a realizace podzemnich staveb — mechanizované
tunelovan{

. Geotechnicky pruzkum, monitoring a fizenf rizik

. Modelovani podzemnich staveb

. Vybaveni, bezpe¢nost a udrzba podzemnich staveb

. Smluvn{ vztahy, financovani a pojisténi podzemnich staveb

\S)
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Doufdme, Ze program konference pfinese mnoho zajimavych infor-
maci, umoZni ziskani novych kontaktu, a jsme presvédeeni, Ze Ceska
republika a jeji hlavni mésto Praha, kterd byla poradatelskym méstem
ITA-AITES WTC 2007, zaujme i tentokrdt Gcastniky konference
Podzemni stavby 2010 svou atmosférou i krasou.

Informace o pfipravované konferenci naleznete na www.ita-aites.cz.

ING. MILOSLAV NOYQTNY , ita-aites @metrostav.cz,
sekretdr CESKE TUNELARSKE ASOCIACE ITA-AITES

provozovanych tunelech Panenskd a Libouchec na ddlnici D8.
Stejné zajimavd byla shrnujici pfednadka Ing. Alese Lébla (RSD)
0 zkuSebnim provozu tuneli na D8 a nejnovéji i tunelu Klimkovice
se zpravami o vzniklych problémech a feSenich v komisich véetné
videa havdrii a pozédra v tunelu a statistiky mimorddnych udélosti.

Nisledovaly dvé obecnéj§i predndSky. Ing. Jifi Svoboda
z Pragoprojektu, a. s., predstavil v kréitkosti v§echny stavby SOKP
z pohledu koordindtora staveb na okruhu, jejich historii i problémy
z projednévani. U vétSiny dseka byly ukdzény jejich velmi ndzorné
vizualizace. Ing. Otakar Hasik a Ing. Miroslav Novdk
z Metroprojektu Praha, a. s., pohovorili o nékterych aspektech pro-
jektovani ddlni¢nich tuneld i tunela stavby 514, o trasovéni, pra-
zkumnych $toldch, ocenovéni razby, nadvyrubu, rozdéleni rizik,
vyvoji intenzit dopravy a vétrani.

Pak jiz byly predndsky o provddéni stavby tunelu SOKP 514 zho-
tovitele Hochtief. Ing. Ladislav Stefan poutavé piedstavil geologic-
ké podminky Barrandienu, statigrafii, zastizené horniny na fotogra-
fifich s ,,tuneldfskou poezii“ barevnych zvrdsnénych Celeb, zpusob
rozpojovani, predpoklad rozsahu tfid vyrubu podle zadani
a skute¢nost, vyhody pouziti receptury strikaného betonu s pouzitim
cementu Karsdorf dovazeného z Némecka, zpusob feeni zdvalu na
dvoupruhovém tunelu, ktery nastésti nebyl tak medializovdn, jako
propad ve Stromovce na tunelu Blanka. Zminil také neocekdvané
problémy s vlivem na zdstavbu (deformace, hluk). Velmi zajimava
byla predndska Dipl.-Ing. Gottlieba Blazka, ve které sezndmil pri-
tomné s nékterymi finesami pfi provadéni tunelu, které ziskal lety
svého pusobeni na stavbach v Némecku, a které byly ¢dste¢né pou-
Zity na tunelu SOKP 514. Jednalo se o tvar vyklenku, niky
a kabelové chranicky, zdkladni staticky model definitivniho ostén{
a systém vyztuze definitivniho osténi, oSetfeni definitivniho ostén{
klimatickym vozem a omezen{ zanaSeni drendZi. Ing. Jakub Bohatka
z SG-Geotechniky vybral z geomonitoringu nejzajimavéjsi tdaje
deformaci, geologie a vliv $toly na zatfidéni horniny. Potvrdil téz
zajimavou zkuSenost zhotovitele o vysoké zvukové vodivosti
kosovskych vrstev prazského siluru.
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Obr. 1 Bednéni propojky v tunelu Komorany
Fig. 1 Formwork for a cross passage in the Komorany tunnel

V dals{ hlavni ¢asti programu Ing. Libor Marik z IKP Consulting
Engineers hovofil o projektovdani RDS a provddéni stavby tunela
SOKP 513. Jednalo se hlavné o zmény tvaru a zpusobu zajistén{
komoranského portédlu, zjednoduSeni vétractho objektu Nouzov,
popis geotechnickych podminek pfi razbé, vyhody spojené s dosud
v CR ojedinélym nakldpénim tuneli podle pfi¢ného sklonu vozov-
ky, zjednoduseni dispozi¢niho feSeni a sjednoceni tvard vyklenka,
popis vyhod umisténi potrubi pozdrniho vodovodu do chodniku
v kontextu s havdrii na provozovaném tunelu Panenskd a ndvrhem
zajistén{ jeho ochrany proti promrzani pouZivané v alpskych tune-
lech. Zastupci zhotovitele ze Skansky BS, a. s., se bohuzel omluvi-
li pro nemoc a ¢asové zaneprazdnéni.

Zavér jiz patfil Ing. Petru Svobodovi z firmy D2 Consult Prague,
S. I. 0., ktery mél nejtézsi dlohu v tom, Ze mnoho jiZ bylo fe¢eno.
Presto zaujaly dalsi zajimavosti a zkuSenosti konzultanta objednate-
le (investora) z jednotlivych fazi pfipravy, provadéni a procesu

EXKURZE NA STAVBU METRA V BUDAPESTI

Obr. 2 Uéastnici exkurze pied portdlem tunelu Slivenec
Fig. 2 Attendees of the excursion in front of the Slivenec tunnel portal

zmén v prubéhu projektovdni i realizace tuneli. Vzhledem
k pusobeni firmy na obou tunelovych stavbich mohlo byt
v predné3ce provedeno porovndni prijaté koncepce obou projektu,
coZ prineslo nékterd zajimavé témata k diskusi.

Nékdy ponékud jiskiici diskusi v zavére¢né pulhodiné, kterd pro-
bihala jiz ve vecernich hodindch za tcasti je§té nejméné 40 poslu-
chalu, usmérnila osobnost prof. Jifiho Bartdka, ktery cely program
fidil a v zaveru téZ zasvécené komentoval.

Kazdému z udcastnika prinesl celodenni program jist€ nové
zkuSenosti a roz§ifil jeho pohled na dané téma. Sekretdai CzTA
Ing. Miloslav Novotny v zdvéru slibil, Ze v priStich ¢tyfech tune-
larskych odpolednich, kterd chce CzTA v roce 2009 pfipravit, bude
diskusi vénovéno vice Casu.

ING. OTAKAR HASIK, hasik@metroprojekt.cz,
METROPROJEKT PRAHA, a. s.

EXKURSION TO METRO CONSTRUCTION IN BUDAPEST

Members of the Editorial Board of Tunel magazine, together with
other representatives of the CzTA and STA member organisations,
visited the Metro construction in Budapest on Friday the 3rd October
2008. In the construction information centre, they got acquainted
with the design of running tunnels, which are mostly driven by
EPBSs. Then they visited a starting shaft and a shaft on the Danube
River embankment near Hotel Gellert.

Vyjezdni zaseddn{ redakéni rady Casopisu Tunel probéhlo ve tvrtek
2. fijna 2008 v Senci u Bratislavy v hotelovém zafizeni firmy
Doprastav, a. s. Nasledujicf den, tj. v patek 3. 10. 2008, se uskutecnila

exkurze na stavbu metra v Budapesti. Ugast na exkurzi byla umozné-
na i zdstupcum &lenskych organizaci CzTA a STA, takZe se ji celkem
ztcastnilo 30 osob.

Investorem metra je DBR Metro Project Directorate, coZ je buda-
pestskd obdoba prazského Dopravniho podniku. Systém dodavatela
je sloZity a to je moZnd jednou z pri¢in velkych problému na stavbeé,
které vydstily az v zastaveni praci dodavatelem nejvétsiho objemu
praci, kterym je sdruzeni BAMCO.

Mimo BAMCO, které stavi ¢dst 02, je na stavbé dalSich 9 samo-
statnych dodavatelu. Protoze BAMCO neni dodavatelem jednotli-
vych stanic (vSechny jsou hloubené) a nékteré z nich nebyly vcas

Obr. 1 Usti tratbvého tunelu ve startovaci Sachté na ndmésti Etele
Fig. 1 The mouth of a running tunnel in the starting shaft in Etele Square

Obr. 2 Rozpérné ramy jamy pro stanici Gellert
Fig. 2 Bracing frames in the construction trench for Gellert Station



Obr. 3 RaZend cast stanice Gellert
Fig. 3 Mined part of Gellert Station

pripravené, uplatnilo néklady na prostoje a dalsi viceprace u inves-
tora. Spor se nakonec fe§il u mezindrodni arbitrdZe, kterou investor
prohrél, nicméné i naddle odmital vicendklady zaplatit. Proto
BAMCO nakonec préci zastavilo.

Sdruzeni BAMCO Tunel and Metro Construction Unlimited
Partnership tvori firmy:

— VINCI (odpovidd za technickou oblast);

— STRABAG AG (odpovida za finanén{ oblast);

— STRABAG International GmbH;

— STRABAG Zrt.;

~ HIDEPITO Zrt.

Hlavni ¢asti dodavky sdruzeni BAMCO je 2 x 7,3 km tratovych
tuneld veetné 13 jejich bezpenostnich propojek. Prace na &dsti 02
byly zahdjeny 7. 2. 2006 a mély byt dokonceny 30. 10. 2008 za cenu
207 4 mil. eur (posledni dva tdaje dodrZeny nebudou).

Vétsina tratovych tunelu je jednokolejnd a razi se dvéma zemino-
vymi (EPB) §tity o priméru 6,1 m. JednoplaStové segmentové osté-
ni s t€snicimi pasky proti priniku vody ma tloustku 300 mm a je
tvofeno 6 segmenty véetné zdvérecného klendku (5+1). Délka jed-
noho prstence segmentového ostén{ je 1500 mm a md vnitini pramér
5200 mm. Segmenty pro stavbu vyrdbi slovenskd firma ZIPP
v Seredi a doddvd je na stavbu na ocelovém rdmu, na kterém jsou
vzdy uloZeny segmenty pro jeden prstenec. Na tomto rdmu jsou seg-
menty spustény portdlovym jerdbem do Sachty na tizkokolejny vlak,
kterym jsou dovezeny ke Stitu k montdzi.

Pomoci NRTM se razi propojky, nutny rozsah dvojkolejnych
tuneld a nékteré &asti stanic. Profily razené NRTM se pohybuji od
12 do 135 m2, primdrni osténi ze stifkaného betonu ma tloustku
20 az 40 cm a tloustka monolitického definitivniho osténi je 30 az
50 cm, vyjimeéné az 80 cm. Jako hydroizolace je pouZzita félie
Sikaplan tl. 3 mm. Stanice jsou obecné hloubeny pomoci mildn-
skych stén.

Exkurzi pomohl zajistit pan Christian Sprenger a podrobny vyklad
o &asti 02 probéhl v informacnim centru stavby. Pak si dlastnici
exkurze prohlédli provozni zafizeni stavenisté u startovaci Sachty na
namésti Etele, vlastni Sachtu a tsek hotovych tratovych tuneld od
Sachty k prvni propojce, kterd je pripravena pro instalaci bednéni.
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Obr. 4 Uéastnici exkurze ve vyrazeném staniénim tunelu stanice Gellert
Fig. 4 Participants in the excursion in the completely excavated tunnel for
Gellert Station

Pazend jama pro hloubenou stanici Gellert, kterou dcastnici nav-
Stivili nasledné, vynikd impozantnimi Zelezobetonovymi rozpérny-
mi ramy, coZ pri hloubce 31 m a pfi umisténi pfimo na ndbrezi
Dunaje neprekvapuje. Velmi ndrolnd byla NRTM razba trojlodni
Cdsti stanice z této jamy. Jak jiz bylo zminéno, nedostatek prostoru
na povrchu nedovolil vyhloubit jdmu pro celou délku stanice.
Nejprve byly vyraZeny dvé Stoly pro pilite, ndsledné byly vybeto-
novdny pilife a vyraZeny tfi paralelni tunely. Ddle stanice zahrnuje
razené ventila¢ni Stoly a jimku pro sbér a erpani vody. V &asti raze-
ného stani¢niho tunelu se tcastnici exkurze vyfotografovali (obr. 4).

Za zajisténi exkurze patfi dik Ing. Liborovi Mafikovi. Vice infor-
maci o dané stavbé lze nalézt na: www.metro4.hu

ING. MILOSLAV NQVOTNY, jtg-aitgs@metrostav.cz, sekretdr
CESKE TUNELARSKE ASOCIACE ITA-AITES

ZPEVNOVANI, TESNENI A KOTVENI HORNINOVEHO MASIVU A STAVEBNICH KONSTRUKCI 2009
14™ ANNUAL INTERNATIONAL SEMINAR “STABILISATION, SEALING AND ANCHORING OF ROCK MASS,

AND CIVIL ENGINEERING STRUCTURES 2009

The 14th annual international seminar will be held in Ostrava on
19th and 20th February 2009. The seminar will be focused on stabi-
lisation, sealing and anchoring of rock mass and civil engineering
structures. It will be hosted, traditionally, by the Department of
Geotechnics and Underground Engineering of the University of
Mining — Technical University in Ostrava and Minova s.r.o. For
more information it is possible to refer to Mrs. Hana Sedlarova
(hana.sedlarova@vsb.cz).

V Ostravé se bude konat 19. a 20. dnora 2009 jiz 14. ro¢nik
mezindrodniho semindre, ktery je zaméfen na zpeviovani, tés-
néni a kotveni horninového masivu a stavebnich konstrukci.
Jeho poradatelem jsou tradi¢né katedra geotechniky a podzem-
niho stavitelstvi Stavebni fakulty Vysoké Skoly banské-
Technické univerzity Ostrava a firma Minova, s. r. 0. Pro dal§{
informace se zdjemci mohou obratit na pani Hanu Sedldfovou
(hana.sedlarova@vsb.cz).





