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Vazeni ¢tenari Casopisu Tunel,
Slavny chemik Marcellin Berthelot (1827-1907) napsal: ,, Vesmir je uZ bez tajemstvi.

pri procitani ¢lankt v tomto Cisle ¢asopisu Tunel nemuzeme souhlasit s tim, Ze kolem nas nejsou tajemstvi. Odhalu-
jeme je v dlouhodobé provozované precerpavaci vodni elektrarné Dlouhé strané, sledujeme s napétim vyvoj deformaci
na tunelu Deborec. Ukazuje se, Ze v soucasnosti je nutna odborna priprava obsluh tunelt, se specidlnim rozsahem a ob-
sahem, Ze je problematicky stav u technologického vybaveni nékterych provozovanych déalni¢nich tunelt, diskutuje se
o maximalni rychlosti v téchto tunelech. Zkoumame, jak spoluptisobi sekundarni a primérni osténi.

Ano, jsou to mald tajemstvi a nékdy sny, které nas nuti zamyslet se bud nad kratkodobou, nebo dlouhodobou bu-
doucnosti tunelii a podzemnich staveb. Soucasné je vhodné obcas zamifit naS pohled do historie. Nebylo o naSich
problémech jiz v minulosti néco zjisténo? Nezabyval se jiZ nékdo stejnymi nebo obdobnymi problémy? Tunely se
prece buduyji jiZ staleti a vétSinou jsou to bezpecna dila. V roce 1583 cisar fimsky a kral Cesky Rudolf II. Habsbursky navrhuje zfidit v prazské
Krélovské obore rybnik. Autor projektu mé napad prokopat Stolu, kterd by vyuzila rozdilu hladiny Vltavy u Starého Mésta a u Kralovské obory
a ziskala potfebny spad pro pritok vody.

Jiny ptibéh spojeny se snem se odehraval v myslenkach Bohumila Belady, ktery spolupracoval napt. na stavbé prvni ceské elektrické trati
Tabor — Bechyné. Seznamil se s Vladimirem Listem a spole¢né navrhli vybudovéni podzemni drahy v hlavnim mésté Praze s ndzvem ,,Met-
ro*. Plan pocital se Ctyfmi tratémi, které mély mit dohromady zhruba dvacet kilometrd. Trasa A sméfovala z Palmovky k Nérodnimu divadlu
a kon¢ila u Andéla. Usek B za¢inal na Vitézném namésti v Dejvicich a pokracoval pres Miistek a7 na Floru. Trasa C mifila od Vystavisté
v HoleSovicich k Prasné brané a odtud na Zizkov a posledni linka D spojovala Denisovo nadrazi na Té$nové s Pankrici. Projekt byl vskutku
vizionafsky, kdyZ si uvédomime, Ze soucasné linky, vybudované v 70. a 80. letech minulého stoleti, ho jen s pfehdzenymi pismeny v podstaté
kopiruji. Belada s Listem pocitali dokonce i s Nuselskym mostem (postavenym az roku 1973).

Jedinou slabinou navrhu byly penize. Belada s Listem sice poskytli prazskému magistratu podklady zdarma, sponzory na stavbu se ale najit
nepodarilo. Vystavba metra zacala po roce 1968. Bohumil Belada ani Vladimir List se uZ naplnéni svého snu nedockali (prvni zemiel roku
1964, druhy o sedm let pozdéji).

Prejme nasSim projektiim tajemstvi i sny. Budeme vZdy prekvapeni, jaké nové vyzvy nam skutecny Zivot pfichystd a znovu budeme obje-
vovat skrytd tajemstvi jako autofi oprav precerpavaci vodni elektrarny Dlouhé stran€, inZenyti kontrolujici vyvoj deformaci tunelt, ¢i statici
hledajici odpovéd na statické spoluptisobeni primarniho a sekundarniho osténi tunelu provadéného Novou rakouskou tunelovaci metodou.

Necht nés v této nasi praci podporuje nase patronka sv. Barbora.

Ing. JAROMIR ZLAMAL, élen redakéni rady

Dear readers of TUNEL journal,

The famous chemist Marcellin Berthelot (1827—1907) wrote: ”The universe is no longer a secret .

when reading papers in this TUNEL journal issue we cannot agree with the statement that there are no secrets around us. We reveal them
in the long-time operating Dlouhé Strané pumped storage hydro power station or follow with tension the development of deformations at the
Deborec tunnel. It turns out that presence requires professional preparation of tunnel operators with special scope and content and that the
state of technology equipment of some motorway tunnels being operated is problematic and the maximum speed limits for those tunnels are
currently under discussion. We are studying the composite action between secondary linings and primary linings.

Yes, those are small secrets and sometimes even the dreams which force us to think about the short-term or long-term future of tunnels and
underground structures. At the same time it is appropriate to focus our looks into history. Wasn’t something found regarding our problems in
the history? Hasn’t somebody dealt with the same or similar problems? Isn’t it true that tunnels are being built for centuries and they are still
safe workings. In 1583 Rudolph IT Habsburg, the Roman Emperor and Bohemian King, proposed that a pond be established in the Royal Deer
Park in Prague. The author of the design had an idea that a gallery was to be driven to use the difference between the levels of the Vltava River
at the Old Town and at the Royal Deer Park, thus obtaining the gradient required for the inflow of water.

Another story connected with a dream took place in the mind of Bohumil Belada, who collaborated, for example, on the construction of
the first Bohemian electrified rail line between Tabor and Bechyne. He made acquaintance of Vladimir List and they together proposed that
underground railway should be developed in the capital, Prague, to be called “the Metro”. The plan counted with four lines about twenty kilo-
metres long in total. Line A headed from Palmovka to the National Theatre and ended at Andé€l. Line B started at Vitézné Square in Dejvice
and proceeded via Miistek up to Flora. Line C headed from Vystavi§té Fair in HoleSovice to the Powder Tower and further to Zizkov. The last
line, D, connected Denis train station in TéSnov with Pankrac. The project was really visionary when we realise that the current Metro lines
constructed in the 1970’s and 1980’s basically copy it, only with the letters repositioned. Belada with List even planned the Nusle Bridge (the
bridge was not built until 1973).

The only weakness of the proposal was money. Although Belada with List provided the Prague City Hall with the basic documents free of
charge, attempts to find sponsors for the project failed. The work on the metro construction project commenced after 1968. Neither Bohumil
Belada nor Vladimir List lived to see their dream come true (the former died in 1964, the latter died seven years later).

Let us wish our projects the secrets and dreams. We will always be surprised at the new challenges that real life will prepare for us and will
again discover hidden secrets, such as those experienced by the authors of repairs of the Dlouhé Stran¢ pumped storage hydro power station,
by the engineers checking the development of tunnel deformations or structural engineers seeking the answer for structural interaction be-
tween primary and secondary linings of tunnels driven using the New Austrian Tunnelling Method.

Let our patron, Saint. Barbara, support us in our work.

Ing. JAROMIR ZLAMAL, Editorial Board member




VAZENE KOLEGYNE A KOLEGOVE,
CTENARI CASOPISU TUNEL,

po pro¢teni mého uvodniku z roku 2016 jsem se poza-
stavila nad tim, kolika zménami nazvi nase spole¢nost SG
Geotechnika a.s. prosla. Zacinala jako Stavebni geologie
S.p., po privatizaci pokracovala jako Stavebni geologie —
Geotechnika a.s., nasledné byla nadndrodnim vlastnikem
prejmenovana na ARCADIS Geotechnika a.s. a po zavedeni
divizniho uspofadani na ARCADIS CZ a.s. divize Geotech-
nika, aby se v kolobéhu Zivota vratila se zménou vlastnika
k ptivodnimu ndzvu SG Geotechnika a.s. Z toho je vidét, Ze
firma sice miZze ménit jména a vlastniky, ale podstatou firmy je néco
jiného. Firma jsou prece hlavné lidé, kteii ji tvofi, a j4 musim fici, Ze
se ndm podafilo i pies uvedené zmény udrzet téméf cely kolektiv lidi,
z nichZ hodné kolegli u nas pracuje vice nez 20 let. Tito lidé jsou pod-
statou nasi firmy a zvySuji svoji praci jeji renomé.

Abychom byli schopni udrzet kvalifikaci naSich zaméstnanct a déle
jirozvijet, potfebujeme ziskavat velké a komplikované projekty, ke kte-
rym tunelové stavby vZdy patfily a patfit budou. Jedna se o jedny z nej-
prostfedim je jejich stavebnim kamenem. A pravé zde je tieba si pfipo-
menout aktualni stav tunelovych projekti v Ceské republice, které by
mély davat prileZitost pro odborny rtst. V tomto segmentu stavebnictvi
je situace ne piili§ uspokojivd. V soucasné dobé se realizuje v Ceské
republice pouze jedna tunelova stavba, a to na IV. TZK tunely Mezno
a Deborec. Byl zahdjen geologicky prizkum formou hloubenych Sachet
a Stol pro vystavbu metra trasy [.D. Ale kde jsou dalsi projekty? Vzdyt
se o nich mluvi jiz dlouhy ¢as a jsou v rizném stadiu pfiprav, které se
nedafi dovést do faze realizace.

Mame za sebou jiz ¢trnactou konferenci Podzemni stavby Praha
2019, ktera prob&hla na zac¢atku ¢ervna 2019. Vidéli jsme zde zajima-
vé prezentace projektl a nelze si nevSimnout, Ze mnozi nasi kolegové
z mnoha Ceskych firem pracovali na projektech v zahranici, a to jak
v blizkém (Slovensko), nebo i velmi vzdalenych napf. v Indii. Pravé
nedostatek tunelovych projekt v CR zpiisobuje odliv kvalitnich lidi na
zahrani¢ni projekty, kde ¢ast odbornikii po ispésném plsobeni zistava
na dalSich zahrani¢nich projektech a nevraci se zpét. A to si myslim, Ze
je pro nas vSechny velka skoda, protoZe investice do vzdélani a ristu
specialistil je ziiro¢ena jinde, nikoli na projektech v CR.

Nase firma SG Geotechnika ma to Stésti, Ze se muze v soucasné dobé
podilet na obou bé&Zicich tunelovych projektech v CR, a to jak na tune-
lech Mezno a Debore¢, kde provadime geotechnicky monitoring, tak na
zacinajicim geologickém prizkumu formou podzemnich dél na trase
metra I.D, kde jsme odpovédnymi feSiteli na ¢astech OL1 a VO-OL. Na
Slovensku, prostfednictvim nasi dcefiné firmy Geofos, dokoncujeme
prace monitoringu na tseku D1 Hri¢ovské Podhradie — Lietavskd Luac-
ka s tunely Ov¢iarsko a Zilina a také provadime geotechnicky monito-
ring na stavbé D1 PreSov, zdpad — PreSov, juh.

Doufam, Ze v nasledujicich letech budeme mit moZnost déle doka-
zovat, Ze Ceské podzemni stavitelstvi je na vysoké tirovni a je schopno
fesit i ty nejslozitéjsi tkoly tohoto oboru. Pfejme si také, aby cesky
stat, ktery je nejvétsim investorem velkych infrastrukturnich staveb na
nasem tzemi, nenechal v tomto roce ani v letech pfistich nas obor za-
hynout a my nebyli nuceni uplatiiovat své kapacity pouze v zahrani¢i.

S hornickym Zdar Biih vam vSem a ¢eskému tunelovému stavebnic-
tvi zv1ast preji vSe nejlepsi a mnoho uspéchu.

//%/fr‘/
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DEAR COLLEAGUES,
DEAR TUNEL JOURNAL READERS

After reading through my editorial from 2016, I paused
over the fact how many changes in the names of our
company, SG Geotechnika a. s., has undergone since
2016. It started as Stavebni geologie s. p., continued after
privatisation as Stavebni geologie — Geotechnika a.s.,
subsequently was renamed by the multinational owner to
ARCADIS Geotechnika a. s. and, after the introduction of
the divisional organisation of the company, to ARCADIS
CZ a. s., Geotechnika Division, to return in the life circle
after the change in the ownership back to the original name
SG Geotechnika a. s. It is obvious from this fact that the company may
change names and owners, but the heart of the company lies somewhere
else. The company is represented first of all by people who form it and
I must say that, despite the above mentioned changes, we have managed
to keep nearly the whole collective of employees together, with many
colleagues working with us over 20 years. These people are the essence
of our company and increase its reputation by their work.

To be able to maintain the qualification of our employees and further
develop it, we need to obtain large and complicated projects, among
which tunnel structures have always belonged and will belong. These
are some most complicated geotechnical structures the cornerstone of
which lies in the interaction with ground environment. And here it is
necessary to remember the current state of tunnel construction projects
in the Czech Republic which should give opportunity for professional
growth. The situation in this segment of construction industry is not
very satisfactory. Currently, only one tunnel construction is being
implemented in the Czech Republic, the Mezno and Debore¢ tunnels
on the 4" Transit Railway Corridor. Geological survey in the form of
sinking shafts and driving galleries for the construction of the line I.D of
Prague metro was started. But where are other projects? They have been
talked about for a long time and are at various stages of preparation, but
attempts to get them to the implementation stage have failed.

We had already the fourteenth conference Underground Construction
2019, which took place at the beginning of June 2019. We could see
interesting presentations of projects there and it is not possible to leave
unnoticed that some our colleagues from many Czech companies
worked on projects abroad, both close (Slovakia) or very remote, e.g. in
India. It is the lack of tunnel construction projects in the Czech Republic
that causes the outflow of quality people to foreign projects, where part
of professionals successfully completing their jobs remain to work on
other foreign projects and do not return home. This is, in my opinion, a
big pity because investment to education and growth of specialists pays
off elsewhere, not at projects in the Czech Republic.

Our company, SG Geotechnika, is lucky to be allowed to participate
in the tunnel construction projects currently running in the Czech
Republic, the Mezno and Debore¢ tunnels, where we carry out
geotechnical monitoring, and in the starting geological exploration in
the form of underground workings on the metro line I D, where we are
responsible solvers for parts OL1 and VO-OL. In Slovakia, through our
daughter company Geofos, we are finishing the work on the monitoring
in the D1 Hricovské Podhradie — Lietavskd Lucka section with the
Ov¢iarisko and Zilina tunnels and, in addition, carry out geotechnical
monitoring for the D1 PreSov, west — PreSov south construction.

I believe that we will have the opportunity in the coming years to
prove that the Czech underground construction industry is at a high
level and is capable of solving even the most complicated tasks. We,
in addition, wish that the Czech state, which is the biggest investor for
large infrastructural construction projects in the Czech Republic, does
not let our industry perish, neither this year nor in
the years to come, so that we are not forced to apply
our capacities abroad.

With the mining greeting God Speed You, I wish
you and especially the Czech tunnel construction
industry all the best.

Mgr. LUCIE BOHATKOVA

Clenka predstavenstva spolecnosti
SG Geotechnika a.s.
Member of the Board of Directors
of SG Geotechnika a.s.
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VAZENI CTENARI,

t€8i mé, Ze mam tu mozZnost vyjadrit se v tomto odbor-
ném Casopise a oslovit tak nejen vas Ctenafre, ale i odborni-
ky v oboru. Vyuzivam pfileZitosti a jako spravce prevaziné
vétsiny tuneldi na pozemnich komunikacich v Ceské re-
publice bych chtél podékovat odbornikiim napfi¢ oborem,
projektantim a servisnim pracovnikiim, ktefi Reditelstvi
silnic a ddlnic Ceské republiky svou praci poméhaji zajisto-
vat kvalitni provoz, spravu a udrzbu provozovanych tunelt
na silnicich a dalnicich v nasi zemi. BéZni uZivatelé tunelt
a fidi¢ska vefejnost mnohdy ani netusi, kolik usili a poctivé
prace se skryva za hladkym prijezdem silni¢niho nebo délni¢niho tu-
nelu. VSem, kdo se podileji na zajisténi trvalého a bezpecného provozu
v nasich tunelech, chci touto cestou podékovat.

V poslednich nékolika letech se velmi slibné rozviji stavebni pfiprava
novych tuneld, které budou nedilnou soucasti nasi silni¢ni a zejména
dalnicni sité. Bude-1i vSe postupovat soucasnym tempem a bude-li nase
spolec¢nost schopna vyznamné projekty financovat, pak lze ocekavat, Ze
do 20 let budeme provozovat nejen soucasnych 18 tunelil na silnicich
1. tfid a délnicich, ale i dalSich 20 novych, a to zejména dalni¢nich. Tu-
nelové stavby se snazime projektovat co nejodpovédnéji s potfebnym
stupném unifikace a s reflexi novinek nejen stavebnich, ale i technolo-
gickych. Sjednocujeme nasi provozni praxi zejména s okolnimi staty
Evropské unie, a to nejen v otazkach bezpecnosti tunelového provo-
zu, ale i ostatnich aspektech. Jedna se o Sirokou paletu opatieni, zmén
a uprav, které cilené sméfujeme nejen na zajisténi bezpecného provozu
tuneld, ale i na Zivotnost komponent stavebni a technologické ¢asti tu-
neld. Usilovné jedndme o tpravach povolené rychlosti ve vybranych
tunelech, pfesunujeme vét$inu servisnich ¢innosti v tunelech na obdobi
s nejnizsi dopravni zatéZi, a tim co nejméné omezujeme provoz v tune-
lech, provadime spolecné s prednimi odborniky posuzovani podminek
bezpecnosti tunelového provozu a cilené zvySujeme troveri tunelového
provozu v nasi zemi. Za usilovnou préci v této oblasti dékuji nejen spo-
lupracujicim odbornikiim, vysokym $koldm, ale zejména zaméstnan-
ctim Reditelstvi silnic a dalnic CR a také pracovnikiim Hasi¢ského za-
chranného sboru CR za jejich ob&tavou a profesiondlni praci pii feseni
mimotradnych uddlosti v tunelech na tizemi nasi republiky.

V soucasné dob& prochdzi ttvar spravce tunelti Reditelstvi silnic
a dédlnic CR dal§im rozvojem a za podpory vedeni RSD CR se koneg-
né dafi problematiku komplexné fesit. Véfime, Ze proces optimalizace
utvaru spravce tunelll zajisti persondlni a vysoce odborné pokryti tu-
neltl ve vSech stadiich jejich pfipravy, vystavby a zejména pak jejich
provozu. Pracujeme na vyznamnych projektech, které pozitivné ovliv-
ni provoz tuneltl v budoucnu, zejména se soustfedime na vypracovani
a stanoveni koncepce fizeni tunelového provozu a sjednoceni procesti
udrzby, a to nejen z pohledu jeji u€innosti, ale i pfijatelné ekonomické
udrZitelnosti.

Uroveti provozovanych tunelii na dalnicich a silnicich v nasi repub-
lice je vysoka. Tunely jsou bezpecné a trvale provozuschopné. Nema-
me se za¢ stydét a neustdle prokazujeme, Ze ,,tuneldfi* v Cechdch jsou
nejen kvalitnimi odborniky, ale v nékterych oblastech i $pi¢ky v oboru.
Cesi stavi tunely v mnoha zemich svéta a jsou uznavanymi profesio-
ndly. NaSim cilem je, aby i provozni segment mél co nejlepsi vysledky
a reputaci nejen v Ceské republice, ale minimdlné v Evropé. Radi pfivi-
tdme mladé inZenyry a ostatni pracovniky technickych obord v nasich
fadich. Mame vysledky, mame ambice a mame chut
pracovat. Pevné véfim, Ze se ndm podati udrZet a zlep-

§it provozni podminky v naSich tunelech a pfispét tak
k pfijemnému a bezpe¢nému cestovani nasi republikou. OA\/‘

Mgr. FRANTISEK RAINER

DEAR READERS,

I am happy that I have been allowed to express myself
in this professional journal and address in this way not
only you, the readers, but also experts in the profession.
I am using this opportunity and, as the administrator of the
majority of road tunnels in the Czech Republic, I would like
to thank professionals throughout the industry, designers and
service workers helping the Road and Motorway Directorate
of the Czech Republic to ensure good quality operation,
administration and maintenance of operating tunnels on roads
and motorways in our country. Common users of tunnels and
the driving public often do not surmise how much efforts
and honest work is hidden behind smooth passage through a road or
motorway tunnel. I would like to thank in this way all people participating
in securing permanent and safe operation of our tunnels.

During the last few years the preparation of new tunnels has been very
promisingly developing. They will be integral parts of our road network
and, in particular, motorway network. If everything proceeds at the current
pace and if our society is capable of funding the important projects, it
is possible to expect that within 20 years we will operate not only the
current 18 tunnels on primary roads and motorways, but also additional
20 new ones, first of all motorway tunnels. We try to design new tunnel
construction projects as responsibly as possible, with a necessary degree
of unification and with reflection of innovations not only civil engineering
but also technological ones. We unify our operating practices especially
with neighbouring states of the European Union, not only regarding the
issues of tunnel operation safety but also in other aspects. It is a wide
variety of measures, changes and modifications. They are targeted
not only to ensure safe operation of tunnels, but also at longevity of
components of tunnel structures and equipment. We are working hard on
adjustments of speed limits in selected tunnels and shifting the majority
of service activities in tunnels to periods with the lowest traffic volume,
thus restricting traffic in tunnels as little as possible. Together with
leading experts we assess the conditions of tunnel operational safety with
an aim of increasing the level of tunnel operation in our country. I thank
for the hard work in this area not only of collaborating professionals
and universities, but in particular employees of the Road and Motorway
Directorate of the CR and also employees of the Rescue Service of the
CR for their dedicated and professional work when solving extraordinary
events in tunnels in our republic.

At present, the Tunnel Administration Department of the Road and
Motorway Directorate of the Czech Republic is undergoing further
development and, with the RMD of the CR support, the problems are
finally being successfully comprehensively solved. We believe that the
process of optimisation of the Tunnel Administration Department will
ensure personal and highly professional coverage of all tunnels at all
stages of their preparation, construction and, first of all, during their
operation. We have been working on important projects which will
positively affect the operation of tunnels in the future. First of all, we
will focus on the development and determination of a concept of tunnel
operation management and unification of maintenance processes, not only
in terms of its effectiveness but also acceptable economic sustainability.

The level of tunnels being operated on motorways and roads in our
country is high. The tunnels are safe and permanently operational. There
is nothing we should be ashamed for and we are constantly proving that
“tunnellers” in Czechia are not only high quality professionals, but in
some areas even tops in the profession. Czechs build tunnels in many
countries of the world and are recognised professionals. Our objective
is that even the operation segment has the best results possible and
reputation not only in the Czech Republic but minimally in Europe. We
will be pleased to welcome young engineers and other
technical staff in our ranks. We have results, ambitions
and want to work. I firmly believe that we will be able
to maintain and improve operating conditions in our
tunnels and thus contribute to pleasant and safe travelling
through our republic.

vedouci utvaru spravy tunelt
Reditelstvi silnic a dalnic CR
Head of the Tunnel Administration Department
of the Road and Motorway Directorate
of the Czech Republic
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SANACE PRUSAKU VOD DO PODZEMNICH OBJEKTU
PRECERPAVACI VODNi ELEKTRARNY DLOUHE STRANE
SEALING OF WATER SEEPAGE INTO UNDERGROUND
STRUCTURES OF THE DLOUHE STRANE PUMPED-STORAGE
HYDRO POWER STATION

JIRIHAJOVSKY, VIT VYKYDAL

ABSTRAKT

Precerpdvaci vodni elektrdrna Dlouhé strdané (PVE DS) je jednim z nejvyznamnéjsich vodnich dél v CR. Naprostd vétsina objektii se nachdzi
v pFilehlém horninovém masivu. Ten je tvoren tektonicky poruSenymi pararulami, pricem? diskontinuity v horninovém masivu jsou nasycené
vodou. Voda pronikd ptes drobné poruchy osténi fady provoznich objektit a je zdrojem technologickych problémui. Priisaky vody se opakované
utésriuji tlakovou injektdzi polyuretanovymi hmotami. Vzhledem k provozu elektrdrny, kdy nastdvaji riznd dynamickd a statickd zatiZent, vzni-
kaji v pritbehu casu dalsi poruchy zpiisobujici pritoky vod, které se musi likvidovat. V tomto prispévku jsou uvedeny vybrané pripady sanace
smérujici k likvidaci jednotlivych priisakii vod do vnitinich prostor stéZejnich objektii PVE DS. Jednd se zejména o drobné a stiedni priisaky

e o NS

do odtokového tunelu dolni nddrZe, utésiiovdni injektdznich zdtek v privadécich vod k turbindm a tésnéni objektii kompresorovny.

ABSTRACT

The Dlouhé Strdné pumped storage hydro power station is one of the most important waterworks in the Czech Republic. The vast major-
ity of structures are located in the adjacent ground massif. It is formed by disturbed paragneiss with discontinuities saturated with water.
Water penetrates through small defects in the lining of many operational structures and is source of technical problems. Water leaks are
repeatedly sealed by high-pressure grouting with polyurethane materials. With respect to the operation of the power station, where various
dynamic and static actions originate, new leaks causing water inflows develop with time and have to be liquidated. This paper presents
selected cases of rehabilitation designed to seal individual leaks of water into internal spaces of the crucial structures of the Dlouhe Strane
pumped storage hydro power station, mainly small and medium leaks into the lower reservoir outlet tunnel, sealing of grouting plugs in
the turbine penstock an sealing of compressor station structures.

1. UvoD 1. INTRODUCTION

Precerpavaci vodni elektrarna Dlouhé strané je jednim z nejvy- The Dlouhé Strané pumped storage hydro power station is

znamng&j$ich vodnich dél a zaroven nejrozsahlejsi energetické dilo one of the most important waterworks and, at the same time, the
v CR. Provoz elektrarny byl zahdjen zkuSebnim provozem v roce | largest power generating scheme in the Czech Republic. The power

1996. Cel4 vystavba pak skoncila k 31.12.1996. station operation started by trial operation in 1996. All construction
PVE DS zajistuje stabilitu elektrizaéni soustavy CR tim zpiiso- | operations ended by 31* December 1996.
bem, Ze vytvafi rovnovahu mezi aktudlni spotfebou elektrické ener- The power station ensures the stability of the electrification system

gie a vykonem doddvanym ostatnimi elektrarnami. Existuji zde dvé of the Czech Republic by creating a balance between current power
nadrZe, jejichz vyskovy rozdil je 525 m. Horni nadrZ je situovdna | consumption and the output supplied by other power plants. There
v nadmoriské vySce 1350 m s celkovym objemem cca 2,7 mil. m? are two reservoirs there with the difference between their altitudes.
a plochou 15,4 ha. Dolni nadrZ je vytvofena

na fi¢ce Divokd Desna v nadmoiské vysce = e 22 @ 2 pricny fez pFivahdéée?: pricny fez odpadni;n tunﬁlem
. . . . 25 22 = -section tl -section tl
825 m a disponuje objemem 3,4 mil. m* s plo- fori 5 RN e “°i;f,2§e'°t”um’:|”g®

chou 16 ha. tper 2 E2 E537 oz .
m.n.m. T 8= O 9o9o o8 =1
« [ ) . . as/| reseroir S.& ©> £X352° 25 i £5
VSechny rozhodujici objekty této elektrar- 14007 1348,00 Mmax 135000 2E £3 £E
ny jsou umistény v levobieznim horninovém . 55 e e
. . . ~ . - = ) _g g ’gg
masivu. Soustava komunikac¢nich, vétracich e S5 25 5§

o . . . 1200
a odvodnovacich tunelit ma celkovou délku

Uklonova ¢ast dolni lezata cast odpadni tunel ¢.1a ¢.2

8,5 km. 1100 hornf lezaté &ast inclined part lover horizontal part tailrace tunnel No.1 and No.2
v e .. L. . . upper horizontal
StéZejnimi podzemnimi objekty jsou dva 1000 part dolni nédrz
PR wx o v o lower reservoir
tlakové privadéce o prito¢ném profilu 3,6 m, 900 | e §22.70 Mimax
A 1 1 )aKovy privadec C.1 a C.. T
na které pak navazuji dva odpadni tunely - high preseure
o pratoéném profilu 5,2 m. Situovani pfiva- pentstock No.1 and No.2

700 800,50 Mmin

déci a odpadnich tuneli je uvedeno na obr. 1.

. P - — ol R ]
stani¢eni v km 0,0 0,25 0,50 0,75 1,00 1,25 0,30 0,20 0,10 0,0
A chainage km
2' GEOLOGICKA STAVBA MASIVU sklonové a délkové 667,1] [2.00% 6015 ‘odpadni tunel 6.1 3382
PPt . . e P . pomeéry P2 57 ! (2ot S odpa(:‘r‘\:a(zi:gn;mm ]
Z reglonalnlho hlediska J€ zajmove uzemi gradient and length P2 10000% 6671 |200% 5542 tailrace tunnel No4 3807

soucasti tzv. zapadosudetské soustavy, Kterd  opy. 1 Situovdni podzemnich objektii [1]
jako celek vznikla jakoZto produkt regional-  Fig. I Location of underground structures [1]
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nich metamorfnich procest. Celkové je toto tizemi soucésti pra-
dédské kry desenské skupiny silesika moravskoslezské oblasti.
Pfimo zajmova oblast je budovana katazonalné metamorfovanymi
horninami, pfi¢emZ vychozim materidlem byly témér vylu¢né se-
dimenty.

Z petrografického hlediska se jedna pfedev§im o pararuly. Hor-
niny jinych typt jsou ojedinélé a podstatnéji neovliviiuji z hlediska
stability reakci masivu, a proto jim nebude vénovana pozornost.

Z tektonického hlediska je horninovy masiv prostoupen jak kon-
junktivnimi (souvislymi) prvky — napfiklad vrasovou stavbou, tak
i disjunktivnimi (nesouvislymi) tektonickymi prvky — napt. puk-
linami, zlomy, tektonickymi poruchami. Konjunktivni tektonické
prvky v podstaté vliv na stabilitu masivu a jeho ¢asti nemaji. Vliv
na stabilitni poméry maji téméf vyluéné disjunktivni tektonické
prvky, které jsou v zajmové oblasti pfitomny, a to:

* drobné tektonickymi prvky, které jsou zastoupeny puklinami

ti systému, z nichZ dva jsou vyrazné&jsi;

* prvky tzv. velké tektoniky, které jsou zastoupeny klasickymi
tektonickymi poruchami lokalniho vyznamu dvou zékladnich
systémd, a to SV —JZ a SZ -]V, tyto poruchy vyrazné oslabuji
horninovy masiv, a to zejména v mistech, kde dochazi k jejich
kiiZeni.

Uvedena geologicka stavba a zejména jeji tektonicka porusenost
umoziuje rozsahlou komunikaci vody v okoli podzemnich objekta.
Pfi nedostatecném utésnéni a vzniku drobnych nespojitosti v osténi
pak voda pronika do jeho vnitfniho prostoru.

Samotné pronikani vody je zdrojem fady technologickych pro-
blémd, zejména negativniho vlivu na ocelové konstrukce.

V nasledujicim textu se uvadéji tésnici sanacni prace smétuji-
ci k likvidaci pritokd vod, a to ve vybranych stéZejnich objektech
PVE DS.

3. ZABRANENI PRONIKANI VODY DO PRIVADECU

Predmétné ptivadéce slouzi k privedeni vody z horni nadrZe
na soustroji turbin. Jsou vybaveny ocelovymi rourami o praméru
3,6 m. Prostor mezi t€mito rourami a hrubym vylomem je zaplnén
cementovou suspenzi.

V rourdch jsou vytvoreny injektdzni otvory, pies které byla
v dobé vystavby vhanéna injektazni hmota — vySe uvedena cemen-
tova suspenze, kterd méla vyplnit prostor mezi vnéjSim obvodem
roury a hrubym vylomem v horninovém masivu. Otvory jsou uza-
vieny tzv. injektaznimi zatkami. V disledku nedokonalé injektaze

Obr. 2 Voda pronikajici pres zdtku
Fig. 2 Water leaking through a plug

The difference between altitudes of the two reservoirs amounts to
525m. The upper reservoir with the total volume of 2.7 million m?
and surface area of 15.4ha is located at the altitude of 1350m a.s.l.
The lower reservoir with the total volume of 3.4 million m* and
surface area of 16ha lies on the small Divoka Desna river, at the
altitude of 825m a.s.l.

All crucial structures of the power station are located in
the left-bank ground massif. The total length of the system of
communications (roads, utility lines etc.), ventilation and drainage
tunnels amounts to 8.5km.

The crucial underground structures are represented by two high-
pressure penstock with the water flow profile of 3.6m, which is
subsequently followed by two tailrace tunnels with the water flow
profile of 5.2m. The locations of the penstock and tailrace tunnels
is presented in Fig. 1.

2. GEOLOGICAL STRUCTURE OF THE MASSIF

From the regional point of view, the area of interest is part of
the so-called Sudetenland system, which originated as a whole as
a product of regional metamorphic processes. In general, this area
is part of the Praded block of the Desna group of the Moravian-
Silesian area, Silesicum. The area of interest itself is built up by
catazonally metamorphosed rock types, where sediments formed
nearly exclusively the source material.

From the petrographical point of view, there is first of all
paragneiss there. Other rock types are rare and do not more
significantly influence the rock massif response as far as stability is
concerned. For that reason we will not pay attention to them.

From the tectonic point of view, the rock massif is permeated
with conjunctive (continuous) elements — for example folding
structures, as well as disjunctive (discontinuous)
elements — for example fissures, faults, tectonic disturbances. The
conjunctive elements have in substance no influence on the stability
of the massif and its parts. The stability conditions are influenced
nearly exclusively by the following disjunctive elements present in
the area of interest:

* by minor tectonic elements represented by fissures of three

systems where two of them are more marked;

* by elements of the so-called large tectonics, which are
represented by classical local importance tectonic disturbances
of two basic systems, the NE — SW and NW — SE ones; the
disturbances significantly weaken the rock massif, first of all
in the locations where they cross each other.

The above-mentioned geological structure and in particular the
negative disturbance allow for extensive communication of water
in the surroundings of the underground structures. In the case of
insufficient sealing and origination of minor discontinuities in the
lining, water penetrates into the internal space.

Water penetration itself is a source of many technical problems,
first of all the negative influence on steel structures.

The following text informs about sealing operations designed
to liquidate water inflows into selected crucial structures of the
Dlouhé Strané pumped storage hydro power station.

tectonic

3. PREVENTION OF WATER PENETRATION
TO PENSTOCKS

The penstocks in question bring water from the upper reservoir
to the turbine set. They are equipped with steel tubes 3.6m in
diameter. The annulus between the tubes and the tunnel excavation
surface is filled with cement suspension.




se mezi rourami a hrubym vylomem vytvorily rizné velké volné
prostory vyplnéné vodou.

Postupnym uvoliiovanim zatek dochazi k pronikédni vody okolo
télesa zatky do vnitfniho prostoru privadéce. Typicky pohled na
pronikajici vodu je uveden na obr. 2.

DotaZeni zétek, a tim zabranéni pronikadni vody z technickych
davodi, nebylo ve vétsiné pripadi mozné. Pro utésnéni vody bylo
nutno jednotlivé zatky provrtat a nsledné prostor za nimi zainjek-
tovat tésnici polyuretanovou pryskyfici.

Pro tésnici prace bylo nutno zatku uprostied provrtat otvorem
o priméru 5 mm, do tohoto otvoru vyfezat zavit M6 a nasledné
zaSroubovat pakr. OkamZit€ po instalaci pakru se zahgjila tlakova
injektaz, ktera probihala az do zastaveni pritoku vody okolo zatky.
Vrtani injektaZniho otvoru je zachyceno na obr. 3. Vzhledem k pfi-
tomnosti vody byla pouzita akumulatorova vrtacka, kde nehrozil
uraz elektrickym proudem. Pfedmétna vrtacka slouzila rovnéz k za-
Sroubovani a utaZeni pakrii. InjektdZ je znazornéna na obr. 4. Vzhle-
dem ke skuteCnosti, Ze se za osténim nachdzely volné prostory ne-
znamé velikosti a teplota masivu je stile pomérné nizka 10-12 °C,
byla vybrana jiZz v minulosti osvédcena tésnici hmota polyuretan
Bevedan — Bevedol WFA, ktery za danych podminek napénuje, vy-
pliiuje volné prostory a zabraiuje pronikdni vody. K samotné in-
jektazi se pouzilo injektazni cerpadlo DV97 schopné vyvinout tlak
15 MPa. Provozni tlak byl ve vétSiné pfipadd okolo 5 MPa. Spo-
tieba hmoty se pohybovala v rozmezi do 1 litru na zatku, pfi¢emz
u kazdé zatky byla spotieba jind v zavislosti na prostfedi za osténim.

V dasledku provozu elektrarny, kdy voda v privadécich perio-
dicky proudi smérem na turbiny a po urcité dobé zpét do prostoru
horni nadrZe, se uvoliiuji nékteré dalsi zitky a v té€snicich pracich
je nutno pokracovat.

4. UTESNENI ODPADNICH TUNELU PROTI PRONIKAJICI
VODE

Odpadni tunely slouzi k odvodu vody od turbiny do dolni nadrze
a pii reverznim chodu pro privod vody k turbin€ a naslednému cCer-
pani do horni nadrZe. Jejich pramér Cini 5,2 m, jsou zabezpeCeny
monolitickym betonovym osténim. Drobnymi nespojitostmi vysky-
tujicimi se v tomto osténi dochazi k pronikani vody, a to bud bo-
dovému, nebo liniovému — pfes trhliny. MnoZstvi pronikajici vody
bylo misto od mista rizné a pohybovalo se v rozsahu 1-3 I/min.
Zabranéni pritoku vody se uskutecnilo tlakovou injektazi tésnici
hmoty, a to prostfednictvim systému vhodné usporadanych injektaz-
nich vrtl priméru 14 mm osazenych pakry (obr. 5). Smérovani vrtl

Obr. 4 Tlakovd injektdz pres zdtku
Fig. 4 High-pressure grouting through a plug
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Obr. 3 Vrtdni otvoru pro injektdzni pakr pres zdtku
Fig. 3 Drilling of a hole through a plug for grouting packer

Grouting ports are created in the tubes through which the
grout was forced during the construction (the above-mentioned
cement suspension) designed to fill the annulus between the outer
circumference of the tube and the surface of the excavation in the
rock massif. The ports were closed with the so-called grouting
plugs. Empty spaces of various sizes filled with water developed
as a result of imperfect grouting between the tubes and the rough
excavation.

As a result of gradual loosening of the plugs, water intrudes
around the plug body into the inner space of the penstock. A typical
view of the intruding water is presented in Fig. 2.

Tightening of the plugs and preventing water intrusion in that
way was not possible for technical reasons in the majority of the
cases. To seal the leaks it was necessary to drill individual plugs
through and, subsequently, to inject the sealing polyurethane resin
into the spaces behind them.

It was necessary for the sealing operation to drill a Smm-
diameter hole into the centre of the plug, cut M6 thread in the
hole and subsequently screw a packer into it. The high-pressure
grouting started immediately after the installation of the packer. It
continued until the water inflow around the plug stopped. Drilling
of the hole for grouting is presented in Fig. 3. An accumulator
drill was used with respect to the presence of water. There was

Obr. 5 Osazeni pakry
Fig. 5 Installation of packers
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Obr. 6 Vytékdni tésnici hmoty pri ukonceni tlakové injektdZe
Fig. 6 Grout flowing out after completion of high-pressure grouting

bylo Sikmo na piedpokladanou plochu nespojitosti. Podle mnoZstvi
a liniového rozsahu pfitoki vod se pouzilo 3—6 pakrd na jeden pri-
sak s vyjimkou rozsdhlého liniového pritoku ve stropni Casti objektu.
Délka vrtii se pohybovala obvykle v rozsahu 30-40 cm. Pouzila
se bézna elektricka rotacné-priklepna vrtacka. Elektricky ptivod
(230 V) — kabel musel byt pouZit ve vodotésném provedeni.
Tesnici hmota se postupné vtlacovala do trhlin betonového osténi
az do doby, kdy ustalo pronikani vody, resp. pies utésiiovanou ne-
spojitost vytékala injektovana hmota (obr. 6 a 7). Jako tésnici hmota
se pouZzila jiz zminénd polyuretanova pryskyfice Bevedan — Bevedol
WFA. Zalerpavani se uskutecnilo injektaZnim cerpadlem DV97.
Injektazni tlak se obvykle pohyboval okolo 5-8 MPa. Spotieba
injektazni hmoty byla v fadu n€kolika litrti na jeden prasak.
Urcité technologické potiZe nastaly v pripad€ nutnosti utésnit
pritok vod ve stropni ¢ésti osténi. Bylo nutno pouzit jednoduché
leSeni. Jednalo se pouze o jeden liniovy pfitok, kde bylo pouZito
12 pakri a spotfeba injektaZzni hmoty cinila 9 litri.

5. LIKVIDACE PRITOKU VOD DO PRISTUPU
KE KOMPRESOROVNE

V objektu, ktery zajistuje pristup k rozsahlé podzemni kompre-
sorovné, dochdzelo ve stropni ¢asti k rozsahlému priniku vody
pres betonové osténi, kterym byl tento objekt zajistén. V predmét-

Obr. 8 Pronikdni vody do vnitiniho prostoru pristupu do kompresorovny
Fig. 8 Intrusion of water into the internal space of the access to the compres-
sor station

Obr. 7 Utésnéni liniového prisaku
Fig. 7 Sealing of linear leak

no threat by electrical injury. The drill in question was in addition
used for screwing and tightening of packers. The grouting is
presented in Fig. 4. With respect to the fact that empty spaces with
unknown dimensions were behind the lining and the temperature
of the massif is permanently relatively low, 10-12°C, the sealing
material, Bevedan — Bevedol WFA proven in the past was selected.
It forms foam under the particular conditions, fills the free spaces
and prevents penetration of water. Grouting pump DV97 capable
of exerting pressure of 15MPa was used for injecting the grout.
Operating pressure varied in the majority of cases fluctuating about
SMPa. The consumption of grouting material ranged up to 1 litre
per plug, (the consumption was different at each plug depending on
the environment behind the lining).

Some new plugs get loose as a result of the power station
operation, where water in the penstocks periodically flows in the
direction of turbines and, after some time, back to the space of the
upper reservoir.

4. SEALING OF TAILRACE TUNNELS AGAINST
INTRUDING WATER

Tailrace tunnels serve to evacuate water from turbines to the
lower reservoir and, during the reverse running, to pumping water
to the upper reservoir. Their diameter amounts to 5.2m; they are
supported with cast-in-situ concrete lining. Water penetrates
through small discontinuities occurring in the lining, either
pointwise or linear — through fissures. The amount of penetrating
water was different from place to place, varying within the range of
1-3L/min. Water inflows were prevented by high-pressure injection
of sealing grout through a system of well-arranged 14mm-diameter
grouting holes with packers (see Fig. 5). The holes were bored
skew to the assumed discontinuity surfaces. With the exception of
the extensive linear inflow under the ceiling of the structure, 3—6
packers were used for one leak, depending on the linear extent of
water inflows.

The boreholes were usually 30-40cm long. A common electrical
rotary-percussive drill was used. A waterproof-design power
supply (230V) cable had to be used.

The sealing grout was gradually pressed into fissures in the
concrete lining until water penetration ceased, respectively the grout
flew out through the fissure being sealed (see Figures 6 and 7). The
above — mentioned Bevedan — Bevedol WSA polyurethane resin




Obr. 9 Utésnéni stropniho priisaku
Fig. 9 Sealing of a leak under the ceiling

ném objektu se nachdzi strojni zafizeni zajistujici dodavky stlace-
ného vzduchu do urcenych mist. Vlivem pronikani vody do objektu
se zde nachazela takika 100% vlhkost vzduchu. Tato skutecnost
vyvolavala urychlenou korozi ocelovych soucésti. Pritok vody je
patrny z obr. 8. Jeho intenzita byla v rozmezi 3—10 I/min. podle
toho, zda se jednalo o dlouhy liniovy prfitok — jeden pfipad délky
2 m, nebo Ctyfi kratké 3—10 cm dlouhé trhliny.

Likvidace pritokii vod se uskutecnila stejnym zpisobem jako
v odpadnich tunelech. Opét se pouzila osvédcena tésnici hmota Be-
vedol — Bevedan WFA injektovana prostfednictvim pakru do nespo-
jitosti betonového osténi injektaZnim cerpadlem DV97. Provozni
tlak se pohyboval v rozsahu 3—10 MPa. Spotfeba hmoty v dlouhém
liniovém pritoku byla 10 1. Spotfeby v kratkych trhlinach se pohy-
bovaly od 1-3 litrG. Utésnény stropni priisak je zobrazen na obr. 9.

Po ukonceni tésnicich praci bylo konstatovano, Ze cca 90 %
objemu pritoku vody bylo zlikvidovdano. Zbylych cca 10 % ne-
bylo z technologickych diivodi utésnéno. Uvedené zbylé mnoz-
stvi pritoku je fizené potrubim odviddéno do odvodilovaciho
systému.

6. ZAVER

V predklddaném piispévku jsou ve zna¢ném zjednoduSeni uve-
deny vybrané konkrétni pfipady utésnéni, resp. likvidace pritoka
vod do podzemnich objektt PVE DS.

V naprosté vétsin€ piipadu se docililo tplného zastaveni pritoki.
V nékterych pripadech vSak doSlo pouze k vyraznému omezeni.
Zbyly pritok byl pak fizen¢ odvadén do odvodiiovaciho systému.

Vzhledem k dynamickému provozu preCerpavani vodni masy
mezi dolni a horni nadrzi Ize o¢ekavat v pribehu Casu vyskyt dal-
Sich piitoku, které bude nutno likvidovat.
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was used as the sealing grout. It was pumped with DV97 grouting
pump.

The grouting pressure usually fluctuated around 5-8MPa. The
consumption of grouting material was within the order of several
litres per one leak.

Certain technical problems occurred in the case of necessity for
sealing a water leak in the area under the ceiling. It was necessary
to use simple scaffolding. There was only one linear inflow there,
where 12 packers were used and the grout consumption amounted
to 9 litres.

5. LIQUIDATION OF WATER INFLOWS INTO THE ACCESS
TO THE COMPRESSOR STATION

Extensive leaks through the concrete lining securing the structure
of the access tunnel to the large underground compressor station
occurred in the part under the ceiling. Mechanical equipment
providing supplies of compressed air to designated locations is
installed in the structure in question. As a result of the intrusion
of water into the structure, air humidity grew nearly to 100%. This
fact brought about accelerated corrosion of steel components.
The water inflow is obvious from Fig. 8. The inflow rate ranged
from 3 to 10L/min, depending on the defects, whether there was
a long linear leak — one case 2m long, or four short 3—10cm long
fissures.

Liquidation of water leaks was carried out using the same
procedure as that used in the tailrace tunnels. The proven Bevedol
— Bevedan WFA grout was again used for injecting through
packers into discontinuities in the concrete lining using DV97
grouting pump. Operating pressure varied between 3 and10MPa.
The consumption of grout in the long penstock amounted to 10L.
The consumption in short fissures ranged from 1 to 3 litres. The
sealed leak under the ceiling is presented in Fig. 9.

It was stated after the completion of sealing operations that ca
90% of the volume of the water inflows were liquidated. Remaining
ca 10% were not sealed for technical reasons. The above-mentioned
remaining amount of the inflow is evacuated in a controlled manner
to the drainage system.

6. CONCLUSION

The paper being submitted contains selected, significantly
simplified, specific examples of sealing, respectively liquidation
of water inflows into underground structures of the Dlouhé Strdné
pumped storage hydro power station.

The goal of complete stopping of the inflows was successfully
achieved in the vast majority of cases. In some cases the inflow was
only significantly reduced. The remaining inflow was evacuated in
a controlled way to the drainage system.

With respect to the dynamical operation of pumping the water
mass between the lower reservoir and upper reservoir it is possible
to expect the occurrence of new inflows which will have to be
liquidated.

Ing. JIRI HAJOVSKY, CSc.,

JHajovsky @seznam.cz, SG — GeoinZenyring s.r.o.,
Ing. VIT VYKYDAL,
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GEOTECHNICKY MONITORING V PRUBEHU HLOUBENI JAM
A RAZBY TUNELU DEBOREC NA 4. ZELEZNICNIM KORIDORU
GEOTECHNICAL MONITORING DURING THE COURSE
OF EXCAVATION OF PORTAL PITS AND DRIVING THE DEBOREC
TUNNEL ON RAILWAY CORRIDOR NO. 4

MILAN KOSSLER, ALES VIDENSKY

ABSTRAKT

V lété roku 2018 zapocala modernizace 4. tranzitniho Zeleznicniho koridoru v iiseku Sudomévice u Tabora — Votice v CR v celkové délce
cca 17 km. Dva stavebni objekty jsou nové dvoukolejné tunely Deborec dl. 660 m a Mezno dl. 840 m. Oba tunely jsou budovdny konvencné
Novou rakouskou tunelovaci metodou (NRTM). Predmeétem tohoto prispévku je shrnuti dosavadnich zkuSenosti z vystavby tunelu Deborec.
Stavebni prdce zde byly zahdjeny v cervenci 2018 hloubenim paZené stavebni jamy vyjezdového portdlu. Samotnd razba zapocala v lednu
roku 2019 ze strany vyjezdového portdlu. V dostatecném predstihu pred zahdjenim stavebnich praci byly do horninového masivu nad tu-
nelem instalovdny extenzometry, v bezprostiedni blizkosti stavebnich jam byly instalovdny inklinometry. Dalsi metodiky méreni, které jsou
standardni soucdsti geotechnického (GT) monitoringu konvencné raZenych tuneli, jsou aplikovdny v pritbéhu realizace dila. Poznatky z GT
monitoringu jsou podkladem pro prijimdni stavebné-technickych opatveni pro bezpecnou a ekonomickou vystavbu. Modernizaci tohoto
tiseku se zase o nékolik minut zkrdti jizdni doba viakii. S dokoncenim modernizace celého 4. koridoru pak dojde ke zkrdcent jizdni doby
viakii 7 Ceskych Budéjovic do Prahy z piivodnich 2 h 30 min na 1 h 45 min.

ABSTRACT

In Summer 2018, modernisation of railway the transit corridor commenced in the Sudomérice u Tabora — Votice section at the total length
of ca 17km. There are two civil-engineering objects in it, the 660m long Deborec tunnel and the 840m long Mezno tunnel. Both tunnels
are being constructed using the New Austrian Tunnelling Method (NATM). This paper summarises the experience from the construction
of the Deborec tunnel gathered to date. The construction work on this tunnel started in July 2018 by excavating the braced construction
pit for the exit portal. The tunnel excavation itself commenced in January 2019 from the exit portal side. Extensometers were installed
into the ground massif above the tunnel in a sufficient advance of the start of construction operations; inclinometers were installed in
the immediate vicinity of the construction pits. Other measurement methodologies which are standard components of geotechnical (GT)
monitoring of conventionally driven tunnels are applied during the realisation of the works. The knowledge from the GT monitoring
is a basis for adopting civil-engineering — technical measures for safe and economic construction. The travel time of trains will again
be reduced by several minutes by the modernisation of this section. With the completion of the modernisation of the whole corridor
No. 4 the travel times of trains from Ceské Budéjovice to Prague will be reduced from original 2 hours 30 minutes minimally to 1hour

45 minutes.

uvob

V ramci vystavby 4. tranzitniho Zelezni¢niho koridoru v useku
Sudomeéfice u Tabora — Votice je, jako jeden z mnoha stavebnich ob-
jekt, navrZen novy dvoukolejny tunel Debore¢ leZici mezi obcemi
JeSetice, Horni Borek, Nové Dvory, Rikov a Radi¢. Tunel podchazi
pod vrchem Debore¢ s nadmorskou vyskou 598 m n. m. Vyska te-
rénu v misté portdli je okolo 560 m n. m. 4. koridor Praha — Be-
nesov u Prahy — Tabor — Ceské Budgjovice — Horni Dvofisté patii
niho mésta s Tiborskem a jiznimi Cechami. Zaroveii je vyznamnou
transevropskou Zeleznicni trasou sit¢ TEN-T na severojizni ose Balt
— Jadran (Berlin — Bad Schandau — Dé&Cin — Praha — Horni Dvoristé
— Linz — Salzburg — Villach — Tarvisio — Venezia — Bologna/Trieste).

Vystavbou tunelu Debore¢ dojde ke zvétSeni polomérti obloukli
stavajici Zeleznice a tim ke zlepSeni komfortu cestovani a zvyseni
cestovni rychlosti ze soucasnych 90 km/h na 160 km/h.

Investorem piedstavovaného projektu je SZDC, statni organiza-
ce, generdlnim zhotovitelem stavebnich praci je spolecnost OHL
78S, a.s., podzhotovitelem razicich praci je spole¢nost TUBAU, a.s.
Geotechnicky monitoring a geotechnicky dohled provadi spo-

INTRODUCTION

The new double-track Debore¢ tunnel, located between the
villages of JeSetice, Horni Borek, Nové Dvory, Rikov and Radi¢,
was designed within the framework of the development of transit
railway corridor No. 4, section between the towns of Sudoméfice
u Tabora and Votice, as one of many construction objects. The
tunnel passes under Deborec hill with the altitude of 598m a.s.l.
The altitude of the terrain at the location of portals is about 560m
a.s.1. The corridor No. 4 Prague — Bene$ov u Prahy — Tabor — Ceské
Budéjovice — Horni Dvofisté belongs among the most important
tracks of the Czech Republic — it connects the agglomeration of
the capital with the Tdbor region and Southern Bohemia. It is at the
same time an important trans-European railway line of the TEN-T
network on the Baltic sea — Adriatic sea (Berlin — Bad Schandau
— DéCin — Prague — Horni Dvofisté — Linz — Salzburg — Villach —
Tarvisio — Venezia — Bologna/Trieste north-south axis).

Thanks to the Debore¢ tunnel construction the radii of curves
of the existing track will be increased, thus the travelling comfort
will improve and the travel speed will grow from current 90km/h
to 160km/h.
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Obr. 1 Situace firSich vztahii
Fig. 1 Layout of wider relationships

le¢nost SG Geotechnika a.s. Na projek¢nich pracich se podilely
organizace METROPROJEKT Praha a.s., coby zpracovatel doku-
mentace pro zadani stavby a MPI projekt s.r.o., coby zpracovatel
realizacni dokumentace stavby.

POPIS ZAKLADNICH PARAMETRU DILA

Konstrukce tunelu je tvofena dvéma hloubenymi portalovymi
useky budovanymi v oteviené stavebni jamé a dsekem raZenym
NRTM. Pro prehlednost bylo na tunelu zavedeno staniceni v tu-
nelmetrech (TM), které je nezavislé na oficidlnim staniCeni traté.
TM 0,0 je v misté definitivniho vyjezdového (tj. prazského) portélu,
pocatek razby v misté vyjezdového portilu je na TM 49,0. Délka
konstrukce hloubenych ¢asti je 49 m na vjezdovém (jihovychod-
nim) portdlu a 49 m na vyjezdovém (prazském, severozdpadnim)
portalu. RaZeny tunel je navrZen v délce 562 m. Celkova délka tu-
nelu v jeho ose je tedy 660 m. VySka stény raZzeného portalu je na
vjezdu 16,1 m (nadlozi 6,9 m), na vyjezdu 16,8 m (nadlozi 7,0 m).
Maximalni vyska nadloZi razeného tunelu je cca 47 m ve staniceni
TM 290. Situovani tunelu je patrné z obr. 1. Podélny fez tunelem
se zakreslenim predpokladanych inZenyrskogeologickych poméri
je zpracovén na obr. 2. Cistopis inZenyrskogeologického fezu zho-
toveného na zdklade€ skutecné zastizenych inzenyrskogeologickych
pomérl neni s ohledem na fazi vystavby (k 9. 5. 2019 vyraZeno
74 m z celkovych 562 m) k dispozici.

Popis jednotlivych doposud zastiZenych geotechnickych typu je
zpracovan v kapitole InZenyrskogeologickd dokumentace.

Hloubeny vjezdovy portal

Cast vzdalengjsi od portalu (stani¢eni TM 640 az TM 660) je
po celé vysce pouze svahovana. Jama ma v tomto useku tfi trov-
né sklonl oddélenych lavickami. VSechny tfi drovné jsou zajis-
tény stfikanym betonem tl. 150 mm vyztuZenym ocelovou siti
150x 150/6 mm. Do spodnich dvou trovni je navic aplikovano
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zaddvaci dokumentace Sudop Praha, a.s. tender design Sudop Praha, a.s.

The owner of the project being prepared is the Railway
Infrastructure Administration, state organisation; the general
contractor for civil engineering structures is OHL ZS, a.s. and
the sub-contractor for the tunnel construction is TUBAU, a.s.
The geotechnical monitoring and geotechnical supervision are
conducted by SG Geotechnika a.s.

The design was carried out jointly by METROPROJEKT Praha
a.s. (author of the tender design) and MPI project s.r.o. (author of
the detailed design).

DESCRIPTION OF BASIC PARAMETERS OF THE WORKS

The tunnel structure is formed by two portal sections built in
open construction pits and a section mined using the NATM.
Chainage in tunnel metres (TM) was introduced to the tunnel
for clarity. It is independent of the official chainage of the track.
TM 0.0 is in the location of the final exit (Prague) portal, the
start of tunnel excavation is at TM 49.0. The lengths of the cut-
and-cover parts are 49m at the entrance (south-eastern) portal
and 49m at the Prague exit (north-western) portal. The length of
562m is designed for the mined tunnel. The total tunnel length on
its centre line is therefore 660m. The mined portal wall is 16.1m
high at the entrance (overburden 6.9m high) and 16.8m at the exit
(overburden 7.0m high). The maximum mined tunnel overburden
height amounts to 47m at chainage TM 290. The tunnel layout is
obvious from Fig. 1. The longitudinal section through the tunnel
with expected engineering geological conditions plotted on it is
presented in Fig. 2. The clean copy of the engineering geological
section carried out on the basis of actually encountered engineering
geological conditions is not available with respect to the current
construction phase (as of 9" May 2019, 74m of the total of 562m of
tunnel excavation have been completed).

Description of individual geotechnical types encountered so far
is available in the engineering geological documentation chapter.



hiebikovani ocelovou betonarskou ty¢i priméru 25 mm. Délka
hrebiktl v nejnizsi trovni portdlu ¢ini 6 m, délka hebikl ve stfedni
urovni ¢ini 4 m.

Cast stavebni jamy piilehla k portilu (stani¢eni TM 640 az TM
611) je od koty 557,65 m n. m. realizovdna do zaporového paZeni
tvoreného ocelovymi valcovanymi profily I 300 a I 330. Tyto profi-
ly jsou osazeny do svislych vrtd @ 640 mm a @ 770 mm vrtanych
v rozteci 1,50 az 2,26 m. Pti hloubeni jamy bylo za pfiruby odkry-
tych valcovanych profilti osazovano vodorovné pazeni tvorené dre-
vénymi pazinami z foSen. Pazend jama je v predepsanych drovnich
a rozteCich kotvena tfi- a pétipramencovymi kotvami. Nad hlava-
mi zépor je provedena lavicka Sitky 1 m. Horni ¢ast nad lavickou
je svahovéana ve sklonu 1:1,5 a je zajisténa stfikanym betonem tl.
150 mm vyztuZenym ocelovou siti 150 x 150/6 mm.

Hloubeny vyjezdovy portal

Stavebni jama vyjezdového portdlu je navrzena obdobné jako
jama vjezdova.

Cast vzdalen&jii od portélu (stani¢eni TM 0 az TM 20) je po celé
vysce pouze svahovand a md v tomto tseku tfi irovné sklont od-
délenych lavickami. VSechny tfi trovné ve stani¢eni TM 0-TM 20
jsou zajistény stiikanym betonem tl. 150 mm vyztuZenym ocelo-
vou siti 150x 150/6 mm. Do spodnich dvou trovni je navic apli-
kovéano hfebikovani ocelovou betonafskou ty¢i priméru 25 mm.
Délka hrebikl v nejniZ§i drovni portdlu ¢ini 6 a 8 m — 8 m jsou
dlouhé dvé spodni fady hiebikil a 6 m je dlouha horni fada hiebika.
Délka hrebiki ve stfedni trovni ¢ini 4 m.

Cut-and-cover entrance portal

The part more distant from the portal (chainage TM 640 to
TM 660) is only a pit sloped throughout its height. The pit in this
section has three levels of slopes separated by berms. All three
levels are stabilised with 150mm thick layer of shotcrete reinforced
with welded mesh 150x150/6mm. Nailing using 25mm-diameter
concrete reinforcement rods was applied to the lower two levels. The
length of the nails amounts to 6m and 4m at the lowest portal level
and the medium level, respectively.

The part of the construction pit adjacent to the portal (chainage
TM 640 up to TM 611) from the level of 557.65m a.s.l. is braced
by strutted sheeting formed by rolled steel sections I 300 and
1330. The sections are inserted into vertical boreholes 640mm
respectively 770mm in diameter bored at 1.50 to 2.26m spacing.
Timber planks forming the horizontal lagging were installed during
the pit excavation behind flanges of the exposed rolled sections.
The sheeted pit is anchored at prescribed levels and spacing with
three- and five-strand anchors. A 1m wide berm is above the heads
of soldier piles. The upper part above the berm is sloped at 1 : 1.5
and is stabilised with 150mm thick shotcrete reinforced with welded
mesh 150x150/6mm.

Cut-and-cover exit portal

The construction pit for the exit portal is designed similarly to the
entrance pit.

Part farther from the portal (chainage TM 0 to TM 20) is only
sloped throughout its height and has three gradients separated by
berms in this section. All three slopes at chainage TM 0-TM 20 are
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Videiisky, 2019 Videiisky, 2019
Obr. 3 Celba v TM 49,4 — vyjezdovy portdl, zahajovaci Celba razené &dsti tunelu
Fig. 3 Excavation face at TM 49.4 — exit portal, opening excavation face of
the mined tunnel part

Cast stavebni jamy pfilehld k portélu (stani¢eni TM 20 az TM 49)
je od kéty 553 m n. m. realizovana do zaporového paZeni tvofené-
ho ocelovymi valcovanymi profily I 300 a I 330. Tyto profily jsou
osazeny do svislych vrta @ 640 mm a @ 770 mm vrtanych v rozte¢i
1,50 az 2,10 m. Pfi hloubeni jamy bylo za pfiruby odkrytych vél-
covanych profilll osazovano vodorovné pazeni tvorené drevénymi
pazinami z foSen. V predepsanych urovnich bylo realizovano kot-
veni zapor pramencovymi kotvami. Nad hlavami zapor je prove-
dena lavicka $itky 1 m. Horni ¢ast nad lavickou je svahovédna ve
sklonu 1:1,5. Tato svahovana ¢ast je zajiSténa stfikanym betonem
tl. 150 mm vyztuZenym ocelovou siti 150 % 150/6 mm.

RaZena cast

Tunel je raZen konvenéné NRTM. RaZzbami byly doposud (¢elba
kaloty je k 9. 5. 2019 v TM 123) zastizeny zcela azZ mirné zvétralé
horniny, siln€ rozpukané, které byly rozpojovany strojni mechani-
zaci. Hloubéji v hofe se v navétralych az zdravych polohéch pa-
rarul pocitd s pouZzitim trhacich praci a mechanickym docisténim
lice vyrubu. Profil tunelu je horizontdlné ¢lenén na kalotu, opéfi
a dno. V podélném sméru je vzdalenost celeb jednotlivych dil¢ich
vyrubu zévisla na zastiZzenych geologickych podminkach a je urce-
na technologickou tfidou vyrubu. Razba tunelu probihd dovrchné
od vyjezdového portdlu smérem k vjezdovému portdlu. Fotografie
zahdjeni praci je na obr. 3. Na fotografii je v prostoru kaloty patrny
relikt zaporové portdlové stény, ktery byl v prvnich dvou zébérech
ponechén pro zaji$téni stability celby.

Osténi tunelu je dvouplastové s mezilehlou foliovou izolaci. Pri-
mdrni osténi je tvoreno stifkanym betonem tlouStky 150, 200, 250,
300 a 400 mm (dle technologické vystrojovaci tfidy vyrubu) se siti,
pfihradovymi nosniky, svorniky, jehlovianim a v piipad¢ techno-
logické tfidy NRTM 5b i s ¢elbovymi kotvami a mikropilotovym
deStnikem. Sekundérni osténi je navrZeno monoliticky do bednéni
z betonu C30/37-XC1, XF1, XA2 s tloustkou 350 mm pro techno-
logické tifidy NRTM 2 az 5a a tloustkou 450 mm pro tfidu 5b. Dél-
ka bloku betonaZe je stanovena jednotné pro cely tunel a ¢ini 12 m.

GEOTECHNICKY MONITORING

Stavebni prace na tunelu zapocaly v Cervenci 2018 skryvkou
pidniho profilu na vyjezdovém portalu, hloubeni na vjezdovém
portédlu zapocalo v listopadu 2018. K 9. 5. 2019 je ¢astecné vyhlou-
bena stavebni jama vjezdového portalu (cca 14 vyskovych metra
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stabilised with 150mm thick layer of shotcrete reinforced with welded
mesh 150x150/6mm. Nailing with steel concrete reinforcement rods
25mm in diameter are in addition applied to the two lowest slopes.
The nails at the lowest portal level are 6 and 8m long — nails in the
two lower tiers are 8m long, nails in the upper tier are 6m long. At the
medium level, the nails are 4m long.

Part of the construction pit adjacent to the portal (chainage TM 20
to TM 49) from the level of 553m a.s.l. is braced by strutted sheeting
formed by rolled steel sections I 300 and I 330. The sections are
inserted into vertical boreholes 640mm and 770mm respectively in
diameter bored at 1.50 to 2.10m spacing. Timber planks forming the
horizontal lagging were installed during the pit excavation behind
flanges of the exposed rolled sections. Anchoring of the soldier piles
was realised at the prescribed levels using stranded anchors. A 1m
wide berm is above the heads of soldier piles. The upper part above
the berm is sloped at 1:1.5 and is stabilised with a 150mm thick
shotcrete layer reinforced with welded mesh 150x150/6mm.

Mined part

The tunnel is driven conventionally using the NATM. The
excavation so far (as of 9" May 2019 the excavation face is at
TM 123) encountered completely to moderately weathered, heavily
fractured rock. It was disintegrated mechanically. Deeper in the
massif, application of the drill and blast method is expected, with
mechanical scaling of the excavation surface. The tunnel excavation
sequence is horizontal, consisting of top heading, bench and bottom.
In the longitudinal direction, the distance between faces of individual
partial excavations depends on the geological conditions encountered
and is determined by the excavation support class. The tunnel
excavation proceeds uphill toward the entrance portal. A photo of the
excavation commencement is in Fig. 3. Remains of the soldier pile
and lagging wall which were left at the initial excavation rounds to
stabilise the excavation face are visible in the photo in the space of
the top heading.

The tunnel lining is of the double-shell type with an intermediate
plastic membrane. The primary lining is formed by shotcrete 150,
200,250, 300 and 400mm thick (depending on the excavation support
class) with welded mesh, lattice girders, rockbolts, needles and, in
the case of the NATM support class 5b, even with face supporting
anchors and canopy tube pre-support. The secondary lining is made
of cast-in-situ C30/37-XC1, XF1, XA2 concrete. The thickness of
350mm is designed for NATM excavation support classes 2 through
to 5 and 450mm for NATM class 5b. The length of the concrete
casting blocks are set at 12m, uniformly for the whole tunnel.

GEOTECHNICAL MONITORING

Construction work on the tunnel started in July 2018 by stripping
of the earth profile at the exit portal; excavation at the entrance portal
started in November 2018. As of 9" May 2019, the excavation of the
construction pit for the entrance portal has been partially carried out
(ca 14m of the total depth of 16.5m at the location of the mined portal
wall). The excavation for the pit for the exit portal has been finished
up to the bottom (the depth of 16m). The tunnel excavation continues
from the temporary exit portal located at TM 49. As of 9" May 2019,
the top heading excavation face has arrived to the distance of 74m
from the mined portal (TM 123), the bench excavation face is at TM
103 and the bottom has been closed up to TM 102.2.

The data monitoring the behaviour of the ground environment, the
civil engineering structures being constructed and the behaviour of
buildings adjacent on the surface has been measured and assessed
during the construction process. Geomonitoring results are, together
with engineering geological monitoring of the tunnel excavation,
categorised into excavation support classes. Alert states are defined
in the design for individual measurements. Particular values of alert
states are based either on the anticipated deformation set in the
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z celkovych cca 16,5 m v misté stény raZeného portdlu). Jama vy-
jezdového portalu je vyhloubena aZ na dno (hloubka cca 16 m).
Razby probihaji od provizorniho vyjezdového portalu situovaného
do TM 49. Celba kaloty je k 9. 5. 2019 ve vzdélenosti 74 m od
razeného portalu (TM 123), Celba opéfi je ve vzdalenosti TM 103
a dno uzavieno do TM 102,2.

V dosavadnim pribéhu stavby jsou méreny, dokumentovany a vy-
hodnocovéany udaje monitorujici chovani horninového prostiedi,
budovanych stavebnich konstrukcei a také stavajici okolni zastavby.
Vysledky geomonitoringu jsou, spolu s inZzenyrskogeologickym sle-
dovanim razeb, podkladem pro zatfidovani do technologické tridy
vyrubu. Pro jednotlivd méfeni jsou v projektu monitoringu stano-
veny varovné stavy. Konkrétni hodnoty varovnych stavi vychazeji
bud z predpoklddanych deformaci stanovenych v projektové doku-
mentaci (deformace osténi, deformace portalovych stén), nebo byly
stanoveny na zakladé zkuSenosti ziskanych na jiz realizovanych tu-
nelovych stavbach (sedéni terénu), prip. byly prevzaty z norem ci
jinych predpist (seismika, akustika). V ramci geomonitoringu jsou
na tunelu Debore¢ provadéna tato konkrétni méfeni a sledovani:

e méfeni deformaci primdrniho osténi (tzv. konvergen¢ni mére-

ni);

¢ extenzometrickd méfeni;

e méfeni zatiZzeni primarniho osténi — tenzometry;

¢ inklinometrickd méfeni;

* geodetické sledovani deformaci svaha a stén stavebnich jam;

» geodetické sledovani povrchu — nivelace;

¢ dynamicka a akustickd méfeni;

¢ hydrogeologicky monitoring;

¢ geodetickd dokumentace vyrubu kaloty (profilace);

e méfeni tvaru primédrniho a sekundédrniho osténi — skenovéni;

 geodetické méfeni deformaci sekundarniho osténi;

* pasportizace okolni zastavby.

Naméfené veliCiny jsou v co nejkratsi dobé vyhodnocoviany
a jsou sdileny v databdzovém informacnim systému monitoringu
pfistupném vSem kompetentnim ticastnikiim vystavby pies webové
rozhrani.

Méfeni v okoli vyrubu (konvergencni
a extenzometricka méreni)

Konvergen¢ni profily jsou na tunelu Debore¢ pétibodové (tfi
body v kaloté a dva v opéfi) a jsou instalovany v rozteCich od 5 m
v pfiportdlovych usecich az po 16 m uprostied tunelu.

Extenzometrické profily jsou po délce tunelu osazeny dva. Kaz-
dy profil sestava z jednoho tfistupriového (nad osou tunelu) a dvou
krajnich Ctyfstupnovych extenzometrt (4,8 m od osy tunelu vpravo
a vlevo). Jeden profil je instalovan v misté nizkého nadlozi moc-
nosti cca 8§ m v TM 59,5 a druhy je v misté vysokého nadlozi moc-
nosti cca 29 m v TM 438. Celba tunelu (kalota i op&fi) prosla pouze
pod prvnim profilem.

Doposud byly razbami zastiZzeny pfevazné zvétralé, silné roz-
pukané pararuly, viz kapitola InZenyrskogeologicka dokumenta-
ce. Hodnoty deformaci osténi jsou i pfes tyto nepfiznivé inZe-
nyrskogeologické poméry nizké. Radidlni deformace se prozatim
pohybuji do 25 mm a jsou pod hodnotou prvniho varovného stavu
stanoveného v projektu monitoringu na hodnotu 80 mm. Takto
nizké hodnoty deformaci jsou podle nidzoru autortt pozoroviny
z dlivodu pouziti tuhého primarniho osténi v priportalovém use-
ku, kde byla pouzita technologicka vystrojovaci tfida 5bl. Vy-
strojeni této tfidy sestava z mikropilotového destniku, stiikaného
betonu vyztuZeného piihradovymi ramendty a ocelovymi sitémi
a radialnimi IBO svorniky. Pfechod ze tfidy 5bl do tfidy Sa byl
uskutecnén v TM 108 (tj. 59 m od raZeného portdlu) namisto

design (deformations of the lining, deformations of portal walls) or
were determined on the basis of experience obtained from already
finished tunnel construction projects (terrain settlement) or were
adopted from standards or other regulations (seismic, acoustics). The
following concrete measurements and monitoring are conducted on
the Debore¢ tunnel within the framework of geomonitoring:
* measurements of deformations of the primary lining (the so-
called convergence measurements);
e measurements of loads acting on the primary lining — strain
gauges;
¢ inclinometer measurements;
* surveying of deformations of slopes and walls of the construction
pits;
* surveying of the terrain surface — levelling;
* dynamic and acoustic measurements;
* hydrogeological monitoring;
* documenting the top heading excavation (profiling) by
surveying;
* measuring the geometry of the primary and secondary linings —
scanning;
* surveying of deformations of the secondary lining;
* surveying conditions of adjacent surface buildings.
The measured values are assessed in the shortest possible time and
are shared in the database information system accessible for all com-
petent parties to the construction through web interface.

Measurements in the excavation surroundings
(convergence and extensometer measurements)

There are 5-point convergence profiles in the Debore¢ tunnel
(3 points at top heading and two at bench). They are installed at
the spacing ranging from 5m in the portal sections up to 16m in the
middle of the tunnel.

Two extensometer profiles are installed along the tunnel length.
Each profile consists of one three-stage extensometer (above the
tunnel centre line) and two four-stage extensometers on the tunnel
sides (4.8m from the tunnel centre line, both on the right side and the
left side). One profile is installed in the location of the shallow, ca
8m high, overburden at TM 59.5; the other one is in the location of
the ca 29m high overburden at TM 438. The tunnel excavation face
(top heading and bench) has so far passed only under the first profile.

Mostly disintegrated rock, heavily weathered paragneiss (see
the chapter Engineering geological documentation) have been
encountered so far by the tunnel excavation. Despite the unfavourable
engineering geological conditions, the values of deformation of the
lining are low. Radial deformations for the time being range up to
25mm and are under the value of the first alert state determined by
the monitoring design at 80mm. Experts believe that so low values
of deformations are observed because of the use of the rigid primary
lining in the portal section, where the excavation support class 5bl
was applied. The support for this excavation support class consists
of a canopy tube pre-support, shotcrete reinforced with lattice ribs,
welded mesh and IBO bolts. The transition from class 5b1 to class Sa
was carried out at TM 108 (59m from the mined portal) instead of the
planned TM 168. Class 5a was, in addition, modified — closing of the
bottom was abandoned and the quantity of circumferential nails was
reduced. It means that, in comparison with the design for excavation
and support, the more subtle class 5a where the lengthy installation
of the canopy tubes is omitted, was used earlier. The application of
this lighter excavation support class 5a even before chainage TM 108
was discussed at the Monitoring Board. The proposal was dismissed
because of the fear that the ground arch would not develop due to
shallow overburden (the overburden height at TM 49 to TM 108
amounts only to 7 to 14m) and an unexpected event could take place.

The zero convergence measurement was conducted with a delay
after the tunnel excavation. The reason is that the measurement
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Obr. 4 Konvergencni profil v TM 68
Fig. 4 Convergence profile at TM 68

planovaného TM 168. Ttida 5a byla navic modifikoviana — bylo
upusténo od uzavirdni dna a byl sniZen pocet obvodovych jehel.
Oproti RDS byla tedy dfive vyuzita subtilnéjsi tfida 5a, ve kte-
ré pracnd a zdlouhava instalace trubek mikropilotového deStniku
odpadd. Na Radé monitoringu bylo diskutovano vyuZit tuto lehci
vystrojovaci tfidu 5a jesté pred stanicenim TM 108. Tento navrh
vSak byl zamitnut z obavy, Ze se vlivem nizkého nadlozi (vyska
nadloZi v TM 49 a7z TM 108 ¢ini pouze 7 az 14 m) nevytvoii hor-

ninovéa klenba a mohlo by dojit k neptedvidatelné udalosti.
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profile points are installed later, into the first shotcrete layer. The real
deformation is greater than the measured deformation. The values
measured on the extensometer profile at TN 59.5, where a value of
ca 30mm was measured on lower anchors located ca 1.5m above
the excavated opening, correspond to it. It is possible to guess at
the value of the excavated opening deformation happening prior to
the installation of convergence points from the data measured on
extensometers and convergence profiles that it was ca 30% from the
total deformation. It means that ca 10mm of radial deformations is
not registered by convergence measurements.

An example of an output of the convergence profile from TM 68
is presented in Fig. 4; a graph of the settlement of the extensometer
located above the tunnel centre line at TM 59.5 is presented in Fig. 5.

Measurement of settiement trough

Two levelling profiles forming combined profiles together with
extensometer profiles are installed for the purpose of checking on
movements of the ground massif above the tunnel. Each station
consists of eleven levelling points. The excavation faces of top
heading and bench have so far passed under the first profile, on which
deformation values up to 22mm were measured on the tunnel centre
line. In the direction off the centre line, the deformations decrease
to zero. The Differential settlement amounted to ca 1:500. The first
alert state of terrain settlement, which was set by the monitoring
design at 25mm, was not exceeded. Initial terrain settlement values
of 2mm on the tunnel centre line (1 per cent of the total deformation)
were registered at the moment when the excavation face of the top
heading was at TM 56.6 (ca 3m before the levelling profile). On
the day following after the passage of the top heading excavation
face under the levelling profile, the terrain settlement on the tunnel
centre line amounted to 6mm (27 per cent of total deformation. The
bench excavation passed under the levelling profile with an about
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Obr. 5 Seddni extenzometru situovaného nad osou tunelu v TM 59,5
Fig. 5 Settlement of extensometer located on the tunnel centre line at TM 59.5
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Obr. 6 Poklesovd kotlina v TM 59,5
Fig. 6 Settlement trough at TM 59.5

Nulté konvergencni méfeni je provedeno se zpozdénim za raz-
bou, body méficiho profilu se totiZ osazuji az do prvni vrstvy stii-
kaného betonu. Skute¢na deformace je vétsi nez deformace zmé-
fend. Tomu odpovidaji i vysledky naméfené na extenzometrickém
profilu v TM 59,5, kde byla na spodnich kotvach umisténych cca
1,5 m nad vyrubem naméfena hodnota seddni cca 30 mm. Z tudaja
zmérenych na extenzometrech a konvergencnich profilech 1ze od-
hadnout hodnotu deformace horninového vyrubu probéhnuvsi pied
instalaci konvergencnich bodl na cca 30 % z celkové deformace.
Tzn., Ze cca 10 mm radidlnich deformaci neni konvergencnimi meé-
fenimi zaznamenano.

Priklad vystupu konvergen¢niho profilu z TM 68 je zpracovan
na obr. 4, graf sedani extenzometru situovaného nad osou tunelu
v TM 59,5 je zpracovan na obr. 5.

Méi'eni poklesové kotliny

Pro ovéreni pohybl horninového masivu nad tunelem jsou po
délce tunelu osazeny dva nivelacni profily situované do sdru-
Zeného profilu spolu s extenzometrickymi profily. Kazdy profil
sestdva z jedendcti nivelaénich bodi. Celba kaloty a opéii pro-
§la doposud pod prvnim profilem, na kterém byly naméfeny de-
formace v hodnotich do 22 mm v ose tunelu. Smérem od osy
tunelu se deformace sniZuji k nule, max. sklon poklesové kot-
liny byl zji§tén v hodnoté cca 1:500. Prvni varovny stav seda-
ni terénu stanoveny v projektu monitoringu na hodnotu 25 mm
prekrocen nebyl. Prvni sedani terénu v hodnoté 2 mm v ose tu-
nelu (1 % celkové deformace) bylo zaznamenano v dobé, kdy
byla ¢elba kaloty v TM 56,6 (cca 3 m pred nivela¢nim profilem).
Nésledujici den po prichodu Celby kaloty pod nivelaénim pro-
filem Cinilo sedani terénu v ose tunelu 6 mm (27 % celkové de-
formace). Opéfi proslo pod nivela¢nim profilem s cca mési¢nim
zpozdénim za kalotou. Sedani terénu pred prichodem opéfi Ci-
nilo v ose tunelu 16 mm (72 % celkové deformace) a deforma-
ce nebyly v té dobé€ zcela uklidnény. Protiklenba byla uzaviena
za dalsi tfi dny po prichodu opéfi. Pfed uzavienim protiklenby
¢inilo sedéni terénu v ose tunelu 19 mm (86 % celkové defor-
mace). K dplnému odeznéni deformaci doslo cca v puli mésice
dubna 2019, tedy cca 2 mésice po prichodu kaloty pod nivelac-
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one month delay after the top heading. The terrain settlement on
the tunnel centre line before the passage of the bench amounted to
16mm (72 per cent of total deformation) and deformations had not
been fully stabilised at that time. The invert was closed after three
days following the passage of the bench. The terrain settlement on
the tunnel centre line before closing the invert amounted to 19mm
(86 per cent of the total deformation). Increasing deformations
completely faded away ca in the middle of April 2019, it means ca
2 months after the passage of the top heading under the levelling
profile. The settlement trough measurement results are presented in
Fig. 6 (tunnel centreline is located at levelling point No. 1200106 ).

Monitoring of construction pits

A system of monitoring of movement of the walls is designed for
the entrance and exit construction pits. The total of 40 pieces of 3D
survey points are installed on each portal. Two inclinometers and one
inclinometer are installed on the entrance portal and the exit portal,
respectively. A view of the exit portal with 3D survey points and
dynamometers is presented in Fig. 7.

The values of individual components of deformations (longitu-
dinal, transverse , vertical) measured on side walls of the braced pit
for the exit portal reach up to 15mm; the first alert state set at 20mm
of tilting out/pressing in/settling of the portal wall was not reached in
that location. Inclinometer D IN 2 located above the south-western
side wall exhibits only insignificant deformations not exceeding
2mm. Horizontal deformations (tilting out/pressing in up to 10mm)
were measured on the survey points on the portal wall; settlement
values reached up to 21mm, slightly exceeding the alert level. After
closing the tunnel profile by invert in the portal area, deformations
stabilised and no more grow. The graph of the portal wall settlement
is presented in Fig. 8.

The values of individual components of deformations (longitu-
dinal, transverse, vertical) for the time being do not exceed 10mm at
the partially completed excavation for the entrance portal, therefore
they are under the value of the first alert state. As in the case of the
exit portal, the value of the first alert state for individual components
of deformations of the entrance portal (longitudinal, transverse and
vertical) was set at 20mm. The first inclinometer, D IN 1A, is located
at the northern corner of the portal pit and the second one is installed
above the crown of the south-western wall. For the time being small
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Obr. 7 Pohled na vyjezdovy portdl s osazenymi 3D geodetickymi body a dyna-
mometry
Fig. 7 A view of exit portal with the 3D survey points and dynamometers
installed

nim profilem. Vysledky méfeni poklesové kotliny jsou znazorné-
ny na obr. 6 (osa tunelu je na obrazku v misté nivela¢niho bodu
¢. 1200106).

Monitoring stavebnich jam

U vjezdové i vyjezdové stavebni jamy je navrzen systém sledo-
vani pohybi jejich stén. Na kazdém portalu je osazeno 40 ks 3D
geodetickych bodt. Na vjezdovém portalu jsou instalovany dva in-
klinometry a na vyjezdovém portélu je inklinometr jeden. Pohled
na vyjezdovy portdl s osazenymi 3D geodetickymi body a dynamo-
metry je na obr. 7.

Hodnoty deformaci na bo¢nich sténach pazené jamy vyjezdo-
vého portdlu dosahuji v jednotlivych slozkich (podélnd, pficna,
svisld) hodnot do 15 mm, prvni varovny stav stanoveny na hodno-
tu 20 mm vyklonéni/zatlaceni/sedani portalové stény zde dosaZen
nebyl. Inklinometr D IN 2 situovany nad jihozdpadni bo¢ni st€nou
vyjezdového portalu vykazuje pouze nevyznamné deformace do
2 mm. Na geodetickych bodech portilové stény vyjezdového por-
talu byly naméfeny vodorovné deformace (vyklonéni/zatlaceni do
10 mm), hodnoty seddni dosdahly hodnot do 21 mm, ¢imzZ byl nepa-
trné prekroCen varovny stav. Po uzavieni profilu tunelu protiklen-
bou v oblasti portdlu se deformace uklidnily a dile se nezvySuji.
Graf seddni portalové stény je znazornén na obr. 8.

Deformace na c¢éaste¢né vyhloubeném vjezdovém portalu se
v jednotlivych slozkéach (podélna, pti¢na, svisld) prozatim pohybuji
v hodnotach do 10 mm a jsou tedy pod hodnotou prvniho varovné-
ho stavu. Obdobné jako u vyjezdového portélu, byl i pro vjezdovy
portal stanoven prvni varovny stav pro jednotlivé sloZky deformaci
(podélna, pricnd, svisld) na hodnotu 20 mm. U vjezdového portalu
jsou instalovany inklinometry dva. Prvni inklinometr D IN 1A je
situovany v severnim rohu portalové jamy a druhy je instalovan nad
korunou jihozapadni stény. Na obou inklinometrech byly namére-
ny prozatim malé deformace v hodnotdch do 4 mm v horni trovni
vrtlh — smér pohybi obou vrti je ptiblizné do jamy.
Tenzometricka méfeni

Po délce tunelu jsou navrzeny dva tenzometrické profily sestava-
jici vzdy z péti strunovych tenzometrd, tfi tenzometry jsou insta-

lovany v kaloté a dva v opéfi. Doposud byl do primarniho osténi
nainstalovdn pouze prvni tenzometricky profil v TM 68,9. Druhy

tenzometricky profil je planovan ve staniceni TM 438.
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deformations not exceeding 4mm have been measured on both
inclinometers at the upper level of the boreholes . The direction of
the movements is approximately toward the pit.

Strain gauge measurements

Two strain gauge profiles always consisting of five vibrating
wire strain gauges are designed along the tunnel length; three strain
gauges are installed in top heading and two in bench. Only the first
strain gauge profile has been so far installed into the primary lining
at TM 68.9. Installation of the second strain gauge profile is planned
for chainage TM 438.

The values of compressive strength of 17MPa and tensile stress
of up to 3MPa were measured on the first strain gauge measurement
profile.

Monitoring of buildings in the vicinity

Monitoring of buildings in the vicinity was incorporated into
the monitoring system for the purpose of finding whether negative
affecting of the existing buildings takes place due to the tunnel
excavation. The condition survey of five buildings identified in the
vicinity of the entrance portal was conducted in sufficient advance of
the commencement of the construction operations. During the local
investigation by the Regional Mining Authority regarding the blasting
permit, some local citizens and the Mayoress of JeSetice required
the condition survey of more distant buildings, over the extent of
the originally planned survey to be conducted. The Regional Mining
Authority met the requirements and inserted a condition to the
additional condition survey of additional eleven buildings into the
Decision to permit the blasting operations issued in December 2018.
As of 9™ May, all surveys of buildings in the terrain surface have
been finished and the work on the reports is underway. Deformeters
were installed on significant cracks in some buildings for the purpose
of monitoring the widths of cracks. Checking is carried out regularly
with monthly frequency. Subsequent condition survey of all sixteen
buildings is planned after completion of construction operations.

In the potential zone affected by the tunnel excavation, levels of
water in water sources are also observed. Wells have been measured
from the beginning of 2017 so that the data series was sufficiently
long. Owing to this fact even the whole period of 2018 characterised
by the below-average precipitation total was recorded. It means that
the state of loss of water in water sources between 2017 and 2018, at
the time when tunnel excavation could not influence the condition of
ground water, is recorded.

Seismic and acoustic effects on buildings in the vicinity will
be monitored during the course of the tunnel excavation for the
purpose of checking on the effects of blasting operations. The
installation of permanent seismic stations with continual reading and
automatic transmission of data is planned for two selected buildings
throughout the duration of blasting operations. The decision on the
exact location of the measurement stations will be made during first
blasting operations, when seismic effects will be observed on several
properties in various locations. The seismic stations will be probably
shifted with the intensity of seismic effects in the particular locations
changing with the advance of the tunnel excavation. The first alert
state for seismic monitoring is set in compliance with the CSN 73
0040 standard “Loads on structures by technical seismicity and their
response” at the value of vibration velocity of 3mm/s.

Acoustic effects will be checked on buildings tipped from the
aspect of hygiene limits set within the framework of the Decree of
the Government No. 272/2011 Coll. on protection of health against
adverse effects of noise and vibration. In the case of adverse seismic
or acoustic effects it will be necessary to modify the technique
of blasting operations. Alert states regarding acoustic effects are
borrowed from the Decree of the Government No. 272/2011 Coll.,
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Obr. 8 Graf seddni portdlové stény
Fig. 8 Graph of portal wall settlement

Na prvnim tenzometrickém profilu byly naméfeny hodnoty tla-
kového napéti do 17 MPa a tahového napéti do 3 MPa.

Sledovani objektii okolni zastavby

Pro zjisténi, zda z diivodu razby tunelu nedochdzi k negativni-
mu ovlivnéni stavajicich objektd, bylo do monitoringu zaclenéno
sledovéni okolnich nemovitosti. V dostatecném predstihu pred za-
pocetim stavebnich praci byl realizovéan pasport péti vytipovanych
domt v blizkosti vjezdového portdlu. P¥i mistnim Setfeni OBU
o povoleni trhacich praci poZadovali néktefi mistni obCané a sta-
rostka JeSetic pasportizaci vzdalenéjSich nemovitosti nad ramec
plvodné planované pasportizace. OBU jejich poZadavkiim vyhovél
a do rozhodnuti o povoleni trhacich praci vydaném v prosinci 2018
ulozil podminku dodatecné pasportizace dalsich jedenécti objektu.
K 9. 5. se podafilo vSechny pasporty objektll v terénu zrealizovat
a probihd vypracovéni zprav. Na vyznamnych trhlinach byly na né-
kterych objektech osazeny deformetry pro sledovani Sitky trhlin,
na kterych probiha pravidelny odecet v mési¢ni Cetnosti. Po ukon-
Ceni stavebnich praci je planovdna nasledna repasportizace vSech
Sestndcti nemovitosti.

V potencidlni z6né ovlivnéni razbami jsou sledovany urovné
hladin vodnich zdroji. Aby byla datovd fada dostatecné¢ dlouha,
jsou studny méfeny od pocatku roku 2017. Diky tomu bylo zazna-
menano i celé obdobi roku 2018, ktery se vyznacoval podprimér-
nym thrnem sraZek. Je tedy zachycen stav ubytku vody ve vodnich
zdrojich mezi 1éty 2017 a 2018, tedy v dobé, kdy jesté razby tunelu
nemohly stav podzemnich vod ovlivnit.
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where day-time and night-time limit values are set at 83dB and
40dB, respectively.

surveying the contour of unsupported excavation
and lining

Each excavation round is surveyed transversally with a Profiler
survey apparatus to document the actual contour of the unsupported
excavation, therefore also for the possible amount of overbreaks
(underbreaks). A curve for the actual geometry of the excavation
is drawn for each excavation round from the measured values. The
curve is continually compared with the theoretical geometry of the
excavation and the values of overbreaks/underbreaks are determined
from differences between the two curves. The individual overbreaks
measured so far are small, reaching mostly values not exceeding
1m?; the value of 1m® was exceeded sporadically.

After the completion of tunnel excavation, the surface of the
primary lining will be scanned using a laser scanner for the needs
of reprofiling before installation of the waterproofing layers. The
geometry of the scanned profile will be related to the nominal profile,
which is formed by the external surface of the secondary lining.
Concrete differences between the geometry of the actual surface of
the primary lining and the nominal profile will be obvious from the
measurement results.

Engineering geological documentation
The continual uncovering of portal pit walls were and are

documented in detail using engineering geological methods and by
photographs with focus on lithology and degree of weathering of




Pro kontrolu ucinku trhacich praci budou v pribéhu razby sle-
dovany seismické a akustické ucinky na okolni objekty. Na dvou
vybranych objektech je po dobu pouZiti trhacich praci planovana
instalace stalych seismickych stanic s kontinudlnim sniménim a au-
tomatickym prenosem dat. O pfesném umisténi téchto méficich sta-
nic bude rozhodnuto pfi prvnich odstielech, kdy budou sledovany
seismické u¢inky na nékolika nemovitostech v riznych lokalitach.
Jak se s postupem razby bude ménit intenzita seismickych ucinki
v danych lokalitach, budou pravdépodobné presouvany i seismické
stanice. Prvni varovny stav je u seismického sledovani nastaven
v souladu s CSN 730040 ,,ZatiZeni stavebnich objektii technickou
seismicitou a jejich odezva“ na hodnotu rychlosti kmitani 3 mm/s.

Akustické ucinky budou kontrolovdny na vytipovanych objek-
tech z hlediska hygienickych limit stanovenych v ramci nafizeni
vlady ¢. 272/2011 Sb., o ochrané zdravi pred nepfiznivymi tG¢inky
hluku a vibraci. V pfipad¢€ nepfiznivych seismickych ¢i akustickych
ucinka bude tfeba upravit technologii trhacich praci. Varovné stavy
jsou u akustickych dc¢inkt prevzaty z nafizeni vlady 272/2011 Sb.,
kde jsou stanoveny limitni hodnoty pro denni dobu 83 dB a pro
noc¢ni dobu 40 dB.

Geodetické méieni tvaru nezajisténého vyrubu a osténi
Pro zdokumentovani skute¢ného tvaru nezajisténého vyrubu,

a tedy i pripadného mnozstvi nadvyrubl (podvyrubil), je kazdy

zabér zaméfen v pricném sméru geodetickym pristrojem profiler.
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present ground types, structural elements (discontinuity systems,
possibly ductile deformations of the folding foliation type etc.) and
presence of groundwater. An example of an output of geological
documentation of portal walls is in Fig. 9, which expresses the
actually encountered engineering geological conditions of the wall
S53 of the exit portal of the Debore¢ tunnel within the borders of the
completed part of the pit excavation. A modified view of portal wall
S53 borrowed from the construction documentation was used as a
basis for plotting the engineering geological conditions.

The internal surfaces of the excavated openings are documented
similarly to the above-mentioned portal walls. Each excavation
round is documented, with the output containing a list of engineering
geological data comprising a diagram of the excavation face with
a focus on describing engineering geological conditions and a text
record of the found facts including the evaluation of rock mass quality
according to the RMR. In addition, technical measures and elements
directly affecting conditions for tunnel excavation or stability of the
excavation are recorded, commented or, possibly, recommended.
Photo documentation is commonplace. The engineering geological
data list together with empirical data of other methods of geotechnical
monitoring form a base document for determination of the system of
tunnel excavation support, i.e. the excavation support class.

The engineering geological types of soils and rock encountered in
the walls of the portal pits and in the so far finished excavation of the
Deborec tunnel are briefly described below.
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Obr. 9 Pohled na portilovou sténu S53 vyjezdového portdlu tunelu Deborec se zachycenim skutecné zastiZenych inZenyrskogeologickych poméri
Fig. 9 A view of portal wall S53 of the Deborec tunnel exit portal showing the actually encountered engineering geological conditions
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Z namérenych hodnot je z kazdého zabéru sestrojena kiivka sku-
tecného tvaru vyrubu, ktera je pribézné porovnavana s teoretickym
tvarem vyrubu a z rozdili obou kfivek jsou vycisleny hodnoty nad-
vyrubii/podvyrubii. Doposud zaméfené jednotlivé nadvyruby jsou
malé a dosahuji vétSinou hodnot do 1 m?, ojedinéle byla hodnota
1 m? piekrocena.

Po ukonceni razeb bude provedeno skenovani povrchu primar-
niho osténi laserovym skenerem pro potieby jeho reprofilace pred
pokladkou hydroizola¢niho souvrstvi. Tvar naskenovaného povr-
chu bude vztaZen k nomindlnimu profilu, ktery je tvofen rubem
sekundarniho osténi. Z vysledki méfeni budou zfejmé konkrétni
odchylky mezi tvarem skute¢ného povrchu primédrniho osténi a no-
mindlnim profilem.

InZenyrskogeologicka dokumentace

Pribézné odkryvy stén portdlovych jam byly a jsou detailné
inZenyrskogeologicky a fotograficky dokumentovany se zamére-
nim na litologii a stupeni zvétrani pfitomnych hornin, strukturni
prvky (diskontinuitni systémy, pfipadné duktilni deformace typu
zvrasnéné foliace apod.) a pfitomnost podzemni vody. Pfikladem
vystupu inZenyrskogeologické dokumentace portalovych stén je
obr. 9, ktery v hranicich vyhloubené ¢asti graficky vyjadiuje sku-
teCné zastizené inZzenyrskogeologické poméry portilové stény S53
vyjezdového portalu tunelu Deborec. Jako podklad pro zakresleni
inZzenyrskogeologickych pomértt byl pouzit upraveny pohled na
portalovou sténu S53 pfevzaty z realizacni dokumentace stavby.

Podobné jako vySe zminéné portdlové stény jsou dokumento-
vany lice vyrubu. Dokumentovan je kazdy zabér, pfi¢emz vystu-
pem je inZenyrskogeologicky pasport, zahrnujici nikres Celby se
zaméfenim na zachyceni inZenyrskogeologickych poméru a texto-
vym zaznamem zjiSténych skutecnosti, véetné zhodnoceni kvality
horninového masivu dle zasad klasifikace RMR. Zaznamenavany,
komentovény, ptipadné doporucovany jsou rovnéz technologickd
opatieni a prvky, které piimo ovliviiuji podminky razby, respektive
stabilitu vyrubu. Samoziejmosti je fotodokumentace. InZenyrsko-
geologicky pasport tak, spolecné s empirickymi daty dal§ich metod
geotechnického monitoringu, tvofi podklad pro urceni zpiisobu vy-
ztuZeni tunelu, tj. technologické tfidy vyrubu.

InZenyrskogeologické typy zemin a hornin zastiZzené ve sténich
portalovych jam a doposud vyraZzeném useku tunelu Debore¢ jsou
stru¢n€ popsany nize.
Kvartérni sedimenty

Kvartérni sedimenty byly na vyjezdovém portalu reprezentovany
1,5-2 m mocnou polohou piscitych hlin aZ hlinitych piskd se Stér-
kem a kameny, tuhé az pevné konzistence (Q1), které pti bazi pre-
chazely az do hlinitych Stérkd, ulehlych az stfedné ulehlych (Q2).
Do profilu tunelu nezasahovaly.

Ruly zcela zvétralé, rozlozené, misty aZ charakteru
pisCitych zemin s jemnozrnnou pfimeési a tlomky (H1)

Pararuly jsou zcela zvétralé az rozlozené, s extrémné nizkou az
velmi nizkou pevnosti, rezavé hnédé, rozpadavé prevazné na jilovi-
ty pisek s dlomky pevnéjSich jader rul v proménlivém zastoupeni.
Vyznamny je proces argilitizace (zjilovéni), misty charakteru kao-
linizace (Sedobilé zbarveni horniny). Na vyjezdovém portdlu tvoii
z6nu dosahu pripovrchového zvétravani v bezprostfednim podloZi
kvartérnich sedimenti, kterd misty, zejména podél zlomovych zén,
zasahuje hloubé&ji do masivu. Ve vyraZené ¢asti tunelu (TM 49-123)
mél tento inzenyrskogeologicky typ vyrazné, avSak proménlivé za-
stoupenti (v fadu desitek procent) v prvnich desitkach metrt, pfi¢emz
generelné jeho zastoupeni postupné klesalo s rostoucim tunelmetrem
(od vymizeni v TM 94,0 nebyl opétovné dokumentovan).

Quaternary sediments

Quaternary sediments at the exit portal were represented by a
1.5-2m thick layer of sandy loams to loamy sands with gravel
and boulders, with stiff to hard consistency (Q1), transiting even
to compact to medium compact (Q2) loamy gravels. They did not
expand into the tunnel cross-section.

Gneiss completely weathered, decomposed, locally
with the character of sandy soil with fine-grained
admixture and fragments (H1)

Paragneiss completely weathered up to decomposed with
extremely low to very low strength, rusty brown, disintegrated
mostly to clayey sand with fragments of stronger cores of gneiss
with variable representation. The process of clay enrichment,
locally with the character of kaolinitisation (grey-white colouring of
ground), is important. At the exit portal it forms a zone of the reach
of near-surface weathering in the immediate base of Quaternary
sediments, which locally, mainly along fault zones, extends deeper
into the massif. In the completed part of the tunnel excavation (TM
49-123) this engineering geological type had significant but variable
representation (within the order of tens of per cent) in initial tens of
metres, with its representation in general gradually decreasing along
with the growing tunnel metre (it has no more been documented
since its disappearance at TM 94.0).

Gneiss heavily weathered (H2)

Paragneiss heavily weathered, mostly with very low strength
(although layers with extremely low or, in contrast, up to low
strength occur), rusty brown, distinctively banded, with very high
to extremely dense spacing of joints in minimally 3 systems causing
disintegration of rock into rhomboid to tabular fragments with the
prevailing size of up to 20cm. Nevertheless, the layers with extremely
low strength disintegrate even to clayey-sandy soils. Conversely,
layers with low strength are formed by fragments with the size up
to 20cm. Coats formed by iron and manganese oxides (rusty brown
respectively dark violet-brown) are abundant on discontinuity
surfaces. At the exit portal, this engineering geological type forms
the lower parts of portal walls down to the excavation base (with the
exception of fault zones). The representation in the completed part
of the tunnel excavation varies within the order of tens of per cent
throughout its length.

Gneiss moderately weathered (H3)

Paragneiss moderately weathered, mostly with low to medium
strength, brown-grey, banded, with very closely spaced joints causing
disintegration of rock into thomboid to tabular fragments with the
sizes within the order of decimetres. Coats formed by iron oxides
and hydroxides and manganese oxides (rusty brown respectively
dark violet-brown) are locally documented on discontinuity
surfaces. This engineering geological type is not present at the exit
portal. The first occurrence within the framework of the completed
excavation section is documented ca at TM 55 (i.e. already after 6m
of excavation) and its representation generally grows with growing
tunnel metres.

Tectonic disturbance to the massif

The tectonic disturbance to the massif can be best illustrated by
means of contour diagrams of the poles of discontinuity surfaces
projected on the lower hemisphere of Lambert’s space (the
equal angle projection was chosen) developed here for the exit
portal of the Debore¢ tunnel and for the preliminarily determined
quasihomogeneous block (hereinafter referred to as QHB) No.1 of
the Debore¢ tunnel at TM 49.0-94.0.

The contour diagrams in Fig. 10 display the measurement of
foliation at the exit portal (left side, 50 measurements) and in
the QHB No.1 (right side, 47 measurements). With respect to the



Ruly silné zvétralé (H2)

Pararuly jsou siln€ zvétralé, prevazné s velmi nizkou pevnosti (vy-
skytuji se vSak i polohy s extrémné nizkou ¢i naopak az nizkou pev-
nosti), rezavé hnédé, vyrazné paskované, s velmi velkou az extrémné
velkou hustotou diskontinuit v minimalné tfech systémech, které zpt-
sobuji rozpad horniny na kosouhlé az deskovité tlomky o prevazujici
velikosti v fadu centimetri. Polohy s extrémné nizkou pevnosti se
nicméné rozpadaji az na jilovitopisCité zeminy, naopak polohy s niz-
kou pevnosti tvoii tlomky o velikosti aZ 20 cm. Na plochach diskon-
tinuit jsou velmi hojné povlaky oxidl a hydroxidd Zeleza a manganu
(rezavé hnédé, respektive tmavé fialovohnédé). Na vyjezdovém por-
talu tvori tento inzenyrskogeologicky typ spodni partie portalovych
stén az k bazi vykopu (kromé zlomovych z6n). Zastoupeni ve vyra-
Zené Casti tunelu se v celé jeji délce pohybuje v fadu desitek procent.

Ruly mirné zvétralé (H3)

Pararuly se vyskytuji mirné zvétralé, prevazné€ s nizkou aZ stfedni
pevnosti, hnédosedé, paskované, s velmi velkou hustotou diskonti-
nuit, které zpasobuji rozpad horniny na kosouhlé az deskovité dlom-
ky velikosti v fadu decimetrti. Na plochach diskontinuit jsou misty
dokumentovény povlaky oxidi a hydroxidd Zeleza a manganu (reza-
vé hnédé, respektive tmavé fialovohnédé). Na vyjezdovém portalu
tento inZenyrskogeologicky typ neni zastoupen. V ramci vyraZeného
useku je prvni vyskyt dokumentovan cca v TM 55 (tj. jiZ po 6 m
raZeb) a jeho zastoupeni s rostoucim tunelmetrem generelné roste.

Tektonické poruseni horninového masivu

Tektonické poruseni horninového masivu lze nejlépe ilustrovat
pomoci konturovych diagramti pélé ploch diskontinuit promita-
nych na spodni hemisféru Lambertova prostoru (zvolena ,,equal
angle* projekce), zde zpracovanych pro vyjezdovy portdl tunelu
Deborec¢ a predbézné stanoveny 1. kvazihomogenni blok (déle pou-
ze 1. KHB) tunelu Debore¢ v TM 49,0-94,0.

Konturové diagramy na obr. 10 zobrazuji méfeni foliace na vy-
jezdovém portélu (vlevo, 50 méfeni), a v 1. KHB (vpravo, 47 mé-
feni). Vzhledem k pocCtu a orientaci méfeni bylo ve stereografické
projekci moZno zobrazit téZ priméty rovin se spodni polokouli. Fi-
alovy, stfedem vedouci pramét v pravém diagramu (a diagramech
nasledujicich) reprezentuje osu tunelové roury v 1. KHB. Z diagra-
mu je zcela jasné patrné, Ze generelni smér sklonu/sklon paskovani
rul v oblasti vyjezdového portalu se pohybuje v hodnotach 270—
290°/30-45°, a v oblasti 1. KHB v hodnotach 250-270°/30—40°.
Vyrazn€ méné zastoupené subvertikdlni pdskovani v levém diagra-
mu obr. 10 (vyjezdovy portdl), reprezentované pélovymi konturami
pri jeho zapadnim a vychodnim okraji (generelné 270°/85-90° az
s preklapénim) predstavuje vyvleceni foliace na kontaktu s kvartér-
nimi sedimenty. Foliace je pfevaZné€ rovinnd, ¢i jen mirné zvlnéna,
hladka, seviend. Vyraznéjsi zvrasnéni se vyskytuje pouze v bez-
prostfednim okoli zlomovych zon. Smér razby je od SZ k JV, iklon
foliace pri jeji stavajici orientaci je tedy Sikmo proti sméru razby
(Sikmo do vyrubaného prostoru s primérnou odchylkou sméru ro-
vin foliace od sméru osy tunelu cca 40°), a vzhledem ke sklonu tak
ma nepiiznivou orientaci ve smyslu klasifikace RMR.

Konturové diagramy na obr. 11 prezentuji veskerd méreni puk-
lin v ramci dokumentace vyjezdového portalu (vlevo, 358 mére-
ni), respektive 1. KHB (vpravo, 128 méfeni). Z diagramu vlevo
jsou patrné pomérné proménlivé sméry métrenych puklin s dklo-
nem nejcastéji 60-90°. Vyskytuji se vSak i dklony nizsi. Tfi sméry
jsou nicméné prevazujici. Jednd se o sméry sklonu/sklony 135—
160°/60-75°, 50-70°/60-70° a smér 195-210°/80-90° s prekla-
pénim do sméru 10-30°/70-90°. Z diagramu vpravo vyc¢niva sys-

tém 145-155°/80-90° s preklapénim do sméru 325-335°/85-90°,
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number and orientation of the measurements, it was possible to
display even the projection of planes in the lower hemisphere in
the stereographic projection. The violet projection leading through
the centre in the right-hand diagram (and the following diagrams)
represents the centre line of the tunnel tube in the QHB No. 1. It
is clearly obvious from the diagrams that the general trend/dip of
banding of gneiss in the area of the exit portal ranges within the
values of 270-290°/30-45°, whilst in the area of the QHB No. 1
it is within the values of 250-270°/30—40°. The significantly less
represented sub-vertical banding in the left-hand diagram in Fig. 10
(exit portal), which is represented by polar contours at its western
and eastern edge (generally 270°/85-90° up to flipping over)
represents pulling back the foliation at the contact with Quaternary
sediments. The foliation is mostly planar or only moderately
undulated, smooth, tight. More pronounced folding occurs only in
the immediate surroundings of fault zones. The direction of the
tunnel excavation is from NW toward SE, the foliation dipping at
its current orientation is therefore at an angle against the direction
of the tunnel excavation (obliquely into the excavated space with
an average deviation of the direction of the foliation planes from
the direction of the tunnel centre line of ca 40°. With respect to the
dip, the tunnel orientation is unfavourable as far as the RMR rating
is concerned.

The contour diagrams in Fig. 11 present all measurements of
fissures within the framework of the documentation of the exit
portal (left side, 358 measurements), respectively the QHB No. 1
(right side, 128 measurements). Relatively variable directions
of the measured fissures with the dip mostly 60-90% are visible
pictured left in the diagram. But even lower dips are encountered.
Nevertheless, three following trends and dips prevail: 135-
160°/60-75°, 50-70°/60-70° and 195-210°/80-90° with flipping
over to the trend/dip 10-30°/70-90°. The system 145-155°/80-90°
with flipping over to the direction 325-335°/85-90°or to the system
15-30°/75-85° protrudes from the diagram on the right side. The
fissures are mostly planar, less frequently up to undulated, smooth.
Iron and manganese oxide and hydroxide coating is abundant.
Their aperture of fissures only rarely exceeds Imm.

The final pair of contour diagrams in Fig. 12 displays poles of
the surfaces interpreted as fault zones (left side, 94 measures) and
veins (right side, 22 measurements) within the framework of the
preliminary QHB No.1 of the Debore¢ tunnel. The correlation
between the directions of faults and veins is evident at first sight.
With high probability, the veins used the pre-existing preference
routes for their intrusions. The direction 15-40°/50-70° common
for both diagrams is most distinct. The direction of faults 225-
280°/40-55° approaches the direction of foliation (see Fig. 10, right
side). It is only little steeper, indicating that the orientation of some
faults, at least in the part of its courses, approximately copies the
orientation of foliation, again in the meaning of the predisposition.
Even here the veins are locally an accompanying element of
fault zones. The fault zones are relatively well localised, planar,
usually decimetres wide, exceptionally even over 1m. Within
the framework of the zone, the rock is crushed, relatively more
weathered, generally with lower strength, in extreme cases with
the character of up to sandy-clayey soil. The main direction of foul
zones approximates the direction of the centre line of the tunnel.
The gradual onset and relatively long presence of the fault zones
within the tunnel cross-section, as well as the mostly unfavourable
to very unfavourable orientation in the meaning of the RMR rating
(in the cases of steeper ones), follow from the main directions of
the fault zones approaching the direction of the tunnel centre line.

Only a small number of fault zones were found in the walls of
the exit portal. They are non-localised, manifest themselves by
more distinct weathering (mainly by turning to clay including
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Videiisky, 2019 Viderisky, 2019
Obr. 10 Konturové diagramy polit ploch foliace na vyjezdovém portdlu (vlevo,
50 méreni) a predbéiném 1. KHB (vpravo, 47 méreni) tunelu Debore¢

Fig. 10 Contour diagrams of poles of foliation surfaces at the exit portal (left
side, 50 measurement) and the preliminary QHB No. 1 (right side, 47 mea-
surements) of the Deborec tunnel

pfipadné systém 15-30°/75-85°. Pukliny jsou pfevazné rovinné,
méné Casto az zvlnéné, hladké, hojné s povlaky oxidii a hydroxida
Zeleza a manganu. Jejich rozevieni pouze zfidka prekracuje 1 mm.

Zavérecny par konturovych diagramt na obr. 12 zobrazuje p6ly
ploch interpretovanych jako zlomové zony (vlevo, 94 méreni) a Zily
(vpravo, 22 méfeni) v ramci predbézného 1. KHB tunelu Deborec.
Na prvni pohled je patrn korelace mezi sméry zlomi a Zil. Zily zde
tak ke svym intruzim s vysokou pravdépodobnosti vyuzivaly pre-
existujici preferencni cesty. Nejvyraznéjsi je smér 15-40°/50-70°
spole¢ny pro oba diagramy. Smér zlomt 225-280°/40-55° se blizi
sméru foliace (obr. 10 vpravo), jen je mirné strméjsi, a naznacuje tak,
Ze orientace nékterych zlomi, pfinejmensim v ¢asti svych pribeha,
priblizn€ kopiruje orientaci foliace, opét ve smyslu predispozice.
1 zde jsou Zily misty doprovodnym prvkem zlomovych z6n. Zlomo-
vé zOny jsou relativné dobre lokalizované, rovinné az zvlnéné, ob-
vykle §ife decimetrtl, vyjimecné i vice neZ 1 m. V ramci z6ny je pak
hornina podrcend, relativné vice zvétrala, celkové s niZsi pevnosti,
v extrémnich ptipadech aZ charakteru piscitojilovité zeminy. Hlavni
sméry zlomovych z6n se blizi sméru osy tunelu, z cehoz plyne jejich
postupny ndstup, a jejich pomérné dlouhé setrvani v profilu tunelu,
potazmo (u té€ch strméjSich) jejich pfevazné nepfizniva az velmi ne-
pfizniva orientace ve smyslu klasifikace RMR.

Ve sténach vyjezdového portalu byl zachycen pouze maly po-
cet zlomovych z6n. Jsou nelokalizované, projevuji se vyraznéjsim
zvétranim (zejména zjilovénim vcéetné kaolinizace) v mase horni-
ny, vSesmérnym a velmi hustym rozpukanim, piipadné vySe zmi-
nénym zvrasnénim foliace. Exaktni méfeni orientace téchto zlomo-
vych z6n je v§ak vzhledem k nepfitomnosti jasné omezenych ploch
extrémné obtizné, a 1ze ho spiSe odvozovat z generelniho pribéhu
past horniny s vyse uvedenymi vlastnostmi. Z tohoto diivodu zde
nejsou piredpokladané zlomové zony vyjezdového portalu vyobra-
zeny konturovym diagramem.

Shrnuti poznatkd z inZenyrskogeologické dokumentace

Z inZenyrskogeologické dokumentace byla zjiSténa foliace hor-
ninového masivu orientovand prevazné ,,Sikmo* do volného, vy-
rubaného prostoru. To pii otvirce negativné ovliviiuje stabilitu
vyrubu, a s ohledem na priibézna méteni orientace foliace na vjez-
dovém portéalu a vysledky podrobného geotechnického prizkumu
1ze predikovat, Ze tomu tak bude po celou dobu razeb.

Zlomové zony, diky soudrZnosti vyplné (relativné vysoky obsah
jilovité frakce) ve spojeni s nepfitomnosti podzemni vody, a vy-
uzitim znacné robustnich technologickych opatfeni (spojenych
zejména s tfidou 5bl), doposud nezpisobily vyraznéjsi problémy
pfi razbé tunelu Deborec, a to navzdory své nepfiznivé az velmi
nepiiznivé orientaci.

kaolinitisation) in the rock mass, omnidirectional and very dense
fracturing, possibly by the above-mentioned folding of foliation.
Exact measurement of the orientation of the fault zones is
extremely difficult with respect to the absence of clearly delimited
discontinuity surfaces and it is therefore possible rather to deduce it
from the general course of strips of rock with the above-mentioned
properties. This is the reason why the anticipated fault zones at the
exit portal are not displayed using the contour diagram.

Summary of findings from engineering geological
documentation

The foliation of the rock massif oriented mostly at a “skew” to the
free excavated space was identified from the engineering geological
documentation. This fact negatively influences the excavation
stability when the excavation is being opened and, with respect to the
continual measurements of the orientation of foliation at the entrance
portal and the results of detailed geotechnical investigation, it is
possible to predict that it will be so throughout the tunnel excavation
duration.

Thanks to the cohesion of the filling (relatively high content of
clayey fraction) in combination with the absence of groundwater
and with the application of significantly robust technical measures
(associated mainly with excavation support class 5bl), the fault
zones have not caused more serious problems during the course of
the DeboreC tunnel excavation, despite their unfavourable to very
unfavourable orientation.

Only limited groundwater inflows have been documented yet;
the excavation faces have most frequently been described as wet,

Viderisky, 2019  Vidernisky, 2019
Obr. 11 Konturové diagramy polii puklinovych ploch na vyjezdovém portdlu
(vlevo, 358 méreni) a predbéiném 1. KHB (vpravo, 128 méreni) tunelu De-
borec¢
Fig. 11 Contour diagrams of poles of fissure surfaces at the exit portal (left side,
358 measurements) and the preliminary QHB No. 1 (right side, 128 measure-
ments) of the Deborec tunnel
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Obr. 12 Konturové diagramy polii ploch interpretovanych jako zlomové zony
(vlevo, 94 méreni) a Zily (vpravo, 22 méreni) v rdmci predbéiného 1. KHB
tunelu Debore¢

Fig. 12 Contour diagrams of poles of surfaces interpreted as fault zones (left
side, 94 measurements) and veins (right side, 22 measurements) within the

framework of the preliminary QHB No. 1 of the Deborec tunnel




Dokumentovany byly doposud pouze minimdlni pfitoky pod-
zemni vody, ¢elby jsou popisovany nejcastéji jako vlhké, misty az
suché. Maximadlni, avSak malo Casté vyskyty podzemni vody lze
popsat jako lokalni kapéani v fadech <0,05 1/s, predevsim ve spodni
¢asti boku kalot, lavic a ve vyrubu dna.

Geologicky podminéné nadvylomy jsou diky vySe zminénym
faktim doposud minimalni, v jednotlivych stavebnich postupech
v fadu zcela vyjime¢né prekracujicim 1 m®. Nezajistény vyrub lze
popsat jako docasné stabilni. K vyznamnéj$imu vypadnuti horniny
mimo profil vyrubu v dosavadnim pribéhu razby nedoslo. Nicmé-
né vyjizdéni blokd hornin z ¢elby v fadu i vice nez 10 m? po nepfi-
znivé uklonénych systémech diskontinuit, a s nim spojené lokalni
zvétseni délky nezajisténého vyrubu bylo né€kolikrat zaznamenano.
InZenyrskogeologické podminky raZby doposud zhotovené casti
tunelu Debore¢ 1ze oznacit za odpovidajici ¢i mirné ptiznivéjsi, nez
jaka byla predikce v dokumentaci pro zadani stavby, resp. v po-
drobném geotechnickém prizkumu.

ZAVER

Z vysledku realizovanych méfeni na hloubenych dsecich tune-
lu 1ze konstatovat, Ze deformacni chovéani pazenych svislych kon-
strukci i svahovanych partii jam bylo v pfedpokladanych mezich.
Varovny stav zde byl prekrocen pouze jednou u hodnoty sedani na
portalové jameé vyjezdového portalu.

Z doposud ziskanych poznatk pii razbé (k 9. 5. 2019 bylo vy-
razeno 74 m z celkovych 562 m) je pravdépodobné, Ze diky pfi-
znivému deformacnimu chovéani horninového masivu bude moz-
no vyuZit vétsi procento subtilnéji vystrojenych tfid, nez bylo
pfedpokldddno v realizacni dokumentaci. Nicméné problémem
pfi razbé jsou nepiiznivé orientované systémy diskontinuit, kte-
ré zapricinuji lokdlni vypadavani horniny z celby. Tyto neprizni-
vé orientované diskontinuitni systémy, zejména se jednd o folia-
ci a cast zastizenych zlomovych zén, se predpokladaji po celou
dobu razeb. Aby se vypadavani neprojevovalo nad teoretickym
obrysem vyrubu, bude tfeba disledné jehlovat pfistropi, ¢i v pfi-
padé vyrazného zhorSeni geologickych pomért opétovné vyuzit
i dalsich technologickych opatfeni a prvka typu korekce délky
zabéru, kotveni Celby, injektazi apod. Ocekdvanym faktorem, ne-
gativné ovliviiujicim stabilitu nezajisténého vyrubu, je pritomnost
podzemni vody. Pfi hloubeni vjezdového portalu, ke kterému raz-
by sméfuji, jsou v jamé dokumentoviny nezanedbatelné pritoky
podzemni vody. Je tedy jen otdzkou Casu, kdy se voda objevi i pfi
razbe.
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locally even dry. Maximum occurrence of groundwater, even
though infrequent, can be described as local dripping within the
orders <0,05 /s, first of all in the lower part of top heading and
bench sidewalls and in the bottom excavation.

Thanks to the above-mentioned facts, geologically conditioned
overbreaks have so far been minimal, only exceptionally exceeding
the order of 1m? in individual excavation rounds. The unsupported
excavation can be described as temporarily stable. No more
significant falling of rock outside the excavation cross-section
has occurred. Nevertheless, sliding of blocks from the excavation
face within the order even higher than 10m* along unfavourably
dipping discontinuity systems and locally increased length of the
unsupported excavation accompanied with it have been recorded
several times. The engineering geological conditions of the
excavation of the so far finished part of the Deborec¢ tunnel can be
labelled as adequate or slightly more favourable than the conditions
predicted in the tender design and by the detailed geotechnical
investigation.

CONCLUSION

It is possible to state on the basis of the measurements conducted
on the cut-and-cover sections of the tunnel that the deformational
behaviour of the braced vertical structures as well as the sloped
parts of the pits was within the assumed limits. The alert state was
exceeded only once in the value of settlement at the exit portal pit.

It is likely from the knowledge learned so far from the tunnel
excavation (as of 9" May 2019, the excavation of 74m of the total of
562m has been finished) that, thanks to the favourable deformational
behaviour of the ground mass, it will be possible to use a higher
percentage of more subtly supported classes than assumed in
the detailed design. Nevertheless, the unfavourably oriented
discontinuity systems causing local falling of rock blocks from
excavation face have been a problem during the tunnel excavation.
These unfavourably oriented discontinuity systems, first of all
foliation and part of the fault zones encountered, are expected for
the whole time of the excavation. To prevent falling of rock over the
theoretical excavation contour, it will be necessary to consistently
install needles in the top heading or, in the case of significant
deterioration of geological conditions, repeatedly use even other
technical measures and elements of the type of correction of the
excavation round length, anchoring of excavation face, grouting
etc. Presence of groundwater is an anticipated factor negatively
influencing the stability of unsupported tunnel excavation. Not
negligible groundwater inflows are documented during the course
of the excavation of the pit for the entrance portal toward which the
tunnel excavation is heading. It is therefore only a matter of time
when water will appear even during tunnel excavation.

Ing. MILAN KOSSLER,
milan.kossler@geotechnika.cz,

Mgr. ALES VIDENSKY,
ales.vidensky@geotechnika.cz, SG Geotechnika a.s.
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PRIPRAVA OBSLUH TUNELU NA ZVLADANI KRIZOVYCH SITUACI
V TUNELOVEM PROVOZU
PREPARATION OF TUNNEL OPERATORS FOR MANAGING CRISIS
SITUATIONS IN TUNNEL OPERATION

MARTIN ZOHA, FRANTISEK RAINER

ABSTRAKT

Cldnek se zabyvd zdkladnimi normovymi a predpisovymi ustanovenimi v odborné piipravé obsluh tunelii, kterymi je uréen rozsah a ob-
sah odborné pripravy. Ddle je v ¢ldanku popsdno rozdéleni persondlu obsluh tunelit na dispecery technologie, operdtory dopravy a dalsi
ziicastméné osoby podle zaméteni a provddéné cinnosti pri Fizeni tunelového provozu. Posledni Cdst Cldnku je zaméTena na teoretickou
a praktickou &dst odborné pripravy na zvldddni krizovych situaci v tunelovém provozu. Tato cdst popisuje, jak probihd priprava obsluh
tunelit v praxi, co je ndplni zdkladniho kurzu, pravidelného Skoleni a praktického vycviku na tunelovych trenaZerech, v jakém rozsahu a jak
casto jsou tato Skoleni provddéna a co je podminkou tispésného absolvovdni viech tii sloZek odborné pripravy.

ABSTRACT

The paper deals with standard and regulatory provisions in professional preparation of tunnel operators prescribing the extent and
content of professional preparation. Further on, the paper describes the division of tunnel operating personnel into equipment managers,
traffic managers and other participating persons according to their focus and activities in tunnel operation management. The last part of
the paper is focused on the theoretical and practical part of the professional preparation for managing crisis situations in tunnel opera-
tion. This part describes the process of preparation of tunnel operators in practice, the content of the basic course, regular training and
practical training on a tunnel operation simulator, the scope and frequency of conducting the training courses and what the condition for

successful completion of all three components of the professional preparation is.

NORMOVA A PREDPISOVA USTANOVENI V ODBORNE
PRIPRAVE OBSLUH TUNELU

Hlavnim predpisem, kterym se odborné piiprava obsluh tunelt
na tdzemi Ceské republiky fidi, je metodicky pokyn ,,Skoleni ob-
sluh tunelii“ [1]. Tento metodicky pokyn vydalo v roce 2009 Mini-
sterstvo dopravy a je hlavnim dokumentem, ktery upravuje obsah
arozsah zakladnich kurzd, pravidelného Skoleni a pravidelného vy-
cviku obsluh tuneld. Obsluhami tunelll se v tomto pokynu rozumi
operatori dopravy, dispecefi technologie a pracovnici idrzby. Me-
todicky pokyn je postaven na doporuceni PIARC, zejména tech-
nické zpravé 2007R04 ,,Ndvod pro organizovdni, ndbor a vycvik
provozniho persondlu silnicnich tunelii“ [2], ale také na ,, Narizeni
vlddy ¢. 264/2009 Sb., o bezpecnostnich poZadavcich na tunely po-
zemnich komunikaci delSich neZ 500 metrii“ 3] a nafizeni Smérni-
ce Evropského parlamentu a Rady 2004/54/ES.

Odborn4 priprava obsluh tuneld, které jsou ve spravé Reditelstvi
silnic a ddlnic Ceské republiky, je ddle upravena prikazem feditele
provozniho useku &. 3/2011 ,, Prikaz provozniho teditele k zajisténit
organizace a provddeni odborné pripravy obsluh tunelii a jednot-
nému vedeni provozni dokumentace u tunelii v gesci RSD CR“ [4].
Prikaz respektuje veskera doporuceni PIARC a metodického poky-
nu uvedeného vyse a dale upfesiiuje rozsah a obsah odborné pii-
pravy pro tunely v podminkich RSD CR. Kromé téchto upfesnéni
zavadi a upravuje evidenci provedenych Skoleni a vycviku vSech
osob zarazenych do procesu odborné pfipravy obsluh tunelt.

OBSLUHY TUNELU

Jak je uvedeno v metodickém pokynu ,,Skoleni obsluh tunelii“,
personal podilejici se na fizeni tunelového provozu je rozdélen po-
dle provadénych ¢innosti na operatory dopravy, dispecery techno-
logie a vyznamné pracovniky udrzby. VSechny tyto osoby spolu

STANDARD AND REGULATORY PROVISIONS
IN PROFESSIONAL PREPARATION OF TUNNEL
OPERATORS

The main regulation the professional preparation of tunnel
operators in the Czech Republic follows is the methodical
instruction “Training of tunnel operators” [1]. This methodical
instruction was issued by the Ministry of Transport in 2009. It
governs the content and scope of basic courses, regular training
courses and regular training of tunnel operators. The term “tunnel
operators” used in this instruction means traffic operators, tunnel
equipment managers and maintenance staff. The methodological
instruction is based on the PIARC recommendations, first
of all on Technical Report 2007R04 “Guide for organizing,
recruiting and training road tunnel operating staff” [2], but also
the “Directive of the Government No 264/2009 Coll. on safety
requirements for road tunnels longer than 500 metres” [3], and
the Directive of the European Parliament and of the Council
2004/54/ES.

The professional preparation of the tunnel operators who are
under the management of the Road and Motorway Directorate of
the Czech Republic is further governed by the directive of director
of operating section No. 3/2011 “Directive of the Chief Operating
Officer for ensuring organisation and execution of professional
preparation of tunnel operators and unified maintaining of
operating documentation of tunnels under the professional
responsibility of the Road and Motorway Directorate of the Czech
Republic” [4]. The directive respects all recommendations of the
PIARC and the above-mentioned methodological instruction. It
further specifies the scope and content of professional preparation
for tunnels in terms of the Road and Motorway Directorate of



Obr. 1 Zdlozni velin pro Fizeni tunelii Libouchec a Panenskd na SSUD Pet-
rovice

Fig. 1 Backup control centre for managing the Libouchec and Panenskd tu-
nnels at the Petrovice Centre of Administration and Maintenance of Motor-
ways

uzce spolupracuji a koordinuji svou ¢innost pfi fizeni provozu v tu-
nelu ve standardnim rezZimu, zvlastnich a mimoradnych situacich
i pfi mimotadnych udilostech.

Operitofi dopravy jsou zpravidla zaméstnanci Policie Ceské re-
publiky. Jejich tkolem je fizeni dopravy v tunelu. Operatori dopra-
vy zajistuji regulaci ¢i upravy prijezdni rychlosti v tunelu v zavis-
losti na dopravni situaci, vyzaduje-li to dopravni situace, provadé;ji
uzavirani jednotlivych jizdnich pruh, pfipadné tunelového tubusu
nebo celého tunelu. Pomoci proménného dopravniho znaceni v tu-
nelu i vné tunelu provadéji fizeni dopravy pfimou vazbou na pro-
voz v tunelu a dopravu v tunelu a jeho okoli.

Dispecefti technologie dohliZeji na spravnou funkci provoznich
soubort a stavebnich objektl tunelu. Jejich povinnosti je zajisténi
plné funkcnosti technologické vyzbroje tunelu, jako je napriklad
osvétleni, vzduchotechnika, napdjeni elektrickou energii, pozar-
nich a bezpecnostnich zafizeni a dalSich prvkd vybaveni tunelu.
Pri mimoradnych udalostech je dispecer technologie tim, kdo spo-
lupracuje se slozkami Integrovaného zachranného systému a na
pokyn velitele zasahu provadi tpravy funkci technologického vy-
baveni podle potieb zasahujicich jednotek.

Dalsi persondl, ktery je podle metodického pokynu obsluhou
tunelu, jsou pracovnici tdrzby. Persondl z této kategorie neni pii
béZném provozovani pfitomen na dispecinku fizeni tunelu, ktery
je vidét na obr. 1, a bezprostfedné neovliviiuje provoz v tunelu.
Pracovnici udrzby jsou zodpovédni za servis a profylaxi jednot-
livych provoznich souborti a stavebnich objektl a feSeni odstra-
novani nasledki mimotadnych udalosti, které vzniknou v souvis-
losti s poruchami technologického vybaveni tunelu v nepfetrZitém
provozu. Jejich hlavni funkei je udrZovat tunel v provozuschopném
stavu.

ODBORNA PRIPRAVA OBSLUH TUNELU

Predmétem odborné pripravy je seznameni obsluh tuneld se
standardnim provozem a udrZenim bezpecnosti tohoto provozu.
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the Czech Republic (hereinafter referred to as the RMD CR).
In addition to those specifications it introduces and specifies
recording of finished training courses and training of all persons
included in the process of professional preparation of tunnel
operators.

TUNNEL OPERATORS

As mentioned in the methodological instruction “Training
of tunnel operators”, the personnel staff participating in tunnel
operation management is divided according the activities into
traffic operators, equipment managers and important maintenance
staff. All these persons closely collaborate together and coordinate
their activities when managing the tunnel operation process in
the standard regime, special and exceptional events and during
emergency events.

Traffic operators are usually employees of the Police of the
Czech Republic. Their task is to manage traffic in tunnels. Traffic
operators ensure regulation or adjustments of the velocity of
passage through a tunnel depending on the traffic situation and
carry out closing of individual traffic lanes or, possibly, the tunnel
tube or the whole tunnel if required by the traffic situation. They
use variable traffic signs in the tunnel and outside the tunnel for
traffic control directly linking to the tunnel operation and traffic in
the tunnel and its surroundings.

Tunnel equipment managers supervise the correct function
of operating units and civil engineering structures of the tunnel.
Their duty is to secure full functionality of the tunnel equipment,
such as for example lighting, ventilation, power supplies, fire and
safety equipment and other tunnel equipment elements. During
emergencies the equipment manager is the person who collaborates
with the components of the Integrated Rescue System and, on
command of the commander of the intervention, ensures adjusting
of technical equipment functions to the needs of the intervening
units.
the other
personnel forming the team of tunnel operators are represented

According to the methodological instruction,
by maintenance staff. This category personnel are not present at
the tunnel operation management centre which can be seen in
Fig. 1, and which does not directly affect traffic in the tunnel.
Employees of the maintenance team are responsible for service
and prophylaxis of individual operating units and civil engineering
structures and for removing consequences of the exceptional
events which originate in the relationship with defects of technical
equipment of the tunnel during continuous operation. The main
function of the maintenance staff is to keep the tunnel in operational
condition.

PROFESSIONAL PREPARATION
OF TUNNEL OPERATORS

The objective of the professional preparation is to inform tunnel
operators about standard operation and maintenance of safety of
this operation. The most important aspect of the training is giving
the operators information about tunnel operation in extraordinary
regimes, first of all when extraordinary events have to be solved
with respect to protection of life, health and property of road users
and subsequently also protection of state property, i.e. the tunnel
structure itself.
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Nejdalezitéjsim aspektem Skoleni je pak seznameni obsluh s pro-
vozovanim tunelu v mimofadném reZimu, zejména pii feSeni mi-
motadnych udélosti s ohledem na ochranu Zivota, zdravi a majetku
Ucastnikl silniéniho provozu a nasledné také na ochranu majetku
stitu, tedy samotné stavby tunelu.

Odborna priprava probihd v nékolika fazich. Prvni faze je za-
kladni kurz, kde se personal sezndmi se zdklady tunelové proble-
matiky a ziska zakladni informace o provozovani tunelu. Dale jsou
obsluhy povinny absolvovat kazdoro¢ni pravidelné Skoleni, kde
ziskavaji teoretické znalosti o provozu v tunelech na pozemnich
komunikacich a prohlubuji si ty jiZ nabyté. Na pravidelném Sko-
leni se obsluhy dozvédi také o ptipadnych zménéch v predpisech
a o novych trendech v tunelové problematice. V pripadé zasadnich
zmén nebo mimotadnych udalosti, které v minulosti nebyly fese-
ny, je pravidelné Skoleni doplnéno o Skoleni mimorddné, které ma
Ucastniky seznamit s hlavnimi novinkami v oboru, pouZitymi po-
stupy feseni mimoradnych udalosti s cilem upevnit jejich spravné
feSeni, ¢i poukdzat na nedostatky v ¢innosti obsluh v praxi, aby
se negativa napiiSt€¢ neprojevovala. Ziskané teoretické znalosti
musi umét operatori dopravy a dispecefi technologie pienést na-
sledné do praxe. Z tohoto divodu kazdoro¢né absolvuji pravidel-
ny vycvik na tunelovém trenaZeru, ktery je shodny s fidicim sys-
témem fizeného tunelu. Pfi pravidelném vycviku se uci spravné
reakci na vzniklé mimorddné uddlosti, postupu pfi jejich feSeni
a bezchybné komunikaci s ostatnimi ucastniky fizeni, se slozka-
mi Integrovaného zachranného systému, ale i dcastniky silni¢niho
provozu. PrestoZe se slozky Integrovaného zachranného systému
na bezprostfedni obsluze tunelu nepodileji (vyjma operatort do-
pravy), pro feSeni mimofadnych udélosti v dopravnim prostoru
tunelu i mimo néj je potieba jistd znalost a pfipravenost téchto
slozek. Jedna se zejména o predurcené jednotky Hasic¢ského za-
chranného sboru a Policie CR, Zdravotnické zachranné sluzby. Ta
je zajisténa teoretickou pripravou a taktickymi cvicenimi v pro-
storach tunelu. Podstatnou Cast pripravy pak tvori také distancni
samostudium dostupnych materidlt a celkova angaZovanost vSech
ucastnika.

Zakladni kurz

Zékladni kurz je povinen absolvovat kazdy nové prijaty pra-
covnik zatfazeny do obsluhy tunelu. Je zdkladem pro potfebnou
odbornou zpusobilost. Podle pozice, na kterou pracovnik nastu-
puje, je zdkladni kurz rozdélen do 3-5 dnu, pfi¢emZ operatofi
dopravy a dispecefi technologie absolvuji pétidenni kurz o osmi
prednaskovych hodinach, jedné hodiné cviceni a testovéni a tfech
konzulta¢nich hodindch. Pracovnici udrzby absolvuji kurz tfi-
denni o osmi pfednaSkovych hodinach a ¢tyfech hodindch cvi-
Ceni a testovani.

Cilem zakladniho kurzu je predstavit novému pracovnikovi
tunelovou problematiku. Uéastnik kurzu se sezndmi s platnou le-
gislativou, ziska zdkladni znalost jednotlivych provoznich soubo-
ru a stavebnich objektd tunelu. Déle se seznadmi se standardnim,
zvl4stnim i mimofadnym reZimem provozovani tunelu a vazbami
na technologické vybaveni tunelu. Pfikladny piehled tematic-
kych celkl zakladniho kurzu pro nového operatora dopravy je
uveden v tab. 1.

Posledni den zékladniho kurzu pracovnik skladd zdvérecnou
zkousku formou testu. Pii uspé€$ném splnéni ziskava osvédceni
o odborné zpusobilosti s omezenou platnosti na Ctyfi roky. Po
uplynuti této lhlty je nutné zakladni kurz absolvovat v rozsahu
upevnéni nabytych znalosti. V pfipad€ nesplnéni podminek pro
udéleni osvédceni nemiZe pracovnik funkci vykonavat.

The professional preparation is conducted in several phases. The
first phase lies in the basic course, where people are informed about
the basics of tunnel problems and obtain basic information about
tunnel operation. Further on, the operators are obliged to pass
annual regular training where they gather theoretical knowledge
on operation of road tunnels and deepen the acquired knowledge.
During regular trainings the operators in addition learn about
possible changes in regulations and new trends in tunnel issues.
In cases of the fundamental changes or extraordinary events which
had not been solved in the past, the regular training is supplemented
by extra training the objective of which is to inform the participants
about news in the line of work, procedures applied to solving
extraordinary events with the aim of reinforcing the correct solution
or pointing out drawbacks of activities of operators in practice so
that the negatives no more appear in the future. Traffic managers
have to know how to subsequently transfer the acquired knowledge
into practice. For that reason they attend regular training on a tunnel
operation simulator which is identical with the system of the tunnel
being controlled. During the regular training they learn appropriate
response to originating extraordinary events, the procedure for their
solution and flawless communication with other participants in the
event management, components of the Integrated Rescue System,
but also with road users. Despite the fact that components of the
Integrated Rescue System do not participate in the immediate
tunnel operation (with the exception of traffic managers), certain
knowledge and preparedness of those components is required
for solving extraordinary events in the tunnel traffic space and
outside of the tunnel. This is first of all the case of predetermined
units of the Fire Rescue Service and the Police of the CR and the
Emergency Medical Service. It is ensured by theoretical preparation
and tactical exercises inside tunnels. Even distance learning of
materials available and overall engagement of all participants form
a significant part of the preparation.

Basic course

Attending the basic course is obligatory for each newly employed
person included into tunnel services. It is the basis for the required
professional competence. The basic course is divided into 3-5 days
with respect to the position the employee will assume. Traffic
managers and equipment managers attend the five-day course
with eight lecture hours, one hour of exercising and testing and
three consultancy lessons. Maintenance workers attend a three-day
course with eight lecturing hours and four hours of exercising and
testing.

The objective of the basic course is to acquaint a new employee
with tunnel issues. The new employee is informed about the
applicable legislation, gains knowledge of individual operating
units and civil engineering structures of tunnels. The employees
acquaint themselves with the standard, special and extraordinary
regimes of tunnel operation relating to the tunnel equipment. An
example of the summary of thematic units of the basic course for
new traffic managers is presented in Table 1.

The last day of the basic course, the employees take final exams
in the form of a test. In the case of successful completion they obtain
certificates with limited validity for four years. After this period
it is necessary to repeat the basic course in the scope necessary
for strengthening the gathered knowledge. In the case of failing to




Tab. 1 Tematické celky zdkladniho kurzu operdtora dopravy
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skupiny dopravni telematika, technologie tunelového | provozni dokumentace | bezpecnost provoz
predméti legislativa systému
(64 c e 00 e
1.den evropska smérnice, navrhové prvky tuneld, prehled provozni zésady bezpeénosti zakladni principy provozu
zékon o pozemnich projektovani tuneld dokumentace prace silni¢nich tunell
komunikacich a zakon
0 krizovém Fizeni
2.den TP 98, TP 154 napajeni, osvétleni, dopravni a povozni fad hlavni faktory vzniku provozované stavy
ventilace tunelli pozar( v silniénich
tunelech
3.den architektura tunelového poZarni zabezpedeni havarijni karta Ucinky pozar( UdrZba, opravy,
systému v silni¢nim tunelu rekonstrukce
a opatfeni na jejich
snizeni
4.den systém fizeni dopravy dalsi zafizeni tunell bezpecnostni dopravni excesy fizeni silnicnich tunell
v tunelu dokumentace v tunelu a mimo tunel
5.den zavéreCné zkousky
Table 1 Thematic units of the basis course for traffic managers
groups traffic telematics tunnel system operating documents safety operation
of subjects | legislation equipment
1% day european directive, tunnel design elements, | summary of operating principles of safety basic principles
road act and crisis designing for tunnels documents at work of operation
management act of road tunnels
2" day technical specifications power supply, lighting, traffic order main factors states of operation
TP 98, TP 154 tunnel ventilation and operating rules of origination of fires
in road tunnels
3 day tunnel system fire provision accident card effects of fires in road maintenance, repairs,
architecture tunnel and measures reconstruction
for their restriction
4" day system of traffic control other tunnel equipment safety documents traffic excesses management
in tunnel inside tunnel of road tunnels
and outside tunnel
51 day final exams

Pravidelné skoleni

Pravidelné Skoleni je realizovano jednou rocné v rozsahu jed-
noho dne o ¢tyfech hodinach prednédsek a dvou hodinach konzul-
taci. Pravidelné Skoleni je ukonceno testem. V pfipadé nesplnéni
tohoto testu je mozné pracovnikovi odebrat osvédceni o odborné
zpusobilosti a doporucit op€tovné absolvovéani zdkladniho kurzu.
V pripadé splnéni stanovenych podminek ziskava tcastnik po-
tvrzeni o vykondni pravidelného Skoleni a potvrdi tak platnost
opravnéni k vykonu cinnosti. Pfedmétem pravidelného Skoleni
je ozivovani nabytych teoretickych znalosti, zejména pak zna-
losti potiebnych pro feSeni mimorddnych udélosti. Vyhrazené
konzulta¢ni hodiny je mozné vyuzit k prohloubeni znalosti, kte-
ré pracovniky zajimaji nejvice, nebo naopak v nich maji nejvice
nejasnosti.
Mimo#adné skoleni

Mimoradné Skoleni patii do teoretické ¢asti pripravy. Mimorad-
né Skoleni se provadi pifi zdsadnich zménach v legislativé, které
maji dopad na fizeni provozu. Dile se Skoleni provadi pfi zmé-
nach technologie nebo mimotadnych udalostech, které podstatnym
zptisobem méni zab&hnuté pracovni postupy a procesy. Skoleni je
také mozné poradat na zadost spravce pri zjiSténych nedostatcich
ve znalostech obsluh tuneld, pripadné pfi zjiSténém nedodrzova-
ni bezpecnosti prace. Predmétem mimotadného Skoleni je vzdy
udalost ¢i jev, ktery potfebu po mimotfaddném Skoleni vyvolal. Toto

meet the conditions for granting the certificate the employee can no
more work in the function.

Regular training

Regular training is conducted once a year within the scope of one
day with four hours of lectures and two hours of consultancy. The
regular training is concluded by a test. In the case of failing to pass
the test it is possible to take employee’s certificate of professional
competence away and recommend repeated attendance of the
basic course. In the case of meeting the prescribed conditions
the participant obtains the certificate of completing the regular
training and confirms the validity of the authorisation to perform
the work. The subject of the regular training lies in refreshing the
theoretical knowledge obtained, first of all knowledge required for
solving extraordinary events. The hours set aside for consultancy
can be used for deepening the knowledge of things interesting
the employees most of all or, conversely, things most unclear to
them.

Extra training

Extra training belongs among parts of the theoretical part of the
preparation. Extra training is conducted in the cases of principal
changes in legislation having impact on management of the
tunnel operation. In addition, training is conducted in the cases
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Obr. 2 Skolict a vycvikové stiedisko RSD CR Petrovice
Fig. 2 Petrovice training and exercising centre of the RMD of the CR

Skoleni probiha prevazné formou prednasek a konzultaci, ve vyji-
mecnych pripadech se realizuje formou vycviku a sezndmeni se
s novou technologii. Mimorddné Skoleni neni zpravidla zakon¢eno
testem, v odiivodnénych pripadech mize byt ovSem test podmin-
kou a jeho nesplnéni miZe vést k odebrani osvédceni o odborné
zpusobilosti.
Pravidelny vycvik

Pravidelny vycvik na vycvikovém trenaZeru ve vycvikovém stie-
disku RSD CR v Petrovicich, které je zobrazeno na obr. 2, probihd
dvakrat ro¢né s dotaci 12 vyucovacich hodin na kazdého ¢lena ob-
sluhy tunelu. Pfedmétem tohoto vycviku je prohloubeni znalosti
o fidicim systému daného tunelu, spravna reakce na mimoradné
udalosti a feSeni nestandardnich situaci, které v béZném provozu
nevznikaji pravidelné, a operatofi a dispecefi tak nemaji moznost
si tyto situace pravidelné ozkouset a zazit. Posledni den pravidel-
ného vycviku je zakoncen praktickym testem na trenaZeru, pii kte-
rém operatori a dispecefi prokazuji schopnost fesit krizové situace
a zvladat tyto situace i ve stresu a Casové tisni. Na zdkladé aspésné
absolvovaného testu pracovnik ziskava potvrzeni o vykonaném vy-
cviku a splni podminku pro platnost opravnéni k vykonu ¢innosti.
Test je mozné absolvovat opakované az do dspéSného zvladnuti.
Neuspéch pfi praktickém vycviku mize byt divodem k odebrani
osvédCeni o odborné zpilisobilosti a opétovnému absolvovani za-
kladniho kurzu.

Distancni studium a samostudium

Podstatna ¢ast odborné piipravy je zaloZena také na ochoté a an-
gazovanosti UcCastniki tunelového provozu. Distan¢ni studium
a samostudium probihé formou e-learningu z pfedem pfipravenych
materialti. Nejasnosti je poté mozné vysvétlit v ramci konzultaci na
pravidelném Skoleni a vycviku. Zakladnim predpokladem obsluh
tuneld je ochota se dale vzdélavat a prohlubovat nabyté znalosti.
K tomuto tcelu je mozné vyuzit porddanych konferenci a seminara
zaméfenych na tunelovou problematiku, exkurzi na jinych tunelo-
vych dispecincich a tcasti na taktickych cvicenich.

of changes in technology or extraordinary events significantly
changing usual work procedures and processes. Training can
also be organised on administrator’s request in the case of gaps
in the knowledge of tunnel operators or in the case of detecting
safety infringement. The event or phenomenon which brought
about the need for the extra training is always the subject of the
extra training. The training has mostly the form of lectures and
consultancy, in exceptional cases it is carried out in the form of
exercising and acquainting the operators with the new technology.
Extra training is usually not concluded by a test; nevertheless, in
justified cases, the test can be a condition and failing to pass it
may lead to taking the certificate of professional competence
away.
Regular exercising

Regular exercising on the tunnel operation simulator at the
training centre of the RMD CR in Petrovice (see Fig. 2) takes
place twice a year and is endowed with 12 teaching hours per
each member of the tunnel operation team. The objective of this
exercising is to deepen the knowledge about the management system
of the particular tunnel, the appropriate response to extraordinary
events and solving non-standard situations which do not originate
regularly during common operation and operators and managers do
not have opportunity to try and experience such situations regularly.
The last day of the regular exercising is ended by a practical test
on the simulator, where operators and managers prove their ability
to solve crisis situations and cope with the situation even in stress
and under time pressure. The employees obtain certification
of the completed training on the basis of the success in the test,
thus they will fulfil the condition for validity of the authorisation
to pursue their activity. The test can be attended repeatedly until
successful completion. Failing to pass the practical exercising
can be the reason for taking employee’s certificate of professional
competence away and for repeated attendance at the basic

course.

Distance study and self-study

Substantial part of the professional preparation is even based
on willingness and engagement of the participants in the tunnel
operation. The distance studying and self-studying has the form
of e-learning from materials prepared in advance. Ambiguities can
be explained subsequently within the framework of consultancy
at regular training sessions. The basic condition regarding tunnel
operators is that they are willing to be further educated and deepen
the obtained knowledge. For this purpose it is possible to use
conferences and seminars focused on tunnel issues, excursions
to other tunnel management centres and participation in tactical
exercises.

Exercises of the Integrated Rescue System (IRS)

Despite the fact that the professional preparation of basic
components of the IRS is not the responsibility of the tunnel
administrator, it follows from the experience gathered when solving
extraordinary events in tunnels that it is necessary to prepare the
IRS components for specific courses of the events. The tunnel is
different from the linking road in terms of its accessibility and even
the courses of extraordinary events (not only fires, but also traffic
accidents) are different.




Cviceni 12S

PrestoZe odborna piiprava zakladnich sloZzek IZS neni v ges-
ci spravce tunelu, ze zkusSenosti pii fesSeni mimoradnych udalosti
v tunelu vyplyva potieba tyto slozky pripravit na specificky pribéh
téchto udalosti. Tunel je od navazujici komunikace rozdilny svou
pfistupnosti, riizny je i prubéh mimofadnych udalosti, a to nejen
poZzart, ale i dopravnich nehod.

Pfiprava predurCenych slozek IZS je slozena z teoretické pfi-
pravy, prohlidky tunelu a sezndmeni se s mistnimi podminkami
a pozarnétaktického cviceni, které je predpokladem efektivni sou-
¢innosti pracovnikl obsluhy tunell a zasahujicich slozek IZS. Pra-
videlné provadéni téchto cviceni je pozadavkem smérnice 2004/54/
ES o minimdlnich poZadavcich na tunely transevropské silni¢ni
sité. Tato cviceni probihaji v dobé uzavirky tunelu v intervalech
podle potieby a planu HZS prislusného kraje.

Dalsi rozvoj této pripravy je podminén vybudovanim vycvikového
polygonu, kde budou piedurcené slozky Integrovaného zachranného
systému provadét vycvik v simulovanych podminkach, ktery se ma-
ximdlné bliZi skutecnym podminkdm pii zdsahu v tunelu. Problema-
tika vybudovani vycvikového polygonu se intenzivné resi.

ZAVER

Z vyse uvedeného je patrné, Ze s nariistem intenzity silni¢ni do-
pravy se neustdle zvysuji i naroky na droven bezpecnosti provozu
na komunikacich a zejména v tunelech, kde je riziko ovlivnéné spe-
cifickym prostiedim. Z tohoto divodu je potieba vSechny pracov-
niky obsluh tunell neustale a systematicky pfipravovat na feSeni
vzniklych situaci s ohledem na ochranu zdravi a majetku vSech
ucastnikll. Nelze ovSem ustrnout v zavedenych postupech, jelikoz
doprava na pozemnich komunikacich se neustile vyviji a meto-
dické postupy odborné piipravy obsluh tuneld je potfeba neustile
aktualizovat a pfizpiisobovat dal§imu vyvoji v dopravé a provozu
v tunelech na pozemnich komunikacich.

Dile je v problematice $koleni obsluh tuneld patrna nejednotnost
v pfistupu k praxi mezi jednotlivymi spravci tuneld na pozemnich
komunikacich. Reditelstvi silnic a ddlnic CR neni spravcem ves-
kerych silni¢nich tunelti na izemi Ceské republiky a autofi ¢lan-
ku nejsou informovani o stavu a praxi Skoleni u spravct dalSich
tuneld. Autofi proto doporucuji do budoucna se timto problémem
zabyvat a $koleni obsluh standardizovat a na dzemi Ceské repub-
liky sjednotit. Tato spoluprice spravnich organit ma jednoznacné
vyhody spocivajici ve vyméné zkuSenosti s provozem rozdilnych
tuneld a univerzdlnosti a zastupitelnosti jednotlivych pracovnikt
na pozicich obsluhy.

MARTIN ZOHA,
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Preparation of predetermined IRS components consists of
theoretical preparation, examination of the tunnel, acquainting
them with local conditions and a tactical fire exercise, which is
a condition for effective collaboration between tunnel operation
workers and intervening IRS units. Regularly organised exercises
are required by the Directive No. 2004/54/ES on minimum safety
requirements for tunnels in the Trans-European Road Network.
The exercises are carried out during tunnel closures, at intervals as
needed and according to the plan of the Fire Rescue Service of the
particular region.

Further development of the preparation is conditioned by
developing a training polygon where predetermined components
of the Integrated Rescue System will conduct training under
simulated conditions which will maximally approximate real
conditions during an intervention in the tunnel. The issue of the
training polygon is being intensely solved.

CONCLUSION

It is obvious from the text above that requirements for the
level of road traffic safety, first of all safety in tunnels where
the risk is affected by the specific environment, continually
increase with the growing road traffic volume. For that reason it
is necessary to continually and systematically prepare all tunnel
operators for solving the originating situations with respect to
protection of health and property of all traffic participants. But it
is not possible to stagnate on the established procedures because
road traffic continually develops and methodological procedures
of professional preparation of tunnel operators need continual
upgrading and adapting to the further development in traffic in road
tunnels.

Disunity is obvious in the approach to the practice among
individual tunnel administrators of road tunnels as far as the issues
of the training of tunnel operators are concerned. The Road and
Motorway Directorate of the CR is not the administrator of all road
tunnels in the Czech Republic and the authors of this paper are
not informed about the state and practice among administrators of
the other tunnels. The authors therefore recommend for the future
that this problem is to be dealt with and training of operators is
standardised and unified in the Czech Republic. This collaboration
of administrative authorities has unambiguous advantage lying in
the exchange of experience with the operation of different tunnels
and universality and substitutability of individual workers in the
position of operators.
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VYZNAMNE OPRAVY DALNICNICH A SILNICNICH TUNELU
V CR — REALIZACE A PLANOVANI
SIGNIFICANT REPAIRS OF MOTORWAY AND ROAD TUNNELS
IN THE CZECH REPUBLIC — REALISATION AND PLANNING

PAVEL JERABEK, FRANTISEK RAINER

ABSTRAKT

Prvni ddlnicni tunely byly uvedeny do provozu na prelomu let 2006 a 2007. Po celou dobu provozu jsou tunely pravidelné servisovdny a prii-

bézné byly odstrariovdny poruchy a vady na technologické a stavebni &dsti. VSechny provozované tunely ve sprdvé RSD CR jsou dnes provo-

zuschopné, avsak nékteré vyZaduji opravy stredniho rozsahu. O dvou prvnich opravdch vyznamnéjsiho rozsahu pojedndvd ndsledujici cldnek.

ABSTRACT

First motorway tunnels were opened to traffic at the end of 2006 and at the start of 2007. The tunnels are regularly serviced and snags
and defects in equipment and civil engineering parts were continually removed throughout the operation of the tunnels. All tunnels

operating under the management of the Road and Motorway Directorate of the CR are currently operational, but some require medium-
range repairs. The following paper deals with first two repairs with more significant extent.

uvob

Nejvice problematicky je stav u technologického vybaveni né-
kterych provozovanych tunell, kdy doslo ke zna¢nému opotiebeni
a degradaci zdsadnich provoznich souborti natolik, Ze jsou pric¢inou
opravy stfedniho rozsahu stavebni a technologické ¢4sti tunelu. Tyto
opravy byly vyvolany za prvé Spatnym stavem technologického vy-
baveni tunelu, jako jsou napfiklad osvétleni a ventilace, na kterych
se podepsalo pfedev§im agresivni prostfedi v tunelu, a za druhé jiz
moralnim zastardnim komponenti fidiciho a kamerového systému.
Prvnimi tunely, které se v soucasné dobé nachazeji ve fazi realizace
opravy, jsou tunel Valik a Klimkovicky tunel. U tunelu Valik se jed-
né o standardni dobu opravy. U Klimkovického tunelu bylo kvuli
pokrocilé degradaci technologie pfikroceno k realizaci opravy o par
let dfive. Vzhledem k tomu, Ze realizace oprav zminénych tuneli
pravé probihd, ¢lanek pojednavéd o pripravé oprav a rozhodujicich
pfi¢indch oprav samotnych.

OPRAVA TUNELU VALIK

Vystavba tunelu Valik probihala v letech 2003-2006, kdy v fijnu
2006 byl uveden do predcasného uzivani a v zafi 2007 do provozu.
Prava tunelovd trouba je dlouhd 390 m a leva 380 m. Kazda trouba
ma dva jizdni pruhy Sitky 3,75 m a jeden nouzovy pruh Sitky 3,25 m.
Priijezdni profil je vysoky 4,8 m a vzhledem k tomu, Ze technické
vybaveni tunelu je ve vySce 5,35 m nad vozovkou, 1ze tunelem do-
pravovat i nadmérné naklady do vysky 5,2 m. Tunel byl projektovan
a vybaven na bezpecnostni kategorii TA.

P1i pripravé projektové dokumentace provedeni stavby pro opravu
stfedniho rozsahu bylo na zékladé dopravniho zatizeni a dalSich od-
bornych parametr rozhodnuto, Ze se zohledni dosavadni provozni
zkuSenosti a pripusti se s dodrZzenim bezpe¢nostnich standardt zmé-
na bezpecnostni kategorie (z TA na kategorii TC) a spolu s tim se
pfistoupi k optimalizaci technologického vybaveni tunelu. Z tohoto
divodu dojde k demontdzi opotiebenych proudovych ventilatora
(obr. 1), které jiz nebudou znovu instalovany. Bez ndhrady budou de-
montovany i dalsi technické prvky, které nejsou pro tunel kategorie
TC potieba, jako je naptiklad méfeni CO, opacity a ozvuceni tunelu.
Touto redukci dojde k uspofe nakladi jak pii probihajici oprave tu-
nelu, tak i pfi nasledném servisu a idrzb€ v dalSich letech. Dojde-
-li ke skute¢nému zvyseni dopravniho zatiZeni tunelu a bude tfeba

INTRODUCTION

Most problematic conditions are encountered in the field of
technical equipment of some operating tunnels, where crucial
operating units were significantly worn and degraded so much that
they are the causes for medium-range repairs of equipment and
civil-engineering parts of the tunnels. The repairs were triggered
firstly by the poor condition of the tunnel technology equipment,
for instance tunnel lighting and ventilation, to which the corrosive
environment contributed most of all, and, secondly, by the moral
obsolescence of components of the management and camera
surveillance systems. The Valik and Klimkovice tunnels are the first
tunnels being currently in the phase of realisation of repairs. In the
case of the Valik tunnel, the duration of the repair is standard. In the
case of the Klimkovice tunnel, the Road and Motorway Directorate
of the CR (Reditelsvi silnic a ddlnic CR) started to repair it several
years earlier, with respect to the advanced degradation of the
tunnel equipment. With respect to the fact that the realisation of
the repairs of the above-mentioned tunnels is currently underway,
the paper describes the preparation of the repairs and the decisive
causes of the repairs.

REPAIR OF VALIK TUNNEL

The construction of the Valik tunnel was carried out from 2003 to
2006. It was opened to early use in October 2006 and was opened
to regular traffic in September 2007. The right tunnel tube and the
left tunnel tube are 390m and 380m long, respectively. Each tube
has two 3.75m wide traffic lanes and one 3.25m wide emergency
stopping lane. The clearance profile is 4.8m high and, thanks to the
fact that the tunnel equipment of the tunnel is installed 5.35m above
the roadway, it is possible to transport even cargo with excessive
height up to 5.2m through the tunnel. The tunnel was designed and
equipped for the TA safety category.

The decision to take the existing operational experience into
consideration and carry out a change from the safety category TA
to category TC was made during the preparation of the medium-
range repair the medium-range repair was made on the basis of
the volume of traffic and other technical parameters during the
preparation of the detailed design for repair, under the condition



Obr. 1 DemontdZ proudového ventildtoru
Fig. 1 Disassembly of a jet fan

vzduchotechniku doplnit, pak nic nebrani tunel dovybavit. Nicméné
tuto situaci podle dlouhodobého vyvoje a provedenych statistickych
vypoctl 1ze predpokladat u tunelu Valik az kolem roku 2050. Do
této doby se jevi vzduchotechnika u tunelu Valik jako nadbytecna.
Navic predpoklddanym zvySenim prijezdni rychlosti na 100 km/h
1ze ocekavat vyznamné zvySeni pistového efektu pii odvétravani tu-
nelovych trub v béZném provozu projizdéjicimi vozidly.

Stavajici osvétleni tunelu Valik je ve Spatném stavu, jak doku-
mentuje obr. 2 a obr. 3, a je tfeba jej vymeénit. Se zvySenim rych-
losti v tunelu déle souvisi i pfepocet svételnych podminek v tunelu
a prilehlych tusecich tak, aby nové osvétleni spliiovalo podminky
pro prujezdni rychlost 100 km/hod. Z tohoto divodu dojde k tpra-
vé poctu svitidel a zaroven ke zméné technologie, kdy bude pouZito
nové LED osvétleni, a to i na prilehlém vefejném osvétleni predpor-
talovych dsekt. V nové LED technologii bude provedeno i vodici
a orientacni osvétleni v tunelu. Od této upravy lze ocekdvat nejen
zvySeni komfortu a zrakové pohody fidicu, ale i podstatné tspory
néaklada spravce, které jsou spojené s provozem a tdrZbou osvétleni.
Z divodu zmény limitu prijezdni rychlosti v tunelu dojde k tpra-
vé dopravniho znaceni v¢etné proménného dopravniho znaceni pro
upravu rychlosti na predportalovych tsecich a na portalech tunelu.

DalS§im vyznamnym provoznim souborem, ktery bude obménén
v rdmci této opravy, je vnitini televizni okruh. Kamerovy systém
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that the safety standards were maintained and the tunnel equipment
was optimised together with the repair. For that reason the
worn jet fans will be disassembled (see Fig. 1) and will not be
installed again. Even other technical elements unnecessary for
the TC category tunnel, such as the CO measurement system, the
opacity measurement system and the public address system will
be disassembled without substitution. Costs will be saved owing
to this reduction both during the ongoing repair of the tunnel and
during the tunnel services and maintenance during the following
years. If the traffic volume in the tunnel really increases and it will
be necessary to add ventilation equipment, nothing will prevent
it. Nevertheless, according to the long-term development and the
statistic calculations conducted, this situation cannot be expected
in the Valik tunnel until around 2050. Until that time, the Valik
tunnel ventilation appears to be redundant. In addition, it is possible
to expect an increase in the piston effect on the ventilation of the
tunnel tubes due to the expected increase in the speed of vehicles
passing through the tunnel during common operation to 100km/h.

The existing lighting of the Valik tunnel is in poor condition,
as documented in Figures 2 and 3, and has to be replaced. The
recalculation of lighting conditions in the tunnel and on adjoining
road sections which is required for the new lighting to meet
conditions for the passage speed of 100km/h is also associated
with the increased highest speed limit for the tunnel. This is the
reason for which the quantity of luminaries will be adjusted and,
at the same time, the technology will be changed and new LED
lighting will be used, even on the adjoining public lighting of the
pre-portal sections. The new LED technology will be applied to
the installation of the kerbside guidance lighting and orientation
lighting in the tunnel. It is possible to expect that this solution will
not only increase the comfort including driver’s visual comfort, but
will also save administrator costs associated with the operation and
maintenance of the lighting. Traffic signs including the variable
signs for the adjustment of speed in pre-portal sections and at
tunnel portals will be changed because of the change in the tunnel
passage speed limit.

The closed-circuit TV is another important operating unit do be
replaced within the framework of this repair. The camera system
serves to ensure the operational ability of the tunnel and to allow
viewing of traffic. During the repair work the system will be
upgraded to current technology standards. The cameras, recording
and server technologies and the video detection systems will be
replaced.

The replacement of the control and visualisation part of the
technology equipment of the traffic and equipment management
system of the Valik tunnel and its pre-portal equipment is an
important part of the tunnel repair.

One of important parts of the tunnel repair will be the replacement
of existing emergency call stations and DIS-SOS switchboards,
including adjustment of the existing optical cable, reconstruction
of existing power supply points and adjustment of cabling.

The repair will even affect the radio link component, which is
already at the end of its lifetime. At the same time, the services
of the Fire Rescue Service will be retuned according to the
new frequency plan. The completed adjustments will make the
transducers operational on the frequencies given by the new
individual licence for this component. For the above reason, the
old radiating cable and, subsequently, installation of a new cable,
including connectors and fixing elements will be carried out.

The repair will even affect the operational unit for measurement
of physical quantities, where only the measurement of airflow
velocity in the tunnel, measurement of temperature, measurement
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Obr. 2 Detail degradace demontovaného osvétleni
Fig. 2 Detail of degradation of the disassembled lighting

slouzi k zajisténi provozuschopnosti tunelu a k nahledu na dopravu.
Opravou dojde k upgrade systému podle soucasnych technologic-
kych standardd. Budou obménény kamery, zdznamové a serverové
technologie a videodetek¢ni systém.

Dilezitou ¢asti opravy tunelu je vymeéna fidici a vizualizacni ¢asti
technologického vybaveni fidiciho systému dopravy a technologie
tunelu Valik a jeho pritunelové technologie.

Soucésti opravy tunelu bude v tseku km 56-80 vymeéna stavaji-
cich SOS hléasek a rozvadéci DIS — SOS, vcetné tpravy stavajictho
optického kabelu, rekonstrukce stavajicich napdjecich boda a iprava
kabelaZe.

Oprava se dotkne i komponent rddiového spojenti, které je na hra-
nici své Zivotnosti. Zaroven dochazi k preladéni sluzeb Hasi¢ského
zachranného sboru CR podle nového kmitoctového planu. Provede-
nymi Gpravami dojde ke zprovoznéni prevadécl na kmitoctech no-
vého individudlniho opravnéni této slozky. Z vySe uvedeného divo-
du dojde v rdmci opravy k demontéZi starého vyzarovaciho kabelu
anasledné montazi nového, véetné konektorti a uchycovacich prvka.

Opravou bude dotéen i provozni soubor méteni fyzikalnich veli-
¢in, kde zistane zachovano pouze méreni rychlosti proudéni v tune-
lu, méfeni teploty, méfeni vysky hladiny u akumulacni nadrze pozar-
ni vody a nadrZze kontaminované vody. U vSech zachovalych méreni
budou instalovdna nova ¢idla.

V tunelu je instalovan systém méreni tsekové rychlosti, tento bude
béhem opravy rozsiten o systém detekce prepravy nebezpecnych la-
tek.

Soucasti pripravy projektové dokumentace byla i diagnostika tu-
nelového vodovodu, kterd vykazala dil¢i zdvady na hydrantech.
V prabéhu rekonstrukce dojde k opraveé poskozenych ¢asti a soucas-
né bude upraveno nastaveni tlaku v pozarnim vodovodu, kdy trvale
bude tlak nastaven na 0,6-0,8 MPa a v pfipadé poZaru fidici systém
zvedne tlak na 0,8—1,1 MPa.

Obr. 3 Detail degradace demontovaného osvétleni
Fig. 3 Detail of degradation of the disassembled lighting

of water level in the fire water retention basin and the contaminated
water basin will remain. New sensors will be installed at all
preserved measurement systems.

The sectional speed measurement system which is installed in
the tunnel will be expanded during the repair by adding a hazardous
substances transport detection system.

Even the diagnostics for the tunnel water main was part of the
preparation of the design. It exhibited partial defects on hydrants.
The defective parts will be repaired during the course of the
repair and, at the same time, the pressure in the fire main will be
permanently set at 0.6-0.8MPa; the management system will rise
the pressure to 0.8—1.1MPa in the case of a fire.

The rehabilitation of the civil engineering part of the tunnel will be
an inseparable part of the tunnel repair. Cracks and damaged filling
of expansion joints will be repaired. Even the repair of defective fire
sealing will be part of repairs of the civil-engineering part.

REPAIR OF KLIMKOVICE TUNNEL

The construction of the Klimkovice tunnel continued from 2004
to 2008. The tunnel was opened to traffic in May 2008. The highest
speed limit for the tunnel is set at 80km/h and no adjustment of this
limit for the passage speed will take place within the framework
of this repair. The right tunnel tube and the left tunnel tube are
1088.09m and 1076.82m long, respectively. Each tube has two
3.75m wide traffic lanes; the passage height amounts to 4.8m. The
TA safety category is applied to the tunnel. It will remain unchanged
with respect to the tunnel parameters. The effect of the corrosive
environment acted on equipment in the Klimkovice tunnel more
than in other tunnels. The materials were heavily degraded, which
fact manifested itself on the total longevity of the technology units.
The tunnel ventilation equipment was one of the most affected




Nedilnou soucasti opravy tunelu bude sanace stavebni Casti, kdy
dojde k opravam trhlin a poskozenych vyplni dilatacnich spar. Sou-
Casti oprav stavebni ¢4sti bude i oprava pozarnich ucpavek.

OPRAVA KLIMKOVICKEHO TUNELU
Stavba Klimkovického tunelu probihala v letech 2004-2008

a v kvétnu 2008 byl uveden do provozu. Nejvyssi dovolend rych-
lost v tunelu je 80 km/hod a v ramci této opravy nemuze dojit ke
zméné€ limitu prijezdni rychlosti. Prava tunelové trouba je dlouha
1088,09 m a leva 1076,82 m. Kazda trouba ma dva jizdni pruhy Sitky
3,75 m, prijezdna vyska je 4,8 m. BezpeCnostni kategorie tunelu je
TA a vzhledem k parametrim tunelu zistava tato beze zmény. Na
technologii Klimkovického tunelu se vice nez v jinych tunelech pro-
jevil vliv agresivniho prostiedi. Doslo k silné degradaci materiél,
které ovlivnilo celkovou Zivotnost technologickych celki. Jednim
z nejvice postiZzenych provoznich soubord byla vzduchotechnika
tunelu. Tunel je vybaven ¢tyfmi dvojicemi ventilatorti v kazdé trou-
bé. V ramci opravy dojde k vyméné vSech ventilatorti. Konstrukce
novych ventilatord musi byt vhodna pro poZadovanou Zivotnost
15 let pri definovanych koroznich podminkach, které byly klasifi-
kovany jako stupeii korozni agresivity atmosféry C5 dle CSN EN
ISO 12944-2. Material obéZnych kol ventilatord musi spliovat pod-
minky dspé$ného provozu v silni¢nich tunelech ve stfedni Evropé
v korozivnim prostiedi v rdmci zévislosti prostfedi tunelu na ovliv-
nujicich faktorech, jako jsou posypové soli aj.

Stavajici fidici systém tunelu je poplatny dob€ zprovoznéni, béhem
opravy prob¢hne jeho upgrade tak, aby spliioval dnesni standardy.

Vzhledem k vystavbé soucasného kamerového systému trasy
v roce 2006 a navySovani poctu kamer béhem provozu sestiva dnes-
ni systém z nékolika separatnich subsystému na rizné technologické
urovni. Vyménou koncovych prvki, véetné prenosového systému,
zaznamové a serverové technologie a videodetek¢niho systému, do-
jde ke sjednoceni a systém bude odpovidat aktudlnim standardim
RSD CR.

Soucésti opravy bude vyména pozarnich uzavéra (dvernich kii-
del veetné zarubni), které byly vlivem agresivniho prostiedi v tunelu
znacn€ posSkozeny. Jedna se o vSechny poZirni uzavéry, které vedou
z tunelovych trub do zéchrannych cest i v opacném sméru.

Z divodu Spatného stavu stdvajicich hydrantovych skfini, zapfi-
¢inéného silnou korozi, dojde k jejich obméné, kdy nové musi byt
vhodné do korozivniho prostiedi stupné C5 dle CSN EN ISO 9223
a CSN EN ISO 12944-2.

Pii pripravé projektové dokumentace na provedeni praci bylo
v ramci diagnostiky zavad zjiSténo, Ze u vétSiny kanaliza¢nich proti-
poZérnich prepaZzek je nutnd vymeéna kotvicich Sroubi a Gprava zavi-
t pro jejich uchyceni.

Dale dojde k vyméné pozarnich klapek v tunelu, kdy v kazdé pro-
pojce TS1-TS5 jsou umistény Ctyfi pozarni klapky.

Klimkovicky tunel je osazen tlakovou stanici Hydro 2000, kte-
ra byla dodana jako kompaktni jednotka obsahujici dvé vertikdlni
Cerpadla pohdnéna motory s plynulou otaCkovou regulaci pomoci
integrovaného ménice kmitoctu. Soucasti je i kompletni jednotka
Control 2000. Pfi pripravé opravy tunelu bylo na zakladé konzultace
s odbornou firmou rozhodnuto, Ze je nezbytna vymeéna fidiciho sys-
tému automatické tlakové stanice v tunelu s napojenim na fidici sys-
tém tunelu. Stavajici fidici systém je jiZ mimo vyrobni rozsah a neni
moznost jakékoliv opravy.

Na zékladovych pasech pod chranickami je uloZeno uzemnéni tu-
nelu. To ptivodné prochazelo Sachtami bez zakryti betonem. Vlivem
pronikajici vody obsahujici chloridy doslo ke koroznimu napadeni
zemnicich péaskd. Z vyse uvedenych divodd bude v ramci opravy
tunelu provedena i oprava uzemnéni.

Stejné jako u tunelu Valik probéhne demontaz starého vyzarova-
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operational units. The tunnel is equipped with four pairs of fans
in each tube. All fans will be replaced within the framework of
the repair. The structure of the new fans has to be suitable for
the required design life of 15 years under the defined corrosion
conditions which were classified as the C5 degree according to the
CSN EN ISO 12944-2 standard. The material of the fan propellers
have to meet the conditions for successful operation in road tunnels
in Central Europe in a corrosive environment within the framework
of the dependency of the tunnel environment on influencing factors,
such as road salt etc.

The existing tunnel management system is a product of the time
of its opening to traffic; it will be upgraded during the course of the
repair so that it meets current standards.

With respect to the development of the current camera system on
the route in 2006 and the increasing quantity of cameras experienced
during the operation, the current system consists of several separate
sub-systems at various technological levels. By the replacement
of the terminal elements, including the transmission system, the
recording and server technology and the video-based detection
system, the system will be unified and will comply with the current
standards of the Road and Motorway Directorate of the CR.

Replacement of the fire resistant doors (door wings including
casings), which were significantly damaged by the effect of the
corrosive environment in the tunnel, will be part of the repair. The
replacement will comprise all fire resistant doors leading from
tunnel tubes to escape routes and in the opposite direction.

The existing hydrant boxes will be replaced due to the poor
condition caused by heavy corrosion. The new boxes have to be
suitable for C5 degree of corrosion environment according to the
CSN EN ISO 9223 and CSN EN ISO 12944-2 standards.

It was detected during the preparation of the final design within
the framework of the diagnostics of defects that replacement
of anchoring nuts and adjustment of threads for their fixing is
necessary at the majority of the fire stops inside sewers.

Further on, fire dampers in the tunnel, where four fire dampers
are located in each cross passage (TS1-TS5), will be replaced.

A Hydro 2000 pressure station is installed in the Klimkovice
tunnel. It was supplied as a compact unit consisting of two vertical
pumps driven by motors with continuous control of revolutions by
means of an integrated frequency transducer. A complete Control
2000 unit is also part of the station. It was decided on the basis
of consulting with a professional company during the preparation
of the tunnel repair that it is necessary to replace the control
system of the automatic water pressure booster pump station in the
tunnel connected to the tunnel management system. The existing
management system is already beyond the production list and there
is no possibility for repair.

The tunnel grounding is laid on strip footings under protective
pipes. It originally passed through manholes without concrete
cover. The grounding strips were attacked by corrosion caused by
penetrating chlorides containing water. For the above-mentioned
reasons the grounding will be repaired within the framework of the
tunnel repair.

As in the Valik tunnel, the old radiating cable will be dismantled
and a new cable will be installed, including adjustments required
for making transducers of the Fire Rescue Service of the Czech
Republic operational on frequencies given by the new individual
licence for this service.

At last but not least, even rehabilitation of the civil-engineering
part of the tunnel will be part of the repair. It will comprise sealing
of leaks through grouting boxes, rehabilitation of joints, sealing of
point leaks and cracks in the secondary lining.
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ciho kabelu a naslednd montaz nového, vcetné povedeni Uprav ke
zprovoznéni prevadéét Hasi¢ského zachranného sboru CR na kmi-
toctech nového individualniho opravnéni této slozky.

V neposledni fadé bude soucasti opravy i sanace stavebni ¢ésti tu-
nelu. Jednd se o sanaci prisakd skrz injektazni krabice, sanace spar,
bodovych prisaki a trhlin sekundarniho osténi.

PLANOVANE OPRAVY TUNELU

Dalsimi tunely, u kterych spravce planuje v nasledujicich letech
opravu stfedniho rozsahu, jsou tunel Libouchec a tunel Panenska
(oba D8). Tyto tunely byly uvedeny do provozu v prosinci 2006 a je-
jich momentdlni stav bude hodnocen, vcetné urceni rozsahu plano-
vané opravy, na zaklad¢ zavért z hlavni prohlidky, ktera probéhla
v dubnu 2019. Dile spravce zpracovava dokumentaci k provedeni
oprav stfedniho rozsahu u tunelu Hrebec, Libereckého a Jihlavské-
ho tunelu. Realizace shora uvedenych oprav bude zahajena v letech
2020 az 2025. V roce 2019 byla zahajena priprava opravy Lochkovs-
kého a Cholupického tunelu vcetné modernizace fidiciho centra
Rudna u Prahy. V soucasnosti probihd vybér zhotovitele na opra-
vu stfedniho rozsahu u Husovického tunelu a dalsi opatieni spravce
k zajisténi bezpecného provozovani tuneld na pozemnich komuni-
kacich budou nasledovat. U vySe uvedenych planovanych oprav se
jedna o standardni doby obmény technologického vybaveni tuneli
a sanace stavebnich ¢asti.

ZAVER

PrestoZe tento Clanek je vénovan prioritné popisu oprav vybra-
nych dalni¢nim tunell, byla by chyba kritce se nezminit o dalSich
opatienich provozovatele a spravce, kterd povedou ke zvySeni Zivot-
nosti technologického vybaveni tunelt na pozemnich komunikacich
v podminkéch Ceské republiky.

Vyznamnym projektem bude odborné a velmi kvalitni posouzeni
agresivity prostiedi v tunelu. RSD CR planuje spolu s VSCHT Praha
a dalSimi vysokymi Skolami realizaci podrobného monitoringu pro-
stfedi v tunelu. Cilem je nejen urcit a popsat samotné vlivy prostiedi
na degradaci technologického vybaveni, ale i navrhnout materidly
nebo jejich protikorozni ochranu tak, aby doslo k vyznamnému pro-
dlouZeni jejich Zivotnosti. Soucasti vystupt projektu by mélo byt sta-
noveni odpovidajici Cetnosti tdrZby a napli profylaxe samotné tak,
aby se zvysila jeji icinnost a doslo k vyraznému omezeni degradac-
nich G¢inku tunelového prostiedi na technologické vybaveni tunelu.

Dalsim opatfenim je dislednd kontrola stanovenych pozadavka
spravce tunelu na kvalitu prace, materidll a technologickych postu-
pu nejen zhotovitell technologického vybaveni tuneld, ale i posky-
tovatell profylaxe. To se promitne nejen do prodlouZeni Zivotnosti
zafizeni, ale 1 do sniZeni provoznich nékladu.

RSD CR hodl4 souborem vsech shora uvedenych opatieni trva-
le zajistit provozuschopnost a zejména bezpecnost provozovanych
tuneltl, snizit Cetnost a rozsah vypadka a poruch technologického
vybaveni tunell, omezit ¢etnost a délku provoznich vyluk ¢i ¢astec-
nych nebo tplnych uzavirek tunell ve spraveé organizace. Na tomto
misté je vhodné podékovat odborné vefejnosti a clentim Ceské tune-
larské asociace ITA-AITES za odbornou pomoc, ochotu ke sdileni
odbornych nazord a zkuSenosti, které spravci tunelt poméhaji neleh-
ké tkoly provozu, spravy a udrzby tuneli fesit.

Ing. PAVEL JERABEK, pavel.jerabek@rsd.cz,
Mgr. FRANTISEK RAINER, frantisek.rainer@rsd.cz,
Reditelstvi silnic a ddlnic CR

Recenzoval Reviewed: Ing. Vlastimil Hordk

PLANNED REPAIRS OF TUNNELS

The Libouchec tunnel and the Panenska tunnel (both on the D8
motorway) are the other tunnels for which the administrator plans
medium-range repairs for the coming years. The tunnels were
opened to traffic in December 2006 and their current condition,
including the determination of the scope of the planned repair, will
be assessed on the basis of conclusions from the Main Inspection,
which took place in April 2019. In addition, the administrator is
preparing documentation for conducting medium-range repairs
of the Hrebe¢, Liberec and Jihlava tunnels. The work on the
above-mentioned tunnels will start in 2020 through to 2025. The
preparation of the repair of the Lochkov and Cholupice tunnels,
including upgrading of the Rudna u Prahy management centre,
commenced in 2019. At the moment, the tender for the medium-
range repair of the Husovice tunnel is running and administrator’s
measures for ensuring safe operation of road tunnels will follow.
Regarding the above-mentioned planned repairs, the deadlines for
replacing the technology equipment of the tunnels and rehabilitation
of civil-engineering parts are standard.

CONCLUSION

Despite the fact that the priority focus of this paper is on
describing repairs of selected motorway tunnels, it would be
a mistake not to briefly mention the other measures adopted by the
operator and administrator with the aim of increasing the length of
life of technology equipment of road tunnels in the Czech Republic.

A high quality assessment of corrosivity of tunnel environment will
be very important. The Road and Motorway Directorate of the CR is
planning, together with the University of Chemistry and Technology
Prague and other universities, detailed monitoring of environment in
tunnels to conduct detailed monitoring of tunnel environment. The
objective is to determine and describe the environmental impacts on
degradation of technology equipment, but also to propose materials
or their corrosion protection capable of extending the length of their
lives. Determination of adequate frequency of maintenance and the
content of prophylaxis itself designed to increase its effectiveness
and significantly reduce degradation effects of tunnel environment
on technology equipment of tunnels.

The other measure lies in consistent checking on the requirements
set for quality of work, materials and technology procedures used
not only by manufacturers of technology equipment of tunnels but
also by providers of prophylaxis. It will reflect itself not only in the
extension of the length of life of equipment, but also in reduction
of operating costs.

The Road and Motorway Directorate of the CR intends to
ensure operability and, first of all, safety in operating tunnels,
reduce the frequency and extent of failures and breakdowns of
technology equipment of tunnels, reduce the frequency of outages
and failures of technology equipment, reduce the frequency and
extent of operation closures, and partial or complete closures
of tunnels administered by the organisation. At this point it is
appropriate to thank the professional public and members of the
ITA-AITES Czech Tunnelling Association for professional help,
obliging sharing of opinions and experience, which help the tunnel
administrator to solve difficult tasks for operation, administration
and maintenance of tunnels.

Ing. PAVEL JERABEK, pavel.jerabek@rsd.cz,
Mgr. FRANTISEK RAINER, frantisek.rainer@rsd.cz,
Reditelstvi silnic a ddlnic CR
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UPRAVA NEJVYSSI POVOLENE RYCHLOSTI
V SILNICNICH TUNELECH
CESKE REPUBLIKY
ADJUSTMENT OF HIGHEST SPEED LIMITS
FOR ROAD TUNNELS
IN THE CZECH REPUBLIC

FRANTISEK RAINER

ABSTRAKT

Cldnek se zabyvd navrhovanym postupem pro odiivodnénou tipravu rychlostnich limitii v tunelech na pozemnich komunikacich Ceské
republiky, které jsou ve sprdvé Reditelstvi silnic a ddlnic Ceské republiky. Cilem je informovat odbornou verejnost o procesu samotném
a navrZeném postupu sprdvce tunelii na ddlnicich a silnicich I. tFid na iizemi Ceské republiky ve véci tipravy limitii nejvy$si povolené rych-
losti tunelii. V ¢ldnku se uvddéji zdkladni fakta o zahdjeném procesu a zdkladni sméry dalsiho rozvoje véetné provedenych a pldnovanych
opatieni v této problematice. Upravy rychlosti v tunelech jsou v popredi zdjmu odborné i ridi¢ské verejnosti. S timto védomim pristoupilo
Ministerstvo dopravy a Reditelstvi silnic a ddlnic CR k zdméru posoudit moZnosti tipravy limitii nejvyssi povolené rychlosti v silnic¢nich
a ddlnicnich tunelech. Ndsledné, po rfadném vyhodnoceni a praktickém ovéreni nékterych podminek, bude stanoven dalsi postup pro zmé-
ny limitii maximdlni dovolené rychlosti v provozovanych tunelech s vazbou na budouci vystavbu silnicnich a ddlnicnich tunelii na tizemi
Ceské republiky.

ABSTRACT

The paper deals with the procedure designed for well-grounded adjustment of highest speed limits for road tunnels in the Czech Republic
which are administered by the Road and Motorway Directorate of the CR. The objective is to inform the professional public about
the process itself and the procedure proposed by the administrator for motorways and primary roads in the Czech Republic relating
to the adjustment of highest speed limits for tunnels. The paper presents basic facts on the started process and basic directions of the
further development, including the measures implemented as well as planned concerning this issue. Adjustments of speed in tunnels
are in the forefront of the professional and driving public. Knowing this, the Ministry of Transport and the Road and Motorway
Directorate of the CR proceeded to the intention to assess the possibilities of adjusting highest speed limits for road and motorway
tunnels. The following procedure for changing highest speed limits for operating tunnels, with a link to the future development of road
and motorway tunnels in the Czech Republic, will be determined subsequently, after due consideration and practical verification of some
conditions.

SROVI\vll'\!\II' RYCHLOSTNICH LIMITU TUNELU
VE SVETE

V roce 2016 zacal spravce tunelii Reditelstvi silnic a dalnic CR
fesit tkol spocivajici v provéfeni moznosti Gpravy nejvyssi povo-
lené rychlosti v silni¢nich a zejména dalni¢nich tunelech na dzemi
Ceské republiky v jeho spravé. Ve spoluprici s Ceskou tuneldfskou
asociaci ITA-AITES dospél k zavéram, které jednoznacné doporu-
¢uji za splnéni jasné stanovenych podminek dpravu rychlostnich
limitt zejména v dalni¢nich tunelech.

Z dusledného porovnani dat audajti pochazejicich z ostatnich ze-
jména evropskych stati vyslo najevo, Ze rychlostni limity v tune-
lech na pozemnich komunikacich se 1ii, nicméné limit 80 km/h je
spiSe raritou, kterd neni béZné uZivana ve vyspélych statech a neni
obvykla zejména v Evropé. Nutno podotknout, Ze toto tvrzeni se
vztahuje na plos$né uziti takto nizkého rychlostniho limitu v tune-
lech. Nejvys$si povolena rychlost v tunelu stanovena na hodnotu
80 km/h ma vzdy zcela zasadni specifické odiivodnéni a zejména
vyZaduje soub&h nékolika diivodii konstrukénich, dopravnich nebo
bezpec¢nostnich. Soub&h téchto divodi nelze u tuneli v Ceské

COMPARISON OF HIGHEST SPEED LIMITS FOR TUNNELS
IN THE WORLD

In 2016, the Road and Motorways Directorate of the CR started to
solve a task lying in the verification of the possibilities of adjusting
the highest speed limit for roads and, first of all, for motorway
tunnels in the Czech Republic being under its administration. In
collaboration with the ITA-AITES Czech Tunnelling Association,
it arrived at conclusions unambiguously recommending the
adjustment of highest speed limits mainly in motorway tunnels,
under the condition that the clearly set out conditions are met.

It turned out from a thorough comparison of data provided by
other states, first of all European ones, that highest speed limits
for road tunnels vary, nevertheless the 80km/h limit is rather rarity
which is not applied in developed states and is not customary
especially in Europe. It should be noted that this statement relates
to the blanket use of the so low highest speed limit for tunnels. The
highest speed limit for a tunnel set at 80km/h has always essential
specific reasons and requires first of all concurrency of several
reasons, structural, traffic-related or safety ones. The concurrency
of these reasons cannot be generally inferred in the Czech Republic,
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republice plosné dovozovat, a proto zména ¢i Gprava rychlostnich
limitd u vybranych tuneld je nejen moznd, ale v mnoha ohledech
nutna. Toto zjisténi zdbraziuje i nasledujici srovnani rychlostnich
limitd v tunelech, kdy napiiklad v Holandsku je limit 130, Bel-
gii 120, Australii 110, Rakousku, Svycarsku, Spanélsku a Francii
100, Turecku 90 km/h.

Na zakladé€ tohoto poznani a dalSich shromaZdénych dat rozhod-
lo vedeni Reditelstvi silnic a dalnic CR o stanoveni dal$fho postupu
ve véci v tomto rozsahu:

a) Provést pilotné realizaci zvySeni nejvyssi povolené rychlosti

v dalni¢nim tunelu Valik v soub¢hu s planovanymi tpravami
v rdmci opravy stfedniho rozsahu do konce roku 2019.

b) Vyhodnotit zvySeni nejvyssi povolené rychlosti v tunelu Va-
lik a predlozit komplexni zpravu obsahujici hodnoceni vlivu
zvySeni nejvyssi povolené rychlosti v tunelu na bezpecnost
tunelového provozu a dopravu samotnou.

¢) Nasledné pripravit procesni, pravni a realizacni harmonogram
upravy limitll nejvyssi povolené rychlosti v provozovanych
tunelech s pfesahem do budouci vystavby tuneltl na dalni¢ni
a silni¢ni siti ve spravé RSD CR.

Ukol je pInén a fakticky realizovan v ramci opravy stfedniho
rozsahu tunelu Valik na ddlnici D5, kdy zkusSebni provoz a samotné
ovéfovani zahaji RSD CR 1. 10. 2019. Zaroveii se provadi u viech
planovanych oprav tuneléi posouzeni moznosti Gpravy rychlost-
nich limitd nejvys$si povolené rychlosti a tam, kde jsou splnény
stanovené podminky, se navrhne realizace Gprav v nasledujicich
letech. Je nutno zminit, Ze samotnd piiprava realizace, hodnoceni
provoznich, stavebnich a technickych podminek provozovanych
tuneltl ve vztahu k mozné zméné rychlostnich limit neni banélni
zalezitosti a nelze se domnivat, Ze vSe vyfeSi zména stanoveni
dopravniho znaceni v tunelu. Proces od zaméru, pres projekt, ve-
fejnou soutéz k realizaci neni otazkou tydnd ¢i mésict, ale mi-
nimalné jednoho roku, a to v idedlnim piipadé. Navic je tfeba si
uvédomit, Ze kazd4 tunelova stavba je unikatnim dilem dopravni
stavby a nelze podminky posuzovat pausaln€. Vzhledem k pomér-
né vysokym nakladiim spojenym s realizaci zmén je dulezité pla-
novani oprav provozovanych tunell a vyuZivani limitd Zivotnos-
ti podstatnych zafizeni, kterd jsou zménami rychlostnich limitt
dotcena.

Ambici RSD CR je za souinnosti s experty posoudit moznosti
upravy nejvyssi povolené rychlosti u vSech v soucasnosti provo-
zovanych tuneld v co nejkrat§im mozném case. Nejedna se vSak
o jednoduchy proces.

ZAKLADNI PODMINKY PRO UPRAVU
RYCHLOSTNICH LIMITU V TUNELU

Pro objektivni rozhodnuti k iniciaci zmény nejvyssi povolené
rychlosti v tunelu na tizemi Ceské republiky je nezbytné splnit ce-
lou fadu podminek. Realizaci zménového procesu musi predchazet
u kazdého provozovaného tunelu analyza nehodovosti a posouzeni
navrhové rychlosti v tunelu, ddle navrh bezpecnostnich tprav do-
pravné-inZenyrskych opatfeni. Nezbytna je tGprava CSN 73 7507
a provedeni bezpec¢nostnich tprav postrannich piekazek. Néasledné
miZe byt prostfednictvim diivodové zpravy navrZzena zména kon-
krétnich technickych a pravnich predpist, které upravuji rychlost-
ni limit pro prijezd tunelem na pozemni komunikaci, respektive
nejvyssi povolenou rychlost v tunelu. Nasledné pak muze dojit

therefore a change or adjustment to highest speed limits at selected
tunnels is not only possible, but in many respects necessary. This
finding is emphasised even by the following comparison of highest
speed limits for tunnels, where, for instance, the limit in the
Netherlands is 130km/h, whilst it is 120km/h in Belgium, 110km/h
in Australia, 100km/h in Switzerland, Spain and France, 90km/h
in Turkey.

The Road and Motorway Directorate of the CR decided on
the basis of this finding and other gathered data that the further
procedure will proceed in the following scope:

a) to realise the increase in the highest speed limit for the Valik
motorway tunnel concurrently with the planned adjustments
to be carried out within the framework of a planned medium-
scope repair by the end of 2019;

b) to assess the increase in the highest speed limit for the
Valik tunnel and submit a comprehensive report containing
assessment of the impact of the increased highest speed limit
for the tunnel on safety of the tunnel operation and the traffic
itself;

¢) subsequently to prepare a procedural, legal and implementation
schedule for the adjustment of highest speed limits in operating
tunnels, overlapping into the future development of tunnels on
the motorway and road network under the administration of
the Road and Motorway Directorate of the CR.

The task is being fulfilled and actually implemented within the
framework of the medium-scope repair of the Valik tunnel on the
D5 motorway, where the trial operation and verification itself will
be started by the Road and Motorway Directorate of the CR on 1*
October 2019. At the same time, assessment of the possibilities of
adjusting highest speed limits is being conducted for all planned
repairs of tunnels and, where the prescribed conditions are met, the
implementation of changes will be proposed for subsequent years.
It should be mentioned that the implementation preparation itself,
the assessment of operational, civil engineering and technical
conditions in operating tunnels relating to the possible change in
highest speed limits is no banal matter and it is not possible to think
that everything will be solved by changing the traffic signing set for
the tunnel. The process running from the intention via the design,
public procurement up to realisation is a matter of one year as
a minimum even in an ideal case, not weeks or months. In addition,
it is necessary to realise that any tunnel structure is a unique work
of a transport project and the conditions cannot be assessed in a flat
way. With respect to the relatively high costs associated with the
implementation of changes, the planning of repairs of operating
tunnels and using of limits of longevity of substantial equipment
affected by changes in the highest speed limits is very important.

The ambition of the Road and Motorway Directorate of the CR
is to assess, together with experts, the possibilities of adjusting
highest speed limits for all currently operating tunnels, in the
shortest possible time. But this process is not at all simple.

BASIC CONDITIONS FOR ADJUSTMENT
OF HIGHEST SPEED LIMITS FOR TUNNELS

It is necessary to meet numerous conditions for making an
objective decision to initiate a change in the highest speed limit for
a tunnel in the Czech Republic. The realisation of the process of
changing has to be preceded at any operating tunnel by an analysis
of accidents, an assessment of the design speed in the tunnel
and a proposal for safety adjustments of the traffic-engineering
measures. It is necessary to change the CSN 73 7507 standard
and carry out safety adjustments of obstacles on tunnel sides. It is
possible subsequently, through an explanatory report, to propose



k preneseni poznatki do projektil vystavby novych tunelil na izemi
CR.

Lze tedy predpokladat, Ze proces zvySeni ¢i tpravy rychlostnich
limitd pro prijezd tunely v CR bude mozné fakticky ukonéit do
roku 2025 a u kratce provozovanych tunelit Radejc¢in a Prackovice
na D8 i pozdéji. Toto datum se muzZe zdat jako velmi vzdalené, ale
nutno poznamenat, Ze nékteré jiz provozované tunely jsou relativné
nové a neopotiebované, kdy urychlend zména nejvyssi povolené
rychlosti by mohla pfindSet zvySené ndroky na financni kryti této
aktivity, ktera se v kontextu s fddné vynaloZenymi prostedky statu
jevi pfinejmensim nehospodarné. Postup je tedy vhodné koordino-
vat s planem oprav rozhodujicich provoznich soubord, a tim dosédh-
nout zvySené efektivity tohoto opatreni.

O minimalnich podminkach realizace zvySeni nejvySsi povole-
né rychlosti v provozovanych tunelech lze napsat mnoho, ale za-
sadni podminky 1ze obecné shrnout do téchto stru¢nych konstato-
vani:

a) tunel ma takovou konstrukci, Ze iprava rychlostniho limitu je

technicky moZzna;

b) charakter navazujici komunikace dovoluje tpravu rychlostni-

ho limitu v tunelu;

¢) nejvyssi povolena rychlost v tunelu neni vyssi nez navrhova

rychlost;

d) analyza rizik neuvadi vyznamné skutecnosti, které by branily

stanovit nejvyssi povolenou rychlost v tunelu na 100 km/h;

e) technologické vybaveni tunelu, zejména provozni soubory

osvétleni, dopravni znaceni a proménné dopravni znacky, za-
visi na nejvyssi povolené rychlosti.

Splnénim shora uvedenych podminek miZe spravce tunelu na-
vrhnout proces upravy nejvyssi povolené rychlosti a v konkrétnim
tunelu ji realizovat prostfednictvim mistné a vécné prislusného Sil-
ni¢niho spravniho uradu.

PREDPOKLADANY PRINOS UPRAVY
RYCHLOSTNICH LIMITU V TUNELECH

Predpokladany piinos zvySeni limitu nejvyssi povolené rychlosti
z dosavadnich 80 na 100 km/h v Ceskych tunelech zejména na dal-
nicni siti 1ze spatfovat v nasledujicim:

a) Zvysi se plynulost dopravy a dojde ke sniZzeni dopravni neho-

dovosti.

b) S vyssi rychlosti vozidel dojde k zédkonitému zvyseni pohy-
bu vzdusSniny ve sméru jizdy vozidel, a tim dojde k lepSimu
fedéni Skodlivin v tunelu s podélnou ventilaci. Lze tedy pred-
pokladat s tim spojenou usporu s niz§imi naroky na nucené
vétrani tunelu prostiednictvim ventilacniho systému.

¢) SniZi se rizika spojend s nucenym omezenim rychlosti mezi
volnymi tseky navazujicich komunikaci (130 km/h) a tune-
lem na dalnici (soucasnost 80 km/h, po tpravé 100 km/h) z 50
na 30 km/h. To bude pravdépodobné priznivé pisobit na bez-
pecnost silni¢niho provozu a vlastni tunelovou bezpecnost.
Obecné lze predpokladat, ze dojde k omezeni koliznich situ-
aci vyvolanych ndhlou zménou predpisem vyzadované rych-
losti, omezi se efekt ndhlého a neoc¢ekavaného brzdéni vozidel
s priznivym dopadem na mozny vznik a prabéh souvisejicich
dopravnich nehod.

d) Dojde k narovndni rozdili rychlostnich limitd v tunelech
mezi staity Evropské unie, coz pravdépodobné pfinese niZsi
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changes in particular technical and legal regulations dealing with the
highest speed limit for driving through the road tunnel, respectively
the highest speed limit for the tunnel. It is subsequently possible to
transfer the knowledge to projects for construction of new tunnels
in the Czech Republic.

It is therefore possible to assume that the process of increasing
or adjusting highest speed limits for driving through tunnels in the
Czech Republic will be factually finished by 2025 and, for shortly
operated Radejcin and Prackovice tunnels on the D8 motorway,
even later. This date may appear to be very remote, but it is necessary
to note that some of the already operating tunnels are relatively new
and unworn, where an expedited change in the highest speed limit
could bring increased requirements for financial coverage of this
activity, which appears to be at least uneconomical in the context
of reasonable spending of state funds. It is therefore advisable to
coordinate the process with the plan of repairs of critical operating
units, thus to achieve increased effectiveness of this measure.

Much can be written about minimum conditions for the realisation
of the increase in highest speed limits for operating tunnels, but
the fundamental conditions can be generally summarised in the
following brief statements:

a) the tunnel structure technically allows for the adjustment of

the highest speed limit;

b) the character of the adjoining road allows for adjusting the

highest speed limit for the tunnel;

c) the highest speed limit for the tunnel is not higher than the

design speed;

d) the risk analysis does not contain significant facts which

would prevent setting of the highest speed limit at 100km/h;

e) the technical equipment of the tunnel, first of all such operating

units as the lighting, road signalling and variable traffic signs,
depends on the highest speed limit.

After meeting the above-mentioned conditions, the tunnel
administrator can propose the process of adjusting the highest
speed limit and, in the case of a particular tunnel, realise it through
a materially competent Road Administration Authority.

EXPECTED BENEFIT OF ADJUSTING SPEED LIMITS
FOR TUNNELS

The expected benefit of increasing the highest speed limit from
the existing 80km/h to 100km/h for Czech tunnels, first of all on
the motorway network, can be seen in the following contributions:

a) Traffic flow will be improved and the number of traffic
accidents will be reduced.

b) Owing to the increased speed of vehicles, the movement of the
air mass in the direction of driving of vehicles will naturally
be intensified, thus the concentration of noxious substances
in tunnels with longitudinal ventilation will decrease. It is
therefore possible to infer the savings associated with lower
demands for forced tunnel ventilation by the ventilation
system.

¢) The risks associated with the reduction of the difference
between the forced limitation of speed on free sections of
adjoining roads (130km/h) and a motorway tunnel (currently
80km/h, 100km/h after the adjustment) from 50km/h to
30km/h will be smaller. It will probably have a positive
effect on road traffic safety and safety in the tunnel itself. It
is generally possible to expect that the frequency of collision
situations caused by an abrupt change in the speed prescribed
by the regulation will be reduced, the effect of abrupt and
unexpected breaking of vehicles will be reduced with
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pocet dopravnich prestupkli a moznych koliznich situaci v do-
pravé u cizozemskych fidict v ceskych tunelech.

Mozné negativni dopady:

a) Dojde k navySeni spotfeby elektrické energie a zvySeni pro-
voznich nakladl na udrzbu osvétleni tunelu. Nicméné ener-
getickd narocnost se pravdépodobné vyrovna tsporami, které
vzniknou niZ8im pouZivdnim nucené ventilace. KaZdopadné
v Sir§Sim kontextu nelze predpokladat, Ze dpravou nejvyssi
povolené rychlosti dojde ke zvySeni ekonomické naro¢nosti
provozu tunelu. Lze se domnivat, Ze pozitivni ekonomické
dopady zvySeni rychlosti v tunelech v rovin€ obecné vyrazné
prevysi moznou ekonomickou naro¢nost provoznich opatieni
technického razu. Tedy zrychleni dopravy a zvySeni bezpec-
nosti pravdépodobné prekond miru ekonomické naro¢nosti
vyvolané zménou nejvyssi povolené rychlosti v oblasti tech-
nologického vybaveni tunelu.

b) Musi dojit k eliminaci vSech potencialnich prekazek, kte-
ré by pfi pfipadném nérazu vozidla mohly znamenat fatalni
nasledky zejména pri stfetu vozidla s pevnou piekdzkou. To
se tyka predev§im opatfeni u nouzovych zalivla v tunelu. Lze
tedy predpokladat vyssi investice a naklady na realizaci u jiz
provozovanych tuneld, ale i nové budovanych tuneld.

Vyssi rychlost vozidel v tunelu je ¢asto srovndvana s nardstem
rizik spojenych s vyssi stfetovou rychlosti vozidel pfi koliznich
stavech a dopravnich nehodéch v tunelu. Praxe vsak potvrzuje, Ze
vyssi rychlost vozidla nez povolena je vazana ve vétsiné pripada
na selhani lidského faktoru a nerespektovani ustanoveni o dovole-
né rychlosti stanovené zavaznym pravnim pfedpisem. Lze usoudit,
Ze zvySeni rychlostniho limitu v kontextu s dodrzovanim ostatnich
pravidel silni¢niho provozu neznamend automatické zvyseni rizik
spojenych s dopravnimi nehodami a zejména s nasledky téchto do-
pravnich nehod.

DOPORUCEI\!V POSTUP PRO UPRAVY
RYCHLOSTNICH LIMITU V TUNELECH

Do konce roku 2019 je zapotiebi pfipravit jasnou argumentaci
pro zvySeni nejvyssi povolené rychlosti v tunelech na zakladé zku-
Senosti mezindrodniho vyboru pro silni¢ni tunely. Je nutné analyzo-
vat nehodovost v Ceskych tunelech a provést porovnani se zemémi
PIARC, priabézné vyhodnocovat poznatky z tunelu Valik a vypra-
covat metodiku posouzeni uprav limitu nejvyssi povolené rychlosti
v tunelu, formulovat pozadavky na tpravu CSN 73 7507 a technic-
kych podminek, které se problematiky dotykaji.
ZAVER

Drtiva vétSina statd Evropské unie (a i jinde) v desitkdch pro-
vozovanych tunelll bé€Zné a dlouhodob€ pouziva rychlostni limity
v tunelu vy$§i minimalng o 20 % neZ v Ceské republice. Lze se
tedy domnivat, Ze zvySeni rychlostniho limitu nejvyssi povolené
rychlosti v tunelech na tizemi Ceské republiky nebude pfinaset
vice negativ nez pozitiv. Tomuto procesu je nutné se intenzivné
vénovat.

Mgr. FRANTISEK RAINER,
frantisek.rainer@rsd.cz, Reditelstvi silnic a ddlnic CR

Recenzoval Reviewed: prof. Ing. Pavel Pribyl, DrSc.

a favourable impact into the possible origination and course
of related traffic accidents.

d) Differences between speed limits for tunnels in the European
Union will be reduced, which fact will probably bring a lower
number of traffic offences and possible collision situations in
traffic caused in Czech tunnels by foreign drivers.

Possible negative impacts:

a) The power consumption and operating costs associated with the
maintenance of tunnel lighting will be increased. Nevertheless,
the energy intensity will probably be counterbalanced by the
savings which will originate thanks to lower use of forced
ventilation. In any case, it cannot be expected in a wider
context that the adjustment of the highest speed limit will lead
to an increase in economic demands of the tunnel operation.
It can be inferred that positive impacts of increasing the speed
of vehicles in tunnels will, in general, significantly exceed the
possible economic demands of technical operating measures.
It means that acceleration of traffic and increasing safety will
probably exceed the rate of the economic demands induced by
the change in the highest speed limit in the field of technical
equipment of the tunnel.

b) All potential obstacles which could mean fatal consequences,
first of all in the case of a vehicle crash into a fixed obstacle,
have to be eliminated. This relates in particular to measures
at emergency lay-bys. Increased investment and costs of the
realisation in already operating tunnels, but also in tunnels
being newly constructed, are assumed.

Increased speed of vehicles in a tunnel is often compared with the
increase in risks associated with higher crash speed of vehicles at
collision states and traffic accidents in the tunnel. However, practice
confirms that a speed exceeding the limit is related in the majority
of cases to a human factor failure and disobeying the provision on
the permitted speed set by a binding legal regulation. It is therefore
possible to infer that increasing the speed limit in the context of
adhering to the other road traffic regulations does not automatically
mean increasing risks associated with traffic accidents and, first of
all, with consequences of the traffic accidents.

PROCEDURE RECOMMENDED FOR ADJUSTMENT
OF SPEED LIMITS FOR TUNNELS

It is necessary to prepare clear argumentation for increasing the
highest permitted speed in tunnels based on the experience of the
international committee for road tunnels by the end of 2019, to
analyse accident rates in Czech tunnels and compare them with
the rates in PIARC countries. To evaluate on an ongoing basis
the knowledge from the Valik tunnel. To develop a methodology
for assessing the adjustments of highest speed limits for tunnels,
formulate requirements for the modification of the CSN 73 7507
standard and technical specifications concerning the issue.

CONCLUSION

Speed limits used commonly and in the long term for tens of
operating tunnels in the overwhelming majority of the European
Union states and even in other states are by 20 per cent higher than
in the Czech Republic. It can therefore be reasonably assumed that
increasing the highest speed limit for tunnels in the Czech Republic
will not bring more negatives than positives. It is necessary to
intensely focus on the process.

Mgr. FRANTISEK RAINER,
frantisek.rainer@rsd.cz, Reditelstvi silnic a ddlnic CR
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STATIKA DEGRADOVANEHO PRIMARNIHO OSTENI
SPOLUPUSOBICIHO S %s,'ramm SEKUNDARNIM
1. CAST
STATICS OF DEGRADED PRIMARY LINING INTERACTING
WITH SECONDARY LINING
PART 1

ALES ZAPLETAL

ABSTRAKT

Degradace primdrniho osténi je pricinou vyznamnych (ne vsak jedinych) zatiZeni sekunddrniho ostént, které ndsledkem degradace za-
¢ind — z vetsi ¢i mensi Cdsti — prendset to, co drive neslo primdrni osténi samotné. Je to zpiisobeno tim, Ze primdrni osténi, deformujici se
vlivem své degradace, tlaci na sekunddrni osténi, a tim je zatéZuje. Abychom mohli inosnost systému ,,degradujici primdrni — sekunddrni
osténi* staticky ocenit, musime nejprve sestavit algoritmus, ktery umoZiiuje stanovit vnitini sily a deformace degradovaného primdrniho
osténi a poté propojit tento algoritmus s vypoctem sekunddrniho osténi. Tomuto algoritmu a propojenti je vénovdn tento cldnek. Déje se tak
za predpokladu, Ze degradace primdrniho osténi je homogenni (v kaZdém misté primdrniho osténi stejnd). Je sledovdn ten projev degrada-
ce, ktery je zpiisoben horninovymi tlaky. Vliv sekunddrniho osténi na projevy degradace je zanedbdn. Bude zahrnut do algoritmu v 2. cdsti
tohoto pojedndni, ve které se budeme vénovat degradaci heterogenni, dvouvrstevnaté. Cldnek je koncipovdn jako pojedndni o statice
soustavy ,,degradované primdrni — sekunddrni osténi* za stavu rovinné deformace, tedy jako pojedndni o iiloze v 2D. Princip navriené
metody je vSak prenositelny i na iilohy v 3D.

ABSTRACT

Degradation of primary lining is a cause of the significant (but not the only) loads acting on a secondary lining, which, because of
degradation process, starts to carry (smaller or bigger) part of loadings which were originally carried by the primary lining itself. It is
caused by the fact that the primary lining, deforming due to the own degradation, presses against the secondary lining and induces loads
acting on it. To be able to structurally evaluate the load bearing capacity of the “degrading primary lining — secondary lining” system,
we have to assemble an algorithm allowing for the determination of internal forces and deformations of the degraded primary lining and,
subsequently, to link this algorithm with the calculation of the secondary lining. This paper is focused on this algorithm and to this linkage.
The accepted assumption is that the degradation of the primary lining is homogeneous (identical at each location of the primary lining).
Only the degradation effect which is caused by ground pressures is observed. The influence of the secondary lining on the degradation
effects is disregarded. It will be incorporated into the algorithm in Part 2 of this paper, in which we will devote ourselves to heterogeneous,
double-layer degradation. The paper is drawn up as a static analysis of a “degraded primary-secondary lining” system at the planar
deformation state, i.e. a 2D problem. The principle of the method being proposed is transferrable even to 3D problems.

VYMEZENi POJMU

Degradaci primarniho osténi rozumime proces, pri kterém se
jeho pivodni modul pruznosti E, zméni na modul E ;= 6E,, 6 <1,
0#0. Veli¢inu § nazveme koeficientem degradace primérniho
osténi. Vyrazu (1-9)-100% ptisoudime néazev stupeii degradace
primdrniho osténi. Nedegradovanému primarnimu osténi nalezi
koeficient degradace §=1 a stupeti degradace 0 %. Postupujici
degradace se projevi posouvanim koeficientu degradace 6 smérem
k nule a stupné degradace smérem ke /00 %.

Primarni osténi povazujeme pred i po degradaci za pruzné téleso.
Totéz plati o osténi sekundarnim. Hornina je pruzné-plasticka.

Tloustka primarniho osténi ziistdva degradaci nedot¢ena. Nemé-
ni se ani Poissonova konstanta. Objemova tiha se rovnéZ neméni

aje vy,

ZAKLADNI VZTAHY A UJEDNANI

* Pfed degradaci je dokoncené primarni osténi zatéZovano horni-
novym tlakem a vlastni tihou.

Tato zatiZeni jsou popsdna vektorovymi funkcemi ¢, (A) =g, (A)-
: v, (A) aq,(A)=q,(A)-V,(A). Soulet t€chto dvou zatiZzeni oznatime
jako

DEFINITION OF TERMS

Degradation of primary lining is a process during which its
original modulus of elasticity £, changes into modulus E,; = 5E,,
6 <1, 6#0. Quantity 6 will be named the coefficient of degradation
of a primary lining. The term degree of primary lining degradation
will be assigned to the expresion (1—0)-100% the term degree of
primary lining degradation. The coefficient of degradation =1 and
the degree of degradation 0 % are attributed to the non-degraded
primary lining. Proceeding degradation implies the decreasing of
the coefficient of degradation 6 toward zero and the increasing of
the degree of degradation toward 700 %.

The primary lining is considered to be an elastic body both prior
to and after degradation. The same applies to the secondary lining.
The ground is elastic-plastic material.

The primary lining thickness remains unaffected by the
degradation. Neither Poisson’s ratio nor the unit weight v,
change.

BASIC RELATIONSHIPS AND AGREEMENTS

* Before degradation, the finished primary lining is loaded by
ground pressure and the self weight of primary lining.
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q(A)= gy (A)+ g (A) = a(A)- v(A). (1)

V predchozich rovnostech jsou g,(A), g,(A), g(A) po fad€ vektory
zatizeni horninovym tlakem, vlastni tihou primarniho osténi a vy-
slednym zatiZenim z obou predchozich. Pasobi na osténi v bodé A
jeho stiednice. Intenzity zatiZeni jsou vyjadfeny skaldry g, (A), q,(A),
q(A) #q,(A)+q,(A). Sméry plsobeni jednotlivych zatiZeni vyznacuji
jednotkové vektory v, (A), V,(A), W(A), sméfujici do vyrubu.

ZatiZeni q(A) je v rovnovazném stavu, nebot jeho vyslednice sil
je rovna nule (pro vyslednici sil od ¢,,(A) resp. ¢,(A) to neplati).

e UvaZujme o osténi nejprve jako o pruzném kontinuu a konstatuj-
me, Ze zatiZeni g(A) v ném vyvola stav napéti, vyjadreny v kterém-
koliv bodé osténi tenzorem 0,

Zménme thel pohledu a nahliZejme na osténi jako na rimovou
konstrukei ve stavu rovinné deformace. Odstraiime okolni horni-
novy masiv, ponechme ale pisobiti g(A). To necini potiZe, protoze
—jak jiZ feceno — g(A) je v rovnovazném stavu.

ZatiZzeni g(A) vyvolava v ramové konstrukci deformace, které
popiSeme vektorovou funkci w(A). (Nebudeme si je plésti s defor-
macemi ziskanymi vypoctem MKP, resp. méfenymi in situ. Témto
deformacim vyhradime symbol y(A).)

Deformace w(A) je funkci vice proménnych, z nichZ pouze dv¢,
totiz modul pruznosti osténi £, a zatiZeni g(A), jsou z hlediska dal-
Siho vykladu dileZit€. Ve struktufe funkce w(A) se E, naléza v ta-
kové pozici, Ze jeho ptevracenou hodnotu 1/E, mozno pied funkci
vytknout:

w(A) =

Wl(A) =

E_P' E_P'Wl(A)'Vl(A)- ()

1
V rovnici (2) uréuje skalarni funkce E -w, (A) velikost defor-

mace, zatimco smér jejiho plsobeni ugévé jednotkovy vektor
Vv,(A), smétujici do vyrubu.

e Zméni-li se intenzita zatiZeni z g(A) na - g(A) a modul pruzZnosti
osténi z E, na §E,, bude platit:

pro napéti v osténi (0'ij ): =a- 0y, 3)

o
a pro velikost deformace = (A)J =
P

Rovnice (3) 1ikd, Ze napjatost osténi reaguje primo imérné na
zménu zatiZeni ¢, nereaguje na zménu modulu pruZnosti osténi,
vyjadienou koeficientem degradace 0.

Rovnice (4) tika, Ze deformace osténi reaguje pfimo umérné na
zménu zatiZeni o a nepfimo imérné na zménu modulu pruZnosti
osténi, vyjadienou koeficientem degradace O.

Ujednani: Pro potieby dalSiho vykladu oznacime jako vypocet
V-1 ten vypocet MKP, kterym jsme uzavieli soubor bézné prova-
dénych vypoctl primarniho osténi. Vypocet, po ném nasledujici,
zabyvajici se jiZ primarnim osténim degradovanym, resp. sousta-
vou ,,degradované priméarni — sekundarni osténi*, oznacime jako
vypocet V.

ALGORITMUS STATICKEHO VYPOCTU DEGRADOVANEHO
OSTENI

e Po vypoctu V-1 podepifeme horninu na styku s primdrnim osté-
nim zatiZzenim —¢,(A) a souCasn€ odd€lime primarni osténi, s mo-
dulem pruZnosti £, a zatizen€ g(A), od horniny. Poté zatiZeni g(A)
odstranime. Odstranéni necht je bud okamzité, nebo postupné, ale
takové, Ze neustale plati g(A), =A-q(A), A< 1, =0 (jinak by se
primarni osténi dalo do pohybu a zméfit jeho deformace by se ne-
povedlo). Odstranit g(A) znamena odstranit i zatiZeni vlastni tthou
q,(A). Toho dosdhneme, kdyZ poloZime objemovou tihu y,=0.

The above-mentioned loads are described by vector functions
q,(A)=q,(A)Vv,[(A) and ¢q,(A)=¢q,(A)-V,(A). We will denote the
sum of the two loads as

A(A) =y (A)+ - (A)=a(A)- v(A). (1)

In the previous equations, g,(A), q,(A), q(A) are, respectively,
vectors of loading by ground pressure, self weight of the primary
lining and the loading resulting from both latter loadings. It acts on
the lining at point A of its centre line. Intensities of the loadings are
expressed by scalars g,(A), q,(A), q(A) #q,(A)+q,(A). Directions
of actions of the particular loadings are determined by unit vectors
V,(A), v,(A), (A), directing into the excavated space.

Loading g(A) is in the state of equilibrium because the resultant
of forces is equal to zero (this does not apply to the resultant of
forces from g, (A) or q,(A)).

* Let us first consider the lining as an elastic continuum and state
that loading g(A) will induce a state of stress in the lining expressed
by tensor o, at any point of the lining.

Let us change the perspective and consider the lining to be a
frame at the state of planar deformation. Let us remove the
surrounding ground massif, but with g(A) still acting. This does
not make problems — as mentioned above — g(A) is in the state of
equilibrium.

In the frame structure the loading g(A) causes deformations that
will be described by vector function w(A). (We must not confuse
them and the deformations obtained by the FEM calculation or
deformations measured in situ. We will use symbol y(A) for those
deformations.)

Deformation w(A) is a function of several variables, only two of
which, the modulus of the lining elasticity £, and the load acting
on the lining g(A), are important from the aspect of the following
interpretation. In the structure of the function w(A), the E,, is found
in such a position that its inverted value 1/E, can be factored out
the function:

_‘Wl(A)' Vl(A). )

. . 1 .
In equation (2), the scalar function E—-WI(A) determines the
P
magnitude of deformation, whilst the direction of its action is

determined by unit vector V,(A) directing into the excavated space.
o If the intensity of loading changes from g(A) to o g(A) and the
modulus of elasticity from E, to E,,, it will apply:

for the lining stress (0'” ): =a- 0y, 3)
and for the magnitude of deformation

1 S a1

— W, (A)| == — w(A). 4
2w 52w @

Equation (3) says that the state of stress in the lining responds
directly proportionally to a change of load ¢ and does not respond
to a change in the modulus of elasticity of the lining expressed by
coefficient of degradation 6.

Equation (4) says that deformation of the lining responds
directly proportionally to a change in loading « and indirectly
proportionally to a change in modulus of elasticity of the lining
which is expressed by coefficient of degradation 0.

Agreement: For the needs of the following explanation, we
will denote the FEM calculation by which we concluded the set
of standard primary lining calculations as the calculation V-1. The
subsequent calculation dealing already with the degraded primary
lining, eventually with the “degraded primary lining-secondary
lining” system, will be denoted as the calculation V.



Osténi, zbaveno zatiZeni, se odpruzi a vykaze deformaci —-w(A).
Nasledkem toho nebude mozZno odpruZené osténi navratit zpét do
vyrubu, osténi se do n€j nevejde.

Zménime modul pruznosti osténi z hodnoty E, na hodnotu J0E,
a navratime osténi zpét do vyrubu. Aby se to povedlo, musime osté-
ni opét zatiZit, tentokrat ale zatiZzenim o intenzité J-g(A), nebot je-
diné tak bude vkladané osténi zdeformovano o +w(A), ¢imz se mu
vrati tvar, ktery mélo pfed vyjmutim, tedy tvar, vloZeni do vyrubu
umoziujici. Plyne to z rovnice (4), kdyZ do ni dosadime o =6:

5
1 o 1 1
(E—P'Wl(A)l —E‘E—P‘Wl(A)—E—P'Wl(A)- )

(Upozornéni: zména ¢(A) na §-g(A) vyzaduje zménu g,(A) na
6-¢,(A) a tedy zménu objemové tihy ¥, na 6-y,!)

Rovnice (5) rovné? Fikd, Ze zatiZeni o intenzité &-q(A) vyvold-
vd na degradovaném osténi s modulem pruZnosti OE, stejné de-
formace, jako zatiZeni o intenzité q(A) na osténi nedegradovaném,
s modulem pruznosti E,. Jinak Feceno, zatiZeni o intenzité 8- q(A)
se nepodili na tvorbé deformaci, ke kterym dochdzi v diisledku de-
gradace primdrniho osténi.

Podle (3) vyvolaji tlaky o intenzité 8- g(A) v degradovaném osté-
ni napé&ti

(0,), =60, ©)

o Zatizeni 6-q(A), které nyni ptisobi na primarni osténi, vyvolava

dvoji disproporeci:

1. Na styku osténi s horninou dochézi k naruseni principu akce a re-
akce, nebot osténi je zatéZovino tlaky +9-g,(A)-v,(A), zatimco
na horninu pisobi zatizeni —q,(A) -v,(A). Disproporce v zatiZeni
je (1-8)-q,(A) -V, (A).

2.Fiktivni objemovi tiha primarniho osténi je §-7,, zatimco jeho
skutecnd objemova tiha je 7,. To zpisobuje disproporci v zatize-
ni osténi vlastni tihou o velikosti (1-6)-¢ H(A)-V,(A).

Celkové disproporce, kterou oznacime Ag(A)-W(A), tak ¢ini

Ag(A)-V(A) = (1-6)-4,(A)V,(A) +(1-8)-q,(A)V,(A) =
= (1-06)-[g,(A)-v,(A)+q,(A) -V, ()] =(1-6)-q(A)-VA) =
= (1-6)-q(A). )

Tuto disproporci je nutno odstranit. Provedeme to ve vypoctu
V, ve kterém systém ,,napjatosti prosté degradované osténi (tedy
osténi s modulem pruZnosti 0E,) — hornina s napjatosti ziskanou
ve vypoctu V-1 podrobime zatizeni Ag(A)-W(A). To znamen4, Ze:
1. na systém nechame pusobit horninovy tlak o velikosti (1 -J)na-

sobku intenzity toho tlaku, ktery piisobil na nedegradované pri-

marni osténi,
2.objemovou tihu primérniho osténi do vypoctu dosadime hodno-

tou (1-0)-%,.

Vysledkem bude

napjatost v primarnim osténi (O‘ij )Aq 8)
a deformace primérniho osténi y*I(A). )

Deformace (9) je deformaci od degradace primarniho osténi
a pricita se k deformaci od predchozich zatéZovacich stavil.

Napjatost primarniho osténi po degradaci bude souctem ucinkt
od 6-q(A)a(1-0)-q(A):

Zo-ij =6-0y +(0'”. )Aq' (10)
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ALGORITHM FOR STRUCTURAL ANALYSIS
OF DEGRADED LINING

e After completion of the calculation V-1, we will support the
ground at the contact with the primary lining by loading —¢,(A)
and, at the same time, will separate the primary lining (with the
modulus of elasticity £, and loading g(A)) from the ground. Then
we will remove the loading g(A). The removal is to be conducted
either directly at once or gradually, but each time it has to apply that
q(A),, ,=2A-q(A), A<1, =0 (otherwise the primary lining would
start to move and an attempt to measure its deformations would
fail). To remove g(A) means to remove even the loading by the self
weight g ,(A). We will achieve it when we put the unit weight y,=0.

The lining relieved from loading will spring off and will exhibit
deformation —-w(A). As a result, it can be impossible to return the
sprang-off lining back to the excavated opening; the lining will not
fit into it.

We will change the E, value of the modulus of elasticity to the
OE, value and will return the lining back to the excavated opening.
To succeed, we have to load the lining again, this time by loading
intensity 8-g(A). It is the only way how to deform the lining by
+w(A), which brings the lining to its shape before extraction, and
thus to enable the insertion of lining back into the excavation. It

follows from equation (4) when we substitute o= 0:
5

1 6 1 1
()] -5 Fw-Fwe ®)

(Notice: the change of g(A) into &- g(A) requires a change of q,(A)
into §-g,(A), i.e. a change of the unit weight 7, into 5-7,!)

Equation (5) also says that the loading intensity 0-q(A)induces
the same deformations of the degraded lining with the modulus
of elasticity 6E, as the loading intensity q(A) acting on the non-
degraded lining with the modulus of elasticity E,. In other words,
loading intensity &-q(A) does not contribute to the development of
deformations caused by degradation of the primary lining.

According to (3), pressures with intensity of 8- g(A) induce stress
in the degraded lining

(01), =80, ©

e Loading 6-¢(A) acting now on the primary lining causes two

disproportions:

1. At the contact of the lining with ground, the action-reaction
principle is disturbed because the lining is loaded by pressures
+0-¢,(A)-v,(A), whilst the ground is loaded by the pressure
value of —¢,(A)-v,(A). The disproportion in the loading is equal
to (1-6)-q,(A)-v,(A).

2. The fictive unit weight of the primary lining is equal to §-7,, whilst
its actual unit weight is equal to %,. This fact causes a disproportion
in the self weight of lining equal to (1-9)- q,(A)-V,(A).

The total disproportion denoted as Ag(A)-W(A) is therefore equal to

Ag(A)-VA) = (1-8)-q,(A)V,(A) +(1-6)-q,(A)-V,(A) =
= (1-0)-[9,(A) -V, (A)+ q,(A)-v,(A)] =1 - 6)-q(A)-V(A) =
= (1-6)-q(A). (N

It is necessary to eliminate this disproportion. We will do it in
the calculation V, where we will load the system of “stress free
degraded lining (i.e. a lining with the modulus of elasticity 6E,) —
ground with the stress obtained in the calculation V-1 with loading
with Ag(A) -V(A). It means that:
1.we load the system with (1—-6) multiple of such a pressure

intensity which was acting on the non-degraded primary lining,
2.we insert the value of (1 _6)'71» into the calculation as the unit

weight of primary lining.

It will provide information on
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SPOLUPUSOBENI DEGRADOVANEHO PRIMARNIHO
OSTENI S OSTENIM SEKUNDARNIM

Sekundarni osténi se na prenosu zatizeni horninovym tlakem po-
dili v disledku deformaci, ke kterym dochézi pri degradaci primar-
niho osténi. (Skutecnost, Ze sekundarni osténi tyto deformace Cas-
te¢né ovliviluje, prozatim zanedbame a zohlednime ji az v 2. ¢asti
tohoto pojednéni.) Tyto deformace byly v predchozi kapitole sta-
noveny vypoctem V, nikde jinde se nevyskytuji. Proto, abychom
sekundarni osténi do jejich pfenosu zapojili, postaci pfipojit sekun-
darni osténi k primarnimu a poté nechat probéhnout vypocet V.

Vnitini sily i deformace sekundarniho osténi od degradace bu-
dou prfimym vystupem tohoto vypoctu. Napéti primarniho osténi
podle (10) bude napétim po degradaci. Deformace primarniho
osténi budou deformacemi od degradace.

POSTUP PRI NUMERICKEM VYPOCTU

1. Posledni vypocet z posloupnosti vypocti priméarniho osténi,
stanovujici vnitini sily a deformace primdrniho osténi po jeho
dohotoveni, ozna¢ime jako vypocet V-1.

Normalové sily, momenty a posouvajici sily primédrniho osténi
stanovené vypoctem V-1 oznaCime jako N, M, T,,,. Tenzor
napéti osténi po vypoctu V-1 budiz (o), ,.

Koeficient degradace primarniho osténi je o. Intenzita horni-
novych tlakd pisobicich ze strany horniny na primdrni osténi
budiz g, ,. Modul pruznosti primarniho osténi je £, jeho ob-
jemova tiha y,.

2. Pripravime vypocet V tim, Ze v siti elementd MKP aktivujeme
prvky sekundarniho osténi. Jejich pfipojeni k prvkim primar-
niho osténi je ureno pozadavky na schopnosti kontaktu pri-
marniho — sekundérniho osténi prenaset ta ¢i ona zatiZeni.

V primarnim osténi vynulujeme napéti (o,),,,. Napéti v horni-
né po vypoctu V-1 se neméni.

3.1. Vypocet V za predpokladu, Ze do prvki primarniho osténi je

mozno nasadit nasobek (Gij)V—l'
Prvkim primarniho osténi pfifadime modul pruZnosti 0E,. Do
prvkil primarniho osténi nasadime napéti 5~(6[.j)v71. Ze strany
horniny nechdme na primérni osténi, zaclenéné do systému
,hornina, degradované primarni, sekundarni osténi“ putsobit
horninovy tlak o intenzité (1-5)-g,,,. Primarnimu osténi pfi-
fadime objemovou tihu o velikosti (1-6)-7,. Nechdme pro-
béhnout vypocet V.

3.2. Vypocet V za predpokladu, Ze do prvka primarniho osténi neni

mozno nasadit nasobek (0".].)‘,_1.
Prvkim primarniho osténi pfifadime modul pruznosti OE,.
Prvky primarniho osténi ziistanou vynulovany. Ze strany hor-
niny nechdme na primarni osténi, zac¢lenéné do systému ,,hor-
nina, degradované primarni, sekundérni osténi* ptisobit horni-
novy tlak o intenzité (1-9)-¢g,,,. Primarnimu osténi pfifadime
objemovou tihu o velikosti (1-6)-7,. Nechame prob&hnout
vypocet V.

4.1. Po vypoctu V, za predpokladu, Ze do prvki priméarniho bylo

mozno nasadit nasobek (o-ij)‘/-l'
Vypocteme vnitini sily primarniho osténi. Jsou to konecné vy-
sledky. Vypocteme vnitini sily sekundarniho osténi. Jsou to
konecné vysledky. Deformace sekundédrniho osténi stanovené
vypoctem V jsou kone¢né deformace. Kone¢né deformace pri-
marniho osténi ziskame seCtenim deformaci z vypoctu V a cel-
kovych deformaci po vypoctu V-1.

4.2. Po vypoctu V, za predpokladu, Ze do prvki priméarniho osténi
nebylo mozno nasadit nasobek (0,), .

V-1’

the stress state in the primary lining (O'ij )Aq )
and the deformation of the primary lining y*?(A). ©))

Deformation (9) is deformation induced by degradation
of primary lining and it is added to the deformation caused by
preceding loading cases.

The stress state of the primary lining after degradation is
described then as the sum of effects induced by §-¢g(A) and
(1-6)-q(A):

26” =6-0, +(0ij )Aq. (10)

DEGRADED PRIMARY LINING - SECONDARY LINING
INTERACTION

Secondary lining participates in transmition of ground pressure
loadings which originate during
degradation process of the primary lining. (The fact that the
secondary lining partially influences the deformations will be
neglected for the time being and we will take it into consideration
later, in the Part 2 of this paper.) Those deformations were
determined by the calculation V in the previous chapter and they
occur nowhere else. Therefore, for the incorporation of secondary
lining into the deformation transmition it is sufficient to connect it
to the primary lining and to run the calculation V.

The internal forces and deformations of the secondary lining
caused by degradation will directly result from this calculation.
The stress in the primary lining according to (10) will mean the
stress after degradation. Deformations of primary lining will
mean deformations caused by degradation.

because of deformations

NUMERICAL CALCULATION PROCEDURE

1. We will denote the last calculation from the sequence of
calculations for the primary lining determining internal forces
and deformations of the primary lining after its completion as
calculation V-1.

We will denote the normal forces, moments and shear
forces acting on the primary lining which were determined by
calculation V-1 as N, , M, , T, . Let us denote the tensor of
lining stress after the calculation V-1 as (Gl.j)‘,_ -

The coefficient of the primary lining degradation is denoted as
6. Let us put g, , as the intensity of ground pressures acting on
the primary lining from the side of the ground. The modulus of
elasticity of the primary lining is £, its unit weight is .

2. We will prepare the calculation V by the activating of the
secondary lining elements in the FEM network. Their
connection to the primary lining elements is determined by
the ability of the primary-secondary lining contact to transmit
various types of loadings.

We will delete the stress (0,),, from the primary lining
elements. The stress in ground after the calculation V-1 is not
changed.

3.1. The calculation V under assumption that it is possible to insert
a multiple of (0,),,, into the elements of the primary lining.

We will assign the modulus of elasticity §E,, to the elements
of the primary lining. We will set stress 5.(65/')%1 up into the
primary lining elements. From the side of ground, we will
let ground pressure with the intensity (1-6)-g,, act on
the primary lining which is a part of the “ground, degraded
primary lining, secondary lining” system. We will assign unit
weight with the magnitude of (1-6)- 7, to the primary lining.

We will run the calculation V.



Integraci pres napéti primarniho osténi ziskdme castecné
vnitini sily primérniho osténi N\, M, T, . Kone¢né vnitini sily
budou N =8N, +N, M.=6-M, +M, T .=6T, +T,. In-
tegraci pres napéti sekundarniho osténi ziskdme vnitini sily
sekundarniho osténi. Jsou to konecné vysledky. Deformace
sekundarniho osténi stanovené vypoctem V jsou konecné de-
formace. Kone¢né deformace primédrniho osténi ziskdme se-
¢tenim deformaci z vypoc¢tu V a celkovych deformaci po vy-
poctu V-1.

PRIKLAD

Za geotechnicky zjednodusenych okolnosti jsme provedli studii
vlivu degradace primédrniho osténi na vnitfni sily soustavy ,,sekun-
darni — priméarni osténi*.

Geotechnické zjednoduSeni spo¢ivd v tom, Ze horninovy masiv
je homogenni a déle v tom, Ze cely vyrub je vyraZen najednou.
Proto je také primarni osténi vybudovano najednou, ne po ¢astech.

Geotechnické parametry horniny jsou tyto: objemova tiha ¥, =
25 kN/m?, modul pruZnosti E, = 200 MPa, Poissonova konstanta
v, = 0,27, soudrznost ¢, = 45 kPa, ahel vnitiniho tfeni ¢, = 34°.

Parametry stiikaného betonu primarniho osténi jsou nasledujici:
objemova tiha y, = 25 kN/m’, modul pruznosti pfed degradaci E, =
19 GPa, Poissonova konstanta v, = 0,2.

Parametry betonu sekunddrniho osténi jsou: objemova tiha
¥%=0 kN/m’, modul pruznosti E; = 32 GPa, Poissonova konstan-
ta v, = 0,2. Objemovou tihu klademe zdmérné rovnu nule, nebot
napjatost sekundarniho osténi od vlastni tihy by tvorfila zkreslujici
pozadi pro ty vnitfni sily sekundarniho osténi, které zpisobuje de-
gradace samotna.

Tvar obou osténi je patrny z obr. 1. Vrchol klenby primarniho
osténi lezi v hloubce 16,4 m pod terénem. Tloustka primérniho
osténi je 0,3 m, tloustka sekundarniho osténi v horni klenbé Cini
0,5 m. Svétla vyska tunelu je 10,1 m, svétla Sitka 10,9 m. Mezi
primdrnim a sekundarnim osténim se nachazi kluzna vrstva. Je cha-
rakterizovana dokonalym prokluzem a nepfendsi tah.

Studie je provedena pro stupné degradace podle nasledujici ta-
bulky, ze které je rovnéZz ziejmé, které kiivky jsou jednotlivym
stupndm prifazeny na obrazcich 2-5.

kiivky na obr. 2-5
stupen degradace prifazené stupni degradace
degradation degree curves in figures 2-5
assigned to degradation degree
0%
nese pouze primarni osténi fady 1
0% set 1
carried only by primary lining
25% fady 2
25% set 2
50% fady 3
50% set 3
75% fady 4
75% set4
90% fady 5
90% setb

Vysledky studie jsou shrnuty do graft, které jsou k nahlédnuti na
obrazcich 2-5. Na vodorovné ose grafli se naléza rozvinuté stred-
nice poloviny osténi, bud primarniho, nebo sekundarniho osténi.
Bod 1 (neni oznacen, ale je dobfe patrny) je vrcholem klenby, bod
14 lezi ve stfedu opéfi, bod 28 se naléza uprostied dna osténi.

Jisté rozpaky by mohl vzbuzovat sklon k symetrii podle bodu 14
u kiivek normdlovych sil (obr. 4-5), obzvlasté patrny na obr. 4. Je
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3.2. The calculation V under assumption that it is not possible to
insert a multiple of (o), into the elements of the primary
lining.

We will assign modulus of elasticity §E, to the elements of
the primary lining. The primary lining elements remain stress
free. From the side of ground, we will let ground pressure with
the intensity (1-6)-g,,, act on the primary lining which is a
part of the “ground, degraded primary lining, secondary lining”
system. We will assign unit weight with the magnitude of
(1-6)-7, to the primary lining. We will run the calculation V.

4.1. After the calculation V, under assumption that it was possible to
put a multiple of (0,),, into the elements of the primary lining.

We will calculate internal forces in the primary lining. The
results are final. The deformations of the secondary lining
determined by the calculation V are final deformations. The
final deformations of the primary lining will be obtained as the
sum of deformations from calculation V and total deformations
after calculation V-1.

4.2. After the calculation V, under the assumption that it was not
possible to put a multiple of (o), into the elements of the
primary lining.

We will obtain partial internal forces in the primary lining
N,, M,, T, by integration over primary lining stress. The final
internal forces will amount to N.=6-N, ,+N,, M.=6-M, +
+M, T.=0-T, +T, By integration over stress in the
secondary lining we will obtain internal forces in the secondary
lining. These results are final. The deformations of the
secondary lining determined by the calculation V are the final
deformations. The final deformations of the primary lining
will be obtained as the sum of deformations from calculation
V and total deformations after calculation V-1.

EXAMPLE

We conducted a study on the influence of the degradation of
aprimary lining on internal forces in the “secondary lining — primary
lining” system under geotechnically simplified circumstances.

The geotechnical simplification lies in the fact that rock mass is
homogeneous and that the whole opening is excavated in one step.
That is why the primary lining is inserted in one step as well, not
in the sequential way.

Geotechnical parameters of ground are as follows: unit weight y,
= 25kN/m’, modulus of elasticity E, = 200MPa, Poisson’s ratio v,
= 0.27, cohesion c¢,, = 45kPa, angle of internal friction ¢, = 34°.

The parameters of shotcrete of the primary lining are as follows:
unit weight y, = 25kN/m’, modulus of elasticity before degradation
E, = 19GPa, Poisson’s ratio v, = 0.2.

The parameters of the secondary lining concrete are as follows:
unit weight y, = OkN/m’, modulus of elasticity E; = 32GPa,
Poisson’s ratio v, = 0.2. We put the unit weight equal to zero
deliberately because the stress in the secondary lining induced by
the self weight would form a distorted background for the internal
forces in the secondary lining which are caused by the degradation
itself.

The geometry of both the linings is obvious from Fig. 1. The top
of the primary lining vault is located at the depth of 16.4m under
terrain surface. The primary lining is 0.3m thick, the thickness of
the upper vault of the secondary lining is 0.5m. The clear height and
width of the tunnel are 10.1m and 10.9m, respectively. A slipping
layer is located between the primary and secondary linings. It is
characterised by perfect slippage and does not transmit tensile
stress.



Obr. 1 Detail osténi
Fig. 1 Detail of a lining

The study was conducted for degradation degrees according to
the following table, from which it is also obvious which curves are
assigned to the particular degrees in Figures 2-5.

Results of the study are summarised in the graphs which are
available in figures 2-5. On the horizontal axis of the graphs, there
is an unfolded central line of a half of the lining, either primary or
secondary ones. Point 1 (not highlighted, but well obvious) is in the
top of the arch; point 14 is located in the bench centre; point 28 is
located in the centre of the lining bottom.

Certain embarrassment could be aroused by the tendency to
symmetry about point 14 in the case of normal force curves (Figures
4-5), which is particularly noticeable in Fig. 4. It is the consequence
of simplification of the study, namely the full-face excavation and the
installation of the primary lining carried out in one step.
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Obr. 2 Momenty primdrniho osténi v zdvislosti na jeho stupni degradace
Fig. 2 Moments in primary lining depending on the degree of primary lining
degradation

Obr. 3 Momenty sekunddrniho osténi v zdvislosti na stupni degradace primdr-
niho osténi
Fig. 3 Moments in secondary lining depending on the degree of primary lining
degradation
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Obr. 4 Normadlové sily primdrniho osténi v zdvislosti na jeho stupni degradace
Fig. 4 Normal forces in a primary lining depending on the degree of primary
lining degradation

Obr. 5 Normadlové sily sekunddrniho osténi v zdvislosti na stupni degradace
primdrniho osténi

Fig. 5 Normal forces in a secondary lining depending on the degree of the
primary lining degradation




to disledek zjednoduseni studie, tedy razby plnym profilem a osa-
zeni primarniho osténi nec¢lenénym postupem.

Dalsiho komentafe netfeba, nebot studie neni smyslem tohoto
pojednéni. Smyslem pojednéni je formulace metody vypoctu sys-
tému ,,degradované primérni osténi — sekundéarni osténi “ a studie
tuto formulaci pouze dopliiuje, aniZ by vyvolavala nejasnosti.
ZAVER
* Pojedname o dosaZenych vysledcich. Zkoumali jsme nejprve vliv
degradace na samostatné primarni osténi. Zjistili jsme, Ze zatiZeni
q(A),ptsobicinaprimarniosténi pred degradaci, se pfijehodegradaci
jakoby rozpadé na dvé slozky. Prvni slozka, 6-g(A), ve svém pusobe-
ni ,,uchovava vzpominku* na stav primérniho osténi pfed degradaci,
druha, (1-6)-q(A), se redistribuje mezi horninu a primarni osténi.

Prvni slozka zpasobuje napjatost §-0,a ,,odvoldva se tak™ na na-
pjatost primarniho osténi pred degradaci, kterd je o,V deforma-
cich reprodukuje pretvoreni nedegradovaného primérniho osténi,
nic k nému nepridava, takze jeji prispévek do tvorby deformaci
od degradace je nulovy. Vyvodme zavér z predchoziho tvrzeni
plynouci: slozka &-q(A) nemuze nikdy zatiZit sekundarni osténi,
protoZe jeho zatizeni od degradace je zptisobeno pravé deformaci
primérniho osténi.

Pokud by na degradované primarni osténi puisobila pouze sloz-
ka 8-q(A), byl by na styku priméarniho osténi s horninou naruSen
princip akce a reakce, nebot hornina je ve vyrubu drZena zatiZe-
nim —g,(A), zatimco na primarni osténi ptsobi tlak +5-¢,(A). Pri-
marnimu osténi by se navic nedostavalo objemové tihy o velikosti
(1-6)-7,. Aby byly tyto disproporce eliminovany, musi byt mezi
primérni osténi a horninu pierozdéleno zatiZzeni (1-5)-q(A). Tato
redistribuce vnasi do primédrniho osténi jak nova napéti, tak nové
deformace.

Zatizeni (1-0)-q(A) je jedinym zdrojem deformaci primérniho

osténi, ke kterym pfi degradaci dochédzi. To umoziiuje snadny pre-
chod od vypoctu degradace samostatného primarniho osténi k vy-
poctu soustavy ,,degradované primarni — sekundarni osténi*, nebot
ony deformace jsou jedinou pficinou zatizeni sekundarniho osténi
od degradace. Postadi proto pfiloZit zatiZzeni (1 —8)-g(A) k primar-
nimu osténi, zaclenénému do systému ,,hornina, degradované pri-
marni, sekunddrni osténi®, pfipravit a spustit vypocet V a s jeho
vysledky nalozit tak, jak popsano vyse.
e Pro praktikujiciho statika-tunelafe md zdsadni vyznam kapitola
,~Postup pfi numerickém vypoctu®, ktera chce byti jeho privodcem
po jednotlivych krocich vypoctu vnitinich sil a deformaci soustavy
»degradované primarni — sekundarni osténi“. Toto vedeni by mélo
pomoci pfekonat nezvykla pravidla vypoctu a umozZnit jeho sprav-
né provedeni.

Pochopit pravidla vypoctu umozni Cetba kapitol, kapitolu ,,Po-
stup pfi numerickém vypoctu* predchazejicich.

Konec¢né predstavu o tom, jak vypocet funguje, poskytuje kapi-
tola ,,Priklad*.

PODEKOVANI

Numerické vypocty, potiebné pro kapitolu ,,Priklad®, provedl
pan Ing. Toma§ LouZensky ze spoleCnosti Satra. Autor mu timto
vyslovuje své podé€kovani.

Ing. ALES ZAPLETAL, DrSc.,
aleszapletal @seznam.cz, SATRA, spol. s r.o.

Recenzoval Reviewed: Ing. Jiri Horejsi
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Other commentary is not necessary because the study is not the
purpose of this paper. The purpose of the paper is to formulate
a method of calculation for the “degraded primary lining —
secondary lining” system and the study only complements this
formulation without causing confusions.

CONCLUSION

* We will discuss the results achieved. First we investigated the
influence of degradation on the primary lining itself. We found out
that loading g(A) acting on the primary lining before degradation
seemingly breaks down into two parts. The first component, §-g(A),
“preserves a memory” for the state of the primary lining before
degradation, whilst the other one, (1-0)-¢q(A), is redistributed
between ground and the primary lining.

The first component causes stress & ‘0, and refers to the stress
in the primary lining before degradation, which amounts to o,.
In deformations it reproduces deformation of the non-degraded
primary lining, adds nothing to it, therefore the contribution to
the deformations caused by degradation is zero. Let us derive a
conclusion following from the preceding statement: component
6-q(A) can never cause loading on the secondary lining because its
loading from degradation is just caused by the deformation of the
primary lining.

If only the component &-¢(A) acted on the degraded primary
lining, the action-reaction principle would be disturbed at the
contact of the primary lining with ground because the ground is
supported in the excavated opening by the loading —¢,(A), whilst
pressure +§-q,(A) acts on the primary lining. The primary
lining would, in addition, lack the unit weight of (1—5)~)/P. To
eliminate those disproportions, the loading (1-0J)-q(A) has to
be redistributed between the primary lining and the ground. This
redistribution brings both new stresses and new deformations into
the primary lining.

Loading (1-0)-¢(A) is the only source of deformations of the
primary lining during the process of its degradation. It allows for
easy transition from the calculation of the separate primary lining
to the calculation of a “degraded primary lining — secondary lining”
system because those deformations are the only cause of the loading
on the secondary lining due to degradation. It is therefore sufficient
to apply loading (1—0)-¢(A) to the primary lining incorporated into
the “ground, degraded primary lining, secondary lining” system,
then to prepare and start calculation V and to deal with the results in
the above-mentioned way.

e Chapter “Numerical calculation procedure” is crucial for
a practicing tunnel-structural engineer. It wants to be their guide
along individual steps in the calculation of internal forces and
deformations of the “degraded primary lining — secondary lining”
system. This guidance should help to overcome the unusual rules of
the calculation and allow for the correct execution of the calculation.

Reading of the chapters preceding the “Numerical calculation
procedure” chapter will allow them to understand the calculation
rules.

After all, a notion how the calculation works is provided by
chapter “Example”.
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The numerical calculations required for chapter “Example” were
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FOTOREPORTAZ Z KONFERENCE
PODZEMNI STAVBY PRAHA 2019
PICTURE REPORT FROM CONFERENCE
UNDERGROUND CONSTRUCTION PRAGUE 2019

foto Maiik  photo Martk
Obr. 1 Uvodni piedndska Dr. Vojtecha Galla Obr. 2 Panelovd diskuse
Fig. 1 Opening lecture delivered by Dr. Vojtech Gall Fig. 2 Panel discussion

Jfoto Husdk ~ photo Husdl

foto Husdk photo Husdk
Obr. 3 Pohled do sdlu pri jedndnich v sekcich Obr. 4 Ukdzka lidovych tancii v Bfevnovském kldstere
Fig. 3 A view of the lecture hall during discussions in sections Fig. 4 Exhibition of folk dances at the Brevnov monastery

i
Jfoto Husdk ~ photo Husdk

Jfoto Mafik photo Marik Jfoto MaFik photo Marik
Obr. 5 Pohled na nddvori Brevnovského kldstera Obr. 6 Raut v Terezidnském sdlu Brevnovského kldstera
Fig. 5 A viewof the Bievnov monastery courtyard Fig. 6 A bash in the Theresian hall of the Bfevnov monastery
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FOTOREPORTAZ ZE ZAHAJENI WST.AVBY METRA D
FORMOU GEOLOGICKEHO PRUZKUMU
PICTURE REPORT FROM STARTING METRO D CONSTRUCTION
IN THE FORM OF GEOLOGICAL SURVEY

FOTO ARCHIV METROSTAV / PHOTO ARCHIVE OF METROSTAV

Obr. 1 Slavnostni projevy
Fig. 1 Ceremonial speech

S W e I A S
Obr. 3 Zahdjeni stavby ctvrté trasy metra linky D dne 19. cervna 2019

Fig. 3 Commencement of construction of the fourth metro line, line D,
on 19" June 2019

Fig. 4 Commencement of construction of the first metro line, line C,
on 6™ January 1966

Obr. 5 Sdilend radost
Fig. 5 Shared joy

Obr. 6 Sdilené zdZitky
Fig. 6 Shared experiences
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FOTOREPORTAZ Z0 SLAVNOSTNEJ PRERAZKY
SEVERNEJ TUNELOVEJ RURY TUNELA PRESOV 13. 6. 2019
A Z PRERAZKY JUZNEJ TUNELOVEJ RURY 17. 6. 2019
PICTURE REPORT FROM CEREMONIAL BREAKTHROUGH OF
NORTHERN TUNNEL TUBE OF PRESOV TUNNEL ON 13*° JUNE 2019
AND SOUTHERN TUNNEL TUBE ON 17™ JUNE 2019
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ZPRAVY Z TUNELARSKYCH KONFERENCI

TUNELARSKY SVETOVY KONGRES 2019 V NEAPOLI
WORLD TUNNEL CONGRESS 2019 IN NAPLES

The Word Tunnel Congress and the 45" ITA General Assembly,
organised by the International Tunnelling and Underground
Space Association (ITA) and Societa Italiana Gallerie (SIG),
were held from 3 to 9" May in Naples, Italy. Over 2000
delegates — professionals, academicians and engineers — met
there. The traditional Muir Wood lecture was delivered by Martin
Herrenknecht. Mrs. Jinxiu Yan was elected the new ITA president.
Albania, Lebanon and Kenya became new members. During the 45™
ITA General Assembly, 78 member states elected the host country
for the WTC 2022. Mexico won after strict examination of both
candidates.

Tuneldrsky svétovy kongres a 45. valné shromdzdéni ITA, pora-
dané Mezindrodni organizaci Tunneling and Underground Space
Association (ITA) a Societa Italiana Gallerie (SIG) se konaly od 3.
do 9. kvétna v Neapoli, v Italii.

Setkalo se zde vice nez 2000 delegati — odborniki, akademiku
a inZenyrt — letos kongres umoznil Siroké Skéle odbornikt sdilet
své zkuSenosti a diskutovat o osvédcenych postupech a inovacich,
prikopnickych projektech a tunelovych stavbich se zvyraznénim
archeologie, architektury a uméni. Déni kongresu se odehravalo
plnych Sest dni ve vystavisti Mostra D’ Oltremare.

Akce zdurazinovala uZite¢nost podzemniho prostoru, véetné plo-
voucich tunell, multimodédlniho podzemi, infrastruktury, podzem-
nich farem a tunelovaciho zafizeni na Mésici.

Martin Herrenknecht, ktery pfednesl tradicni pfednasku Muir
Wood, uvedl: ,,Budujeme podzemni infrastrukturu na celém svété
v témét kazdém podloZi. Inovace ndm umoziuji provadét projekty,
které byly pred nékolika lety nemoZzné.*

Novym prezidentem ITA byla zvolena pani Jinxiu Yan. V soutéZi
s Ericem Lecou vyhrala t€sn€ o dva hlasy (32 az 30). Jinxiu Yan je
nasledovnikem prof. Tarcisia Celestina z Brazilie.

Ve svém proslovu pani Jinxiu Yan mimo jiné prednesla:

,Je to Cest byt novym prezidentem ITA. Pro splnéni novych vy-
zev je dlleZzité spolecné usilovat o nalezeni novych feseni, aby bylo
mozné prispét k cilim udrZitelného rozvoje OSN 2030.

Za prvé, posilit komunikaci s pfibuznymi mezinadrodnimi orga-
nizacemi, narodnimi politickymi féry a dobfe zndmymi mezina-
rodnimi bankami za Gcelem zvySeni piispévki do tunelovani pro
spInéni cilt udrzitelného rozvoje.

Za druhé, zlepsit komunikaci mezi ¢lenskymi staty a primyslem,
podporovat sdileni zkuSenosti a organizovat sympozia, dialogy,
vzdélavaci kurzy.

Za treti, uznat uspéchy naseho primyslu a podporovat sdileni
znalosti a aplikaci uznanych novych technologii mezi v§emi zu-
Castnénymi stranami véetné subjektd s rozhodovaci pravomoci
a investort.”

Spolu s volbou nového prezidenta ITA byla vytvofena nova vy-
konnd rada ITA se ¢tyfmi novymi viceprezidenty: Lars Babende-
rerde (Germany) jako prvni viceprezident, Arnold Dix (Austrilie),
Randy Essex (USA) a Giuseppe Lunardi (Italie) jako spolupred-
sedové.

Nova vykonna rada pro obdobi 2019-2022 zahrnuje:

* Abidemi Agwor, Nigérie;

* Hamdi Aydin, Turecko;

NEWS FROM TUNNELLING CONFERENCES

¢ Choi Hangseok, Korea;

e Jeyatharan Kumarasamy, Singapur;

e Andres Marulanda, Kolumbie;

o Jamal Rostami, [ran;

 Gérard Seingre, pokladnik, Svycarsko;

e Teik Aun Ooi, Malajsie, dopisujici clen WTC 2020;
¢ Soren Eskesen, Dansko, dopisujici ¢len WTC 2021;
e dopisujici ¢len WTC 2022, Mexiko bude urcen.

ITA PRIVITALA TRI NOVE CLENSKE NARODY A MEXIKO
SE STALO PORADATELEM WTC 2022

Albanie, Libanon a Keia se staly tfemi novymi ¢lenskymi zemé-
mi. Béhem 45. Valného shromazdéni ITA volilo 78 ¢lenskych sta-
ta ITA poradatelskou zemi pro WTC 2022. Po pfisném zkoumani
obou kandidata zvitézilo Mexiko.

PUBLIKACE ITA

Kongres byl také mistem pracovnich setkéni, jejichz vystupem
bylo zvefejnéni nékolika zprav pracovnich skupin a vybort. Pra-
covni skupina 2 predstavila nové pokyny pro navrh segmentového
tunelového osténi, pracovni skupina 5 prirucku pro prace ve vyso-
kém hyperbarickém tlaku a pracovni skupiny 14 a 15 spolec¢nou
zpravu o zpracovani, pravé a likvidaci odpadnich tunelovych ma-
teridli.

Obé sdruzeni, jak ITAtech Drill & Blast, tak i [ITAtech Rebuild,
vyrobily prislusné dokumenty na téma ,,Prakticky pfistup k fizeni
razeb pomoci trhavin a optimalizaci postupu v tunelovani.“ ITA-
tech vydal ,,Pokyny pro obnovu strojniho zafizeni pro razbu me-
chanizovaného tunelu “.

Vybor ITA COSUF, ktery se vénuje tématim bezpecnosti, pu-
blikoval zpravu ,,Soucasna praxe v oblasti propojek pro podporu
bezpecnosti v Zelezninich tunelech a tunelech metra.*

ITA A FIDIC RELEASE EMERALD BOOK
0 SMLUVNICH STANDARDECH PRO PODZEMNi PRACE

Mezindrodni inZenyrska federace FIDIC (Mezindrodni federace
poradenskych inZenyrt) a ITA-AITES se spojily, aby vydaly Sma-
ragdovou knihu, novou formu smlouvy pro tunelarské a podzemni
préce.

Podzemni stavba je velmi zdvisld na geologickych, hydrogeo-
logickych a geotechnickych vlastnostech horniny, které maji roz-
hodujici vliv na metody poZadované pro aspésné provadéni praci.
Kromé toho je obtiZné predvidat chovani horniny, coZ vede k inhe-
rentni nejistoté v podzemnich stavbach, kterd dava vznik jedinec-
nym smluvnim rizikim tykajicim se proveditelnosti vystavby, Casu
a naklada.

Tato rizika jsou feSena v podminkiach smlouvy o podzemnich
pracich (Smaragdové kniha), kterd byla vyddna na svétovém tune-
larském kongresu 2019 v Neapoli. Vydani nasleduje po nékolika
letech intenzivni price spolecné pracovni skupiny zdstupctt FIDIC
a ITA-AITES, ktefi identifikovali nékolik otdzek, které by méla
nova standardni forma smlouvy fesit s cilem podpofit spravedlivé
pridélovani rizik a feseni efektivnich podminek, které jsou v tako-
vych projektech obvykle nepredvidatelné.

Ing. KAREL ROSSLER, Ph.D., Metrostav a.s.




KONFERENCE PODZEMNIi STAVBY PRAHA 2019

28. rocnik - €. 3/2019

CONFERENCE UNDERGROUND CONSTRUCTION PRAGUE 2019

The 14" triennial international conference Underground Con-
struction Prague 2019 was held on the premises of Clarion hotel
from 3™ to 5" June 2019. In total, 548 attendees from 31 countries
were registered at the conference; of this number there were 68
exhibitor registrations and 5 accompanying persons. The conference
proceedings contained 141 papers received from 25 countries.
The accompanying all-day course for young engineers called
“Facing uncertainties in preparation and implementation of tunnel
construction projects” took place on Sunday the 2™ June 2019. On
Sunday evening the 2™ June, a banquet was held in Prague Mayor’s
residence. The conference commenced on Monday the 3™ June 2019.
Ing. Alexandr Butovic¢, Ph.D., chairman of the Steering Committee,
welcomed the conference attendees in his opening speech. At the
beginning of the conference, Ing. Ivan Hrdina, Chairman of the CzTA,
handed commemorative medals of the CzTA to Martin Knights from
the United Kingdom and Prof. Robert Galler from Austria for their
long-term contribution to the CzTA and promotion of new trends
in underground construction. The following opening lectures were
delivered at the conference: Ing. Ludék Sosna (the Czech Republic):
Tunnel construction on state transport infrastructure, Ing. Milan
Majer (the Czech Republic): Tunnel Ejpovice — experience from
the preparation and construction of the longest Czech railway
tunnel, Mr. Konrad Bergmeister (Austria): The longest underground
structure in the world — Brenner Base Tunnel and Mr. Vojtech Gall
(the USA): The Gateway Program — the Hudson River Tunnel
Project in New York, New Jersey. During the two days, 70 lectures
(4 opening, 12 invited and 54 others) were delivered. The panel
discussion focused on preparation and construction of long railway
tunnels was held on Monday the 3™ June 2019. It was participated
by foreign professionals with experience from similar projects. The
invited lectures delivered by renowned foreign speakers traditionally
attracted attention during the session. Regarding the poster section,
52 posters were received and presented. The conference Gala
Dinner for all registered attendees, accompanying persons, partners
and exhibitors was traditionally held in the historic grounds of the
Bfevnov monastery. On Wednesday the 5" June 2019, 5 technical
excursions were organised to tunnels on the Sudoméfice and Votice
railway track, to the Josef Underground Educational Centre, to
the Main Traffic Management Centre in Prague, to utility tunnels
in the historic centre of Prague and to the Rudolf’s gallery and the
old sewage treatment plant. We are looking forward to meeting you
again at the conference Underground Construction Prague 2022.

Ve dnech 3. az 5. Cervna 2019 probehl v prostorach hotelu Clarion
14. ro¢nik mezinarodni konference Podzemni stavby Praha 2019.

Celkem bylo na konferenci zaregistrovdno 548 ucastnikl
z 31 zemi, z toho bylo 68 vystavovatelskych registraci a 5 dopro-
vodnych osob. Nejvyssi pocet tcastniki byl tradi¢né z Ceské re-
publiky (335). Ze zahrani¢i bylo nejvice ucastnikl ze Slovenska
(53), dale pak byl také vétsi pocet ucastniki z Rakouska (12), Ko-
reje (9), Némecka (6), Itdlie (6), Ciny (5), USA (5). Z Madarska,
Polska a Svycarska bylo po 4 tGdastnicich. Z Bé&loruska, Kanady
a Spojeného kralovstvi bylo po 3 ucastnicich. Z AlZirska, Francie,
Indie, Irska, Mexika a Recka bylo po 2 tcastnicich. Dal§i zastou-
pené stity byly Albdnie, Belgie, Hong-kong, fran, Irdk, Japon-
sko, Norsko, Rusko, Slovinsko, Svédsko a Turecko. Pro srovna-
ni bylo v roce 2010 na konferenci zaregistrovano 480 tcastnikll
z 22 zemi, v roce 2013 to bylo 600 dcastnikll z 26 zemi a v roce
2016 to bylo 555 ucastnikid z 37 zemi.

foto Marik photo Maiik
Obr. 1 Doprovodny kurz pro mladé inZenyry
Fig. 1 Accompanying course for young engineers

foto Husdk photo Husdk
Obr. 2 Zahdjeni konference fotkami z vystavby tunelii v CSSR
Fig. 2 Conference opening with photos from construction of tunnels in the
CSSR

Ve sborniku bylo otisténo 141 pfispévkt obdrzenych z 25 zemi.
Pro srovnani v roce 2010 bylo celkem 171 pfispévki z 25 zemi,
v roce 2013 bylo 147 piispévki z 18 zemi a v roce 2016 bylo
174 prispévki z 31 zemi.

V nedéli 2. ¢ervna 2019 od 9:00 do 18:00 se v hotelu Clarion
uskutecnil celodenni doprovodny kurz pro mladé inZenyry s na-
zvem ,, Celeni nejistotdm p¥i p¥ipravé a realizaci tunelovych sta-
veb*“. Na kurzu celkem bylo 49 registrovanych dcastnikii a bylo
predneseno 12 prezentaci (obr. 1). Dvé prezentace byly zahrani¢ni,
prof. Shahab Yasrobi z franu a prof. Bai Yun z Ciny, zbytek predna-
Sejicich byl z CR. V ned&li 2. ervna 2019 vecer se pak uskute¢ni-
la recepce v Rezidenci primatora hl. m. Prahy, které se ztucastnilo
76 pozvanych hostu.

Konference byla zahdjena v pondéli 3. cervna 2019 v 9:00 krat-
kym filmem prezentujicim star$i fotografie z vystavby podzem-
nich staveb v CSSR za hudebniho doprovodu skladby Bohemian
Rhapsody britské skupiny Queen (obr. 2). Na fotografiich bylo
predstaveno prazské metro, precerpavaci elektrarna Dlouhé stra-
né&, vodovodni piivadée Zelivka, prazské stoky a kolektory, apod.
V dvodnim projevu pfivital acastniky kongresu predseda piiprav-
ného vyboru konference Ing. Alexandr Butovi¢, Ph.D. (obr. 3).
V tvodu konference piedal predseda CzTA Ing. Ivan Hrdina pa-
métni medaile CzTA Martinovi Knightsovi ze Spojeného kralov-
stvi (obr. 4) a prof. Robertovi Gallerovi z Rakouska (obr. 5) za
jejich dlouhodoby pfinos pro CzTA a propagaci novych trendil
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foto Husdk ~photo Husdk
Obr. 3 Uvodni projev Ing. Alexandra Butovice, Ph.D.
Fig. 3 Opening speech by Ing. Alexandr Butovi¢, Ph.D.

v podzemnim stavitelstvi. Na konferenci byly predneseny nasledu-
jici dvodni prednasky (Keynote Lectures):
* Ludgk Sosna (Ceska republika): PFipravované tunelové stavby
na ceské dopravni infrastrukture;
+ Milan Majer (Ceskd republika): Tunel Ejpovice — p¥iprava
a realizace nejdelsiho ceskeho Zeleznicniho tunelu;
» Konrad Bergmeister (Rakousko): Brennersky bdzovy tunel —
nejdelsi podzemni stavba na svéte;,
* Vojtech Gall (USA): Program Gateway — projekt tunelu pod
fekou Hudson v New Yorku, stdt New Jersey.

Jfoto Mafik photo Marik
Obr. 4 Preddni pameétni medaile CzTA Martinovi Knightsovi ze Spojeného
krdlovstvi
Fig. 4 Handing the CzTA commemorative medal to Martin Knights from the
United Kingdom

foto Maik  photo Maiik
Obr. 5 Preddni pamétni medaile CzTA Prof. Robertovi Gallerovi z Rakouska
Fig. 5 Handing the CzTA commemorative medal to Prof. Robert Galler from
Austria

foto Mavik  photo Marik
Obr. 6 Panelovd diskuse
Fig. 6 Panel discussion

Po tvodnich prednaskach byl sal rozdélen na dva mensi sily,
ve kterych probihaly prezentace v jednotlivych sekcich. Béhem
dvou dnu bylo predneseno 70 prednasek (4 tvodni, 12 vyzva-
nych a 54 ostatnich), vétSina méla velmi dobrou uroven. V pon-
déli 3. ¢ervna 2019 odpoledne se konala panelova diskuse (obr. 6)
zaméfend na piipravu a vystavbu dlouhych Zelezni¢nich tunell
(v Ceské republice je pldnovana vystavba dvou Zelezni¢nich tunelt
s délkou pres 20 km, jedna se o tunel Praha — Beroun a o Krus-
nohorsky bazovy tunel). Panelovou diskusi moderoval Ing. Martin
Srb, Ph.D. a ztcastnili se ji ndsledujici zahrani¢ni odbornici se zku-
Senostmi z obdobnych projekti:

e Konrad Bergmeister (Rakousko) — feditel Brennerského bazo-

vého tunelu;

 Heinz Ehrbar (Svycarsko) — byvaly feditel Gotthardského ba-

zového tunelu;

 Hans-Peter Vetsch (Svycarsko) — byvaly feditel provozu a bez-

pecnosti Gotthardského bazového tunelu;

* Gerhard Harer (Rakousko) — byvaly feditel Koralmského ba-

zového tunelu;

* Sabine Kulikov (Némecko) — priprava bazového tunelu Krus-

né hory.

Pti jednanich v sekcich tradi¢né zaujaly vyzvané prednasky re-
nomovanych zahrani¢nich fe¢niki, jejich seznam je uveden niZe.
Panelova diskuse:

* Heinz Ehrbar (Svycarsko): Vybér optimdlniho uspordddni tu-

nelu s ohledem na jeho celkovy Zivotni cyklus.
Sekce 1: Konven¢né razené tunely

* Robert Galler (Rakousko): Vyzvy béhem vystavby tunelu a in-

stalace vybaveni v ZAB — Zentrum am Berg;

¢ Davorin Kolic (Chorvatsko): Novd Zeleznicni trat Divica-Ko-

per: vyvoj projektu.
Sekce 2: Mechanizované razené tunely

e Martin Forster (Némecko): Soucasny vyvoj technologie mecha-

nizovaného tunelovdni pro proménné geologické podminky;

e Michael Mooney (USA): Uméld inteligence a fyzikdlni mode-
lovdni pro predikci raZeb provddeénych zeminovym Stitem.
Sekce 3: Ostatni podzemni stavby, tiloZiSté, rekonstrukce a his-

torie

e Martin Knights (Velka Britanie): Budoucnost tunelovdni: vli-

vy, zmény, potreby a predpoklddané potreby.
Sekce 4: Geotechnicky prizkum a monitoring
e Wulf Schubert (Rakousko): Posledni vyvoj v mapovdni celeb
a v monitoringu stavu tunelu.




Sekce 5: Numerické modelovani, BIM, vyzkum a vyvoj

* Bai Yun (Cina): Rozvoj hlubokého podzemniho prostoru v San-
ghaji;

* Shahab Yasrobi (frdn): Zvidddni rizik a postup vystavby kom-
plexniho méstského tunelu — priklad tunelu Arah-Esfandiar-
-Niayesh.

Sekce 6: Vybaveni, bezpecnost provozu a udrzba

e Bernhard Kohl (Rakousko): Prevence a zmirnéni nehod souvi-
sejicich s tunely;

* Hans-Peter Vetsch (Svycarsko): Gotthardsky bdzovy tunel: bez-
pecnostni vyzvy v dlouhych tunelech a diisledky pro provoz.

Sekce 7: Rizika, smluvni vztahy a financovani

« Toannis Bakogiannis (Recko): Zkusenosti z projektovdni a vy-

stavby silnicnich tunelii s koncesnimi smlouvami.

V ramci posterové sekce bylo prijato a prezentovano 52 posterti
(obr. 7). Spolecensky vecer pro vSechny registrované ucastniky, do-
provodné osoby, partnery a vystavovatele se uskutecnil tradi¢né v his-
torickém arealu Brevnovského klastera (obr. 8) v pondéli 3. ¢ervna
2019 vecer, této recepce se zdcastnilo 344 osob. Spolecensky vecer
byl zahdjen Ceskymi lidovymi tanci v podéni souboru Lucinka.

Ve sttedu 5. ¢ervna 2019 probéhlo 5 odbornych exkurzi:

» exkurze A — Tunely na Zelezni¢ni trati Sudoméfice a Votice;

e exkurze B — Podzemni vyukové stfedisko Josef;

 exkurze C — Hlavni dopravni fidici ustfedna v Praze,;

 exkurze D — Kolektory v historickém centru Prahy (obr. 9);

¢ exkurze E — Rudolfova Stola a stara Cistirna odpadnich vod.

Konference byla finan¢né podpotena nasledujicimi partnery:

 Platinovi partnefi: Metrostav a.s., Subterra a.s.

e Zlati partnefi: Epiroc Czech Republic s.r.o., HOCHTIEF CZ, a.s.,

METROPROJEKT Praha a.s., OHL ZS, a.s., SG Geotechnika

a.s.

foto Husdk  photo Husdk
Obr. 7 Posterovd sekce
Fig. 7 Poster section

foto MaFik  photo Maik
Obr. 8 Spolecensky vecer v prostordch Brevnovského kldstera
Fig. 8 Gala Dinner in the grounds of the Bievnov monastery
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e Stiibrni partnefi: 3G Consulting Engineers s.r.o., ACE Instru-
ment co., Ltd., Amberg Engineering, BASF Stavebni hmoty
CR s.r.o., EUROVIA CS, a.s., Fine spol. s r.o., GeoTec-GS,
a.s., GEOtest, a.s., Herrenknecht AG, INSET s.r.o., Krampe-
Harex, Minova, Mott MacDonald CZ, spol. s r.o., PUDIS a.s.,
SATRA, spol. s r.0., Zitron.

* Ostatni partnefi: Zakladani staveb, a.s., PRAGOPROJEKT,
a.s., KELLER - specidlni zakladani, spol. s r.o., POHL cz, a.s.,
IDS Praha, a.s., SWIETELSKY, SAMSON PRAHA, spol.
s 1.0., Bausan Injekt s.r.o., SUDOP PRAHA a.s.

Dale konferenci podpotily nasledujici organizace:

* ITA-AITES, ISSMGE, ISRM.

Obecné konference probéhla bez vétsich obtizi podle predpo-
kladaného scénéfe, pfipravny vybor obdrzel fadu kladnych ohlast
z Ceské republiky i ze zahranic¢i. Po konferenci byl rozeslan emai-
lem dotaznik spokojenosti, ktery vyplnilo 23 tcastnikii konference.
U vSech byly dojmy z konference velmi pozitivni, vyhrady byly
spiSe drobnéjsi a nebyl v nich Zadny vyraznéjsi trend (Zadné pripo-
minky ¢i doporuceni nebyly uvedeny castéji). Na zdkladeé obdrze-
nych dotaznikii do budoucna nepldnujeme Zadné zasadnéjsi zmény
v organizaci konference.

Touto cestou bych rad podékoval v§em ucastnikiim konference,
zejména pak vSem Clentim pfipravného vyboru a védecké rady, au-
torim pfispévkd, fe¢nikiim a partnerim konference. T&$im se, Ze
se opét sejdeme v obdobném pripadné i vy$sim poctu na konferen-
ci Podzemni stavby Praha 2022.

Za ptipravny vybor a védeckou radu

prof. Ing. MATOUS HILAR, Ph.D.
predseda védecké rady konference PS 2019

Jfoto Hilar photo Hilar
Obr. 9 Exkurze do kolektorii v centru Prahy
Fig. 9 Excursion to utility tunnels in the centre of Prague
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SWISS TUNNEL CONGRES 2019 V LUZERNU
SWISS TUNNEL CONGRES 2019 IN LUZERN

The traditional congress STC Luzern 2019 was held from 4% to
6™ June. The main theme of the Tuesday colloquium was “Material
technology innovations in tunnel construction”. Current material
bases of the modern tunnel construction engineering were
presented in seven lectures. The standard all-day conference took
place on Wednesday, whilst technical excursions to underground
construction projects in Switzerland were organised for
Thursday. This year’s conference attendance was slightly lower
—ca 700 attendees, less than a hundred of them from abroad. The
themes of the thirteen lectures were carefully selected — not only
Swiss structures and projects, but also important and interesting
international projects. The comprehensive congress proceedings
are available free of charge on the Swiss Tunnelling Society pages
https://www.swisstunnel.ch/swiss-tunnel-congress/programm/.

Obr. 2 Schéma tryskové injektdZe a 3D model tunelu Forbifart
Fig. 2 Chart of jet grouting and a 3D model of the Forbifart tunnel
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Obr. 1 Schéma rekonstrukce tunelu Allmend
Fig. 1 Chart of the Allmend tunnel reconstruction
Ve dnech 4. 6. az 6. 6. se konal tradic- J— Warenzerbergtunnel
ni kongres Svycarskych tuneldit STC M e

Luzern 2019. Hlavnim tématem uterni-
ho kolokvia byly ,,Materidlové inovace
v tunelovém stavitelstvi“. V celkem sed-
mi pfednaskach byly prezentovany aktu-
alni materidlové zakladny novodobého
tunelového stavitelstvi. Zadné prevratné
novinky nebyly k vidéni a slySeni, pou-
ze aktualni stav pouzivani vldknobeto-
nu, dratkobetonu, vysokopevnostnich,
samozhutnitelnych a vodotésnych betont
a dnes jiz standardné pouZzivanych injek- Croas-section of crass-passage
taznich hmot. Obr. 3 Unikovd §tola tunelu Kerenzerberg a 300 m

Ve stiedu pak probéhla standardni ce- Fig. 3 Escape gallery of the Kerenzerberg tunnel a 300m
lodenni konference a ve ¢tvrtek byly or-
ganizovany odborné exkurze na podzem-
ni stavby ve Svycarsku. Ucast na leto3ni
konferenci byla poné¢kud nizsi — cca ,,pou-
ze“ 700 ucastnika, z toho neceld stovka
zahrani¢nich. Z Ceska pak jenom dva
z brnénské filidlky AMBERG Enginee-
ring a ze Slovenska jiZz standardné sedm
kolegli z firmy Basler&Hoffman, tedy
firem s kofeny a vlastniky ve Svycarsku.

Témata trinacti prednések byla jako ob-
vykle peclivé vybrana — nejen Svycarské
stavby a projekty, ale i vyznamné a zaji- Crs-deciion of kot sl

mavé mezinarodni projekty. Za zminku Obr. 4 Odsdvdni koure pri poZdru do vzduchotechnického kandlu nové iinikové stoly a 100 m
stoji ur€ité nasledujici prednasky. Fig. 4 Extraction of smoke during a fire into the ventilation duct of the new escape gallery a 100m
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budovat novou provizorni dvoupruhovou komunikaci prakticky pfi-
monadtunelem. Neexistence nebonedostate¢nakapacitaobjizdnych
tras je velkym problémem u vétSiny tuneld, atoi v Cesku. Dalsi infor-
mace na https://www.a6-rubigen-spiez.ch/a6/de/projekt-termine/
allmendtunnel.

Vyzkumné centrum CERN u Zenevy se pro urychlova¢ LHC
rozsifuje o dalsi pristupové Sachty a podzemni kaverny s navazuji-
cimi nadzemnimi servisnimi centry a budovami.

Zajimava byla rovnéz pfednaska o rekonstrukci precerpavaci
vodni elektrarny Ritom, uréené vyhradné pro vyrobu energie pro
Svycarské drahy (SBB/SSF), které provoz a rozSifeni elektrirny
rovnéZ plné financuji.

Prednaska na téma stockholmského obchvatu Forbifart byla
spiSe o zvlastnostech pristupu investort a mistnich zhotovitel-
skych firem ve Svédsku k problematice razby tunelu s nizkym
nadlozim 2,5 az 3,3 m, nesoudrznou zeminou v kaloté, kterd byla
sanovana rozsdhlou tryskovou injektdzi (obr. 2), a extrémné tvr-
dou horninou v prevdzné ¢asti profilu tunelu pfi podchazeni tunelu
pod provozovanou dalnici. Pfekonat skeptické nazory a nedivéru

Yeve

realizace.
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Nechybéla predndska s tématem v soucasnosti budovaného
nejdelSiho tunelu na svété — Berennerského bazového tunelu,
tentokrat se zaméfenim na 15kilometrovou razbu prazkumné
a nasledné servisni a odvodinovaci Stoly. Byl prezentovan zpu-
sob prichodu TBM poruchovymi zénami, kde vznikaly obrov-
ské nadvylomy tzv. kominovanim horniny. Celkem muselo byt
piekonéno deset takovych z6n, z nichz nejvetsi ,komin‘ predsta-
voval cca 5500 m?® s vySkou volného prostoru nad strojem TBM
az 18 m!

Velmi zajimavé technické feSeni bylo zvoleno u rekonstrukce
dalni¢niho tunelu Kerenzergberg v kantonu Glarus (cca 5,6 km,
v provozu od r. 1986), kde bude odstranén stavajici mezistrop s od-
vodnim a pfivodnim vzduchovym kandlem (plné pfi¢né vétrani),
které budou nahrazeny odsavanim kazdych 100 m do vzduchového
odvodniho kanalu jako sou¢dsti noveé budované tinikové §toly. Prin-
cip inovativniho feSeni je na obr. 3 a 4.

Kompletni sbornik pfednasek je volné ke staZeni na strankach
Svycarské tunelové asociace https://www.swisstunnel.ch/swiss-
tunnel-congress/programm/.

Ing. VLASTIMIL HORAK,
AMBERG Engineering Brno, a.s.

MEZINARODNI KONFERENCE MESTSKE INZENYRSTVI KARLOVARSKO 2019
INTERNATIONAL CONFERENCE URBAN ENGINEERING KARLOVY VARY 2019

The history of the international conference Urban Engineering
began to be recorded as long ago as 1996. The theme of this year’s
24" annual conference, which was held on 7" June 2019 in the
Svoboda community centre in Cheb, was “Urbanism of public
space under terrain level”. Other information about the confer-
ence is available on www.ckait.cz.

Historie mezinarodni konference Méstské inZenyrstvi se zaCala
psat jiz v roce 1996. Letosni, 24. ro¢nik konference, ktera se ko-
nala 7. ¢ervna 2019 ve spolecenském stredisku Svoboda v Che-
bu, byl na téma ,, Urbanismus verejného prostoru pod tirovni
terénu ‘.

Podzemni urbanismus to je na jedné strané v podstaté syno-
nymum pro vedeni technické infrastruktury, kterd v tzemi za-
bezpecuje dodavky energii, vody a hospodateni s odpady. Pred-
stavuje rozsahly soubor zafizeni, kterd jsou neopomenutelnou
organickou soucasti urbanistického usporddani tzemi. Jednotli-
vé prvky technické infrastruktury vyznamné zasahuji do Zivota
celé spolecnosti tim, Ze ovliviluji Zivotni prostfedi, vytvéreji li-
mity v podobé riznych ochrannych, bezpecnostnich a hygienic-
kych pasem. Zaroven vytvareji podminky pro pohodovy Zivot
obyvatel.

Na druhou stranu je téma podzemniho urbanismu znacné slo-
Zité, lze Tici aZ kontroverzi ve vztahu k zdkladnim urbanistickym
a architektonickym pojmim. Podzemni urbanismus pro lidi je
mozné také chapat prevazné jako podzemni spojnice pod komu-
nikacemi, podzemni ulice ¢i podzemni zastavky kolejové dopra-
vy. Tento zplsob feSeni mést je zapfi¢inén mimo jiné napiiklad
neudrZitelnou dopravni situaci na povrchu, nepfiznivymi klima-
tickymi podminkami a dalSimi aspekty, které Zenou lidi do hlubin
zemé. Jindy je to ekonomicka situace, kdy pozemky na povrchu
jsou jiz nedostatkovym zboZim. Ve 21. stoleti je tfeba chapat ur-

banismus a Gzemni planovéani jako multifunkcéni disciplinu ve
vice vrstvach, tedy i pod zemi.

S vySe uvedenym koresponduji i témata prispévki konfe-
rence:

e Urbanismus vetfejného prostoru pod drovni terénu;

* Autobusova stanica Mlynské Nivy, Bratislava;

 Strategie sanace kanalizacni sité ve spravé spolecnosti Stadt-

entwisserung Dresden;

* Management kanaliza¢ni sit¢;

* Predstani¢né namestie v Bratislave — identita nadzemného

a podzemného priestoru;

» Zelezni¢ni projekt Stuttgart — Ulm;

* Pfistup k statickému zkouSeni konstrukci tuneld v Bulhar-

sku;

e Podzemni urbanismus o¢ima architekta;

* O kolektorové siti hlavniho mésta Prahy.

Konferenci potfadda CKAIT spolu s CSSI, Slovenskou komo-
rou stavebnich inZenyrt, Saskou inZenyrskou komorou, VBI,
Bavorskou inZenyrskou komorou, Durynskou inZenyrskou ko-
morou, Madarskou inZenyrskou komorou a Casopisem Staveb-
nictvi. Zastitu konferenci udélili ministfi primyslu a obchodu,
mistniho rozvoje, dopravy, kultury, Karlovarsky kraj a mésto
Cheb.

Konference je zarazena do systému celozivotniho vzdéla-
vani ¢lentt CKAIT. Je urena pro autorizované osoby, zejména
v oboru méstské inZenyrstvi, pro pracovniky stitni spravy, za-
stupce samospravy, studujici stavebnich fakult vysokych skol,
hlavné oboru méstské inZenyrstvi, pro projektanty i dodava-
tele.

Dalsi informace o konferenci 1ze nalézt na www.ckait.cz.

doc. Ing. TOMAS VYMAZAL, Ph.D., VUT Brno
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA

METRO D — NOVA LINKA
PRAZSKEHO METRA

Velky den D pro Prahu, celou ¢eskou tune-
larskou komunitu a v neposledni fadé i uZivate-
le sité prazského metra nastal. Dne 19. 6. 2019
totiz prazsky Dopravni podnik slavnostné za-
h4jil geologickym prizkumem nultou etapu
vystavby nové trasy linky metra D (obr. 1).

Vlastni geologicky prizkum bude realizo-
van na Ctyfech lokalitich v oblasti Pankrac
— Olbrachtova, kde se ocekdvaji nejkompli-
kovangjsi geologické podminky celé trasy.
Obsahem prazkumu je soubor hloubenych Sa-
chet a raZenych $tol, které se z vétsi Casti sta-

nou soucasti budoucich definitivnich objekt
stavby. Na tyto objekty by pak mély plynule
navazovat i dalsi vlastni realizacni etapy, kdy
zahdjeni té prvni je planovano jiZ na rok 2020.

V prvni realizacni fazi bude zhotoven tsek mezi stanicemi Pan-
krac a Nové Dvory, ktery pak bude déle prodlouzen na jih do stanice
Depo Pisnice. Nésledné by mél byt vybudovan i zbyvajici severni
usek z Pankrice na Namésti Miru.

Cela trasa metra D z Namésti Miru do Depa Pisnice v ocekéava-
né cené cca 72 mld. K¢ je dlouhd cca 10 km a obsahuje 10 stanic,
z ¢ehoZ 4 jsou razené. Technologickou novinkou nové trasy bude
i v souladu se svétovym trendem bezpilotni ovladani vlaka, tedy jiz-
da bez ridice.
cestujici by se mohli prvnim usekem Pankrac — Nové Dvory nové
trasy linky metra D podle aktudlniho harmonogramu zadavatele
svézt snad jiz v roce 2027. Na zavér si jeSt€ miZzeme pripomenout,
Ze vystavba viibec prvni ¢asti trasy linky metra C byla zahdjena roku
1966 a uvedena do provozu v roce 1974.

Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz

NOVE ZELEZNICNI TUNELY NA IV. ZELEZNICNIM
KORIDORU

V ramci stavby ,,Modernizace trati Sudoméfice — Votice* se buduji
dva nové Zeleznicni tunely. Investorem stavby je Sprava Zelezni¢ni
dopravni cesty, s. 0., a zhotovitelem stavby spole¢nost OHL ZS, a.s.

Tunel Mezno

Tunel Mezno je razeny Zelezni¢ni dvoukolejny tunel celkové dél-
ky 840 m, z toho raZena ¢ast tvori 768 m, navazujici hloubena Cast
u vjezdového portalu ma délku 48 m a u vyjezdového portilu 24 m.

Aktudlné byly dokonCeny a zprovoznény stavebni objekty
a provozni soubory pro zajisténi stavajicich vodnich zdroja, které
bylo nutné zrealizovat pied zahdjenim praci na tunelu. V obdobi
5-6/2019 byla rovnéz vybudovédna podzemni tésnici sténa umisté-
na vné podél stavebni jamy vjezdového portalu pro jejich ochranu.
Od 7/2019 jsou obnoveny prace na hloubeni a zajiStovani staveb-
ni jamy vyjezdového portalu, ze kterého bude nasledné provadéna
irazba tunelu.

Obr. 1 Schéma prazského metra
Fig. 1 Prague metro map

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

The D-Day for Prague, the whole tunnel construction community
and, the last but not least, even for users of the Prague Metro
network has come. The reason is that the Prague Public Transit
Company ceremonially opened the zero stage of the construction
of the new Line D of metro on 19" June 2019 by geological survey
(Fig. 1).

The geological survey itself will be conducted in four locations
in the area of the Pankric — Olbrachtova section, where most
complicated geological conditions on the whole line are expected.
The survey comprises a set of sunk shafts and mined galleries, the
major part of which will become parts of future structures of the
project. These structures should be fluently followed by subsequent
realisation stages, with the first of them planned already for
2020.

During the first realisation phase the section between Pankrac
and Nové Dvory stations will be carried out, to be subsequently
extended southward to Depo Pisnice station. The remaining
northern section from Pankrac to Namésti Miru should be carried
out later.

The whole metro Line D from Namésti Miru to Depo Pisnice
at the expected cost of CZK ca 72 billion is ca 10km long and
contains 10 stations, 4 of them mined. There will be a world trend
following technology innovation on the new line, pilot-less control
of trains, i.e. driverless trains.

And now the most important thing for us, future users: according
to the current schedule prepared by the project owner, first
passengers could travel along the first Pankric — Nové Dvory
section of the new Metro Line D already in 2027. To conclude, we
can recall the fact that the construction of the first part of metro line
C started in 1966 and the line was put into service in 1974.

Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz



Obr. 2 Stavebni jama vjezdového portdlu tunelu Deborec
Fig. 2 Construction pit for the entrance portal of Deborec tunnel

Tunel Deborec

Tunel Debore¢ je razeny Zelezni¢ni dvoukolejny tunel celkové
délky 660 m, z toho razend ¢ast tvoti 562 m a navazujici hloubené
¢asti u obou portald maji délku 49 m.

Aktudlné pokracuje razba tunelu z vyjezdového (severniho) por-
talu. Uvodni metry vedené v t&zkych geologickych podminkach
postupné presly do pfiznivéjsi geologie, kde byly zastiZeny pa-
raruly mirné€ zvétralé aZz zdravé pevnosti R4 a7z R3, lokdlné byly
zastizeny i tvrdé kompaktni horniny reprezentované kvarcity pev-
nostni tfidy R2. Hornina ma z hlediska razby nepfiznivy uklon
vrstev, které upadaji ven z celby. Od TM 102 je pro rozpojovani
horniny vyuZivano trhacich praci. Razba probihala postupné ve vy-
strojovacich tfidach 5bl, Sa, 4, 3 a aktudlné v modifikovana VT 2
s osténim ze stitkaného betonu tl. 200 s jednou vrstvou KARI sité
150x150/8 x 8 mm a radidlnimi kotvami Swellex délky 3 m. Dél-
ka zabéru v kaloté je 1,5 m. K 10. 7. 2019 bylo vyraZeno 229 TM
v kaloté. Naméfené hodnoty deformaci jsou piiznivé, pod hodno-
tami predpokladanymi v projektu. V 6/2019 byly dokonceny prace
na hloubeni a zajiSténi stavebni jamy vjezdového portalu (obr. 2).

Ing. TOMAS JUST, OHL 7S, a.s.

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunely Ovciarsko a Zilina

Na tseku D1 Hri¢ovské Podhradie — Lietavska Licka s dizkou
13,2 km sa nachadzaji dva dialni¢né dvojrirové tunely: Ovciarsko
a Zilina.

Tunel Ov¢iarsko s dizkou 2 367 m sa zacal razit 12. 9. 2014.

Vystavba samotného tunela vSak zaCala uz v roku 1996 raze-
nim prieskumnej Stolne. Prieskumnd $tdlfia tunela bola prerazena
v aprili 1998.

Priméarne ostenie v kalote severnej tunelovej rury sa oficidlne
ukoncilo prerazenim 28. aprila 2016 a v juZnej tunelovej rire bola
kalota prerazend 12. jula 2016.

Betondz sekundarneho ostenia STR bola ukoncena v oktdbri
2017 a betonaz sekundarneho ostenia JTR v decembri 2017.

V stcasnosti (k 30. 6. 2019) v oboch tunelovych rirach ukoncuji
tieto préce:

* Cistenie drendZe, kamerové skusky;
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NEW RAILWAY TUNNELS
ON RAILWAY CORRIDOR IV

Two new railway tunnels are under
construction within the framework of the
“Modernisation of Sudoméfice — Votice
track” project. The Railway Infrastructure
Administration, state organisation, is the
project owner and OHL ZS, as. is the
contractor.

Mezno tunnel

The Mezno tunnel is a mined double-
track railway tunnel with the total length
amounting to 840m; the mined section
forms 768m of that length; the linking
cut-and-cover parts at the entrance portal
and exit portal are 48m and 24m long,
respectively.

Building structures and operating units
required for securing existing water
sources have been finished and put into operation. They had to
be finished before the commencement of the work on the tunnel.
A sealing diaphragm wall located outside along the construction pit
for the entrance portal was in addition built in the 5-6/2019 period
for the purpose of protecting them. The work on the excavation
and stabilisation of the construction pit for the exit portal, from
which the tunnel will be subsequently driven, has been resumed
since June 2019.

Deborec tunnel

The Deborec tunnel is a mined double-track tunnel with the total
length of 660m, the mined part of which is 562m long and the
linking cut-and-cover parts at both portals are 49m long.

Currently the tunnel excavation proceeds from the exit (northern)
portal. Initial metres running through difficult geological conditions
have gradually passed to more favourable geology, where
moderately weathered to fresh paragneiss strength is categorised as
R4 to R3; even hard compact rock types represented by R2 strength
class quartzite were encountered there. The rock mass layers have
the dip unfavourable in terms of the excavation, out of the excavation
face. From chainage TM 102, the drill and blast technique has been
applied. The excavation proceeded gradually through excavation
support classes 5bl, 5a, 4, 3 and, currently, through modified class
VT 2 with the lining formed by a 200mm thick layer of shotcrete,
one layer of KARI welded mesh 150x150/8x8mm and 3m long
radial Swellex anchors. The top heading excavation rounds are
1.5m long. As of 10" July 2019, the excavation of 229m of the top
heading has been finished. The measured deformation values are
favourable, under the values assumed by the design. In June 2019,
the work on the excavation and stabilisation of the construction pit
for the entrance portal (see Fig. 2) was finished.

Ing. TOMAS JUST, OHL 7S, a.s.

THE SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

ov¢iarsko and Zilina tunnels

There are two double-tube motorway tunnels in the 13.2km
long Hricovské Podhradie — Lietavska Lucka section of the D1
motorway: Ovéiarsko and Zilina.



28. rocnik - €. 3/2019

Obr. 3 Tunel Ovciarsko — vychodny portdl
Fig. 3 Ovciarsko tunnel — eastern portal

Obr. 4 Tunel Ovciarsko — zdpadny portdl
Fig. 4 Ovciarsko tunnel — western portal

* dokoncovacie prace na portdloch (obr. 3 a 4);

* dokoncuju sa elektroinstalcie;

e realizdcia chodnikov z liatych asfaltov, nasledne dopravné

znacenie a montdz suchovodu;

e zapdjanie rozvadzacov a zariadeni do informacného systému

dialnice;

e zateplenie Cerpacej a poZiarnej nadrZe.

Tunel Zilina je 687 m dlhy dvojrirovy tunel na stavbe D1 Hri-
¢ovské Podhradie — Lietavska Lucka (obr. 5 a 6).

Préce na tuneli Zilina zacali v 7/2014 tpravou ploch pre zapadny
portal. Razenie tunela prebiehalo vo velmi naro¢nych inZiniersko-
geologickych podmienkach. Na zaklade preukazania velkej davky
skusenosti zhotovitela s razenim v mékkych horninach bol tunel
po 731 dioch prerazeny (pdvodne uvazovand lehota razenia bola
395 dni od zacatia prac).

Po 4 mesiacoch realizicie sekundarneho ostenia bola v obdobi
6/2018 zrealizovana cementobeténova vozovka v tuneli (realizacia
vozovky trvala 8 dni a bolo zabudovanych cca 3600 m? beténu).

K 30. junu 2019 prebiehaji dokoncovacie prace tak na stavebne;j,
ako aj na technologickej Casti tunela:

« realiz4cia predportalovych ploch asfaltovymi vrstvami;

e dokoncovacie prace na VP tunela;

The excavation of the 2367m long
Ovciarsko  tunnel started on 12
September 2014.

But the construction of the tunnel
itself started earlier, in 1996, by driving
an exploratory gallery. The tunnel
exploratory gallery breakthrough took
place in April 1998.

The primary lining in the top heading
of the northern tunnel tube was officially
finished by breaking through on 28" April
2016; the top heading of the southern
tunnel tube was broken through on 12%
July 2016.

Concreting of the secondary linings
of the NTT and the STT was finished
in October 2017 and December 2017,
respectively.

The following work operations are
currently (as of 30" June 2019) being
finished in both tunnel tubes:

* clearing of drainage, camera tests;

* finishing work at portals (see Figures

3 and 4);
e completing electrical installations;
e realisation of poured asphalt

walkways,  followed by road
signalling and installation of dry fire
main;

e connecting the switchboards and
motorway  information  system
facilities;

e installation of thermal insulation

of the pumping and fire protection
IeServoirs.

The Zilina tunnel is a 678m long
double-tube tunnel in the Hricovské
Podhradie — Lietavskd Licka section of
the D1 motorway (Figures 5 and 6).

The work on the Zilina tunnel started in July 2014 by preparation
of areas for the western portal. The tunnel excavation proceeded
under very complicated engineering geological conditions. Based
on the proven great deal of experience of the contractor with
tunnelling through soft ground, the tunnel was broken through after
731 days (the originally assumed duration of excavation was 395
days from the beginning of the work).

After 4 months of constructing the secondary lining, in June
2018, the concrete roadway was carried out in the tunnel (the work
on the roadway took 8 days and about 3600m? were placed).

As of 30" June 2019, finishing work proceeds both on the civil
engineering and the technological part of the tunnel:

e placing asphalt layers on pre-portal areas;

e finishing work on eastern portal of the tunnel;

 functional testing of electrical installations;

e connecting the switchboards and motorway information

system facilities;

e realisation of poured asphalt walkways, followed by road

signalling and installation of dry fire main;

¢ liquidation of construction site facilities, adjusting the surface

of the construction yard.



Obr. 5 Tunel Zilina — prepojka

Fig. 5 Zilina tunnel — cross passage

~

* funk¢né skusky elektroinstalécie;

* zapajanie rozvadzaCov a zariadeni do informac¢ného systému

dialnice;

e realizdcia chodnikov z liatych asfaltov, nasledne dopravné

znacenie a montaz suchovodu;

e likvidacia zariadenia staveniska, tprava plochy stavebného

dvoru.

Priamym zhotovitelom tunela je ZdruZenie spolo¢nosti Do-
prastav, a.s. Bratislava a Metrostav a.s.

Tunel Cebrat

Stcastou dialni¢ného tseku D1 Hubova — Ivachnova je dvojriro-
vy tunel Cebrat (1994 m).

V uplynulych mesiacoch boli diagnostikované rozsiahle pro-
blémy so stabilitou tizemia na zapadnom portali tunela Cebrat
a nadvizujicom useku dialnice, ktoré si vyZaduju rozsiahle zmeny
v technickom rieSeni. Z tohto dovodu su aj 30. 6. 2019 este sta-
le prace na tomto tuneli pozastavené, avSak intenzivne prebiehaju
préce spojené s inZinierskogeologickym prieskumom.

Zhotovitelom stavby je zdruZenie spolo¢nosti OHL ZS, as.,
a Vahostav — SK, a.s.

Tunel Visihové

Najdlhsi slovensky dialni¢ny tunel Visiiové s dizkou 7,5 km je
stcastou useku dialnice D1 Lietavskd Lucka — Visfiové — Dubna
Skala, ktory je vedeny juzne od krajského mesta Zilina. Zhotovi-
telom dialni¢ného tseku je zdruzenie firiem Salini Impregilo S.p.A
a Duha, a.s.

Obe riry tunela ViStiové boli prerazené v auguste 2018 po
40 mesiacoch razenia. Betondz sekundar-
neho ostenia bola k 6. marcu 2019 hotova
na viac ako 60 % diiky tunela, 6. marca
2019 bola schvélena a podpisana dohoda
o ukonceni prac medzi objednavatelom,
Narodnou dialni¢nou spolo¢nostou, a zho-
tovitelom, zdruZenim Salini Impregilo
— Diha. K 30. 6. 2019 st akékolvek prace
na tuneli ako aj na sivisiacom dialni¢nom
useku pozastavené a zo strany Narodnej
dialn¢nej spoloc¢nosti prebiehaji pripravy
na verejné obstardvanie prac suvisiacich
s pokracovanim a dokoncenim stavby.

Odhadovany termin mozného ukonce-
nia prac je najskor v roku 2023.

Tunel PreSov

Tunel Presov je dalsi dialni¢ny tunel vo
vystavbe na Slovensku a nachddza sa na
useku dialnice D1 PreSov zdpad — PreSov
juh. Trasa tunelovej Casti juhozapadného
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The direct contractor for the tunnel is the Consortium of
Doprastav, a.s. Bratislava and Metrostav a.s.

Cebrat tunnel

The Cebrat double-tube tunnel is part of the DI motorway
section Hubova — Ivachnova (1994m).

In recent months, extensive problems were diagnosed regarding
the stability of the area at the western portal of the Cebrat tunnel
and in the following motorway section, which require extensive
changes in the technical solution. For that reason the work on this
tunnel had still been suspended even on 30" June 2019, but intense
operations associated with engineering geological survey still
continue.

The consortium formed by OHL 78S, a.s., and Vahostav — SK, a.s.,
is the contractor.

Visnové tunnel

The longest motorway tunnel, the 7.5km long Visiiové tunnel,
is part of the Lietavska Lucka — Visniové — Dubna Skala section of
the D1 motorway. It runs south of the regional capital Zilina. The
contractor for the motorway section is the consortium formed by
Salini Impregilo S.p.A and Diha, a. s.

Both tubes of the Visnové tunnel were broken through in August
2018, after 40 months of tunnelling. Over 60% of concreting of the
secondary lining had been finished as of 6" March 2019.

The contract for termination of the work between the National
Motorway Society, the project owner, and the contactor, the
consortium formed by Salini Impregilo S.p.A and Duha, a.s., was
approved and signed on 6™ March 2019. As of 30" June 2019, all
work operations on the tunnel and the following motorway section
have been suspended and preparations for public procurement of
the contractor for the works associated with the continuation and
completion of the construction is in progress.

The estimated deadline for the possible completion of the works
is 2023 at the earliest.

PreSov tunnel

The PreSov tunnel is another 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 Presov
south-western bypass will be formed by two independent tunnel
tubes; the northern tunnel tube will be 2230.50m long and the
southern tunnel tube length will amount to 2244.00m.

Obr. 6 Tunel Zilina - vychodny portil
Fig. 6 Zilina tunnel - eastern portal
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obchvatu PreSova bude tvorend dvoma nezavislymi tunelovymi
rdrami, severna tunelova rdra bude diiky 2230,50 m a juZna tune-
lov4 rira bude dizky 2244,00 m.

Raziace prace na vychodnom portdli sa zacali dila 1. 8. 2018 se-
vernou tunelovou rirou a diia 23. 8. 2018 bolo zacaté razenie aj juz-
nej tunelovej rdry. Najprv sa prerazili kaloty severného tunela. Pre-
razka, ktora sa uskutocnila 13. 6. 2019, bola slavnostného charakteru
za G¢asti ministra dopravy Arpada Erseka a preSovskej primétorky
Andrey Turc¢anovej. V slavnosntych prihovoroch odzneli pochvaly
pre zucastnené realizacné firmy, pretozZe razi¢om sa podarilo skratit
dobu razenia o tri mesiace oproti planovanému harmonogramu.

JuzZna tunelova rura bola v drovni kaloty prerazend dina 18. 6.
2019. Razenie oboch rir prebiehalo proti sebe z oboch portélov,
rozpajanie prebieha mechanicky, ale aj s pouzitim trhacich prac
v prostredi tvorenom prestriedanymi vrstvami ilu a pieskovcov
rdznej hribky. Pritoky podzemnej vody boli iba lokalne, malej
vydatnosti. Vdaka vlastnostiam banského prostredia bolo razenie
v prevaznej Casti prevedené pomocou trhacich prac s dizkou zibe-
ru 1,7 m. Stupeni v obidvoch tuneloch bol dorazeny s tyzdennym
odstupom oproti kalotdm.

Spolu s postupom razenia oboch tunelov zo zapadného i vychod-
ného portdlu boli postupne realizované i medzitunelové prepojky.
Tychto je na celej trase celkom 8, prepojky ¢. 1 a 8 si priechodné,
prepojky &. 2—7 st prejazdné. Dizky prepojok st cca 28 m.

V sucasnej dobe su razic¢ské prace obmedzené na vybudovanie
tunelovych vyklenkov a zaroven dna tunela. Dno m4 tvar tunelovej
protiklenby a je robené v stibehu na viacerych pracoviskach.

Spolu s konciacim razenim oboch tunelov boli zacaté prace na
konstrukcii definitivneho ostenia s tym, Ze boli urobené zdklady
blokov hibenych &asti STR-vychod a JTR-juh a postupne sa reali-
zuju aj bloky dna v zévislosti na technologickych triedach, bud ako
monolitickd spodnd klenba, pripadne ako vystuZena protiklenba.
V stcasnosti je vybetonovanych cca 700 m dna. V priebehu augus-
ta potom zacne betonaz hornej klenby z vychodného portélu v JTR.

Celt stavbu juhozdpadného obchvatu PreSova realizuje ZdruZenie
D1 Presov (EUROVIA SK, a.s., EUROVIA CS, a.s., Doprastav, a.s.,
Metrostav a.s., Metrostav Slovakia a.s.), tunel PreSov realizuje
Metrostav a.s.

Ing. MIROSLAV ZACIK, Doprastav, a.s.
Ing. JIRT KOTOUC, Metrostay a.s.
Slovenskd tuneldrska asocidcia

TUNELY NA ZELEZNICNEJ SIETI

Tunely Diel a Milochov

Tunel Diel prechiddza masivom vrchu Diel, ktory tvori central-
nu Cast meandru Vahu v oblasti Nosickej priehrady. Tunel je na-
vrhnuty o dizke 1082 metrov. Razenie tunela prebiehalo v masive
popod kipele Nimnica. Zapadny portél je situovany na okraji obce
Nimnica, vychodny portél sa realizuje v uzemi lesa nad cestou dru-
hej triedy 11/507, ktora vedie z Pichova do Povazskej Bystrice po
pravom brehu priehrady. Tunel Diel ma prerazent unikovu $toliu,
ktora usti do priestoru vychodného portalu tunela.

Tunel Diel bol v tichosti prerazeny 16. 5. 2019 (obr. 7). Na-
sledne prebehli dobierky stupna a dna. Tym sa raziace prace na
tomto diele zavrSili. Pocas celého razenia sa nestala Ziadna kri-
tickd nehodova udalost. Tunel bol prevazne suchy. V dvoch use-
koch sa prejavil nadmerny nérast konvergencii, pri ktorych bolo
potrebné zosililovat primarne ostenie. Projektova priprava bola na
zaklade inZinierskogeologického prieskumu optimistickejsia v od-
hade pouZitia vystrojovacich tried, ktoré boli urcené na zaklade

Tunnelling operations at the eastern portal commenced on 1% June
2018 by driving the northern tunnel tube and, subsequently, the
tunnel excavation started from the southern tunnel tube on 23" June
2018. The top heading of the northern tunnel was broken through
first. The breakthrough, which took place on 13" June 2019, had
a celebratory character in the presence of Arpad Ersek, Minister of
Transport, and Andrea TurCanova, PreSov Mayor. Commendations
were expressed for the participating construction firms because the
miners managed to reduce the excavation period by three months
in comparison with the planned schedule.

The southern tunnel tube was driven through at the top heading
level on 18" June 2019. The excavation of both tubes proceeded
from both ends, opposite each other. Disintegration was carried out
mechanically, but also using the drill and blast technique in the
environment formed by alternating layers of clay and sandstone
with various thickness. Groundwater inflows occurred only
locally and with low yield. Owing to the properties of the mining
environment the excavation was mostly carried out using the drill
and blast technique with the excavation rounds 1.7m long. The
excavation of the bench was completed in both tunnels with a delay
of a week after the top heading.

Tunnel cross passages were step-by-step driven concurrently
with the progress of excavation of both tunnels from the western
and eastern portals. There are eight cross passages along the whole
route. Cross passages No. 1 and 8 are passable for persons, cross
passages No. 2—7 are passable for vehicles. The cross passages are
ca 28m long.

The tunnelling operations are currently restricted to building
tunnel niches, concurrently with constructing the tunnel bottom.
The bottom has the shape of tunnel invert. It is carried out in
parallel with several work places.

The work on the final ling structure started concurrently with
the ending excavation of both tunnels, with the foundations of
the expansion blocks in the cut-and-cover parts. The NTT-east
and STT-south were carried out first and blocks of the bottom
are carried out step-by-step either as a cast-in-situ substructure or
a reinforced concrete invert, depending on the excavation support
classes. Concreting of ca 700m of the bottom has currently been
finished. Concreting of the upper vault from the eastern portal will
start during August.

The whole construction of the south-western bypass of Presov
is carried out by the Consortium D1 Presov (EUROVIA SK, a.s.,
EUROVIA CS, a.s., Doprastav, a.s., Metrostav a.s., Metrostav
Slovakia, a.s.); the Presov tunnel is realised by Metrostav a.s.

Ing. MIROSLAV ZACIK, Doprastav, a.s.
Ing. JIRT KOTOUC, Metrostay a.s.
Slovak Tunnelling Association

TUNNELS ON RAILWAY NETWORK

Diel and Milochov tunnels

The Diel tunnel passes through the massif of Diel hill, which
forms the central part of the Vah 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; the
eastern portal is being constructed in the area above the secondary
road II/507 leading from Pichov to Povazskd Bystrica along the
right bank of the reservoir. The Diel tunnel has got an escape
gallery finished. It has its exit in the area of the eastern portal of

the tunnel.
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Obr. 7 Prerdzka tunela Diel
Fig. 7 Diel tunnel breakthrough

stupfia pouZitia vystrojovacich prvkov. Skutocnost bola zloZitej-
§ia. Porovnanie predpokladanych a redlnych dizok je znizornené
v tabulke.

vyrubové | tender (m) | skutocnost | rozdiel (m) | rozdiel (%)
triedy (m)
hibeny 14,700 14,700 0 0
tunel ZP
Vb 107,500 78,357 -29,143 -27
Va 27,500 39,522 12,022 +44
1\ 70,000 417,724 347,724 +497
1] 280,000 512,335 232,335 +83
I 565,000 0,000 -565,000 -100
hibeny 17,000 17,000 0 0
tunel VP
vyrazené 1050,000 1050,000
spolu
tunel 1 081,700 1081,700
celkom

Vo vnitri tunela prebiehaji postupne profilacné prace primarne-
ho ostenia, beténuju sa spodné klenby a zakladové pasy v zavislos-
ti na podloZi, realizuje sa hydroizoldcia, armovanie sekundarneho
ostenia a samotna betonaZz sekundarneho ostenia (obr. 8). K datu-
mu 10. 7. 2019 je vybudovanych 44 blokov sekundarneho ostenia,
t.j. 440 metrov tunela.

V tnikovej §tdlni sa robia pripravné prace pred betonazou dna.

Na vychodnom portéli boli dokon¢ené prace na zabezpeceni sta-
vebnej jamy. Pripravuju sa prace na kone¢nych povrchovych tpra-
véch, kedy steny budi obloZené z gabionovych matracov. Betonuje
sa zakladova doska pre hibent &ast tunela.

Tunel Milochov

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

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

Razenie z vychodného portalu pokracuje pracami v dvoch trov-
niach. Predsunuté su priace v kalote, kde sa geologickéd skladba
horninového prostredia stard o zmeny vystrojovacich tried, ked sa
pohybujeme medzi triedami III a IV. Na zaklade parametrov a po-
sudenia masivu podla RMR je predpoklad, Ze sa vyuZije aj najlep-
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Obr. 8 Tunel Diel - sekunddrne ostenie
Fig. 8 Diel tunnel — secondary lining

The Diel tunnel was broken through in silence on 16" May 2019
(see Fig. 7). The bench and bottom were drawn back subsequently. It
was the completion of the tunnel excavation operations. No critical
emergency event occurred during the whole tunnel excavation. The
tunnel was mostly dry. Excessive growth in convergences appeared
in two sections. It was necessary to reinforce the primary lining.
Based on the engineering geological survey, the design preparation
was more optimistic in the estimation of the application of
excavation support classes. The classes were determined on the
basis of the engineering geological survey. The reality was more
complicated. The comparison of the assumed and real lengths is
presented in the table below.

excavation | tender (m) | reality (m) | difference | difference
support (m) (%)
classes
cut-and-cover 14.700 14.700 0 0
tunnel WP
Vb 107.500 78.357 -29.143 -27
Va 27.500 39.522 12.022 +44
1\ 70.000 417.724 347.724 +497
1] 280.000 512.335 232.335 +83
Il 565.000 0.000 -565.000 -100
cut-and-cover 17.000 17.000 0 0
tunnel EP
excavated 1050.000 1050.000
together
tunnel total | 1 081.700 1081.700

Inside the tunnel, profiling of the primary lining, concreting

of inverts and strip footings continue step-by-step, depending on
the sub-grade, waterproofing is being installed, reinforcement
of secondary lining is being assembled and concreting of the
secondary lining itself is being carried out (see Fig. 8). As of 10"
July 2019, 44 blocks of secondary lining, i.e. 440 metres of the
tunnel, have been completed.

Preparation work operations are carried out before concreting
the bottom in the escape gallery.

At the eastern portal, the work on the stabilisation of the
construction pit has been finished. The work on final surface
finishes, where walls will be clad in gabion mats, is under
preparation. The base slab for the cut-and-cover part of the tunnel
is being concreted.
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Obr. 9 Tunel Milochov - ¢elba v kalote
Fig. 9 Milochov tunnel — top heading excavation face

§ia projektom navrhnutd trieda II. Ked sa nachddzame v prostredi
ilovcov, je ¢elba suchd, ale tektonicky porusend. Ked prejdeme do
pieskovcov, objavuje sa puklinova voda a ¢elba je zmacana (obr. 9).
Ulozenim vrstiev diskontinuit sa v strope Celby v kalote vytvéraji
geologické nadvylomy. K 10. 7. 2019 je vyrazenych 551,4 metrov
v kalote a 411,8 metra na cely profil.

V obci Horny Milochov je pripraveny portdl na razenie tnikovej
Stolne. Z portdlu sa bude razit len prvych 10 metrov. Hlavna Cast
$tolne bude razend z tunela dovrchne potom, ¢o v danom mieste
tunela bude prerazena tunelova rura.

Celt stavbu realizuje zdruZenie Nimnica zloZené zo spolo¢nosti
Doprastav — TSS Grade — SUBTERRA — EZ Praha. Tunel Diel
realizuje spolo¢nost TUBAU, a.s. a tunel Milochov spolo¢nost
Subterra a.s.. Generdlnym projektantom pre investora Zeleznice
Slovenskej republiky je spolo¢nost REMING CONSULT a.s.

Ing. JAN KUSNIR, REMING CONSULT a.s.

Milochov tunnel

The new Milochov tunnel is designed for overcoming the bottom
of Stavnd hill south of the municipal district of Horny Milochov 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.

The excavation from the western portal (115 metres in the top
heading and 105 metres of the full-face excavation) has been
finished.

The excavation from the eastern portal continues by the work at
two levels. Advance excavation face is in the top heading, where the
geological structure of the rock environment takes care of changes
in the excavation support classes, varying between classes III and
IV. There is an assumption based on the parameters and the RMR
rating that even the best class proposed by the design, class II, will
be used. When we are in the environment formed by claystone, the
excavation face is dry but tectonically disturbed. When we pass to
sandstone, fissure water appears and the excavation face is wet (see
Fig. 9). Geological overbreaks open in the roof of the top heading
owing to the deposition of the discontinuity layers. As of 10" July
2019, 551.4 metres of excavation have been finished in the top
heading as well as 411.8 metres of full-face excavation.

The portal for driving the escape gallery is prepared in the
municipality of Horny Milochov. Only the initial 10 metres will be
driven from the portal. The main part of the gallery will be driven
uphill from the tunnel after the excavation of the tunnel tube in the
particular location is finished.

The entire project is being realised by the Nimnica Consortium
formed by Doprastav — TSS Grade —- SUBTERRA — EZ Praha. The
diel tunnel is realised by TUBAU, a.s., and the Milochov tunnel by
Subterra a.s. The general designer for the Railways of the Slovak
Republic, the project owner, is REMING CONSULT a.s.

Ing. JAN KUSNIR. REMING CONSULT a.s.

2 HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY VE SVYCARSKU II

PICTURE POSTCARDS WITH TUNNELS IN SWITZERLAND Il

Switzerland is known not only for thrifty and hard working
population, watches, cheeses, chocolate and banking. It is also
a country promised to tunnels. It is given historically by the dramatic
morphology of the terrain surface, advanced level of transportation
and technical development. By the way, many picture postcards
showing tunnels in Switzerland have already been presented in
TUNEL journal issues No. 4/2014, 1/2016 and 1/2019. This
continuation of the series is a return to picture postcards showing the
Gotthard massif being overcome by railway and on road (5 pieces)
and further introduced are 2 picture postcards presenting tunnels
on the railway line to the Jungfrau pass. A picture postcard giving
an idea of the no more existing tourist attraction — the artificial ice
cavern (Eisgrotte) Grindelwald is attached as an interesting feature. It
is true that it was not a traditional underground space in a rock massif,
but it was located analogically under the surface and was developed
using a procedure similar to tunnelling. Anyway, even the behaviour
of the glacier mass is very similar to the behaviour of a rock massif,
differing only in the expected temporality. The frequently visited “Ice
Palace” is currently located similarly at the Jungfrau Pass.

Svycarsko je znimé nejen spofivosti a pracovitosti svych obyva-
tel, hodinkami, syry, cokoladou a bankovnictvim. Ale je také zemi
zaslibenou tunelim. Je to dano historicky dramatickou morfologii
uzemi, pokrocilou drovni dopravy a technickym rozvojem. Ostat-
né fada pohlednic predstavujicich tunely ve Svycarsku jiZ byla
tomto seridlu prezentovdna v Casopise Tunel ¢. 4/2014, 1/2016
a 1/2019.

Toto pokracovani seridlu je navratem k pohlednicim s tunely
prekonavajicimi Gotthardsky masiv Zeleznici i po silnici (5 kust)
a dale jsou predstaveny 2 pohlednice s tunely na Zeleznicni draze
do sedla Jungfrau. Jako zajimavost je pfipojena pohlednice pfibli-
Zujici (dnes jiZ neexistujici) umélou turistickou atrakci — ledovou
jeskyni (Eisgrotte) Grindelwald. Neslo sice o tradi¢ni podzemni
prostoru v horninovém masivu jako takovou, ale analogicky se
nachdzela pod povrchem a byla zfizovand postupem obdobnym
tunelovani. A ostatné i chovani hmoty ledovce je velmi podobné
horninovému masivu a lisi se pouze predpokladanou docasnosti.
Obdobné se v sedle Jungfrau v soucasnosti nachdzi hojné navsté-
vovany ,,.Ledovy palac*.




TuNel

TUNELY NA GOTTHARDSKE ZELEZNICI

Gotthardska Zeleznice (Gotthardbahn) spojujici Immensee
s Chiasso na hranici s Itdlii je dnes dlouhd 206 km. Ve své dobé
predstavovala tato draha zakladni ¢lanek severojizniho spojeni Ba-
sel — Luzern — Milano, resp. Ziirich — Milano. Vyznam trati sice
ponékud poklesl se zahdjenim provozu pies Gotthardsky silni¢ni
tunel v r. 1980, nicméné aZ do otevieni Gotthardského bazového
tunelu (2016) se jednalo o nejzatiZenéjsi severo-jizni spojeni pres
Alpy.

Stavba byla zahdjena 1872 a dokoncena jiz po 10 letech. Od sa-
mého zacatku byla Zeleznice koncipovana jako dvoukolejnd, do-
bové pro parni trakci, nicméné jiz od roku 1916 (resp. 1920) je
elektrifikovana.

Obr. 1 Gotthardskd drdha (Gotthardbahn). Tunel Dazio Grande. No. 1801.
E. Goetz, Phot., Luzern. 1905. [sbirka autori]

Na pohlednici je zdapadni portdl tunelu, od byvalé stanice Rodi. Pohlednice byla
adresovand c. k. postmistrovi v Hospoziné u Velvar v Cechdch.

Fig. 1 Gotthard railway line (Gotthardbahn). The Dazio Grande tunnel.
No. 1801. E. Goetz, Phot., Luzern. 1905. [authors’ collection]

The picture postcard presents the western portal of the tunnel viewed from the
former Rodi intermediate station. The picture postcard was addressed to the
Imperial and Royal postmaster in Horozin near Velvary in Bohemia.

Obr. 2 7804 Gotthardskd drdha (Gotthardbahn) u Wassen. Edition Photoglog,
Ziirich. Pfed 1916. [sbirka autorit]

Pohlednice ukazuje jizni portdl ,,smyckového tunelu* Wattinger s vyjezdem na
wattingersky most, prevddeéjici Zeleznici pres horskou reku Reuss (vpravo).

Fig. 2 7804 Gotthard railway line (Gotthardbahn) near Wassen. Edition
Photoglog, Ziirich. Before 1916. [authors’ collection]

The picture postcard shows the southern portal of the Wattinger railway loop
tunnel with the exit to the Wattinger Bridge transferring the track over a moun-
tain river (for the right).

Obr. 3 Gotthardsky tunel. Elektricky vlak Gotthardské drdhy. A 2135 Edition
Photoglob, Ziirich. 1928. [sbirka autorit]

Vlevo: Severni portdl vrcholového Zeleznicniho tunelu Gotthard v Goschenen.
Vpravo je zdeny obloukovy most pres reku Reuss s pocdtkem iizkorozchodné
(1000 mm) ozubnicové elektrifikované Schollenenské drdhy z r. 1917. Nad zd-
klenkem vstupniho portdlu tunelu/galerie je ndzev této Zeleznice — ,,Schollenen-
bahn*. Dvé pohlednice s podobnym motivem byly v tomto seridlu uvedeny jiz
v Tunelu ¢. 4/2014.

Fig. 3 Gotthard tunnel. Electric train of the Gotthard railway line. A 2135 Edi-
tion Photoglob, Ziirich. 1928. [authors’ collection]

For the left: the Northern portal of the Gotthard summit railway tun-
nel at Goschenen. For the right: the masonry arch bridge over the river
Reuss with the beginning of the narrow-gauge (1000mm) electrified Schol-
lenen rack railway from 1917. The name of this railway line — ,,Schollenen-
bahn* — is presented above the discharging arch of the tunnel/gallery. Two
picture postcards with similar motives have already been presented in TUNEL
No. 4/2014.

Na trati se nachazi 43 dvoukolejnych tunelt celkové délky
32,951 km a 24 tunelt jednokolejnych sumarni délky 20,88 km.
Z toho vyplyva, Ze 21 % délky trasy je vedeno tunely. K tunelim
1ze dale piipoditat 2 dvoukolejné (¥ dl. 56 m) a 4 jednokolejné ga-
lerie (X dl. 485 m). Z dvoukolejnych tunelt ma 7 charakteristiku
»smyCckovy*, tzn. pfekondvajici velké vyskové rozdily trati vrat-
nym zptisobem. Nejkratsi tunel ma 0,009 km, nejdelsi je vrcholo-
vy. V ném se také nachézi nejvyS$si bod Zeleznice (1151 m n. m.)
— viz déle.

Od roku 2014 je opakované navrhovédno a opét odkladano zara-
zeni této Zeleznice do seznamu ,,Svétového dédictvi UNESCO*.

PriloZené pohlednice prezentuji tunely Dazio Grande, Wattinger
a Gotthardsky vrcholovy.

e Dvoukolejny tunel Dazio Grande se nachdzi jizné€ od Airo-
lo v kantonu Tessin/Ticino, ma délku 354 m a byl otevieny
roku 1882 — obr. 1.

* Dvoukolejny ,,smyckovy* tunel Wattinger se nachdzi mezi
Goschenen a Wassen v kantonu Uri, ma délku 1084 m a byl
otevieny rovnéZ v roce 1882 — obr. 2.

* Pro legendarni Gotthardsky vrcholovy tunel mezi Goschenen
(sever, kanton Uri — obr. 3) a Airolo (jih, kanton Ticino) se
udéva délka 14 984 m. Jeho stavba trvala pres 9 let, provoz byl
zahdjen 1. 1. 1882. Realizace probihala ve velmi obtizné geo-
logii a ve svizelnych finan¢nich pomérech. V roce svého ote-
vieni (1882) byl nejdelsi na svété — prekonal jej aZ po V4 stoleti
tunel Simplon I (1906). Béhem vystavby zahynulo cca 200 lidi
(kdyz presné Cislo neni znamé), dalsi amrti zptisobila epide-
mie uplavice. Pfi potlacovani vzpoury délnika 28. 7. 1875 byly
zasahujici arméadou zabity 4 a zranéno 13 osob. [1]
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SILNICE PRES GOTTHARDSKY PRUSMYK

Historie silnice pfes Gotthardsky prismyk je velmi spletita. Ces-
tu pres hlavni evropské rozvodi mezi Rynem a Padem, pres stejno-
jmenny masiv prismykem Gotthardpass (2107 m n. m., nazvany
podle sv. Gottharda z Hildesheimu), znali jiZz Rimané, obvykle jej
vSak obchazeli. AZ cca od roku 1220 (stavba mostu Twéren), resp.
od roku 1230 (1. most pres feku Reuss, tzv. ., Dabluv®) se tato silni-
ce postupné stava jednim z nejdulezitéjsich spoji ve sméru sever-
-jih. Zasadnim tsekem trasy je zde spojnice Andermattu (kanton
Uri na severu) s Airolo (kanton Ticino/Tessin na jihu). V pozdnim
sttedovéku tudy vedla karavanni obchodni cesta, jejiZ mytné bylo
hlavnim prijmem Habsburk. Tricetileta valka znamenala hluboky
upadek tranzitniho obchodu. Od 17. stol. byla zfizena pravidel-
nd poStovni linka. V prvni tfetin€ 19. stol. doprava pres Gotthard
ustupovala trasam pres San Bernardino, Spliigen a Simplon, kdyz
az r. 1830 byla dokoncena Gotthardska silnice. Az 50 let poté —
1882 — je oteviena Zeleznice a zdej$i silni¢ni doprava prakticky
ztraci vyznam; 1921 projizdi posledni kocar taZzeny komimi, ale
jiz predtim (1901) prvni automobil. V roce 1930 bylo automobila
cca 3600.

Od roku 1953 se budovala dlazdéna ,,Nova Schollelenské silni-
ce” (Svycarska €. 2), dokoncend az 1983 — obr. 4, ta vSak musi byt
pravidelné na né€kolik zimnich mésict uzavirana. I presto, Ze svij
vyznam opét vzapéti ztraci s otevienim Gotthardského silni¢niho
tunelu (1980), byla v letech 2009-2013 kompletné a ndkladné re-
konstruovana. Standardem dopravy je dnes spousta cyklistd a vel-
mi mélo aut. To se ale méni pfi pravidelnych zacpach na hlavni
trase vedouci pres silni¢ni tunel.

Na ,,Nové Schollelenské silnici se v tseku Airolo — Gotthard-
sky prismyk nachdzi ¢tyfi kratsi tunely (vyjezd z jednoho z nich
v okénku obr. 4) a jedna dlouhd tunelovd galerie (Galleria di
Fieud). [2]
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Obr. 4 Sv. Gotthard 2108 m n. m. Okénkovd pohlednice. Edizioni Alfa S. A.
Locarno. 1970. [sbirka autorii]

Na pohlednici jsou cdsti ,,Nové Schollelenské silnice* pres Gotthardsky prii-
smyk (Gotthardpass), a to 13 let pred jejim dokoncenim. V okénku vpravo nahore
Je vyjezd z jednoho z tunelii nachdzejicich se na této trase.

Fig. 4 St. Gotthard 2108m a.s.l. Window postcard. Edizioni Alfa S. A.
Locarno. 1970. [authors’ collection]

The picture postcard shows parts of the “New Schéllelen road” over the Gott-
hard pass (Gotthardpass) 13 years before its completion. In the window in
the top right corner there is an exit from one of the tunnels existing on this
route.

Obr. 5 Svycarsko. Pozdrav 7 kraje sv. Gottharda (Uri — Tessin). S 16,3 km
nejdelsi silnicni tunel svéta. Otevieni tunelu 5. zdri 1980. Okénkovd pohled-
nice. Nr. 1975 Rud Suter AG, 8942 Oberrieden Ziirich. Okolo 1985. [sbirka
autorii]

V hornim okénku je podélny profil tunelem s vétracimi Sachtami — odleva
Bizberg, Hospental, Guspisbach a Motto di Dentro. Je zndzornéna hranice mezi
kantony Uri a Tessin/Ticino a schematicky je vykreslena poloha Gotthardského
prissmyku (2108 m n. m.). V okénkdch vievo a vpravo uprostred jsou pohledy na
Goschenen na severu a na Airolo na jihu. Vlevo dole jsou Schéllenenské serpen-
tiny a vpravo dole vyjezd z jizniho portdlu tunelu. V centrdlnim okénku se na-
chdzi jezero na tirovni priismyku se znaky kantonii a stdtnim znakem Svycarské
konfederace.

Fig. 5 Switzerland. Greetings from region of Saint Gotthard (Uri — Tessin).
With its 16.3km it is the world longest road tunnel. Opening to the traffic on
5™ September 1980. A window picture postcard. Nr. 1975 Rud Suter AG, 8942
Oberrieden Ziirich. Around 1985. [authors’ collection]

In the upper window there is a longitudinal section through the tunnel with ven-
tilation shafts — from the left side — Bdizberg, Hospental, Guspisbach and Motto
di Dentro. The border between the cantons of Uri and Tessin/Ticino is depicted
in it and the location of the Gotthard pass (2108m a.s.l.) is schematically drawn
in it. In the centres of the windows on the left and right sides, there are views
of the Goschenen Pass in the north and of Airolo municipality in the south. For
the left down, there are hairpins and, for the left down, there is the exit from
the southern portal of the tunnel. In the central window, there is a lake at the
level of the pass, with emblems of cantons and the state emblem of the Swiss
confederation.

GOTTHARDSKY SILNICNi TUNEL

O Gotthardském silni¢nim tunelu na dalnici A2 se v tomto se-
ridlu psalo jiz v Tunelu 4/2014. Prekonava stejnojmenny horsky
masiv mezi Goschenen v kantonu Uri (na severu) a Airolo v kan-
tonu Ticino/Tessin (na jihu) — obr. 5. Tunel je vedeny prakticky
paralelné s Gotthardskym vrcholovym Zelezni¢nim tunelem, kdyZ
i portdly obou liniovych podzemnich dél se nachézeji jen par sto-
vek metrl od sebe.

Stavba tunelu celkové délky 16,918 km (z toho raZenych
16,322 km) byla zahajena 5. 5. 1970, prorazka pripadla na 26. 3.
1976 a slavnostni otevieni bylo 5. 9. 1980. Ve své dobé byl nej-
delSim silni¢nim tunelem svéta a jesté po témér 40 letech figuruje
v tomto segmentu podzemnich staveb na tfetim misté. Stavebné
byla realizovanad pouze jedna trouba s obousmérnym provozem,
doplnéna pro zajisténi bezpecnosti soubéznym tnikovym tunelem
ve vychodni stopé. Tunel provozujici automobilni trakci je inten-
zivné vétrany prostrednictvim Ctyr Sachet (obr. 5).

Naklady na vystavbu Cinily 686 mil. CHF, béhem stavby pfislo
o zivot 17 pracovnikt; 24. 10. 2001, po srazce dvou kamiond, za-
hynulo pfi poZaru 11 osob. Dnes projede tunelem cca 6,5 mil. aut/
rok, z toho asi 1 mil. kamiént. Na rok 2020 je proto planovano




zahdjeni stavby 2. tunelové trouby. Odhad novych naklada Cini jiz
2,7 mld. CHEF, a to vcetné nasledné rekonstrukce dnes provozova-
ného tunelu. [3]

TUNELY NA JUNGFRAUBAHN

Jungfraubahn je velmi frekventovana tizkorozchodna (1000 mm)
ozubnicova drdaha v Bernskych Alpéch, jizné od Interlaken. Elekt-
rifikovand Zeleznice spojuje horsky prismyk Kleine Scheidegg se
sedlem Jungfraujoch. Jeji celkova délka ¢ini 11,827 km, provozo-
vand 9,336 km. PrevySeni trati je 1393 m, a to pfi max. sklonu
250 %o. Na trati jsou celkem Ctyfi stanice, z toho dvé v tratovém
tunelu vyldmaném v horach Eiger a Monch (Mnich). Z nich se mo-
hou cestujici pres prosklené stény potésit horskymi vyhledy a slou-
Zi také pro tnik horolezct ze severni stény Eigeru.

Témeér 80 % délky trati véetné vrcholové stanice se nacha-
zi ve dvou bezprostfedné nasledujicich tunelech celkové délky
7,207 km. K nim pfiléhaji dvé galerie délky 0,254 km. Vrcholova

34B4m / MAIIN
{ Hotel- Roestaurant Barghaus s

Jungfraujoch '

Obr. 6 Jungfraujoch 3 454 m. Stanice 5744. Verlag Beringer & Pampaluchi,
8027 Ziirich. Okolo 1960(?). [sbirka autorii]

Fig. 6 Jungfraujoch 3 454m. Station 5744. Verlag Beringer & Pampaluchi,
8027 Ziirich. Around 1960(?). [authors ¢ collection]

Obr. 7 Pohled na Konkordiaplatz a ledovec Aletsch — Observator a Eiger — Po-
ldrni psi — Horni stanice — Jungfraujoch 11 332 stop — Ledovy paldc. Okén-
kovd pohlednice. Colour Photo by Gyger, Adelboden. Okolo 1980(?). [sbirka
autorii]

Fig. 7 A view of the Konkordiaplatz and the Aletsch glacier — Observatory and
Eiger — Polar dogs — Upper station — Jungfraujoch 11 332 feet — Ice Palace.
Window picture postcard. Colour photo by Gyger, Adelboden. Around 1980(?).
[authors ¢ collection]
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Obr. 8 Grindelwald, ledovd jeskyné (Eisgrotte). 8752 Phot. Gabler, Interlaken.
1923. [sbirka autorii]

Celo ,,Horniho Grindelwaldského ledovce * se vstupem do umélé ledové jeskyné.
Za pozornost stoji i dobové odéni a vystrojeni ndvstévnici.

Fig. 8 Grindelwald, Ice Cavern (Eisgrotte). 8752 Phot. Gabler, Interlaken.
1923. [authors’ collection]

Face of the “Upper Grindelwald glacier with the entrance to the artificial ice
cavern. Worth attention is even the period cladding of dressed up visitors.

podzemni stanice (obr. 6 a 7) je se svymi 3454 m n. m. viibec nej-
vyssi v Evropé.

Vystavba drahy byla zahajena 27. 7. 1896 a jeji 1. ¢ast byla ote-
viena jiz v roce 1898. Navazujici ¢ast byla budovana ve svizelnych
podminkéch dlouhych 14 let. Prace byla obtiZzna zvlasté v zimé,
kterd stavbu fakticky odfizla od svéta. Tomu mj. odpovidaly i stan-
dardni zasoby pro vyzivu pracovniki — 12 t mouky, 1500 I vina
(1 I/d€lnika/den), 2 t brambor, 4 t masa, 800 kg Spaget, 400 kg
kévy, 50 tis. cigaret, 30 t uhli... Dne 26. 2. 1899 bylo pfi vybuchu
trhaviny usmrceno 6 razicl. Do vrcholové zastavky se jezdi od 1. 8.
1912. Naklady na celou vystavbu se dobové udavaji 15 mil. CHE.

Vedle nejvyssi Zeleznicni stanice Evropy se v sedle Jungfrau
(Panny) nachdzi i astronomickd observatoi a nejvyssi evropska
posta. Hojné navstévovany je také zdejsi ledovy palac, vylama-
ny ve 30. letech 20. stol. v ledovci Aletsch (pfi 22 km nejdel$im
v Evropé), s kazdorocné obnovovanou galerii postav a zvirat z ledu

(obr. 7). [4]

LEDOVA JESKYNE (EISGROTTE) GRINDELWALD

Grindelwald se nach4zi v centrdlnim Svycarsku, v kantonu Bern.
Ma 171 km? a naleZi tak k 25 nejrozlehlejSim obcim Helvetské kon-
federace. V jeho katastru se nalézaji i dva ledovce — tzv. ,,Horni*
a ,,Dolni*. Mistni jiz od r. 1870 vysekavali na jate do ¢ela ,,Horniho
ledovce* umélou ledovou jeskyni (Eisgrotte — obr. 8). Slo o cca
100 m dlouhy tunel/$tolu, nezaménitelné modré barvy. Turisty hoj-
né navstévovany objekt byval pristupny od cervna az do poloviny
fijna. Podle pocasi mohlo v 1ét€ usti jeskyné ustoupit az o 30 m.

Vstupné pro dospélé ¢inilo 9 CHF, z navstévy nebyli vyloudeni
ani psi. Jestlize jesté v r. 1973 byla u ,,Horniho ledovce* namétend
pfiblizna délka 6,6 km a plocha 9,6 km? (u ,,Dolniho* obdobné&
cca 8,3 km a 20,8 km?), tak od 90. let 20. stol. jsou oba ledovce
na ustupu, dnes jiz o nékolik stovek m. V disledku toho se velmi
zkomplikoval pfistup k Celu ,,Horniho ledovce®, a proto byla tradi-
ce kazdorocniho vylamovani ledové jeskyné (zatim) pferuSena. [5]

doc. Ing. VLADISLAV HORAK, CSc.
Ing. RICHARD SVOBODA, Ph.D.
Ing. MARTIN ZAVACKY
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Podékovdni: Cldnek byl vytvoien v rdmci rFeSeni projektu
¢ LOI1408 ,,AdMaS UP — Pokrocilé stavebni materidly, konstruk-
ce a technologie“ podporovaného Ministerstvem Skolstvi, mlddeZe
a télovychovy v rdmci iicelové podpory programu , Ndrodni pro-
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DOC. ING. RICHARD SISIUPI:\REK, CSC., OSMDESATILETY
DOC. ING. RICHARD SNUPAREK, CSC., OCTOGENARIAN

Dne 9. fijna 2019 se doc. Ing. Ri-
chard Sﬁupérek, CSc., doziva 80 let.
Jubilant vystudoval obor geologické
inZenyrstvi na Hornicko-geologické
fakulté¢ Vysoké Skoly batiské v Ost-
ravé v roce 1961. Po ukonceni vyso-
kosSkolskych studii ziskdval nejprve
praktické zkuSenosti v geologickém
pruzkumu uranovych dolt v Pfibra-
mi. Poté v roce 1964 nastoupil do Vé-
decko-vyzkumného uhelného tdstavu
v Ostravé-Radvanicich, kde zastaval
pozici vedouciho stfediska geomechaniky se zamérenim predevsim
do oblasti hornické geomechaniky, vyzkumu stability hornickych
a podzemnich dél i dobyvani loZisek. Postupné se profesné specia-
lizoval predevsim na oblast vyzkumu, vyvoje, testovani a aplikaci
svornikové vyztuze v dilnich dilech i podzemnich stavbach.

V roce 1994 piesel do nové zaloZzeného Ustavu geoniky AV CR
v.v.i. v Ostravé, kde pusobil v mnoha vedoucich funkcich. Nejprve
jako vedouci stfediska geomechaniky, od roku 1998 po dvé funkéni
obdobi jako feditel a nasledné vykonaval funkci zastupce fedite-
le. Respekt a uznani osobnosti doc. Stiuparka je dokumentovano
rovnéZ funkci mistopfedsedy dozoréi rady Ustavu geoniky AV CR
v.v.i., kterou vykondvé od roku 2012. Na rozvoji Ustavu geoniky
AV CR v.v.i a dosaZeni mnoha vyznamnych védecko-vyzkumnych
vysledkil tohoto dstavu se doc. Stiupérek velmi vyznamné podilel
a podili se dosud.

Odborné se po celou dobu svého plsobeni na ustavu intenzivné
vénoval rozvoji poznani v oblasti geomechaniky, geomechanické-
ho monitoringu, vyzkumu svornikové vyztuZe a dale zpeviiujicich
a tésnicich injektaZi horninového masivu. Podilel se velmi vy-
znamné na zpracovani komplexni metodiky dimenzovéni vyztuze
dilnich chodeb v OKR, véetné vypocetnich programi, zahrnuji-
cich v8echny pouzivané druhy vyztuzi. V soucasné dobé se, mimo
jiné, vénuje problematice dobyvaci metody ,,chodba-pilit*“ v pod-
minkéch velkych hloubek uhelnych dolii.

Do vySe zmiflovanych odbornych oblasti, ve kterych patii doc.
Stiuparek k nejvyznamnéjsim odbornikiim v rdmci CR a je i uzné-
vanym odbornikem v zahranici, je smérovéana i rozsahla publikacni
¢innost pana docenta. Stale udrZuje aktivni mezindrodni kontak-

On 9" October 2019, doc. Eng. Richard §ﬁupz’1rek, CSc., will live to
see eighty. The jubilarian graduated from the Technical University of
Mining in Ostrava, the Faculty of Mining and Geology, with a degree
in geological engineering, in 1961. After finishing the university
studies, he in the beginning gathered practical experience with the
Geological Survey of Uranium Mines in Pfibram. Subsequently, in
1964, he entered the Scientific and Research Institute in Ostrava-
Radvanice (the SRIU), where he worked in the position of the head
of the centre of geomechanics focusing himself first of all on the
field of mining geomechanics, research into stability of mine and
underground workings and research into mining of deposits. He
gradually professionally specialised himself first of all in the area
of research, development, testing and applications of rock bolt
excavation support to mine workings and underground construction.

In 1994, he changed his employer and entered the newly founded
Institute of Geonics AS CR, v. v .. in Ostrava, where he worked
in many managerial positions. First he was the chief of the centre
of geomechanics. From 1998, he worked for two terms in the
position of the director and, subsequently, he performed the function
of the deputy director. The respect and acknowledgement of doc.
Stiuparek personality is documented even by the function of Vice-
Chairman of the Supervision Board of the Institute of Geonics AS
CR, v.v.i., which he has been performing since 2012. Regarding the
development of the Institute of Geonics AS CR v.v.i. and reaching
many very important scientific-research results if the institute, doc.
Stiuparek participated in it and is still participating very significantly.

During the entire time of his work at the institute he dedicated
himself professionally to the development of knowledge in the field
of geomechanics, geomechanical monitoring and research into
rockbolt excavation support and strengthening and sealing grouting
into rock mass. He very significantly participated in developing a
comprehensive methodology for dimensioning of support of mine
galleries excavation in the Ostrava-Karvind mine district, including
computation programs, comprising all excavation support types
being used. Currently he dedicates himself, among others, to the
issue of the “Room and Pillar’” method under the conditions of great
depths of coal mines.

The extensive publication activities of docent Stiupérek are, among
others, focused on the above-mentioned professional fields, where
doc. Stiuparek is one of the most important professionals within
the Czech Republic and is also an expert recognised abroad. He
continues to maintain international contacts with many worldwide



ty s fadou svétoveé uznavanych odbornikd v Polsku, Rusku, Velké
Briténii, Némecku, Indii, Cing a v dalich hornicky vyspélych
statech.

Vyznamna je i dlouhodoba pedagogickd a védecko-vyzkumna
&innost na VSB-TU Ostrava, a to jak na Fakulté stavebni, tak i Hor-
nicko-geologické. V oboru geotechnika se na Fakulté stavebni rov-
néz habilitoval a stdle v tomto oboru pisobi jako garant a vyucujici
specializovanych studijnich pfedmétt, ¢len stitnich zkuSebnich
komisi a Skolitel doktorandil. V rameci Institutu Cistych technologii
t&7by a uziti energetickych surovin na VSB-TU Ostrava zastava
pozici zastupce feditele tohoto institutu.

Velmi vyznamna je zasluha doc. Stiuparka na propojovani vy-
sledki vyzkumu s praktickou ¢innosti a na UspéSném prosazo-
vani SirSi aplikace svornikové vyztuze a kotev nejen v prostredi
uhelnych doli, ale i na mnoha vyznamnych tunelovych stavbéch,
jako je prazské metro, tunel Hrebec, tunel Mrazovka, Klimkovice,
Jablunkov a dalsi.

Docent Stiupirek je ¢lenem mnoha profesnich a odbornych
organizaci — Ceské ndrodni skupiny ISRM, hornické spolecnosti
CVTS, CzTA pri ITA-AITES a dlouhodobé téz aktivnim ¢lenem
redak¢ni rady Casopisu Tunel. Vyrazny je jeho podil na piipravé
a fizeni vyznamnych tunelafskych i geomechanickych konferenci
v CR.

Jubilant se i v tomto pokrocilej$im véku stale vénuje sportovnim
aktivitdm, pfedevS§im tenisu, lyZovani, turistice i romantickym vy-
jizdkam na mote s prateli. Aktivni je i jeho kulturni a spolecensky
Zivot — velmi rad navstévuje divadelni pfedstaveni, koncerty, vysta-
vy i dalsi spolecenské akce.

Vitalita i aktivity pana docenta jsou obdivuhodné a mnohé z nas,
ktefi jej zndme, vedou mnohdy k pochybdm, zda jsme si opravdu
rok narozeni pana docenta dobfe zapamatovali. A ten recept na tak-
to stale aktivni Zivot bychom my vSichni jisté pfivitali.

Do dal3ich let prejeme doc. Stiuparkovi predevsim pevné zdravi,
pracovni uspéchy a mnoho radosti uprostied své rodiny i pratel.

doc. RNDr. EVA HRUBESOVA, Ph.D.

80 LET ING. JIRIHO PAVLIKA, CSC.
ING. JIRi PAVLIK, CSC., OCTOGONARIAN

V srpnu oslavi vyznamné Zivotni
jubileum jeden z nestor Ceské geo-
techniky a inZenyrské geologie, tune-
lar, kolega a skvély spolecnik, ktery
nezkazi Zadnou Svandu, Ing. Jifi Pav-
lik, CSc.

Narodil se 11. 8. 1939 v Brné. Po
ukonceni studia na Fakult¢ staveni
VUT Brno, oboru konstruktivné-do-
pravniho v roce 1963 zahdjil svou pro-
fesni drdhu v Zelezni¢nim stavitelstvi
Brno jako stavebni technik na rekon-
strukci ndkladového nadrazi v Havlickoveé Brodé€. Po skonceni pre-
zen¢ni vojenské sluzby nastoupil 1. 9. 1964 do nové vzniklého od-
déleni mechaniky hornin tehdejSiho Geologického prizkumu Brno,
jehoz pokraCovatelem je dnesni GEOtest, a.s.

Jura Pavlik se cely sviij profesni Zivot zabyva inZenyrskou geologii
a zejména geotechnikou v podzemnim stavitelstvi, dopravnich stav-
bach, vodohospodafskych stavbach, stavbach obCanské vybavenosti.

A to nejen v tuzemsku, ale i zahrani¢i — na Slovensku, Kubé

a Bosné a Hercegoving a v lofiském roce i v Mongolsku. Z nejvy-
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recognised professionals in Poland, Russia, Great Britain, Germany,
India, China and other states with developed mining industries.

The long-term teaching and scientific-research activity at the
Faculty of Civil Engineering and Faculty of Mining and Geology
of the VSB — Technical University of Ostrava is also significant.
He even habilitated himself at the Faculty of Civil Engineering in
the field of geotechnics as a guarantor and teacher of specialised
teaching subjects, a member of state examination boards and trainer
of doctoral students. He holds a position of the director of the Institute
of Clean Technologies for Mining and Utilization of Raw Materials
for Energy Use.

Doc. Stiupdrek’s credit for interconnecting research results with
practical work and for successful enforcement of wider application of
rock bolt excavation support and anchors not only to the environment
of coal mines but also to many important tunnel construction projects,
such as the Prague metro, the Hrebe¢, Mrazovka, Klimkovice,
jablunkov and other tunnels.

Docent Siiupdrek is a member of many professional organisations
— the Czech national group of the International Society for Rock
Mechanics, the Czech Association of Scientific and Technical
Societies and the ITA-AITES CzTA. He is in addition a long-term
member of the Editorial Board of TUNEL journal. His contribution
to the preparation and management of important tunnel construction
and geomechanical conferences in the CR is also important.

The jubilarian dedicates himself to sporting activities, first of all
tennis, skiing, tourism and romantic sea rides with friends even at
this advanced age. Even his cultural and social life is active — he very
much likes to attend theatre performances, concerts, exhibitions and
other social events.

Docent Stiupérek’s vitality and activities are admirable and lead
many of us who know him to doubt whether we have the year of his
birth well in memory. And all of us would certainly welcome the
recipe for so continually active life.

We wish doc. Stiuparek first of all good health, success at work and
much joy in the middle of his family and friends.

doc. RNDr. EVA HRUBESOVA, Ph.D.

Ing. Jifi Pavlik, one of the doyens of Czech geotechnical enginee-
ring and engineering geology, tunnneller, colleague and excellent
companion who has never spoiled any fun, will celebrate the
important anniversary.

He was born in Brno on 11" August 1939. After graduating from
the Faculty of Civil Engineering of the Technical University in Brno
with a degree from the Department of Civil Engineering and Traffic
Structures in 1963, he started his professional career in Zelezni¢ni
stavitelstvi Brno (railway construction company) in the position
of a construction technician on the reconstruction of the freight
station in Havlickdv Brod. On 1** September 1964, after finishing
the military service, he entered the newly established department of
rock mechanics of the then existing Geological Survey Brno, whose
current successor is GEOtest, a.s.

Jura Pavlik dealt with engineering geology and, first of all, geotech-
nical engineering in underground construction, traffic structures,
water-related structures and community amenity structures.

It was not only in Czechoslovakia (now the Czech Republic) but
also abroad — in Slovakia, Cuba, Bosnia and Herzegovina, last year
even in Mongolia. Of the most important construction projects Jura
Pavlik participated in, itis possible to name, for example, geotechnical
investigation for the cavern of the Dlouhé Stran€ pumped storage
power plant (where he spent, with some breaks, 23 years, from the
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znamnéjSich staveb, na jejichZ realizaci se Jura Pavlik podilel, 1ze
jmenovat napf. geotechnicky priizkum pro kavernu precerpavaci
vodni elektrarny Dlouhé strané (kde s prestavkami stravil 23 let od
faze prvnich etap prizkumt az po geotechnicky dozor pri realizaci
kaverny), inZenyrskogeologicky a geotechnicky prizkum pro stav-
geotechnickym dozorem stavby.

Z tunelovych staveb stoji urcit€ za zminku prizkumy a dozory re-
konstrukce tuneli na trati Brno — Cesk4 Trebovi (kde uplatnil vlastni
metodu pii¢ného sepnuti masivu v tunelu ¢. 1 s nizkym nadlozim),
dale u silni¢nich tuneli Klimkovice (na D1), na VMO v Brné tunely
Husovicky a Kralovopolsky i tunely tramvajové.

Jeho doménou jsou velkorozmérové polni zkousky a fesSeni sta-
bility skalnich stén i zemnich svahti, pro které vyvinul nékolik me-
tod a vypracoval fadu vypocetnich postuptl, ispéSné uplatiiovanych
v praxi. V roce 1981 vydal znamou kniZku vénovanou feSeni stabili-
ty skalnich svaht ,, Geotechnické zpiisoby urcovdni stability skalnich
stén “. Jeho postupy byly vyuZzity i pfi feSeni stability svaht hluboké-
ho jadmového lomu na médénou rudu ve mésté Erdenet v Mongolsku,
jenz ma byt prohlouben az na 500 m (Jura se v roce 2018 aktivné
podilel na realizaci zakazky, vCetné terénnich praci — inZenyrskoge-
ologického mapovani lomu).

Mimo uvedenou odbornou cinnost aktivné prispél ke zdarnému
prubéhu narodnich tunelarskych konferenci a zejména svétového
tunelarského kongresu WTC 2007 v Praze jako clen védecké rady.
Kromé toho je ¢lenem piipravného vyboru symposii Polni geotech-
nické metody konané v Usti nad Labem.

Geotechnika je zkratka naplni jeho Zivota. A to nejen profesniho,
je to jeho hobby. A tak i pri dosaZeni vyssiho véku se stile touto
¢innosti zabyva, i kdyZ v mirnéjSim rezimu, a nepfestava nas, mladsi
kolegy (jiné uz prakticky nemd) udivovat a inspirovat. Pfejeme Ti
mnoho zdaru a zdravi do dalSich let a zajimavé geotechnické ofisky
k rozlousknuti, Juro.

TOMAS EBERMANN, GEOtest, a.s.

ZIVOTNI JUBILEUM - 75 LET

stage of initial stages of investigation up to geotechnical supervision
during the work on the cavern), engineering geological survey
and geotechnical investigation for the construction of the largest
bridge on the D1 near Velké Mezifici associated with subsequent
geotechnical supervision over the construction.

Investigations and supervision over reconstruction of tunnels
on Brno — Ceské Trebové railway line (where he applied his own
method of transverse tying of the massif in tunnel No. 1 with the
shallow overburden), over the Klimkovice motorway tunnel on the
D1, over the Husovice and Kralovo Pole tunnels on the Large Ring
Road in Brno, as well as over tramway tunnels.

Hic domain comprised large-dimension field tests and solutions
to stability of rock walls and earth slopes, for which he developed
several methods and numerous calculation procedures successfully
used in practice. In 1981, he published a popular book dedicated
to solutions to the stability of rock walls ,, Geotechnical methods of
determination of stability of rock walls“. His procedures were even
applied to the solution to stability of slopes of the deep shaft quarry
for copper ore in the town of Erdenet in Mongolia, the depth of
which is to be increased up to 500m (Jura actively participated in the
realisation of the contract including ground shaping — engineering
geological mapping of the quarry).

In addition to the above-mentioned work, he actively contributed
to the successful course of national tunnelling conferences, first of
all the World Tunnel Congress WTC 2007 in Prague, in the position
of a member of the Scientific Council. In addition, he is a member of
the steering committee of symposiums “Field Geotechnical Testing”
held in Usti nad Labem.

Geotechnical engineering is simply the content of his life, not only
professional. It is his hobby. Despite achieving the higher age, he still
performs this activity, even though in a more moderate regime, and
does not stop to amaze us, younger colleagues (he has virtually no
other ones), and inspire us. We wish you, Jura, good luck and health
and interesting geotechnical nuts to crack in the coming years.

TOMAS EBERMANN, GEOtest, a.s.

Pan Ing. Ludvik Sajtar, jednatel a generalni feditel SATRA, spol. s r.0.

LIFE ANNIVERSARY - 75 YEARS OF AGE

Ing. Ludvik Sajtar, executive head and general director of SATRA, spol. s r.o.

V neustavajicim pracovnim nasa-
zeni slavi letos v Cervenci vyznamné
Zivotni jubileum nés kolega a $éf, pan
Ing. Ludvik Sajtar.

Narodil se 7. 7. 1944 v Pardubicich.
V letech 1963 aZ 1968 studoval na Fa-
kult& strojni CVUT v Praze. Studium
ukoncil stitni zavérecnou zkouskou
S Vyznamenanim.

Profesni kariéru zahdjil v roce 1968
nastupem do 6. ateliéru specidlnich
a podzemnich staveb Vojenského pro-
jektového ustavu v Praze jako projektant vodohospodarské a techno-
logické skupiny. Béhem nékolika dalSich let rozsifil svoji speciali-
zaci o obory nezbytné pro provoz specidlnich a podzemnich staveb,
zejména vzduchotechniku, chlazeni, zadsobovani elektrickou energii
a fizeni technologickych systémil. Rychle se vypracoval na zastupce
vedouciho skupiny technologie. Zaroven pracoval na mnoha projek-
tech v oblasti podzemnich staveb jako hlavni technolog. Odbornost
ziskand studiem na vysoké skole, doplnéna rozsifenim jeho znalosti
v oblasti provozni technologie mu umoZiiovala se podilet jiZ v prvnich

In July, Eng. Ludvik Sajtar, our colleague and chief, will celebrate
the important anniversary, filled with unceasing work commitment.

He was born on 7" July 1944 in Pardubice. From 1963 to 1968
he studied at the Faculty of Mechanical Engineering of the Czech
Technical University in Prague. He finished the studies by the State
Final Exam with distinction.

He started his professional career in 1968 by entering the 6%
atelier of special and underground structures of the Military Design
Institute (MDI) in Prague in the position of designer in the working
group for water, waste water and technology structures. During
several following years he expanded his specialisation in other fields
necessary for the operation of special and underground structures,
first of all ventilation, cooling, power supplies and management
of technology systems. Soon he was promoted to a deputy of the
head of the group for technology. At the same time he worked in the
position of the main technologist on numerous designs in the area
of underground construction. Expertise gained by studying at the
university, supplemented by widening his knowledge in the field of
operating technology, allowed him to participate in the development
of the overall concept and coordination of designs already in the first
phases of projects. He, in addition, worked on designs and creation
of standards in the area of permanent protecting structures for civil
defence and on the preparation and implementation of the concept of



fazich projektl na celkové koncepci a koordinaci projekti. Pracoval
i na projektech a tvorbé norem v oboru trvalych ochrannych staveb
civilni obrany, na pripravé a realizaci koncepce ochranného systému
prazského metra véetné projektll nékolika technologickych center.
V roce 1990 byl jmenovan vedoucim atelieru specidlnich a podzem-
nich staveb VPU Praha.

Od roku 1991 se svym kolegou a pritelem, stavebnim inZenyrem
6. atelieru Ing. Josefem Dvordkem, zaloZili spolecnost SATRA, spol.
s r.o. Dnes je jednatelem a generalnim feditelem spolecnosti, kterd
pusobi predevsim v oblasti podzemnich, dopravnich a specidlnich
staveb. Spolecnost je jednim z pfednich hract na trhu. Psobi na fadé
rozsahlych zakazek, své portfolio sluzeb prohlubuje i rozsifuje do
novych oblasti. Dnes se nezabyva pouze pfipravou staveb a konzul-
tacnimi sluZbami, je také provozovatelem tuneli a pokryva tak cely
Zivotni cyklus projektu.

Neoddélitelnou soucasti Ludvikovy profesni drdhy je jeho aktivni
pusobeni v mezinarodnich odbornych organizacich, at jiz se jedna
o PIARC nebo ITA. Tak, jako si neustéle rozsifuje penzum svych
znalosti, podporuje v takovém pristupu i své kolegy. Znacnou energii
vénuje inovacim, které jsou vyznamnou hybnou silou dnesniho svéta.

Kdybych mél jmenovat jedinou jeho vlastnost, kterd jej nejvice
charakterizuje, je to bezesporu jeho pracovitost. Své organizac-
ni schopnosti nestavi na pouhém piedavani prace ostatnim; i pres
znacné vytiZzeni se snazi byt pritomen ve vSech oblastech Cinnosti,
pomahat feSit problémy a také jim predchazet. V lidské roving si jej
pak nejen j4, ale i vSichni, kdo jej mame tu Stastnou moznost znat,
vazime pro jeho lidskost, se kterou pfistupuje ke svym kolegtim, za-
meéstnancim i spolupracovnikiim.

Mily Ludviku, dovol, abych Ti k letoSnimu jubileu poptél nejen za
sebe, ale i za vSechny naSe kolegy a spolupracovniky pevné zdravi,
rodinné $tésti a mnoho energie a tvircich sil ve sféfe pracovni i osob-
ni. No a pro nds, abys tu pozitivni tvlr¢i energii do nds vléval jesté
fadu dalSich let.

Ing. PAVEL SOUREK
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the protecting system of Prague metro, including designs for several
technology centres. In 1990 he was appointed the chief of the atelier
for special and underground structures of the MDI Prague.

In 1991, he together with his friend, civil engineer Josef Dvorak,
founded the company of SATRA, spol. s r.0. Today he is the executive
head and general director of the company, which operates mainly in
the field of underground construction, transport-related and special
construction. The company is one of the leading players in the market.
It works on numerous large projects, deepens its portfolio of services
and expands it into new areas. Today, construction programming and
consultancy services are the only activities it is not involved in. It is
in addition an operator of tunnels, therefore it covers the whole life
cycle of projects.

An inseparable part of Ludvik’ career is represented by his active
work in international professional organisations, whether it be the
PIARC or the ITA. As he constantly expands his knowledge, he also
supports his colleagues in such an approach. He dedicates significant
energy to innovations, which form an important moving force of
today’s world.

Should I be asked to name only one of his properties best
characterising him, I would undoubtedly name his diligence. He
does not build his organisational capabilities on mere handing the
work over to others; even despite being significantly loaded with
work, he tries to be present in all areas of the company activity, help
to solve problems and also prevent them. In the human plane, me
and all people who have had the happy opportunity to know him
value him for his humanity with which he approaches his colleagues,
employees and collaborators.

Dear Ludvik, allow me to wish you not only in my name but also
on behalf of all our colleagues and collaborators on the occasion
of this year’s celebration good health, family happiness and a lot
of energy and creative powers both in the working and personal
spheres. Well, we, your friends, wish that you keep pouring positive
creative energy to us for many years to come.

Ing. PAVEL SOUREK

ROZLOUCENI LAST FAREWELL

ROZLUCENIE S DOC. KOLOMANOM V. RATKOVSKYM
LAST GOODBYE TO DOC. KOLOMAN V. RATKOVSKY

Zaciatkom jula sa slovenskou aj me-
dzindrodnou tuneldrskou komunitou
rozsirila smutna sprava. Dna 30. jina
2019 nas vo veku 89 rokov opustil
doc. Ing. Koloman Vladimir Ratkov-
sky, CSc., dlhorocny vysokoskolsky
pedagdg a odbornik v oblasti vystavby
tunelov a podzemnych stavieb a zaroven
¢lovek, ktory sa velkou mierou podielal
na aktivitdch Ceskoslovenského tunelar-
skeho komitétu, a po roku 1993 aj Slo-
venskej tunelarskej asociacie.

Doc. Ratkovsky sa narodil 26. februa-
ra 1930 v Bratislave. Vystudoval odbor Konstrukcie a dopravné stavby
na Stavebnej fakulte Slovenskej vysokej Skoly technickej v Bratislave.
Po kratkom pdsobeni na tratovej diStancii ZSR nastiipil v roku 1956 na
katedru dopravnych stavieb, kde patrilo oddelenie Podzemnych stavieb
a neskor, po zaloZeni katedry geotechniky v roku 1965 na fu odisiel
uz ako odborny asistent. Titul kandidata technickych vied ziskal v roku

1971 a v roku 1979 habilitoval na docenta.

Vo vedecko-vyskumnej a odbornej ¢innosti sa zameriaval najmé na
oblast technoldgii vystavby tunelov, kde ziskal povest vynikajticeho od-

The sad news spread through the Czech and also international
tunnelling community at the beginning of July. Doc. Ing. Koloman
Ratkovsky, CSc., a longstanding university teacher and expert in the
field of tunnel and underground construction and, at the same time, a
man who significantly participated in the activities of the Czechoslovak
Tunnelling Committee and, after 1993, of the Slovak Tunnelling
Association, abandoned us on 30" June 2019 at the age of 89.

Doc. Ratkovsky was born on 26™ February 1930 in Bratislava.
He graduated from the Faculty of Civil Engineering of the Slovak
Technical University (STU) in Bratislava with a degree from the
Department of Civil Engineering and Traffic Structures. After short
employment (1954-1956) in Tratova Distance (an operating unit of
Slovak Railways), he returned back (in 1956) to the Department of
Traffic Structures to its Underground Construction section, and later,
after establishment of the Department of Geotechnical Engineering in
1965, he passed to it in the position of a technical assistant. He attained
the Candidate of Sciences degree in 1971 and habilitated as associate
professor in 1979.

In the scientific-research and professional activities he focused
himself mainly on the tunnel construction technology, where he
gradually gained the reputation of an excellent expert well-known not
only at home but also abroad. During his teaching practice he educated
numerous students, led several successful domestic and foreign diploma
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bornika znameho nielen doma, ale i v zahranici. Pocas svojej pedagogic-
kej praxe vychoval velké mnozZstvo Studentov, viedol viacero tspesnych
domacich aj zahrani¢nych diplomantov a vedeckych aspirantov. Mnohi
z nich dnes aktivne posobia pri vystavbe tunelov na Slovensku i za jeho
hranicami. Je autorom a spoluautorom mnohych vysokoskolskych uceb-
nic a skript. Velakrat prednasal na domacich i medzinarodnych odbor-
nych konferencidch. Za dlhoro¢nii pedagogicki ¢innost bol v roku 1990
vyznamenany zlatou medailou Stavebnej fakulty Slovenskej vysokej
Skoly technickej a v roku 2005 zlatou medailou fakulty BERG Technic-
kej univerzity KoSice.

Okrem pdsobenia vo vysokoskolskom prostredi sa doc. Ratkovsky
aktivne zdcastnoval na priprave mnohych podzemnych stavieb, ktoré sa
pripravovali a budovali na Slovensku, ¢i uz ako riesitel tloh, ich posud-
zovatel, alebo nezavisly expert. Zname je najma jeho posobenie pri pri-
prave bratislavskej rychlodrahy a tiez pri vystavbe komunalnych stitova-
nych $tdlni. Po odchode do dochodku nadalej, az do roku 2008, pdsobil
ako poradca pre Slovensku spravu ciest, neskor pre Narodnu dialni¢nui
spolo¢nost a podielal sa takto na priprave a vystavbe prvych dialni¢nych
tunelov na Slovensku.

Jeho dlhoro¢né priatelské vztahy s poprednymi odbornikmi z oblasti
tunelového stavitelstva z celého sveta vyznamne pomahali medzinarod-
nému postaveniu Slovenskej tuneldrskej asocidcie, v ktorej pdsobil ako
¢len vyboru ihned po jej vzniku v roku 1993. Ako dlhoro¢ny funkcionar
bol v roku 2004 vyznamenany medailou prezidenta ITA/AITES a v tom
istom roku mu bol udeleny titul éestného Clena Slovenskej tunelarskej
asocidcie.

Na zéaver by som chcel pridat aj osobnt spomienku. Doc. Ratkov-
sky bol mojim vedicim diplomovej price, venovanej vystavbe tunelov
v mestskych podmienkach. Bol pre miia klticovym ¢lovekom, ktory ma
nasmeroval do odboru, v ktorom pésobim dodnes a tieZ vynikajicim
pedagégom, ktory mi otvaral §irSi obraz tunelarstva, nez bolo v pod-
mienkach Ceskoslovenska osemdesiatych rokov obvyklé. KniZnica
v jeho kancelarii plna cudzojazycnej literatiiry mi bola plne k dispozicii
a umoznila mi pristup k mnohému z toho, ¢o sa vo svete podzemnych
stavieb dialo.

Vlado, budeme na Teba vSetci spominat nielen ako na vynikajtice-
ho pedagdga a odbornika, ale aj ako na laskavého ¢loveka a vzacneho
priatela.

Ing. MILOSLAV FRANKOVSKY

degree students and scientific aspirants. Many of them are today active
in the development of tunnels in Slovakia and abroad. He is the author
and co-author of numerous university textbooks and standard texts.
He delivered lectures at many domestic and international technical
conferences. He was awarded the golden medal of the Faculty of Civil
Engineering of the Slovak Technical University for long-term activity
(1990) and the golden medal of the Technical University, Faculty
BERG - Kosice for long-term teaching activity (2005).

In addition to the work in the university environment, Doc. Ratkovsky
actively participated in the preparation of numerous underground
construction projects being prepared or carried out in Slovakia, either
as a solver of tasks, their assessor or independent expert. Well known
is, first of all, his activity during the preparation of the Bratislava high-
speed railway and during the development of utility galleries carried
out using tunnelling shields. After retirement, he continued to work as a
professional advisor and consultant for the Slovak Road Administration
in Bratislava and later for the newly established National Motorway
Society (NMS), thus participating in the preparation and construction
of first motorway tunnels in Slovakia.

His long-term friendly relationships with numerous leading
experts from the sphere of tunnel construction around the whole
world significantly helped to the international position of the Slovak
Tunnelling Association, where he acted as a member of the committee
just after its establishment in 1993. As a long-term functionary, he was
awarded the medal of ITA/AITES president in 2004 and, in the same
year, he was awarded the title of an honourable member of the Slovak
Tunnelling Association.

To conclude, I would like to add even a personal memory. Doc.
Ratkovsky supervised my diploma thesis dedicated to construction of
tunnels in urban conditions. He was a key person for me who directed
me toward the field in which I work till now, and an outstanding teacher
who opened a broader picture of the tunnel construction industry for me
than it was usual in the conditions of Czechoslovakia in the 1980s. The
bookcase in his office full of foreign literature was fully available to me
and allowed for my access to lots of things regarding the developments
in the world of underground construction.

Vlado, we will all remember you not only as an outstanding teacher
and professional, but also as a kind man and a precious friend.

Ing. MILOSLAV FRANKOVSKY

ZPRAVODAJSTVIi CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELIG ASSOCIATION ITA-AITES REPORTS
www.ita-aites.cz

VALNE SHROMAZDENI CZTA ITA-AITES
GENERAL ASSEMBLY OF ITA-AITES CZTA

The general assembly of the Czech Tunnelling Association of
the ITA-AITES took place on Wednesday the 19" June 2019. The
CzTA medal was handed over to Ing. Martin Srb, Ph.D., during
the session for introducing innovative foreign procedures into
the Czech underground construction industry. Ing. Ivan Hrdina,
chairman of the CZTA informed the attendees about the activities
of the association in the past year. The Economic Report of the
association with a proposal for association’s budget for 2019 was
in addition presented. The attendees were acquainted with the plan
of activities of the association for 2019, where common activities
will continue — publishing of TUNEL journal, organising the Tunnel
Afternoons and a technical excursion. The 14" triennial conference
Underground Construction Prague 2019 was also assessed. The
conference report is presented in detail in the column “News from
tunnelling conferences” in this TUNEL journal issue. A change in

the association headquarters was subsequently approved — now the
headquarters address is KoZeluzska 2450/4 in Prague 8 — Libeii.
The assembly attendees were acquainted with results of the student
competition for the best diploma thesis from the field of underground
construction for 2018. Three students were recognised — first place
went to Ing. Katarina Sobolova from the VSB TU Ostrava with
the diploma thesis theme “The cut-and-cover part of the Milochov
tunnel”; second place was taken by Ing. Jifi Bastl from the Technical
University in Brno with the diploma thesis on “Design for excavation
and primary lining of the Drevnovice tunnel on the high-speed
railway link between Brno and Prerov”; third place was taken by Ing.
Tomas Némecek from VSB TU Ostrava with the diploma thesis on
“Verification of results of sealing grouting — Forbifart Stockholm”.
In the part of the assembly focused on technical themes, Ing. Filip
Kalina delivered a lecture on the BIM — theory and practice.
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Obr. 1 Preddvdni medaile CzTA Ing. Martinu Srbovi, Ph.D.
Fig. 1 Handing the CzTA medal to Ing. Martin Srtb, Ph.D.

Valné shroméazdéni Ceské tunelai'ské asociace ITA-AITES se
konalo ve stfedu 19. ¢ervna 2019 v hotelu OlSanka v Praze 3. Jed-
ndni zah4jil a fidil pfedseda CzTA Ing. Ivan Hrdina.

Na zacéatku programu jednani byla pfeddna medaile CzTA Ing.
Martinu Srbovi, Ph.D. za zavadéni inovativnich zahrani¢nich po-
stuptt do ¢eského podzemniho stavitelstvi. Medaile byla udélena
jako tficata prvni v poradi (obr. 1). Ing. Ivan Hrdina také pobla-
hoptal prof. Ing. Jifimu Bartdkovi, DrSc. k jeho Zivotnimu jubileu
(obr. 2).

Predseda CzTA Ing. Ivan Hrdina informoval pfitomné o ¢innos-
ti asociace v minulém roce, kdy pokracovalo vydavani ¢asopisu
Tunel, pofadani Tuneldrskych odpoledni (do zacatku roku 2019
jich asociace usporadala jiz 33). Pokracovala priprava konference
Podzemni stavby Praha 2019, jejiz 14. ro¢nik se uskute¢nil dva
tydny pfed kondnim valného shromazdéni. Pravidelny odborny
zéjezd se tentokrat odehrdl ve Svédsku, kde tcastnici navstivili
stavbu silni¢niho okruhu hlavniho mésta Stockholm.

Dals$im bodem jednéni byla zprdva o hospodareni asociace, kte-
rou prednesla Ing. Markéta Pruskova. V roce 2018 se stale jeste
podarilo dosédhnout pfiznivého vysledku, asociace opét hospoda-
fila se ziskem. Dale byli pfitomni sezndmeni s ndvrhem rozpoctu
asociace na rok 2019, kdy je planovéna ztrata ve vysi 399 tisic K¢,
protoZe v tomto roce jsou zvySené naklady na Casopis Tunel kvii-
li jeho distribuci na konferenci PS 2019 a zaroven by mélo dojit
k dokonceni uZivatelské pfiru¢ky o konvenc¢nim tunelovéini pod
vedenim Ing. Jifiho Moslera. Tato ztrata bude Cerpana z rezervy
vytvorené diky minulym konferencim.

Doc. Eva HrubeSové informovala o ¢innosti pracovnich skupin,
mezi aktivni se fadi pracovni skupiny pro konvencni tunelova-
ni, mechanické tunelovani, odbornou vychovu a pro legislativni
pomoc.

Ing. Markéta PruSkovd déle obezndmila pritomné s planem Cin-
nosti asociace na rok 2019, kdy se bude pokracovat v béznych
aktivitich — vydavani Casopisu Tunel, porddani Tunelafskych od-
poledni i odborného zdjezdu. Také pripomnéla spolecnosti, kte-
rym jsou vénovana ndasledujici ¢isla asopisu Tunel aZ po Cislo
1/2020.

Prof. Hilar zhodnotil pravé probéhly 14. rocnik konference Pod-
zemni stavby Praha 2019, zprava o této konferenci je podrobné
uvedena v rubrice Zpravy z tuneldrskych konferenci v tomto cisle
Casopisu Tunel.

Ing. Markéta Pruskova dale vysvétlila divody pro zménu sid-
la asociace, nove sidli na adrese KoZeluzska 2450/4 v Praze 8 —

Jfoto Libor Ma¥ik photo Libor Marik
Obr. 2 Ing. Hrdina popridl prof. Ing. Jirimu Bartdkovi, DrSc.
Fig. 2 Ing. Hrdina congratulated prof. Jiri Bartdk

Libni. Z divodu uvedeni sidla ve stanovach bylo nutné hlasovat
i 0 zméné stanov, vSichni pritomni toto jednomyslné schvalili.

Poté jiz doc. Eva HrubeSova sezndmila Gcastniky s vysledkem
studentské soutéZe o nejlepsi diplomovou praci z oblasti podzem-
nich staveb za rok 2018. Na prvnim misté se umistila Ing. Katarina
Sobolova z VSB TU Ostrava s diplomovou praci na téma Hlou-
bend cdst tunelu Milochov, jako druhy se umistil Ing. Jifi Bastl
z VUT v Brné s diplomovou praci Ndvrh razby a primdrniho
osténi Drevnovického tunelu na stavbé vysokorychlostniho Zelez-
nicniho spojeni Brno — Prerov a tieti misto obsadil Ing. Tomas
Némecek z VSB TU Ostrava, tématem jeho diplomové price bylo
Ovéreni ucinku tésnici injektdZe — Forbifart Stockholm. Cenu si
pfisla vyzvednout pouze prvni ocenénd, Ing. Ivan Hrdina ji pobla-
hoptdl a pfedal odménu (obr. 3).

Ing. Markéta Pruskova oznamila mista a terminy konani dalSich
svétovych tunelarskych kongresti. WTC 2020 se uskutec¢ni v Ma-
lajsii v Kuala Lumpur 15.-21. kvétna, WTC 2021 se bude konat
v danské Kodani 14.-21. kvétna a pro rok 2022 ziskal pofadani
svetového tunelarského kongresu mexicky Cancun.

V casti zaseddni zamérené na odbornou tematiku vystoupil Ing.
Filip Kalina s pfedniskou na téma BIM — teorie a praxe.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, generdlni sekretdr CzTA
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Obr. 3 Ing. Hrdina poblahopridl ocenéné studentce Ing. Katariné Sobolové
Fig. 3 Ing. Hrdina congratulated the appreciated student, Ing. Katarina
Sobolovd



-

ni sluzby.

SATRA, spol.sr. o.
Sokolska 32, 120 00 Praha 2 — Nové Mé&sto, Ceska republika
Telefon +420 296 337 111 | Fax +420 296 337 100 | E-mail satra@satra.cz | www.satra.cz



GEOFQOS

Dcefina spolecnost SG Geotechniky a.s.,
GEOFOS s. I. 0., je predni slovenska
geologicka a geotechnicka firma

s dlouholetymi zkuSenostmi v inzenyrské
geologii, geotechnice, terénnich mérenich,
ekologii a geodézii. Svym klientiim poskytuje
komplexni sluzby v oblasti prizkumu,
monitoringu, dozort a konzultaci v riznych
fazich planovani a vystavby silnic a dalnic,
vodohospodafskych staveb, tuneld a mostu,
Zeleznic a v oblasti Zivotniho prostredi.

www.geofos.cz






