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Milé ¢tenarky, vazeni Ctenari,
touZit po nécem, co ndm chybi, patii k charakteristickym lidskym vlastnostem. Po letnim optimistickém vydechnuti
z jarniho sevieni pandemii se opét uchylujeme k neosobni on-line komunikaci, potykdme se s omezenymi moznostmi set-
kavani a touzime po ztraceném lidském kontaktu. Spolecensky Zivot se prakticky zastavil, rusi se seminére i léty zabéhnuté

A

konference, moznost vymény nazort i zkuSenosti je ¢im dal téz§i. V tuto chvili se vice neZ kdy jindy ukazuje, jaky vyznam
ma nas casopis Tunel jako platforma pro sdileni odbornych informaci ze svéta podzemnich staveb. Urc¢ité omezeni pfistupu
k informacim zaostfuje i pohled na obsah ¢lanku a klade zvySené naroky na autory. Kromé zakladnich informaci o projektu
¢i realizaci tunelu Ctenar hledd zajimavosti z oblasti neobvyklych technickych feSeni nebo postupll vystavby, porovnini
geotechnické progndzy s realitou nebo popis feseni neocekavanych situaci. Tyto informace délaji ¢lanek zajimavym, zvySuji
jeho informacni hodnotu i autorovu ¢i firemni prestiz. V pielozeném cisle asopisu Tunel se tento zamér myslim podafilo
naplnit. Clanky poskytuji informace o podzemnich stavbach z domova i ciziny, popisuji priizkumn4 dila pfipravované trasy D praZského metra,
razbu dalni¢niho nebo Zelezni¢niho tunelu i praktické vyuziti modernich technologii pfi provadéni geotechnického monitoringu.

Prvni ¢lanek poutavym zptisobem popisuje vystavbu silni¢niho tunelu Dyrafjardargong na Islandu. Uvadi komplexni informace o zptisobu vybé-
rového fizeni, logistice, dosaZenych postupech razby pfi pouZiti metody Drill&Blast a popisuje technické feSeni tunelu v pro nds ne zcela typickych
geologickych pomérech. U ¢lanku tykajicich se prizkumnych dél pro metro D v Praze je patrny rozdilny pohled zhotovitele a geotechnika. V ¢lanku
popisujicim razbu prizkumnych dél v tiseku PAD4 se autofi z firmy Metrostav a.s. zaméfuji spiSe na problematiku vystavby, zatimco druhy ¢lanek
z usekli VO-OL a OL1 autortl z firmy SG Geotechnika a.s. uvadi kromé zakladnich technickych informaci o razbé zejména popis provadénych
méfeni a sledovani k ziskani inZenyrskogeologickych, strukturnich a geotechnickych charakteristik horninového prostedi. Razbou dalni¢nich a Ze-
leznicnich tunelt se zabyvaji ¢lanky o dalni¢nim obchvatu PreSova na Slovensku a dvoukolejném Zelezni¢nim tunelu Debore¢ na IV. Zelezni¢nim
koridoru v dseku Sudoméfice — Votice. V piipadé tunelu PreSov je poskytnuta informace o provadéni sekundarniho osténi, vozovky a pfipravy na
montaz technologického vybaveni. U Zelezni¢niho tunelu Debore¢ se autofi zaméfuji na geotechnické problémy v priabéhu razby a jejich feseni.
Tematicky Siroké spektrum nového vydani Casopisu dopliuje ¢lanek popisujici vyuziti optovlaknovych snimacu pii geotechnickém monitoringu
primarniho osténi na trase V.A prazského metra.

Vsem ¢tenafim a pfizniveim podzemnich staveb preji klidny podzim, pohodové chvile pfi ¢teni Casopisu, a i pres ubyvajici denni svétlo schop-
nost vzdy najit a vidét svétlo na konci tunelu.

Ing. LIBOR MARIK,
c¢len redakéni rady

Dear readers,

Yearning for something we are missing belongs among characteristic human traits. After the summer optimistic exhalation from the spring grip
of pandemics, we are once again resorting to impersonal online communication. We are facing limited opportunities to meet and are longing for
lost human contacts. Social life has virtually stopped, seminars and years established conferences are being cancelled, the possibility of exchanging
opinions and experience is becoming more and more difficult. At the moment more than at another time, the importance of our journal as a platform
for sharing professional information from the world turns out. Certain restrictions on access to information focuses also viewing of the content of
papers and places increased demands on their authors. Apart from basic information about a project or implementation of a project, readers seek
interesting things from the field of unusual technical solutions or construction procedures, comparisons of geotechnical prognoses with reality or
descriptions of solutions to unexpected situations. This information makes the paper interesting, increase its informative value as well as author’s
or company prestige. I believe this intention has been fulfilled in the TUNEL journal issue submitted to you. The papers provide information
on underground construction projects, both domestic and foreign, describe exploratory work on the Prague Metro Line D being prepared, the
excavation of a motorway or railway tunnel and practical use of modern techniques and equipment used for conducting geotechnical monitoring.

The first paper describes in an arresting way the construction of the Dyrafjardargong tunnel in Iceland. It presents comprehensive information
about the system of the tendering process, logistics, excavation advance rates achieved using the Drill&Blast method and describes the technical
solution to the tunnel in geological conditions which are not typical for us. Regarding the papers relating to survey workings for Metro D Line in
Prague, there are different contractor’s and geotechnician’s opinions visible. In the paper describing the excavation of survey workings in the PAD4
section, the authors from the company of Metrostav a.s. focus more on problems of the construction, whilst the second paper from the VO-OL and
OL1 sections by authors from the company of SG Geotechnika a.s. present, apart from basic technical information on the excavation, in particular
description of the measurements and monitoring required to obtain engineering geological, structural and geotechnical characteristics of the ground
environment. The excavation of motorway and railway tunnels is the topic of papers on the motorway by-pass of PreSov in the Slovak Republic
and on the Debore¢ double-track rail tunnel on the railway corridor No. 4 in the Sudoméfice — Votice section. In the case of the PreSov tunnel,
information is provided on the construction of the secondary lining, the roadway and preparation for installation of tunnel equipment. Regarding the
Deborec¢ tunnel, the authors focus the geotechnical problems encountered during the construction and their solutions. The thematically wide range
of issues of the journal is supplemented by an article describing the use of optical fibre sensors in geotechnical monitoring of the primary lining on
the V.A line of the Prague metro.

I wish all readers and supporters of underground construction a peaceful autumn, relaxing moments while reading the journal, and despite the
diminishing daylight, the ability to always find and see the light at the end of the tunnel.

Ing. LIBOR MARIK,
Member of Editorial Board
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VAZENI CTENARI,

je mi cti, Ze mohu pfi piilezitosti, kdy Metrostav dovrSuje
vyznamné jubileum, na strankach tohoto casopisu uvést pii-
spévky svych kolegt, ve kterych predstavujeme nasSe aktudl-
né realizované tunelové stavby.

Dovolte, abych v tivodu jen krétce predstavil sebe. V Me-
trostavu plisobim v riznych pozicich jiz od roku 1989 a od
leto$niho 1. Cervence jsem pievzal Stafetu vedeni nasi spo-
le¢nosti po dlouholetém generdlnim fediteli panu Ing. Pavlu
Pilatovi. Ackoliv nejsem puavodni specializaci tunelét, a ani
dnes bych si nedovolil vydavat se za odbornika v této specializaci, pre-
ce jenom neni mozné pusobit pies 30 let v Metrostavu a k tomuto oboru
neziskat blizsi vztah. TakZe s hlubokym respektem k femeslu a k tém,
kteti ho opravdu ovladaji, dovolim si uvést toto ¢islo ¢asopisu Tunel
kratkym zavzpomindnim na hlavni milniky v historii Metrostavu, které
souvisely s podzemnim stavitelstvim. Dne 1. ledna 2021 to bude jiZ
50 let od okamziku, kdy se Metrostav vyc¢lenil z narodniho podniku
Vodni stavby. JiZ v roce 1974 byla slavnostné uvedena do provozu prv-
ni trasa I.C prazského metra Florenc — Kacerov a v fijnu roku 1976
podesel mechanizovany §tit TSEB-3 Metrostavu poprvé Vitavu na trase
LLA. V roce 1983 jsme se stali clenem Mezindrodni tuneldi'ské asociace
ITA/AITES. V roce 1991 doslo k transformaci statniho podniku na ak-
ciovou spole¢nost. Od roku 1997 realizujeme razbu tuneld technologii
NRTM. Rok 2006 byl pfelomovy z pohledu naseho ptsobeni v zahrani-
¢i zahdjenim razby tuneld v Chorvatsku a na Islandu. Od roku 2010 je
Metrostav fidicim ¢lenem koncernu, jehoZ soucdst tvoii i Subterra a.s.
a BeMo Tunnelling GmbH. V roce 2011 jsme zahdjili novou éru me-
chanizovaného tunelovani v Ceské republice na trase V.A praZského
metra a poté na Zelezni¢nich tunelech Ejpovice. Metrostav je dnes uni-
verzalni stavebni spolecnosti, ktera pisobi ve v§ech segmentech staveb-
niho trhu, nicméné své tunelarské kapacity a dovednosti povaZzujeme za
rodinné stiibro, které chceme chrénit a rozvijet.

Metrostav dlouhodobé vyviji systematické usili smétujici k zachova-
ni a rozvoji vlastnich vyrobnich kapacit. Je to cesta pracna, bez rych-
lych efektd, ale podle mého minéni jedina dlouhodobé spravnd. Uzce
spolupracujeme s odbornymi ucilisti, stfednimi i vysokymi Skolami,
a to ndm jiz mnohokrét prineslo své ovoce. V poslednich obdobich nase
usili bohuZel ohroZuje a maii tragicky nedostatek tunelovych projek-
td v Ceské republice. Stavy nasich kmenovych zaméstnancd v tomto
oboru jsme jiZ nékolikrat museli redukovat a tato situace nedava piili§
prostoru k systematické vychové novych generaci délnikd a technikd,
ktefi v budoucnu budou oboru chybét.

Kvuli nepfili§ povzbudivé situaci na domacim trhu byl Metrostav nu-
cen pokusit se uspét na zahrani¢nich trzich, kde jiz nékolik let uplatituje
¢ast svych razi¢skych kapacit. Stfelka naSeho tunelarského kompasu
mifi pfedevs$im na sever. Na Islandu jsme v leto$nim roce Gspésné zpro-
voznili jiZ tfeti projekt silni¢nich tuneld, ve Finsku jsme v nedavné dobé
dostavéli dalsi usek prodlouZeni linky metra v Helsinkach a s touto stav-
bou se budeme uchazet o titul Zahrani¢ni stavba roku 2020. Celou fadu
norskych silni¢nich tunelt jsme na nasem letos dokoncovaném projektu
prelozky silnice Fv. 714 nedaleko Trondheimu ,,okofenili* také 735 m
dlouhym mostem klenoucim se nad morskym fjordem.

Zavérem chci podékovat svym koleglim, jejichZ pra-
ci v tomto Casopise predstavujeme. Nam vSem pak pie-
ji, kromé fady novych zajimavych tunelovych projektt
v Ceské republice, pfedeviim mnoho osobnich i pracov-
nich dspéchii a pevné zdravi i v dnesni pro-
blematické ,,kovidové dobé.

Hen "

Ing. JAROSLAV HERAN,
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DEAR READERS,

I am honoured to be allowed to present papers of my
colleagues in which we introduce our tunnelling projects
currently under construction on the pages of this journal at
the moment when Metrostav crowns a significant anniversary.

Let me introduce myself only briefly in the introduction.
I have been working with Metrostav in various positions
already since 1989 and, since July 1 this year, I have taken
over the baton of the management of our company from Ing.
Pavel Pilat, a long-time general director of the company.
Even though my original specialisation is not tunnelling and
I would not dare to pass myself off as an expert in this specialisation, it
is still not possible to work for over 30 years in Metrostav and not gain a
closer relationship with this field. So with a deep respect for the profession
and for those who really master it, I would like to introduce this issue of
TUNEL journal with a brief recollection of the main milestones in the
history of Metrostav that were related to underground construction. On
1* January 2021, it will be 50 years since Metrostav separated from the
national enterprise Vodni stavby. It was already in 1974 that the first line
IC of the Prague metro between Florenc and Kacerov was ceremonially
put into operation and, in October 1976, Metrostav’s mechanized shield
TSEB-3 passed under the Vltava for the first time on the IA metro line. In
1983, we became members of the International Tunnelling Association
ITA/AITES. In 1991, the state enterprise was transformed to a joint-stock
company. Since 1997, we use the NATM technique for construction of
tunnels. The year 2006 was a turning point in terms of our operations
abroad by commencing excavation of tunnels in Croatia and Iceland.
Since 2010, Metrostav is a controlling member of a concern the parts
of which are also Subterra a.s. and BeMo Tunnelling GmbH. In 2011,
we started a new era of mechanised tunnelling in the Czech Republic
on the line VA of Prague metro and, subsequently, on the Ejpovice rail
tunnels. Metrostav is today a universal construction company operating
in all segments of the construction market, nevertheless, we consider
our tunnelling capacities and skills to be family silver which we want to
protect and develop.

Metrostav has been making long-term systematic efforts focused on
maintaining and developing its own production capacities. This way is
laborious, without quick effects, but in my opinion the only one that is
right in the long run. We cooperate closely with vocational schools, high
schools and universities, and it has already borne fruit for us many times.
Unfortunately, in recent periods, our efforts have been threatened and
spoiled by the tragic shortage of tunnel construction projects in the Czech
Republic. We have already had to reduce the numbers of our permanent
employees working in this field several times, and this situation does
not leave much room for the systematic education of new generations of
workers and technicians, who will be missing in the field in the future.

Due to the not too much encouraging situation on the domestic market,
Metrostav was forced to try to succeed on foreign markets, where it has
been using part of its tunnel excavation capacities already for several
years. The needle of our tunnellers’ compass is aimed first of all at the
north. In Iceland, we have successfully finished the already third road
tunnel construction project of road tunnels, in Finland, we have recently
completed another section of the extension of the Helsinki metro and
we will apply for the title of the Foreign Construction of the Year 2020
with this construction. We have ““spiced” the wide number of Norwegian
road tunnels in the case of the Fv. 714 road, being finally relocated near
Trondheim, by adding a 735m long bridge arching over
a sea fjord.

To conclude, I want to thank my colleagues whose work
we introduce in this journal. I wish all of us, apart from
a number of new interesting tunnel construction projects

in the Czech Republic, above all lots of
personal and professional success and good
health even in today‘s problematic ,,Covid*
period.

generalni reditel Metrostav a.s.
General Director of Metrostav a.s.
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VAZENE KOLEGYNE A KOLEGOVE,
CTENARI CASOPISU TUNEL,

piSu tento tvodnik, tak jako ostatni autofi, v turbulentnim
roce 2020, ktery zacal jako rok, ktery mél byt podobny tomu
pfedchozimu, jen s lepSimi vyhlidkami v oblasti podzemni-
ho stavitelstvi.

Nase firma SG Geotechnika a.s. v roce 2020 dokoncila
podrobny geologicky prizkum pro D35 Opatovec — Staré
Meésto, 2. tsek — tunel Détfichov. Jedna se o budouci nejdel-
§i Cesky délni¢ni tunel o délce 3 983 m, ktery je navrZen ve
formé dvou razenych dvoupruhovych tubusi. Do vystavby
by tento tunel mél jit v roce 2023.

Soucasné se podilime na obou bé&Zicich tunelovych projektech v CR,
a to jak na tunelech Mezno a Debore¢, kde provadime geotechnicky
monitoring, tak na geologickém prizkumu formou podzemnich dél na
trase metra I.D, kde jsme odpovédnymi feSiteli geologickych praci na
¢astech OL1 a VO-OL. V soucasné dobé (fijen 2020) je jiz odevzdana
zavéreCna zprava tseku OL1 a naSe geologické prace probihaji na ¢as-
ti VO-OL. Na Slovensku, prostfednictvim nasi dcefiné firmy Geofos,
provadime geotechnicky monitoring trasy na useku D1 Hricovské Pod-
hradie — Lietavska Liicka s tunely Ov¢iarsko a Zilina a stejné ¢innosti
provadime na stavbé D1 PreSov zdpad — PreSov juh. Fungujeme také
jako soucast tymu stavebniho dozoru tunelu Cebrat.

Dal$im vyznamnym pocinem na poli tuneldiském bylo vypsani sou-
téZe na vystavbu ,,Provozni tsek I.D prazského metra — tsek Pankric
— Olbrachtova, stavebni ¢ast a stejné tak na ,,Komplexni geotechnicky
monitoring a pasportizaci® pro stejnou stavebni ¢ast. Obé soutéZe bo-
huZel po ndmitkdch stéZovateldi skonéily na Ufadu pro ochranu hos-
podafské soutéze (UHOS), kde v piipadé stavebni ¢asti tfad nafidil
Dopravnimu podniku hlavniho mésta Prahy (DPP) neuzavirat smlouvu
s vitézem a v piipadé soutéZe na geotechnicky monitoring ulozil né-
pravné opatfeni spocivajici ve zruseni soutéze. Proti obéma rozhodnu-
tim miize podat DPP rozklad. Kvili nimitkam a rozhodnutimi UHOS
dojde bohuzel k velkému zpozdéni tohoto, pro Prahu, vyznamného
projektu. Je velka Skoda, Ze se pfi vefejnych soutéZich nedokazeme fi-
dit zndmym heslem ,,Sldva vitéziim a cest poraZenym®. Pfeji tomuto
dalezitému projektu uspéch a doufam, Ze se zadavateli podaii soutéz
dotahnout do zd4rného konce a projekt rozbéhnout.

KdyZz se vratim k ndm nejbliz§imu zahrani¢nimu trhu, a to sloven-
skému, ani tam dnes neni situace na poli tunelaiském tpln€ nejlehci.
V roce 2020 bézi dva tunelové projekty, a to prizkumné dilo tunelu
Cebrat na tseku Hubova — Ivachnové dalnice D1 a razba tuneld Biko$
na rychlostni silnici R4 severniho obchvatu PreSova. V soucasné dobé
také neni rozhodnuto o formé dokonceni nejdelsiho slovenského tunelu
Visnové (délka 7 520 m) na useku dalnice D1 Lietavska Licka — Dubna
Skala. I na slovenském trhu se tedy potykaji s podobnymi problémy
nedokoncenych soutéZzi.

Doufam, Ze v nasledujicich letech budeme mit moZnost dale doka-
zovat, Ze ¢eské podzemni stavitelstvi je na vysoké trovni a je schopno
fesit i ty nejsloZitéjsi tikoly tohoto oboru. Pfejme si také, aby cesky
stat, ktery je nejveétSim investorem velkych infrastrukturnich staveb na
naSem tzemi, nenechal v tomto roce ani v letech piiStich nas obor zahy-
nout a my nebyli nuceni uplatiiovat své kapacity v zahranici.

Ve vleku opatfeni proti koronaviru véfim, Ze budeme moci poradat
setkani a konference pro vyménu informaci a rozsifovani
si naSich znalosti a Ze se nedoZijeme éry, kdy budeme ra-
zit tunely on line.

S hornickym Zdat Bih vam vSem a ¢eskému tunelo-
vému stavebnictvi zvlast pieji vSe nejlepsi,
mnoho tspécht a hlavné hodné zdravi.

/f%ﬂff/

Mgr. LUCIE BOHATKOVA
Clenka predstavenstva spolec¢nosti

DEAR COLLEAGUES,
TUNEL JOURNAL READERS,

I am writing this editorial, like the other authors, in the
turbulent year 2020, which began as a year that was expected
to be similar to the previous one, only with better prospects in
the field of underground construction.

In 2020, our company SG Geotechnika a.s. finished
a detailed geological survey for the D35 motorway
construction project Opatovec — Staré Mésto, Section 2 —
Détfichov Tunnel. It is the future longest Czech motorway
tunnel, with the length of 3983m. It is designed in the form of
two mined double-lane tunnel tubes. The construction of this
tunnel is expected to commence in 2023.

At the same time, we participate in both tunnel projects currently under
construction in the Czech Republic, the Mezno and the Debore¢, where
we perform geotechnical monitoring and geological survey in the form
of underground workings on the Metro I.D route, where we are in the
position of responsible solvers of geological survey tasks on OL1 and VO-
OL parts. Currently (October 2020), the final report on the OL1 section
has already been submitted to the client and our geological operations
are underway in the VO-OL part. In Slovakia, we conduct geotechnical
monitoring through our daughter company Geofos. We carry out
geotechnical monitoring in the Hricovské Podhradie — Lietavskd Lucka
section of the D1 motorway with the Ovéiarisko and Zilina tunnels and
the same activities are performed on the D1 PreSov, West — PreSov, South
construction site. In addition, we operate as a part of the construction
supervising team on the Cebrat tunnel.

Invitations to tender for a contract for construction of “Operating
section I.D of Prague metro — Pankrdac — Olbrachtova section, civil
works” and “The comprehensive geotechnical monitoring and condition
survey” for the same construction part was another significant deed in
the field of tunnel construction. Unfortunately, both tender proceedings
ended, after the arguments were advanced by complainants at the Office
for the Protection of Competition, where the Office ordered the Prague
Public Transit Company Inc. not to conclude a contract with the winner
in the case of the civil works and imposed a remedy consisting in the
cancellation of the competition in the case of the tender for geotechnical
monitoring. The Prague Public Transit Company can file a disquisition
against both decisions. Thanks to the objections and the decisions of the
Office for the Protection of Competition, there will be a long delay of this
project so important for Prague. It is a great pity that we cannot follow
the well-known motto ,,Glory to the winners and honour to the losers* in
public competitions. I wish this important project success. I hope that the
contracting authority will be able to bring the competition to a successful
end and get the project underway.

When I return to our nearest foreign market, the Slovak one, the
situation in the field of tunnelling is not entirely easiest even there. In
2020, two tunnel projects are underway, namely the survey workings on
the Cebrat tunnel in the Hubova — Ivachnov4 section of the D1 motorway
and the excavation of the Biko$ tunnels on the northern by-pass of PreSov,
the R4 fast highway. At present, the decision on the form of completion
of the longest Slovak tunnel, the Visiiové (7520m long), in the Lietavska
Licka — Dubna Skala section of the D1 motorway has not been made yet.
It means that similar problems of unfinished competitions are faced even
on the Slovak market.

I hope that we will have the opportunity to further prove that the Czech
underground construction industry is at a high level and is capable of
solving the most difficult tasks of this industry even in the coming years.
Let us also hope that the Czech state, which is the largest client for large
infrastructure projects in our territory, will not let our industry perish this
year or in the years to come, and that we will not be forced to use our
capacities abroad.

Despite anti-coronavirus measures, I believe that we
will be allowed to organise meetings and conferences for
exchanging information and expanding our knowledge, and
that we will not live to see the era of online tunnelling.

With the miners’ God speed you I wish you all and
especially the Czech tunnel construction
industry all the best, lots of success and, most
importantly, good health.

SG Geotechnika a.s.
Member of Board Directors
of SG Geotechnika a.s.
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~ TUNEL DYRAFJARDARGONG - DO TRETICE
DYRAFJARDARGONG TUNNEL — FOR THE THIRD TIME

JOSEF MALKNECHT

ABSTRAKT

Cldnek popisuje jediny islandsky tunelovy projekt, ktery je momentdlné ve vystavbé — Dyrafjardargong. Po svém dokoncent zajisti bez-
problémové zimni spojeni sousednich fjordii (Arnarfjorour a Dyrafjordur), a tim i v zimé oddélenych komunit zdpadnich fjordi. Prdace
realizuje stavebni spolecnost Metrostav a.s. ve sdruZeni s islandskou firmou Sudurverk hf. od cervna 2017. PrestoZe se nejednd o nejdelst
ologii a strojni sestavu (vcetné opatieni nutnych kviili nedostupnosti servisit). Rozebird velmi dobré vykony, které se radi mezi nejlepsi
dosaZené nejen na Islandu, ale i v celé Skandindvii. Zmiriuje logistické problémy a opatreni ke zvlddnuti sloZité situace béhem prvni zimy,
kdy byly prijezdové cesty k jiznimu portdlu priijjezdné maximdlné nékolik dni kaZdé ctyri tydny. Popisuje i aplikaci findlniho osténi a izolact
proti vodé a mrazu.

ABSTRACT

The paper describes the only tunnel construction project currently under construction in Iceland — the Dyrafjardargong. After its
completion, it will provide problem-free winter connection of neighbouring fjords (Arnarfjorour and Dyrafjorour), and thus also
communities of western fjords separated in winter. The construction is carried out by Metrostav a.s. in consortium with the Icelandic
company Sudurverk hf. since June 2017. Although it is not the longest Icelandic tunnel, the remoteness of the construction site ranks
it among the most complicated. The paper is focused on description of the underground excavation method (Drill&Blast), the geology
encountered and the tunnelling equipment set (including measures necessary due to unavailability of services). It discusses the very good
performance, which ranks it among the best achieved not only in Iceland, but also in the entire Scandinavia. It mentions logistic problems
and measures to deal with the difficult situation during the first winter, when the access roads to the southern portal were passable for
a maximum of several days every four weeks. It, in addition, describes the installation of the final lining and the waterproofing and

[frostproofing

uvob

V zéii roku 2017 zah4jila stavebni spolecnost Metrostav a.s. ve
sdruZeni s islandskou spolecnosti Sudurverk hf. razby silni¢niho
tunelu Dyrafjardargong na Islandu. Tento projekt je jiz v poradi
treti velkou stavebni zakdzkou Metrostavu a.s. na Islandu. Prvni
zakézkou byla mezi lety 2006-2010 vystavba dvou silni¢nich tune-
It Hédinsfjardargong s celkovou délkou razeb 10 575 m. Druhym
projektem se stal v letech 2013-2017 silni¢ni tunel Nordfjardar-
gong. Slavnostni otevieni tohoto tunelu probéhlo 11. 11. 2017 a se
svou razenou délkou 7 566 m se tak stal nejdelSim silni¢nim dvou-
pruhovym tunelem na Islandu. Aktudlni projekt Dyrafjardargdng
je se svou razenou délkou 5 301 m sice nejkratSim ze vSech tfi, ale
vzhledem k odlehlosti mista, na kterém se realizuje, rozhodné ne
nejjednodussim. Po dokonceni tohoto projektu bude celkova reali-
zovana délka raZeb na Islandu provedend spolecnosti Metrostav a.s.
od roku 2006 ptesahovat 23 km.

Hlavnim ucelem tohoto projektu je zajiSténi bezproblémového
a na udrzbu nendro¢ného spojeni mezi fjordy Dyrafjordur a Arnar-
fjordur v zapadnim Islandu (obr. 1), a tim vytvofeni alternativni
zimni trasy mezi ,,hlavnim méstem* zapadnich fjordi Isafjordurem
a Reykjavikem. Stavajici trasa bude zkrdcena o necelych 30 km
a nahradi tak nedostacujici nezpevnénou cestu vedouci pies hibet
Hrafnseyrarheidi s pfevySenim vice nez 500 m. V zimnim obdobi,
které v dané oblasti trva vice nez 6 mésicll v roce, je cesta uzaviena
pro veskerou dopravu.

Jako v pripadé predchazejicich dvou projektu, je i tentokrat za-
davatelem islandska statni organizace Vegagerdin (obdoba Ceské-
ho RSD), ktera v roce 2016 vypsala vefejné vybérové fizeni. To
bylo vypsano podle islandskych standard IST 30:2012 (islandska

obdoba cCerveného FIDIC) jako dvoukolové. Prvni kolo probéhlo

INTRODUCTION

In September 2017, the construction company of Metrostav a.s.,
in consortium with the Icelandic company of Sudurverk hf.,
commenced the excavation of the Dyrafjardargong road tunnel in
Iceland. This project is already the third large construction contract
of Metrostav a.s. in Iceland. The first contract was implemented
between 2006-2010, for construction of two Hédinsfjardargong
road tunnels with the total excavation length of 10,575m. The
Nordfjardargong road tunnel project in 2013-2017was the subject
of the second contract. The ceremonial opening of this tunnel took
place on 11 November 2017 and the tunnel with its excavation length
of 7,566m became the longest double-lane tunnel in Iceland. The
current Dyrafjardargong tunnel with its mined length of 5301m is the
shortest of all three tunnels, but it definitely is not the simplest. After
completion of this project, the overall length of tunnel excavation
completed in Iceland by Metrostav a.s. since 2006 will exceed 23km.

The main objective of this project is to provide problem-free
and not demanding in terms of maintenance connection between
Dyrafjordur and Arnarfjordur fjords in western Iceland (see Fig. 1)
and thus an alternate connection between Isafjordur, the “capital” of
the western fjords, and Reykjavik. The length of the existing route
will be reduced by less than 30km and the route will replace the
unpaved road leading across the Hrafnseyrarheidi crest with the
difference in elevations of over 500m. In winter periods, which last
in the area longer than 6 months a year, the road is closed for all
traffic.

As in the case of the previous two projects, the organisation of
Vegagerdin (similar to Czech Roads and Motorways Directorate)
has again the role of the contracting authority. It issued a public
call for bids in 2016. It was issued as a two-round competition,
in compliance with Icelandic standards IST 30:2012 (Icelandic
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formou prekvalifikace jednotlivych uchazeci. Jedinym kritériem
druhého kola vybérového fizeni byla nejnizsi nabidnutd cena. Ve
findle se ho zucastnilo celkem pét spolecnosti, mezi kterymi byly
stavebni firmy z Norska, Islandu, Dénska, ale také z Italie.

Pfipravné stavebni prace predchédzejici vlastnim razbam tunelu
byly zahdjeny v Cervenci 2017, pficemZ smluvni termin na piedani
hotového dila je stanoven na fijen 2020.

Stavebnim dozorem byly povéfeny firmy Geotek ehf. a Efla ehf.
Oficidlnim jazykem projektu je islandStina.

GEOLOGIE

Island se nachazi v severni ¢asti Atlantického ocednu, tam kde se
sbihd divergentni deskové rozhrani stiedoatlantského hibetu mezi
euroasijskou a severoamerickou deskou a plastovy diapir. Pod-
motskymi segmenty stfedoocednského hibetu nejbliZe k Islandu je
hibet Reykjanes na jihu a hibet Kolbeinsey na severu. Zde dochézi
k rozpindni a rGstu zemské kiry s rychlosti asi 2 centimetry za
rok. Zapadni fjordy byly podle K-Ar datovani (tj. kalium-argonové
metody) vytvofeny v obdobi pfed 10 az 16 miliony lety. Béhem
tohoto obdobi mladSich tfetihor vznikly zdejsi bazaltové formace,
jejichz obecny sklon je nyni subhorizontdlni. Bazalty jsou rdzného
typu, nejcastéji tholeitické a olivinické, jemno azZ stfedné zrnné,
Sedé barvy. Jednotlivé bazaltové vrstvy maji Casto ve svém podloZi
i nadlozi skorii nebo skoriovy bazalt.

Tunel se razi v horském hfebenu mezi nejvnitinéjsimi konci fjor-
dt Dyrafjordur a Arnarfjordur. Ten je tvoren relativné dobfe strati-
fikovanymi bazaltovymi horninami, které jsou proloZeny sedimen-
tarnimi vlozkami. Horniny jsou subhorizontdlné uloZeny smérem

equivalent to the Czech FIDIC Red Book). The first round took
place in the form of prequalification of individual competitors. The
only criterion of the second round of the tender was the lowest bid.
In the final the total of five companies, with construction companies
from Norway, Iceland, Denmark, but also Italy among them, took
part in it.

Preliminary work operations preceding the tunnel excavation
commenced in July 2017, while the contractual deadline for handing
the completed works over is set for October 2020.

The contract for construction supervision was concluded with
the companies of Geotek ehf. and Efla ehf. Icelandic is the official
language for the project.

GEOLOGY

Iceland is located in the northern part of the Atlantic ocean,
where the divergent boundary of the Mid-Atlantic Ridge between
the Eurasian Plate and the North American Plate converges with the
mantle diapir. The Reykjanes ridge in the south and the Kolbeinsey
ridge in the north are the submarine segments of the mid-ocean ridge
closest to Iceland. Here the Earth ‘s crust expands and grows at a rate
of about 2 centimetres per year. According to the K-Ar dating (i.e.
the kalium-argon method), the western fjords were formed in the
period before 10 to 16 million years. The local basaltic formations,
the general dip of which is currently sub-horizontal, developed
during this Later-Tertiary period. There are various types of basalt
there, most frequently tholeiitic and olivinitic, fine- to medium-
grained, grey. Individual basalt layers have frequently scoriae or

scoriaceous basalt in their roof and basement.

The tunnel is being driven through a mountain ridge between the




Obr. 2 Portdl Dyrafjorour
Fig. 2 Dyrafjorour portal

Obr. 3 Sedimentdrni vloZka sestupuje od stropu
Fig. 3 Sedimentary interlayer descending from the excavation roof

29. rocnik - €. /2020

innermost ends of the Dyrafjordur fjord and
the Arnarfjordur fjord. The ridge is formed by
relatively well stratified basalt rock, which is
interlayered by sedimentary rock. The rock
dips sub-horizontally, trending south-east.
The basalt lava consists mostly of porphyritic
basalt. The usual thickness ranges from 5 to 15
metres.

A number of true veins, but relatively
few faults were encountered on the tunnel
excavation side from Arnarfjordur. The
thickness of the true veins is very variable.
They wusually consist of parallel vertical
layers of repeated magmatic intrusions along
the tectonic lineament. From the side of
Dyrafjordur, the frequency of true veins was
small. The average thickness of sedimentary
interlayers on the side of the excavation from
Arnarfjordur amounted to 0.3 metre and was
relatively constant.

On the side of the tunnel excavation from
Dyrafjordur (see Fig. 2), the thickness of
three encountered interlayers was significantly
variable (0.5; 1.5 and 5m). According to the
borehole carried out during the geological
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1,20

teoreticky razeny profil T8
theoretical excavated cross-section T8

hranice definitivni vyztuze
boundary of final support

survey, the last sedimentary layer was to be
8 to 10 metres thick. The difference indicates
fluctuation in the thickness of this sediment and
reveals appropriateness of another borehole
when such a layer affecting the excavation
is detected during geological survey. The
sediment is formed mainly by claystone to
siltstone, mostly red (see Fig. 3).

Remains of petrified wood from an ancient
forest were found several times. Of interest
is the finding of pure copper on the surface.
thick lignite
overlying the sediment was also encountered
at several headings.

préjezdny profil
clearance profile

Several centimetres strata

TUNNEL EXCAVATION

The 5301m long tunnel was designed with
the radii of horizontal curves of 600m from

1,60

both portals up to the initial lay-bys and
with diameters of 12,000m on the remaining

Obr. 4 PFi¢ny priifez tunelu
Fig. 4 Tunnel cross-section

k jihojihovychodu. Bazaltova lava se sklada z prevazné porfyrické-
ho bazaltu. Obvykla mocnost je mezi 5 az 15 metry.

Na strané razby z Arnarfjorduru bylo zastiZeno mnoZzstvi pra-
vych Z7il, ale relativné malo zlomu. Pravé Zily maji velmi rozdilné
mocnosti a obvykle jsou sloZeny z paralelnich vertikdlnich vrstev
opakovanych magmatickych intruzi podél tektonického lineamen-
tu. Ze strany Dyrafjorduru byla Cetnost pravych zil mald. Pramér-
na mocnost sedimentdrnich vlozek byla na strané razby z Arnar-
fjorduru 0,3 metru a byla pomérné stala.

Na strané razby z Dyrafjorduru (obr. 2) byla mocnost tfi zasti-
Zenych vlozek znac¢né proménliva (0,5; 1,5 a 5 m). Podle vrtu pro-
vedeného pfi geologickém prizkumu méla byt tloustka posledni
sedimentarni vrstvy 8 az 10 metra. Rozdil ukazuje na kolisani moc-
nosti tohoto sedimentu a odhaluje vhodnost dalsiho vrtu, pokud je
pfi geologickém pruzkumu zjisténa takto razbu ovliviiujici vrstva.
Sediment je tvofen zejména jilovcem aZ prachovcem, prevazné
Cervené barvy (obr. 3).

Nékolikrat byly nalezeny zbytky zkamenélého dreva, které jsou
pozustatky davného lesa. Zajimavosti je nilez ryzi médi na povr-
chu. V nadloZi sedimentu byl také na nékolika Celbich zastiZzen
lignit o mocnosti nékolika centimetra.

RAZBY

Tunel délky 5 301 m byl smérové navrZzen s oblouky o poloméru
600 m u obou portalt do prvnich zalivii a polomérech 12 000 m ve
zbytku trasy. Sklon nivelety 1,5 % je dovrchni od jizniho portalu po
priblizné€ 2/3 délky (3 685 m) a pak klesd ve stejném sklonu 1,5 %
k severnimu portdlu v délce 1 616 m. BéZny piicny profil je ob-
dobou norského standardu T8 s plochou vyrubu 55,59 m? (obr. 4).
Deset nouzovych zaliva o pti¢ném profilu 77,7 m? bylo vyraZzeno
kazdych priblizné 500 m, sedm z nich s dalsi pri¢nou rozrazkou
nebo rozrazkami. Tyto rozrdzky slouZi pro vybudovani technickych
mistnosti, zichrannych mistnosti nebo zalivl pro otdceni (obr. 5).

Tunel byl raZen metodou Drill&Blast. Razby provadéné timto
zpusobem jsou velmi efektivni, a to nejenom vzhledem k jejich
rychlosti, ale také z pohledu relativné nizkych naklada pro inves-
tora. Tuto metodu 1ze ovSem vyuZit pouze v pevnych skalnich hor-
ninéch, které na Islandu prevladaji. Zakladnim aspektem metody

route. The gradient of the grade line of 1.5%

is inclined upwards from the southern portal,

approximately on 2/3 of the length (3685m) and

then continues downhill on the same gradient

of 1.5% up to the northern portal, along the length of 1616m. The

common cross-section is an analogy to Norwegian standard T8 with

the excavated area of 55,59m? (see Fig. 4). Ten emergency lay-bys

with cross-sectional areas of 77.7m? were excavated approximately

every 500m; seven of them together with additional transverse stubs

or tunnel stubs. The tunnel stubs are used to build service rooms,
emergency rooms or turning lay-bys (see Fig 5).

The tunnel was driven using the Drill&Blast method. Tunnel

excavation carried out using this technique is very effective, not only

with respect to the advance rates but also in terms of relatively low

prostor pro otateni manipulétoru
nebo nakladace

space for turning of manipulator
and loader

rozrazka pro skladovani
posypového materialu
side stub for storing

of spreadings

rozrdzka pro technickou mistnost
side stub for service room

Obr. 5 Rozrdzky v bezpecnostnim zdlivu B
Fig. 5 Tunnel stubs in safety lay-by B




Tuel

Drill&Blast je pouZziti primarni vyztuZe, tj.
svornikli a stfikaného betonu, alternativné
s rozptylenou vyztuzi. Primarni vyztuZ neni
separovana od definitivniho osténi a tvofi je-
den celek. Definitivni vyztuZeni tvoii zpravi-
dla dalsi vrstva stiikaného betonu a doplnéni
svornikit do definovaného rastru. Navrh vy-
ztuZeni dila se provadi kazdy zabér na zdkla-
dé Q-systému.

Razby probihaji obvykle s vyuZitim trha-
cich praci, vyjimec¢né také se strojnim rozpo-
jovanim. K rozpojovani horniny se pouzivaji
emulzni trhaviny. Délka produk¢nich vrtl od-
povidd maximalni mozZné délce vrtnych tyci
na 18° lafetach vrtaciho vozu, tj. 5,2 m.

Priméarni zajisténi vyrubu tunelu je rea-
lizovano pomoci raznych typd svornikové
vyztuze a stfikaného betonu. Dodate¢né svor-
nikovani a dalsi vrstva stiikaného betonu pak
slouZi jako definitivni vyztuZeni tunelu. AZ na
vyjimky jsou pouZzivany pouze svorniky s po-
vrchovou tpravou pozinkovanim a epoxido-
vym natérem v tloustkach alespon 65, resp.
60—100 pm.

Razby byly na jiznim portdle (Arnarfjordur) zahdjeny prvnim
odpalem 12. 9. 2017. V prvnich mésicich byly nepfiznivé ovlivné-
ny geologickou situaci s ¢astymi pfitoky netlakové vody (obr. 6).
Tyto pritoky ptisobily problémy pfi geodetickém zamétrovani tune-
lu a negativné pusobily i na elektroinstalaci stroju. Pfitoky musely
byt tudiz odklonény nastfelenymi svody.

Pocatkem biezna 2018 se geologické podminky vyrazné zlepsSily
a az do konce razeb z jizniho portdlu zistaly pomérné pfiznivé.
Nicméné nékolikrat zastizené pritoky vody, poruchy a sedimen-
tarni mezivrstvy (o mocnosti do ptl metru) vyrazné neovlivnily
rychlost postupu.

Ve ¢Etyfech mésicich obdobi biezna az zari 2018 bylo prekona-
no vzdy min. 300 vyraZenych tunelmetrd, s nejlep$im dosaZenym
mesicnim vykonem 402,5 metri. Tento vykon je v daném profilu
nejlepsi na celém Islandu. V tom samém obdobi bylo v sedmnéc-
ti tydnech dosaZeno nebo prekroceno 80 vyrazenych tunelmetrt,
dvakrat bylo pfekroceno 100 metr za tyden (tab. 1).

Obr. 6 Pritoky vody
Fig. 6 Water inflows

Tab. 1 Mési¢ni vykony, portdl Arnarfjorour, od brezna 2018

i tunel rozrazka celkem
mesie [m] [m] [m]
bfezen 387,2 0,0 387,2
duben 287,0 49,5 336,5
kvéten 402,5 0,0 402,5
Cerven 378,5 0,0 378,5

Cervenec 298,4 19,0 317,4
srpen 328,2 0,0 328,2
zZafi 214,0 35,0 249,0

Po kompletnim pfesunu zafizeni stavenis$té byly razby ze se-
verniho portdlu (Dyrafjordur) zahdjeny 12. 10. 2018. Navzdory
ocekavani zde byly pfitoky vody podstatné mensi nez na jiZznim
portdle. Prvni dvé zastiZené sedimentdrni vrstvy znamenaly jen
mirné zdrZeni postupu. Treti vrstva, aZ 5 m mocna, si vyzadala
zménu jak v délce postupd, tak i ve vyztuZeni. Doslo ke zkraceni
zabér aZ na 2 metry a k instalaci vyztuZnych rami. Rdmy spolu
s hustéjsim osazenim svornikd, s KARI siti pies ¢ast profilu zakry-
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costs for project owners. However, this method can only be used in
the hard rock types which predominate in Iceland. The basic aspect
of the Drill&Blast lies in the use of primary support, i.e. rock bolts
and sprayed concrete, alternatively with fibre reinforcement. The
primary support is not separated from the final lining and forms one
unit. The final support is usually formed by another layer of concrete
and an addition of rock bolts into the defined grid. The design for the
excavation support is carried out on the basis of the Q-system.

Tunnel excavation is usually carried out using blasting,
exceptionally also by mechanical rock disintegration. Emulsion
explosives are used for rock disintegration. The length of production
boreholes corresponds to the maximum possible length of drill rods
on 18‘ booms of the drilling rig, i.e. 5.2m.

The primary support of the tunnel excavation is carried out using
rockbolts and shotcrete. Additional rockbolts and another additional
layer of shotcrete serve as the final tunnel support. With a few
exceptions, only bolts with a galvanised surface finish and epoxy
coat at least 65, respectively 60—100um thick are used.

At the southern portal (Arnarfjordur) commenced by the first
firing on 12 September 2017. In the initial months, the excavation
was adversely affected by the geological situation with frequent
inflows of water under pressure (see Fig. 6). The inflows caused
problems during surveying of the tunnels and acted negatively even
on electrical installations of machines. The inflows had therefore to
be diverted by collecting pipes shotfired to the rock surface.

At the beginning of March 2018, geological conditions
significantly improved and remained relatively favourable until the
end of the tunnel excavation from the southern portal. Nevertheless,
the several times encountered water inflows, faults and sedimentary
interlayers (up to half a metre thick) did not significantly influence
the excavation advance rates.

In the four months from March to September 2018, the excavated
length of 300 tunnel metres per month was always exceeded as a
minimum, with the best monthly advance rate achieved of 402.5
metres. In the particular profile, this rate is the best in the whole
Iceland. During the same period, 80 excavated tunnel metres per
week were reached or exceeded in seventeen weeks, the weekly
advance rate of 100 metres was exceeded twice (Table 1).
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vajici vrstvu sedimentu a vice nez 20 cm mocnou vrstvou stiikané-
ho betonu zajistily stabilitu vyrubu. Po instalaci 25 rami sediment
pocatkem ledna 2019 vymizel z profilu. Razba pokracovala stabil-
nim, rychlym tempem pies 80 m/tyden do prorazky 12. 4. 2019.

Tab. 2 Mésicni vykony, portdl Dyrafjordur, od ledna 2019

. . tunel rozrazka celkem
mesie [m] [m] [m]
leden 313,8 0,0 313,8

Unor 360,9 0,0 360,9
brezen 371,0 18,5 389,5
duben 159,5 0,0 159,5

V patém tydnu razby roku 2019 bylo dosaZeno nového rekordu
— 111,0 vyrazenych metri. V deseti tydnech doslo k prekroceni
vykonu 80 tunelmetrd, v péti z nich dokonce 90 tunelmetrti.

STROJNI SESTAVA A UDRZBA STROJU

Vzhledem ke slozité dopravni dostupnosti, zejména v zimé, za-
visi uspésné provedeni razeb na kvalitni strojni sestavé, peclivé
udrzbé, skladovych zasobach a s nimi spojené logistice a kvalitnich
osadkach.

Strojni sestava pro razby v té€chto podminkéach byla peclivé vy-
brana. Klicové stroje jsou zdvojeny pro pripad vazné poruchy:

e novy vrtaci viiz Sandvik DT1131i a starsi, zaloZni Sandvik

DT1130-SC;

* stiikaci stroje Meyco Potenza;

* pésovy bagr Hitachi Zaxis 210LC a Komatsu PC210.

Velky duraz byl kladeny na udrzbu mechanizace. Strojmistii
byli proskoleni na novy vrtaci viiz ve vyrobnim zavodeé jesté pred
zahdjenim praci. Pravidelné denni prohlidky stroju, véetné Cisté-
ni vzduchovych filtri, byly kombinovany s tydennim mytim. Hala
udrzby byla velmi dobfe vybavena a disponovala soustruhem, hyd-
raulickym lisem, zveddkem na auta i prezouvackou pneumatik. Na
zafizeni stavenisté je k dispozici kontejner s lisem a hydraulickymi
hadicemi s riznymi koncovkami.

Beton — stfikany i konstrukéni — byl pfipravovan zhotovitelem
primo na stavbé. Soucasti zafizeni stavenisté byla nova betonirna
Tecwill Cobra C40, vhodna do arktickych podminek, kompletné
izolovand stfikanou PUR izolaci. Disponuje tfemi sily na pisek
o celkovém objemu 90 m>. Pét sil na cement pojme 750 tun cemen-
tu se Sestiprocentni prisadou kiemikového prasku (mikrosilika).

LOGISTIKA

Doprava osob a materidlu na stavbu hrala ddleZitou roli
v ispésném a rychlém provedeni raZeb. Sklonové poméry tunelu

Obr. 7 ZasnéZend Dynjandisheidi
Fig. 7 Dynjandisheidi road covered with snow

TufHel

After complete shifting of the construction site facilities, the
tunnel excavation from the northern portal (Dyrafjordur) started
on 12 October 2018. Despite expectations, water inflows here were
significantly lower than the inflows at the southern portal. The
initially encountered two sedimentary layers meant only a moderate
delay in the excavation advance. The third layer, up to Sm thick,
required a change both in the lengths of advance rounds and in the
excavation support. The length of excavation rounds was reduced up
to 2 metres and supporting frames were installed. The frames together
with reduced spacing of installed rockbolts, with KARI welded
mesh covering a part of the cross-section with the sedimentary layer
and an over 20cm thick layer of shotcrete secured the excavation
stability. At the beginning of January 2019, after installation of 25
frames, the sediment disappeared from the cross-section. The tunnel
excavation continued at a stable, fast rate over 80m per week until
the breakthrough on 12 April 2019.

Table 1 Monthly excavation rates, Arnarfjordur portal, since March 2018

tunnel stub total

month [m] [m] [m]
March 387.2 0.0 387.2
April 287.0 49.5 336.5
May 402.5 0.0 402.5
June 378.5 0.0 378.5
July 298.4 19.0 317.4
August 328.2 0.0 328.2
Septembeer 214.0 35.0 249.0

Table 2 Monthly excavation rates, Dyrafjorour portal, since January 2019

tunnel stub total

month [m] [m] [m]
January 313.8 0.0 313.8
February 360.9 0.0 360.9
March 371.0 18.5 389.5
April 159.5 0.0 159.5

A new record — 111.0 metres excavated per week — was achieved
in the fifth week of tunnelling in 2019. The rate of 80 tunnel metres
was exceeded in ten weeks, whilst 90 tunnel metres were exceeded
even in five weeks.

MECHANICAL EQUIPMENT SET AND MAINTENANCE
OF MACHINES

With respect to the complicated transport accessibility, mainly in
winter, the successful tunnel excavation depends on good quality of
the mechanical equipment set, careful maintenance, the inventory
and associated logistics, as well as good quality of crews.

The mechanical equipment set designed for tunnel excavation
under these conditions was carefully selected. The key machines are
duplicated in case of a serious breakdown:

e a new drilling rig Sandvik DT1131i and an older, stand-by

Sandvik DT1130-SC;

¢ Meyco Potenza shotcrete machine;

 Hitachi Zaxis 210LC and Komatsu PC210 crawler excavators.

Great emphasis was placed on the maintenance of mechanical
equipment. Machine operators were trained for the new drilling rig
in the production plant before the work commenced. Regular daily
machine inspections, including cleaning air filters, were combined
with weekly washing. The maintenance shed was very well equipped
and had a lathe, a hydraulic press, a vehicle jack and tyre switching
gear available. A container with a press and hydraulic hoses with
various ends are available at the construction site arrangement.

Concrete — both sprayed and structural — was prepared by the




predpokladaly razby priblizné 2/3 délky tunelu z jizniho porta-
lu Arnarfjordur a zbytek ze severniho portalu Dyrafjordur. Jiz-
ni portdl leZi v odlehlém fjordu, kde mimo obsluhu vodni elek-
trarny Mjolka neziji Zadni lidé. V zimnim obdobi obé& pristupové
cesty (z jihu silnice €. 60 Dynjandisheidi a ze severu silnice ¢. 60
Hrafnseyrarsheidi) zapadaji snéhem (obr. 7). V obou pfipadech se
jedna o starou §térkovou silnici bez asfaltového povrchu. Udrzba
Hrafnseyrarsheidi je pfitom vzhledem k mase navatého snéhu
a lavinovému nebezpeci nemozna. Podle planu byla pravidelné,
priblizné kazdé Ctyfi tydny, na nékolik dnti oteviena Dynjandisheidi.
Dalsi moZnosti je doprava lodi, ktera je kvili malému molu a nizké
hloubce omezena na lodku o délce 7 metrd s kapacitou 3—4 osoby.

DOPRAVA MATERIALU

Pro razby z jizniho portdlu Arnarfjordur byly investorem
vyzadovany skladové zasoby hlavnich materidld na alespon
Sest tydnd. Toto mnozstvi mélo byt dostate¢né pro pripad Spatného
pocasi a odloZeného otevieni Dynjandisheidi. Vybér vhodného
data zacinal pfiblizné po tfech tydnech analyzou ptedpovédi
poc€asi a konzultacemi s partnerem ve sdruZzeni a investorem.
Cilem bylo vybrat takové obdobi, které zarucovalo priijatelné
pocasi alespoil po tfi dny. V tomto okné musely byt na stavbu
dopraveny materidly, které nebylo mozno naskladnit na celou
zimu (cement, emulze, rozbusky, po¢inové niloZe atd.). Otevieni
pristupové cesty a ndslednou kritkou udrzbu mél na starosti
investor. Odklizeni snéhu probihalo pomoci snézné frézy na
kolovém nakladaci a grejdru. Prace obvykle zacinaly v brzkych
rannich hodinach z jihu, od hotelu Flokalundur. Zde jiz cekaly
naveésy s emulzi a kontejnery. Frézovani trvalo nékolik hodin.
Dopraveny materidl byl okamzité precerpan ¢i sloZen a auta se
vracela do Reykjaviku, vzdileného pfiblizné 500 km, pro dalsi
nédklad. Kvuli kapacitam dodavatele cementu bylo moZno dopravit
maximalné 90 tun denné, tj. tfi cisternové navesy.

Tab. 3 Data uzavieni Dynjandisheidi

datum otevreni doba( ::;;’ rent pozn.
02-01-2018 pro osobni dopravu
25-01-2018 23
27-02-2018 33
20-03-2018 21
05-04-2018 16 finélni otevfeni

Z tab. 3 vyplyva, Ze Dynjandisheidi byla celkem uzaviena pro
jakoukoliv dopravu po dobu 93 dnti. Ani finalni otevfeni ale nezna-
menalo plnou dostupnost zafizeni staveni$té pro ndkladni dopravu.
V duisledku vyssich teplot tdl nahromadény snih a na podmécené
cesté byly vyhlaSeny vahové limity 5-10 tun na napravu. Tento stav
pretrval priblizn€ do poloviny kvétna.

DEFINITIVNI OSTENI

Jiz pted prorazkou, na podzim 2018, bylo provedeno definitivni
vyztuzeni pravého boku u casti tunelu vyrazené z jizniho portalu.
To umoznilo provadéni naslednych operaci, které by jinak musely
byt realizovany aZ po prorézce.

Na zédkladé pokynt investora byly boky strojné oskrabény, osa-
zeny kotvami SN délky 3 m a vétSinou prestiikiny 60 mm dratko-
betonu. Zbytek definitivniho osténi byl dokoncen po prordzce. Tyto
prace zabraly piiblizné 2,5 mésice.
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contractor directly in situ. A new concrete batching plant Tecwill
Cobra C40 suitable for arctic conditions, completely insulated by
sprayed PUR foam, was part of the site arrangement. It has three
silos for sand with the total volume of 90m? in disposal. Five cement
silos hold 750 tonnes of cement with addition of six percent of
silicon powder (microsilica).

LOGISTICS

Transport of persons and materials to the site played an important
role in the successful and fast tunnel excavation. Tunnel slope
conditions assumed the excavation of approximately 2/3 of the
tunnel length from the southern portal, Arnarfjordur, and the
remaining part was excavated from the northern portal, Dyrafjordur.
The southern portal is located in a remote fjord, where, with the
exception of operators of the Mjolkd hydropower plant, no people
live. In winter, both access roads (road No. 60, Dynjandisheidi,
from the south and road No. 60, Hrafnseyrarsheidi, from the north)
are covered with snow (see Fig. 7). In both cases the roads are old,
covered with gravel without asphalt surface. The winter maintenance
of the Hrafnseyrarsheidi road is impossible with respect to drifts
of snow and danger of avalanches. The Dynjandisheidi road was
open according to the plan, the Dynjandisheidi road was regularly,
approximately every four weeks, opened for several days. Shipping
provides the other possibility. However, the pier is small and the
depth is small, the length of ships is restricted to 7 metres and the
ship capacity is limited to 3—4 persons.

TRANSPORT OF MATERIALS

The store stock of main materials at least for 6 weeks is required
by the project owner for the tunnel excavation from the southern
portal, Arnarfjordur. This amount should be sufficient in case of
adverse weather and postponed opening of the Dynjandisheidi
road. Selection of the appropriate date started approximately after
three weeks by analysing the weather forecast and consulting with
the consortium partner and the project owner. The objective was to
select such a period which guaranteed acceptable weather at least for
three days. During this window, materials which were not easy to put
into the storage for the whole winter (cement, emulsion, detonators,
primers etc.) had to be transported to the construction site. Opening
of the access road and subsequent short maintenance was a task
for the project owner. Snow was cleared by a snow thrower on a
wheeled loader and a grader. Work usually started early morning
from the south, from Flokalundur hotel. Semi-trailers with emulsion
and containers were already waiting there. Removing snow took
usually several hours. The transported material was immediately
overpumped or unloaded and the vehicles returned to about 500km
distant Reykjavik for another load. Due to the capabilities of the
cement supplier, only a maximum of 90 tonnes could be transported
a day, i.e. three tank semi-trailers.

Table 3 Dynjandisheidi road closure dates

e closu(lga(‘i,l;;atlon T
02-01-2018 for passenger traffic
25-01-2018 23
27-02-2018 33
20-03-2018 21
05-04-2018 16 final opening

It follows from Table 3 that the Dynjandisheidi road was closed
for any traffic for the total of 93 days. But even the final opening
did not mean full accessibility of the construction site for freight
traffic. The accumulated snow melted due to higher temperatures
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IZOLACE PROTI VODE A MRAZU

Islandsky investor, kvutli nizké hustoté osidleni a dopravy, pfi-
zpusobuje norsky systém izolaci islandskym podminkam. Nedo-
chazi tak k izolaci kompletni délky tunelu, ale jen k izolaci vybra-
nych dseki.

Specifikace tunelu Dyrafjordur pocitaly s nékolika typy izolaci:

1.izolace plného profilu polyetylenovou pénou;

2. Castecnd izolace deskami z polyetylenové pény;

3.C4asteCnd izolace polyetylenovou folii s pevné danou Sifkou

(s vymérou do 20 m?).

Typy 1 a 2 jsou zavéSeny na svornicich, zatimco typ 3 je island-
ské specialita — membrana je uchycend k osténi nastelenim.

Jiz pred prorazkou zacal stavebni dozor bliZze monitorovat a vy-
birat mista, kterd budou zakryta izolaci. Tento proces vrcholil ne-
dlouho po prorazce, kdy bylo tfeba kvuli napjatému harmonogra-
mu zahdjit prace na izolacich.

Prvnim krokem bylo znaceni mist osazeni svornikl, kdy na
predepsana mista vyznacil geodet stavby kiizky v rastru cca
1,375x1,2 m. U plného profilu §lo o 15 kust, s osmym svornikem
jako centrdlnim. Centralni svornik mél pevné danou polohu vzhle-
dem k pozdéjsimu vyuZiti pro uchyceni kabelového Zebiiku. Pfi
vyznacovani byla zaroven zaznamendna presnd poloha a vypocte-
na délka kazdého svorniku. Celkem bylo vyznaceno pres 33 tisic
svornikd.

OznaCend mista byla ndsledné vyvrtana za pouZiti nastavbo-
vé vrtacky AB1000 se vzduchovym vyplachem firmy Wimmer
Felstechnik GmbH. Jednotka byla osazena na pasovém bagru Ko-
matsu PC210. Sestava byla vybavena odsava¢em prachu WDC450
stejného vyrobce. Odsava¢ radikalné omezil praSnost pfi vrtani.
Zasobovani vzduchem zajisfoval kompresor Kaeser M45. Prede-
psand hloubka vrti ¢inila 500 mm. Vzhledem k priméru lepicich
ampuli byla pouZita vrtaci dlata priméru 26 mm a délky 1 200 mm.

Pouzité svorniky byly vyrobeny z betonafské vyztuZze o kvalité
B500ONC a praméru 16 mm s 300 mm dlouhym zavitem na jedné
strané. Povrchové ochrana se skladala ze dvou vrstev, Zarové pozin-
kované spodni a epoxidové svrchni. Vzhledem k nepravidelnosti
osténi byla délka svornikd zna¢né variabilni, od 800 do 2 000 mm.

Vsechny svorniky byly do osténi uchyceny lepenim za pouziti
dvouslozkovych polyesterovych lepicich ampuli Lokset praméru
23 mm a délky 250 mm. Promichani sloZek bylo dosazeno rotacnim
zavadénim svornikil pomoci rdzové utahovacky Makita TW0350.

Svorniky delsi nez 1 m od osténi byly dodatecné vyztuzeny dia-
gondlnim tahlem uchycenym lanovymi svorkami.

Instalace izolaci

Typ 1 - Izolace plného profilu polyetylenovou pénou
(PE foam)

Pii portalech a u vice zvodnélych tsekd se izoloval cely pro-
fil. Specifikace pfedpokladaly instalaci desek na sraz. Predepsana
pena o tloustce 45 mm byla dodavdna na namornich kontejnerech
(flatrack) v délce odpovidajici obvodu = 18,1 m. Tim se zhotovitel
vyhnul horizontdlnim prekryvim. Bezpecnostni zélivy bylo nutno
izolovat jinym systémem — na piekryv. Jednostranné rozsifeni jiny
zpusob neumoziovalo.

Na tseky delSi nez 25 m bylo nutno nainstalovat dilatacni pasy.
Plastovy L profil o vySce 1 cm, niZ8i neZ findlni tlouStka betonu, se
plastovymi Srouby upevnil po celé délce profilu.

Celkova cista vyméra izolace polyetylenovou pénou dosdhla
48 600 m?na 68 usecich.

Druhou ¢éast instalace tvofilo vyztuzeni desek KARI siti. Za-
vé&Sovalo se 25 mm od vnitini strany. Spravnou vzdalenost zajis-

and axle weight limits of 5-10 tonnes were prescribed. This
condition lasted approximately until mid-May.

FINAL LINING

The final support of the right-side of the part excavated from the
southern portal was installed already before the breakthrough, in
autumn 2018. It allowed for execution of subsequent operations
which would otherwise have to be carried out after the breakthrough.

Based on instructions of the project owner, the sides were
manually scaled, 3m long SN anchors were installed and mostly
covered with a 60mm thick layer of steel fibre reinforced shotcrete.
The remaining part of the final lining was finished after the
breakthrough. These operations took approximately 2.5 months.

WATERPROOFING AND FROSTPROOFING

With respect to the low population and traffic density, the Icelandic
project owner adapts the Norwegian system of insulations to Icelandic
conditions. In this way the insulation is not provided for complete
length of the tunnel and only selected sections are insulated.

Specifications for the Dyrafjordur tunnel counted on several
insulation types:

1. insulation of the full profile with polyurethane foam;

2. partial insulation with polyethylene foam sheets;

3. partial insulation with a polyethylene membrane with firmly

given width (area up to 20m?).

Types 1 and 2 are suspended on rock bolts, while type 3 is an
Icelandic specialty — the membrane is fixed to the lining by shotfiring.

Even before the breakthrough, the supervising engineer started to
monitor more closely locations to be covered with insulation and
select them. This process culminated shortly after the breakthrough,
when it was necessary due to the tight schedule to commence the
work on the insulations.

The first step lied in marking the points for installation of
rockbolts. The construction surveyor marked them with crosses at
a ca 1.375x1.2m grid. In the full profile, there were 15 rockbolts,
with the eighth rockbolt as the central piece. The position of the
central rockbolt was fixed with respect to the subsequent using
them for attaching a cable ladder. The exact position and length of
each rockbolt was at the same time marked and calculated when the
marking was being conducted. Over 33,000 rockbolts were marked
in total.

Holes were subsequently drilled in the marked points using
AB1000 drilling cassette with air flushing system supplied by
Wimmer Felstechnik GmbH. The unit was installed on Komatsu
PC210 crawler excavator. The set was equipped with WDC450
dust extractor provided by the same manufacturer. The extractor
radically reduced dust emission during drilling. Air was supplied
by a Kaeser M45 compressor. The depth of 500mm was prescribed
for the drillholes. With respect to the diameter of the resin capsules,
1200mm long, 26mm in diameter, drilling cutters were used.

The rockbolts which were used were made from BSOONC concrete
reinforcement steel bars 16mm in diameter with 300mm long thread
on one side. The surface protection consisted of two layers, the lower
hot dip galvanised with zinc and an epoxy layer on the surface. With
respect to irregularities in the lining, the length of the rockbolts was
significantly variable, from 800 to 2000mm.

All rockbolts were fixed in the lining by adhesives using Lokset
two-component polyester gluing capsules 23mm in diameter and
250mm long. Blending of the components was achieved by rotary
insertion of the rockbolts using Makita TW0350 impact wrench.

Rockbolts reaching deeper than Im from the lining were
additionally reinforced by a diagonal tie rod connected by cable
clamps.
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Obr. 8 Aplikace stiikaného betonu na KARI sité
Fig. 8 Application of shotcrete on KARI welded mesh

fovaly na svornicich specialni plastova kola o priméru 300 mm
a v prostoru mezi svorniky specidlni distan¢niky, které se do pény
Sroubovaly. Sité svafené z Smm drétu, s oky 150x 150 mm a cel-
kovym rozmérem 2 x5 m, umoZnily diky nizké hmotnosti snadnou
instalaci (obr. 8).

Typ 2 — Cdstecnd izolace deskami polyetylenové pény

Tento typ byl pouZit k zakryti mist s prisaky omezeného rozsa-
hu o maximdlni délce pul profilu (cca 9,5 m). Na tomto projektu
byly pouzity desky o rozmérech 11,5x%2,75 m o tloustce 45 mm.
Tato délka byla vybrana kvuli plnému vyuzZiti kapacity prepravnich
kontejnera.

Nizka vymeéra tohoto typu izolaci neumoznila instalaci v poloze
blizké findlnimu profilu, ale v podstaté kopirovala povrch vyrubu.
Pevné dand Sitka desek kladla zvySené poZadavky na presnost in-
stalace kotev, na vyrovnani pfipadnych nepfesnosti tak nezbyvalo
mnoho prostoru.

Instalace probihala napichnutim na predinstalované svorni-
ky, pfedem osazené zadnimi podlozkami. Ty slouZily jako doraz
a jejich polohu bylo moZné nastavit matkou na zavitu svorniku.
Zejména u oblasti s vySkou bliZici se poloviné profilu bylo nutno
peclivé kontrolovat pocateCni ustaveni, aby se vyssi svorniky ne-
dostaly mimo desku. U usekd delSich nez 2,75 m bylo napojeni
desek reSeno prekryvem na kotvé, ktery musel byt alespori 30 cm
Siroky.

Z predni strany byly desky vertikdlné vyztuZeny zpeviiujicimi
pasy, uchycenymi ke svornikiim pres profilovanou predni podlozku
a matku M16. Tyto pasy, vyrobené z 10mm betonaiské vyztuze,
se v prfipad¢ potieby prihybaly. Konce svornikii byly za matkou
odfiznuty. Nepfiléhajici okraje desek byly uchyceny pomoci plas-
tovych Sroubu.

Pokud tento typ izolace navazoval na plny profil, byl také vyztu-
Zen KARI siti.

Veskeré materialy (kromé plastovych) mély stejnou povrchovou
upravu jako svorniky, tj. Zarové pozinkovanou spodni a epoxido-
vou svrchni vrstvu.

Celkova plocha tohoto typu izolaci ¢inila pfiblizné 8 000 m*na
160 usecich.

Typ 3 — Cdstecnd izolace PE membrdnou s pevné danou §ivkou
(s vymeérou do 20 m?)

Posledni typ izolaci reprezentovala nastfelovand PE membréana
o dané Sitce (1,5 m). Pfedepsand membrana, vyrobend z linearni-

Installation of insulations

Type 1 — Insulation of full profile with
polyethylene foam (PE foam)

The whole profile was insulated at the
portals and in more water saturated sections.
The specifications assumed straight joints
between the plates. The prescribed 45mm thick
foam plates were supplied in sea containers
(Flatrack) at the length corresponding to
the circumference — 18.1m. In this way the
contractor avoided horizontal overlapping.
The safety lay-bys required another system of
the insulation — overlapping. The single-sided
enlargement of the width did not allow for
another system.

Sections longer than 25m had to be provided
with expansion joints. The plastic L profile,
Icm lower than the final thickness of concrete,
was fixed with plastic bolts throughout the
profile length. The total area of the insulation
with polyethylene foam reached 48,600m*
on 68 sections.

The second part of the insulation was formed by reinforcement of
the plates with KARI welded mesh. It was suspended 25mm from the
internal surface. The correct distance was secured on the rockbolts
by special 300mm-diameter plastic roundels and special distance
spacers bolt-fixed to the foam. The mesh welded from Smm-diameter
rods, with 150x150mm meshes and overall dimension of mats of
2x5m allowed easy installation owing to the low weight (see Fig. 8).

Type 2 — Partial insulation with polyethylene foam plates

This type was used to cover locations with limited extent of seepage
with the maximum length of a half of the profile (ca 9.5m). Sheets
with the dimensions of 11.5x2.75m, 45mm thick were used on this
project. This length was chosen to allow full use of the capacity of
freight containers.

The small area of this insulation types did not allow for installation
in the position close to the final profile, but in substance, it allowed
for copying the excavated opening surface. The firmly given width
of the plates placed increased demands on accuracy of installation
of anchors and, for that reason, not too much space remained for
levelling out possible inaccuracies.

The installation was carried out by impaling on pre-installed
rockbolts with back washers installed on them in an advance.
They provided a stop and their position could be set by a nut on
the rockbolt thread. Thorough checking on the initial setting so that
higher rockbolts did not get outside the plate was necessary first of
all in areas approximating the middle of the profile. The connection
of the plates in sections longer than 2.75m was solved by an overlap
on the anchors, which had to be at least 30cm wide.

From the front side, the plates were vertically reinforced by
reinforcing bands fixed to the rockbolts through a ribbed front
washer and an M 16 nut. The bands were made from 10mm-diameter
concrete reinforcement bars. They were bent if necessary. The ends
of the rockbolts were cut away behind the nut. Loose edges of the
plates were fixed by plastic nuts.

When this insulation type connects the full profile, it was also
reinforced with KARI welded mesh.

The surface finish of all materials (with the exception of plastic
materials) was identical with the finish of the rockbolts, i.e. hot dip
galvanised with a lower zinc layer and the upper epoxy layer on the
surface.

The total area of this insulation type amounted approximately
8000m?on 160 sections.
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ho nizkohustotniho polyetylenu o tloustce 1,5 mm s bilou signalni
vrstvou, méla zdrsnény povrch kvili lepsi pfilnavosti stfikaného
betonu. K osténi byla uchycena nastielovacimi hieby, pres perfo-
rovany pasek Siroky 20 mm, nédbojkovou nastielovaci pistoli Spit
Spitfire P390. Zakryvala zavlhla mista o malé Sifce.

Pouziti tohoto typu pfineslo v realizaci nékolik problému. Jed-
nalo se 0 mozné utrZzeni membrany od osténi béhem nastiiku SB.
U mist s vySkou pfesahujici pfiblizné¢ 5 m to muselo byt feSeno
dodate¢nym vyztuzenim KARI siti. Vzhledem k nepravidelnému
néstiiku osténi ze SB mohlo dochazet k prisakiim vody pies okraje
membrany.

Opravy izolaci

V prubéhu instalace mohlo dojit k poSkozeni izolace. Mala po-
Skozeni PE pény bylo mozné vyplnit silikonem. U velkych trhlin se
musela vymeénit alespoii ¢ast desky.

Vice zvodnéla mista bylo vhodné pfed samotnou instalaci pény
ochrénit pfidanou membranou (shielding).

Stiikany beton

Jako protipozarni ochrana izolaci slouZzila vrstva stfikaného be-
tonu tloustky 8 cm u typu 1 a 2 a vrstva stifkaného betonu tloustky
6 cm u typu 3. Beton tfidy C30/37 XC3, XD1, XS1 stfikany na
izolaci vyztuZenou KARI siti obsahoval 2 kg mikropolyetyleno-
vych vlaken na 1 m3. U nevyztuZenych izolaci se do prvnich vrstvy
(4 cm silné) pridavalo az 5 kg makropolypropylenovych vldken
na 1 m’.

Pti stiikani bylo nutno ochrénit dfive poloZené drenaZni roury.
K tomuto bylo pouZito rozfezané lutnové potrubi vyuzivané diive
pfi vétrani Celeb.

Aplikace stfikaného betonu byla provadéna stfikacim strojem
Meyco Potenza napdjenym elektrocentralou Olympian GEP200-4
(obr. 8). Celkem bylo instalovano pies 5 880 m® st¥ikaného betonu.
ZAVER

Projekt Dyrafjardargong je jedinecny. Jesté¢ Zadny tunel na Is-
landu se nerazil z tak nepfistupného mista. Uplné odfiznuti jizniho
portélu po dlouhd obdobi v zim& 2017/2018 bylo narocné nejen
na planovani, koordinaci, mnozstvi zasob a logistiku, ale i na psy-
chiku vSech zicastnénych pracovniktl. Razby ze severniho portalu
byly v tomto sméru jednodussi.

Zima 2019/2020 pak byla extrémni. Byla to sraZkové nej-
vydatné&jsi zima od roku 1995, coz pfineslo nevidané mnozstvi
snéhu. Casto zapadané a zafoukané piistupové cesty piindSely pro-
blémy s nastupem osadek na pracovisté i navraty do ubytovny.

Epidemie Covid-19 pak znamenala tGplnou demobilizaci dél-
nickych profesi zp&t do Ceské republiky a na Slovensko kvili
zavirani hranic. Presto byly prace Metrostavem a.s. na projektu
dokonceny vcas také diky vydatné pomoci mistnich subdodavatell
pfi dokoncovacich pracich.

Ing. JOSEF MALKNECHT,
Jjosef-malknecht@metrostav.cz,

Metrostav a.s.

Recenzoval Reviewed: Ing. Pavel Poldk
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Type 3 — Partial insulation with PE membrane with firmly given
width (area up to 20m?)

The last insulation type was represented by shotfired PE membrane
with a given width (1.5m). The surface of the prescribed 1.5mm thick
membrane made of linear low-density polyethylene membrane with
a white signal layer was roughened to improve adhesion to shotcrete.
It was fixed to the lining by cartridge nails through a 20mm wide
perforated band using Spitfire P390 cartridge hammer. It covered
moist places with small width.

The use of this type brought several problems in the installation.
They lied in the possibility of tearing the membrane from the
lining during the course of application of shotcrete. Places with the
height exceeding approximately 5Sm had to be solved by additional
reinforcement with KARI welded mesh. Water seepage through the
membrane edges could occur with respect to the irregular surface of
shotcrete.

Insulation repairs

Damage could be caused to the insulation during the course of
the installation. Minor damage to the PE foam could be filled with
silicon. In the cases of significant cracks at least a part of the plate
had to be replaced.

It was appropriate to protect more water-saturated places by a
membrane added prior to the installation of the foam (shielding).

Shotcrete

A layer of shotcrete 8cm thick for types 1 and 2 and 6¢cm thick
for type 3 was used for fire protection of the insulation. The C30/37
XC3, XD1, XS1 grade concrete sprayed on the insulation reinforced
with KARI welded mesh contained 2kg of micropolyethylene fibres
per 1m?’. In the case of unreinforced insulation, up to 5kg of macro-
polyethylene fibres per 1m® were added into the first layer (4cm thick).

Previously laid drainage pipes had to be protected when concrete
was being sprayed. Previously used ventilation ducts cut to pieces
were used for this purpose.

Shotcrete was applied using Meyco Potenza shotcrete machine
powered by Olympian GEP200-4 generator (see Fig. 8). Over
5880m° of shotcrete were installed.

CONCLUSION

The Dyrafjardargong project is unique. No tunnel in Iceland had
yet been excavated from such an inaccessible location. The complete
cut-off of the southern portal for long periods in winter 2017/2018
was demanding not only in terms of planning, coordination,
amount of stocks and logistics, but also in terms of the psyche of all
participants. In this respect, the tunnel excavation from the northern
portal was simpler.

The next winter 2019/2020 was extreme. Precipitation was most
abundant since 1995, with unprecedented amounts of snow. The
access roads often covered with falling snow and snow drifts on them
brought problems for the crews to get to the workplace and return to
the lodging house.

The Covid 19 epidemic then meant complete demobilisation of
workers’ professions back to the Czech Republic and Slovakia with
respect to closing borders. Nevertheless, Metrostav’s work on the
project was completed on time, also owing to generous help of local
sub-contractors hired for finishing work.

Ing. JOSEF MALKNECHT,
Josef.malknecht@metrostav.cz, Metrostay a.s.

[1] LOFTSSON, M. a kol. Dyrafjardargong. Reykjavik: Mannvit 11/2016
[2] MALKNECHT, J. TUNEL DYRAFJARDARGONG, ISLAND. Podzemni stavby Praha 2019
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GEOLOGICKY PRUZKUM TRASY METRA 1.D V PRAZE, USEK PAD4
GEOLOGICAL SURVEY OF PAD4 SECTION OF METRO ID LINE
IN PRAGUE

VACLAV ANDEL, MIROSLAV FILIP, STEFAN IVOR

ABSTRAKT

Cldnek popisuje zdkladni informace tykajici se vystavby jednoho ze ¢tyi budovanych priizkumnych dél nové trasy D metra v Praze
v useku PAD4. Jednd se o predstihovou Cdst vystavby budouct linky D, kterd bude v poradi ctvrtou linkou praZského metra. Vetsi cdst
priizkumného dila, kterou tvori kalota prechodového tunelu mezi stanicemi Pankrdc linky C a nové linky D, se stane v budoucnu integrova-
nou soucdsti stavby metra. Cilem priizkumnych praci je ovéreni ocekdvanych sloZitych geologickych podminek v tomto iiseku a potvrzeni
navrhovaného technického reSeni véetné pokusnych injektdzi, které maji za iikol zvySit kvalitu horninového prostiedi kosovského souvrstvi.
Nedilnou soucdsti lispésné a bezpecné realizace stavebnich praci predstavoval ndvrh vhodné strojni sestavy predevsim z ditvodu malého
profilu Sachty a pomérné velkého profilu kaloty raZeného tunelu, kterd ve své konecné podobé md Sitku cca 11 m a vysku cca 6,5 m. Prii-
zkumné stavebni prdce v tiseku PAD4 jsou nyni ve fdzi, kdy je dokonceno zajisténi a vyhloubeni pristupové Sachty, je ukoncena prvni fdze
raZeb a provddéji se pokusné injektdze.

ABSTRACT

The paper describes basic information regarding the construction of one of the four survey workings under construction on the new
Metro Line D in Prague in the PAD4 section. It is a preliminary part of the construction of the future Line D, which will be the fourth line of
Prague metro. A bigger part of the survey working, formed by top heading of the transition tunnel between stations Pankrdc on Line C and
Pankrdc on the new Line D, will become an integrated part of the metro construction. The objective of the survey operations is to verify the
anticipated complicated geological conditions in this section and confirm the proposed technical solution, including experimental injection
of grout the task of which is to increase the quality of the Kosov Formation ground environment. An inseparable part of successful and safe
execution of construction work was represented by the proposal for a suitable set of mechanical equipment, first of all for the reason of
the small profile of the shaft and relatively large profile of the top heading of the mined tunnel, which is ca 11m wide and ca 6.5m high in
its final form. The survey construction operations in the PAD4 section are currently in the phase where the support and excavation of the
access shaft has been finished, the first stage of the underground excavation has been finished and trial grouting is underway.

uvoD INTRODUCTION

RaZené tunely na stavbé trasy metra I.D v Praze, provozni tsek Mined tunnels of the metro ID construction in Prague, operating
Namésti Miru — Depo Pisnice, predstavuji v oblasti prestupni stanice section between Namésti Miru and Pisnice Depot, represent a very
Pankrac velmi naro¢ny stavebni projekt. Jeho obtiznost vyplyva jak | difficult construction in the area of the Pankrac interchange station.

z naro¢nosti konstrukce samé (jednolodni razena stanice Pankrac, | Its difficulty results both from the complexity of the structure itself
dvoukolejné trafové tunely a sloZité prostorové usporadani souvi- (the one-vault mined station Pankréc, twin-track running tunnels
sejicich objekti — prestupni tunely, tubusy stavajici trasy metra C, and the complicated spatial arrangement of associated objects —
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Obr. 1 Podélny geologicky rez ze zaddvaci dokumentace
Fig. 1 Longitudinal geological section from tender documentation
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eskalatorové tunely apod.), tak i z existence velmi slozitych geolo-
gickych pomérd, a to predevsim tektonicky poruseného horninového
masivu kosovského souvrstvi (ordovik) a prfechodu do silurskych
hornin v uzédvéru synklinalni stavby horninového masivu skalniho
podlozi. Samoziejmé je nutné vzit v potaz i geotechnické riziko vy-
stavby této podzemni stavby v intravilanu a v bezprostiedni blizkosti
provozované trasy metra C. Z tohoto divodu je ovéfeni predpokla-
danych vlastnosti horninového masivu a jeho chovani pomoci razby
pruzkumného dila velmi potfebné a téméf nevyhnutelné. Predevsim
razi¢skych praci, nebo z titulu jeho vlivu na okolni podzemni a po-
vrchové objekty. Soucésti této stavby je tedy vyraZeni prizkumné-
ho dila, realizace pokusnych injektdzi, razba geotechnické rozrazky
a rizné typy prizkumnych praci a zkousek véetné zkousek in situ.

GEOLOGICKE A HYDROGEOLOGICKE POMERY NA STAVBE

Prredpokladané geologické a hydrogeologické podminky
na stavbé

Sledované zdjmové tzemi geomorfologicky patii k prazské plo-
$in€. Povrch tzemi je v této Casti stavby prevazné plochy disled-
kem erozivni a akumulacni ¢innosti Vltavy.

Podle predpokladil ze zaddvaci dokumentace stavby méla byt vét-
Sina délky razeného dila zastoupena bfidlicemi kosovského souvrst-
vi s pfedpokladem prechodu cca 25 m na konci razeb do velmi pev-
nych diabasi (obr. 1). Kosovské souvrstvi je nemladsim ordovickym
souvrstvim. Jednd se o flySové souvrstvi, kde dochazi k rychlému
stfidani jilovitych a prachovitych tence vrstevnatych bridlic a desko-
vité az lavicovité odlu¢nych kifemennych piskovcil a kfemenct. Ve
svrchni Casti souvrstvi prevladaji hrubozrnné lavicovité piskovce,
bridli¢né vlozky zde chybi. Celkova mocnost souvrstvi se pohybuje
kolem cca 80-120 m. Jako celek je kosovské souvrstvi odolnéjsi
proti zvétravani a v reliéfu izemdi se projevuji jako hibety vyvySenin.
Horniny jsou vSak v dané oblasti zna¢né tektonicky poruSené, silné
rozpukané a na odlu¢nych plochich limonitizované.

Diabasy (basalty) jsou charakteristické svym vulkanismem, pfi
kterém dochdzi k podmotskym vyleviim vulkanickych téles do-
provazenych sopecnymi vyvrZeninami, tufy a tufity. Diabasy jsou
zelenavé Sedé, obecné velmi tvrdé, s charakteristickou ofitickou
strukturou, kulovité ¢i polstarovité odluc¢nosti. Zcela nepravidel-
né tvori také silné zvétralé polohy hornin s jilovitym rozpadem.
Diabasy tvoti predevsim proniky loZnich Zil anebo plosné vylevy
v riznych hloubkéach sedimentace zejména na rozhrani kosovské-
ho a liteiiského, nebo litefiského a kopaninského souvrstvi. Zasoby
podzemni vody vznikaji v prostoru stanice metra Pankric pouze
z atmosférickych srdZek. MnoZstvi infiltrované vody je rovnéz
zavislé na stupni a charakteru zastavby infiltracniho tzemi. Cel-
kové piitoky podzemni vody do prizkumného tunelu, stanovené
hydrogeologickym priizkumem, se mély pohybovat v ustileném
stavu v rozmezi 0,8—1,1 1/s. Maximélni pfitoky na celbu z hydro-
geologického masivu mohou vSak v inicidlnim stadiu dosdhnout az
15 I/s. Dosah depresniho kuZele byl pfedpokladan 81 m.

Skutecné zastizené geologické a hydrogeologické
podminky na stavbé

Pri razbé prizkumného dila mélo zastiZené kosovské souvrstvi
prevazné charakter stiidani vrstev jilovité bfidlice a kifemennych
piskovci, kdy nejcastéjsi vlastnosti bridlice jsou bfidlice Seda, des-
kovité az tence deskovité vrstevnatd, s primérnou rozteci diskon-
tinuit 1040 mm, kterou lze snadno rozbijet kladivkem, az lamat
v ruce, tfidy R4-R5. Kifemenné piskovce jsou svétle Sedé, tiida R2,
deskovité vrstevnaté s kostkovym rozpadem, s primérnou rozteci
diskontinuit 20-60 mm.

interchange tunnels, the existing metro C tunnel tubes, escalator
tunnels etc. ) and the existence of very complex geological
conditions, first of all the tectonically faulted Kosov Formation
rock massif (Ordovician), and transition into Silurian rock at the
end of the synclinal structure of the rock massif in the bedrock.
Of course, it is necessary to take into consideration also the
geotechnical risk of construction of this underground structure in
the urban area and in the immediate vicinity of the operating metro
Line C. For that reason the verification of the assumed properties
of the rock massif and its behaviour by means of excavation of
the survey working is very much needed and nearly unavoidable.
In particular, the Kosovo Formation is considered to be the most
difficult, both from the aspect of mining operations and from the
title of its behaviour toward underground and surface objects in the
vicinity. The excavation of the survey working, execution of trial
grouting, excavation of a geotechnical gallery and various parts of
survey operations and tests, including in situ tests, are parts of this
construction.

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS
ON CONSTRUCTION SITE

Assumed geological and hydrogeological conditions
on the construction site

In terms of geomorphology, the area of interest being monitored
belongs to the Prague Plateau. A flat surface predominates in this
part of the construction area due to the erosive and accumulation
activity of the Vltava.

According to assumptions from the tender documents, the
majority of the length of the mined working was to be represented
by Kosov Formation shale with the assumption of transition to very
strong diabase about 25m before the excavation end (see Fig. 1). The
Kosov Formation is the youngest Ordovician formation. It is a flysh
formation, where greenish clayey, silty and sandy thinly bedded
shale and lamellar to bedded jointing of quartzose sandstone,
quartzite and greywacke alternate quickly. In the upper part of the
formation, coarsely-grained tabular sandstone predominate and
shale interbeds are missing. The aggregate thickness of the strata
fluctuates about ca 80-120m . As a whole, the Kosov formation is
more resistant to weathering and the layers manifest themselves
in the area relief as ridges of humps. The rock is, in addition,
significantly tectonically faulted, heavily fractured and heavily
limonitised on joint surfaces. Due to the flysh character, it is also
prone to sliding.

The diabase is characterised by diabase volcanism, where
undersea outpouring of volcanic bodies accompanied by volcanic
ejecta, tuff and tuffs occurs. The diabase is greenish grey, generally
very hard, with characteristic ophitic structure, with spherical
or pillow jointing. It also completely irregularly forms heavily
weathered layers of rock with clayey dissolution. The diabase
forms mainly intrusions of intrusion veins or planar effusions at
various levels of sedimentation, first of all at the interfaces of Kosov
and Liten or Litenn and Kopanina formation layers. Groundwater
reserves develop in the Pankrac station area only from atmospheric
precipitation. The amount of infiltrated water in addition depends
on the degree and character of the development in the infiltration
area. The rate of the total groundwater inflow into the exploratory
tunnel determined by the hydrogeological survey was to fluctuate
in the steady state about 0.8—1.1L/s. However, the maximum rates
of the inflow to the excavation face from the hydrogeological
massif can reach up to 15L/s in the initial phase. The reach of the
depression cone of 81m is assumed.




Na celbé byly rovnéZz dokumentovany vyrazné polohy jemno-
zrnnych kifemennych piskovct, navétralych az zdravych W2-W1,
svétle Sedych, deskovité az lavicovité vrstevnatych, blokovité roz-
padavych, misty tektonicky podrcenych, kladivkem lze téZce otlou-
kat, tfidy R2-R1. Tyto polohy tvofily mocné lavice, podél kterych
byla jilovita bfidlice tektonicky porusena Casto proklouzanim po
plochach vrstevnatosti.

Na zavér razby byla zastiZzena mocna poloha vulkanitu — diabas,
ktery je masivni, slabé rozpukany, Sedozeleny, na kontaktu s bri-
dlicemi alterovany, jinak dale zdravy az navétraly W1-W2, tfidy
pevnosti R3 az R2. Jeho poloha byla zastizena o cca 20 m déle, nez
se predpokladalo v zadavaci dokumentaci.

Vrstevnatost skalnitho podlozi se pohybovala v rozmezi
320-20°/30-45°. Jeji plochy byly popsany jako rovné, hlad-
ké, zcela pribézné, s prumérnou rozte¢i 10-40 mm u bfidlic
a 50-250 mm u kfemenct, s maximalnim rozevienim do 1 mm,
s vyplni Fe oxidda.

Orientace puklin je v prizkumném dile mirné variabilni, kdy
prevladaji dva systémy. Prvni mé orientaci 190-195°/50-60°, plo-
chy jsou popsany jako rovné, hladké, ¢aste¢né prubézné, s pramér-
nou rozte¢i 50-150 mm, s primérnym rozevienim do 1 mm, s Fe
oxidy. Druhy systém ma orientaci 250-280°/85° a jeho plochy jsou
popséany jako rovné, hladké, ¢aste¢né prubézné, s primérnou roz-
te¢i 70-150 mm.

Razbou byly zastiZeny tfi tektonické poruchy, prvni byla ve sta-
niceni cca 19 m s orientaci 125°/80°, druha ve stani¢eni 44 m s ori-
entaci 155°/80° a tfeti ve staniceni 101 m s orientaci 130°/85°.

Po celou dobu razby byly dokumentovény piitoky vody z Cela
a bokd vyrubu. Primérny piitok do prizkumného dila se pohybo-
val v rozmezi 0,1 az 0,3 I/s, kdy nejvétsi pritoky byly dokumento-
vany z poloh kiemenci, které jsou vyrazné rozpukané a tvoii puk-
linovy kolektor. Polohy jilovitych bfidlic byly suché, pti kontaktu
s vodou vytékajici z poloh kiemenct se snadno rozbridaji na jil
s tlomky. Maximalni pfitok vody 2,5 I/s byl zastiZen ve staniceni
cca 96 m razby priazkumného dila. Celkovy pfitok podzemni vody
¢ini cca 0,5 1/s.
ci prizkumu je vyrazny, razbou vyvolany, vliv sniZovani hladiny
podzemni vody v kosovském souvrstvi na okolni objekty, ¢imz do-
chézi k nadmérnym seddnim téchto objektd o hodnoty vyssi, nez
se predpokladalo, a k jejich ovliviiovani dochdzelo daleko pred sa-
motnou razbou. Pro samotnou razby tim padem byly limity sedani

Yr Xz

okolich objektil z vetsi ¢asti vyCerpany.

PRIPRAVA UZEMI, HLOUBENI SACHTY
PFiprava uzemi

Stavenisté useku PAD4 se nachazi na rohu ulic Budéjovickd a Na
Strzi. V blizkosti Sachty z jizni strany vede vodovodni potrubi pri-
méru 1200 mm a 400 mm. Ze zdpadni strany prochdzeji v hloubce
cca 12 m pod povrchem razené tunely provozovaného tseku metra
C, z vychodni strany kolektor (obr. 2) a ze strany severni samot-
nd ulice Na Strzi, v€etné VN kabelu 110 kV. ProtoZe pro samot-
né zajisténi Sachty a naslednou razbu prizkumného dila dochazi
k pojezdtim tézké mechanizace pravé nad vodovodnim potrubim
1200 mm a 400 mm, bylo nutno jako ochranu téchto potrubi vy-
betonovat ZB desku. Dalii komplikace pfinesla realizace elektro
pripojky VN vcetné trafostanice a samotné prvky zafizeni staveni-
S$té, od staveniStnich bunék, pres zafizeni pro tpravu dilnich vod
pozustavajici ze sedimentacnich nadrzi, neutralizace a odlucovace
ropnych latek, aZ po misto mezideponie a skladovani materiala
potiebnych pro prace. Toto vSechno bylo ztiZzeno malou plochou

zaboru.
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Actually encountered geological and hydrogeological
condition on site

The Kosov Formation encountered during the course of the
excavation of the survey working had mostly the character of
alternation of clayey shale layers and quartzose sandstone, where
the most frequently encountered rock is grey shale, tabularly
to thinly tabularly disintegrating, with the average spacing
of discontinuities of 10-40mm, which is easy to break with
geologist’s hammer or break in hand, class R4-RS5. The properties
of the quarcite correspond to light quartzite, tabularly bedded
with cubical fracturing, with average spacing of discontinuities
of 20-60mm, which can be broken with difficulties, class
R2-R3.

Layers of fine-grained quartzose sandstone, slightly weathered
to fresh W2-W1, light grey, with tabular to bedded jointing,
cubicularly disintegrating, locally tectonically crushed, hard to
be chipped off with geologist’s hammer, class R2—-R1were also
documented on the excavation face. The layers formed thick
benches along which the clayey shale was tectonically affected,
frequently by slickensides on bedding planes.

A thick layer of volcanite diabase was encountered at the end
of the excavation. The diabase is massive, weakly fractured, gray-
green, altered on contact with shale, class R5—-R6, otherwise further
fresh to slightly weathered W1-W?2, strength class R3. Its location
was encountered by about 20m further than expected in the tender
documents.

The trend and dip of bedding fluctuated from 320-20° to 30-45°.
The bedding planes were described as flat, smooth, completely
persistent, with average joint spacing of 10-40mm for shale and
50-250mm for quartzite, with maximum aperture up to Imm,
joints filled with Fe oxides.

The orientation of joints in the survey working is moderately
variable, where two systems predominate. The orientation of the
first system is 190-195°/50-60°; the planes are described as flat,
smooth, partially persistent, with average spacing of 50—150mm,
with average aperture up to lmm, with Fe oxides. The orientation
of the second system is 250-280°/85°, its planes are described
as flat, smooth, partially persistent, with average spacing of
70-150mm.

Three tectonic faults were encountered by the excavation; the first
one was at the chainage of ca 19m with the orientation 125°/80°, the
second one at the chainage of 44m, with the orientation 155°/80°
and the third one at the chainage of 101m, with the orientation
130°/85°.

Water inflows from the excavation face and sides were
documented throughout the excavation. The average rate of inflow
into the survey working fluctuated between 0.1 up to 0.3L/s. The
largest inflows were documented from quartzite layers which are
significantly fractured and form a fissure aquifer. Clayey shale
layers were dry, easily slaking to clay with fragments on contact
with water flowing from the quartzite layers. The maximum inflow
rate of 2.5L/s was encountered at chainage of ca 96m of the survey
working excavation. The total groundwater inflow rate amounts to
ca 0.5L/s.

One of the most important information obtained so far within
the framework of the survey is about the significant influence of
lowering the water table due to the excavation of objects in the
Kosov Formation, causing excessive settlement of the objects
significantly higher than expected. Their influencing started a long
time before the excavation itself. Thus the limits for settlement of
the objects in the vicinity have been largely exhausted due to the
excavation itself.
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Obr. 2 Pidorys tiseku PAD4 véetné okolnich objektii
Fig. 2 Plan view of PAD4 section including buildings in the vicinity

Hloubeni Sachty SITE PREPARATION, EXCAVATION OF SHAFT

Pristupova Sachta pro razbu prizkumného dila ma vnitini primér | Site preparation
7,6 m a hloubku cca 39 m, kdy v hloubce cca 22 m je pramér sni- The construction site for the PAD4 section is located at the
Zeny na 7 m z divodu ZB prevazky. ZajiSténi Sachty je tvoteno pre- corner of Budé&jovicka and Na Strzi streets. Water pipelines
vrtdvanymi pilotami praméru 1000 mm, od hloubky cca 22 m jsou | 1200mm and 400mm in diameter lead in the vicinity of the shaft
pouze sekundarni piloty a prostor mezi pilotami je zajiStén stii- from the southern side. Mined tunnels of the operating section of

kanym betonem. Stiikany beton byl nandsen
v suché formé pomoci stikaciho stroje Aliva
262. Prace na zajisténi Sachty byly zahajeny
v pritbéhu srpna a dokonceny na zacétku fijna
roku 2019. Samotné hloubeni probihalo do
hloubky cca 6 m z povrchu pomoci bagru. Od
hloubky cca 6 m az na dno se Sachta hloubila
pomoci bagru Takeuchi TB138 FR umisténé-
ho na dné Sachty (obr. 3), kdy rubanina byla
naloZena do vyklopné vany o objemu 2 m?
a nasledné vytazena pomoci jefabu RDK 300
na mezideponii na povrchu. Po vyhloubeni
Sachty do trovné cca dna kaloty prizkumné-
ho dila byl proveden dvouradovy mikropilo-
tovy destnik nad budoucim profilem tunelu,
ktery byl vytvoren mikropilotami 114/10 mm
délky 15 m. Po dokonceni hloubeni, betonaze
7B desky na dné jamy, véetn& erpaci jimky
a jejiho vystrojeni, byla 11. 1. 2020 zahaje-
na razba samotného prizkumného dila. Jiz
v ramci hloubeni Sachty byly zastiZeny pevné
vrstvy kfemencl riznych mocnosti od fado-

vé cm aZz po prvni jednotky m. Tyto VIStVy  opr. 3 Hioubent stavebni Sachty
zpomalovaly prace na hloubeni a zaroven  Fig. 3 Excavation of construction shaft




drénovaly podzemni vodu, ktera byla zastiZzena v hloubce 6 m od
povrchu.

RAZBA PRUZKUMNIHO DILA

Razba pruzkumného dila byla zahajena v poloviné ledna 2020.
Razba probihd podle zasad NRTM a je rozdé€lena na 4 typy: TYP 1,
TYP 2, TYP 3 a TYP 4. Zadavaci dokumentace stavby predpokla-
dala razbu prevazné v technologické tidé TT5a, kde se ocekavalo
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Obr. 4 Vzorovy ez razby TYP 1
Fig. 4 Typical cross-section of TYPE 1 excavation
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Obr. 5 Vzorovy rez razby TYP 2 a 4
Fig. 5 Typical cross-section of TYPE 2 and 4 excavation
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Obr. 6 Vzorovy rez razby TYP 3
Fig. 6 Typical cross-section of TYPE 3 excavation
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the metro C line run at the depth of ca 12m under the surface from
the western side, a utility tunnel from the eastern side (see Fig. 2)
and Na StrZi street itself, including a 110kV HT cable, from the
northern side. Because of the fact that heavy mechanical equipment
runs above the 1200mm and 400mm water pipelines for the purpose
of installation of the shaft support and subsequent excavation of the
survey working, it was necessary to carry out an RC slab to protect
the pipelines. Other complications were brought by the work on a
high voltage terminal including a transformer station and elements
of the site arrangement, from site containers, through a facility
for treatment of mine water consisting of sedimentation basins, a
neutralisation and oil separator, up to the space for an intermediate
stockpile and storing materials required for the work. That all was
made more difficult by the small land acquisition area.

Shaft excavation

The access shaft for the excavation of the underground working is
7.6m in internal diameter and ca 30m deep. The diameter is reduced
at the depth of ca 22m to 7m with respect to an RC waler. The shaft
support is formed by secant bored piles 1000mm in diameter; down
from the depth of 22m, there are only secondary piles and the space
between them is supported with shotcrete. Shotcrete was applied in
dry form using Aliva 262 spraying machine. The work on the shaft
support started during August and was finished at the beginning of
September 2019. The excavation itself proceeded up to the depth of
ca 6m from the surface using an excavator. From the depth of ca 6m
to the bottom the shaft was excavated using a Takeuchi TB138 FR
excavator placed on the shaft bottom (see Fig. 3). Muck was loaded
to a tipping container with the volume of 2m? and subsequently was
lifted using an RDK 300 crane to an intermediate stockpile on the
surface. After completion of the shaft excavation up to the level of
the bottom of the top heading of the survey working, a double-row
canopy tube pre-support consisting of 15m long tubes 114/10mm
was carried out over the future tunnel profile. After completion
of the excavation, concreting of an RC slab on the shaft bottom,
including a sump pit and its support, the excavation of the survey
working itself commenced on 11 January 2020. Strong quartzite
layers with various thicknesses in the order of cm to initial units
of m were encountered already within the framework of the shaft
excavation. The layers decelerated the work on the excavation and,
at the same time, drained groundwater which was encountered at
the depth of 6m.

EXCAVATION OF SURVEY WORKING

The excavation of the survey working commenced in mid-
January 2020. The excavation proceeds in accordance with the
NATM principles and is divided into 4 types: TYPE 1, TYPE 2,
TYPE 3 and TYPE 4. The tender documents of the project assumed
the excavation mostly through rock with excavation support class
TT5a, where the Kosov Formation was assumed, and in the last
ca 24m long section they assumed excavation through rock with
excavation support class TT4 due to anticipated strong limestone.
The total length of the mined working amounts to 116.7m (see Fig.
2). The profile of the working is divided into top heading and bottom
in case of TYPE 1 (see Fig. 4), top heading 1, top heading bottom
1, top heading 2 and bottom of top heading 2 in case of TYPEs
2 and 4 (see Fig. 5) and top heading 1 and top heading bottom
1 in the case of TYPE 3 (see Fig. 6). Extensive trial injection of
grout just into the space of the excavation of top heading 2, where
its effectiveness is to be tested because of complicated geological
properties of the Kosov Formation rock massif for the future
excavation of the Pankrac one-vault station. Finally, the exploration



Obr. 7 Prvni metry razby pomoci specidlniho tunelbagru
Fig. 7 Initial metres of excavation using a special tunnel excavator

kosovské souvrstvi, v poslednich cca 24 m razbu v TT4 z divodu
predpokladanych pevnych diabast. Celkova délka razeného dila je
116,7 m (obr. 1). Profil dila je v TYPU 1 déleny na kalotu a dno ka-
loty (obr. 4), v TYPU 2 a 4 na kalotu 1, dno kaloty 1, kalotu 2 a dno
kaloty 2 (obr. 5) a v TYPU 3 na kalotu 1 a dno kaloty 1 (obr. 6).
Jako soucast prizkumu jsou navrZeny rozsahlé pokusné injektaze
pravé do prostoru razby kaloty 2, kde pfi jeji samotné razbé se ma
vyzkouset jeji ucinnost z diivodu slozitych geologickych vlastnosti
horninového masivu kosovského souvrstvi pro budouci razbu jed-
nolodni stanice Pankrac. Nakonec se vyrazi prizkumna rozrazka
do oblasti budouci stanice Pankréc, kde se provedou terénni zkous-
ky geotechnickych parametrd horninového
masivu.

Razba prizkumného dila ovliviiuje fadu
podzemnich a nadzemnich objektl, kde mezi
nejvyznamnéj$i patii podchod provozova-
nych tunelt metra C, v¢etné hloubenych ob-
jektl stanice Pankrac, kdy nejmensi vzdale-
nost vrcholu kaloty razeného dila je cca S m
od téchto objekti.

Na zacéatku byl z divodu malého prostoru
ve stavebni Sachté pro razbu pouZivan jenom
specidlni tunelovy bagr (obr. 7), vCetné vrta-
ci lafety od rakouské firmy Wimmer, protoZe
klasicky vrtaci viiz by se rozmérové do Stoly
nevesel. AZ po vyraZeni cca 6 m bylo moz-
né nasadit kolovy naklada¢c BOBCAT S850.
Stiikany beton je nandSen mokrou cestou
pomoci manipuldtoru Meyco Oruga (obr. 8)
a samotna smes je dopravovana potrubim po-
moci ¢erpadla Meyco Suprema, které je umis-
téno na povrchu v blizkosti Sachty. Tim, Ze je
beton dopravovan do tunelu pies potrubi, byla
zvySend pozornost vénovana vlastni receptu-
fe predevsim z hlediska jeji konzistence, aby
nedochazelo k ucpdvani samotného potrubi.

bridlice

gallery will be excavated to the area of the
future Pankrac station, where testing of the
rock mass parameters will be conducted. The
excavation of the survey working is affected
by numerous underground and aboveground
structures, where among the most important
ones there are the passage under operating
metro C tunnels including cut-and-cover
structures of Pankrdc station, where the
smallest distance of the top heading crown
of the mined working from those structures
amounts to ca Sm.

At the beginning, only a special tunnel
excavator (see Fig. 7) including a drilling
boom from Austrian firm Wimmer was used
because of the small space in the construction
shaft since dimensions of a classical drilling
rig would not have fitted into the gallery.
BOBCAT S850 wheeled loader could be
employed only after completion of ca 6m of
the excavation. Wet process of spraying is
carried out using Meyco Coruga manipulator
(see Fig. 8) and the mixture itself is
transported through a pipeline using Meyco
Suprema pump, which is located on the
surface, in the vicinity of the shaft. Since concrete is transported to
the tunnel through a pipeline, increased attention is paid mainly to
the recipe itself first of all from the aspect of its consistency, so that
plugging of the pipeline is prevented. It is possible to add setting
retarder into the mixture to maintain the required consistency for
ca 3 to 4 hours. After completion of the tunnel excavation length of
ca 45m, the contractor could use a classical drill rig, where, again
because of small dimensions of the construction shaft, they chose
a new twin-boom machine manufactured by EPIROC firm, marked
S2. The machine had to be partially disassembled before lowering
it to the underground (see Figures 9a and 9b). Both booms were

Obr. 8 Manipuldtor Meyco Oruga a typickd celba v kosovském souvrstvi — nahore kiemence a dole

Fig. 8 Meyco Oruga manipulator and typical excavation face in Kosov Formation — quartzite in the top
and shale at the bottom




Obr. 9 Spousteéni Cdstecné demontovaného vrtaciho vozu S2 (a) a jeho ramen (b)

Fig. 9 Lowering of partially disassembled drill rig S2 (a) and its booms (b)

Do smési je mozné pridat podle potfeby zpomalovac, ktery udrzi
pozadovanou konzistenci po dobu cca 3 az 4 hodin. Po vyraZeni tu-
nelu na délku cca 45 m mohl zhotovitel pouzit klasicky vrtaci viz,
kde opét z divodu malych rozmér stavebni Sachty zvolil novy
dvoulafetovy stroj od firmy EPIROC s oznacenim S2. Stroj musel
byt pred spusténim do podzemi ¢aste¢né demontovan (obr. 9 a, b),
byla demontovina obé ramena (jedno rameno je osazeno lafetou
pro vrtani a na druhém rameni je pracovni kos), ktera se jako prv-
ni umistila do tunelu, pak se spustil samotny stroj a v podzemi
byla obé ramena namontovana. Pomoci klasického vrtacitho vozu
bylo mozné zrychlit ¢asy pfi vrtdni a osazovani radidlnich svor-
niktl, jehel a vrtani a osazeni Celbovych kotev. Druhou vyhodou
je fakt, Ze na tunelbagru pfi pouZiti klasického vrtaciho vozu ma
zhotovitel potfebny Cas na nutné opravy a udrZbu tohoto stroje.
Po vyrazeni cca poloviny délky tunelu byly postupné nasazeny na
odtézeni rubaniny dumpry o objemu korby 3 m’, které sypaly ru-
baninu do samovyklopné vany o objemu cca 5 m* na dné Sachty.
Pomoci jefdbu RDK-300 byla rubanina vysypdna na mezideponi
na povrchu, odkud byla odvezena kolovymi vozy na konecnou
skladku.

Razba priazkumného dila potvrdila informace z hloubeni Sachty,
kdy téméf po celou délku razby v kosovském souvrstvi se stiida-
ly vrstvy mékkych bfidlic s pevnymi polohami kiemenct (obr. 8)
s drénovanim horninového masivu v relativné kratkém case. Z da-
vodu sniZzovani hladiny podzemni vody dochézelo k neocekdvané
vétsimu ovlivnéni okoli raZzeného dila. JiZ po vyhloubeni Sachty
doslo k sedani povrchu a objektti provozovaného metra C o cca
5 mm do vzdalenosti nékolika desitek metria. Pevné diabasy byly
zastizeny s posunutim cca 20 m oproti predpokladu. Po vyraZeni
pruzkumného dila TYP 1 a TYP 2 byla raZba na cca 1 tyden zasta-
vena z diivodu provadéni prizkumnych jadrovych vrti pro prove-
deni presiometrickych/dilatometrickych zkousek a geofyzikalniho
méfeni. V této dobé dosahovaly hodnoty sedani tubusti provozova-
ného metra C cca 13 mm, ¢imz bylo vycerpano cca 62 % limitu, a to
jesté pred realizaci samotné razby pod témito tunely metra. Z to-
hoto déivodu bylo na mimofadném jednani RAMO (Rada monito-
ringu) rozhodnuto o pokracovani razby v TT5b s pouZitim chemic-
kych injektazi, aby se sedani povrchu, a pfedev§im objektl metra
C minimalizovalo. Pro chemickou injektaZ byla pouzita dvousloz-
kové organicko-mineralni pryskytice MasteRoc MP368TIX, ktera
byla Cerpana pres zabudované celbové kotvy IBO 32 délky 8 m
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disassembled (one boom with feed for drilling mounted on it and
a working basked mounted on the other one). They were the first
to be placed in the tunnel. Lowering of the machine followed and
both booms were mounted on it in the underground. By using the
classical drill rig it was possible to reduce the times for drilling and
installation of radial rockbolts, spiles and drilling and installation
of anchors into the excavation face. Another advantage is the fact
that when a classical drilling rig is used, the contractor has the
time required for necessary repairs and maintenance of the tunnel
excavator. After excavating about half the length of the tunnel,
dumpers with 3m? buckets were gradually employed. They tipped
the muck into a self-tipping container with the volume of ca 5m?
on the shaft bottom. Muck was discharged to the intermediate
stockpile on the surface by means of an RDK crane. It was
transported from the stockpile to the final stockpile by wheeled
vehicles.

The tunnel excavation confirmed the information from the
shaft excavation, where layers of soft shale alternated nearly
along the entire length of the excavation through the Kosovo
Formation (see Fig. 8), with the rock mass draining in a relatively
short time. Unexpectedly, larger affecting of the mined working
surroundings took place due to lowering of water table. Already
after completion of the shaft excavation, the terrain and structures
of the operating metro line C settled by ca Smm up to the distance
of several tens of metres. Strong diabase was encountered shifted
by ca 20m in comparison with the assumption. After completion
of the excavation of TYPE 1 and TYPE 2 survey workings, the
excavation was suspended for ca 1 week because of the work
on survey core boreholes designed to verify pressuremeter/
dilatometer and geophysical properties of the rock mass. At that
time, values of settlement of the operating metro C tubes reached
ca 13mm, which meant that ca 62% of the limit were exhausted
even before the excavation under the tunnel tubes. For that reason,
the decision was made at an extraordinary meeting of the RAMO
(Monitoring Board) that the excavation in TT5b would continue
using chemical grouting so that settlement of the surface and, first
of all, metro C structures was minimised. MasteRoc MP368TIX
two-component organic-mineral resin was used for chemical
grouting. It was pumped through 8m long anchors installed to the
excavation face and forepoles (also IBO 32) by maximum grouting
pressure of 100 bar. Chemical grouting unambiguously positively
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a predhanéné jehly taktéz IBO 32 délky 8 m s maximalnim injek-
taznim tlakem 100 bard. Chemicka injektdz jednoznacné pozitivné
omezila dal$i sedani a vyplnila pukliny v okoli raZeného dila, ¢imZ
prispéla ke zpevnéni horninového masivu a ke sniZeni drenazni-
ho efektu hladiny podzemni vody. V této technologické tiidé se
nakonec vyrazil zbytek prizkumného dila oproti predpokladim
projektu.

Po ukonceni prvni faze razeb 13. 7. 2020 byly opétovné provede-
ny pruzkumné jadrové vrty s presiometrickymi/dilatometrickymi
zkouSkami a geofyzikdlnim méfenim na konci prizkumného dila
a byla zahdjena pokusna chemicka injektdzZ v TYPU 2 podle pred-
pokladii ze zaddvaci dokumentace.

Tab. 1 Porovndni délek technologickych tiid — predpoklad vs. skutecnost

predpoklad tech. tfid razby
- zadavaci dokumentace
o délka celkem| délkaTT4 | délkaTT5a | délkaTTsb
razba PAD4
(m) (m) (m) (m)
TYP 1 25,27 15,56 9,71 0,00
TYP 2 16,69 0,00 16,69 0,00
TYP 3 33,41 0,00 33,41 0,00
TYP 4 41,28 24,35 16,94 0,00
skutecné zastizené tech. tfid razby
s délka celkem| délkaTT4 | délkaTT5a | délkaTT5b
razba PAD4
: (m) (m) (m) (m)
TYP 1 25,27 12,56 12,71 0,00
TYP 2 16,69 0,00 16,69 0,00
TYP 3 33,41 0,00 6,64 26,77
TYP 4 41,28 0,00 0,00 41,28
ZAVER

Dosavadni prace na prizkumu skute¢nych vlastnosti horninové-
ho masivu, a pfedevSim jeho chovani ve vztahu k razbam v pred-
pokladanych sloZitych geologickych podminkich kosovského
souvrstvi, potvrdily dilezitost t€chto informaci ve vztahu k pfipra-
vované dalsi etap€ samotné razby jednolodni stanice Pankrac. Z jiz
ziskanych informaci je zfejmé, Ze chovani horninového masivu ve
vztahu ke snizovani hladiny podzemni vody negativné ovliviiuje
okoli razeného dila, a tim zvySuje niaroky na monitoring a opat-
feni pfijimand po jeho vyhodnoceni a neustalou pozornost vsech
zucastnénych, od projektanta pres investora az po samotného zho-
tovitele. Potvrzuje se, Ze zrealizovat toto dilo bude technicky velmi
narocné.
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restricted subsequent settlement and filled fissures in the mined
working surroundings. Thus it contributed to strengthening of the
rock mass and diminishing the drainage effect of the water table.
Contrary to the expectations, the remaining part of the survey
working excavation was finally finished in this excavation support

class.

After completion of the first phase of excavation on 13 July
2020, survey cored boreholes with pressuremeter/dilatometer
and geophysical tests were again conducted at the end of the
exploratory working and trial chemical grouting commenced
the tender

in TYPE 2 according

documents.

to assumptions

from

Table 1 Comparison of the lengths of excavation support classes — assumption

vs. reality
assumption of excavation support classes
- tender documents
PAD4 total length | TT4 length | TT5alength [ TT5b length
excavation (m) (m) (m) (m)
TYPE 1 25.27 15.56 9.71 0.00
TYPE 2 16.69 0.00 16.69 0.00
TYPE 3 33.41 0.00 33.41 0.00
TYPE 4 41.28 24.35 16.94 0.00
actually encountered excavation support
classes
PAD4 total length | TT4 length | TT5alength [ TT5b length
excavation (m) (m) (m) (m)
TYP 1 25.27 12.56 12.71 0.00
TYP2 16.69 0.00 16.69 0.00
TYP 3 33.41 0.00 6.64 26.77
TYP 4 41.28 0.00 0.00 41.28
CONCLUSION

The work on the survey of actual properties of rock massif carried
out so far, first of all its behaviour in relation to the underground
excavation in the assumed complicated geological conditions of the
Kosov Formation, confirmed the importance of the information in
relation to the next stage of the excavation itself of the Pankrac one-
vault station. It is obvious from the information already obtained that
the behaviour of rock mass in relation to lowering of water table
negatively affects the surroundings of the mined working, thus
increases demands on monitoring and the measures adopted after its
assessment, permanent attention of all participants from the designer
through the project owner up to the contractor. It is confirmed that
the work on this working will be technically very demanding.
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REALIZACE SEKUNDARNIHO OSTENI TUNELU PRESOV
CONSTRUCTION OF PRESOV TUNNEL SECONDARY LINING

JIRI BRICHNAC, PETR HYBSKY

ABSTRAKT

Pomalu ale jisté se bliZi okamZik, kdy se v jiznim obchvatu mésta PreSova spoji ddlnicni liseky vedouci k tomuto méstu od RuZomberoku
ze sméru zdpadniho a od KoSic ze sméru jiZniho. Do provozu uvedeny obchvat poslouZi jednak motoristiim, kteri nebudou muset absolvovat
pritjezd PreSovem a ve Spickdch strpét jizdu v kolondch vysSich dopravnich stupriii, a jednak bude také prinosem pro samotné mésto
Presov a jeho obyvatele, nebot v jeho ulicich dojde k vyraznému sniZeni intenzity dopravy. Z diivodu, Ze pritbéh vystavby portdlovych cdsti
a samotné raZby tunelii byl jiz popsdn v nékolikerych odbornych periodicich, zaméruje se predklddany cldnek na priibéh realizace sekun-
ddrniho osténi tunelu PreSov.

ABSTRACT

Slowly but surely approaching is the moment when the motorway sections leading to Presov from RuZomberok, from the west, and from
Kosice, from the east, will join in the southern by-pass of the town. After opening to traffic, the by-pass will serve the needs of motorists,
who will not have to undergo the passage across Presov and tolerate driving in columns of higher traffic degrees in rush hours. In addition,
it will also benefit the town of Presov itself and its inhabitants because of a significant reduction in traffic intensity on its streets. Due to
the fact that the course of construction of portal parts and the excavation of tunnels has already been described in several professional

periodicals, the presented paper is focused on the course of the construction of the secondary lining of the PreSov tunnel.

ZAKLADNI UDAJE O TUNELU PRESOV

Tunel PreSov je soucdsti téméf 8 km dlouhého stavebni-
ho useku PreSov zdpad — PreSov jih. Na zdpadni portdl je nava-
zan most dlouhy 471 m prekracujici ddoli Malkovského potoka.
Mostni objekt na tunel navazuje rovnéZ na vychodnim portdlu
(obr. 1). Zde se jednd o nejdelsi most celého budovaného tse-
ku (650 m). Jedna se o vysouvanou konstrukci, kterd prekracuje
feku Torysu, Zeleznicni trat Kosice — Plave¢, silnici 1/68 a potok
Delna.

Samotny tunel je konstrukci sloZenou ze dvou raZenych trub
dvoupruhového profilu kategorie 2T 7,5 m, které jsou na dvou
mistech rozSifeny o nouzové zalivy, dale pak kratkych hloubenych
usekd v portalovych Castech a v neposledni fadé z osmi razenych

. i - S
Obr. 1 Letecky pohled na vychodni portdl tunelu PreSov
Fig. 1 Aerial view of eastern portal of PreSov tunnel

BASIC DATA ON PRESOV TUNNEL

The PreSov tunnel is part of the nearly 8km long PreSov West —
PreSov East construction section. A 471m long bridge crossing the
Malkov stream valley links the western portal. A bridge structure
links the tunnel also at the eastern portal (see Fig. 1). It is the
longest bridge on the whole section under construction (650m).
The launched bridge structure crosses the Torysa river, KoSice-
Plavec rail track, the 1/68 road and the Delia brook.

The tunnel itself is a structure consisting of two mined tubes
with circular cross-sections, category 2T 7.5m, with the tunnel
width increased for two emergency lay-bys, further on of short
cut-and-cover tunnels in the portal sections and, at last but not
least, eight mined cross passages. The tunnel tubes lead through
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Obr. 2 Tunel PreSov — ortofotomapa
Fig. 2 Presov tunnel — orthophotomap

propojek. Tunelové trouby jsou vedeny skrze Malkovskou horku
v osové vzdalenosti cca 40 m, v oblasti portdlti pak 25 m. Situace
tunelu v ortofotomapé je znazornéna na obr. 2.

Tab. 1 Parametry tunelii

typ tunelu dvojtroubovy tunel s jednosmérnym
provozem v kazdé troubé

druh tunelu razeny tunel s kratkymi hloubenymi
Useky

navrhova rychlost 100 km/h

délka STT 2230,5m

délka JTT 2244 m

podélny sklon 2,80 % konstantni v celé délce

Sitka vozovky mezi obrubniky [ 7,5m

Sitka chodnikU 2x1,0m

vySka prdjezdného profilu 48m

svétla vySka nad chodniky 22m

DOKUMENTACE VE STUPNI DVP

DVP (Dokumenticia na vykonanie prac) je stupném dokumen-
tace, ktera zpresniuje, dopliiuje i optimalizuje stupeni dokumenta-
ce DRS (Dokumenticia realizacie stavieb). DVP pro betonaZ dna
a horni klenbu sekundarniho osténi byla projektovana podle pod-
minek zastizenych béhem razby obou tunelovych trub. Na zakladé
poznatkt zjisténych béhem razby a na zaklad€ pouzitych vystrojo-
vacich tfid primarniho osténi bylo dno navrzeno ve tvaru protiklen-
by vyplnéné prostym betonem (obr. 3), ve vytipovanych blocich
jako protiklenba z armovaného betonu (obr. 4). Zelezobeton byl
navrzen v mistech, kde byly razbou zjisténé zvySené konvergen-
ce primarniho osténi a kde bylo tfeba pfistoupit k dodatecnému
kotveni, pfipadné k okamZitému uzavieni celého profilu. Zaroven
bylo armované dno navrZeno v nouzovych zélivech jiZni i severni
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Malkovska Horka hill with about 40m and 25m between centres
respectively in the areas of portals. The tunnel location is shown in
the orthophotomap in Fig. 2.

Table 1 Parameters of tunnels

tunnel type :nwra-illl'lbti ;veith unidirectional traffic
e rsneigﬁgnt:nnel with short cut-and-cover
design speed 100km/h

NTT length 2230.5m

STT length 2244m

longitudinal gradient 2.80% constant throughout the length
kerb-to-kerb width 7.5m

width of walkways 2x1.0m

clearance profile height 4,8m

&z&r\zg}clg height above 2om

FINAL DESIGN DEGREE DOCUMENTATION

Final Design (FD) is the design stage refining, supplementing
or optimising the Detailed Design (DD) designing stage. The FD
for concreting the bottom and upper vault of secondary lining
was carried out according to the conditions encountered during
the excavation of both tunnel tubes. The bottom in the shape of
an invert filled with mass concrete (see Fig. 3) or as a reinforced
concrete invert in tipped blocks (see Fig. 4) was designed on the
basis of the knowledge gathered during the excavation and on
the basis of the excavation support classes applied. Reinforced
concrete was designed for locations where increased convergence
of primary lining was identified and where it was necessary to
proceed to additional anchoring, possibly immediate closing the
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Obr. 3 Tunel PreSov — vzorovy pricny rez
Fig. 3 Presov tunnel — typical cross-section

tunelové trouby, které jsou situovany blize
vychodnimu portalu.

DVP horni klenby vychézela z té skutec¢-
nosti, Ze vétSina zabért kaloty a opéfi byla
vystrojovana tfidou 5b. VSechny bloky byly
tudiz navrZeny jako vyztuZené. MnoZstvi
vyztuZze bylo optimalizoviano na hmotnost
7 000 kg na standardni blok délky 12 m. Opti-
malizovany byly rovnéz horni klenby sekun-
darniho osténi propojek, v nichZ byly realizo-
véany jak horni klenby z betont vyztuZenych,
tak i nevyztuZenych.

BETONAZ VYPLNOVYCH BETONU DNA
A ZAKLADOVYCH PASU

V Cervnu roku 2019 byly prorazeny obé tu-
nelové trouby v drovnich kalot (STT 13. 6.
2019, JTT 18. 6. 2019) a zhruba s tydennim
odstupem rovnéZ v urovnich opéfi. Neprodle-
né po prordzkach byla v tunelovych troubach

postupné hloubena a po blocich betonova-

- —

na dna. Pro co nejvyssi urychleni praci byla
dna prohlubovana vzdy minimalné na dvou

Obr. 4 Armatura spodni klenby
Fig. 4 Invert concrete reinforcement
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whole profile. At the same time, the reinforced

25.11.2019 - 30.11.2019 25.11.2019 - 30.11.2019

bottom was designed for emergency lay-bys

in the southern and northern tunnel tubes,
which are located closer to the eastern portal.

The FD for the upper vault was built on the
fact that the majority of top heading and bench
excavation rounds were supported applying
excavation support class 5b. All blocks were

0d 30.11.2019 since 30.11.2019

therefore designed as reinforced structures.

The amount of reinforcement was optimised
to the weight of 7000kg per standard 12m long
block. The upper vaults of secondary linings
of cross passages, where upper vaults were
carried out from both reinforced concrete and
unreinforced concrete, were also optimised.

Obr. 5 Priklad grafického zobrazeni organizace logistiky
Fig. 5 Example of graphic presentation of logistics organisation

mistech dané tunelové trouby. Tento zpasob praci kladl naroky
na operativni koordinaci logistiky, nebot rubanina se odvazela na
portal zapadni, naopak domichavace betonové smési zasobovaly
veskerd pracovisté prevazné z portalu vychodniho. Pro snazsi ori-
entaci v organizaci logistiky byly vypracovavany grafické diagra-
my (obr. 5).

Dna byla betonovéna po jednotlivych blocich, jejichZ pracovni
spary odpovidaly pracovnim spardm bloka hornich kleneb. S ohle-
dem na jiz zminény fakt, Ze pracovisté na betondZich dna byla
otevirdna na n¢kolika mistech soucasné€, byl vzdy prvni blok be-
tonovan do oboustranného Cela, nasledujici bloky byly pridavany
s Celem jednostrannym. Pro bednéni Cel vysky az 2 m byly pouzi-
véany nejen standardni betonové dilce, ale rovnéZ na stavbé pripra-
veny ocelovy ram, do kterého byly osazovany a pevné klinovany
drevéné hranoly. Tento bednici systém umoznil pomérné snadno se
prizplsobit nerovnostem vyrubu dna (obr. 6).

Navazujici konstrukei na vypliové betony dna byly zakladové
pasy, které byly navrzeny jako armované. V piipadé dna z betonu

Obr. 6 Bednéni ¢ela bloku vypliiového betonu dna
Fig. 6 Formwork of mass fill concrete block of bottom

APPLICATION OF MASS FILL CONCRETE
TO BOTTOM AND STRIP FOOTINGS

Excavation of tunnel tubes at the levels of
top headings broke through in June 2019 (NTT
on 13 June 2019; STT on 18 June 2019) and subsequently, with
a lag of approximately one week, also at the levels of the benches.
Immediately after the breakthroughs, bottoms were gradually
deepened and concreted block by block. With the objective to
speed up the work as much as possible, the bottoms were always
deepened in at least two places of the particular tunnel tube. This
system of work placed demands on operative coordination of
logistics since the muck was transported to the western portal,
while mix trucks supplied concrete to all working places mostly
from the eastern portal. Graphic diagrams were prepared for easier
orientation in the organization of logistics (see Fig. 5).

The bottoms were concreted in individual blocks, the expansion
joints of which corresponded to expansion joints between the
upper vault blocks. With respect to the above-mentioned fact that
the concrete working places were opened concurrently at several
places, the first block was always concreted into formwork with stop
ends on both sides, the following blocks were added with the stop
end on one side. Not only standard concrete segments were used
for the stop end formwork up to 2m high, but
also a steel frame prepared on site, with timber
beams fastened and firmly wedged to it. This
formwork system allowed for relatively easy
adaptation of the formwork to irregularities of
the bottom excavation (see Fig. 6).

Strip footings linking the mass fill concrete
of the bottom were designed as reinforced
structures. In the case of the unreinforced
concrete bottom, the strip footings were
bonded with it by longitudinal grooves
pressed into initially set concrete with steel
angle clips. On the contrary, at the reinforced
concrete bottom the reinforcement of the
strip foundations was part of the bottom
reinforcement. The strip footings were 1.30m
wide and 0.50m high. It was necessary in
selected blocks to lead drainage pipes for
draining groundwater through the foundation;
in the other blocks the foundation was
modified for installation of fire resistant
shutters of the slotted drain pipes.

After completion of the concrete strip footing,
the lower part of the vault waterproofing
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prostého byly s nim zakladové pasy svazany
pomoci podélnych drazek, které byly do za-
vadlého betonu vtla¢eny ocelovymi thelniky.
Naopak u dna Zelezobetonového byla vyztuz
zakladovych past soucasti vyztuze dna. Za-
kladové pasy byly Siroké 1,30 m a vysoké
0,50 m. Ve vybranych blocich bylo tfeba skrz
zaklad vést drendZzni potrubi pro odvedeni
podzemni vody, v ostatnich byl zaklad upra-
ven pro pozdéjsi osazeni protipoZarni uzavéry
Stérbinovych Zlabu.

Poté, co byl betonovy pés zhotoven, byla na
jeho sténu situovanou k osténi tunelu osazena
spodni ¢ast foliové izolace klenby. Tento pas
foliové izolace byl provizorné pretaZen pres
zdkladovy pas. Teprve poté bylo mozZné osa-
dit drendzni potrubi pro odvedeni podzemni
vody (obr. 7), zabetonovat oboustrannou ky-
netu a filtracni beton. Nésledné byla pres tuto
skladbu drendZniho systému pretazena f6liova
izolace spodni ¢asti (tentokrat z provizorniho
uloZeni na uloZeni definitivni), na ni v dal-
§im kroku navazovalo osazeni izolace hor-  opr. 7 Drends tunelu
ni klenby tunelu. Oba dily (spodni i vrchni)  Fig. 7 Tunnel drainage

Fig. 8 Formwork traveller for concreting the upper vault
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izolace byly svateny k sobé. Tésnost svart byla ovéfovana tlakovou
zkouskou.

BETONAZ HORNI KLENBY DEFINITIVNIHO OSTENI

Horni klenba definitivniho osténi tunelu byla navrZena z ar-
movaného betonu tiidy C 30/37, XF4, XC3 pro prvnich 600 m
tunelu, resp. C 30/37 XF2, XC3 v ostatnich ¢astech. Délka stan-
dardniho bloku byla 12 m a vyklenky, resp. kr¢ky propojek, byly
situovany vzdy do pricné osy bloku, jak standardniho, tak i zkra-
ceného. Z divodu usnadnéni betondfskych praci byla rovnéz
sjednocena velikost pozarniho vyklenku a vyklenku pro cisténi
drenaZze.

Pro betonaz bloki horni klenby definitivniho osténi byly zakou-
peny dva identické bednici vozy od rakouské firmy Ostu Stettin
(obr. 8). Kazdy bednici viz betonoval jednu tunelovou troubu
v celé délce, jen s tim rozdilem, Ze forma pro severni tunel zahgjila
betonaz na vychodnim portdlu a postupovala smérem k zapadni-
mu, a tedy dovrchné, jizni tunel byl betonovan v opacném sméru,
tedy tpadné.

V predstihu pred nasazenim bednicich vozi byly provadény
z pojizdné ploSiny upravy povrchii primarniho osténi. To bylo
zbaveno veskerych vycnivajicich ocelovych prutd ¢i hakd, na-
sledné i veskerych zdsahl do profilu tunelu a v neposledni fadé
vSech ostrych hran. Po pfevzeti povrchu primarniho osténi zastupci
TDI (Technicky dozor investora) bylo mozno pfistoupit k instalaci

. '..,...l'..,-‘. d _._‘I A
Obr. 9 Betondz horni klenby definitivniho osténi
Fig. 9 Concreting of final lining upper vault

TufHel

membrane was attached to its wall facing the tunnel lining. This
strip of the waterproofing membrane was temporarily pulled over
the strip foundation. Only then was it possible to install drainage
for evacuation of groundwater (see Fig. 7), embed the double-
sided cunette into the bottom concrete and pour filtration concrete.
Subsequently, the lower part of the waterproofing membrane was
pulled over this structure of the drainage system (this time from
the temporary position to the final position); in the next step, it was
followed by the installation of the waterproofing of the tunnel upper
vault. Both parts of the membrane (lower and upper) were welded to
each other. Leaking of welds was verified by a hydraulic test.

CONCRETING UPPER VAULT OF FINAL LINING

C 30/37, XF4, XC3 reinforced concrete was designed for the
upper vault of the final tunnel lining in initial 600m long section
of the tunnel, respectively C 30/37 XF2, XC3 in the other parts.
The standard blocks were 12m long and recesses, respectively
necks of cross passages, were situated always on the transverse
axis of the block, both standard and shortened. In order to facilitate
the concreting work, the size of the fire niche and the niche for
cleaning the drainage was also unified.

Two identical formwork travellers from Austrian firm Ostu
Stettin were purchased for concreting the final lining blocks of the
upper vault (see Fig. 8). Each formwork traveller concreted one
tunnel tube throughout its length, only with the difference that the




hydroizolace. Ta byla tvofena PVC fdlii tl. 2 mm a byla kladena na
ochrannou geotextilii.

V zéavésu za izolatérskou ploSinou byla nasazena plosina armo-
vaci. Z ni byla vdzana vyztuz horni klenby. VeSkeré prace izolatér-
ské i armovaci byly podfizeny taktu betonaZe horni klenby, ktery
byl nastaven na 24 hodin/1 blok.

S odstupem cca 10 blokl za armovaci ploSinou byla situova-
na bednici forma (obr. 9) pro betondz blokti horni klenby. Bloky
byly betonovany jeden za druhym s jednostrannym cilkem tak, Ze
k predchozi klenbé byla nasledujici napojena pomoci ,,0casnich
plechti” (z némeckého vyrazu Schwanzblech). Jednd se o plechy
osazené gumovym profilem, jenz pfesné zapada do pracovni spary
mezi jednotlivymi bloky. ,,Ocasni plech* se k pracovni spafe uchyti
v predstihu pfed osazenim bednici formy. Forma byla odbediiova-
na po dosazeni pevnosti tlaku betonu o hodnoté 6 MPa. V mistech
nouzovych zalivii byl posledni blok dvoupruhového tunelového
profilu betonovén spolu s ¢elni st€énou. Forma byla poté presunuta
na opacny konec nouzového zilivu, kde byla zhotovena protéjsi
Celni sténa. Mezitim byla provadéna montaZ roz§ifujiciho rukavce
bednici formy pro betondz nouzového zalivu. Po jeho smontovani
byla bednici forma vracena zpét, spojena s rukdvcem a nouzovy
zaliv byl dobetonovan.

ORGANIZACE PROJEKTU V OBDOBI NOUZOVEHO STAVU
SPOJENEHO S NEMOCI COVID-19

Poté, co byla zhotovena vice nez 1/3 celkového poctu blokt
horni klenby dané tunelové trouby, byly zahijeny podbetondvky
pro pozdéjsi osazeni §térbinovych Zlabu, resp. obrubnikil. Zarovern
byly nasazeny bednici formy pro zhotoveni hornich kleneb pro-
pojek. V popisovaném obdobi (bfezen 2020) doslo k situaci do-
sud nepoznané a v podstaté bezprecedentni. V Ceské i Slovenské
republice byl postupné vyhlaSen nouzovy stav, omezeni volného
pohybu a uzavieni spole¢nych hranic. JelikoZ ani tato mimoradna
situace neumoZziiovala zhotoviteli zastaveni stavby, bylo tieba na-
stalou situaci operativné fesit.

Zhotovitelskd firma Metrostav a.s. pfesunula pracovni kapacity
podle jejich trvalého bydlisté tak, aby méla na projektech realizo-
vanych v té dobé co nejvice pracovnikll. Vedouci THZ (technic-
ko-hospodérsky zaméstnanec) stavby museli stavbu fidit na dalku
a techniky piimo na stavbé€ instruovat pomoci telefonnich hovori ¢i
videokonferenci, zaroveti nékteré dil¢i prace omezili tak, aby bylo
mozné se soustiedit na ¢innosti kritické cesty.

Omezeni, ktera na zacatku roku 2020 potkala v podstaté celou
oblast stfedni Evropy, také zplisobila omezeni dodavek stavebnich
materidlll, coZz byl dalsi faktor, ktery negativné ovlivnil prib&h
stavby.

Pres zminéné objektivni komplikace se zhotovitel Metrostav a.s.
s nastalou situaci vyrovnal velmi dobfe a nastavenou uroven kva-
lity a rychlosti provadénych praci udrZel i v nesnadném obdobi.
Za vse patii dik predev§im zaméstnanciim, ktefi pasobili pfimo na
stavbé.

V pribéhu kvétna se diky udélené vyjimce od ministerstva zdra-
votnictvi Slovenské republiky dostali na stavbu vedouci THZ pra-
covnici a projekt se pozvolna vracel do normalu.

INSTALCE OBRUBNIKU A STERBINOVYCH ZLABU,
BETONAZ KABELOVODU

S postupujicim Casem a poctem zabetonovanych hornich kleneb
se v jejich zavésu otevirala dalsi pracovisté. Na zdkladové pésy se
realizovaly podbetonavky, které slouzily jako zaklady pro osazo-

véani obrubnikd, resp. $térbinovych Zlabl. Stérbinové Zlaby byly
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formwork for the northern tunnel started concreting at the eastern
portal and proceeded toward the western portal, i.e. uphill; the
southern tunnel was concreted downhill in the opposite direction.

Treatment of surfaces of the primary lining was carried out in
advance from a travelling hoisting platform. All protruding steel
bars and hooks were removed from the surface; subsequently also all
interferences with the tunnel profile and, at last but not least, all sharp
edges were removed. After taking over the surface of primary lining
by the representatives of client’s supervision team, it was possible
to proceed to install of the waterproofing system. It was formed by
a 2mm thick PVC membrane and was placed a protective geotextile.

The gantry-type reinforcement-installation travelling scaffold
followed the scaffold to install the waterproofing membrane.
Reinforcement bars of the upper vault was tied from the gantry.
All waterproofing and reinforcement installation operations were
subordinate to the cycle of concreting of the upper vault, which was
set to 24 hours per block.

The formwork for concreting the upper vaults (see Fig. 9) was
located ca 10 blocks behind the reinforcement-installation scaffold.
The blocks were concreted one after the other with a one-sided stop
end, with the following block connected by means of tail steel sheets
(from German term Schwanzblech). The sheets were provided with
a rubber section exactly fitting into the expansion joint between
individual blocks. The tail sheet was attached to the expansion joint
in advance of the formwork installation. The formwork was removed
after reaching compressive strength of concrete of 6MPa. In the
locations of lay-bys, the last block of the double-tube tunnel profile
was concreted together with the transversal front wall. The formwork
was subsequently moved to the opposite end of the emergency lay-
by, where the opposite wall was carried out. An extension sleeve of
the formwork for concreting the emergency lay-by was assembled in
the meantime. After the completion of the assembly, the formwork
was returned back, connected with the sleeve and concreting of the
emergency lay-be was finished.

ORGANISATION OF THE PROJECT DURING THE COURSE
OF EMERGENCY STATE ASSOCIATED WITH COVID-19
DISEASE

After completion of over 1/3 of the total number of the upper
vault blocks of the particular tunnel tube, the work on concreting
the beds or on subsequent installation of slotted drain pipes and
kerbs commenced. At the same time, formwork sets were deployed
for concreting the upper vaults of cross passages. In the described
period (March 2020), a situation not yet known and essentially
unprecedented emerged. State of emergency, restrictions on free
movement and a closure of common borders were gradually
declared in the Czech and Slovak Republics. Because of the fact
that even this extraordinary situation did not allow the contractor
to stop the work, it was necessary to solve the new situation
operatively.

The contractor, Metrostav a.s., shifted the working capacities
according to their permanent residences so that it had as many
employees as possible on the projects being implemented at that
time. Construction managers had to control the construction
remotely and instruct the technicians present directly on
construction site by telephones or videoconferences; at the same
time they restricted some partial operations so that it was possible
to focus on activities on the critical path.

The restrictions that hit virtually the whole of Central Europe
at the beginning of 2020 also caused a reduction in the supply
of building materials, which was another factor that negatively
affected the construction.
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Fig. 10 Final concreted block of upper vault in the mined NTT section

instalovany na tu stranu, k niZ byla vozovka klopend, a obrubniky
potom logicky na stranu opacnou. Po presné rektifikaci provedené
pod dohledem geodeta byly betonové prefabrikaty Stérbinovych
Zlabu, resp. obrubniki, podlévany zalivkovou smési. Pfesné osaze-
ni zminénych konstrukei je dilezité pro pozdé€jsi navadéni finise-
ru pokladajiciho vozovkové vrstvy. Stérbinové Zlaby a obrubniky
zaroveni slouZi jako jakési ztracené bednéni konstrukci kabelovo-
da. Kabelovody byly vytvoreny sestavou plastovych chrénicek,
které byly nasledné zality do monolitického betonu. Po jejich
zabetonovani bylo tfeba kaZdou jednotlivou chrani¢ku kalibrovat
pratahem predepsaného kalibracniho téliska, ¢imz se prokazova-
la priichodnost vSech chranicek pro tahani kabelt. Stejny postup
se pouzival i v pfipadé chrani¢ek vedenych po obvodé hornich
kleneb.

Betonaz hornich kleneb v razené casti STT byla dokoncena
9. 6. 2020 (obr. 10). Neprodlené poté byl bednici viiz demonto-
van a odvezen, aby uvolnil misto pro navazujici prace spocivajici
v betondzi blokl hloubenych useki, pro néz byla pouzita zvlastni
forma. Forma pro hloubené tunely byla navrzZena tak, aby umoZziio-
vala v jednom taktu betonovat rovnéz vyklenky. Konstrukce bed-
néni proto kombinovala preklizkové ramendaty a ocelové vyklen-
kové dilce, aby bylo moZno této konstrukce dosdhnout. Hloubené
bloky se betonovaly nejprve na severni a jizni tunelové troubé na
stranach prilehlych k technologickym objektim vychodniho a za-
padniho portalu. To proto, aby bylo co nejdiive mozné zahajit in-
stalaci kabell technologické ¢asti pravé z technologickych objektt
do tuneli.

STAVEBNI PRIPRAVENOST PRO TECHNOLOGICKOU CAST

Z divodu dodrzeni terminu pro dokonceni a zprovoznéni dila se
po urcitou dobu prekryvaly prace stavebni a prace technologti. Na
jednotlivych koordina¢nich jednanich byla domluvena posloupnost
predavani jednotlivych stavebnich tsekidl podle potieb technolo-
gii. Casovym milnikem zhotovitele jsou rovnéZ price na jednot-
livych vozovkovych vrstvach. Splnéni téchto terminti vyZadovalo
soucasnou rozpracovanost na vice pracoviStich lokalizovanych

Despite the above-mentioned objective complications, the
contractor, Metrostav a.s., coped very well with the situation and
maintained the set level of quality and speed of work even in the
difficult period. Thanks are owed in particular to the employees
who worked directly on the construction site.

During the course of May, thanks to an exemption granted by
the Ministry of Health of the Slovak Republic, the managers got to
the construction site and the project gradually returned to normal.

INSTALLATION OF KERBS AND SLOTTED DRAIN PIPES,
CONCRETING CABLE TROUGHS

With the advancing time and the number of finished upper vaults,
other workplaces opened subsequently. Concrete beds were carried
out on the strip footings to serve as foundations for installation of
kerbs, respectively slotted drains. The slotted drains were installed
on the side to which the roadway surface transversally descends,
while kerbs were logically installed on the opposite side. After
precise rectification performed under the supervision of a surveyor,
grout mix was poured under the pre-cast concrete slotted drain
pipes and kerbs. Accurate placement of the above-mentioned
structures is important for subsequent guidance of the slipform
paver installing the roadway courses. The slotted pipes and kerbs at
the same time serve as a kind of sacrificial formwork for cable duct
structures. The cable ducts were created by an assembly of plastic
casing pipes with concrete subsequently poured on them. After
incorporating them into unreinforced concrete, each individual
casing pipes had to be calibrated by pulling a prescribed calibration
instrument through it, which proved passability of all casing pipes
for pulling of cables through. The same procedure was applied in
the case of the casing pipes installed on the circumference of the
upper vaults.

Concreting of upper vaults in the mined part of the NTT was
finished on 9 June 2020 (see Fig. 10). Immediately afterwards,
the traveller formwork was disassembled and transported away to
make room for follow-up work lying in concreting the blocks of
cut-and-cover sections, for which a special formwork was used.



Obr. 11 Tunelovd trouba po zhotoveni ndtérii
Fig. 11 Tunnel tube after application of paint

v podstaté na celou délku obou tunelovych trub. Probihaly prace
na osazovani obrubnikl a $térbinovych Zlabu, betonazi kabelovo-
da, délicich stén a pricek v propojkach, stén v SOS vyklencich,
ukladky drenaze plan€ vozovky ¢i realizaci spadovych betond pod
vozovkou.

Rozsah praci a Cetnost pracovist, s ohledem na omezenou moz-
nost pristupd do tunelovych trub na portalech, vyzadoval pomérné
podrobné planovéni praci a logistiky v tunelu. Z tohoto divodu
pripravovali stavbyvedouci podrobny sménovy harmonogram na
kazdy pracovni turnus. Tento harmonogram se operativné upravo-
val a zpfesnoval v reakci na nastalé situace béhem provoznich po-
rad pri stfidani denni a no¢ni smény. Stavebni prace pro predavani
dil¢ich celka technologiim se diky tomu dafilo realizovat v dohod-
nutych terminech.

ZAVER

Tunel Presov je pro firmu Metrostav a.s. tfetim budovanym tune-
lem v obdobi poslednich péti let ve Slovenské republice (obr. 11).
Stejné& jako na piedchozich projektech (Tunel Polana a Tunel Zili-
na) prokézali jeji pracovnici vysokou profesionalitu pii provadéni
tohoto druhu podzemnich staveb. Dosazené rychlosti razeb i be-

tondZzi definitivniho osténi jsou sméle srovnatelné s dosahovanymi
rychlostmi v tunelarském svété ve vyspélych zemich.

Ing. JIRT BRICHNAC, jiri.brichnac @metrostav.cz,
Ing. PETR HYBSKY, petr.hybsky @metrostav.cz,
Metrostav a.s., divize 5

Recenzoval Reviewed: Ing. Vladimir Prajzler
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The formwork for cut-and-cover tunnels was
designed in a way allowing also concreting
of recesses in one concreting cycle. The
formwork structure for that reason combined
plywood templates with steel components
for recesses so that it was possible to manage
this structure construction. The cut-and-cover
blocks were first concreted on the northern and
southern tunnel tube on the sides adjacent to
the technical service objects at the eastern and
southern portals. This is so that the installation
of cables for tunnel equipment leading from
the service objects to the tunnels could start as
soon as possible.

CONSTRUCTION PREPAREDNESS FOR
TUNNEL EQUIPMENT PART

Because of meeting the deadline for
completion and commissioning of the
work, the construction work and the work
of technologists overlap for some time. The
sequence of handing individual construction
sections over according to the needs of
technologists was agreed at individual
coordination meetings. The work on individual
roadway layers is also a contractor’s milestone.
Meeting the deadlines required simultaneous work at multiple
workplaces located in substance throughout the length of both
tunnel tubes. The work on the installation of kerbs and slotted drain
pipes, concreting of cableways, dividing walls and partitions in the
cross passages, walls in emergency niches, laying the drainage of
the roadway formation level or placing of sloped concrete under the
roadway were underway.

The extent of the work and the number of working places required,
with respect to the limited possibility of access ways to the tunnels
at portals, relatively detailed planning of work and logistics in the
tunnels. For that reason, site managers prepared a detailed schedule
for each work shift. This schedule was operatively adapted and
refined during operational meetings held at the alternation of day
and night shifts, in reaction to the situations that arose. Thanks to
this, the construction work for the handover of partial wholes to
technologists was successfully completed on the agreed dates.

CONCLUSION

For Metrostav a.s., the PreSov tunnel is the third tunnel constructed
in the period of previous five years in the Slovak Republic (see
Fig. 11). As on previous projects (the Polana tunnel and the Zilina
tunnel), its employees have demonstrated high professionalism in
this type of underground construction. The achieved rates of tunnel
excavation advance and concreting of the final lining are boldly
comparable with the rates achieved in the tunnelling world of
developed countries.

Ing. JIRT BRICHNAC, jiri.brichnac@metrostav.cz,
Ing. PETR HYBSKY, petr.hybsky @metrostav.cz,
Metrostav a.s., divize 5

[1]1 JUHAS, B. Dialnica D1 Presov zdpad — PreSov juh. Dokumentécia na realiziciu stavby. Sprievodna sprava. 2014

[2] HYBSKY, P. Vystavba tunelu Presov. InZenierske stavby, 2019
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ZKUSENOSTI Z GEOTECHNICKEHO MONITORINGU RAZEB
ZELEZNICNIHO TUNELU DEBOREC
EXPERIENCE FROM GEOTECHNICAL MONITORING
OF DEBOREC RAIL TUNNEL EXCAVATION

MILAN KOSSLER, ALES VIDENSKY

ABSTRAKT

V lété roku 2018 byla zahdjena modernizace 4. Zeleznicniho koridoru v viseku Sudomévice u Tabora — Votice. V rdmci naprimovdni std-
vajici traté je prakticky cely modernizovany isek veden v nové trase v kopcovité krajiné Ceské Sibire. Pro prekondni clenitého terénu byly
navrzeny dva nové dvoukolejné tunely Mezno a Deborel. Tunely byly raZeny konvencné, observacni metodou NRTM, jejiz soucdsti byl
i soubor geotechnickych méveni a sledovdni horninového masivu. Tunel Mezno md celkovou délku 840 m, délka tunelu Deborec ¢ini 660 m.
V dobé pripravy ¢ldnku (druhd polovina srpna 2020) byly jiz kaloty obou tunelii proraZeny. Na tunelu Deborec jsou ukonceny i raZby opéri
a dna. Zatimco kalota tunelu Mezno byla vyraZena bez vétSich problémii a prekvapent, na tunelu Deborec se uicastnici vystavby museli
vyporddat s fadou problémii zpiisobenych pritomnosti vyrazné tektonické zlomové zony v profilu tunelu. Na problematiku priichodu touto
poruchou se predevsim zaméfuje tento cldnek. Po preddni této Cdsti Zeleznice do provozu (termin dokonceni leden 2022), ziistane na trati
z Ceskych Budéjovic do Prahy nedokonceny isek Nemanice — Sevétin (v soucasnosti ve stadiu p¥ipravy) a lisek Sobéslav — Doubi u Tdbora
(v soucasnosti modernizovdn, termin dokonceni cervenec 2023).

ABSTRACT

The modernisation of the Sudomérice u Tdabora — Votice section of the railway corridor No. 4 commenced in the summer of 2018.
Virtually entire section being modernised is led in a hilly countryside of the Ceskd Sibii within the framework of straightening the existing
track. Two new double-track tunnels, the Mezno and the Deborec, were designed for overcoming the rugged terrain. The tunnels were
driven conventionally using the NATM observational method, a part of which was also a set of geotechnical measurements and monitoring
of the ground mass. The Mezno tunnel is 840m long, the length of the Deborec tunnel amounts to 660m. At the time of preparation of the
paper (second half of August 2020), the top headings of both tunnels had already been broken through. In addition, the excavation of
the bench and bottom has been finished in the Deborec tunnel. Whilst the top heading of the Mezno tunnel was excavated without more
significant problems and surprises, the Deborec tunnel had to deal with numerous problems caused by the presence of a significant tectonic
fault zone in the tunnel cross-section. This paper is primarily focused on problems of the passage through the fault zone. After handing of
this part of the railway over for operation (completion deadline January 2022), the Nemanice — Sevétin section (currently at the stage of
preparation) and the Sobéslav — Doubi u Tdbora section near Tdbor (currently under modernisation, completion deadline July 2023) will

remain unfinished on the track from Ceské Budéjovice to Prague.

uvob

Jednim z objektd modernizovaného 4. Zelezni¢niho koridoru
v useku Sudoméfice u Tabora — Votice je tunel Debore¢ leZici mezi
obcemi Jesetice, Horni Borek, Nové Dvory, Rikov a Radi¢. Tunel
podchdzi pod vrchem Deborec¢ s nadmotskou vySkou 598 m n. m.,
vyska terénu v misté portall je okolo 560 m n. m. Situovani tunelu
je patrné z obr. 1.

Stavebni prace byly na tunelu Debore¢ zahdjeny v Cervenci 2018
hloubenim pazené stavebni jamy vyjezdového portalu, razba za-
pocala v lednu roku 2019 ze strany vyjezdového portalu, prorazka
kaloty probéhla v tnoru roku 2020.

Tento clanek navazuje na prispévek autorti v cCasopisu Tunel
3/2019 [1] a d@raz klade predev§im na popis komplikaci razeb,
spojenych se zastizenim geologické poruchy. Tato vyrazna tek-
tonickd linie, prizkumnymi pracemi neindikovand, pfinesla ob-
tize v podobé nestability nezajiSténych Casti vyrubii a zvySenych
deformaci horninového masivu a primarniho osténi.

Investorem predstavovaného projektu je Sprava zeleznic, statni
organizace, generalnim zhotovitelem stavebnich praci je spolec-
nost OHL ZS, a.s. Podzhotovitelem stavebnich praci tunelu Debo-
reC je spolecnost Tubau, a.s. Geotechnicky monitoring a geotech-
nicky dohled na tunelu provadi spole¢nost SG Geotechnika, a.s.
Na projekénich pracich tunelu Debore¢ se podilely organizace

INTRODUCTION

The Deborec tunnel located between the villages of JeSetice,
Horni Borek, Nové Dvory, Rikov and Radi¢ is one of the structures
on the railway corridor No. 4 being modernised. The tunnel passes
under Deborec¢ hill with the altitude of 598m a.s.l.; the elevation of
the terrain in the locations of tunnel portals is about 560m a.s.l. The
tunnel location is obvious from Fig. 1.

The construction work on the Debore¢ tunnel commenced in
July 2018 by the excavation of the braced construction pit for the
exit portal. The tunnel excavation started from the exit portal in
January 2019; the top heading breakthrough took place in February
2020.

This paper is a follow-up to the paper by the authors published in
TUNEL journal 3/2019 [1]. Stress is put first of all on the description
of the excavation complications associated with encountering
a geological fault. This significant tectonic line, which had not
been identified by survey, brought difficulties in the form of lack
of stability of unsupported parts of the excavated openings and
increased deformations of the ground massif and primary lining.

Sprava Zeleznic, state organisation (railway administration),
is the project owner, OHL ZS, a.s., is the general contractor
for construction work. Tubau, a.s., is the sub-contractor for
construction work on the Debore¢ tunnel. Geotechnical monitoring
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zdroj zaddvaci dokumentace, Sudop Praha, a.s. source tender documentation, Sudop Praha, a.s.
Obr. 1 Situace SirSich vztahi
Fig. 1 Situation of wider relationships

METROPROIJEKT Praha, a.s., coby zpracovatel dokumentace pro
zadani stavby a MPI projekt s.r.o., coby zpracovatel realiza¢ni do-
kumentace stavby.

POPIS ZAKLADNICH PARAMETRU DILA

Konstrukce tunelu Debore€ je tvorena dvéma portalovymi tse-
ky budovanymi v oteviené stavebni jamé a tsekem razenym No-
vou rakouskou tunelovaci metodou (NRTM). Pro piehlednost
bylo na tunelu zavedeno stanieni v tunelmetrech (TM), které je
nezavislé na oficidlnim staniceni trat€. TM 0,0 je v misté defini-
tivniho vyjezdového (tj. prazského) portdlu, pocatek razby byl
v misté doc¢asného vyjezdového portalu v TM 49,0. Délka kon-
strukce hloubenych ¢asti je 49 m na vjezdovém (jihovychodnim)
portdlu i na vyjezdovém (prazském, severozapadnim) portalu. Ra-
Zeny tunel je navrZzen v délce 562 m. Celkova délka tunelu v jeho
ose je tedy 660 m. Vyska stény raZzeného portdlu je na vjezdu
16,1 m (nadloZi 6,9 m), na vyjezdu 16,8 m (nadlozi 7,0 m). Ma-
ximalni vyska nadloZi raZeného tunelu je cca 47 m ve staniceni
TM™ 290.

Profil tunelu je horizontaln€ ¢lenén na kalotu, opéfi a dno. V po-
délném sméru byla vzdalenost Celeb jednotlivych dil¢ich vyruba
zavisla na zastiZenych geologickych podminkach, respektive na
technologické tfidé vyrubu (dale TTV), kde nejkratsi délka zabéru
byla v TTV 5b (0,8-1,0 m) a nejdelsi v TTV 2 (2,0-2,2 m). Razba
tunelu probihala dovrchné od vyjezdového portdlu smérem k vjez-
dovému portalu. Zastoupeni jednotlivych TTV v kaloté po délce
razeného tunelu (TM 49 az TM 611) je zpracovéano v tab. 1.
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and geotechnical supervision over the tunnel is conducted by SG
Geotechnika, a.s., METROPROJEKT Praha, a.s., participated in
designing for the Debore¢ tunnel in the position of the author of
design for tendering; MPI projekt s.r.o. was the author of the design
of means and methods.

DESCRIPTION OF BASIC PARAMETERS OF THE WORK

The Deborec tunnel structure is formed by two portal sections
built in an open construction pit and a section mined using the New
Austrian Tunnelling Method (NATM). The chainage measured in
tunnelmetres (TM) was introduced in the tunnel for the purpose of
clarity. It is independent of the official chainage of the track. TM
0.0 is found at the final exit portal (i.e. the Prague portal), while the
beginning of the tunnel excavation was at the temporary exit portal
at TM 49.0. The length of the cut-and-cover parts amounts to 49m
at the entrance (southeastern) portal and 49m at the exit (Prague,
northwestern) portal. The mined tunnel design length amounts to
562m. The total length of the tunnel on its centre line is therefore
660m. The walls of the mined portals at the entrance and exit are
16.1m high (overburden 16.1m high) and 16.8m high, respectively.
The maximum height of the mined tunnel overburden amounts to
ca 47m at TM 290 chainage.

The tunnel cross-section is divided horizontally into top
heading, bench and bottom. Longitudinally, the distances between
individual partial excavation faces depended on the geological
conditions encountered, respectively on the excavation support
class (hereinafter referred to as ESC), where the shortest excavation
round length was at ESC 5b (0.8-1.0m) and the longest at ESC 2
(2.0-2.2m). The tunnel excavation proceeded uphill from the exit
portal towards the entrance portal. The representation of individual
ESCs throughout the length of the mined tunnel top heading (TM
49 to TM 611) is processed in Table 1.

Table 1 Representation of individual ESCs in top heading (Kossler, 2020)

tunnelmeter (TM) ESC length (m)
49.0 t0 108.0 5b1 59.0
108.0 to 151.4 5a 43.4
151.4 t0 188.3 4 36.9
188.3 10 193.6 3 5.3
193.6 to 353.2 2 159.6
353.2t0 374.0 3 20.8
374.0 to 384.8 4 10.8
384.8 to 389.7 5a 4.9
389.7 t0 425.0 5b1 35.3
425.0 to 426.4 4 1.4
426.4 0 548.3 3 121.9
548.3t0611.0 4 62.7

The tunnel lining is a double-shell structure with intermediate
waterproofing membrane. The primary lining is formed by sprayed
concrete layers 150, 200, 250, 300 and 400mm thick (for individual
ESCs) reinforced with welded mesh, lattice girders, rockbolts,
spiling and, in the case of the NATM excavation support class 5b,
even by face-supporting anchors and canopy tube pre-support.
The most subtle lining was designed for ESC 2, while ESC 5b is
most massive. The secondary lining will be carried out by pouring
concrete behind formwork. It will be 350mm thick for NATM
ESCs 2 to 5a; thickness of 450mm is for class 5b. The length of
concrete casting blocks of the final lining is set uniformly for the
whole tunnel at 12m.
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Tab. 1 Zastoupeni jednotlivich TTV v kaloté (Kossler, 2020)

tunelovy metr (TM) TTV délka (m)
49,0 az 108,0 5b1 59,0
108,0 az 151,4 5a 434
151,4 a7 188,3 4 36,9
188,3 az 193,6 8 518
193,6 az 353,2 2 159,6
353,2 az 374,0 8 20,8
374,0 a7 384,8 4 10,8
384,8 a7 389,7 5a 4,9
389,7 az 425,0 5b1 8518
425,0 a7 426,4 4 1,4
426,4 a7 548,3 3 121,9
548,3az611,0 4 62,7

Osténi tunelu je dvoupldstové s mezilehlou féliovou izolaci.
Primarni osténi je tvofeno stifkanym betonem tloustky 150, 200,
250, 300 a 400 mm (pro jednotlivé TTV) vyztuZenym svafovany-
mi sitémi, piithradovymi nosniky, svorniky, jehlovanim a v piipadé
technologické tfidy NRTM 5b i s ¢elbovymi kotvami a mikropi-
lotovym deStnikem. Nejsubtilnéjsi osténi je navrzeno pro TTV 2,
nejmasivnéji je vystrojend TTV 5b. Sekundarni osténi bude reali-
zovano monoliticky do bednéni s tloustkou 350 mm pro technolo-
gické tiidy NRTM 2 az 5a a tlouStkou 450 mm pro tfidu 5b. Délka
bloku betonédze definitivniho osténi je stanovena jednotné pro cely
tunel a ¢ini 12 m.

STRUCNY PREHLED CINNOSTi GEOTECHNICKEHO
MONITORINGU

Mimo konvergen¢ni méfeni, kterd jsou zminéna v ndsledujici
kapitole, byly na tomto tunelu aplikovany i dalsi typy kontrolnich
méfeni.

Hloubené casti tunelu Debore¢ byly provedeny s kotvenou
zaporovou konstrukci. Na portilech byly v prubéhu stavebnich
praci sledovany pohyby stén na 3D geodetickych bodech (40 boda
na kazdém portdlu) a na vybranych kotvach byly méfeny sily
v kotvach na dynamometrech (pét dynamometri na kazdém
portalu). Oba portaly jsou navic sledované inklinometricky. Dva
inklinometry jsou instalovdny na vjezdovém portdlu, jeden je
instalovan na vyjezdovém portalu. Hodnoty deformaci na sténach
pazené jamy vyjezdového portalu dosahovaly v jednotlivych sloz-
kach (podélna, pficna, svisld) prevazné hodnot do 20 mm. Pouze
u portilové stény vjezdového portalu byla nad vyrubem tunelu na-
méfena hodnota seddni 23 mm, ¢imzZ byl nepatrné prekrocen prvni
varovny stav stanoveny na hodnotu 20 mm vyklonéni/zatlaceni/
sedani portdlové stény. Na inklinometrech byly naméfeny defor-
mace v hodnotach do 11 mm. Prvni varovny stav, stanoveny na
hodnotu 20 mm vyklonéni inklinometru do jamy, tedy dosaZen
nebyl.

Na povrchu nad tunelem byly instalovany dva profily sdruZené
z extenzometri a z nivela¢nich bodi v TM 59,5 a TM 438. Je-
den profil zahrnoval tfi extenzometry a jedendct nivelacnich bodt
(celkem Sest extenzometrtl a 22 nivelacnich bodl pro oba profily).
V obou profilech byl prostfedni extenzometr instalovany v ose tu-
nelu a byl trojiroviiovy, dva krajni extenzometry byly instaloviny
vzdy 4,8 m vpravo a vlevo od osy tunelu a byly Ctyfaroviiové. Tti
nivela¢ni body byly u obou profilti instalovany na hlavach extenzo-
metril a po Ctyfech bodech bylo instalovano dale vpravo a vlevo od
trojice extenzometrii, aby byla pokryta cela poklesova kotlina. Na
profilu v TM 59,5 situovaném v oblasti nizkého nadlozi (mocnost
nadlozi v TM 59,5 ¢inila cca 7,6 m) v blizkosti vjezdového portalu

BRIEF OVERVIEW OF GEOTECHNICAL MONITORING
ACTIVITIES

Apart of the convergence measurements mentioned in the
following chapter, even other types of check measurements were
applied to this tunnel.

An anchored soldier beam and lagging structure was carried
out for the cut-and-cover parts of the Debore¢ tunnel. At the
portals, movements of walls were monitored during the course of
construction work on 3D survey points (40 points at each portal)
and forces in selected anchors were measured with dynamometers
(five dynamometers at each portal). Both portals are in addition
monitored with inclinometers. Two inclinometers are installed at
the entrance portal, one is installed on the exit portal. The values
of deformations measured on the walls of the braced pit for the exit
portal reached in individual displacement components (longitudinal,
transverse, vertical) up to 20mm. The settlement value of 23mm was
measured only above the tunnel excavation at the entrance portal
wall. It slightly exceeded the first warning state set at 20mm of tilting
out/pressing in/settling of the portal wall. Deformation values up to
11mm were measured on the inclinometers. It means that the first
warning state, which was set at the value of 20mm of inclinometer
tilting to the pit, was not reached.

Two combined profiles consisting of extensometers and levelling
points at TM 59.5 and TM 438 were installed on the surface above
the tunnel. One profile comprised three extensometers and eleven
levelling points (six extensometers and 22 levelling points in total
for both profiles). The middle extensometer installed at both profiles
on the tunnel centre line was of the thee-level type, while both side
extensometers which were installed on the left and right sides,
4.8m from the tunnel centre line, were of the four-level type. At
both measure profiles, three levelling points were installed on the
heads of extensometers and four points were installed to the right
and left of the three extensometers so that the whole settlement
trough was covered. On the profile at TM 59.5 located in the area of
low overburden (overburden thickness at TM 59.5 amounted to ca
7.6m) in the vicinity of the entrance portal, the terrain settlement up
to 22mm was measured on the tunnel centre line. On the profile at
TM 438 with high overburden (overburden at TM 438 was ca 28.4m
high) negligible settlement with the values of initial millimetres
was measured on the tunnel centre line. Therefore the first warning
state of terrain settlement set at the value of 25mm was not reached.
At the lower measured levels of the extensometers installed in the
ground mass at the distances of 1.5m, 3.0m, 4.5m and 6.0m above
the theoretical contour of the tunnel, 33mm settlement was measured
at the profile at TM 59.5m and up to 20mm at the profile at TM 438.
The warning states of the ground massif in the immediate vicinity
of the excavation were reached on neither profile. The first warning
state value for the profile excavation was categorised as support class
ESC 5b1 (TM 59.5) amounted to 130mm. The first warning state for
the profile belonging to TM 438 (ESC 3) amounted to 40mm.

For the purpose of excluding negative effects of tunnelling
on buildings in the vicinity, a condition survey of five buildings
adjacent to the entrance portal (cadastral district of Horni Borek) and
eleven buildings in the cadastral district of JeSetice was carried out
before the beginning of blasting. The effect of vibrations induced
by blasting on buildings in the surroundings was observed on two
properties adjacent to the tunnel throughout the tunnel excavation
period by continuous monitoring of each blasting event. Throughout
the period of seismic monitoring the vibration velocity measured
on both seismic stations fluctuated under the value of 0.5mm/s. The
measured values of dynamic load were fully within the permissible



bylo naméfeno sedani terénu v ose tunelu do 22 mm. Na profilu
v TM 438 s vysokym nadloZim (mocnost nadlozi v TM 438 ¢inila
cca 28,4 m) bylo v ose tunelu naméfeno zanedbatelné sedani terénu
v hodnotach prvnich milimetrii. Prvni varovny stav sedani terénu
stanoveny na hodnotu 25 mm tedy dosaZen nebyl. Na spodnich mé-
fenych drovnich extenzometrt instalovanych v horninovém masivu
ve vzdalenostech 1,5 m, 3,0 m, 4,5 m a 6,0 m nad teoretickym ob-
rysem tunelu bylo naméfeno na profilu v TM 59,5 sedani do 33 mm
a na profilu v TM 438 sedani do 20 mm. Varovné stavy deforma-
ci horninového masivu v bezprostfednim okoli vyrubu nebyly na
obou profilech dosaZeny. Prvni varovny stav pro profil naleZejici
TTV 5bl (TM 59,5) €inil 130 mm. Pro profil v TM 438 (TTV 3)
¢inil prvni varovny stav 40 mm.

Pro vylouceni negativnich G¢inkl od tunelovani na okolni za-
stavbu byl pred zahajenim trhacich praci proveden pasport péti
objekti prilehlych vjezdovému portalu (katastralni dzemi Horni
Borek) a jedenacti domi v katastrdlnim tzemi JeSetice. Vliv otre-
st od trhacich praci na okolni zastavbu byl po celou dobu razby
monitorovan kontinudlnim sledovanim kazdého odstrelu na dvou
nemovitostech pfilehlych k tunelu. Po celou dobu seismického mo-
nitoringu se rychlosti kmitani na obou seismickych stanicich pohy-
bovaly pod hodnotou 0,5 mm/s. Naméfené hodnoty dynamického
zatiZeni byly zcela v pfipustnych mezich dle CSN 73 0040 pro
stupeti poruseni «0», tj. s vylou¢enim moznosti vzniku poSkozeni
z titulu provadéni trhacich praci pro objekty tfidy odolnosti ,,B*
(béZné cihelné stavy), resp. ,,A* (stavby v hor§im stavebné-tech-
nickém stavu). V pribéhu odstielll bylo rovnéz tiikrat provedeno
kontrolni méfeni akustickych tc¢inkt od trhacich praci s vysledkem
okolo 50 dB pro denni dobu a okolo 60 dB pro no¢ni dobu. Va-
rovné stavy jsou u akustickych ucinka pfevzaty z nafizeni vlady
272/2011 Sb., kde jsou stanoveny limitni hodnoty pro denni dobu
83 dB a pro nocni dobu 40 dB. No¢ni odstiely tedy nebylo moZno
provadeét, trhaci prace byly realizovany pouze v dobé od 6:00 h
do 22:00 h.

V ramci hydrogeologického monitoringu okolnich objektu je
od jara 2017 provadéno mésicni sledovani hladin vodnich zdroja
v potencidlni z6né ovlivnéni razbami. V letech 2017, 2018, 2019
1ze pozorovat dlouhodoby pokles hladin vody u fady studni, kte-
ry se zastavil aZ v letoSnim roce. U monitorovanych objekti byly
samoziejmé naméreny rovnéz sezoénni vykyvy, kdy v jednotlivych
letech dochazelo k ubytku vody v letnich mésicich a narastu hladin
v zimnim obdobi. Lze konstatovat, Ze trovei hladin korespondova-
la s thrnem srazek v jednotlivych letech (suché roky 2017 az 2019,
destivy rok 2020) a rovnéZ se sezonnimi srdZkovymi a teplotnimi
vykyvy. Ovlivnéni okolnich vodnich zdroji tunelovdnim nebylo
prokazéno.

Pro zdokumentovani skute¢ného tvaru obnaZeného vyrubu,
a tedy i pripadného mnozstvi nadvyrubli (podvyrubil), byl kazdy
zabér zaméfen geodetickym pfiistrojem profiler. Po dokonceni ra-
Zeb byl pak naskenovan povrch primarniho osténi, aby bylo mozno
urcit mista, kde je povrch primarniho osténi v kolizi s budoucim
rubem sekundarniho osténi, a tato mista vyfrézovat.

Soucasti komplexniho geotechnického monitoringu tunelu De-
bore¢ bylo dile kontinudlni inZenyrskogeologické sledovani kvali-
ty horninového masivu. Dokumentovan byl kazdy stavebni postup
s vystupem v podobé fotodokumentace a geotechnického paspor-
tu s nakresem celby, textovym zdznamem zjisténych skutecnosti,
zhodnocenim kvality horninového masivu podle zdsad klasifikace
RMR a komentéfi ¢i doporuc¢enimi ohledné technologickych opat-
feni a prvku, které pfimo ovliviiuji podminky razby, respektive sta-
bilitu vyrubu.
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limits according to CSN 73 0040 for the “0” degree of damage, i.e.
with exclusion of the possibility of origination of a damage due to
blasting operations for structures resistance class “B”’ (common brick
buildings) respectively “A” (buildings in worse structural-technical
condition). During the course of blasting, check measurements of
acoustic effects of blasting were conducted three times, with the
result of about 50dB for day time and about 60dB for night time.
The warning states for the cases of acoustic effects are borrowed
from the Decree No. 272/2011 Coll. of the Government of the Czech
Republic, where limiting values of 83dB are set for day time and
40dB for night time. That is why night blasting events could not be
carried out. Blasting was carried out only in the period from 6 am.
to 10 pm.

Monthly monitoring of levels of water sources in the potential
zone affected by tunnel excavation has been carried out since spring
2017 within the framework of hydrological monitoring of buildings
in the vicinity. Long term drop of levels of water surfaces in many
wells can be observed in 2017, 2018 and 2019. It did not stop until
this year. Of course, seasonal fluctuations where decreasing of water
sources occurred in summer months and increasing in winter months
during individual years were also measured on the monitored
objects. It can be stated that the level of water surfaces corresponded
to the precipitation total in individual years (dry years 2017 to 2019,
rainy year 2020) and also to seasonal precipitation and thermal
fluctuations. Affecting of water resources in the surroundings by
tunnelling has not been proved yet.

For documenting the actual shape of the exposed excavated
opening, thus also the possible number of overbreaks (underbreaks),
each excavation round was surveyed by a profiler. After completion of
the tunnel excavation, the surface of the primary lining was scanned
so that it was possible to determine places where the primary lining
surface collided with the future external surface of the secondary
lining and mill those places away.

Further on, continual engineering geological monitoring of the
ground massif quality was part of the comprehensive geotechnical
monitoring of the Debore¢ tunnel. Each construction procedure was
documented, with an output in the form of photodocumentation and
a geotechnical passport with drawing of the excavation face, a text
record of findings, assessment of the ground massif quality according
to the RMR classification and comments or recommendations
regarding technical measures and elements directly affecting the
excavation conditions, respectively the excavation stability.

DEBOREC TUNNEL EXCAVATION IN DIFFICULT
GEOTECHNICAL CONDITIONS OF FAULT ZONE

The construction work on the Debore¢ tunnel started in July
2018 by stripping the soil profile at the exit portal; excavation at the
entrance portal started in September 2018. The tunnel excavation
itself commenced from the exit portal side in January 2019. In
the section behind the portal, relatively unfavourable geotechnical
conditions were encountered by the tunnel excavation. They were
characterised by heavily weathered paragneiss with strength class
mostly RS, with locations of R6 with extremely close joint spacing.
From the mined portal (TM 49) to chainage TM 108, the excavation
proceeded through massively supported ESC 5bl, under the
protection of canopy tube pre-support. Along with gradual sumping
of the excavation face into the rock massif, even geotechnical
conditions improved. The excavation gradually passed through
individual excavation support classes up to the most subtly supported
ESC 2. A relatively long section (159.6m, TM 193 to TM 353.2)
was excavated through compact ESC 2 paragneiss, quartziferous
paragneiss to quartzite strength class R3 to R2.
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RAZBY TUNELU DEBOREC
V OBTiZNYCH GEOTECHNICKYCH
POMERECH ZLOMOVE ZONY

Stavebni prace na tunelu Debore¢ zapocaly
v Cervenci 2018 skryvkou ptidniho profilu na
vyjezdovém portalu, hloubeni na vjezdovém
portalu zapocalo v listopadu 2018. Samot-
né razby se rozbehly v lednu 2019 ze strany
vyjezdového portalu. V pfiportdlovém tseku
byly razbami zastiZeny relativné nepriznivé
geotechnické poméry charakterizované silné
zvétralymi pararulami pevnostni tfidy pre-
vazné RS s polohami R6 s extrémné velkou
hustotou diskontinuit. Od razeného portilu
(TM 49) az do stani¢eni TM 108 bylo tedy
postupovano v masivné vystrojené TTV 5bl
pod ochranou mikropilotového deStniku.
S postupnym zahlubovanim celby do horni-
nového masivu se zlepSovaly i geotechnické
poméry. Razby postupné presly pfes jednot-
livé vystrojovaci tfidy az do nejsubtilnéji vy-
strojené TTV 2. V TTV 2 byl razen pomérné
dlouhy dsek 159,6 m (TM 193,6 az do TM
353,2) v kompaktnich pararuldch, kvarcitic-
kych pararulach az kvarcitech pevnostni tfidy
R3 az R2.

Od TM 340 se kvalita horninového masi-
vu zacala zhorSovat. Zastizeny byly postup-
né rozpukané horniny pfevazné pevnosti R4,
které mély od TM 350 v pristropi zhorSenou
stabilitu (vypadavani blokti horniny v fadu
prvnich metrd kubickych). Proto do§lo v TM
353,2 k pretfidéni z TTV 2 do TTV 3. S na-
slednou razbou kaloty dochazelo k dalSimu
zhorSovani inZenyrskogeologickych poméra
(v pfristropi zastizeny zvétralé silné rozpu-
kané pararuly pevnostni tfidy RS5) a razba
postupné piesla do TTV 4 (TM 374,0) a TTV
5a (TM 384,8). Od staniceni TM 370 zacalo
dochézet k vyraznéjsim nadvylomim v fadu
nekolika metrd kubickych a od TM 376,4
uz bylo moZno postupovat jen pod ochranou
predhanénych jehel (pfiklad zaméfeni jedno-
ho vyznamného nadvylomu z TM 384,1 je na
obr. 2).

Razby v kaloté byly docasné pozastaveny
13. 8. 2019 v TM 384,8. Diivodem pieruseni
bylo zkraceni odstupu Celby opéfi od Celby
kaloty na projektovanou vzdalenost 20 m pro
TTV 5a. Celba opéfi byla totiz k datu 13. 8.
2019 pozadu o 177 m z diivodu dlouhé pred-
chozi razby v TTV 2, kde byl max. povoleny
odstup celeb kaloty a opéfi 200 m.

Razby kaloty byly znovuobnoveny 5. 9.
2019. Nasledujici den 6. 9. 2019 doslo v pfi-
stropi v TM 388,2 k nadvylomu, ktery byl
jiz v tadech desitek metrd kubickych. Ob-
jem vypadnuté horniny byl odhadnut cca na
20 m?, geodetické zaméfeni nebylo z diivodu
bezpecnosti provedeno. K tomuto nadvylomu
doslo i pres instalované jehly v pfistropi, kdy
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plocha vylomu vyrubu nadvylom +6,324 m? / podvylom +0,977 m?
area of excavated cross-section overbreak +6.324m? / underbreak +0.977m?
kubatura vylomu zabéru nadvylom +3,6 m?/ podvylom +1,9 m?
volume of excavation of one round overbreak +3.6m? / underbreak +1.9m?

zdroj Semeniuk, srpen 2019 source Semeniuk, August 2019

Obr. 2 Zaméreni nadvylomu v TM 384,1
Fig. 2 Survey of overbreak at TM 384.1

foto Videiisky, zdii 2019  photo Videiisky, September 2019
Obr. 3 Pohled na nadvylom v TM 388,2
Fig. 3 View of overbreak at TM 388.2
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From TM 340, quality of the rock massif
started to deteriorate. Fractured rock strength
class R4, having worsened stability in the
top heading from TM 350 (falling of rock
blocks within the order of initial cube metres),
started gradually to be encountered. For that
reason the rock was reclassified at chainage
TM 353.2 from ESC 2 to ESC 3. Along with
the following excavation of the top heading,
the engineering geological conditions further
deteriorated (weathered, heavily fractured
paragneiss strength class RS was encountered
in top heading) and the excavation gradually
passed to ESC 4 (TM 374.0) and ESC 5a
(TM 384.8). From chainage TM 370, more
significant overbreaks within the order of
several cube metres started to appear and, from
TM 376.4, it was possible to proceed only
under the protection of forepoles (an example
of one significant overbreak from TM 384.1 is
presented in Fig. 2).

The top heading excavation was temporarily
suspended at TM 384.8 on 13 August 2019.
The reason for the suspension was shortening
of the distance between the excavation face
of the bench and the face of the top heading

Deboret sekoe: tunel sttrasy:  1047726m
104,7726m

vektor — {:as section: tunnel chainage:
vector - time profil: pri_TM_370,9 ™: 370,9m
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pohled: proti staniceni trasy
view: against chainage
poznémky
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nmer n"measurement  :  1508.2020 15:00
tisk print © 180820200000

zdroj Petrii, 2019 source Petrii, 2019
Obr. 4 Smér deformaci konvergencéniho profilu v TM 370,9
Fig. 4 Direction of deformations of convergence profile at TM 370.9
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development of deformations of the primary

Obr. 5 Vyvoj hodnot vektoru deformaci konvergencniho profilu v TM 370,9

Fig. 5 Development of values of deformation vector of convergence profile at TM 370.9

se hornina z pfistropi vysypala v podobé nesoudrzného materidlu
(obr. 3).

Nestabilita obnaZenych ¢asti horninového masivu byla dopro-
vazena nepiiznivym vyvojem deformaci primdrniho osténi na
profilech instalovanych bezprostiedné za ¢elbou. Po znovuobno-
veni razeb kaloty 5. 9. 2019 se radidlni deformace na méfenych
konvergen¢nich profilech instalovanych v TM 357,3, TM 370,9
a TM 382,9 zacaly zvétSovat o nékolik milimetrd denné ve svis-
1ém i pfi¢ném sméru. Néartst deformaci byl patrny predevsim v le-
vych bodech kaloty ve sméru razby. Na uvedenych tfech profilech
byl prekrocen prvni varovny stav radidlni deformace a na profilu

zdroj Farsky, 2019 source Farsky, 2019

lining on profiles installed immediately behind
the excavation face. After the resumption of
excavation of the top heading on 5 September
2019, the radial deformations on the
measured convergence profiles installed at
T™ 357.3, TM 370.9 and TM 382.9 started to increase by several
millimetres per day both vertically and transversally. The increase
in deformations was apparent first of all in the left-hand points of
the top heading (viewed in the direction of excavation). The first
warning state was exceeded on the above-mentioned three profiles,
whilst even the second warning state was exceeded on the profile at
TM 370.9. The largest deformations were measured on the profile at
TM 370.9. As of 9 September 2019, they amounted to ca 70mm in
the radial direction on the left side of the top heading, whilst the first
warning state for this profile installed in ESC 3 was set at 40mm and
the second warning state at 50mm. The direction of deformations of
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v TM 370,9 byl prekrocen dokonce i druhy varovny stav. Nejvetsi
deformace byly naméfeny na profilu v TM 370,9 a k 9. 9. 2019
Cinily cca 70 mm v radidlnim sméru na levé strané kaloty, pficemz
prvni varovny stav byl pro tento profil situovany v TTV 3 stanoven
na hodnotu 40 mm a druhy varovny stav na hodnotu 50 mm. Smér
deformaci konvergencniho profilu TM 370,9 v pficném fezu je zna-
zornén na obr. 4, vyvoj hodnot vektoru tohoto profilu v zavislosti
na Case a postupu Celeb je pak patrny z obr. 5.

Vyse popsany nepfiznivy sled udalosti vedl k pozastaveni raz-
by kaloty k 9. 9. 2019 v TM 389,7. Bezprostifedné po pozastaveni
razeb byla zakonzervovéana Celba stiikanym betonem vyztuZenym
sitémi, Celbovymi injektovanymi kotvami durglass a pred celbou
byl ponechédn opérny horninovy klin. V kaloté bylo v useku mezi
koncem opérného klinu (cca TM 385) a Celbou opéti (TM 357)
uzavieno dno provizorni protiklenbou ze stfikaného betonu vyztu-
Zeného siti. Po uzavieni pocvy kaloty (10. 9. 2019) se deformace
zaCaly vyrazné ustalovat a k jejich odeznéni doslo zhruba na konci
zari 2019.

Na zdklad¢ téchto udalosti byl do Celby kaloty v ose tunelu rea-
lizovan prazkumny jadrovy predvrt ve vysce cca 1,5 m nad po¢vou
kaloty, ktery ukézal, Ze cca do stani¢eni TM 415 m bude raZeno ve
Spatnych geologickych podminkach (podrcené pararuly, misty bez
vynosu jadra). Od TM 415 se kvalita vrtného jadra vyrazné zlepsi-
la, byly zastiZeny kvalitni pararuly pevnosti R3. K znovuzahdjeni
razeb kaloty z TM 389,7 doslo 8. 10. 2019 v TTV 5b. Pristropi tu-
nelu bylo zajisténo pomoci vrtanych subhorizontilnich mikropilot
a pocva kaloty byla budovédna s provizorné uzavienou protiklen-
bou. Razba kaloty pod ochranou mikropilotového destniku méla
na vyvoj deformaci jiZ minimélni vliv (obr. 5). V TTV 5b byla ka-
lota razena aZ do stani¢eni TM 425,0. Kvalita horninového masivu
se zacala opétovné zlepSovat a razba kaloty presla pies TTV 4 do
TTV 3.V této tfide€ bylo raZeno az do TM 548,3, kde bylo z diivodu
zhorsovani geotechnickych poméra v oblasti pred provizornim ra-
Zenym vjezdovym portdlem zajisténi vyrubu pretfidéno do TTV 4.

Po prorazeni kaloty se usili dcastnikt vystavby zaméfilo na raz-
bu opéfi a dna v oblasti vySe popsané geologické poruchy. Usek
zlomové zdny, ktery nebyl raZzen pod ochranou mikropilotového
destniku a kde byly zaznamenany zvySené deformace (TM 348,0
a7z TM 390,5), byl posilen dodate¢nymi systematickymi radidlnimi
svorniky z prvki IBO dl. 12 m, @ 51 mm. V tomto useku byly pro
sledovani deformaci doplnény mezilehlé konvergenc¢ni profily tak,
7e vzdalenost mezi nimi Cinila cca 7,5 m. Néasledné timto tsekem
prosla Celba celého opéfi a se zpoZdénim dvou zabért i razba dna.
Pfi razbé op€ii a dna byly méfeny deformace na instalovanych kon-
vergenc¢nich bodech v oblasti poruchové zény v Cetnosti 2x denné,
vzdy rano a vecer (v 7:00 h a v 19:00 h). V duasledku razby opéfi
a dna doslo k nartstu deformaci na konvergen¢nich bodech v ob-
lasti tektonické poruchy cca o dalSich 15 mm (obr. 5). Nejvétsi
hodnota radidlni deformace byla namérena na profilu v TM 370,9.
Vektor posunu zde od poc¢atku méteni Cinil cca 90 mm.

Po ukonceni razeb byl plosné naskenovan povrch priméarniho
osténi v useku tektonické zony, kde bylo z divodu zvysSenych de-
formaci aplikovano dodatecné zesileni radidlnimi svorniky IBO
@ 51 mm (TM 348,0 az TM 390,5). Z vysledkt skenu bylo zjis-
téno, Ze ¢ast hlav svornika ¢néjicich do profilu tunelu zasahuje do
rubu sekundédrniho osténi. V pfipad€, Ze do rubu zasahovala jen
horni ¢ast svorniku nad matici, byla tato ¢ast odiezéna. V pripa-
dé, Ze do rubu zasahovala i matice, bylo nutno matici demontovat
a podkladni deska byla ke svorniku pfivafena. Cést svorniku nad
deskou byla pak odstranéna. Pokud do profilu zasahovala i pod-
kladni deska a prip. i primarni osténi, byla podkladni deska zapus-
téna hloubéji do primarniho osténi tak, aby nebyla v kolizi s rubem

the convergence measurement profile at TM 370.9 is presented on
the cross-section in Fig. 4, the development of values of this profile
vector with time and depending on the advance of excavation faces
is apparent in Fig. 5.

The above-mentioned unfavourable sequence of events led to the
suspension of the top heading excavation as of 9 September 2019,
at TM 389.7. Immediately after stopping the excavation, the face
was stabilised with shotcrete reinforced with welded mesh, durglass
grouted face-supporting anchors and a supporting rock wedge was
left before the excavation face. In the top heading section between the
end of the supporting wedge (ca TM 385) and the bench excavation
face (TM 357), the bottom was closed by a temporary invert made
from shotcrete reinforced with welded mesh. After closing of the
top heading bottom (10 September 2019), deformations started to
significantly stabilise and faded away around the end of September
2019.

On the basis of these events, a survey cored borehole was carried
out ahead of the excavation face at the level of ca 1.5m above the
top heading bottom. It showed that up to chainage ca TM 415, the
excavation would proceed in poor geological conditions (crushed
paragneiss, localy without core recovery). From TM 415, the
borehole core quality significantly improved, good quality paragneiss
with R3 strength was encountered. The excavation from TM 389.7
was restarted on 8 October 2019 in ESC 5b. The tunnel crown was
supported by means of bored sub-horizontal micropiles and the top
heading bottom was constructed with a temporarily closed invert.
The top heading excavation under the protection of the canopy
tube pre-support affected the development of deformations only
minimally (see Fig. 5). In ESC 5b, the top heading was excavated
up to the chainage of 425.0. The rock mass quality started again to
improve and the top heading excavation passed through ESC 4 to
ESC 3. The excavation proceeded in this class up to TM 548.3, where
the excavation support was reclassified to ESC 4 due to worsening
of geotechnical conditions in the area before the temporary mined
entrance portal.

After the top heading breakthrough, the efforts of the construction
participants focused on the excavation of bench and bottom in the
area of the above-mentioned geological fault. The section passing
through the fault zone where the protection by canopy tube pre-
support was not applied and where increased deformations were
registered (TM 348.0 to TM 390.5), was reinforced with additional
systematic radial rockbolts from 12m long, 51mm in diameter IBO
elements. In this section, intermediate convergence profiles with
the spacing of ca 7.5m were supplemented. The excavation face of
the entire bench and bottom passed subsequently along this section
and, with a delay of two excavation rounds, it was followed by the
excavation of the bottom. During the excavation of the bench and
bottom, deformations were measured on the convergence points
installed in the area of the fault zone in the frequency of twice a day,
always in the morning and in the evening (at 7 am. and 7 pm.). As
a result of the excavation of the bench and bottom, deformations
increased on convergence points in the area of the tectonic fault by
other ca 15mm (see Fig. 5). The largest value of radial deformation
was measured on the profile at TM 370.9. The displacement vector
has amounted here to ca 90mm from the beginning of measurements.

After completion of the excavation, the surface of the primary
lining was scanned in the tectonic fault section where additional
strengthening with IBO @ 51mm radial rockbolts were applied due
to increased deformations (TM 348.0 to TM 390.5). It was found
from the results of the scan that part of rockbolt heads that part of
the heads of rockbolts protruding to the tunnel profile interfere with
the external surface of the secondary lining. In the case that only the
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sekundérniho osténi. Cast svorniku nad kotevni deskou byla pak
odstranéna. Mista, kde do profilu sekunddrniho osténi zasahoval
lic priméarniho osténi, byla vyfrézovana. Cely dsek se zvySenymi
deformacemi v TM 348,0 az TM 390,5 byl nasledné reprofilovan
novou vrstvou ze stiikaného betonu, ¢imz byly zakryty ostré hrany
dodatecné instalovanych svorniki.

Popis inZenyrskogeologickych poméra této tektonické poruchy
je uveden v nasledujici kapitole.

ZHODNOCENI INZENYRSKOGEOLOGICKYCH POMERU
V PROSTORU ZLOMOVE ZONY

Charakterizace inZenyrskogeologickych poméri a stru¢né zhod-
noceni tektonickych pomérd a pfitomnosti podzemni vody bylo
provedeno na zdklad€ kontinudlni inZenyrskogeologické dokumen-
tace Celeb jako soucdsti komplexniho geotechnického monitoringu
tunelu Deborec.

Poloha zlomové zény, jeji vyznamné tektonické struktury, za-
stoupeni jednotlivych geotechnickych typl, vyrony podzem-
ni vody a dal$i vyznamné geotechnické informace jsou graficky
znazornény v podélném inZenyrskogeologickém fezu a mapé
v obr. 6.

V TM 337-420 byly razbou zastiZeny svrchnoproterozoické
metamorfované horniny moldanubika, konkrétné geotechnické
typy foliovanych, silimanit-biotitickych pararul silné tektonicky
poruSenych, charakteru rul siln€ (geotechnicky typ H2) a mirné
(geotechnicky typ H3) zvétralych a téZ rul navétralych az zdravych
(geotechnicky typ H4), které se vyskytovaly pfevazné mimo
samotnou zlomovou zénu. Lokdlné, objemové v minimalnim
mnozstvi, jsou zastoupeny Zily granitoiddi proménlivého stupné
zvétrani, obvykle kosé ke sméru foliace.
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upper part of the rockbolt above the nut interfered with the external
surface, this part was cut off. In the case that the nut also interfered
with the external surface, it was necessary to remove the nut and
the face plate was welded to the rockbolt. The part of the rockbolt
above the plate was subsequently removed. If even the face plate
interfered with the profile, the face plate was embedded deeper into
the primary lining so that it did not collide with the external surface
of the secondary lining. The part of the rockbolt above the face plate
was subsequently removed. The places where the inner surface of the
primary lining interfered with the primary lining profile were milled
out. The whole sectionwith increased deformations at TM 348.0 to
TM 390.5 was subsequently reprofiled by a new shotcrete layer, thus
sharp edges of the additionally installed rockbolts were covered.

The description of the engineering geological conditions in this
tectonic fault is contained in the following chapter.

EVALUATION OF ENGINEERING GEOLOGICAL
CONDITIONS IN THE SPACE OF THE FAULT ZONE

The characterization of engineering geological conditions
and a brief evaluation of tectonic conditions and the presence of
groundwater was carried out on the basis of continuous engineering
geological documentation of excavation faces as a part of the
comprehensive geotechnical monitoring of the Deborec¢ tunnel.

The location of the fault tone, its significant tectonic structures,
representation of individual geotechnical types, groundwater
blowouts and other important geotechnical information are presented
graphically in a longitudinal engineering geological section and in
the map in Fig. 6.

At TM 337-420, upper Proterozoic metamorphosed rock of the
Moldanubic Formation, concretely geotechnical types of foliated,
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zdroj Viderisky, 2020  source Videiisky, 2020

Obr. 6 Vyrez ze schematizovaného inZenyrskogeologického rezu a mapy tunelu Deborec zachycujici zlomovou zonu a jeji bezprostiedni okoli
Fig. 6 Cutout from a schematised engineering geological section and map of Deborec tunnel showing a fault zone and its immediate surroundings
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Jednotlivé geotechnické typy jsou vyClenéné a detailné popsané
v podrobném geotechnickém prizkumu [8] a stru¢né téZ v ¢asopi-
su Tunel 3/2019 [1]. Proto zde bude jejich charakterizace maximal-
né zestru¢néna.

Pararuly silné tektonicky porusené charakteru rul silné zvé-
tralych (H2) maji pfevazné velmi nizkou pevnost R5 (vyskytuji se
vSak i polohy s extrémné nizkou pevnosti R6). Jsou tmave hnédose-
dé az tmavé Sedé, paskované, zvrasnéné, siln¢ tektonicky porusené
(podrcené), s velmi malou az extrémné malou vzdélenosti diskon-
tinuit, coZ zplisobuje rozpad horniny na ploché ilomky velikosti v
fadu centimetrti. Polohy s extrémné nizkou pevnosti se rozpadaji
az na jilovitopiscité zeminy. Na Casto aZ vyhlazenych (tzv. tekto-
nickych zrcadlech) plochach diskontinuit jsou velmi hojné povlaky
grafitu, jilu ¢i oxidd a hydroxidd Zeleza a manganu. Od TM 390
se grafitickd primés misty vyskytuje téZ v podobé ¢ockovitych ¢i
deskovitych poloh. Geotechnicky typ tvoii fadové desitky procent
vyrubu kaloty v mistech nejvyraznéjsich tektonickych deformaci,
predev§im mezi TM 350-410.

Pararuly tektonicky poruSené charakteru rul mirné zvétra-
Iych (H3) maji prevazné nizkou pevnost R4. Jsou hnédosedé az
tmavé Sedé, vyrazné paskované, tektonicky poruSené — zvrasné-
né a lokdln€ téZ podrcené, s velmi malou az malou vzdéalenosti
diskontinuit v minimélné tfech systémech, které zpisobuji rozpad
horniny na kosouhlé az ploché tlomky velikosti v fadu 4-20 cm.
Geotechnicky typ se vyskytuje pfedev§im v relativné méné, stile
vSak zfetelné tektonicky porusenych oblastech mezi zlomovymi
strukturami.

Pararuly navétralé az zdravé (H4) maji stfedni pevnost R3.
Jsou Sedé az tmavé Sedé, vyrazné paskované, s malou a7 stiedni
vzdalenosti diskontinuit v minimalné tfech systémech, které zpu-
sobuji rozpad horniny na kosouhlé az ploché ulomky velikosti
v fddu 10-60 cm. Vyskytuji se pfedevSim v oblasti nastupu a vy-
znéni zlomové zony mezi TM 337-355 a 405-420.

Litologicky lze geologickou poruchu charakterizovat jako zénu
silného tektonického poruseni pritomnych pararul. Pfitomny jsou
kromé zlomi niZe zminéného hlavniho sméru téZ cetné konjugova-
né zlomy a dalsi kfehké i duktilni struktury, které se spolecné proje-
vuji jilovitymi vyplnémi, vyhlazenymi plochami s grafitickym po-
vlakem, silnym zvrasnénim, rozpukdnim az
podrcenim horniny, rychlym rozvoliiovanim
a zaroven sniZenou pevnosti masivu z ptivod-
ni pevnostni tfidy R3 aZ k pevnostni tfidé RS,
misty azZ R6. Je zcela zfejmé, Ze horninovy
masiv je v oblasti zlomové zoény extrémné
nehomogenni, predevs§im v geotechnickych
charakteristikdch typu pevnosti v prostém
tlaku, vzdalenosti diskontinuit, thlu vnitfniho
tfeni ¢i soudrznosti. Kolem TM 350 se zlo-
mova zéna postupné rozsifila i do pristropi
kaloty a stala se tak rozhodujicim faktorem
pro celkové geomechanické chovani masivu
v profilu kaloty se vSemi geotechnickymi
nasledky podrobné popsanymi v predchozi
kapitole. Pfiklady vzhledu obnazenych lict
vyrubu kalot uvniti zlomové zony jsou zachy-
ceny na obr. 7 az 10.

Tektonické poméry

Diskutovand zlomova zéna se v profi-
Iu tunelu vyskytuje mezi TM 337-420.
Generelni orientace hlavnich zloma 250-
270°/30-50° znamend s ohledem na smeér

silimanite-biotitic paragneiss heavily tectonically faulted, with the
character of gneiss heavily (geotechnical type H3) and moderately
(geotechnical type H3) weathered, mostly outside the fault zone
itself, and also slightly weathered up to fresh gneiss (geotechnical
type H4) were encountered. Locally, in terms of volume in minimal
amount, granitoid veins of a variable degree of weathering, usually
oblique to the direction foliation, are also represented.

Individual geotechnical types are separated and described in detail
in the detailed geotechnical investigation [8] and briefly also in
TUNEL journal 3/2019 [1]. For that reason, their characterisation
will be maximally abridged in this paper.

Paragneiss heavily tectonically faulted with the character of
heavily weathered gneiss (H2) has mostly very low strength RS
(however, even layers with extremely low strength R6 occur). It is
dark brown-grey to dark grey, banded, folded, heavily tectonically
faulted (crushed), with very small to extremely small spacing of
discontinuities, which causes disintegration of the rock to into flat
fragments with the sizes within the order of centimetres. The layers
with extremely small strength disintegrate even to clayey-sandy
earth. On frequently polished (the so-called tectonic slickensides)
discontinuity planes there are very abundant graphite, clay or iron and
manganese oxide and hydroxide coatings. From TM 390, graphitic
admixture locally occurs also in the form of lenticular or tabular
layers. The geotechnical type makes up the top heading excavation in
the order of tens percent in the locations of most significant tectonic
deformations, first of all between TM 350-410.

Paragneiss tectonically faulted with the character of
moderately weathered gneiss (H3) have mostly low strength R4. It
is brown-grey to dark grey, noticeably banded, tectonically faulted —
folded and locally also crushed, with very small to small spacing of
discontinuities in minimally three systems, causing disintegration of
rock into oblique fragments with the size within the order of 4-20cm.
The geotechnical type occurs mainly in relatively less, but distinctly
tectonically faulted areas between fault structures.

Paragneiss slightly weathered to fresh (H4) have medium
strength R3. It is grey to dark grey, noticeable banded, with small
to medium spacing of discontinuities minimally in three systems,
causing rock disintegration into oblique to flat fragments with the

Jfoto Stovicek, 2019  photo Stovicek, 2019

Obr. 7 Celba v TM 344,5 — rozhrani nastupujici zlomové zony (vlevo) a zdravych pararul
Fig. 7 Excavation face at TM 344.5 — interface between onsetting fault zone (left) and fresh paragneiss
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foto Viderisky, 2019  photo Viderisky, 2019
Obr. 9 Celba v TM 378,8 — centrdlni partie zlomového pdsma, patrnd je extrémni deformace, zvrdsnéni,

tektonické ohlazy ¢i extrémné mald vzddlenost diskontinuit

Fig. 9 Excavation face at TM 378.8 - central area of a fault zone; extreme deformation, folding, tectonic

slickensides or extremely small spacing of discontinuities are visible

razby nastup z levych dolnich ¢asti jednotlivych figur (v kalo-
t€ cca od TM 341, v opéii cca od TM 338 a ve dné¢ v TM 337)
a vyznivani vpravo nahofe s poslednim zachytem v kaloté okolo
TM 420 na cca 2. hodiné. Rozhrani mezi zdravymi rulami geo-
technického typu H4 a zlomovou zénou silné tektonicky poru-
Senych rul (geotechnické typy H2 a H3) lze oznacit za relativné
ostré, dobte lokalizované, jak pfi nastupu, tak pfi vyznivani poru-
chy (obr. 7 a 10). Podle jednotlivych dokumentaci celeb 1ze zlo-
movou zonu charakterizovat jako desku se zvinénymi, a piipad-
né téZ roztfepenymi okraji o pravé mocnosti okolo 27 m, pficemz
jeji generalizovany smér 265°/40° svira se smérem razby thel
42-44°,

foto Stovicek, 2019 photo Stovicek, 2019
Obr. 8 Celba v TM 357,8 — diléi rozhrani na jednom ze zlomii hlavniho sméru uvnit¥ zlomové zény
Fig. 8 Excavation face at TM 357.8 — partial interface on one of faults of the main trend inside a fault
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size within the order of 10-60cm. It occurs
first of all in the area of the onset and fading
away of the fault zone between TM 337-355
and 405-420.

In terms of lithology, the geological fault can
be characterised as a zone of heavy tectonic
faulting of the present paragneiss. Apart
from the faults of the below-mentioned main
trend, also numerous conjugated faults and
other brittle and ductile structures are present.
They manifest themselves by clayey fillings,
polished surfaces with graphitic coating,
intense undulation, fracturing to crushing
of the rock, rapid loosening and, at the same
time, reduced strength of the massif from the
original strength class R3 to strength class RS,
locally up to R6. It is fully obvious that the rock
massif in the area of the fault zone is extremely
inhomogeneous, first of all in geotechnical
characteristics of the unconfined compressive
strength, spacing of discontinuities, angle of
internal friction or coherence types. Around
TM 350, the fault zone gradually expanded
even to the top heading crown, thus it became
the deciding factor for overall geomechanical
behaviour of the massif within the top heading
profile, with all geotechnical consequences
described in detail in the previous chapter.
Examples of the appearance of the exposed
surfaces of the top headings inside the fault
zone are presented in Figures 7 to 10.

Tectonic conditions

The discussed fault zone occurs in the tunnel
profile between TM 337-420. The general
orientation of the main faults of 250-270°/30—
50° means that, with respect to the direction of
tunnel excavation, means that the onset is from
the left-hand parts of individual figures (ca from
TM 341 in the top heading, from ca TM 338
in the bench and from TM 337 in the bottom)
and fading away in the top on the right side,
with te last catch in the top heading around TM
420, at the 2 o’clock position. The interface
between fresh gneiss geotechnical type H4
and the fault zone of heavily tectonically
faulted gneiss (geotechnical type H2 and H3)
can be considered to be relatively sharp, well
localised, both at the onset and fading away
of the fault (see Figures 7 to 10). According
to individual documentations of excavation faces, the fault zone can
be characterised as a plate with undulated and possibly also frayed
edges, with the true thickness around 27m, whilst its generalised
trend of 265°/40° forming a 42—44° angle with the direction of tunnel
excavation. Detailed courses of the brittle structures in the area of the
fault zone are depicted by stereographic projections in Fig. 11 (here
projections of discontinuity planes in the lower hemisphere in “equal
area” projection). The black projection leading through the centre
represents in both diagrams the tunnel tube centre line in the area
of the fault zone. The direction of excavation was from NW to SE.

The projection in Fig. 11 left shows measurements of foliation
(20 measurements in total). The prevailing trend/dip of foliation
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Detailni prabéhy kfehkych struktur v ob-
lasti zZlomové zony znazornuji stereografické
projekce na obr. 11 (zde priméty rovin dis-
kontinuit se spodni hemisférou v ,,equal area”
projekci). Cerny, stfedem vedouci priimét
v obou diagramech reprezentuje osu tunelo-
vé trouby v oblasti zlomové zony. Smér razeb
byl od SZk JV.

Projekce na obr. 11 vlevo zobrazuje mé-
feni foliace (celkem 20 méfeni). Z diagramu
je patrny prevazujici smér sklonu/sklon fo-
liace v intervalu 265-285°/30-50°, ktery se
velmi bliZi nejobvyklejsSimu sméru foliace
v celé délce tunelu pohybujici se v intervalu
250-275°/30-40°. Ostatni méfeni odchylujici
se od téchto hodnot i ponékud vétsi rozptyl
v ramci prevazujicich smérd je zapficinén vy-
vlecenim a vrasnénim foliace na dislokacich
zlomového pasma. Kromé zminéného hojné-
ho zvInéni jsou folia¢ni plochy obecné hlad-
ké, seviené. Foliace, jinde jeden z nejvyraz-
néjsich strukturnich prvkd, ztraci ve zlomové
z6né na vyznamu, je méné vyraznd, mnohdy

foto Rizicka, 2019 photo Rizicka, 2019
Obr. 10 Celba v TM 412,0 — vyznivdni zlomové zény (vpravo nahove) na kontaktu s navétralymi aZ
zdravymi pararulami
Fig. 10 Excavation face at TM 412.0 — fading away fault zone (right top) on contact with slightly wea-

potlacend na ukor doprovodnych kiehkych
struktur hlavnich zlomu, respektive celkové-
ho deformac¢niho podrceni. Uklon foliace byl $ikmo proti sméru
razby (Sikmo do vyrubaného prostoru s pramérnou odchylkou
sméru rovin foliace od sméru osy tunelu cca 53°), a vzhledem ke
sklonu tak mél nepfiznivou orientaci ve smyslu klasifikace RMR.
To bylo pfedvidano jiz z dat ziskanych z méfeni na obou portéalech
a v prvnich metrech razeb viz [1].

Stereografickd projekce na obr. 11 vpravo prezentuje veske-
rd méfeni zlomd (Cervené, celkem 22 méfeni) a vybranych puk-
lin (modfe, celkem 15 méfeni) v rdimci dokumentace v prostoru
zlomové zény. Z diagramu je patrny prevazujici smér sklonu do-
kumentovanych zloma pohybujici se mezi 250-285° s pomérné
proménlivymi tklony v intervalu 25-70°. Stfedové hodnoty pak
lezi v intervalu 260-270°/30—40°. Vyrazné¢ méné zastoupeny smér
sklonu/sklon méfenych zlomu je 205-235°/20-50°. Generalizova-
ny smér sklonu/sklon zlomové zény byl s pfihlédnutim k orienta-
ci zlomi vymezujicich zlomové pasmo zvolen ve vySe zminéné

thered to fresh paragneiss

within the 265-285°/30-50° interval, which very much approximates
the most usual trend of foliation throughout the tunnel length
fluctuating within the 250-275°/30-40° interval is obvious from
the diagram. The other measurements deviating from these values
and the somewhat larger scatter within the framework of prevailing
trends are caused by stretching-out and folding of the foliation on
dislocations of the fault zone. Apart from the above-mentioned
folding, the foliation surfaces are generally smooth, tight. Foliation,
elsewhere one of most distinctive structural elements, loses its
significance in the fault zone, is less conspicuous, often suppressed
at the expense of accompanying brittle structures of main faults,
respectively the total deformation crushing. The foliation dip was
at an angle against the direction of excavation (obliquely into the
excavated space with an average deviation of the trend of foliation
planes from the direction of the tunnel centre line of ca 53°) and,
with respect to the dip, its orientation was unfavourable in the

meaning of the RMR classification. It was

osa tunelové trouby
(smér razby od SZ k JV)
tunnel tube axis
(excavation direction N
from NW to SE) S

osa tunelové trouby
(smér razby od SZ k JV)

tunnel tube axis
(excavation direction
from NW to SE)

anticipated already from the data gathered
from measurements at both portals and in the
initial metres of the excavation, see [1].
Stereographic projection in Fig. 11 right
presents all measurements of faults (red, 22
measurements in total) within the framework
of documentation in the area of the fault zone.
The diagram shows the predominant trend
of the dip of the documented faults ranging
between 250-285° , with relatively variable
dips within the 25-70° interval. The mean
values lie within the 260-270°/30-40° interval.
Significantly less presented trend of dip/
dip of the fault zone was, with respect to the
orientation of faults delimiting the fault zone

zdroj Viderisky, 2020  source Viderisky, 2020

is 205-235°/20-50°. The generalised trend of

Obr. 11 Stereografické projekce primétii ploch diskontinuit se spodni polokouli, foliace (vlevo), zlomy
(Cervené) spolecné s puklinovymi plochami (modre, obé vpravo) v prostoru rozsahu zlomové zony

Fig. 11 Stereographic reflections of projections of discontinuity planes in the lower hemisphere, foliation
(left), faults (red) together with fissure planes (blue, both right) in the space of the extent of the fault zone

dip/dip of the fault zone was, with respect to
the orientation of faults delimiting the fault
zone, chosen at the above-mentioned value of




hodnot¢ 265°/40°. Jednotlivé zlomy jsou soucasti témér 27 m moc-
né zlomové zony, jejiz litotektonickd charakteristika je detailné
popséna vyse. Podobné jako u foliace lze orientaci zlomové zony
vzhledem ke sméru razby oznacit ve smyslu klasifikace RMR za
nepiiznivou.

Puklinové plochy (modré linie) o smérech sklonu/sklonech napt.
305-335°/55-80°, 25-45°/75-80°, 215-225°/50-60° a mnoha dal-
Sich pak tvoii doprovodné struktury hlavnich zlomovych linii. Po-
dobné jako u foliace je vyznamnost, respektive pritomnost klasic-
kych puklinovych systémil silné potlacena na tkor nepravidelného,
casto vSesmérného rozpukéni (tektonického podrceni).

Podzemni voda

Ve zlomové zoné byly nezajiSténé vyruby béhem otvirek
prevazné vlhké, misty s lokdlnim zvlhéenim celby ¢i bokl. Mezi
TM 350-370 azZ mokré, s lokalizovanymi pfitoky podzemni vody
v fadu cca 0,1-0,3 I/s. Mezi TM 370 az TM 390 se pfii otvirce
a bezprostfedné po ni Celba jevila jako vlhka, nasledné v horizontu
dnt byly patrné prusaky v primarnim osténi, které v souctech Cinily
fadové desetiny 1/s. Vzhledem k charakteru zlomové zény (obecné
mélo propustna kiehce duktilni zéna bez otevienych priabéznych
diskontinuit umoZiujicich volny pohyb podzemni vody) se autofi
domnivaji, Ze podzemni voda se nachdzela predevSim na rozhra-
ni zlomové zony a ,,neporuSené‘ horniny, a dile do zlomové zény
postupovala aZ ve chvili, kdy vlivem razeb doslo v okoli tunelové
trouby k jejimu rozvolnéni. Od cca TM 390 Ize Celbu oznacit za
pouze vlhkou, cozZ je pravdépodobné zplsobeno sniZzenim vydat-
nosti lokdlnich zvodni v nadloZi tunelu béhem mésicni, respektive
dvoumésicni odstavky razeb kaloty (rdm ¢. 243 v TM 384,8 stavén
13.8.2019, ram ¢. 248 v TM 389,7 stavén 9. 9. 2019 a ram ¢. 249
v TM 390,5 stavén dne 8. 10. 2019).

ZAVER

Mezi TM 337-420 byla razbou tunelu Debore¢ zachycena neo-
¢ekdvand vyrazna tektonickd porucha projevujici se extrémni ne-
homogenitou a skokovym zhorSenim kvality horninového masivu
v podobé podrceni, zvrasnéni, polohami s pfitomnosti tektonic-
kych jild, grafitu apod., potaZmo sniZenim hodnot geotechnickych
parametrii jako napf. pevnosti v prostém tlaku, thlu vnitiniho tfeni
¢i soudrZnosti. Pravd mocnost zlomové zony je odhadovana na cca
27 m, jeji generelni prostorova orientace je vyjadrena smérem sklo-
nu/sklonem 265°/40°.

V dtsledku zminéného se zejména mezi TM 370-388 vysky-
tovaly v ramci jednotlivych postupi ponékud vyssi nadvylomy
(navzdory jehlovani pfistropi), s nejvyssi zaznamenanou hodnotou
cca 20 m? v TM 388. I tento nadvylom, jehoZ vyvoj v danou chvili
jiz nebylo mozno jakkoliv ovlivnit, se vS§ak samovolné¢ stabilizoval
dlouho pfed vyplnénim prostoru tunelu charakteristickym pilkuze-
lem rozvolnéné horniny az k jeho pfistropi.

Pritoky podzemni vody v prostoru zlomové zoény dosahovaly
svych maxim v fadu desetin 1/s mezi TM 350-370, se zpoZdénim
v fadu dnt, a v podobé prisakll skrz primarni osténi t€Z v TM
370-390. Ani zde vSak celkové hodnoty piitokd nepfesahovaly fad
prvnich decilitri za sekundu. Vzhledem ke své relativné nizké vy-
datnosti tak podzemni voda predstavovala méné vyznamny faktor
v celkové problematice razeb v kritickém useku.

Z geotechnického hlediska doslo v dasledku vyskytu zlomové
z6ny na relativné kratkém tuseku (36,5 m) k prechodu z nejsub-
tilnéji vystrojené TTV 2 do nejmasivnéji vystrojené TTV 5b.
V tomto prechodovém intervalu byly u vystrojovacich tfid TTV 3
a TTV 4 prekroCeny varovné stavy na instalovanych konvergenc-
nich profilech. To si vyZzadalo dodate¢na technologicka opatieni ke
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265°/40°. Individual faults are parts of the 27m thick fault zone, the
lithotectonic characteristic is described in detail above. Similarly
to the foliation, the orientation of the fault zone with respect to the
direction of excavation can be described as unfavourable in the
meaning of the RMR classification.

Fissure planes (blue lines) with the trends of dips/dips e.g. 305—
335°/55-80°, 25-45°/75-80°, 215-225°/50-60° and many others
then form accompanying structures of the main fault lines. Similarly
to the foliation, the significance respectively presence of classical
fault systems is strongly suppressed at the expense of irregular, often
omnidirectional jointing (tectonic faulting).

Groundwater

Unsupported underground excavations in the fault zone were at
the time of openings and immediately after mostly damp, locally
with moistening of the excavation face or sidewalls. Between TM
350-370 up to wet, with localised groundwater inflows in the order
of ca 0.1-0.3L/s. Between TM 370 to TM 390, the face appeared
damp at the time of opening; subsequently, in horizon of several
days, leaks were visible in the primary lining, which, if aggregated,
were of the order of tenths of L/s. Taking into consideration the
character of the fault zone (generally little permeable, brittle ductile
zone without open persistent discontinuities allowing free movement
of groundwater) the authors believe that groundwater is present
first of all at the interface between the fault zone and “non-faulted”
ground and proceeds further to the fault zone only at the moment
when it is loosened in the tunnel tube surroundings due to the
excavation. From ca TM 390, the excavation face can be described
only as damp, which fact is probably caused by decreasing the yield
of local aquifers in the tunnel overburden during the one-month
or two-month suspension of excavation of the top heading (frame
No. 243 at TM 384.8, installed on 13 August 2019, frame No. 248
at TM 389.7, installed on 9 September 2019 and frame No. 249 at
TM 390.5, installed on 8 October 2019).

CONCLUSION

An unexpected tectonic fault discovered by the Debore¢ tunnel
excavation was registered between TM 337—420. It manifested
itself by extreme inhomogeneity and step worsening of ground
mass quality in the form of crushing, folding, layers with presence
of tectonic clay, graphite etc. or lowering of values of geotechnical
parameters, for example unconfined compression strength, angle of
internal friction or coherence. The true thickness of the fault zone is
estimated at ca 27m; its general spatial orientation is expressed by
trend of dip and dip of 265°/40°.

As a result of the above mentioned fact, somewhat higher
overbreaks (despite spiling into the crown) with the highest recorded
volume of ca 20m? at TM 388, occurred mainly between TM 370—
388 within the framework of individual excavation rounds. Even this
overbreak, the development of which at that time could no longer
be influenced in any way, stabilised spontaneously long before the
tunnel space was filled with a characteristic semi-cone of loosened
ground up to the tunnel crown.

Groundwater inflow rates in the area of the fault zone reached
their maximums in the order of tenths of L/s between TM 350-390,
with the delay in the order of days, and in the form of seepage
through the primary lining also at TM 370-390. However, even
here the aggregated values of inflows did not exceed the order of
the initial decilitres per second. With respect to the relatively low
yield, groundwater represented a less significant factor in the overall
problems of tunnel excavation in the critical section.

From the geotechnical point of view, transition from the most
subtly supported ESC 2 to the most massively supported ESC
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stabilizaci stavajictho osténi kaloty (provizorni protiklenba
v kaloté, dodatecné radidlni svorniky) a také dodatecnd opatieni
monitoringu (nové vlozené konvergencni profily, zvySend Cetnost
méfeni). Z Casového vyvoje hodnot deformaci primarniho osténi
vyplyvé, Ze na ustalovani deformaci mélo pozitivni vliv zejména co
nejrychlejsi uzavirani profilu tunelu protiklenbou, at uz docasnou
v ramci kaloty, ¢i findlniho dna.

Odhadované celkové zpozdéni vystavby zplsobené zastizenim
neocekéavané zlomové zony mezi TM 337-420 se pohybuje okolo
dvou mésica.

Razby tunelu Debore¢ nakonec diky vSem vySe zminénym opat-
fenim problematickym tsekem zdarné proSly a v soucasnosti je
budovédno sekundarni osténi tunelu.

Pouceni z razby tunelu Debore¢

1) I v litologicky relativné homogennim prostiedi regionilné
metamorfovanych hornin se mohou vyskytovat a vyskytuji
Sirokd zlomova pasma, kterd navic nemaji v podstaté Zadny
efekt na geomorfologii terénu (popisované zlomové pasmo
ma teoreticky prameét s povrchem na vychodnim svahu pra-
videlné€ tvarované elevace vrchu Deborec).

2) V pripad¢ zastiZeni takovéto struktury profilem tunelu muze
byt nutno skokové korigovat zajiSténi vyrubu v rozsahu
i nékolika vystrojovacich tfid. Zde, stejné€ jako pfi hledani
specifickych technologickych feSeni komplikovanych geo-
logickych podminek razby, je nutnd intenzivni komunikace
vSech Ucastnikd vystavby zaloZend na vzdjemném respektu
a spole¢né snaze nalézt technologicky dostate¢na a zaroveni
hospodarna vychodiska.

3) Kvalitné provedeny a spravné interpretovany geotechnicky
pruzkum spole¢né s dal§imi faktory (kvalitou projektové
pripravy, kvalitou prace zhotovitele, zplisobem organizace
vystavby, geotechnickym monitoringem provadénym zkuse-
nymi geotechniky) jsou jedinou moznosti, jak predvidat ne-
priznivé geologické poméry, respektive v nich technologicky
efektivné, bezpecné a hospodarné realizovat razbu tunell
metodou NRTM.

Ing. MILAN KOSSLER, milan.kossler@geotechnika.cz,
Mgr. ALES VIDENSKY, ales.vidensky@geotechnika.cz,
SG Geotechnika a.s.

Recenzoval Reviewed: Ing. Tomds Ebermann, Ph.D.

LITERATURA / REFERENCES

5b took place as a result of the occurrence of the fault zone in a
relatively short section (36.5m). In this transition interval, warning
states were exceeded at excavation support classes ESC 3 and
ESC 4 on the installed convergence profiles. It required additional
technical measures for stabilisation of the existing top heading lining
(temporary invert in the top heading, additional radial rockbolts) and
also additional monitoring measures (newly inserted convergence
profiles, increased frequency of measurements). It follows from the
development of deformations of the primary lining with time that
stabilisation of deformations was positively affected mainly by as
quick as possible closing of the profile by invert, whether temporary
within the framework of the top heading or permanent within the
framework of the final bottom.

The estimated total construction delay caused by encountering the

unexpected fault zone between TM 337-420 is around two months.

The Debore¢ tunnel excavation finally successfully passed through

the problematic section owing to all above-mentioned measures and
the secondary lining of the tunnel is currently under construction.

Lessons from the excavation of the Debore¢ tunnel

1) Even in a lithologically relatively homogeneous environment
of regionally metamorphosed rock, wide fault zones having
in addition no substantial effect on terrain geomorphology
(the described fault zone has a theoretical projection with
the eastern slope of the shaped elevation of Deborec hill) can
occur and occur.

2) In the case that such a structure is encountered by the tunnel
cross-section, it may be necessary to abruptly correct the
excavation support within the extent of several support classes.
Here, identically with searching for specific technical solutions
for complicated geological conditions of excavation, intense
communication among all construction participants based on
mutual respect and joint effort to find technically sufficient and
at the same time economical possibilities is necessary.

3) Correctly interpreted, good quality geotechnical survey,
together with other factors (quality (quality of project
planning, quality of the contractor’s work, the system of
construction organisation, geotechnical monitoring conducted
by experienced geotechnicians) allows for technically effective
and economical tunnel excavation using the New Austrian
Tunnelling Method in unfavourable geological conditions.

Ing. MILAN KOSSLER, milan.kossler@geotechnika.cz,
Mgr. ALES VIDENSKY, ales.vidensky@geotechnika.cz,
SG Geotechnika a.s.
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METRO L.D - SOUEASNY STAV GEOLOGICKYCH PROZKUMNYCH
PRACI NA GSECICH VO-OL A OL1
METRO ID — CURRENT CONDITION OF GEOLOGICAL SURVEY
FOR VO-OL AND OL1 SECTIONS

JIRI TLAMSA, RADEK ONYSKO, JAN ZEMANEK

ABSTRAKT

Usek nové pldanované trasy prazského metra 1.D v okoli stanic Pankrdc a Olbrachtova predstavuje nejproblematictéjsi cdst projekto-
vané trasy metra D — vzhledem k velmi ndrocnému resent stavby, predpoklddanym geotechnickym podminkdm razby a rizikiim spojenym
s negativnim ovlivnénim okolni zdstavby i stdvajicich objektii trasy metra C. Pro moZnost ziskdni komplexnich geotechnickych informact
o0 horninovém prostredi a vlivu podzemni vystavby na okolni objekty je v soucasné dobé v tomto tiseku metra realizovdn rozsdhly doplitkovy
inZenyrskogeologicky priizkum. Vysledky komplexu priizkumnych pract, které jsou realizovdny formou priizkumnych $tol, priizkumnych vrtii
z povrchu i podzemi, geofyzikdlnim mérenim, souborem laboratornich a polnich zkousek, budou slouZit pro bezpecnou realizaci budoucich
tratovych tunelii a stanic nové trasy metra I.D.

ABSTRACT

The section of the newly planned Prague metro line D No. I (ID) in the surroundings of Pankrdc and Olbrachtova stations represents
the most problematic part of the metro D line under design — it is so with respect to the very demanding solution to the construction, the
expected geotechnical conditions of the tunnel excavation and the risks associated with negative influencing of the surrounding buildings
and existing metro C line structures. An extensive supplementary engineering geological survey is currently underway in this metro section
for the possibility of obtaining comprehensive geotechnical information about ground conditions and the influence of the underground
construction on the surroundings. The results of the supplementary survey operations carried out in the form of exploratory galleries,
exploratory boreholes from the surface and in the underground, geophysical measurements, a set of laboratory and field tests will serve to

safe construction of future running tunnels and stations of the new metro ID line.

ZAKLADNI UDAJE O PROJEKTU VYSTAVBY METRA 1.D

Planovand trasa D predstavuje Ctvrtou linku prazského metra
a ma byt vedena pfiblizné ve sméru sever — jih, ¢astecné paralel-
né s linkou C. Prvni provozni tsek trasy metra D (oznaceny 1.D)
zahrnuje 10 stanic a jeho celkova délka je zhruba 10,6 km. Zacina
na Vinohradech piestupni stanici s linkou A Namésti Miru, pokra-
Cuje pres Nusle (stanice Namésti bratii Synkti) a Pankrac (stanice
Pankrac s pfestupem na metro C, stanice Olbrachtova) a dile do
Krée (stanice Nadrazi Kré, Nemocnice Kr¢), Libuse (stanice Nové
Dvory a Libus) a Pisnice (stanice Pisnice), kde bude soucasné vy-
budované nové depo. S vyjimkou stanice Nadrazi Kr¢ je celd trasa
podzemni. Prvni a dopravné nejpotiebnéjsi etapou projektu vystav-
by trasy I.D je tisek Pankrac — Depo Pisnice.

RaZené tunely tohoto useku predstavuji, zejména v oblasti piestup-
ni stanice Pankrac a pokracovani metra ve sméru ke stanici Olbrach-
tova, velmi naro¢ny stavebni projekt — jak vzhledem k naro¢nosti
samotné konstrukce, tak i s ohledem na sloZité inZenyrskogeologické
poméry souvisejici pfedevsim se strukturné komplikovanou stavbou
a tektonickym porusenim horninového masivu. Naro¢nost projek-
tu v tomto useku metra souvisi pochopiteln€ i s vyznamnym geo-
technickym rizikem vystavby podzemni stavby v intravilanu mésta
a v bezprostiedni blizkosti provozované trasy metra C.

Stanice Pankrac D je umisténa pod kiiZovatkou ulic Na Pankraci,
Na Strzi a Budéjovicka. Je projektovana jako jednolodni raZzend
stanice s plochou vyrubu téméf 350 m? NavrZené technické feSeni
umoziuje propojeni se stanici metra Pankrac C samostatnym eska-
latorovym tunelem. Navazujici tratovy usek smérem ke dvoulodni
razené stanici Olbrachtova je nejsloZzitéjSim trafovym tsekem na
celé trase I.D. Kromé dvoukolejnych tratovych tunelt je zde i velky
rozplet do jednokolejného odstavného tunelu, umisténého vné trasy

BASIC DATA ON THE METRO ID CONSTRUCTION
PROJECT

The planned Line D represents the fourth line of the Prague
Metro system and is to be led approximately in the north — south
direction, partly in parallel with the Line C. The first operating
section of the metro line D (marked as ID) comprises 10 stations and
its aggregate length amounts approximately to 10.6km. It begins in
Vinohrady by a station for interchange with the Line A, continues
across Nusle (Namésti Bratii Synka station) and Pankrac (Pankrac
station with interchange to metro line C, Olbrachtova Station) and
further to (Nadrazi Kr¢, Nemocnice Kr¢ stations), LibuSe (Nové
Dvory and Libus stations) and Pisnice (Pisnice station), where a
new depot will be constructed concurrently. The entire line, with
the exception of Nadrazi Kr¢ station) is underground. The first and
most needed stage of the ID line project is the Pankrac — Depo
Pisnice section.

Mined tunnels on this section, mainly in the area of Pankric
interchange station and the continuation of the metro in the direction
of Olbrachtova station, represent a very complex civil engineering
project — both with respect to the demands of the structure itself and
the complicated engineering geological conditions associated first
of all with the structurally complicated construction and tectonic
faulting of the rock massif. Of course, the complexity of the project
in this metro section is also related to the significant geotechnical
risk of the underground structure constructed in the urban area
of the city and in close vicinity of the operating C line of the
metro.

Pankrac D station is located under the intersection of Na
Pankraci, Na Strzi and Budé&jovickd streets. It is designed as
a one-vault mined station with the excavated cross-sectional area
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Obr. 1 Situace prizkumnych praci v prostoru tisekit VO-OL a PAD4
Fig. 1 Layout of survey operations in the area of VO-OL and PAD4 sections

metra na vychodni stran€, pfimo pod stivajici nadzemni vicepod-
lazni budovou (obr. 1). Na opacné strané, opét vné trasy metra, je
navic situovana raZend jednokolejnd spojka mezi trasami D a C,
kterd je pred stanici Olbrachtova zadsténa do pravého jednokolej-
ného tratového tunelu.

DOPLNKOVY INZENYRSKOGEOLOGICKY PRUZKUM

V soucasné dobé realizovand etapa doplitkového inZenyrsko-
geologického prizkumu v okoli stanic Pankrac a Olbrachtova na-
vazuje na jednotlivé etapy geologickych prizkumnych praci pro
trasu metra D, které byly v obdobi 2010-2017 provadény postup-
né s projektovanim jednotlivych dil¢ich tseku trasy a prislusnych
stupiii projektové dokumentace. Na zdklad¢ vysledka drivéjsich
etap prizkumnych praci byl dopliikovy inZenyrskogeologicky pru-
zkum v této oblasti rozdélen na celkem ctyfi tseky — PAD1, PADA4,
VO-OL a OL1.

Zakladnim cilem dopliikovych priizkumnych praci je ovéfeni
inZenyrskogeologickych a hydrogeologickych podminek vystavby
v tsecich s nedostate¢nou prozkoumanosti, ovéieni pevnostnich,
pretvarnych a technologickych vlastnosti jednotlivych typi hor-
nin a celého horninového masivu, ovéfeni kritickych tsekt razby
s moznym vyskytem tektonickych poruchovych zén, ovéreni vy-
skytu bludnych proudt a rezistivity horninového prostiedi. Ziskani
komplexnich geotechnickych informaci o horninovém prostiedi
bude zdkladnim podkladem pro bezpecnou realizaci budoucich tra-
tovych tunell a stanic metra D.

V dalsi ¢asti tohoto ¢lanku je stru¢né popsana metodika, rozsah
a vybrané dosavadni vysledky prazkumnych praci na tsecich VO-
-OL a OL1. Stavebni a razici prace na téchto usecich provadéji spo-
le¢nosti HOCHTIEF CZ a. s. (VO-OL) a STRABAG a.s. (OL1). Ge-
ologické prizkumné prace zajistuje spole¢nost SG Geotechnika a.s.

GEOLOGICKE POMERY ZAJMOVEHO UZEMI

Predkvartérni podklad je v pfedmétném tuseku stavby metra [.D
tvofen prevazné nejmladsimi horninami ordoviku v podobé ko-
sovského, kralovodvorského a bohdaleckého souvrstvi (obr. 2).
V nejseverngjsi ¢asti stavby v prostoru stanice Pankric a tunelové
propojky C — D se vyskytuji i mladsi silurské horniny literiské-
ho a kopaninského souvrstvi, které zde tvoii jadro barrandienské
synklindly. Z hlediska inZenyrské geologie tak bude pfi budouci
vystavbé zastizené Siroké spektrum znacné litologicky i geotech-
nicky odli$nych typii hornin — od tence vrstevnatych jilovitych
bridlic, jilovcl a prachovct pies pevnéjsi, ale i kiehci droby, pis-
kovce a kfemence az po kompaktni a velmi pevné véapnité bridlice
a vapence. Podminky razby budou na nékolika mistech navic kom-
plikované také nepravidelnymi proniky a polohami vulkanickych

amounting nearly to 350m?. The proposed technical solution allows
for its connection to Pankréc C station by an independent escalator
tunnel. The track section linking in the direction of the double-vault
Olbrachtova station is the most complicated track section on the
entire ID line. Apart from twin-track running tunnels, there is also
a large bifurcation to a single-track stabling tunnel there, which is
located on the eastern side, outside the metro route, directly under
an existing above-ground multi-storey building (see Fig. 1). On the
other side, again outside the metro route, there is a mined single-
track linking tunnel between the D and C lines there. It is again
connected before Olbrachtova station to the right-hand single-track
running tunnel.

SUPPLEMENTARY ENGINEERING GEOLOGICAL SURVEY

The currently implemented stage of the supplementary
engineering geological survey in the vicinity of Pankric and
Olbrachtova stations is a follow-up of individual stages of geological
survey operations for the metro D line which were performed in
2010-2017 gradually with designing individual partial sections
of the line and respective degrees of design documentation. The
supplementary engineering geological survey in this area was
divided on the basis of results of the previous stages of survey
operations into 4 sections — PAD1, PAD4, VO-OL and OLI1.

The basic objective of the supplementary survey operations is
to verify engineering geological and hydrogeological conditions
of the construction in sections with insufficient survey, verify
strength-related, deformational and technological properties of
individual types of ground and the whole ground massif, verify
critical sections of the tunnel excavation with possible occurrence
of fault zones, verify occurrence of stray currents and resistivity
of the ground environment. Obtaining comprehensive geotechnical
information about the ground environment will be the basic source
document for safe construction of the future metro D line running
tunnels and stations.

The next part of this paper briefly describes the methodology, the
extent and selected results of surveys on the VO-OL and OL1 sections
obtained so far. The construction and mining work on these sections
is carried out by HOCHTIEF CZ a. s. (VO-OL) and STRABAG a.s.
(OL1). Geological survey is carried out by SG Geotechnika a.s.

GEOLOGICAL CONDITIONS IN THE AREA IN QUESTION

The Pre-Quaternary basement in the construction section in
question is formed mostly by the youngest Ordovician rock in
the form of the Kosov, Kralav Dvur and Bohdalec Formations
(see Fig. 2). In the northern-most part of the construction in the
area of Pankréc station and a tunnel linking the line C with line D,




Obr. 2 Bohdalecké bridlice se shluky ,,Onnia superba“ zastizené ve vrtu
HG277 vedle Sachty OL1

Fig. 2 Bohdalec Formation shale with clusters of “Onnia superba” encountered
in HG277 borehole next to OLI shaft

hornin v podobé€ velmi pevnych a masivnich diabasti a lamprofyra
(minet).

Horninové podloZi je v zijmovém uzemi podle geologickych
map i vysledki pfedchozich etap prizkumnych praci prostoupeno
Cetnymi zlomovymi strukturami raznych ada, sméra a kinemati-
ky. Tyto struktury mohou zpusobovat jak opakovani jednotlivych
stratigrafickych jednotek, peruseni priabéhu jednotlivych souvrstvi
nebo jejich vzajemné posunuti, tak zejména predstavovat oslabené
oblasti horninového masivu s vyrazné méné piiznivymi geotech-
nickymi podminkami vystavby.

Horniny predkvartérniho podkladu jsou v zdjmovém uzemi pre-
kryty kvartérnimi sedimenty v podob¢ fluvidlnich a antropogennich
uloZenin. Fluvidlni sedimenty tvofi materidl vysSSich terasovych
stupnit Vltavy v prostoru pankrické ploSiny (pankracka terasa)
s mocnosti nejcastéji v rozmezi 5-8 m. Jako materidl teras preva-
Zuji hlinité pisky aZ piscité hliny, pisky s kolisajicim podilem Stérku
a piscité $térky s valouny o velikosti aZ 15-20 cm (obr. 3). Antropo-
genni uloZeniny predstavuji lokdlni terénni Upravy a zasypy vykopt
stavebnich jam, které vznikaly v pribéhu vystavby mésta. Jejich
vyskyt, materidlové sloZeni a mocnost je znacné proménlivé.

V zajmovém tzemi se vzhledem ke geologickym pomérim vy-
skytuji dvé zakladni zvodné — paleozoicka a kvartérni. V ordovic-
kych a silurskych horninach je podzemni voda vdzana na ptipovr-
chovou zénu rozvolnéni hornin a na tektonicky porusena pasma.
Horniny bohdaleckého a kralovodvorského souvrstvi maji vzhle-
dem ke svému jilovitému charakteru pomérné nizkou propustnost
a pritoky do podzemnich d€l jsou vétSinou velmi nizké. VEtsi prito-
ky podzemni vody jsou naopak vazané na polohy rozpukanych pis-
kovcii a kfemenct kosovského souvrstvi nebo polohy pevnéjsich
silurskych vapnitych bfidlic ¢i diabasi. Kvartérni zvoden je tvore-
na polohou terasovych uloZenin s pralinovou propustnosti, kde se
souvisla hladina podzemni vody vyskytuje v bazalnich slabé zahli-
nénych piscitych Stércich v hloubce kolem 4,0-5,0 m pod terénem
(mocnost zvodné tak vétSinou neptesahuje 1 m).

PRUZKUMNE PRACE NA USEKU VO-OL

Vzhledem k technické ndro¢nosti budouci stavby metra 1.D
v prostoru stanice Pankrac a pfilehlych tunelii, pfedpokladanym
nepfiznivym geotechnickym podminkdm a stanovenym cilim
prizkumu je dopliikovy inZenyrskogeologicky pruzkum useku
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there are even upper Silurian rock types of the Liteii and Kopanina
Formations, forming there the core of the Barrandian syncline.
From the engineering geology point of view, a wide spectrum of
significantly lithologically and geotechnically varying rock types
— from thinly laminated clayey shale, claystone and siltstone via
stronger but also more brittle greywacke, sandstone and quartzite
up to compact and very strong calcareous shale and limestone.
The tunnel excavation conditions will be, in addition, complicated
in several locations by irregular intrusions and layers of volcanic
rock types in the form of very strong and massive diabase and
lamprofyre (minettes).

The bedrock in the area of interest, according to geological
maps and results of previous stages of survey operations, contains
numerous pervasive fault structures of various degrees, directions
and kinematics. These structures can cause both repeating of
individual stratigraphic units, interrupting the course of individual
formations or mutual displacement, as well as they represent
weak areas of ground massif with significantly less favourable
geotechnical conditions of construction.

The Pre-Quaternary rock types forming the basement are overlaid
by Quaternary sediments in the form of fluvial and anthropogenic
sediments. The fluvial sediments form the material of higher terrace
steps of the Vltava in the area the Pankrac plateau (Pankréc terrace)
with the thickness most frequently ranging from 5 to 8m. Loamy
sand to sandy loams, sand with variable proportion of gravel and
sandy gravel with 15-20cm boulders are predominating materials
of the terraces (see Fig. 3).

The anthropogenic sediments are represented by local terrain
treatments and fills of construction pits which originated during
the course of the urban development. Their occurrence, material
composition and thickness are significantly variable.

There are two basic aquifers in the area of interest taking into
consideration the geological conditions — the Palacozoic and the
Quaternary. Ground water in the Ordovician and Silurian rock
types is bound to the near-surface zone of rock loosening and to
tectonically faulted zones. The rock types forming the Bohdalec
and Kraluv Dviar Formations exhibit, with respect to their clayey
character, relatively low permeability and inflows into underground
workings are mostly very low. Conversely, greater groundwater
inflows are bound to the layers of fractured sandstone and
quartzite of the Kosov Formation or layers of stronger Silurian

Obr. 3 Hloubeni tivodniho tiseku Sachty VO-OL v prostiedi piséitych Stérkii
pankrdcké terasy

Fig. 3 Excavation of the initial section of VO-OL shaft in the environment
of sandy gravels of the Pankrdc Terrace
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Obr. 4 Hloubeni Sachty VO-OL v prostiedi bridlic bohdaleckého souvrstvi
Fig. 4 Excavation of VO-OL shaft in the environment of Bohdalec Formation
shale

VO-OL projektovan formou raZzeného prizkumného dila — Sachty
a Stoly. Pristupova Sachta kruhového tvaru ma primér 21,0 m a cel-
kovou hloubku 36,6 m (velky primér Sachty projektovan s ohle-
dem na Sifku budouciho dvoukolejného tratového tunelu metra,
obr. 3). Sachta je zapaZena pievrtavanymi pilotami délky 37,8 m,
které jsou v hlavach spojeny ztuzujicim ZB véncem a v nékolika
hloubkovych trovnich vyztuZeny kotvenymi ZB tramy (obr. 4).
Prizkumna $tola bude mit délku 322,2 m a podle tvaru vyrubu
a typu osténi bude rozdélena na deset ¢asti. Tvar pfi¢nych profilt
dil¢ich useku Stoly a jejich vyztuzeni bude voleno tak, aby je v bu-
doucnu bylo mozné vyuZit jako dil¢i vyruby budoucich tratovych
tunell a navazujici stanice Pankréc.

Program dopliikovych prizkumnych praci, kromé detailni in-
Zenyrskogeologické a strukturni dokumentace razby vlastni pra-
zkumné Sachty a Stoly, zahrnuje realizaci prizkumnych vrtl z po-
vrchu i z podzemi, provadéni souboru presiometrickych zkousek
v prizkumnych vrtech, hydrodynamickych zkousek ve vrtech,
laboratornich zkousek mechaniky hornin a zemin, ovérovani tech-
nologickych vlastnosti hornin, provadéni petrografickych rozbori
hornin, realizaci geofyzikdlnich méfeni v prizkumnych vrtech
a zékladniho korozniho priizkum nebo ovérovani tcinnosti injek-
tdZe horninového masivu. Prehledna situace prizkumnych praci
v iseku VO-OL je uvedena na obr. 1.

Prvni etapa prizkumnych praci v dseku VO-OL byla zahdje-
na pred samotou razbou prizkumné $toly a zahrnovala realizaci
hydrogeologickych, extenzometrickych a inklinometrickych vrtd
z povrchu, které kromé upfesnéni inZenyrskogeologickych a hyd-
rogeologickych poméri slouZzi pro potfeby komplexniho monito-
ringu razby podzemniho dila. Dokumentaci téchto vrti bylo zis-
kano velké mnoZstvi informaci o rozsifeni a mocnosti kvartérnich
zemin (tj. navazek a terasovych uloZenin), o vyskytu jednotlivych
ordovickych a silurskych souvrstvi a jim odpovidajicich litologic-
kych typti hornin. Pomoci realizace velkého souboru laboratornich
zkousek byl uptesnén jak charakter kvartérnich zemin, tak zejména
fyzikalnich a geomechanickych vlastnosti jednotlivych typt hor-
nin zastizenych ve vrtech. Dokumentaci vrti byly dile upfesnény
informace o strukturnich prvcich horninového masivu v podobé
sklonu vrstevnich ploch, charakteru a intenzity tektonického poru-
Seni hornin v prostoru budouci stavby i jejiho okoli. Pomoci reali-
zace hydrodynamickych zkousek byly upfesnény hydrogeologické
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calcareous shale or diabase. The Quaternary aquifer is formed
by a layer of terrace sediments with interstitial permeability,
where continuous water table occurs in basal weakly loamy
sandy gravel at the depth fluctuating about 4.0-5.0m under the
terrain surface (thus the aquifer thickness mostly does not exceed
1m).

SURVEY OPERATIONS IN VO-OL SECTION

Taking into consideration the technical complexity of the
future metro ID line construction in the area of Pankric station
and adjoining tunnels, the anticipated unfavourable geotechnical
conditions and the prescribed objectives of the survey, the
supplementary engineering geological survey of the VO-OL
section is designed to have the form of mined survey workings —
shafts and galleries. The circular access shaft has the diameter of
21.0m and the total depth of 36.6m (the large diameter of the shaft
is designed with respect to the width of the future double-track
metro tunnel (see Fig. 3). The shaft is braced by 37.8m long secant
bored piles, the heads of which are connected by a reinforced
concrete collar and the piles are reinforced at several levels by
anchored RC walers (see Fig. 4). The exploratory gallery will be
322.2m long and will be divided into ten parts according to the
shape of the excavated opening and the type of lining. The shape
of cross-sections and excavation support of the partial sections of
the gallery will be designed with the objective to allow for their use
as partial excavations of the future running tunnels and adjoining
Pankrac station.

The programme of the supplementary survey operations, with
the exception of detailed engineering geological and structural
documentation of the excavation of the survey shaft and gallery itself,
comprises execution of survey boreholes from the surface and from
the underground, implementation of a set of pressuremeter tests in
survey boreholes, hydrodynamic tests in boreholes, laboratory tests
of rock and soil mechanics, verification of technology properties
of rock, conducting petrographical analyses of rock, carrying out
geophysical measurements in survey boreholes and basic corrosion
survey or verification of effectiveness of injecting grout into the
rock mass. Overall situation of survey operations in the VO-OL
section is presented in Fig. 1.

The first stage of survey operations in the VO-OL section
commenced before the excavation of the exploratory gallery
itself and comprised conducting hydrogeological, extensometer
and inclinometer boreholes from the surface, which, apart
from refining the engineering geological and hydrogeological
conditions, are used for the needs of comprehensive monitoring of
the underground excavation. A large amount of information about
the extent and thickness of Quaternary soils (i.e. made ground and
terrace sediments), the occurrence of individual Ordovician and
Silurian Formations and lithological rock types corresponding to
them was obtained by the documentation of the boreholes. Both
the character of Quaternary soils and mainly the physical and
geomechanical properties of individual ground types encountered
in the boreholes were refined by conducting the large set of
laboratory tests. In addition, information about structural elements
of the ground massif in the form of the dip of bedding planes, the
character and intensity of tectonic faulting of rock in the area of
the future construction and its surroundings was refined by the
documentation of the boreholes. The hydrogeological conditions
and hydraulic properties of the Quaternary soils and different types
of Pre-Quaternary ground were specified by hydrodynamic testing.




Obr. 5 Bohdalecké bridlice s vyhlazenymi stfiZnymi puklinami ai zlomy
s povlaky sddrovce
Fig. 5 Bohdalec Formation shale with slickensided shear joints up to faults
with gypsum coats

poméry a hydraulické vlastnosti kvartérnich zemin a odliSnych
typt pfedkvartérnich hornin. Provedenymi chemickymi analyzami
bylo ovéfeno chemické slozeni podzemni vody.

Hloubeni ptistupové Sachty VO-OL bylo zahdjeno v pribéhu
srpna 2019 (obr. 3). Podle predpokladu predchozich prazkumi
byly pfi hloubeni Sachty ve vrchnich polohach zastizeny uloZeniny
pankréacké terasy, které zde v hloubce kolem
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Chemical composition of groundwater was verified by chemical
analyses.

The excavation of the VO-OL access shaft started during the
course of August 2019 (see Fig. 3). According to the assumptions
of the previous surveys, the Pankrdc terrace sediments were
encountered during the shaft excavation in the upper layers. They
pass here to completely weathered shale of the Bohdalec Formation
at the depth of about 6m. The boundaries of the weathering intensity
and structural characteristics of the ground massif in the form
of orientation of bedding planes, the character and frequency of
extension and shear joints, occurrence of fault structures and fault
zones were specified within the framework of the documentation
of the shaft excavation. A Silurian minette body with significantly
higher strength and lower intensity of fracturing was encountered
in the southern part of the shaft bottom.

The excavation of the exploratory gallery started after completion
of the excavation of the shaft to the final level during the course of
January 2020. Standard engineering geological and geotechnical
documentation of the conditions encountered was carried out
during the course of the excavation (see Fig. 6). Increased attention
is focused on documentation of individual structural elements,
first of all the occurrence of more significantly faulted areas of the
rock massif. Geomechanical tests and petrographical analyses are
conducted on characteristic specimens. Description of the rock
massif is carried out for the purpose of allowing its assessment
according to tunnelling classification systems used in practice.
The structural elements in the characteristic sections are assessed

6 m prechazeji do zcela zvétralych bfidlic
bohdaleckého souvrstvi. V rdmci dokumen-
tace hloubeni Sachty byly predevsim upres-
nény hranice intenzity zvétrani a strukturni
charakteristiky horninového masivu v podobég
orientace vrstevnich ploch, charakteru a cet-
nosti extenznich a stfiznych puklin, vyskytu
zlomovych struktur a poruchovych pasem
(obr. 5). V jizni Casti dna Sachty bylo zasti-
Zeno t€leso silurské minety s vyrazné vyssi L
pevnosti a niZ§i intenzitou rozpukani.

Po vyhloubeni Sachty na kone¢nou troveri
byla v pribéhu ledna 2020 zahijena razba
samotné prizkumné $toly. V pribéhu razby
je provadéna standardni inZenyrskogeologic-
ka a geotechnicka dokumentace zastiZenych
podminek (obr. 6). ZvySena pozornost je sou-
stfedéna na dokumentaci jednotlivych struk-
turnich prvku, zejména pak vyskytu vyraznéji
tektonicky porusenych oblasti horninového
masivu. Na charakteristickych vzorcich jsou
provadéné geomechanické zkousky a petro-
grafické rozbory. Popis horninového masi-
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klicovych blokd pomoci softwaru UnWedge
od spolecnosti Rock Science.

V tvodnim useku Stoly VO-OL byly v pl-
ném rozsahu zastizeny zdravé, tmavé Sedé,

pdsem

significant fault zones

Obr. 6 Zdkres charakteristické celby v prostiedi bohdaleckého souvrstvi bez vyraznych poruchovych

Fig. 6 Drawing of characteristic excavation face in the environment of the Bohdalec Formation without
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Obr. 7 Vyrazné tektonické pdasmo zastizené v tivodnim tiseku $toly VO-OL
Fig. 7 Significantly faulted zone encountered in the initial section of VO-OL
gallery

jilovito-prachovité biidlice bohdaleckého souvrstvi rizného stup-
né tektonického poruseni. Bohdalecké bridlice jsou v urovni Stoly
deskovité az lavicovité vrstevnaté, s pevnosti R4, nepravidelné po-
rusené rizné Cetnymi a prubéZnymi extenznimi i stfiznymi pukli-
nami s charakteristickymi ohlazy, ryhovanim a bélavymi povlaky
sadrovce. Podél vyraznéjsich zlomi a v poruchovych pasmech jsou
bridlice siln€ rozpukané, drobné tlomkovité rozpadavé, s Cetnymi
ohlazy na puklinach, s mirné nizsi pevnosti (R4-R5), misty silné
podrcené a majici az charakter jilovité zeminy s drobnymi rukou
drtitelnymi ilomky (obr. 7).

V useku Stoly TM 110-115 byl zastiZzen piechod do hornin kralo-
vodvorského souvrstvi v podobé tzv. ,,podolského rudniho obzoru®.
Toto souvrstvi je tvofeno rovnéZ vyhradné tence vrstevnatymi pra-
chovitymi jilovei mirné svétlej$i barvy (mensi obsah organického
uhliku), s Castym vyskytem konkreci pyritu, s obdobnymi geomecha-
nickymi vlastnostmi i charakterem tektonického poruseni (obr. 8),

Obr. 9 Realizace horizontdlniho priizkumného vrtu presiometrického profilu PP01
Fig. 9 Drilling for the horizontal survey borehole in the PP0I pressuremeter profile

&k

e o i v U o
Obr. 8 Celba $toly VO-OL v TM 135,5 zastihujici zdravé bridlice krdlovodvor-
ského souvrstvi bez vyrazného tektonického poruseni

Fig. 8 Excavation face of VO-OL gallery at TM 135.5 chainage encountering
[fresh Krdliiv Dviir Formation shale without marked tectonic faulting

using a basic orientation analysis. In these sections, the kinematic
analysis is also carried out employing the Key Blocks method
using the UnWedge software provided by the company of Rock
Science.

Fresh, dark grey, clayey-silty shale of the Bohdalec Formation
with various degrees of faulting were encountered within full extent
in the initial section of the VO-OL gallery. Bohdalec Formation
shale at the level of the gallery is tabularly to platy jointed, with R4
strength, irregularly faulted by variously numerous and persistent
extensive and shear joints, with characteristic slickensides, scoring
and whitish gypsum coating. Along more significant faults and
fault zones, the shale is heavily fractured, disintegrating to small
shards, with numerous slickensides on cracks, with moderately
lower strength (R4-RS), locally heavily crushed and having the
character of up to clayey soil with small fragments crushable by
hand (see Fig. 7).

Transition to the Krilovo Pole Formation
rock in the form of the so-called “Podoli Ore
Horizon” was encountered in the TM 110—
115 chainage of the gallery. This formation
is also formed by exclusively thinly bedded
silty claystone with moderately lighter colour
(smaller content of organic carbon), with
frequent occurrence of pyrite concretions,
with geomechanical properties and character
of the tectonic faulting (see Fig. 8) similar to
the Bohdalec Formation shale. The transition
to the youngest Kosov Formation is expected
in the gallery section approximately at
the tunnel meter 210 (as of the beginning
of September 2020, 180m of the gallery
excavation were completed).

Part of the survey operations is the
installation of four pressuremeter profiles
(PPO1-PP04) covering always two vertical
boreholes (roof and bottom) and two
horizontal boreholes for the possibility
of verification of engineering geological,
structural and geotechnical parameters of
the ground mass in the exploratory gallery




jako tomu je u bridlic bohdaleckych. Prechod do nejmladsiho kosov-
ského souvrstvi je oekavan v tseku Stoly zhruba kolem tunelmetru
210 (k zacatku zari 2020 bylo vyrazeno zatim 180 m Stoly).

Pro moZnost ovéfeni inZenyrskogeologickych, strukturnich
a geotechnickych parametrti horninového masivu v okoli prizkum-
né Stoly (tj. v prostoru budouci razby trafovych tuneli a stanice
Pankrac — obr. 1) je soucasti prizkumnych praci realizace Ctyrt
presiometrickych profild (PPO1-PP04) zahrnujicich vzdy dva ver-
tikalni (strop a dno) a dva horizontédlni vrty. Kromé podrobného po-
pisu vrtného jadra a laboratornich zkousek na odebranych vzorcich
hornin jsou ve vrtech provadéna presiometrickd méfeni pro urceni
pretvarnych charakteristik horninového masivu s rtiznou litologii,
stupném poruseni a zvétrani (obr. 9, 10).

Pro ovéfeni inZenyrskogeologickych a geotechnickych pomé-
ri ve sméru razby ke stanici Olbrachtova byl ze dna Sachty VO-
-OL realizovan horizontalni 70 m dlouhy prizkumny vrt SJ1005
(obr. 3). Tento vrt zejména ovéril rozsah silurské minety a pomohl
identifikovat oblasti horninového masivu s vyraznym tektonickym
poruSenim. Geomechanické vlastnosti masivu v tvodni ¢dsti vrtu
byly zjistény pomoci presiometrickych zkousek. Vyskyt tektonic-
kého poruseni horninového masivu byl upfesnén pomoci realizace
karotaznich méfeni a vrtného georadaru. Po dokonceni razby Stoly
bude obdobny prizkumny vrt realizovan i do prostoru stanice Pan-
krac s vyskytem silurskych hornin (diabast a bfidlic).

Soucasti prazkumnych praci tseku VO-OL je rovnéz ovéreni
ucinnosti rznych injektaZznich smési pro zlepSeni geotechnickych
podminek razby v tektonicky poruSenych oblastech horninového
masivu a rizikovych mistech prichodu razby pod stavajicimi ob-
jekty povrchové zastavby (obr. 1). Tento injektdZni pokus zahrnu-
je v prvni etapé realizaci série kratkych vrtt do stény Stoly s na-
slednou dokumentaci, odbérem vzorkll hornin, presiometrickym
a geofyzikdlnim méfenim. V druhé etapé pak po aplikaci vybra-
nych injektaznich hmot (dva typy chemické injektdZe a mikroce-
ment) bude do stejného prostoru horninového masivu provedena
pro zhodnoceni u¢innosti injektaze série obdobnych zkousek a mé-
feni v nové realizovanych vrtech.
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Obr. 10 Jddro vrtu PPO0I-J2 zastihujici bridlice bohdaleckého souvrstvi
s ruznym stupném tektonického poruseni

Fig. 10 Core of PP0I-]2 borehole encountering Bohdalec Formation shale

with various degrees of tectonic faulting

surroundings (i.e. in the area of the future excavation of running
tunnels and Pankréc station — see Fig. 1). Apart from the detailed
description of the borehole core and laboratory tests on the
obtained specimens of ground, pressuremeter measurements for
determination of deformational characteristics of the ground massif
with various lithology, the degree of fracturing and weathering are
conducted in the boreholes (see Figures 9 and 10).

A horizontal 70m long survey borehole SJ1005 (see Fig. 3) was
carried out from the bottom of the VO-OL shaft for the purpose
of verifying engineering geological and geotechnical conditions
in the direction of the excavation toward Olbrachtova station. In
particular, this borehole verified the extent of the Silurian minette
and helped to identify areas of the rock massif with significant
tectonic faulting. Geotechnical properties of the massif in the
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Obr. 11 Situace pruzkumnych praci v prostoru tiseku OLI
Fig. 11 Layout of survey operations in the area of OLI section
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initial part of the borehole were determined by pressuremeter tests.
The occurrence of tectonic faults in the rock massif was refined
by borehole logging and cross-borehole ground-penetrating radar.
After completion of the gallery excavation, similar survey will be
carried out even in the area of Pankrac station, where Silurian rock
types (diabase and shale) occur.

The verification of effectiveness of various grouting mixtures
for improvement of geotechnical properties for underground
excavation in tectonically faulted areas of the ground massif and risk
locations of the excavation passage under existing buildings is also
part of survey operations for the VO-OL section (see Fig. 1). This
grout injection experiment at the first stage comprises a series of
holes drilled into the gallery wall with subsequent documentation,
collecting ground specimens and pressuremeter and geophysical
measurements. At the second stage, after application of selected
grouting materials (two types of chemical grout and microfine
cement), grout will be injected into the same space of the ground
a svrchnich zcela zvétralych poloh b¥idlic bohdaleckého souvrstvi massif for the purpose of assessing the effectiveness of grouting in

Fig. 12 Excavation of OLI shaft at the transition of terrace sandy gravel and series of similar tests and measurements in the newly carried out
upper, completely weathered, Bohdalec Formation shale layers

boreholes.
PRUZKUMNE PRACE NA USEKU OL1 SURVEY OPERATIONS IN THE OL1 SECTION
S ohledem na umisténi budoucich tratovych tuneldl, predpoklada- Taking into consideration locations of the future running tunnels,

né nepiiznivé geotechnické pomeéry a cile dopliikového prizkumu | the anticipated unfavourable geotechnical conditions and objectives
byl dopliikovy inZenyrskogeologicky prizkum tseku OL1 projek- | of the supplementary survey, the supplementary engineering
tovan formou hloubeného a razeného prizkumného dila — Sachty | geological survey of the OLI section was designed in the form of
a Stoly. Pristupova Sachta kruhového tvaru ma primér 8,6 macel- | a cut-and-cover and mined workings — a shaft and a gallery. The
kovou hloubku 29,9 m. Sachta byla zapaZena pievrtdvanymi pilo- | access shaft is circular, with the diameter of 8.6m and total depth of
tami délky 34 m, které jsou v hlavéch spojeny ztuZujicim ZB vén- | 29.9m. The shaft was braced by 34m long secant bored piles with
cem a v jedné hloubkové trovni rozepreny ZB tramem. Prizkumnd | a reinforcing RC collar on their heads and with an RC waler bracing
Stola kruhového prifezu ma celkovou délku
63,3 m (délka od stfedu Sachty) a kon¢i v mis-

. B K R . SP7: tektonicky neporuSené hornina SP7p: silné tektonicky porusena
té budouci propojky mezi tratovymi tunely ~ deskovité aZ lavicovité vrstevnata hornina — velky pocet stfiznych puklin
PN v w1 (V), s ojedinélymi stfiznymi (T) s ohlazy, misty silné podrceni, drobné
metra. V ramci razby byla Stola ¢lenéna na a extenzivnimi (P) puklinami, pevnost stiikany beton shotcrete tlomkovity rozpad, pevnost R5-R6,
: R4, RMR: 52-58 bodi RMR: 22-26 bodu
kalotu a dno s celkovou teoretickou plochou AP7: tectonically undisturbed rock SP7p: tectonically heavily faulted
V)'/rubu 21,7 m?2. — tabular to bedded jointing (V), with rock — great number of shear joints
R . . . isolated shear (T) and extension (P) with polishes, locally heavy crushing,
Program priizkumnych praci tohoto use- joints, strength R4, RMR: 52-58 points fine-grained disintegration,
ku, kromé detailni dokumentace vlastni pri- Ri}'ﬁ?g;"_g‘é ,_,Ei?{ts

zkumné Sachty a Stoly, zahrnoval obdobné

jako v piipadé dseku VO-OL dokumentaci | 32 33 32
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a geomechanickych parametrti. Hloubeni pfi-
stupové Sachty OL1 bylo zahdjeno v pritb&hu Obr. 1,3 Zdkres chfthkt'eristicke’ Celby Stoly OL1 v prostiedi bohdaleckého souvrstvi s vyraznou porucho-
Hina 2019. Obdobné iak ¥ipade sacht vou zonou v pravé cdsti

rjna T 0bne jako v pripade sachty Fig. 13 Drawing of a characteristic excavation face of OL1 gallery in the environment of the Bohdalec
VO-OL byly i zde pod polohou terasovych  Formation with a marked fault zone in the right-hand part
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bfidlice slabé zvétralé az zdravé

“ weakly weathered to fresh shale

bfidlice tektonicky porusené
tectonically faulted shale

hranice geotechnickych typl hornin & sklon vrstevnich ploch

borders between geotechnical types of rock

vyznamné zlomy a poruchova pasma
significant faults and fault zones

dip of bedding planes

sklon zlomd a poruchovych pasem
dip and trend of faults and fault zones

Obr. 14 Horizontdlni geologicky rez Stolou OLI sestrojeny na zdkladé dokumentace razby (v tirovni cca 2,0 m pod stropem kaloty)
Fig. 14 Horizontal geological section through OLI gallery carried out on the basis of documentation of the excavation (ca 2m under top heading roof)

piscitych Stérkl zastizeny bridlice bohdaleckého souvrstvi s riz-
nym stupném zvétrani a tektonického poruseni (obr. 12).

Razba samotné prizkumné $toly OL1 probihala v obdobi tnor —
¢erven 2020. V prubéhu razby byla provadéna standardni inZenyr-
skogeologicka a geotechnickd dokumentace zastiZenych podminek
(obr. 13), hodnoceni horninového masivu podle RMR, strukturni
dokumentace, orientacni (obr. 14, 15) a kinematické analyzy jako
v pripadé stoly VO-OL.

Podle predpokladu predchozich prizkumnych praci byly v celé
délce $toly zastiZeny jilovitoprachovité bridlice bohdaleckého sou-
vrstvi. Z hlediska vyznamnych strukturnich prvka bylo, kromé
dil¢ich zlomovych struktur v celé délce Stoly, zastizeno vyrazné
poruchové pasmo s mocnosti 1-3 m, kde je hornina silné rozpuka-
nd, drobné ulomkovité rozpadava, v polohdch s vyrazné sniZenou
pevnosti (ilomky rukou snadno drtitelné), podél zloma az charak-
teru jilovité zeminy s drobnymi ilomky — horizontalni geologicky
fez na obr. 14 a vrtné jadro SJ1010 na obr. 16.

Po vyrazeni Stoly bylo z jejiho konce do prostoru pfilehlych tra-
tovych tunelil a propojky provedeno celkem pét prizkumnych hori-
zontdlnich vrt s délkou 50-68 m (obr. 11), zastihujici bohdalecké
bridlice s riznou intenzitou tektonického poruseni (obr. 16). Déle

them at one depth level. The total length of the circular cross-section
exploratory gallery amounts to 63.3m (the length measured from
the shaft centre). It ends in the location of a future crossover tunnel
between running metro tunnels. The gallery was divided within the
framework of the excavation into top heading and bottom with the
total theoretical excavation cross-section of 21.7m?.

The programme of survey operations in this section comprised,
apart from detailed documentation of the exploratory shaft and
gallery, similarly to the VO-OL section, documentation of survey
carried out from the surface and from the underground, sets of
pressuremeter tests and borehole surveys, hydrodynamic tests in
boreholes, laboratory testing of rock and soil mechanics, testing of
technology properties of ground, petrographical analyses of rock
and basic corrosion survey. General map of survey operations in
OL1 section is presented in Fig. 11.

At the first survey stage before the shaft excavation and
excavation of the gallery, documentation of the total of three
hydrogeological boreholes was carried out, where hydrodynamic
tests with collection of specimens of water for chemical analyses
were subsequently conducted. Laboratory tests were conducted

on the specimens of soils and rock from the

barva
color

boreholes to determine the geotechnical and
koncentrace hustoty

density concentrations geomechanical parameters. The excavation of

maximalni hustota
maximum density

12,32 %
12.32%

vykreslené kontury
contour data

pély spadnic
pole vector

dustribuce kontur
contour distribution

Fischerovo
fisher

minimalni procha projekce

1,0%

Obr. 15 Priklad vystupu orientacni strukturni analyzy — vyhodnoceni Cetnosti a orientace extenznich

puklin v II. viseku 5toly OL1 (Wulfova stereografickd sit v iihlojevné projekci)

Fig. 15 Example of the output from an orientation structural analyse — assessment of frequency and
orientation of extension joints in section II of OLI gallery (Wulff stereographic net in angle-showing

projection)

0.00-130
1.30-2.60 the OL1 shaft commenced during the course
2.60-3.90 . .
3.90-5.20 of October 2019. Similarly as in the case of
252;8:328 VO-OL shaft, Bohdalec Formation shales
A with various degrees of weathering and

1?‘7‘8:};33 tectonic faulting were encountered under the

layer of terrace sandy gravel (see Fig. 12).
The excavation of the OL1 exploratory

gallery was carried out in February — June

2020. During the course of the excavation,

counting circle size|1.0% standard  engineering  geological  and
rezim projekce | pdly spadnic geotechnical documentation of the conditions
plot mode | pole vector
pocet ploch |49 (49 vstupy) encountered (see Fig. 13), assessment of the
vector count |49 (49 entries) . .
polokoule | horn ground massif according to the RMR method,
hemisphere | upper A . .
projekee | dhlojevna structural documentation, orientation (see
projection | equal angle

Figures 14 and 15) and kinematic analyses
were conducted as in the case of the VO-OL
gallery.

As assumed by the previous
operations, clayey-silty shale of the Bohdalec

survey
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Obr. 16 Jddro vrtu SJ1010 zastihujici mocné poruchové pdsmo zastiZené
rovnéZ v pruzkumné $tole OL1

Fig. 16 Core of SJ1010 borehole encountering thick fault zone encountered
also in the OLI exploratory gallery

pak byly provedeny dva kratsi vertikalni vrty — do stropu a dna Sto-
ly. Ve vsech vrtech byla po detailni dokumentaci a odbéru vzorka
hornin provedena presiometrickd méfeni pro zjisténi geomechanic-
kych parametri horninového masivu. V horizontalnich vrtech bylo
navic pro identifikaci poruchovych pasem provedeno komplexni
karotazni méreni. Na zdkladé vyhodnoceni dokumentace Stoly
a pruzkumnych vrtl, laboratornich zkouSek a polnich méfeni ve
vrtech budou komplexné vyhodnoceny podminky razby tratovych
tuneltl a propojky v tomto useku.

ZAVER

V dosavadnim priibéhu realizace dopliikkovych prizkumnych
praci na objektech VO-OL a OL1 bylo ziskdno velké mnoZstvi in-
formaci o inzenyrskogeologickych, strukturnich a geotechnickych
charakteristikdch horninového prostiedi v prostoru budouci vystav-
by tunelt v okoli stanic Pankrac a Olbrachtova.

Po dokonceni vSech projektovanych priizkumnych praci i na
dalsich tsecich PAD1 a PAD4 umozni ziskané informace o hor-
ninovém masivu a vlivu podzemni vystavby na okolni prostiedi
(sledované v ramci komplexniho geotechnického monitoringu)
navrhnout ekonomicky a bezpecnostné nejvhodnéjsi variantu pro-
jektu a postupu vystavby tohoto nejkomplikovanéjsiho tseku nové
trasy metra [.D.

Mgr. JIRT TLAMSA, Jiri.Tlamsa@geotechnika.cz
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Bc. JAN ZEMANEK, Jan.Zemanek@geotechnika.cz
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Formation was encountered throughout the gallery length. From
the aspect of significant structural elements, a significant fault zone
1-3m thick was encountered apart from partial fault structures
occuring throughout the gallery length. The rock in this zone is
heavily cracked, disintegrating to small shards, with significantly
reduced strength in the layers (fragments easily crashed by hand),
with the character of up to clayey loam with small fragments along
the faults — the horizontal geological section is in Fig. 14 and the
borehole core SJ1010 in Fig. 16.

After completion of the gallery excavation, the total of five 50—
68m long horizontal exploratory boreholes were carried out from
its end to the space of the adjacent running tunnels and the tunnel
connecting line C with line D. The boreholes encountered Bohdalec
Formation shale with varying intensity of tectonic faulting (see Fig.
16). Further on, two shorter vertical boreholes were carried out to
the roof and bottom of the gallery. After detailed documentation
and collection of ground specimens, pressuremeter measurements
were conducted in all boreholes for determination of geomechanical
parameters of the ground massif. In the horizontal boreholes,
comprehensive borehole survey was carried out in addition for
identification of fault zones. The conditions for excavation of
running tunnels and the tunnel connecting the line C with the line
D in this section will be comprehensively assessed on the basis
of the assessment of the documentation of the gallery and survey
boreholes, laboratory tests and field measurements in the boreholes.

CONCLUSION

A large amount of information on engineering geological,
structural and geotechnical characteristics of the ground
environment in the area of the future construction of tunnels in
the surroundings of Pankrdc and Olbrachtova stations has been
obtained during the work on the supplementary survey of the VO-
OL and OL1 objects.

After completion of all planned survey operations even in the
following PAD1 and PAD4 sections, the obtained information about
the ground massif and the influence of underground construction
work on the surrounding environment (monitored within the
framework of the comprehensive geotechnical monitoring) will
allow for designing the economically and in terms of safety most
suitable variant of the design and procedure of construction of this
most complicated section of the new Metro Line ID.
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VYVOJ OPTOVLAKNOVYCH SNIMACU DEFORMACE

PRO GEOTECHNICKY MONITORING A PRIKLADY APLIKACI

DEVELOPMENT OF OPTICAL FIBRE STRAIN SENSORS FOR
GEOTECHNICAL MONITORING AND EXAMPLES OF APPLICATIONS

MAREK ZALESKY, JAN ZALESKY, LADISLAV SASEK

ABSTRAKT

Pracovni skupina SG Geotechnika a.s., Stavebni fakulta CVUT v Praze a SAFIBRA, s.r.0., zkoumd a vyviji moZnosti uZiti optovldknovych
snimacii pro sledovdni deformaci v geotechnice od roku 2010. Spolecny vyzkum je zaloZen na vyuZiti metod Brillouin Time Domain Ana-
lysis (BOTDA) a Fiber Bragg Gratings (FBG). V prvém pripadé se jednd o distribuované snimdni deformace a teploty, ve druhém o vyvoj
Jednotlivych snimacii a jejich propojovdni k popisu vyvoje deformaci v prostredi staveb a v souvisejicich geotechnickych konstrukcich.
V ¢ldnku jsou predstaveny pilotni instrumentace a vybrané vysledky optovldknovych méteni: sledovdni deformaci primdrniho osténi pri
vystavbé prazského metra a uZiti snimacii FBG ke sledovdni svislych deformaci podloZi historickych staveb — tento sytém méreni miiZe
byt uzivdn i pro sledovdni vyvoje poklesové kotliny pri razbé napriklad méstskych tunelii. Ddle je popsdna laboratorni &dst vyvoje FBG
meéridla deformaci primdrniho osténi podzemnich staveb.

ABSTRACT

The working group of SG Geotechnika a.s., the Faculty of Civil Engineering of the Czech Technical University in Prague and SAFIBRA,
s.r.o. researches and develops applications of fibre optic sensors for strain monitoring in geotechnical engineering since 2010. The joint
research is based on the use of the Brillouin Time Domain Analysis (BOTDA) and the Fibre Bragg Gratings (FBG) methods. In the first
case, the subject of the research is the distributed sensing of strain and temperature, in the second case, it is the development of discrete
sensors and chains of sensors in order to describe development of strains in the environment of constructions and in related geotechnical
structures. The paper presents pilot instrumentations and selected results of fibre optic measurements: monitoring of deformations of
primary lining during the construction of Prague Metro V.A and the use of FBG sensors for monitoring of vertical strains in the subsoil
of historic buildings — this measurement system can be used for monitoring of the development of settlement troughs, for example during
the advance of urban tunnels. Further, a laboratory phase of development of FBG sensor for monitoring of primary lining deformation

in underground structures is described.

uvob

Optovldknové snimace pouzivané ve vyzkumu jsou velmi citli-
vé na podélné deformace v ose optického vlakna, ale i na teplotu.
Opticka vldkna pro méfeni deformaci od riiznych vyrobcti museji
byt vétSinou opatfena dodatecnou ochranou, aby byla dostatecné
odolnd jako méfici prvky v horninovém masivu nebo v geotech-
nické konstrukci, kde je soucasti instrumentace napriklad monito-
rovaciho vrtu nizkotlaka injektaZz. Snimace osazované v podzem-
nich sténach a v pilotach jsou vystaveny vlivim betondze. Snimace
v masivu a na zemnich nebo horninovych kotvach jsou osazoviny
do prostiedi s cementovou injektazi (kompenzac¢ni injektdz a in-
jektaz kotev). V télesech nasypt nebo pfi sledovani vyztuzenych
zemin jsou optickd vldkna vystavena vlivim hutnéni a mechanic-
kym vliviim ve styku s jejich blizkym okolim. Vldkna s FBG mfiz-
kami jsou od vyrobce vétSinou chranéna pouze sekundarni ochra-
nou optického vlakna, méfici kabely pro metodu BOTDA jsou
opatfeny napr. plastovou ochranou, ktera neni vétSinou dostatecna
pro pfimé uziti v prostfedi vystavby geotechnickych konstrukeci.
Proto je vyzkum a vyvoj zaméfen i na zplisoby ochrany optickych
vlaken, a to predevsim proti mechanickému poskozeni a vlhkosti.
Ochrana méficiho optického vldkna musi zdroveni umoZnit prenos
deformaci ze sledovaného prostfedi do jadra optického vldkna
beze ztrat.

Soucasné probiha vyzkum postupt upindni pfi instrumentacich,
protoZe se u méfictho vldkna musi v reZimu méfeni udrZet ales-
poit minimélni pfedpéti k zachovani jeho mechanické stability.
DalSi nutnou soucasti optovlaknovych instrumentaci jsou postupy

INTRODUCTION

Fibre optic sensors used in the research are very sensitive to
longitudinal deformations along the optical fibre axis, but also to
temperature. Optical fibres for deformation measurement from
various manufacturers usually have to be provided with additional
protection to be sufficiently resistant as measurement elements
in rock massif or in a geotechnical construction. For example,
instrumentation of a monitoring borehole consists of low-pressure
grouting. Sensors installed in diaphragm walls and piles are
exposed to the influence of concreting. Sensors in massif and at
earth anchors or rock anchors are installed into an environment
containing cement grout (compensation grouting and anchor bolt
grouting). In the bodies of embankments or in the cases of monitoring
reinforced soil structures, optical fibres are exposed to compaction
and mechanical effects at contact with their surroundings. The
fibres with FBG gratings are protected by the manufacturer only by
secondary protection of the optical fibre, whilst the measurement
cables for the BOTDA method are manufactured, for example,
with plastics protection, which is mostly insufficient for direct use
in the environment of construction of geotechnical structures. That
is why research and development is focused also on methods of
optical fibre protection, especially against mechanical damage and
moisture. However, the protection of measuring optical fibres must
allow the transmission of strains from the monitored environment
to the optical fibre core without losses.

Research of optical fibre fixing during instrumentation is carried
out, because at least a minimum pre-stress must be maintained
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zajisténi polohopisu osazenych vldken pro interpretaci namérenych
dat a vyjadfeni deformaci sledovaného masivu, konstrukénich prv-
ki i geotechnické konstrukce jako celku.

Postupy zpracovani dat a vyhodnoceni deformaci vyZadu-
ji zvlastni pozornost vzhledem k moZnym parazitnim vlivim na
senzorické kabely vyvolané upinanim kabelit do sledovaného pro-
stfedi 1 pfimymi vlivy prostiedi, které je tieba omezit. Pro pilotni
navrhy instrumentaci jsou snimace testovany nejdfive v laboratofi.

UZITE METODY MERENI DEFORMACI OPTICKYMI
VLAKNY

Brillouin Optical Time Domain Analysis

Metoda BOTDA je zaloZena na Brillouinové zpétném rozptylu,
ktery umoziiuje tzv. distribuované sniméni pfetvoteni nebo teploty
v optickém vlakné. Samotna optickd vldkna jsou snimacem. La-
serovy signdl prochézi optickym vldknem od zdroje v analyzato-
ru. K analyzétoru se vraci zpétny rozptyl, ktery je zpisoben velmi
malymi nehomogenitami v chemickém slozeni optického vlakna
a je fadove slabsi neZ opticky signdl prochézejici vlaknem ve smé-
ru od zdroje. Brillouiniiv rozptyl je charakterizovan Brillouinovou
frekvenci 7. Jeji zména (posun) je pfimo Umérnd/y zméné pre-
tvoreni nebo teploty méficiho optického vlakna. Umisténi zmény
deformace nebo teploty na méticim vlakné je analyzatorem urceno
z ¢asového posunu vstupu signalu do vldkna a navratu jeho odrazu.
Princip méfeni je zndzornén na schématu v obr. 1.

Tato metoda umoziuje detekovat zmény pietvoreni nebo teploty
a zaroven urcit misto, kde k pfisluSné zméné doslo. Je to nejvy-
znamnéj$i vyhoda oproti ,,klasickym® postupiim geotechnického
kontrolniho sledovani, kdy je ve vétsiné pripadd nutné pred instru-
mentaci pomérné presné predpovédet, kde bude dochazet k defor-
macim, a pravé tato mista vystrojit vhodnymi méfidly pro geotech-
nicky monitoring.

Meéfici linie mize dosahovat az kilometrovych délek. V zévis-
losti na délce linie se méni parametry méfeni: prostorové rozliseni,
tedy vzdélenost mezi jednotlivymi proméfovanymi body, a rozlise-
ni zmény pretvoreni nebo teploty.

Fiber Bragg Gratings
Bragg grating, ,.braggovska miizka®, je periodickd zména inde-

xu lomu jadra optického vldkna. Miizka danych vlastnosti se v op-
tickém vlakné vytvofi pfi vyrobé. Pfi prichodu Sirokopasmového

zareni (svétla) optickym vlaknem dochazi na braggovské miizce

protazeny Usek viakna
elongated fibre section
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Obr. 1 Schéma principu méreni metodou BOTDA, podle [1]
Fig. 1 Diagram of the BOTDA method measurement principle, according to [1]

in the sensing fibre to keep its mechanical stability. Methods
for determination of the position of the installed fibres for the
interpretation of measured data and evaluation of deformations of the
monitored massif, structural elements and geotechnical structures
as a whole are another part of optical fibre instrumentations.

Data processing and strain determining procedures require
special attention with respect to possible spurious effects on
sensing cables induced by fixing the cables into the monitored
environment and direct influences of the environment, which need
to be reduced. The sensors are first tested for the purpose of pilot
designs for instrumentations in a laboratory.

METHODS USED FOR STRAIN MEASUREMENT
WITH OPTICAL FIBRES

Brillouin Optical Time Domain Analysis

The BOTDA method is based on the Brillouin backscattering
applied for the so-called distributed sensing of strain or temperature
in the optical fibre. The optical fibres themselves form the sensors.
The laser signal passes through the optical fibre from the source
in the analyser. The backscatter, which is caused by very small
inhomogeneities in the chemical composition of the optical fibre,
is weaker in an order of magnitude than the optical signal passing
through the fibre in the direction from the source. The Brillouin
scattering is characterised by Brillouin frequency 7,. Its change
(frequency shift) is directly proportioned to the change of strain
or temperature of the measuring optical fibre. The position of the
change of the strain or the temperature on the measuring fibre is
determined by the analyser from the time delay between the entry
of the light pulse into the fibre and the return of its reflection. The
measurement principle is demonstrated in the diagram in Fig. 1.

This method allows detections of changes of strain or temperature
and, at the same time, determination of the location where the
particular change took place. This is the most significant advantage
over ‘“classic” geotechnical monitoring procedures, where it
is in most cases necessary to predict relatively exactly where
deformations will take place before instrumentation and to equip
these locations with gauges suitable for geotechnical monitoring.

The measurement line may reach even the lengths of kilometres.
Measurement parameters vary depending on the length of the line:
spatial resolution, i.e. the distance between individual measured
points and determination of the change of the strain or the
temperature.

Fibre Bragg Gratings

Bragg grating is a periodic change of the refraction index of
the optical fibre core. The grating with the particular properties is
created during the fibre production. As broadband radiation (light)
passes through the optical fibre, a narrow portion of the spectrum
is reflected at the Bragg grating back to the source. The reflected
radiation is defined by Bragg wave length A, (see Fig. 2). The A,
change is proportional to axial deformation of the optical fibre or
its temperature change.

Every FBG sensor is defined by A, wave length as the fibre
was manufactured. Sensors with various wave lengths can be
“connected” in series (in a chain), because the passing signal,
therefore also reflections from individual sensors, can be further
used. Parallel connection of sensors and use of optical switch in the
FBG analyser is also possible. Combination of serial and parallel
connection is available as well.

The FBG method offers higher deformation resolution than the
distributed sensing method, BOTDA. Regarding the geotechnical




k odrazu uzké ¢asti spektra zpét ke zdroji. Odrazené zéreni je cha-
rakterizovdno braggovskou vinovou délkou A, (obr. 2). Zména A,
je ptfimo umérna osové deformaci optického vlakna nebo zméné
jeho teploty.

Kazdy snima¢ FBG je definovan vlnovou délkou A, z vyroby.
Snimace s riznymi vinovymi délkami mohou byt zapojeny v sérii
za sebou (v fetézci), protoze prochdzejici signdl, a tedy i odrazy
z jednotlivych snimaci, lze ddle vyuzit. MoZné je i paralelni zapo-
jeni snimact pres opticky prepina¢ v analyzatoru FBG a kombina-
ce obou zpuisob.

Metoda FBG mé oproti distribuovanému snimani BOTDA vyssi
rozliSeni mérené deformace. Z hlediska provadéni geotechnickych
instrumentaci je délka fetézcd snimaci omezena na cca 15 az 20 m
kvili manipulaci s optickymi vldkny bez dodate¢né ochrany pfi
vyrobé méfidel (napf. fetézec snimaci deformaci pro vystrojeni
monitorovaciho vrtu).

Nejdulezitéjsimi vyhodami metod BOTDA i FBG jsou:

e imunita méficich linii vici elektromagnetickym polim a ¢as-

tecné i proti radiaci;

» méfici linie jsou vhodné i do prostredi s nebezpecim vybuchu;

* pro pfenos méficiho signdlu z mista méfeni k elektronickému

analyzatoru se vyuziva béznych optickych telekomunikacnich
kabelu;

e analyzdator miZe byt aZ v kilometrové vzdalenosti od sledova-

né lokality;

* pri provadéni méreni neni tfeba pristup métice k sledované ob-

lasti;

e prechod od ,,manualniho® (etapového) méreni ke kontinudlni-

mu monitoringu nevyzaduje zmény instrumentace.

Nevyhody:

* doposud vysoka pofizovaci cena analyzatort;

* choulostivost optickych vldken bez dodate¢né ochrany;

* znacna citlivost na zmény teploty;

* elasticka deformace (protaZeni) optického vldkna v fadu prv-

nich jednotek procent.

DISTRIBUOVANE MERENI DEFORMACI PRIMARNIHO
OSTENI TUNELU NA PRODLOUZENI LINKY A PRAZSKEHO
METRA

V roce 2011 byla provedena pilotni instrumentace a méfeni po-
moci optickych kabelt pro detekci deformaci metodou BOTDA
ve stfednim tunelu na stavbé prodlouZeni linky A metra. Primar-
ni osténi stiedniho tunelu pred stanici Petfiny bylo dokonceno
a v tésné blizkosti opéfi mély postupné prochazet dva tunelova-
ci stroje s tlakovou ochranou celby — zeminové Stity (Earth Pre-
ssure Ballance) pfi razbé dvojice tratovych tuneld vedoucich do
stanice Petfiny. Nejmensi vzdalenost hranic teoretickych vyrubi
sttedniho a sousednich tratovych tunelt byla 0,68 m. Stfedni
tunel zaroven slouZil jako jedind pfistupova cesta pro techniku,
odvoz rubaniny i pro transport stavebniho materidlu do stanice
Petfiny pfi vystavbé. Instrumentace vldknové optiky probihala
s vyjimkou jedné nocni smény za provozu. Cilem bylo umoz-
nit detekci deformaci primdrniho osténi stfedniho tunelu, které
mohly vzniknout vlivem té€sného priichodu zeminovych Stiti. Na
hotové primérni osténi byly osazeny dvé podélné méfici linie na
levém opéri. Prvni linie byla upevnéna bodové pomoci kovovych
uchytek a druha byla rychlovaznou cementovou smési zafixo-
vana v predem vyfrézované mélké drazce ve stfikaném betonu.
Vysledky méfeni v obou typech uchyceni optického kabelu byly
velmi dobfe srovnatelné. Z hlediska Casové naro¢nosti a pracnosti
instalace je vyhodné&jsi bodové uchyceni méficiho kabelu. Treti
¢ast méfici linie byla umisténa v pfi¢ném profilu stfedniho tunelu
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optické viakno

optical fibre
jadro viakna
Sirokopasmovy fibre core
zdroj zafeni
broad-band
radiation source

A prochézejici vinova délka
A passing wave length
Braggova mfizka ve vlakné
Fiber Bragg Grating
Ag0drazena braggovska vinova delka
A reflected Bragg wave length

Obr. 2 Schéma principu méreni Fiber Bragg Grating [2]
Fig. 2 Diagram of the Fibre Bragg Grating measurement principle [2]

instrumentations, the length of FBG sensor chains is limited to
about 15 to 20m because of handling of optical fibres without
additional protection during the fabrication sensors (sensor chains
for instrumentation of a monitoring borehole).
The most important advantages of the BOTDA and FBG methods
are:
* immunity of measurement lines to electromagnetic fields and
partly to radiation;
¢ the measurement lines are suitable for explosive environments;
e common optical telecommunication cables are used for
transmission of measurement signal from the monitored
structure to the analyser;
* the analyser can be located at kilometre distances from the
monitored structure;
* the access of personnel to the monitored structure is not
required during the measurement;
e change from “manual” (episode) measurements to continual
monitoring does not require changes in the instrumentation.
Disadvantages:
* still high price of analysers;
* optical fibres are fragile without additional protection;
* significant sensitivity to temperature changes;
* elastic deformation (elongation) of the optical fibre within the
order of first units of percent.

DISTRIBUTED DEFORMATION MEASUREMENT
OF PRIMARY LINING AT THE EXTENSION OF PRAGUE
METRO LINE A

In 2011, pilot instrumentation and measurement with optical
cables using the BOTDA method was performed at the central
tunnel during construction of the Prague metro Line A extension
in order to detect deformations of the primary lining. The primary
lining of the central tunnel at front of Petfiny Station was finished
and two tunnel boring machines, Earth Pressure Balance Shields
(EPBS), were passing after each other in close vicinity of the
top heading during the advance of excavation of the pair of track
tunnels leading to Petfiny Station. The smallest distance between
the limits of the theoretical excavation of the central tunnel and the
neighbouring track tunnels was 0.68m. The central tunnel was used
during the construction as the only way for construction equipment,
mucking out and transport of building materials to Petfiny station.
Except one night shift, the instrumentation of the fibre optics was
carried out without interruption of the construction operations. The
aim was detection of the deformations of the primary lining of the
central tunnel which could be induced due to the close passage
of the EPBS. Two longitudinal measurement lines were installed
on the completed primary lining at the left-hand bench. The first
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pred rozfaranim stanice Petfiny. V po¢vé byl opticky kabel rovnéz
zacementovan rychlovaznou smési do vyfrézované drazky. Pod-
minky pro instalaci byly ztizeny, pfi cementaci musela byt voda
z draZky vypuzovéna stlacenym vzduchem. Thned po dokonceni
byla zacementovand meéfici linie pojiZdéna stavebni technikou.
V opéfi a v kaloté byl pri¢ny méfici profil upevnén opét pomoci
bodovych uchytek. V pricném profilu bylo, obdobné jako u podél-
nych linii, cilem detekovat pripadné deformace vyvolané razbou

sousednich tratovych tunelu.

Obr. 3 Instalace mérictho kabelu BOTDA na primdrni osténi stiedniho tunelu
pred stanici Petriny; Cervend Sipka znaci mérici linii v pricném profilu, zelend
vedeni kabelu k optickému rozvadéci

Fig. 3 Installation of a BOTDA measurement cable on primary lining of the
central tunnel before Petriny Station; red arrow marks the measurement line
in the cross-section, green arrow marks the cable line leading to the optical
switchboard

G

Obr. 4 Schéma optické trasy ve stfednim tunelu: A — analyzdtor BOTDA, Al —
sitové pripojeni k analyzdtoru pomoci vzddlené plochy, B — pasivni opticky kabel,
C - opticky rozvadéc na osténi tunelu, D a E - podélné mérici linie, D — uchyce-
nd bodoveé k osténi v sériovém propojeni s linii spojité upevnénou pod povrchem
osténi — E, F — bodové upnutd cdst pricného profilu nad opéiim a v kaloté tunelu
v sérii se spojité upnutou linii pod povrchem pojizdéné pocvy — G [3]

Fig. 4 Diagram of the optical line in the central tunnel: A — BOTDA analyser, A1
— network connection of the analyser by means of a remote desktop, B — passive
optical cable, C - optical switchboard on tunnel lining, D and E - longitudinal
measurement lines, D — fixed point-wise to the lining, connected in series with
the line fixed continuously under the lining surface — E, F — part of the cross-
-section above the bench fixed point-wise and in the tunnel top heading in series
with the continuously fixed line under the ridden-on bottom — G [3]

line was fixed point-wise using metal clamps and the other was
fixed in a pre-cut shallow groove in the shotcrete with fast-setting
mortar. The results of measurements of both types of fixing of the
optical cable were very well comparable. Regarding the need of
time and manpower for instrumentation, the point-wise fixation
of measurement cable is more favourable. The third part of the
measurement line was installed in the the central tunnel cross-
section at front of the widening of the tunnel profile for the Petfiny
Station. The optical cable in the tunnel invert was also fixed by the
fast-setting cement mixture in a pre-cut groove. The installation
conditions were more difficult because water had to be blown
from the groove with compressed air. The construction machines
drove over the measurement line immediately after its completion.
In the bench and top heading, the measurement cross-section
was fixed point-wise with clamps. Similarly to the longitudinal
lines, the objective in the cross-section was to detect possible
deformations induced by the excavation of the neighbouring track
tunnels.

It was not the case of measuring convergences since, with
the chosen additional installation on the finished lining, only
circumferential length changes on the external surface of the lining
were measured by the optical cable. The BOTDA analyser was
placed on the surface, in the construction site facility (see Figures
3 and 4). It was connected to the measuring line by a common
telecommunications cable leading in parallel with other networks in
the benches of the tunnel and the access gallery. During the course
of the measurements, during approx. 9 months, the connection
optical cable was interrupted twice and longitudinal measurement
lines were broken twice due to the construction activities. All
damages were successfully repaired. “Extraction” of the part
of the measurement cable, which was cemented in the groove,
without causing more damages, was the most difficult operation.
The interrupted cable was then successfully bridged over. During
repairs of the interrupted optical lines, individual optical fibres were
spliced (welded) in the environment of the tunnel used as transport
and access gallery during the construction of Petfiny Station.

The results of the BOTDA measurements were compared with
output of common geodetic deformation monitoring of primary
lining (mainly the longitudinal component of convergence
monitoring with the use of spatial polar method). During the
advance of the of the EPBS in the left track tunnel, the maximum
deformation change detected in longitudinal measurement lines
reached up to 400pe (microstrain), example of evaluation is
presented in Fig. 5. This corresponds with the value of 400um/m
in the case of the point-wise fixed optical cable. The geodetic
monitoring showed deformations smaller than the method accuracy
of 2 mm. The detected deformations of the primary lining were most
probably developed at the transverse day joints between individual
sections of spraying of primary lining concrete. The deformation
changes measured at the cross-section measurement profile
during the advance of the right-hand track tunnel face reached
up to +100um/m. The values of deformations in longitudinal
measurement lines (in the left-hand bench) were within the interval
of = 50um/m. Experimental standard deviation of the optical fibre
measurements under the given conditions reached 30ue. More
detailed information about the BOTDA measurements in the
central tunnel is presented in [3].

DEVELOPMENT OF FBG PRIMARY LINING DEFORMATION
SENSOR

The possibility of automation of underground structure’s
primary lining convergence measurements and the use of fibre
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Nejednalo se o méfeni konvergence, protoZe pri zvolené doda-
tecné instalaci na hotové osténi byly optickym kabelem meéfeny
obvodové délkové zmény pouze na vnéj$im lici osténi. Analyzator
BOTDA byl umistén na povrchu v zafizeni staveni$té (obr. 3, 4).
S méfici linii byl propojen béZznym telekomunika¢nim kabelem ve-
denym soubézné s dalSimi sit€émi na opéfi tunelu a pristupové Stoly.
V pribéhu méfeni doslo béhem cca 9 mésicl k dvojimu preruseni
privodniho optického kabelu a k dvéma porusenim podélnych mé-
ficich linii vlivem provozu nebo stavebni ¢innosti. VSechna posko-
zeni se podafilo opravit. Nejslozitéjsi bylo ,,vyjmuti* ¢asti méfici-
ho kabelu ze zacementované drazky tak, aby mohla byt piemosténa
jeho poskozena cast a nedoslo k dalSim poskozenim. Pfi opravich
optickych tras byla jednotlivd optickd vlakna svarena v prostiedi
provozovaného tunelu béhem stavby.

Vysledky méfeni metodou BOTDA byly porovnavany s vystupy
obvyklych geodetickych méfeni deformaci vyrubu (zejména po-
délnd slozka posunu z konvergen¢nich méfeni prostorovou polarni
metodou). Béhem razby levého tratového tunelu zeminovym Stitem
dosahla maximalni zména pretvofeni detekovana v podélnych mé-
ficich liniich az 400 pe (microstrain), cozZ v ptipad¢ bodoveé upinané
linie odpovida velikosti deformace 400 um/m, ptfiklad vyhodnoce-
ni ¢asti méreni je uveden v obr. 5. Vysledky srovndvacich geodetic-
kych méfeni vykazovaly deformace mensi, nez je presnost metody
2 mm. Detekované deformace vznikaly s nejvétsi pravdépodobnos-
ti na pricnych pracovnich sparach jednotlivych zabéra stiikaného
betonu primarniho osténi. Béhem razby pravého tratového tunelu
dosahovaly zmény pretvoreni zméfené v pricném profilu hodnot do
+ 100 um/m. Hodnoty pietvofeni v podélnych méficich liniich (na
levém opéfi) se pohybovaly v intervalu + 50 um/m. Vybérova smé-
rodatnd odchylka optovlaknovych méfeni v danych podminkach
byla 30 pe. Podrobnéjsi informace o méfeni BOTDA ve stfednim
tunelu jsou uvedeny v [3].

VYVOJ FBG MERIDLA DEFORMACI PRIMARNIHO OSTENI

Castou otdzkou je moZnost automatizace konvergen¢nich méfe-
ni primarniho osténi podzemnich staveb a vyuziti vlaknové optiky.
VétsSina méfeni deformaci optickymi vlakny (metodami BOTDA,
FBG i dal$imi) spociva v méfeni odezvy na protaZeni vldkna podél
jeho osy. Pokud je v pfi¢ném profilu vyrubu osazeno jen jedno méfi-
ci optické vldkno (obr. 4), méfi se délkové zmény po obvodu daného

profilu. Bez dalSich znalosti, nebo zjednodusujicich predpokladd,
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optics is a subject of frequent questions. Most strain measurements
with optical fibres (the BOTDA, FBG and other methods) are
based on axial strain measurement at the fibre axis. If only a
single measurement optical fibre is installed in the cross-section
of excavation (see Fig. 4), changes in length are measured along
the perimeter of the particular profile. Without further input
information or simplifying assumptions, this measurement does
not provide information about radial strain. When a pair of optical
fibres is installed in the cross-section, it is possible to calculate the
“flexure line” of the primary lining.

When the monitoring of underground structures is designed,
the deployment of convergence monitoring profiles is mostly
determined in advance with the use of information gained also
within the geotechnical investigation. High resolution of fibre
optic measurements in order of um/m is required for convergence
monitoring. Changes in the shape of primary lining center line can
be computed from pairs of strain changes at the outer and inner
surface of the primary lining. Vertical and horizontal deformations
of the center line can be subsequently computed at chosen points.
These requirements are very well met by measurements with the
use of the Bragg gratings. One of the objectives of the R&D project
FWO01010384 project “Development of fibre optic measurement
instruments for underground constructions and retaining structures”
istodevelop chain of FBG strain and temperature sensors, which will
be installed to primary lining reinforcement frames (e.g. “Bretex”)
in advance, prior to the assembly of the whole reinforcement frame
atthe tunnel face. The newly developed monitoring of primary lining
deformations with the use of FBG sensors can begin immediately
after the reinforcement frame (excavation support) is assembled
and fixed in place by the first shotcrete layer. The sensors will be
designed so that it will be possible to shape them during assembly
according to the curvature of primary lining reinforcement frames.
The development of the FBG primary lining deformation sensor
has started in 2020. In the presented applications, the optical fibres
(or cables) were installed to perform measurement in a series of
straight sections, for example between clamps. At the beginning of
the research, it was necessary to determine the influence of friction
of the curved optical fibre in the micro-tube (a component of its
additional protection) on the measured values of the axial strain.
For this purpose, a “cradling” was developed. A chain of FBG
sensors is led as follows: clamp — arc — horizontal section — arc —

clamp. The cradling is fixed to a test bench

equipped with high precision potentiometric

displacement sensors including independent
temperature measurement. The optical fibre

is strained under controlled conditions. A

3D model was created and the components
of cradling as well as other smaller tools

for the installation of optical fibres were

manufactured by 3D printing (see Fig. 6). The
size of the cradling components was limited

by the maximum dimensions of 3D print with

the use of printer available in inventory of the
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Obr. 5 Vyvoj pretvoreni v podélné mérici linii v levém opéri: vlevo vybrané vystupy z analyzdtoru BOTDA,
vpravo éasovy pritbéh deformace ve zvyraznéném staniceni osy stiedniho tunelu; édrkovand svisld édra
znaci, kdy dosdhla Feznd hlava stitu S609 sledovaného staniceni [3]

Fig. 5 Development of deformation on the longitudinal measurement line in the left-hand bench: se-
lected outputs from the BOTDA analyser on the left side, development of deformation with time in the
set-off chainage of the central tunnel axis; the dashed vertical line marks where the cutterhead of the
S609 reached the monitored chainage [3]

Department of Geotechnics of the Faculty
of Civil Engineering of the Czech Technical
University in Prague. Nevertheless, the arc
radius of about 1m was achieved. The radii
of a commonly monitored primary lining will
be greater.

The results of model measurements in
the laboratory show that, with appropriate
selection of additional protection of the
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Obr. 6 Ramendt pro laboratorni testovdni zakrivenych snimaci deformace
Fig. 6 A cradling for laboratory testing of curved sensors of deformations

neposkytuje takové méteni informace o pfi¢nych deformacich. Je-
-1i v pri¢ném profilu osazena dvojice optickych vlaken, 1ze vypoci-
tat ,,ohybovou ¢aru‘ vystrojeného profilu.

Pfi ndvrhu monitoringu podzemnich staveb jsou na zakladg
geotechnického prizkumu v ndvrhu podzemniho dila vétSinou
predem urcena mista sledovani konvergence. Pri pouziti vlaknové
optiky je nutné méreni s vysokym rozlisenim v fadu um/m. Z dil-
¢ich délkovych zmén na obvodé¢ vnitiniho a vnéjsiho lice osténi
je tfeba vypocitat zmény tvaru jeho stfednice a pro zvolené body
svislé a vodorovné deformace v piicném sméru. Témto poZadav-
kim velmi dobfe vyhovuje méfeni pomoci braggovskych mrizek.
Jednim z cilt projektu FW01010384 ,, Vyvoj optovidknovych mé-
Fidel pro podzemni a opérné konstrukce* je vyvoj fetézce meridel
pfetvoreni a teploty FBG, ktery bude pfedem, mimo vyrub, osazen
na montdzni dily ocelovych pfihradovych ramii (napf. ,,bretex®).
Nové navrhované kontrolni sledovani s vyuZitim FBG snimact tak
bude mozné zahdjit ihned po osazeni vyztuze a jejiho upnuti na-
stfikem prvni vrstvy stfikaného betonu. Snimace budou konstruo-
vany tak, aby je bylo moZné pfi montazi tvarovat podle zakfiveni
montaznich dilt vyztuzZného ramu. Vyvoj tvarovatelného snimace
byl zahdjen v roce 2020. V prezentovanych aplikacich byla op-
ticka vldkna (nebo kabely) osazena tak, Ze méfila v sérii pfimych
usekl, napiiklad mezi dchytkami. V dvodu vyzkumu bylo nutné
zjistit vliv tfeni zakfiveného optického vldkna v mikrotrubicce
(soucast jeho dodate¢né ochrany) na mérené hodnoty délkového
pretvofeni. Za tim tcelem byl vyvinut ,ramenat®, ve kterém je
fetézec FBG snimact veden nasledovné: tchytka — oblouk — vo-
dorovny tsek — oblouk — uchytka. Ramenét je upevnén na méfici
stolici vybavené velmi pfesnymi potenciometrickymi snimaci po-
sunu véetné nezdvislého méreni teploty. Optické vlakno je fizené
protahovéno. Z ideovych navrhli ramenétu byl sestaven 3D model.
Jednotlivé dily i dalsi drobné pomicky pro instalaci byly vyro-
beny 3D tiskem (obr. 6). Velikost jednotlivych ¢asti ramenétu je
omezena maximalnimi rozméry 3D tisku na tiskdrn€ v inventari
katedry geotechniky Stavebni fakulty CVUT v Praze. Pfesto byl
dosaZen polomér oblouku cca 1 m. Poloméry béZné sledovaného
skute¢ného primarniho osténi budou vétsi.

Z vysledkii modelovych méfeni v laboratofi vyplyva, Ze pri
vhodné volbé dodate¢né ochrany optického vldkna je vliv jeho za-
kfiveni na méfeni pretvoreni zanedbatelny. Dal§imi kroky je vyvoj
pripevnéni tvarovatelnych snimacd na vyztuzné ramy a zpiisob je-
jich propojeni na misté montaZe vyztuZnych rama do vyrubu.

NIVELACE PRO SLEDOVANI VYVOJE DIFERENCNIHO
SEDANI NAVAZANA NA MONITOROVACI VRTY

V projektu ,, Zhodnoceni stabilitniho a stavebné-technického sta-
vu Broumovské skupiny kostelii a ndvrh opatreni k zachovdni toho-
to jedinecného evropského kulturniho dédictvi* je vyuzivan systém
podpory monitoringu diferenéniho seddni pomoci instrumen-
tovanych vrtl pro velmi pfesna 3D sledovani deformaci podlozi

optical fibres, the influence of its curvature
on measured strain is negligible. The next
steps are development of fasteners of the
FBG sensors to the reinforcement frames and
methods of their connection after installation
of the assembled reinforcement frames near
the actual tunnel face.

LEVELLING FOR MONITORING

OF DEVELOPMENT OF DIFFERENTIAL
SETTLEMENT RELATED TO
MONITORING BOREHOLES

A system of support of monitoring of differential settlement
in the project “Evaluation of stability and technical conditions
of the Broumov group of churches and proposal of remediation
of this unique Europe culture heritage” is based on instrumented
boreholes for very accurate 3D monitoring of deformations of
the subsoil and foundation structures. The system of reference
points based on instrumented boreholes and the technique of link
to surveying was developed in projects of long-term monitoring
of historic buildings in the Prague Castle area [4] and is used in
the local survey network covering the entire area. The boreholes
for stabilisation of the reference points of the local survey network
of precise levelling are located in the monitored buildings usually
in places where indications of differential settlement are observed
or where it is necessary to investigate the technical conditions
of foundation structures and the subsoil [5]. Measurements with
a sliding micrometer are carried out manually in selected time
intervals simultaneously with surveying.

To a lesser extent, the system of monitoring of the differential
settlement is used for the Broumov group of churches. Within
the framework of further development of optical fibre sensors,
measurement casings for very accurate 3D monitoring of
deformations were equipped by FBG sensors connected to
measuring marks of the sliding micrometer outside the measurement
casing using a system of small anchors [5]. This measurement
casing with added FBG sensors allows continual monitoring of
the development of axial deformations, as well as possible linking
to the system of warning stages depending on the development of
axial deformations in the subsoil. In the presented case, the warning
system is not necessary since the development of deformations is
very slow. The connection of the FBGuard analyser to the GSM
module enables continual monitoring even from remote places,
such as churches of the Broumov group are.

There are cracks in the vault under the choir with organ in the
Church of All Saints (Kostel VSech Svatych) in Hefmankovice in
the Nachod Region. The boreholes for the subsoil investigation and
foundation of reference points were located on the external sides
of the vault buttresses (see Figures 7 and 8). (Levelling marks on
the perimeter of the church are not presented in Fig. 7). A pair of
boreholes with combined casing for very accurate 3D monitoring
of deformations, complemented by a series of FBG sensors,
passes through extension of foundations to the subgrade. Each
borehole toe is embedded in underlying sandstone at the depth of
about 12m under the surface of the extension of the footing and is
considered to be fixed. Insert tool into the top of each measuring
casing forms reference point of the levelling system [5]. Vertical
displacements of the tops of the measuring casings in BH1 and
BH2 boreholes, in this case measured by the sliding micrometer
and optical fibre sensors, are reported to a group of surveyors and
taken into account in the assessment of the levelling around the
church.
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a zékladovych konstrukci. Systém vztaznych
bodu tvofenych vystrojenymi vrty a zplsob
napojeni na geodeticka sledovani byl vyvinut
v projektech dlouhodobého sledovani histo-
rickych objekt arealu Prazského hradu [4]
a je uzivan v mistni geodetické siti, ktera po-
kryva cely aredl. Vrty pro zajisténi vztaznych
bodl mistniho systému pfesné nivelace jsou
situovany ve sledovanych objektech zpravidla
tam, kde jsou pozorovany projevy diferencni-
ho sedéni, nebo kde je tieba stav zdkladovych
konstrukei a podlozi prozkoumat [5]. Méfe- L )
ni klouzavym mikrometrem jsou provadéna Bi-??
rucné ve zvolenych ¢asovych intervalech sou- ‘ = ‘ —
bézné s geodetickym sledovanim. Em N

V mensim rozsahu je systém sledovani di-
ferencniho sedani uZivan pro broumovskou Obr. 7 Kostel Viech svatych v Hefmdnkovicich a vztainé body ve vrtech BHI a BH2 [5]
skupinu kosteli. V rdmci dalSiho vyvoje op-  Fig. 7 The Church of All Saints (Kostel VSech Svatych) in Hefmdnkovice and reference points in BHI
tovldknovych snimacd byly méfici paznice  and BH2 boreholes [5]
pro velmi presnd 3D sledovani deformaci
doplnény o FBG snimace pfipojené na me-
fické znaCky klouzavého mikrometru vné
méfici paznice pomoci systému kotvicek [5].
Tato méfici vystroj s pfidanymi snimaci FBG
umoziuje kontinudlni sledovani vyvoje oso-
vych deformaci i pripadné napojeni na sys-
tém varovnych stavll v zavislosti na vyvoji
osovych deformaci v podloZi stavby. V uva-
déném pripadé neni varovny systém tfeba, ne-
bot se jednd o velmi pomaly vyvoj deforma-
ci. Napojeni analyzitoru FBGuard na modul
GSM umoznuje kontinudlni sledovani i z od-
lehlych mist, jako jsou kostely broumovské
skupiny.

Kostel Vsech svatych v Hefmankovicich
v nachodském okrese vykazuje trhliny v klen-
bé pod kiirem s varhany, a proto byly vrty pro
prizkum a zajisténi vztaznych bodd umiste-
ny na vnéjsi stranu opér klenby (obr. 7, 8).
(V obr. 7 nejsou zobrazeny nivelacni znac-
ky na vnéjsim obvodu kostela.) Dvojice vrti
s kombinovanou vystroji pro velmi piesni 3D
sledovani deformaci, dopInéna o série snima-
¢t FBG, prochazi pres rozsiteni zdkladi do
podlozi. Paty vrti jsou vetknuty v podloZnich
piskovcich v hloubce cca 12 m pod povrchem
zakladovych past a jsou povaZovany za pev-
né. Vlozky do zhlavi vrtil tvori vztazné body
nivelacniho systému [5]. Svislé posuny zhlavi
vrti BH1 a BH2, v tomto pfipadé stanovené
pomoci klouzavého mikrometru a optovlak-
novymi senzory, jsou predavany skupiné geo-
detd a zapocCteny pri vyhodnoceni nivelace
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Obr. 8 Vrt BH1 vrtany pres rozsiteni zdkladového zdiva na jizni strané kostela

Fig. 8 BHI borehole carried out across the enlargement of the foundation masonry on the southern side
obvodu kostela. of the church

Optovldknové senzory jsou napojeny na
analyzator FBGuard s modulem GSM ve vézi

kostela. Pfiklady vysledk méfeni optovlaknovymi senzory ve vrtu The optical fibre sensors are connected to the FBGuard analyser

BH2 jsou zobrazeny v zavislosti na ¢ase v obr. 9. with the GSM module in the church tower. Examples of results
V dobé vyvoje optovldknovych méficich prvki nebyly na trhu | of measurements using optical fibre sensors in BH2 borehole are

cenové prijatelné robustni teplotni senzory FBG, a proto neby- | related to time and presented in Fig. 9.

ly pfi vystrojovani vrti osazeny. V obr. 9 je dobie patrny vliv At the time of the development of the optical fibre measurement,

teploty. S rostouci hloubkou senzorli deformace jeji vliv podle affordable robust FBG temperature sensors were not available
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on the market and, for that reason, they

\ —BH2 01 —BH202 — BH203  BH2_ 04 BH2.05 —BH2.06 | . . . .
Tom 20m 35m 55m 75m 00m were not mstallec.i dur?ng the installation of
100 hloubka snimace FBG pod Grovni terénu measurement casings in the boreholes. The
M FBG sensor depth below ground level . . . .
80 A influence of temperature is well obvious in

Fig. 9. As expected, it decreases with the

ny
o

increasing depth of sensors. BH2 borehole
is on the northern side of the church, which

[um/m]

is facing the slope. The foundations and

pretvoreni
strain [pm/m]
=P

the subsoil on this side of the church are
almost saturated with water, therefore, as

a result of higher thermal conductivity of

the environment, the depth of the influence

on measured values of deformations by
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temperature is significant. The vertical
displacements being assessed are very small
and it is obvious that development trends of

11.05.19
19.08.19

Obr. 9 Osové deformace ve vrtu BH2 sledované FBG senzory v zdvislosti na case [5]
Fig. 9 Time depending axial deformations in BH2 borehole monitored by FBG sensors [5]

predpokladi klesa. Vit BH2 je na severni strané kostela, ktera je
privracend ke svahu. Zdklady a podloZi jsou zde prakticky vodou
nasycené, a proto je v dusledku vyssi teplené vodivosti prostre-
di hloubka ovlivnéni méfenych hodnot deformaci teplotou velka.
Vyhodnocené svislé posuny jsou velmi malé a je zifejmé, Ze k pa-
trnym vyvojovym trendim deformaci nedochazi. Pribéhy jsou
cyklické. Toto potvrzuji i méfeni klouzavym mikrometrem, kte-
ry je dobte teplotné kompenzovan. Za uvedené obdobi sledovani
byly hodnoty svislych posunti v urovni zhlavi vystroje do velikosti
+0,15 mm.

Teplotni kompenzace optovlaknovych méfeni by v uvedeném
ptipadé znamenala osazeni senzord ve dvojicich (vZdy deformacni
a teplotni) vzhledem k teplotnimu spadu k paté vystroje a tepel-
né setrvacnosti prostfedi pii zménach teploty. Cena instrumentace
s teplotni kompenzaci se mirné€ zvysi vzhledem k nizké cené vhod-
nych teplotnich snimacd FBG s odolnymi pfipojovacimi kabely,
které jsou dnes na trhu standardné dostupné.

Systém sledovani diferen¢niho sedéani tak, jak je provozovan
v pripadé vybranych broumovskych kosteli, je mozné uZivat i pro
sledovéni sedani objekti v rozsahu poklesové kotliny pri razbé tu-
neld. Pfi razbé v extravilanu neni obvykle tfeba vysoké presnos-
ti méfeni ani vysoké Cetnosti. Jedna-li se o sledovani poklest pfi
razbé tuneltl pod méstskou zéastavbou, je nutnd zpravidla vysoka
presnost i Cetnost méfeni. Zde by mohla kontinudlni méteni sedé-
ni pomoci snimacti FBG ve vystrojenych vrtech signalizovat bez
prodlevy vyznamnéjsi vyvoj svislych deformaci a potfebu kratSich
intervald sledovani vyvoje poklesové kotliny a vyvolanych nerov-
nomérnych deformaci piesnou nivelaci.

Volbu polohy vztaznych bodd sytému nivelace pro sledovani
vyvoje poklesové kotliny je tfeba provést na zakladé inZenyrsko-
geologického prizkumu a predpokladi o vyvoji poklesové kotliny.
ZAVER

Optovldknové snimace umoziuji sledovani vyvoje deformaci
i v prostredich, kterd vykazuji nepfijatelné rusivé vlivy pro elek-
tromechanické snimace v dasledku naptiklad vysokého procen-
ta vyztuzeni Zelezobetonovych konstrukci, pfitomnosti silovych
vedeni elektrické energie apod. Metoda distribuovaného snimani
zmén deformace a teploty BOTDA je vhodna pro dlohy kontrolni-
ho sledovani, kde je obtiZzné predem odhadnout mista vzniku a roz-
voje deformaci. Méfici linie mohou dosahovat aZ kilometrovych
délek. Pilotni instrumentace a méfeni byly GspéSné provedeny ve

deformations do not take place. The courses
are cyclic. This fact is even confirmed by
measurements by the sliding micrometer,
which is well temperature compensated.
During the monitoring period, the values of vertical displacement
at the level of the top of the monitoring casing were less than
+0.15mm.

Thermal compensation of the optical fibre measurements would
mean in the presented case that pairs of sensors (a deformation
sensor and a thermal sensor) would be installed with respect to
the temperature gradient toward the casing toe and the thermal
inertia when temperature changes. The cost of the instrumentation
with thermal compensation will increase only slightly with respect
to the low price of suitable FBG thermal sensors with armoured
fibre optic cables, which are available as standard on the market
today.

The system of monitoring of differential settlement, as it has
been operated in the case of the selected Broumov churches, can
be used even for monitoring of settlement of buildings within
the settlement trough during excavation of tunnels. In the case of
driving tunnels in non-build-up areas, neither high accuracy of
measurements nor high frequency is usually necessary. If it is the
case of monitoring of subsidence during excavation of tunnels under
urban development, high accuracy and frequency of measurements
is usually necessary. Here the continual measurements using FBG
sensors in cased boreholes could signal without delay the more
significant development of vertical deformations and the need
for shorter intervals for monitoring of the development of the
settlement trough and induced differential settlement measured by
precise levelling.

The selection of reference points of the levelling system for
monitoring of the development of the settlement trough should be
carried out based on engineering geological site investigation and
assumptions about the settlement trough development.

CONCLUSION

Optical fibre sensors enable monitoring of the development of
deformations even in environments exhibiting unacceptable noise
disturbing measurements with use of electromechanical sensors
resulting, for example, from high percentage of reinforcement of
reinforced concrete, the presence of power lines etc. The BOTDA
method for distributed strain and temperature sensing is appropriate
for monitoring, where it is difficult to estimate the locations of
origin and development of deformations. The measurement lines
may reach even kilometre lengths. Pilot instrumentations and
measurements were successfully carried out in the central tunnel of
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sttednim tunelu prodluzované linky A prazského metra pred stanici extension of the Line A of the Prague metro in front of the Petfiny
Petfiny v roce 2011. Station in 2011.

Pfi navrhu snimaci a systémi sledovani na zdkladé FBG, neboli When designing sensors and systems of monitoring of foundations
optickych miizek vytvofenych pii vyrobé senzorickych vldken, je | based on the FBG (optical gratings created during production of
nutné zaji$téni jejich dostate¢né ochrany pro instalace do prostiedi | sensing fibres) it is necessary to provide sufficient resistance for
staveb a geotechnickych konstrukci. Navrhy systémua snimact jsou | installations into the subsoil and geotechnical structures. Design
do zna¢né miry individualni pro rizné tcely sledovéni. Vzhledem | of sensing systems is to a large extent individual for various
k citlivosti snimaci na teplotu je nutna jejich teplotni kompenzace | monitoring purposes. With respect to the sensitivity of the sensors

pro prostfedi se zmé&nami teplot nebo s teplotnimi spady. V soucas- to temperature, their thermal compensation for environments with

nosti je na trhu dostate¢ny vybér teplotnich snima¢t FBG, které Ize changes in temperature or with temperature gradients is necessary.

pfi navrhu systému pouZit spole¢né se snimaci deformace a vyrov- | Thereis currently a sufficient selection of FBG temperature sensors

nat se s teplotnimi vlivy. which can be used together with deformation sensors to cope with
Autori vyvijeji i snimace, které bude mozné pouzit do oblouko- temperature impacts when designing a system.

vych konstrukef a pii instalaci je tvarovat podle vnéjsiho a vniténi- The authors develop in addition sensors which can be used in

ho lice konstrukce. Z deformaci méfenych u okraji priifezu budou | arched structures and be shaped during installation according to
vyhodnoceny zmény tvaru konstrukce nebo jejich prvki. the external and internal surfaces of the structure. Changes in the
shape of the structure or its elements will be assessed on the base of

Podekovani deformations measured at both edges of the cross-section.

V pfispévku jsou vyuZity vybrané vystupy z projekti:
* FW01010384 Vyvoj optovldknovych méfidel pro podzemni ) ) )
stavby a opérné konstrukce, ktery je spolufinancovan se stit- Selected outputs of the following projects are used in the paper:

ni podporou Technologické agentury CR v rdmci Programu ‘ F W01010384  Development of fibre 9ptic measurement
TREND: instruments for underground constructions and retaining

structures, which is co-founded by the Technology Agency of
the Czech Republic within the TREND Program:;

* DG16P02R049 Evaluation of stability and technical conditions
of the Broumov group of churches and proposal of remediation
of this unique Europe culture heritage, supported in the NAKI
Program of the Ministry of Culture of the Czech Republic.
The chapter “Levelling for monitoring of development of
differential settlement related to monitoring boreholes” is in
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA PODZEMNICH STAVEB o stavbé nového kapacitniho silni¢niho a Zelezni¢niho propojeni mezi
némeckou pevninou a ostrovem Fehmarn. Stavajici silni¢ni a Zelezni¢-
B 60 let némecké asociace STUVA ni most postaveny v roce 1963 t&7ko zvlada soucasnou intenzitu do-
Dnem vzniku némecké asociace STUVA je 15. cCerven 1960. pravy a viibec by nebyl schopen zajistit jeji mnohonasobny nartst po
STUVA je némeckym ekvivalentem tunelafskych asociaci v ostat- | dokonceni naplavovaného tunelu mezi ostrovem Fehmarn a Danskem.
nich ¢lenskych zemich ITA. Jeji ¢innost je ovSem Siroka — zahrnuje Po posouzeni vS§ech moznych alternativ bylo rozhodnuto nové pro-
vzdélavaci, vyzkumné, zkusebni a konzultacni ¢innosti. Tomu odpo- pojeni némecké pevniny s ostrovem Fehmarn provést naplavovanym
vida i velikost jejiho sidla v Kolin€ nad Rynem, kde ke svému vyro¢i | tunelem délky 1,7 km, ktery bude mit dvé dvoupruhové trouby pro
oteviela novou moderni budovu pfistavénou k rekonstruované stiva- automobily a dvé jednokolejné trouby pro Zeleznici.
jici budové. Stary most se podle ptani obyvatel prilehlych oblasti bourat ne-

bude, lze jej totiZ chapat s ohledem na jeho stafi jako krajinotvor-
ny prvek. Po uvedeni nového propojeni do provozu probéhne jeho
rekonstrukce a bude slouzit péSim, cyklistim a pomalé vyhlidkové
automobilové doprave.

B Mexicky megatunel

V Mexiku buduji nejvétsi kanalizacni projekt na svété a my, tj.
my v Ceské republice, si miizeme fici, Ze nas problémy souvisejici
s touto stavbou nemohou potkat. Posudte sami: projekt se tyka hlav-

niho mésta zemé, ve kterém Zije 19 milion(i obyvatel a terén, na kte- B Piiprava stavby druhé tunelové trouby gotthardského silnic-
rém stoji toto mésto, klesne kazdy rok o 120 mm, coz ¢ini za sto let niho tunelu
12 metri! 1 rozsah stavby je mimoiadny — tunelovy kmenovy sbérac V prosinci 2019 Svycarské federdlni ministerstvo dopravy prezkou-
ma pramér 8,93 m a je dlouhy 62 km! malo projekt stavby druhé tunelové trouby gotthardského silni¢niho
Novodobé mésto Mexiko (Mexico City) bylo zaloZeno v roce 1521 tunelu a povolilo jeho dopracovéni a pfipravu stavby. Podle stavu pred
na misté starovékého predkolonidlniho mésta v prohloubening tvo- | Vypuknutim koronavirové epidemie mély byt stavebni prace zahdjeny
fené dnem nékdejsich péti velkych jezer. Je to prostor, ktery svéd- | zacdtkem letniho obdobi 2020. Druha trouba by méla byt uvedena do
¢i povodnim. Prvni zaznamenana mésto zatopila o 34 rokl pozdéji provozu v polovin€ roku 2029, pak by nasledovala rekonstrukce staré
v roce 1555. Dnes jsou povodné Cast&jsi a veti. trouby a obé trouby by byly v provozu od roku 2032. Aby nedoslo
Vyuzivani podzemnich vod pod méstem vede ke zminénému kle- | ke zvySeni intenzity dopravy oproti souCasnému stavu, bude v kazdé
sani mésta (jak uZ bylo uvedeno, mé&sto klesd o 12 cm za rok). troub€ vyuZivan pouze jeden jizdni pruh, druhy bude slouZit jen pro
V Sedesatych letech 19. stoleti byl vykopén tzv. Grand Canal dlou- | ©odstaveni porouchanych vozidel.
hy 50 km, ktery mél odvadét destovou a odpadni vodu pry¢ z pro- | M Prorazka posledniho tunelu do prostoru podzemniho hlavni-
hlubné, ve které stoji mésto. To ovSem od té doby kleslo tolik, ze ho nadrazi ve Stuttgartu
kandl mé dnes obraceny spad. Problém se fesil vystavbou Cerpacich Zacatkem kvétna 2020 byl na Zelezni¢nim projektu Stuttgart 21
stanic, které v roce 1975 byly schopné erpat 80 msec, dnes oviem | dosazen dal3i dileZity milnik — posledni ze &tyf tuneld usticich do
z raznych davoda Cerpaji jen 42 m?/sec. prostoru budouciho podzemniho hlavniho nadrazi byl prorazen. Jed-
Navzdory velmi sloZitym geotechnickym vlastnostem podlozi byl | nalo se o vychodni troubu 9,5 km dlouhého tunelu Filder. Jednim
v Sedesatych letech 20. stoleti pro odvedeni odpadnich vod ru¢né vy- |z piinosti stavby po jejim dokonceni bude zkriceni jizdni doby na
raZen tunel pfiblizné 100 m pod povrchem, tzv. Emisor Central. Ten | stuttgartské letisté z pil hodiny na osm minut!
ale od roku 1975 takeé klesl, a sice 0 7 m. Jeho tpravy a rekonstrukce Kviili koronavirové krizi se nemohla uskute¢nit slavnostni prordz-
Jsou problematické, protoZe jim trvale proudi odpadni voda. Navic | ka, a proto ¢len predstavenstva DB v médiich viele ocenil dsili viech
od roku 1975 do roku 2000 se pocet obyvatel zdvojndsobil na uve- | pracovnik, ktefi se na splnéni tohoto milniku podileli.
denych 19 miliont. Produkce odpadnich vod stoupla na 40 m*/sec, Na projektu Stuttgart 21 je nyni prorazeno 50 km tunelii z celkové

ale systém je schopen odvést jen 10 m¥sec. Mél by ovSem odvadét | délky 59 km.

i destové srazky, coZ ale neni schopen a hlavné historické jadro Casto B Mimo#4dny piitok vody do provozovaného bazového tunelu
zaplavuji povodné. Litschberg
Déle nebylo mozné cekat. V roce 2008 byla zahajena razba nového

kmenového sbérace (Tunel Emisor Oriente) priméru 8,93 m a dél-
ky 62 km. Sbéra¢ odvede odpadni a deStovou vodu mimo prohluberi
k nové Cistirné odpadnich vod o kapacité 36 m*/sec, ktera je nejvétsi
v Latinské Americe. Sbérac razilo Sest zeminovych stitd, tfi dodala
firma Robbins a tfi Herrenknech. Geotechnické podminky pro razbu
byly extrémni. Od bahna, pies zvodnélé jily az k vulkanickym horni-
nam. Razici price byly dokonceny koncem roku 2019.

Po uvedeni nového sbérace do provozu bude piivodni sbéra¢ (Emi-
sor Central) rekonstruovan.

Vychodni tunelova trouba Svycarského bazového tunelu Lotsch-
berg musela byt v roce 2020 prozatim tfikrat uzaviena (v unoru, biez-
nu a koncem dubna) kvili ptitoku vody a bahna do tunelu. Stalo se to
asi 2,5 km od jizniho portalu. V tom misté byl pfi razbé priazkumnymi
vrty nacepovan krasovy pramen, vyvérajici voda byla svedena do dre-
nazniho potrubi poloZeného za izolaci a za sekundarnim betonovym
osténim. Predpoklada se, ze vysoky tlak vody poskodil drendzni po-
trubi i izolaci.

V soucasnosti jsou prosakujici voda a bahno svedeny do docasné
sedimentacni nadrze a oblast je monitorovana. Navrh feseni problé-

B Nové propojeni némeckého ostrova Fehmarn s pevninou mu zahrnuje vybourani vnitiniho osténi v délce 10 az 15 m a vyrazeni
Jiz diive jsme informovali, Ze Dansko a Némecko se dohodly, | kaverny kolmo na tunelovou troubu. V kaverné se ziidi sedimentacni
Ze nahradi lodni trajekty prevazejici automobily i vlakové soupra- nadrz o objemu nejméné 1000 m?. Odsazena voda bude odvadéna

vy sméfujici na Kodan podmoi'skym naplavovanym tunelem. Jednd | opravenym drenaznim potrubim, usazeny sediment se odveze po Ze-
se o prekondni morské GzZiny mezi némeckym ostrovem Fehmarn leznici.

a Danskem. Bude to grandidzni stavba, protoZe uZina mi v tomto Pokud Svycarské federdlni ministerstvo dopravy odsouhlasi tato
misté Sifku skoro dvacet kilometra. opatfeni, predpoklada se, Ze prace budou zahajeny v podzimnich mé-
Nez ale k této stavbé dojde, dohodly se némecké federalni minis- sicich roku 2020. Vychodni trouba bude mimo provoz nékolik mé-

terstvo dopravy, stét Slesvicko-HolStynsko a némecké Zeleznice (DB) sica.
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B Prorazka na tunelu Svaté Lucie

V Itdlii se pracuje v oblasti Apenin na zlepSeni silni¢niho spojeni
mezi Florencii a Bolognou. Cilem je dobudovat na kiiZeni Apenin
plné kapacitni délnici Al. Klicovym prvkem je dalni¢ni tunel Sv. Lu-
cie délky 7,5 km. Ten byl prorazen 8. Cervna 2020 nejvétsim tunelo-
vacim strojem, ktery kdy byl v Evropé pouzit. Jde o zeminovy $tit
(EPBS) o priiméru 15,87 m vyrobeny firmou Herrenknecht. Dosud
nejvetsi stit praméru 15,55 m dodany stejnou firmou razil také v Ape-
ninéch pro stejnou dalnici tunel Sparvo.

Stroj pro razbu tunelu Sv. Lucia musel byt vybaven varovnym
a ochrannym systémem proti o¢ekdvanym vyskytim metanu.
B Podmoisky tunel u mésta Shantou v Ciné

Mésto Shantou lezi 300 km vychodné od Hongkongu a rozprostird
se okolo zatoky Su” ai. Tunel délky 3,05 km o dvou troubach razeny
pod zétokou spoji dvé protilehlé oblasti mésta a prispéje vyznamné
ke sniZeni automobilové dopravy ve mésté. Kazda tunelova trouba
bude mit tfi jizdni pruhy.

Tunely razi bentonitovy §tit o priméru 15,03 m, Stit byl vyroben

ZPRAVY 2 TUNELARSKYCH KONFERENCI

KONFERENCE GEOTECHNIKA 2020
GEOTECHNICS 2020 CONFERENCE

The 17" Geotechnics 2020 international conference was held
from 17"-18" September 2020 in Solan hotel in the Beskyds. It
was organised by the Department of Geotechnics and Underground
Construction of the Faculty of Civil Engineering of the VSB-TU
Ostrava. The turnout at the conference, held under the auspices
of the ITA-AITES Czech Tunnelling Association, was marked by
coronavirus measures, which prevented traditional participants
from Slovakia as well as from some domestic companies and
organizations from participating in the conference. Nevertheless, an
interesting program for more than 70 participants was successfully
compiled. As in previous years, the focus of the conference was
very wide, covering, among other things, the current area of
energy geotechnics associated with gaining, respectively storing
geothermal energy and the area associated with the preparation of
a deep geological radioactive waste repository. 23 papers in total
were presented during the two conference days.

Ve dnech 17.-18. 9. 2020 se konal v krdsném prostiedi horského
hotelu Solén v Beskydech 17. ro¢nik mezindrodni konference Geo-
technika 2020, jejimz organizatorem je Katedra geotechniky a pod-
zemniho stavitelstvi Fakulty stavebni VSB-TU Ostrava. U¢astnakon-
ferenci konané pod zastitou Ceské tunelaiské asociace ITA-AITES
byla poznamenana koronavirovymi opatienimi, kterd znemoznila
tradi¢nim ucastnikiim ze Slovenska i z nékterych tuzemskych fi-
rem a organizaci pfijet na konferenci. Presto se podafilo sestavit
zajimavy program pro vice neZ 70 ucastnikd. Stejné jako v pred-
chozich ro¢nicich bylo zaméfeni konference velmi Siroké, mimo
jiné pokryvalo i aktudlni oblast energetické geotechniky spojenou
se ziskavanim, resp. ukldddnim geotermalni energie, a oblast spoje-
nou s pfipravou hlubinného tlozisté radioaktivniho odpadu. Béhem
dvou konferenc¢nich dni zaznélo celkem 23 pfispévkd.

V prvni ¢asti jednani byl jako tradi¢né dan prostor univerzitnim
pracovistim v Ceské republice a na Slovensku pro prezentaci jejich
pedagogické a védecko-vyzkumné ¢innosti. Tuto piilezitost vyuzily
jak katedra geotechniky Stavebni fakulty v Ziling, tak i katedra geo-
techniky a podzemniho stavitelstvi Fakulty stavebni VSB-TU Ost-
rava. Prispévek katedry geotechniky Slovenské technické univerzity
v Bratislavé nebyl sice prednesen, ale je uveden ve sborniku kon-

v Ciné a prvni troubu prorazil 7. srpna 2020 po 600 dnech razby.
Nebylo to nic jednoduchého, protoze geotechnické i jiné podminky
(vysoka seismicita, malé nadloZi) fadily projekt mezi vysoce obtiZné.
V trase byly zastiZeny hlavné jemné az hrubé pisky, bahno, zahlinéné
pisky a také Zula! Konstrukce $§titu a jeho vybaveni byly navrzeny
s ohledem na zvladnuti vySe zminénych slozitych podminek.

Nejlepsi dosazené vykony razby: 25 m za den, 150 m za tyden
a400 m za mésic.

B Rekordné dlouhé potrubi odvadéjici vycisténou odpadni
vodu do more v Kuvajtu

Vycisténa odpadni voda z kanalizacni Cistirny v Kuvajtu bude od-
vadéna do Perského zélivu 1950 m dlouhym potrubim. Potrubi bude
mit vnitfni primér 2,20 m a bude protla¢ovano soupravou o vnéj$im
praméru 2,64 m, kterou dodala firma Herrenknecht. Odhaduje se, Ze
se pouzije 16 az 17 tlanych mezistanic. Po dokonceni razby bude
razici $tit vyzvednut z morského dna pomoci nafukovacich vaka.

Ing. MILOSLAV NOVOTNY, mila_novotny@volny.cz

NEWS FROM TUNNELLING CONFERENCES

ference. VSemi prezentovanymi prispévky s touto problematikou se
neslo konstatovani, Ze i presto, Ze se katedry snazi riznymi zpuso-
by propagovat studium tohoto zaméfeni, pocty zdjemcu o studium
problematiky geotechniky a podzemniho stavitelstvi klesaji, coZ na
druhé stran¢ kontrastuje s potfebami praxe. Zde patii podeékovani
mnoha firmam, které spolupracuji s univerzitnimi pracovisti a raz-
nymi formami pomahaji zvysit zajem o studium oboru geotechnika
a podzemni stavitelstvi a umoznuji vyssi propojeni vyuky s geo-
technickou praxi.

V dalii ¢asti konference vystoupili zastupci firmy SURAO s vel-
mi zajimavymi prispévky, které se tykaly druhé etapy vystavby pod-
zemniho vyzkumného pracovisté Bukov a také problematiky ziZeni
poctu lokalit pro umisténi hlubinného dloziste.

V tvodni ¢asti konference predstavil moZnosti vyuZiti geotech-
nického softwaru MIDAS GTS zéstupce firmy Midas software s.r.o.
Ing. Michna.

Cast prispévkil konference byla vénovana problematice stability
svah a jejich sanacim (prezentace zastupcti firem AMBERG ENGI-
NEERING Brno a.s., AMBERG ENGINEERING Slovakia, s.r.o.,
SAFETY PRO s.r.o., MACCAFERRI CENTRAL EUROPE s.r.0.).
Zastupci akademickych pracovist VSB-TU Ostrava a Ustavu geo-
niky AV CR Ostrava pak prezentovali problematiku stochastickych
pfistupd k hodnoceni stability svahl a dale srovndni standardné
vyuZivané metody redukce pevnostnich parametrd pro kvantifikaci
stupné stability s alternativni metodou limitni analyzy.

Na vyznam dopliikového inZenyrskogeologického priizkumu na
liniovych stavbich na piikladu severniho obchvatu mésta Opavy
poukazal pfispévek doc. Pospisila a prof. Rapantové.

Zastupci firmy GEOMAT s.r.o., pfipravili prispévek tykajici se
principtl plosného zakladani nasypt pomoci geobuiikové struktury.
Aplikaci mechanického zptisobu sanace promisenim heterogennich
zemin s nevhodnymi deformacnimi parametry v trovni zemni pla-
né liniovych staveb se zabyval kolektiv autort z firmy SAFETY
PRO s.r.o.

Problematice experimentalniho odvozeni smykové pevnosti plas-
tového rozhrani mezi injektovanou mikropilotou a okolnim prostie-
dim se v&noval piispévek doc. Vojtasika z VSB-TU Ostrava. Dalgi
prispévek pripraveny kolektivem pracovniki z téhoZ pracovisté
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prezentoval vysledky vyzkumu interakce energetické piloty se stav- zdi. Siroké moZnosti vyuZiti 3D skeneru v geotechnickém inZenyr-
bou a zeminovym prostfedim. stvi pak predstavil kolektiv autort z katedry geotechniky a podzem-

Prof. Blaheta z Ustavu geoniky AV CR piednesl za kolektiv au- niho stavitelstvi VSB-TU Ostrava. Ve spolupraci pracovniki této
tort prispévek tykajici se inverzni analyzy pro stanoveni hydraulic- katedry s pracovniky Fakulty elektrotechniky a informatiky VSB-
ké konduktivity hornin se zaméfenim na oblast raZbou indukované | -TU Ostrava byl rovnéZ pfipraven piispévek tykajici se alternativ-

porusené zony v okoli podzemnich dél. Autorsky kolektiv z téhoZ | nich pristupii sledovani dynamickych uéinkii od antropogennich
akademického pracovist€ pak pfipravil prispévek zaméfeny na | zdrojd s vyuZitim nové vyvijeného optoelektrického interferometru.
uinosnost ocelové obloukové vyztuze podzemnich chodeb, kombi- Z divodu nemoZnosti osobni tcasti nékterych kolegh jsou jejich
nace experimentdlnich méfeni a matematického modelovani byla | pfispévky uvedeny pouze ve sborniku konference. Jedna se o pfi-
zaméfena predevsim na optimalizaci spojovacich prvkl, materiala spévek kolektivu autordi prof. Hulla (STU Bratislava), Ing. Chro-

vyztuZe a zplsobu jejiho zatéZovani. pen (Bauer Spezialtiefbau Ges.m.b.H) a Ing. Vrabela (Geotechnik

Vybranymi geotechnickymi a bezpe¢nostnimi problémy spo- | SK s.r.o.) tykajici se vliva vodnich tlakovych horizonti a inten-
jenymi s vyuZivanim lokalit dloZnych mist €Zebnich odpadii pro | zivniho proudéni vody v nezatuhnuté betonové smési na poruchy
stavebni Cinnost se zabyval piispévek Ing. Hajovského (SG-Geoin- | vrtanych pilot. Dale se jedna o piispévek prof. Frankovské z STU
Zenyring S.r.0.). Bratislava, zabyvajici se metodikou stanoveni parametrii hornino-

Kolektiv autorti kaatedry geOteChniky a pOdZemnihO stavitelstvi vého prostfedi Spojen}']ch se zménou tep]oty v horninovém prostfe_
Fakulty stavebni VSB-TU Ostrava a University of Beira Interior di. Pouze ve sborniku je rovn&Z uveden piispévek firmy Minova

z Portugalska predstavil vysledky svého vyzkumu v oblasti chovani | Bohemia s.r.0. zaméfeny na rekonstrukci a statické zaji$téni zam-

vysypkovych jilovitych materiali povrchové t€zby. Ucastniky kon- | ky v Hradci nad Moravici s aplikaci mikropilot, plo§né cementové

ference velmi zaujal piispévek prof. Rapantové z téhoZ pracovisté, i chemické injektaZe a samozavrtnych ty&i IBO R32.

zabyvajici se predikci zatdpéni ostravské uhelné panve a jeho envi- Organizatofi d&kuji viem ucastnikim a predndSejicim a v&fi,

ronmentalnimi riziky. Ze 1 pres problémy spojené s epidemiologickymi opatfenimi byla
V rdmci konference zaznély rovnéZ velmi zajimavé a inspirativni | yonference v rouskovém stylu Gsp&snd a pfinosna a Ze se za dva

prispévky z oblasti geotechnického monitoringu. Navrhem a im- | roky opét sejdeme na dal3im ro¢niku této konference v klidn&jsich

plementaci komplexnich bezdratovych méficich systémi pro mo- Ensadh,

nitoring vybranych veli¢in a v€asnou identifikaci varovnych stavl

v geotechnické praxi predstavil kolektiv autord z Fakulty elektro- doc. RNDr. EVA HRUBESOVA, Ph.D.,

techniky a informatiky VSB-TU Ostrava na piikladech monitoringu eva.hrubesova@ysb.cz,

stavu ochrannych plott a bariér a monitoringu zatiZeni gabionovych Fakulta stavebni, VSB-TU Ostrava

AKTUALITY 2 PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA THE CZECH REPUBLIC
METRO D — NOVA LINKA PRAZSKEHO METRA METRO D — NEW LINE OF PRAGUE METRO

Projekt metra D formou geologického prazkumu dospél do féze, The Metro D project in the form of geological survey has reached
kdy planované ¢innosti na prvnich dvou lokalitich ze &tyf jiz byly the phase where the activities planned for first two localities of the
dokonceny. Na dokonéenych lokalitich tedy na lokalité PAD1b four have already been finished. At the completed locations, i.e.
(Metrostav a.s.) a lokalit® OL1 (STRABAG a.s.) proto v t&chto location PAD1b (Metrostav a.s.) and location OL1 (STRABAG a.s.).
chvilich probih4 vyhodnocovani zastiZenych vysledki geologické- For that reason, the process of evaluating the encountered results
ho priizkumu a geotechnickych méfeni, v tomto kontextu jsou zde of geological survey and geotechnical measurements is underway.
zpracovévany i zavéreéné zpravy. Od srpna 2020 jsou pak dale ob& The final reports' are being prepared.in this context: Since August
lokality jiZ sledovany a obsluhovany pouze z pohledu zabezpeteni | 2020- both locations have been monitored and serviced only from
a idr7by podzemniho dila a ostrahy stavenists. the pomt.of view of security z.md rpamtena.nce of the underground

Spole¢nostem INSET s.r.o. a GeoTec-GS, a.s., které se vénuji pa- construction an,d = gonstructlon site security. )
sportizaci a prubéznému sledovani celkem 59 podzemnich a povr- T_h © ORI o INSE,T, s.r.0. and GeoTe?-GS, 485 .Wh.lCh
Shain @bk, (il ekt e e SoTiilasn Tlhsin s ae dedicate themselves to condition survey and continuous monitoring
oo ik bodowy GEMIN i, em ke |17 211 st s v o
mohla byt t€mito spolecnostmi provedena zdkladni pasportizace. granted by the owner. Therefore, the t\%vo companies coulzpcarry
U vsech sledovanych objektl se také pfipravuje pribézné aktudlni

” ) e . out the basic condition survey of the building. A continuous current
repasportizace, kterd bude reagovat na postup provadénych pract | . iion resurvey is also under preparation. It will respond to the
v podzemi plynoucich z probihajicich razeb.

progressing underground excavation.

V soucasné dobé tedy prace v podzemi probihaji v dotceném At present, underground work proceeds in the Pankric —
tseku Pankrac — Olbrachtova jiZ jenom na dvou zbyvajicich lokali- | QObrachtova section only in the two remaining locations, PAD4
tach PAD4 (Metrostav a.s.) a VO-OL (HOCHTIEF CZ a. s.) a sou- | (Metrostav a.s.) and VO-OL (HOCHTIEF CZ a. s.), and is focused
stfedi se zejména na razbu horizontalnich $tol a tuneli a pokusné | mainly on the excavation of horizontal galleries and tunnels and
chemické injektaZe. Na lokalit€ VO-OL (obr. 1, 2) ma spoleCnost | the trial chemical grouting. In the VO-OL location (see Figures
HOCHTIEF CZ a. s. vyrazeno jiz vice nez 180 m pruzkumné $toly, 1 and 2), the company of HOCHTIEF CZ a. s. has finished the
na lokalit¢ PAD4 (obr. 3) se pak spolecnost Metrostav a.s. kromé excavation of over 180m of the exploratory gallery. In the PAD4
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Obr. 1 Lokalita VO-OL, pohled do prizkumné §toly v dsti rozsifené na plny
profil budouciho dvoukolejného tunelu

Fig. 1 VO-OL location, a view down the exploratory gallery in the part
expanded to the full profile of the future double-track tunnel

probihajicich raZzeb vénuje také pravé aplikaci a vyhodnoceni uZit-
nosti chemickych injektdzi v daném geologickém prostiedi. Tyto
zbylé dvé lokality by podle platného harmonogramu mély byt do-
konceny v 1été 2021.

Obr. 2 Lokalita VO-OL, ¢elba priizkumné $toly v dsti profilu budouciho dvou-
kolejného tunelu

Fig. 2 VO-OL location, excavation face of the exploratory gallery in the part of
the future double-track tunnel profile

location (see Fig. 3), the company of Metrostav a.s. dedicates itself,
with the exception of the ongoing underground excavation, also
to the application and assessment of the usefulness of chemical
grouting to the existing geological environment. According to the
valid schedule, these two remaining locations should be completed
in summer 2021.

A separate and certainly very important and monitored chapter
is measuring of currently operating station tunnels and adjacent
running tunnels of Pankric station on metro line C, which are in
direct contact with the excavation of galleries for geological survey.
The Monitoring Board (MOBO), established for this purpose, is
responsible for the assessment of data from these measurements and
their interpretation in interaction with the underground excavation
being carried out. One of the results of the MOBO activities is that
the necessity for replacement of the existing DN400 water pipeline
affected by the excavation in Na StrZi Street, where the pipeline
settlement values exceeded the values set by the design to be the
values of the warning state assumed by the designer.

The public competition for the selection of the contractor for the
first linking operating section, Pankrac — Olbrachtova (civil work)
and for contractor for comprehensive geomonitoring of the same
construction section is still ongoing. However, the process of both
tenders was cast doubt upon by filing an objection with the UOHS
(office for protection of competition), which is currently examining
its legitimacy and the issuance of a subsequent binding decision is
still expected.

The objections lodged by the complainant even within the
framework of the building permission proceedings were rejected
by a resolution of the two ministries concerned. Taking into
consideration the above-mentioned facts, the current assumption for

Obr. 3 Lokalita PAD4, pohled do prizkumné Stoly a priprava pro provddéni
chemickych injektdzi
Fig. 3 PAD4 location, a view down the exploratory gallery and preparation for

chemical grouting




Samostatnou a jisté¢ velmi duleZitou a sledovanou kapitolou je
méfeni dnes provozovanych stani¢nich a k nim prilehlych tratovych
tunell stavajici stanice Pankrac metra C, s kterou jsou provadéné
razby Stol geologického prizkumu v pfimém kontaktu. Vyhodnoco-
vani dat z téchto méfeni a jejich interpretaci v interakci s provadé-
nymi raZbami ma na starosti za timto icelem zfizend Rada monito-
ringu (RAMO). Jednim z vysledku ¢innosti RAMO je i identifikace
nutnosti vymény razbou dot¢eného vodovodniho fadu DN400 v uli-
ci Na Strzi, kde doslo k poklesu stavajiciho potrubi nad projektem
urc¢ené hodnoty jim pfedpoklddaného varovného stavu.

Veftejna soutéz na vyber zhotovitele prvniho navazujiciho provoz-
niho useku Pankrac — Olbrachtova (stavebni ¢éast) a na dodavatele
komplexniho geomonitoringu stejného tseku stavby stale probiha.
Proces obou vybérovych fizeni vSak byl zpochybnén poddnim na-
mitky k UOHS, ktery nyni zkoumd jejich opravnénost v oéekavani
vydani nasledného zdvazného rozhodnuti.

I v ramci stavebniho fizeni pro ziskdni hlavniho stavebniho po-
voleni byly podané namitky stéZovatele, které byly usnesenim obou
dotcenych ministerstev zamitnuty. S prihlédnutim k vyse uvedenym
skute¢nostem je tak aktudlnim predpokladem pro zahdjeni stavby
metra D v tseku Pankrdc — Olbrachtova jaro 2021.

V navazujicich ¢innostech potom obstaravatel zadavatele spolec-
nost InZenyring dopravnich staveb a.s. pokracuje i v administraci
zadosti vedouci k ziskdni stavebniho povoleni pro stavbu dalsiho
navazujiciho provozniho useku Olbrachtova — Nové Dvory s pfistu-
povymi tunely z lokality Pisnice.

Prejme tedy vystavbé trasy metra D i naddle hodné §tésti a dobrou
kondici.

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

NOVE ZELEZNICNi TUNELY NA IV. ZELEZNICNIM
KORIDORU

V ramci stavby ,,Modernizace trati Sudoméfice — Votice* se bu-
duji dva nové Zeleznicni tunely. Oba tunely jsou razeny Novou ra-
kouskou tunelovaci metodou. Investorem stavby je Sprava Zeleznic,
statni organizace a zhotovitelem stavby spoleénost OHL ZS, a.s.
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commencing the Metro D construction in the Pankrac — Olbrachtova
section is the spring of 2021.

In follow-up activities, the procurer for the contracting authority,
the company of Inzenyring dopravnich staveb a.s. (engineering of
transport projects), continues to administer the application leading
to obtaining a building permit for the construction of the next
linking operating section, Olbrachtova — Nové Dvory with access
tunnels from Pisnice.

Let us wish the Metro D Line construction good luck and good
physical condition.

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. Sprava Zeleznic, statni organizace (railway
infrastructure administration, state organisation), is the project
owner and OHL ZS, a.s., is the contractor for construction.

Mezno tunnel

The Mezno tunnel is an 840m long mined double-track railway
tunnel; 768m of its length are being mined; the following cut-and-
cover sections at the entrance and exit portals are 48m and 24m
long, respectively.

As of 20 October 2020, the tunnel excavation has been finished
within the top heading and bench profiles including safety recesses.
The bottom (invert) excavation is further underway in the 288m long
section ahead of the entrance portal, which will be provided with
a waterproofing system around the full circumference to protect
drinking water sources near the tunnel. The work on the secondary
lining (see Fig. 4) is underway from the exit portal. The total number
of the 12m long tunnel blocks amounts to 70, with 2 + 4 blocks
of that number being parts of the cut-and-cover tunnels. All tunnel
blocks are designed as reinforced concrete structures. Mapeplan TU
WL membrane 2.2mm thick is used for the intermediate umbrella
waterproofing system, whilst a 3.2mm thick membrane is used in
the section with the full-circumference waterproofing

system. The lining from C 30/37 XF1 XAl concrete
in the mined tunnel is minimally 400mm thick; it is
600mm thick in the C 30/37 XA2 XF3 concrete cut-
and-cover tunnel sections. The tunnel is equipped
with a longitudinal system of central and side drains.

Deborec¢ tunnel

The Deborec tunnel is a 660m long mined double-
track railway tunnel; 562m of its length are being
mined; the linking sections at both portals are 49m
long each.

The tunnel excavation has been finished and
provided with primary lining support throughout its
length. At the moment, the work on the secondary
lining is ongoing (see Fig. 5) in the direction from the
exit portal and the cut-and-cover tunnel at the entrance
is being concreted. The total number of the 12m long
tunnel blocks amounts to 55, with 4 + 4 blocks of
that number being parts of the cut-and-cover tunnels.
Unreinforced concrete is designed for 10 tunnel blocks

Obr. 4 Tunel Mezno, zahdjeni praci na sekunddrnim osténi
Fig. 4 Mezno tunnel, commencement of work on secondary lining

in the section with favourable geology. Sikaplan WP
1100-22HL2 membrane 2.2mm thick is used for the
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Tunel Mezno

Tunel Mezno je raZzeny Zeleznicni dvoukolejny
tunel celkové délky 840 m, z toho razena cast tvori
768 m, navazujici hloubena cast u vjezdového portilu
ma délku 48 m a u vyjezdového portalu 24 m.

K 20. 10. 2020 byl tunel vyrazen v profilu kaloty
a opéfi véetné bezpecnostnich vyklenkl. Déle probi-
hé dobirka dna (protiklenby) v tseku délky 288 m od
vjezdového portalu, ktery bude opatfen celoploSnou
izolaci za ucelem ochrany zdroji pitné vody v bliz-
kosti tunelu. Od vyjezdového portélu jsou realizovany
prace na sekundarnim osténi (obr. 4). Celkovy pocet
tunelovych past délky 12 m je 70, z toho 2 + 4 jsou
soucasti hloubenych tuneli. VSechny tunelové pésy
jsou navrzeny jako vyztuZené. Pro mezilehlou deStni-
kovou hydroizolaci je pouzita PVC félie Mapeplan TU
WL 2,2 mm, v tseku s celoplo$nou izolaci je pouzita
folie tloustky 3,2 mm. Minimélni tloustka osténi z be-
tonu C 30/37 XF1 XAl v razeném tunelu je 400 mm
a v hloubenych tsecich 600 mm z betonu C 30/37 XA2
XF3. Tunel je vybaven podélnym systémem stfednich
a bocnich drendzi.

Tunel Debore¢

Tunel Deborec¢ je raZeny Zelezni¢ni dvoukolejny tunel celkové
délky 660 m, z toho raZend ¢ast tvoii 562 m a navazujici hloubené
¢asti u obou portalt maji délku 49 m.

Tunel je v celé délce vyrazen a zajiStén primarnim osténim. Ak-
tualné€ probihaji prace na realizaci sekunddrniho osténi (obr. 5)
smérem od vyjezdového portdlu a betonaz vjezdového hloubeného
tunelu. Celkovy pocet tunelovych past délky 12 m je 55, z toho
4 + 4 jsou soucdsti hloubenych tunelti, 10 tunelovych past v tse-
ku s priznivou geologii je nevyztuZenych. Jako mezilehla deStni-
kova hydroizolace je pouzita PVC félie Sikaplan WP 1100-22HL2
tloustky 2,2 mm. Minimalni tloustka osténi z betonu C 30/37 XCl1
XF1 XA2 v razeném tunelu je 320, resp. 420 mm v dseku se spodni
klenbou. V useku prichodu tektonickou poruchou je pouzit beton
C 50/60 XC1 XF1 XA2.V hloubenych tsecich je tl. osténi 600 mm
z betonu C 30/37 XC1 XA2 XF3. Tunel je vybaven podélnym sys-
témem stfednich a boc¢nich drendzi.

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

ZELEZNICNI TUNEL ZVEROTICE

Dvoukolejny Zelezni¢ni tunel Zvérotice délky 370 m na tratovém
useku Sobéslav — Doubi je soucasti IV. Zelezni¢niho koridoru spoju-
jiciho po dokonéeni Prahu s Ceskymi Bud&jovicemi a déle s rakous-
kym Lincem. Stavba se nachdzi v t€sné blizkosti mésta Sobéslav
a trasy délnice D3.

Vystavba probiha proudové od vjezdového portalu. Tunel je
vzhledem k nizkému nadloZi provadény v oteviené stavebni jamé
hloubky az 15 m. Geologické poméry v trase tunelu vyzaduji rozdil-
ny zpusob zajisténi stability stavebni jamy. V portalovych oblastech
v dobrych geotechnickych podminkach je stavebni jdma provadéna
jako svahovand. Prvni etdZ stavebni jamy chrani proti povétrnost-
nim vliviim protierozni matrace, druhd a tieti etaZ provadéna v hor-
nindch pevnostni tfidy R4-R3 je stabilizovana stiikanym betonem
se siti. Horninovy masiv na bocich druhé a tfeti etdZe vyztuZuji ty-
¢ové kotvy typu SN délky 4 m. Dno stavebni jamy v tomto tseku
tvofi navétralé az zdravé pararuly. Stfedni Cast stavebni jamy tvori
siln€ zvétralé horniny, které maji ve dn€ jamy charakter jili. Jeji sta-

Obr. 5 Tunel Deborec, realizace sekunddrniho osténi
Fig. 5 Deborec tunnel, work on secondary lining

intermediate umbrella waterproofing system. The C 30/37 XC1 XF1
XA2 concrete lining in the mined tunnel is minimally 320mm thick,
respectively 420mm thick in the section with invert. C 50/60 XC1
XF1 XA2 concrete is used in the section passing through the tectonic
fault. The C 30/37 XC1 XA2 XF3 concrete lining is 600mm thick in
the cut-and-cover sections. The tunnel is equipped with a longitudinal
system of central and side drains.

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

ZVEROTICE RAIL TUNNEL

The 370m long double-track rail tunnel in the Sobéslav — Doubi
track section is part of Railway Corridor No. 4, which will, after
completion, link Prague with Ceské Budg&jovice and further with
Linz, Austria. The construction is located near the town of Sobéslav
and the D3 motorway route.

The construction proceeds from the tunnel entrance using the flow
method of construction organisation. With respect to the shallow
overburden, the tunnel is constructed in an open pit up to 15m deep.
Geological conditions along the tunnel route require different systems
of stabilisation of the construction pit. In the portal areas in good
geological conditions, the construction pit is carried out as excavation
with slopes. The first stage of the construction pit is protected against
weather effects by anti-erosion mats; the second and third stages
are excavated in R4-R3 strength class rock and are stabilised with
shotcrete reinforced with welded mesh. The rock massif on the
sides of the second and third stages is being reinforced by 4m long
SN-type rod anchors. The construction pit bottom in this section is
formed by slightly weathered to fresh paragneiss. The middle part of
the construction pit is formed by heavily weathered rock having the
character of clay in the bottom of the pit. Its stability is provided by
pile walls anchored at three levels by pre-tensioned cable anchors.
For that reason, the tunnel with invert will be used in this section. The
invert bottom will be at the depth of 11.6m under the pile wall crown.

After complete excavation of the construction pit, the volume of
the excavated rock will amount to 133,000m?. The backfill material
is deposited on the stockpile visible on the right-hand side of the
construction pit (see Fig. 6).
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Obr. 6 Tunel Zvérotice — celkovy pohled
Fig. 6 Zvérotice tunnel — overall view

bilitu zajistuji pilotové podzemni stény kotvené ve tfech trovnich
lanovymi predpjatymi kotvami. Proto bude v tomto tseku pouZit
tunel se spodni klenbou, jejiz vrchol bude 11,6 m pod korunou pi-
lotové stény.

Po tplném vyhloubeni stavebni jamy z ni bude vytéZeno
133 000 m? horniny. Pro uloZeni zdsypového materialu slouZi depo-
nie viditelna na pravé strané stavebni jamy (obr. 6).

Dne 19. 5. 2020 byla zahdjena betonaz podkladnich betont zakla-
dovych pésii tunelového osténi. Po vybetonovani téméf 100 m dlou-
hého tseku podkladnich betonti byl 3. 6. 2020 pro betondz pfipraven
prvni zakladovy pas portalového bloku osténi. Dne 25. 8. 2020 pro-
béhla betondZ prvniho bloku klenby osténi a do 17. 10. 2020 je vybe-
tonovano pét bloki klenby tunelu o celkové délce 50 m. Stavbu tunelu
provadi subdodavkou firma HOCHTIEF CZ a. s. pro ,,SdruZeni So-
béslav — Doubi* tvorené firmami STRABAG a.s., EUROVIA CS, a.s.
a Metrostav a.s.. Autorem realizacni dokumentace tunelu je firma
SAGASTA s.r.o.

Ing. LIBOR MARIK, SAGASTA s.r.o.

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunely Ov¢iarsko a Zilina

Usek dialnice D1 tvori juzny obchvat Ziliny v celkovej dizke
11,320 km. Usek sa za&ina v Hri¢ovskom Podhradi v kriZzovatke
dialnic D1 a D3 a kon¢i v mieste napojenia na planovanu krizovatku
Lietavskd Lacka, a v nej na privadza® Lietavskd Licka — Zilina.
Ide o jeden z technicky najnarocnejsich usekov, ktory bude z velkej
Casti vedeny nadzemnymi estakddami a v dvoch tuneloch (Ov¢iar-
sko — 2 367 m, Zilina — 687 m).

Stavebnikom a zaroven budicim spravcom dialni¢ného tseku
a oboch tunelov je Narodnd dialni¢na spolo¢nost, a.s. Dobudovanim

Casting of blinding concrete under strip footings of the tunnel
lining commenced on 19 May 2020. After completion of a nearly
100m long section of blinding concrete, on 3 June 2020, the first strip
footing of the portal block of the lining was prepared for concreting.
Concreting of the first block of the vault lining took place on
25 August 2020; concreting of five blocks of the tunnel vault at the
aggregate length of 50m had been finished by 17 October 2020. The
tunnel construction is being carried out by HOCHTIEF CZ a. s.,
a sub-contractor for the ,,Sdruzeni Sobéslav — Doubi* consortium,
consisting of the companies of STRABAG a.s., EUROVIA CS, a.s.
and Metrostav a.s. The company of SAGASTA s.r.o. is the author
of the design of means and methods for the tunnel (the so-called
execution design).

Ing. LIBOR MARIK, SAGASTA s.r.o.

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

ov¢iarsko and Zilina tunnels

The D1 motorway section is formed by the southern by-pass of
the town of Zilina with the total length of 11,320km. The section
begins in the village of Hricovské Podhradie, in the intersection
between the D1 and D3 motorways, and ends in the location of the
connection to the planned Lietavska Lucka intersection and, in this
intersection, to the Lietavska Lucka — Zilina link road. It is one of
technically most complicated sections, a major part of which will
be led along above-ground viaducts and through two tunnels (the
Ovéiarsko — 2367m, the Zilina — 687m).

Nérodna dialni¢na spolocnost, a.s., (National Highway Company)
is the developer and, at the same time, the future administrator of
the motorway section and both tunnels. By completing the D1
motorway construction, conditions will be created for relieving traffic
congestions on I/18 and 1/64 roads. It will significantly contribute to
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dialnice D1 pri Ziline sa vytvoria podmienky k odlah&eniu dopravy
na cestach I/18 a 1/64, o vyrazne prispeje k zniZeniu negativnych
vplyvov dopravy na Zivotné prostredie v meste Zilina a v obci Lie-
tavskd Lucka.

Vystavba oboch tunelov je vo findlnej faze — k sledovanému obdo-
biu prebieha odstraiovanie vad a nedorobkov z preberacich konani
na jednotlivych stavebnych objektoch, realizacia ostatnych staveb-
nych prac v zmysle Pokynov na zmenu vydanych STD. V mesiaci
september boli vykonané na tuneloch Ov¢iarsko a Zilina individu-
alne funkéné skusky vetrania, ako aj dymové skusky.

V obdobi 12. 10. 2020 —21. 10. 2020 prebiehaji komplexné skus-
ky technologického vybavenia tunelov a ISD celej stavby riadenim
z existujucich prevadzkovo-technologickych objektov. V ramci
komplexnych skiSok budu vyskusané dopravno-prevadzkové stavy
prislichajice k premennym dopravnym znackam, stavové precho-
dy, ako aj ,,tunelreflexy*, t. j. reakcie technoldgie tunelov na zazna-
menané incidenty v obidvoch tuneloch.

Zaroven, v uzkej sucinnosti so zlozkami Integrovaného zéchran-
ného systému, prebieha priprava taktického cvicenia v tuneloch
Ov¢iarsko a Zilina, ktoré by malo byt zorganizované v priebehu
decembra 2020. Predpokladany termin odovzdania predmetného
useku motoristickej verejnosti je koniec roka 2020.

Zhotovitelom dialni¢ného useku D1 Hri¢ovské Podhradie —Lietav-
ska Lucka je zdruZenie Ovciarsko (Doprastav, a.s. — lider zdruZenia,
VAHOSTAV-SK, a.s. —&len, STRABAG, s. 1. 0. — &len, Metrostav a.s.
— Clen).

Tunel Presov

Tunel PreSov je dialni¢ny tunel vo vystavbe na Slovensku a na-
chadza sa na useku dialnice D1 Presov zapad — Presov juh. Trasa tu-
nelovej Casti juhozapadného obchvatu PreSova bude tvorena dvoma
nezavislymi tunelovymi rirami, severnd tunelové rira bude dizky
2 230,5 m a juzna tunelova rira bude dizky 2 244,0 m.

Pocas uplynulého obdobia, ked sa uvolnili opatrenia vyhldsené
vladou SR, resp. Uradom verejného zdravotnictva SR v sdvislosti
s rizikom Sirenia ndkazy koronavirusu, sa prace na tuneli PreSov
znovu rozbehli, a to s enormnym nasadenim, aby zhotovitelia ¢o
najviac dobehli zmeSkanie z dovodu nemoZnosti nasadit na praco-
visku zahrani¢nych pracovnikov poc¢as obmedzeni cezhrani¢ného
styku.

V priebehu prazdninovych mesiacov sa podarilo dokoncit se-
kundérne ostenie hibenych tunelov, §trbinové Zlaby a kabelovody
v oboch tunelovych rirach, zrealizovat nétery v severnej tunelovej
rire na 100 %, ale v juZnej tunelovej rdre bolo mozné pre obme-
dzenie spdsobené klimatickymi podmienkami dokoncit natery iba
vrchnej Casti ostenia. Tieto prace boli nutné pre zacatie montize
technoldgii na ostenie tunela. Ku koncu septembra boli vo vrchliku
tunela dokoncené zavesné rosty a lavky na instalaciu kablovych ve-
deni v rozsahu viac ako 80 %.

Okrem prac na nateroch sa pracovalo aj na dokoncéeni podklad-
nych vrstiev vozovky v severnej tunelovej rire, kde bolo do po-
lovice oktobra poloZenych cca 14 000 m? Strkovych vrstiev a cca
4 000 m® cementovej stabilizacie. Zostavy mechanizmov na poklad-
ku Strkov a cementovej stabilizacie sa v oktobri presunuli do juZnej
tunelovej rury a teraz prebieha priprava na zacatie pokladky cemen-
tobetonového krytu vozovky v severnej tunelovej rire. Pokial budd
v nadchadzajicom obdobi trvat priaznivé klimatické podmienky,
budi cementobetonova vozovka a natery oboch tunelovych rir do-
koncené do viano¢nych sviatkov.

Posledné tri mesiace boli planované operacie na logistiku a koor-
dinéciu prac v tunelovych rdrach velmi naro¢né, kedy sa doba prac
Siestich mesiacov musela vmestit do Styroch mesiacov. Nasadenie

reducing negative effects of traffic on the environment in the town of
Zilina and in the village of Lietavska Lucka.

The construction of the two tunnels is in the final phase — as of the
monitored period, snagging has been eliminated and defects identified
during take-over proceedings on individual construction objects have
been rectified and the other construction work in the meaning of the
Instructions for Change issued by the resident engineer has been
implemented. In September, individual functional tests of ventilation
and a smoke test were conducted in the Ov¢iarsko a Zilina tunnels.

In the 12/10/2020-21/10/2020 period, comprehensive testing
of tunnel equipment and the ISD of the whole construction by
controlling from existing operation-technical objects have been
underway. The traffic-operation states relevant to variable traffic
signs, state transitions as well as the so called “tunnel reflexes”, i.e.
responses of tunnel equipment to registered incidents in both tunnels
will be tested within the framework of the comprehensive testing.

At the same time, a tactical exercise in the Ovciarisko and
Zilina tunnels is under preparation in close collaboration with the
components of the Integrated Rescue System. It should be organised
during December 2020. The assumed deadline for handing the section
in question over to the motoring public is the end of 2020.

The contractor for the construction of the Hricovské Podhradie
— Lietavskd Lucka section of the D1 motorway is the Ovciarisko
Consortium (Doprastav, a.s. — consortium leader, Vahostav-SK, a.s.
— member, STRABAG, s.r.o. — member, Metrostav a.s. — member).

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 southwest
by-pass of PreSov will be formed by two independent tunnel tubes —
the 2230.5m long northern tunnel tube and 2244.0m long southern
tunnel tube.

In the past period, when the measures declared by the Government
of the Slovak Republic, respectively the Public Health Authority of
the SR, in relation to the risk of spreading the coronavirus infection
were released, the work on the PreSov tunnel resumed, with
enormous efforts so that the contractors caught up on the delayed
work resulting from the impossibility of using foreign workers
during the restrictions on cross-border relations.

During the holiday months, the secondary lining of the cut-and-
cover tunnels, slotted drains and cableways were successfully
completed in both tunnel tubes and 100% of painting in the northern
tunnel tube was finished. However, in the southern tunnel tube, it was
possible due to restrictions due to climatic conditions to finish the
painting only of the upper part of the lining. The above-mentioned
work was necessary for the commencement of installation of tunnel
equipment on the tunnel lining. As of the end of September, over 80%
of hanging grates and cable trays have been finished.

Apart from the work on painting, the work continued on finishing
the roadway sub-base layers in the northern tunnel tube, where ca
14,000m* of gravel layers and ca 4,000m’ of cement stabilisation
were laid until mid-October. The sets of mechanical equipment
for laying gravel and cement stabilisation were moved to the
southern tunnel tube in October and currently the preparation for
commencement of laying concrete road cover in the northern tunnel
tube is underway. If the favourable climatic conditions continue
in the coming period, the concrete roadway and paintings in both
tunnel tubes will be finished by the christmas holidays.

The planned operations were very demanding for logistics and
coordination of work in the tunnel tubes during the last three months.
The duration of the work planned for six months had to be carried

out in four months. The employment of all working capacities was
subject to laying the concrete road cover this year.
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vsetkych pracovnych kapacit boli podriadené betondZi cementobe- The whole construction of the southeast by-pass of the town of

tonového krytu vozovky v tomto roku. Presov has been carried out by the D1 Presov consortium (EUROVIA
Celt stavbu juhovychodného obchvatu mesta PreSova realizu- | SK as., EUROVIA CS as., Doprastav a.s., Metrostav a.s.,

je zdruzenie D1 PreSov (EUROVIA SK a.s., EUROVIA CS a.s., Metrostav Slovakia a.s.); the PreSov tunnel is being carried out by

Doprastav a.s., Metrostav a.s., Metrostav Slovakia a.s.), tunel Pre- the company of Metrostav a.s.

Sov realizuje spolo¢nost Metrostav a.s. Biko$ tunnel

Tunel Biko$ The 1155m long, twin-tube Bikos tunnel is part of the 4.3km long

section of the R4 PreSov, northern by-pass, stage I, driven using the
full-face excavation system.

The excavation of both tunnel tubes from the northern portal
started during May 2020. The ceremonial commencement of the
work was held in the presence of representatives of state and local
institutions on 5" June 2020. In October 2020, tunnel excavation
continues in both tunnel tubes. Over 500m of the excavation have

) » 3 ’ =l . - been finished in the western tunnel tube and over 450m of the tunnel
rirach, ked je v zapadnej tunelovej riire vyrazenych viac ako 500 m top heading excavation have been finished in the eastern tube. Both

avo vy?h(?dnej tuPelovei rdre viac f“k‘?v450 0 kalo,ty tunela. Qbe tunnel tubes will be driven virtually throughout their lengths from the
tunelové riry budi prakticky v celej dlzke vyrazené od severného | | o ihern portal. The consortium of the companies of VAHOSTAV-

portalu. ) ) . SK, a.s., and TuCon, a.s., is the contractor. The completion of the
Zhotovitelom stavby je zdruZenie spolocnosti VAHOSTAV-SK, a.s. express highway and opening it to traffic is expected in spring 2023.

a TuCon, a.s. Predpokladané ukoncenie rychlostnej cesty a jej uve-

Tunel Bikos s dvomi rirami a dizkou 1155 m je stcastou 4,3 km
dlhého dseku rychlostnej cesty R4 PreSov, severny ochvat, 1. etapa,
budovaného v plnom profile.

Razenie oboch tunelovych rur od severného portélu tunela sa za-
¢alo v priebehu maja 2020, pricom sldvnostné zacatie prac za ucas-
ti predstavitelov Statnych a miestnych institdcii sa konalo 5. jina
2020. V oktoébri 2020 raziace prace pokracuji v oboch tunelovych

denie do prevadzky sa o¢akdva na jar 2023. Cebrat tunnel B
The 3680m long Cebrat double-tube tunnel will be part of the
Tunel Cebrat Hubova — Ivachnova section of the D1 motorway. Extensive
Sucastou dialni¢ného dseku D1 Hubova — Ivachnova bude dvoj- problems were diagnosed in recent years with the stability of the
rirovy tunel Cebrat s dizkou 3680 m. V predoslych rokoch boli area at the western portal of the Cebrat tunnel and the adjacent
diagnostikované rozsiahle problémy so stabilitou izemia na zapad- motorway section. They required extensive changes in the technical

nom portéli tunela Cebrat a nadvizujiicom Gseku dialnice, ktoré si | solution, which had to be reassessed in the EIA process and
vyziadali rozsiahle zmeny v technickom rieSeni, ktoré museli byt subsequently approved in the meaning of the Building Code.

znovu posidené v procese EIA a nasledne povolené v zmysle sta- In October 2020, the excavation of tunnel tubes from the eastern
vebného zakona. portal within the framework of the geological task still continues.

V oktobri 2020 stale prebieha razenie tunelovych rir od vychod- Over 3000m of the tunnel excavation has been finished. Preparatory
ného portdlu v ramei projektu geologickej lohy. Vyrazenych je uz activities for the excavation of the tunnel tubes from the western portal
viac ako 3000 m. Pripravné préce pre razenic .tuIlCIOV}’/Ch rir od will be allowed to start only after the issuance of the construction
) ) e e . . ~ | permit, which is expected at the beginning of 2021.

zépadného portalu budi mdct zacat az po vydani stavebného povo i . - )

lenia. ktoré sa ofakava zatiatkom roku 2021 The consortium of the companies of OHL ZS, a.s., and Vahostav-
Zhotovitelom stavby je zdruZenie spoloénosti OHL ZS, as., SIS, e, 19 12 GO RIeiT,

a Vihostav-SK, a.s. Visiioveé tunnel

The 7.5km long Visnové tunnel, which is part of the Lietavska

Tune] VIEI‘IOVG o o L Lucka — Visiiové — Dubna Skala section of the D1 motorway, leading
Najdlhsim slovenskym dialnicnym tunelom ma byt tunel ViSROVE | ¢k of the regional capital Zilina, is to be the longest motorway

s dizkou 7500 m, ktory je sucastou tiseku dialnice D1 Lietavskd | tunnel in Slovakia. Both tubes of the Visiiové tunnel were broken

Lﬁc::ka—ViEﬁové—Dubné Skala, vedeného juZne od krajského mes- | through in August 2018, after 40 months of tunnel excavation.
ta Zilina. Obe rury tunela ViSiiové boli prerazené v auguste 2018, Concreting of the secondary lining has been finished on over 60%
po 40 mesiacoch razenia. Betondz sekundarneho ostenia je hotova of the tunnel length.
na viac ako 60 % dizky tunela. In mid-2019, the work on the tunnel and the adjacent motorway
V polovici roku 2019 boli price na tuneli, ako aj na stivisiacom | section was terminated on the basis of an agreement between the
dialnicnom useku ukoncené na zéklade dohody medzi objednévate- contractor, National Highway Company, and the contractor, the
lom, Néarodnou dialni¢nou spolo¢nostou a zhotovitelom, zdruZenim Salini Impregilo — Didha consortium. At the end of January 2020,
Salini Impregilo — Diha. Koncom janudra 2020 bolo vyhldsené ve- the public procurement was published for the work associated

rejné obstardvanie prac suvisiacich s pokracovanim a dokonfenim | with the continuation of the motorway construction, comprising
stavby dialnice, pri¢om tieto zahffiaju aj dokon&enie stavebnej asti also the completion of the civil and structural work on the ViSiové
tunela Vistiové. Vyber zhotovitela je realizovany formou sitazného | tunnel. The selection of the contractor is being carried out in the
dialégu, pri¢om po ukon&eni vyberu uchadzalov boli k dalSej t¢as- | form of a competitive dialogue. After the prequalification round,
ti v dialégu v auguste 2020 prizvani traja uchadzadi. V jesennych | three applicants were invited to participate further in the dialogue
mesiacoch roku 2020 sa uskuto¢nila obhliadka stavby uchadza¢mi | 10 August 2020. In the autumn months of 2020, the applicants

a prebichaji prvé kola dialégu. Ukondenie vyberového procesu sa inspected the construction site and first rounds of the dialogue are
ocakéva v prvej polovici roku 2021. underway. The end of the tendering process is expected in the first

half of 2021.

Ing. VLADIMIR DURSA, Doprastav, a.s., Ing. VLADIMIR DURSA, Doprastay, a.s.,
Ing. JIRI BRICHNAC, Metrostav a.s., Ing. JIRI BRICHNAC, Metrostav a.s.,
Ing. MILOSLAV FRANKOVSKY; Ing. MILOSLAV FRANKOVSKY;
Slovenskd tuneldrska asocidcia Slovenskd tuneldrska asocidcia
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Obr. 7 Ukoncené prdce v tuneli Diel
Fig. 7 Finished work in Diel tunnel

ZELEZNICNE TUNELY DIEL A MILOCHOV

Tunel Diel

Tunel Diel (obr. 7) prechddza masivom vrchu Diel, ktory tvori
centrdlnu ¢ast meandru Vahu v oblasti Nosickej priehrady. Tunel
je navrhnuty v dizke 1082 metrov. Razenie tunela prebiechalo v ma-
sive popod kiipele Nimnica. Zapadny portél je situovany na okraji
obce Nimnica, vychodny portdl (obr. 8) sa realizuje v tzemi lesa
nad cestou druhej triedy I1/507, ktora vedie z Pichova do Povazskej
Bystrice po pravom brehu toku Vihu v oblasti Nosickej priehrady.
Tunel Diel mé prerazent tnikovu $toliiu, ktora dsti do priestoru vy-
chodného portélu tunela.

O tuneli Diel na tomto mieste napiSeme par slov poslednykrat,
a to z Cistého dovodu: tunel je dokonceny a premédvaji cezeti uz vla-
ky. Stalo sa tak 17. 9. 2020. Pribudol tak k Tureckému Vrchu (rok
sprevadzkovania 2012) druhy hotovy tunel na modernizovanej trati
z Bratislavy do Ziliny.

Tunel Milochov

DIEL AND MILOCHOV RAILWAY TUNNELS

Diel tunnel

The Diel tunnel (see Fig. 7) passes 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 was driven through the massif under the Nimnica spa.
The western portal is located on the outskirts of the municipality of
Nimnica; the eastern portal (see Fig. 6) is being constructed in the
wooded area above the 1I/507 secondary road leading from Puchov
to Povazska Bystrica along the right bank of the Vah River, in the
area of the Nosice dam. The Diel tunnel has got the escape gallery
breakthrough finished. The gallery has its exit in the area of the
eastern portal of the tunnel.

We are going to write several words about the Diel tunnel in
this place for the last time for a pure reason: the tunnel has been
completed and trains already pass through it. It happened on
17 September 2020. Thus the second tunnel has been added to the
Turecky Vrch tunnel (brought into service in 2012) on the rail line
from Bratislava to Zilina being modernised.

Milochov tunnel

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

Several events have taken place on the Milochov tunnel
construction site since the previous TUNEL journal issue. The
tunnel breakthrough ceremony took place in the presence of Andre;j
Dolezal, Minister of Transport, on Monday the 7" September. Thus
the more complicated work associated with unfathomable geology
has been finished (see Fig. 9).

From the eastern portal, the construction of secondary lining
inverts has started. The invert blocks are used in worse geological
conditions (see Fig. 10). Where geology is more favourable, invert
blocks will be replaced by strip foundations. The work on the
installation of reinforcement for the first block of the upper vault
of the secondary lining started today (15 October 2020). After the
completion of the traveller formwork and pulling it into the tunnel,
the work on preparation of the false primary lining for the cut-and-
cover part of the tunnel will start at the eastern portal.

Na preklenutie tpitia vrchu Stavna, juZne od miest-
nej Casti Horny Milochov mesta Povazska Bystrica, je
navrhnuty novy tunel Milochov. Projektovand dizka
tunela je 1861 m. Tunel m4 jednu tnikovu $tdliiu, kto-
rd vyustuje v obci Horny Milochov.

Od predoslého ¢isla casopisu Tunel sa aj na stav-
be tunela Milochov diali viaceré udalosti. V ponde-
lok 7. septembra bol tunel za Gi¢asti ministra dopravy
Andreja Dolezala slavnostne prerazeny. Ukoncili sa
tak tie naro¢nejSie prace spojené s nevyspytatelnou
geoldgiou (obr. 9).

Od vychodného portidlu sa zacalo s budovanim
spodnych klenieb spodnej Casti sekundarneho oste-
nia. Spodné klenby st pouZité v horSich geologickych
podmienkach (obr. 10). Tam kde je geoldgia priaz-
nivejsia, tam budud nahradené zdkladovymi pasmi.
DneS$nym diiom (15. 10. 2020) sa zacali prace na skla-
dani armatury pre prvy blok hornej klenby sekundar-
neho ostenia. Po dokonceni a zatiahnuti debniaceho
vozia do vnitra razeného tunela sa za¢ne na vychod-
nom portali pripravovat realizacia faloSného primar-
neho ostenia pre zhotovenie hibenej Casti tunela.

Obr. 8 Vychodny portdl tunela Diel
Fig. 8 Eastern portal of Diel tunnel
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Obr. 9 Konecné terénne vipravy ZP Milochov
Fig. 9 Final ground shaping at Milochov WP

Na z&padnom portali zacali prace na konecnych terénnych tpra-
véch, ktoré pozostavaju z gabiénovych obkladov portalovych stien
a obloZenia hibeného tunela vystuZenou zeminou a obkladovymi
prvkami z kamennych gabionov.

Celu stavbu realizuje zdruZenie Nimnica zloZené zo spolo¢nosti
Doprastav — TSS Grade — SUBTERRA — EZ Praha. Tunel Diel re-
alizuje spolo¢nost TUBAU, a.s. a tunel Milochov spolo¢nost Sub-
terra a.s. Generdlnym projektantom pre investora Zeleznice Sloven-
skej republiky je spolo¢nost REMING CONSULT a.s.

Ing. JAN KUSNIR, REMING CONSULT a.s.

Obr. 10 Spodné klenby sekunddrneho ostenia Milochov
Fig. 10 Milochov tunnel secondary lining invert blocks

At the western portal, the work on final ground shaping
commenced. It comprises gabion cladding of portal walls and
cladding of the cut-and-cover tunnelwith reinforced earth and
gabion cladding elements.

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

Ing. JAN KUSNIR, REMING CONSULT a.s.

2 HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELEM POD PRULIVEM LA MANCHE
PICTURE POSTCARDS WITH CHANNEL TUNNEL

This part of the cycle is bringing picture postcards with the
Channel Tunnel. Initial plans for building a tunnel under the
English Channel date back to 1802. Other plans followed in the 19
century, but they hit practicable technical possibilities. It was as late
as 1964 that an official agreement was concluded between Britain
and France on the construction of an undersea tunnel. A systematic
survey and searching for solutions to technical and economic aspects
of the project began with that. The choice finally fell on an undersea
mined rail tunnel with a standard gauge and speed of 160km/h,
without an impact on shipping and environmentally friendly. The
final arrangement of the project consists of two main transportation
tunnels @ 7.6m (excavated profile @ 8.8m) with track centres 30m
apart, with a service tunnel @ 4.8m (excavated profile @ 5.8m) in
the middle. The three tunnels are transversally connected with each
other every 375m. The piston effect of a passing train is reduced
between the main tunnels by ventilation ducts at a spacing of 250m.
The net length of the underground route amounts to 50.45km, with

37.9m of that length running under the sea, which is from 30 to
50m deep here. Tunnel boring machines were chosen as the most
suitable tunnelling technique. Tunnelling started in 1988 and the
tunnel was brought into service in 1994. Construction costs in 1985
prices amounted to 4.65 milliard.

Lamans$sky priliv mezi Francii a Velkou Britdnii (francouzsky
La Manche, anglicky English Channel) spojuje Keltské a Severni
more. Je 32 az 180 km Siroky, 520 km dlouhy, s max. hloubkou
172 m a nejuzs$im mistem mezi mésty Dover a Calais. Dnes jde
o viibec nejrusnéjsi lodni cestu na svété. Z pohledu geologické-
ho je Lamanssky praliv velmi mlady. Vznikl zhruba pred 10 000
lety, kdy na konci posledni doby ledové tajici ledovce zvysSi-
ly hladinu moii a britské ostrovy se tak oddélily od evropské
pevniny. [1]

Prvni zaméry na vybudovani tunelu pod prilivem pochéze-
ji z roku 1802. V 19. stol. je nasledovaly dalsi, naraZejici v§ak na
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TUNNEL SOUS LA MANCHE

Obr. 1 Tunel pod kandlem spojujici Francii s Anglii. ARTAUD Freéres —
Editeurs — Z. I. Rue de la Métallurgie 44470 CARQUEFOU (Nantes). 1995.
[sbirka autorit]

Celkem 150 km tunelit bylo vyvrtdno skdlou pod kandlem. Dva jednosmérné
Zeleznicni tunely (po jednom pro kaZdy smér). Kazdy z tunelit md délku 50 km,
7,60 m v priiméru a je pripojeny, vidy po 375 metrech, k tunelu servisnimu.

Fig. 1 The Channel linking France to England. ARTAUD Freres — Editeurs
—Z. I. Rue de la Métallurgie 44470 CARQUEFOU (Nantes). 1995. [authors”
collection]

The 150km long tunnel has been driven through the rock beneath the channel
bed. Two one-way railway tunnels (one for each direction). Each 50km in len-
gth — 7,60 metres in diameter connected to the service tunnel every 375 metres.

redlné technické moZnosti. Ve 20. stol. pak byly hlavni prekdzkou
obavy o bezpecnost Velké Britanie. AZ v roce 1964 byla mezi Brita-
nii a Francii uzavrena oficialni dohoda o vybudovani podmotského
tunelu. S tim zapocal systematicky priizkum a hledani feSeni tech-
nickych a ekonomickych aspekti projektu. Ve hie byly kombinace
mostll a tuneltl, varianta silni¢ni ¢i Zelezni¢ni a rizné technologie
vystavby. Volba nakonec padla na podmorisky razeny zelezni¢ni tu-
nel s normalnim rozchodem a rychlosti 160 km/hod, bez dopadu na
lodni dopravu a Setrny i ekologicky. [2]

Razba byla umisténa do vrstvy slinové kiidy, horniny sice rela-
tivné slabé, ale soucasné lehce rozpojitelné a dostatecné nosné pro
stabilni vyrub tunelu. Velmi dulezita byla jeji nizka propustnost.

LSO S RO TRATE T G-ITE

Obr. 2 Tunel pod LaManche. Eurotunel v Sangatte. Francouzsky termindl.
Editions ESTEL — BLOIS B. P. 45-41260 LA CHAUSSEE - SAINT - Victor.
Photo P. Viard. 1994. [sbirka autorii]

Fig. 2 The Channel Tunnel. The French Terminal. Editions ESTEL — BLOIS
B. P. 45-41260 LA CHAUSSEE — SAINT - Victor. Photo P. Viard. 1994.
[authors” collection]

Obr. 3 Projekt tunelu pod LaManche byl schvdleny. © Publishing «Fine
Arts>>. Artist V. Viktorov. From the selection <<Man and the Ocean>>. 1974.
[sbirka autoru]

Pujde o Zeleznicni tunel pro vlaky elektrické trakce. Doba cesty z Londyna do
PariZe a zpét bude 4,5 hodiny. Tunel bude prochdzet priimérné v hloubce 110
metrii pod hladinou. Bude sestdvat ze tii trub. Dvé vnéjsi, urcené pro prijezd
vlakii v obou smérech, budou mit priumér 6,58 metru a stiedni trouba — servis-
ni — 3,84 metru. Pro ndkladni dopravu jsou k dispozici dvoupatrové vagony, ve
kterych budou prevdzeny automobily pri rychlosti do 160 kilometrii za hodinu.
V roce 1977, kdyz se otevie provoz tunelu mezi britskymi ostrovy a evropskou
pevninou, se Anglie stane ,,poloostrovem‘* Evropy.

Jde o kuriozitu — pohlednici vydanou v Sovétském svazu jiz 14 let pred zahdjenim
stavby a dlouhych 20 let pred zahdjenim provozu v Eurotunelu. Rozméry trato-
vych tunelit i tunelu servisniho, uddvané v popisu na rubu této pohlednice — viz,
Jsou zde oproti pozdéjsi skutecnosti znacné podhodnocené a uvedeni tunelu do
provozu je predpokldddno o 17 let diive...

Fig. 3 The Channel Tunnel project was approved. © Publishing «Fine Arts».
Artist V. Viktorov. From the selection <««Man and the Ocean>»>. 1974. [authors”

collection]

It will be a rail tunnel for electric traction trains. Travel time from London to
Paris and back will take 4.5 hours. The tunnel will run at the average depth of
110 metres under the sea level. It will consist of three tubes. Two outer tubes,
designed for the passage of trains in both directions, will be 6.58m in diameter
and the middle tube — service one — will be 3.84m in diameter. Double-deck
wagons are available for freight transport. Cars and vehicles will be carried
on them at the speed of up to 160 kilometres per hour. In 1977, when the tu-
nnel operation between British Islands and the European mainland will start,
England will become a peninsula of “Europe”.

It is a curiosity — a picture postcard issued in the Soviet Union already 14 years
before the commencement of the construction and long 20 years before the com-
mencement of the Channel Tunnel operation. The dimensions of the running
tunnels and the service tunnel which are presented in the description on the
underside of this picture postcard — see, are significantly underestimated in com-
parison with the later reality and bringing of the tunnel into service is expected
17 years earlier.




Obr. 4 Tunel pod Kandlem. Kresba Chrise Parkera. Janon Distribution 0293-
523565. Okolo 1985. [sbirka autorii]

Predstava mladého britského umélce o provozu v budoucim podmorském
Eurotunelu.

Fig. 4 Channel tunnel. Drawing by Chris Parker. Janon Distribution 0293-
523565. Around 1985 [authors” collection]

Notion of a young British artist of the operation in the future undersea Channel
Tunnel.

Vrstva také vykazovala podél vétSiny trasy malo poruch, s vyjim-
kou geologicky komplikovanéjsi partie u francouzského pobieZzi.
Prizkum morského dna také odhalil systém sniZenin oslabujicich
nadloZi tunelu a vyplnénych sedimenty. Trasa proto mohla byt na-
vrzena tak, aby se i tomuto riziku vyhnula. [2, 3]

Z organizac¢nich a ekonomickych divodu se vSak vystavba neu-
stale odkladala, roli hraly i obavy o proveditelnost. Pivodné statni
projekt se zménil na soukromy. Razba tak zapocala aZ v roce 1988.
Technickym feditelem stavby se stal pan Colin Kirkland (jeho bon-
mot: KdyzZ zacneme razit tunely, v§echno co muze byt Spatné, taky
bude Spatné). [4]

Finalni uspotadani dila sestava ze dvou hlavnich dopravnich tu-
nelt @ 7,6 m (razba v @ 8,8 m) vzdélenych od sebe 30 m, se servis-
nim tunelem @ 4,8 m (razba v @ 5,8 m) uprostied. Tyto tii tunely
jsou kazdych 375 m vzajemné pri¢né€ propojené. Pistovy efekt pro-
jizdéjiciho vlaku je mezi hlavnimi tunely redukovany vzduchovymi
kanaly po 250 m. Cista délka podzemni trasy ¢ini 50,45 km, z toho
37,9 km vede pod motem, zde hlubokym mezi 30 az 50 m. [3]

Za nejvhodnéjsi technologii razby byly zvoleny razici Stity. Stav-
ba byla zahdjend z mezilehlych vstupd Shakespeare cliff (v Anglii)
a Sangatte (ve Francii). Servisni tunel byl razeny v predstihu jako
pruzkumna Stola. Z anglické strany bylo nasazeno Sest otevienych
§tith (po tfech na podmoftsky a na pevninsky tsek). Z Francie, ve slo-
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stitd (EPB). Anglické stroje byly oznacené alfanumericky, fran-
couzské byly pojmenovény: Brigitte, Catherine, Virginie, Pascaline
a Séverine. Francouzské Stity vyuZily v pfiznivych geologickych
pomeérech pro zrychleni tempa otevieného médu razby. Postup na
francouzské strané byl u servisniho tunelu primérné 20 m/den (max.
56 m/den), u hlavnich tuneldi primérné 25 m/den (max. 54 m/den).
Prvni prordzka v servisnim tunelu pfipadla na 1. 12. 1990, smérova
odchylka mezi ¢elbami byla 358 mm, vyskova 58 mm. Méfické ve-
deni pfitom komplikovaly dva odliSné geodetické systémy. Technic-
kou zajimavosti vrcholici realizace bylo ,,pohibeni® Stiti postupuyji-
cich z Anglie tésné pred prorazkou francouzskymi stroji. Anglické
Stity byly odklonény z trasy a nasledné zabetonovany. [3]

Tunelovéani bylo zahdjeno roku 1988, tunel byl otevieny v roce
1994. Stavebni naklady v cenach roku 1985 Cinily 4,65 mld. GBP
(ekvivalent 2015 — 13 mld. GBP); ndklady tak byly prekroceny
0 80 %.

* Tunel je dnes tfeti nejdelsi liniovou podzemni stavbou na svéte.

* Na vrcholici stavbé se podilelo 15 000 pracovnikd, s dennimi
vydaji pres 3 mil. GBP.

e Béhem vystavby pfislo o Zivot 10 pracovnikl (nékdy se udava
12), z nich osm byli Britové.

* V roce otevieni zvolila Americka spolecnost stavebnich inZe-
nyrd tunel za jeden ze sedmi modernich divl svéta.

 Lokomotivy pro tunel byly zkouseny v CR na Zelezni¢nim
zkuSebnim okruhu Cerhenice.

* Dne 3. 8. 2006 vyhlasila spolecnost provozujici Eurotunel ban-
krot a pozadala o ochranu pred véfiteli — zisky z provozu ne-
pokryvaly splaceni dluht od stavby; 15. 1. 2007 schvalil fran-
couzsky soud restrukturalizaci firmy, coz se setkalo s nevoli
britskych véfitell.

e Od roku 1997 se pokouseji nelegdlni migranti zneuZivat tunel
pro vstup do Velké Britanie.

Perlicka na zévér: V roce 2009 projel John Surtees (MS F1) max.
povolenou rychlosti 50 km/h servisnim tunelem ve sportovnim
elektromobilu. Roku 2014, pti 101. roéniku cyklistickych zavoda
Tour de France, projel Chris Froome rovnéz servisnim tunelem prii-
mérnou rychlosti 65 km/h; tim byl rychlejsi nejen nez vétsina tra-
jektd v prulivu, ale také rychlejsi nez jezdec F1 ve vySe zminéném
elektromobilu [2, 3, 4].

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. RICHARD SVOBODA, Ph.D.,
Ing. MARTIN ZAVACKY

Podékovdni: Cldnek byl vytvoren v rdmci reSeni projektu & LO1408 ,,AdMaS
UP — Pokrocilé stavebni materidly, konstrukce a technologie* podporovaného
Ministerstvem Skolstvi, mlddeZe a télovychovy v rdmci iicelové podpory progra-
mu ,,Ndrodni program udrZitelnosti I a projektu ¢. TE01020168 ,, Centrum pro
efektivni a udrZitelnou dopravni infrastrukturu (CESTI)* podporovaného z pro-
gramu Centra kompetence Technologické agentury Ceské republiky (TACR).

[1] Laman$sky pruliv [online]. [cit. 2020-09-09]. Dostupné na internetu
<https://cs.wikipedia.org/wiki/Laman%C5%A 1sk%C3%BD_pr%C5 % AFliv>
[2] Channel Tunnel [online]. [cit. 2020-09-09]. Dostupné na internetu

<https://en.wikipedia.org/wiki/Channel_Tunnel>

[3] Pompée, Pierre-Jean: Channel Tunnel Tunnels Construction, AMICALE DES BATISSEURS DU TUNNEL SOUS LA
MANCHE (1995). [online]. [cit. 2020-09-09]. Dostupné na internetu
<https://web.archive.org/web/20090326113849/http://pagesperso-orange.fr/batisseurs-tunnel/3tunnels.pdf>

[4] New Civil Engineer: Channel Tunnel champion Colin Kirkland dies (2005) [online]. [cit. 2020-09-09]. Dostupné na internetu
<https://www.newcivilengineer.com/archive/channel-tunnel-champion-colin-kirkland-dies-06-01-2005/>
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ROZLOUCENI

VZPOMINKA NA ING. MILOSLAVA DRHOLCE
MEMORY OF ING. MILOSLAV DRHOLEC

S litosti a velkym zarmutkem velmi
nerad pfispivim do této nejméné ob-
libené rubriky casopisu Tunel, abych
oznamil, Ze dne 6. 9. 2020 ve véku
67 let neCekané navzdy odesel do sta-
vaiského nebe nas dlouholety kolega
a kamarad Ing. Miloslav Drholec.

Narodil se 11. 1. 1953 v Praze a po
absolvovani SPS stavebni dokoncil
v roce 1984 studium na Fakulté sta-
vebni CVUT v Praze.

Celou svou pracovni kariéru zasve-
til préaci pri inZenyrské Cinnosti u pii-
pravy staveb a zejména technickému dozoru investora pfi realizaci
jednotlivych etap vystavby prazského metra. Pisobil nejprve jako za-
méstnanec v fadach Dopravniho podniku hl. m. Prahy a v roce 1994
po odstépeni ¢asti podniku do soukromého sektoru jako zaméstnanec
InZenyringu dopravnich staveb (IDS).

Pracovni ¢innost na metru zahdjil na trase III.C na tseku Florenc
— Nadrazi HoleSovice. Déle se podilel na tseku trasy II.B Florenc
— Ceskomoravskd. V letech 1992-1999 se jako vedouci tymu tech-
nickych dozortl podilel na vystavbé metra trasy IV.B Ceskomoravska
— Cerny Most, v letech 1999-2004 pfi realizaci IV.C1 NadraZi Hole-
Sovice — Ladvi a nasledné pak v letech 2004-2005 pri realizaci trasy
IV.C2 Ladvi — Letniany.

V obdobi, kdy se nerozvijela vystavba prazského metra, si Mila pro
investora Reditelstvi silnic a délnic v barvach IDS ,,odskoéil* oddo-
zorovat silni¢ni okruh kolem Prahy stavbu 512 Jesenice — Vestec a na
silnici I/38 obchvat Kolina.

S dal$im rozvojem prazské sité metra se v letech 2010-2015 podi-
lel na vystavbé trasy V.A ze stanice Dejvickd do Motola a nésledné
zahdjil tzv. 0. etapu vystavby metra [.D Pankric — Pisnice, kde nyni
probiha inZenyrskogeologicky prizkum a geotechnicky monitoring
a pasport v useku Pankrac — Olbrachtova.

Malo kdo vi, ze Mila byl mimo svou profesi za mladi i velmi
uispésnym sportovcem a aktivné se vénoval veslovani, o cemz7 svédci
i skutecnost, Ze svou zakladni vojenskou povinnost si mohl ,,odbyt*
v Dukle a poté za sportovni veslarsky klub Smichov dokonce pisobil
i celosvétové jako reprezentant tehdejsiho Ceskoslovenska.

Dile také nemiZeme nezminit Mildu jako obdivuhodného sbéra-
tele modeld hracek, zejména auticek Matchbox. Jeho sbirce dokonce
vysekl poklonu i majitel specializovaného obchodu v londynském
Greennwich, kam zavital jeden z Milovych kolegii s katalogem firmy
s vyznacenymi modely, které jiz Mila mél, s kamaraddskym ukolem
cosi nového mu poridit.

Svych pracovnich kolegt si Mila vzdy vézil. I jako vedouci jednot-
livych pracovnich tymi umél vZdy naslouchat v§em ostatnim, a kdyz
bylo potfeba, uznal ostatni nazory tak, aby se dilo vZdy podaftilo. Stej-
né tak dobfe umél srovnat nazory vSech ostatnich tcastnikl stavby
od investor, projektantll aZ po zhotovitele (nékdy i své nadfizené) a
nebal se, i za cenu rizika vedouciho k vlastni zodpovédnosti, za sebe
rozhodnout ku prospéchu zdarného dokonceni kazdé stavby.

Milo, bude nam vsem chybét Tviij osobity humor, nadhled, roz-
vaha a klid a Tvoje zkuSenosti. Dékujeme Ti za Tvou dlouholetou
poctivou préci, kterou si pro stavebnictvi a zejména pro to podzemni
vykonal.

Ing. MICHAL SERAK

LAST FAREWELL

With regret and great sorrow, very reluctantly, I am contributing
to this least favourite section of TUNEL journal to announce that on
September 6, 2020, our long-time colleague and friend Ing. Miloslav
(Mila) Drholec passed unexpectedly away at the age of 67 in builders’
heaven.

He was born in Prague on January 11, 1953 and, in 1984, after
passing a secondary vocational school of building, he graduated from
the Faculty of Civil Engineering in Prague.

He dedicated entire his career to engineering consultancy in
programming for construction projects and, first of all, to client’s
technical supervision over the implementation of individual stages of
the construction of the Prague Metro. In 1994, after demerging a part
of the company to the private sector, he became an employee of the
company of InZenyring Dopravnich Staveb (IDS).

His working activities started on the metro Line C section No. III
(ITIIC) between Florenc and Nadrazi HoleSovice and, further on, he
participated in the construction of the Florenc — Ceskomoravskd part
of the Line B section No. II (IIB). From 1992 to 1999 he participated,
in the position of the head of a team of technical supervisors, in the
construction of the Line IVB between the stations of Ceskomoravska
and Cem}’/ Most; from 1999 to 2004 he continued in the implementation
of the Line IVC1 section between the stations of Nadrazi HoleSovice
and Ladvi and, subsequently, from 2004 to 2005, in the implementation
of the Line IVC2 section between the stations of Ladvi and Letniany.

In the period during which the development of the Prague metro
was suspended, Mila nipped over to work for the Road and Motorway
Directorate (in the colours of the IDS company) to supervise the
construction lot No. 512 of the Prague City Ring Road (outer circle)
between Jesesnice and Vestec and the 1/38 road by-pass of Kolin.

From 2010 to 2015, with the further development of the Prague
metro network, he participated in the construction of the Line VA from
Dejvicka station to Motol and subsequently started the so-called zero
stage of the development of the Line ID from Pankrac to Pisnice, where
the engineering geological survey is currently underway, together
with geotechnical monitoring and condition survey of buildings in its
Pankrac — Olbrachtova section.

Few people know that in his youth, apart from his profession,
Mila was even a very successful sportsman and actively dedicated
himself to rowing. This is evidenced, among others, by the fact that
he was allowed to do his basic military duty in Dukla sports club and,
subsequently, in the dress of Smichov rowing club, he even acted
worldwide as a representative of the then Czechoslovakia.

Furthermore, we cannot fail to mention Mila as an admirable
collector of models of toys, first of all Matchbox cars. His collection
was even paid a compliment by the owner of a specialist shop in
Greenwich, London, which was visited by one of Mila’s colleagues
presenting a catalogue of firm’s models, where Mila had marked
the models he already had owned, with a friendly task to provide
something new for him.

Mila always respected his work colleagues. Even as the leader of
individual work teams, he could always listen to everyone else and,
when necessary, he accepted other opinions so that the work always
succeeded. He was equally good in setting up opinions of all other
participants in the construction, from project owners, designers up to
contractors (sometimes even his superiors) and was not afraid, even at
the cost of risk leading to his own responsibility, to decide for himself
for the benefit of the successful completion of any construction project.

Mila, we all will miss your distinctive humour, levity, deliberation
and composure, as well as your experience. Thank you for the years of
your honest work you did for the construction industry and, first of all,
for underground structures.

Ing. MICHAL SERAK
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SPOMIENKA NA PROFESORA FRANTISKA KLEPSATELA

MEMORY OF PROFESSOR FRANTISEK KLEPSATEL

Profesor FrantiSek Klepsatel bol
vyraznou osobnostou tunelového sta-
vitel[stva na Slovensku. Ovplyvnil
a zanechal nezabudnutelni spomienku
u mnohych tunelarskych odbornikov,
vratane Citatelov tohto Casopisu. Svoj
profesiondlny Zivot spojil so Stavebnou
fakultou STU v Bratislave, kde posobil
pét desatroci ako vysokoskolsky ucitel.

Narodil sa 31. méja 1935 v rodine
Zeleznicného turadnika v MarkuSov-
ciach na vychodnom Slovensku. Svoj
dospely Zivot prezil v Bernoldkove pri
Bratislave, kde spolu s manZelkou Alenkou vychovali dve dcéry, Dan-
ku a Blanku. Po $tidiu na Stavebnej fakulte SVST nasttpil v januri
1959 ako asistent prof. Juraja Mencla na katedru dopravnych stavieb
a od roku 1962 prestiipil na novovytvorenu katedru geotechniky. Viac
ako desafro¢na tizka spolupraca s prof. Menclom definitivne ovplyv-
nila jeho vyskumno-vyvojovu ¢innost, v ktorej sa zameral najmi na
bezvykopové metddy vystavby $tolni v zeminach metédami Stitovania
a pretlacania Zelezobeténovych potrubi, neskor aj na metddy riade-
ného mikrotunelovania. Podielal sa na rieSeni technoldgie vystavby
tlakovych privadzacov PVE Cierny Vih vrdtane navrhu ich optimal-
nych sklonov. Po neznej revoliicii zacal intenzivne spolupracovat s ko-
legami tuneldrmi na univerzitidch vo Viedni a Grazi a dd sa povedat,
Ze spoluzakladal rakisko-slovensku spolupracu pri navrhovani a vy-
stavbe tunelov. V predstihu takto ziskal mnozstvo poznatkov, co mu
umoznilo aktivne sa zicastiiovat pripravy a vystavby prvého sloven-
ského dialni¢ného tunela Branisko. V roku 1995 bol menovany vyso-
koskolskym profesorom. V roku 2008 mu bol udeleny titul ¢estného
¢lena Slovenskej tunelérskej asocidcie.

Skromny, pracovity, priatelsky, s typickym Gsmevom na perach.
VZdy plny energie organizoval postgradudlne kurzy, orientované na
vystavbu dopravnych tunelov, kde dokdzal spojit tych najlepSich od-
bornikov, tuneldrov zo Slovenska aj Ciech. Rad a dobre pisal a jeho
vyraznou ¢rtou bola schopnost preniest na papier mnohé zo svojich
skiisenosti a vedomosti, o com sved¢i 14 publikovanych odbornych
monografii a mnoZstvo nielen vedeckych, ale najmd odbornych
¢lankov.

Vo svojej mladosti bol profesor Klepsatel, Ferko, ako ho oslovovali
priatelia, vykonnym Sportovcom — [ahkym atlétom. Okrem aktivneho
Sportovania pracoval aj vo vybore Sportového klubu TJ Slavia STU.
Neskor zamenil beh za chodzu a stal sa z neho obdivuhodny a neu-
navny turista. Do turistiky preniesol velku Cast svojej energie a spo-
zndvanie novych miest mu spdsobovalo radost a naplnenie. Navstivil
takmer kazdy kut Slovenska, ale aj tie najkrajSie a najzaujimavejsie
miesta, pohoria a prirodné rezervacie na vsetkych piatich kontinen-
toch. Vyzvou boli pre neho aj malo dostupné a zabudnuté miesta. Pri-
atelov a kolegov vedel dlho zabavat a zaroven vzdeldvat rozpravanim
origindlnych zdzitkov a pribehov spojenych s touto jeho najvacsou
zalubou. Dal3ou celoZivotnou laskou bola jeho zdhrada s ovocnymi
stromami, z plodov ktorych sa tesil so svojimi dcérami a neskor aj
vnucatami.

Iskra v jeho v ociach vSak po osemdesiatke zacala slabnit a po-
stupne sa ho zmoctiovala choroba, ktorej nakoniec 14. oktébra 2020
podlahol.

VSetci, ktori sme Ferka Klepsatela poznali, spominajme na neho
s uctou a laskou.

prof. JANA FRANKOVSKA
Vediica katedry geotechniky, Stavebnd fakulta STU

Professor FrantiSek Klepsatel was a strong personality of the tunnel
construction industry in Slovakia. He influenced many tunnelling
professionals and left unforgettable memories in them, including this
journal readers. He connected his professional life with the Faculty of
Civil Engineering of the Slovak Technical University in Bratislava,
where he worked as a university teacher for five decades.

He was born on 31* May 1935 in the family of a railway clerk in
Markusovce in Eastern Slovakia. He spent his adult life in Bernoldkov
near Bratislava, where he and his wife Alenka raised two daughters,
Danka and Blanka. After studies at the Faculty of Civil Engineering of
the Slovak Technical University (the STU), he started in January 1959
as an assistant to Prof. Juraj Mencl at the Department of Transport
Engineering and, from 1962, he transferred to the newly established
Department of Geotechnics. The more than ten years lasting close
cooperation with Prof. Mencl definitely influenced his research and
development activities, where he focused first of all on trenchless
methods of construction of galleries in soils using shields and reinforced
concrete pipe jacking methods, later also controlled mictrotunnelling
methods. He participated in the solution for the technology of
construction of high-pressure penstocks of the Cierny Vah pumped
storage power plant, including designing optimal gradients for them.
After the Velvet Revolution, he started to intensely collaborate with
fellow tunnellers at the universities in Vienna and Graz, and it is
possible to say that he co-founded the Austrian-Slovak cooperation
in designing and constructing tunnels. In this way, he gained a lot of
knowledge in advance, which allowed him to actively participate in the
preparation and construction of the first Slovak motorway tunnel, the
Branisko. In 1995, he was appointed a university professor. In 2008,
he was awarded the title of honorary member of the Slovak Tunnelling
Association.

Modest, hardworking, friendly, with a typical smile on his lips.
Always full of energy, he organized postgraduate courses focused
on the construction of transport tunnels, where he managed to bring
together the best experts, tunnellers from Slovakia and the Czech
Republic. He liked writing and wrote well, and his distinctive trait was
the ability to transfer to paper much of his experience and knowledge,
as evidenced by 14 published professional monographs and a number
of not only scientific but mainly professional papers.

In his youth, Professor Klepsatel, Ferko as he was called by his
friends, he was an excellent sportsman — light athlete. Apart from
active sporting, he also worked in the committee of TJ Slavia STU
sports club. He later exchanged running for walking and became an
admirable and tireless tourist. He transferred a big part of his energy to
tourism and finding new places gave him joy and fulfilment. Not only
did he visit nearly every corner of Slovakia. He also visited the most
beautiful and more interesting places, mountains and nature reserves
on all five continents. Even little accessible and forgotten places
were a challenge for him. He knew how to entertain his friends and
colleagues for a long time and, at the same time, educate by narrating
original experiences and stories and telling original experiences and
stories related to this greatest liking of his. His garden with fruit trees,
the fruits of which he enjoyed with his daughters and later with his
grandchildren, was another lifelong love of his.

However, the spark in his eyes began to weaken after the age of
eighty, and he was gradually overcome with the disease. On 14™
October 2020, he succumbed to it.

Let all of us who have known Ferko Klepsatel, remember him with
respect and love.

prof. JANA FRANKOVSKA
Head of the Department of Geotechnics
of the Faculty of Civil Engineering of the STU
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2 CINNOSTI PRACOVNICH SKUPIN CZTA WORKING GROUPS

VZNIK PRACOVNI SKUPINY ,MLADYCH TUNELARU (CZTA_YM)" V RAMCI TUNELARSKE ASOCIACE
ESTABLISHMENT OF ,YOUNG TUNNELLERS (CZTA_YM )" WORKING GROUP IN THE TUNNELLING

ASSOCIATION

In October 2020, a group of young tunnellers was established as
a working group of the Czech Tunnelling Association. Groups of
young tunnellers (the so-called Young Members) have already been
established within the framework of national tunnelling associations
in over 21 member states of the International Tunnelling Association.
The main intention of the group is to provide support to its members
in early careers, thus to create a functioning community among
young tunnellers. The group’s objectives at the international level
will include representation of the Czech Republic among other
related organizations (Young Members) within the framework of the
International Tunnelling Association, ITA. The group would also
like to continue to closely collaborate with related organisations
from neighbouring countries.

V fijnu 2020 byla zaloZena skupina mladych tuneldid jako
pracovni skupina Ceské tuneldiské asociace. K zaloZeni skupin
mladych tuneldfa (tzv. Young Members) v ramci narodnich tune-
larskych asociaci doslo jiZ ve vice nez 21 ¢lenskych statech Mezina-
rodni tunelarské asociace. Samotnému zaloZeni predchézelo zjiste-
ni zajmu mezi potencidlnimi ¢leny. Inicidtori byli mile prekvapeni,
jakého ohlasu se inciativé z fad mladych tunelarti dostalo, kdyZ se
pfihlasilo vice nez 35 zajemci.

Jednim z hlavnich cilt skupiny je poskytnout jejim ¢lenim podpo-
ru v zacatcich kariéry a vytvofit tim mezi mladymi tunelafi fungujici
komunitu. Toho by mélo byt dosaZeno zejména poradanim spolecen-
skych akci, seminaii a navstév staveb. V ramci poradanych akci by
skupina chtéla zprostfedkovavat kontakty mezi stejné zaméfenymi
kolegy a zlepSovat tak spolupraci mezi stavebnimi a projekénimi spo-
le¢nostmi a védeckymi institucemi. Skupina si rovnéz klade za cil
informovat mladé inZenyry a inZenyrky o aktudlnim déni v tunelarstvi
a popularizovat podzemni stavitelstvi mezi studenty vysokych $kol.

AN AEsRARAEREEA,

Obr. Pripravné jedndni pracovni skupiny muselo byt vzhledem k situaci uspo-
Fdddno distancné

Fig. Preparatory meeting of the working group had to be organised as
a distance meeting

Mezi cile skupiny na mezinarodni trovni bude patfit zastupovani
Ceské republiky mezi ostatnimi piibuznymi organizacemi (Young
Members) v ramci Mezinarodni tuneldiské asociace ITA. Skupina
by rovnéZ rada navazala Gzkou spolupraci s piibuznymi organizace-
mi ze sousednich stét.

V piipad€ zdjmu stit se ¢lenem nové vzniklé pracovni skupiny
kontaktujte skupinu na emailové adrese cztaym @seznam.cz.

VERONIKA PAVELCOVA, FSv CVUT - katedra geotechniky,
JIRI SACH, Metrostav Norge AS,

SIMONA ZETKOVA, Amberg Engineering AG,

ZDENEK ZIZKA, METROPROJEKT Praha a.s.

ZPRAVODAJSTVIi CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELIG ASSOCIATION ITA-AITES REPORTS
www.ita-aites.cz

VALNE SHROMAZDENI CZTA ITA-AITES
GENERAL ASSEMBLY OF CZTA ITA-AITES

The General Assembly of the ITA-AITES Czech Tunnelling
Association was held on 30" September 2020. Ing. Ivan Hrdina,
the Chairman of the CzTA, informed about the activities of the
association since the last meeting of the General Assembly, when
publishing of TUNEL journal continued. The Tunnel Afternoon
meetings (seminars with underground topics) were organised. In
2019, the annual professional trip was also held. Its aim was the
construction of the Brenner base tunnel. Ing. Vaclav Soukup referred
about the economy of the association. Ing. Markéta Pruskové, Ph.D.,
acquainted those present with the plan of activities of the association
for 2020. Unfortunately, the majority of events were suspended with
respect to the current situation. The beginning of the preparation of
the Underground Construction Prague was another topic. Ing. Zdenék

Zizka presented information within the framework of the meeting
about the establishment of a new WG — Young Tunnellers. The next
point was the election of the Board of the Association. Ing. Ivan
Hrdina was elected as the CzZTA Chairman and Ing. Alexandr Butovic,
Ph.D., doc. RNDr. Eva Hrubesova, Ph.D., Ing. Libor Marik, doc. Dr.
Ing. Jan Pruska, Ing. Viclav Soukup and Prof. Ing. Matou§ Hilar,
M.Sc., Ph.D., as members of the Board. The student competition
for the best diploma thesis in the field of underground construction
for the year 2019 was evaluated. The first place was won by Ing.
Michal Steiner (FCE VSB-TU) with a diploma thesis on the topic
Stabilisation of construction pit for the eastern portal of the PreSov
tunnel (doc. HrubeSova the thesis supervisor), the second place was
won by Ing. Michaela Peckova (FSv CVUT) for the thesis on Radlice




Jfoto Ing. Libor Marik photo Ing. Libor Marik
Obr. 1 Ing. Zdenék Zitka informujici o zaloZeni PS Mladi tuneldri
Fig. 1 Ing. Zdenék Zizka informing about foundation of the WG Young
Tunnellers

tunnel design (Prof. Bartdk the thesis supervisor). The third prize was
taken over by Ing. Tomas Dostdl (FCE BUT) for a diploma thesis
entitled Design of excavation and primary lining of a tunnel on the
construction of a high-speed railway link (doc. Hordk the thesis
supervisor). Finally, Bc. MSc. Michal Fronék, CEng, MICE, DIC
from SZDC delivered a lecture on the current stage of preparation of
tunnel construction projects.

Valné shroméazdéni Ceské tuneldiské asociace ITA-AITES se ko-
nalo z diivodu covid-19 v nahradnim terminu ve stfedu 30. zafi 2020
v hotelu Olsanka, Taboritska 23, Praha 3. Jednani zah4jil a fidil pred-
seda CzTA Ing. Ivan Hrdina.

Na zacatku jednani predsednictvo oznamilo, Ze pamétni medaile
CzTA bude udélena Ing. Jifimu Pavlikovi, CSc., ktery si ji ale z da-
vodu pandemické situace nemohl prevzit, proto mu bude predana pri
nejblizsi vhodné pfilezitosti.

Jednani pokracovalo informaci predsedy CzTA o cinnosti asoci-
ace od posledniho zasedani valného shromaZdéni, kdy pokracovalo
vydavani Casopisu Tunel. Dalsi pravidelnou aktivitou je poradani Tu-
nelarskych odpoledni (do zacatku roku 2020 jich asociace uspotadala
jiz 35). V roce 2019 se také konal kazdoro¢ni odborny zajezd, cilem
byl rakousky Innsbruck, icastnici méli moznost se podivat na stavbu
Brennerského bazového tunelu.

Dalsim bodem jednéni byla zprava o hospodafeni asociace, kterou
prednesl Ing. Vaclav Soukup. V roce 2019 dosédhla asociace piiznivé-
ho vysledku, kdy jeji hospodateni skoncilo témér vyrovnanym roz-
poctem. Dale byli pfitomni sezndmeni s navrhem rozpoctu asociace
na rok 2020. Vzhledem k tomu, Ze byl rozpocet upraven k datu ko-
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néni valného shromazdéni, promitly se do néj zmény kvuli covid-19
a hospodarsky vysledek lze ocekévat kladny (mnoho akci byla CzZTA
nucena zrusit, popt. omezit).

Ing. Markéta Pruskova, Ph.D., obeznamila pfitomné s planem ¢in-
nosti asociace na rok 2020, kdy se jen z¢asti pokracuje v béZnych
aktivitich — i pres panujici situaci se dafi pokracovat v pfipravé Ca-
sopisu Tunel. Bohuzel poradani Tuneléiskych odpoledni i odborného
zdjezdu bylo odsunuto na vhodnéjsi dobu. Déle se jedna o zacatku
pripravy konference Podzemni stavby Praha, bude se muset rozhod-
nout o vhodném terminu.

Doc. RNDr. Eva Hrubesové, Ph.D., zaslala zpravu o souc¢asném
stavu pracovnich skupin CzTA. K aktivnim patfi PS pro odbornou
vychovu, pro legislativu a technickou pomoc a pro konvencni tune-
lovani — ta vydala na konci roku 2019 novou piirucku pro konvencni
tunelovéni (je k dispozici v kancelati CzTA). V tomto bodé vystoupil
také Ing. Zdengk Zizka a informoval o ziizeni nové PS — Mladi tune-
lari. Popsal budouci napli prace této PS a vyzval dalsi zdjemce, aby
se zapojili do ¢innosti. Vice informaci je v samostatném prispévku
v rubrikéach tohoto ¢isla ¢asopisu Tunel.

Dal$im velmi vyznamnym bodem byly volby do predsednictva
asociace. Pfedsedou CzTA byl znovu zvolen Ing. Ivan Hrdina. Rov-
néz bylo zvoleno vsech Sest ¢lentl predsednictva — Ing. Alexandr Bu-
tovi¢, Ph.D., doc. RNDr. Eva HrubeSové, Ph.D., Ing. Libor Marik,
doc. Dr. Ing. Jan Pruska, Ing. Vaclav Soukup a prof. Ing. Matous Hi-
lar, M.Sc., Ph.D.

V nasledujici ¢asti valného shromazdéni byla schvalena zména sta-
nov tykajici se stanovovani ¢lenského prispévku a zptisobu podepiso-
vani za asociaci.

Zasedani pokracovalo vyhodnocenim studentské soutéze o nejlepsi
diplomovou préci z oboru podzemniho stavitelstvi za rok 2019, oce-
néni si prevzali Ing. Michal Steiner (FAST VSB-TU), ktery se umistil
na prvni pozici s diplomovou praci na téma Zajisteni stavebni jdmy
vychodniho portdlu tunelu Presov (vedouci prace doc. HrubesSova).
Treti cenu prevzal Ing. TomaS§ Dostal (FAST VUT) za diplomovou
praci s nazvem Ndvrh razby a primdrniho osténi tunelu na stavbé
vysokorychlostniho Zeleznicniho spojeni (vedouci prace doc. Hordk).
Ing. Michaela Peckova (FSv CVUT), ktera ziskala druhé misto za
préci Ndvrh tunelu Radlice (vedouci préace prof. Bartik), se bohuzel
nemohla pfeddvani zicastnit. Ocenénym poblahopidl a predal odmé-
nu pfedseda CzTA Ing. Ivan Hrdina.

V ¢asti zasedani zaméfeného na odbornou tematiku vystoupil Bc.
MSc. Michal Fronék, CEng, MICE, DIC ze SZDC s prednéaskou
o0 aktudlnim stadiu piipravy tunelovych projekti. MiZeme si jen prat,
aby se tyto projekty dostaly co nejdrive do faze realizace.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, generdlni sekretdr CzTA

Jfoto Ing. Libor Marik photo Ing. Libor Marik
Obr. 2 Ing. Ivan Hrdina s ocenénymi studenty, Ing. Michalem Steinerem (vlevo) a Ing. Tomdsem Dostdlem (vpravo)
Fig. 2 Ing. Ivan Hrdina with awarded students, Ing. Michal Steiner (left) and Ing. Tomds Dostdl (right)
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Trasa metra D: Stavebni jama (V0-0L) na prazské Pankraci pro dopliikovy
geologicky. prﬁzkur_n je pazena kotvenou prevrtavanou pilotovou sténou
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SPOLEHLIVY A SILNY PARTNER
PRO ZAJISTENi TUNELOVYCH
STAVEB

. % Tunel Presov na slovenske dalnici D1: provadéni mikrapilotového destniku
na pravé tunelové troubé vychodniho portalutunelu .
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Redakce casopisu Tunel pieje vsem svym ¢tenaiiim jen to nejlepsi do roku 2021.
The editorial staff of TUNEL journal wishes all its readers the very best in 2021.

Belgickd tlacend pohlednice, vyddna okolo 1920. Pohlednici laskavé poskytl doc. Ing. Vladislav Hordk, CSc., spoluautor seridlu o pohlednicich s tématikou
podzemnich staveb.

Belgian embossed postcard, published about 1920. The postcard was kindly loaned by doc. Ing. Vladislav Hordk, CSc., Co-author series about poscards with the
theme of underground structures.
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Kvalita, pfesnost a dislednost v kazdém detailu.

Spoleéna koordinovana prace lidi desitek oboru a profesi.
Schopnost reSit narocna zadani a odvaha hledat nova reseni.
Je tohle uméni? Mozna ne. Jen to dobre umime.
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