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SPRAVA ULOZIST
RADIOAKTIVNICH
ODPADU

Nasim ukolem je zajistovat bezpe¢né ukladani
radioaktivnich odpadui, dosud vyprodukovanych

i budoucich, v souladu s pozadavky na jadernou bez-
pecnost, radiacni ochranu ¢lovéka a ochranu Zivot-
niho prostiedi. Provozujeme uloZisté radioaktivnich
odpadu, koordinujeme pFipravy na vystavbu hlubin-
ného uloZisté a kontrolujeme, zda odpady k uloZeni
spliiuji normy stanovené Statnim uradem pro jader-
nou bezpecnost. Starame se o bezpe¢nou budoucnost.

T

Hlubinné GloZisté je sofistikované technologické
zafizeni, kde ma byt natrvalo uloZeno vyhorelé
palivo z jadernych reaktor( a v mensi mie také
vysokoaktivni odpady vznikajici v jaderné energe-
tice, priimyslu, vyzkumu a zdravotnictvi. V Ceské
republice se pocita s jeho umisténim ve vhodném
krystalinickém masivu zhruba 500 metrt pod
zemskym povrchem. Zahéjeni vystavby se planuje
od roku 2050 a zahajeni provozu se dle Koncepce
predpoklada od roku 2065. Do té doby budou
pokracovat jiz zapocaté vyzkumné, prizkumné
a projektové prace a také dialog s verejnosti,

i's vyhledavanim vhodné lokality pro
umisténi GloZisté a s piipravou jeho vystavby.

Mezi dali ¢innosti Spravy dlozist radioaktivnich

¢ radioaktivnich odpadd v CR:
institucionalnich odpadd Richard
G

nich odpadti z jaderné energetiky;

Glozisté Bratrstvi, urcené k ukladani nizko

a stfrednéaktivnich odpadl s obsahem prirod-
nich radionuklidd.

Kromé toho monitorujeme vliv GloZist na okoli,
vedeme evidenci prevzatych radioaktivnich
odpadu a jejich plivodcd. V neposledni fadé
koordinujeme vyzkum a vyvoj v oblasti nakladani
s radioaktivnimi odpady, jejiz nedilnou soucasti je
4 V8 vyzkumna spoluprace a vymé-
ezinarodni drovni.
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Vazeni a mili Ctenarl,

prvni ¢islo letosniho ro¢niku je vénovano dvéma organizacim — projekcni organizaci PUDIS, a.s. a statni organizaci
SURAO.

Projektova, prizkumna a konzultacni spolecnost PUDIS a.s. se jiZ vice nez 50 let podili na feseni silni¢nich, do-
pravnich a vodohospodérskych staveb a s jeji Cinnosti se setkavame u vétSiny dopravnich staveb predevsim v prazské
aglomeraci. Velky rozsah resené problematiky predstavuji tfi prispévky v tomto Cisle, které se zabyvaji dokoncenim
meéstského okruhu v Praze, projektem a IG prizkumem prelozky Radlického potoka a geotechnickym monitoringem
na stavbeé bezbariérového zpristupnéni stanice metra Karlovo ndmésti.

Prevazujici téma ¢lankl v nasSem Casopise predstavuji predevsim jednotlivé tunelové a dalsi podzemni stavby, jejich
priprava a realizace. Pfitom nékdy pro stromy nevidime les a neuvédomujeme si, Ze predmétné stavby jsou soucasti
vétich celki a Sirsiho okolniho prostiedi. Zcela komplexni p¥istup k navrhu souboru dopravnich staveb je predmétem ¢lanku kolegti Sourka,
Merty a Griinwalda, ktery predstavuje urbanisticko-dopravni studii dokonceni méstského okruhu v Praze v useku Pelc-Tyrolka — Libenska
spojka. Zahrnuti urbanistickych a ekologickych hledisek a koordinace s ostatnimi vyznamnymi stavebnimi zaméry v okoli vedlo (vzhledem
k piivodnim navrhiim) ke zvyseni podilu podzemnich ¢asti stavby a k navrhu rozsahlého podzemniho dopravniho komplexu, ktery obsahuje
i netradicni technicka feSeni (patrové usporadani tubust tuneld aj.).

Stétni organizace SURAO (Sprava tiloZist radioaktivnich odpadii) spravuje stavajici tiloZisté nizko a stfedné aktivnich odpad, ale zejména
pripravuje vystavbu findlniho hlubinného dlozisté vysoce radioaktivnich odpadu pro uloZeni vyhorelého jaderného paliva. Zcela mimoradné
pozadavky nadlouhodobou bezpecnostvradu desitek tisic letkladou vysoké naroky nacelou pfipravu, vybéroptimalniho horninového prostiedsi,
pouZiti stavebnich materidlii a technologii i monitoring.

Konstrukce podzemniho uloZisté je zejména u méné informované vefejnosti opfedena riznymi myty a dezinformacemi, a proto je velmi
zajimavy prispévek kolegli Dohnalkové a Augusty, ktery se podrobné vénuje soucasnému stavu feSeni hlubinného tlozisté v Ceské repub-
lice. Z hlediska podzemniho stavitelstvi se jedna o velmi narocny a rozsahly projekt, ktery vSak je plné zvladnutelny soucasnymi technolo-
giemi a materialy.

Prvni ¢islo nového ro¢niku naseho Casopisu mate v rukou. Zajimavé a inspirativni ¢teni vam preje

doc. Ing. RICHARD SNUPAREK, CSc.
¢len redakcni rady

Dear readers,

The first this year’s issue is dedicated to two organisations — the PUDIS designing organisation and the SURAO state organisation.

The design, survey and consultancy company of PUDIS has been participating in solving road, transport and water management projects
for over 50 years; we meet its activities at the majority of transport construction projects, in the first place in the Prague agglomeration. The
large range of the problems being solved is represented in this issue by three papers dealing with the completion of the City Circle Road in
Prague, the design and EG survey for the diversion of the Radlicky Brook and geotechnical monitoring at the construction of the step-less
access to Karlovo Namésti metro station.

The predominant topic of papers in our journal is represented above all by individual tunnel construction and other underground
construction projects, their preparation and implementation. Sometimes we do not see the forest for the trees and do not realise that the
projects in question are parts of larger units and a wider surrounding environment. The completely complex attitude to the design for
a complex of tunnels is the subject of a paper by colleagues Sourek, Merta and Griinwald. The paper represents an urban-traffic study on
the completion of the City Circle Road in Prague, in the Pelc-Tyrolka — Liben Link Road section. The incorporation of urban and ecological
points of view and coordination with other important construction intentions in the surroundings led (with respect to original designs) to an
increase in the proportion of underground parts of the project and to a design for a large underground traffic complex comprising even non-
traditional technical solutions (stacked configuration of tunnel tubes etc.).

The SURAO state organisation (the Radioactive Waste Repository Authority) manages the existing repositories of low- and medium-level
waste, but, first of all, prepares the construction of a final deep repository for high-level radioactive waste for disposal of spent nuclear fuels.
The quite extraordinary requirements for long-term safety in the order of tens of thousands of years put high demands on the selection of
optimum ground environment, the use of building materials, technologies and monitoring.

The structure of an underground repository is, first of all, for the less informed public, surrounded by various myths and disinformation.
For that reason, the paper by colleagues Dohnélkova and Augusta, dedicated in detail to the current state of the solution to a deep repository
in the Czech Republic, is very interesting. From the point of view of the underground construction engineering, it is a very demanding and
large project, which is however fully manageable using currently existing techniques and materials.

The first issue of the new edition of our journal is now in your hands. Interesting and inspiring reading is wished to you by

doc. Ing. RICHARD SNUPAREK, CSc.
Editorial Board Member
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A PRIZNIVCI CASOPISU TUNEL,

plati volné prislovi ,.¢lovék mini a osud méni“. V edi¢nim
planu tohoto ¢asopisu na rok 2020 jsme v tomto Cisle chtéli Cte-
nafe Tunelu informovat o zménach, kterymi nase spolecnost na
sklonku lofiského roku prosla. Po neddvné padesdtce nasi firmy
by ¢lovek cekal klidné proplouvani ,,stfednim vékem®, ale v nasi
spole¢nosti tomu bylo samoziejmé jinak. Chtéli jsme informo-
vat, Ze jsme absolvovali kompletni pfeménu v novou spolec¢nost
s novou identitou, ze v dalSim obdobi tedy budeme pusobit
pod novym nazvem a brandem, ale se stejnym tymem a témer
stejnym managementem. Nakonec v§ak mohu informovat, Zze PUDIS se ne-
prejmenoval, jen loni po mnoha letech opustil lokalitu Hagibor na rozhrani
prazskych ¢tvrti MaleSic a StraSnic, a pfestéhoval se na Prahu 6, do Bubence,
na Podbabu. Mam soucasné radost z toho, Ze PUDIS vyznamné persondlné
posilil o kolegy, které jsme privitali ze sesterské spole¢nosti VPU DECO
PRAHA a.s. Ti k nam pfinesli zkuSenosti jak v oborech, kterymi jsme uz
drive disponovali, tak i v oborech novych, napt. v oblasti geodetickych praci
nebo dozorovani staveb. Vitejte na palubé!

Jakakoliv fize ¢i reorganizace nebo i zména majitele je bezesporu vy-
znamnym zasahem do chodu kazdé firmy. Pokud se de facto slucuji dvé
spolecnosti s velkou tradici a zab¢hlymi a léty osvédcenymi postupy, pak
je tfeba citlivé nastavovat nové postupy a procesy tak, aby byly pokud moz-
no pro vSechny pfijatelné, zaroven efektivni a raciondlni. Urcité neplati jina
zazita fraze ,takto jsme to prece délali vzdycky, tak pro¢ to ménit“. A timto
obdobim nyni prochazime. Pfipadd mi to skoro jako nové partnerstvi, kdy se
dvojice poznava, sZivd a nastavuje si pravidla toho souZiti. Nastésti ale oba
chtéji. V takovou chvili se v Zivoté firmy musi mirné upozadit ekonomické
nebo obchodni cile, a je nezbytné se daleko vénovat tymu. Tym je totiZ ve

firméch naseho oboru jednoznacné to nejcennéjsi, co mame. Bez tymu neza-
bezpecime ani tu nejlukrativnéjsi a nejprestiznéjsi zakazku.

Mém tedy tu pfijemnou povinnost oznamit, Ze do roku 2020 PUDIS a.s.
vstoupil po tzv. pfeméné odstépeni sloucenim. Nachazime se po fizi s vy-
¢lenénou Casti sesterské spolecnosti. Vysledkem je zhruba stopadesaticlen-
ny tym dopravnich projektanti, specialistii geologti, geotechnikil, Zivotniho
prostiedi nebo inZenyringu a majetkopravnich ¢innosti, ale také tym geodetti
a technickych dozort. Pfeménou PUDIS nepfisel o Zadnou dosud 1éty zajis-
tovanou profesi ani odbornost. Tomu jsem velmi rad a dékuji z tohoto mista
vSem svym koleglim, Ze se zminénych zmén nezalekli, a nevyuZili pracov-
nich nabidek konkurence.

Veéfim, Ze do dalSich let PUDIS vstupuje v dobré ekonomické i perso-
stavbami nejen v Praze, ale i v celé Ceské republice. JiZ dnes se podilime na
geotechnickém prizkumu pro budouci metro D, ktery je realizovan formou
prazkumné Stoly. Je to bezpochyby nejvyznamnéjsi brzka tunelova stavba
v Praze. ,,Décko Dame* fekl pan primétor pfi slavnostnim zahajeni priizku-
mu v ¢ervnu loniského roku. My tedy dopliiujeme ,,PUDIS Pfipraven Pomo-
ci, Pane Primatore!*. Soucasné jsme radi, Ze nasSe tymy mohou projektovat
dalsi vyznamné prazské stavby, jako je Radlicka radidla nebo Méstsky okruh
v useku Pelc-Tyrolka — Balabenka. Ob¢ stavby jsou také vyznamné z pohle-
du zékladniho skeletu prazské dopravy. Doufejme, Ze se podafi tyto projekty
vbrzku posunout pres vSechny legislativni piekazky blize k realizaci. Praha
by si to zaslouzila.

Zavérem tohoto Gvodniku velmi dékuji vS§em nasim partnerim za piijem-
nou a pratelskou spolupréci a v§em kolegynim a kolegim v PUDIS a.s. za to,
Ze jsou a Ze tvori kus firemni historie.

Zdat buh!

[ock:
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DEAR READERS AND SUPPORTERS
OF TUNEL JOURNAL,

There is a liberal byword “man means and destiny changes”.
We wanted to inform TUNEL journal readers in this issue about
the changes in the editorial plan of this journal for 2020 that
our company passed at the end of the last year. After the recent
fiftieth anniversary of a firm, one would expect a quiet passage
through the “middle age”; but of course, it was different in our
company. We wanted to inform you that we have undergone a
complete transformation into a new company with a new identity
and that in the new period we will operate under a new name and
brand, but with the same team and nearly the same management. However,
in the end, I can inform you that PUDIS has not been renamed. It only
last year, after many years, abandoned the Hagibor locality on the border
between Prague districts of MaleSice and Strasnice and moved to Prague 6,
Bubenec, Podbaba. At the same time, I am pleased that PUDIS significantly
strengthened its staff by employing our colleagues we welcomed from our
sister company of VPU DECO PRAHA a.s. They brought experience to us
both in the fields we had before and also in new fields, e. g. surveying or
supervising construction sites. Welcome on board!

Any merger or reorganisation, or even a change of the owner, is
undoubtedly significant intervention in the operation of any company. When,
de facto, two companies with a great tradition and well-established and well
proven procedures are to be merged, it is necessary to set new procedures
sensitively so that they are not only acceptable for all, but also effective and
rational. The rooted phrase “That is how we have always done it, so why
change it” is certainly not valid. And it is just the period of time we are
passing through now. It seems to me almost like a new partnership where the
couple gets to know each other, gets used to live together and establishes the
rules of living together. Fortunately, both partners wish it. At such a moment
the economic or business objectives must be slightly eclipsed in the company
life and it is necessary to dedicate attention to the team. The reason is the
fact that the team is unambiguously the most valuable asset in the companies
operating in our field of business. Without the team we would not be able to
ensure even the most lucrative and most prestigious order.

So I have the pleasant obligation to announce that PUDIS a.s. entered
into 2020 after the so-called “transformation of splitting by merging”. We
are currently found at the state after the merger with a singled-out part of
the sister company. The result is an about 150-member team of transport
designers, specialists in geology, geotechnics, environment or engineering
and property rights, but also a team of surveyors and technical supervisors.
PUDIS has lost due to the transformation no profession or expertise that had
been ensured so far. [ am very glad about this and I thank all my colleagues
from this place for not being afraid of the above-mentioned changes and not
using competitors’ job offers.

I believe that PUDIS enters the coming years in good economic
and personal condition and with a determination to deal with the most
important transportation projects not only in Prague, but also in the whole
Czech Republic. Already today we participate in geotechnical investigation
for the future D line of Metro, which is being carried out in the form of an
exploratory gallery. It is undoubtedly the most important tunnelling project
to come soon in Prague. “We will manage the D” said the Lord Mayor during
the survey opening ceremony in June 2019. So we add: “PUDIS is Ready to
Help, Mr. Mayor!” At the same time, we are happy that our teams are allowed
to design for other important projects, such as the Radlice Radial Road or
the internal City Circle Road in the Pelc-Tyrolka — Balabenka section. The
two projects are important also from the point of view of the basic skeleton
of Prague traffic. Hopefully, these projects will soon be pushed closer to
implementation despite all legislative obstacles. Prague would deserve it.
To conclude this leading article, I am very grateful to

| all our partners for pleasant and friendly collaboration
Ly and to all colleagues in PUDIS a.s. for being and
L~ forming a piece of the history of our company.

God speed you!

Ing. MARTIN HOFLER

generalni feditel
a predseda predstavenstva, PUDIS a.s.
General Director and Chairman
of the Board of Directors, PUDIS a.s.
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VAZENI CTENARI,

jsem velice potéSen, Ze vim mohu v tomto vydéani od-
borného casopisu Tunel predstavit ¢innost Spravy tlo-
7i$t radioaktivnich odpadt (SURAO).

SURAO je technicka stitni organizace, ktera hledd
bezpecna feseni pro budouci generace v oblasti uklada-
ni radioaktivnich odpadi. Nasim poslanim je zajistovat
bezpecné ukladani radioaktivnich odpadt, dosud vypro-
dukovanych i budoucich, v souladu s pozadavky na ja-
dernou bezpe¢nost. Radioaktivni odpady v Ceské repub-
lice, stejné jako v jakékoli jiné zemi, vznikaly, vznikaji a vznikat
budou. A je zodpovédné se o né postarat.

Kli¢ovou soucasti nasi ¢innosti je zajiSfovani provozu ulozist ra-
dioaktivnich odpadi. SURAO v soucasné dobé provozuje tfi dlo-
Zi8té — Bratrstvi v Jachymové€, Richard v Litoméficich a uloZiSté
Dukovany. Tato ulozisté jsou uréena k ukonceni Zivotniho cyklu
nizko- a stfednéaktivnich odpadu, pochazejicich z vyuziti radioak-
tivnich latek v primyslu, zdravotnictvi ¢i vyzkumu a také z provo-
zu jadernych elektraren. Jednd se naptiklad o pouzité pracovni odé-
vy, vyfazené laboratorni pfistroje, staré pozarni hldsice atd. Tento
typ materidlu se uklada jiz vice nez 50 let.

Veskeré ¢innosti SURAO souvisejici s ukladanim RAO jsou
nesmirné komplexni. Pro perfektni uloZeni jsme vyvinuli pfisny
a jednotny systém, zahrnujici napiiklad prejimky, evidenci ¢i mo-
nitorovani ulozist. Navic jsme pfipravili rozsahlou rekonstrukci
ulozisté Richard, kterd vyrazné urychli prejimku obalovych soubo-
i a zvysi ukladaci kapacity.

Mezi naSe hlavni ¢innosti rovnéz patii pfiprava budouciho hlu-
binného ulozisté. Jedna se o velice sofistikované zafizeni, které
bude slouZit k uloZeni pouzitého paliva z jadernych elektraren a vy-
sokoaktivnich odpadd. Obzvlast v poslednich letech se pfiprava
tohoto projektu velmi zintenzivnila.

Nase expertni tymy jsou velmi aktivni i na poli védy. U¢astnime
se desitek domacich i mezindrodnich projektt tykajicich se této
problematiky. V&dci SURAO fesi spolecné s dal§imi tymy napii-
klad otdzky hodnoceni bezpecnosti hlubinného ulozisté, testovani
materiali pro konstrukci obalovych soubort, chovani horninového
masivu v riznych podminkach, zmény vlastnosti bentonitu a desit-
ky dalSich specifickych parametru.

RovnéZ provozujeme podzemni vyzkumné pracovist€ na Buko-
vé. Laboratof se nachdzi v hloubce zhruba 600 metrti pod povr-
chem, tedy priblizné v takové urovni, v jaké je do budoucna pla-
novano hlubinné dlozisté. Provadime zde experimenty a méfeni,
z nichZ ziskavdme cennd data o chovéni inzenyrskych bariér, hor-
nin a dalSich procesech probihajicich ve velkych hloubkach, a to
pravé s ohledem na technickou proveditelnost budouciho tloZiSté.
PVP Bukov pfinasi velmi cenné informace napiiklad o geologii
¢i hydrologickych podminkédch a umoZiluje rovnéZ otestovat fadu
technologickych feseni.

Vice o nékterych naSich projektech se muzete docist pravé
v tomto vydani. Jsem presvédCen, Ze se ndm
podari udrZet vysokou kvalitu téchto odbornych
projekti i v letech budoucich a Ze budeme moci
i naddle vyuzivat kvalitnich Ceskych expertl
v oblasti tunelafstvi. VSem Ctenafim pieji mno-
ho tspéchu.

DEAR READERS,

I am very pleased to be able to present the activities of the
Czech Radioactive Waste Repository Authority (SURAO) in
this issue of the Tunel expert journal.

SURAO is a state technical organisation that is searching
for safe solutions to the disposal of radioactive waste.
Our mission is to ensure the safe disposal of current and
future radioactive waste in accordance with nuclear safety
requirements. As in many other countries, radioactive waste
already exists in the Czech Republic and will continue to
be generated in the future. Therefore, it is important that we
approach this issue in a responsible and open manner.

One of our most important responsibilities concerns the operation of
the country’s three currently operational radioactive waste repositories
— Bratrstvi in Jachymov, Richard in Litoméfice and Dukovany. These
repositories serve for the disposal of low- and intermediate-level waste
resulting from the use of radioactive substances in the industry, healthcare
and research sectors as well as via the operation of the Czech Republic’s
two nuclear power plants. The waste includes, for example, old protective
clothing, discarded laboratory equipment, old fire alarms, etc. These
types of material have been safely disposed of in the Czech Republic for
more than 50 years.

The disposal of radioactive waste is an extremely complex process,
concerning which SURAO has developed a strictly controlled and unified
system that covers, for example, the acceptance and recording of waste
and the continuous monitoring of its three repositories. In addition,
extensive reconstruction is planned at the Richard repository that will
significantly speed up the waste disposal package acceptance procedure
and enhance the disposal capacity.

We are also responsible for the development of the future Czech deep
geological repository. This sophisticated and complex facility will serve
for the disposal of spent fuel from nuclear power plants and high-level
radioactive waste. The research and development concerning this project
has intensified in recent years.

Our expert teams are very active in the field of scientific research and
we enjoy active participation in dozens of domestic and international
projects related to nuclear waste disposal issues. SURAO researchers,
together with various external research organisations, are currently
addressing issues such as the assessment of the safety of the future deep
geological repository, the testing of materials for the construction of
waste disposal packages, the behaviour of rock masses under various
conditions, changes in the properties of bentonite and many other related
topics.

We also operate the Bukov Underground Research Facility which is
located at a depth of approximately 600 metres below the earth’s surface,
i.e. approximately at the depth envisaged for the future construction of
the deep geological repository. The experiments currently underway at
the Bukov facility are providing both valuable data on the behaviour
of engineered barriers and the rock massif and the various processes
that occur at such depths beneath the surface, especially with concern
to the technical feasibility of the future repository, and the essential
information on geological and hydrological conditions required for the
testing of a wide range of technological methods and
approaches.

More information on our various research projects
is provided in this issue of Tunel. I am convinced that
we will continue to maintain the high quality of the
research we are conducting in the years to come with
the invaluable assistance of Czech experts in the field
of tunnelling.

JuDr. JAN PRACHAR

feditel SURAO
Managing Director, SURAO
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DOKONCENI MESTSKEHO OKRUHU V PRAZE
COMPLETION OF CITY CIRCLE ROAD IN PRAGUE

PAVEL SOUREK, ALES MERTA, LUKAS GRUNWALD

ABSTRAKT

Cldnek se moZnd svym zamérenim vymykd obsahovému standardu casopisu Tunel, presto je urcité namisté sezndmit odbornou tuneldrskou
verejnost s urbanisticko-dopravni studii, kterd tizemné a technicky stabilizovala posledni lisek prazského Méstského okruhu zbyvajici pro jeho
dokoncent. Soubor staveb Méstského okruhu a Liberiské spojky byl popsdn jiz v isle 2/2011 casopisu Tunel, nicméné v tuto chvili se jiZ jednd
o0 koncepcné prekonané teSent. Novy cldnek je zaméten na iivodni informaci o postupech a vysledku studie, obsahuje zdkladni charakteristiku
souboru staveb a popisuje novy podstatné zvysSeny rozsah tunelovych iisekii na této pro Prahu strategické stavbé. Pro podrobnéjsi sezndment
s technickymi souvislostmi bude jisté dostatek prileZitosti jak na strdnkdch casopisu Tunel, tak v jinych odbornych plénech po rozpracovdni
dokumentace pro vizemni Fizeni a v navazujicich etapdch pripravy a realizace.

ABSTRACT

The paper possibly exceeds the standard content of TUNEL journal papers; nevertheless, it is certainly appropriate to inform the profes-
sional tunnelling public about the urban-traffic study which stabilised in terms of town planning and technically the last section of the City
Ring Road (the inner circle) remaining to be completed. The package of construction lots of the City Ring Road and the Liberi Link Road
has already been described in issue No. 2/2011 of TUNEL journal; nevertheless, the concept of this solution has already been surpassed.
The new paper is focused on the initial information about procedures and results of a study. It contains basic characteristics of the package
of construction lots and describes the new, significantly enlarged scope of tunnelled sections for this project, which is so strategically im-
portant for Prague. There will certainly be ample opportunities for more detailed introduction of technical connections both on the pages
of TUNEL journal and at other professional plenary sessions after completing documents for the zoning process and during the following

stages of the preparation and realisation.

uvob

Rada hl. mésta Prahy dne 4. 11. 2019 schvilila svym usne-
senim ¢. 2309 upravu koncepcniho feSeni staveb Méstské-
ho okruhu ¢. 0081, ¢. 0094 v tseku Pelc-Tyrolka — Rybnicky
a ¢. 8313 Liberiskd spojka podle urbanisticko-dopravni studie
(UDS 2019), vypracované v prvém pololeti 2019 Sirokym ko-
lektivem autorti ze spole¢nosti SATRA, spol. s r.o., PUDIS as.,
METROPROJEKT Praha a.s., SUDOP PRAHA a.s., Mott
MacDonald CZ, spol. s r.o. a tymem architekti pod vedenim
Ing. arch. Jana Kasla. Zaroveti uloZila investicnimu odboru Magist-
ratu hlavniho mésta Prahy v souladu s urbanisticko-dopravni studii
zajistit vyhotoveni dokumentace pro izemni fizeni predmétnych
staveb.

Za timto jednoduchym textem se skryvd vyznamné strategic-
ké rozhodnuti hl. m. Prahy navézat na posledni dokoncenou ¢ést
Meéstského okruhu v useku Malovanka — Pelc-Tyrolka a zahdjit
konkrétni investorskou pfipravu jeho posledni ¢ésti, avSak podle
nejmodernéjsi koncepce feSeni méstskych okruznich komunikaci
vyuzivané ve vyspélych zapadnich metropolich. Stalo se tak vice
nez Ctyfi roky poté, co byl severni segment Méstského okruhu,
vefejnosti zndmy jako tunelovy komplex Blanka, zprovoznén
a po Ctyfletém zkuSebnim provozu, kdy prokdzal dopravni i tech-
nologickou kvalitu, v fijnu 2019 i zkolaudovéan. To vSe pfes po-
mérné dlouhodobou snahu neodbornych medialnich a politickych
kruhil tuto ojedin€lou a v odbornych kruzich uznavanou stavbu
dehonestovat.

Zkusebni provoz Blanky prubézné sledoval a vyhodnocoval
fadu aspektl jak v objektech stavebnich a technologickych celé-
ho dila, tak odezvy v dopravni situaci a vlivy na Zivotni prostfedi
v Sir§ich oblastech Prahy. Vysledky dlouhodobého monitorovani
potvrdily oCekédvané zdméry a prinosy investice. ZkuSenosti z pfi-
pravy, realizace a dosavadniho provozu jsou proto vyznamnym

INTRODUCTION

On the 4™ November 2019, the Prague City Council approved,
through its resolution No. 2309, modification of the conceptual
design for City Circle Road construction lots No. 0081, No. 0094 in
the Pelc-Tyrolka — Rybnicky section, and No. 8313 the Liben Link
Road according to the urban-traffic study (UDS 2019), which was
carried out in the first half of 2019 by a wide collective of authors
from SATRA, spol. s r.o., PUDIS a.s., METROPROJEKT Praha a.s.,
SUDOP PRAHA a.s., Mott MacDonald CZ, spol. s r.0. and a team
of architects led by Arch. Jan Kasl. At the same time it ordered the
Investment Department of the Prague City Hall, in accordance with
the urban-traffic study, to secure preparation of documents for the
zoning process for the construction lots in question.

Behind this simple text there is an important strategic decision of
the Prague City Hall to link to the last completed part of the City
Circle Road in the Malovanka — Pelc-Tyrolka section and commence
concrete investment preparation for its last part, but conducted in
compliance with the state-of-the-art concept of designs for urban
circle roads used in developed western metropolises. This decision
took place after more than four years after the northern segment of
the City Circle Road, known to the public as the Blanka complex
of tunnels, was opened to traffic. After 4 years of trial operation
during which it proved traffic-related and equipment-related quality
it received the final inspection approval (in October 2019). All of that
happened despite relatively long efforts of unprofessional medial and
political circles to vilify this unique project, which is highly regarded
in professional circles.

The trial operation of the Blanka tunnels continuously monitored
and assessed numerous aspects not only in construction objects and
equipment units of the entire project, but it also responses in the
traffic situation and environmental impacts in wider areas of Prague.
The results of the long-term monitoring confirmed the anticipated
intentions and benefits of the investment. The experience from
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informacnim zdrojem pro stanoveni pfistupu jak k pripravé stav-
by, tak ke konkrétnim navrhiim technického feseni v navazujicim
useku Méstského okruhu.

URBANISTICKO-DOPRAVNI VYZNAM

Systém nadfazené komunikac¢ni sit¢ Prahy je stanoven v plat-
ném tzemnim planu z roku 1999 a je potvrzovan i ve vznikajicim
metropolitnim planu. Je definovan radidlné okruznim konceptem
postavenym na dvou okruzich (vnitfni Méstsky a vnéjsi Prazsky)
propojenych radidlami. Tento koncept je s uritymi vyvojovymi
modifikacemi postupné napliiovan jiZ vice nez 30 let.

Mestsky okruh, jako nejdilezitéjsi c¢ast méstské komunikacni
sité, je navrZen tak, aby svou kapacitou a atraktivitou na sebe sou-
stredil vétSinu diametralnich dopravnich vztahil a propojil oblasti
stfedniho pdsma mésta. Ma charakter méstské sbérné komunika-
ce. Zakladni funkci Méstského okruhu je umoznit regulaci auto-
mobilové dopravy v centrdlnich ¢astech mésta, a tim je ochranit
pred nezadoucimi negativnimi t¢inky dopravy (hluk, exhalace,
atd.). Inkriminovana oblast uvnitf Méstského okruhu ma rozlohu
pfiblizné 56,3 km?.

Neni pochyb, Ze je to koncept spravny. Stoji na nabidce nadra-
zenych komunikaci zatéZovanych vyznamnou ¢asti prepravnich
vztahd, dile pomoci mimotroviiovych kiiZovatek rozvadénych
do navazné uli¢ni sité. Jeho funk¢nost prokazuje mimo jiné i vy-
hodnoceni zkusebniho provozu Blanky, kterd na sebe pfenesla aZ
100 tisic dennich prajezda vozidel.

Neni rovnéz pochyb o tom, Ze naplnéni ocekavanych prinost
nadfazeného dopravniho systému na prazskou uli¢ni sit je odvislé
od stavu jeho dokoncenosti. Je zifejmé, Ze souCasna nespojitost
systému neumoziuje pfijmout dalSi ndvaznd doprovodnd opatfeni
regulacniho charakteru na uli¢ni siti vnitfniho mésta, protoZe je
nelze realizovat bez souvisejici funkéni dopravni infrastruktury.
Absence vychodniho segmentu Méstského okruhu, ale i chybéji-
cich asekd vnéjsiho Prazského okruhu, se na tom zfetelné proje-
vuji. Do kompletace Méstského okruhu chybi dokoncit pfiblizné
30 % z jeho celkové délky 32 km. Tuto ¢ast pokryvd pravé schva-
lena urbanisticko-dopravni studie.

Prestoze pocatek dlouhodobé sledovaného dopravniho systému
Prahy pro automobilovou dopravu lze vysledovat jiz v 70. le-
tech 20. stoleti s definici Zdkladniho komunika¢niho systému
(ZAKOS), nelze ho povazovat za prezity. Je nevyvratitelnou
skutecnosti, Ze zdkladni vychodiska pro jeho funkci ve mésté
se v Case vyrazn¢ nezménila. Lze konstatovat, Ze doposud ne-
byl predstaven zadny jiny vyhodnéjsi dopravni koncept, ktery
plni stanovené pozadavky dopravni funkce potfebné pro rozvoj
meésta i v redlné situaci provozu a nejen v idedch dopravnich
,carodeju.

S postupnou realizaci jednotlivych tsekd Méstského okruhu
se vSak nezastavil vyvoj ndzort laické i odborné vefejnosti, jak
kapacitni dopravni stavby zaclenit do uzemi rostlého mésta, aby
nemély jen samotnou dopravni funkci, ale aby zaroven spliiova-
ly podminky pro rozvoj urbanistické struktury dotéeného tzemi.
Z této spolecenské poptavky podporované politickou reprezenta-
ci Prahy vychazi i komplexni ndvrh urbanisticko-dopravni stu-
die. MiZe se polemizovat, zdali se jedna o studii urbanisticko-
-dopravni ¢i dopravné-urbanistickou. Takovd polemika je vSak
zcela zbytecn4, protoZe doprava je nedilnou soucdsti urbanistické
struktury, jak ji také studie pojima. Akcentuje poZadavky na mo-
derni urbanni prostiedi, a to ve vztahu jak ke stavajici strukture,
tak z pohledu rozvoje prilehlého i vzdilenéj$iho tzemi. Pfitom

the preparation, realisation and the current operation is therefore
a source of information significant for determination of the attitude
to both the construction preparation and concrete proposals for the
technical solution for the following section of the City Circle Road.

URBAN-TRAFFIC PURPOSE

The system of higher-ranking road network in Prague is defined
in the valid land-use plan from 1999 and is confirmed even in the
originating metropolitan plan. It is defined by the radial-circular
concept built on two circles (the inner City Circle and the outer City
Ring) interconnected by radial roads. Implementation of this concept
has been gradually proceeding, with certain development exceptions,
for more than 30 years.

The City Circe Road, as the most important part of the urban road
network, is designed in a way ensuring that it attracts the majority of
diametric traffic relationships owing to its capacity and attractiveness,
and interconnects the areas of the middle zone of the city. It has got
the character of an urban distributor road. The basic function of the
City Circle Road is to allow for regulation of vehicular transport in
the central parts of the city, thus to protect them from undesirable
effects of traffic (noise, exhaust emissions, etc.). The area in question
inside the City Circle amounts approximately to 56.3km?

There is no doubt that the concept is correct. It is built on the offer
of superior roads burdened by significant parts of transportation
relationships, which are further distributed to the linking street
network by means of grade-separated intersections. Its functionality
is proved, among other things, even by the assessment of the trial
operation of the Blanka system, which took over up to 100 thousand
passages of vehicles through the city per day.

There is also no doubt that meeting the expected benefits of the
higher-ranking transportation system to Prague’s street network
depends on the state of its completion. It is obvious that the current
discontinuity of the system does not allow for application of other
accompanying follow-up measures of the regulatory character to the
street network in the inner city, because they cannot be implemented
without the related functional transportation infrastructure. The
absence of the eastern segment of the City Circle Road, but also
of the missing sections of the outer Prague City Ring Road, are
obviously reflected in it. Approximately 30 per cent of the total City
Circle Road length of 32km is missing to its completion. This is the
part which is covered by the just approved urban-traffic study.

Despite the fact that the beginning of the Prague transportation
system for vehicular traffic can be found as early as the 1970s,
the Basic Road System (ZAKOS) existing at that time cannot be
considered as outdated. It is an irrefutable fact that the basic starting
points for its function in the city have not significantly changed
with time. It is possible to state that no other more advantageous
concept of transportation, fulfilling the requirements prescribed for
the transportation system required for the development of the city
and in the realistic situation in traffic operation and not only in ideas
of traffic “wizards”, has been introduced yet.

Nevertheless, the development of opinions of the lay and
professional public on how to incorporate high-capacity traffic
structures into the territory of the living city to fulfil not only
their transportation function, but also to meet the conditions for
development of the urban structure of the territory, affected by
them. The comprehensive design for the urban-traffic study is built
upon this social demand supported by the political representation of
Prague. It is possible to argue whether it is an urban-traffic study
or a traffic-urban study. But such arguing is absolutely useless
because traffic is an inseparable part of urban structure, as it is also
conceived by the study. It puts stress on requirements for modern
urban environment in relationship not only to the existing structure,
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respektuje vyhledovou dopravni prognézu, kterd neni dopravnim
ndvrhem nijak redukovana.

VYVOJ STUDIE

Cilem studie bylo korigovat piivodni navrh vyvijejici se od roku
2000, a to v souladu s podminkami hodnoceni EIA a doporuce-
nimi méstskych instituci zabyvajicich se dopravou a tzemnim
planovanim. Mezi zakladni vstupy, kromé zasad stanovenych ko-
ordindtorem praci, jednotlivymi zpracovateli a tymem architektil
urbanistil, byla spoluprace s nové zvolenymi zéastupci hlavniho
mésta, mj. radnim pro dopravu a radnim pro izemni rozvoj. Diky
jejich davéfe a porozuméni investora mohl tym zpracovateld pro-
jevit zna¢nou miru iniciativy a kreativity. Vysledky studie tak ne-
musely byt nadmiru svazané historickymi podklady.

Naopak v podstaté jedinou podminkou bylo udrZeni okrajovych
sty¢nych bodi a zabezpeceni platnosti stanovisek EIA. Vystupem
studie je tak kromé uceleného podkladu pro navazujici zpracova-
ni dokumentace pro uzemni rozhodnuti i zména tzemniho planu
hl. m. Prahy a v malém tseku i aktualizace zdsad iuzemniho roz-
voje. Zména tzemniho planu se vSak pfipravovala i na pivodni
feSeni, nicméné v mensSim rozsahu zmén.

Pivodnim predpokladem plnéni studie bylo mj. provést upravy
vedouci ke zlepSeni péSich a cyklistickych tras a vazeb v feSe-
ném uzemi, vcetné jeho obsluhy méstskou vetfejnou dopravou.
Zpracovatelsky tym v interakci se zdstupci hlavniho mésta tak
v postupnych krocich, Citajicich bezpocet dil¢ich variant feSeni,
prehodnocoval nejen koncepci souvisejiciho feSeného tzemi, ale
nakonec i koncepci vlastni trasy okruhu.

Soucésti studijnich praci bylo i vymezeni ploch pro moznou
urbanizaci a rozvoj zelené infrastruktury, mj. doplnéni uli¢nich
blokii v kompaktnim mésté a rehabilitace zelenych ploch, dnes
tvofenych pfevazné extenzivnimi porosty bez udrzby.

Vysledkem je komplexni navrh zaloZeny na maximalni mozné
integraci stavby nadfazené komunikacéni sit€¢ do méstského pro-
stfedi s nejvy$§i moZnou mirou eliminace negativnich urbanistic-
kych, ale i environmentélnich dopada do struktury mésta.

Reseni vyuziva vedeni Mé&stského okruhu (MO) a Libeiiské
spojky (LS) prevazné v podzemi, zatimco na povrchu jsou vytvo-
feny podminky pro mistni méstské dopravni vazby, rozvoj dotce-
ného tzemi a krajiny, vZdy v souladu s aktualnimi i pfedpoklada-
nymi budoucimi poZadavky.

Vysledkem tak kromé naplnéni dopravné inZenyrskych po-
Zadavkud je nezanedbatelny piinos pro mésto a jeho obyvatele,
spocivajici v moznosti konecné stabilizace uzemi dlouhodobé
zatizeného stavebnimi uzdvérami a nejistotami o rozsahu a typu
feSeni dopravnich staveb. Do znacné miry zanedbané dzemi tak
bude konecné mozné urbanisticky dotvofit, a to jak dostavbou
bytovych domd, tak i objekty vefejného vybaveni a v nemalé mite
i parkovymi a rekrea¢nimi plochami.

Neni tfeba ani zdlrazinovat, Ze soucasna obcansko-politicka
angazovanost a moderni pojeti fungovéani vefejné spravy, tedy
moznost ovliviiovani procesu pfipravy a vystavby ze strany ve-
fejnosti, si vice nez kdykoliv dfive vynucuje takto vyznamnou
vefejnou investici automaticky propojit s vhodnymi investicemi
do celkového zlepSeni prostiedi pro Zivot ve mésté. Bez rozsahlé
pridané hodnoty pro dotené obyvatele je prosazeni t€chto zame-
1l jiZ nemoZné.
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but also from the point of view of the development of the adjacent
and further territories. In doing so, it respects the forward-looking
traffic forecast, which is not at all reduced by the traffic design.

DEVELOPMENT OF THE STUDY

The objective of the study was to correct the original design
evolving since 2000, complying with the conditions of the EIA and
recommendations of the municipal institutions dealing with traffic
and land-use planning. Among the fundamental inputs, apart from
the principles prescribed by the work coordinator, individual authors
and the team of urban architects, there was collaboration with newly
elected representatives of the City Hall, among others with the
councillor for transport and councillor for territorial development.
Owing to their trust and understanding of the client, the team of
authors could show a great deal of initiative and creativity. The results
of the study did not have to be unduly bound by historical documents.

Just opposite, the nearly only condition was that the edge contact
points were maintained and validity of the EIA opinions was secured.
The study output is therefore, in addition to comprehensive grounds
for subsequent work on documents for the zoning and planning
decision, a change in the Master Plan for the City of Prague and, in a
short section, also updating of principles of territorial development.
A change in the Master Plan had been under preparation even for the
original solution, but to a lesser extent.

The original condition for fulfilling the study was, among others,
implementation of modifications leading to improvement of cycle
and pedestrian tracks and relations in the territory being solved,
including urban public transport services. The working team, in
interaction with representatives of the Town Hall, reassessed,
in successive steps comprising countless partial variants of the
solution, not only the concept of the relating territory being solved,
but eventually even the concept of the route of the City Circle Road.

The study work even comprised the delimitation of areas for
possible urbanisation and development of green infrastructure,
among others, addition of street blocks in the compact city and
rehabilitation of green surfaces which are today formed by mostly
extensive vegetation without maintenance.

The work resulted into a comprehensive design based on maximum
possible integration of the higher-ranking road network into the
urban environment with highest possible degree of elimination of
negative urban, but also environmental impacts on the structure of
the city.

The solution uses the routes of the City Circle Road (CCR) and the
Liberni Link Road (LLR) (mostly underground, whilst at the surface,
conditions are created for local transport relationships, development
of the affected territory and landscape, always in compliance with
current and assumed future requirements.

The result is, apart from fulfilling transportation-engineering
requirements, not negligible contribution to the city and its popu-
lation, lying in the possibility for final stabilisation of the territory
burdened in the long term by prohibitions on construction and
uncertainties regarding the scope and type of solution for transport-
related projects. It will be finally possible to complete the largely
neglected territory by building new residential blocks, public
facilities and, to a high degree, even park and recreational areas.

It is even not necessary to stress that the current civic-political
engagement and modern concept of public administration, i.e. the
possibility of influencing the process of preparation and construction
by the public more than ever enforce such a major public investment
to be automatically linked to appropriate investments to improve the
overall living in the urban environment. Without extensive added
value for the people concerned, the pursuit of these intentions is no
longer possible.
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Obr. 1 Schéma Méstského okruhu a Liberiské spojky s ndzvy jednotlivych tunelii
Fig. 1 Map of the City Circle Road and the Liberi Link Road with names of individual tunnels
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CHARAKTERISTIKA VYSLEDNEHO NAVRHU

Zbyvajici ¢ast Méstského okruhu se skldda ze souboru tii sta-
veb (obr. 1), které se stykaji v dopravnim uzlu U Kfize — Balaben-
ka, a navzajem se dopliuji:

* Méstsky okruh, stavba ¢islo 0094 v useku Balabenka — Ryb-

nicky;

* Méstsky okruh, stavba cislo 0081 v tuseku Pelc-Tyrolka —

U Kirize;
» Libenska spojka, stavba Cislo 8313 v tseku Vychovatelna —
Balabenka.

Pozorny Ctendr si v§imne zmény u jednotlivych staveb oproti
puvodnimu feSeni popisovanému napt. v ¢asopise Tunel 2/2011.
Zmény jsou didny posunem rozhrani staveb, jejichZ potfeba vy-
plynula z vysledka technického feSeni ve studii a organizacnich
potreb budouci realizace.

Celkova délka trasy souboru staveb ¢ini cca 10,5 km (6,0 km
stavba ¢. 0094, 2,4 km stavba ¢. 0081, 2,1 km stavba ¢. 8313).
Trasa je vedena v délce cca 8,5 km v tunelech hloubenych a ra-
Zenych. Jednotlivé tunely Bila skala, Libensky, Balabenka, Spo-
jovaci, Jarovsky a MaleSicky na sebe bezprostfedné navazuji
a vznika tak jeden rozsahly podzemni dopravni komplex. Oproti
pfedchozim feSenim je trasa MO+LS ve vSech urbanisticky vy-
znamnych lokalitach nové vedena pod povrchem a nedochazi tak
k jejich negativnimu ovlivnéni nadmérnou automobilovou dopra-
vou a neméstskymi dopravnimi stavbami.

Zakladni uspofadani v celém navrZeném souboru staveb odpo-
vid4 zavedenym zvyklostem u jiZ provozované Casti Méstského
okruhu. Komunikace MO i LS jsou navrzeny jako mistni sbérné,
smérové rozdélené, v zakladnim uspofddani 2 x 2 priibéZné jizdni
pruhy o §ifce 3,5 m. Navrhova rychlost na hlavni trase je 80 km/h.
V tunelech je navrhova rychlost 70 km/h. V mistech sloZitych do-
pravnich uzli je uvazovano s povolenou rychlosti 50 km/h. V tu-
nelovych usecich je uvazovano vzdy se samostatnym tunelovym
tubusem pro kazdy jizdni smér. Navrhovand vyska prajezdniho
prostoru ¢ini 4,5 m. Samoziejmosti je bezpecnostni a technolo-
gické vybaveni podle nejnovéjsich standardi.

Soubor staveb je prostorové zkoordinovan s ostatnimi vyznam-
nymi méstskymi, statnimi, ale i znamymi soukromymi zaméry ve
svém okoli, mj. s druhou etapou Vysocanské radidly, zdmérem
vysokorychlostnich trati v oblasti Balabenky a doplnénim dvou
Zelezni¢nich zastdvek U KiiZe a Hostivai/MaleSice.

Dopravni ndvrh ma kapacitu uspokojujici poptavku odvozenou
od prazské vyhledové dopravni prognézy, a ta neni nijak konzer-
vativni. Pfi zohlednéni vyhledovych rozvojovych zamérti mésta
vychdzeji intenzity v nejzatizengjsich tsecich vice nez 80 tis. vo-
zidel obousmérné za 24 hodin. Po realizaci se dopravni intenzity
sniZi, napt. v ulici Cuprova ze soucasnych cca 40 tis. voz/den na
cca 13 tis. voz/den, v Povltavské z cca 29 tis. voz/den na 0 voz/den
(Povltavska bude po dokonceni MO slouzit jako promenéda pou-
ze pro bezmotorovou dopravu), ve Spojovaci cca 31 tis. voz/den
na cca 19 tis. voz/den, v Uvalské z cca 25 tis. voz/den na cca
6 tis. voz/den, v Zenklové z cca 22 tis. voz/den na cca 5 tis. voz/
den a V HoleSovickach ze soucasnych cca 88 tis. voz/den na cca
68 tis. voz/den.

V ramci projektu vznikne ptes 40 km bezmotorovych komuni-
kaci, predev§im v trase MO, a to cca 11 km samostatnych cyk-
lostezek, cca 12,5 km sdruzenych chranénych tras a pres 18 km
cyklopruhti v komunikacich. Déle vznikne vice nez 7 ha novych
ploch méstské zelené a dalSich 25 ha stavajicich ploch bude re-
kultivovano do podoby novych méstskych parki.
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CHARAKTERISTICS OF THE RESULTANT DESIGN

The remaining part of the City Circle Road consists of a package
of three construction lots (see Fig. 1), which meet in the traffic node
U KfiZe — Balabenka and complement each other:
¢ City Circle Road, construction lot No. 0094 in the Balabenka —
Rybnicky section;

* City Circle Road, construction lot No. 0081 in the Pelc-Tyrolka
— U KfiZe section;

 Liben Link Road, construction lot No. 8313 in the Vychovatelna
— Balabenka section.

Attentive reader will notice changes in individual construction lots
compared to the original solution described, for example, in issue
2/2011 of TUNEL journal. The changes are given by shifting of
interfaces between construction lots, the need for which followed
from the results of the technical solution in the study and the
organisational requirements of the future realisation.

The total length of the route of the package of construction lots
amounts to ca 10.5km (6.0km construction lot No. 0094; 2.4km lot
No. 0081; 2.1km lot No. 8313). The route runs through ca 8.5km
long cut-and-cover or mined tunnels. Individual tunnels, the Bila
Skala, Liben, Balabenka, Spojovaci, Jarov and MaleSice, are directly
connected to each other, creating a large underground transport
complex. In contrast to the previous solution, the route of the CCR
and LLR route led newly under the surface in all localities important
in terms of urban design and, therefore, negative influencing by
excessive vehicular traffic and non-urban transport structures does
not take place.

The basic layout within the entire proposed package of construction
lots corresponds to habits established in the already operated part of
the City Circle Road. The CCR and LLR roads are designed as local
dual carriage distributor roads in the 2x2 thoroughfare lanes 3.5m
wide configuration. The design speed on the main route is equal
to 80km/h, whilst the speed 70km/h is prescribed for tunnels. The
permitted speed of 50km/h is planned for locations of complicated
traffic nodes. In tunnelled sections, an independent tunnel tube is
planned for each direction of traffic. The height of 4.5m is planned
for the vertical traffic clearance. Of course, there is safety and
technology equipment complying with the latest standards there.

The package of construction lots is spatially coordinated with
other important municipal, state, but also known private intentions in
its surroundings, i.e. the second stage of the Vysocany Radial Road,
the intention of the developing high-speed railway tracks in the area
of Balabenka and the completion of two intermediate railway stops
U KfiZe and Hostivai/MaleSice.

The transport design has the capacity satisfying the demand
derived from a Prague transport outlook prognosis, which is not
at all conservative. With the outlook development intentions of the
city taken into consideration, the intensities in sections featuring
highest volumes of traffic amount to over 80 thousand vehicles
bi-directionally per 24 hours. After the realisation, volumes of
traffic will be reduced, for example in Cuprova Street from current
ca 40 thousand vehicles per day to ca 13 thousand vehicles per
day; in Povltavska Street from ca 29 thousand vehicles per day to
0 vehicles per day (Povltavska Street will be used as a promenade
only for non-motorised transport), in Spojovaci Street from
ca 31 thousand vehicles per day to ca 19 thousand, in Uvalsk4 Street
from ca 25 thousand of vehicles per day to ca 6 thousand, in Zenklova
Street from ca 22 thousand vehicles per day to ca 5 thousand and in
V HoleSovickach Street from current ca 88 thousand of vehicles per
day to ca 68 thousand.

Over 40km of non-motorised roads will originate within the
framework of the project, in the first place on the CCR route, namely
11km of independent cycle ways, ca 12.5km of combined protected
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Umistit takto rozsdhlou dopravni stavbu do méstského pro-
stfedi, a namisto demolic umoZnit novou urbanizaci, bylo moz-
né pouze diky vyuziti nejmodernéjSich technickych prostredkl
a technologii podzemniho stavitelstvi soucasné doby. V ramci
celého tunelového komplexu je vyuzito hned nékolika typt tech-
nologie vystavby tunel.

Jako zakladni technologie je vyuZzito konvencné raZenych tu-
neld s pfedpokladem vyuZiti Nové rakouské tunelovaci metody
a klasickych hloubenych tuneld realizovanych do oteviené sta-
vebni jamy. Tyto technologie jsou doplnény jiZ v Praze tspésné
vyuzitou technologii tzv. ¢elné odtéZovanych tuneld (modifiko-
vand mildnskd metoda, nebo také Top&Down), kde je prostor
tunelu odtéZovan pod ochranou konstrukénich podzemnich stén
a stropu, opét s cilem omezeni ¢asového i prostorového rozsahu
zaboru pii vystavbé.

Specidlni technologie, v takovémto rozsahu u nas poprvé, bude
vyuzita pfi realizaci tuneld s velmi nizkym nadlozim podchazeji-
cich stavajici draZni most na trati Praha hl. nadrazi — Praha Liben.
Dvoupolovy most s vysokym vytiZenim, v podstaté bez moZnosti
vyluky, bude za provozované trati podchdzen za pomoci mikro-
tuneldZe metodou ,,pipe-roofing* hned dvéma tunelovymi tubusy.

Za zminku stoji také vyuziti patrového usporadani tubusi tu-
nelu v Zenklové€ ulici na Libetiské spojce, nebo prechod ricky
Rokytky tubusem ,.tunelu® jako mostni konstrukci nad hladinou
a souvisejici cyklostezkou.

Specifické budou jist€ i mistni podminky dané geologickymi
a hydrogeologickymi poméry. Pocitat je tak tfeba u tunelu Bila
skdla se zkuSenostmi ze sesuvu vzniklém v pribéhu vystav-
by stavajiciho Zelezni¢niho tunelu, nebo s velmi nizkym nad-
lozim, dosahujicim i jen n€kolik metrd, pfi podchodu stavajici
nebo v predstihu budované obytné zastavby u tunel Jarovského
a MaleSického. VSechna tato specifika budou jisté velmi pestrym
portfoliem jak k feSeni v ramci vlastni dokumentace a nésledné
realizace, tak rovnéZ jako potencidlni zdroj pro budouci ¢lanky
odbornych ¢asopisti, mj. Tunelu.

Jednim z nejtvrdSich ,,ofiskl k rozlousknuti“ pro zpracovatel-
sky tym byly nové dispozice mimoudroviiovych kfizovatek napo-
jujicich tunelovou trasu na povrchovou uliéni sit. Uzemni plan
i predchozi studie, v¢. dokumentace EIA, se k této problematice
stavely velmi extravildnové, uvniti ,,rostlého* mésta tak vznikaly
pomérné nevzhledné oblasti zmitajicich se kfizovatkovych ramp,
fadicich pruht atd. Uzemi kfiZovatkovych uzli tak byla jednak
velmi $patné€ propustna pro ostatni slozky dopravy, ale zaroven
i velmi neprehlednd. Vyrazny posun v zakomponovani trasy
MO+LS do tzemi mésta umoznilo vyuZiti tzv. levych odpojo-
vacich a pfipojovacich ramp z hlavni trasy MO na povrchovou
sit. Tim bylo moZno seskupovat pfipojeni a odpojeni k trase MO
do jednoho prostoru a celkové vyrazné zmensit povrchovy zabor
stavby. Tento princip neni zcela béZny u komunikaci rychlostniho
typu, nicméné i v Praze je jiZ dlouhodobé bez problému provo-
zovéan, u podzemnich staveb napf. v pfipadé tunelu Mrazovka.
Na dané téma probéhla s dot¢enymi slozkami statni spravy, do-
pravni policie i HZS pomérné Siroka diskuze, jejimz vysledkem
byl pozadavek v téchto pripadech navysit délky pfipojovacich
pruhii a vylep$it podminky pro zrychleni a pfipojeni k hlavni
trase.

Vysledné, prakticky celotunelové, feSeni MO+LS vyvolalo
komplikované a Casové niro¢né posuzovani dopravnich kapacit
ktizovatek pomoci analytickych néstroji mikrosimulaci v pro-
gramu PTV VISSIM. Vysledkem je vSak skutecnost, Ze findlni
feSeni je dostatecné provéieno jako technicky mozné a kapacitné
funk¢ni.

ways and over 18km of cycling lanes on roads. In addition, over 7ha
of new urban greenery areas and other 25ha of existing areas will be
reclaimed to become new urban parks.

Placing such an extensive transport project into the urban
environment and, in addition, allowing for new urbanisation
instead of demolitions was possible only owing to the application
of state-of-the-art technical means and techniques used currently
in the underground construction industry. Several types of tunnel
construction techniques are used within the framework of the entire
complex of tunnels.

The fundamental method applied is conventional excavation
of tunnels, with the assumption of the use of the New Austrian
Tunnelling Method and classical cut-and-cover tunnels constructed
in open construction pits. These techniques are supplemented by
a technique already successfully used in Prague, the so-called
cover-and-cut tunnels (the Modified Milan Method, or Top&Down
Method), where the tunnel space is excavated under the protection of
structural diaphragm walls and a roof deck, again with the objective
to reduce the time-related and spatial scope of land acquisition
during the course of construction.

A special technique will be used to that extent for the first time in
the Czech Republic. It will be applied to the realisation of tunnels
with very low overburden, passing under an existing railway bridge
on the Praha hlavni nddrazi — Praha Liben track. The highly burdened
double-span bridge, in substance without the possibility of closing
the line to traffic, will be passed under the operating track by two
tunnel tubes, using the “pipe-roofing” microtunnelling method.

Stacked configuration of tunnel tubes in Zenklova Street on
the Libeni Link Road or the crossing under the Rokytka River by
a “tunnel” tube forming a bridge structure above the water surface
and a related cycling track are also worth mentioning.

Even the local conditions given by geological and hydrogeological
circumstances will certainly be specific. It is, for example, necessary
at the Bila Skala tunnel to take into accound the experience from
the landslide which originated during the course of the construction
of the existing railway tunnel, or the very shallow overburden with
the thickness reaching only several metres at the passage under
the existing or in advance developed residential areas at the Jarov
and Malesice tunnels. All of those specifics will certainly be a very
varied portfolio not only for designing within the framework of the
documentation itself, but also as a potential source for future papers
in professional journals, among others TUNEL journal.

The new layouts of grade-separated intersections connecting the
tunnel route to the at-grade street network were the hardest nuts to be
cracked by the working team. The urban master plan and preceding
studies, including the EIA documents, took a stand from the non-
build-up area position. Relatively unsightly areas of entangling
intersection ramps, vehicle turning lanes etc. originated inside the
“living” city. The areas of the intersections were not only very poorly
permeable for other components of traffic, but they were also very
confused. Significant shifting in the incorporation of the CCR+LLR
into the territory of the city was allowed for by the use of the co-called
left-hand off- ramps and on-ramps leading from the main route of the
CCR to the at-grade road network. It made arranging of the CCR on-
ramps and off-ramps into one space, thus to generally significantly
reducing the plan area of permanent works. This principle is not
quite common for express-types of roads, but it has been applied
in Prague for a long time without problems, e.g. to the Mrazovka
tunnel. This theme was relatively widely discussed with components
of the affected state administration, the Traffic Police and the Fire
Rescue Service. It resulted into the requirement for increasing the
length of the acceleration lanes and improving the conditions for
acceleration and connection to the main route
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Obr. 2 Vizualizace prodlouZeni tunelu Bild skdla v sousedstvi aredlu MFF UK na Pelc-Tyrolce
Fig. 2 Visualisation of the Bild Skdla tunnel extension in the neighbourhood of the grounds of the Faculty of Mathematics and Physics of the Charles University
at Pelc-Tyrolka

STRUCNY POPIS TRASY PO LOKALITACH

V této kapitole je strucné popsano vedeni trasy nového feSeni
MO+LS, a tedy i novy rozsah tunelovych ¢asti. Pro porovnani
rozsahu zmén je vzdy doplnén vztah k pivodnimu navrhu z pred-
chozich studijnich vystupd, mj. k technickému podkladu pro za-
dani DUR (TP 2016). Celkova délka souboru staveb se neméni,
koncové napojovaci body zUstavaji zachované. Zmény nastdvaji
v dil¢ich upravach smérového feSeni, ale pfedevSim ve vedenti tra-
sy v jiné vySkové urovni, v podzemi.

V ndvaznosti na provozovanou severozapadni ¢ast MO ve smé-
ru provozniho stanieni okruhu zacind soubor staveb MO+LS
v oblasti mimotiroviiové kfiZovatky (MUK) Pelc-Tyrolka (kfiZeni
ulice V HoleSovi¢kach a Povltavska v oblasti mostu Barikadniki)
a pokracuje vychodnim smérem.

Povrchové feseni trasy zde prechazi do podpovrchového vedeni
v tunelovém useku Bila skala (obr. 2). V aktualizovaném navrhu
byl zvétSen rozsah tunell portdlové oblasti Pelc-Tyrolka o pre-
krytou a ozelenénou nadzemni tunelovou ¢ast v sousedstvi arealu
MFF UK v ulici Povltavska. Je tak zajiSténa ochrana aredlu pred
hlukem a umoznéna zadana cyklo a pési propojeni aredlu s Vlitav-
skou kotlinou a oblasti HoleSovic, stejné€ jako spojeni pfirodni pa-
matky Bila skdla s Vltavskym meandrem, podél kterého vznikne
Povltavska promenada, propojujici cyklo a pési trasy od severu
Prahy pres Troju na vychod podél Rokytky.

Misto puvodné uvazovaného vedeni kapacitni dopravni trasy
MO-B (MO smér Balabenka) podél Vltavy po ulici Povltavské,

The resultant, practically completely tunnelled solution to the
CCR+LLR induced complicated and time-intensive assessing
of the carrying capacities of intersections using analytical tools,
microsimulation using the PTV VISSIM software. But the result
is the fact that the final solution has been sufficiently verified as
technically feasible and functional as far as capacity is concerned.

BRIEF DESCRIPTION OF THE ROUTE BY LOCATIONS

This chapter briefly describes the route of the new design for
the CCR+LLR and thus the new scope of tunnelled sections. This
principle is not quite common for roads with limited access, but it
has been applied for a long time also in Prague without problems.
The relation to the original design from the preceding study outputs,
among others the technical grounds for issuance of the construction
permit (Technical Specifications TP 2016), is always added for the
reason of comparing the extent of the changes. The total length of the
package of tunnel construction lots is not changed, the edge contact
points are retained. Changes occur in partial modifications of the
horizontal alignment, but mainly the vertical alignment led at other
level, underground. Following the operated north-western part of the
CCR in the direction of the operating chainage of the circle road,
the package of the CCR+LLR construction lots begins in the area
of the Pelc-Tyrolka GSI (crossing of V HoleSovickach Street with
Povltavska Street in the area of Barikddnikti Bridge) and continues
eastward.

The at-grade route design passes here to the underground route in
the Bila Skala tunnel section (see Fig. 2). In the updated design, the
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a provozné a bezpecnostné narocného jednosmérného tune-
Iu MO-A (smér Pelc-Tyrolka), jsou oba sméry v novém navrhu
vedeny dvéma soubéZnymi, samostatnymi raZzenymi tubusy pod
Bilou skalou.

V oblasti KosSinky a Horova namésti stavba pokracuje hloube-
nym tunelovym tsekem tuneli Bil4 skdla, ktery se pfimyka k Ze-
lezni¢ni trati ,,HoleSovické prelozky*. V oblasti pfipojovaci ram-
py na MO-B z ulice Zenklova (smér Pelc-Tyrolka) a odpojovaci
rampy z MO-A na ulici Cuprovu, piechazeji tunely Bild skila
v hloubeny tunelovy tsek Balabenka.

Trasa MO v aktualizovaném feseni tunelove podchéazi ulice Pri-
matorskou a Zenklovu oproti ptivodné uvazovanym nadzemnim
mostnim vedenim MO. Stavajici silni¢ni mosty na Povltavské
ulici budou odstranény.

Hloubeny tunelovy tsek Balabenka nejprve mimotroviové
kiiZzi mostni Zelezni¢ni koridor ,,HoleSovické prelozky* a na-
sledné¢ podpovrchové pokracuje cca ve stopé stivajici ulice
Cuprova. Kompletn& se tak méni feSeni pivodné uvazujici po-
vrchové vedeni MO v tomto useku s pfipojenim Libenské spoj-
ky, vyuZzivajici stavajicich mostnich objekti. V nové koncepci
je pripojeni LS uvazovano rovnéz podpovrchové v hloubenych
tunelovych prupletech. Aktualizovany navrh tak umoziuje uli-
ci Cuprova koncipovat jako méstskou tfidu dovolujici droviio-
vé vyporadat veskeré mistni vztahy v¢. MHD, pési a cyklodo-
pravy. Reseni piedpokldada demolici viech stivajicich mostnich
objekti.

V oblasti Labutky trasa MO kfiZi pod stavajicim mostnim ob-
jektem Zelezni¢ni trati Praha — Turnov vodote¢ Rokytka. Tubu-
sy tunelt Balabenka Rokytku pfechdzeji jako uzaviend mostni
konstrukce. Na povrchu tubusu stile zistava zklidnéna Cuprova
ulice pro mistni dopravni vztahy. V misté kiiZzeni MO s Rokytkou
tak vznikaji ¢tyfi drovné dopravnich tras: nabfezi Rokytky, MO
v tunelu Balabenka, Cuprova ulice na strop& tunelu a stavajici
Zelezni¢ni trat na moste.

Trasa MO dale pokracuje jiznim smérem hloubenymi tunely
v dopravnim uzlu Balabenka, tj. podchazi kfiZovatku Na Bala-
bence (obr. 3), ulice Na Zertvach, Sokolovskou, Ceskomoravskou
a sméfuje dale do koridoru ulice Spojovaci, kde MO podchazi
stavajici Zelezni¢ni most, resp. podjezd v ulici Spojovaci mélkou
razbou realizovanou specidlni technologii ,,pipe roofing®“ vyu-
Zivajici predstihové mikrotuneldZe. V oblasti Balabenky vznika
rozsahly systém rozpletd tunelovych ramp respektujici hlavni

scope of tunnels in the Pelc-Tyrolka portal area was increased by
adding an above-ground tunnel section overlaid and covered with
greenery in the neighbourhood of the Faculty of Mathematics and
Physics of the Charles University in Povltavskd Street. In this way,
the protection of the grounds against noise is ensured and the required
cycling and pedestrian connection of the grounds to the VItava Basin
and the area of HoleSovice is allowed for, as well as connection of
the Bila Skaly natural monument to the Vltava meander, along which
the Povltavska Promendda connecting the cycling and pedestrian
track from the north of Prague through Troja to the east along the
Rokytka Brook leads.

Instead of the originally considered leading of the high-capacity
transport route of the CCR-B (CCR direction of Balabenka) along
the Vltava along Povltavské Street and the unidirectional MCCR-A
tunnel (direction of Pelc-Tyrolka), both directions of traffic are led
through two parallel, independent mined tunnel tubes under Bila
Skala.

In the area of KoSinka and Horovo Namésti square, the project
continues by a cut-and-cover tunnel section of the Bil4 Skala tunnels,
which adjoins railway track of the “HoleSovice Diversion Track”.
In the area of the on-ramp to the CCR-B from Zenklova Street
(direction of Pelc-Tyrolka) and the off-ramp from the CCR-A to
Cuprova Street, the Bila Skdla tunnels pass to the Balabenka cut-
and-cover section.

In the updated design, the CCR route passes under Primatorska
and Zenklova Streets instead of the originally assumed route leading
the CCR along a bridge. The existing road bridges in Povltavska
Street will be removed.

The Balabenka cut-and-cover tunnel section first crosses on
separated grade the “HoleSovice diversion track” (a local railway
corridor on a bridge) and subsequently, continues underground ca
along the footprint of existing Cuprova Street. It means that the
design originally assuming at-grade alignment of the CCR in this
section, with the connection of the Liben Link Road, using existing
bridge structures, is completely changed. In the new concept, the
connection of the LLR is also to be underground in cut-and-cover
tunnel weavings. The updated design therefore allows for Cuprova
Street to be conceived as an urban avenue allowing for at-grade
coping with all local relations including the urban mass transit and
pedestrian and cycling traffic. The solution assumes demolition of all
existing bridge structures.

In the area of Labutka vineyard, the CCR route crosses the Rokytka
Brook under an existing bridge structure on the Prague — Turnov

technologicky objekt
services structure

tunel Balabenka
Balabenka tunnel

bezbariérovy objekt
barrier structure

smér K Zizkovu
direction of K Zizkovu

v v A

rampa Balabenka
Balabenka ramp

smér Pelc-Tyrolka
direction of Pelc-Tyrolka

Obr. 3 Pricny Fez v prostoru Balabenky
Fig. 3 Cross-section in the area of Balabenka
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Obr. 4 Pricny rez profilem ulice Spojovaci s Jarovskym tunelem pod vrchem Trestiovka

Fig. 4 Cross-section through Spojovaci Street with the Jarov tunnel under Tresriovka Hill

sméry poZadovanych napojeni na nadfazenou komunikacni sit.
Cely dopravni uzel Balabenka tak v nové koncepci tvofi sys-
tém povrchovych priisecnych svételné rizenych kiizovatek a na-
pojeni tunelovych ramp, vzdjemné se ovliviiujicich a spolecné
fizenych. Dopravni systém celého uzlu Balabenka byl takto fe-
Sen s tim, Ze jsou zajiStény vSechny dopravni vazby, v¢. mist-
nich vztahl. Zcela inovativni feSeni v oblasti Balabenky, odstra-
nujici stavajici estakddy vedenim MO v tunelech, a vyhodnym
sméfovanim hlavnich dopravnich intenzit do tunelovych ramp
u Ceskomoravské, zajisti moZnost pojmout oblast vyznamné-
ho dopravniho uzlu i v prostorové stisnénych pomérech. Navic
umoziiuje v piipadé potfeby pfipojit i pokracovani Vysocan-
ské radialy, a to opét v podzemni drovni. Na Balabence vznika
jen prestupni termindl zastivek tramvajovych a autobusovych
linek.

Névazny tsek pokracuje jiznim smérem hloubenymi tunely
umisténymi v ulici Spojovaci pfimo navazujicimi na tunely pod
podjezdem. V prostoru Spojovaci, pod Vyso¢anskym naméstim,
byly nové navrzeny vyjezdové rampy z obou smért MO, pripoju-
jici se na Spojovaci.

Dale trasa MO vede tunelovym tsekem nazvanym tunelem
Spojovaci, tvofenym hloubenymi a ¢elné odtéZovanymi tunely
v koridoru stavajici ulice Spojovaci. Tento tunelovy tsek konci
v MUK K Zizkovu a piechézi v Jarovsky tunel.

MUK K Zizkovu byla nové minimalizovina na dvojici ramp.
Vyuzitim mozZnosti levého odpojeni a pfipojeni na MO doslo
k semknuti tunelovych ramp do jedné spolecné osy umisténé
mezi tunely, a tim i zmenSeni zasahu do oblasti Tresnovky i proti-
lehlého zalesnéného svahu. Oproti predchozimu feSeni je nijezd
na MO-A zrusen a piesunut do MUK Balabenka.

0d MUK K Zizkovu pokratuje MO k MUK Ceskobrodska
Jarovskym tunelem. RaZenym tunelem podchédzi oblast vrchu
Tresnovka (obr. 4), obytné aredly Zeleného mésta a arealy Met-
ropolitni univerzity Praha, Stfedni odborné Skoly Jarov a Stfedni
odborné Skoly logistickych sluzeb.

railway track. The Balabenka tunnel tubes cross the Rokytka Brook
as a closed bridge structure. Cuprova Street with eased traffic still
remains on the surface of the tunnel tube to be used for local traffic
relations. Thus, four levels of traffic routes originate in the location
of the CCR crossing with the Rokytka Brook: Rokytka embankment,
CCR in the Balabenka tunnel, Cuprova Street on the tunnel cover
desk and the existing railway track on the bridge.

The CCR route then continues southwards through cut-and-
cover tunnels at the Balabenka traffic node, i.e. passes under the
Na Balabence intersection (see Fig. 3), Na Zertvach, Sokolovska
and Ceskomoravskd Streets and heads further to the corridor
of Spojovaci Street, where the CCR passes under an existing
railway bridge, respectively an underpass in Spojovaci Street, by
shallow tunnel excavation using the special “pipe roofing” method
with advance microtunnelling. An extensive system of junctions
of tunnel ramps respecting the main directions of the required
connections to the higher-ranking road network originates in the
area of Balabenka. In the new concept, the entire Balabenka traffic
node forms a system of at-grade, lights-controlled intersections and
connections of the interacting and jointly managed tunnel ramps.
The traffic system of the whole Balabenka node was solved in this
way, with all traffic relations including local relations secured. The
completely innovative solution for the Balabenka area, removing
existing viaducts by leading the CCR through tunnels and
advantageous heading of the main traffic volumes to tunnel ramps
at Ceskomoravsk4, will ensure the possibility of containing the
whole area of the important traffic node even in spatially restricted
conditions. In addition, if necessary, it allows for connecting even
the continuation of the Vysocany Radial Road, again at underground
level. Only a transfer terminal of stops of tramway and bus lines
originates at Balabenka.

The follow-up section continues southwards through cut-and-
cover tunnels located in Spojovaci Street, directly linking to the
tunnels under the underpass. Off-ramps from both CCR directions
connecting to Spojovaci Street have been newly proposed in the
space of Spojovaci Street, under Vysocany Square.
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MUK Ceskobrodska byla fesena do zcela nového usporadani,
kdy se pomoci vyuziti zpétnych ramp pro pfipojeni i odpojeni
MO podaftilo vytvofit pouze jednu povrchovou svételné fizenou
prisec¢nou kiiZovatku na Ceskobrodské ulici a veskeré dispozic-
ni zmény v tunelech soustiedit pouze do hloubené tunelové Casti
trasy. Doslo k ¢aste¢nému posunu trasy MO vychodnim smérem
tak, aby v celé délce bylo moZné zachovat stavajici historickou
stopu Ceskobrodské ulice a souasné vytvofit prostor pro budouci
pripojeni Jarovské tridy.

Navazujici dsek trasy MO je opét podpovrchovy. Tvoii ho tu-
nel MaleSicky, ktery nejprve svou raZenou ¢asti podchazi oblast
zahradkarské osady Malesice, stavajici zastavby vilového charak-
teru a historické zastavby v okoli MaleSického ndmésti.

Jizné od MaleSického namésti trasa prechdzi do hloubeného
tunelového tseku. V oblasti od MaleSického ndmésti po MUK
Cernokosteleckd se v aktualizované koncepci trasa pidorysné
primyka ke koridoru Zelezni¢ni trati MaleSice — VrSovice, s ci-
lem minimalizace zbytkovych ploch mezi Zeleznici a MO. Spolu
s opétovnym vyuzitim levych pfipojeni a odpojeni tunelovych
ramp, nebot v této poloze by jiZ pivodni extravilanovy tvar kii-
Zovatky nebylo moZné pouZit, vznikla jedna priisecna kfizovatka
Cernokostelecké ulice s rampami MO. MUK Cernokostelecké
tak doznala rovnéz zcela zdsadniho prepracovani (obr. 5). Do této
kiizovatky se navic pres povrchové dseky ramp podarilo pfipo-
jit jednak pfemisténou ulici Dfevcickou, zaroverti i prodlouZenou

The CCR route further leads along the tunnel section, through
a tunnel called Spojovaci, formed by both cut-and-cover and cover-
and-cut tunnels in the corridor of the existing Spojovaci Street. This
new tunnel section ends at the K Zizkovu GSI and passes into the
Jarov tunnel.

The K Zizkovu GSI was newly minimised to a couple of ramps.
The use of the possibility of left-hand disconnection and connection
to the CCR allowed for joining the tunnel ramps on one common
longitudinal axis located between the tunnels, thus reducing the
impacts on the area of TreSilovka and the adjacent opposite wooded
slope. I contrast with the preceding solution, the approach to the
CCR-A has been cancelled and was shifted to the Balabenka
GSL

From the K Zizkovu GSI, the CCR continues to the Ceskobrodska
GSI through the Jarov tunnel. It passes under the area of TreSfiovka
Hill (see Fig. 4), residential areas of the Green City, grounds of the
Metropolitan University in Prague, the Secondary Technical School
Jarov and the Secondary Vocational School of Logistics Services
through a mined tunnel.

The Ceskobrodska GSI was designed for a completely new layout,
where the use of on-ramps and off-ramps allowing return to the
opposite direction of traffic on the CCR allowed for the creation of only
one at-grade, lights-controlled crossing intersection on Ceskobrodsk4
Street and concentration of all changes in the configuration only to the
cut-and-cover part of the route. The CCR route was partially shifted
eastwards so that it was possible to maintain the existing historical
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Obr. 5 Vizualizace MUK Cernokosteleckd s trasou Méstského okruhu primknutou k Zelezni¢ni trati
Fig. 5 Visualisation of the Cernokosteleckd GSI with the CCR route adjoining the railway line
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Obr. 6 Pricny Fez Liberiskym tunelem s patrovym uspordddnim v ulici Zen-
klova

Fig. 6 Cross-section through the Liberi tunnel with stacked configuration in
Zenklova Street

ulici V OlSindch. Vznikl tak jeden dopravné vysoce efektivni
uzel, umoZiujici jak vazby z a na MO, tak i mistni povrchové
vazby mimo obytné tzemi. Oproti plivodnimu feSeni jsou por-
taly hlavni trasy nové situovany jizné od MUK Cernokoste-
leckd.

MUK V Ol3inich byla zcela vypusténa nihradou prodlouZenim
ulice V Olsindch do MUK Cernokosteleckd. Tim do$lo ke vhod-
n¢jsi distribuci vozidel v ulicni siti a opusténi potieby demolic
obytnych domt v kiiZovatce V Ol3indch/Uvalska.

Navazuje povrchovy usek MO prechdzejici mostnimi objekty
jednak novou stopu ulice V OlSinach, jednak Zelezni¢ni trat Male-
Sice — VrSovice a povrchovou trasu metra u Depa Hostivar. Trasa

29. rocnik - €. 1/2020

footprint of Ceskobrodska Street and, at the same time, the space for
the future connection of Jarovska Avenue.

The following section of the CCR route is again underground.
It is formed by the MaleSice tunnel, the mined part of which first
passes to the area of the gardening settlement of MaleSice, existing
villa-character houses and historic buildings in the MaleSice Square
surroundings.

The route passes south of MaleSice Square to a cut-and-cover
section the route adjoins in the ground plan the corridor of the
Malesice — VrSovice rail line in the updated concept in the area from
Malesice Square up to the Cernokostelecka GSI, with the objective
of minimising the remaining areas between the railway track and the
CCR. Only one crossing-type intersection of Cernokostelecka Street
with CCR ramps originated together with the repeated use of left-
hand connections of on-ramps and off-ramps because of the fact that
the original configuration of the intersection designed for the non-
rural area could not be used in this location. The Ceskokosteleckd
GSI therefore also experienced fundamental redesigning (see
Fig. 5). In addition, the designer managed to connect the relocated
Drevcicka Street and also the extended V OlSinach Street to this
intersection through the at-grade sections of the ramps. In this way,
one node highly effective from the point of view traffic originated.
It allows for both the relations from and to the CCR and the local
at-grade relations outside the residential area. In contrast with the
original design, the portals of the main route are located south of the
Cernokostelecka GSI.

The V OlSindch GSI was completely omitted and was replaced
by the extension of V Ol§inach Street to the Cernokosteleckd GIS.
Owing to this fact, the distribution of vehicles in the street network
was improved and the need for demolition of residential buildings at
the V Olginach/Uvalskd Streets was abandoned.

The at-grade section of the CCR follows. It runs above the new
footprint of V OlSinach Street on bridge structures and the MaleSice
— Vrsovice railway track and the at-grade route of metro at the
Hostivar Depot. The CCR route continues eastwards, in parallel with
the metro testing track, and connects to the existing Southern Link
Road and the St&rboholy Radial Road.

i vyjezdovy portéi ‘-'

exit portalis

| vyjezovy portal
exit portal

-~ vjezdovy por
entrance portal

N

Obr. 7 Vizualizace vyjezdovych a vjezdovych ramp Liberiského tunelu na Vychovatelné
Fig. 7 Visualisation of off-ramps and on-ramps of the Libeii tunnel at Vychovatelna
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Tab. 1 Zdkladni délkové charakteristiky tunelit
Table 1 Basic length-related characteristics of the tunnels

soubor staveb MO a LS, tubusy hl. trasy
package of CCR and LLR construction lots,
main route tubes

SR stavba ¢. 0081 stavba ¢. 0094 stavba ¢. 8313
e T constr. lot constr. lot constr. Lot

: No. 0081 No. 0094 No. 8313 °$L‘;:;'El1(1';‘)
tubus MO-A(m) | MO-B(m) | MO-A(m) | MO-B(m) | MO-A(m) | LS-A(m) | MO-B(m) | LS-B(m)
tube MO-A(m) | MO-B(m) | MO-A(m) | MO-B(m) | MO-A(m) LS-A (m) MO-B (m) LS-B (m)
TP 2016 9699
type 2016 9699
hloubené tunely 325 600 1380 1390 X 844 X 864 5403
cut-and-cover tunnels 325 600 1380 1390 X 844 X 864 5403
razené tunely 1160 X 1573 1563 X X X X 4296
mined tunnels 1160 X 1573 1563 X X X X 4296
% razenych tunelt 56 53 0 44
% of mined tunnels 56 53 0 44
UDS 2019 16 818
UDS 2019 16818
hloubené tunely 831 885 2655 2649 774 1344 740 1327 11115
cut-and-cover tunnels 831 885 2655 2649 774 1344 740 1327 11115
razené tunely 1220 1160 1658 1665 X X X X 5703
mined tunnels 1220 1160 1658 1665 X X X X 5703
% razenych tunel(i 58 39 0 34
% of mined tunnels 58 39 0 34

MO dile pokracuje vychodnim smérem v soubéhu se zkuSebni
koleji metra a v MUK Rybnic¢ky se napojuje na stavajici Jizni
spojku a Stérboholskou radialu.

MUK Rybni¢ky byla v novém navrhu dispozi¢né upravena
s cilem vhodné&ji umistit vlastni trasu MO, a to oba jizdni sméry
spole¢né vést oddéalené od stavajici zastavby, umoznit i chybéji-
ci dopravni vazby z Rabakovské ulice, resp. Hostivaiské spojky,
na oba sméry MO i St&rboholskou radidlu a zachovat nebo do-
plnit mistni vazby v dzemi. Upravou dispozice, bez zdsahu do
jiz existujicich staveb Mé&stského okruhu a Stérboholské radialy,
bylo dosaZeno ponechdni stivajici pfimé trasy Rabakovské uli-
ce, v¢. rozvinuti vyhrazenych BUS pruht. Pomoci dvou svétel-
né fizenych kiiZzovatek na Rabakovské je umoZnéno piipojeni
1 odpojeni ze vSech smérli nadfazeného systému do Hostivarské
spojky, coZ vzhledem k jejimu trasovani mimo obytnou zastavbu
odleh&i kapacitné velmi pietizené kiiZovatce Cernokosteleckd/
Primyslova.

Vratme se nyni jeSté ke stavbé Libeniské spojky. I tato stavba
doznala v rdmci aktualizace ndvrhu jistych zmén.

Libenisky tunelovy tsek navazuje nové v hloubenych tunelo-
vych rozpletech v oblasti Labutky na tunel Balabenka. Trasa hlou-
benych tuneli sleduje nejprve koridor ulice Cuprova, prechézi do
nové koncipované MUK U KiiZe a pokraduje daliim hloubenym
a Celné odtéZovanym tsekem v ulicich Zenklova a Vosmikovych
a7 k MUK Vychovatelna, kde navazuje na stavajici povrchovou
komunikacni sif. V koridoru ulice Zenklova je s ohledem na pro-
storové podminky vyuzito vedeni tuneld v patrovém usporadani,
pri vyuziti technologie tunelii celné odtéZovanych s konstrukcni-
mi podzemnimi st€énami (obr. 6).

V prostoru MUK U KfiZe je v povrchové tirovni nové navr-
7ena priseéna kfizovatka vyznamnych ulic Proseckd, Cuprova,
resp. v tésné blizkosti i Zenklova. V podzemni trovni pak dochézi
k propojeni Méstského okruhu a Libeniské spojky.

MUK Vychovatelna napojuje Libeiiskou spojku do prostoru
kfizeni ulic Liberecka (Prosecka radidla) a Zenklova a zachovava
jejich stavajici moznosti vzajemného propojeni (obr. 7).

The layout of the Rybnicky GSI was modified in the new design
with the objective of placing the CCR route more appropriately
by leading both directions of traffic jointly at some distance from
existing buildings, allowing for the missing traffic relations from
Rabakovskd Street (or the Hostivar Link Road), to both directions
of the CCR and the Stérboholy Radial Road. Maintaining or adding
local relations in the area and keeping the existing direct route of
Rabakovskd Street including developing exclusive BUS lanes was
achieved owing to the change in the layout without intervening into
the already existing structures of the CCR and the Stérboholy Radial
Road. Connecting and disconnecting of all directions of the higher-
grade system to the Hostivar Link Road is allowed for by means of
two lights-controlled intersections on Rakovskd Street. It will ease
the vehicular traffic at the Cernokostelecké/Prﬁmyslové intersection,
which is very overloaded in terms of capacity.

Let us return now to the construction of the Libeni Link Road.
This construction has also experienced certain changes within the
framework of updating the designs.

The Liben section of the tunnels newly connects to the Balabenka
tunnel at cut-and-cover tunnel bifurcations in the area of Labutka.
The route of the cut-and-cover tunnels follows first the corridor of
Cuprova Street, passes to the newly drawn up U Kiize GSI and
continues through another cut-and-cover and cover-and-cut section
in Zenklova and Vosmikovych Streets up to the Vychovatelna
GSI, where it links to the existing at-grade road network. Stacked
configuration of tunnels is used in the corridor of Zenklova Street.
The cover-and-cut tunnelling method with structural diaphragm
walls (see Fig. 6) is used in the corridor with respect to the spatial
conditions.

In the space of the U KfiZe GSI, a new crossing-type of intersection
between Proseckd and Cuprova Streets, or also in close proximity to
Zenklova Street, is designed. The CCR connection with the Libeii
Radial Road takes place at the underground level.

The Vychovatelna GSI connects the Liberi Link Road to the
space of the intersection of Liberecka Street (the Prosek Radial
Road) and Zenklova Street, maintaining their current possibilities of

interconnectivity (see Fig. 7).
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ZAVER

Popisovana cast Méstského okruhu a Libeniské spojky po svém
dokonceni nabidne novou alternativni trasu, napf. oproti Severo-
jizni magistrale, s nabidkou plynulejSiho a rychlej$iho spojeni
méstem, nejen ve sméru sever—jih (a naopak). PfedevSim pak ale
di, nez je tomu u stavajici pretizené uli¢ni sité. Cely dokonce-
ny Méstsky okruh, jakoZto soucdst radidlné-okruzniho systému,
zajisti objizdnou komunikaci Sir§iho centra mésta, takZe bude
mozné vyznamné omezit prijezdnou dopravu centrem, preferovat
hromadnou dopravu, v¢. dopravy pési a cyklistické a pfistoupit
k aktivni regulaci pro mésto zbytné individudlni automobilové
dopravy.

Vzhledem ke skuteCnosti, Ze oba zdméry Mestsky okruh
a Libenska spojka maji platné stanovisko EIA, veskeré tpravy
feSeni probihaly v takovém duchu, aby bilanci vlivli posuzova-
nych v EIA vylepSovaly. V tuto chvili tak mohou plynule nava-
zat prace na oéekavané DUR, s cilem ziskat UR v rozmezi let
2021-2022. Kromé praci na vlastni DUR v soucasné dobg pro-
bihd i predbéZny geotechnicky priizkum. Na druhou stranu, jak
je u podobnych staveb zvykem, je nanejvySe jisté, Ze v prube-
hu dalsi pfipravy dojde k dal$im Gpravam a zméndm vyvolanym
poZzadavky mj. méstskych casti. Pozadavky dotéenych mést-
skych ¢asti vétSinou nesméfuji toliko do vlastniho feSeni stav-
by, ale spise k jejimu rozsifovani o pozadavky vyreSeni dalSich
problémt v okoli. I proto zde neni uvedena predpokladand od-
hadovana vySe nakladu stavby, kterd jisté presahne 50 mld. K¢.
Protoze technickym, urbanistickym, ale i politickym cilem do-
konceni Méstského okruhu je dotvofit, ¢i alesponl umoznit dotvo-
feni celého souvisejiciho uzemi, 1ze ocekavat pozitivni pfistup na
strané investora, coz muZe vést k dal§imu vyvoji ceny smérem
nahoru.

Pres dlouhodoby odpor ¢ésti prazské, spise politicky angazo-
vané vefejnosti, nastala v disledku tpravy koncepce feseni MO
ponékud novd a pro stavbu piizniva situace, kdy napfi¢ prazskym
politickym spektrem existuje shoda na navrZzeném feSeni i poZa-
davek soubor staveb MO+LS co nejrychleji dokoncit. Spolecné
1ze doufat, Ze tento zcela vyjime¢ny dopravni a tunelarsky pocin
bude ku prospéchu vSech obyvatel a navstévnikil Prahy s vice nez
pul milionem dotéenych obyvatel.

Nejvétsim rizikem pro projektovou pripravu a tspéSnou bu-
douci realizaci by bylo dalsi odkladani vystavby a vahani nad
neexistujicimi variantami trasovani MO+LS. Za riziko se naopak
nemusi povazovat dosud neujasnény model financovani, proto-
Ze teprve dobte pripravend, a do detailu domyslena stavba, miZze
presveédcit jak stat, tak pfipadné financujici dstavy o realizovatel-
nosti zaméru.

Ing. PAVEL SOUREK, SATRA, spol. s r.o.,
Ing. ALES MERTA, PUDIS a.s.,
Ing. LUKAS GRUNWALD, SATRA, spol. s r.o.

Recenzoval Reviewed: Ing. arch. Jan Kasl
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CONCLUSION

The part of the City Circle Road and the Libeni Link Road described
in the paper will offer a new alternative route after its completion, for
example, in comparison with the North-Western Backbone Road,
it will offer more fluent and faster connection through the city, not
only in the north-south direction (and opposite). In the first place,
it will offer a route which will be safer and more considerate to the
environment than it is at the current overloaded street network. The
whole completed City Circle Road as a part of the radial-circular
system will provide a route bypassing the wider centre of the city.
Therefore it will be possible to significantly reduce the volume
of transit traffic through the centre, prefer mass transit, including
pedestrian and cycling traffic, and proceed to active regulation of
individual vehicular traffic which is not necessary for the city.

With respect to the fact that both the City Circle Road and the
Liben Link Road intentions have received valid EIA assessment, all
modifications of the design proceeded in a spirit of improving the
balance of impacts described in the EIA. At the moment, the work on
the awaited building location permit can fluently continue with the
objective to obtain the zoning and planning decision in 2021-2022.
Apart from the work on the location permit, continuous geotechnical
investigation is currently being carried out. On the other hand, as
it is customary for similar projects, it is most certain that other
modifications and changes induced, among others, by requirements
of city districts will follow. Requirements of the affected city districts
are not usually directed solely to the construction design itself, but
rather to its expansion by adding requirements for solving other
problems in the surroundings. This is one of the reasons why the
estimated cost of construction, which will certainly exceed 50 billion
CZK, is not presented here. Because the technical, town planning
and also political objective is to complete the City Circle Road, or at
least allow for completing the whole affected landscape, it is possible
to expect positive attitude on the side of the project owner, which can
lead to developing the construction cost further upwards.

Despite long-standing resistance of a part of the rather politically
engaged public in Prague, a rather new situation, favourable for the
situation of the project developed as a result of the modification of
the concept of the CCR design. Agreement exists across the political
spectrum regarding the proposed solution and the requirement for
the package of the CCR+LLR construction lots to be completed
as quickly as possible. Together, it is possible to hope that this
absolutely exceptional traffic and tunnelling project will benefit all
Prague residents and visitors with over half a million people affected

The biggest risk for the design preparation and successful future
implementation would be further postponement of construction
works and hesitation over non-existent variants of the CCR+LLR
route. Conversely, a model of funding that is still unclear is not
considered a risk because only a well prepared and elaborate
construction can convince both the state and funding institutes, if
any, of the feasibility of the project.

Ing. PAVEL SOUREK, SATRA, spol. s r.o.,
Ing. ALES MERTA, PUDIS a.s.,
Ing. LUKAS GRUNWALD, SATRA, spol. s r.o.
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GEOTECHNICKY MONITORING NA STAVBE BEZBARIEROVEHO
ZPRISTUPNENI STANICE METRA KARLOVO NAMESTI
GEOTECHNICAL MONITORING OF CONSTRUCTION OF STEP-FREE
ACCESS TO KARLOVO NAMESTI METRO STATION

RADOVAN CHMELAR, PAVEL TUMA, TOMAS MIKOLASEK, MICHAELA GUBANIOVA

ABSTRAKT

Cldnek pojedndvd o geotechnickém monitoringu bezbariérového zpiistupnéni stanice metra Karlovo ndmésti v Praze, kterd je nyni ve
vystavbé. Detailné jsou zminéné inZenyrskogeologické podminky, které byly zastiZeny pri hloubeni Sachet i razbé prestupni chodby. Z mé-
feni geotechnického monitoringu jsou prezentovdny vysledky konvergencniho méreni na vyztuzi vyrubii, méreni poklesu terénu i prilehlé
zdstavby. Zminéné je i konvergencni méreni v provozovanych tunelech stanice metra Karlovo ndmésti, méreni hladiny podzemni vody
v blizké studni a také tenzometrické méreni na provizornich podpiirnych konstrukcich. V tomto cldnku je predstaven i novy informacni
systém geotechnického monitoringu SIISEL, ktery je zde poprvé poufit.

ABSTRACT

The paper deals with geotechnical monitoring of the step-free access to Karlovo Ndmésti metro station in Prague, which is currently
under construction. The engineering geological conditions encountered during the course of excavation of the shafts and excavation
for the interchange gallery are mentioned in detail. Of the geotechnical monitoring measurements, there are the results of convergence
measurement on excavation support elements, measurement of terrain and adjacent buildings subsidence presented in the paper. But
convergence measurements in the operating tunnels of Karlovo Namésti metro stations, measurements of water table in a nearby well
and also strain-gauge measurements on temporary support structures are also mentioned. The new information system of geotechnical
monitoring, SIISEL, which is used here for the first time, is, in addition, introduced in this paper.

uvob

Stavba bezbariérového zpristupnéni stanice metra Karlovo na-
mésti nové zajisti potfebné bezbariérové zpfistupnéni z Grovné na-
stupiSté stanice na troven chodniku v ulici Vaclavskd, pfes vstupni
objekt umistény v prizemi domu Vaclavska 2068/14, kde tsti Vac-
lavska pasaz spojujici Karlovo namésti s ulici Vaclavskou (patrné
ze situace stavby na obr. 1). Zpfistupnéni je koncipovano jako kas-
kada dvojic osobnich vytahl — jednak z uli¢ni drovné do zalomené
pfestupni podzemni chodby, umisténé nad stanici metra, a nasledné

L
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INTRODUCTION

The construction of the step-free access to Karlovo Namésti
metro station will newly ensure the step-free access from the
station platform level up to the level of pavement in Véclavska
Street, through the entrance structure located on the ground floor
of the Viclavskd 2068/14 building, where the Viclavska Passage
connecting Karlovo Namésti Square with Vaclavska Street exits
(visible from the construction site layout in Fig. 1). The access is
drawn up as a cascade of pairs of passenger lifts — one from the

: L
SO 03 prestupni chodba Usek Il
SO 03 passenger transfer gallery section |l

Obr. 1 Situace bezbariérového zpristupnéni stanice metra Karlovo ndmésti s vyznacenym stavem raZeb k 12/2019 — na obr. zelené vySrafovdno
Fig. 1 Layout of step-free access to Karlovo Ndmeésti metro station in the state of excavation as of December 2019 — hedged green in the picture




Obr. 2 Panoramatickd fotografie ze dna Sachty S1
Fig. 2 Panoramic photo from shaft S1 bottom

dalsi dvojice vytaht z této prestupni chodby na néstupisté stanice,
priblizné v jejim stiedu. Konstruk¢né i postupem vystavby je bezba-
riérovy pfistup stanice metra Karlovo ndmésti rozdélen do nékolika
Casti — stavebnich objektl. Pfimo v ulici Vaclavské je umisténa do-
Casné t&7ni a montazni Sachta S1, kterd jako pomocnd jama svymi
rozméry umoziiuje nasazeni dostate¢né vykonnych mechanisma
pro néslednou razbu prestupnich chodeb. Hloubka této Sachty je
cca 35 m. V domé¢ Vaclavska 2068/14 se realizuje samotna vyta-
hové Sachta S2, spojujici uli¢ni tiroveii s piestupni chodbou. Tato
Sachta byla navrzena o minimalnich rozmérech a jeji hloubeni je
zde provadéno ve stisnénych pomérech z tirovné suterénu zastavby.
Celkova hloubka Sachty je 33,70 m. V podzemi v hloubce cca 30 m
na Sachty navazuje razend lomend prestupni chodba. Piadorysné je
tato chodba rozdélena na Ctyfi dseky. Jedna se o tsek 1 spojujici obé
Sachty, tsek II od t&7ni Sachty S1 k zaraZce nad stanici metra, tisek
III zardzka nad stanici a isek IV zardzky vedené soubézné se stiedni
lodi pro vytahové Sachty na néstupisté [1].

Na zagitku 6/2019 se zahajilo hloubeni tézni Sachty S1
a v 12/2019 jiz byly vyhloubeny obé& Sachty (S1i S2), vyraZen tsek
I prestupni chodby v urovni kaloty a provadi se razba tseku II. Na
fotografii (obr. 2) je vidét pohled z jiZ vyhloubené Sachty S1 na raz-
bu prestupové chodby. Vlastni razba prestupovych chodeb je pro-
vadéna pomoci NRTM v technologické tiidé 5a, a to s ohledem na
naro¢nou razbu v exponovaném prostoru nad provozovanou stanici
metra, pod vysokou zdstavbou na povrchu a inZenyrskymi sitémi.
Postup vystavby tedy zohlediiuje nutnost minimalizovat deformace
povrchu a zastavby.

Investorem stavby je Dopravni podnik hlavniho mésta Prahy,
a.s. Zhotovitelem stavebnich praci je sdruzeni firem ,,HOCHTIEF
— ENERGIE - vytah KN*. Geotechnicky monitoring této stavby
zajiStuje sdruzeni ,,GeoTec + MP + PUDIS — Karlovo ndm*. Pro-
jektantem je METROPROJEKT Praha a.s., technickym dozorem
stavebnika je firma INFRAM a.s., geotechnicky prizkum bezbari-
érového zpristupnéni stanice metra Karlovo namésti provedl v roce
2015 GEOtest, a.s. [2].

ZASTIZENE INZENYRSKOGEOLOGICKE POMERY
Z regiondlné-geologického hlediska je zdjmové tzemi soucasti
jednotky star§iho paleozoika Barrandienu (svrchni ordovik). Skal-
ni podloZi je budovano sedimentarnimi uloZeninami dobrotivského
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street level to the curved interchange gallery located above the
metro station, the other pair of lifts from the interchange gallery
to the station platform, approximately in its middle. The step-free
access to and from Karlovo Ndmésti metro station is divided into
several parts — structures designed taking into consideration the
structural design and the construction procedure. A temporary
hoisting and assembly shaft S1 located directly in Vaclavska Street,
which as an auxiliary pit allows for application of mechanisms
sufficiently powerful for the subsequent excavation of the
interchange galleries. This shaft is ca 35m deep. The independent
lift shaft S2 connecting the street level with the interchange gallery
is being realised in the Vaclavska 2068/14 building. Minimum
dimensions were designed for this shaft. This shaft is being
excavated in restricted conditions from the level of the basement
of the building. The total depth of the shaft amounts to 33.70m.
A mined curved interchange gallery links to the shaft underground
at the depth of ca 30m. In the ground plan, the gallery is divided
into four sections. Section I interconnecting both shafts, section II
from hoisting shaft S1 to the side tunnel excavation above the metro
station, section III side tunnel above the station, and section IV side
tunnels led in parallel with the central nave for lift shafts on the
platform [1].

At the beginning of June 2019, the excavation of shaft S1 and, as
of December 2019, excavation of both shafts (51 and $2) has been
finished; section I of the interchange gallery at the top heading level
has been finished and the excavation for section II is being carried
out. In the photo (see Fig. 2), there is a view of the excavation of the
interchange gallery taken from the already completely excavated
shaft S1. The excavation of the interchange galleries itself is
carried out using the NATM, categorised as excavation class Sa
with respect to complicated excavation in the exposed space above
the operating metro station, under high buildings on the surface
and utility networks. The construction procedure therefore takes
into consideration the necessity for minimising deformations of the
surface and buildings.

The project owner is Dopravni podnik hlavniho mésta Prahy, a. s.
(Prague public transit company). The contractor for civil engineering
work is a consortium consisting of HOCHTIEF — ENERGIE —
vytah KN. Geotechnical monitoring of this project is provided by
a consortium consisting of GeoTec + MP + PUDIS — Karlovo nam.
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souvrstvi, které jsou zde reprezentovany prachovitymi az jilovito-
prachovitymi, jemné slidnatymi bfidlicemi s pfevaZné tence des-
kovitou az deskovitou vrstevnatosti. Kvartérni pokryv je v zdjmo-
vém tzemi tvofen predev§im fluvidlnimi sedimenty terasy Karlova
namésti. Z litologického hlediska jsou tyto pleistocénni sedimenty
zastoupeny pisCitymi Stérky a pisky se Stérkem s pfimési jemnozrn-
né frakce.

Cely geologicky profil byl zaznamenén jiZ pii hloubeni Sachty
S1, které nejprve probihalo do trovné cca 1,8 m od povrchu te-
rénu v navazkach charakteru pisku az Sté€rku hlinitého (pfekopani
terasa Vltavy). Dale nasledovalo hloubeni do drovné cca 4,0 m
v prostiedi fluvidlnich sedimenti terasy Karlova ndmésti. Pod bazi
téchto sedimentl bylo zastiZzeno skalni podloZi reprezentované silné
zvétralymi prachovitojilovitymi bfidlicemi, tfidy R5-R6 dle CSN
P 73 1005, tence deskovité vrstevnatymi s orientaci hlavnich ploch
diskontinuit 315-345°/35—45°. Nésledné preslo hloubeni do polohy
jilovitoprachovitych bfidlic, mirné zvétralych tence deskovité vrs-
tevnatych, tfidy prevazné R5. Od 8,00 m byly zastizeny navétralé
jilovité bridlice tifidy R4-R5 a od 13,65 m az do dna Sachty byly
dokumentovany zdravé prachovitojilovité bridlice tfidy R4-R3
s vysokou hustotou diskontinuit. Horninovy masiv je misty slabé
tektonicky namoZen. Hloubeni Sachty S2,

The designer is METROPROJEKT Praha a.s., builder’s technical
supervision is provided by INFRAM a. s.; geotechnical investigation
for the step-free access to and from Karlovo Namésti metro station
was conducted in 2015 by GEOtest, a.s. [2].

ENGINEERING GEOLOGICAL CONDITIONS ENCOUNTERED

From the regional-geological point of view, the area of operations
is part of the Barrandian unit of the Early Palaeozoic (upper
Ordovician). The bedrock is built up by sedimentary sediments
of the Dobrotiv formation, which are represented here by silty up
to clayey-silty, finely micaceous shale with mostly thinly platy up
to platy bedding. The Quaternary cover in the area of operations
is formed first of all by fluvial sediments of the Karlovo Namésti
terrace. From the lithological point of view, these Pleistocene
sediments are represented by sandy gravel and sand with gravel
with an admixture of fine-grained fraction.

The whole geological profile was recorded already during the
process of excavation of shaft S1, which first passed up to the
depth of ca 1.8m from the terrain surface through made-ground
with the character of sand up to loamy gravel (the once excavated
Vltava River terrace). The shaft excavation further continued up to

oproti $achté S1, zadinalo a7 v trovni siln&
zvétralych bridlic.

V trovni kiizeni Sachty S2 s prestupni
chodbou — dsek I a tsek II — bylo zasti-
Zeno tektonické poruchové pasmo sméru
350°/65°, kde byly vyse popsané horniny
podrceny a byly drobné ulomkovité roz-
padavé s tektonickymi ohlazy na plochich
diskontinuit. Vyse popsané horniny se radi
do ordoviku — dobrotivského souvrstvi.

Celkové byly v horninovém masivu do-
kumentovany 3—4 pravidelné systémy dis-
kontinuit, které zahrnuji vrstevnatost hor-
niny, podélné a pii¢né pukliny a tektonické
poruchy.

Pri hloubeni obou Sachet byla zasti-
Zena hladina podzemni vody cca 5,3 m
pod trovni soucasného terénu v prostiedi
mirné zvétralych bridlic. Hladina byla za-
stizena formou nesoustfedénych pfitoka
a drobnych ukapt ze stén Sachet, které
byly dokumentovany az do konce hloube-
ni bez vyraznych soustfedénych pfitoki.
Geologické poméry jsou nazorn€ patrné
z inZenyrskogeologického fezu (obr. 3).
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Na nasledujicich obr. 4 a obr. 5 je pro ilu-
straci geologickych pomért raZeb prestup-
ni chodby prezentovana fotodokumentace
a geologicky nakres, které jsou soucasti
inZenyrskogeologického sledovani.

GEOTECHNICKY MONITORING
Geotechnicky monitoring stavby byl

koncipovan s ohledem na bezprostiedni
blizkost zastavby, inZenyrskych siti a také
samotné stavajici stanice metra Karlovo na-
mesti, v podstaté obdobné jako u predcho-
ziho bezbariérového zpfistupnéni stanice
metra na stanici Andél [4]. V dostateCném

Obr. 3 Zjednoduseny inZenyrskogeologicky rez s vyznacenym stavem raZeb k 12/2019: 1 — navdzky; 2 - flu-
vidlni sedimenty; 3 — bfidlice silné zvétralé; 4 — bridlice mirné zvétralé; 5 — bridlice navétralé; 6 — bridlice
zdravé; modrd édra — pribéh hladiny podzemni vody; ¢ervend Cdra — konvergendéni profily v Sachtdch; svétle
zelené vySrafovdn stav hloubeni a razeb

Fig. 3 Simplified engineering geological section with the state as of December 2019 marked in it: 1 — made-
-ground; 2 - fluvial sediments; 3 — shale heavily weathered; 4 — shale moderately weathered; 5 — shale
slightly weathered; 6 — shale fresh; blue line — the course of water table; red line — convergence profiles in

shafts; light green hatching — state of excavation of shafts and galleries




Obr. 4 Fotografie cela vyrubu z tiseku II pristupové chodby
Fig. 4 Picture of excavation face from section II of the access gallery

predstihu pred zahdjenim hloubeni Sachet byla provedena paspor-
tizace objektl okolni zéstavby, ze které vyplynuly nékteré skutec-
nosti, jez byly zohlednény v nasledujici provadéci projektové do-
kumentaci a také upravé geotechnického monitoringu. Na zakladé
provedené pasportizace, pri které byla nalezena v jednom z objektl
studna, byl napfiklad monitoring vystavby rozsifen o kontinualni
hydrogeologické sledovéni tohoto objektu, ktery je od Sachet vzda-
len 34 m. Jinak v rdmci komplexniho geotechnického monitoringu
je provadén nasledujici standardni soubor méteni:
* inZenyrskogeologické sledovani (hloubeni Sachet a razby pre-
stupnich chodeb);
» méfeni deformaci vyrubu (konvergen¢ni méfeni) jak v Sach-
tich S1aS2, takiv prestupnich chodbach;
» méfeni deformaci ve stavajicich tunelech stanice metra Karlo-
vo namésti (konvergencni méteni);
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the depth of ca 4.0m, through the environment formed by fluvial
sediments of the Karlovo Namésti terrace. Under the basis of those
sediments, bedrock represented by heavily weathered silty-clayey
shale class R5-R6 according to CSN P 73 1005, thinly platy bedded,
with 345°/35-45° orientation of main discontinuity surfaces was
encountered. Subsequently the shaft excavation passed to a layer of
clayey-silty shale, slightly weathered, thinly platy bedded, mostly
class R5. From 8.0m, little weathered shale class R4-R5 was
encountered and, from 13.65m up to the bottom, fresh silty—clayey
shale class R4-R3 with close joint spacing was documented. The
rock massif is locally slightly tectonically strained. In comparison
with shaft S1, excavation of shaft S2 started deeper, at the level of
heavily weathered shale.

At the level of the intersection of shaft S2 with the interchange
gallery — section I and section I —a 350°/65° directing, tectonically
faulted zone, where the above-mentioned rock was crushed and
disintegrated to tiny fragments, with slickensides on discontinuity
surfaces. The rock described above belongs to the Ordovician —
Dobrotiv formation.

In general, 3—4 regular systems of discontinuity comprising rock
bedding, longitudinal and transverse fissures and tectonic faults
were documented in the rock massif.

During the process of excavation of the two shafts, the water
table was encountered ca 5.3m under the currently existing terrain
surface, in an environment formed by moderately weathered shale.
The water table was encountered in the form of non-concentrated
inflows and minor dripping from shaft walls, which were
documented until the end of the excavation without significant
concentrated inflows. The geological conditions are clearly visible
from the engineering geological section (see Fig. 3). Photographical
documentation and geological profile forming a part of the
engineering geological monitoring are presented for illustration of
geological conditions of the excavation for the interchange gallery
in Figures 4 and 5.
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Obr. 5 InZenyrskogeologické sledovdni Cela vyrubu pri raZbé pristupové chodby — ndkres
Fig. 5 Engineering geological monitoring of excavation face during excavation of the access gallery — drawing
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e méfeni zatiZeni provizornich podpirnych konstrukci pomoci
tenzometru;

* méfeni deformaci (poklesu) povrchu terénu;

* méfeni deformaci (poklesu) objektl zastavby;

* sledovani rozvoje poruch objektl zastavby (méfeni rozevirani

trhlin);

¢ kontrola dynamickych a¢inki trhacich praci;

* hydrogeologicky monitoring ve stavajici studni;

e korozni méfeni (bludné proudy);

¢ prikazna méreni Gnosnosti svornikda.

Na zavér geotechnického monitoringu bude provedena repaspor-
tizace objektll zastavby.

Cilem geotechnického monitoringu je ziskdni tdajii zejména
o prubéhu deformaci nosného systému osténi, dynamické odezvy
horninového prostiedi pti pouZiti trhacich praci, deformaci objektli
nadzemni zastavby pomoci komplexniho souboru méteni. Méreni
deformaci nosného systému osténi umoziuje optimalizovat pouZiti
jednotlivych prvki osténi, popripadé modifikaci jejich pouziti v du-
chu observacni metody, kterd je nedilnou soucasti Nové rakouské
tunelovaci metody (NRTM).

MERENI DEFORMACI PRIMARNIHO OSTENI -
KONVERGENCNI MERENI

Konvergencni méfeni je na této stavbé provadéno geodeticky
pomoci zaméfeni totalni stanici. V Sachtich jsou osazené Ctyrbo-
dové konvergencni profily a v prestupnich chodbéch pétibodové.
V souasnosti, kdy jsou vyhloubené obé& Sachty S1 a S2, vyrazena
v kaloté prestupni chodba tsek I mezi témito Sachtami a probihd
ndslednd razba prestupnich chodeb (nyni tsek II) smérem ke stanici
metra Karlovo ndmésti, vykazuji deformace osténi Sachet maximal-
ni hodnoty do 4 mm v radidlnim sméru a do 57 mm ve vertikalnim
sméru. U razeb prestupnich chodeb jsou naméfeny maximalni de-
formace osténi do 5 mm (obr. 6).

MERENI DEFORMACI VE STAVAJICICH TUNELECH
STANICE METRA

Mefeni deformaci stavajicich tunelll stanice metra Karlovo na-
mésti je provadéno na péti profilech méficich konvergencnich bodd,
osazenych po odstrojeni obkladu stanice a upevnénych do Zelezobe-
tonového osténi — tubingi (obr. 7) vSech tfi tunell trojlodni stanice
Karlovo namésti.

Obr. 6 Vektorovy diagram polohovych zmén konvergencnich bodii profilu
v prestupni chodbé

Fig. 6 Vector diagram of changes in positions of convergence points in the
profile in the interchange gallery

GEOTECHNICAL MONITORING

Geotechnical monitoring of the construction was conceived
taking into consideration the immediate closeness of buildings,
utility networks and also the Karlovo Namésti metro station itself, in
substance similarly to the previous step-free access to Andél metro
station [4]. Condition survey of adjacent buildings was carried out
in sufficient advance. Some facts following from the survey were
taken into account in the subsequent final design documents and
also in a modification of the geotechnical monitoring. Based on
the condition survey, during which a well was found in one of the
buildings, the construction monitoring was, for instance, expanded
by adding continual hydrogeological monitoring of the building,
which is located at the distance of 34m from the shafts. Otherwise,
the following standard set of measurements is conducted within the
framework of the comprehensive geotechnical investigation:

* engineering geological monitoring (excavation of shafts and

excavation for interchange galleries);

* measurement of excavation deformations (convergence
measurements) in shafts S1 and S2, as well as in interchange
galleries;

* measurement of deformations in existing tunnels of Karlovo
Namésti metro station (convergence measurements);

* measurement of loads acting on temporary support structures
using strain gauges;

¢ measurement of deformations (subsidence) of terrain surface;

* measurement of deformations (subsidence) of buildings;

* monitoring of the development of building defects (measurement
of development of aperture of cracks);

* checking on dynamic effects of blasting operations;

¢ hydrogeological monitoring in the existing well;

* corrosion measurements (stray currents);

* conclusive measurements of pull-out tests of rock bolts.

Repeated condition survey of buildings will be carried out at the
end of the geotechnical monitoring.

The objective of the geotechnical monitoring is to obtain data
namely on the course of deformations of the load-carrying system
of the excavation lining, the dynamic response of the ground
environment to blasting operations, deformations of buildings of at-
grade buildings using the comprehensive set of measurements. The
measurement of the load-carrying system of the lining allows for
optimisation of the use of individual elements of the lining, possibly
modifications of their use in the spirit of the observational method,
which is an inseparable part of the New Austrian Tunnelling Method
(NATM).

Obr. 7 Upevnéni mérickych konvergencénich bodii na osténi stdvajici stanice
metra Karlovo ndmésti

Fig. 7 Fixation of convergence measurement points on the existing Karlovo
Ndmeésti metro station lining
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MERENI ZATIZENI PROVIZORNICH PODPURNYCH
KONSTRUKCI

Prvni skupina tenzometrti — tenzometricky profil TP 1 (4 ks)
monitoruje vliv hloubeni na rozpérné zelezobetonové konstrukce
v urovni zékladovych konstrukci objektu Vaclavska €. p. 2068/14,
piimo ve zhlavi vytahové Sachty S2. Napéti v osténi je zjistova-
no zprostfedkované, prostiednictvim méfeni pomérnych deformaci
ve stfikaném betonu zhlavi $achty S2 v tirovni zdkladd navazujici
budovy. K méfeni pomérného pretvoreni jsou pouZity Ctyfi vibrac-
ni strunové tenzometry, které jsou urceny pro dlouhodobé méfeni
napéti v betonovych konstrukcich. VSechna ctyfi ¢idla jsou pro-
pojena se stanici sbéru dat (datalogger) kabelem s ochranou pruz-
nym krytem. Pro sbér udaji z jednotlivych tenzometrti byl instalo-
van datalogger Geokon LC-2x4 na betonovou konstrukci budovy
v urovni terénu s ohledem na stdlou moZnost pfistupu pro prenos
nameéfenych dat do prenosného pocitace (obr. 8). Pfi analyze nameé-
fenych dat byla zji§t€na zavislost pietvoreni na ubytku hydrata¢niho
tepla stiikaného betonu. Podle analyzovanych dat dochdzi k nor-
malnimu prabéhu distribuce tlakl a pretvoreni v betonu. Oscilace
krivek graf pfetvofeni je provdzana s teplotou. Bylo zjisténo, Ze
za slunecnych dnt v odpolednich hodinédch, kdy kulminuji teplo-
ty vzduchu, dochazi rovnéz k ¢astecnému osvitu severni, a hlavné
vychodni stény Sachty v mistech uloZeni tenzometrti, a tim dochazi
k nerovnomérnému prohiivani betonu, coz se projevuje na kiivkach
pretvoreni vyraznymi lokalnimi extrémy. S postupem Casu vSechny
Ctyfi mérené profily vykazuji ustilené pretvoreni.

Druhd skupina tenzometri — tenzometricky profil TP 2 (4 ks)
bude sledovat pietvoreni rozpérnych Zelezobetonovych konstrukei
zbudovanych pod prostupy razby do stanice metra Karlovo namésti
z pfestupnich chodeb.

Obr. 8 Méreni tenzometrického profilu na ohlubni Sachty S2 v objektu
Viclavskd 2068/14

Fig. 8 Measurement on strain gauge profile installed on the collar of shaft 52
in Vdclavskd No. 2068/14 building
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MEASUREMENT OF DEFORMATIONS OF PRIMARY
LINING - CONVERGENCE MEASUREMENT

Convergence measurement is carried out on this construction
by surveying, using a total station. Four-point and five-point
convergence profiles are installed in the shafts and interchange
galleries, respectively. Currently, excavation of both shafts Sl
and S2 and the top heading excavation of the interchange gallery
section | between the shafts is finished and subsequent excavation
of interchange galleries (now section II) in the direction of Karlovo
Namésti square is under way. The lining of shafts exhibits maximum
deformation values up to 4mm and up to 5-7mm in radial and
vertical directions, respectively. Maximum deformations measured
on the lining of the interchange galleries amount to Smm (see Fig. 6).

MEASUREMENT OF DEFORMATIONS IN EXISTING
METRO STATION TUNNELS

Measurements of deformations of existing tunnels of Karlovo
Namésti station is conducted on five profiles of convergence
measurement points, which are installed after disassembling the
station cladding and fixed into the reinforced concrete lining
— lining segments of all three tunnels of the three-vault Karlovo
Nameésti station (see Fig. 7).

MEASUREMENT OF LOADS ACTING ON TEMPORARY
SUPPORT STRUCTURES

The first group of strain gauges — the strain-gauge measurement
profile TP 1 (4 pieces), monitors the effect of excavation on bracing
reinforced concrete structures at the level of foundation structures
of Véclavskd No. 2068/14 building, directly at the top of lift shaft
S2. Stress in the lining is determined indirectly, by means of
measurements of relative deformations in sprayed concrete of the
top of shaft S2 at the level of the foundation of the adjacent building.
Four vibrating wire strain gauges are used for measuring relative
deformations. They are designed for long-term measurements
of stress in concrete structures. All four sensors are linked with
a datalogger by a cable protected with an elastic cover. Geokon LC-
2x4 datalogger was installed on the building concrete structure at the
terrain level with respect to the permanent possibility of access for
transmission of measured data to a portable computer (see Fig. 8).
The dependence of deformations on the decrease in hydration heat
of sprayed concrete was found by the analysis of the measured data.
According to the data being analysed, the course of distribution of
pressures and deformations in concrete is normal. The oscillation
of curves of deformation graphs is linked with temperature. It was
found out that partial exposure of the northern and, first of all, eastern
wall of the shaft in the locations of the installation of the strain
gauges during sunny days in afternoon hours when air temperatures
culminate causes uneven development of heating of concrete,
which manifests itself on curves of deformation by significant local
extremes. With the time progressing, all four measurement profiles
exhibit steady deformation.

The second group of strain gauges on the strain gauge profile
TP 2 (4 pieces) will monitor deformations of reinforced concrete
bracing structures constructed under the openings made from the
transition galleries into the Karlovo Namésti station lining for the
purpose of excavation.

MEASUREMENT OF TERRAIN SURFACE DEFORMATIONS

Measuring deformations (subsidence) of terrain surface was
carried out using precise levelling. Seven measurement points were
installed in total, with first two seven-point profiles in Vaclavska
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MERENI DEFORMACI POVRCHU TERENU

Meéreni deformaci (poklesu) povrchu terénu je provadéno presnou
nivelaci. Celkem bylo osazeno sedm méfickych profild, pricemz
razba prestupnich chodeb a hloubeni Sachet jiz ovlivnily prvni dva
sedmibodové profily v ulici Vaclavskd. Maximalni pokles terénu
byl zde zaznamenén 5-6 mm s relativnimi sklony poklesové kotliny
jen do poméru 1:2862. To vse je patrné na obr. 9—11.

MERENI DEFORMACI OBJEKTU ZASTAVBY

Meéfeni deformaci (poklesu) pfilehlé zastavby je provadéno presnou
nivelaci. Umisténi bodi sledovani a jejich pocet byl urcen zadavacim

Street already affected by the excavation of the interchange
galleries and excavation of the shafts. Maximum terrain subsidence
of 5-6mm was recorded here, with differential settlement of the
settlement trough amounting only up to 1:2862. All of this is
visible in Figures 9—11.

MEASUREMENT OF DEFORMATIONS OF AT-GRADE
BUILDINGS

Measuring deformations (subsidence) of adjacent buildings is
carried out using precise levelling. The positions of the monitoring

points and their quantity were determined by the tender design
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Obr. 9 Casovy vyvoj seddni bodii v profilu 2 v ul. Viclavskd — praofil pri¢ny na razbu prestupni chodby — iisek II (vystup z informaéniho systému SIISEL)
Fig. 9 Time development of subsidence of points in profile No. 2 in Vdclavskd Street — profile transverse to excavation of the interchange gallery — section 11
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Obr. 10 Vyvoj poklesové kotliny v profilu 2 v ul. Viclavskd nad razbou prestupni chodby — uisek II (vystup z informacniho systému SIISEL)
Fig. 10 Development of settlement trough in profile 2 in Viclavskd Street above the excavation of the interchange gallery — section II (output from SIISEL

information system)




Obr. 11 Hypsometrie hodnot svislého posunu bodii na terénu v ul. Viclavskd
v obdobi 6/2019 az 11/2019

Fig. 11 Hypsometry of vertical displacement values on terrain in Viclavskd
Street in the period between June 2019 to November 2019

projektem geotechnického monitoringu a upfesnén po provedené pa-
sportizaci objektl v zon¢ indukovanych ucinku stavby. Celkem bylo
osazeno osm objektll zastavby v ulici Vaclavska a v ulici Trojanova.
Prozatim maximadlni vertikdlni deformace (poklesy) byly v oblasti
hloubeni vytahové Sachty S2 a dosahuji 5,3 mm s relativnimi sklony
pro nerovnomérné sedani objektu jen do poméru 1:3690, coZ je pod
limity varovnych stavii, danych projektem stavby.

SLEDOVANI ROZVOJE PORUCH OBJEKTU ZASTAVBY
(MERENI ROZEVIRANI TRHLIN)

Pred zahdjenim hloubeni Sachet a v pfimé navaznosti na zjisténi
trhlin v konstrukcich objekt zastavby bylo v predstihu provedeno
osazeni posuvnych méfidel a bodi pro méfeni piiloZznym hrotovym
deformetrem (obr. 12). Zaroven bylo provedeno nulové ¢teni ihned
po osazeni deformetrickych bodt a posuvnych méridel. Na zakladé
interpretace namétenych dat doposud v priabéhu stavby nebyly po-
zorovany vyrazné zmény dilataci sledovanych trhlin na objektech.
Oscilace vysledkil méfeni byla zpiisobena zavislosti na teploté pfi
méfeni, coz se prokazalo pfi opakovaném méteni pii riznych tep-
lotach prostiedi.

HYDROGEOLOGICKY MONITORING

Pfi provedeni vychozi pasportizace objektu Vaclavska 2069/18
byla ve 2. suterénu — v podzemnich garazich pasportizovana funk¢-
ni studna (slouzici pro icely mycky aut). Bylo tedy nutné doplnit
geotechnicky monitoring o méfeni hladiny podzemni vody prfi vy-
stavbé, nebot existuje redlné riziko ovlivnéni této studny, vzdalené
od stavby 34 m.

Vzhledem k moZznosti ovlivnéni trovné hladiny podzemni vody
v této studni vlivem realizace Sachet a navazné pak razenych Stol
prestupnich chodeb, byl nejprve proveden hydrogeologicky pasport
studné. Studna je paZena betonovymi skruZemi priméru 2 m a je
hluboké 6,9 m. Pii inicidlnim méfeni byla hladina v hloubce 1,56 m
od odmérného bodu (197,66 m n. m.). Nasledné je zde nyni prova-
déno kontinudlni méfeni hladiny podzemni vody.

Sledovani urovné hladiny podzemni vody ve studni v objektu
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for geotechnical monitoring and were refined after completion of
the condition survey of buildings in the zone of induced effects
of the construction. Measurement points were installed on eight
buildings in Véclavska and Trojanova Streets. The yet maximum
vertical deformations (subsidence) were measured in the area
of excavation for lift shaft S2. They amount to 5.3mm and the
differential settlement of the settlement trough amounts only to
1:3690. These values are under the warning state limits prescribed
by the construction design.

MONITORING OF DEVELOPMENT OF BUILDING DEFECTS
(MEASUREMENT OF DEVELOPMENT OF APERTURES
OF CRACKS)

Slide gauges and points for measuring with a point-contact
deformeter were installed prior to the commencement of the
excavation of shafts and in direct connection to identification of
cracks in building structures (see fig. 12). At the same time, zero
reading was conducted immediately after the installation of the
deformation measuring points and slide gauges. Based on the
interpretation of the data measured until now during the course of
the construction, no significant changes in dilatation of the cracks
have been observed on the buildings. Oscillation of the measurement
results was caused by the dependence on temperature during the
measurement, which fact was proved by repeated measurements at
various temperatures of the environment.

Obr. 12 Méreni na trhlindch objektu Trojanova 339/13 - Jadernd fakulta
c¢vur

Fig. 12 Measurement on cracks in building No. 339/13 in Trojanova Street —
Faculty of Nuclear Sciences of the Czech Technical University
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Vaclavska 2069/18 je realizovano strunovym piezometrem umiste-
nym ve sledovaném vodnim sloupci. Méfené veli€iny jsou uklada-
ny 1x za hodinu do zdznamového zafizeni a ze zdznamového zafi-
zeni pfedavany v pravidelnych intervalech do databdze monitoringu
(obr. 13). Ze studny je nadéle odebirdna voda pro mycku aut a také je
v ni uméle sniZzovana hladina vody pravidelnym cerpanim. Z namé-
fenych dat je dobre patrny pravidelny rozkyv hladiny vody ve studni
v intervalu 0,25 az 0,3 m. V ramci kontinudlniho méfeni hladiny vody
ve studni nebylo na zikladé¢ interpretace ziskanych dat prokdzano ne-
gativni ovlivnéni hladiny vody hloubenim obou Sachet S1 i S2, ani
ovlivnéni razbou pristupové chodby — tsek I a ¢asti tseku II.
Hydrogeologicky monitoring drovné hladiny podzemni vody ve
studni se predpoklddd do vybudovéani mezilehlé izolace i sekundar-
niho osténi podzemni stavby a ustdleni rezimu podzemni vody.

KONTROLA DYNAMICKYCH UCINKU TRHACICH PRACI
Kontrola dynamickych t¢ink trhacich praci i otfest od sbijecich
praci je provadéna ve spolupraci s firmou Barto§ — Engineering.
K priibéZnému monitorovani veSkerych otiesti a vibraci byly v rdm-
ci geotechnického monitoringu osazeny méfici aparatury BRS32
(obr. 14) s tiislozkovym snimacem rychlosti kmitdni SM6 a orien-
taci registrace seizmickych ucinkd ve tfech smérech kmitani x, y, z
(slozka vodorovna podélna, vodorovnd pricna a slozka svisld) s trvale
snimanou hladinou vibraci. Naméfené hodnoty rychlosti kmit4ni jsou
v pravidelnych cca 14dennich intervalech odecitany z datového tloZi-
$t€ do PC a po programovém vyhodnoceni jsou vysledky méfeni uve-
deny v protokolu o pribéZzném méfeni. Pro tcely tohoto kontinudlni-
ho seizmického méfeni byla vybrana dvé reprezentativni stanoviste,
a to v objektu CVUT (Trojanova ¢&. p. 339/13) ve vzdélenosti 12 m
od osy t&7ni Sachty S1 a druhé stanovisté v pfizemi obytného domu
s pasazi Vaclavska €. p. 2068/14 — tedy v prostoru staveniste, které je
v bezprostfedni blizkosti Sachty S2. Uvedena mista méfeni spliiuji
podminku referenéniho stanovisté dle ustanoveni CSN 730040 ,, Za-
tizeni stavebnich objektii technickou seizmicitou a jejich odezva “.
JelikoZ ocekédvané nasazeni trhacich praci bylo z procesnich di-
vodil ¢asové posunuto, bylo i z ddvodu obav z reakce okoli na pro-
vadéné sbijeci prace kontinudlni seizmické méfeni zahdjeno jiZ pii
pouziti strojniho sbijeni a bourani betonovych zakladi. Bez trha-
cich praci byla vyhloubena Sachta S1 a vyrazen dsek I piestupové
chodby. Na zdkladé soucasnych vysledkl 1ze konstatovat, Ze na-
meérené hodnoty rychlosti kmitdni od stavebni ¢innosti nepiekro-
¢ily pripustné hodnoty dynamického zatizeni dle CSN 730040, ani

Obr. 13 Odecet piezometrickych dat hladiny podzemni vody ve studni v suterénu
objektu Viclavskd 2069/18

Fig. 13 Reading of piezoelectric data of water table in the well in the basement
of building No. 2069/18 in Viclavskd Street

HYDROGEOLOGICAL MONITORING

During the initial condition survey of the Vaclavska 2069/18
building, a functional well (used for washing cars) was recorded
in the 2" basement level of underground parking garages. It was
therefore necessary to complement the geotechnical monitoring by
adding measurements of water table level during the course of the
construction, because there exists a realistic risk of affecting this
well, the distance of which from the construction amounts to 34m.

Taking into consideration the possibility of influencing the
water table level by the effect of the realisation of the shafts
and subsequently by excavation of mined interchange galleries,
hydrogeological condition survey of the well was carried out first.
The well was braced with concrete rings 2m in diameter and is
6.9m deep. During the initial measurement, the water table was
at the depth of 1.56m under the measuring point (197.66m a.s.l).
Subsequently, continual measurements of the water table are
conducted here.

The monitoring of the water table level in the well in the
Viclavska 2069/18 building is carried out using a vibrating wire
piezometer installed in the water column being observed. The
measured quantities are logged once an hour into a logger and are
transmitted from the logger to the monitoring database at regular
intervals (see Fig. 13). Water for washing cars continues to be taken
and water table level is artificially lowered by regular pumping.
Regular fluctuation of the water table level in the well within the
interval of 0.25 up to 0.3m is well obvious from the measured
data. Neither negative affecting of water table level by excavation
of shafts S1 and S2 nor affecting by the excavation of the access
gallery — section I and part of section II were proved on the basis of
the interpretation of the obtained data.

The hydrogeological monitoring of the water table level in the
well is planned to be carried out until the intermediate waterproofing
and secondary lining of the underground structure is completed and
the groundwater regime settles.

CHECKING ON DYNAMIC EFFECTS OF BLASTING
OPERATIONS

Checking on dynamic effects of casting operations is conducted
in collaboration with Barto§ — Engineering company. Measurement
apparatuses BRS32 (see Fig. 14) with SM6 three-component
transducer of vibration velocity and orientation of registration
of seismic effects in three vibration directions x, y, z (horizontal
longitudinal component,
components) with continuously scanned vibration level were
installed to continuously monitor all tremors and vibrations within
the framework of the geotechnical monitoring. The measured values
of vibration velocity are read at regular 14-day intervals from the
data storage facility to the PC; after the program assessment, the
measurement results are recorded on the continuous measurement
protocol. Two representative stations were selected for the
purposes of this continuous seismic measurement, the station in
the building of the Czech Technical University (Trojanova Street,
No. 339/13) at the distance of 12m from the axis of hoisting shaft
S1 and station No. 2 on the ground floor of the Viclavska Street No.
2068/14 residential building housing a passage, i.e. in the space of
the construction site which is in immediate vicinity of shaft $2. The

horizontal transverse and vertical

above-mentioned measurement locations meet the condition for
a reference station according to CSN 73 0040 ,, Loads of technical
structures by technical seismicity and their response “.

Because the expected application of blasting operations was
postponed for procedural reasons, continuous seismic measurement
started even due to concerns about the response of the surroundings




Obr. 14 Méfici aparatura k pribéinému monitorovdni veskerych otfesii
a vibract

Fig. 14 Measurement apparatus for continuous monitoring of all tremors and
vibrations

doporucenou snizenou uroveii. Jejich hodnota je cca o jeden rad
niz§i neZ doporucend sniZend troven hodnoty dynamického zatizeni
dle CSN 730040. V posledni dob& probihaly jiZ i trhaci prace pii
hloubeni Sachty S2. Vysledky kontinudlniho seizmického méeni
registrovaly kromé vibraci od strojni ¢innosti a sbijeni i jednotlivé
odstrely a zaznamendvaly hodnoty rychlosti kmitdni se zohledné-
nim frekvencniho oboru méfenych vibraci.

Naméfené hodnoty tcinku trhacich praci prokazatelné nepiekro-
¢ily piipustné hodnoty dynamického zatiZeni dle CSN 730040, ani
doporucenou sniZenou troven.

INFORMACNI SYSTEM GEOTECHNICKEHO MONITORINGU
SIISEL

Skupinu systémi geotechnického monitorin-
gu, které jsou uzivané v CR a které zde byly vyvinuté (napfiklad
BARAB, Cubula, Sahure), nyni aktudlné rozsifuje informacni sys-
tém SIISEL. Webova informacni sluZzba monitoringu — SIISEL
vyuziva relacni databdzovy a analyticky systém SQL server. Idea
databaze SIISEL vychézi vzdy z projektu monitoringu. Zdkladni
entita databaze je méfici misto — profil (napf. konvergencni profil,
nivelacni profil, inklinometr, extenzometr, Celba aj.) tvofeny jednim
a/nebo nékolika body, na kterych je realizovan sbér dat, tedy sle-
dované body. Kapitola sdruzuje mnoZzinu profili podle konkrétnich
typl méfeni (napf. geodetickd méfeni, inklinometrickd méfeni, po-
stupy razeb, Celby aj.). Nadrazend entita kapitoly je sekce — Cast
projektu — napf. terén, stavebni objekty, tunelova trouba aj.

K méficim mistim (profilim) Ize ukladat jak diskrétni méreni na
sledovanych bodech (produkty méfeni z totdlnich stanic, z geotech-
nickych méfidel aj.), tak informace ve formé dokumentl, obrazka
aj. Diskrétni méteni SIISEL zpracuje a prezentuje ve formé grafii
a/nebo vektorovych diagraml a/nebo tabulek vyvoje zmén sledo-
vanych parametri (slozky vektoru polohové zmény sledovanych
bodd, velidin ziskanych z geotechnickych méfidel aj.).

Pristup k datim sluzby SIISEL je realizovan pomoci webové apli-
kace portdlu SIISEL (www.siisel.cz). Tato aplikace slouZzi k ukladani
dat do databdze SIISEL, k jejich archivaci, interpretaci a prezentaci.
Piistup k informacim sluzby SIISEL je fizen scéndfem uZivatelskych
roli pfidélenych jednotlivym uZivatelim. UZivatel miZe byt aktivni
(ma pravo k vkladani dat do databdze) nebo pasivni (méa pravo pouze
k prohlizeni dat databéze). Lze nastavit rozsah pfistupu bud k Gplné-

mu obsahu, anebo jen k urcité casti databaze SIISEL.

informacnich
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to rock breaking work when mechanical breaking and demolition
of concrete foundations commenced. Shaft S1 and the section I
of the interchange gallery were excavated without blasting. It is
possible to state on the basis of current results that the measured
values of vibration velocity induced by construction activities have
exceeded neither the values of dynamic loading permitted according
to CSN 730040 nor the recommended reduced level. Their value
is by ca one degree lower than the reduced level of the dynamic
loading value recommended according to CSN 73 0040. Blasting
operations have recently taken place during the excavation of shaft
S2. The results of continuous seismic measurement registered, in
addition to vibrations induced by mechanical equipment activities
and breaking, even individual explosions and recorded the values
of vibration velocity taking the frequency range of the vibrations
being measured into consideration.

The measured values of effects of blasting operations demon-
strably have neither exceeded the values of dynamic loading
permitted according to CSN 730040 nor the recommended reduced
level.

SIISEL INFORMATION SYSTEM OF GEOTECHNICAL
MONITORING

The group of geotechnical monitoring information systems
which are used in the CR and which have been developed here (for
example BARAB, Cubula, Sahure) is currently being expanded by
the SIISEL information system. The web monitoring information
system — SIISEL — uses the SQL server database and analytical
system. The idea of the SIISEL database is always built on a
monitoring design. The basic database entity is a measurement
location — profile (e.g. a convergence profile, levelling profile,
inclinometer, extensometer, excavation face etc.) formed by one or
several points on which the data collection is conducted, i.e. the points
to be monitored. The chapter unifies the set of profiles according
to particular types of measurement (e.g. survey measurements,
inclinometer measurements, excavation procedures, excavation
faces etc.). The superior entity of the chapter is a section, a part of
the design, for example terrain surface, building structures, a tunnel
tube etc.

It is possible to store both discrete measurements conducted on
the points being monitored (products of measurements gathered
from total stations, geotechnical meters etc.) and information in the
form of documents, pictures etc. to the measurement locations. The
SISEL discrete measurement processes and presents data in the
form of charts and/or vector diagrams and/or tables of development
of changes in the parameters being monitored (components of
changes in positions of points being monitored, quantities obtained
from geotechnical measurement apparatuses etc.).

The access to SIISEL service data is performed by means of the
SIISEL portal web application (www.siisel.cz). This application
is used for storing data into SIISEL database, its archiving,
representation and presentation. The access to SIISEL service
information is controlled by the scenario of user roles assigned to
individual users. The user can be active (having the right to enter
data into the database) or passive (having only the right to view
database data). It is possible to set the scope of access either to full
content or to a certain part of the SIISEL database.

The required information is retrieved using the initial window
of the “noticeboard” presenting the current condition of the
monitoring development or the GIS window where there is a direct
way through symbols of measurement locations to the data relevant
to those locations.
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K vyhledéni Zadanych informaci slouZi ivodni okno ,,ndsténky*,
kde je prezentovan aktudlni stav vyvoje monitoringu, nebo okno
GIS, kde pres symboly méficich mist je pfima cesta k datim k tém-
to mistim piislusnych.

Prvni pouziti informacniho systému SIISEL na projektu
bezbariérového zpfFistupnéni stanice metra Karlovo
nameésti

Prvnim pouZitim databdzového systému SIISEL je geotechnicky
monitoring bezbariérového zptistupnéni stanice metra Karlovo né-
mésti. Pfiprava databazového prostredi pro sluzbu SIISEL zde vy-
chazi z realizacni dokumentace projektu. Tento projekt predepisuje
méfeni deformaci vyrubu, deformaci povrchu, méteni geodetickych
bodui na objektech, sledovani rozvoje poruch objekt,, méfeni trh-
lin a jejich zmén, inZenyrskogeologické sledovani. Tomu odpovi-
da i struktura entit databaze. Navigace ke konkrétnim vysledkim
méfeni je moZnd bud pres hlavni menu sluzby SIISEL, nebo pies
nasténku projektu nebo pres okno GIS. Dosazené hodnoty sledova-
nych parametrl jsou srovnavany s projektem stanovenymi hodnota-
mi varovnych stavl. Pfiznak dosaZeného varovného stavu je zjevny
v okné GIS a na nasténce projektu.

Na jednom z predeslych obrazkl (obr. 11) je pfiklad komplexni-
ho zhodnoceni méfeni bodu na terénu v ul. Viclavska, a to v obdobi
6/2019 az 11/2019 ve formé hypsometrie hodnot svislého posunu
bodu stabilizovanych na terénu v oblasti definovaného vlivu stavby
na prostfedi. Pro interpolaci byly vyuZity i body, jejichZ polohové
zmény (svisla slozka) byly jiZ prezentovany na obr. 9 a 10.

Vysledky vSech méfeni archivovanych v databazi SIISEL jsou
vzdy shrnuty a interpretovany do zpravy, kterd je podkladem k jed-
nani rady monitoringu (RAMO).

ZAVER

Geotechnicky monitoring na stavbé bezbariérového zpfistupné-
ni stanice Karlovo ndmésti poskytuje pribézné vSem ucastnikiim
vystavby informace o chovéni primérniho osténi podzemniho dila
a o vlivu provadénych praci na povrch, obzvlast na prilehlou za-
stavbu. Dusledné je monitorovéna i troven hladiny podzemni vody
v nedaleké studni a samoziejmé i vliv razby prestupnich chodeb
na stavajici stanici metra Karlovo naimésti. K informovanosti vSech
zucastnénych subjekti o vysledcich geotechnického monitoringu
a archivaci naméfenych dat slouZi novy informacni systém SIISEL.
V soucasné dobé po vyhloubeni obou Sachet a vyraZeni Casti pre-
stupnich chodeb lze fici, Ze vystavba probiha z hlediska hodnot mo-
nitorovanych veli¢in v souladu s predpoklady.
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First application of SIISEL information system
to the project on step-free access to Karlovo Nameésti
metro station

The geotechnical monitoring of the step-free access to Karlovo
Nameésti metro station is the first use of the SIISEL database system.
The preparation of the database environment for the SIISEL service
proceeds from the final design of the project. This design prescribes
measuring the excavation deformations, surface deformations,
measuring survey points on buildings, monitoring of development
of building defects, measuring the cracks and their changes and
engineering geological observation. The structure of the database
entities corresponds to it. The navigation to concrete measurement
results is possible either through the main SIISEL service menu or
through the design “noticeboard” or through the GIS window. The
measured values of the parameters being monitored are compared
with the values of warning states prescribed by the design. The sign
of the warning state achieved is visible in the GIS window and on
the design “noticeboard”.

An example of an comprehensive assessment of measurements
on the points on terrain surface in Vaclavska Street, namely in
the period from June 2019 to November 2019, in the form of
hypsometry of the values of vertical displacement of points
stabilised on the terrain surface in the area of the defined impact
on of the structure of the environment, is presented in one of the
preceding pictures (see Fig. 11). Even the points the position
changes (vertical component) of which have been presented in
Figures 9 and 10 were used for the interpolation.

Results of all measurements archived in the SIISEL database are
always summed up and interpreted in a weekly report, which is
a basis for the Monitoring Board meetings.

CONCLUSION

Geotechnical monitoring of the construction of the step-free access
to Karlovo Namésti metro station provides all participants of the
construction with continuous information about the behaviour of the
primary lining of the underground working and about the influence
of the work on the surface, especially on adjacent buildings. Even
the water table level in the nearby well and, of course, the influence
of the excavation of the interchange galleries at the existing Karlovo
Namésti metro station are consistently monitored. Awareness of
all participating subjects of results of geotechnical monitoring
and archiving the measured data is ensured by the new SIISEL
information system. Currently, after completion of excavation of
both shafts and a part of the interchange galleries, it is possible to
say that, as far as the quantities being monitored are concerned, the
construction proceeds in compliance with assumptions.
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PRELOZKA RADLICKEHO POTOKA V PRAZE - PROJEKT,
INZENYRSKOGEOLOGICKY PRUZKUM
CULVERTING OF RADLICKY BROOK IN PRAGUE - DESIGN,
ENGINEERING GEOLOGICAL SURVEY

RICHARD KUK, PAVEL BACINA

ABSTRAKT

Radlicky potok prosel klasickym historickym vyvojem vodniho toku v intenzivni méstské zdstavbé. V soucasné dobé vede prevdiné za-
trubnéné koryto pres soukromé pozemky a pod obytnymi objekty v nékolika profilech od DN 1200 aZ po 1550/2500. Do potoka jsou v tomto
liseku zatisteny nejen srdaZkové vody, ale také splaskové vody. Ve vyhledu je kapacita nékterych zatrubnénych iiseku nedostatecnd. V cldanku
Jje popsdn ndvrh preloZky potoka, vcetné zvazZovanych variant technického reSeni a zdsadniho vlivu vysledkii inZenyrskogeologického prii-
zkumu na definitivni vyskovy ndvrh prelozky potoka. Vystavba prelozky je v celé délce navrZena Cinnosti provddénou hornickym zpiisobem.
Investorem preloZky je Prazskd vodohospoddrskd spolecnost a.s. a provozovatelem budou PraZské vodovody a kanalizace a.s.

ABSTRACT

The Radlicky Brook passed a classical historic development of a watercourse in a dense urban development. Currently the predominantly
culverted brook bed runs across private plots of land and under residential buildings, through several profiles ranging from DN 1200 up to
1550/2500. The brook in this section collects not only rainwater, but also foul water. In the outlook, the capacity of some culverted sections
will be insufficient. The paper describes the design proposal for a diversion of the brook, including variants of the technical solution and
the fundamental influence of the results of the engineering geological survey on the final design for the vertical alignment of the brook.
The entire length of the diversion is designed to be carried out in a mining-like way. PraZskd Vodohospoddrskd Spolecnost a.s. (Prague
water management company) is the client for the construction project, whilst PraZské Vodovody a Kanalizace a.s. (Prague water supply

and sewerage company) will operate the system.

1. HISTORICKY VYVOJ RADLICKEHO POTOKA

Radlicky potok dfive odvadél vody z celého Radlického tdoli od
Jinonic aZ k Vltavé v délce cca 3,3 km. S rozvojem zdstavby v izemi
dochézelo k jeho postupnému zatrubiiovani. Na mapé z roku 1889
(obr. 1) je vidét, Ze zatrubnén byl pouze kratky tsek pred Smichovs-
kym nadrazim v useku mezi ulicemi Pod Brentovou — KiizZova.

K praktické likvidaci potoka a pfitoku do né&j doslo pfi vystavbé
stanice metra Radlicka, kdy byl tsek potoka vySe proti toku zru-
Sen a potok prepojen do jednotné kanalizace. Z potoka se tak stala
prakticky jen kanalizacni stoka bez stdlého pritoku, do které byly
oficidlné odvadény srazkové vody a vody z oddélovace na jednotné
kanalizaci a neoficialné splaskové vody z nekterych pfilehlych ob-
jektd podél zatrubnéného tseku.

Pfi vystavbé Méstského okruhu v Praze doslo v rdmci stavby Zli-

Obr. 1 Vyrez z mapy Prahy z roku 1889 (trasa potoka je podbarvena modre)
Fig. I Cutout from Prague map from 1889 (the brook route is tinged blue)

1. HISTORIC DEVELOPMENT OF THE RADLICKY BROOK

The Radlicky Brook formerly collected water from the whole
Radlice valley, from the district of Jinonice up to the Vltava River,
at the length of ca 3.3km. It was gradually culverted along with
the proceeding development of the area. It can be seen on a map
from 1889 (see Fig. 1) that only a short section before the Smichov
Railway Station, between Pod Brentovou and KiiZova streets, was
culverted.

The brook and inflows to the book were practically terminated
during the course of the construction of Radlickd metro station,
when the upstream section was cancelled and the brook was
reconnected to a combined storm and foul water sewer. Thus the
brook practically became only a sewer without permanent flow,
officially for precipitation and water from a storm overflow on the
combined sewer flowing to it and, unofficially, foul water from some
adjacent buildings along the culverted section.

The open stream bed between Kiizova Street and the Smichov
railway station was backfilled during the course of the construction
of the Prague’s ring road within the framework of the Zlichov —
Radlické construction lot (1996-1998). Only two short open bed
sections in courtyards of residential blocks remained in the area.
At that time, the brook section under the Smichov Railway Station
was also reconstructed by inserting DN 1600 HOBAS tubes into the
original brick-lined profiles.

The existence of the Radlicky Brook was officially terminated by
the Decision of the Department of Environmental Protection of the
Prague City Hall dated 7" November 2016, where it is stated: ,,...
surface water flows existing on the valley line running approximately
along Radlickd Street, which are historically denoted as the
“Radlicky Brook”, from the beginning of the culverted section in
the area located ca 100m west of the CSOB Radlicka bank building
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Obr. 2 Fotografie pricnych zdénych profilii potoka, a) cihlové zdivo — 1100/1500, b) cihlové zdivo — 1800/2000, c) cihlové zdivo — 1500/2500, d) cihlové zdivo —

1550/2500

Fig. 2 Photography of brick-lined cross-sections through the brook, a) brick masonry — 1100/1500, b) brick masonry — 1800/2000, c) brick masonry — 1500/2500,

d) brick masonry — 1550/2500

chov — Radlickd (1996-1998) ke zruseni otevieného koryta mezi
ulici KfiZovou a Smichovskym nddraZim. Na tzemi tak zistaly
pouze dva kratké oteviené tiseky ve vnitroblocich obytnych objek-
th. V té dobé doslo také k rekonstrukci tseku potoka pod Smichov-
skym néddraZim, a to vloZenim potrubi HOBAS DN 1600 do ptvod-
nich zdénych profila.

Oficidlné byla existence Radlického potoka ukoncena Rozhod-
nutim odboru ochrany prostfedi Magistratu hlavniho mésta Prahy
z 7. 11. 2016, ve kterém se uvadi: ,,... povrchové vody vyskytujici
se v tudolnici v trase pfiblizn¢ podél ulice Radlickd, které jsou his-
toricky oznacovény jako ,,Radlicky potok* od pocétku zatrubnéni
v oblasti cca 100 m zdpadn& od budovy CSOB Radlicka ... po vy-
usténi do vodniho toku Vltava v drovni severniho okraje ostrova
Cisarskd louka nejsou vodnim tokem. Z potoka se tak stala deStova
kanalizace, které ziistal pouze piivodni ndzev — Radlicky potok.

Pfi postupném zatrubtiovani potoka bylo pouzito nékolik zdénych
profilt od 1500/1100 po 1550/2500 (obr. 2). Zapadni konec od par-
ku v ul. Pechlatové v délce cca 82,5 m je v profilu 2000/1770 a na-
sleduje novéjsi profil DN 1200. Od ul. Pechlatové zdpadnim smé-
rem je novy profil DN 1400, ktery nasledné prechdzi na DN 1200.

Po roce 2005 do$lo k vystavbé nového zatrubnéni od parku
v ul. Pechlatové (kde byl tehdy konec historického zatrubnéni poto-
ka), aZ na zdpadni stranu banky CSOB v ul. U Kostela.

Nyni navrhovana prelozka Radlického potoka nahradi historicky
realizovana zatrubnéni, kterd jsou pfevazné vedena pod soukromymi
pozemky,novoukanalizaci.Dokon¢isetak vystavbanovéhozatrubnéni

... up to the outfall into the Vltava River at the northern edge of the
Cisarska Louka Island do not form a watercourse.” It means that the
brook became a storm sewer, keeping only the original Radlicky
Brook name.

Several brick-lined profiles ranging from 1500/1100mm up to
1550/2500mm (see Fig. 2) were used during the course of the process
of gradual culverting of the brook. The profile of the 82.5m long
western end section at Pechlatova Street is equal to 2000/1770mm;
the following newer DN1400mm profile subsequently passes into
DNI1200mm.

After 2005, the construction of a new culverted section took place,
leading from the park at Pechldtova Street (where the historically
culverted brook ended at that time) up to the western side of the
CSOB Bank building in U Kostela Street.

The diversion of the Radlicky Brook being currently designed will
replace the historically realised culverted sections, running mostly
under private plots of land, by a new sewer. Thus the construction
of new culverts in the section from the Smichov Railway Station up
to the park at Pechldtova Street will be completed (in the remaining
territory of the district of Radlice).

2. FEASIBILITY STUDY ON RADLICKY BROOK DIVERSION

The decision on the necessity of diverting the Radlicky Brook
was made after 2000. The reason was the fact that, in the outlook,
the capacity of the existing culverted stream was small and it was
not possible to increase it on the existing route. The diversion is,
in addition, the project is a condition for the Radlice Radial Road
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v useku od Smichovského nadrazi az do parku v ul. Pechlatové (na
zbylém tzemi Radlic).

2. STUDIE PROVEDITELNOSTI PRELOZKY RADLICKEHO
POTOKA

Po roce 2000 bylo rozhodnuto o nutnosti prelozky Radlického po-
toka. Divodem byla mald vyhledova kapacita stavajiciho zatrubnéni
a nemoznost jejitho zkapacitnéni ve stdvajici trase. Prelozka je také
prakticky podminujici stavbou pro zprovoznéni Radlické radialy, pro-
toZe pro odvod vod z Radlické radidly bude vyuZit Radlicky potok.
Druhym divodem je vedeni trasy pod soukromymi pozemky a bu-
dovami.

V roce 2006 byla zpracovéana studie proveditelnosti prelozky Rad-
lického potoka. Méla za ukol urcit, kterymi ulicemi prelozku vést
a v jaké vyskové drovni pod terénem. V tzemi jsou prakticky k dis-
pozici dvé trasy po vefejnych komunikacich, jedna severné ulici Rad-
lickou a druhd jiZn€ n€kolika navazujicimi ulicemi. Technicky se uka-
zala realizovatelnd pouze varianta jizné od stavajici trasy. Ve vSech
uvedenych ulicich vede velké mnoZstvi stavajicich inZenyrskych siti,
podél ulic je vesmés zastavba bytovymi nékolikapodlaznimi domy.
Byly zpracovany nejprve Ctyfi limitni varianty vyskového vedeni (va-
rianty 1.+IV.). Po jejich projednani byly nasledné navrzeny tfi vari-
anty (A=C).

Varianta ,,A* byla koncipovana jako hlubokd, s dodrzenim prede-
psanych rychlosti a diraz byl kladen na co nejmensi vyvolané preloz-
ky siti. Pri vystavbé se pocitalo s kombinaci klasické razby a razby
mikrotunelovanim. Varianta ,,B* provéfila mozZnost vedeni prelozky
v otevienych vykopech, a to i s povolenim rychlosti ve stoce kolem
8 m/s. Tato varianta vyzadovala nejvétsi mnozstvi prelozek stivaji-
cich siti. Varianta ,,C** kombinovala vyhody obou pfedchéazejicich
variant a méla minimalizovat vynucené pielozky kanalizaci. [ v ni se
pocitalo s vyuZzitim vystavby pomoci mikrotunelovani.

V ramci studie proveditelnosti byl zpracovan inZenyrskogeologic-
ky prazkum, ktery vychazel z archivnich materiali.

Vseobecné byly geologické poméry zdjmového tzemi charakteri-
zovany jako pomérné slozité. Skalni podloZi tvoii ordovické sedimen-
tarni horniny v letenském souvrstvi, které je z regionalniho hlediska
soucasti Barrandienu. Toto souvrstvi ma zde charakter prachovitych
a piscitych bridlic s polohami a vlozkami kfemitych piskovcu az kie-
mencli 0 mocnosti 5-10 cm. Podle stupné zvétrani je 1ze charakte-
rizovat jako rozlozZené, zcela zvétralé, zvétralé, navétralé a zdravé.
Na skalnim podloZzi lezZici pokryvné ttvary jsou tvorfené navazkami,
deluvialnimi a deluviofluvialnimi sedimenty. Navazky jsou prevazné
tvofeny stavebnim rumem, popelem a Skvarou a déle prekopanymi
a premisténymi zeminami a horninami skalniho podkladu. Deluvi-
alni sedimenty jsou prevladajicim kvartérnim sedimentem v z&jmo-
vém Uzemi. Mocnost kolisa od 2,0 aZz do 10,0 m. Deluviofluvialni
sedimenty vznikaly podél Radlického potoka (dnes jiZ zatrubnéného)
a patii k nejmladSim sedimentim. Prevlada jil piscity a hlina piscita,
misty s organickou pfimési, se stfipky cihel, s bahnitymi polohami
a s proménlivym obsahem S$té€rkil (valouny kfemene, dlomky opuk
a zvétralych bridlic do velikosti 5 cm). Jejich mocnost se pohybuje
od 0,40 m do 6,0 m.

Pokryvné utvary, ve kterych by byl provadén otevieny vykop, byly
charakterizovany jako horniny tlacivé s vSestrannymi tlaky, které jsou
pfic¢inou deformaci, a tim vzniku tlaku na paZeni vykopu.

Z vyhodnoceni hydrologickych pomérti vyplynulo, Ze generelné
1ze podzemni vodu v zdjmovém uzemi radit ke dvéma typlim:

* podzemni voda v prostiedi s puklinovou propustnosti v horni-

ndach skalniho podloZi;

e podzemni voda v prostiedi s prlinovou propustnosti v kvartér-

nich sedimentech.
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to be put into operation because the Radlicky Brook will be used
for collecting water from the Radlice Radial Road. The other reason
lies in the route alignment running under private plots of land and
buildings.

The feasibility study on the Radlicky Brook diversion was
conducted in 2006. Its task was to determine along which streets the
diversion was to lead and at which depth under the terrain surface
was to be placed. There are practically two routes along public
roads available in the area; one is north of the existing route, along
Radlicka Street, the other one is south of the route, running along
several linking streets. The variant running south of the existing route
turned out to be the only technically viable one. In all of the above-
mentioned streets there are large numbers of utility networks and
multi-storey buildings mostly along the streets. In the beginning,
4 limiting variants of the vertical alignment were conducted
(variants I+IV). After discussing them, three variants (A+C) were
subsequently proposed.

Variant “A” was drawn up as a deep one, maintaining the prescribed
flow rates; stress was put on induced relocations of utility networks
to be as few as possible. A combination of traditional tunnelling and
driving tunnels using a mechanised shield was taken into account
for the construction. Variant “B” verified the possibility of carrying
the diversion out in open trenches, even with the flow rate of 8m/s
permitted for the sewer. This variant required the largest amount of
utility network relocations. Variant “C” combined advantages of
the two preceding variants and its task was to minimise the induced
relocations of sewage lines. Even this variant took a mechanised
shield into account.

The engineering geological survey proceeding from archive
materials was drafted within the framework of the feasibility study.

In general, the geological conditions were characterised as
relatively complicated. The bedrock is formed by sedimentary rock
types present in the Barrandian geosyncline — the Letna Formation.
In this location, this formation has the character of silty and sandy
shales with 5-10cm thick interlayers of siliceous sandstone up to
quartzite. They can be characterised according to the degree of
weathering as decomposed, weathered, slightly weathered and fresh.
The superficial deposits on the bedrock are formed by made-ground,
deluvial and deluvio-fluvial sediments. The made-ground is mainly
formed by rubble, ash, cinder and further on by once excavated
and moved soil and rock from the bedrock. Deluvial sediments
predominate among the Quaternary sediments in the area of
operations. The thickness fluctuates from 2.0 to 10.0m. The deluvial
sediments originated along the Radlicky Brook (today already
culverted). They belong among the youngest sediments. Sandy clay
and sandy loam, locally with organic admixture, shards of bricks,
with muddy interlayers and with variable content of gravels (quartz
boulders, fragments of cretaceous marl and weathered shale up to
the size of Scm) predominate. Thickness of the layers ranges from
0.40m to 6.0m.

The superficial deposits in which the open trench excavation would
be carried out were characterised as squeezing ground inducing
omnidirectional pressures causing deformations and origination of
pressure on excavation bracing.

It followed from the hydrological conditions that ground water in
the area of operations can be generally categorised as two types:

» groundwater in an environment featuring fissure permeability in

the bedrock rock;

 groundwater in an environment featuring interstitial permeability

in Quaternary sediments.

The water table bound to the bedrock with the yield of ca
0.03+0.8L.s" which was determined in abstraction boreholes was
assumed to be at the depth of 8—12m. With respect to the low
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Obr. 3 Zdkres navrZené trasy prelozky Radlického potoka a stdvajiciho potoka ze studie
Fig. 3 Plotting of the proposed route of the Radlicky Brook diversion and the existing brook from the study

Hladina podzemni vody, vazand na skalni podloZi, byla predpo-
kladana v hloubce 8-12 m s vydatnosti cca 0,03+0,8 1.s! zjisténou
v hydrogeologickych prizkumnych vrtech. Vzhledem k malé pro-
pustnosti ordovickych bfidlic dochazi k rychlému poklesu pfitoku
téchto podzemnich vod.

Podzemni vody s prilinovou propustnosti, vizané na deluvialni
a deluviofluvidlni sedimenty, maji vydatnost mnohem vétsi. Na tra-
se stoky byly vytipovany tseky km 0,06-0,16, 0,79-0,87 a 0,98 do
konce trasy, kdy by vystavba vykopem byla ovlivnéna piitoky pod-
zemnich vod ze dna i stén vykopu 2+3 i vice litrGi za sekundu. Pfi
zvySeném Cerpani by mohlo dojit k ovlivnéni stavajiciho reZimu pod-
zemnich vod, tzn. k lokdlnimu a do¢asnému sniZeni hladiny podél
kanalizace, a tim k moZnému sedéni prilehlych obytnych objekti.

Jednotlivé varianty byly porovnany jak z hlediska investi¢ni na-
ro¢nosti, tak byl porovndn vliv vystavby na dopravu v tzemi (vliv
omezeni dopravy pii stavbeé), vlivy vystavby na okolni objekty a dalsi
podzemni inZenyrské sité¢ a mnozstvi vyvolanych prelozek inZenyr-
skych siti. Z tohoto porovnéni vysla jako nejvhodnéjsi varianta A,
ktera je vedena celd hluboko pod terénem. V této varianté byl navrzen
profil DN 1400 v délce 1009 m. Zabory komunikaci budou omezeny
jen na tézni Sachty s potfebnym zdzemim a negativni dopady na okol-
ni objekty a podzemni inZenyrské sit€ by mély byt minimdlni (obr. 3).

3. PODROBNY INZENYRSKOGEOLOGICKY
A GEOTECHNICKY PRUZKUM

Pro potreby projektu DSP byl zpracovéan podrobny inZenyrskogeo-
logicky a geotechnicky pruzkum firmou INSET s.r.o. ve spolupraci
s pracovniky PUDIS a.s., ktery navazal na predbézny inZenyrskogeo-
logicky prazkum. V ramci tohoto prizkumu byly provedeny prace
popsané dale.

Vrtné prace — vrty byly provedeny jednoduchymi jadrovymi
korunkami osazovanymi roubiky v feznych primérech 220 mm,
195 mm, 175 mm a 137 mm, a to aZ do konecné hloubky, pfip.
s ohledem na vrtatelnost horniny pouze do hloubky naraZeni re-
lativné pevnych podloznich hornin. Zde byla pouzita dvojita ja-
drovnice. V pfipadech nizké stability stény vrtd (hrouceni stén
vrtd v navazkach a v nezpevnénych horninach) byla pouzita tech-
nologie paZeni ochrannou zavrtdvanou kolonou paznic priméru
216 mm se soucasnym predvrtavanim v praméru 175 mm. Pro

permeability of Ordovician shales, the groundwater inflow rate
rapidly decreases.

The yield of groundwater from deluvial sediments and deluvio-
fluvial sediments, featuring interstitial permeability, is much higher.
Sections where the open trench excavation would be affected by
groundwater inflows from the trench bottom and walls of 2+3 or
more litres per second were tipped along the sewer route at chainage
km 0.06-0.16, 0.79-0.87 and in the section from km 0.98 up to the
end of the route. In a case of increased pumping the existing regime
of ground water could be affected and the water table along the sewer
could be locally lowered, therefore the adjacent residential buildings
could settle.

Individual variants were compared not only in terms of investment
demands, but also in terms of the impact on traffic in the area (the
influence of traffic restriction during the construction), impacts of
the construction on adjacent buildings and other underground utility
networks and the amount of induced relocations of utility networks.
Variant “A” leading deep under the terrain surface resulted from
this comparison as the best one. A 1009m long sewer section with
the DN1400mm profile was proposed in this variant. Acquisition
of roads will be restricted only to the hoisting shafts with the
hinterland necessary. Negative impacts on surrounding buildings
and underground utility networks should be minimised (see Fig. 3).

3. DETAILED ENGINEERING GEOLOGICAL SURVEY
AND GEOTECHNICAL INVESTIGATION

The detailed engineering geological survey and geotechnical
investigation for the needs of the final design was prepared by
INSET s.r.0. in collaboration with employees of PUDIS a.s. It was
a follow-up to the preliminary engineering geological survey. The
following work operations were carried out within the framework of
this survey and investigation:

The boreholes were carried out using simple ballistic core bits
220mm, 195mm, 175mm and 137mm in diameter, boring up to the
final depth or, with respect to the rock boreability, only to the depth
at which relatively strong underlying rock was encountered. In the
cases of low stability of borehole walls (collapsing of boreholes
through made-ground and unconsolidated ground), the technique of
casing with a protective column of casing pipes 216mm in diameter
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Obr. 4 Podélny geofyzikdlni profil — deprese ve skalnich hornindch zastiZend
v pocdtku méreného tiseku v rozmezi staniceni 270500 m

Fig. 4 Longitudinal geological section — depression in rock encountered at the
beginning of the measured section between chainage m 270500

Tab. 1 Pfehled doporucenych charakteristickych parametrii zemin a hornin
(INSET, 2018)
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inserted into the borehole along with drilling and concurrent pre-
drilling for the diameter of 175mm was applied. Small-profile core
runs about 1.0m long were realised in selected boreholes (row “PJ”)
for the needs of pressuremeter measurements. Twelve boreholes at
the total length of 167 metres were carried out in total.

Geophysiocal survey — it was focused on assessing the route of
the planned trunk sewer on the basis of the distribution of seismic
velocities provided using the data of the gravity survey and survey
and a ground penetrating radar. The advantage of geophysical
methods applied to the survey lies in a relatively dense steps of the
physical parameter measurement, together with the corresponding
reach of the depth permitting the interpolation of the data monitored
in the longitudinal section through the ground and rock environment
between individual probing points and developing a continuous
image of the environment being surveyed. Geophysical methods of
shallow seismic refraction survey, microgravity survey and ground
penetrating radar survey were applied. An example of an output of
the seismic survey is presented in Fig. 4.

Table 1 Overview of recommended characteristic soil and rock parameters
(INSET, 2018)
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potieby presiometrickych méfeni byly ve vybranych vrtech (fada
,,PJ) realizovany tzkoprofilové navrty délky cca 1,0 m. Celkem
bylo zhotovenono 12 vrtt o celkové délce 167 m.

Geofyzikalni prizkum byl zaméfen na posouzeni trasy planova-
ného sbérace na zdkladé distribuce seismickych rychlosti s pomoci
dat z gravimetrického a georadarového priizkumu. Vyhodou geofy-
zikélnich metod pfi realizaci prizkumu je relativné husty krok mé-
feného fyzikalniho parametru zaroven s odpovidajicim hloubkovym
dosahem, umoznujici interpolaci sledovanych udaji v fezu zemnim
a horninovym prostfedim mezi jednotlivymi sondaznimi objekty a vy-
tvoreni spojitého obrazu zkoumaného prostiedi. Byly pouzity geofy-
zikdlni metody mélké refrakcni seismiky, mikrogravimetrie a geora-
daru. Ukazka vystupu seismického priizkumu je uvedena na obr. 4.

TufHel

The main piece of knowledge provided by the completed
geophysical survey lied in the verification of the course of the
interface between Palaeozoic rock types forming the Letna formation
(Ordovician) and superficial layers formed by fluvial and deluvial
sediments or, as the case may be, by eluvium derived from the rock.
Two significant depressions were indicated along the trunk sewer
route at the depth of about 10m, between chainages of m 270+500
and 850+1010. The presence of an elevation of rock rising up to
the level of 1+2m under the terrain surface was registered between
chainage metres 660 and 850. Even tectonic faults were detected in
the rock. Made-ground layers with lowered degree of compaction
were determined in the superficial deposits. Anomalies interpreted
as sections of inhomogeneous subsurface conditions indicating
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Obr. 5 Podélny geologicky profil se zdkresem vysledkit podrobného inZenyrskogeologického a geotechnického prizkumu
Fig. 5 Longitudinal section with results of the detailed engineering geological survey and geotechnical investigation drawn in it




Hlavnim poznatkem realizovaného geofyzikdlniho prazkumu
bylo ovéfeni priibéhu rozhrani mezi skalnimi paleozoickymi hor-
ninami letenského souvrstvi (ordovik) a pokryvnymi utvary tvo-
fenymi fluvidlnimi a deluvidlnimi sedimenty, popiipadé eluviem
hornin. V pribéhu trasy prelozky sbérace byly indikovany mezi st.
270+500 a 850+1010 m dvé vyznamné deprese v prubéhu skalnich
hornin s hloubkou kolem 10 m. Mezi st. 660+850 m byla zazna-
menana pritomnost elevace skalnich hornin, které vystupuji az na
urovenl 1+2 m pod povrchem. Ve skalnich horninich byly zachy-
ceny i tektonické poruchy. V pokryvnych utvarech byly vymezeny
polohy navézek se sniZzenou ulehlosti. Georadarovym prizkumem
byly vymezeny anomdlie interpretované jako tuseky nehomo-
gennich podpovrchovych podminek s patrnou zménou zemniho
prostiedi vuci svému okoli. Pokud se vyskytovaly v hloubce vét-
§i neZ 2+3 m, byly oznaeny za vyznamné v ohledu stability po-
vrchu pii provadéni stavby, zejména v raZzenych usecich prelozky
trasy.

Hydrogeologicky prizkum stanovil pribéh naraZzené a ustilené
hladiny podzemni vody. Vysledkem bylo také upfesnéni hodnoty
predpokladanych pritokt podzemni vody. Oproti pfedbéZnému hyd-
rogeologickému prizkumu bylo zjisténo, Ze je nutno pocitat s vétSimi
pritoky podzemni vody. Nejvétsi pfitoky byly stanoveny pro mista
tektonického poruseni masivu, kde miZe lokalné dochézet ke zvyse-
nému pritoku podzemni vody do vyrubu az 10,8 1/s.

Petrograficka analyza, ur€eni obsahu jilovych minerdla a stanoveni
abrazivnosti vzorkd hornin, byla zapracovana pro piipadné pouZziti
mikrotuneldZe pfi vystavbé stoky. Toto vyhodnoceni provedl Ustav
geoniky AVCR, v.v.i.

Zakladni korozni prizkum — z tohoto prizkumu vyplynulo, Ze
z hlediska geoelektrickych veli¢in je zemni prostfedi hodnoceno jako
velmi vysoce agresivni — V. korozni stupen. Pri vystavbé bylo proto
doporuceno pro projektované dilo pouzit zakladni ochranna opatfeni
stupné ¢. 4 dle TP 124.

Vysledky podrobného prizkumu zcela zasadné ovlivnily definitiv-
ni navrh vySkového feSeni uloZeni stoky. Oproti pfedbéZnému pra-
zkumu doslo hlavné k presnému urceni rozhrani skalniho podloZi,
k urCeni usekd, kde jsou bridlice ordovicko-letenského souvrstvi in-
tenzivné tektonicky porusené a k upiesnéni geotechnickych charakte-
ristik zemin a hornin, které jsou uvedeny v tabulce 1.

4. PROJEKT PRELOZKY RADLICKEHO POTOKA

V roce 2016 byl zpracovan projekt pro tizemni rozhodnuti, v roce
2018 navazal projekt pro vodopravni povoleni a v roce 2019 byl
zpracovan projekt pro vybér zhotovitele. Tyto projekty byly zpraco-
véany firmou PUDIS a.s.

i

S0 03 pielozka vodovodu DN 150~ 165m | 1|
S0 03 water main DN150 relocation - 16.5m | Sl
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Obr. 6 Zdkres prelozky potoka do ortomapy
Fig. 6 The brook diversion plotted in the orthophoto map
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obvious changes in the ground conditions in comparison with their
neighbourhood were delimited by the ground penetrating radar
survey. When they were found at the depth exceeding 2+3m, they
were denoted as significant in terms of the stability of the surface
during the execution of the construction, first of all in the mined
sections of the diversion route.

Hydrogeological survey — it determined the course of the
instantaneous and standing water table levels. The survey, in addition,
specified the value of presumed groundwater inflows. As opposed
to the preliminary hydrogeological survey, it was determined that
it was necessary to take larger inflow rates of groundwater into
consideration. Largest inflow rates were determined for tectonically
faulted places, where the rate of groundwater inflow into the
excavation can increase up to 10.8L/s.

A petrographical analysis, determination of the content of clay
minerals and determination of abrasiveness of rock samples were
carried out for the possible application of microtunnelling to the
construction of the sewer. This assessment was carried out by the
Institute of Geonics AS CR, v.v.i.

The basic corrosion survey — it followed from this survey that
the ground environment, in terms of geoelectric quantities, is rated
as very highly corrosive — corrosion degree IV. For that reason
it was recommended for the structure being designed to apply
basic protective measures degree No. 4 according to Technical
Specifications TP 124.

The results of the detailed survey significantly affected the final
proposal for the vertical alignment of the sewer. In contrast with
the preliminary survey, the detailed survey first of all accurately
determined the interface between the bedrock and the superficial
cover, determined the sections where the shale of the Ordovician-
Letnd formation is intensely tectonically faulted and specified
geotechnical characteristics of soils and rock (see Table 1).

4. RADLICKY BROOK DIVERSION DESIGN

The design for issuance of the zoning and planning decision
was issued in 2016; the design of issuance of water management
permission was submitted in 2018 and the design for tendering in
2019. The above-mentioned designs were carried out by PUDIS a.s.

The decision was made after assessing the results of the detailed
engineering geological survey and geotechnical investigation
that the sewer would be preferably led at the depth of the bedrock
(i. e. application of the “deep variant” — see Fig. 5). The proposed
diversion of the Radlicky Brook received the zoning and planning
decision and water management permission.

Manholes were designed with respect to the sewer placement depth

SO 01 prelozka Radlického potoka — 1022,91 m
beton 900/1600 — 867,66 m
zdéna 900/1600 — 148,54 m
zdéna DN 1400 - 6,71 m
SO 01 Radlicky Brook diversion
concrete 900/1600 — 867,66m
masonry 900/1600 - 148,54m
masonry DN1400 - 6,71m

W SO 02 pFepojeni pripojek SO 02 - reconnection of connection lines

T A g - i TS
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Po vyhodnoceni vysledkd podrobného inZenyrskogeologického and the large number of utility networks spaced at ca 90+202m, with

a geotechnického prizkumu bylo rozhodnuto vést stoku prednost- the exception of two sections where they are spaced at less than
n¢ az ve skalnim podloZi (tzn. pouZit ,,hlubokou* variantu, obr. 5). 50m. At the originally proposed sewer profile DN1400mm, which
Navrzena prelozka Radlického potoka ziskala tzemni rozhodnuti is not passable for persons, it was necessary to obtain an exception
a vodopravni povoleni. for approval for so large spacing of the manholes. The egg-shaped

Vstupni Sachty byly navrZeny s ohledem na hloubku uloZeni stoky profile 900/1600 proposed in the final solution is already passable.
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Obr. 7 Rez tétni Sachtou TS9 (spadisté)
Fig. 7 Section through hoisting shaft TS9 (backdrop manhole)
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Obr. 9 NavrZeny rdm se zdkresem stoky — profil ,,C*
Fig. 9 Designed frame with the sewer drawing — profile “C”
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ana velké mnoZzstvi inZenyrskych siti kromé dvou tsekt do 50 m ve
vzdalenostech cca 90+202 m. Pfi ptivodné navrzeném profilu stoky
DN 1400, ktery neni prichozi, bylo nutno ziskat vyjimku pro povo-
leni tak velkych vzdalenosti Sachet. V definitivaim feSeni je navrZen
vejcity profil 900/1600, ktery je jiz prichozi.

Celkova délka prelozky potoka bude 1023 m, z toho 1016,2 m pro-
£i1 900/1600 a 6,71 m DN 1400. Vzhledem k definitivhimu vejcitému
profilu je jeji vystavba navrzena v celé délce ve Stole. Soucasti jsou
i dalsi stavebni objekty, vyvolané trvalé a doCasné prelozky inZenyr-
skych siti a prepojeni pripojek ulicnich vpusti. Rozsah jednotlivych
objekti je ziejmy z obr. 6.

Na trase je navrzeno celkem deset téZnich Sachet, v deviti budou
nasledné vybudovany vstupni Sachty do stoky. Posledni téZni Sachta
bude vybudovéana pred napojenim do stdvajictho spadisté (Sachta
WZUS).

TeéZni Sachty jsou vzhledem k omezenym prostorovym podmin-
kam na terénu navrZeny obdélnikové v rozmérech 3,80%2,40 m
az 7,0x3,6 m. Pazeni je navrzeno z I-profilii s pazinami UNION.
Hloubky té€Znich Sachet se pohybuji v rozmezi cca 10+16 m. Ve vice
pripadech bylo nutno s ohledem na vedeni podzemnich inZenyr-
skych siti otevfit Sachtu v malém pudorysu, a ten nasledné rozsiro-
vat v misté realizace $tol. Na obr. 7 je zakreslena téZni Sachta TS9,
ve které bude spadisté, a proto do ni bude stoka zausténa ve dvou
vyskovych drovnich.

Razba celé trasy je navrzena ve tfech profilech — ,,A%, ,,B“ a ,,C*.
Pro profil ,,A* bude pouzit typ ramu 00-0-02 v provedeni B (prodlou-
zené) s ocelovou dilni vyztuzi profilu K21 a se stifkanym betonem
a 2x KARI siti 100/100/6. Profil ,,B* je stejny ram jako profil ,,A%, ale
zapazenim ocelovymi paZinami ,,UNION® — alt. dfevénymi (obr. 8).
Pro profil ,,C* (obr. 9) je navrzen z ramu LB-5/1700 prodlouzeny na
vySku 2500 mm s ocelovou dulni vyztuzi profilu K21 a zapazenim
ocelovymi pazinami ,,UNION* — alt. dfevénymi. Mensi profil ,,C*
bude pouzit u dlouhych rovnych tsekut. VEtsi profily jsou v obloucich
trasy, kde by mensi profil nebyl dostate¢né Siroky pro poteby dopra-
vy ve Stole.

5. ZAVER

V prubéhu zpracovani projektovych dokumentaci se prokézalo, jak
zcela zasadni je i pro tento typ relativné malych Stol provedeni po-
drobného inZenyrskogeologického a geotechnického priazkumu v do-
statecné podrobném rozsahu. PfestoZe se jedna o pomérné v archi-
vech historicky dobie provérené uzemi, ukazalo se, Ze informace
z archivnich materiald by vedly ke zcela nevhodnému vySkovému
uloZeni dila. To bylo zptisobeno zejména malou hloubkou archivnich
vrtd.

Zcela zasadni dlohu bude pii vystavbé hrit geotechnicky moni-
toring. Projekt monitoringu bude zpracovan jako samostatna doku-
mentace, kterd nebyla v dobé zpracovani tohoto ¢lanku k dispozici,
a proto zde nejsou prezentovana navrzend feSeni monitoringu.

Ing. RICHARD KUK, richard.kuk@pudis.cz,

PAVEL BACINA, pavel.bacina@pudis.cz,
PUDIS a.s.

Recenzoval Reviewed: Ing. Jan Frantl
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The total length of the diversion of the brook will amount to 1023m,
with 900/1600mm profile applied to 1016.2m of that length and
DN1400mm to 6.71m. With respect to the final egg-shaped profile,
the whole length of the construction was proposed to be carried out
in a tunnel. Even other construction objects, induced permanent
and temporary relocations of utility networks and reconnections of
curb inlets are parts of the project. The scope of individual objects is
obvious from Fig. 6.

There are ten hoisting shafts proposed for the route; manholes
allowing access to the sewer will be subsequently carried out in
nine of them. The last hoisting shaft will be constructed before the
connection to the existing backdrop manhole (manhole “ZU”).

With respect to the restricted spatial conditions on the terrain
surface, the hoisting shafts were designed as rectangular structures
3.80%2.40m up to 7.0x3.6m in the ground plan. I-sections and UNION
steel sheets are designed for sheeting. The depths of the hoisting
shafts vary over a range between ca 10+16m. It was necessary in
several cases with respect to underground utility network lines to
start excavation of a shaft with a small ground plan dimensions
and subsequently expand it in at the depth of the realisation of the
tunnels. A backdrop manhole will be constructed in hoisting shaft
TS9. For that reason the sewer will be connected to it at two levels.

Three profiles, ,,A%, ,,B*“and ,,C*, are designed for the excavation
for the entire route. Excavation for profile “A” will be supported
with version B (extended) of 00-0-02 type of frame with K21 steel
colliery arches and with sprayed concrete and 2 layers of KARI
welded mesh 100/100/6. Profile “B” will be identical with profile
“A”, but wooden lagging (see Fig. 8) will be possible as an alternative
to the “UNION” steel sheet lagging. LB-5/1700 frame extended to
the height of 2500mm with steel K21 colliery arches and “UNION”
steel sheet lagging, alternatively wooden lagging is designed for
profile “C” (see Fig. 9). The smaller profile “C” will be applied to
long straight sections. The larger profiles are designed for curves on
the route, where the width of a smaller profile would not be sufficient
for the needs of transportation in the tunnel.

5. CONCLUSION

It was proved during the course of the work on the design
documents, how crucial the execution of the detailed engineering
geological survey and geotechnical investigation in sufficiently
detailed scope is even for this type of relatively small tunnels.
Despite the fact that the territory has been historically relatively
well verified in archives, it turned out that information from archive
materials would have led to completely inappropriate design for the
vertical placement of the structure. It was caused mainly by the small
depth of archive boreholes.

A crucial role during the construction will be played by monitoring.
The monitoring design will be carried out as an independent
document. It was not available at the moment of preparation of this
paper. For that reason the solutions designed for the monitoring are
not presented in it.

Ing. RICHARD KUK, richard.kuk@pudis.cz,
PAVEL BACINA, pavel.bacina@pudis.cz,
PUDIS a.s.

[2] Rekonstrukce Radlického sbérace. Geotechnicky prizkum, INSET s.r.o., 9/2018
[3] Zapisy z prohlidek Radlického potoka provedené PKVT od roku 1998 a PVK a.s. od roku 2003
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AKTUALNI STAV PROJEKTU HLUBINNEHO ULOZISTE
V CESKE REPUBLICE
CURRENT STATUS OF THE DEEP GEOLOGICAL REPOSITORY
PROJECT IN THE CZECH REPUBLIC

MARKETA DOHNALKOVA, JAROMIR AUGUSTA

ABSTRAKT

Projekt hlubinného iiloZisté radioaktivnich odpadii je v Cesku rozvijen od 90. let 20. stoleti. V roce 1997 byla ziizena Ministerstvem prii-
myslu a obchodu Sprdva iiloZist radioaktivnich odpadii, kterd je od roku 2001 ve smyslu § 51 zdkona ¢. 219/2000 Sb., organizacni sloZkou
stdtu a jejiZ iilohou je, mimo jiné, pFipravit projekt hlubinného iiloZisté v CR. Hlubinné iiloZisté radioaktivnich odpadii je multidisciplindrni
ilohou, kterd zasahuje od jaderné fyziky, pres jadernou chemii, geologii, materidlové inZenyrstvi, stavebnictvi, hornictvi, strojirenstvi,
environmentdlni oblast aZ po bezpecnost prdace a ochranu zdravi. Legislativné je proces pripravy hlubinného iiloZisté zakotven zejména
v oblasti atomového zdkona, bdriskych, environmentdlnich a stavebnich a mnoha souvisejicich predpisii. Vyznamnou roli sehrdvaji i mezi-
ndrodni smlouvy a standardy v oblasti mirového vyuZivdni jaderné energie.

ABSTRACT

The deep geological repository for radioactive waste project has been underway in the Czech Republic since the 1990s. In 1997, the
Ministry of Industry and Trade established the Radioactive Waste Repository Authority (SURAO), the legal form of which was changed in
2001 to that of a state organisational unit according to Section 51 of Act No. 219/2000 Coll. SURAO’s responsibilities include the develop-
ment of the Czech deep geological repository project, the planning of which requires a multidisciplinary approach involving the fields of
nuclear physics, nuclear chemistry, geology, material engineering, construction, mining, engineering, environmental considerations and
occupational health and safety. The legal aspects of the development of the deep geological repository are based on the so-called Atomic
Act and mining, environmental, construction, etc. regulations. International treaties and standards relating to the peaceful use of nuclear

energy also play an important role.

uvob

Hlubinné dlozisté (HU) je jadernym za¥izenim, umisténym pie-
vazné v podzemi, jehoZ ukolem je bezpecné a dlouhodobé uloZit
radioaktivni odpady vzniklé na tizemi Ceské republiky. Pfedpokla-
da se, zZe bude urceno jak pro vyhorelé jaderné palivo, tak i pro
ostatni vysoce a stfedné aktivni odpady, podle strategickych za-
méri CR neuloZitelné ve stdvajicich GloZistich pro nizko a stiedn&
aktivni odpady.

V Ceské republice byly rozpracovany dvé varianty technického
feSeni v rizné hloubce zpracovani (Holub et al., 1999; Pospisko-
vé et al., 2012). Obé technicka feseni jsou zaloZena na zakladnich
vstupnich predpokladech, Ze vyhotelé jaderné palivo se bude ukla-
dat neprepracované, v ocelovych ukladacich obalovych souborech,
v hloubce cca 500 m pod povrchem zemé, v horninach krystalinika.
V roce 2016 na tyto prace navazal projekt ,, Vyzkumnd podpora pro
projektové teSeni hlubinného iiloZisté*, v jehoZ rdmci byla mimo
jiné optimalizovdna podzemni ¢ast HU a byly zpracovény studie
umistitelnosti na jednotlivych lokalitach. Projekt byl realizovan na
zaklad€é novych poznatkl z narodnich i mezinirodnich vyzkuma
a vystupt soubézného projektu ,, Vyzkumnd podpora pro bezpec-
nostni hodnoceni hlubinného iiloZisté*, zejména v oblasti geologic-
kého priizkumu a vyzkumu potencidlnich lokalit pro umisténi HU.
Pro tcely vyhodnoceni vhodnosti lokalit byla zpracovana aktuali-
zovana projektova reSeni na vSech deviti vytipovanych lokalitich
(Referen¢ni feseni HU na lokalité). Studie proveditelnosti (umis-
titelnosti) HU na konkrétni lokalit€ byla v roce 2019 podrobena
zahrani¢ni oponentufe finské spole¢nosti POSIVA SOLUTIONS
Oy, ktera je nositelem stejného projektu ve Finsku, pficemz je ve
fazi vystavby HU.

INTRODUCTION

The Czech deep geological repository (DGR) will be a nuclear
facility mostly located beneath the Earth’s surface, the function of
which will be to provide for the safe long-term disposal of radioactive
waste generated in the Czech Republic. According to the strategic
plans of the Czech Republic, the repository will serve for the
disposal of both spent nuclear fuel and other high- and intermediate-
level waste that, due to its form, cannot be disposed of in existing
repositories for low- and medium-level waste.

Two technical design variants have been developed for the
Czech DGR (Holub et al., 1999; Pospiskova et al., 2012), both of
which are based on the fundamental input assumption that spent
nuclear fuel will be disposed of in its unprocessed form in steel
disposal containers at a depth of around 500m below the surface
in a crystalline rock environment. The “Research Support for the
Design of the Deep Geological Repository” project, conducted in
2016, included the optimisation of the underground complex of the
DGR and the preparation of siting studies for the candidate sites.
The project was based on the most up-to-date knowledge available
which was obtained from national and international research projects
and the results of the parallel “Research Support for the Safety
Assessment of the Deep Geological Repository” project, especially
with respect to the geological research and investigation of potential
DGR construction sites. Updated studies of all nine candidate sites
were subsequently compiled for the purpose of the assessment of
their suitability for DGR construction (Site Reference DGR Design
Studies). In 2019, DGR feasibility studies for each of the sites
were subjected to scrutiny at the request of SURAO by the Finnish
company POSIVA SOLUTIONS Oy, the organisation responsible
for the Finnish DGR project which is currently in the construction
phase.
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Obr. 1 Hlubinné iiloZisté
Fig. 1 Deep geological repository

POPIS STAVAJICICHO PROJEKTOVEHO RESENI
HLUBINNEHO ULOZISTE

Hlubinné dlozisté (obr. 1) se sklad4d ze dvou provoznich Cas-
ti s rozdilnymi ¢innostmi pfi nakladani s radioaktivnimi latkami
arozdilnymi naroky na Zivotnost objekti a zafizeni. Na né jsou pak
kladeny rozdilné naroky na provoz a Zivotnost objektd. Povrcho-
vy aredl (prvni provozni ¢ast), ktery slouzi jako stycné pracovisté
mezi producenty odpadu a systémem uklddacich chodeb, je tvoren
objekty, zafizenimi a technologiemi nezbytnymi k zajiSténi provo-
zu hlubinného tloziste, tj. administrativa, podptirné technologie
pro vystavbu a provoz, zajiSténi vnéjSi a provozni bezpecnosti,
objekty slouzici k piijmu a preloZeni vyhotelého jaderného paliva
(VIP) a ostatnich vysoce a stfedné aktivnich odpadi (VAO/SAO)
do uklddacich obalovych soubortt (UOS). V povrchovém area-
Iu budou provozovéiny vSechny doprovodné Cinnosti souvisejici
s provozem HU a zdzemi pro zaméstnance. Déle slouZi jako vstup
do hlubinného ulozisté. Povrchovy aredl je bezprostfedné propojen
s objektem horké komory, kde budou probihat manipulace s radio-
aktivnimi odpady (RAO) a VJP od jejich prevzeti po dovezeni do
HU, pies pielozeni, kontrolu uklddacich obalovych soubori, a% po
jejich expedici do ukladaciho mista v podzemi. Objekty procesu
pfijmu a pfekladani radioaktivnich odpadu, v¢. VIP, byly uvazovany

DESCRIPTION OF THE CURRENT DEEP GEOLOGICAL
REPOSITORY PROJECT

The deep geological repository (Fig. 1) will consist of two
operational parts that will fulfil different roles in the management
of the radioactive waste and place different demands on the service
lifetimes of the buildings and equipment. The surface complex
(termed the first operational part), which will serve as the “interface”
between waste producers and the waste disposal system, will consist
of the buildings and equipment necessary so as to ensure the efficient
operation of the deep geological repository, i.e. administration,
support equipment for construction and operation purposes, external
and operational safety equipment and facilities for the receiving
and repackaging of spent nuclear fuel (SNF) and other high- and
intermediate-level waste (HLW/ILW) into waste disposal packages
(WDP). The surface area will provide for all the activities related
to the everyday operation of the DGR and employee requirements,
and will also serve as the entrance to the deep geological repository
underground complex. Moreover, the surface area will also be
directly connected to the hot-chamber building, where the radioactive
waste (RAW) and SNF will be handled from the time at which it
is accepted to its transfer to the DGR, including repackaging, the
inspection of the WDPs and their dispatching to the underground
disposal complex. The complex for the receiving and repackaging

rozrdzka opening

min. 6m

ukladaci tunel disposal tunnel

900m 10m

vzdalenost UOS* WDP distance*

rozrazka opening

-

23m

obsluzny tunel access tunnel
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* podle typu VJP a vlastnosti hornin na lokalité v rozmezi 5-16 m

1 ukladaci vrt, primér 2,5 m, hloubka dle typu UOS
disposal hole, diameter 2,5m, depth according to WDP type

range from 5m to 16m, according to the type of SNF and rock properties in the locality
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\ uzaviraci zéatka tunelu plug

Obr. 2 Vertikdlni zpiisob ukldddni - pidorys
Fig. 2 Vertical disposal method — plan
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of the radioactive waste,
including SNF, will be
constructed in a chamber
below ground level and,

/

J_,-" uzaviraci zétka vrtu plug

* podle typu VJP a viastnosti hornin na lokalité v rozmezi 6-18 m

range from 6m to 18m, according to the type of SNF and rock properties in the locality

23m 10m o max. 290m N

thus, will be considered to
2 vzdalenost UOS* WDP distance* be a near-surface facility.
= {min. Sm 4 4 min. 0,7m All the DGR management
% -|= == /,.*" e and process technology
g I w will be concentrated in
= = § / the surface complex from
E| . ', UOS pro VJP WDP for SNF the commencement of
S

construction to the insti-
tutional  control  phase
following the closure of the
facility. The DGR will be
considered to be a nuclear
facility subject to a permit
to operate in accordance
with nuclear legislation and

Obr. 3 Horizontdlni zpiisob ukldddni — piidorys
Fig. 3 Horizontal disposal method - plan

jako pripovrchové v hluboké stavebni jamé, pripadné kaverné.
V povrchovém aredlu budou soustfedény i vSechny fidici techno-
logie a procesy hlubinného tloZisté od zahajeni jeho vystavby az
po institucionalni kontrolu. Jedna se o jaderné zafizeni podléhajici
povoleni provozu podle jaderné legislativy a posouzeni z environ-
mentdlniho hlediska. Pro vystavbu lze aplikovat standardni staveb-
ni pravo z oblasti pozemniho, pfip. podzemniho stavitelstvi. Vlast-
ni uloZisté (druhd provozni Cast), tj. prostory, kde budou odpady
uloZeny, jsou umistény v podzemi v hloubce cca 500 m (ukladacich
sekci pro VJP) a pro RAO cca 300 m pod povrchem a s povrcho-
vym aredlem jsou propojeny soustavou Upadnich tunell a svislych
jam. Pozadavky na umisténi jsou z hlediska jaderné legislativy
obecné formulovany v atomovém zakoné a souvisejicich vyhlas-
kach Statniho tfadu pro jadernou bezpeénost (SUIB) a doporu-
¢enich Mezinédrodni agentury pro atomovou bezpecnost (IAEA).

Podzemni ¢ast pro VIP je v soucasné dobé projektovana jak pro
svislé ukladani do autonomnich vrtd pro kazdy UOS (obr. 2), tak
i vodorovné v dlouhych vrtech pro vice UOS (obr. 3). Cely systém
je tudiz tvoren soustavou tunell a vrtd. Pro RAO je ukladaci sek-
ce v podzemi tvofena nékolika podzemnimi kavernami spojeny-
mi propojovacim tunelem (obr. 4). V kavernidch budou ukladany
jednotlivé obalové soubory systémem stohovani a nasledné budou
kaverny zaplnény betonovou smési.

the relevant environmental
factors. The
construction of the surface
complex, however, will be subject to standard building legislation
governing surface and underground construction projects. The
repository itself (the second operational part), i.e. the complex in
which the waste will be disposed of, will be located underground at
depths of approximately 500m (the SNF disposal section) and 300m
(for the disposal of RAW) below the surface and will be connected
to the surface complex via a system of inclined tunnels and shafts.
The construction of the underground complex will be governed by
nuclear legislation (the Atomic Act), the relevant decrees issued by
the State Office for Nuclear Safety (SUJB) and recommendations
provided by the International Atomic Energy Agency (IAEA).

The current design of the underground section for the disposal of
SNF considers both vertical emplacement in separate disposal wells
for each WDP (Fig. 2) and horizontal emplacement in long boreholes
that will house several WDPs (Fig. 3). The system will, therefore,
consist of a series of tunnels and boreholes. The RAW underground
disposal section will be made up of several underground caverns
connected via an access tunnel (Fig. 4). The individual WDPs will
be stacked one upon the other and, once the caverns reach capacity,
they will be backfilled with a special concrete mixture.

assessment

DEVELOPMENTS IN TERMS OF THE PROJECT DESIGN

The Czech deep geological repository concept, as with the Finnish
and Swedish concepts, is based on a multi-barrier system in a
crystalline rock environment. The system

10,5m

204 ks betonkontejnerti/1 komora

204 containers per chamber uzavitaci zatka komory plug II

consists of:

¢ the form of the fuel itself;

* the waste disposal package;

e the buffer and sealing barriers in the
disposal well (between the WDP and the
rock);

* the backfilling of the disposal corridors
in the rock massif;

e the rock massif.

With the exception of the rock massif,
all the components of the engineered
barrier system, together with construction
materials (linings, pressure plugs, grouting,

obsluzny tunel access tunnel

Obr. 4 Komora pro ukldddni RAO - piidorys
Fig. 4 RAW disposal chamber — plan

etc.), must be in physico-chemical-mecha-
nical equilibrium with each other in order
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VYVOJ V OBLASTI PROJEKTOVEHO RESENI

Koncept hlubinného tloZisté je v Ceské republice, stejné jako
napi. ve Finsku a Svédsku, zaloZen na multibariérovém systému
v krystalinickych hornindch. Systém se sklada z:

e vlastni formy paliva;

¢ ukladaciho obalového souboru;

e tlumici a tésnici bariéry v ukladacim vrtu (mezi UOS a horni-

nou — buffer);

e vyplni ukladacich chodeb v horninovém masivu (tzv. back-

fillem);

¢ horninového masivu.

Vyjma horninového masivu jsou vSechny ostatni ¢asti inZenyr-
skymi bariérami, které zaroven s konstrukénimi materidly (osténi,
tlakové zatky, injektaZe atd.) museji byt ve vzdjemné fyzikalné-
-chemicko-mechanické rovnovaze, aby branily, pfipadné co nejvi-
ce prodlouZily dobu uvolnéni radionuklidii do Zivotniho prostiedi.
Pro ziskani provozni licence HU od Stitniho tfadu pro jadernou
bezpecnost je poteba prokazat, Ze bude cely systém dlouhodobé
bezpecny po dobu az stovky tisicti let.

Aktualizace referencniho projektu 2018

Jak je uvedeno dfive, soucasnd aktualizace referen¢niho projektu
byla postavena na novych informacich o vlastnostech horninového
masivu v lokalitich a vlastnostech VJP. Diky informacim o tepel-
né-mechanickych vlastnostech hornin byly vypocitiany bezpecné
vzdalenosti jednotlivych UOS a dilnich dél (Kobylka, 2019), které
jsou dilezité pro stanoveni puidorysného rozsahu ukladacich sekei.
Pro vypocty je dilezité znat také hodnoty tepelného vykonu VJP
v Case a jeho celkové mnoZstvi. Na zdkladé vypoctenych hodnot
byly stanoveny ramcové limitni délky ukladacich chodeb a vrtd.
Z definovaného pozadovaného hypotetického rozsahu podzemnich
Casti ulozisté a provoznich technologickych celkt byly dale defino-
vany ramcové pozadavky na technologické vybaveni, s ohledem na
vystavbu a provoz podzemni ¢asti HU, z nichZ byly odvozeny po-
tfebné prijezdné prirezy dilnich dél a dispozi¢ni usporadani tech-
nického zdzemi v podzemi. S ohledem na poZadavek minimalniho
naruseni okoli vyrubu, rozvoji ,,Excavation damage zone“ (EDZ)
byly vypracovany dvé varianty feSeni podzemni Casti pfi pouZziti
plné mechanizované razby (TBM) hlavnich tuneld a ukladacich
chodeb pro svisly i vodorovny zptsob ukladani UOS. S ohledem
na optimalizaci velikosti vyrubi (pficnych profil tuneld a chodeb)
byly zpracovany dal$i dvé varianty pro razby konvenénim zpiiso-
bem, za predpokladu pouZiti trhacich praci s hladkym vylomem
(D&B) (Griinwald et al., 2018).

Referencni feSeni na konkrétnich lokalitach

Pro potfeby souc¢asné fize ptipravy HU — vyhodnoceni vhodnos-
ti potencialnich lokalit a ziZeni jejich poctu pro dalsi etapu praci,
bylo nezbytné pro kazdou lokalitu zpracovat ,,Studii umistitelnosti/
proveditelnosti (ptiklad Spinka et al., 2018), které vychdzeji z ak-
tualizace referen¢niho projektu (Griinwald et al., 2018) a z vyuziti
pruzkumnych a vyzkumnych praci na jednotlivych lokalitach, ze-
jména v oblasti geologické a tektonické stavby. Vysledkem je navrh
umisténi podzemnich ¢asti v definovanych potencidlné vhodnych
horninovych blocich na kazdé lokalité¢ (Franck et al., 2018). Na
tento postup tzce navazuje feSeni prostorovych moznosti v tizemi
lokality z hlediska stfetd zajmt a dostupnosti dopravni a technické
infrastruktury, s ohledem na potencidlné mozné umisténi povrcho-
vého aredlu. Pro potencidlné vhodné lokalizace povrchovych are-
ala byly zpracovany inZenyrskogeologické (IG) mapy ve fazi ori-
entac¢niho souhrnu informaci s prehlednym geofyzikdlnim fezem.

to prevent (or minimise the time of) the release of radionuclides into
the environment. In order to obtain an operating licence for the DGR
from the State Office for Nuclear Safety, it will be necessary to prove
that the whole of the disposal system will remain safe over the long
term, i.e. for up to hundreds of thousands of years.

Update of the reference project 2018

As mentioned previously, the current update of the reference
project was based on new information obtained on the properties
of the rock massifs at the candidate sites and the properties of the
SNF to be disposed of. Safe distances between individual WDPs
and the mine workings were subsequently calculated based on
information on the thermo-mechanical properties of the various rock
environments (Kobylka, 2019), information that is essential with
respect to determining the layout of the disposal areas. Moreover,
the calculations also required a detailed knowledge of the thermal
output values of the SNF both in total and over time. The results
subsequently allowed for the determination of the framework limits
of the lengths of the disposal corridors and the boreholes. Based on
the defined required hypothetical extent of the underground sections
of the repository, it was then possible to define the framework
requirements for the technical equipment that will be needed for
the construction and operation of the underground sections of the
DGR, and to determine the necessary transit cross-sections of the
mine workings and the positioning of the equipment. With regard to
the requirement for the minimum disturbance of the surroundings
of the excavated rock, i.e. the development of the excavation
damage zone (EDZ), two underground complex variants are being
considered involving the fully mechanised excavation (TBM) of
the main tunnels and disposal corridors for both the vertical and
horizontal WDP emplacement options. Moreover, with a view to
the optimisation of the dimensions of the excavated sections (tunnel
and corridor profiles), a further two variants have been proposed
involving conventional excavation methods employing the smooth
blasting approach (D&B) (Griinwald et al., 2018).

Reference designs for specific sites

With respect to the current DGR development phase — the
assessment of the suitability of potential sites and the reduction in their
number prior to the next phase, it was necessary to prepare feasibility
studies (example in Spinka et al., 2018) for each site based on the
update of the reference project (Griinwald et al., 2018) and the use of
the results of research and investigation studies of each site, especially
with concern to geological and tectonic considerations. The result
consisted of proposals for the location of the underground sections
in defined potentially suitable rock blocks for each site (Franék et
al., 2018). This procedure was followed by the consideration of the
various spatial options at each site in terms of conflicts of interest and
the availability of transport and technical infrastructure in connection
with the potential location of the surface complex. Engineering
geology maps were prepared in the orientation information summary
phase to identify a well-arranged geophysical section for the optimum
positioning of the surface facilities at the sites.

The reference studies of the sites subsequently formed the
basis for the assessment of operational safety and, especially, the
environmental assessment of each of the sites.

The current design variants for each of the candidate sites served
for the preliminary assessment of the feasibility of the repository, as
the basis for subsequent model calculations for hydrogeological and
transport safety certification purposes (e.g. Baier et al., 2018) and for
the definition and assessment of the required compatibility properties
of the candidate materials to be used in the construction of the various
structures and engineered barriers of the DGR. The completion of the
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Toto referencni feseni v lokalité je podkladem pro vyhodnoceni
podminek provozné-bezpecnostnich a zejména environmentalniho
hodnoceni zdméru v kazdé lokalité.

Soucasné projektové feseni na potencidlnich lokalitach slouzi ke
zhodnoceni predbézné proveditelnosti tloZisté a jako vstupni pod-
klad pro nasledné modelové vypocty k hydrogeologickym a trans-
portnim prikazim bezpecnosti (napf. Baier et al., 2018) a defi-
novani, pripadné posouzeni, poZzadovanych vlastnosti slucitelnosti
kandidatnich materidlt pro konstrukce a inZenyrské bariéry. Na
zpracované projektové feseni v kazdé lokalité navazuje Studie hod-
noceni vlivu na Zivotni prostredi (Marek P., 2018), ktera je struk-
turovand podle pozadavkul pfilohy zdkona o posuzovani vlivil na
Zivotni prostfedi. Tyto studie v soucasné fazi feSeni HU slouZi jako
pilotni zpravy, které mapuji jednotlivé oblasti procesu posuzovani
a miry nejistot znalosti informaci, a podklad pro dalsi rozvoj praci
a sméfovani ziskani dalsich podkladi pro navazujici etapu praci.
Inzenyrské bariéry

Nejdulezitéjsi inZenyrskou bariérou je ukladaci obalovy soubor
(UOS), v némZ jsou uloZeny palivové ¢lanky s vyhotelym jader-
nym palivem. Navrh UOS je stile pfedmétem samostatného vy-
zkumu a vyvoje v CR. Referen¢ni variantou, kterd je také nejvice
testovana, je dvouplastovy UOS, kde vnéjsi vrstvu tvori uhlikova
ocel, a vnitfni pouzdra jsou z korozivzdorné oceli.

Navazujici inZenyrskou bariérou je buffer, ktery utésiiuje prostor
mezi UOS a horninou v ukladacim vrtu a bréni jej proti vlivu pod-
zemni vody (Savage et al., 1999), mikrobidlni korozi a u¢inkiim
seismicity. Referen¢nim materidlem je bentonit, ktery diky svym
hydromechanickym a geochemickym vlastnostem prostor vyplni
a celé misto dostate¢né utésni tak, aby transport vody probihal pou-
ze difuzi a bylo zabranéno mechanickému poskozeni UOS a mik-
robiologické korozi. Vyzkum v oblasti vyvoje bufferu pro potieby
HU probiha na SURAO jiz od roku 1999 a je primérng zaméfen na
vyuziti materidlt z lokédlnich (ndrodnich) zdroji. V soucasné dobé
probihaji v této oblasti v CR jak menii laboratorni testy, tak i né-
kolik velkych in-situ demonstra¢nich a materidlové interakénich
experimentll v podzemnich laboratofich.

Backfill je také bentonitovou inZenyrskou bariérou. Tato bariéra
slouzi k vyplnéni uklddacich chodeb a nebude tak v pfimém kon-
taktu s UOS, ale bude v pfimém kontaktu s bufferem. Bezpec¢nostni
funkci backfillu je utésnéni a uzavteni zajisténi polohy bufferu na
svém misté (aby v piipad¢ nabobtnani nedochazelo ke ztraté tlaku
a tim jeho tésnici funkce) a omezeni transportu vody v zaplnénych
prostoréch; pohyb vody by mél probihat opét pouze difuzi. V Ces-
ké republice je vyzkum v oblasti bentonitu v soucasnosti primar-
né¢ zaméren na vyvoj bufferu, ktery je vSak schopny poskytnout
potiebné informace vyuZitelné i pro backfill, na néz jsou kladeny
nizsi pozadavky nez na buffer.

Konstrukeni prvky

Casti tlozisté, které nebudou vyplnény inZenyrskymi bariérami
(UOS, buffer), budou pfi procesu uzavirani uloZisté trvale vypl-
nény vhodnym materidlem — backfillem (pfedpokldda se bento-
nit, pfipadné smés bentonitu s kamenivem). Systém vyplni bude
doplnén o zatky, které budou mit rozdilné funkce v zévislosti na
bezpecnostnich pozadavcich na né€ kladenych, na jejich charakteru
a umisténi (napf. hydraulické, mechanické, délici atd.).

Pro budouci vystavbu HU je také nutné zabyvat se konkrétnimi
konstrukénimi materidly (beton) a prvky (napf. vyztuz a injektaz).
Jednd se predev§im o cementové a kovové materidly, které musi
splilovat nejen pozadavky z hlediska chemickych a mechanickych
vlastnosti, ale také vzajemnych interakci s dalSimi materidly a prv-
ky v HU.
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project design variants for each site were followed by the conducting
of Environmental Impact Assessment Studies (Marek P., 2018),
which were structured according to the requirements of an appendix
to the Environmental Impact Assessment Act. In the context of the
current DGR development phase, these studies serve as pilot reports
that map out the individual areas of the assessment process and the
level of uncertainty of the knowledge obtained to date, and provide
the basis for further research and the determination of the approach
to be adopted with respect to obtaining the documentation required
for the subsequent research phase.

Engineered barriers

The most important engineered barrier consists of the waste
disposal package (WDP) in which the spent nuclear fuel rods will be
disposed of. The final design of the WDP has not yet been decided
and remains the subject of detailed research and development in the
Czech Republic. The reference, and most intensively tested, variant
consists of a double-walled WDP with an outer layer made of carbon
steel and an inner stainless steel container.

The next engineered barrier consists of the so-called buffer that
will seal the space between the WDP and the rock in the disposal
well and that will protect it from the negative effects of contact
with groundwater (Savage et al., 1999), microbial corrosion and
seismicity. The reference material is bentonite which, due to its
unique hydromechanical and geochemical properties, will swell
so as to fill the disposal space, thus ensuring that the transport of
water will occur via diffusion only and preventing the mechanical
damage of the WDP and microbiological corrosion. Research into
the development of the DGR buffer material has been underway at
SURAO since 1999 and is primarily focused on the use of materials
from local (Czech) resources. Several small-scale laboratory
experiments and large-scale in-situ demonstration and material
interaction experiments (conducted at underground laboratories) are
currently underway on the buffer material in the Czech Republic.

A further bentonite engineered barrier consists of the so-called
backfill. This barrier will serve for the filling of the disposal corridors
and, thus, while it will not be in direct contact with the WDPs, it will
be in direct contact with the buffer. The safety function of the backfill
will be to seal and fix the buffer in place (so as to prevent a loss of
pressure in the buffer following swelling and, thus, a reduction in its
sealing ability) and to reduce the transport of water in the disposal
space; again, it is anticipated that the movement of water will be via
diffusion only. While the research of bentonite in the Czech Republic
is currently primarily focused on the development of the buffer, the
research is also able to provide the information necessary for the
backfill, which is subject to lower requirements than the buffer.

Structural elements

Those parts of the repository that will not contain the engineered
barriers (WDPs, buffer) will be permanently backfilled with a
suitable material (bentonite or a mixture of bentonite and aggregates)
during the repository closure phase. The backfill system will be
supplemented with plugs which will have different functions
depending on the safety requirements placed on them, their character
and their position in the facility (e.g. hydraulic, mechanical,
separation plugs, etc.).

It is also necessary to consider the various construction (concrete)
and other structural materials (e.g. reinforcement and grouting) that
will be used in the future DGR. This concerns principally cement and
metal materials which will be required to meet strict requirements
in terms of their chemical and mechanical properties and their
interaction with other materials and structural elements in the DGR.
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DISKUSE PROBLEMATIKY A ZAVER

V roce 2018 byl znovu aktualizovan referencni projekt na zakla-
dé novych poznatkll, zejména parametrti horninového masivu na
potencidlnich lokalitach, a novych poznatkii o vyhofelém jaderném
palivu. Vznikla tak ,, Optimalizace podzemni &dsti HU “, ktera byla
podrobena zahrani¢ni oponentufe finskou spolecnosti POSIVA
SOLUTIONS Oy. Podptirnym podkladem byla téZ konkrétni zpra-
va Studie umistitelnosti v lokalité Brezovy potok. Na zakladé této
revize bylo konstatovano, Ze dalsi kvalitativni posun projektového
feSeni HU v Ceské republice miiZe pokrocit v ndvaznosti na po-
stupu prizkumnych praci v lokalitich, s postupnym dopliiovanim
geologickych dat z hloubek (po roce 2020 na ziuZeném poctu loka-
lit, po roce 2025 daty z findlni lokality) a v ndvaznosti na vysledky
programu vyzkumu a vyvoje v oblasti materiald a inZenyrskych
bariér.

Navic v roce 2019, v ramci procesu hodnoceni vhodnosti loka-
lit, bylo pfihlédnuto k novym vysledkiim terénniho geofyzikalni-
ho ovéfovani litologickych a tektonickych struktur na lokalitich
a nové poznatky byly pfeneseny do aktualizace studii umistitelnos-
ti v lokalitdch (po odevzdani ¢lanku; prosinec 2019 — leden 2020),
které se promitly zejména do geometrického usporadani a prosto-
rového umisténi podzemni ¢asti tlozisté a spojovacich tunell s po-
vrchovym arealem.

Projektové feSeni HU je multidisciplindrni projekt, a proto je
nutné k nému i takto pfistupovat. Oblast podzemniho stavitelstvi
je zde jednou, avsak ne jedinou oblasti, které je nutné vénovat po-
zornost. Dilezitou roli pfi tvorbé projektového feSeni hraje napr.
geochemie prostfedi a vzajemna interakce pouZitych materiald.
Zahrani¢ni revize poskytla také kritické zhodnoceni provedené
zpravy a vymezila oblasti, kterym je tfeba se detailnéji vénovat.
Mezi né€ patii pfedev§im jiz vySe zminéné moZné interakce pou-
Zitych konstrukénich materidld s materidly inZenyrskych bari-
ér, konstrukce a umisténi zatek a cely systém procesu uzavirani
tloZiste.

Témto podnétim bude vénovéna zvysend pozornost a budou zo-
hlednény v navazujicich fazich projektu.
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Sprdva iiloZist radioaktivrich odpadii
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DISCUSSION AND CONCLUSION

In 2018, the reference project was updated once more based on
new knowledge obtained, especially with concern to the rock mass
parameters at the candidate sites and the spent nuclear fuel that will
be disposed of. This resulted in the compilation of the “Optimisation
of the Underground Part of the DGR” report that was subjected
to foreign scrutiny at SURAQ’s request by the Finnish company
POSIVA SOLUTIONS Oy, together with a further supporting report
entitled the Brezovy Potok Siting Study”. The results of the foreign
review of these reports indicated that a further qualitative shift in the
progress of the DGR project in the Czech Republic should proceed
with the conducting of exploration work at the sites that will provide
geological data from the required depths (after 2020 from a reduced
number of sites and, after 2025, from the final site) and in connection
with the results of the research and development of materials and
engineered barriers.

In addition, in 2019, as part of the site suitability assessment
process, the latest results of the field geophysical verification of the
lithological and tectonic structures at the sites were transferred to
the updated siting studies (following the submission of the article;
December 2019 — January 2020). The results reflected primarily the
geometric arrangement and spatial location of the underground part
of the repository and the tunnels that will connect the underground
and surface complexes.

The DGR development project is a multidisciplinary project,
concerning which the issue of underground construction is just
one of a number of areas that need to be addressed; for example,
the geochemistry of the underground environment and the mutual
interaction of the various materials will play important roles in
the determination of the final design of the DGR. The afore-
mentioned foreign review also provided a critical assessment of the
“Optimisation of the Underground Part of the DGR” report and
identified areas that need to be addressed in more detail including,
in particular, the previously mentioned potential interaction of
the construction materials used for the engineered barriers, the
construction and positioning of the plugs and the repository closure
process.

Detailed attention will be devoted to these issues and they will
be fully taken into account in the subsequent phases of the DGR
development project.
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PVP BUKOV - GENERICKA LABORATOR PRO PODPORU PROJEKTU
HLUBINNEHO ULOZISTE
BUKOV URF — A GENERIC LABORATORY FOR THE SUPPORT
OF THE DEEP GEOLOGICAL REPOSITORY PROJECT

JAN SMUTEK, LUKAS VONDROVIC, JAROMIR AUGUSTA

ABSTRAKT

SURAO podporuje rozsdhly program vyzkumnych, vyvojovych a demonstracnich aktivit souvisejicich s procesem pripravy ceského hlu-
binného 1loZisté radioaktivnich odpadii. Aktivity SURAO v Ceské republice jsou v poslednich letech spojeny s celkem tiemi generickymi
(PVP) Bukov. Tato podzemni laborator se jako jedind nachdzi v hloubce pod povrchem odpovidajict cilové hloubce umisténi uklddacich
chodeb v hlubinném iiloZisti, a to okolo 500 m. Z prehledu a specifikaci aktudlné provozovanych svétovych laboratori v prostredi krys-
talinika je patrnd unikdtnost PVP Bukov. UZ samotnd vystavba a vyzkumné prdce provedené v priibéhu vystavby poskytly SURAO velmi
duleZitd data a zkusSenosti. Experimentdlni program této laboratore, zahdjeny v roce 2017, obsahuje rozsdhlé spektrum cinnosti spojenych
s projektem hlubinného uloZisté. Mimo prostor PVP Bukov na 12. patte dolu RozZnd I je v soucasné dobé vyuZivdno i nékterych dalsich
puvodnich dilnich dél nachdzejicich se v hloubce aZ 1200 m pod povrchem.

ABSTRACT

SURAQO is providing support for an extensive programme of research, development and demonstration activities related to the development
of the Czech deep geological repository for radioactive waste. In recent years, while SURAQ’s activities in the Czech Republic have been
linked to a total of three generic underground facilities located in crystalline rock environments, the most important role is currently played
by the Bukov Underground Research Facility (URF). This underground laboratory is the only one of the facilities located at a depth below
the surface corresponding to the expected depth of the disposal corridors of the future deep geological repository, i.e. around 500m. The
construction of the Bukov URF and the research work conducted during the construction phase provided SURAO with very important
data and experience. The experimental programme of the Bukov laboratory, launched in 2017, includes a wide range of activities related
to the deep geological repository project. In addition to the Bukov URF underground complex, situated on level 12 of the RoZnd I mine,
other former mine workings located at depths of up to 1200m below the surface are also currently being used for experimental purposes.

uvob

Jednou z kliCovych cinnosti Spravy ulozist radioaktivnich od-
padit (SURAO) je projekt hlubinného tloziité (HU), které bude
slouzit pro uloZeni vSech radioaktivnich odpadii, jeZ neni mozZné
ulozit do povrchovych a piipovrchovych tlozist. Ceské HU ma
byt zbudovano v horninovém prostedi krystalinika (vyvielé nebo
pfeménéné horniny) v hloubce okolo 500 m pod povrchem. Tech-
nické feseni je stile ve fazi vyvoje a je zaloZeno na multibariéro-
vém konceptu, ktery zahrnuje systém inZenyrskych bariér. HU
bude obsahovat vyhotelé jaderné palivo umisténé do ukladaciho
obalového souboru (UOS) z kovovych materidli. Aktudlné se uva-
Zuje, Zze UOS by mél obsahovat ¢asti z uhlikové (pro vnéjsi plast)
a nerezové oceli (vnitfni pouzdro). Ostatni vysokoaktivni odpa-
dy uréené pro uloZeni v HU by mély byt umistény do obalového
souboru na bazi betonu. UOS budou usazeny do svislych nebo
horizontdlnich velkoprofilovych vrtli, ve kterych budou obklope-
ny vrstvou bentonitu. Bentonit by mél byt dile pouZit i jako vypl-
fovy material pro obsluzné a pfistupové podzemni prostory, které
budou po skonceni procesu ukladani zaté€snény. Pro tyto ucely se
zvazuje pouziti Ceskych bentonitd, proto je materidl z ceskych lo-
zisek dlouhodobé a extenzivné testovan ve vyzkumném programu
SURAO.

Aktudlné probihd systematicky proces vybéru a hodnoceni kan-
didatnich lokalit pro umisténi HU. Proces zahrnuje detailni pri-
zkum a vyzkum pro ovéfeni moznosti vybudovat HU na deviti
kandidatnich lokalitich. Program uvazuje, Ze pocet kandidatnich

lokalit bude postupné redukovan, nejprve na Ctyfi lokality (ve

INTRODUCTION

One of the key activities of the Czech Radioactive Waste Repository
Authority (SURAO) concerns the development of the country’s deep
geological repository (DGR), which will serve for the disposal of
that radioactive waste that cannot be disposed of in surface or near-
surface repositories. It is anticipated that the Czech DGR will be built
in a crystalline rock environment (igneous or metamorphic rocks) at
a depth of around 500m below the surface. The determination of the
final technical design of the DGR is currently in the development
phase and is based on a multi-barrier concept that includes a system
of engineered barriers. The DGR will serve for the disposal of spent
nuclear fuel emplaced in metal waste disposal packages (WDP). It
is currently thought that the WDP will include carbon (outer casing)
and stainless steel (inner casing) components. It is planned that other
high-level waste destined for disposal in the DGR will be emplaced
in concrete-based WDPs. The WDPs will be inserted into vertical
or horizontal large-profile boreholes and surrounded by a layer of
bentonite. Moreover, it is planned that bentonite will also be used
as the filling material for the service and access underground areas
that will be sealed following the end of the disposal phase. Since
it is expected that Czech bentonites will be used for this purpose,
various materials extracted from Czech deposits have been subjected
to extensive testing over recent years as part of the SURAO research
programme.

A systematic process is currently underway concerning the
selection and assessment of candidate sites for the construction of
the Czech DGR, which includes detailed research and investigation
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Obr. 1 Schematickd geologickd mapa Ceského masivu s vyznacenim kandiddtnich lokalit pro umisténi HU a podzemnich laboratoii
Fig. 1 Schematic geological map of the Bohemian Massif showing candidate sites for the construction of the DGR and underground laboratories

kterych budou pokracovat prizkumné prace, napf. za pomoci hlu-
binnych vrtl), a poté na dvé vhodné lokality. VSechny kandidat-
ni lokality se nachazeji v horninich krystalinika Ceského masivu
(obr. 1).

Projekt ¢eského HU zahrnuje obsdhly program uréeny pro ziskani
vstupnich podkladt nezbytnych pro navrh a prokdzani bezpecnosti
a proveditelnosti zvoleného konceptu HU. N&ktera data pro potieby
vyvoje HU lze ziskat pouze v redlném horninovém prostiedi a pro
tyto ucely jsou vyuZivana podzemni vyzkumnd pracovisté/labora-
tofe. Pro vyzkumné, vyvojové a demonstracni (RD&D) aktivity je
mozné vyuzit v Ceské republice podzemni pracovi$té nachazejici se
v prostiedi odpovidajicim ¢eskému konceptu HU, tedy v horninich
krystalinika. Dal$i mozZnosti je participace na projektech v zahra-
ni¢nich podzemnich pracovistich. V minulosti SURAO podporo-
vala vyzkumné Cinnosti v tunelu Bedfichov, dile 1ze za urcitych
podminek vyuZit podzemni laborator Josef a od roku 2017 probi-
h4 experimentalni program v Podzemnim vyzkumném pracovisti
(PVP) Bukov, kam je nové smérovana vétSina vyzkumnych aktivit
zahrnujicich in-situ experimenty.

Tento ¢lanek obsahuje prehled provozovanych podzemnich labo-
ratofi v krystalinickych horninidch ve svété, aktualni informace
o ¢innostech podporovanych SURAO v rdmci programu piipravy
HU v &eskych podzemnich vyzkumnych pracovistich. Dile jsou
zde predstaveny hlavni ¢innosti v PVP Bukov a uvedeny prinosy
aktivit pro proces pripravy HU.

work aimed at verifying the potential for the construction of
the DGR at nine candidate sites. The development programme
anticipates that the number of candidate sites will be reduced first
to four sites (where investigation work will continue, e.g. with the
drilling of deep boreholes) and, subsequently, to two suitable sites.
All the candidate sites are located in rocks of the Bohemian Massif
crystalline complex (Fig. 1).

The Czech DGR project includes a comprehensive programme
designed so as to determine the various input materials necessary
for the final design of the facility and the demonstration of the
safety and feasibility of the selected DGR concept. Much of the data
required for DGR development purposes can only be obtained from
the real rock environment involving the use of underground research
facilities/laboratories. Currently, underground facilities in the Czech
Republic located in environments that correspond to those anticipated
in the Czech DGR concept, i.e. in crystalline rocks, are being used
for research, development and demonstration (RD&D) purposes.
Moreover, SURAO is also extensively involved in a number of
research projects underway in foreign underground facilities. While
in the past, SURAO provided support for research conducted in the
Bedfichov tunnel, and the Josef underground laboratory is available
for research under specific conditions, since 2017 most of SURAO’s
experimental programme, particularly in-situ experimentation, has
been conducted at the Bukov Underground Research Facility (URF).

This article presents an overview of operational underground
laboratories located in crystalline rocks both in the Czech Republic
and abroad, as well as up-to-date information on research supported




TuNel

PODZENNIi LABORATORE V CESKE REPUBLICE
A V ZAHRANICI

V souvislosti s p¥ipravami HU jsou ve svété provozovany pod-
zemni laboratofe/pracovisté (oznacované jako URL — underground
research laboratory, nebo URF — underground research facility),
slouzici pro RD&D aktivity spojené napiiklad s charakterizaci
lokalit pro vystavbu HU, vyvojem technologii, nebo demonstraci
technické pripravenosti (NEA-OECD, 2013). Konkrétné€ se pak la-
boratofe vyuZivaji pro vyvoj metodik popisu horninového prostie-
di, zhodnocovéni proveditelnosti a optimalizaci jednotlivych ¢asti
ulozisté. Vyzkum napomaha zlepsit porozuméni procestim v horni-
novém masivu a v inZenyrskych bariérach. Data ziskana pii in-situ
méfenich slouZi ke sniZeni nejistot matematickych modell proka-
zujicich bezpecnost konceptu. Ddle také dochdzi ke zvySeni davé-
ryhodnosti u verejnosti a vznikaji prilezitosti zapojit se do mezina-
rodnich projektti. V neposledni fadé€ laboratore jednoduse poskytuji
prostor pro trénink a vychovu expertti v predmétnych oblastech.

Laboratofe je mozné rozdélit na dva zakladni typy. Na jedné
strané existuji laboratore specifické (site-specific), které se nacha-
zeji v blizkosti budouciho HU v cilové horninové formaci. Jejich
ti¢elem je prokazat bezpeénost a technickou proveditelnost HU
v konkrétnim prostfedi. Specidlni laboratofi tohoto typu je tzv. kon-
firmacni laboratoft. To je laboratof zbudovana pfimo uvnitf komple-
xu podzemnich prostor HU, ktera je nutnd pro ziskani licence pro
umisténi jaderného zaiizeni (CR planuje zbudovani této laboratoie).
Druhym typem jsou laboratofe generické, ty slouzi napiiklad pro
vyvoj metodik pro charakterizaci hornin a vyhodnoceni dlouhodobé
bezpecnosti, nebo ovéfovani a demonstrace pldnovanych technolo-
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by SURAO with respect to the DGR development programme at
Czech underground research facilities. Furthermore, the article
presents the main research projects underway at the Bukov URF and
the benefits of the research for the DGR development process.

UNDERGROUND LABORATORIES IN THE CZECH
REPUBLIC AND ABROAD

Underground laboratories/facilities (referred to as URLs — under-
ground research laboratories and URFs — underground research
facilities), which are in operation in a number of countries in
connection with DGR construction, serve for RD&D purposes
related, for example, to the characterisation of potential DGR
sites, the research of the related technology and the demonstration
of technical preparedness (NEA-OECD, 2013). More specifically,
such laboratories are used to develop methodologies for the detailed
description of the rock environment, the assessment of feasibility and
the optimisation of individual sections of the repository. The research
contributes to improving the understanding of the processes that can
be expected to occur both in the rock massif and the engineered
barriers. The data obtained from in-situ measurements serves to
reduce the uncertainty of the mathematical models constructed
for the demonstration of the safety of the DGR concept. Further,
such research serves to enhance the level of public credibility and
opportunities to participate in prestigious international projects.
Finally, such laboratories provide for the training of experts in the
relevant areas of expertise.

Underground laboratories can be divided into two basic types.
The first type consists of site-specific laboratories that are located
near the future DGR site in the target rock formation, the purpose

Tab. 1 Prehled dalsich zdsadnich provozovanych laboratori v krystalinickém horninovém prostiedi

" - typ hloubka - zahajeni aR
laboratof | zemé provozovatel laboratofe |(m) specifikace provozu dal$i informace
" . Viyhody: kvalitni laboratorni zézemi a infrastruktura
zgopd%dbz\e;mlifhch v podzemi, horizontalni zpdsob dopravy do podzemi
o Ofi prizkumn 3’}/ch (moznost vyuziti béznych dopravnich p;qstfedkﬂ).
Josef CR CvuT generickd | 90-150 e 2007 Nevyhody: pouze ¢ast prostor se nachazi
Zlatonosného v horninach krystalinika a z toho velka ¢ast je jiz
. obsazena experimenty, zivy obéh vod komunikujicich
s povrchem.
C;i"k’sj'r;i?”e' jkum | Vihody: obsahie 8sii vytvofené pomooi TBM
. - A A vodarensky a Casti vytvorené odstrely (moznosti srovnavani).
By | Ch Iﬁf\mﬁlt(: genencictsf1a0 privadéc¢ I(liJlr- 2009 Nevyhody: omezena moznost technickych praci
2o : a vétSich zasahl do masivu.
v Liberci
ggg:gtrgf . Viyhody: technické zazemi pfimo v podzemi
Grimsel . . vytvorend navazujici na prostory podzemn laboratofe,
: Svycarsko | NAGRA genericka | 450 1984 horizontalni doprava do podzemi béznymi prostredky,
Test Site z prostory chodby vytvorené TBM.
ﬁ;}j:gg%‘ﬁg%;nem Nevyhody: zhorSena dostupnost v zimnim obdobi.
Viyhody: laboratorni chodby ve vice hloubkovych
o & o s | 220, 340, | cilené vytvorené Urovnich, moznost dopravy pfistupovym tunelem
Aspo HRL | Svédsko SKB genericka 450 prostory z povrchu 1935 nebo Sachtami. Pokradovani provozu laboratofe
je nejisté.
konfirmacni
pracovisté
Onkalo Finsko Posiva specificka | 420-500 | vybudované 2004 Pro vlastni aktivity zahraniénich subjektll nepFistupna.
pfirazbé
komplexu HU
KURT Korea KAERI generickd | 120 ;Irlggir\;/ytzvgg\’/?cehu 2006 Néarodni RD&D program zde pokracuje.
Mizunami | Japonsko | JAEA generickd | 300, 500 glrlgsr,}?)r\;/ytzvgg?/?ghu 2012 Planuje se uzavieni laboratore.
Eiislgﬁ;tion Sina CNNC enerickd |50 cilené vytvorené 2016 Misto pro testovani technologii a ovéfeni vlastnosti
Turen ol 9 prostory z povrchu masivu vybraného pro konstrukci specifické laboratofe.
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gii a materidli. Generické laboratore nemaji pfimou vazbu k finalni
lokalité¢ HU a vyuZivaji se v brzkych fazich piiprav HU. Casto jsou
pro tyto laboratofe vyuziviny podzemni prostory ptvodné uréené
pro jiné ucely.

Aktivity SURAO v CR jsou v poslednich letech spojeny s celkem
tfemi generickymi pracovisti. Jedna se o tunel Bedfichov, podzemni
laborator Josef a PVP Bukov. Na obr. 1 je vyznacena jejich pozi-
ce v Ceském masivu spoleéné s kandidatnimi lokalitami pro deské
HU. V Ceské republice je za uréitych podminek mozné pro RD&D
aktivity vyuZzit tunelu Bedfichov nebo podzemni laboratot Josef,
ale ob¢ tato generickd podzemni pracovi§t€ nejsou ve vlastnictvi
SURAO a moZnosti jsou zde omezené vzhledem k jinym ptivodnim
ucelim téchto podzemnich prostor (tunel Bedfichov = vodarensky
privadé¢, podzemni laboratot Josef = prostor pro vyuku studentl
a vlastni vyzkumné aktivity) a vzhledem k omezenému dostupnému
prostoru a rezimu. PiestoZe se obé tato pracovi$té nachdzeji v pro-
stfedi krystalinika, jejich nevyhodou je ovlivnéni pfipovrchovou
zénou hornin; experimenty je mozné provadét v maximalni hloubce
150 m. V tomto sméru je idealnim pracovistém PVP Bukov, které
se nachézi v hloubce odpovidajici HU (550 m).

V Evropé existuje pouze velmi maly pocet podzemnich laborato-
i1 v krystalinickych hornindch ve smyslu potencidlniho provadéni
vlastnich experimentii. Mezi n& patii Aspd Hard Rock Laboratory
(HRL) ve Svédsku. Tato genericka laboratof v granitickych horni-
nach v maximdlni hloubce 450 m ma nejasnou budoucnost vzhle-
dem k pfesmérovani aktivit spojenych s piipravou §védského HU do
vybrané findlni lokality. Dale je moZné zminit Onkalo Underground
Rock Characterisation Facility ve Finsku, coZ ale neni genericka

of which is to demonstrate the safety and technical feasibility of the
DGR in a specific environment. This category includes so-called
confirmatory laboratories that are located directly within the DGR
underground facility complex, and which are necessary in order to
obtain a licence for the subsequent construction of the DGR (nuclear
facility). Such a laboratory is planned in the Czech Republic. The
second type consists of so-called generic laboratories that are used,
for example, for the development of methodologies concerning the
characterisation of the rock massif, the assessment of long-term safety
and the verification and demonstration of technologies and materials.
Generic laboratories do not have a direct link to the final DGR site
and are used in the early stages of DGR development programmes.
In many cases, underground facilities originally intended for other
purposes are used for the hosting of such laboratories.

In recent years, SURAQ’s research in the Czech Republic has
involved a total of three generic sites, i.e. the Bedfichov tunnel, the
Josef underground laboratory and the Bukov URE. Fig. 1 illustrates
their positions in the Bohemian Massif together with the locations
of the Czech DGR candidate sites. Under certain conditions it is
possible to use the Bedfichov tunnel and the Josef underground
laboratory for RD&D activities; however, neither of these generic
underground facilities are owned by SURAO and the research
options are limited due to the original purposes of these sites (the
Bedfichov tunnel = water supply conduit, and the Josef underground
laboratory = the education of university students and own research
activities) and the limited space and services available. Although both
facilities are located in crystalline environments, the disadvantage in
both cases is the influence of the surface rock zones; experiments can
be conducted at a maximum depth of 150m. Thus, the Bukov URF,

Tab. 1 Overview of other major laboratories operating in crystalline rock environments

laboratory | country operator }Zlggrgiory zl;;ath specification csstpa;a(::on other information
a network Advantages: high-quality laboratory facilities
BT and underground infrastructure, horizontal transport
G i orsgcre E] to the underground areas (the option to use standard
g 3 . g means of transport).
Josef Czech Rep. Iﬁcgrlgftﬂ generic S ?hug'gg T 2L Disadvantages: only part of the space is located
y ofa (?I B e in crystalline rocks, of which a large part is already
o (gsit g occupied by experiments; the circulation of groundwater
P in communication with the surface.
Main research
institution: L?S%zmh Advantages: includes parts created using the TBM
o Technical ] and parts created via blasting (comparison options).
BEAliEE | L R University generic LY VI Sy A Iilrilc_e Disadvantages: limited potential for technical work
of Liberec 2009 and more extensive interventions in the massif.
(TUL)
laboratory areas Advantages: technical facilities directly underground
Grimsel created from and connected to the underground laboratory, horizontal
T e Switzerland | NAGRA generic 450 a hydroelectric 1984 transport to the underground areas via standard means
power plan of transport, corridors created by means of the .
lant fi t, corrid ted b f the TBM
access tunnel Disadvantage: impaired availability in winter.
. Advantages: laboratory corridors at multiple depth
Aspé HRL | Sweden SKB generic 42128 340, ﬁ;erﬁsirzzrgﬁ:%dc o 1995 levels, transport via an access tunnel or shafts;
the continued operation of the laboratory is uncertain.
confirmation
laboratory built L : .
Onkalo  |Finland  |Posiva site-specific | 420-500 | during the 2004 | Oumresearch activities:not avaiable to foreign
excavation of the ’
DGR complex
KURT Korea KAERI generic 120 ﬁ:)erﬁsi;:rgﬁ:;dce 2006 The national RD&D programme is underway here.
Mizunami | Japan JAEA generic 300, 500 ﬁgerﬁstligrgﬁifa% 5 2012 The closure of the laboratory is planned.
Beishan - Dedicated to the testing of technology and the
Exploration | China CNNC generic 50 T gurfa o 2016 verification of the properties of the massif selected
Tunnel for the construction of a site-specific laboratory.
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laboratof. Je sou¢asti komplexu budouciho finského HU, takZe mé
zvlastni rezim a externi RD&D aktivity jsou zde témér vyloucené.
Aktudlné jedinou ze znamych podzemnich laboratoii v krystalinic-
kych horninach v hloubce okolo 500 m s potencidlem do budoucna
je Grimsel Test Site (GTS) ve Svycarsku. SURAO jiz delii dobu
podporuje nékteré Cinnosti ¢eskych vyzkumnikil v této laborato-
fi, které ptinesou vysledky pro pfimé pouziti v ceském programu.
Za zminku stoji projekt LTD (Long Term Diffusion), zahrnujici ve
svété ojedinély experiment provadény s radionuklidy v horninovém
prostiedi, nebo experiment MaCoTe (Material Corrosion Test), ve
kterém je zkoumana koroze kandidatnich materiala pro cesky UOS.
Hlavnim feSitelem podporovanym SURAO je u obou téchto projek-
ta UJV ReZ, a. s.

Vsechny zdsadni podzemni laboratofe v krystalinickych hor-
ninich ve svété, které jsou nyni v provozu (kromé PVP Bukov),
jsou shrnuty v tab. 1. Mimo jizZ zminéné evropské laboratote je zde
uvedeno korejské pracovisté¢ KURT (Kaeri underground research
tunnel) a Mizunami v Japonsku. Déle je zde pfedstaveno pracovisteé
Beishan Exploration Tunnel, které bylo vybudovano a uvedeno do
provozu v roce 2016 v ramci ¢inského programu. Toto pracovis-
t€ se nachazi v lokalité nékolik kilometr od mista, kde je v planu
vystavba zcela nové laboratofe (Beishan URL) v granitovém masi-
vu s cilovou hloubkou 560 m (Wang et al., 2018). Zajimavosti je,
Ze misto pro laboratof bylo vybrano postupem, jaky je béZny pfi
vybéru lokality pro HU. Systematicky proces s trvanim vice neZ
30 let zahrnoval vytipovani lokalit, jejich naslednou charakterizaci
za pomoci vysledkl z prizkumnych praci a srovnani a vybér nej-
vhodnéjsi lokality (z deviti vhodnych kandidatnich lokalit nachéze-
jicich se v celkem tfech oblastech v severni &asti Ciny) za pomoci
souboru kritérii s dirazem na bezpecnost danou kvalitou horniny.
Aktudlné ma zacit vystavba této laboratofe obsahujici i rozsdhly
povrchovy aredl. Rozhodnuti, jestli v tomto misté bude umisténo
HU, bude ucinéno v budoucnosti na zdkladé vysledkii vyzkum-
ného programu v laboratoii. UloZisté, které ma pojmout celkem
83 000 tun vyhotelého paliva, by mélo byt pfipraveno k ukladani
v roce 2050. Na zavér prehledu laboratofi je vhodné zminit rusky
program piipravy HU. Rusko pfipravuje projekt vystavby podzem-
ni laboratote a posléze HU v Krasnojarském kraji pobliZ ,,uzavte-
ného** mésta Zeleznogorsk (Laverov et al., 2016). Cilovou struk-
turou je NiZznékamskij masiv a pfeménéné horniny v hloubce 450
az 525 m.

Obr. 2 Pristupovd chodba BZ-XI1] v PVP Bukov
Fig. 2 The BZ-XII] access corridor at the Bukov URF
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located at a depth corresponding to that of the future DGR (550m),
is best suited to SURAQ’s requirements.

There are only a small number of underground laboratories in
Europe located in crystalline rocks that are suitable for the conducting
of the experiments necessary in terms of the Czech DGR programme.
They include the Aspd Hard Rock Laboratory (HRL) in Sweden.
This generic laboratory, located in granite rocks at a maximum depth
of 450m, has an unclear future due to the transfer of research related
to the construction of the Swedish DGR to the selected final site.
Further, the Onkalo Underground Rock Characterisation Facility in
Finland is not a generic laboratory; since it forms an integral part of
the future Finnish DGR complex, external activities are not possible
because of the special operational mode of the facility, i.e. it precludes
the conducting of external RD&D research. Currently, the Grimsel
Test Site (GTS) in Switzerland is the only underground laboratory
located in crystalline rocks at a depth of around 500m with future
research potential. For many years, SURAO has supported selected
research conducted by Czech scientists at this facility, the results
of which will be used in the Czech DGR development programme.
Such research includes the LTD (Long Term Diffusion) project,
consisting of a globally unique experiment involving the transport
of radionuclides in the rock environment, and the MaCoTe (Material
Corrosion Test) project that includes the investigation of the corrosion
of Czech WDP candidate materials. The principal Czech research
organisation involved in both these SURAO-supported projects is
UJV Rez Ltd.

A summary is provided in Tab.l1 of all the world’s major
underground laboratories that are located in crystalline rocks and
which are currently in operation (with the exception of the Bukov
URF). In addition to the aforementioned European laboratories, the
table includes the Korean KURT facility (the Kaeri underground
research tunnel), the Mizunami laboratory in Japan and the Beishan
Exploration Tunnel, which was constructed and put into operation
in 2016 as part of the Chinese DGR programme. This facility is
located a few kilometres from the site at which the construction
of a new laboratory (the Beishan URL) is planned in a granite
massif with a target depth of 560m (Wang et al., 2018). In this
case, it is interesting that location of the laboratory was selected via
a procedure that is common with regard to the selection of DGR
sites. The systematic siting process, that lasted more than 30 years,
included the identification of sites, their subsequent characterisation
and comparison employing the results of investigation surveys and
the final selection of the most suitable site (from
nine suitable candidate sites located in three areas
in northern China) applying a set of criteria that
prioritised the degree of safety based on the quality
of the rock. The construction of this underground
laboratory and the associated extensive surface
complex is due to commence in the near future. The
decision as to whether a DGR will be located at this
site will be made in the future based on the results of
the research programme conducted at the laboratory.
It is planned that the repository, which is intended
to hold a total of 83,000 tonnes of spent nuclear
fuel, will be ready for disposal in 2050. The list of
laboratories also includes a facility that is planned as
part of the Russian DGR development programme.
The underground laboratory and, subsequently
a DGR, will be constructed in the Krasnoyarsk
region near to the “closed” city of Zheleznogorsk
(Laverov et al., 2016) in the Nizhnekanskiy massif
containing metamorphic rocks at a depth of 450m
to 525m.
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Obr. 3 Prostorové schema PVP Bukov s vyznacenim probihajicich a pldnovanych aktivit
Fig. 3 Spatial scheme of the Bukov URF indicating ongoing and planned research activities

PVP BUKOV

Projekt generické laboratofe PVP Bukov byl zaloZen na postu-
pu ovéfeném v minulosti u fady obdobnych projektii. Zamérem je
Castecné vyuZit jiz vytvofenych nevyuzivanych podzemnich dél.
V tomto piipadé byla vyuzita stavajici dilni infrastruktura urano-
vého dolu Rozna I, ktery byl v dobé pldnovani a v prvnich letech
vystavby laboratofe v plném téZebnim provozu. Laborator byla

Obr. 4 Pfiprava vrtit pro interakéni experiment
Fig. 4 Preparation of boreholes for the interaction experiment

BUKOV URF

The Bukov URF project was based on a procedure that had
previously been verified in anumber of similar projects. The intention
was to make partial use of a disused underground mine complex,
i.e. the existing mining infrastructure of the Roznd I uranium mine,
parts of which were still in full mining operation at the time of the
planning and the first years of the construction of the facility. The
laboratory was constructed near to the B-1 shaft
on level 12 of the mine at a depth of around
550m. The excavation of the underground
chambers, which was performed by the
GEAM subsidiary of DIAMO, commenced
in 2013, and the laboratory infrastructure was
completed in 2017. A number of changes were
made to the originally planned layout of the
laboratory during the construction phase due
to the unsuitable character of some of the rock
structures in the complex (Dvorédkova et al.,
2014). The result consisted of a total of 470m
of corridors. The complex was commissioned
in May 2017, at which time the experimental
phase of the laboratory commenced, just two
months following the end of mining activities
on level 24 of the mine. The RoZnd I mine was
the oldest operational uranium mine in Central
Europe at the time of closure; over 21,000
tonnes of uranium were mined here during its
60-year history.
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Tab. 2 Oblasti realizovanych a pldnovanych cinnosti v PVP Bukov
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oblast programu et .
SURAO zkraceny nazev cile
. Vyvoj metodik popisu horninového prostredi. Sbér popisnych geologickych dat, jejich uloZeni do databazi
b el a interpretace ve formé 3D model.
Testovani a vyvoj metod dlouhodobého monitoringu procest probihajicich v horninovém masivu
VEP2 monitoring (hydrogeologie, pohyby kiehkych struktur, mikrobiologické osidleni, teplota masivu, seismicita).
Vyvoj nedestruktivnich geofyzikélnich metod.
VEP3 R Vyzkum proudéni podzemnich vod a transportu radionuklid(i v horninovém prostfedi. In-situ testy ve vrtech.
P Vyvoj a testovani modelovacich nastrojl.
Ce Vyvoj a vyzkum materidld inzenyrskych bariér. Vyzkum koroznich vlastnosti materiald pro UOS.
bl BTN LETE Vyzkum interakci mezi materidly inzenyrskych bariér (bentonit, beton) a horninou.
VEP5 EDZ Vyvoj a testovani metod pro charakterizaci porusené (EDZ) a ovlivnéné (EdZ) oblasti hornin
v okoli podzemnich prostor.
i Vyvoj novych konstrukénich postupl vystavby podzemnich dél (vrtiné a razici prace, injektaze,
b lecnnologice pastupy zajiSténi vyrubu pfi prostupu pres poruchové zény).
e Komplexni experimenty testujici chovani prvkd ukladaciho systému v re&lném méfitku
VEP7 e S a v podminkach v HU. Testovani technologii pro manipulaci, konstrukce experimentalnich modell
P y a monitoring proces.

vystavéna pobliZ jamy B-1 na 12. patfe dolu v hloubce okolo 550 m.
Razba podzemnich prostor realizovana spolecnosti DIAMO s. p.,
0. z. GEAM, byla zahdjena v roce 2013 a infrastruktura laboratofe
byla kompletné dokoncena v roce 2017. V pribéhu vystavby doslo
z divodu zastiZeni nevhodnych horninovych struktur ke zméndm
oproti plivodné planovanému uspofadani prostor laboratore (Dvo-
fakova et al., 2014). Vysledkem je celkem 470 m chodeb. Dilo bylo
pfedano k uZivani v kvétnu 2017, kdy byla zahdjena experimentél-
ni faze laboratore, dva mésice po ukonceni téZebnich ¢innosti na
24. patfe dolu. Dl RoZn4 I byl nejstar§im provozovanym uranovym

Tab. 3 Priklady aktivit v Ceskych podzemnich laboratorich

cile aktivit v laboratofich
podle NEA-OECD (2013)

In terms of geological structure, the laboratory is located in a
volcano-sedimentary complex consisting of metamorphic rocks,
mostly migmatites and amphibolites. Due to the careful selection
of the location of the facility, the laboratory corridors are not
traversed by any structures that contain uranium minerals and the
monitored ionising radiation activity is practically zero. However,
since the laboratory forms part of a mine complex with a unified
infrastructure, it makes up part of the RoZna I controlled area, and
researchers must be registered as category A radiation workers.

The laboratory consists of a 300m long access gallery (Fig. 2),

odpovidajici priklady z PVP Bukov pfip. dalSich ¢eskych laboratori

Vyvoj metod, zafizeni a ziskani zkuSenosti
s charakterizaci a monitorovanim horninového

masivu. kiehkych struktur*.

o Vyzkumny program v tunelu Bedfichov.
* Projekt Charakterizace (Bukovska et al., 2017; Soucek et al., 2018) (oblast VEP1).
¢ Oblast VEP2: vyvoj geofyzikalnich metod, hydrogeologicky, mikrobiologicky monitoring, monitoring pohyb(

Testovani spolehlivosti povrchovych
priizkumnych metod pro charakterizaci
horninového masivu ve vétSich hloubkach.

o Projekt Hluboké horizonty (VEP1 a VEP2)*: propojovani vysledki mapovani na povrchu a na dalSich patrech
dolu Rozna | a tvorba 3D modelu.

Ziskani dat pro technicky navrh tlozisté
a hodnoceni proveditelnosti.

* Pfipravovany projekt teplotniho monitoringu (VEP2): ziskani informaci o geotermélnim gradientu
v krystaliniku (vstup pro teplotni vypocty pro projektové feSeni HU).
* Projekt vystavby a charakterizace PVP Bukov (Augusta et al., 2018).

Testovani a vyvoj koncepcnich a numerickych

* Projekt: Transport radionuklid(i z HU - Testovani koncepénich a vypogetnich modeld:: vyuZiti dat z PVP
Bukov pro tvorbu puklinové sité v modelech.

modell popisujici procesy relevantni * Projekt: Vyzkum puklinové konektivity v PVP Bukov: kompletni program (charakterizace — tvorba

pro transport radionuklidu.

modelu - hydraulické testy ve vrtech a stopovaci testy — simulace testu).
* Planované difuzni testy v rdmci VEP3.

Kvantifikace dusledk( razby o Projekt: Vznik a monitoring EDZ pfi vystavbé PVP Bukov (*).
na horninovy masiv. o Dalsi projekt v ramci VEP5 v pfiprave.

Viyvoj a testovani metod razby podzem-

nich prostor. * Program VEPS.

* Projekt vystavby a charakterizace PVP Bukov (Augusta et al., 2018): testovani a vyvoj metody hladkého
vylomu. Moznost srovnani konvenéni razby a hladkého vylomu.

Simulace efektll vyvolanych odpadem * Interakéni experiment v PVP Bukov*: zahfivané fyzikélni modely s kandidatnimi materiély pro inzenyrské

(zvy$ena teplota, radiace, Unik radionuklidd, bariéry HU (obr. 4).

mechanické vlivy, produkce plynu). + In-situ fyzikalni modely v podzemni laboratofi Josef: MOCK-Up Josef, Hot MOCK-UP Josef (TACR, 2019).

Studie materialovych interakci v dlozisti. O SR O T

o Planované aktivity VEP4, napf. planovany in-situ korozni experiment.

* Planované aktivity VEP7.

Demonstrace systému inzenyrskych bariér. EPSP DOPAS

* Projekty v podzemni Laboratofi Josef: MOCK-UP Josef, HOT MOCK-UP Josef (TACR, 2019),

o ZkuSenosti s instalaci inZenyrskych bariér a jejich monitoringem.

Demonstrace ukladacich technik. o Planované aktivity VEP7.

Demonstrace neinvazivnich monitorova-
cich technik.

*Vice informaci k tomuto projektu je mozné najit v dokumentu SURAO (2019).

* Projekty v PVP Bukov: Vyvoj neinvazivnich geofyzikalnich metod*.
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Tab. 2 Completed and planned research at the Bukov URF

SURAO s .
programme area short designation aims
_— Development of rock environment description methodologies. Collection of descriptive geological data,
=7 SRR its storage in databases and interpretation in the form of 3D models.
Testing and development of methods for the long-term monitoring of processes that occur in the rock mass
REP2 monitoring (hydrogeology, movements of brittle structures, microbiological settlement, temperature, seismicity).
Development of non-destructive geophysical methods.
REP3 transport Research of groundwater flow and the transport of radionuclides in rock environments. In-situ borehole testing.
P Development and testing of modelling tools.
] ] Research and development of engineered barrier materials. Research of the corrosion properties of WDP
R SEEE s materials. Research of interactions between the engineered barrier materials (bentonite, concrete) and the rock.
REP5 EDZ Development and testing of methods for the characterisation of damaged (EDZ) and disturbed (EdZ) zones
in the rock surrounding the underground spaces.
: Development of new construction methods for the construction of underground structures (drilling
G2 S gedipieestuies and excavation work, grouting, securing excavation when traversing fault zones).
TR Complex experiments aimed at testing the behaviour of various elements of the disposal system
REP7 e at the real scale and under authentic DGR conditions. Testing of handling technologies, construction
P of experimental models and process monitoring.

dolem ve stfedni Evropé a za vice nez Sedesatiletou dobu provozu se
zde vytézilo okolo 21 000 tun uranu.

Z hlediska geologické stavby se laboratof nachazi ve vulkanose-
dimentarnim komplexu tvofenym metamorfovanymi horninami, pre-
vazné migmatity a amfibolity. Vzhledem ke zvolené pozici laboratore
nejsou laboratorni chodby kiiZeny Zddnymi strukturami s uranovymi
minerdly a monitorovana aktivita ionizujiciho zafeni je zde témér nu-
lova. Nicméné protoZe je laboratof soucasti dolu s jednotnou infra-
strukturou, je soucasti kontrolovaného pasma a vyzkumnici musi byt
registrovani jako radiacni pracovnici kategorie A.

which was created employing the conventional excavation method,
and shorter workings that were excavated using the smooth blasting
method (Augusta et al., 2018). Large parts of the access gallery
were provided with TH arches with reinforced ceilings and sides;
in some places rock bolts in combination with expanded metal
mesh were used to stabilise the rock. While the laboratory corridors
were not fitted with arch reinforcement, fiberglass rock bolts were
fitted in places with unfavourable fracture system directions.

Even though mining work ended in 2017, the operation of the
mine continues as it did during the uranium extraction phase, i.e.

Tab. 3 Examples of the research conducted at Czech underground laboratories

aims of the laboratory research activities
according to NEA-OECD (2013)

corresponding examples from the Bukov URF and other Czech laboratories

Development of methods and equipment
concerning, and obtaining experience
with, the characterisation

and monitoring of rock masses.

« Bedfichov Tunnel Research Programme.

« The Characterisation project (Bukovska et al., 2017; Soucek et al., 2018) (area REP1).

 Area REP2: development of geophysical methods; hydrogeological, microbiological monitoring,
the monitoring of brittle structure movements*.

Testing of the reliability of surface investigation
methods for the characterisation of the rock
mass at greater depths.

 The Deep Horizons project (REP1 and REP2)*: merging of the results of the mapping of the surface
and other levels of the RozZna | mine and the creation of a 3D model.

Acquisition of data for the technical design
of the repository and the assessment of
feasibility.

« Forthcoming temperature monitoring project (REP2): acquisition of information on the geothermal gradient
of crystalline rocks (input for the temperature calculations required for the projected DGR design).
« Construction and characterisation of the Bukov URF project (Augusta et al., 2018).

Development and testing of conceptual
and numerical models that describe
the processes relevant for radionuclide
transport.

« Project: The transport of radionuclides from the DGR - the testing of conceptual and computational models:
the use of data from the Bukov URF for the creation of fracture networks in the models.
« Project: The research of fracture connectivity at the Bukov URF: complete programme
(characterisation — the creation of models — hydraulic tests in boreholes and tracer tests - test simulations).
* Planned diffusion tests as part of REP3.

Quantification of the impacts of excavation
on the rock mass.

* Project: The creation and monitoring of EDZs during the construction of the Bukov URF (*).
« A further project as part of REP5; under preparation.

Development and testing of underground
excavation methods.

« Construction and Characterisation of the Bukov URF project (Augusta et al., 2018): testing and development
of the smooth blasting method. Option for the comparison of conventional and smooth excavation.
» REP6 programme.

Simulation of waste-induced effects
(elevated temperatures, radiation,

the escape of radionuclides, mechanical
effects, the production of gases).

« Interaction Experiment at the Bukov URF*: heated physical models with DGR engineered barrier candidate
materials (Fig. 4).

* In-situ physical models at the Josef underground laboratory: MOCK-UP Josef, Hot MOCK-UP Josef
(TACR, 2019).

Study of material interactions in repositories.

« Interaction Experiment®.
« Activities planned in REP4, e.g. a planned in-situ corrosion experiment.

Demonstration of the engineered barrier
system.

* Activities planned in REP7. .
* Projects at the Josef underground laboratory: MOCK-UP Josef, Hot MOCK-UP Josef (TACR, 2019),
EPSP DOPAS - Experience with the installation of engineered barriers and their monitoring.

Demonstration of disposal techniques.

« Activities planned in REP7.

Demonstration of non-invasive monitoring
techniques.

* Projects at the Bukov URF: Development of non-invasive geophysical methods*.

* Further information on this project is available in a brochure available on SURAQ’s website (2019).
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Laboratot se skladda z 300 m dlouhého pfistupového prekopu
(obr. 2), ktery byl vytvoren konven¢nim zplisobem razby, a kratSich
dél, ktera byla razena metodou hladkého vylomu (Augusta et al.,
2018). Pristupovy piekop je ve velké ¢asti opatien TH obloukovou
vyztuzi se zapaZenim stropd a boku, pfipadné byla pro stabilizaci
stén pouZita svornikovd vyztuz v kombinaci s tahokovem ¢i pleti-
vem. Laboratorni chodby jsou bez obloukové vyztuze a v mistech
s nepfihodnymi sméry puklinovych systémi byly pouZity sklolami-
natové svorniky.

I po ukonceni aktivnich tézebnich ¢innosti pokracuje provoz dolu
v ptivodnim zavedeném reZimu. Znamena to, Ze je udrzovan pfistup
i do spodnich pater dolu pod urovni PVP Bukov, a to aZ na 24. patro
do hloubky 1200 m. Piistup do t&€chto pater je vyuZivan v ramci
nékterych projekti a jsou tak ziskdvana unikatni data (napriklad
projekt nazyvany ,,Hluboké horizonty*; SURAO, 2019).

RD&D AKTIVITY

Aktivity v podzemi zohlediiuji vyzkumné potieby SURAO
a moznosti mistniho horninového prostredi. Védecky program byl
zahdjen jiZ v priibéhu raZby podzemnich prostor. V roce 2017 skon-
¢il rozsahly projekt, ktery mél za cil zmapovani a charakterizaci
horninového masivu (Bukovska et al., 2017; Soucek et al., 2018).
Vysledkem prace je uceleny soubor dat s informacemi o prosto-
rové distribuci parametri hornin (Bukovska et al., 2019), ktery je
vyuzivan v dalSich projektech. V laboratornich chodbach vznikla
série méficich stanic pro monitorovani zmén v horninovém masivu,
nebo hydrogeologicka monitorovaci sit pro sledovani vyvoje pfito-
ki podzemni vody.

Cinnosti spojené s projektem &eského HU lze rozdélit do celkem
sedmi oblasti, v dokumentech SURAO oznadovanych jako VEP
(Vyzkumny a experimentalni plan). Stru¢ny popis cilll téchto oblas-
ti je v tab. 2. Prozatim byly dokonceny celkem tfi vyzkumné projek-
ty, sedm projektii podporovanych SURAO je v realizaci a dalsi jsou
jicich ¢innostech je mozné nalézt v dokumentu na webovych stran-
kach SURAO (SURAO, 2019). Z obr. 3 je patrné prostorové vyuZiti
laboratofe pro probihajici a planované aktivity. Velka vétsina Cin-
nosti v rdmci prvnich projekti je spojena s charakterizaci a vyzku-
mem lokdlnich vlastnosti horninového masivu, které jsou nezbytné
pro navazujici komplexnéjsi projekty. V ramci prizkumnych praci,
a pro potieby konkrétnich experimentd, jiz bylo vytvoreno vice nez
1500 m jadrovych vrti o priméru 76 mm v riiznych ¢astech dolu.
Vrtnd jadra jsou uloZena ve skladu hmotné dokumentace SURAO
a predstavuji unikatni zdroj materialu pro dalsi studium.

Pro zhodnoceni vyuZitelnosti a pfinost laboratore bylo vyuzito
tabulky z dokumentu NEA-OECD (2013). V tomto dokumentu jsou
k definovanym obecnym cilim uvedeny konkrétni ptiklady projekta
ze svétovych laboratofi. Stejné ¢lenéni bylo vyuZito pro vytvoieni
prehledu aktivit v PVP Bukov, piipadné v podzemni laboratofi Jo-
sef a Bedfichov (tab. 3).

BUDOUCNOST PRACOVISTE

Z porovnani charakteristik provozovanych svétovych labora-
tofi v krystalinickych hornindch je patrna unikdtnost PVP Bukov.
Samotna vystavba a pfidruzena charakterizace masivu v pribéhu
vystavby poskytla SURAO velmi diileZitd data a zkugenosti. Moz-
nosti ziskdvat data z krystalinickych masivii z hloubky odpovida-
jici HU v budoucnosti jsou velice omezené. V pripadé uzavieni

Aspo HRL je jedinou laboratofi s potencidlem do budoucna Grim-
sel Test Site, kterd je ale vzhledem k Sirokému spektru nutnych
Cinnosti pro ¢eské HU zcela nedostate¢na. V Cinnostech je nutné
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access to the lower floors of the mine below the Bukov URF level
has been maintained down to level 24, at a depth of 1200m. The
lower levels have been used for the conducting of a number of
projects that have yielded particularly useful and unique data (for
example, the “Deep Horizons” project; SURAO, 2019).

RD&D ACTIVITIES

The underground research takes into account both SURAO’s
research requirements and the potential of the local rock
environment. The scientific programme commenced as early as
during the excavation of the underground complex, and 2017 saw
the completion of an extensive project involving the mapping and
characterisation of the rock mass (Bukovska et al., 2017; Soucek
et al., 2018), the result of which was a comprehensive set of data
on the spatial distribution of the rock parameters (Bukovskd et al.,
2019) which was used in a number of subsequent projects. A series
of measuring stations was created in the laboratory corridors to
monitor changes in the rock mass and a hydrogeological monitoring
network was installed for the monitoring of the development of
groundwater inflows.

The research related to the Czech DGR development project
can be divided into a total of seven areas, referred to in SURAO
documents as REPs (Research and Experimental Plans). A brief
description of the objectives of these research areas is provided
in Tab. 2. To date, a total of three research projects have been
completed, seven projects supported by SURAO are currently
underway and others are in the preparation phase. More detailed
information on completed and ongoing research is available on
SURAO’s website (SURAO, 2019). Fig. 3 illustrates the spatial
use of the laboratory for ongoing and planned research. Most of
the research in the initial projects concerned the characterisation
and research of the local properties of the rock mass, which is
essential for the subsequent conducting of more complex projects.
More than 1500m of drill cores with diameters of 76mm have
already been extracted from various parts of the mine as part of
the exploration research phase and for the requirements of specific
experiments. The drill cores are stored in SURAQ’s materials
archive and represent a unique source of materials for further study.

Tables contained in NEA-OECD documentation (2013), that
provides specific examples of projects conducted at laboratories
worldwide in relation to defined general objectives, were used to
assess the usability and potential benefits of the laboratory. The
same classification system was subsequently employed to compile
an overview of research at the Bukov URF and the Josef and
Bedfichov underground laboratories (Tab. 3).

FUTURE OF THE FACILITY

A comparison of the characteristics of laboratories in crystalline
rocks worldwide highlights the unique character of the Bukov
UREF. The construction itself and the associated characterisation of
the rock mass during the construction phase provided SURAO with
highly important data and experience. The options available for
obtaining data from crystalline masses from depths corresponding
to those of the future DGR are very limited. Should the Asps HRL
be closed, the Grimsel Test Site will be the only other suitable
laboratory available. However, in view of the wide range of
research required, the Grimsel facility will not be able to provide
for all the needs of the Czech DGR development programme. Thus,
research must continue at the Bukov URF up to the commissioning
of a confirmatory laboratory at the finally selected DGR site.

One of the complications that may affect the continuation of the
operation of the Bukov URF consists of the fact that since the end
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pokracovat aZ do vystavby konfirmacni laboratofe ve findlni lokalité
pro HU.

Komplikaci, kterd miZe ovlivnit pokraCovani provozu PVP Bu-
kov, je skutecnost, Ze od ukonceni tézby uranu v bfeznu 2017 jsou
veskeré ndklady na provoz dolu hrazeny ze zdrojit SURAO. Nejn4-
kladnéjsi poloZkou je energie potebnd pro nucené vétrani podzem-
nich prostor a Cerpani vody. Dale je nutné udrzovat v bezpecném
provozu rozsahlé podzemni prostory vytvorené pred desitkami let,
coz vyzaduje Casté rekonstrukéni préce. Z téchto diivod byly zpra-
covany externi studie zhodnocujici, jestli se vyplati pokracovat ve
stavajicim nakladném rezimu provozovani celého prostoru, nebo
provést jednorazové investice do vybudovani nové infrastruktury
v omezeném prostoru s vidinou uspor v budoucnosti. Vysledkem
studii je navrh na zmenSeni provozovaného prostoru dolu uzavie-
nim nékterych jam a zaplavenim spodnich pater dolu.

Pripravuje se také II. etapa experimentdlni faze PVP Bukov, za-
hrnujici razbu novych podzemnich chodeb pro dalsi experimenty.
Potencidlné vhodnou oblasti je horninovy blok pobliZ jamy B-2 na
12. patfe dolu. Kromé vhodnych geologickych podminek, potvrze-
nych pfi vrtné kampani dokoncené v roce 2018, je vyhodou tohoto
mista pfitomnost jamy B-2, kterd diky svému velkému profilu muze
byt pouzita pro transport rozmérnych nikladi do podzemi. Toho
by mohlo byt vyuZito pro budouci demonstracni experimenty. Za-
roven je také v pripravé projekt vystavby administrativniho zazemi
v povrchovém aredlu jamy B-1, kterd vede pifimo k prostorim la-
boratore.
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of uranium mining in March 2017, all the costs of the operation of
the mine have had to be covered by SURAQ’s financial resources.
The costliest item relates to the energy required for the forced
ventilation of the underground complex and the pumping of water.
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BETON SE SNIZENYM PH PRO HI.UBIN[UE ULOZISTE
RADIOAKTIVNICH ODPADU
LOW PH CONCRETE IN THE DEEP GEOLOGICAL REPOSITORY
FOR RADIOACTIVE WASTE

LUCIE HAUSMANNOVA, MARKETA DOHNALKOVA, DAVID CITEK, JIRI KOLISKO

ABSTRAKT

Beton se sniZenym pH byl specidlné vyvinut pro pouZiti v podminkdch pldnovaného hlubinného iiloZisteé. Beton by mél v iiloZisti slouZit
prevdiné jako konstrukcni nebo injektdzni materidl, ktery nebude z hlediska dlouhodobé bezpecnosti negativné ovliviiovat materidly inZe-
nyrskych bariér. Z téchto ditvodii jsou na smés kladeny ndsledujici poZadavky: pH niZsi neZ 11,2, obsah organickych ldtek mensi nez 2 %
a pevnost srovnatelnd s béZnymi betony. Na zdkladé reSerSe zamétené na vyvoj betonu se sniZenym pH bylo ziejmé, Ze je nutné nahradit
priblizné 50 % cementu jinymi aktivnimi prisadami. Pro dalsi prdce byla vybrdna trisloZkovd pojivovd smés cement—struska—mikrosilika
doplnénd o béZné kamenivo. Pro lepsi zpracovatelnost a mechanické vlastnosti musel byt do betonové smési priddn superplastifikdtor a od-
périovac. Tato smés byla vyrobena v objemu 1 m® na béZné betondrce a otestovdna jak v Cerstvém stavu, tak na vytvrdlych vzorcich. Beton
spliioval v§echny zmiriované poZadavky. Ddle byla smés odzkouSena pri aplikaci ndstrikem v podzemni laboratori Bukov. Z technologic-
kych ditvodii bylo ve smési nahrazeno hrubé kamenivo piskem a nebyl pouZit ani plastifikdtor, ani odpérniovac. Aplikace probéhla tispésné,
smés je prilnavd a dostatecné homogenni. Vyvoj smési byl realizovdn Kloknerovym iistavem CVUT v Praze.

ABSTRACT

A low pH concrete was specially developed for use under the conditions expected in the planned deep geological repository. The concrete
in the repository will serve principally as a construction and injection material that will be required not to adversely affect the engineered
barrier materials in terms of long-term safety, and concerning which the following requirements have been set concerning the mixture:
a pH value of less than 11.2, an organic matter content of less than 2% and strength comparable to that of conventional concrete. Since
previous studies on the development of low pH concretes indicated that approximately 50% of the cement would have to be replaced by
other active ingredients, the research considered a triple-component cement-slag-microsilica binding mixture supplemented with common
aggregates. Moreover, a superplasticiser and a defoaming agent were added to the concrete mixture so as to enhance its workability
and mechanical properties. The mixture was produced in a volume of Im’ at a conventional concrete mixing plant and tested in both the
fresh and hardened states. The concrete fulfilled all the essential requirements. The mixture was subsequently tested for spray application
purposes at the Bukov Underground Research Facility, concerning which, for technical reasons, the coarse aggregate in the mixture was
replaced with sand and both the plasticiser and the defoamer were omitted from the mixture. The spray application test proved successful
— the mixture was found to be both adhesive and sufficiently homogeneous. The concrete mixture was developed by the Klokner Institute of
the Czech Technical University in Prague.

UVOD DO PROBLEMATIKY

V Ceské republice je koncept hlubinného tlozisté (HU) zaloZen
na ukladdani vysoce radioaktivniho odpadu v krystalinickych hor-
nindch, stejné jako napfiklad ve Finsku a Svédsku. Krystalinické
horniny jsou typické pfitomnosti puklin, které mohou v budoucnu
slouZit jako preferencni cesta pro radionuklidy. Proto je tato pfirod-
ni bariéra doplnéna o systém inZenyrskych bariér, sloZeny z uklada-
ciho obalového souboru a bentonitovych bariér, jejichZ hlavni funk-
ci je ochranit kontejner a zpomalit pfipadnou migraci radionuklida.

Cesky koncept hlubinného tloZi§té radioaktivniho odpadu je
stale ve fazi vyvoje. Jednim z ukold je navrZzeni takovych materii-
14, které budou dlouhodobé stabilni a jejich vlastnosti dlouhodobé
predikovatelné. Zaroven nesmi byt materidly inZenyrskych bariér
negativn€ ovlivnény konstrukénimi materidly, jako je napriklad
beton.

Typickou vlastnosti béZného konstruk¢niho betonu je vysoké pH
(12,5-13), které muze negativné ovlivnit vlastnosti bentonitu. Pfi-
kladem negativniho ovlivnéni je moZné sniZeni bobtnaci schopnos-
ti bentonitu, a tim i jeho tésnici funkce. Z tohoto diivodu bylo nutné
zabyvat se vyzkumem a vyvojem betonové smési, ktera bude mit
snizené pH (< 11,2), a tudiz vlastnosti a funkci bentonitové barié-
ry neovlivni. Tyto teoretické pfedpoklady je nutné experimentalné

INTRODUCTION

The Czech deep geological repository (DGR) concept is based
on the disposal of highly-radioactive waste in a crystalline rock
environment as in, for example, Finland and Sweden. Crystalline
rocks are characterised by the presence of fractures that may, in
the future, play the role of preferential pathways for the transport
of radionuclides. Thus, the natural barrier provided by the rock is
complemented by a system of engineered barriers consisting of the
waste disposal package and a layer of bentonite, the main function
of which is to protect the waste package and retard the potential
migration of radionuclides.

The Czech deep geological repository for radioactive waste
concept, which is still in the development stage, considers the
design of materials that are stable over the long term and whose
properties can be reasonably predicted over thousands of years. At
the same time, it is important that the materials that make up the
engineered barriers are not adversely affected by the construction
materials used in the DGR, such as concrete.

One of the typical characteristics of conventional structural
concrete consists of its high pH value (12.5-13), which is able to
negatively affect the properties of bentonite, an example of which
concerns a potential reduction in the swelling ability of the material
and, consequently, its sealing function. Hence, it is necessary to
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ovetit, a to nejprve v laboratornich podminkach. KdyzZ se materi-
al v laboratornich testech osvéd¢i i v kombinaci s bentonitem, je
nutné toto chovani ovéfit i v dlouhodobych in-situ experimentech
v horninovém prostiedi. Z tohoto diivodu bylo nutné beton vyvi-
nout v predstihu, a¢ stavba samotného HU je planovéna za desitky
let.

POZADAVKY NA VYVOJ BETONOVE SMESI
PRO POUZITi V HU

Betonové smési budou v hlubinném uloZiSti pouZity predevSim
jako konstruk¢ni materialy pro zajiSténi vyrubil (osténi), jako in-
jektazni smési pro vyplin puklin, nebo pro konstrukci tésnicich
zatek. Z tohoto divodu byla jednim z hlavnich pozadavki jejich
srovnatelnd mechanicka odolnost s béZnym betonem s cementem
tiidy 42,5 (CEM 42,5).

Z hlediska dlouhodobé bezpecCnosti a vzajemné interakce mate-
ridlt v dlozisti byla maximalni hodnota pH méfena po 90 dnech
stanovena na pH 11,2 a obsah organickych piisad max. 2 %. Tyto
hrani¢ni hodnoty byly stanoveny na zakladé rozsihlé reSer$ni stu-
die evropského projektu CEBAMA (Vehmas and Holt, 2016). Za-
roveii bylo podminkou vyvoje smési vyuZiti prfedevsim lokalnich
surovin, surovin dostupnych v Ceské republice.

VYVOJ SMESI

Vyvoj smési byl realizovan Kloknerovym tistavem CVUT v Pra-
ze. Na zakladé poznatki z literatury (Pernicova et al., 2018) bylo
zfejmé, Ze je nutné nahradit pfiblizné 50 % cementu jinymi ak-
tivnimi pfisadami, a tim zvySit obsah SiO, ve smé&si. Konkrétné
se jednd o strusku, metakaolin, popilek ¢i mikrosiliku (EI Bitouri
et al., 2016). Pro dalsi prace byla vybrana tfisloZkova smés (ce-
ment—struska—mikrosilika). DileZitou vlastnosti betonové smési je
jeji zpracovatelnost. Aby smés byla dobfe zpracovatelnd, je nutné
do ni pfidat plastifikacni ¢i superplastifikacni pfisady. Podil téchto
sloZzek nesmi byt prilis vysoky, kvili jejich reakci s prostfedim, vét-
Sinou se pohybuje v rozmezi 1 aZ 2 hmotnostnich procent z pojiva
(Cau Dit Coumes, 2008).

Pii vyvoji smési se nejdfive zacalo s ndvrhem a testovanim malt
(kamenivo maximalni frakce 4 mm), kde se kladl hlavni diraz na
hodnotu pH. Nasledny vyvoj betond pak vychézel ze dvou smési,
jejichZ sloZeni je uvedeno v tab. 1.

DalSim krokem bylo pfidani hrubé frakce kameniva, tj. velikost
zrna 8—16 mm, s tim bylo spojeno i navySeni poméru plastifika-
toru z 1,5 na 2 hmotnostni procenta z celkové hmotnosti pojiva.
Stale se jednalo o 2 hmotnostni procenta tekutého superplastifi-
katoru, obsah suSiny je u téchto pfisad cca 30-40 %. Vzhledem
k pozadavku na lokdlni pouziti surovin byl CEM 1II 52,5 R nahra-
zen CEM I 42,5 R. V naésledujicim kroku musela byt receptura

Tab. 1 SloZeni findlnich malt
Tab. 1 Final composition of the mortars

research and subsequently develop a concrete mixture with a low
pH value (< 11.2) which will not affect the various properties and
functions of the bentonite barrier. The first step consists of verifying
the theoretical assumptions experimentally under laboratory
conditions. Once the laboratory tests prove that the material does
not adversely affect the properties of bentonite, its favourable
behaviour must be verified via the conducting of long-term in-situ
experiments in a suitable rock environment. Hence, despite the
fact that the construction of the Czech DGR is not anticipated for
several decades, it is necessary to develop and test the concrete
mixture well in advance of its potential application.

REQUIREMENTS FOR THE DEVELOPMENT
OF A CONCRETE MIXTURE FOR USE IN THE DGR

Concrete mixtures will be used in the deep geological repository
principally as construction materials for reinforcing the various
structural elements (linings), grouting mixtures for the filling of
fractures and for the construction of sealing plugs. Hence, one
of the principal requirements of the concrete mixture is that it
must exhibit a mechanical resistance that is comparable to that of
conventional concrete containing class 42.5 cement (CEM 42.5).

In view of the long-term safety and mutual interaction of
materials within the repository, the maximum pH value measured
after 90 days was set at 11.2 with an organic additive content of a
maximum of 2%. These limit values were established based on the
results of the extensive research conducted as part of the European
CEBAMA project (Vehmas and Holt, 2016). At the same time, the
design of the mixture assumed the use of local raw materials, i.e.
raw materials available in the Czech Republic.

DEVELOPMENT OF THE MIXTURE

The mixture was developed by the Klokner Institute of the Czech
Technical University in Prague. It was clear from the literature
(Pernicova et al., 2018) that it would be necessary to replace
approximately 50% of the cement with other active ingredients,
thereby increasing the SiO, content of the mixture. Specifically,
this involved the use of slag, metakaolin, fly ash and microsilica
(El Bitouri et al., 2016). A mixture containing three components
(cement-slag-microsilica) was finally selected for further study. Since
workability was considered one of the most important properties of
the concrete mixture, it was subsequently decided to add plasticising
or super-plasticising agents. Due to their potential reaction with the
surrounding environment, the proportion of these agents was limited
to between 1% and 2% of the weight of the binding material (Cau
Dit Coumes, 2008).

The design and testing of mortars (maximum fraction of the
aggregates 4mm) commenced during the development of the
concrete mixture, again with the main emphasis on the pH level. The

surovina [kg] pisek 0-4 CEMI1I52,5R mikrosilika struska voda plastifikator
material [kq] sand 0-4 CEMII52.5 R microsilica slag water plasticiser
malta 1 1850 160 204 36 200 6
mortar 1 1850 160 204 36 200 6
malta 2 1850 160 180 60 200 6
mortar 2 1850 160 180 60 200 6
Tab. 2 SloZeni findlni betonové smési (BF) se sniZenym pH
Tab. 2 Composition of the final low pH concrete mixture
surovina [kg] kamenivo CEM142,5R mikrosilika struska voda plastifikator odpénovac
material [kg] aggregates CEMI42.5R microsilica slag water plasticiser defoamer
beton se snizenym pH 1712 140 179 32 200 6 1,75
low pH concrete 1712 140 179 32 200 6 1.75




Obr. 1 ZkouSka sednuti kuZele findlni smési
Fig. I Cone slump test of the final mixture

Obr. 3 Priprava zkuSebnich téles
Fig. 3 Preparation of the test samples

upravena z hlediska zpracovatelnosti ¢erstvé smési. Po této modifi-
kaci vykazovala Cerstva smés vétSi mnozZstvi vzduchu, proto musel
byt do smési jest¢ pridin odpénovac. Vyssi obsah vzduchu zna-
mend sniZeni objemové hmotnosti betonu, a tim i sniZeni vysled-
nych mechanickych vlastnosti. Vysledkem postupné optimalizace
je betonova smés, jejiz sloZeni je prezentovano v tab. 2 a zakladni
vlastnosti v tab. 3.

TEST VELKOOBJEMOVE VYROBY

Vyroba findlni smési byla odzkousena v TBG Metrostav s.r.o.,
kde bylo vyrobeno 1 m?této findlni smési (obr. 1, 2). Vlastnosti
Cerstvé smési jsou shrnuty v tab. 4. V rdmci vyroby bylo odlito
velké mnoZstvi vzorki — krychli o rozmérech 150x 150 x 150 mm
(obr. 3) a vilcii o priméru 150 mm a vysce 300 mm. Cést téchto
vzorkil byla testovana po 10, 20, 28, 60 a 90 dnech od jejich vy-
roby, vysledky jsou uvedeny v tab. 3. Zbylych 150 krychli bylo
prevezeno do Podzemniho vyzkumného pracovisté Bukov (PVP

N

Bukov) pro zkousky dlouhodobéjsiho charakteru (obr. 4).

TEST APLIKACE SMESI NASTRIKEM

V ramci feSeného projektu byla v jeho zdvéru feSena stiikand
varianta smési. Vzhledem k poZadavku na nastfik v podzemi byla
zvolena varianta suchého stiikani, na kterou byli pracovnici v PVP
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Obr. 2 Priprava télesa pro méreni tepla béhem hydratace
Fig. 2 Preparation of a sample for temperature measurement during hydration

Tab. 3 Zdkladni viastnosti findlni betonové smési (BF) se snizenym pH po 28
a 90 dnech tvrdnuti

Tab. 3 Basic properties of the final low pH concrete mixture after 28 and 90
days of hardening

dny 28 90
day 28 90
objemova hmotnost [kg/m?] 2230 2250
bulk density [kg/m?] 2230 2250
pevnost v tlaku [MPa] 47,6 52,3
compressive strength [MPa] 47.6 52.3
modul pruznosti [GPa] 28,3 28,3
modulus of elasticity [GPa] 28.3 28.3
max. hloubka prlsaku [mm] 8 7
max. water penetration depth [mm] 8 7
nasakavost [%] 3,3

absorbability [%)] S8

hydrataéni teplo [°C] 30,3

hydration heat [°C] 30.3

pH 11,01 10,73
pH 11.01 10.73

subsequent development of the concrete was based on two mortar
materials, the composition of which is shown in Tab. 1.

The next step was to add coarse-fractioned aggregate, i.e. with a
grain size of 8—16mm, which was accompanied by an increase in the
plasticiser ratio from 1.5 to 2 weight percentage of the total weight
of the binding material. However, while the liquid super-plasticiser
constituted 2% by weight of the concrete material, the active (organic)
dry matter content of the additive was no more than 30-40%.
Due to the requirement for the use of local raw materials, CEM II
52.5 R was replaced by CEM I 42.5 R. The next stage consisted
of the adjustment of the recipe with concern to the workability of
the fresh mixture. Following this modification, the fresh mixture had
a higher content of air, thus requiring the addition of a defoaming
agent. A higher content of air leads to a reduction in the bulk density
of the concrete and thus a reduction in the resulting mechanical
properties. The result of the gradual optimisation process was a
concrete mixture, the composition of which is presented in Tab. 2; its
basic properties are listed in Tab. 3.

BULK PRODUCTION TEST

The production of the final mixture was tested by TBG Metrostav
s.r.o. (Im® of material in total, Figs. 1, 2). The properties of the fresh
mixture are summarised in Tab. 4. The production process involved
the casting of a large number of samples — cubes with dimensions of
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Tab. 4 Vastnosti Cerstvé smeési BF
Tab. 4 Properties of the fresh mixture

objemova hmotnost [kg/m?] 2280
bulk density [kg/m?] 2280
obsah Cerstvého vzduchu [%] 2,4

fresh air content [%] 2.4

sednuti kuzele [mm] 130
cone slump test [mm] 130
teplota betonu pfi zamichani [°C] 19,2
concrete mixing temperature [°C] 19.2

Tab. 5 SloZeni smési na aplikaci ndstrikem v kg (BS)
Tab. 5 Sprayed concrete mixture composition in kg

kamenivo Dobfir 0-4 1670
Dobrin aggregates 0-4 1670
cement Mokra CEM | 42,5 R 140
Mokra CEM | 42.5 R cement 140
mikrosilika Elkem 970 179
Elkem 970 microsilica 179
struska Détmarovice 32

Détmarovice slag 32

Bukov pripraveni a technologicky vybaveni. Pfi této varianté stii-
kani je pfedem namichana sucha smés pod tlakem piivadéna od pl-
niciho stroje do hadice. Na konci hlavice dochazi v hubici k miseni
suché smési s vodou a pripadné s urychlovacem, ktery nebyl v tom-
to pfipadé pouzit. MnozZstvi vody ve smési je regulovano podle
vizudlni kontroly nastiikané plochy (pfidrznosti Cerstvé smési na
podklad). Pfedem tedy nelze pfesné urcit mnozstvi vody ve smési.
Tloustka nastiiku se pohybuje od 5-10 cm v zavislosti na hrubos-
ti povrchu. Stiikani probiha vZdy kolmo ke stfikanému povrchu
(obr. 5). Strojni vybaveni je ukdzéno na obr. 6.

Receptura stitkané smési (tab. 5) vychazela z kombinace vy-
sledné varianty betonové smési BF. Vzhledem k metodé suchého
stiikani byla zvolena varianta malty, tedy smési bez hrubého ka-
meniva. Diivodem pro aplikaci malty byla nutnost predmichani
a napytlovani suchych sloZzek smési, a to lze pouze do urcité frakce
kameniva, respektive pisku. V podzemi nebylo mozné pribézné

Obr. 5 Zkouska ndstiiku v PVP Bukov
Fig. 5 Spray testing at the Bukov URF

-r.___,
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Obr. 4 ZkuSebni télesa uloZend v PVP Bukov
Fig. 4 Test samples stored at the Bukov URF

150x 150x 150mm (Fig. 3) and cylinders of
150 mm in diameter and 300mm in height, a
number of which were tested 10, 20, 28, 60
and 90 days following casting; the results are
shown in Tab. 3. The remaining 150 cubes
were transported to the Bukov Underground
Research Facility (Bukov URF) for longer-
term testing purposes (Fig. 4).

SPRAY APPLICATION TESTING

The project was concluded with the
design of a sprayed variant of the concrete
mixture. Due to the requirement for
spraying in a confined underground space,
it was decided to employ the dry spraying
technique, concerning which personnel
at the Bukov URF were provided with
the relevant technology. This spraying
technique involves feeding the premixed
dry mixture under pressure from the filling
machine to the hose. The dry mixture is then
mixed with water in the nozzle located at the
end of the head of the hose; although it is
possible to add a so-called accelerator to the
mixture, this was not the case during testing




Obr. 6 Stroj na stiikdni betonu
Fig. 6 Concrete spraying machine

davkovani hrubého kameniva a stiikani betonové smési. Pro ne-
rovny povrch stény (horniny) je zaroven jemnozrnnéjsi material
vhodnéjsi a homogennéjsi. Ze smési byl oproti findlni varianté BF
vyloucen plastifikdtor i odpénovac. Divodem byl fakt, Ze pro akti-
vaci plastifikdtoru je nutné dikladné promichdni se smési. V tomto
piipadé by byl plastifikdtor do smési davkovén aZ v trysce a nedo-
Slo by, vzhledem k vysokému mnoZstvi jemnozrnnych ¢astic (ze-
jména mikrosiliky), k dostate¢nému promichani. Smés s plastifikd-
torem by také mohla ve vertikalni poloze ze stény stékat. U vétSiny
stiikanych betont je do trysky privddén i urychlovac tuhnuti, ktery
ma za tkol zajistit, Ze nastiikana smés nebude z povrchu odpadévat
a dojde k rychlému pfilnuti. Receptura byla pfipravena na variantu
nastfiku s i bez urychlovace. Zkusebni nastrik potvrdil predpoklad,
Ze navrZzena smés je diky své jemnozrnnosti a sloZeni prilnava, ze
zdi neodpadava. Nebylo tedy nutné urychlovac aplikovat. Vysledné
sloZeni receptury BS je uvedeno v tab. 5.

Nasttik byl vizualné zkontrolovan po 28 dnech od aplikace a za-
roven byla odvrtdna jadra pro testovani (obr. 7). Jadrové odvrty
byly zvoleny priméru cca 75 mm a 50 mm. MenSi pramér byl
zvolen z divodu odvrtani co nejdelsiho vzorku z vybranych pro-
hlubni skély, na které byl aplikovan nastiik. Vysledky, po pfepoctu
na krychelnou pevnost, potvrdily konzistenci z hlediska vysledné
pevnosti betonu v tlaku.

Po vizualni strance byl test GspéSny. Material byl prilnavy k po-
vrchu a jeho struktura byla homogenni, nebyla zfejma segregace
materidlu ¢i vyraznéjsi vrstevnatost nastiiku (obr. 8). Z povrchu
vyvrtl je ale misty patrné nanaSeni materidlu po vrstvach vzhle-
dem k prvotni aplikaci néstfiku a optimalizaci konzistence stiikané
smési béhem nastiiku. Podrobné vysledky z téchto odbérd nejsou
zatim dostupné.
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at the Bukov URF. The amount of water in
the mixture is regulated according to the
visual inspection of the sprayed area (the
adhesion of the fresh mixture to the spray
surface). Thus, it is not possible to precisely
determine the water content in the mixture
in advance. The thickness of the sprayed
material varied from 5 to 10cm depending
on the roughness of the surface. Spraying
must always be performed perpendicular
to the sprayed surface (Fig. 5). The spray
machine is shown in Fig. 6.

The sprayed mixture recipe (Tab. 5) was
based on a combination of the resulting
final concrete mixture variants. As a result
of the selection of the dry spraying method,
the mortar variant was chosen, i.e. a mixture
without the presence of coarse aggregates.
The reason for the application of the
mortar was the necessity for the premixing
and storage of the dry components of
the mixture, which is only possible with
aggregates up to certain dimensions,
ie. up to sand fraction dimensions.
The simultaneous application of coarse
aggregates and the sprayed concrete mixture
was not possible in the underground testing
environment. Finer-grained materials are
generally more homogeneous and more
suitable for uneven surfaces (rocks). The
plasticiser and defoaming agents were
omitted from the sprayed mixture due to
the necessity for thorough mixing with
the other components in order to activate the plasticiser. In the
case of dry sprayed application, the plasticiser would have to be
introduced into the mixture in the nozzle, which would not allow
for sufficient mixing due to the presence of a large amount of fine-
grained particles (especially microsilica). Moreover, the addition of
a plasticiser could have led to the sprayed concrete “sliding” down
the vertical spray surface. With respect to most sprayed concretes,
a hardening accelerator is also fed into the nozzle so as to enhance
adherence capability and so ensure that the sprayed mixture does not
fall off the surface. Although the recipe considered mixtures with
and without the presence of an accelerator, the spray test confirmed
the assumption that the proposed mixture (without an accelerator)
would adhere to the wall due to its fine-grained composition and
that no accelerator was necessary. The final composition of the
sprayed concrete is shown in Tab. 5.

The sprayed concrete was visually inspected 28 days following
application and core samples with diameters of approximately
75mm and 50mm were extracted for testing purposes (Fig. 7). The
smaller diameter was chosen for the core drilling of the longest
possible sample from the selected depressions in the rock face to
which the spray was applied. The results, following conversion to
cube strength, confirmed a high degree of consistency in terms of the
compressive strength of the concrete.

The test was successful from the visual point of view. The material
adhered to the surface and its structure was homogeneous; moreover,
no apparent segregation of the material or significant layering were
apparent (Fig. 8). However, in some cases, the drill cores indicated
the partial layering of the material due both to the initial application
of the spray material and the optimisation of the consistency of the
sprayed mixture during spraying. The detailed results from the study
of the samples are not yet available.
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Obr. 7 Odvrtdvdni vzorkii z nastfikaného betonu v PVP Bukov
Fig. 7 Drilling of sprayed concrete samples at the Bukov URF

ZAVER

Vyvoj a test nové smési trval celkem 22 mésici. Smés splni-
la vSechny pozadavky — pH niz$i nez 11,2, mechanické vlastnosti
srovnatelné s béZnymi betony, pouZiti lokalnich surovin a obsah
organickych prisad do 2 %. Zaroven byla vyroba nové smési od-
zkousena v komer¢ni betonarce zamichanim objemu 1 m® b&Znym
zpusobem a na zavér byl optimalizovany material ispésné apliko-
véan nastfikem pfimo v podzemi.

Ing. LUCIE HAUSMANNOVA, Ph.D.,
hausmannova@surao.cz,

Ing. MARKETA DOHNALKOVA,
dohnalkova@surao.cz, SURAO,

Ing. DAVID CITEK, david.citek@cvut.cz,

doc. Ing. JIRI KOLISKO, Ph.D., jiri.kolisko@cvut.cz,
Klokneriiv tistav, CVUT v Praze

Recenzoval Reviewed: doc. Ing. Radoslav Sovjdk, Ph.D.

LITERATURA / REFERENCES

Obr. 8 Odvrtané jadro betonu s horninou
Fig. 8 Drilled concrete core with the rock

CONCLUSION

The design and testing of the new mixture took a total of
22 months. The mixture fulfilled all the pre-set requirements — a pH
value of lower than 11.2, mechanical properties comparable to those
of conventional concretes, the use of local raw materials and an
organic additive content of a maximum of 2%. The production of the
new mixture was tested at a commercial concrete mixing plant via
the preparation of 1 m® of the material employing the conventional
approach and, finally, the material was successfully applied using the
spraying technique in a confined underground environment.
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VYSTAVBA STANIC METRA METODOU PILE-BEAM-ARCH (PBA)
CONSTRUCTION OF METRO STATIONS USING PILE-BEAM-ARCH
(PBA) METHOD

KAREL VOJTASIK, DONG YANG GENG

ABSTRAKT

Pri metodé Pile-Beam-Arch (PBA) je v horninovém prostredi pod povrchem terénu z pomocnych tunelii postupné vytvdrena konstrukce
stavby stanice s vyuZitim zdkladnich konstrukcnich prvkii — zdkladového pdsu, pilotové stény, sloupu, tramu a klenby. Tato metoda md
predpoklady minimalizovat deformace v okolnim horninovém prostiedi a poklesy povrchu terénu, které obecné doprovdzeji vystavbu pod-
zemnich objektii v malych hloubkdch pod povrchem. Na prikladu stanice Qianmen na lince 3 pekingského metra je dokumentovdn princip,
postup a technologie vystavby stanic metra metodou PBA.

ABSTRACT

At the Pile-Beam-Arch (PBA) method, the station structure is gradually created from auxiliary tunnels in the ground environment under
terrain surface, using basic structural elements — strip footings, pile walls and vaults. This method has potential to minimise deformations
in the surrounding ground environment and the subsidence of terrain surface, which generally accompanies construction of underground
structures at small depths under the terrain. The principle, procedure and technique of the construction of metro stations using the PBA

method of constructing metro stations is documented on the example of Qianmen station on Line 3 of Beijing metro.

uvop

Dynamicky rozvoj ¢inskych mést klade mimorddné naroky na
méstskou hromadnou dopravu, jmenovité na mnoZstvi prepravova-
nych osob, pokryti oblasti, rychlost a kulturu cestovani i environ-
mentélni dopady. Jedinou formou, ktera bez vyhrad spliiuje uvedené
poZadavky, je podzemni draha — metro. Na pocéatku roku 2019 bylo
v Cinské lidové republice provozovano metro v 37 méstech, s celko-
vou délkou vsech linek 5 142 km. Na vystavbu dalSich a rozsifovani
jiz existujicich podzemnich drah bylo v minulém roce vynaloZeno
300 miliard jiiand.

Podzemni stanice, spole¢né s trafovymi tunely, jsou zakladnimi
soucastmi metra. Podzemni stanice jsou lokalizovany do mist s hustou
méstskou zastavbou a rozsdhlou inZenyrskou infrastrukturou. Razby

povrch vozovky road surface
1.5m navazka artifical fill
41m bahnity naplav limous allivium
. : valounovy Stérk round gravel
8.1m
valouny pebble
22m
hladina podzemni vody
groundwater level
26.1m
silné zvétraly jilovec
strong weathered mudstone
31.5m
silné zvétraly slepenec
strongly weathered conglomerate

Obr. 1 Geologicky profil prostiedim stanice Qianmen
Fig. 1 Geological profile of the Qianmen station environment

INTRODUCTION

The dynamic development of Chinese cities places extraordinary
demands on urban mass transit, namely the number of transported
persons, the area coverage, travel speed and culture, as well as
environmental impacts. The only form which meets the above-
mentioned requirements without reservations is underground railway
— metro. At the beginning of 2016, metro was operated in China in
37 cities, with the overall length of all lines amounting to 5142km.
Last year, yuan 300 billion were invested into the development of
other underground railways and expansion of already existing ones.

Underground stations together withrunning tunnels are fundamental
parts of metro. Underground stations are located into dense urban
development places with extensive infrastructure of utility services.
Excavation for stations and running tunnels is always accompanied
by deformations of the surrounding ground environment. When
underground structures of metro are located at small depth under
the surface, deformations of the excavation propagate themselves
through the overburden up to the surface, causing its subsidence.
Overburden deformations and surface subsidence are a serious threat
to existing utility services infrastructure and surface development
when they exceed prescribed limiting values.

Construction of underground metro stations using the PBA method
is suitable for construction of underground hall spaces at small depths
under the surface. The method can be very approximately considered
to be a modification of the German core-leaving method, where the
final lining formed by abutments and an upper vault is replaced
with a system of pile walls, longitudinal beams and vaults. The
application of internal pillars expands the possibility of the method
for constructing a multi-vault underground hall. The method allows
for significant minimisation of deformations of the environment,
which always accompany the construction of large cross-section
underground structures under shallow overburden.

SITUATION

Qianmen station on the Line 3 of Beijing metro is found in the
north of Qianmen street and Guang’an street.The station is a two-
storey, three-vault structure with the platform in the central nave. The
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Obr. 2 Letecky snimek okoli stanice Qianmen
Fig. 2 Aerial photo of the Qianmen station surroundings

stanic a trafovych tuneltl metra vzZdy doprovézeji deformace okolniho
horninového prostiedi. Jsou-li podzemni objekty metra lokalizovany
v malé hloubce pod povrchem, deformace vyrubu se propaguji nad-
lozim az k povrchu, kde tvori poklesy. Deformace nadlozi i poklesy
povrchu jsou vaZnou hrozbou pro stavajici inZenyrskou infrastrukturu
a povrchovou zastavbu, pokud prekroci stanovené limitni hodnoty.
Vystavba podzemnich stanic metra metodou PBA je vhodna
k vystavbé halovych podzemnich prostor v malych hloubkach pod
povrchem. Metodu je moZno velmi piibliZzné pokladat za modifikaci
némecké jadrové metody, kdy definitivni osténi, tvofené opérami
a horni klenbou, je nahrazeno soustavou pilotovych stén, podélnych
tramu a kleneb. Aplikace vnitfnich sloupt rozsifuje moZnosti meto-
dy na vybudovani vicelodni podzemni haly. Metoda umoziuje vy-
znamné minimalizovat deformace prostiedi, které vzdy doprovazeji
vystavbu podzemnich dél velkych prafezl s nizkym nadlozim.

SITUACE

Stanice Qianmen na lince 3 pekingského metra se nachazi na seve-
ru ulice Qianmen a ulice Guang ‘an. Stanice je dvoupodlaZni trojlodni
s néstupi§tém ve stredni lodi. Stanice je dlouhd 209 m a je oriento-
véana severojiznim smérem. Pfi¢né rozméry stanice jsou $itka 23,3 m
a vySka 6,2 m. Mocnost nadloZi kolisa od 5,5 do 6,0 m.

Geologicky profil prostiedi, ve kterém je stanice metra umisténa,
tvori vrstva antropogennich sedimenttl, pod kterou nésleduji vrstvy
aluvidlnich (holocénnich fluvidlnich) sedimenti (obr. 1). Hladina
podzemni vody pod povrchem terénu kolisd v rozmezi od 20,4 do
21,7 m a souvisi s vrstvou dobie propustnych aluvialnich Stérkopisku,
které se nachdzeji v horizontech od 22,4 do 24,1 m pod povrchem
terénu. Z predchozich zkusenosti s vystavbou podpovrchovych sta-
veb v Pekingu projekt pfedpoklada snizovani hladiny podzemni vody
pomoci Cerpacich studni.

V blizkém okoli podzemni stanice metra se nachdzeji vyznamné
objekty, napiiklad Narodni divadlo a budovy dalsich instituci (obr. 2).
NadloZi stanice je prostoupeno rozsahlou a komplikovanou soustavou
mnoha inZenyrskych siti, jako jsou vodovody, plynovody, elektrovo-
dy, informacni kabely, kanalizace, sbérace destové vody a podobné.

Vystavba trojlodni dvoupodlazni halové podzemni stanice v této
situaci tudiZ vyZaduje dodrZeni velmi nizkych hodnot deformaci vy-
rubu, nadloZi i povrchu tzemi.

station is 209m long and is oriented in the north-south direction. The
cross-sectional dimensions amount to 23.3m and 6.2m, respectively.
The overburden thickness varies from 5.5m to 6.0m.

The geological profile of the environment in which the station is
located is formed by a layer of anthropogenic sediments, under which
layers of alluvial sediments follow (see Fig. 1). The depth of water
table under the surface varies from 20.4m to 21.7m. It is related to
a well permeable alluvial gravel-sand layer located in horizons from
22.4m to 24.1m under the terrain surface. Based on the previous
experience with construction of underground structures in Beijing,
the design assumes lowering of the water table by pumping wells.

Significant buildings are found in close proximity to the metro
underground station, for example the National Theatre and buildings
of other institutions (see Fig. 2). The overburden of the station is
permeated with an extensive and complicated system of numerous
utility networks, such as water mains, gas pipelines, power lines,
information cables, sewers, rainwater collectors, etc.

The construction of the three-vault, two-storey hall-type
underground station in this situation therefore requires keeping the
values of deformations of the excavation, overburden and terrain
surface very low.

PBA METHOD AND CONSTRUCTION STAGES

The PBA method construction system is formed by pile walls,
columns, beams and vaults. The implementation of the construction
requires a system of temporary auxiliary galleries, from which,
possibly in which, the above-mentioned structural elements are
carried out in respective construction stages.

Dimensions of the auxiliary galleries depend on dimensions of
the equipment and mechanisms to be used for execution of pile
walls, supporting pillars, strip footings and binding beams. The
construction of the station using the PBA method is divided into the
stages which are illustrated in Fig. 3.

The construction is commenced by excavation and excavation
support of auxiliary galleries, which are located at two horizontal
levels. The first one, the upper level, corresponds to the location
of longitudinal beams and vaults. The second one, the lower
level, corresponds to the location of strip footings. The auxiliary
galleries have arched vaults, vertical walls and a flat bottom. They




Obr. 3 Etapy vystavby stanice; (a) pomocné chodby/stoly, (b) vystavba pilot, sloupii a hlavnich nosniki/
privlakii, (c) vystavba obloukové klenby stiedni lodi stanice, (d) vystavba obloukovych kleneb bocénich
lodi stanice, (e) hloubeni a vystavba horni etdZe stanice, (f) hloubeni a vystavba spodni etdZe stanice
Fig. 3 Station construction stages; (a) auxiliary corridors/galleries, (b) development of piles, columns
and main beams/head beams, (c) development of an arched vault of central nave of the station, (d) deve-
lopment of arched vaults over the side aisles of the station, (e) excavation and construction of the upper
level of the station, (f) excavation and construction of the lower level of the station
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are excavated full-face, using short advance
lengths, with mechanised, possibly manual
disintegration of ground and shotcrete lining
support, steel lattice girders and welded mesh.

Dimensions of the auxiliary galleries are
designed taking into consideration dimensions
of the equipment and mechanisms to be used
for construction of pile walls, supporting
columns, strip footings and binding beams
(head beams).

After completion of the excavation and
excavation support of the galleries, strip
footings on which pile walls and columns are
to rest (see Fig. 4) are first carried out in the
lower auxiliary galleries.

Pile walls (see Fig. 5) are subsequently
carried out from the upper external auxiliary
galleries (see Fig. 5). They will subsequently
provide stability of the station side walls during
the course of the excavation of the station core.
Two parallel rows of shafts (see Fig. 6) are sunk
from the upper internal auxiliary galleries.
Internal columns are carried out which will

METODA PBA A ETAPY VYSTAVBY

Konstruk¢ni systém metody PBA tvofi pilotové stény, sloupy, zd-
kladové pdsy, tramy a klenby. K realizaci konstruk¢éniho systému je
zapotiebi soustava doCasnych pomocnych chodeb, ze kterych, even-
tudlné ve kterych, jsou v pfislusnych etapach vystavby vybudovany
jmenované konstrukeni prvky.

Rozméry pomocnych chodeb jsou dany velikosti technologickych
zafizeni a mechanismi, kterymi budou provedeny pilotové stény,
operné sloupy, zakladové pasy a svazujici tramy. Vystavba stanice
metodou PBA je roz¢lenéna na etapy, které jsou ilustrovany na obr. 3.

Vystavbu zahajuje razba a zajisténi pomocnych chodeb, které jsou
umistény na dvou horizontalnich trovnich. Prvni, horni droven, od-
povidé oblasti umisténi podélnych tramti a kleneb. Druhd, spodni tro-

. e iy

Obr. 4 Pohled na zhotoveny zdkladovy pds v dolni pomocné chodbé s poloZe-
nou hydroizolaci

Fig. 4 View of the strip footing in the lower auxiliary gallery with the water-
proofing installed

support both side walls from both sides of the
central vault and from one side of both side vaults of the station, and
further also the structure of the floor slab between the station storeys
to be carried out later.

The next construction step lies in preventative strengthening of
the direct overburden above the future vaults by grouting carried out
from the space of side and internal galleries.

In the subsequent construction stage, beams are carried out above
the pile walls and the rows of piles (see Fig. 7). The cross-sections
of the beams are designed with the objective that they are to partially
fill the space under the vaults of the auxiliary galleries, support the
overburden and allow for fluent connection of the structures of both
side vaults and the central vault. The completed structures of the pile
walls, columns and beams will locally stabilise the overburden above

i m 6. ik

Obr. 5 Pohled na vyiisténi pilotové stény v horni vnéjsi pomocné chodbé
Fig. 5 View of the pile wall tops in the upper auxiliary gallery
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Obr. 6 Pohled z horni vnitini pomocné chodby na rucni hloubeni Sachtice pred instalaci ocelobetonového sloupu (vlevo) a instalované ocelobetonové sloupy

(vpravo)

Fig. 6 Hand-excavation of a shaft before installation of the steel-concrete column (for the left) and the steel-concrete columns after installation (for the right),

viewed from the upper internal auxiliary gallery

ven, odpovida oblasti umisténi zdkladovych pésti. Pomocné chodby
maji obloukovou klenbu, svislé stény a ploché dno. Jsou razeny krat-
kymi zéb&ry na plny profil s mechanizovanym, eventudlné manudl-
nim rozpojovanim horniny a zajiStény osténim ze stitkaného betonu,
ocelovych prihradovych tramil a vyztuzné sité.

Rozméry pomocnych chodeb jsou navrzeny podle velikosti techno-
logickych zafizeni a mechanismu, kterymi budou provadény pilotové
stény, opérné sloupy, zdkladové pasy a svazujici tramy (pravlaky).

Po vyraZeni a zajiSténi pomocnych chodeb se nejdfive ve spodnich
pomocnych chodbach vybuduji zdkladové pasy (obr. 4), na kterych
maji spocivat pilotové stény a sloupy.

Z hornich vnéjsich pomocnych chodeb se ndsledné buduji pilotové
stény (obr. 5), které budou zajistfovat stabilitu boki stén stanice bé-
hem hloubeni jadra stanice. Podobné se vyhloubi z hornich vnitfnich
pomocnych chodeb dvé paralelni fady Sachet (obr. 6), do kterych se
vybuduji vnitini sloupy stanice, které budou podpirat z obou stran
stiedni a z jedné strany obé boc¢ni klenby stanice a dale také pozdéji
budovanou konstrukci mezipatrové desky stanice.

Dalsim krokem vystavby je preventivni zpevnéni ptimého nadlozi
nad budoucimi klenbami injektaZemi realizovanymi z prostoru po-
mocnych krajnich a vnitfnich chodeb.

V nésledné etapé vystavby se nad pilotovymi st€nami a fadami
sloupti provadéji tramy (obr. 7). Pfi¢né prifezy trdmd jsou navrZeny
tak, aby Caste¢né vyplnily prostor pod klenbami pomocnych chodeb,
podepiraly nadloZi a umoznily plynulé napojeni konstrukci obou boc-
nich a stfedni klenby. Dokoncené konstrukce pilotovych stén, sloupi
a trdmt budou lokdlné stabilizovat nadlozi nad nimi. Uplnou stabili-
zaci nadloZi zajisti stfedni a obé boc¢ni klenby, které jsou vetknuty do
podélnych tram.

Po vybudovani tram nésleduje nejnarocnéjsi etapa vystavby, kte-
rou je razba a zajiSténi kleneb stanice (obr. 8). Razba kleneb se prova-
di plnym profilem kratkymi zabéry s naslednym zajisténim definitivni
konstrukei klenby. Pred kazdym zdbérem se odstrani prisluSnd ¢ast
boku primarniho osténi pomocnych chodeb, ktera prekazi napojeni
konstrukce osténi klenby na podélné tramy. Pokud to vyZaduji okol-
nosti, provede se stabilizace masivu pred celbou. Vybudovanim de-
finitivni konstrukce kleneb je nosnd konstrukce stanice dokoncena.

them. Complete stabilisation of the overburden will be ensured by
the central gallery and both side galleries, which are fixed into the
longitudinal beams.

After completion of the beams, the most complicated construction
stage, i.e. excavation and excavation support of the station vaults
(see Fig. 8), follows. The excavation for the vaults is carried out
full-face, with short excavation rounds and subsequent support of
final structures of the vaults. Before each excavation round, the
respective part of the side of the primary lining of the auxiliary
galleries preventing the vault lining structure from connecting to the
longitudinal beams is removed. If required by the circumstances, the
ground mass ahead of the excavation face is stabilised. The load-
carrying structure of the station is finished by conducting the final
structures of the vaults.

The excavation of the upper level of the station follows under the
protection of the vaults and side pile walls. Structural floor slabs
are built on the temporary bottom between the upper and lower
level of the station and the side walls are finished at the upper level

Obr. 7 Pohled na zhotoveny podélny trdam v jedné ze stiednich hornich Stol,
vlevo je cdst konstrukce hlavy ocelobetonového sloupu

Fig. 7 View of a completed longitudinal beam carried out in one of central
upper galleries; part of the structure of a steel-concrete column head is pictu-
red left




Obr. 8 Vystavba klenby
Fig. 8 Construction of a vault

Pod ochranou vytvorfenych kleneb a bocnich pilotovych stén
nésleduje odtéZeni jadra horni etdZe stanice. Na docasném dné se
vybuduji nosné stropni desky mezi horni a spodni etdZi stanice a do-
konci se boc¢ni stény v etdZi (obr. 9). V posledni etapé se vyhloubi
jadro spodni etaze, vybuduje se konstrukce dna a dokonci bocni
stény ve spodni etdzi.

ZAVER

Metoda PBA umoziiuje vystavbu vicelodnich mélce uloZenych
podzemnich konstrukci, jakymi jsou stanice metra nebo podchody
pro pési.

Vystavba stanice metra metodou PBA probiha na nékolika neza-
vislych pracovistich soubézné, coz zkracuje délku doby vystavby
v porovnani s jinymi metodami.

Metoda klade mimoradné naroky na fizeni vystavby, nebot je
nutné zabezpecit soucinnost dil¢ich pracovist, plynulou ndvaznost
konstruk¢nich operaci a kontrolu provedené prace. Priprava a zpra-
covani projektu vystavby stanice metodou PBA a nésledné fizeni vy-
stavby s feSenim problém, které béhem vystavby nastdvaji, a které
se ucastni desitky zhotovitell, nemohou probihat jinak nez s podpo-
rou platformy BIM.

doc. Ing. KAREL VOJTASIK, CSc.,
karel.vojtasik@vsb.cz, VSB TU-Ostrava,

Ing. DONG YANG GENG, dongyang.geng.st@vsb.cz,
Hebei GEO University Shijiazhunag, CLR

Recenzoval Reviewed: doc. Ing. Vladislav Hordk, CSc.

Podékovdni

Prispévek byl zpracovdn za podpory programu Centra kompeten-
ce Technologické agentury Ceské republiky (TACR) v rdmci pro-
Jjektu Centrum pro efektivni a udrZitelnou dopravni infrastrukturu
(CESTI), cislo projektu TEO1020168.

LITERATURA / REFERENCES

29. rocnik - €. 1/2020

Obr. 9 Pohled na odtéZenou horni etdZ budované stanice
Fig. 9 View of the excavated upper level of the station under construction

(see Fig. 9). At the last stage, the core of the lower level is excavated,
the bottom structure is carried out and the side walls are finished at
the lower level.

CONCLUSION

The PBA method allows for construction of multi-vault structures
located shallow under the ground surface, such as metro stations and
pedestrian subways.

The construction of a metro station using the PBA method
proceeds concurrently at several workplaces, which fact reduces the
duration of construction in comparison with other methods.

The method places extraordinary demands on construction
management because it is necessary to ensure cooperation of
partial workplaces, fluent succession of construction operations and
inspection of the work done. The preparation and processing of the
design for the construction of a station using the PBA method and
the subsequent management of the construction process comprising
dealing with the problems which occur during the course of
construction and which is participated by tens of contractors, cannot
proceed other than with the BIM platform support.
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MOZAIKA ZE SVETA PODZEMNICH STAVEB

B Podzemni rybi a rostlinna farma

Svycarskd spole¢nost Amberg zahajila v roce 2019 vyzkumny
projekt zaméfeny na chov ryb a péstovani rostlin v podzemnich pro-
storach. Po provéfovani moZnosti a podminek v ramci prvni etapy
byl v druhé etap€ zahdjen chov duhovych losost a péstovani salatu
pomoci hydroponické metody. Pro péstovani saldtu byla provedena
optimalizace osvétleni, tak aby rostliny mély vyhovujici a ekonomic-
kou svételnou intenzitu.

Podstata systému fungovéni ,,podzemni‘ farmy je nasledujici: voda
z rybich nadrZi je obohacena Zivinami, jejichZ ptivod je i v rybich
exkrementech, tee do plochych nadrzi, kde z vody rostliny spotie-
bovavaji Ziviny. Nasledné se voda vraci do rybich nadrZi. Do vodniho
systému je vloZen také biofiltr.

Predpoklada se, Ze farmy vybudované v podzemi mést by mély
sniZit produkci CO, vznikajici provozem automobilii dovéZzejicich
produkty z vétSich vzdalenosti a také energii potiebnou ve sklenicich
na povrchu pro vytapéni nebo chlazeni. Uspory by pfinesla relativné
stala teplota v podzemi.

B Z rozhovoru s novou prezidentkou ITA/AITES zvolenou
v roce 2019
V ramci generdlniho shromazdéni ITA/AITES, které se konalo
v roce 2019 v Neapoli, byla poprvé za dobu existence Mezinarodni
tunelarské asociace do jejiho cela zvolena Zena. Je ji profesorka Jenny
Yan, kterd se vice nez 30 let vénuje podzemnimu stavitelstvi, dnes ve
své soucasné funkci zastupce feditele Cinské Zelezni¢ni akademie.
Zde z rozhovoru ocitujeme jen uvodni pasdz, ve které se prof.

Jenny Yan vénovala zdkladnim tudajim charakterizujicim obrovsky
rozmach tunelového stavitelstvi v Cing.

Do konce roku 2017 Cina postavila a uvedla do provozu 127 tis. km
Zeleznic vCetné 25 tis. km vysokorychlostnich. Na téchto tratich je
14 700 tuneld o celkové délce 15 751 km. Ve stejné dobé Cina sta-
vi 4,77 milionu km rychlostnich komunikaci, z nichz 136 tis. km
jsou dalnice. Tyto stavby zahrnuji 16 281 tuneli o celkové délce
15 240 km.

V poslednich péti letech bylo ro¢né uvedeno do provozu cca 1400 km
ZelezniCnich tuneld a 1000 km tuneld pro rychlostni komunikace.

Pokud jde o méstskou hromadnou dopravu, na konci roku 2017
bylo v provozu 165 kolejovych linek ve 34 méstech o celkové délce
5033 km, z toho bylo 3884 km podpovrchovych.

V soucasnosti je ve vystavbé 20 tis. km tuneltl a dalSich cca 20 tis.
km se projektuje.

B Posledni dlouhy tunel na nové trati Stuttgart — Wendlingen —
Ulm dokoncen

Némecké zZeleznice (DB) coby investor oslavily na konci fijna
2019 za ucasti mnoha vyznamnych hostii dokonceni mechanizova-
nych razeb posledniho velkého tunelu Albvorland na vyse zminéné
trati. Uskutecnilo se to prorazkou jizni trouby strojem EPBs nazva-
nym Wanda, zatimco severni troubu prorazil stejny typ stroje nazvany
Sibyla v srpnu 2019.

Oba stroje maji primér 10,82 m. Segmentové osténi mé vnéjsi pri-
mér 10,50 m a vnitini 9,60 m, tloustka segmentt je 450 mm a jejich
tel je Svycarskd firma Implenia, kterd pri razbé dosahla primeérné-
ho denniho vykonu 15 m s tim, Ze nejvyssi denni vykon byl 32 m.
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Tunel Albvorland délky 8176 m bude jednim z nejdelSich tunelti tunelovaci stroje o priméru 4,9 m, které pracovaly v hloubkach od

v Zeleznic¢ni siti DB. 20 m do 35 m. Osténi tuneld je provedeno ze stitkaného betonu. Na
B Prvni prorazka na stavbé nového kmenového sbérace Tha- trase je nékolik unikovych Sachet, které souCasné slouzi pro vétrani
mes Tideway v Londyné tunelti a udrzbu podzemnich prostor.

Na konci Hjna 2019 dokongil tunelovaci stroj EPBs o priméru Pri vystavbé linky, ktera trvala 8 let, bylo nutné prekonat fadu ob-

3,00 m razbu 1,1 km kanalizacniho sbérace v rdmci vySe zminéné tiIZi’ }11( mr{lz p re(jievsi(rin p aFr;(l ﬁs,ik ﬂacnéyih hormn’, krilz)eni vodnhich
stavby. Tento sbéra¢ bude napojen na hlavni kmenovy sbéra¢ délky et b It Vet Lkl o) POt NSOl ZEGETEIT Mnide

25 km, jehoZ vnitini primér bude 7,2 m a z vétsi ¢asti je trasovan pod tvof:enou hiStoriCk?mi GHE U g'.evdnoflo 2 TG0 K ravzil e e
a pul metru pod zaklady domu, pfi¢emZ provoz v domé a v obcho-

fekou Temzi v hloubce od 35 m do 65 m. dech. Které . hageii byt i zast
Razba prvni sekce tohoto kmenového sbérace délky 5 km brzy SEIDLUSIEEAN AT B GIEUURE A (T B NN

skonci prinikem stroje do jeho cilové Sachty. B InZenyrsky tyden ve Velké Britanii

Kréalovskd inzenyrska akademie usporadala 6. listopadu 2019 In-
Zenyrsky den, jako prvni akci nasledujictho inZenyrského tydne. Ten
by mél zvysit povédomi o naplni prace inZenyru, a co vSe inZenyrské
obory zahrnuji.

Podle nejnovéjsich vyzkum totiz 76 % mladych lidi ve véku 11 az
19 let v UK netusi, co lidé pracujici v inZenyrskych oborech skutecné
délaji. Podle Kralovské akademie tato skute¢nost ohrozuje budouci
rozvoj spolecnosti a ochranu Zivotniho prostedi.

Z prazkumu vyplynulo, Ze je nutné zaméfit se na rodice a vychova-
B Oteviena okruZni linka metra v Kodani (City Ring Metro | (e]e mladych lidi a zvysit jejich znalost inZenyrskych profesi, protoze

B Moderni stroj pro razbu sikmého tlakového privadéce

Ve Svycarském kantonu Tessino se stavi nova hydroelektrarna, kterd
bude vyuzivat spid mezi Ritomskym jezerem (1850 m n. m) a idolim
u méstecka Piota (1006 m n. m.). Pro razbu Sikmého tlakového priva-
déce délky 1,5 km vyrobila firma Herrenknecht moderni razici stroj
o priméru 3,2 m. Uklon $ikmého tunelu bude az 90 % (skoro 42°).
Razba Sikmého privadéce by méla byt zahdjena na jare roku 2020.

Nova elektrarna nahradi pivodni postavenou v roce 1917.

Line) 72 % rodic¢t nemé zadnou nebo jen malou znalost, ¢im se inZenyrské

Koncem zaii 2019 byla slavnostné danskou kralovnou oteviena | profese zabyvaji. A pfitom 62 % mladych ve véku 11 az 16 let se
15,5 km dlouhd okruzni linka kodariského metra. Ocekava se, Ze pfii- s rodici radi o své budouci profesi.

sp&je zasadnim zplsobem ke sniZeni netinosné dopravni zitéZe sou- Proto chce Krélovska akademie vyvijet trvalé Usili, aby se vyrazné

Casnych linek metra a zvySi tak komfort cestovéani. Na lince budou | zvysila povédomost o inZenyrské problematice mladych lidi i jejich

jezdit moderni plné automatizované soupravy bez fidice, které by | rodici.

mély rocné prepravit 100 mil. cestujicich. Ing. MILOSLAV NOVOTNY
Na lince je 17 novych podzemnich stanic. Razbu obstaraly Ctyfi mila_novotny @volny.cz
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68. GEOMECHANICKE KOLOKVIUM V SALZBURGU
68™ GEOMECHANICS COLLOQUIUM IN SALZBURG

It is a long tradition to inform in the TUNEL journal about the | mdalnim zachovani obsluZnosti izemi i opatieni k rychlému obnoveni
Geomechanics Colloquium organised by our Austrian colleagues in provozu na povrchu. Jako zajimavost 1ze vyzdvihnout metodu hlou-
Salzburg. The two-day conference was divided into four thematic | beni Sachet pod zastropenim. Pro projekt stanice a kifZeni byl vytvo-
areas. The first theme was on “Urban Tunnelling: a technical and | fen 3D geologicky model zdjmového tizemi. Obdobnou tematikou se
logistical challenge”. The second theme of the first colloquium day zabyvala prednaska ,, Trasa U5, vystavba v centru Berlina — technicka
was on “Research and development in tunnelling”. The second day alogisticka vyzva“, kterd pojednavala o vystavbé tratového tiseku me-
of the colloquium was opened by a thematic block of lectures titled tra se tfemi stanicemi, trasou vedenou pod zndmou berlinskou ulici
“Long-term experience with retaining structures”. The geomechanics Unter den Linden a podchézejici koryto feky Sprévy. Trasa propojuje
colloquium was concluded by a block of lectures attractive for stavajici stanice Brandenburger Tor na trase U55 a Alexander Platz,
tunnellers, titled “Challenges during the construction of the Brenner ktera je momentalné konecnou stanici na trase US5. K tésnéni prostie-
base tunnel”. The colloquium, packed with very successful and di byly pouzity tryskové injektaze, pro stabilizaci vyrubu a zlepSeni
interesting themes, was opened and closed, as every year, by Prof. Wulf | horninového masivu pod hladinou podzemni vody v misté podchodu
Schubert, Chairman of the Austrian Society for Geomechanics. Apart Sprévy bylo pouZito zmrazovéni. Potfebného utésnéni prostiedi bylo
from the professional level, the colloquium with its accompanying | dosaZeno po 40 dnech od zahdjeni zmrazovéni a po 75 dnech dosa-
events was also a societal and cultural event providing an opportunity | hovala mocnost zmrazeného horninového prostiedi staticky pozado-
for professionals from the field of geotechnics and underground | vanych 2,5 m. Aspekty socidlnich potfeb pfi vystavbé podzemnich

construction to meet. staveb v husté zastaveném tGzemi Londyna na projektu Crossrail se
zabyval prispévek ,,Moderni méstské tunelovani — reakce na socilni

Je jiz dlouholetou tradici informovat v ¢asopise Tunel o Geomecha- potieby*‘. Pfednaska s nazvem ,,Na hranici moznosti — razba v nesou-
nickém kolokviu, které pozadaji nasi rakousti kolegové v Salzburgu. drznych zeminich pod méstskou dalnici v Torontu* pojednavala ne-
Dvoudenni konference byla rozdélena do Ctyf tematickych oblasti. jen o technickém feseni podchodu frekventované dalnice Zelezni¢nim
Prvnim tématem bylo ,, Tunelovdni ve méstech — technické a logis- tunelem na trati spojujici kanadskd mésta Toronto a Kitschener, ale

tické vyzvy“ a obsahovalo celkem 6 prednisek. Uvodni pfedniska | i o procesu zmén technického feSeni v pribéhu soutéZe. Zelezni¢ni
s nazvem ,,Videniské metro, stanice Neubaugasse — pfipravné prace | tunel byl v zaddvaci dokumentaci navrzen jako dvoukolejny obdél-

a vyzvy na povrchu® popisovala tiskali vystavby v budoucnu prestup- nikového tvaru, razeny pod ochranou ocelovych trub v oblasti stropu
ni stanice metra na trase U2, ktera ktiZuje jiZ provozovanou trasu U3. a obou bokl tunelu. V ramci nabidky navrhl uchaze¢ dva jednoko-
Vystavba probiha v husté osidlené a zastavéné oblasti Mariahilfer | lejné tunely razené konvencné rovnéz pod ochranou predhanénych
Strafe a vyzadovala Cetné prelozky siti, logistickd feSeni pfi maxi- ocelovych trub. Pro ovéfeni funkce navrZzeného technického reseni
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Obr. 1 Geomechanické kolokvium v Salzburgu
Fig. 1 Geomechanics colloquium in Salzburg

byl pouzit slozity 3D matematicky MKP model. Stavba v dobé pre-
zentace prispévku jesté nebyla zahajena. Nasazenim NRTM na ame-
rickém kontinentu se zabyval i dalsi piispévek s nazvem ,,NRTM pro
vystavbu vyznamnych projektll metra v Severni Americe*. Projekt
Stuttgart21 se stal jiz synonymem pro ambicidzni technické reSeni
Zeleznicni dopravy v SRN, vedeni trasy v tunelech a zatsténi vyso-
korychlostnich trati do nové provadéného podzemniho nadrazi ve
Stuttgartu. O vystavbé tunelli pod méstem a tézkostech spojenych
jak s razbou v obtiznych geologickych podminkich anhydritu, tak
slozitych kiizenich raZzenych tunelovych tras, kdy dno jednoho tune-
lu tvoti strop niZe kfiZujiciho druhého tunelu, pojednéavala posledni
prednaska prvniho tematického bloku s nazvem ,,Tunely Feuerbach
a Bad Cannstatt — specidlni pozadavky na tunelovani v centru mésta
a obtiznych geotechnickych podminkéach®.

Druhé téma prvniho dne kolokvia neslo nazev ,, Vyzkum a vyvoj
v tunelovém stavitelstvi* a jeho obsahem bylo celkem 6 prednasek.
Prvni z pfednések s nazvem ,,Vyzkum pracovni skupiny OBB-Dre-
naze k materidlu drendzniho potrubi* poukazovala na problematiku
Zivotnosti a Gdrzby tunelovych drendzi. V soucasné dobé je ve spravé
rakouskych Zeleznic OBB celkem 420 km tunelovych drend#i rizného
stafi. Po dokonceni bazovych tunelt Koralm, Semmering a Brenner se
toto ¢islo zvysi na 1081 km. Dlouhodobym ¢isténim dochézi k posko-
zeni drendzniho potrubi, dalSim problémem je jejich zanaseni vyluhy
z betonu osténi i horninového masivu. Proto byla pfi OBB vytvorena
multiprofesni skupina, kterd se zabyva vyvojem materild, které by
zvySily Zivotnost potrubi pfi Cisténi a sniZily usazovani vyluhil. Téma
druhé prednasky ,,O Sancich a vyzvach nasazeni umélé inteligence
v podzemnim stavitelstvi — poznatky o automatizované klasifikaci
razby na prikladu prizkumné Stoly Ahrental-Pfons pro Brennersky
bazovy tunel* sméfovala spiSe do budoucnosti a ukazovala mozny
vyVvoj pri nasazeni umélé inteligence v této oblasti na konkrétnim pfi-
kladu prizkumné $toly pro Brennersky bazovy tunel. Zcela jinym té-
matem byly informace podané v prednasce ,,Novy standard Americké
asociace pro beton ACI 533 tykajici se aspektt projektovani a realiza-
ce tubingii* pojednavajici o skladbé segmentového osténi, jeho zati-
Zeni, tolerancich, testovani a konstrukénich detailech. Matematického
modelovani pfi razbé tuneld pomoci TBM a segmentového osténi se
tykala i dalsSi pfedndska s ndzvem ,,Robustni ndvrh segmentového
osténi — potencial pokrocilych numerickych simulaci pro navrh tune-
14 razenych TBM*. Pfednaska s ndzvem ,,Urcovani zemin pfi razbé
zeminovym Stitem: prehled aktudlnich laboratornich zkousek* byla
zaméfena na oblast mechaniky zemin a vyuZiti laboratornich testil pro
potfeby zeminovych Stitd. Posledni prednaska druhého tematického
bloku a prvniho dne kolokvia s ndzvem ,,Experimentdlni porovnani
analytickych metod k hodnoceni reakce budov na poklesy vlivem
tunelovani* se tykala vyhodnoceni analytickych postupi, které jsou
v soucasné dobé k dispozici a podle kterych je mozné posoudit reakci
budovy na deformace nadlozi vyvolané tunelovanim.

Tuel

Druhy den kolokvia zahdjil tematicky blok
prednasek s nazvem ,, Dlouhodobé zkuSenosti
s opérnymi konstrukcemi®. Prvni prednaska
s ndzvem ,,Vady uhelnikovych opérnych zdi
vlivem koroze — experimentalni a matematic-
ké simulace* poukazovala na problém obtizné
identifikovatelnych poruch thelnikovych zdi
spojenych s korozi vyztuZe v pracovnich spa-
rach na strané konstrukce, kterd je zasypana
zeminou. PfednéSejici seznamil se systémem
monitoringu vyvinutym pro tento typ kon-
strukci, ktery na zdklad€ natoCeni a protaZzeni
zdi dokaze signalizovat nebezpeci spojené
zejména s koroznimi Ubytky nosné vyztuze
v rohu thelnikové zdi. Koncept monitoringu
byl ovéren pomoci zatézovacich zkousek po-
kusnych vzorkii dhelnikovych zdi. Pfedndska ,,Rizeni rizik opérnych
konstrukci na dopravni siti ve spolkové zemi Styrsku* byla zamé-
fena na praktické pouZiti metody fizeni rizik opérnych konstrukci
pri jejich kontrole, tidrzbé a navrhu opatfeni. Byly také publikoviny
vzorce pro stanoveni koeficientu rizika podle riznych faktort zavise-
jicich na stavu konstrukce a jejiho poskozeni, typu konstrukce, vysky
funkc¢nosti odvodnéni apod. Pfednaska s ndzvem Udrzba opérnych
konstrukci na stitnich silnicich ve Svycarsku* seznidmila p¥itomné,
jakym zpiisobem je zajiStovana na opérnych konstrukcich ve spra-
vé spolkového tradu pro silni¢ni sit ASTRA jejich stav a zarucena
bezpecnost. V ramci pétiletych prohlidek podle smérnice 12002 je
vizudlné kontrolovén stav vSech opérnych konstrukci. V piipadé po-
tieby, kdy vizudlni kontrola nestaci, jsou provadéna dalsi sledovéni
apodle vysledk rizikové analyzy jsou konstrukce zafazeny do skupin
a navrZena pripadna opatfeni. Ta jsou doporu¢ovéana na zakladé hod-
noceni variant. Zptsob sledovani konkrétniho objektu je navrzen na
zakladé jeho moznosti kolapsu. Na zékladé prizkumu provadéného
v letech 2006 az 2013 na nérodnich silnicich N5 a N9 se ukazalo,
ze vizualni kontrola neposkytuje potiebné informace k identifikaci
vad. K odvréceni hrozby zficeni téchto konstrukci bylo investova-
no cca 150 miliond Svycarskych frankil. Pfedmétem predndsky byly
i vysledky ptipadovych studii pro posouzeni rizik spojenych s kotve-
nymi a nekotvenymi opérnymi konstrukcemi. Pfedndska s ndzvem
,,1850-2019: Zkusenosti s opérnymi konstrukcemi ve spravé OBB-
-Infrastruktura® hodnotila z dlouhodobého hlediska stav kotvenych
a nekotvenych opérnych konstrukci riiznych typl i materiald, ze kte-
rych byly postaveny. V dal§im ptispévku s ndzvem ,,Kotvené opérné
konstrukce z pocatku 80. let v oblasti Salzburgu* autofi poukazuji
na skutecnost, Ze pravidelné kontroly kotvenych opérnych konstruk-
ci vykazuji v poslednich deseti letech zdsadni vady trvalych kotev.
Zabyvaji se riznymi typy kotev i konkrétnimi pifiklady opérnych
konstrukei na silni¢ni siti i moznostmi oprav poskozenych opérnych
konstrukci. Tematicky blok o opérnych konstrukcich zavrSila pred-
naska s nazvem ,,Zprava o zkuSenostech s tdrzbou rizné kotvenych
podputrnych konstrukci na vysoko poloZené silnicni siti‘.

Geomechanické kolokvium zavrsil tunelafsky atraktivni blok pred-
nasek s nazvem ,, Vyzvy v pritbéhu vystavby Brennerského bdzového
tunelu“. Uvodni prednasku tohoto bloku s ndzvem ,,Brennersky ba-
zovy tunel — geologické, stavebné-technické a logistické vyzvy a ino-
vace v poloviné vystavby* prezentoval prof. Konrad Bergmeister,
ktery byl fadu let vedoucim projektu této vyznamné stavby. V ramci
prezentace predstavil historii projektu, koncepci technického fesent,
geotechnické poméry, problematiku vyuziti a deponovani vyrubaného
materidlu i fadu inovativnich opatfeni. K tém patii dimenzovéni kon-
strukei na Zivotnost 200 let, optimalizace plochy vyrubu u konvenc-
niho tunelovani nebo pouZiti autonomnich vozidel pro dopravu seg-
mentového osténi k tunelovacimu stroji na tseku Tulfes — Pfons. Pro
razbu téméf 230 km podzemnich systémi Brennerského bazového
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tunelu konvenc¢nimi i kontinudlnimi tunelovacimi metodami hraje dokumentovanych geotechnickych podminek a vysledku sil na dis-
zasadni roli spravna klasifikace horninového masivu, identifikace po- cich feznych néstrojt tunelovaciho stroje pfi razbé v tomto prostiedi.
ruchovych zon, stanoveni geotechnickych parametrt a spravné urceni Tento vyvoj umoZziiuje pravé razba priazkumné Stoly v celé délce tu-
vlastnosti i chovani masivu pfi razbé. Touto tematikou se zabyvala nelu a paralelni razba tratovych tunela. Vyuzitim informaci ziskanych
druhd prednaska zévérecného bloku s nazvem ,,Geotechnicka klasi- pri razbé prizkumné Stoly pfi razbé tunelti a metodami pruzkumu
fikace a charakteristika horninového masivu pii vystavbé Brenner- provadéného ve Stole se zabyval i posledni prispévek celého kolokvia
ského bazového tunelu — metodika a feSeni®. V celé délce tunelu je snazvem ,,Razba 15 km prizkumné stoly v iseku H33 Tulfes — Pfons
v predstihu raZena prizkumnd Stola, kterd ma za tikol s dostatecnym | pomoci TBM — prenos zkuSenosti a znalosti na hlavni tsek tunela“.
predstihem poskytnout dostatek informaci pro razbu hlavnich trato- Velmi Gspésné a zajimavymi tématy nabité kolokvium jako kazdy
vych tunelt a multifukénich stanic. Problematikou zpétné analyzy rok zahdjil i ukondil pfedseda Rakouské geomechanické spolecnosti
vysledkll ziskanych pfi razbé 15 km dlouhé Stoly pomoci TMB se | prof. Wulf Schubert. Kromé& odborné trovné byla svymi doprovod-
zabyvala prednaska s ndzvem ,,Brennersky bazovy tunel, tsek H33 nymi akcemi i spolecenskou a kulturni udalosti poskytujici prileZitost
Tulfes-Pfons: interakce mezi tunelovacim strojem a horninovym | k setkdni odbornikl z oblasti geotechniky a podzemnich staveb. Tak
masivem, jakoZ i opatfeni pro zvladani udalosti v poruchovych z6- se jiz dnes muzZeme téSit na 69. roénik geomechanického kolokvia,
nach®. Prispévek s ndzvem ,,Analyza diskovych sil TBM — moznosti | které je letos spojené s Rakouskym tunelafskym dnem a kond se
pouZiti* upozornil na moznost hodnoceni horninového masivu, jeho | v Salzburgu ve dnech od 7. 10. do 9. 10. 2020. BliZsi informace je
kvality, orientace diskontinuit vzhledem ke sméru vyrubu i identifika- mozné ziskat na adrese www.oegg.at. Veskeré prispévky, které na ko-
ci poruchovych zén. Hodnoceni by bylo mozné provadét na zaklade lokviu zaznély, je mozné si precist v 5. ¢isle Casopisu Geomechanics
hodnoceni sil na feznych discich tunelovaciho stroje. Tato metoda je and Tunnelling 2019.

teprve v zacatcich a jeji vyvoj bude znamenat porovnavani skute¢né Ing. LIBOR MARIK, HOCHTIEF CZ, a. s.

TUNELARSKE ODPOLEDNE 2/2019
TUNNEL AFTERNOON 2/2019

The theme of the second Tunnel Afternoon 2019 was ,,Swiss Tentokrat jsme zavitali mimo tizemi Ceské republiky, prednéasejici
landscape — in the footsteps of historical underground structures*. své vystoupeni pojmenoval ,,Svycarskou krajinou — po stopdch his-
The seminar was prepared, as several times in the past, by Mr. torickych podzemnich staveb“. Béhem odpoledne se promital film,
Ladislav Lahoda from the Historical Underground Research society — | ktery spolu se svymi kolegy natocil pan Lahoda béhem svych cest po

CMA; he projected a film on Swiss underground and accompanied it Svycarském tzemi. Cely film doprovazel svymi komentafi a mnoha
by his comments and many interesting stories. The beautiful footage zajimavymi pribehy, které se vazaly vzdy ke znazorfiovanym pod-
certainly attracted many participants to go to some of the places in | zemnim dillim, jeviim a dal§im skute¢nostem, které sdm zaZil, pro-
the future in person and it is possible to maintain that after watching zkoumal, objevil... Krdsné zabéry urcité naldkaly mnoho tcastnikil
this film, people will look at the Swiss landscape through completely | k tomu, aby se v budoucnu na néktera mista osobné vydali, a je moz-

different optics. né tvrdit, Ze po zhlédnuti tohoto filmu se budou lidé divat na Svycar-
skou krajinu zcela odlisnou optikou.

Druhé Tuneldfské odpoledne roku 2019 se konalo 6. listopadu Celkem se tohoto Tunelai'ského odpoledne zicastnilo témat 70 lidi.
v Centru vzd€lavani Skupiny Metrostav. Vzhledem k neklesajicimu | Vice informaci o tematice Ize vyhledat na internetovych strankach
zdjmu o problematiku historick€ho podzemi se tématem stala histo- | CMA - spole¢nosti pro vyzkum historického podzemi www.podze-
rickd podzemni dila jiZ poctvrté. Toto Tunelafské odpoledne pfipravil | mi-cma.cz.
jako 1 v minulosti pan Ladislav Lahoda, ktery se problematikou zaby- Ing. MARKETA PRUSKOVA, Ph.D.,
va po velmi dlouhou dobu. CzTA ITA-AITES

TISKOVA KONFERENCE CKAIT — KOLEKTOROVY SYSTEM MEST V CR A NA SLOVENSKU
CCAET PRESS CONFERENCE - UTILITY TUNNEL SYSTEMS IN CITIES AND TOWNS
IN THE CR AND IN SLOVAKIA

On 17" December 2019, the Czech Chamber of Authorised Engi- k evropské Spicce. K zasadnim predpistim patfi v roce 2017 novelizo-
neers and Technicians in Construction (CCAET) organised a press vand norma CSN 73 7505 Sdruzené trasy méstskych vedeni technic-
conference on the technical solution for utility tunnel networks in kého vybaveni nebo Technické podminky pro projektovdni a vystavbu
Prague and other towns in the CR and Slovakia. The objective of the sdruZenych tras inZenyrskych siti 3. a 4. kategorie, které byly vypra-
conference was to inform, through media, the wide public about the covany pro centralni oblast hlavniho mésta Prahy, Brna i dalSich mést
possibilities of leading utility networks in cities and towns without na nasem uzemi. Ukladani siti do sdruZenych tras je velmi stard a jiz
the necessity for expensive interventions into terrain surface relating v historii prosazovana metoda. Prvni sdruzené vedeni siti bylo na-
to subsequent repairs, solving defects or extensions of the utilities. lezeno ve starém Rimé, kde existuji kilometry starych kamennych
klenutych $tol pro rozvod vody, pozdéji vyuZzitych i pro jina média.

Ceska komora autorizovanych inZenyrdi a technikdi ¢innych ve |V Evropé je moZno jmenovat mnoho mést, kde byly postaveny v riiz-
vystavbé (CKAIT) usporadala dne 17. 12. 2019 tiskovou konferen- | nych dobéch jiZ dokonalé kolektorové systémy (z nejvétsich napt.

ci o technickém feseni kolektorovych siti v Praze a dalSich méstech Madrid, Pafiz, Londyn, Berlin, Ziirich aj.). V Praze bylo v posled-

v CR i na Slovensku. Cilem konference bylo seznimit prostfednic- nich letech postaveno celkem 93,7 km kolektorovych tras, které diky
tvim médii Sirokou vefejnost s moznosti vedeni inZenyrskych siti ve | vzniklym pravnim pfedpisim patii k jedném z technicky nejdokona-
méstech, aniZ by jejich nasledné opravy, feSeni havarii nebo rozsiro- lejsich na svété. Kolektorova sit fesi vySe popsané problémy, a na-
véani bylo spojeno s ndkladnymi zésahy do povrchu uzemi. vic umoziiuje inZenyrské sit€ vzdy kontrolovat, udrZovat, eventudlné

Vystavba kolektord mé v Ceské republice dlouholetou tradici a lze vyménovat, pokladat nové sité a provadét udrzbu na technickém vy-
konstatovat, Ze nejen jejich realizace, ale i predpisova zakladna patii baveni kolektoru bez jakéhokoliv zasahu do povrchu ulice. Historie
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BEZ NAS

Obr. 1 Tiskovd konference CKAIT o kolektorovém systému v CR
Fig. 1 Press Conference of the Czech Chamber of Authorised Engineers and
Technicians in Construction on the utility tunnel system in the CR

vzniku primarnich kolektort v Brn€ spada do zacatku sedmdesatych
let. Podobné vznikaly kolektorové systémy v dalSich méstech, jako
napiiklad Cesky Krumlov, Jihlava, T4bor, Ostrava. Sidlistni kolektory
byly vybudovany ve vétsiné naSich krajskych mést.

Prvnim prednaSejicim byl Ing. Jan Sochdrek z firmy Ingutis, ktery
je mistopredsedou normalizacni komise pro kolektory SRN Lipsko,
vykonéval funkci HIP a na vyznamnych prazskych stavbach metra
a celého systému kolektorové sité v Praze, Brné nebo Tabore. V pred-
nasce s nazvem ,,Kolektorovy systém v Praze a Ceské republice* se-
znamil ptitomné s koncepci a technickym fesenim kolektorii v Praze,

Brné a Bratislave, s rozdélenim kolektort podle jejich ucelu, naplné,
umisténi a velikosti a jejich pozitivnim vlivem na provoz mésta i Zi-
votni prostiedi. Druhym prednasejicim byl pan Ing. Zbynék Pros-
ke, ktery je vedoucim oddé€leni technické infrastruktury na katedie
méstského inZenyrstvi Fakulty stavebni na VSB-TU Ostrava. Jeho
prednaska byla zaméfena na kolektorovou sit v Ostravé. Sdélil po-
drobné informace o sitich vedenych v ostravskych kolektorech, jejich
situovani v ramci mésta, jejich konstrukénim feSeni a monitorovacim
systému s prenosem informaci na dispecink v siti GPRS. Specifikem
ostravskych kolektor( je jejich vedeni v poddolovaném tizemi ve slo-
Zitych geologickych pomérech s moZnosti vyskytu metanu. Posled-
nim prednasejicim byl pan Ing. Jifi Klinger, ktery je viceprezidentem
Ceské asociace telekomunikaci, ¢lenem sektorové rady pro IT a elek-
tronické komunikace a mistopfedsedou zkusebni komise CKAIT pro
obor technologicka zafizeni staveb. Jeho prednaska s nazvem ,,Sité
elektronickych komunikaci, zdkon o vysokorychlostnim internetu,
liniové stavby“ byla zaméfena obecné na legislativu spojenou s pod-
zemnim vedenim siti, tj. nejen v kolektorech, ale i kabelovodech,
multikanalech, kynetach (kabelovych ryhach), chrani¢kidch apod.
V prednésce upozornil, Ze stavebni pravni predpisy nim pro podzem-
ni vedeni energetiky a elektronickych komunikaci ukladaji umistovat
tato vedeni v zastavénych a zastavitelnych ¢astech mést a obci pod
zemsky povrch, a to pfednostné s vyuZitim kolektord, kabelovodd,
resp. tzv. sdruzenych tras. V souvislosti s tim poukazal na soucasnou
praxi, néktera Uskali s vedenim siti ve méstech a obcich. Celou tisko-
vou konferenci moderoval predseda CKAIT, pan Ing. Pavel Kiecek.

Ing. LIBOR MARIK

KRUSNOHORSKY BAZOVY TUNEL - PREDBEZNA TRZNi KONZULTACE V PRAZE

A KONFERENCE VE FREIBERGU

ORE MOUNTAINS BASE TUNNEL — PRELIMINARY MARKET CONSULTATION IN PRAGUE

AND CONFERENCE IN FREIBERG

The Ore Mountains base railway tunnel on the planned Prague —
Dresden high-speed rail line, which is slowly getting into the aware-
ness of the Czech public, is a joint project of the Czech Republic and
the Federal Republic of Germany. On 15" January 2020 in Prague,
representatives of the Railway Administration and the DB Netz in-
formed in the form of a preliminary market consultation the inter-
ested parties about the planned stages of the project and development
of a new Prague — Dresden railway link. The interest of the technical
public was enormous and the participation was confirmed by repre-
sentatives of 73 companies from the Czech Republic, Germany, Aus-
tria, Slovakia and other countries. On 23" January 2020, the final all-
day conference on the INTERBERREG-Va project on cross-border
collaboration for development of Saxony — CR railway transport was
held in Freiberg, Germany, in the premises of Alete Mensa.

Krusnohorsky Zelezni¢ni bazovy tunel na planované vysokorych-
lostni trati Praha — Drazdany, ktery se pomalu dostava i do povédomi
eské vefejnosti, je spole¢nym projektem Ceské republiky a Spolko-
vé republiky Némecko. V prabéhu ledna 2020 se objevily v kalendari
zdjemct o tento projekt hned dv€ moZnosti, jak se dozvédét z hledis-
ka dalsiho vyvoje zase o néco vice. Prvni akce se konala 15. ledna
2020 v Praze a zastupci Spravy Zeleznic i DB Netz formou predbéz-
né trzni konzultace informovali zdjemce o predpoklddanych etapich
projektu i vystavby nového Zelezni¢niho spojeni Praha — Drazdany.
Zajem technické vefejnosti byl obrovsky a ucast potvrdili zastupci
73 firem z Ceské republiky, Némecka, Rakouska, Slovenska i dalSich
zemi. Spojeni Berlin — DraZdany — Praha je vyznamnym spojovacim
¢lankem, ve kterém se ocekava vyrazny narust preshranicni Zeleznic-
ni dopravy. Nevhodné topografické podminky v oblasti udoli Labe,
ve kterém je stavajici traf trasovéna, tvoii iizké hrdlo, které na spojnici

Praha — Drazdany nedovoluje zrychleni dopravy ani rozsiteni traté.
Na némecké strané tvofi stavajici spojeni elektrifikovana dvoukolejna
trat Dresden-Neustadt — Bad Schandau — statni hranice usek délky
54,1 km umoziujici maximalni rychlost 100 km/h, resp. 160 km/h.
Na Ceské strané je rovnéz elektrifikovana dvoukolejnd trat rozdélena
na dsek Bad Schandau — stétni hranice — D&&in a dsek Décin — Usti
nad Labem s maximélni rychlosti 105 km/h, resp. 160 km/h.

Po dokonceni tseku by se trat zkritila o 25 km a doba jizdy mezi
Berlinem a Prahou ze soucasnych 4:15 hod. na 2:30 hod., pficemZ
z Berlina do Drazdan by bylo moZné se dostat za 90 min a za dalSich
60 min by bylo moZné dojet aZ do Prahy. Kromé uvedeného zkra-
ceni trati i jizdnich Cast by nova trat snizila hlukovou z4téz naklad-
ni dopravy a poskytla Zelezni¢ni spojeni zabezpecené proti povod-
nim. Spojeni Drazdany — Usti nad Labem je z hlediska financovéni
a kompetenci rozdéleno na tfi oblasti. Oblast mezi Drazdany a obci
Heidenau je plné v kompetenci DB Netz (Némecka), tsek Hei-
denau — Usti nad Labem v délce 44 km je tzv. spoleénym prostorem
obou republik, ve kterém je dvoukolejna traf navrhovana na rychlost
200 km/h a smiSeny provoz ndkladni a osobni dopravy. Pro osob-
ni dopravu se pfedpoklada rychlost 200 km/h, pro ndkladni dopravu
120 km/h. Kli¢ovy pro tuto oblast je pravé Krusnohorsky bazovy tu-
nel, ktery podchézi pohoti Krusnych hor v délce az 26 km. Pro spoje-
ni Drdzdan s Ustim nad Labem se zatim sleduje 7 variant vedeni trasy
oznacCenych pismeny A aZ F (obr. 1 Mapa variant). Pro razbu tunelu
se predpokladé pouziti jak konvencnich tunelovacich metod, tak raz-
ba pomoci tunelovacich stroju. Pred tunelem bude umisténo nadrazi
pro kfizovani a predjizdéni vlaki. Po vzoru bazovych tuneli bude
v souladu s bezpe¢nostnimi pozadavky EU zachranné nadrazi umis-
t&no i v tunelu. Oblast Usti nad Labem je pIn& v kompetenci Spravy
Zeleznic a Ceské republiky. Napojeni spole¢né oblasti a narodnich
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Obr. 1 Mapa variant Kru§nohorského bdzového tunelu
Fig. 1 Map of variants of the Ore Mountains base railway tunnel

oblasti bude koordinovano. Planovani, realizace a financovani narod-
nich oblasti je plné v rezii obou republik, thrada ndkladi spolec¢né
oblasti je rozdélena podle kilometrl preshrani¢nich ¢asti a odpovida
poméru 43 % pro CR a Spravu Zeleznic a 57 % pro SRN a Deutsche
Bahn. Pfiprava projektu je rozdélena do 9 fazi. Jedna se o 1. Stano-
veni podkladd, 2. Pfedbézné planovani s odhadem nakladd, 3. Navrh
projektu véetné propoctu nékladu, 4. Schvalovaci projekty, 5. Prova-
déci planovani, 6. Pripravu zadani zakazky, 7. Soucinnost pfi zadava-
ni zakédzky vcetné rozpoctu ndkladd, 8. Dozor a dokumentaci. A ko-
necné faze 9: Zaopatieni objektu véetné jeho kontroly pred uplynutim
zaruky. Pfedmétem predbézné trzni konzultace byly projektové fizeni
a pldnovani pro prvni dvé faze zpracovani projektu, a sice spolecna
vefejnad zakdzka na manazera projektu a planovani spole¢né oblasti
tratového tiseku mezi Heidenau a Ustim nad Labem. Zadavatelem je
Sprava Zeleznic a DB Netz jako spole¢ny zadavatel (,,Zadavatelé*).
V ramci predbézné trzni konzultace byla registrovanym ucastnikiim
poskytnuta celd fada informaci k vlastnimu zadéni soutéze, legislativ-
nimu ramci zakazky i o predstavach zadavatelti o dosazenych cilech
v uvedenych etapach.

O 9 dni pozdé&ji se dne 23. 1. 2020 v némeckém Freibergu v pro-
storach Alete Mensa konala zavérecna celodenni konference projektu
INTERREG-Va Preshrani¢ni spoluprace pro rozvoj Zelezni¢ni do-
pravy Sasko — CR. V ramci dopoledniho programu konference byly
predstaveny dosazené vysledky v oblasti dopravnich a socio-ekono-
mickych analyz, geologického zkoumani izemi a vizualizace vysled-
ka v GIS nebo tvorby digitdlniho 3D geologického modelu a zatim
dostupnych podkladua pro jeho sestaveni. Byly predstaveny dopravni
progndzy pro Casovy horizont roku 2030 s VRT a bez VRT, pficemz
bylo uvedeno, Ze v pripadé VRT by se piredpokladalo spojeni EC Ber-
lin — Praha v hodinovém intervalu, kazdé dvé hodiny by v rdmci regi-
ondlni dopravy jezdily vlakové spoje Drazdany — Heidenau — Teplice
a kazdé dvé hodiny by bylo zaji§téno i spojeni Drazdany — Usti nad
Labem. Potencidlnimi socio-ekonomickymi piinosy vysokorychlost-
ni traté Praha — Usti nad Labem — DraZdany pro ptihrani¢ni region
se zabyvali zastupci Univerzity Jana Evangelisty Purkyn& v Usti nad
Labem, ktefi ve svém pfispévku informovali o vliva VRT z pohledu
jedince, firem i regionu. Odpoledni program konference byl zamé-
fen na geologické aspekty zdjmového dzemi, ve kterém se predpo-
klada vedeni trasy tunelu, a s nimi spojena rizika pfi projektovani

i razeni podzemniho dila. Pfednasek se kromé celé fady odbornikil
z CR i SRN tcastnil i pan Gerhard Harer, ktery byl fadu let vedou-
cim projektu bazového tunelu Koralm v Rakousku a ktery prednasel
prave o zkuSenostech z vystavby dlouhych tunelii ve slozitych geo-
technickych podminkéch. Spolecné se Sabine Kulikov, kterd vede
geologickou skupinu pro Krusnohorsky bazovy tunel, byli oba tcast-
niky panelové diskuse o dlouhych bazovych tunelech na konferenci
Podzemni stavby Praha 2019. Pfednasky odpoledniho odborného ko-
lokvia se tykaly moznosti geofyzikalnich metod pri zkouméni Gzemi,
problematiky abrazivity zastiZzenych hornin, metodiky jejiho zjistova-
ni a ekonomickych dopadil pfi razbé tunelu, hydrogeologickych po-
méra a vytvareni koncepénich geologickych modelii pro posuzovani
variant VRT Praha — DraZdany. Jako vstupni data jsou pouzivany jak
archivni podklady z loZiskového prizkumu v oblasti Krusnych hor,
tak zkuSenosti z razby tunel na délnici D8 i analyza pricin sesuvu
na stejné délnici u Dobkovicek. Konference koncila v pozdnich od-
polednich hodinéach a ze strany organizatort byla perfektné zajisténa.
Hlavni aktéry odpoledniho programu ukazuje fotografie na obr. 2.

Ing. LIBOR MARIK, HOCHTIEF CZ, a. s.

Obr. 2 Konference projektu INTERREG-Va Preshranicni spoluprdce pro roz-
voj Zelezni¢ni dopravy Sasko — CR

Fig. 2 Conference of the INTERREG-Va Cross-border collaboration for devel-
opment of Saxony — CR railway transport
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ZELEZNICNI MOSTY A TUNELY 2019
RAILWAY BRIDGES AND TUNNELS 2019

The jubilee 25" annual conference Railway bridges and
tunnels was held on 16™ January 2020 in the congress hall of
Olsanka hotel. Half of the 2™ block was dedicated to tunnels. In
the beginning, Ing. Michal Uhrin and Ing. Marcel Postek from
SUDOP Praha a.s. introduced an overview of railway construction
projects: Reconstruction of rail tracks in the Vinohrady tunnels,
Modernisation of Ostrava rail junction; Study on circling of railway
connection between Vdclav Havel Airport into Prague — Vdclav
Havel Airport — Kladno rail track; Modernisation of Brno — Prerov
rail track; Optimisation of Cernosice — Berounka rail track; Plzeri
railway junction, construction lot No. 5 — Lobzy-Koterov. Then
Ing. Tomas Holubek from Subterra a.s. shared with the audience
the experience from the construction of the Milochov tunnel.

Dne 16. ledna 2020 se v kongresovém salu hotelu OlSanka konal
jubilejni 25. ro¢nik konference Zeleznicni mosty a tunely. Tunelim
byla vénovéna polovina II. bloku, kde nejprve Ing. Michal Uhrin
a Ing. Marcel Postek predstavili prifez Zelezni¢nimi projekty, které
zaméstnavaly stfedisko tuneld ve spolcenosti SUDOP PRAHA a.s.
v roce 2019. Konkrétn€ se jednalo o projekty: ,,Rekonstrukce koleji
ve vinohradskych tunelech®; ,,Modernizace Zelezni¢niho uzlu Ostra-
va“; ,,Studie zaokruhovani Zelezni¢niho spojeni letisté Vaclava Havla
do trati Praha — LetiSté Vaclava Havla — Kladno*; ,,Modernizace trati
Brno — Prerov®; ,,Optimalizace trati Cernosice — Berounka® a ,,Uzel
Plzen, 5. stavba — Lobzy-Koterov*. Poté se slova ujal pan Ing. Tomas

Obr. 1 Predndsejici Ing. Marcel Posték
Fig. 1 Speaker Ing. Marcel Postek

Holubek ze spol. Subterra a.s. a podélil se s posluchaci o zkuSenosti
z realizace tunelu Milochov.

Konference Zelezni¢ni mosty a tunely sice nepatii k nejvyznam-
néjSim tunelarskym udéalostem roku, presto si jiz Ctvrt stoleti zacho-
véva prizeni mnoha tcastnikll zejména z fad spravci, investord, pro-
jektantt a stavitel téchto inZenyrskych staveb.

Ing. TOMAS ZITKO, CEng MICE, EUR ING
SUDOP PRAHA a.s.

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA
METRO D - NOVA LINKA PRAZSKEHO METRA

Od zahdjeni nulté etapy vystavby trasy metra D formou geologic-
kého prizkumu uplynulo od ¢ervna 2019 jiZ vice neZ pul roku, a tak
miiZeme na vSech Ctyfech lokalitdch v oblasti stanic Pankric — Ol-
brachtova, kde je geologicky priizkum situovan, zaznamenat znacny
pokrok v postupu provadénych praci.

Spolecnosti INSET a GeoTec-GS provedly celkem 59 vychozich
pasporti podzemnich i nadzemnich objektt v z6né ovlivnéni stavby,
a to véetné stavajicich tunelii metra C, které se budou s novymi tune-
ly metra D vyskové kiizit. Bylo jiz také realizovano nekolik desitek
hydrogeologickych, inklinometrickych a extenzometrickych vrti po-
tiebnych pro dal§i monitoring a dokumentaci vyvoje geologického
prostiedi dot¢eného tizemi.

Spolecnosti Metrostav, Hochtief a Strabag, které jsou zdkladnimi
nositeli vSech praci v podzemi, kromé vybudovani nezbytnych are-
ald ZS a prelozek inZenyrskych siti jiz kompletn€ vyhloubily tfi ze
Ctyt vstupnich Sachet (obr. 1) a se zac¢atkem letoSniho roku tak mohly
uspesné a podle platného harmonogramu zahéjit i razbu prvnich met-
i horizontalnich $tol a tunelt (obr. 2), které vétSinové kopiruji stopu
Stol a tunelti budouci provozované trasy metra D.

Velmi dulezita udalost pro dalsi plynulost vystavby trasy nastala
v lednu 2020, kdy v souladu se schvédlenym fazovanim dalsi vystavby
metra D byl zahdjen vybér zhotovitell stavebni ¢asti prvniho provoz-
niho useku Pankrac — Olbrachtova s predpokladem zahdjeni stavby
tohoto tseku v ¢ervenci 2020.

Pro dalsi navazujici tsek trasy Olbrachtova — Nové Dvory s pfistu-
povymi tunely z Pisnice se s koncem roku 2019 obstaravateli zada-
vatele stavby spolecnosti InZenyring dopravnich staveb podarilo na

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

It has been more than six months since June 2019 since the start
of the zero stage of the construction of the metro D line in the form
of geological survey, therefore, we can record significant progress
in work operations in all four localities in the area of Pankrac —
Olbrachtova stations, where the geological survey is located..

The companies of INSET and GeoTec-GS carried out 59 initial
condition surveys of underground and aboveground structures in
the zone affected by the construction, including the existing metro
C tunnels, which will be crossed by the new metro D tunnels at
different levels. Several tens of hydrogeological, inclinometer

Obr. 1 Lokalita PAD 4
Fig. 1 Locality PAD 4




Obr. 2 Lokalita VO-OL
Fig. 2 Locality VO-OL

tento usek podat zadost o stavebni povoleni. Tato procesni udalost
podporila predpoklad plynulosti ddle navazujici vystavby se sta-
le platnym cilem dokoncit trasu metra D v celé své délce v jednom
case.

Ing. BORIS SEBESTA, borissebesta61 @gmail.com
Ing. MICHAL SERAK, serak@idspraha.cz

NOVE ZELEZNICNIi TUNELY NA IV. ZELEZNICNIM
KORIDORU

V ramci stavby ,,Modernizace trati Sudoméfice — Votice* se buduji
dva nové Zelezni¢ni tunely. Oba tunelu jsou raZzeny Novou rakouskou
tunelovaci metodou. Investorem stavby je Sprava Zelezni¢ni dopravni
cesty, s.0. a zhotovitelem stavby spole¢nost OHL ZS, a.s.

Tunel Mezno
Tunel Mezno je razeny Zelezni¢ni dvoukolejny tunel celkové dél-
ky 840 m, z toho raZena ¢ést tvori 768 m, navazujici hloubena cast
u vjezdového portalu ma délku 48 m a u vyjezdového portalu 24 m.
Od zari 2019 probihd dovrchni razba ze stavebni jamy vyjezdo-
vého (prazského) portdlu. Uvodnich 15 m razby bylo realizovano
ve vystrojovaci tfidé (VT) 5 se zdbérem 1,0 m pod ochranou mikro-

Obr. 3 Celba kaloty tunelu Mezno v TM 348
Fig. 3 Mezno tunnel excavation face at tunnel chainage m 348
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and extensometer boreholes required for further monitoring and
documenting the development of the geological environment of the
affected territory have also been completed.

The companies of Metrostav, Hochtief and Strabag, which are
the basic bearers of all work in the underground, with the exception
of building up construction site facilities and relocations of utility
networks necessary, have already completely excavated three of
four entrance shafts (see Fig. 1), thus they could successfully and in
compliance with the valid schedule commence at the beginning of
this year the excavation of initial metres of horizontal galleries and
tunnels (see Fig. 2), which mostly copy the footprint of galleries and
tunnels of the future operating line of metro D.

An event very important for future fluency of the development
of the metro line took place in January 2020, when the selection
of contractors for the civil construction part of the first operational
section Pankrac — Olbrachtova commenced in compliance with the
approved phasing of the next development of the metro line D, with
the assumption of starting the construction of this section in July
2020.

Regarding the following section of the line, Olbrachtova — Nové
Dvory, with access tunnels from Pisnice, the company of InZenyring
Dopravnich Staveb, the procurer for the contracting authority,
managed to submit the application for construction permit for this
section at the end of 2019. This procedural event supported the
assumption of fluency of the subsequent development with the still
valid goal of completing the metro line D in its entire length in one
time.

Ing. BORIS SEBESTA, borissebesta61 @gmail.com
Ing. MICHAL SERAK, serak@idspraha.cz

NEW RAILWAY TUNNELS ON RAILWAY
CORRIDOR IV

Two new railway tunnels are under construction within the
framework of the “Modernisation of the Sudoméfice — Votice track”
project. The two tunnels are being driven using the New Austrian
Tunnelling Method. The Railway Infrastructure Administration,
state organisation, is the project owner and OHL ZS, a.s. is the
construction contractor.

Mezno tunnel

The Mezno tunnel is an 840m long mined double-track railway
tunnel; 768m of its length are being mined; the following sections
at the entrance and exit portals are 48m and 24m long, respectively.
Since September 2019, the uphill excavation of the tunnel has been
carried out from the construction pit for the exit (Prague) portal. The
initial 15m of the excavation were driven through excavation class
VTS5 with the excavation round 1.0m long, under the protection of
canopy tube pre-support prepared in advance within the framework
of the excavation of the construction pit. The
excavation further proceeds through VT4 with
the average excavation round length of 1.6m,
locally through VT3 with the round length of
2.0m and through VTS5 excavation class. The
excavation has encountered mostly fractured
paragneiss classified as R3 to R4 strength, with
close to medium spacing of discontinuities.
The rock is disintegrated using blasting. Muck
is deposited and crushed directly in the area of
the site arrangement. It is subsequently used
within the framework of developing the new
route of the corridor. The work on the excavation
and stabilisation of the construction pit for the
entrance portal proceeds simultaneously with
the excavation of the tunnel. As of 21* January
2020, excavation of 330m of the top heading and
210m of the bench (see Fig. 3) has been finished.
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Obr. 4 Celba kaloty tunelu Debore¢ v TM 535
Fig. 4 Deborec tunnel excavation face at tunnel chainage m 535

pilotového destniku pfipraveného v piedstihu v ramci hloubeni sta-
vebni jamy. Dale se pokraCuje prevazné ve VT4 s primérnou délkou
zabéru 1,6 m a lokalné€ ve VT3 se zabérem 2,0 m a VT5. Razbou
jsou zastiZeny pfevazné rozpukané pararuly pevnostni tfidy R3 az R4
s velkou az stfedni hustotou diskontinuit. K rozpojovani horniny je
vyuzivano trhacich praci. Pfimo v areélu zafizeni staveniSté je vyrub
deponovan, drcen a nasledné vyuZivan v rdmci budovani nové trasy
koridoru. SoubéZné s razbou probihaji prace na hloubeni a zajisto-
vani stavebni jamy vjezdového portalu. K 31. 1. 2020 bylo vyrazeno

My

330 m tunelu v kaloté a 210 m v opéfi (obr. 3).

Tunel Deborec

Tunel Deborec je razeny Zelezni¢ni dvoukolejny tunel celkové dél-
ky 660 m, z toho razena ¢ast tvoti 562 m a navazujici hloubené Casti
u obou portald maji délku 49 m.

Aktualné se dokoncuje razba tunelu z vyjezdového (prazského)
portalu ve VT4 s délkou zabéru 1,0 m. Kalota prochdzi pararulami
pevnosti R4 aZz R5 s velkou hustotou diskontinuit a nepifiznivym
uklonem foliace. K 31. 1. 2020 bylo vyrazeno 550 m tunelu v kaloté
a 307 m v opéfi (obr. 4). Po prorazeni tunelu v kaloté bude opro-
ti pvodnimu projektu v tseku priichodu geologické poruchy profil
uzavirdn protiklenbou v délce 96 m.

Ing. TOMAS JUST, tjust@ohlzs.cz, OHL ZS, a.s.

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunely Ov¢iarsko a Zilina

Oba dialni¢né tunely Ov¢iarsko (2 367 m) a Zilina (687 m) st
stcastou dialni¢ného tseku D1 Hri¢ovské Podhradie — Lietavska
Luacka, ktorého celkova dizka je 11,320 km. Dialni¢ny tsek tvori
juzny obchvat mesta Zilina. Stavebnikom a zarovefi budticim sprav-
com tunela je Narodnd dialni¢nd spolocnost, a.s. Dialni¢ny usek
uSetri motoristom 10 minut. Spustenie dialniéného tseku prispeje
k lep§im Zivotnych podmienkam tak pre mesto Zilina, ako aj pre
okolie.

Zhotovitelom dialni¢ného tseku D1 HriCovské Podhradie —
Lietavska Lucka je Zdruzenie Ovciarsko (Doprastav, a.s. — lider zdru-
Zenia, Vahostav — SK, a.s. — ¢len zdruZenia, STRABAG s.r.0. — ¢len
zdruZenia, Metrostav a.s. — ¢len zdruzenia).

Samotna vystavba tunela Ovciarsko zacala v roku 1996 razenim
prieskumne;j §tolne. Prieskumna Stoliia tunela bola prerazend v aprili
1998. Tunel tvoria dve samostatné tunelové rury, kazda pre jeden smer
jazdy. Podla dizky je zaradeny medzi stredne dlhé tunely. Primarne

Deborec tunnel

The Debore¢ tunnel is a 660m long mined
double-track railway tunnel; 562m of its length
are being mined; the following sections at the
entrance and exit portals are 49m long each.

Currently the tunnel excavation from the
exit (Prague) portal proceeding through VT4
with the excavation round length of 1.0m
is being finished. The top heading is driven
through paragneiss with strength class R4 to
RS, with close spacing of discontinuities and
unfavourable dip of foliation. As of 31* January
2020, 550m of the tunnel excavation (370m in
the top heading and 307m in the bench — see Fig.
4) have been finished. After the breakthrough of
the top heading, 96m of the profile will be closed
by an invert in the section passing through a
geological fault.

Ing. TOMAS JUST,
tjust@ohlzs.cz, OHL Z8, a.s.

THE SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

ov¢iarsko and Zilina tunnels

Both motorway tunnels, the Ov¢iarsko (2367m) and the Zilina
(687m), are parts of the Podhradie — Lietavska Liicka section of the
D1 motorway. The total length of the section amounts to 11.320km.
The motorway section forms the southern by-pass of the town of
Zilina. Nérodnd dialniéna spolo¢nost, a. s. (National Motorway
Society) is in the position of the project owner and, at the same time,
the future tunnel administrator. The motorway section will save
motorists 10 minutes. Opening the motorway section to traffic will
contribute to better living conditions for both the town of Zilina and
its surroundings.

The contractor for the construction of the Hriovské Podhradie
— Lietavska Lucka section of the D1 motorway is the ZdruZenie
Ovciarsko consortium (Doprastav, a.s. — leader of the consortium,
Vahostav — SK, a.s. — a member of the consortium, STRABAG s.r.0.
—a member of the consortium and Metrostav a.s. — a member of the
consortium).

The construction work on the Ov¢iarisko tunnel itself commenced
in 1996 by driving an exploratory gallery. The exploratory gallery
of the tunnel broke through in April 1998. The tunnel is formed by
two independent tunnel tubes, each one for one direction of travel.
According to the length, the tunnel is categorised among medium-
length tunnels. The construction of the primary linings around full
profiles of the NTT and STT started in September 2014 and was
finished in April 2016 and July 2016, respectively.

The work on the Zilina tunnel commenced in July 2014 by bulk
excavation at the western portal. The realisation of the primary lining
(tunnel excavation operations) started in November 2014 and, after
731 days, the Zilina tunnel broke through (January 2017). The whole
tunnel construction proceeded in extremely complicated engineering
geological conditions, which caused extension of the excavation
period by 336 days.

Currently, the secondary linings in both tunnels are finished and
the final phase of the construction work is underway, including
elimination of snagging. The installation of dry fire mains in cross
passages (based on project owner’s requirement) remains to be finished
and the installation of tunnel equipment — minor modifications before
opening the tunnel to traffic — is being completed. A tactical exercise
of rescue units will take place before the handover of the motorway
section together with both tunnels to the client.



Tuel

ostenie v plnom profile sa zaCalo realizovat v 09/2014 a bolo hotové
v 04/2016 (STR), resp. v 07/2016 (JTR).

Préce na tuneli Zilina zacali v 07/2014 zemnymi tGpravami na
zapadnom portdli. Realizdcia primarneho ostenia (razi¢ské pra-
ce) zacali v 11/2014 a po 731 diloch bol tunel Zilina prerazeny
(01/2017). Cela vystavba tunela prebiehala v extrémne naro¢nych
inZinierskogeologickych podmienkach, ¢o predstavovalo predizenie
razenia o 336 dni.

V sucasnej dobe su v oboch tuneloch zrealizované sekundarne
ostenia a prebieha findlna faza realizicie spolu s odstranovanim
nedorobkov. Ostava zrealizovat suchovody v prie¢nych prepojen-
iach (na zéklade poziadavky objednavatela) a finalizuje sa realiza-
cia technolégii tunelov — drobné upravy pred uvedenim tunelov do
prevadzky. Pred samotnym odovzdanim dialni¢ného tseku spolu
s oboma tunelmi bude zrealizované taktické cvicenie zachrannych
zloZiek.

Tunel Cebrat

Stcastou dialni¢ného dseku D1 Hubova — Ivachnova bude aj dvoj-
rirovy tunel Cebrat s dizkou 3,68 km. V predoslych rokoch boli diag-
nostikované rozsiahle problémy so stabilitou Gzemia na zdpadnom
portdli tunela Cebrat a nadvizujicom tseku dialnice, ktoré si vyZia-
dali rozsiahle zmeny v technickom rieSeni, ktoré musia byt posude-
né v procese EIA a nésledne povolené v zmysle stavebného zdkona.
Z tohto dovodu su aj na zaciatku roku 2020 eSte stale prace na tomto
tuneli pozastavené a realizuje sa len projekt geologickej tlohy.

Zhotovitelom stavby je zdruZenie spolonosti OHL ZS, a.s.,
a Vahostav — SK, a.s.

Tunel Visiiové

Najdlh$im slovenskym dialnicnym tunelom ma byt tunel ViSiové
s dlZkou 7,5 km, ktory je sicastou tiseku dialnice D1 Lietavska Licka
— Visniové — Dubnd Skala. Tunel je polohovo vedeny juzne od kraj-
ského mesta Zilina. Obe riiry tunela Vi§iiové boli prerazené v auguste
2018, po 40 mesiacoch razenia. BetonaZ sekundarneho ostenia je ho-
tové na viac ako 60 % dizky tunela.

Zaciatkom marca 2019 bola schvélena a podpisand dohoda o ukon-
Ceni prac na useku Lietavska Licka — Visfiové — Dubna Skala medzi
objednavatelom, Narodnou dialni¢nou spolo¢nostou, a zhotovitelom,
zdruZenim Salini Impregilo — Diiha. V polovici roku 2019 boli pra-
ce tak na tuneli, ako aj na stvisiacom dialnicnom tseku ukoncené.
Koncom januara 2020 bolo vyhldsené verejné obstaravanie prac su-
visiacich s pokracovanim a dokoncenim stavby dialnice, pricom tieto
zahfnaju aj dokoncenie stavebnej Casti tunela. Na technologické vy-
bavenie tunela bude vypisand osobitna sutaz.

Tunel Biko$
V juli 2019 sa slavnostnym poklepanim zadkladného kamena za-
cala vystavba rychlostnej cesty R4 PresSov, severny obchvat, 1. etapa.
Stucastou 4,3 km dlhého tseku rychlostnej cesty budovanej v plnom
profile bude aj dvojrirovy tunel Biko$ s dizkou 1155 m. Aj zaciat-
kom roku 2020 stale prebiehaju pripravné prace pre zaciatok razenia
tunela, ktory sa predpokladd v maji. Zhotovitelom stavby je zdru-
Zenie spoloc¢nosti Vahostav — SK, a.s. a TuCon, a.s. Predpokladané
ukoncenie rychlostnej cesty a jej uvedenie do prevadzky sa oCakava

na jar 2023.

Ing. VLADIMIR DURSA, Doprastay, a.s.
Slovenskd tuneldrska asocidcia

Tunel PreSov
Tunel PreSov je dalnicni tunel ve vystavbé na Slovensku a nachazi
se na tseku dalnice D1 PreSov zdpad — PreSov jih. Trasa tunelové ¢4s-
ti jihozédpadniho obchvatu PreSova bude tvorend dvéma nezavislymi
tunelovymi troubami, STR je délky 2230,5 m a JTR délky 2244,0 m.
Do konce roku 2019 byly kompletné dokonceny razby na tunelu
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Cebrat tunnel

The 3.68km long, double tube Cebrat tunnel will be also part of
the Hubova — Ivachnova section of the D1 motorway. In recent years,
extensive problems were diagnosed regarding the stability of the
area at the western portal of the Cebrat tunnel and on the following
section of the motorway. They required extensive changes in the
technical solution. They have to be assessed in the EIA process and,
subsequently, they have to be approved in the meaning of the Building
Code. For that reason the work on the tunnel is still suspended even
at the beginning of 2020 and only the design or the geological task
is being implemented.

The construction contractor is a consortium consisting of OHL
78S, a. s. and Vahostav — SK, a.s.

Visnové tunnel

The Vistiové tunnel with its length of 7.5km is to become the
longest Slovak motorway tunnel. It is part of the Lietavska Licka
— Visiiové — Dubna Skala section of the D1 motorway. The tunnel
location is south of the regional capital Zilina. Both Vigiiové tunnel
tubes were broken through in August 2018, after 40 months of
excavation. Concreting of the secondary lining has been finished
along over 60% of the tunnel length.

The agreement on terminating the work in the Lietavskd Lucka
— VisSilové — Dubna Skala section was concluded between the
project owner, Narodna dialni¢nd spoloc¢nost (National Motorway
Society) and the construction contractor, the Salini Impregilo
— Duha consortium. In mid 2019, the work on the tunnel and the
adjacent motorway section was ended. At the end of January 2020,
public procurement was announced for the work connected with
the continuation and completion of the motorway construction,
comprising even completion of the civil part of the tunnel. An
independent competition will be announced for the tunnel equipment.

Bikos$ tunnel

In July 2019, the construction of the limited access road R41
PreSov, northern by-pass, stage I commenced by celebratory tap on
the corner stone. The 1155m long twin-tube Bikos tunnel will also
be part of the 4.3km long section of the limited access road. It will
be driven full-face. Preparation work for the commencement of the
tunnel excavation, which is assumed to take place in May, is still
underway even at the beginning of 2020. A consortium consisting
of Vahostav — SK, a.s. and TuCon, a.s. is the construction contractor.
The assumed completion of the fast highway and its opening to
traffic is expected in the spring 2023.

Ing. VLADIMIR DURSA, Doprastav, a.s.
Slovak Tunnelling Association

PreSov tunnel

The Presov tunnel is a motorway tunnel under construction in
Slovakia. It is located in the PreSov West — PreSov South section of
the D1 motorway. The route of the tunnelled part of the southwestern
by-pass of PreSov will be formed by two independent tunnel tubes,
the 2230.5m long NTT and 2244.0m long STT.

By the end of 2019, the PreSov tunnel excavation was completely
finished. The contractor finished the excavation of drainage cleaning
recesses and emergency call niches in both tunnel tubes. The
excavation for an invert was also finished and the concrete invert was
carried out in both tunnel tubes by 17" December 2019.

By the end of 2019 and the beginning of January 2020, the work
on the secondary lining progressed approximately to the middle.
Currently, concreting of ninety 12m long blocks of the total number
of 190 has been finished in the northern tunnel tube. In addition,
concreting the upper vault was finished in one of the two emergency
lay-bys in this tunnel tube. In the southern tunnel tube, concreting
of 79 blocks of the upper vault of the total number of 190 has been
finished. Currently the work operations proceed on concreting of the
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Presov. Zhotovitel dokoncil razbu vyklenki pro ¢isténi drendzi a SOS
vyklenktl v obou tunelovych troubach. Rovnéz byla dokoncena razba
spodni klenby a do 17. 12. 2019 byla v obou tunelovych troubédch
provedena betonova protiklenba.

Prace na sekundarnim osténi do konce roku 2019 a na zacatku
ledna roku 2020 pokrocily do zhruba poloviny. V soucasné dobé je
zabetonovano v severni tunelové troubé 90 blokt délky 12 m z celko-
vého poctu 190 blokd. RovnéZ byla dokoncena betondz horni klenby
v jednom ze dvou nouzovych zalivil v této tunelové troubé. V jizni tu-
nelové troubé je aktudlné zabetonovano 79 bloku horni klenby z cel-
kového poctu 190 blokt. V soucasné dobé probihaji prace na betonazi
prvniho nouzového zélivu, kde byl bednici viiz standardniho profilu
doplnén o nadstavbu. Nasledné bude bednéni pro betondz nouzového
zalivu presunuto do severni tunelové trouby, kde bude znovu nasaze-
no do druhého nouzového zalivu.

Betondiské prace na zdkladovych pasech a drendZnim odvodnéni
tunelu se chyli ke konci. V obou tunelovych troubach zbyva dokoncit
celkem 90 ks bloki z celkového poctu 380.

V tnoru 2020 budou rovnéz zahajeny prace na pokladce Stérbino-
vych Zlabi a obrubnikii vozovky v soubéhu s betondzemi kabelovoda
v chodnicich.

Celou stavbu jihozapadniho obchvatu PreSova realizuje Sdruzeni
D1 Presov (EUROVIA SK a.s., EUROVIA CS a.s., Doprastav a.s.,
Metrostav a.s., Metrostav Slovakia a.s.), tunel PreSov realizuje Me-
trostav a.s.

Ing. JIRI BRICHNAC, Metrostay a.s.

TUNELY NA ZELEZNICNEJ SIETI

Tunel Diel

Tunel Diel prechadza masivom vrchu Diel, ktory tvori centralnu
Cast meandru rieky Védh v oblasti Nosickej priehrady. Tunel je na-
vrhnuty diZky 1082 m. Razenie tunela prebiehalo v masive popod
kapele Nimnica. Zapadny portél je situovany na okraji obce Nimni-
ca, vychodny portél sa buduje v tizemi lesa nad cestou druhej triedy
I1/507, ktora vedie z Pichova do PovaZskej Bystrice po pravom bre-
hu priehrady. Tunel Diel ma prerazent tnikovu $toliiu, ktord usti do
priestoru vychodného portélu tunela.

Obr. 5 Suchovod tunelu Diel
Fig. 5 Dry fire main in the Diel tunnel

first emergency lay-by, where the standard travelling formwork was
complemented by a superstructure. Subsequently, the formwork for
concreting the emergency lay-by will be transferred to the northern
tunnel tube, where it will be again used for the second emergency
lay-by.

Concrete casting work on strip footings and tunnel drainage is
nearing completion. 90 blocks of the total number of 380 remain to
be finished in both tunnel tubes.

In February 2020, the work will be also started on laying slotted
drains and roadway curbs, concurrently with concreting of cableways
in the walkways.

The whole construction of the southwestern by-pass of PreSov is
being carries out by the Consortium D1 Presov (EUROVIA SK a.s.,
EUROVIA CS as., Doprastav a.s., Metrostav a.s., Metrostav
Slovakia a.s.); the Presov tunnel is being carried out by Metrostav a.s.

Ing. JIRT BRICHNAC, Metrostav a.s.

TUNNELS ON RAILWAY NETWORK

Diel tunnel

The Diel railway tunnel runs through the Diel hill massif, which
forms the central part of the Vdh River meander in the area of the
Nosice dam. The tunnel design length amounts to 1082 metres. The
tunnel is being driven through the massif under the Nimnica spa.
The western portal is located on the outskirts of the municipality of
Nimnica; the eastern portal is being constructed in the area above
the II/507 secondary road leading from Pichov to Povazska Bystrica
along the right bank of the reservoir. The Diel tunnel escape gallery
has been broken through. It has its exit in the area of the eastern
portal of the tunnel.

The construction of the Diel tunnel is slowly nearing completion.
The work on the secondary lining of the tunnel tube was finished
before Christmas 2019. Currently, the work proceeds at the tunnel
bottom; cableways with cable shafts are being carried out on the
sides. At the beginning of January 2020, laying of dry fire mains
started (see Fig. 5) and the work on the walkway surface commenced.
Brackets for the installation of power catenaries will be mounted to
the tunnel vault before the construction of the trackwork.

Obr. 6 Betond?Z sekunddrneho ostenia vinikovej §tolne Diel
Fig. 6 Concreting the secondary lining in the escape gallery of the Diel tunnel



TuNel

Stavba tunela Diel sa pomaly chyli ku koncu. Pred Vianocami
v 1. 2019 boli ukoncené prace na sekundarnom osteni tunelovej rry.
V sticasnosti prebiehaju prace v dne tunela; po stranich sa zhotovuji
kéablové trasy s kablovymi Sachtami. Zaciatkom januéra 2020 sa zacal
klast suchovod (obr. 5) a zapocali sa aj prace na povrchovej vrstve
chodnikov. Pred zhotovenim Zelezni¢ného zvr$ku sa budu v klenbe
tunela upeviiovat konzoly na uchytenie trakéného vedenia.

V tnikovej $tolni (obr. 6) prebiehaju prace na sekundarnom osteni
arobi sa priprava na prieCky a poziarne dvere.

Na zapadnom portali tunela sa zhotovuje spitny zasyp hibenej Gasti
z vystuzenej zeminy s vegetacnym licom. Pilotové steny sa obkla-
daju gabiénovymi blokmi (obr. 7). Na vychodnom portdli prebehla
hydroizoldcia hibenej Casti tunela a pripravuji sa prace koneénych
terénnych uprav.

Koncom septembra tohto roku by tunelom mal prejst prvy vlak.

Tunel Milochov

Na preklenutie tpitia vrchu Stavnd, juzne od miestnej Casti Hor-
ny Milochov mesta Povazska Bystrica, je navrhnuty novy tunel Mi-
lochov. Projektovand dizka tunela je 1861 m. Tunel bude mat jednu
unikovu $toliu, ktord bude vyustovat v obci Horny Milochov.

Raziace prace zo zdpadného portalu su ukoncené. Vyrazenych je
115 m v kalote a na cely profil tunela 105 m.

Razenie z vychodného portalu pokracuje pracami v dvoch drovni-
ach, v kalote a stupni s dnom tak, aby sa od seba nevzdialili na pred-
pisant vzdialenost urent projektom pre kazdua vystrojovaciu triedu.
Ku dne$nému diu (22. 1. 2020) bolo v kalote vyrazenych 1169 m
a v stupni, resp. dne 998 m. Raziace prace konec¢ne prebiehaji v kva-
litnejSom horninovom prostredi, charakterizovanom vystrojovacou
triedou II a diZkou zaberov cez 2 m. Na &elbe st zastiipené zdravé
ilovce a obcasne sa vyskytuju pritoky puklinovej vody. Prerazka tu-
nela je odhadovana na jul tohto roka.

Obr. 7 Realizdcia konecnych terénnych tiprav zdpadného portdlu Diel
Fig. 7 Final ground shaping at the western portal of the Diel tunnel
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In the escape gallery (see Fig. 6), work operations on the secondary
lining and preparation for division walls and fire-check doors are
underway.

At the western portal of the tunnel, the cut-and-cover section is
being backfilled by reinforced earth with a vegetation face. Pile walls
are being clad with gabion blocks (see Fig. 7). At the eastern portal,
installation of waterproofing of the cut-and-cover part of the tunnel is
underway and the work on final ground shaping is under preparation.

The first train should pass through the tunnel at the end of
September 2020.

Milochov tunnel

The new Milochov tunnel is designed for overcoming the bottom
of Stavna hill south of the municipal district of Horny Milochov of
the town of Povazské Bystrica. The tunnel length design amounts to
1861 metres. The tunnel will have one escape gallery ending in the
municipality of Horny Milochov.

The tunnel excavation from the western portal has been finished.
The length of 115m of excavation at the top heading and 105m of the
full-face excavation has been finished.

The excavation from the eastern portal continues by working
at two levels, at the top heading and the bench, with the aim of
maintaining the distance between the faces not exceeding the
length prescribed by the design for each excavation support class.
As of this day (22" January 2020), 1169m and 998m of the top
heading and bench excavation, respectively, has been finished. The
excavation operations finally are passing through better quality
ground environment characterised by excavation support class IT and
excavation round length over 2m.

Fresh claystone is represented at the excavation face and fissure
water inflows occur at the heading. The excavation of the exploratory
gallery commenced from the tunnel interior (see Fig. 8). The
excavation proceeds through ground excavation support class II.

~= i
Obr. 8 Razenie tinikovej §tolne tunelu Milochov
Fig. 8 Excavation of the escape gallery of the Milochov tunnel
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Z vnitra tunela sa zacala razit unikova Stolia (obr. 8). Prace pre-
biehaju vo vystrojovacej triede II a k dneSnému diiu je vyrazenych
64 m z celkovej dizky 266,4 m.

Na vychodnom portéli tunela sa pripravuje zapocatie prac na
hibenej Casti, ktora sa sklada zo siedmich 10 m blokov.

Celu stavbu realizuje zdruZenie Nimnica zloZené zo spolo¢nosti Do-
prastav — TSS Grade — SUBTERRA — EZ Praha. Tunel Diel realizuje
spolo¢nost TUBAU, a.s. a tunel Milochov spolo¢nost Subterra a.s.
Generalnym projektantom pre investora Zeleznice Slovenskej republi-
ky je spolo¢nost REMING CONSULT a.s.

Ing. JAN KUSNIR, REMING CONSULT a.s.

As of this day, 64m of the total length of the excavation have been
finished.

At the eastern portal of the tunnel, the commencement of the work
on the cut-and-cover section is under preparation. It consists of seven
10m long blocks.

The whole construction is being carried out by the Nimnica
consortium consisting of Doprastav — TSS Grade — SUBTERRA —
EZ Praha. The Diel tunnel is constructed by TUBAU, a. s., and the
Milochov tunnel by Subterra a.s. The general designer for Zeleznice
Slovenskej republiky (Slovak Railways), the project owner, is
REMING CONSULT a.s.

Ing. JAN KUSNIR, REMING CONSULT a.s.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY NA MITTENWALDSKE DRAZE V RAKOUSKU
PICTURE POSTCARDS WITH TUNNELS ON MITTENWALD RAIL LINE IN AUSTRIA

The Mittenwald railway (Mittenwaldbahn), sometime denoted
as the Karwendel railway (Karwendelbahn), is a single-track,
electrified, mountainous character railway line leading in the
Austrian and German Alps. It links Innsbruck via Seefeld in
Tyrol (A) with Mittenwald and Garmisch-Partenkirchenem in
Bavaria (D). The railway route with the total length of 56.116km
(33.160km in Austria) and maximum gradient of 38%c. was
constructed in 1910-1912 as a local electric train by engineers and
civil engineering contractors Josef Riehl and Wilhelm Carl von
Doderer, by a joint-stock company founded by themselves. The
railway line was officially commissioned on 26™ October 1912
and transportation for the public was started by the state railway
companies of Austria and Germany two days later. The railway
operated one of the first electric trains supplied with high-tension,
single-phase alternate current. This system had later a fundamental
impact on standards of electrified railways in the whole Central
Europe. There are 16 tunnels and three galleries on the line in total.
The aggregate length of the tunnels amounts to 4410.71m. The
longest of them is the Martinswand tunnel (1810.23m), the shortest
one is the Hechenberg tunnel (26.02m). The galleries are 309m
long in total; among them, the 228m long Martinswand gallery
dominates.

Mittenwaldska draha (Mittenwaldbahn), nékdy nazyvana také
Karwendelska (Karwendelbahn), je jednokolejnd, elektrifikovand
Zelezni¢ni trat horského charakteru, vedend v rakouskych a né-
meckych Alpach. Spojuje Innsbruck ptes Seefeld v Tyrolsku (A)
s Mittenwaldem a Garmisch-Partenkirchenem v Bavorsku (D).

Zeleznice celkové délky 56,116 km (z toho v Rakousku
33,160 km) a max. sklonu 38 %o byla postavena v letech 1910 az
1912 inZenyry a dodavateli staveb Josefem Riehlem a Wilhelmem
Carlem von Dodererem jako elektricky mistni vlak, jimi zaloZenou
akciovou spolecnosti. Tak kratkd doba stavby je z dneSniho pohle-
du, a to nejen s piihlédnutim k velmi narocné morfologii a geologii
uzemi, v pravém slova smyslu podivuhodna!

Trat byla oficidlné oteviena 26. 10. 1912 a doprava pro vefejnost
byla statnimi Zeleznicemi Rakouska a Bavorska zahdjena o dva dny
pozdéji. Draha provozovala vibec jedny z prvnich elektrickych vla-
kt napdjenych vysokonapéfovym jednofazovym stfidavym prou-

Obr. 1 Mittenwaldskd drdha. Pohled na tidoli Innu. Huber — Postkarte Nr 692.
1940. [sbirka autorii]

Na pohlednici vjiZdi vlak do zdpadniho portdlu tunelu ,,Na sténé II“(dl. 202 m).
Vpravo a hluboko dole se v Sirokém iidoli reky Inn rozklddd Obec Patscherkofel.
Fig. 1 Mittenwald railway track. A view of the Inn valley. Huber — Postkarte
Nr 692. 1940. [authors‘ collection]

In the picture postcard, a train enters the western portal of the ”On the wall I1”
tunnel (202m long). The municipality of Patscherkofel lies on the right side, deep
down in the wide valley of the Inn River




dem. Tento zplisob mél posléze zasadni dopad na standardy elektri-
fikovanych Zeleznic v celé stfedni Evropé¢.

Na trati se nachazi celkem 16 tunelti a 3 galerie. Tunely maji
celkovou délku 4 410,71 m. Nejdelsi z nich je tunel Martinswand
(1 810,23 m), nejkratsi potom tunel Hechenberg (26,02 m). Galerie
maji celkovou délku 309 m; zde dominuje, stejné jako u tuneld,
galerie Martinswand dI. 228 m. [1, 2]
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S nékterymi pohlednicemi prezentujicimi tunely Zelezni¢ni tra-
ti Mittenwaldbahn byli ¢tenafi ¢asopisu TUNEL jiZ seznidmeni.
V €. 4/2014 to byl nejdelsi z tuneld Martinswand, v €. 1/2016 tu-
nel Vorberg ¢. IV, v ¢. 1/2016 tunely ,,Na stén¢ 1 a 2* a konecné
v €. 3/2018 tunel Schlofbach. V tomto dilu seriélu jde pak o dalSich
8 pohlednic — viz obr. 1 az 8.

Obr. 2 Mittenwaldskd drdha. Pohled na viadukt Vorberg, Hochzirl, Zirl, didoli
Innu, Kalkkogel (Stubaiské Alpy). Alpiner Kunstverlag Hans Huber, Miin-
chen 12. Cca 1935. [sbirka autorii]

Vievo v ddlce, pod objekty krajské nemocnice v Hochzirlu, je zdpadni portdl
tunelu Vorberg I (dl. 147,77 m). Kalkkogel je horsky retézec ndleZejici do Stu-
baiskych Alp, s nejvyssi horou Schlicker Seespitze (2 804 m n. m.).

Fig. 2 Mittenwald railway track. A view of the Vorberg viaduct, Hochzirl, Zirl,
the Inn valley, Kalkkogel (the Stubai Alps). Alpiner Kunstverlag Hans Huber,
Miinchen 12. About 1935. [authors‘ collection]

The western portal of the Vorberg I tunnel (147.77m long) is on the left side, in
the distance, under buildings of the regional hospital in Hochzirl. The Kalkkogel
is a mountain range belonging to the Stubai Alps, with the highest mountain
Schlicker Seespitze (2804m a. s. I.).

Obr. 3 Mittenwaldskd drdha. Viadukt Vorberg s tunely I a 11 proti idoli Innu
a ledovci v uidoli Zilleru. Kolorovand fotografie. Purger & Co., Miinchen. Pho-
tochromiekarte Nr. 12618. Cca 1910. [sbirka autorii]

Na pohlednici se, v rozporu s popisem, ve skutecnosti nachdzeji severni portdly
tunelii Vorberg IlI (dl. 46,82 m — uprostred snimku, ustici na viadukt) a Vorberg
11 (dl. 97,65 m — vpravo).

Fig. 3 Mittenwald railway track. The Vorberg viaduct with tunnels I and 11 op-
posite the Inn valley and a glacier in the Ziller valley. Coloured photo. Purger
& Co., Miinchen. Photochromiekarte Nr. 12618. About 1910. [authors‘
collection]

Contrary to the description, there are northern portals of the Vorberg III tunnel
(46.82m long) in the centre of the picture, leading to the viaduct, and the Vorberg
1I tunnel (97.65m — for the right).

g-Tunnel Nre. X mit Kalkfgeleruppe, 27900 m

Obr. 4 Mittenwaldskd drdha: Tunel Vorberg ¢. 3 se skupinou Kalkkigel,
2 703 m n. m. Nr. 323 D. T. Monopol Kunst- und Verlagsanstalt, Miinchen.
Okolo 1920. [sbirka autorit]

Na pohlednici je severni portdl tunelu Vorberg III (dl. 46,82 m) fotografovany
z viaduktu Vorberg. Kalkkogel — viz obr. 2.

Fig. 4 Mittenwald railway track. Vorbergtunnel No. 3 with the Kalkkogel
Group, 2703m a. s. l. No. 323 D. T. Monopol Kunst- und Verlagsanstalt,
Miinchen. About 1920. [authors‘ collection]

In the picture postcard, there is the northern portal of the Vorberg Il tun-
nel (46.82m long) photographed from the Vorberg viaduct. Kalkkogel
— see Fig. 2.

Obr. 5 5253 Mittenwaldskd drdha. Viadukt Vorberg (Sirky oblouku 22 m, s vys-
kou nad idolim 30 m). Alpiner Kunstverlag Wilhelm Stempfle, Innsbruck.
1941. [sbirka autorii]

Vlakovd souprava vyjiZdi ze severniho portdlu krdtkého tunelu Vorberg III
(dl. 46,82 m).

Fig. 5 5253 Mittenwald railway track. The Vorberg viaduct (viaduct span 22m,
height of 30m above the valley). Alpiner Kunstverlag Wilhelm Stempfle, Inns-
bruck. 1941. [authors ¢ collection]

A train exiting from the northern portal of the short Vorberg Il tunnel (46.82m
long).
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Obr. 6 Mittenwaldskd drdha. Tunel Vorberg ¢. 4 s viadukty Lehnen a Kaiser-
stand. Nr. 321. D. T. Monopol Kunst- und Verlagsanstalt, Miinchen. Okolo
1920. [sbirka autorii]

Na pohlednici vilevo je nad ziiceninou Fragensteinu (s jedinou vinici v severnim
Tyrolsku) betonovy viadukt Kaiserstand délky 46,8 m (vlevo) a viadukt Lehnen
délky 28 m (vpravo). Priblizné ve stredu obrdzku je jizni portdl tunelu Fragen-
stein (dl. 394,62 m). Vpravo dole vchdzi Zeleznice do jizniho portdlu tunelu Vor-
berg IV (dl. 43,62 m).

Fig. 6 Mittenwalds railway track The Vorberg No. 4 tunnel with the Lehnen
and Kaiserstand viaducts. NO. 321. D. T. Monopol Kunst- und Verlagsanstalt,
Miinchen. About 1920. [authors collection]

The 46.8m long Kaiserstand concrete viaduct spanning above the ruins of Fra-
genstein castle (with the only vineyard in North Tyrol) is in the picture postcard
pictured left; the 28m long Lehnen viaduct is pictured right. The southern portal
of the Fragenstein tunnel (394.62m long) is approximately in the centre of the
picture. In the right bottom corner, the railway track enters the southern portal
of the Vorberg IV tunnel (43.62m long).

Obr. 8 Mittenwaldskd drdha. Kaiserstand-tunel s Erlspitze (2 407 m). Koloro-
vand fotografie. Purger & co. Miinchen. Photochromiekarte Nr. 12620. Cca
1910. [sbirka autorii]

Na Mittenwaldské drdze se Zddny takto pojmenovany tunel nenachdzi. S nej-
vy$$i pravdépodobnosti je na této pohlednici vyobrazeny jizni portdl tunelu
Schlofibach (dl. 721,52 m). Erlspitze je nejvyssi horou stejnojmenného pohori
v jihovychodnim cipu Karwendelskych Alp.

Fig. 8 Mittenwald railway track. Kaiserstand-tunnel with Erlspitze (2407 m).
Coloured photo. Purger & co. Miinchen. Photochromiekarte No. 12620.
Ca 1910. [authors collection]

There is no tunnel of this name on the Mittenwald railway track. Most likely the
southern portal of the Schloftbach tunnel (721.52m long) is shown in the picture.
Erlspitze is the highest mountain of the mountain range of the same name in the
south-eastern tip of the Karwendel Alps.

LITERATURA / REFERENCES

235 Mittenwaldbabhn-HAalkhigel

Obr. 7 235 Mittenwaldskd drdha — Kalkkogel. Verlag B. Johannes (Beckert),
Partenkirchen-Garmisch. Okolo 1930. [sbirka autorii]

Jednd se patrné o vyhled z jizniho portdlu tunelu Vorberg 111 (dl. 46,82 m) nebo
tunelu Vorberg 1V (dl. 43,62 m) na Kalkkogel — horsky retézec ndleZejici do Stu-
baiskych Alp.

Fig. 7 235 Mittenwald railway track — Kalkkogel. Verlag B. Johannes
(Beckert), Partenkirchen-Garmisch. About 1930. [authors‘ collection]

It is probably the Kalkkogel mountain range belonging to the Stubai Alps viewed

from the southern portal of the Vorberg III tunnel (46.82m long) or the Vorberg

IV tunnel (43.62m long).

Podékovdni: Cldnek byl vytvoren v rdmci feSeni projektu
¢ LO1408 ,,AdMaS UP — Pokrocilé stavebni materidly, konstruk-
ce a technologie“ podporovaného Ministerstvem Skolstvi, mlddeZe
a télovychovy v rdmci ticelové podpory programu ,,Ndrodni pro-
gram udrZitelnosti I “a projektu &. TE01020168 ,, Centrum pro efek-
tivni a udrZitelnou dopravni infrastrukturu (CESTI)“ podporované-
ho z programu Centra kompetence Technologické agentury Ceské
republiky (TACR).

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. RICHARD SVOBODA, Ph.D.,
Ing. MARTIN ZAVACKY

[1] Eisenbahn-Tunnel in Osterreich [online]. [cit. 2020-01-22]. Dostupné na internetu <http://www.eisenbahntunnel.at>
[2] Mittenwald Railway [online]. 2016 cit. 2020-01-22]. Dostupné na internetu <https://en.wikipedia.org/wiki/Mittenwald_Railway>
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ANNIVERSARIES

BLAHOZELANIE ING. JURAJOVI KELESIMU K OSEMDESIATINAM
CONGRATULATIONS TO ING. JURAJ KELESI'S EGHTIETH ANNIVERSARY OF BIRTH

V januéri tohto roku sme si pri-
pomenuli osemdesiate narodeniny
nasho dlhoro¢ného spolupracovnika
a priatela, zakladajiceho ¢lena a pr-
vého predsedu Slovenskej tunelarske;j
asociacie, Ing. Juraja KeleSiho. Nasu
radost zndsobuje aj to, Ze sa jubilant
dozil uctyhodného veku v zévidenia-
hodne;j telesnej i duSevnej pohode.

Juraj Kelesi sa narodil dia 12. ja-
nudra 1940 v Bratislave. Po maturite
na priemyselnej Skole stavebnej po-
kracoval v rokoch 1959-1964 v Studiu na Stavebnej fakulte Slo-
venskej vysokej Skoly technickej, v odbore KonStrukcie a doprav-
né stavby. Po tspeSnom absolvovani Stadia nastipil do vtedajSieho
narodného podniku Doprastav Bratislava, v ktorom preZzil takmer
celé nasledujuice Styri dekady pracovného Zivota.

Sestdesiate roky boli obdobim pripravy vystavby prvych &es-
koslovenskych a slovenskych dialnic. Juraj Kelesi pracoval v ria-
diacich funkcidch na stavbe prvej slovenskej dialnice D2 v dseku
Bratislava — Malacky. Neskor, v sedemdesiatych rokoch, praco-
val na odbore technického vyvoja podniku a od roku 1979 ako
technicky namestnik zvolenského zavodu Doprastavu. V tomto
obdobi sa zucastnil vystavby viacerych velkych stavieb, napri-
klad vystavby zvolenského dopravného uzla a Zeleznicnej pri-
pojky pre jadrovu elektraren Mochovce. S tunelarstvom zacal byt
jeho profesiondlny Zivot spojeny v obdobi po roku 1984. Vtedy
posobil na Ministerstve stavebnictva SR a okrem vystavby susta-
vy vodnych diel Gab¢ikovo — Nagymaros sa venoval aj pripra-
ve bratislavskej rychlodrahy. V roku 1988 sa vratil na Doprastav,
kde od roku 1989 pracoval v pozicii ndmestnika pre vystavbu
rychlodrahy. Ambiciézny projekt podzemného nosného dopravné-
ho systému bol ale v porevolu¢nom obdobi pre nemoznost jeho
financovania zastaveny, a tak Juraj KeleSi zacal po roku 1993
pracovat ako veddci marketingu. V roku 1997 presiel na odbor
pripravy a vystavby tunelovych stavieb, kde sa okrem iného ve-
noval velmi zaujimavym projektom — razeniu prieskumnej §tdl-
ne pre dialni¢ny tunel Visniové a rekonstrukcii Telgartskeho Ze-
lezni¢ného tunela, jediného sluckového tunela na slovenskych
Zelezniciach.

Okrem pracovnych aktivit boli ddleZitou sticasfou jeho profe-
siondlneho Zivota aj ¢innosti pri budovani platformy pre odbornd
tunelarsku komunitu. Po vzniku Slovenskej tuneldrskej asociacie
v roku 1993 sa ako spoluzakladatel stal jej prvym predsedom a tito
funkciu vykondval dve volebné obdobia az do roku 1999. V roku
2008 mu bol udeleny titul Cestného clena Slovenskej tuneldrskej
asocidcie.

Celozivotnou laskou Juraja KeleSiho boli vodné $porty, a to
najméd v spojeni s velriekou Dunaj. Po odchode do ddchodku
k svojim Sportovym zalubdm pridal aj vodu s velmi nizkou tep-
lotou a odvtedy, uz viac ako 15 rokov, je ¢lenom bratislavskému
klubu otuzilcov s priznacnym menom [adové medvede. Plavby
v ladovych dunajskych vodéch st aktivitou, na ktord mnohi vzhlia-
dame s velkym reSpektom a ktora urcite nemalym dielom prispieva
k jeho vybornej fyzickej i psychickej kondicii.

In January this year we commemorated the eightieth birthday
of our long-standing workmate and friend, a founding member
and first chairman of the Slovak Tunnelling Association, Ing. Juraj
Kelesi. Our joy is multiplied even by the fact that the jubilarian has
lived a respectable age in enviable physical and mental well-being.

Juraj Kele$i was born on 12" January 1940 in Bratislava. After
passing the school leaving exam at the Technical School of Civil
Engineering he continued in 1959-1964 to study at the Slovak
Technical University in Bratislava, obtaining a degree in civil
engineering and transport-related structures. After successful
completion of studies he entered Doprastav Bratislava, at that time
a national enterprise, where he spent nearly complete following
decades of his working life.

The 1960s were the period of preparation of the development
of first Czechoslovak and Slovak motorways. Juraj Kelesi worked
in managerial positions on the construction of the first Slovak
motorway, D2, in the Bratislava — Malacky section. Later, in the
1970s, he worked in the technical development department of the
enterprise and, from 1979, in the position of the deputy of the Chief
Technical Officer of Zvolen plant of Doprastav. In this period, he
participated in several large projects, for example, construction of
the Zvolen railway node and the railway link for the Mochovce
nuclear power plant. His personal life started to be connected with
the tunnel construction industry in the period after 1984. At that
time he worked at the Ministry of Construction of the SR and, apart
from the development of the Gabc¢ikovo — Nagymaros Waterworks,
he dedicated himself to preparation of the Bratislava rapid transit
system. In 1988 he returned to Doprastav, where he worked in the
position of Deputy Director for the construction of the rapid transit
system. But the ambitious project for the principal underground
transit system was suspended during the post-revolution period
because of the impossibility of its funding. So, after 1993, Juraj
Kelesi started to work in the position of a chief of marketing.
In 1997, he transferred to the Department of Preparation and
Development of tunnel construction projects, where he dedicated
himself, among others, to very interesting projects — the excavation
of the exploratory gallery for the Visfiové motorway tunnel and
reconstruction of the Telgart railway tunnel, which was the only
loop-type tunnel on Slovak railway tracks.

Apart from working activities, developing the platform for the
professional tunnel construction public was also an important
part of his professional life. After the origination of the Slovak
Tunnelling Association in 1993, he as a co-founder he became its
first chairman and he performed this function for two terms until
1999. In 2008, he was awarded the title of a honorary member of
the Slovak Tunnelling Association.

Water sports were the lifelong love of Juraj Kelesi, first of all
sports connected with the Danube River. After retiring, he added
very low temperature water to his hobbies and, since that time, he
has been a member of the Bratislava hardy club with a peculiar
name Polar Bears. Swimming in the Danube ice water is an activity
which is viewed by many people with great respect and which
contributes no small part to his excellent physical and psychical
condition.
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V mene vyboru a ¢lenskej zakladne Slovenskej tunelarskej aso-
ciacie Zelam Jurajovi KeleSimu do dalSieho Zivotného obdobia
vSetko najlepSie, najmé vela zdravia, Zivotného elanu a pohody
v kruhu rodiny i priatelov.

Ing. MILOSLAV FRANKOVSKY

I wish Juraj Kelesi on behalf of the Board and members of the
Slovak Tunnelling Association all the best to the next period of life,
first of all great health, life enthusiasm and contentment within the
circle of his family and friends.

Ing. MILOSLAV FRANKOVSKY

TRI CTVRTE STOLETI DOC. ING. ALEXANDRA ROZSYPALA, CSC.
THREE QUARTERS OF A CENTURY OF DOC. ING. ALEXANDR ROZSYPAL, CSc.

V breznu slavi své 75. narozeniny
geotechnik, vizionaf, tuneldr, fran-
kofil, milovnik dobrého vina, poezie
aobrazi doc. Ing. Alexandr Rozsypal,
CSc.

Jeho bohaté profesni kariére se vé-
noval v Cisle 1/2015 casopisu Tunel
podrobny medailon z pera oslavenco-
va dlouholetého kamarada a geotech-
nického souputnika profesnim Zivo-
tem Ing. Vitézslava Herleho.

Doporucuji v§em si ho precist.

A protoZe lze tézko napsat ten dnesni 1épe a vystiznéji, dovolim
si na néj pouze navazat.

Alexandr Rozsypal, vytrvaly zastance a popularizator geotechni-
ky jako odborné discipliny, netinavné pokracuje ve své publikacni,
predndskové, pedagogické a konzultacni ¢innosti.

Za zminku urcit€ stoji, Ze zorganizoval zajimavy doprovodny
kurz ,,Celeni nejistotam pii pripravé a realizaci tunelovych staveb®,
ktery probéhl v rdmci konference Podzemni stavby Praha 2019. Je
také spoluautorem rodici se nové verze TP 76 Ministerstva dopravy
,,Geotechnicky prizkum pro pozemni komunikace* a nové vydané
publikace CVUT v Praze , Minimalizace rizik pii vystavbé tunela.

Zbylou cast svého Casu travi se svou pani na cestich po svéte,
ale nejradéji jsou spolu na milované chalupé v Jizerskych horach.

Do dalsich let Ti pieji, Saso, i za celou tunelafskou komunitu,
mnoho zdaru, trpélivosti a novych geotechnickych napadi.

TOMAS EBERMANN, élen redakéni rady

ROZLOUCENI

VZPOMINKA NA ING. MIROSLAVA ISOI.’EvéKI'\Iv!E
MEMORY OF ING. MIROSLAV KOLECKAR

Koncem loniského roku, tésné pred
Vanocemi, pri§la smutna zprava, na-
vzdy nés opustil ¢len nasi velké tune-
larské rodiny, znamy prazsky tunelar
Ing. Miroslav Koleckar. Zemfel v ne-
déli 15. 12. 2019 ve veéku 83 let po
dlouhé t€zké nemoci.

Narodil se v Konici na Moravé
v roce 1936. V roce 1959 dokoncil
studia na Vojenské technické akade-
mii v Brné — obor stavebni.

Béhem své Zivotni drdhy pracoval
v oblasti podzemnich staveb, statiky a zakladani staveb.

V roce 1959 nastoupil do Vojenského projektového tstavu v Pra-
ze (VPU), kde se stal hlavnim specialistou dstavu pro podzemni
stavby. Pracoval na projektech prazského metra a zminit je tfeba

In March, doc. Ing. Alexandr Rozsypal, CSc., a geotechnician,
visionary, tunneller, Francophile, lover of good vine, poetry and
paintings, will celebrate the 75™ birthday.

A detailed profile written by Ing. Vitézslav Herle, the birthday
boy’s long-standing friend and geotechnical fellow-traveller through
his professional life, was dedicated to his rich professional career in
issue No. 1/2015 of TUNEL journal.

I recommend everyone to read it

And because it is difficult to describe the today’s profile better and
more aptly, I will allow myself only to build on it.

Alexandr Rozsypal, a staunch supporter and populariser of geo-
technical engineering as a professional discipline, continues tirelessly
in his publication, lecturing, teaching and consulting activities.

It is certainly worth mentioning that he organised an interesting
accompanying course ,,Facing uncertainties in the preparation and
construction of tunnel structures”, which took place within the
framework of the conference Underground Construction Prague
2019. He is, in addition, the co-author of the emerging new version
of the technical specification TP 76 of the Ministry of Transport
“Geotechnical investigation for roads” and a newly issued publication
of the Czech Technical University in Prague “Minimisation of risks
at tunnel construction®.

He spends the remaining part of his time with his wife on trips
around the world, but first of all, they are together at their beloved
cottage in the Jizera Mountains.

I wish you, Sasa, also on behalf of the whole tunnel construction
community, much success, patience and new geotechnical ideas in
the coming years.

TOMAS EBERMANN, member of Editorial Board

LAST FAREWELL

The sad report arrived late last year, just before Christmas, that
a member of our large tunnelling family, Ing. Miroslav Koleckaf,
a renowned Prague tunnel construction engineer, left us forever.
He died on Sunday the 15" December 2019 at the age of 83 after a
long serious illness.

He was born in Konica, Moravia, in 1936. In 1959 he completed
his studies at the Military Technical Academy in Brno, majoring
in civil engineering. During his career, he worked in the field of
underground construction, statics and foundation engineering.

In 1959, he entered Vojensky Projektovy Ustav (a military designing
institute), where he became the main specialist of the department of
underground construction. He worked on designs for Prague Metro,
and in addition, it is necessary to mention the original solution to the
subway under Wenceslas Square using prestressed column heads and
underpinning of surrounding buildings. At that time he in addition
participated in a new solution to cross-passage parts of mined metro
stations saving consumption of expensive cast iron.



TuNel

také origindlni feSeni podchodu na Vaclavském namésti s pouzitim
predpjatych hlavic a s podchycenim okolnich budov. Podilel se téz
v té€ dobé na novém feSeni prostupovych ¢asti raZenych stanic met-
ra Setficich spotfebu drahé litiny.

Sledovani deformaci nadlozni zastavby pfi razbach tuneld se sta-
lo jeho celozivotni specializaci. Publikoval o tomto problému fadu
¢lanka.

V roce 1979, v dobé& normalizace, kdy se ve VPU projektovaly
velké protiatomové tkryty, se stal pro tehdejsi rezZim politicky ne-
spolehlivy a musel ustav opustit.

V témzZe roce nastoupil do Metrostavu Praha, kde pracoval jako
vedouci odboru pfedvyrobni pfipravy a projekce. Se svymi kolegy
zavedl unifikaci razenych a hloubenych stanic.

V letech 1991-1995 puisobil ve funkci hlavniho inZenyra vystav-
by Strahovského tunelu. V roce 1994 se stal autorizovanym inZe-
nyrem. Trvale udrzoval styk s katedrou geotechniky a zakladani
CVUT Praha a fadu let byl ¢lenem zkusebnich komisi.

Treti etapu svého profesniho Zivota zahdjil v roce 1998 v inves-
torské firm& VIS, a.s. Jeho specializaci bylo fizeni monitoringu
podzemnich staveb s uplatiiovdnim observacni metody a sdileného
rizika investora se zhotovitelem, které prineslo milionové uspory.

Koncepce monitoringu tunelu Mrazovka, na které spolupraco-
val, se stala zakladem pro monitorovéni dalSich tunelovych staveb
v CR.

O vysledcich monitoringu tunelu Mrazovka prednasel na svéto-
vém kongresu v Sydney v roce 2002.

Ja jsem mél to osobni §tésti, Ze Mirek byl mym prvnim $éfem
v zamé&stnani. Mirek byl pfisny, ale uznaly §éf, od kterého jsem se
v8ak hodné naucil. Daval ndm velky prostor pro samostatné mysle-
ni a rozhodovani. Dovedl poradit i v osobnim Zivoté.

Mirek cely svij zivot zlstal vérny své Zené¢ Dagmar, se kterou
méli dceru a syna. Te€Sil se také ze tii vnoucat.

V soukromém Zivoté byl Mirek Clovék s velkym eldnem se za-
jmem o kulturu, politiku a sport, zvlasté pak basketbal, ktery hral
i zdvodné.

V kuloarech tunelafskych konferenci bylo vzdy Mirka plno. Kla-
dl prednasejicim dotazy a o prestavkach byl schopny s kazdym po-
hovorit. Nékomu néco vytknul, nékoho pochvilil a nékomu zadal
néjaky ukol. Takovy prosté byl nas ,,Kolda“

Mirku, bude nam ted moc chybét Tvoje vitalita, optimismus
i Tvoje zkuSenosti. VEfim, Ze nyni sledujes z tunelafského nebe,
jak pokraCuje priprava staveb Méstského okruhu a trasy metra D,
o které jsi se do svych poslednich chvil tak zajimal.

Mirku! Cest Tvé pamaitce !

Ing. JAROSLAV NEMECEK
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Monitoring of deformations of above-ground buildings during
tunnel excavation became his life-long specialisation. He published
a number of papers on this issue.

In 1979, at the time of normalisation, when large fallout shelters
were designed in Vojensky Projektovy Ustav, he became politically
unreliable and had to leave the institute.

In the same year he joined Metrostav Praha, where he worked
in the position of chief of the Construction Pre-planning and
Designing Department. Together with his colleagues he introduced
the unification of mined and cut-and-cover station tunnels.

In 1991-1995, he worked in the position of chief engineer for
the construction of the Strahov tunnel. In 1994 he became an
authorised engineer. He permanently maintained contacts with
the Department of Geotechnical and Foundation Engineering of
the Czech Technical University in Prague and was a member of
examination committees for many years.

He started the third stage of his professional life in 1998 in VIS,
a. s., an investment company. His specialisation lied in managing
monitoring of underground structures applying an observational
method combined with sharing client and contractor risks. The
method yielded millions of savings.

The concept of monitoring of the Mrazovka tunnel, which he
collaborated on, became a basis for monitoring of other tunnel
construction sites in the CR.

He lectured on the results of monitoring of the Mrazovka tunnel
at the World Tunnel Congress in Sydney in 2002.

I was lucky enough that Mirek was my first boss at work. Mirek
was a strict but appreciative boss, from whom I learned a lot.
He gave us a lot of room for independent thinking and making
decisions. He could also advise in private lives.

All his life, Mirek remained faithful to Dagmar, his wife, with
whom they had a daughter and a son. He also enjoyed three
grandchildren.

In his private life, Mirek was a man of great enthusiasm, who
was interested in culture, politics and sports, especially basketball,
which he also played competitively.

Breaks of tunnelling conferences were always full of Mirek. He
asked lecturers questions and at breaks was able to talk to everyone.
He reproached somebody, praised somebody and even could assign
someone a task. That was just our ,,Kolda®.

Mirek, we will much miss your vitality, optimism and your
experience. | believe that you are now following us from the
tunnelling heaven, viewing how the preparation of the City Circle
Road and Metro D Line construction lots, which you were so
interested in until your last moments, proceeds.

Mirek! I honour your memory!

Ing. JAROSLAV NEMECEK

ZPRAVODAJSTVi CESKE A SLOVENSKE TUNELARSKE ASOCIACE ITA-AITES
CZECH AND SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORTS

www.ita-aites.cz

VALNE ZHROMAZDENIE SLOVENSKEJ TUNELARSKEJ ASOCIACIE
GENERAL ASSEMBLY OF SLOVAK TUNNELLING ASSOCIATION

The regular General Assembly of the Slovak Tunnelling
Association took place on 24™ October 2019. At the beginning of
the General Assembly negotiations, the present commemorated by
a minute of silence the memory of deceased teacher doc. Koloman
Ratkovsky, a co-founder and honourable member of the STA.

The STA Committee submitted a proposal for awarding Ing. Stefan
Choma and Ing. Pavol Kusy the title of an Honourable Member
as long-standing functionaries of the Association. The Activity
Report was presented by Ing. Miloslav Frankovsky, the Chairman
of the STA. The Funding and Management Report was prepared
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by Ing. Robert Turansky, a member of the Audit Committee. Ing.
Viktoria Chomova presented activities of the STA in the following
period. In the first half of 2020, the STA Committee will deal with
the idea of organising the Tunnels and Underground Construction
2021 conference. After the end of the General Assembly
negotiations, the attendees heard two very interesting professional
lectures. Ing. Brichna¢ from Metrostav a.s. informed about the
experience from the construction of the PreSov motorway tunnel
in the PreSov West — PreSov South section of the D1 motorway.
Ing. Maricdk from Tucon, a.s. presented the current condition
of the preparation of the construction of the BikoS tunnel on the
fast highway R4 on the northern by-pass of the town of PreSov,
where the beginning of tunnel excavation is expected in the spring
2021.

After the lectures, the attendees moved to the eastern portal of
the PreSov tunnel, where they took a tour of both tunnel tubes and
both portals.

Pravidelné valné zhromazdenie Slovenskej tunelarskej asocia-
cie sa uskutocnilo dila 24. oktébra 2019 v krajskom meste PreSov
na vychodnom Slovensku, v priestoroch hotela Plaza. Ucastnikov
v tvode okrem predsedu Ing. Miloslava Frankovského privital aj
podpredseda STA ing. FrantiSek Ockajak, ako zastupca spoloc-
nosti Doprastav a.s., ktora poskytla valnému zhromazdeniu orga-
nizacnd podporu. O programe informovala pritomnych Ing. Vik-
toria Chomova, ktord nasledne rokovanie valného zhromazdenia
viedla.

V tvode valného zhromazdenia si pritomni pripomenuli minu-
tou ticha pamiatku zosnulého pedagdga, spoluzakladatela a Cest-
ného ¢lena STA doc. Kolomana V. Ratkovského. Hned v prvom
bode valného zhromaZdenia vybor STA predloZil navrh na ude-
lenie titulu Cestného ¢lena dlhoroénym funkciondrom asociécie
Ing. Stefanovi Chomovi a Ing. Pavlovi Kusému. Valné zhromaz-
denie tento ndvrh schvililo.

Spréavu o ¢innosti predniesol predseda STA Ing. Miloslav Fran-
kovsky, ktory informoval o aktivitdch za predoslé obdobie. V ob-
dobi od posledného VZ STA, teda od méja 2019 sa uskutocnilo
6 rokovani vyboru. Na prvom rokovani vyboru zvoleného Valnym
zhromazdenim STA v juni 2018 bolo vyborom zvolené vedenie
asocidcie na nasledovné obdobie, predseda Ing. Miloslav Fran-
kovsky, podpredseda Ing. FrantiSek Ockajak a sekretar Ing. Vik-
téria Chomova.

Klacovymi aktivitami, na ktoré sa sustredila ¢innost Vyboru
STA, boli:

* odborny semindr spojeny s navstevou Zelezni¢nych tunelov

Diel a Milochov vo vystavbe;

 konferencia Podzemni stavby Praha 2019;

» vydavanie Casopisu Tunel spolu s CzTA;

e ucast na priprave technickych predpisov — TP099 Protipo-
Ziarna bezpecnost cestnych tunelov;

¢ priebezna aktualizdcia webovej stranky asocidcie.

Spravu o financovani a hospodareni pripravil ¢len reviznej ko-
misie STA Ing. Robert Turansky. Vzhladom na jeho nepritomno-
st spravu predniesol Ing. M. Frankovsky, ktory tieZ informoval
pritomnych, Ze hospodéarenie STA bude v roku 2019 pribliZzne
vyrovnané.

Ing. Viktéria Chomové prezentovala aktivity STA v nasledov-
nom obdobi, pri¢om podrobne informovala pritomnych o pldno-
vanych aktivitach vo viacerych okruhoch, tak ako boli predisku-
tované na vyboroch asociacie:

¢ podpora vzdeldvania a praca s mladezou;

e spolupréca s vysokymi Skolami;

« spoluprica s prevadzkovateImi tunelov (NDS a ZSR);

e publikovanie a prezentécia;

e organizicia konferencii a seminérov.

V ramci posledného bodu odznela informécia, Ze Vybor STA sa
bude v prvej polovici roku 2020 zaoberat mySlienkou organizacie
konferencie Tunely a podzemné stavby v roku 2021.

Poslednym bodom programu bola diskusia, v ktorej vystipilo
viacero ucastnikov VZ, pricom ich prispevky sa tykali nasledov-
nych tém.

Chyby a nedostatky pri vystavbe by sa nemali skryvat, odbor-
na verejnost by mala byt s nimi obozndmen4, najlepsie formou
,,Lessons learned*. Vzhladom na citlivost zo zmluvného pohladu
(zaruky, prebiehajice spory) je mozné zvazit moznost prezenta-
cie formou internych odbornych seminarov.

Konferencia Tunely a podzemné stavby v roku 2021 by urcite
bola prinosom, je potrebné na urovni vyboru STA premysliet jej
organizciu.

Negativne skusenosti s niektorymi verejnymi subjektmi — z po-
hladu kvalifikacnych predpokladov a referencii — STA by mohla
aktivne vstupovat, napr. formou tvorby predpisov do formulacie
kvalifikacnych predpokladov.

Po ukonceni rokovania Valného zhromazdenia si icastnici vy-
poculi dve velmi zaujimavé odborné prednasky. Ing. Bfichnac zo
spolo¢nosti Metrostav a.s. informoval o skiisenostiach z vystavby
dialni¢ného tunela PreSov na useku dialnice D1 Presov zapad —
PreSov juh. Ing. Mari¢dk zo spolo¢nosti Tucon, a.s. prezentoval
sucasny stav pripravy vystavby tunela BikoS$ na rychlostnej ceste
R4 na severnom obchvate mesta PreSov, kde sa zaciatok razenia
o¢akdva v jarnych mesiacoch budiceho roku.

Po prednaskach sa tcastnici presunuli na vychodny portal tu-
nela Presov, kde absolvovali prehliadku oboch tunelovych rir aj
oboch portalov s ptitavym vykladom ing. Bfichnéca.

Ing. MILOSLAV FRANKOVSKY

0ZNAMENI 0 KONANi VALNEHO SHROMAZDENI
CESKE TUNELARSKE ASOCIACE ITA-AITES 2. S.

Viem ¢lenim Ceské tunelaské asociace ITA-AITES z. s. si
dovolujeme oznamit, Ze jeji valné shromédzdéni se bude konat ve
stiedu 3. Cervna 2020. Bude to volebni valné shromézdéni, protoze
jeho soucasti budou volby predsedy a ¢lent predsednictva asociace
na funk¢ni obdobi 2020 az 2024.

Vyzva k podani ndvrhi na predsedu a cleny predsednictva

i pozvanka na valné shromazdéni vcetné jeho programu bude vsem
¢lenim asociace v souladu se stanovami zaslana.

Ing. MARKETA PRUSKOVA, Ph.D,
pruskova@ita-aites.cz,
generdlni sekretdr CzTA ITA-AITES




Tuel

29. rocnik - €. 1/2020

__ BIBLIOGRAFIE CLANKU A STATI
UVEREJNENYCH V TUNELU, CASOPISU CESKE TUNELARSKE ASOCIACE
A SLOVENSKEJ TUNELARSKEJ ASOCIACIE ITA-AITES V ROCE 2019

BIBLIOGRAPHY OF ARTICLES PUBLISHED IN THE JOURNAL TUNEL
OF THE CZECH TUNNELING ASSOCIATION AND THE SLOVAK TUNNELING
ASSOCIATION ITA-AITES WITHIN THE YEAR 2019

BIBLIOGRAFIE CLANKU A STATI Cislo Strana BIBLIOGRAFIE CLANKU A STATI Cislo  Strana
BIBLIOGRAPHY OF ARTICLES PUBLISHED Issue  Page BIBLIOGRAPHY OF ARTICLES PUBLISHED Issue  Page
1. UVODNIK B Ejpovické tunely — BIM pro nejdelsi Zelezni¢ni tunely v CR

EDITORIAL Ejpovice Tunnels — BIM for Longest Railway Tunnels in the CR

RNDr. Radovan Chmelaf, Ph.D., Ing. Martin Kratky, Ing. Petr Svoboda,

clen redakcni rady casopisu Tunel 172019 1 Metrostav a.s., Divize 5 12019 82
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80" Anniversary of the Birth of prof. Ing. Jiii Bartdk, DrSc.
doc. Dr. Ing. Jan Pruska 2/2019 99

B Ing. Vlastimil Horédk Sedesatnikem
Ing. Vlastimil Hordk Sexagenarian
doc. Ing. Vladislav Hordk, CSc. 2/2019 100

W Ing. Martin Srb, Ph.D. — 60 let
Ing. Martin Srb, Ph.D. — 60 Years Old
prof. Ing. Matous Hilar, Ph.D. 2/2019 102

W 55 let spole¢nosti Subterra
55" Anniversary of Subterra Foundation
Ing. Jan Vintera, Ing. Jifi Novy, Subterra a.s. 2/2019 104

m doc. Ing. Richard Stiuparek, CSc. osmdesétilety
doc. Ing. Richard Sriupdrek, CSc. Octogenarian
doc. RNDr. Eva HrubeSovd, Ph.D. 3/2019 65

| 80 let Ing. Jifiho Pavlika, CSc.
Ing. Jiri Pavlik, CSc. Octogenarian
Toméas Ebermann, GEOtest, a.s. 3/2019 66

B Zivotni jubileum — 75 let; pan Ing. Ludvik Sajtar,
jednatel a generdlni feditel SATRA, spol. s r.o.
Life Anniversary — 75 Years of Age; Ing. Ludvik Sajtar,
Executive Head and General Director of SATRA, spol. s r.o.
Ing. Pavel Sourek 3/2019 67

W 80. narozeniny Ing. Jifiho Hudka, CSc.
80™ Birthday of Ing. Jiri Hudek, CSc.
RNDr. Radovan Chmelat, Ph.D. 4/2019 78

18. ROZLOUCENI
LAST FAREWELL

B NavZzdy odesel prof. Ing. Josef Aldorf, DrSc.
prof. Ing. Josef Aldorf, DrSc. Left Forever
doc. RNDr. Eva HrubeSova, Ph.D. 2/2019 109

B Pamatce Ing. Jiftho Smolika
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