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Vazené Ctenarky a Ctenari,
dostava se vam do ruky vydani ¢. 2/2020 casopisu Tunel. V case, kdy jim listujete, plati ve spolec¢nosti jind omezeni nez

ta, za jakych toto vydani casopisu vznikalo. A véite, nikdo z nds v Case tvorby tohoto ¢isla netusi, jaka to jsou ona aktudlni
omezeni platna pro prelom kvétna a Cervna. Pfichod pandemie nds donutil k nejedné zméné, a to v pracovnim i v osobnim
zivoté. Ne, nehodldm se poustét do analyzy pfi¢in a feSeni kazdodennich problémd, se kterymi se stavebni primysl musi
vyporéadat. Dovolte mi jen obecnou tivahu o kondici ¢eského a slovenského stavebnictvi, ve které se nachazi diky otevie-
nému pristupu k informacim, sdileni védeckého potencialu, know-how, novych technologii, lidskych zdrojit a obchodnich
prilezitosti. Celosvétové uzavreni hranic mezi staty ze dne na den poskytlo jasny dikaz o tom, jak globdlni a jak Gspésné je
Ceské a slovenské stavebnictvi. Jak z hlediska lidskych zdroju, kdy se ukdzala naprosta provazanost pracovniho trhu stfedni
a vychodni Evropy ve fazi projekéni i realiza¢ni, tak vlastni vyroby z hlediska dostupnosti technologii a materidlt nejen
v evropském, ale i svétovém méfitku. Globalni moZnosti nAm umoznily vyznamny progres, jejich odepfeni nds muze zastavit. Pfejme si, aby k pl-
nému otevieni hranic zejména pro business doslo co nejdfive. S dodrZenim opravdu nezbytnych preventivnich opatfeni. Jsme mistry improvizace,
jsme schopni technologického vyvoje i s minimem zdroju, omezeni pristupu k nim a k pfilezZitostem nas ale dusi a brzdi. Vlastné doufam, Ze bude
toto pfani v dobé vydani Casopisu uz irelevantni.

Vydani ¢asopisu Tunel ¢. 2/2020 je vénovéano spolecnosti INSET s.r.o., kterd se ve svych pfispévcich vénuje technologiim vyuzivanym pfi geo-
technickych prizkumech, monitoringu a diagnostice. Mezi dalsimi ¢lanky se miZete docist o poslednim vyvoji na projektu v bavorském Garmisch-
-Partenkirchenu, dile se miZete seznamit s prehlednou rekapitulaci provozovanych i planovanych tuneld na Slovensku, nebo s analyzou d¢inku
razové vlny na osténi tunelu. Za pozornost stoji také rubriky, zpravy z konferenci, aktuality a samoziejmé dalsi dil seridlu z historie podzemnich
staveb.

»Soucasna krize je vyzva®, zni ze vSech stran. Ambiciézni tvrzeni. Radéji ziistanu realistou, a pfijméte proto, prosim, jen ,,vyzvu“ k zamysleni.
Svét spéje k jeste hlubsi digitalizaci, k internetu véci. V pripravé a realizaci staveb, pruzkumu, diagnostice a monitoringu jsme na prahu masivni
automatizace. Kontinudlni, dilkovy, automatizovany sbér a sdileni dat, jejich automatizované hodnoceni. Strojové modelovéani variantnich reSent,
duaisledna navaznost na BIM, datové analyzy pfi fizeni vystavby, fizeni rizik geotechnickych i finan¢nich. To miZe byt ona digitalni cesta. Je nutné
podilet se na vyvoji, necekat jen na produkty. To vyZaduje vysokou odbornost, tizké provazani na IT. CoZ je pochopitelné podminéno investicemi.
Je ale mozné ziskat vysokou kvalitu a velkou pfidanou hodnotu za vyrazné nizkou nabizenou cenu? Je cesta nejnizsi ceny jako jediného kritéria
obhajitelna? Neni toto jedna z nejsilnéjsich klapek, kterd nas dusi a brzdi?

Pfeji vam vSem inspirativni ¢teni, krasné 1éto a mnoho osobnich i pracovnich dspéchu.

Ing. VACLAV VESELY, Ph.D.
¢len redakéni rady

Dear readers,

You have in your hand issue No. 2/2020 of TUNEL journal. Other restrictions apply in the society at the time you browse it than those under which
this issue of the magazine originated. And believe me that none of us have any idea at the time of preparing this TUNEL issue what of the current
restrictions will be applicable for the turn of May and June. The onset of the pandemic has forced us to make many changes both in the working
and private life. No, I do not intend to embark on an analysis of causes of and solutions to everyday problems that the construction industry has to
deal with. Allow me just a general reflection on the condition of the Czech and Slovak construction industries we are in thanks to the open access
to information, the sharing of scientific potential, know-how, new technologies, human resources and business opportunities. The global closure
of borders between states on a day-to-day basis has provided clear evidence of how global and how successful the Czech and Slovak construction
industries are. Both in terms of human resources, which showed the complete interconnectedness of the labour market of Central and Eastern
Europe in the design and implementation phase, and our own production in terms of availability of technologies and materials not only in Europe
but also worldwide. Global opportunities have allowed for our significant progress, and denying them can stop us. Let us hope that the full opening
of the borders, especially for business, will take place as soon as possible, with compliance with the really necessary preventative measures. We
are masters of improvisation, we are capable of technological development even with a minimum of resources, but limiting the access to them and
opportunities suffocates and hinders us. In fact, I hope that this wish is now, at the time of the magazine publication, no longer relevant.

TUNEL journal issue No. 2/2020 is dedicated to the company of INSET s.r.o., which in its contributions deals with technologies used in
geotechnical investigation, monitoring and diagnostics. Among the other papers, you can read about recent developments on a project in Bavarian
Garmisch-Partenkirchen, further you can acquaint yourselves with a clear recapitulation of operating and planned tunnels in Slovakia or with an
analysis of the impact of a shock wave on a tunnel lining. Also worth noting are columns, news from conferences, current news and, of course,
another part of the series on history of underground structures.

,.It sounds from all sides: the current crisis is a challenge. It is an ambitious claim. I prefer to stay realistic and therefore, please, accept at least the
,.challenge* to think. The world is heading towards an even deeper digitisation, towards the Internet of things. In the preparation and implementation
of projects, survey/investigation, diagnostics and monitoring are at the threshold of massive automation. We use continual automated remote data
collection and data sharing, automated data assessing, mechanical modelling of variant solutions, consistent connection to the BIM, data analyses
in construction management, control of geotechnical and financial risks. It is possible that this can be that digital path. It is necessary to participate
in the development, not only wait for products. It requires high level of expertise and close connection to IT. Naturally, this is conditioned by
investment. But is it possible to obtain high quality and great added value at significantly low cost being offered? Is the path of the lowest price as
the only criterion defendable? Isn‘t this path one of the strongest flaps that suffocate and slow us down?

I wish you all inspiring reading, a beautiful summer and a lot of personal and professional success.

Ing. VACLAV VESELY, Ph.D.,
Member of Editorial Board

0 By
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VAZENI CTENARI,

Zijeme ve zvlaStni dobé. Zazitd schémata prestavaji
platit a nemtiZeme se jimi fidit, nové procesy nejsou za-
Zité, vytvareji se Casto chaoticky, bez jasného cile a bez
vudci vize. Doba je jaksi neuchopitelna, beztvara a po-
divna. TéZko se v novém prostoru, ktery ndm vytvofil
COVID-19, orientujeme, zazivame strach o své blizké,
o spolupracovniky, o firmy, o stat. Nafizeni a opatieni
se neustdle méni, ¢asto nechapeme logiku. Chybi ndm
socidlni kontakt s prateli, jsme pod stale vétSim tlakem,
nevime, jak v8e dopadne a s obavou hledime do budoucnosti. Ale
celé déni m4 i druhou stranu mince. KdyZ po nafizeni povinného
noSeni rousek, které prosté¢ nikde nebyly, vyrazil rdano cely na-
rod ve vlastnoru¢né usitych rouskach, bylo to jako blesk z Cisté-
ho nebe. Pro mne to vzepéti solidarity a umu znamenalo hodné.
Dokazali jsme svoji Zivotaschopnost. Jsme vystraSeni, ale uvédo-
mujeme si svoji zodpovédnost k druhym, pomdhame si, hleddme
nové technicka reseni a Casto na kolené¢ vyrabime to, co se neda
koupit.

Budujeme, stavime a investofi ndm vychazeji vstiic a fandi nam,
abychom v téchto velmi slozitych podminkach stavéli a vymys-
leli, jak udrZet vyrobu. Jsme pod tlakem a najednou mame velky
tah na branku. Véfim, Ze Cesky narod ma v sobé tu zvlastni Zivo-
taschopnost, kterd ndm pomaha neztratit se v historii. Jist¢ bude
mnoho komplikaci, bolesti, ztracenych Zivoti, ale véfim, Ze mame
na to jit dal. Doufam, Ze politici tuto nadé€ji uchopi, porozumi na-
1éhavosti byt dobrym hospodafem, mit vizi a dobrou spole¢enskou
smlouvu. My pak jist¢ dokaZeme vice vérit tomu, Ze hlavnim mo-
tivem politikd je dobra vile a starost o nds vSechny.

Nase spolecnost INSET chce byt i v této dobé oporou pro své
obchodni partnery v celém svém spektru ¢innosti od geologie
a geotechniky, pres diagnostické prace az po nasi akreditovanou
laboratof a inspek¢ni orgdn. Jsem hrdy na své spolupracovniky,
ktefi v plném vykonu a v niro¢ném prostiedi provadéji kontro-
Iu kanaliza¢ni sit€ a specidlni diagnostické prace. Jsme v tymu,
ktery provadi monitoring pfi prizkumu pro nové metro na tra-
se D, v obtizném terénu provadime geologické price pro pra-
zkum délni¢nich tuneld. Pfi zahdjeni karantény jsme obstdli pfi
unikdtni zatéZovaci zkouSce Liberiského mostu v Praze. Vyviji-
me nova technicka fesSeni pro sledovéani konstrukci vcetné vyroby
fady ndmi navrZzenych snimacd. NaSe magnetoelastické snimace
DYNAMAG pro méfeni napéti v lanech jsou pouZzivany na ce-
Iém svété, od jadernych elektraren po zavéSené mosty a zemni
kotvy. Mame za sebou tricet let prace, dokazali jsme vybudovat
silny tym a orientujeme se predevsim na to, byt spolehlivymi part-
nery pro své investory, ktefi jsou pro nds vic nez jen obchodni
partnefi.

VaZeni Ctenafi Casopisu Tunel, pfeji vSem, abychom zvladli
tuto ndro¢nou dobu a nenechali se odradit té¢Zkostmi pii realizaci
nasich zakazek. Véfim, Ze ,,Nova doba‘“ vytvaii vyzvy, kterym se
umime postavit a najdeme fesSeni i tam, kde ho zatim nevidime.
Jsme v segmentu, ktery md nadé¢ji i naddle investicné posilovat
a drzim palce politikiim, aby nasli odvahu podpofit stavebnictvi
pro dobry rozjezd nasi ekonomiky.
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DEAR READERS,

We find ourselves in rather peculiar times. Our
established ways are no longer applicable and new
protocols — often designed in a chaotic way and without
clear aim and leadership vision — yet await validation. The
present time is somewhat elusive, with no clear form, and
odd indeed. We as society struggle to navigate through
the challenges that the coronavirus pandemic brought
upon us. We fear for our loved ones, for our colleagues,
our companies and our country. The constant changes to
regulations coming into effect every day make it difficult
to understand the regulations’ purpose. We miss our daily social
interactions as we find ourselves under ever-increasing pressure as
we worry about the future. However, every cloud has a silver lining.
As regulations regarding the compulsory wear of face masks came
from the government one day, needless to say these were nowhere
to be found, it came like a bolt from the blue when the whole nation
set out for their daily activities in self-sewn face-masks the very next
day. For me personally, the rise of solidarity and skilfulness meant
a lot. We are worried but we recognize our responsibility towards
others, and we support each other. We seek novel technical solutions
to overcome daily obstacles and we devise and manufacture from
scratch what cannot be outsourced.

We continue to build and construct, our investors support us to
keep constructions going and maintain production under these
unprecedented circumstances. The pressure keeps us focused on our
ultimate goals. I believe that our nation has the uncanny viability
that does not allow us to become lost to history. Undoubtedly, there
will be complications, there will be pain and lives will be lost, but
I believe that we do have the tenacity to keep on going. I trust that
our politicians will grasp this hope, that they will understand the
need for good economic leadership with a vision and good public
relations. This will indeed strengthen our trust that our politicians’
main motivation is good will and our well-being.

Our company INSET aims to support our business partners
in every aspect of our work, including geology, geotechnology,
diagnostic works, as well as our accredited laboratory and the
inspection body operations. I am proud of my colleagues who, in
this demanding time, perform inspections of sewerage network and
special diagnostic operations at full capacity. We are part of a team
that carries out monitoring of the surveillance for new underground
line, ‘D’. In difficult terrain we perform geological surveillance for
new highway tunnels. Moreover, at the beginning of the quarantine
we succeeded during a unique load testing of the Libensky bridge
in Prague. We constantly develop and implement novel technical
solutions for monitoring of constructions which also includes the
design and manufacture of specialized sensors. Our DYNAMAG
magnetoelastic sensors for measuring stress in cables are used
worldwide, from nuclear power plants to suspension bridges and
ground anchors. In the past 30 years we successfully built a strong
team and we continue to focus on being reliable partners to our
investors, who are more than just business partners to us.

Dear readers of the Tunel magazine, I wish us all that we
overcome this difficult time and are not discouraged by potential
complications as we continue to execute our orders. I believe, that
the challenges brought by the ‘New age’ are challenges that we can
face and tackle even if the solution is not readily visible. We are
part of the economy sector with potential
to strengthen its investments, and I wish
for our politicians to find the courage to
support the construction industry to bring
on a successful re-start to our economy.

Ing. LUDVIK HEGRLIK

Feditel spolecnosti INSET s.r.o.
Director of the INSET s.r.0. Company
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UZITi PROZKUMNYCH PRACI A GEOTECHNICKEHO MONITORINGU
PRI ZMAHANI MIMORADNYCH UDALOSTI NA STOKOVE
A VODOVODNi SiTI
USE OF SURVEYS AND GEOTECHNICAL MONITORING
TO RECOVERING EXTRAORDINARY EVENTS
ON SEWERAGE AND WATER SUPPLY
NETWORK

BARBORA PAVELKOVA, ZDENEK REHAK

ABSTRAKT

Cldnek na prikladu praZské sit¢ vodovodii a kanalizaci uvddi historicky vyvoj distribuce pitné a odvddéni splaskové vody, poukazuje na
materidlové reSent radii a stok, zmiriuje mechaniku a vznik obvyklych poruch na téchto inZenyrskych sitich. Ddle popisuje typické procesy
geotechnického a geofyzikdlniho priizkumu provddeného v souvislosti s témito sitémi. PribliZuje vyuZiti servisnich sluZeb priizkumnych metod
spolu se souborem praci geotechnického monitoringu pri sanaci havdrie vodohospoddrského podzemniho dila. Je popsdn proces od vzniku
mimorddné uddlosti a stanoveni priciny, pres okamZitd opatieni osazenim méricich bodii, sledovdni priibézné reakce objektii v okoli na
zmdhdni havdrie aZ po klidové zdvérecné méreni a zhodnoceni vysledkii. Proces priizkumnych praci a ndsledné sanace havdrie je uveden na
konkrémim prikladu.

ABSTRACT

The paper presents the historic development of the distribution of drinking water and draining sewage water on the example of the
Prague network of water mains and sewers. It refers to material solutions to water mains and sewers, mentions the mechanics and
origination of usual failures on the utility networks. In addition, it describes processes of typical geotechnical investigation and geophysi-
cal survey carried out in relation to those networks. It gives readers an idea of the use of services of survey methods together with the
package of geotechnical monitoring operations during recovering an accident on an underground water-supply pipeline. It describes
the process from the origination of the extraordinary event and determination of the cause, through immediate measures in the form
of installation of measurement points, continuous monitoring of the response of structures in the neighbourhood up to final measure-
ments at rest and assessment of the results. The process of survey operations and subsequent accident recovery is described on a specific

example.

1. UvOoD

Provozovatelé vodohospodarskych infrastruktur spravuji tisice
kilometri podzemnich potrubnich staveb riizného stafi, materidlu
a prutocného profilu. Vlivem stafi, technického stavu a ptivodné
planované nizsi kapacity jsou tyto podzemni konstrukce rizné
odolné na dal$i zvySovani pritoku a neustalé pfit€éZovani z povrchu
vlivem nardstajici intenzity dopravy a vystavby. Obzvlast v intra-
vilanu vétsich mést je kazd4 porucha vodovodniho fadu nebo ka-
naliza¢ni stoky a jeji odstraiovani zdsahem do bézného rytmu vol-
ného pohybu ve verejném prostoru. NejcastéjSimi pric¢inami havarii
stokové a vodovodni sité jsou vysoké stari konstrukci, nekvalitni
pouzity materidl (napf. povéstna polska litina ze sedmdesatych let
minulého stoleti), nedodrzené technologické postupy pfi vystavbé,
mnohondsobné zvySend dynamicka zatéZ z nadloZi siti a stavebni
nekolegialita spravci ostatnich siti pfi vystavbach a rekonstrukcich
a nedodrZeni geotechnickych zasad pfi zasypavani a hutnéni zemin
a sypanin.

Spole¢nost INSET s.r.o. zajistuje priazkumné prace, které poma-
haji odhalit rozsah poruch; na zakladé ziskanych informaci pak 1ze
doporucit vhodnou metodu sanace. Soucasné je spolecnost INSET
s.r.0. dodavatelem i souvisejictho souboru praci geotechnického
monitoringu, ktery je v fadé ptipadi nepostradatelnou soucasti sta-
vebnich praci.

1. INTRODUCTION

Operators of water-management infrastructures operate thousands
of kilometres of underground pipelines of various age, from various
materials and with various flow profiles. Due to old age, technical
condition and originally planned lower capacity, the resistivity of
those underground structures to increasing flow rates and permanently
increasing loads from the surface resulting from increasing traffic
volume and construction activities varies. It is so especially in urban
areas of bigger cities that each failure of water lines or sewers and its
repair is an intrusion into the common rhythm of free movement in
the public space. High age of structures, poor quality used materials
(e.g. the notorious Polish cast-iron from the 1970s), breaches of
technology during construction, the many times increased dynamic
loading from the top of the networks and the lack of construction
collegiality of administrators of other networks during construction
activities and reconstructions, as well as breaches of geotechnical
principles during backfilling and compacting of soils and fills are
the most frequent causes of accidents on sewerage and water supply
network.

The company of INSET s.r.o. provides surveys helping to reveal
the extent of failures; an appropriate recovery method can be
subsequently recommended on the basis of the gathered information.
The company of INSET s.r.o. is, at the same time, the contractor for
the related package of geotechnical monitoring operations, which is
in many cases an indispensable part of construction work.
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2. HISTORIE VYSTAVBY KANALIZACNICH
A VODOVODNICH SITI V PRAZE

Kanalizacni sit

Prvnim historickym prikladem vyznamného posunu v technolo-
gii odvodiiovani splaskid z ulic mésta Prahy, kde do té doby bylo
jejich odvodnéni feSeno pomoci otevienych ryh podél ulic, byla
vystavba stoky v délce 150 m v prazském Klementinu. Tato stoka
byla vybudovéna jiz v roce 1673 a jednalo se o prvni proplachovaci
kanal slouZici pro odvodnéni stejnojmenného objektu. Stoka byla
vystavéna prevazné z piskovcovych kvadra v profilu s kruhovou
klenbou a segmentovym dnem.

Velkou éru vystavby kanalizacnich stok, které slouZi i do dnes-
nich dni, zazila Praha na pfelomu 19. a 20. stoleti béhem ptisobeni
sira Williama Heerleina Lindleyho, ktery byl vyzna¢nym anglic-
kym inZenyrem té doby a zaslouZil se o podobu kanalizace nejen
evropskych mést. Béhem jeho ,,prazské éry* bylo do konce roku
1914 vystavéno celkem 135 305 m kanaliza¢nich stok. Tyto sto-
ky byly zdéné z cihel ,,zvonivek ve vej¢itém, ovalném nebo kru-
hovém profilu. PraZska stokova sit byla zdroven rozdélena na dvé
velké ¢asti, které se skladaly z nékolika obvodi. Diky rozdéleni na
tato dvé pasma Ing. Lindley odstranil problém zpétného zaplavo-
vani mésta stokami a zabezpecil funkCnost stokové sité i v pripadé
povodni. Tato sit byla zaroven sloZena z Sesti kmenovych stok, kte-
ré byly oznaceny pismeny. Stoky A, B, C a D slouzily pro odvod-
néni okresu stfedniho a jihozdpadniho. Zbylé dvé kmenové stoky
E a F vytvérely okres severovychodni. Cel4 tato sit byla doplnéna
¢istirnou odpadnich vod v Bubenci.

Masivni vystavbu prazské kanalizacni sit€ znacné zbrzdila az
druha svétova valka, béhem které doslo i k poSkozeni nékterych
jejich provozovanych c¢asti. Kanalizace byla na mnoha mistech na-
rusena nebo zni¢ena provozem té€zké vojenské techniky a vybuchy
pum pfi néletech na Prahu. V povéile¢ném obdobi tedy dochazelo
viceméné k opravam takto zptisobenych skod.

Novodoby rozvoj sité¢ dale souvisel s vystavbou rozsahlych pa-
nelovych sidlist, jako jsou JiZzni mésto, Spofilov a Prosek. Kvalita
provedeni kanalizacni sité, zejména v 50. a 60. letech 20. stoleti,
odpovida tehdejSimu diirazu na rychlost vystavby, nikoliv dirazu
na kvalitu. Masivnéjsi rozvoj kanaliza¢ni sit€ na uzemi Prahy byl
ukoncen v 90. letech 20. stoleti, kdy byl pozastaven trend vystav-
by vétSich panelovych sidlist a néasledoval odliv obyvatelstva za
hranice mésta, smérem do nové vznikajicich pfiméstskych obci na
uzemi Stfedoceského kraje, kde je odvadéni odpadnich vod feSeno
lokalné [1, 4].

Vodovodhi sit

Prvni zdznamy o technickych stavbach vodovodni sit€ na tze-
mi Prahy sahaji do 12. stoleti. V priibéhu 19. stoleti byly postup-
né¢ nahrazeny puvodni materidly vodovodni sité jako dfevo, ka-
men, cihelné zdivo a olovo za litinu. Na litinové potrubi z konce
19. stoleti Ize stale v prazskych ulicich narazit, zejména v oblasti
Vinohrad. AZ do pocatkt 20. stoleti byla zna¢na Cast pitné vody
odebirdna z lokalnich zdrojt, pfevazné z Vltavy. V roce 1914 se
s Prahou poji vyznamny milnik, a to dodévky prvni opravdu pitné
vody z nov€ vybudované vodarny v Kdraném (cca 25 km severo-
vychodné od centra). V obdobi od vzniku tzv. Velké Prahy roku
1922 do roku 1972 byla Praha zasobovéna ze tfi zdroja, z Kéara-
ného, z Branika a z Podoli. Roku 1972 byl zprovoznén vodo-
vodni privadé¢ Zelivka vystavény v kruhovém profilu priméru
2 640 mm v délce 52 km. Zelivka se momentalné podili zhruba
75 % na dodavkach pitné vody do Prahy. Praha prosla z pohledu
dodavek pitné vody transformaci, kdy z ptivodné lokalnich zdroji
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2. HISTORY OF DEVELOPMENT OF SEWERAGE
AND WATER SUPPLY NETWORKS IN PRAGUE

Sewerage network

The first historic example of a significant shift in the technique of
removing sewage from the streets of the city of Prague, where until
then drainage was solved by open trenches running along streets, was
the construction of a 150m long sewer in Prague Klementinum. The
sewer was carried out already in 1673 and it was the first flushing
sewer serving to drain the object of the same name. The sewer was
constructed mostly of sandstone blocks in a profile with a circular
vault and a segmental bottom.

Prague experienced a great era of development of sewers serving
even today at the end of the 19" century, during the activity of Sir
William Heerlein Lindley, an outstanding English engineer of that
time, who contributed to the design of sewers not only in European
cities. During his “Prague era”, the total of 135,305m of sewers were
built. The sewers were built in clinker bricks, with an egg-shaped,
oval or circular cross-section. The Prague sewerage network was at
the same time divided into two large divisions consisting of several
districts. Thanks to the division into the two districts, Ing. Lindley
removed the problem of reverse inundation of the city by sewers
and ensured functionality of the sewerage network even in the
case of floods. The network at the same time consisted of six trunk
sewers denoted by letters. Sewers A, B, C and D served to drain
the central and south-western regions. Remaining two trunk sewers
E and F formed the north-eastern region. The whole network was
complemented by a sewage treatment plant in Bubenec.

The massive development of the Prague sewerage network was
significantly hindered later by World War 2, during which some of'its
operating parts were even damaged. Sewers were disturbed in many
places or were damaged by operation of heavy military equipment
and explosions of bombs during air raids on Prague. It means that
removing damages in the post-war period was more or less focused
on the above-mentioned cases.

The development of the modern network was further connected
with the development of large residential areas with panel buildings,
such as Jizni Mésto (Southern Satelite Town), Spofilov and Prosek.
The quality of work on the sewerage network, first of all the quality,
corresponded in the 1950s and 1960s to the emphasis on speed of
construction, not on emphasis on quality. More massive development
of sewerage network in the territory of Prague was terminated in
the 1990s when the trend of developing larger residential areas was
suspended and outflow of population beyond borders of cities to
newly originating suburban municipalities in the Middle-Bohemian
Region, where disposal of sewage is solved locally, followed [1, 4].

Water supply network

First records about technical construction of the network of water
supply mains in Prague date back to the 19™ century. During the
course of the 19" century, original materials of the water supply
network, such as wood, stone, brick masonry and lead, were
gradually replaced by cast iron. Cast iron pipelines from the 19®
century can still be encountered in Prague streets, mostly in the area
of Vinohrady. Until the early 20" century, significant proportion of
drinking water is taken from local sources, mostly from the Vltava
River. An important milestone was connected with Prague, namely
with supplies of first really drinking water from the newly built water
treatment plant in Karané (ca 235km northeast of the city centre).
In the 1922 to 1972 period, from the establishment of the so-called
Great Prague, Prague was supplied with water from three sources,
from Kérané, from Branik and from Podoli. In 1972, the 52km long
Zelivka water supply tunnel with the 2640mm-diameter circular
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distribuovanych na predmésti presla na format, kdy se pitna voda
dodava z okrajovych ¢asti do centra, coZ s ptihlédnutim na Clenity
terén na uzemi meésta klade zvySené naroky na provoz vodovodni
sité [8].

3. SOUCASNY STAV - PROFILY A MATERIALY
KANALIZACNI A VODOVODNI SITE

V soucasnosti je kladen diraz na rekonstrukce stavajicich sto-
kovych i vodovodnich siti, které jsou svym technickym stavem jiz
Casto za hranici Zivotnosti. Déle dochdzi k vystavbé stokovych siti
v ramci generelu odvodnéni hl. m. Prahy a planu rozvoje vodovodu
a kanalizaci hl. m. Prahy.

Material pro vystavbu stok je volen s ohledem na vodotésnost,
odolnost vi¢i mechanickym, chemickym a biologickym vliviim
i agresivnimu plisobeni a mé soucasné umoznit bezpecné a icinné
Cisténi stok. Mezi tyto materidly patii napiiklad kamenina, beton,
Zelezobeton, Cedic, sklolaminat a Seda a tvarnd litina. V mnoha pri-
padech je i zachovén piivodni koncept zdéné kanalizace v kombi-
naci s obloZenim, které zvysuje odolnost vic¢i chemickym latkam
¢i obrusu.

Obdobni situace panuje pri vystavbé a obnové vodovodnich siti.
Zde je ovsem kladen dlraz zejména na odolnost vici vysokému
zatiZeni a provoznimu tlaku. Tyto poZadavky nejlépe koresponduji
s vyuzitim ocelovych profild, které maji v tomto ohledu vyborné
mechanické vlastnosti. Na druhou stranu, ocel je velmi citlivd na
korozi a je nutné zabezpecit jeji vnitini i vnéjsi ochranu. V soucas-
né dobé jsou ocelové profily nahrazovany jinymi materidly, ovSem
ve specifickych pfipadech zlstavaji stale nezastupitelné. Z dalsich
kovovych materialti urcenych pro vystavbu vodovodnich siti 1ze
zminit tvarnou litinu, kterd postupné nahrazuje vyuZiti litiny Sedé.
Tvérna litina je vhodna zejména pro vystavbu v mistech s nesta-
bilnim zeminovym ¢i horninovym prostfedim nebo pro vodovodni
fady s vysokymi provoznimi tlaky. Dale jsou vyuZzivany nekovo-
vé materidly, jako je sklolaminat s velmi dobrymi hydraulickymi
vlastnostmi a riizné plastické hmoty, které slouZi zejména pro vy-
budovéni fadi mensiho profilu v jednoduchych geologickych pod-
minkéch.

Zatimco vodovodni fady jsou budovany pouze v kruhovych pro-
filech, kanalizacni sit€ jsou stavény nebo rekonstruovany v pro-
filech rGznych tvarti a rozméri. Naddle se pokraCuje v budovani
kanalizacnich siti ve vejcitém profilu (napf. ,,Videnisky profil*
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profile was inaugurated. The Zelivka River currently accounts
for about 75% of drinking water supplies to Prague. Prague has
undergone a transformation in terms of drinking water supplies
from the originally local sources distributed in suburbs to the centre,
which, taking into account the rugged terrain in the city, places
increased demands on operation of the water supply network [8].

3. CURRENT CONDITION - PROFILES AND MATERIALS
OF SEWERAGE AND WATER SUPPLY NETWORK

At present, emphasis is on reconstruction of existing sewerage
and water supply networks, which are often beyond their lifetime
in terms of their technical condition. In addition, sewerage network
is currently being developed within the framework of the Prague
drainage Master Plan and the plan for development of water supply
and sewerage lines in the Capital City of Prague.

Materials for construction of sewers are selected taking into
consideration watertightness, resistance to mechanical, chemical
and biological effects and corrosive effects. At the same time they
are to allow for safe and effective cleaning. Among those materials
there are, for example, vitrified clay, concrete, reinforced concrete,
basalt, glassfibre reinforced plastic and grey and ductile iron. The
concept of masonry sewers in combination with liners increasing the
resistance to chemical matters or wear is even maintained.

Similar situation exists in the construction and renewal of water
supply networks. Here, however, emphasis is placed most of all on
resistance to high loads and operating pressure. These requirements
correspond best with the use of steel sections, which have excellent
mechanical properties in this respect. On the other hand, steel is very
sensitive to corrosion and it is necessary to ensure its internal and
external protection. Currently steel sections are being replaced with
other materials, butin specific cases they remain irreplaceable. Of other
metal materials intended for construction of water supply networks,
it is possible to mention ductile iron, which gradually replaces the
use of grey iron. Ductile iron is suitable namely for construction in
instable soil or rock environment locations or for water mains with
high operational pressures. Furthermore, non-metal materials such
as glassfibre reinforced plastic with very good hydraulic properties
and various plastic matters, which serve mainly to building smaller-
profile mains in simple geological conditions are used.

While water mains are built only in circular profiles, sewerage
networks are built or reconstructed in various shape and dimension
profiles. The construction of egg-shaped profile sewerage networks
(e.g. the “Wien Profile” and “Prague Normal Profile”’) which have
best hydraulic properties and are most advantageous in terms of
statics. At the same time, it is necessary to have in this case a sufficient
height of the overburden. Otherwise, circular profiles are often used.
They are not so much statically advantageous as the egg-shaped
profiles, but, in contrast with the egg-shaped profiles, they allow
for faster construction. In the event of small overburden thickness,
mouth cross-section profiles are used for sewerage. In addition to the
above-mentioned basic shapes, there are many profiles with atypical
geometries.

In 2019, the length of the Prague sewerage network amounted
to 3697km, with service connections at the length of 996 km [2].
The water supply network at the length of 3539km with service
connections at the length of 863km supply drinking water to ca
1.3 million inhabitants of the capital city of Prague and additional
206 thousand inhabitants of the Central Bohemian Region [3].

In the entire length of the sewerage and water supply system,
there must inevitably be sections the technical condition of which
no more completely correspond to all today’s demands on problem-
free operation and where even emergency states can occur in case of
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a ,,Prazsky normal*), ktery ma nejlepsi hydraulické vlastnosti a je
staticky nejvyhodnéjsi. Zaroven je zde vSak nutné mit dostatecnou
vySku nadloZi. V opa¢ném piipadé jsou Casto vyuZivdny profily
kruhové, které nejsou tak staticky vyhodné jako profil vejcity, ale
umoziuji oproti vejCitému prirezu rychlejsi vystavbu. Pfi malé
mocnosti nadloZi jsou kanalizace vystavény v profilu ,,tlamovém®.
Mimo zminéné zakladni tvary existuje i mnoho profila s atypicky-
mi rozmery.

V roce 2019 doséahla délka prazské kanalizacni sit€¢ 3 697 km
s kanaliza¢nimi pifipojkami v délce 996 km [2]. Vodovodni sit
v délce 3 539 km a s piipojkami v délce 863 km zasobuje pitnou
vodou cca 1,3 mil. obyvatel hlavniho mésta Prahy a dalsich 206 ti-
sic obyvatel Stfedoceského kraje [3].

V celé této délce kanalizacniho a vodovodniho systému se zéko-
nité musi vyskytovat useky, které svym technickym stavem jiz zce-
la neodpovidaji vS§em dnes kladenym naroktim na jeho bezproblé-
movy provoz a kde miiZe pii jeho pretiZzeni dochézet i k havarijnim
stavim. Graf 1 ilustruje vyvoj ro¢niho poctu havarii na vodovodni
a kanaliza¢ni siti béhem posledni dekady v Praze [5].

4. PORUCHY KANALIZACNI A VODOVODNI SITE

V obecné roviné 1ze poruchy na stokovych sitich rozdélit do né-
kolika skupin. Prvni velkou skupinou jsou poruchy na stokovych
sitich, které jsou — z hlediska trvanlivosti konstrukéniho materialu
— Casto jiz za hranici své Zivotnosti, i kdyZ z kapacitniho hledis-
ka jsou stale schopny plné saturovat veskeré pozadavky na prutok.
Jedna se predevsim o stoky v centrech mést, mnohdy z rané éry
vystavby. JizZ samotnym vlivem transportu médii dochazi k postup-
nému oslabovani profilu stoky. Velky vliv na postupnou degradaci
mé i velky podélny sklon stoky, ktery dany proces z divodu velké
rychlosti proudéni dokdze znacné urychlit. Samozirejmé ma znacny
vliv i pouZity materidl.

Dalsi skupinou je kanaliza¢ni sit, ktera je za hranou svych kapa-
citnich moznosti. Stoka, kterda mize byt v dobrém stavebné-tech-
nickém stavu, je vystavena tlakovému reZimu proudéni a nésled-
nym deformacim samotného osténi.

Obzvlast problematickd mize byt kombinace obou zminénych
moznosti poruseni, ke kterym miiZe dochazet v obdobi vétsiho pri-
toku, zejména pfti povodnich a pfivalovych destich.

Treti skupinou poruch je pfetiZeni stoky vnéjSimi tlaky. V&tSina
stok vede pod vozovkami. Se zvySujicim se dopravnim zatiZenim
dochézi k pretizeni stok, které reaguji zménou tvaru a trhlinami.
Obdobné poruchy z pretizeni vznikaji novou vystavbou v bezpro-
sttednim okoli stdvajicich stok, zatiZzenim stavebni mechanizaci
nebo vlastni novostavbou. Témto vliviim podléhaji také vodovodni
fady.

Ctvrtou skupinou poruch je zmé&na naméhéni vlivem ztréty opory
horninového prostiedi. Rliznymi vlivy a procesy v zdkladové padé
vznikaji kolem kanaliza¢niho fadu rozvolnéné zony zeminy, pri-
padné az kaverny. Profil stoky je potom namdhany nerovnomeérné,
v profilu vznikaji velké ohybové momenty, na coZ stoka nebyla
konstruovéna.

Vodovodni fad jako takovy je zatizen neustalym provoznim tla-
kem. Poruchy jsou v tomto pfipadé€ jiného charakteru. Pro odo-
lavani vnitinimu tlaku je zcela nezbytna volba vhodného materi-
alu, kterd koresponduje se vSemi specifikacemi na daném misté.
S timto souvisi i mozna poruchovost vodovodniho fadu, kterd se
tyka napriklad technologické nekdzné pri vystavbé a nedostatecné
hloubky uloZeni potrubi. Celkovou poruchovost vodovodniho fadu

samoziejme ovlivni i stafi potrubi, pouzitych tvarovek a armatur.
Se stafim materialu souvisi i mozné vady, unava materialu a ko-
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overloading. Graph No. 1 illustrates the development of the annual
number of accidents on water supply and sewerage networks during
the last decade in Prague [5].

4. FAILURES OF SEWERAGE AND WATER SUPPLY
NETWORKS

In general, failures on sewerage networks can be divided into
several groups. The first big group is formed by failures on the
sewerage networks which are frequently beyond their lifetime as
far as the durability of the structural material is concerned, even
though, in terms of capacity, they are still able to fully saturate all
requirements for the flow rate. These are mainly sewers in centres of
cities, often from the early era of development. Gradual weakening
of the sewer profile is already caused by the transport of media.
The influence of the longitudinal gradient of the sewer on gradual
degradation is also significant. It is able to significantly accelerate the
particular process due to the high flow rate. Of course, the influence
of material is also significant.

Another group is formed by sewerage network which is beyond
the edge of its capacity possibilities. A sewer which can be in a
good structural condition is exposed to the pressure flow regime and
subsequent deformations of the lining itself.

A combination of both above-mentioned failure possibilities
which can occur during higher flow rates, namely during floods and
downpours, can be especially problematic.

The third group of failures is formed by overloading of the sewer
by external pressures. Most sewers run under roadways. Sewers are
overloaded when the traffic volume grows. They respond by changes
in their shape and by cracks. Similar failures due to overloading
originate as a result of new development in immediate surroundings of
existing sewers. They are caused by loading induced by construction
equipment or the new construction itself. Water supply lines are also
susceptible to these effects.

The fourth group of failures comprises changes in loading due to
the loss of support by ground environment. Loose soil zones, even
caverns, possibly develop due to various effects and processes in
foundation ground. The sewer profile is subsequently loaded non-
uniformly, large bending moments originate in the profile which the
sewer was not designed for.

The water supply line itself is loaded by incessant operating
pressure. The character of failures is different in this case. For
withstanding the internal pressure it is absolutely necessary to choose
a suitable material complying with all specifications at the particular
location. Even the potential tendency of the water supply line to fail
relating, for example, to the lack of technological discipline during
the construction and insufficient depth of the pipeline is related to
it. The overall tendency to fail is certainly affected by the age of the
pipeline and fittings. The material age is also connected with possible
defects, material fatigue and corrosion. A significant role is even
played by absolute values of operating pressures, their differences
and dynamics.

5. INSPECTION, ASSESSMENT OF FAILURES

As mentioned above, Prague sewerage network is largely made
up of sewers built at the end of the 19" century, the technical
condition of which is not always well known. For that reason there
is a need for regular inspections to determine local conditions and
the degree of damage. This problem is not just about sewers with
older dates of construction. A similar problem can appear also at
sewers built relatively recently, which do not have to be beyond their
lifetime. Problems caused by the construction itself or by additional
unfavourable effects of the surroundings can appear even there.
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roze. Vyznamnou roli hraji i absolutni hodnoty provoznich tlaku,
jejich rozdily a dynamika.

5. PROHLIDKY, VYHODNOCOVANi PORUCH

Jak bylo uvedeno vyse, prazska stokova sit je ve znacné mite tvo-
fena kanalizacemi, které byly budovéany na prelomu 19. a 20. sto-
leti a jejich technicky stav neni vzdy zcela dobfe znam. Proto se
zde objevuje nutnost provadéni pravidelnych prohlidek za Gcelem
zjisténi mistnich podminek a stupné poSkozeni. Tento problém
se netykd pouze kanalizaci se star§Sim datem vystavby. Obdobny
problém se miiZe objevovat i u kanalizaci vybudovanych relativné
nedavno, které nemusi byt za hranici Zivotnosti, ale mohou se zde
objevovat problémy zplisobené samotnou vystavbou nebo dodatec-
nymi nepriznivymi vlivy okoli.

Vyznamnym impulzem pro realizaci pravidelnych prohlidek
byla havarie na kanalizacni stoce pod ulici Trojskd v Praze 8
v 90. letech 20. stoleti. Jedna se o kanalizacni stoku vystavénou ve
vej¢itém profilu Sitky 1000 mm a vysky 1750 mm s velkym podél-
nym sklonem, ktery se pohybuje kolem hodnoty 10 %. Kanalizace
byla vybudovéna ve velmi nepfiznivych geologickych a hydroge-
ologickych podminkéch, a to na styku jilovitych Sareckych bridlic
a skaleckych kifemencii. Horniny skalniho podloZi jsou prekryty
vrstvou piscitojilovité hliny v mocnosti 4-8 m. V trase razby stoky
skalni podlozi lokédlné prechazelo do vétsi hloubky a stoka byla
razena i v prostfedi zeminovém. Prvni znamkou havérie byl pro-
pad vozovky o priméru cca 17 m v ulici Trojska v tésné blizkosti
tramvajové zastavky. B€hem priichozich prohlidek byly odhaleny
vyznamné kaverny se zcela chybéjici dvouplastovou obezdivkou
stoky. Zaroven zde byl velky potencidl rozvoje poruchy smérem
k terénu a ohroZeni provozu v ulici Trojska. Navazujici geofyzi-
kalni prizkum odhalil dalsi pfitomnost kaveren a anomélnich z6n.
Jinym pfikladem z neddvné doby byla havérie kanaliza¢niho fadu
ve vejcitém profilu Sitky 800 mm a vysky 1430 mm v ulici Vy-
socanska, kde doslo zaroven k propadu vozovky nad zminénou
kanalizaci (obr. 1). Bezprostiedné po této udalosti byly zahdjeny
prizkumné préce, které mély za cil stanovit rozsah oslabeného
prostiedi pod vozovkou a posouzeni stavebné-technického stavu
kanaliza¢niho sbérace. V souvislosti s detekovanymi anomadliemi
byl zéroven proveden kamerovy prizkum pfrilehlych destovych
vpusti. Vzhledem k vysoké dopravni intenzit€¢ a moznému vlivu
klimatickych podminek, které by mély za dusledek negativni vliv
na stabilitu kanalizacni stoky a jejiho okoli, byla urychlené po zjis-
téni havarie zahajena sanace.

QOdlisny postup pti vyhodnocovani poruch plati v pripadé vodo-
vodnich fadi. Z principu jejich fungovéni zde neni mozné jednodu-

Obr. 1 Propad vozovky pri havdrii kanalizace v ulici Vysocanskd
Fig. 1 Sinkhole in roadway at the accident on sewer in Vysocanskd Street

A major impulse for implementation of regular inspections was
the accident on the trunk sewer under Trojskd Street in Prague
8 in the 1990s. It was a sewer with an egg-shaped cross-section,
1000mm wide and 1750m high, with large longitudinal gradient the
value of which hovered around 10%. The sewer was built in very
unfavourable geological and hydrogeological conditions, at interface
between clayey Sarka shale and Skalec quartzite. The bedrock is
overlaid by a 4-8m thick layer of sandy-clayey loam. The bedrock
on the sewer route locally passed to greater depth and the sewer
tunnel was driven also through soil environment. The first sign of
the accident was a sinkhole in the roadway ca 17m in diameter in
Trojska Street, in close proximity to the tram stop. Significant
caverns with completely missing double shell lining of the sewer
were revealed during inspections conducted by walking through the
tube. At the same time, there was a great potential for development
of the failure toward the terrain surface, thus jeopardising traffic in
Trojska Street. A follow-up geophysical survey revealed the presence
of other caverns and anomalous zones. Another example was the
recent accident of the sewer with an egg-shaped profile §00mm wide
and 1430mm high in Vysocanska Street, where a sinkhole developed
above the sewer (see Fig. 1).

Survey operations aimed at determining the scope of the weakened
environment under the roadway and assessing the structural
condition of the trunk sewer commenced immediately after the
event. A camera survey of adjacent curb inlets was conducted at the
same time, in connection with the detected anomalies. Taking into
consideration the high traffic volume and the possible influence of
climatic conditions which would have resulted into a negative impact
on the stability of the sewer, rehabilitation operations started quickly
after the accident was detected.

A different failure assessment procedure is applicable to water
mains. It follows from the principle of their functioning that it is not
possible to conduct inspection of the pipeline and for that reason the
technical condition of pipes is assessed on the basis of failure rates
specified by the number of failures related to the pipeline length unit
and the year. Here the dependence of failure rate on the age of the
pipeline is not entirely valid.

The overall structural condition of the utility network is assessed by
operators and administrators of sewerage and water supply networks.
With respect to the investment plan, risk sections of networks can be
incorporated into planned reconstruction and rehabilitation or, if the
technical condition already significantly jeopardises the stability and
near surroundings, they are incorporated into the emergency plan.

6. FAILURES OF SEWERAGE FROM OPERATIONAL
PERSPECTIVE

For prediction of potential possibilities of accidents on sewerage
network it is necessary to understand the mechanism of their
origination and the overall effect of the underground structure. In an
ideal case, the sewer profile is closed and completely hemmed by the
surrounding environment. Due to the effect of ground environment
and vertical loading, pressure stresses originate for the effects of
which the underground structures are designed. Each disturbance
of this equilibrium can result into a change in the distribution of
forces and possibility of origination of other than pressure forces.
This fact is very complicated by the fact that the structure is
underground, where it is impossible to determine all properties of
the ground massif in advance with sufficient certainty. Surrounding
environment can be inherently very variable and, to certain extent,
also unpredictable. This, of course, has a great influence on the
appropriate interpretation of the possible development of the failures
which can cause accidents.
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Se provést prohlidku potrubi, a tak je technicky stav potrubi posu-
zovan na zéklad¢ poruchovosti, kterd udava pocet poruch vztazeny
na jednotku délky potrubi a rok. Zde ne zcela plati zavislost miry
poruch na stari vodovodniho potrubi.

Celkovy stavebné-technicky stav inZenyrské sité je posuzovan
provozovatelem a spravcem stokové a vodovodni sité. S ohledem
na investi¢ni plan mohou byt rizikové dseky siti zahrnuty do pla-
nované obnovy a sanace, nebo pokud jiz technicky stav vyznamné
ohroZuje jeji stabilitu a blizké okoli, jsou zafazeny do planu hava-
rijniho zabezpeceni.

6. PORUCHY KANALIZACE Z PROVOZNIHO HLEDISKA

Pro predikci potencidlnich moZnosti havérie stokové sité je nutné
pochopit mechanismus jejich vzniku a celkové ptisobeni podzemni
stavby. V idedlnim ptipad€ je profil stoky uzavien a zcela sevien
okolnim prostfedim. Dochézi tak vlivem horninového prostiedi
a svislého zatiZeni ke vzniku tlakového namahani, na jehoZ G¢inky
jsou prave tyto podzemni stavby dimenzovany. Kazdé naruSeni této
rovnoviahy miZe mit za disledek zménu rozloZeni sil a mozZnost
vzniku jinych neZ tlakovych sil. Tato skutecnost je velmi kompli-
kovéna faktem, Ze se jednd o podzemni stavbu, kde nelze predem
a s dostate¢nou jistotou urcit veskeré vlastnosti horninového ma-
sivu. Okolni prostfedi mize byt ve své podstaté velmi proménlivé
a do jisté miry i nepfedvidatelné. Tato skutecnost ma samoziejme
i velky vliv na vhodnou interpretaci mozného rozvoje poruch, které
mohou zpisobit havérie.

Rozvoj poskozeni je z velké ¢asti dlouhodoby vyvoj, kdy postup-
né dochazi k rozSifovani rozsahu danych poruch v profilu stoky i za
jejim osténim. Stoka, jako liniova stavba, ma do jisté miry i schop-
nost roznaset zatizeni v podélném sméru a mize tak bez vétsich
problému prenést dané napéti i mimo bodové poruchy. Z tohoto
divodu jsou mnohem rizikovéjsi skupinou tsekové poruchy.

Jak zde jiZ bylo zminéno, velky vliv na samotny vznik poruch
ma prirozena degradace pouzitého materialu, at se jednd o profily
zdéné, nebo tvorené napiiklad betonovym prefabrikdtem. Nejvi-
ce zatizena Cést profilu je jiZ z podstaty vyuziti kanalizace misto,
kde dochazi ke styku konstrukce a transportovaného média, tedy
v okoli Zlabku (kynety). Postupné tak dochdzi k vymildni materialu
pravé v této casti profilu. V pripadé zdénych stok se jedna o poji-
vo cihelné vyzdivky (obr. 2), u betonovych profilii jsou postupné

Obr. 2 Chybéjici zdivo v blizkosti Zldbku stoky
Fig. 2 Missing masonry in the vicinity of the sewer flume
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The development of damage is largely a long-term process, where
the extent of the particular failures within the sewer profile as well as
behind its lining gradually grows. The sewer as a linear structure has,
to some extent, the ability to longitudinally distribute loads, thus to
transfer particular stress even beyond point defects. For that reason
sectional failures are a much more risky group.

As mentioned above, natural degradation of materials used has
great influence on the development of failures, no matter whether the
profiles are from masonry or are formed, for example, by pre-cast
concrete products. The most loaded part of the cross-section is, by
definition of the use of a sewer, the place where the structure is in
contact with the medium being transported, i.e. in the vicinity of the
flume (the cunette). In this way material is gradually scoured just in
this part of the profile. In the case of masonry sewers it is a case of
the binder of brick masonry (see Fig. 2); in concrete profiles, surfaces
or covering layers are gradually damaged (see Fig. 3). Continuous
reduction of brick lining thickness or the thickness of a concrete
profile in the vicinity of the flume results into gradual damaging the
bottom watertightness and intrusion of foul water under the structure
(see Fig. 4). This effect carries with it numerous problems. From
the structural point of view, material is further scoured, but this time
behind the sewer lining and caverns originate behind it. The profile of
the sewer is no more fully closed and, subsequently, it loses support
at its bottom part, where the flume bottom drops in the direction of
the weakened environment. Pressure forces are no more transferred
by the whole profile and, at the same time, the sewer sides gradually
constrict with the gradually growing subsidence (see Fig. 5). These
facts are often complemented by origination of tensile cracks caused
by the subsidence of the lower part of the profile itself.

The development of caverns is inherently also a natural process,
which cannot be completely prevented, but this phenomenon can
be enhanced by not completely correct behaviour in the sewerage
network. Every linear underground structure behaves as drainage
taking away water along its route. In this case, completely non-
affectable loosening of the environment behind the sewer lining
occurs. This, however, does not apply in places of deliberate point
weakening (reducing the thickness) of the sewer lining. This is most
frequently caused by connection of service pipes to the collector
sewer under the roadway and not fully correct incorporation into the
sewer itself (see Fig. 6). The environment behind the sewer lining

Obr. 3 Degradace betonu stoky — predevsim v jeji kyneté
Fig. 3 Degradation of the sewer concrete - first of all at its cunette
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Obr. 4 Rozvolnéni rad cihel nad zldbkem a vyplavovdni zeminového materidlu
zpoza osténi stoky

Fig. 4 Loosening of a row of bricks above the flume and washing out soil ma-
terial from behind the sewer lining

rozruSovany povrchové, pripadné kryci vrstvy (obr. 3). Soustavné
oslabovani cihelné vyzdivky, pfipadné betonového profilu v oko-
li zIabku, ma za nésledek postupné prolamovani vodotésnosti dna
a vnikani splaskové vody pod konstrukci (obr. 4). Toto ptisobeni
s sebou nese celou fadu problému. Ze stavebné-technického hledis-
ka dochdzi k dal§Simu vymilani materiélu, tentokrat v§ak za osténim
stoky samotné a vznikaji zde kaverny. Profil kanalizace jiZ neni
zcela uzavren a nésledné ztraci oporu ve své spodni ¢asti, kde poté
dochézi k poklesu zlabku smérem k oslabenému prostredi. Tlakové
sily jiz nejsou prendseny celym profilem a zaroven s postupnym
poklesem se boky stoky postupné sviraji (obr. 5). Tyto skutecnosti
jsou ¢asto doplnény vznikem tahovych trhlin, které jsou zptisobeny
samotnym poklesem spodni ¢asti profilu stoky.

Vznik kaveren je ve své podstaté i pfirozenym procesem, které-
mu nelze zcela zabranit, ale lze tento jev umocnit ne zcela sprav-
nym pocindnim ve stokové siti. Kazda liniova podzemni stavba
se chova jako drenaz, kterd odvadi vodu podél své trasy. V tomto
ptipad€ dochazi ke zcela neovlivnitelnému rozvolfiovani prostiedi
za osténim stoky. Toto ovSem neplati v mistech zcela zimérného

¥ e ol TS
Obr. 6 Nesprdvné zaisténi (presazeni hrdla) pripojky do stoky s obnaZenim
horninového prostiedi za osténim
Fig. 6 Incorrest connection (socket overlapping) of a sewer service into the
sewer with exposing the rock environment behind the lining

Obr. 5 Pokles Zldbku stoky a vznik tahovych trhlin v bocich stoky
Fig. 5 Drop of the sewer flume and development of tensile cracks in sewer
side walls

can be completely open to corrosive effects of foul water. In case
of unprofessional work on the connection of the service pipe to
the sewer, water directly penetrates into surrounding soil and soil
is washed out (see Fig. 7). Penetration of water from the ground
environment into the sewer environment is a related defect. In case of
water flowing into the sewer, the environment behind the lining can
at the same time suffer from loosening. It may be a negative action
of groundwater, as well as, for example, water from a damaged water
main.

Another and not less serious possibility of breaking the total
stability of the sewer is reaching the pressure flow regime, which can
occur in the case of abruptly changed flow rate, for example in the
case of torrential downpours or in the case of flow rates for which
the capacity in a particular locality is already insufficient. Pressure
flow regime is reached also in the case when the sewer profile is
significantly reduced, for example, by installation of another utility
network in it (see Fig. 8) or by total plugging of the sewer. If the
structure has insufficient support by the surrounding environment,
tensile stress can develop in the vault due to the pressure regime in

Obr. 7 Infiltrace vody z rubu obezdivky do stoky
Fig. 7 Water infiltration from the sewer extrados
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bodového oslabeni osténi stoky. Jedna se nejcastéji o napojeni ka-
nalizacnich pfipojek do uli¢niho sbérace a jejich ne zcela vhodné
zakomponovani do stoky samotné (obr. 6). Prostiedi za osténim
stoky v mistech nespravného napojeni piipojky miZe byt i zcela
otevieno agresivnimu plisobeni odpadnich vod. V pfipadé neod-
borného provedeni styku stoky a pfipojky dochézi pfimo k pro-
nikani vody do okolni zeminy a k jejimu vyplavovani (obr. 7).
Souvisejici poruchou je pronikdni vody z horninového prostredi do
stoky. V pripadé protékani vody do stoky miZze soucasné dochdzet
k postupnému rozvoliiovani prostiedi za jejim osténim. Muze se
jednat o negativni pusobeni podzemni vody, ale naptiklad i vody
z havarovaného vodovodniho fadu.

Dal8i a neméné zdvaZznou moZznosti pii¢iny porusSeni celkové
stability stoky je dosaZeni tlakového rezZimu proudéni, ke kterému
muze dochazet pii nahlé zméné pritoku, naptiklad v pripadé pri-
valovych sraZek, nebo pfi prutocich s jiz nedostacujici kapacitou
stoky pro danou lokalitu, také v pripadé, kdy je profil stoky vyrazné
sniZen napriklad vedenim jiné inZenyrské sité (obr. 8), nebo pros-
tym ucpanim stoky. Vlivem tlakového reZimu ve stoce, pokud kon-
strukce stoky nemé dostate¢nou oporu okolniho prostredi, muze
dojit ke vzniku tahového namdhani klenby, nadzvednuti celého
profilu stoky a jeho nasledné deformaci po opadnuti hladiny vody
ve stoce (obr. 9). Soucasné dochdzi i vlivem tlakového rezimu k za-
tékani vody do prostiedi za stokou, které je timto vymilano.

Casto se viak objevuji deformace, které primo souviseji i s osla-
benym zeminovym ¢i horninovym prostiedim. Po deformaci, kte-
rd vznikne tlakovym reZimem ve stoce, ptivodné uzavieny profil
stoky zlstane neuzavienym. V tomto piipad€ pak vnitini sily ne-
jsou schopny se v misté nespojitosti profilu prenaset. Proto vlivem
zemniho tlaku dochdzi k postupnému svirani profilu a obezdivka
samotnd ztraci stabilitu. Vznikd riziko havdrie stoky s ohroZenim
jeji zékladni funkce.

Castym zdrojem poruch na stokové siti je navySovani svislého
zatiZeni, které na klenbu stoky ptisobi. Tento problém se viceméné
netykd kanalizacni sité, kterd byva pomérné hluboko uloZena, ov-
Sem v pfipadé nizkého nadlozi miZe mit tento jev velmi nepfiznivé
diasledky. ZvySovani miry zatiZeni je spjato naptiklad se zvySo-
vanim intenzity dopravy na pozemnich komunikacich, pod ktery-
mi stoky zpravidla vedou. Zdéna klenba ma sama o sobé velkou
schopnost odoldvat pravé tlakovému zatiZeni. Problémem v pfi-

oy o .

Obr. 8 Zmenseni profilu stoky zpiisobené kiiZenim s jinou inZenyrskou siti
Fig. 8 Reduction of the sewer profile caused by crossing with another network
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the sewer, the whole sewer profile can be heaved and subsequently,
after the water surface in the sewer falls, be deformed (see Fig. 9).
At the same time water flows into the environment outside the sewer
due to the pressure regime and the environment is scoured by its
action.

But deformations directly associated also with the weakened soil
or rock environment also often appear. After the deformation which
originates due to the pressure regime inside the sewer, the originally
closed sewer profile remains unclosed. In such the case the internal
forces are not able to transfer themselves in the location of the profile
discontinuity. For that reason, due to the ground pressure, the profile
is gradually constricted and the lining itself loses stability. A risk
of the sewer accident originates and its fundamental function is
jeopardised.

A frequent source of failures on sewerage network lies in increasing
the vertical loading acting on the sewer vault. This problem is more
or less not related to sewerage network because it is usually placed
relatively deep. But in case of low overburden this phenomenon
may have very unfavourable consequences. Increasing the load
rate is associated, for example, with increasing traffic volume on
roads, under which sewers usually run. A masonry arch itself has
an especially great ability to withstand pressure loading. A problem
in the case of overloading is posed by originating horizontal forces
acting on the sewer sides. In this case, even bending stress originates
in addition to pressure stress and the masonry profile virtually
cannot transfer it. The sewer geometry is gradually deformed until
longitudinal cracks originate in the middle of the vault and the vault
is subsequently destructed (see Fig. 10). Overloading of the sewer
by loads acting from the road surface is hard to detect because
first cracks originate on the external surface of pipes, which is not
accessible.

7. GEOTECHNICAL INVESTIGATION AND GEOPHYSICAL
SURVEY

Geotechnical investigation and geophysical survey on the
Prague sewerage network is focused on localisation of risk places
or risk sections of sewers. This investigation and survey are based
on operator’s requirements and annually covers roughly 8km of
sewerage network in Prague or they may serve as detailed survey of
the structural condition of the sewer where an emergency accident

vy

Obr. 9 Pricny posun klenby stoky vlivem vnitiniho pretlakového reZimu ve
stoce a ndsledné svirdni profilu

Fig. 9 Lateral shifting of the vault due to internal overpressure regime in the
sewer and subsequent contraction of the profile
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padé pretizeni jsou vSak vznikajici vodorovné sily, které plsobi
na boky stoky a vznikd zde mimo tlakového naméhéni i namdhdni
ohybové, které neni schopen zdény profil prakticky prenést. Tvar
stoky se tak postupné deformuje az do chvile, kdy ve stfedu klenby
vznikaji podélné trhliny a posléze dojde k jeji destrukci (obr. 10).
PretiZeni stoky zatiZenim z komunikace se obtizné detekuje, proto-

woeve

Ze prvni trhliny vznikaji na vnéjSim lici, ktery neni pfistupny.

7. GEOTECHNICKY A GEOFYZIKALNI PRUZKUM

Geotechnicky a geofyzikalni prizkum na prazské stokové siti je
zaméreny na lokalizovéni rizikovych mist pfipadné rizikovych tse-
ki kanaliza¢nich stok. Tento prazkum vychazi z pozadavku provo-
zovatele a rocné pokryvé zhruba 8 km stokové sité v Praze, pripad-
né miZze slouZit jako detailni prizkum stavebniho stavu stoky, kde
byla béhem pravidelné inspekce provozovatele zjisténa havarijni
zdavada a je déle tfeba urcit rozsah poruch ohroZujicich stabilitu
stokové sité. Vystupy z prizkumu slouZi jako vstupni tdaje pro
navrh vhodného zplisobu sanace.

Ukolem priizkumu je posouzeni stavu zeminového & horninové-
ho prostiedi v bezprostfednim okoli kanalizacni stoky a nad stokou
do hloubky odpovidajici urovni zaloZeni stoky, vyhleddni nehomo-
gennich, rozvolnénych a oslabenych zén vcetné pripadnych dutin.
Soucésti prizkumu je dokumentace stavebné-technického stavu
prichozich pripadné nepriichozich dseku stok a dalSich kanalizac-
nich objektl na stoce. Zaroven je geodeticky ovéfovana skutecna
poloha inzenyrské sité, ktera se mize od mapového podkladu pro-
vozovatele vyznamné odchylovat.

Zakladnim nosnym kamenem geotechnického prizkumu je po-
drobna pasportizace inZenyrské sité, kterd je podle moznosti pri-
stupu délena na prohlidky prichozich profilt a kamerové prohlid-
ky trubnich fadi. Na zakladé provedené pasportizace jsou veskeré
dokumentované poruchy klasifikovany z hlediska jejich zavaznosti
a je urcena jejich poloha na obvodu profilu pomoci analogického
odkazu na hodinovy cifernik a poloha v podélném sméru, ktera
je dana vzdélenosti mezi reviznimi nebo vstupnimi Sachtami. Tato
¢ast prizkumnych praci je vétSinou doplnéna o geofyzikalni pri-
zkum.

Jak jiz bylo zminéno, dobry stav zeminového ¢i horninového
prostfedi v bezprostfednim okoli stoky je nezbytny pro celkové
spoluptisobeni s jeji konstrukcei. Situace je ztizena samotnym fak-

Obr. 10 Trhliny v klenbé zpiisobené nadmérnym zatéZovdanim nadloZi stoky
Fig. 10 Cracks in the vault caused by the action of excessive loading on the
sewer overburden

was identified during regular inspection by the operator and it is
further necessary to determine the extent of failures jeopardising the
sewerage network stability. Investigation outputs serve as input data
for the design for the rehabilitation technique.

The task of the investigation is to assess the condition of the soil
or rock environment in the immediate surroundings of the sewer
and above the sewer up to the level corresponding to the sewer
foundation, to search for inhomogeneous, loosened zones, including
any cavities. Documentation of the structural condition of sewer
sections passable for persons or not passable for persons and other
sewerage structures on the sewer are parts of the investigation. At
the same time the actual location of the utility network is verified by
surveyors. The location may significantly deviate from the map base
used by the operator.

The basic cornerstone of geotechnical investigation is detailed
condition survey of utility network, which is, depending on the
possibility of access, divided into inspections of profiles passable for
pedestrians and camera inspections of tubular lines. All documented
defects are categorised into classes on the basis of the completed
condition survey according to their severity. Their position on the
profile circumference is determined by means of an analogical
reference to a clock face and the location in the longitudinal direction,
which is determined by the distance between revision and entrance
shafts (manholes). This part of investigation is mostly complemented
by geophysical survey.

As mentioned above, good condition of soil or rock environment in
the immediate surroundings of the sewer is necessary for the overall
interaction with the structure. The situation is made more difficult
by the very fact that it is not possible to simply look behind the
lining. Even various non-destructive geophysical methods capable
of relatively reliably revealing the loose environment are used.

Ground Penetrating Radar (GPR) measurement is based on the
principle of emitting high-frequency electromagnetic waves into the
soil or rock environment and monitoring of the time behaviour of
passing through and reflected waves in radar sections originating by
gradual shifting of the system of transmitting and receiving antennas
along individual profiles. Anomalies of the type of free or filled with
water voids, metal objects, water-bearing or strongly clayey material
etc. can be determined using GPR measurements. Direct verification
of loosened environment based on GPR measurement is conducted
by boreholes through the sewer lining.

GPR measurements are conducted both from the sewer and from
the terrain surface. On the surface, the GPR measurement is often
complemented by other geophysical methods, mainly by microgravity
survey. Microgravity survey of gravitational acceleration at a given
point and time helps to locate places signalling loss of mass. With
respect to the accuracy of this method it is possible to determine
also the volume of the lost material or the loosened material in the
surroundings of the sewerage or water supply network. In addition,
it is possible to use penetration sounding where inhomogeneities
in the overburden and surroundings of the utility network being
monitored are detected using rods driven into the soil and measuring
the penetration resistance of the sounding rod.

Development of geological search of the particular area proposed
for the prospective construction is very appropriate within the
framework of the investigation for determination of the assumed
behaviour of the soil or rock massif and determination of geotechnical
conditions. The search is in this case bound to assessing archive
data available from previously carried out boreholes and geological
maps. The data can be further refined on the basis of additional
requirements. This step is important at the moment where the sewer
alignment runs through varied and changing geological structure and
it is possible to expect, for example, significant tectonic faults.




Tuel

tem, Ze za osténi stoky nelze jednoduse nahlédnout. Pro tyto tcely
jsou vyuzity i rizné nedestruktivni geofyzikalni metody, které mo-
hou rozvolnéné prostiedi relativné spolehlivé odhalit.

Georadarové méreni je zaloZeno na principu vysilani vysokofrek-
venéniho elektromagnetického vinéni do zemniho, piipadné hor-
ninového prostfedi, a sledovani Casového prubcéhu prochézejicich
a odrazenych vin v radarovych fezech, které vznikaji postupnym po-
sunem systému vysilaci a prijimaci antény podél jednotlivych profi-
4. Za pomoci georadarového méfeni 1ze urcit anomalie typu volné
nebo zvodnélé dutiny, kovové objekty, zvodnély nebo silné jilovity
materidl apod. Pro pfimé ovéfeni rozvolnéného prostiedi na zakladé
georadarového méfeni jsou provadény vrty skrz osténi stoky.

Georadarové méfeni je provadéno ze stoky i z povrchu. Na povr-
chu byva radarové méfeni ¢asto doplitovano dal§imi geofyzikalnimi
metodami, zejména mikrogravimetrii. Mikrogravimetrické méfeni
tihového zrychleni v daném bodé¢ a Case pomaha lokalizovat mis-
ta s ubytkem hmot. Vzhledem k pfesnosti této metody Ize stanovit
i mnozstvi chybégjictho materidlu rozvolnéného prostiedi v okoli
sledované kanaliza¢ni nebo vodovodni sité. Dale lze vyuZit pene-
tra¢ni sondovani zeminového prostiedi, kdy jsou za pomoci zara-
Zeného souty¢i a méfeného penetracniho odporu sondy detekovany
nehomogenity v nadloZi a okoli sledované inzenyrské sité.

Pro urceni predpoklddaného chovani zeminového ¢ hornino-
vého masivu a uréeni geotechnickych podminek je velmi vhodné
v ramci prizkumnych praci nejprve zpracovat geologickou resersi
daného tzemi pro piipadnou vystavbu. Zpracovavani je v tomto
pfipadé€ vazano na vyhodnoceni dostupnych archivnich udaj z dfi-
ve provedenych vrtli a z geologickych map. Tyto idaje mohou byt
na zakladé¢ dalSich pozadavkt dale upfesiiovany. Tento krok je da-
lezity ve chvili, kdy trasa kanalizace vede pestrou a proménlivou
geologickou stavbou a Ize zde oc¢ekavat napiiklad vyznamné tek-
tonické poruchy.

8. UZITI METOD PRUZKUMU A MONITORINGU
PRI HAVARII NA VODOVODNI A KANALIZACNI SITI

Kazda havarie na stokové nebo vodovodni siti méa specificky
prabéh v zavislosti na rozsahu poskozeni a mife ovlivnéni okol-
nich objektd a omezeni chodu béZného Zivota v zajmové lokalité.
Obecné Ize sled udalosti z pohledu praci pfi havarii rozdélit na na-
sledujici ikony:

* zajiSténi bezpecnosti okoli zjisténé havarie — uzavieni vodo-
vodnich fadi, pfevedeni splaskit mimo havarovanou ¢ast stoky
(je-li to z provoznich diivodl mozné), zastaveni provozu na
komunikacich, oploceni mist havdrie, atd.;

e vcasné vymezeni rozsahu poskozeni a zony ovlivnéni, predani
vysledkt ke stanoveni postupu opravy;

 pouziti souboru vhodnych metod pro sledovani vlivli havarie
na okoli, vlivll stavebnich praci na havarii dotcené objekty,
nastavenim procesti véasného varovani a prubézné vyhodno-
covani dat méfeni se zastupcem provozovatele, projektantem
a zhotovitelem opravy;

e zhodnoceni stability dila a zdijmového okoli, ukonceni plnéni
sluzeb zpravou z méreni.

Vymezeni rozsahu poskozeni je tfeba provést po zjisténi vzni-
ku havarie co nejdiive. V blizkosti havarie je mimo vizualni do-
kumentace proveden soubor vhodnych prizkumnych metod jako
napfiklad plo$nd georadarovd méfeni, mikrogravimetrické méfent,
penetracni sondovéni za Gcelem urceni skute¢ného rozsahu naruse-
ného zemniho prostiedi v okoli havarované inZenyrské sité, které
nemusi byt pouhym okem patrné.

Vhodné metody sledovani havarie a blizkého okoli v zoné ovliv-
néni vychdazeji ze souboru observa¢nich metod geotechnického
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8. USE OF SURVEY METHODS AND MONITORING
IN CASE OF EMERGENCY ON WATER SUPPLY
AND SEWERAGE NETWORK

Each emergency on sewerage of water supply network has a
specific course depending on the extent of damage and the degree
of affection of surrounding buildings and restriction of the routine
life in the locality of interest. In general, the sequence of events
viewed from the aspect of the operations during the emergency can
be divided into the following operations:

e securing safety of the neighbourhood of the emergency event —
closing water mains, diverting foul water outside the damaged
part of the sewer (if it is possible for operational reasons),
stopping traffic on roads, fencing the emergency locations etc.;

* timely definition of the scope of damage and the affected zone,
forwarding the results to determine the repair procedure;

* application of a set of methods appropriate for monitoring of the
emergency impacts on the surroundings, monitoring of effects of
construction operations on structures affected by the emergency,
setting the processes of early warning and continuous assessing
of measurement data together with representatives of the
operator, designer and contractor for the repair;

* assessment of the stability of the structure and the area of interest,
termination of performing services by means of a measurement
report.

Determination of the extent of the damage has to be carried out
as early after the origination of the damage as possible. A package
of appropriate investigation and survey methods, for example areal
GRP measurements, microgravity measurements, penetration
sounding into the disturbed soil in the surroundings of the damaged
utility network environment are carried out to determine damage
which does not have to be visible to the naked eye.

Methods suitable for monitoring the accident and its close
surroundings in the affected zone are based on the set of geotechnical
monitoring observational methods which is today known rather
by its comprehensive use in underground construction and in the
application of modern tunnelling methods, for example the New
Austrian Tunnelling Method.

It is first of all necessary to focus on monitoring of possible
manifestations of the accident, such as deformations of terrain surface
and buildings in close proximity to the accident itself, often with
daily repeated measurements. For this purpose it is advisable to use
a network of stabilised levelling points for monitoring of settlement
in combination with monitoring of the development of the width of
cracks in load-carrying structures of buildings and monitoring of
tilting and dimensional stability of structural parts of interest. On the
basis of capturing and prediction of negative trends and impact of
deformations on buildings in the vicinity, it is possible to effectively
proceed to measures in the meaning of reinforcing openings in selected
structures, reinforcing of parts of damaged buildings, immediate
underpinning of foundations of buildings, closing or restricting traffic
on roads in non-stabilised settlement zones and in this way to prevent
other damage to buildings in the accident surroundings, in extreme
cases even to prevent losses of human lives.

It is advisable in the course of initial operations to document
the structural condition or the parts of selected buildings, it means
to carry out a structural condition survey, so that the condition of
damaged buildings or condition of the buildings which will be
affected by the method chosen for the rehabilitation is captured.

It is advisable to use some of monitoring information systems
accessible on line through a web interface for rapid transmission
of information and results of measurements to authorised persons.
Authorised persons can, owing to the applied early warning system,
make immediate decisions on prospective measures and selection of
the appropriate procedure of repair.



29. rocnik - €. 2/2020

monitoringu, ktery je v dnesni dobé znam spise svym komplex-
nim vyuZitim pfi vystavbé podzemnich dé€l a pfi pouZiti modernich
tunelovacich metod, napfiklad Nové rakouské tunelovaci metody.

Nejprve je tieba zaméfit pozornost na sledovani moZnych proje-
vl havarie, jako je sedani a deformace povrcht a objektt v blizkém
okoli havarie samotné, ¢asto s dennim opakovanim provadénych
méfeni. Pro tento tcel je vhodné pouZit sit stabilizovanych nivelac-
nich bodl pro sledovani poklesti v kombinaci se sledovdnim roz-
voje $itky stavajicich trhlin v nosnych konstrukcich objektl a sle-
dovani ndklont a tvarové stalosti zdjmovych ¢asti konstrukci. Na
zaklad€ zachyceni a predikce negativniho trendu poklest a vlivu
deformaci na okolni objekty 1ze efektivné pfistoupit k opatfenim
ve smyslu ztuzeni otvort vybranych konstrukci, ztuzeni ¢asti na-
rusenych objektli, okamzité podchyceni zdkladl objektl, uzavieni
nebo omezeni dopravy na komunikacich v nestabilizované pokle-
sové z6né, a tim predejit dalSim Skod4dm na objektech v okoli hava-
rie, v krajnim piipadé i predejit ztraté lidskych Zivott.

V prabéhu prvotnich dkont je vhodné provést i dokumentaci sta-
vebné-technického stavu vybranych objektd nebo jejich Casti, tedy
pasportizaci, tak aby byl prokazatelné zachycen stav poskozenych
objektil, nebo stav objektl, které budou ovlivnény zvolenou meto-
dou sanace havarie.

Pro rychly pfenos informaci a vysledkit méfeni k opravnénym
osobdm je vhodné vyuZivat néktery z informacnich systémt moni-
toringu pristupny online pfes webové rozhrani. Opravnéné osoby
mohou diky aplikovanému systému v€asného varovani z informac-
niho systému monitoringu ¢init okamzitd rozhodnuti o pfipadnych
opatfenich a volbé vhodného zptlisobu opravy.

Pro sledovani stavebnich praci spojenych se sanaci havarie jsou
déle vyuZivany a doplnény body geotechnického monitoringu po-
uzité pro urceni prvotnich vlivii havérie na okoli, ale zpravidla jiz
nejsou provadéna pribéZznd méteni s Cetnosti v fadu jednotek dnd.
Pokud vsak vyvoj negativnich u¢inki na okoli havarie neustava ani
béhem sanace havarie, 1ze naopak pro vybrané metodiky geotech-
nického monitoringu pouZzit systém méfeni s kontinudlnim ode-
¢tem dat s prakticky okamZitym zobrazenim na webovém portalu
informacniho systému monitoringu. V pfipadé€, Ze sanacni zasah do
poskozené konstrukce stoky zahrnuje i tpravy vlastnosti prostie-
di za jejim osténim, napf. vypliiovou nebo nizkotlakou injektazi,
umoZiiuje georadarova metoda provedeni kontroly t¢innosti téchto
zasaht, kontrolu vyplnéni dutin nebo zpevnéni horninového masi-
vu a sméfovat piipadny dopliikovy sana¢ni zdsah tak, aby ucinnost
opravy byla dlouhodoba a stabilni.

Ukonceni geotechnického monitoringu po dokonceni opravy
je mozné pouze v pripadé, jsou-li sledované poklesy a deformace
ustaleny.

Samotny geotechnicky monitoring lze vyuZit i v piipadé poZa-
davku na sledovani vybranych usekd rizikovych stok, jejichZ sta-
vebni stav nedosahuje kritéria pro zarazeni do planu sanaci, ale je
zde velky potencial pro dynamicky rozvoj poruch.

9. PRIKLAD - HAVARIE DESTOVE KANALIZACE V PRAZE

P1i béZné prohlidce provadéné v kvétnu roku 2018 provozovate-
lem stokové sit€ v Praze, spolecnosti Prazské vodovody a kanali-
zace, a.s., byly odhaleny vazné stavebni zavady s moznym havarij-
nim dopadem. Stoka vede pod Zelezobetonovou pozemni stavbou
a pod ochrannou betonovou konstrukci, kterd tento objekt pod-
chazi. V navaznosti na vysledky kamerové prohlidky byl spolec-
nosti INSET s.r.o. provadén podrobny prizkum kanaliza¢ni stoky
i v navazujicich usecich. Cilem prizkumnych praci bylo provéfit
stav zemniho prostfedi v okoli trasy kanalizacni stoky. K tomuto

Monitoring of construction operations connected with the
rehabilitation is carried out by application of geotechnical monitoring
points used for determination of initial effects of the accident on
surroundings, but continuous measurements with the frequency in
the order of single days are no more carried out. On the contrary,
if the development of negative effects on the accident surroundings
does not cease even during rehabilitation of the accident, it is
possible for selected methodologies of geotechnical monitoring
to use a measurement system with continual reading of data with
virtually immediate presentation on the web portal of the monitoring
information system. In the event that the corrective intervention
into the damaged sewer structure comprises even improvement of
properties of the environment behind the lining, e.g. back grouting
or low-pressure grouting, the GPR method allows for checking on
effectiveness of the interventions, checking on filling of cavities
or strengthening of the rock massif and focusing a prospective
supplementary intervention to ensure that that effectiveness of the
repair is long-term and stable.

The termination of geotechnical monitoring is possible only
when the settlement values and deformations being monitored are
stabilised.

The geotechnical monitoring itself can be used even in the
case that it is required to monitor selected sections of risk sewers,
the structural condition of which does not reach the criteria for
incorporation into the rehabilitation plan, but there is great potential
for dynamic development of defects.

9. EXAMPLE - COLLAPSE OF STORM SEWER IN PRAGUE

Serious structural defects with a possible accidental impact were
revealed during a routine inspection in May 2018 by the operator
of the sewerage network in Prague, the company of Prazské
Vodovody a Kanalizace, a.s. (Prague Water Supply and Sewerage
Company). The sewer runs under a reinforced concrete underground
structure and under a protective concrete structure passing under this
structure. Detailed survey of the sewer and the adjoining sections
was conducted as a follow-up of the results of the camera inspection
carried out by the company of INSET s.r.o. The objective of the
survey operations was to verify the condition of soil environment
surrounding the sewer. Non-destructive geophysical methods were
used for this purpose to inspect the sewer from the inside and from
the surface above the sewerage line. The main emphasis was placed
on finding sections with weakened soil and presence of caverns or
smaller cavities in the vicinity.

Obr. 11 PorusSeni celistvosti stoky vedené v betonovém kandlu
Fig. 11 Broken integrity of a sewer running inside a concrete channel
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description of disorders in sewers, code according to CSN EN 13508-2+A1

Obr. 12 VyFez situace priizkumnych praci se zakreslenim poSkozent a interpretacni schéma
Fig. 12 Cutout from a map of survey operations with the damage drawn in it and an interpretaion diagram

ucelu byly vyuZzity nedestruktivni geofyzikalni metody, které byly
realizovany ze stoky i z povrchu nad vedenim kanalizace. Hlavni
daraz byl kladen na vyhledani tdsekd oslabeni zemin a piitomnost
kaveren ¢i menSich dutin v jejich blizkosti.

Nejzéavaznéjsi poruchou, kterd byla klasifikovana jako havarijni
stav, byla celkova destrukce cihlové obezdivky a odhaleni betono-
vého kanalu, ve kterém byla stoka vedena (obr. 11). Prostfedi mezi
osténim stoky a betonovou chodbou bylo zcela nezaplnéno. V ram-
ci pruizkumu byla dile oznacena mista, kterd vykazovala znacny
potencial pro rozvoj k dalsi destrukci cihlové obezdivky stoky sa-
motné. Pfi¢ina havarie byla pravdépodobné kombinaci né€kolika
mechanism, které byly popsany vySe. Vlivem postupné degradace
dochazelo k oslabovéni cihelného zdiva v blizkosti kynety, postup-
nému rozvoliiovani a tvorbé kaveren. V tomto pfipad¢ tak dale do-
chézelo k neustdlému drceni Zldbkovych tvéarnic a jejich posunu.
Lokalné obnazené zeminové prostfedi tak bylo postupné vymilano.
Velkou komplikaci v tomto piipad€ byl pritok balastnich vod do
stoky v misté havdrie, ktery vyplavoval prostiedi mezi betonovou
konstrukei a osténim stoky. Takto oslabend stoka jiZ nebyla schop-

The most serious defect, which was classified as an emergency
state, was the total destruction of the brick lining and exposing of
a concrete channel through which the sewer ran (see Fig. 11). The
environment between the sewer lining and the concrete channel was
completely without fill. Locations exhibiting significant potential for
development leading to additional destruction of the brick lining of
the sewer itself were marked within the framework of the survey. The
cause of the accident probably lay in a combination of the several
above-mentioned mechanisms. The brick masonry in the vicinity of
the cunette got weaker, gradually loosened and caverns developed
due to gradual degradation. In this case the continuous crushing
of channel blocks and their movement continued. Thus the locally
exposed soil environment was gradually scored. In this case, the
inflow of ballast water into the sewer in the location of the accident
was a great complication. It washed out the environment between the
concrete structure and the sewer lining. The sewer weakened in this
way was no more able to resist the pressure regime of the flow in the
sewer. Complete destruction of the sewer happened probably at the
moment of intense downpours.
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na odolavat tlakovému reZimu proudéni ve stoce a k jeji kompletni
destrukci doSlo pravdépodobné ve chvili intenzivnich srazek.

Po vyhodnoceni geotechnického a geofyzikdlniho prizkumu
(obr. 12) byl projektantem navrzen postup sanace kanaliza¢ni stoky
v misté havdrie i pfilehlych tsecich. Bezprostiedné po zji§téni ha-
varijniho stavu byla stoka provizorné zajiSténa stiikanym betonem
a byla monitorovéna jeji tvarova stalost prostfednictvim méfeni de-
formaci osténi stoky (konvergen¢niho méfeni). Navrh findlni opra-
vy stoky byl rozdélen do n€kolika ¢ésti. V okoli objektu nadzemni
zastavby, pod kterym stoka podchazi, byla navrzena jeji komplet-
ni nova razba a nova obezdivka z cihelného zdiva. V navazujicich
usecich byla provedena vyména zlabku, oprava sparovani zdiva
a zajisténi prostfedi za osténim stoky pomoci nizkotlaké injektaze.
Soucasné byl provadén geotechnicky monitoring, jehoZ cilem bylo
zejména urcit vliv stavebni Cinnosti na objekt nadzemni zastavby,
pod kterou byla kanaliza¢ni stoka sanovana.

10. ZAVER

Kanalizacni a vodovodni sit je tfeba neustale udrzovat a obnovo-
vat. Soubor prizkumnych praci se zaméfenim na zji$téni staveb-
né-technického stavu této sit€ a na stav zeminového nebo horni-
nového prostiedi v okoli stok pomdhé presné lokalizovat rizikové
useky kanalizaci a je vhodnym podkladem pro ndvrh sanace. V pii-
padé mimotadné udalosti na kanalizaci nebo vodovodu lze — za
pomoci vhodné zvolenych prizkumnych metod — urcit skute¢ny
rozsah havdrie a vymezit moznou zénu ovlivnéni. Vysledky pri-
zkumnych praci jsou dale vyuZivany pro navrh sanace. Rychlym
nasazenim metod geotechnického monitoringu v okoli mimofadné
udalosti spolu s nastavenim procesti v€asného varovani za pomoci
webového informacniho systému monitoringu 1ze usmériiovat sa-
nacni prace tak, aby pripadné Skody na okolnich objektech byly co
nejmensi. Soubor vysledkd prizkumnych a monitorovacich praci
miZe dale slouZit jako podklad v pripadé feSeni majetkopravnich
sport pii feSeni nahrad na havarii ovlivnénych okolnich objektech.
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After the assessment of the geotechnical investigation and
geophysical survey (see Fig. 12) the designer proposed the procedure
for rehabilitation of the sewer in the location of the accident and
adjacent sections. Immediately after detecting the emergency
condition, the sewer was temporarily stabilised by shotcrete and its
dimensional stability was monitored by measuring deformations of
the sewer lining (convergence measurements). The proposal for the
final repair of the sewer was divided into several parts. Excavation
of a completely new tunnel under the above-grade building which
is passed under by the sewer and a new brick masonry lining was
designed. In the following sections, the flume was repaired, the brick
masonry was pointed and the environment behind the lining was
stabilised by low-pressure grouting. At the same time, geotechnical
monitoring was conducted with the objective first of all to determine
the influence of construction activities on the above-ground building
under which the sewer was being rehabilitated.

10. CONCLUSION

Sewerage and water supply networks have to be continuously
maintained and renovated. The set of investigation and survey
operations focused on determination of structural condition of
the network and condition of the soil and rock environment in
sewer surroundings helps to exactly locate risk sections of sewers
and is an appropriate base for the proposal for rehabilitation. In
the event of emergency on a sewer or water main, it is possible —
using appropriately selected investigation and survey methods — to
determine the actual extent of the accident and delimit the possible
affected zone. Results of the investigation and survey operations
are further used for the proposal for rehabilitation. It is possible
by prompt application of geotechnical monitoring methods in the
neighbourhood of the emergency event together with setting up early
warning processes using the web monitoring information system to
guide the rehabilitation operations so that the possible damage on
neighbouring buildings is as small as possible. The package of results
of survey and monitoring operations can further serve as a basis
in the event of solving compensation of damage on neighbouring
buildings affected by the accident.
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GEOFYZIKALNI MERENI Z VRTU A PODZEMNICH DEL K POSOUZENI
STAVU HORNINOVEHO.MASIVU PRO TUNELOVE STAVBY
NA PRIKLADU PRUZKUMU RADLICKE RADIALY
GEOPHYSICAL MEASUREMENTS FROM BOREHOLES
AND UNDERGROUND WORKINGS FOR ASSESSMENT OF CONDITION
OF ROCK MASSIF FOR TUNNEL CONSTRUCTION ON THE EXAMPLE
OF RADLICE RADIAL ROAD

RADEK ZELENY, DAVID FILIPSKY, TOMAS CHABR

ABSTRAKT

Priprava tunelovych staveb ve sloZitych geotechnickych podminkdch vyZaduje rozsiteni znalosti o stavu horninového masivu, neZ jaké
poskytuje klasicky povrchovy vrtny priizkum. V pripadé realizace ndrocnych priizkumnych Stol je vhodné vyuZiti téchto dél pro podrobnéjsi
pozndni stavu horninového masivu. Nové informace o geologickych a geotechnickych podminkdch lze ziskat nejen ze samotného dila, ale
i z prostoru pred jeho Celbou a v okoli priizkumného dila a pripadné i v prostoru predpoklddaného budouciho rozsitent Stoly do profilii jedno-
ho ¢i vice tunelii. RaZba priizkumné stoly pro pripravovanou vystavbu raZeného tunelu Radlice na stavbé Radlické radidly v Praze probihala
ve sloZitém geologickém prostredi s mozZnosti vyskytu krasovych jevii. Pro omezeni rizik spojenych s priichodem razby touto oblasti bylo
vyuZito geofyzikdlnich priizkumnych metod z povrchu a zejména seismického prosvécovdni v predvrtech z Celby raZené Stoly. Pro pozndni
vilastnosti horninového prostredi v profilu pripravovaného tunelu je mozné pomoci nejméné dvojice vrtii ze Stoly posoudit v detailnim méritku
prostiedi i mimo profil priizkumné Stoly. Uvedeny text se vénuje specidlnim geofyzikdlnim metoddm modifikovanym pro pouZiti v podzemi.
V ¢ldnku je popsdna metodika geofyzikdlniho méreni a jednotlivd geometrickd uspordddni a modifikace pouZité v rdmci priizkumu. Pro
v§echny uvedené geometrie seismického prosvécovdni jsou uvedeny priklady vystupi. Kromé seismickych metod Ize pri pozndni horninového
prostiedi vyuZit i dalsi metodiky, jako jsou profilovd mikrogravimetrie ze stoly a georadarovd méveni v profilové i vrtné varianté. U vSech uve-
denych metodik a jejich modifikaci je zhodnocen jejich prinos pro omezent rizik pri razbé stol a tunelii a jsou naznaceny jejich dalsi moZnosti.

ABSTRACT

Preparation of tunnel construction in complicated geotechnical conditions requires expanding knowledge about the condition of rock
massif wider than the knowledge provided by classical borehole survey. In the case of construction of demanding exploratory galleries it
is necessary to use the galleries for gaining more detailed knowledge of the rock mass condition. New information about geological and
geotechnical conditions can be obtained not only from the underground working itself, but also from the space ahead of the excavation
face, but also from the surroundings of the exploratory working and, possibly, from the space of the assumed future expansion of the gallery
profile into the profile of one or more tunnels. The excavation of the exploratory gallery for the construction of the Radlice mined tunnel
(Radlice Radial Road in Prague project) proceeded in a complex geological environment with the possibility of occurrence of karstic
phenomena. Methods of geophysical survey from the surface and, mainly, seismic tomography in holes bored ahead of the excavation face
were used for limitation of risks associated with the passage of the excavation through this area. For obtaining knowledge about properties
of rock environment within the profile of the tunnel being prepared it is possible to use at least a pair of holes bored from the gallery interior
for assessment of the environment in detailed scale even outside the exploratory gallery profile. The above-mentioned text is dedicated to
special geophysical methods modified for the use underground. The paper describes the methodology of geophysical measurement and
individual geometrical arrangements and modifications used within the framework of the survey. Examples of the outputs are presented
for all above-mentioned geometries of seismic tomography. In addition to seismic methods, it is possible to use even other methodologies
for gathering knowledge of rock environment, such as profiling microgravity survey from the gallery and Ground Penetrating Radar in
both the profiling and drilling variants. The contribution to limitation of risks during excavation of galleries and tunnels is assessed for all
above-mentioned methodologies and their modifications and other possibilities of their use are suggested.

1. UvVOD

Vyznamnou ¢asti paterni silni¢ni dopravni sit¢ Prahy se stane
Radlickd radidla, kterd ma propojit vnitini méstsky a vnéjsi prazsky
silni¢ni okruh v oblasti Smichova a Jihozapadniho mésta. Specifické
mistni podminky zdstavby, morfologie terénu a piirodni rezervace
nedovoluji ¢ist€ povrchové vedeni komunikace a soucésti projektu
jsou proto i raZzené radlické tunely délky kolem 2 km. Vzhledem ke
sloZitosti geologické stavby a ke zkuSenostem z jinych raZenych
dél v této ¢asti Prahy bylo rozhodnuto o realizaci priizkumné $toly.
Podle stavajicich geologickych poznatki je v zajmové trase tunelu

1. INTRODUCTION

The Radlice Radial Road will become an important part of
the arterial road transport network which is designed to link the
internal City Circle Road and the external Prague City Road in the
area of Smichov and Jihozdpadni Mésto (South-Western Satellite
Town). Specific local conditions of the urban development, terrain
morphology and an urban conservation area do not allow for
designing a purely surface alignment of the road. For that reason,
even the about 2km long Radlice mined tunnels are parts of the
project. The decision on driving an exploratory gallery was made
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pravdépodobny vyskyt krasovych jevi. Vysledky geofyzikalnich
prizkumnych praci byly jiz ¢astecné publikovany v ¢asopisu Tunel
v roce 2016 [1] v ramci prezentace komplexniho geotechnického
vyhodnoceni spolecnosti PUDIS a.s. [2], [3]. RaZbu prizkumné
Stoly provadéla spolecnost Subterra a.s.

Aplikovand geofyzika ziskdvd poznatky o stavu horninového
prostredi studiem fyzikalnich poli, kterd jsou ovlivnéna rozdilnymi
vlastnostmi litologie i masivu jako celku. Mezi sledované vlast-
nosti s navaznosti na feseni geotechnickych tloh patii parametry
elastické, hustotni a elektrické. Kazdy z téchto parametrt je zjis-
titelny nebo odvoditelny z provadénych geofyzikdlnich métreni ve
vhodné geometrii.

Z hlediska dosahu prizkumu Ize geofyzikdlni méfeni v podzem-
nich objektech a stavbach rozdélit na metody zjistujici vlastnosti
t&sného okoli méreného mista a na metody s vétSim prostorovym
zabérem. Do prvni skupiny spadaji karotdZzni metody a méfeni
sondami ve vrtech, pfipadné georadarova meéteni ve sténach Stol.
HIubsiho dosahu prizkumu lze dosahnout obdobou standardnich
profilovych povrchovych méfeni. Mezi metody s nejvétsim hloub-
kovym dosahem, pfi zajisténi vysoké rozliSovaci schopnosti, patii
prosvécovani horninového prostiedi mezi vrty nebo §tolami v kom-
binaci s povrchem [4].

2. GEOFYZIKALNI PRUZKUM ZE STOLY

K prizkumu horninového masivu z prizkumné stoly tunelu Rad-
lice byly jako hlavni pouZity metody seismické refrak¢éni tomogra-
fie, seismokarotdze a seismické tomografie (prosvécovani) v riz-
nych prostorovych modifikacich. Z dalsich metod byly k méreni
v prizkumné §tole zvoleny metody mikrogravimetrického a rada-
rového méfeni v profilové a vrtné varianté.

Seismické metody sleduji zeminové/horninové prostredi z hle-
diska rozloZeni rychlosti §ifeni seismickych vln, které odpovidaji
jeho elastickym parametrim. Rychlost Sifeni seismickych vin je
materidlovym parametrem uzce spojenym s litologickym typem
horninového prostredi, porozitou, charakterem vypln€ port a v ne-
posledni fadé s geomechanickym stavem sledovaného prostiedi
(porusenim masivu v tektonickych zénach, intenzitou zvétrani,
hustotou diskontinuit). Znacny vliv na rychlosti Sifeni seismickych
vln ma i litostaticky tlak a napéti v masivu. Rychlost Sifeni elastic-
kych vin v masivu tak pfirozené narista s hloubkou. Rychlost se
zvySuje také s rostoucim nap€tim v masivu.

V seismickych metodach jsou sledovanymi parametry Casy pii-
chodu jednotlivych vin od bodu zdroje vzruchu ke snimaci, zjis-
téné Casy jsou pouZzity ke stanoveni rychlosti Sifeni seismickych
vin. Sledovany jsou viny podélné (P) a pricné (S). Ze vzajemného
poméru rychlosti P vin a S vIn 1ze odvodit elastické/pevnostni cha-
rakteristiky horninového masivu. Dal$imi sledovanymi parametry
mohou byt rovnéZ amplituda pfijimaného signalu (rychlost kmita-
ni, vychylka) a frekvence prochéazejicich vin.

3. MELKA REFRAKCNI SEISMIKA - POVRCHOVA
REFRAKCNI TOMOGRAFIE

Metodou povrchové refrakéni tomografie je sledovano rozloze-
ni rychlosti Sifeni seismickych vIin pomoci analyzy Casu §ifeni tzv.
celné viny. Tato je v jisté vzdalenosti od zdroje seismické energie
registrovana jako Cas prvniho nasazeni — tzn. prvniho projevu sig-
nélu z vyvolanych vibraci na jednotlivych prijimacich (geofonech)
zapojenych do méfici aparatury. Kombinaci riznych pozic zdroja
seismické energie a snimact rychlosti kmitani je ziskan soubor za-
vislosti Casu Sifeni na vzdalenosti od zdroje. Metodami matematic-
ké inverze je hledan model prostfedi (tedy rozloZeni rychlosti Sifeni
v geologickém fezu), jehoZ teoretickd odezva vystihuje méfena data.

with respect to the complexity of the geological structure and
the experience from other mined workings in this part of Prague.
According to the existing geological knowledge, occurrence of
karst phenomena is likely on the tunnel alignment of interest.
Results of geophysical survey operations were already partially
presented in TUNEL journal in 2016 [1] within the framework of
presentation of a comprehensive assessment by the company of
PUDIS a.s. [2], [3]. The excavation of the exploratory gallery was
carried out by the company of Subterra a.s.

Applied geophysics gathers knowledge about the condition
of ground environment by studying physical fields, which are
affected by different properties of the lithology and the massif as
a whole. Among the monitored properties connected with solutions
to geotechnical problems there are elastic, density and electrical
parameters. Each of these parameters is detectable or derivable
from the geophysical measurements performed in an appropriate
geometry.

In terms of the scope of the survey, geophysical measurements in
underground structures and constructions can be divided into methods
required to determine the properties of the close surroundings
of the measured site and methods with greater spatial coverage.
The first group comprises logging methods and measurements in
boreholes with probes, possibly Ground Penetrating Radar (GPR)
measurements in walls of galleries. A deeper reach of the survey can
be achieved by an analogy to standard profile surface measurements.
Among methods with the greatest depth reach with high resolution
ensured there is tomography between boreholes or galleries
combined with the surface [4].

2. GEOPHYSICAL SURVEY FROM GALLERY

The main methods used for surveying the ground massif from
the exploratory gallery for the Radlice tunnel comprised seismic
refraction tomography, seismic logging and seismic tomography in
various spatial modifications. Of the other methods, microgravity
and GPR measurements in the profiling and borehole variants,
were used for measurements in the exploratory gallery.

Seismic methods observe soil/rock environment from the
aspect of distribution of velocity of propagation of seismic waves
corresponding to its elastic parameters. Velocity of seismic wave
propagation is a material parameter closely connected with the
lithological type of the ground environment, porosity, character
of pore filling and, at last but not least, with geomechanical
condition of the environment being monitored (faulting of rock
mass in tectonic zones, intensity of weathering, joint spacing).
Even lithostatic pressure and stress in the massif have significant
influence on velocities of seismic wave propagation. The velocity
of elastic waves in the massif naturally increases with depth. The
velocity also grows with growing stress in the massif.

In seismic methods, times of arrival of individual waves from
the excitement source point to the pickup are monitored; the times
measured are used for determination of the velocity of seismic
wave propagation. Longitudinal waves (P) and transverse waves
(S) are monitored. Elastic strength parameters can be deduced from
the ratio between P waves and S waves velocities. Other monitored
parameters can also comprise the amplitude of the signal received
(vibration velocity, deflection) and frequency of passing waves.

3. SHALLOW SEISMIC REFRACTION SURVEY -
NEAR-SURFACE SEISMIC REFRACTION TOMOGRAPHY
The near-surface seismic refraction tomography method is used

for monitoring of the distribution of seismic wave propagation by
means of an analysis of time spread of propagation of the so-called
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Metodou je sledovan prubéh tzv. refrak¢niho rozhrani, rozlozeni
rychlosti Sifeni seismickych viln v jeho (bezprostfednim) podloZi
a rozloZeni rychlosti v pokryvu. V pfipadé méfeni ze Stoly pred-
stavuji zoénu sniZenych rychlosti horniny poruSené vlivem razby
s rychlosti Sifeni pohybujici se kolem hodnoty 1000 m.s™'. Podlozni
horniny jsou zastoupeny rychlostmi od cca 1000 az do 6000 m.s™.
Vyssi rychlosti (3000-6000 m.s) odpovidaji nezvétralym pevnym
horninam, niZ8i rychlosti ukazuji na pritomnost zvétralych nebo
porusenych hornin (1000-3000 m.s™). Litologické rozdily se dale
mohou projevovat rozdilnym gradientem naristu rychlosti Sifeni
seismickych vin s hloubkou, resp. se vzdalenosti od stény vyrubu.

Kombinaci riznych pozic zdroji seismické energie a snimact
rychlosti kmiténi je ziskdn soubor z4vislosti ¢asu pfichodu seismic-
kého signalu na vzdalenosti od zdroje, ktery predstavuje vstupni
hodnoty do inverzniho iteracniho vypocetniho procesu. Vypoctem
Cast Sifeni pro pocatecni rychlostni model zeminového/hornino-
vého prostredi je ziskdn soubor syntetickych ¢asii pro pouZzitou
konfiguraci méfeni. Diskrepance méfenych a modelovych cCasu S§i-
feni jsou metodami matematické inverze prevadény na diference
rychlostniho modelu. Pti konvergenci procesu je ziskan rychlostni
model s odezvou, ktera se nelisi od méfenych ¢asti o hodnotu vétsi,
nez je nejistota méten.

Ziskany model sledovaného prostfedi je predkladan v podobé
rychlostniho fezu. V rychlostnich fezech je distribuci rychlosti §i-
feni vedle litologického typu charakterizovan predevsim geome-
chanicky stav zeminového/horninového prostiedi, tj. intenzita zve-
trani, hustota diskontinuit, resp. degradace v misté poruchovych
z6n. Zdravé nebo mélo zvétralé skalni horniny jsou obvykle cha-
rakterizovany vysokym (vertikdlnim) gradientem rychlosti Sifeni,
poruchové zéna se predstavuje lokdlnim snizenim rychlosti Sifeni
a deformaci rychlostniho gradientu v kontrastu s monotonnim na-
rustem rychlosti Sifeni seismickych vIn s hloubkou v ¢astech fezu

bez lokdlniho poruseni hornin.

4. SEISMICKE PROSVECOVANI

Seismické prosvécovani (Seismic Tomography) — poskytuje ob-
raz s vysokym prostorovym rozliSenim distribuce rychlosti P a/nebo
S vln k vymezeni geologickych struktur. Pro zakladni rozdéleni
metod prosvécovani lze uzit geometrie vrt — vrt, vrt — povrch, Stola
— povrch, Stola — Stola a dalsi. VSechny tyto varianty byly pouZi-
ty i na uvadéném prizkumu pro stavbu radlickych tuneld. PouZité
modifikace metody sleduji rozloZeni rychlosti Sifeni seismickych
vin v fezech vymezenych liniemi snimacii a zdrojovych bodt seis-
mického signalu. Méfenou veli¢inou je rovnéz vlnova odezva sni-
mace (geofonu) na pulzni zdroj a v tomto pribéhu odecteny cas
Sifeni prochazejici viny (seismického signalu) mezi zdroji a pfiji-
maci ve znamych pozicich. Tomografickd méfeni jsou zpracovana
do podoby rychlostnich fezl s vyznacenymi strukturnimi a litolo-
gickymi jevy.

Vysledky geofyzikdlniho prizkumu zejména seismického pro-
svécovani reaguji na geomechanicky stav horninového masivu
zménami v rychlostech Sifeni seismickych vin. Vysledné rychlost-
ni fezy tak kromé zmén litologickych dovoluji indikaci vyznam-
nych poruchovych struktur a jejich sledovani ve zvolené roviné
fezu vcetné detekce pripadnych nespojitosti a dutin v horninovém
masivu (v tomto konkrétnim piipadé zejména krasovych jevi).
Dulezitou soucésti informace z rychlostnich fezi je rozsah a mira
poruseni horninového masivu vlivem pouZzitého zpiisobu jeho roz-
pojovani (zejména trhacimi pracemi). Tato poruSené oblast v okoli
podzemniho dila se oznacuje jako EDZ (excavation damage zone).
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wave front. It is registered at a certain distance from the seismic
energy source as the time of the first break — the so-called initial
manifestation of the signal from induced vibrations on individual
receivers (geophones) connected to the measurement apparatus.
The set of dependencies of time spread of propagation on the
distance from the source is obtained by a combination of various
positions of the seismic energy sources and vibration velocity
sensors. The environment model (i.e. distribution of propagation
velocities in a geological section) the theoretical response of
which gives a true picture of the measured data is sought using
mathematical inversion methods.

The method is used for monitoring of the course of the so-
called refraction interface, distribution of velocity of seismic
wave propagation in its (immediate) sub-base and distribution
of the velocity in the cover. In case of measuring from a gallery,
they represent a zone of reduced velocities in rock disrupted
by the excavation with the velocity of propagation fluctuating
about the value of 1000m.s™'. Underlying rock is represented by
velocities ranging from ca 1000 to 6000m.s™'. Higher velocities
(3000-6000m.s™") correspond to non- weathered hard rock; lower
velocities indicate the presence of weathered or fractured rock
(1000-3000m.s1). Lithological differences can further manifest
themselves by a different gradient of the growth of seismic wave
velocities with depth, respectively with the distance from the
excavation wall.

A combination of various positions of seismic energy sources
and vibration velocity sensors is used for gathering a set of
dependencies of time of seismic signal arrival on the distance
from the source, which represents the input values into the inverse
iteration computation process. A set of synthetic times for the
measurement configuration used is obtained by the calculation
of arrival time for the initial velocity model of the soil/rock
environment. Discrepancies between measured and model
arrival time are converted into differences of the velocity model
using mathematical inversion methods. In case of the process
convergence, a velocity model with response which does not differ
from the measured times by a value greater than measurement
uncertainty is obtained.

The model of the monitored environment obtained is submitted
in the form of a velocity section. In the velocity sections, the
geomechanical condition of the soil/rock environment, i.e. intensity
of weathering, joint spacing, respectively degradation in the
location of fractured zones, first of all in the velocity sections, are
characterised, besides the lithological type, by the distribution of
velocities of propagation. Fresh or little weathered rock is usually
characterised by high (vertical) gradient of propagation velocity;
a faulted zone manifests itself by local reduction in propagation
velocity and deformation of the velocity gradient in contrast with
monotonous increase in velocity of seismic wave propagation
with the depth in parts of the section without local fracturing of
rock.

4. SEISMIC TOMOGRAPHY

Seismic Tomography — it provides a picture with high spatial
resolution of distribution of velocities of P and/or S waves for
delimitation of geological structures. Borehole-borehole, borehole-
surface, gallery — surface, gallery-gallery and other geometries can
be used for basic distribution of tomography methods. All of the
above-mentioned variants were applied even to the above-mentioned
investigation for the construction of the Radlice tunnels. The used
modifications of the method pursue the distribution of seismic wave



29. rocnik - €. 2/2020

7 o Pozice Zdrojy
| : Smic Source Position
I e, - Jz
: .
[ ' |
2 =
= =
=] \ |
i : =3 5
R E == L
o 3 ot
o o ot :
§o i
o |1 ‘ o
{ ‘{RE
2 -
UJ I . (=)
¥

Obr. 1 Schéma méreni seismické tomografie
Fig. 1 Seismic tomography measurement chart

Tomografickd méteni byla doplnéna o seismokarotdz, kdy je sle-
dovan cas pruchodu seismického signdlu mezi zdrojem (obvykle
umisténym v blizkosti usti vrtu) a snimaci ve vrtech. Vysledkem je
seismokarotdzni modelova kfivka transformovana do rychlostniho
vrstevniho modelu, ktery ukazuje zastoupeni horninovych vrstev
charakterizovanych mocnosti a rychlosti §ifeni seismickych vin
(obr. 1 a2).

Tomograficky vypocet rychlostniho pole Sifeni seismickych vin
prostifedim byl provadén v programovych prostiedich Rayfract™
(Intelligent Resources Inc.) a ReflexW (Sandmeier Software)
v pravidelné pravouhlé vypocetni siti s krokem 0,25x0,25 m.
Jako nulty vstupni model pro itera¢ni inverzni proces bylo pouZito
prostiedi s gradientem rychlosti 100 m.s! na 1 m hloubky. Seis-
mické paprsky, predstavujici trasu §iteni vysokofrekvencni slozky
seismického signdlu, byly pocitiny jako dvojrozmérné zakiivené
trajektorie v roviné fezu. Ta je zde chdpana jako svisla rovina pro-
chazejici body zhlavi pouzité dvojice vrtd. V pripadé zaktivenych
prubéhu vrtanych sond jsou méfené Casy Sifeni opraveny podle
skute¢né prostorové pozice zdroji a prijimacu a vysledny predkla-
dany fez tak lze povaZovat za primét obecné plochy mérfeni do
proloZené roviny.

5. BEZPECNOSTNI JADROVE PREDVRTY 2 CELBY STOLY

Meéreni v bezpecnostnich jadrovych predvrtech byla rozsifena
o seismické prosvécovani na Celbach, které dokaZe oproti seis-
mokarotaZnim méfenim postihnout ploSné rozloZeni pripadnych
poruch a krasovych jevl. Data ze seismokarotdZe jsou navic do
plosného méfeni implementovana. Vysledny fez ma prevazné tvar
rovnoramenného trojihelniku s vyskou odpovidajici délce vrtu a se
zdakladnou na celbé Stoly.

Meéfteni v pruzkumné Stole Radlické radialy byla provadéna na
zdkladé pozadavkid geotechnického priizkumu a zéstupcd zhoto-
vitele raZzeb bezprostfedné po odvrtini bezpecnostnich predvrti
z Celby. Jadrové predvrty mély délku 20 az 30 m a byly vedeny
dovrchné tak, aby postihly pfipadné poruchy v pristropi a nadlozi
prizkumné Stoly s nejvétSim potencidlem negativniho ovlivnéni
stability vyrubu. V téchto vrtech bylo provadéno geofyzikalni mé-
feni seismickou tomografii a vrtnym georadarem. Vysledky byly
pribézné predavany na stavbu do 16 hodin od zahdjeni méreni.

Na zaklad€ geofyzikalnich méfeni ve vrtu provedeném z Celby
prazkumné Stoly (obr. 3) byla stanovena zakladni rajonizace zkou-

Obr. 2 CtyFstupiiovy t¥isloZkovy seismicky snimac do vrtu — INSET
Fig. 2 Four-stage, three-component seismic borehole sensor — INSET

propagation velocities in sections delimited by lines of sensors and
source points of seismic signal. The wave response of the sensor
(geophone) to the pulse source and the time spread of propagation
of the wave (seismic signal) passing between sources and receivers
in known positions is also a measured parameter. Tomographic
measurements are processed into the form of velocity sections with
structural and lithological phenomena marked in them.

The results of geophysical survey, first of all seismic tomography,
respond to the geomechanical condition of ground massif by
changes in velocities of seismic wave propagation. In addition to
lithological changes, resultant velocity sections allow for indicating
significant failure structures and their monitoring in the selected
section plane including detection of possible discontinuities
and cavities in the rock massif (in this particular case first of all
karst phenomena). An important part of the information from
the velocity sections lies in the extent and rate of the rock massif
fracturing caused by the disintegration technique used (mainly
by blasting). This fractured area in the surroundings of the
underground working is denoted as the EDZ (Excavation Damage
Zone).

Tomographic measurements were supplemented by seismic
logging, where the arrival time of the seismic signal between
the source (usually installed at the borehole mouth) and sensors
in boreholes is observed. The result is a seismic logging model
curve transformed into a bedding velocity model, which shows
the representation of ground layers characterised by thickness and
velocity of seismic wave propagation (see Figures 1 and 2).

Tomographic calculation of the velocity field of seismic wave
propagation through an environment was conducted in program
environments Rayfract™ (Intelligent Resources Inc.) and ReflexW
(Sandmeier Software), in regular rectangular computation network
with 0.25%0.25m step. An environment with velocity gradient
100m.s! per Im of depth was used as the zero input model for
the inverse iteration process. Seismic rays representing the path
of propagation of the high-frequency component of seismic signal
were computed as two-dimensional curved trajectories in the
section plane. The plane is understood here as a vertical plane
passing through points of the heads of the pair of boreholes used.
In a case of curved paths of the boreholes, the measured arrival
times are corrected according to the real spatial positions of the
sources and receivers, thus the resultant section being submitted
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Obr. 3 Seismické prosvécovdni z Celby Stoly: poruSené horniny jsou vyznaceny tmavymi odstiny modro-fialové, cihlové cervené znacky jsou pozice snimaci

v bezpecnostnim predvrtu

Fig. 3 Seismic tomography from gallery excavation face: fractured rock marked by dark shades of blue-violet, brick red marks show positions of sensors in the

safety borehole ahead of the face

maného useku s prihlédnutim k makroskopickému popisu jadrové-
ho vrtu a kamerové prohlidce vrtu. Touto rajonizaci byly vymezeny
nejvyznamnéjsi zjiSt€né poruchové zony s moznosti vyskytu kraso-
vych jevl a otevienych, ¢asto zvodnélych puklin. V pfipadé neptiz-
nivych geotechnickych podminek mohla byt operativné upravova-
na technologie razby.

6. PRESIOMETRICKE VEJIRE Z PRUZKUMNYCH STOL

V ramci provadéného geotechnického prizkumu byla ve vrtech
vedenych do okoli prizkumné S$toly realizovdna presiometric-
ka méfeni na celkem deviti radidlnich véjifich. Jednotlivé véjite
byly sestaveny vzdy ze Ctyr vrth se zakladni geometrii vrti strop/
dno/pravy bok/levy bok. Vrtné véjife byly realizovany prabézné
s postupem razby pruzkumné Stoly. Po provedeni zkousek a zpfi-
stupnéni vrtného profilu byla ve vSech vrtech vé&jift provedena
a nasledné vyhodnocena vrtna georadarova méfeni, seismokarotaz
a seismické prosvécovani mezi vrty. Seismické prosvécovani mezi
vrty pro presiometrické zkousky bylo realizovano na kazdém vé&jii
ve Ctyfech fezech danych dvojici vrtd, mezi nimiz bylo tomografic-
ké méfeni realizovano. Celkova metraZ vrtl na jednotlivém véjiii
¢inila vzdy 60 m. Nékteré véjife bylo nutné z technickych divodii

can be considered as projection of a general measurement plane to
the inset plane.

5. SAFETY CORED HOLES BORED FROM GALLERY
EXCAVATION FACE

Measurements in the safety cored holes bored ahead of
excavation face were expanded by adding seismic tomography
at excavation faces, which is able, in contrast to seismic logging
measurements, to capture aerial distribution of possible failures
and karst phenomena. The data obtained by seismic logging is, in
addition, implemented into the areal measurement. The resultant
section has mostly the shape of an isosceles triangle with the
altitude corresponding to the borehole length and with the base at
the gallery excavation face.

Measurements in the exploratory gallery for the Radlice
Radial Road were conducted on the basis of requirements of the
geotechnical investigation and representatives of the contractor for
excavation immediately after completion of the holes bored ahead
of the excavation face. The cored boreholes ahead of the face were
20 up to 30m long. They were carried out at an upward gradient
so that they captured possible fractures in the top heading and
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Obr. 4 Seismické prosvécovdni na presiometrickych véjirich s vyznacenymi rovinami vybranych seismickych rezii
Fig. 4 Seismic tomography on pressuremeter fans with planes of selected seismic sections marked in it

modifikovat, a tak byla pfizptisobena i geometrie provadénych seis-
mickych méfeni. Na obr. 4 je uvedena ukdzkova geometrie stan-
dardniho i modifikovaného méfeni na vrtnych véjitich.

Porovnani seismickych fezi s vysledky presiometrickych méfeni
umoznilo zjisténé bodové pevnostni a deformac¢ni charakteristiky
horninového prostiedi interpolovat v plose fezu mezi vrty presio-
metrického véjite. V tab. 1 jsou uvedeny typy hornin zastiZené pra-
zkumnou Stolou s pfifazenymi rychlostmi Sifeni seismickych vin.

Vysledky seismické tomografie na presiometrickych véjitich
byly prezentovany ve formé tomografickych rychlostnich fezt. Na
zakladé geofyzikalnich méfeni ve vrtech presiometrickych ve&jirt
byla stanovena zakladni rajonizace horninového prostfedi ve stano-
venych fezech a rovindch v okoli vrtii. Na obr. 5 je uveden priklad
vystupu z méfeni na vrtnych véjifich.

Tab. 1 Rychlosti Sifeni seismickych vin pro seismickou tomografii mezi vrty
ze Stoly

rychlost hodnota N
seismickych vin (m/s) homineyave
Lo bridlice zvétralé s velmi vysokou hustotou
velmi nizka <2000 R
s bfidlice zdravé s vysokou hustotou
nizka 2000-3500 diskontinuit
vapence kompakini s vysokou hustotou
stfedni 3000-5000 | diskontinuit, vapence porusené viivem
razby a vrtacich praci
. vapence kompaktni se stfedni az nizkou
ysokd 25000 hustotou diskontinuit

overburden of the exploratory gallery with the greatest potential
for negatively affecting the excavation stability. Geophysical
measurements using seismic tomography and a borehole ground-
penetrating radar were conducted in those boreholes. The results
were continuously submitted to the construction site within 16
hours from the start of the measurements.

The geophysical measurements in the hole bored ahead of the
exploratory gallery excavation face (see Fig. 3) provided the basis
for determination of basic zoning (rajonisation) of the section being
analysed taking into consideration the macroscopic description of
the cored borehole and camera inspection of the borehole (see
Fig. 3). The zoning (rajonisation) was used for delimitation of
most important fracturing zones with the possibility of occurrence
of karst phenomena and open, often water-bearing, fissures. In a
case of unfavourable geotechnical conditions, it was possible to
operatively modify the excavation technique.

6. PRESSUREMETER FANS FROM EXPLORATORY
GALLERIES

Pressuremeter measurements were carried out on the total of nine
radial fans within the framework of the geotechnical investigation
in boreholes carried out into the exploratory gallery surroundings.
Each of the individual fans was assembled from four boreholes
with the following basic geometry sequence: roof/bottom/right-
hand side/ left-hand side. The borehole fans were carried out
continuously along with the advancing excavation of the exploratory
gallery. GPR borehole measurements, seismic logging and seismic
tomography between boreholes were carried out in all boreholes
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Obr. 5 Seismické prosvécovdni na presiometrickych véjirich: porusené horniny jsou vyznaceny tmavymi odstiny modro-fialové, cihlové cervené znacky jsou pozice
snimacii ve vrtech a v osténi §toly, ve vrtu bez znacek byl umistén seismicky zdroj, édrkované linie predstavuji hranice kvazihomogennich celkii a poruchové zony
Fig. 5 Seismic tomography on pressuremeter fans: fractured rock marked by dark shades of blue-violet, brick red marks show positions of sensors in boreholes

and gallery lining; seismic source was installed in the borehole without marks; dashed lines represent borders of quasi-homogeneous blocks and fault zones

7. PRUZKUMNE VRTY ZE STOLY

Prizkumné vrty byly vrtiny ze Stoly severni tunelové trouby
(STT) do oblasti jizniho tunelu a do oblasti severniho tunelu za
koncem prazkumné Stoly a ze Stoly jizni tunelové trouby (JTT) do
oblasti jizniho tunelu za koncem prizkumné Stoly. VSechny vrty
byly v souladu s projektem prizkumnych praci vyuZzity také k pro-
vedeni geofyzikdlniho prizkumu. Postup praci a rozsifeni pruzku-
mu o $tolu v trase JTT oteviely dal§i moZnosti vyuZiti seismické
tomografie. Nové tak bylo moZné realizovat prosvécovani nejen
mezi pruizkumnymi vrty, ale i mezi vrty a Stolou nebo mezi obéma
Stolami.

making up the fans and subsequently assessed after completion
of the tests and making the drilling profile accessible. Seismic
tomography between boreholes for pressuremeter tests was carried
out on each fan in four sections determined by a pair of boreholes
between which the tomography measurements were conducted.
The total length of the boreholes forming individual fans always
amounted to 60m. Some fans had to be modified for technical
reasons, therefore the geometry of the seismic measurements

Table 1 Velocities of seismic wave propagation for seismic tomography
between boreholes from the gallery

Rozsifeni prizkumu o prosvécovani mezi obéma Stolami a vrtem velocity value
a Stolou si vyzadalo tpravu technologie provadénych prizkumnych of seismic (m/s) rock type
praci vcetné instrumentace horizontalnich geofonii do stény Stoly \Waves - -
a zajisSténi kabelového propojeni mezi pracovisti v jednotlivych very low <2000 me;tsifﬁﬁni?t?eli DU DY
Stoldch SVTT aJTT (ol?r. 6)', . L low 2000-3500 | fresh shale with close joint spacing
Rozlozeni rychlosti v ziskanych tomografickych fezech bylo compact imestone with close joint
ovlivnéno pomérnym zastoupenim jednotlivych hornin v roviné medium 3000-5000 | spacing; limestone fractured by the effect
fezu, prostorovymi parametry vrstev a poruch a zejména jejich ori- of excavation and blasting
entaci vaci draham sledovanych seismickych paprski. V mistech high 55000 | compact limestone with medium
snizenych rychlosti bylo indikovéano vyssi zastoupeni rozpukanych - to low joint spacing
JTT STT
0
E
>
vrt $J103 borehole $4103
. . 50
% méfitko scale X (m) -150
B
0 10 20 30 40 50m

Obr. 6 Rozsiieni moZnosti seismické tomografie: vyznaceni hustoty dat v Fezu — schéma geometrie prosvécovdni mezi vrtem SJ103 a $tolou v trase STT a Stolami
v trase JTT/STT

Fig. 6 Expansion of possibilities of seismic tomography: marking of data density in the section — chart of tomography geometry between borehole SJ103 and the
gallery on the NTT alignment and galleries on the STT/NTT alignment
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Obr. 7 RozSiFeni moZnosti seismické tomografie: vysledné rezy v roviné vymezené obéma Stolami s distribuci rychlosti Sireni v délce aZ 285 m
Fig. 7 Expansion of possibilities of seismic tomography: resultant sections in the plane delimited by both galleries, with distribution of velocity at the length of up

to 285m

pevnych hornin (vapencit). SniZzené rychlosti se rovnéz vyskytova-
ly v mistech litologickych zmén (polohy bfidlic) a v mistech pre-
chodu mezi jednotlivymi kvazihomogennimi bloky hornin. Vysoké
rychlosti Sifeni seismickych vin (4000-6500 m.s™) ukazovaly na
¢asteCnou hydrotermélni metamorfézu zastiZenych vapenci, coz

odpovidalo geologické dokumentaci vrtnych jader.

had also to be adapted. Exemplary geometry of the standard
and modified measurements on borehole fans is presented in
Fig. 4.

The comparison of seismic sections with results of pressuremeter
measurements allowed for interpolation of the determined point
strength and deformational characteristics of the rock environment
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Prizkumné vrty byly provadény z koncovych celeb obou Stol
ve sméru a v piipadé JTT i proti sméru razby a na vrtnych profi-
lech kolmo ke sméru razby. Vrty dosahovaly délek 60—75 m, jejich
vzdélenost na vrtnych profilech ¢inila kolem 30 m. Vysledné fezy
tak predstavovaly ploSnou mapu v rovin€ vymezené obéma Stolami
s distribuci rychlosti Sifeni v délce 285 m. V takto vymezené oblas-
ti bylo mozné na zaklad€ poznatkll z popisu vrtil stanovit presnéjsi
vymezeni bloki jednotlivych hornin véetné jejich pfipadného tek-
tonického omezeni (obr. 7).

Prosvécovani bylo realizovdno vZdy minimalné mezi dvojicemi
vrtl, které tak vymezovaly roviny fezl. V pfipadé vrtd do bokl
Stoly se jednalo o fezy vedené rovnobézZné s rovinou pocvy §to-
ly. U vrtl vedenych upadné do dna Stoly byl vysledny rychlostni
fez orientovan v obecné roviné zapadajici Sikmo pod dno Stoly ve
sméru vrtl. Rozméry téchto plosnych fezl byly dany délkou vrt
a vzdélenosti mezi nimi a dosahly velikosti az 30x70 m. I v téchto
fezech byly vymezeny bloky jednotlivych hornin vcetné tektonic-
kého omezeni (obr. 8).

8. GEOFYZIKALNI MERENI Z PRUZKUMNYCH STOL
PO JEJICH VYRAZENI

Po ukonceni razby prizkumnych $tol v trase STT i JTT byla po-
stupné v obou prizkumnych $tolach provadéna geofyzikalni méte-
ni sestavajici ze seismické profilové tomografie, georadaru a mik-
rogravimetrie.

Georadarova a seismicka méfeni byla zpracovana do formy po-
délnych fezt. Gravimetrickd méfeni byla spocCtena a prezentovana
jako modifikované Bouguerovy tihové anomélie.

Seismické tomografické profily byly vedeny dnem v ose Stoly
a ve Stole STT v pravém jiznim boku (smérem k JTT) a ve stropé
Stoly. Usek méfeny ve stropé §toly byl vytipovan na zikladé shody
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on the section plane between pressuremeter fan boreholes. The
Table 1 presents the rock types encountered by the exploratory
gallery with the velocity of seismic wave propagation attributed
to them.

The results of the seismic tomography on pressuremeter fans
were presented in the form of tomography velocity sections. Basic
zoning (rajonisation) of the rock environment in the sections and
planes in the surroundings of the boreholes was determined on the
basis of geophysical measurements in the boreholes forming the
pressuremeter fans. An example of the output from measurements
on borehole fans is presented in Fig. 5.

7. EXPLORATORY BOREHOLES FROM THE GALLERY

The exploratory boreholes were carried out from the gallery for
the northern tunnel tube (NTT) into the area of the southern tunnel
tube and the area of the northern tunnel tube behind the end of the
exploratory gallery and from the gallery for the southern tunnel
tube (STT) into the area of the northern tunnel tube behind the
end of the exploratory gallery. All boreholes were, in line with
the design for exploratory operations, used also for geophysical
exploration. The excavation advance and the addition of the gallery
on the STT route to the investigation opened other possibilities
for the use of seismic tomography. It was newly possible to carry
out tomography not only between exploratory boreholes, but even
between boreholes and the gallery or between the two galleries.

The addition of the tomography between the two galleries and
between the borehole and the gallery to the investigation required
modification of the survey technique including installation of
survey horizontal geophones into the gallery side wall and ensuring
cable connection between workplaces in individual galleries in the
NTT and STT (see Fig. 6).
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Fig. 9 GPR, gravimetry and seismic measurements from gallery: vertical sections with increased reflectivity in the GPR signal in sections with local minimum

of gravity acceleration and reduced velocity of seismic waves




29. rocnik - €. 2/2020
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Obr. 10 Podélnd seismickd méreni ve §tole STT s vyslednym detailnim clenénim masivu
Fig. 10 Longitudinal seismic measurements in the gallery for the NTT with resultant detailed division of the massif

vyznamnych indikaci z méfeni ze §toly i z povrchovych méfeni
(obr. 9 a 10).

Vysledky podélnych seismickych, gravimetrickych a geoelek-
trickych méfeni dokdzaly spolehlivé vymezit jednotlivé kvaziho-
mogenni bloky v extrémn€ nehomogennim prostfedi s nahlymi
zménami vlastnosti masivu a detekovat poruchové zény v pevnych
horninach, zejména vipencich.

Obr. 11 MoZnosti seismického prosvécovani mezi dvojici ¢i trojict vrtu z éelby
tunelu v geotechnicky sloZitych a rizikovych usecich (napr. pri raZbé tunelu
pod objekty)

Fig. 11 Possibilities of seismic tomography between a pair or a triplet of
boreholes from tunnel excavation face in geotechnically complex and risky
sections (e.g. during the course of tunnel excavation under buildings)

The distribution of velocities in the tomography sections
obtained was affected by the relative representation of individual
rock types in the section plane, by spatial parameters of layers
and fractures and, first of all, by their orientation relative to
paths of the seismic rays being monitored. Greater representation
of fractured hard rock (limestone) was indicated in locations of
reduced velocities. Reduced velocities were also encountered in
locations of lithological changes (shale layers) and in locations of
transition between individual quasi-homogeneous rock blocks. The
high velocities of propagation of seismic waves (4000-6500m.s™)
indicated partial metamorphosis of the limestone encountered,
corresponding to the geological documentation of the borehole
cores.

Exploratory boreholes were carried out from the excavation
end faces of both galleries in the direction and, in the case of the
STT, even in the direction opposite to the excavation advance and
on borehole profiles perpendicularly to the excavation advance.
The lengths of the boreholes amounted to 60—75m, their spacing
on the borehole profiles amounted to ca 30m. The resultant
sections represented a planar map on a plane delimited by the two
galleries, with the distribution of velocity of propagation at the
length of 285m. In the area delimited in this way it was possible
to determine more accurate delimitation of individual rock blocks
including possible tectonic boundary of the blocks on the basis of
the knowledge obtained from the description of the boreholes (see
Fig. 7).

The tomography was carried out always minimally between pairs
of boreholes, which determined the planes of sections in this way.
In the case of boreholes into the gallery side walls, the sections
were kept in parallel with the gallery bottom plane. In the case
of boreholes carried out at a downward gradient into the gallery




Tuel

9. GEOMETRICKE MODIFIKACE SEISMICKEHO
PROSVECOVANI

U bezpecnostnich jadrovych predvrtl 1ze doporucit nahrazeni ¢i
doplnéni seismokarotdZe prosvécovanim v usporadani ,,vrt — Cel-
ba“. Toto nahrazeni se jevi jako ucelné do délky predvrtu 20-30 m.
Pro vétsi vzdélenosti je vystupem vzdy standardni seismokarotdzni
rychlostni profil. V blizké zoné od ¢elby je rozdil mezi 1D informa-
ci z karotdZe (rozloZeni seismickych rychlosti v okoli vrtu) a plos-
nou 2D mapou distribuce seismickych rychlosti ve zvolené roviné
vyznamny. ProdlouZeni ¢asu nutného k provedeni prosvécovini
neni oproti karotdzi zasadni. Vyraznym benefitem pro geotechnika
miZe byt i moznost ureni roviny fezu dle pfevazujicich sméri po-
ruch ¢i geologické situace.

Meéreni vrtnych véjifG predstavuje moznost navazani rychlosti
Sifeni seismickych vin na dalsi geotechnické parametry a dovoluje
usuzovat na plosnou distribuci geotechnickych parametrt dle mapy

ziskané ze seismickych tomografickych méreni.
V geotechnicky sloZitych a rizikovych usecich, napf. pii razbé
tunelu pod objekty, je vhodnou variantou seismického prosvécova-

Obr. 12 Fotografie poFizené p¥i kamerové dokumentaci vrtii: horni obrdzek
predstavuje zastizené zkrasovéni, dolnije zdznamem ze zvodnélého vrtu v misté
pritoku vody do vrtu 7 oteviené pukliny

Fig. 12 Photographs provided during camera documentation of boreholes:
upper picture represents karstification, lower picture is a record from water-
-bearing borehole in the location of water inflow from an open fissure
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bottom, the resultant velocity section was oriented in a general
plane dipping at an angle under the gallery bottom in the direction
of the boreholes. The dimensions of the horizontal sections were
given by the length of boreholes and distances between them and
reached the size up to 30x70m. Blocks of individual rock types
including tectonic limitation (see Fig. 8) were determined even on
these sections.

8. GEOPHYSICAL MEASUREMENTS
FROM EXPLORATORY GALLERIES
AFTER COMPLETION OF EXCAVATION

Geophysical ~measurements comprising seismic  profile
tomography, ground penetrating radar and microgravity survey
were gradually carried out in both exploratory galleries on the NTT
and STT routes after completion of the excavation.

The GPR and seismic measurements were processed into the
form of longitudinal sections. The gravimetry measurements were
computed and presented as a modification of Bouguer gravity
anomalies.

Seismic tomography profiles were led through the bottom on the
gallery centre line and, in the gallery of the NTT, on the right-hand
southern sidewall (in the direction of the STT) and in the gallery
roof. The section measured in the gallery roof was tipped on the
basis of an agreement of significant indications from measurements
from the gallery with surface measurements (see Figures 9
and 10).

Results of the longitudinal seismic, gravimetric and geoelectrical
measurements managed to reliably delimit individual quasi-
homogeneous blocks in extremely non-homogeneous environment
with abrupt changes in the massif properties and detect fault zones
in strong rock types, first of all limestone.

9. GEOMETRIC MODIFICATIONS OF SEISMIC
TOMOGRAPHY

In the case of the safety cored holes ahead of excavation face it is
possible to recommend substitution or adding the seismic logging
to the tomography in the “borehole — excavation face” arrangement.
This substitution appears to be reasonable up to the length of the
advance borehole of 20-30m. For greater distances, the output
has always the form of seismic logging curve. At a close distance
from the excavation face, the difference between 1D information
from logging (distribution of seismic velocities in the borehole
surroundings) and the areal 2D map of distribution of seismic
velocities in a selected plane is significant. Extension of the time
necessary for execution of tomography in comparison with the
logging is not fundamental. A possibility of determination of the
section plane according to prevailing trends of faults or geological
situation can also be a significant benefit for a geotechnical
engineer.

Measurement of borehole fans represents a possibility of linking
the propagation velocities to other geotechnical parameters and
allows for reasoning that there is planar distribution of geotechnical
parameters corresponding to the map obtained from seismic
tomography measurements.

In geotechnically complicated and risky areas, e.g. during
tunnel excavation under buildings, a suitable variant of seismic
tomography is application of a modification of measurement
between a pair or triplet of holes bored from the tunnel excavation
face, with creation of more tomography sections (see Fig. 11).

Geophysical measurements in combination of surface longit-
udinal measurements with measurement in exploratory boreholes
and galleries allow for purposeful spatial modifications, which
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ni modifikace méfeni mezi dvojici €i trojici vrtd vedenych z Celby
tunelu s vytvofenim vice tomografickych fezl (obr. 11).

Geotfyzikalni méfeni v kombinaci povrchovych podélnych mé-
feni s méfenim v prizkumnych vrtech a Stoldch dovoluji tcelné
prostorové modifikace, které mohou pfinést vyrazné vySs§i mnoz-
stvi informaci potiebnych pro hodnoceni slozitych geologickych
poméra zejména ve sloZitém prostiedi méstské zastavby. Pro plné
vyuZiti moZznosti geofyzikdlnich metod pro ucely geotechnické-
ho prizkumu je nutnd spoluprace mezi geologem/geotechnikem,
zhotovitelem geofyzikalnich praci i zhotovitelem podzemniho
dila.

Jako ucelna se ukdzala i kombinace georadarového méfeni ve
vrtech a provadéni kamerovych prohlidek vrti. Kamerova prohlid-
ka vrtu dovoluje eliminovat neptesnosti dokumentaci vrtného jadra
vzniklé v disledku manipulaci s jadrem v pribéhu vrtani, pri jeho
ukladani, nebo pii jeho prevozu. Dile je moZzné si diky kamerové
prohlidce udélat predstavu o stavu horniny in situ, je mozné piesné
urcit mista piipadnych pfitokd vody do vrtu, ovéfit rozsah zastiZe-
nych krasovych jevu atd.

Na obr. 12 jsou uvedeny jako ukdzka z kamerovych prohlidek
nékteré zastiZené pukliny a krasové jevy z prezentovaného prizku-
mu Radlické radialy.

10. ZAVER

Provedené priizkumné prace znacné rozsitily poznatky o geo-
logickych pomérech a geotechnickych vlastnostech horninového
masivu, které budou zastiZzeny pii stavbé dvou tunelovych tubust
velkych silni¢nich tunelt. DuleZitou informaci z geofyzikalnich
seismickych a georadarovych méfeni jsou rozsah a mira poruse-
ni horninového masivu v okoli podzemniho dila vlivem pouzité-
ho zpiisobu jeho rozpojovani oznacovana jako EDZ (excavation
damage zone). Jiz v pribéhu prizkumnych praci na celbé docha-
zelo k dulezitym zjiSténim, kterd si vyzadala upravy technologie
razby a zajisténi vyrubu prizkumné Stoly. Pro geofyzika je nutny
odborny prostor, aby mohl tic¢elné navrhnout, pfipadné modifiko-
vat a realizovat jednotlivé metody a zpUsoby ziskdvani dat v rdmci
projektu a sjednanych prostfedkt. V daném pripadé operativni pii-
stup a spoluprace mezi zhotovitelem prizkumu a stavbou umoZznily
efektivné vyuzit moznosti jednotlivych metodik prizkumu. Nové
zjiSténé poznatky napomohly k feSeni otazek a problémi, jejichz
existenci nebylo moZné v dobé pfipravy geotechnického priizkumu
odhadnout.
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can bring significantly higher amount of information required
for assessing complicated geological conditions, first of all in
a complex environment of an urban development. Collaboration
among geologist/geotechnical engineer, contractor for geophysical
work and contractor for underground construction is necessary for
full use of possibilities of geophysical methods.

A combination of GPR measurements in boreholes and
conducting camera inspections of boreholes turned out to be
useful. Camera inspection of a borehole allows for eliminating
inaccuracies in documentation of a borehole core originating as a
result of manipulation with the core during the course of drilling,
placing it into boxes or its transportation. In addition, it is possible
owing to the camera inspection to get an idea of the state of the
ground in situ; it is possible to exactly determine locations of
possible inflows of water into the borehole, to verify the extent of
karst phenomena encountered etc.

Some fissures and karst phenomena from the Radlice Radial
Road investigation are presented in Fig. 12 as examples from
camera inspections.

10. CONCLUSION

The survey and investigation work significantly expanded
the knowledge about geological conditions and geotechnical
properties of the rock massif which will be encountered during
the course of excavation of two tubes of large road tunnels. The
extent and rate of damage to the rock massif in the underground
working surroundings resulting from the technique applied to
its disintegration, referred to as the EDZ (Excavation Damage
Zone), is important information from geophysical seismic and
GPR measurements. Significant findings requiring modification
of the excavation technique and support of the exploratory gallery
excavation appeared already during the course of exploratory
operations at A geophysicist needs
a professional space to be able to purposefully propose or modify
and implement individual methods and techniques of gathering
data within the framework of the project and approved resources.
In this particular case, the operative attitude and collaboration
between the contractor for investigation and the construction
management allowed for effective using of possibilities of
individual investigation methodologies. Newly obtained findings
helped to solve the issues and problems the existence of which
could not be guessed at the time of preparation of the geotechnical
investigation.
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Mgr. RADEK ZELENY, zeleny.radek@inset.com,
Mgr. DAVID FILIPSKY, filipsky.david@inset.com,
Mgr. TOMAS CHABR, chabr.tomas@inset.com, INSET s.r.o.

[1] CHMELAR, R., SILA, L., TUMA, P., BREZINA, B. Poznatky z inZenyrsko-geologického priizkumu pro tunel Radlice. Tunel,

¢. 172016, s. 40-50

[2] Radlickd radidla JZM — Smichov, stavba 9567, tunel Radlice — Podrobny inZenyrskogeologicky priizkum, Dil 1. Priizkum pro
tunely Radlice realizovany z priizkumné Stoly. Zavéretna zprava z geofyzikalniho méfeni (INSET s.r.0.) in ZZ IGP. Praha: PUDIS

a.s., 2017.

[3] Radlickd radidla JZM — Smichov, stavba 9567, tunel Radlice — Podrobny inZenyrskogeologicky priizkum, Dil 11. Priizkum pro
celou trasu Radlické radidly realizovany z povrchu terénu. Zaveérecna zprava z geofyzikalniho métfeni (INSET s.r.o0.) in ZZ IGP.

Praha: PUDIS a.s., 2017.

[4] ZELENY, R., GRINC, M., FILIPSKY, D. Geofyzikdlni méreni v predvrtech a seismické prosvécovdni z podzemnich staveb.

In e-sbornik Tunely a podzemné stavby 2018



29. rocnik - €. 2/2020

GEOTECHNICKY MONITORING PRI HLOUBENI SACHTY
A RAZBE KABELOVEHO TUNELU INVALIDOVNA
GEOTECHNICAL MONITORING DURING SINKING OF SHAFT
AND EXCAVATION OF INVALIDOVNA CABLE TUNNEL

MIROSLAV MIXA, JIRI KOSTAL

ABSTRAKT

Vyistavba 527 m dlouhého kabelového tunelu Invalidovna spolecnosti PraZskd energetika a.s. v praZském Karliné zapocala v lété roku
2019 a dosud probihd. Tunel je raZen konvencné Novou rakouskou tunelovaci metodou. V predstihu pred samotnou razbou kabelového
tunelu byl v zoné ovlivnéni stavbou osazen monitorovaci systém méreni geotechnického monitoringu. Ten byl tvoren zejména siti nivelac-
nich bodii, do horninového masivu nad kalotu tunelu byl instalovdn jeden extenzometr a byla provedena diikladnd pasportizace povrchu,
inZenyrskych siti i veSkerych objektit v poklesové kotliné. V pritbéhu hloubeni Sachty i raZeni Stoly pak byla vyuZita Sirokd Skdla dalsich
mérent, kterd jsou standardni soucdsti geotechnického monitoringu konvencné raZenych podzemnich staveb. Prispévek si klade za cil shr-
nout vysledky dosavadniho geotechnického monitoringu, geologického dozoru a sezndmit ctendre s podzemnim dilem kabelového tunelu
Invalidovna, budovanym v podminkdch méstské zdstavby.

ABSTRACT

The construction of the 527m long Invalidovna cable tunnel of the company of PraZskd Energetika a.s. in the Prague district of Karlin
commenced in the summer of 2019 and still continues. The tunnel is being excavated conventionally using the New Austrian Tunnelling
Method. The monitoring system was installed in the zone to be affected by the construction in advance of the cable tunnel excavation.
It was formed first of all by a network of levelling points, one extensometer installed in the ground massif above the tunnel top heading
and a thorough condition survey of the terrain surface, utility networks and all structures within the settlement trough. A wide range
of other measurements, forming a standard part of geotechnical monitoring of conventionally excavated underground structures, was
conducted during the shaft sinking process. The paper aims to summarise the results of the geotechnical monitoring conducted so far and
the geological supervision and informs readers about the underground construction of the Invalidovna cable tunnel carried out in the

conditions of urban development.

1. UvoD

V ramci rozsifovani a propojeni stavajici sité¢ kabelovych tune-
It (KT) spolecnosti PREdistribuce, a.s. se zacalo v loiiském roce
s vystavbou dvou raZenych tunelt, a to konkrétné s KT Karlin
usek mezi Sachtami J34 a J33 a KT Invalidovna. Primarni funkci
nové vznikajicich staveb je vedeni kabelti vysokého napéti 110 kV
a 22 kV. Vystavba ¢asti kabelového tunelu Invalidovna, situova-
ného pod komunikaci Rohanské nabiezi pobliz barokniho objektu
prazské Invalidovny, kterému se pfispévek vénuje, zacala v kvét-
nu roku 2019. Investorem akce je spolecnost PREdistribuce, a.s.
(PREdi), generdlnim dodavatelem stavby je spolecnost PRAGIS
a.s., projek¢ni prace realizovala projekéni a inZenyrskd kancelar
KO-KA s.r.o., zhotovitelem geotechnického monitoringu je spo-
le¢nost INSET s.r.o.

2. POPIS ZAKLADNICH PARAMETRU DILA

KT Invalidovna je tvofen jednou hloubenou Sachtou s oznace-
nim J38, technickou propojovaci Stolou P1 délky 16,4 m, ptecho-
dovym tsekem do technické komory TKS5 délky 2,9 m, technickou
komorou s oznacenim TKS5-1, prechodovym usekem do vlastni
tunelové trouby TKS5-2 o délce 3,7 m a vlastni tunelovou trasou
délky 527.4 m (obr. 1). RaZzba i primdrni vyztuZ jsou provadény
podle zdsad Nové rakouské tunelovaci metody (NRTM). V prvni
etapé stavby byla vyhloubena Sachta J38 na kétu 163,9 m n. m.
(cca 22,4 m pod uroveini terénu). Nasledné byla vyraZena propo-
jujici chodba mezi Sachtou a technickou komorou spojujici hlav-

ni tunelovou trasu kabelového tunelu. K prorazce hlavni tunelové

1. INTRODUCTION

The construction of the two mined cable tunnels (CT),
specifically the Karlin CT section between shafts J34 and J33 and
the Invalidovna CT, commenced last year within the framework of
the expansion and linking of the existing network of cable tunnels
(CT) operated by the company of PREdistribuce, a.s. The primary
function of the newly originating structures is to allow leading
of 110kV and 22kV high tension cables. The construction of the
Invalidovna cable tunnel, located under the Rohansky Ostrov
embankment road near the Baroque building of Prague Invalidovna
(Hotel des Invalides) to which the paper is devoted, commenced in
May 2019. The project owner is the company of PREdistribuce, a.s.
(PREdi), the general contractor is the company of PRAGIS a.s., the
design was carried out by the designing and engineering company
of KO-KA s.r.o. and the contractor for geotechnical monitoring is
the company of INSET s.r.o.

2. DESCRIPTION OF BASIC CONSTRUCTION
PARAMETERS

The Invalidovna cable tunnel is formed by one sunk shaft
denoted as J38, a 16.4m long technical linking gallery P1, a 2.9m
long transition section leading to TKS utility chamber, utility
chamber denoted as TKS5-1 and a 3.7m long transition section. The
excavation including the primary lining is carried out according
to principles of the New Austrian Tunnelling Method (NATM). In
the first stage, shaft J38 was sunk to the level of 163.9m a.s.l. (ca
22.4m under the terrain level). The gallery between the shaft and
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Obr. 1 Situace stavby
Fig. 1 Construction layout

trouby do stavajiciho objektu KT Rohansky ostrov dojde v misté
technické komory TK4, ktera je situovana pod Sachtu J37 a nacha-
zi se v ulici Rohanské nébteZzi pred objektem ,,River Garden III*.
Trasa tunelu je spiadovana do Cerpaci jimky. Usek tunelu od TKS
k jimce je veden upadné ve sklonu 0,55 %, zbyly tsek je veden
dovrchné ve sklonu 0,55 %. Mocnost nadloZi se pohybuje mezi 15
a 19 m. Pi¢ny profil tunelu je vejcitého tvaru teoretického vyrubu
3,5%3,6 m (plocha 10,27 m?).

V zavislosti na geotechnickych podminkach je tunel rozdélen do
ti technologickych tfid NRTM. Konstruk¢éné je primarni osténi tu-
nelu feSeno z piihradové vyztuZze, stitkaného betonu, ocelovych siti
a svornikd. Primarni osténi ma riznou tloustku, podle technolo-
gické tiidy NRTM. Hydroizolace dila je feSena mezilehlou izolaci
vloZenou mezi provizorni a definitivni osténi. Sekundarni osténi je
ze Zelezobetonu a zajiStuje stabilni profil po celou dobu Zivotnosti
stavby.

Hloubena Sachta J38

Sachta J38 je technologickou Sachtou kabelového tunelu a na-
chézi se v ulici Rohanské nabieZi v prodlouZeni ulice U Invalidov-
ny. Sachta mé kruhovy profil o svétlém priiméru 4,6 m s hloub-
kou 22,4 m. Do dna Sachty je osazena docasna odvodiiovaci jimka
s Cerpanim prasakovych vod na povrch do sedimentacni kaskady.
Béhem hloubeni Sachty se pouzily dva zakladni technologické po-
stupy, a to hloubeni pod ochranou pilotové stény a hloubeni v dal-
nich ramech. Po realizaci pilot nésledovalo vlastni hloubeni s pro-
vadénim docasné vyztuze v Casti pilotové st€ny ocelovymi sitémi
a stifkanym betonem, pod drovni pilot dilnimi ramy, ocelovymi
sitémi a stfikanym betonem.

the utility chamber linking the main tunnel route of the cable tunnel
was driven subsequently. The breakthrough of the main tunnel tube
into the existing structure of the Rohansky Ostrov CT will take
place in the location of TK4 utility chamber, located under shaft
J37 in Rohanské nédbrezi Street in front of the “River Garden III”
building. The tunnel gradient falls toward a sump pit. The tunnel
section from TKS5 to the sump pit runs downhill at a gradient of
0.55%; the remaining section is led uphill at a gradient of 0.55%.
The overburden thickness varies between 15m and 19m. The
egg-shaped tunnel cross-section with theoretical excavated cross-
section dimensions of 3.5m x3.6m has the area of 10.27m?.

Depending on geotechnical conditions, the tunnel is divided into
three NATM excavation support classes. The tunnel structure is
designed to be formed by lattice girders, shotcrete, welded mesh
and rockbolts. The primary lining corresponds to the various
thickness, depending on the NATM excavation support class.
The waterproofing is designed as an intermediate system inserted
between the temporary lining and final lining. The secondary lining
is a permanent reinforced concrete structure ensuring a stable
profile throughout the construction life.

J38 sunk shaft

J38 shaft is a utility shaft on the cable tunnel; it is located in
Rohanské NabiezZi Street in the extension of U Invalidovny Street.
The shaft profile is circular with the finished internal diameter
of 4.6m and the depth of 22.4m. A temporary drainage sump for
pumping seepage water to the terrain surface, to a sedimentation
cascade, is carried out at the shaft bottom. Two basic methods were
used during the course of sinking the shaft, namely sinking under
protection of a pile wall and sinking using colliery frames. After
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Fig. 2 Schematic ground plan showing the linking of shaft J38 with the Inva-
lidovna CT in the direction of TK4 at J37 shaft

Prevrtavana pilotova sténa je tvorena 32 ks pilot priméru
880 mm. Sekundarni piloty jsou vyztuZeny armokoSem, ktery je
vzhledem k hloubce dvojdilny. Piloty byly dovrtidny s vetknutim
az do tnosného skalniho podlozi do hloubky 16,2 m. Vrchni ¢ast
pilot byla ztuZena ohlubiiovym véncem [1]. V mistech zajiSténi
Sachty pilotovou sténou je provizorni osténi tvorfeno KARI siti
a stifkanym betonem v celkové tlouStce vyrovnavaciho nastfiku
150 mm.

Pod trovni pilot pokracovalo hloubeni v dilnich ramech dal-
Sich 6,2 m. Byla instalovana dalni korytkova vyztuz s presahem
dilt vzdy minimélné 400 mm, spojenych vZdy dvéma tfrmenovymi
spojkami. Diilni vyztuz zacind pfiblizné 0,9 m nad patou pilotové
stény zdvojenym ramem, kotvenym do pilotové stény pomoci trni
@ 22 mm a délky 0,5 m. Ramy jsou doplnény o vystuzné KARI
sité s nastfikem betonu v celkové tloustce 300 mm [1]. Rozpojo-
véani hornin v Sachté J38 bylo realizovano v celé hloubce strojnim
a ru¢nim zplisobem, bez pouZiti trhacich praci. Sachta J38 byla
dohloubena do drovné rozrazky smérem k technické komote TKS.
RaZena cast

Uvodnimi raZzenymi dily k hlavnimu tunelovému tseku jsou spoj-
ka z rozrazky z J38 podkovovitého profilu ,,P1** a technickd komo-
ra TKS, kterd je umisténd pod ulici Rohanské nabieZi v ose hlavni
trasy dila. Razba spojky ,,P1“ i komory TKS probihd v horninach
zahoranského souvrstvi. Technickd komora TKS vytsti oboustran-
nym rozraZzenim [2]. Toto specifické misto je feSeno smérem na
vychod v profilu TK5-2 zaji§t€nim dvojici prevazek z betonarské
vyztuze @ 16 mm svazanych tfminky a zapadnim smérem jedno-
strannou rozrazkou ve sméru vlastni tunelové trasy (obr. 2). Komo-
ra TKS tak v definitivnim stavu zajisti vedeni jak trasy kabelového
tunelu smérem na TéSnov s objektem transformovny Karlin, tak
vedeni tunelu v jeho planovaném pokracovéani smér Libe.

Hlavni tunelova trouba v iseku TK4-TKS predstavuje dilo pro-
vadéné hornickym zplisobem s vyuzitim pusobeni horninového
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completion of the piles, the sinking of the shaft followed with
installation of temporary support in a part of the pile wall using
welded mesh and shotcrete; under the level of the piles, colliery
frames, welded mesh and shotcrete are used.

The secant pile wall is formed by 32 piles 880mm in diameter.
The secondary piles are reinforced with reinforcement cages
consisting, with respect to the depth, of two pieces. The piles were
keyed into the weight-bearing sub-grade, to the depth of 16.2m.
The upper part of the piles was stiffened by a shaft collar [1]. In the
locations of the shaft stabilisation by the pile wall, the temporary
lining was supplemented with KARI welded mesh and shotcrete at
the total thickness of the levelling layer of 150mm.

Under the level of the piles, the sinking of the shaft continued
for additional 6m depth with the support provided by TH frames.
Colliery TH frames were installed with minimum overlapping
of 400mm. They were connected with two coupling straps. The
colliery support frames start approximately 0.9m above the bottom
of the pile wall by a doubled frame anchored into the pile wall
with 0.5m long dowels @ 22mm. The frames are complemented
by KARI mesh and shotcrete with the total depth of the temporary
support layer of 300mm [1]. The rock in shaft J38 was disintegrated
throughout the depth mechanically and manually, without
application of blasting. The excavation of J35 shaft was finished at
the level of the tunnel stub heading toward the TKS utility chamber.

Mined part

The initial tunnel structures driven toward the main tunnel section
comprise the gallery leading from the tunnel stub from J38with the
horseshoe shaped profile “P1” and TKS utility chamber, which is
located under Rohanské NabieZi Street on the centre line of the
main route of the tunnel. The excavation of the linking gallery “P1”
and TKS5 chamber proceeds through the Zahorany Formation rock.
The TKSutility chamber will end by tunnel stubs heading to two
directions [2]. This specific location is solved eastward using the
TKS5-2 profile, by stabilisation with a pair of walers from concrete
reinforcement rods @16mm tied-up with stirrups; westward,
the location is solved by a single-sided tunnel stub heading in
the direction of the tunnel route itself (see Fig. 2). In this way,
TKSchamber in the final state will allow for construction of the
cable tunnel route in the direction of Té€$nov, containing the TéSnov
transformer station, as well as the planned continuation of the
tunnel route heading in the direction of Liber.

The main tunnel tube in the TK4-TKS section is a working
carried out in mining-like way using the action of the ground
mass on stabilisation of the excavation surroundings. The design
thickness of the temporary excavation support structure amounts
to 250mm. It is divided into three excavation support classes (TT3,
TT4 and TTS), depending on geotechnical conditions. In terms
of the structure, the temporary lining is designed to comprise
lattice girders or colliery frames, as the case may be, shotcrete and
welded mesh, complemented by a system of rockbolts [3]. The
lattice arches are designed to be installed in each excavation round;
the excavation round length is defined by the NATM excavation
support class in which the excavation is just located. It ranges from
0.5m to 1.6m (see Fig. 3).

The design counts on the use of rockbolts for the stabilisation of
the vault and the forepoling at the top heading used for worsened
geotechnical conditions in geotechnical classes TT4 and TTS in
each excavation round. Specifically, 50% and 30% of the vault
surface is to be grouted in classes TTS and TT4, respectively.

In TT3, forepoling at the top heading and application of self-
drilling rockbolts was, in contrast with the design documents,
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Obr. 3 Pricny rez hlavni tunelovou troubou
Fig. 3 Main tunnel tube cross-section

masivu na stabilizaci okoli vyrubu. Navrhova tloustka docasného
osténi dila je 250 mm a v zavislosti na geotechnickych podminkach
je rozdélena do tfi technologickych tiid (TT3, TT4 a TTS5). Kon-
struk¢né je provizorni osténi feseno z prihradové vyztuze, pripadné
dulni vyztuze a stiikaného betonu, ocelovych siti a doplnéné sys-
témem svorniku [3]. Pfihradové vyztuzné oblouky jsou navrZeny
v kazdém zabéru, délka zabéru je definovana technologickou tfidou
NRTM, ve které se razba pravé nachazi a pohybuje se od 0,5 do
1,6 m (obr. 3).

S pouzitim svorniktl pro zajisténi klenby a jehlovanim pristropi
projekt pocitd u zhorSenych geotechnickych podminek v geotech-
nickych tfidach TT4 a TTS pii kaZdém zdbéru. Konkrétné ma byt
ve tfidé TTS injektovano 50 % plochy klenby, u TT4 pak 30 %.

V TT3 bylo doposud od jehlovani pfistropi i vyuZiti samozavrt-
nych svorniki, oproti navrhové dokumentaci, v dasledku stability
horninového masivu a pozitivniho vyvoje sledovanych deformaci
upusténo.

Odvodnéni stavby je feSeno spadovanim do cerpacich jimek.
S Cerpaci jimkou je pocitano v TKS; na staniceni 248,8 m a dale
budou operativné pfiddvany nacestné jimky, podle konkrétnich
mist a intenzity piitokt podzemnich vod do dila.

3. INZENYRSKOGEOLOGICKY PRUZKUM

InZenyrskogeologicky prazkum (IG), realizovany spolecnosti
INSET s.r.o. tfi roky pfed samotnou stavbou, mél za cil vySetfit
predevsim nasledujici tematické okruhy: geologickou skladbu pod-
lozi, hydrogeologické poméry, ocekavané pritoky podzemni vody
do dila a Sachty, geotechnické vlastnosti zemin a hornin, agresivitu
podzemni vody na betonové konstrukce. Dalsim cilem IG prizku-
mu bylo zpracovat doporuceni pro zplsob razby kabelového tune-
lu, navrh vhodné technologie provedeni a zatfidéni do technolo-
gickych tfid NRTM, vcetné posouzeni technologickych vlastnosti
a moZznosti pouziti vytéZené rubaniny. V ramci IG prizkumu byly

abandoned as a result of the good stability of the rock massif and
the positive development of the deformations being monitored.

The drainage of the tunnel is solved by gradients falling toward
sump pits. A sump pit is planned for TKS; intermediate sump pits
will be operatively added from chainage m 248.8, depending on
particular locations and intensity of groundwater flows into the
tunnel.

3. ENGINEERING GEOLOGICAL SURVEY

The engineering geological (EG) survey completed by the
company of INSET s.r.o. three years before the construction work,
aimed to examine first of all the following thematic areas: the
geological structure of the subgrade, hydrogeological conditions,
the expected flows of groundwater into the tunnel and the shaft
excavation, geotechnical properties of soils and rock and the
concrete-aggressive action of groundwater. Another aim of the EG
survey was to develop recommendations for the technique of the
cable tunnel excavation, a proposal for an execution technique and
categorisation into NATM excavation support classes, including
the assessment of technical properties and the possibility of using
the excavated muck. Four boreholes bored to the depth of 30m
were conducted within the framework of the EG survey. They were
complemented by results of archive sounding work.

According to the geological structure, the tunnel at chainage m
527.0 to 33.1 will be driven through weakly weathered Bohdalec
Formation shale. Subsequently, at chainage 33.1 to 0.0, it will be
driven mainly through fresh Zahotany Formation shale (see Fig. 4).

The ground massif on the cable tunnel route can be divided
into quasi-homogeneous units with highly variable structure and
strength rock — the Bohdalec Formation and Zahorany Formation
shale the unconfined compressive strength of which ranges from 7
to 62MP or even higher. Categorisation of the rock in the excavation
profile into the NATM excavation support classes is presented in
Table 1.

Sinking of the shaft is affected by groundwater, which is bound
to the highly porous permeability environment of the Vltava valley
terrace. The excavation will be carried out under the water table,
in the environment formed by Zahotany Formation and Bohdalec
Formation shale, which is characterised by fissure permeability.
Increased inflows are expected in the location of the intersection
with tectonically faulted rock mass. The inflow rates 0.5-1.0L/s are
anticipated in those locations. Horizontal boreholes drilled ahead
of the excavation face will be carried out in the locations of tectonic
faults, among others for the purpose of quantification of inflows
into the excavation. The water table level in the area of operations
will probably fluctuate at 6.7 to 7.7m under the terrain [5].

4. GEOTECHNICAL MONITORING

The construction work on sinking of J38shaft started by stripping
of top soil and terrain finishes for the secant pile wall of the shaft
in May 2019. Geotechnical monitoring started earlier, before the
commencement of the construction, by detailed condition survey
of the terrain surface and buildings within the settlement trough
of the future construction. Engineering geological documents were
carried out from the beginning of the shaft sinking operations,
first for the made ground and fluvial sediments. Subsequently the
gathered information about the ground environment is processed
during the excavation and the ground is categorised into respective
excavation support classes. The following elements of the
geotechnical monitoring of the construction are being implemented
or planned:
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Obr. 4 Podélny inZenyrskogeologicky rez
Fig. 4 Longitudinal engineering geological section

realizovany Ctyfi jadrové prizkumné vrty do hloubek 30 m, kte-
ré byly doplnény o archivni sonddzni prace.

Podle zjisténé geologické stavby bude tunel ve staniceni 527,0
az 33,1 m raZen ve slabé zvétralych bohdaleckych bridlicich. Na-
sledné ve staniceni 33,1 az 0,0 m bude razen hlavné ve zdravych
zahotanskych bfidlicich (obr. 4).

Horninovy masiv v trase kabelového tunelu lze rozdélit na kva-
zihomogenni celky se strukturné a pevnostné velmi proménlivou
horninou — bohdaleckymi a zahoranskymi bridlicemi, jejichZ pev-
nost v prostém tlaku se pohybuje od 7 do 62 MPa nebo i vice.
Zatridéni hornin v profilu razby do tfid NRTM je uvedeno v tab. 1.

Hloubeni Sachty je ovlivnéno podzemni vodou, kterd je védza-
na na vysoce prulinové propustné prostiedi udolni vltavské tera-
sy. Razba bude probihat pod hladinou podzemni vody v prostfedi
zahoranskych a bohdaleckych bridlic, které jsou charakteristické
puklinovou propustnosti. Zvysené pfitoky jsou oCekdvany v misté
kfiZeni s tektonicky porusenou horninou, pritoky v téchto mistech
jsou odhadnuty v rozmezi 0,5-1,0 I/s. V misté tektonickych poruch
budou pfi razbé provadény horizontalni predvrty, mimo jiné za uce-
lem kvantifikace pritokd do podzemniho dila. Hladina podzemni
vody se v zajmové oblasti bude pravdépodobné pohybovat v idolni
terase na urovni 6,7 aZ 7,7 m pod terénem [5].

e condition survey/resurvey of structures affected by the

construction;

* high-precision levelling of the terrain surface, underground

structures and the cable tunnel itself;

* 3D trigonometric survey of above-ground buildings;

* precision measurements of deformations of above-ground

buildings;

e measurements of deformations of the lining (convergence

measurements);

* extensometer measurements in the excavation surroundings;

* measurements of stray currents;

* measurements of acoustic and dynamic effects of blasting

operations (if they are performed);

* measurements of stress on contact between ground and

excavation support;

e measurements of stress in the primary lining with strain

gauges;

 geological, hydrogeological and geotechnical supervision.

All monitoring outputs were and further will be presented
immediately after the assessment in the SAHURE monitoring
information system (developed by the company of INSET s.r.0.),
which is accessible on-line to all competent participants in the

construction.
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Tab. 1 Zatridéni hornin podle technologické tiidy NRTM
Table 1 Categorisation of rock according to the NATM excavation support
class

staniceni [TM] horninové prostredi tfida NRTM
chainage [TM] ground condition NATM class
0-33 souvrstvi zahofanské 3
0-33 Zahorany Formation 3
44-92
;gi:g% souvrstvi bohdalecké 4
316-527
44-92
145-224 )
264-79 Bohdalec Formation 4
316-527
92-145
224-264 souvrstvi bohdalecké 5
279-316
92-145
224-264 Bohdalec Formation 5
279-316
souvrstvi bohdalecke,
S prostup tektonickou poruchou g
Bohdalec Formation,
St passage through tectonic fault .

4. GEOTECHNICKY MONITORING

Stavebni prace na hloubeni Sachty J38 zacaly skryvkou a tpra-
vou terénu pro vlastni pfevrtavanou pilotovou sténu Sachty v kvét-
nu 2019. Geotechnicky monitoring zacal jiZz pfed zahajenim stav-
by podrobnou pasportizaci povrchu a objektit v poklesové kotling
budouci stavby. Od zacatku hloubeni se provadéla inZenyrskoge-
ologicka dokumentace nejdiive navazek a fluvidlnich sedimentd.
Nasledné je pii razbé provadéna dokumentace a vyhodnocovani
zjisténych informaci o horninovém prostiedi, se zatfidénim do pa-
tficnych technologickych tfid. Z dal§ich metodik geotechnického
monitoringu stavby jsou realizovany, nebo planovéany ndsledujici:

* pasportizace/repasportizace objektd dotcenych stavbou;

e presné nivelacni méfeni povrchu, podzemnich objektl a sa-

motného kabelového tunelu;

* 3D trigonometrické méfeni nadzemnich objekti;

e presné méfeni deformaci nadzemnich objektu;

» méfeni deformaci osténi (konvergen¢ni méteni);

* extenzometrickd méfeni v nadloZi vyrubu;

e méfeni bludnych proudi;

¢ méfeni akustickych a dynamickych tc¢inkut trhacich praci (po-

kud budou provadény);

* méfeni napéti na kontaktu mezi horninou a osténim;

e méfeni napéti primarniho osténi tenzometry;

 geologicky, hydrogeologicky a geotechnicky dohled.

Veskeré vystupy monitoringu byly a dale budou bezprostiedné
po jejich vyhodnoceni prezentovany v informacnim systému mo-
nitoringu SAHURE (vyvinutym spole¢nosti INSET s.r.0.), ktery je
on-line dostupny v§em kompetentnim t€astnikiim vystavby.

Konvergencni a extenzometricka méreni

Konvergencni profily jsou v trase kabelového tunelu Invalidov-
na pétibodové, méfeny jsou konvergencnim padsmem opatfenym
silomérem, ktery zajiStuje konstantni napnuti pasma, a mikrome-
trem, ktery zabezpeci odecitani délky s presnosti 0,05 mm. Podle
prostorovych moznosti, predev§im s ohledem na vedeni lutny, jsou
tfi body umistény v kaloté a dva v opéfi. Profily jsou instalova-
ny v rozteCich 10 m jak v propojovacich technickych Stolach, tak
v hlavnim tunelovém useku.

Convergence and extensometer measurements

There are five-point convergence measurement stations on
the Invalidovna cable tunnel route. Convergences are measured
with a convergence tape with a force gauge, which allows for
constant tightening of the tape, and a micrometer, which ensures
reading of the length with 0.05mm accuracy. Depending on
spatial possibilities, first of all with respect to the position of the
ventilation duct, three points are installed in the top heading and
two are in the bench. The measurement stations are installed at 10m
spacing both in the technical linking galleries and the main tunnel
section.

Until now, mostly fresh, silty shale of the Zahotfany Formation
has been encountered. The measured values of radial deformations
of the lining are low, ranging up to 3mm. They are under the value
of the first warning state (the value is equal to Smm).

One extensometer borehole JE103 was installed on the tunnel
route, above tunnel stub J38 and TKS, so that it provides knowledge
about the ground behaviour for the remaining excavation. The
extensometer borehole JE103 is designed for monitoring of
deformations of the ground environment in the tunnel overburden
in the direction of the borehole centre line (the extensometer stem).
The basic principle lies in measuring the change in the position
of the anchor stabilised in ground in relation to the extensometer
head. Reading of deformations of the extensometer anchor is
conducted in an automatic regime using a data logger. The results
are transmitted through the mobile network to the contractor for
monitoring. The levelling survey of subsidence of extensometer
heads for determination of deformation of the extensometer
anchors in relation to the deformation of its head is an inseparable
part of the monitoring of shifting of the anchors in the ground.
The borehole is fitted with one four-level extensometer with
the anchors located at the depths of 13.5m; 15.5m; 16.5m and
19.5m [4].

The until now recorded values of the shifts on extensometer
JE 103 amounted to the order of first units of millimetre. The
subsidence of the lower anchor located just above the excavation
was most perceptible during the passage under the extensometer
(subsidence of the head up to 1.0mm, subsidence of the lower
anchor of 0.9mm) (see Fig. 5).

Monitoring of neighbouring buildings

Four real estates located in Rohanské nabreZi Street, at which
continuous measurements are planned with respect to verification
whether they are not negatively affected by the construction, are
observed within the framework of the geotechnical monitoring.
Deformeters for observation of the width of cracks will be installed
on significant cracks before the approach of the excavation. They
will be provided with reading of the values at regular weekly
intervals. Cndition resurvey of all four real estates is planned after
completion of construction work.

The other structure being monitored for which the excavation
means a certain risk is the DN1500mm circular cross-section
underground flushing conduit passed under at three places. The
thickness of the rock layer between the top heading of the cable
tunnel and the bottom of the conduit amounts approximately to
10m. Poor construction and technical condition of the lining of the
flushing conduit was identified during the condition survey carried
out in 2019 and diagonal cracks permeating through the whole
circumference of the circular cross-section were documented
in several places. Detailed condition survey is planned after

completion of the excavation.
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Obr. 5 Pritbéh posunii na extenzometru pri priichodu razby prechodovym tisekem TK5-3 mezi Sachtou J38 a technickou komorou TK5
Fig. 5 Time history of displacements on the extensometer during the passage of the excavation through the transition section TK5-3 between shaft J38 and TK5

utility chamber

Doposud byly raZzbami zastiZeny prevazné€ zdravé, prachovité
bridlice zahoranského souvrstvi. Namétené hodnoty radidlnich de-
formaci osténi jsou nizké, pohybuji se do 3 mm a jsou pod hodno-
tou prvniho varovného stavu (hodnota je 5 mm).

V trase dila byl instalovan jeden extenzometricky vrt JE103 nad
rozrazku mezi J38 a TKS tak, aby poskytl znalosti o chovani horni-
ny pro zbyvajici razbu. Extenzometricky vrt JE103 je urceny k mo-
nitoringu deformaci horninového prostiedi v nadloZi tunelu, a to ve
sméru osy vrtu (extenzometrického stvolu). Zakladnim principem
je méfeni zmény polohy kotvy stabilizované v horniné vici hlavé
extenzometru. Odecitani deformaci kotev extenzometru je prova-
déno v automatickém rezimu pomoci dataloggeru a vysledky jsou
prenaSeny mobilni siti zhotoviteli monitoringu. Nedilnou soucasti
monitoringu posunll kotev v horniné je nivelaéni méfeni poklesti
zhlavi extenzometru pro zjisténi deformace kotev extenzometru se
zohlednénim deformace jeho zhlavi. Vrt je vystrojen jednim Ctyr-
drovilovym extenzometrem s kotvami umisténymi v hloubkdch
13,5 m; 15,5 m; 16,5 m a 19,5 m [4].

Dosud zaznamenané posuny na extenzometru JE103 dosahovaly
hodnot v fadu prvnich jednotek milimetru. Znatelny byl predevsim
pokles dolni kotvy tésné nad vyrubem pii podchédzeni extenzo-
metru (sedani zhlavi do 1,0 mm, pokles dolni kotvy 0,9 mm), viz
obr. 5.

Until now (as of February 2020) blasting operations have not
have to be used. Seismic and acoustic effects on neighbouring
buildings and environment will be monitored in the case of using
them. Installation of permanent seismic stations with continual
reading and automatic transition of data to the monitoring office
is planned to be carried out on neighbouring buildings for the
time when blasting is conducted. The decision on the precise
location of the measurement stations will be made if the blasting
operations are to be carried out. The values of dynamic effect of
blasting operations prescribed for the neighbouring buildings are
determined in accordance with CSN 730040 “Loads of technical
structures by technical seismicity” at the vibration velocity of
3mm/s.

The acoustic effects will be checked in the protected external
space of buildings from the point of view of hygienic limits
prescribed within the framework of the Decree No. 272/2011
Coll. of the Government of the Czech Republic on protection of
health from adverse effects of noise and vibration. The excavation
technique will be modified in a case of adverse seismic or acoustic
effects.

Another measure implemented in the settlement zone of the area
of operations is hydrogeological monitoring. The groundwater
table level is periodically monitored in surrounding hydraulic
boreholes tipped on the basis of archive documents, with the values
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Sledovani objektii okolni zastavby

V ramci geotechnického monitoringu jsou sledovany Ctyfi nemo-
vitosti v ulici Rohanské nabiezi, u kterych se pocitd s prabéZnym
méfenim z divodu ovéreni, jestli nedochazi k jejich negativnimu
ovlivnéni vystavbou. Pred priblizenim razby byly ¢i budou na vy-
znamnych trhlinach sledovanych objektii nadzemni zastavby osa-
zeny deformometry pro sledovani Sitky trhlin, s odectem hodnot
v pravidelném tydennim intervalu. Po ukonceni stavebnich praci
je planovana repasportizace vSech Ctyf nemovitosti.

DalSim sledovanym objektem, pro ktery razba predstavuje ur-
Cité riziko, je podzemni betonovy proplachovaci kanal kruhového
profilu DN1500, ktery raZba podchazi na tfech mistech. Mocnost
nadlozi mezi kalotou kabelového tunelu a dnem kanélu je pfiblizné
10 m. Pfi pasportizaci provedené v 1ét€ 2019 byl zjiStén Spatny sta-
vebnétechnicky stav osténi proplachovaciho kandlu a na nékolika
mistech byly dokumentovany diagonalni trhliny prostupujici celym
obvodem kruhového profilu. Po dokonceni razeb je planovana po-
drobna repasportizace.

A7 doposud (stav k 02/2020) nemusely byt trhaci prace pouZi-
ty. V pfipade¢ jejich vyuziti budou sledovany seismické a akustické
ucinky na okolni objekty a prostfedi. Na objektech okolni zéstavby
je po dobu pouziti trhacich praci planovéna instalace stilych seis-
mickych stanic s kontinudlnim snimanim a automatickym preno-
sem dat do kancelafe monitoringu. O presném umisténi téchto mé-
ficich stanic bude rozhodnuto, pokud se k trhacim pracim pfistoupi.
Pro objekty okolni zastavby jsou piipustné hodnoty dynamickych
ucinku od trhacich praci stanovené v souladu s CSN 730040 ,, Zati-
Zeni stavebnich objektii technickou seismicitou a jejich odezva“ na
hodnotu rychlosti kmitani 3 mm/s.

Akustické ucinky budou kontrolovany v chranéném venkovnim
prostoru staveb z hlediska hygienickych limit stanovenych v ram-
ci nafizeni vlady ¢. 272/2011 Sb., o ochrané zdravi pfed nepiiz-
nivymi ucinky hluku a vibraci. V pfipad€ nepriznivych seismic-
kych ¢i akustickych ucinktl bude adekvatn€ upravena technologie
razby.

DalSim z provadénych méfeni v poklesové zoné zajmového use-
ku je hydrogeologické sledovéni. Urovei hladiny podzemni vody
je periodicky sledovana v okolnich hydrovrtech, vytipovanych
na zékladé archivni dokumentace, s hodnotami méfenych hladin
v rozsahu 5,1 az 9,1 m pod terénem.

InZenyrskogeologicka dokumentace

Postup razby je detailné inZenyrskogeologicky a fotograficky do-
kumentovan. V ramci téchto praci je kladen diiraz na petrografické
sloZeni a stupen zvétrani pfitomnych hornin, strukturni prvky hor-
nin a pritomnost podzemni vody. Dokumentovén je kazdy zabér,
pfi¢emzZ vystupem je inZenyrskogeologicky zdznam, zahrnujici na-
kres Celby se zdznamem inZenyrskogeologickych pomérii. Textovy
zaznam zjiSténych skute¢nosti zahrnuje hodnoceni kvality horni-
ny podle indexu QTS podle Tesafe, zatfidéni horninového masivu
do technologickych tfid, idaje o nadvylomech, pfitocich podzemni
vody a primérné maximalni vzdalenosti vSech ploch diskontinuit
o nulové nebo velmi malé tahové pevnosti. Hloubeni Sachty J38
probihalo ve vrstvé antropogennich sedimentt, navazky dosahova-
ly mocnosti 8,4 m a mély charakter jilu piscitého a pisku hlinitého,
s ulomky cihel, slinovce a valount kiemence, s rozloZenou bfidlici.
V hloubce 8,4 m az 11,7 m pod terénem byly zastiZeny fluvidlni
sedimenty maninské ddolni terasy pleistocenniho stéfi, charakteru
hrubozrnnych piskd, piskl se Stérkem a piscitych Stérkl s valou-
ny kifemene do 15 cm. Sedimenty byly vysoce propustné a silné
zvodnélé. Hladina podzemni vody byla pfi hloubeni zastiZena na
urovni pfiblizné 176,8 m n. m. v hloubce okolo 6 m pod terénem.

J38-TK5
Fig. 6 Excavation face in fresh Zahorany Formation shale, chainage m 19.7
of the J38-TKS5 section

of the water table levels ranging from 5.1 to 9.1m under the terrain
surface.

Engineering geological documents

The excavation procedure is documented in detail in the
way and by photographs. Within
the framework of those operations, the emphasis is on the

engineering geological

petrographical composition and the degree of weathering of the
present ground types, structural elements of the rock types and the
presence of groundwater. Each excavation round is documented,
with the output in the form of engineering geological records
containing a sketch of the excavation face and a record of
engineering geological conditions. The text record of the findings
comprises the assessment of rock quality using QTS classification
according to Tesat, categorisation of rock massif into excavation
support classes, data on overbreaks, groundwater inflows and the
average maximum spacing of all discontinuities with zero or very
low tensile strength. Sinking of J38 shaft proceeded through a layer
of anthropogenic sediments; made ground thickness amounted
to 8.4m. It had the character of sandy clay and loamy clay with
brick fragments, marlstone and quartz boulders, with decomposed
shale. Fluvial sediments of the Maniny flood-plain terrace of the
Pleistocene age, with the character of coarse-grained sand, gravely
sand and sandy gravel with quartz boulders up to 15cm. The
sediments were highly permeable and heavily water-bearing. The
water table was encountered during the sinking of the shaft at the
level of approximately 6m under the terrain surface. Inflows into
the excavation were mostly screened by the pile wall. Nevertheless,
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Pritoky do dila byly z valné vétSiny odclonény pilotovou sténou,
prosakujici voda byla nicméné Cerpdna ze dna pribézné po celou
dobu hloubeni.

Po odtézeni fluvidlnich sedimenti bylo v hloubce 11,7 m pod
terénem zastiZzeno skalni podloZi, tvorené zahotanskymi bridlicemi
ordovického stafi a rizného stupné€ zvétrani. Prvni dva metry bridlic
byly tvoreny zcela zvétralou aZ velmi zvétralou horninou, nasledo-
vala bridlice mirn€ zvétrala v mocnosti 1,2 m a slabé zvétrala (navé-
trald) bridlice s hojnymi karbonatovymi Zilami o mocnosti dalSich
4,3 m. Od hloubky 19,2 m k bazi Sachty v hloubce 21,3 m jiz byla
hornina zdrava. Pevnost zdravych hornin spada vétSinou do tiidy R4
aR3.

Samotné razba nasledné pokracovala v pomérné monotdnnim
horninovém prostfedi zdravych tektonicky porusenych zahoran-
skych bridlic (obr. 6). Vrstevnatost bridlic byla prevazné deskovita,
plocha bridli¢natosti tvori tenké laminy, uklanéjici se k jihu, tj. do
hory, pod dhlem 10-20° a pfi tézbé tvoii deskovité boky. Hornina
je porusend subvertikdlnimi puklinami. Ve zdravych bridlicich se
vyskytuji ojedin€le polohy pevnostné az ve tidé R2.

Zhorsené podminky razby jsou podle IG prizkumu ocekavany
v misté prochédzeni tektonickych zon a rozhrani, konkrétné ve sta-
ni¢eni 145,2 az 92,4 m a 44,0 az 33,1 m. PfedevSim ve stani¢eni
44,0 az 31,1 m by mélo byt tektonické poruseni nejvyraznéjsi. Po-
lohy nejvyznamnéji tektonicky porusenych oblasti budou ovéreny
subhorizontalnimi predvrty z Celby.

Z doposud ziskanych poznatki pri razbé (k 25. 2. 2020 bylo vy-
razeno 26,0 m z celkovych 550,4 m) byly dokumentovény pfitoky
do dila pouze slabé v fadech do 0,1 1/s.

5. ZAVER

Razby se dafi provadét bezpecné, bez vyznamnych geotechnic-
kych problémii. Pokud bude jako doposud pokracovat ptiznivé de-
formacni chovani horninového masivu, je pravdépodobné, Ze bude
razba v celych usecich realizovdna v subtiln€ji vyztuzenych tech-
nologickych tridach, nez predpokladala projektova dokumentace.
Dosud ziskané poznatky z prvnich vyraZenych metri budouciho
kabelového tunelu Invalidovna jsou cennym zdrojem informaci jak
pro bezpecné pokraCovani stavby samotné, tak pro projektovani
a monitoring dal§ich podzemnich dél, kterd se v oblasti prazského
Karlina planuji do budoucna realizovat.
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seeping water was continually pumped from the bottom throughout
the shaft sinking process.

After excavation of fluvial sediments, bedrock was encountered
at the depth of 11.7m. It was formed by Ordovician age Zahotany
Formation shale with various degrees of weathering. The initial
two metres of the shale were formed by completely weathered to
highly weathered rock; moderately weathered shale layer 1.2m
thick and slightly weathered shale with ample carbonate veins at
the thickness of 4.3m followed. From the depth of 19.2m to the
shaft bottom located at the depth of 21.3m, the rock was already
fresh. The strength of the fresh rock falls mostly into classes R4
and R3.

The tunnel excavation subsequently continued through relatively
monotonous rock environment formed by fresh, tectonically
faulted Zahorany Formation shale (see Fig. 6). The shale was
mostly tabularly bedded, with cleavage planes forming thin
laminas dipping south, i.e. into the rock mass, at 10-20 degrees;
the shale creates tabular sides during the excavation. The rock mass
is broken by sub-vertical fissures. Layers with the strength class up
to R2 occur in the fresh rock.

Worsened excavation conditions are anticipated according to
the EG survey in the location of the passage through tectonic fault
zones and interfaces, in particular at chainage m 145.2 to 92.4 and
44.0 to 33.1. The tectonic faulting should be most distinct first of
all at chainage m 44.0 to 31.1. The layers of the most significant
tectonically faulted areas will be verified by sub-horizontal
boreholes carried out from the excavation heading.

From the knowledge gained so far during the excavation (26.0m
of the total 550.4m of the excavation were finished as of 25"
February 2020), the inflows documented in the tunnel were only
weak, in the order up to 0.1L/s.

5. CONCLUSION

The excavation proceeds successfully, without significant
geotechnical problems. As long as the favourable deformational
behaviour of the rock mass continues, it is likely that the excavation
will be carried out in whole sections through more subtle excavation
support classes than assumed by the design documents. The
knowledge gained so far from the initial excavated metres of the
future Invalidovna cable tunnel is a precious source of information
both for safe continuation of the construction and for designing and
monitoring of other underground construction projects which are
planned for the Prague Karlin district in the future .
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TUNEL KRAMER, OBCHVAT GARMISCH-PARTENKIRCHEN
KRAMER TUNNEL, B23 NEW GARMISCH-PARTENKIRCHEN

JIRI PATZAK, TOBIAS SCHRAMM, DANIEL JOSEFIK

ABSTRAKT

Cldnek popisuje stavbu tunelu Kramer v Némecku, spolkovy stdt Bavorsko. Tento silnicni tunel na nové budovaném tseku silnice B23
délky 5,6 km je dominantni soucdsti zdpadniho obchvatu mésta Garmisch-Partenkirchen a po svém dokonceni bude slouZit k odklonéni
tranzitni dopravy mimo centrum mésta. Tunel celkové délky 3609 m je koncipovdn jako jednotubusovy, dvoupruhovy, s jednim jizdnim pru-
hem pro kazdy smér jizdy. Bezpecnostni koncepce tunelu je vyreSena paralelné vedenou priijezdnou tinikovou Stolou. Podstatnd cdst tiniko-
vé Stoly byla v letech 2011 az 2013 vyraZena jako Stola priizkumnd a prispéla k minimalizaci rizik plynoucich ze zastizeného geologického
prostredi a k optimdlnimu ndvrhu tunelu. Zhotovitelem predmeétné cdsti stavby je sdruZeni firem BeMo Tunneling GmbH a Subterra a.s.,
predmétnd cdst stavby by méla byt dokoncena a preddna investorovi v roce 2023, zprovoznéni celého obchvatu vcéetné tunelu je pldnovdno
v roce 2024.

ABSTRACT

The paper describes the construction project for the Kramer tunnel in Germany, the Federal State of Bavaria. This road tunnel on the
5.6km long B23 section being newly constructed is a dominating part of the western by-pass of the town of Garmisch-Partenkirchen. Once
completed, it will serve to divert transit transportation outside the town centre. The tunnel with the total length of 3609m is designed as
a single-tube, double-lane structure with one traffic lane for each direction of travel. The safety concept of the tunnel is solved by a parallel
escape gallery passable for vehicles. A substantial part of the escape gallery was excavated between 2011 and 2013 as an exploratory gallery.
It contributed to minimisation of risks arising from the encountered geological environment and optimisation of the tunnel design. The
contractor for the construction part in question is a consortium consisting of the companies of BeMo Tunneling GmbH and Subterra a.s.
The construction part in question should be completed and handed over to the project owner in 2023; opening of the whole by-pass includ-

ing the tunnel to traffic is planned for 2024.

uvoD

Tunel Kramer se s délkou 3609 m stane po svém dokonceni
nejdelsim silni¢nim tunelem ve spolkové zemi Bavorsko. Raz-
ba a zajisSténi vyrubu bude probihat na principech NRTM, misty
ve velmi obtiZznych geologickych podminkach. K nejslozit€j$im
usekdm patii prichod sesuvnym pasmem v oblasti od TM 520 do
cca TM 884, vcetné nutnosti odvodnéni masivu pred zahdjenim
razeb, a také oblast nesoudrZznych materiala pfiléhajici k jiznimu
portdlu v délce cca 100 m. V téchto oblastech bude razba prova-
déna strojnim zplisobem rozpojovani, ve zbytku trasy pak prevaz-
né s pouzitim trhacich praci.

Typy navrzeného definitivniho osténi se méni s ohledem na
vnéj$i podminky v konkrétnim misté tunelu, jsou zastoupeny
vyztuzené, lokalné vyztuZené a nevyztuZené tunelové pasy. 1zo-
lace bude destnikového typu a lokdlné i tlakova, nékteré sek-
ce tunelového osténi budou provedeny z vodonepropustného
betonu.

Odvétrani provozovaného tunelu je feSeno kombinaci pouzi-
ti axidlnich ventilatori v pfiportdlovych oblastech, v oblastech
bliZe ke stfedu tunelu je vétrani zajisténo odsavanim zplodin do
vzduchotechnického kandlu vytvoreného nad mezistropem. Od-
vod zplodin na povrch je feSen napojenim kandlu na vzducho-
technickou (VZT) kavernu a VZT Sachtu priméru 4,5 m a hloub-
ky 99 m z povrchu k tGrovni vozovky.

Mimo samotné podzemni objekty budou v rdmci predmétné
stavby realizovany jeSté objekty napojeni na stavajici silnicni sit,
protihlukové stény, vystavba a zajisténi portdlovych casti, pro-
vozni budovy na obou portalech a poZarni, provozni a usazovaci
jimky.

INTRODUCTION

After the completion, the 3609m long Kramer tunnel will
become the longest road tunnel in the Federal State of Bavaria.
The tunnel excavation and supporting of the excavation will
proceed on the basis of the NATM principles, locally through very
difficult geology. Among the most complicated sections, there will
be the passage through a slide zone from chainage TM 520 to ca
TM 884, including the necessity for draining the massif before the
commencement of the excavation, and also a ca 100m long area of
incohesive materials adjacent to the southern portal. In the above-
mentioned areas the ground will be disintegrated mechanically;
the remaining parts of the tunnel will be mostly excavated using
blasting.

The designed types of the final lining vary taking into
consideration external conditions at particular tunnel locations.
Reinforced, locally reinforced and unreinforced concrete sections
of tunnel lining are designed. The waterproofing system will be of
the roof canopy type, locally pressure-resistant, and even water-
impervious concrete will be used for some tunnel lining blocks.

The operating tunnel ventilation systemis solved by acombination
of axial fans installed in the portal sections, whilst in areas closer
to the tunnel mid-point, ventilation is ensured by extraction of air
to the ventilation duct created by the intermediate deck. Further on,
emissions will be removed to the surface by connecting the duct
to the ventilation cavern and a 4.5m-diameter and ventilation shaft
99m deep from the surface to the roadway level.

In addition to the underground structures themselves, structures
connecting the tunnel to the existing road network, noise attenuation
walls, portal parts and their stabilisation, service buildings at both
portals, and fire protection, operation and settlement reservoirs etc.
will be constructed within the framework of the construction in
question.
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BASIC DATA ON THE PROJECT

“Ortsumgehung Garmisch-Partenkirchen

mit Kramertunnel” flame mit Kramertunnel”
- Spolkova republika Némecko, 1 Federal Republic of Germany,
[ ) zastoupend Staatliches Bauamt Weilheim A0 s represented by Staatliches Bauamt Weilheim
. ARGE Kramertunnel construction ARGE Kramertunnel
LI (BeMo Tunneling GmbH, Subterra a.s.) contractor (BeMo Tunneling GmbH, Subterra a.s.)
silnice B23 road B23

umisténi stavby Garmisch-Partenkirchen, Bavorsko,

e e e T Garmisch-Partenkirchen, Bavaria,

Némecko Federal Republic of Germany
planovany termin g planned construction
vjstavby 12/2019-09/2023 period 12/2019-09/2023
délka tunelové trouby |3609 m tunnel tube length 3609m
predpokladané . . estimated e (F
naklady stavby 178 mil. EUR (v¢. DPH) construction costs | EUR 178 million (incl. VAT)

SMYSL A VYUZITi STAVBY

Realizovany zdpadni obchvat mésta Garmisch-Partenkirchen je
soucasti nadregionalniho pfeshrani¢niho dopravniho spojeni mezi
Némeckem a Rakouskem s celoevropsky vyznamnymi lyZatfskymi
oblastmi a turistickymi centry v Tyrolsku a dalSimi na jih od Gar-
misch-Partenkirchenu (obr. 1).

PURPOSE AND USE OF THE PROJECT

The western by-pass of the town of Garmisch-Partenkirchen
being under construction is part of inter-regional cross-border
transport links between Germany and Austria and Europe-wide
significant ski areas and tourist centres in Tyrol and others south of
Garmisch-Partenkirchen (see Fig. 1).
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Obr. 1 Prehlednd situace stavby
Fig. 1 Synoptic map of the project
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Hlavnim cilem stavby je odklonéni tranzitni dopravy mimo pie-
tizené centrum méstské Casti Garmisch. Spolu se soucasné reali-
zovanym tunelem Oberau a planovanymi tunely Wank a Auerberg
dojde ke zvySeni plynulosti dopravy a snizeni zatéze Zivotniho pro-
stiedi v celé dotCené oblasti. Trasovani tunelu bylo determinovano
zejména vhodnou polohou obou portalt z hlediska minimalniho
ovlivnéni Zivotniho prostfedi a také s ohledem na vedeni trasy
v dobrych geologickych podminkach.

Tunel je koncipovan jako jednotubusovy s obousmérnym provo-
zem, navrhova rychlost ¢ini 70 km/hod.

Ve vzdalenostech max. 600 m budou v tunelu vybudovény jed-
nostranné nebo oboustranné nouzové zdlivy, ve kterych dojde
k rozsifeni profilu tunelu o 2,5 m. Bezpecnostni koncepce v pfi-
padé mimoradné udalosti v tunelu je zajiSténa paralelné vedenou
unikovou $tolou dl. 3703 m, kterd bude s tunelem spojena pomoci
13 tunelovych propojek. Minimalni vzdjemna vzdalenost propojek
bude Cinit 195,5 m, maximalni vzdalenost pak 398 m.

GEOLOGIE

Projekt se nachazi na severnim okraji severnich vapencovych
Alp, které tvori soucast Lechtalského souvrstvi. Horniny na sever-
nim tboci masivu Kramer jsou tvofeny souvrstvimi horniho triasu,
konkrétné souvrstvimi dolomitd a vrstevnatych vapenci a Kossen-
skym souvrstvim tvofenym vrstvami jilovcl, slinovct a jilovitych
vapenct, s ojedinélym vyskytem sidrovcl. Da se predpokladat,
Ze vrstva sadrovcl zastiZena pii razb€ prizkumné Stoly v TM 561
bude zasahovat i do prostoru hlavni tunelové trouby. Dolomitic-
ké vrstvy s mocnosti az 1000 m jsou pfevladajicim souvrstvim.
Pfi razbé ze severniho portalu budou nejdrive zastiZeny vrstevnaté
véapence, které jsou tvoreny prevazné lavicemi s malou aZ stfedni
mocnosti, s tenkymi vlozkami slinovci. V prostiedi vrstevnatych
véapenct je ocekdvano suché az vlhké horninové prostredi s ojedi-
nélymi vyskyty podzemnich vod ve formé tkapi, resp. drobnych
pritokd. Nasledn€ bude zastiZeno Kossenské souvrstvi sestavajici
z tektonicky porusenych vrstev Kramerského presmyku. V nékte-
rych usecich budou zastiZzena souvrstvi s prevlddajicim podilem
jilovitych bridlic.

Také v prostiedi Kossenskych vrstev je ocekavano suché az
vlhké horninové prostiedi s ojedinélymi vyskyty podzemnich
vod formou ukapd, resp. drobnych pritoki. Kossenské vrstvy bu-
dou vystiidany horninovym prostfedim historické sesuvné oblasti
(Bergsturzbereich) v oblasti jezera Schmolzer, které sestdva z kom-
paktnich dolomitickych blokd uloZenych v matrici tvofené smési
Stérka a piskd vzniklych zvétranim dolomit. Hladinu spodni vody
je nutno pred zahajenim raZeb v této oblasti sniZit pod troven tune-
lu. Ve sméru na jih budou Kossenké vrsty vystfidany pres 1400 m
dlouhym tsekem hlavni dolomitické formace. Toto souvrstvi ob-
sahuje kompaktni lavicovité uloZené dolomity s vysokou pevnosti,
stejn€ jako oblasti s vysokym stupném poruseni. Pritoky spodnich
vod jsou v dolomitickych formacich generelné malé, v oblasti mezi
TM 1218 a TM 1878 jsou ocekdvany oblasti zvodnélych porucho-
vych pasem o vydatnosti az 60 I/sec.

Dolomiticka souvrstvi budou az k oblasti portalu jih nahrazeny/
vystfidany mistné malo soudrZznymi kvartérnimi horninami (Mur-
schutt — zemni proudy), ¢asto s nulovou soudrZnosti charakte-
ru Stérki. Toto z pohledu razeb obtizné pasmo dosdhne délky do
100 m, v této oblasti jsou také ocekavdany silné piitoky podzemnich
vod.

The main objective of the project is to divert transit transportation
outside the congested centre of the town district of Garmish. Together
with the Oberau tunnel being currently under construction and the
planned Wank and Auerberg tunnels, the fluency of traffic will be
improved and the burden on the environment will be reduced in
the whole region. The tunnel route design was determined mainly
by the location of both portals suitable in terms of minimising
the impact on the environment and also with respect to the route
designed to run through favourable geology.

The tunnel is designed as a single-tube structure with bidirectional
traffic, the design speed amounts to 70km/h.

One-sided or double-sided emergency lay-bys, owing to
which the tunnel profile width will be increased by 2.5m, will be
constructed at maximum intervals of 600m. The safety concept
in case of an extraordinary event inside the tunnel is ensured by
a 3703m long parallel escape gallery, which will be connected
with the tunnel by 13 cross-passages. The minimum and maximum
spacing of the cross passages will amount to 195.5m and 398m,
respectively.

GEOLOGY

The project is located on the northern edge of the Northern
Limestone Alps, which are part of the Lechtal Formation. The rock
on the northern slope of the Kramer massif consists of the Upper
Triassic layers, concretely formations of dolomites and bedded
limestone, marlstone, and the Kossen Formation made up by
layers of claystone, marlstone and clayey limestone with isolated
occurrence of gypsum. It can be assumed that the gypsum layer
encountered during the excavation of the exploratory gallery at
chainage TM 56 will extend even to the space of the main tunnel
tube. Dolomitic layers up to 1000m thick are the predominant
formation. Bedded limestone formed predominantly by thin
to medium thickness beds with thin marlstone interbeds will be
encountered first during the course of the tunnel excavation from
the northern portal. It is expected in the environment formed by
bedded limestone that the rock will be dry up to humid, with
isolated occurrence of groundwater in the form of dripping or small
inflows. The Kossen Formation consisting of tectonically faulted
layers of the Kramer thrust fault will be encountered subsequently.
Formations with the predominant proportion of clayey shale will
be encountered in some sections.

Dry to humid ground environment with isolalted occurrence of
groundwater in the form of dripping or small inflows is expected
even in the environment of the Kdssen Formation. The Kossen
Formation will be replaced by the environment formed by a historic
slide zone (Bergsturzbereich, Sturzstromarea) in the area of the
Schmolzer Lake, consisting of compact dolomite blocks deposited
in a matrix formed by a mixture of gravel and sand resulting from
weathering of dolomites. It is necessary prior to commencing the
tunnel excavation to lower the water table under the tunnel level
in this area. To the south, the K&ssen Formation will be replaced
by an over 1400m long section of the main dolomitic formation.
This formation comprises compact, tabularly deposited dolomites
with high strength, as well as areas with a high degree of faulting.
Groundwater inflows in the dolomitic formations are generally
small; areas of water-bearing fault zones with the yield up to 60L/s
are expected in the area between chainage TM 1218 and TM 1878.

Up to the area of the southern portal, the dolomitic formations
will be replaced/substituted by locally little cohesive Quaternary
ground (Murschutt), often with zero cohesion, with the character
of gravel. The length of this zone, difficult in terms of excavation,
will amount up to 100m; in addition, heavy groundwater inflows
are expected in this area.




PLANOVANY POSTUP PRACI

Terminy dokonceni pfedmétnych praci obecné vyplyvaji z pla-
novaného terminu zprovoznéni celé stavby v roce 2024. Po pripravé
zafizeni staveni$té (ZS) a hloubenych ¢asti na obou stranich tu-
nelu zacnou razby z obou portald. Ze strany jizniho portalu budou
razby po dobu cca 6 mésicti probihat paralelné na dvou celbach.
Jedna celba bude raZena pfimo z portalu, druhd Celba se otevie
pristupem pres tinikovou $tolu a prvni prijezdnou propojku. Raz-
ba na tomto pracovisti bude probihat ve sméru na jih, tzn. proti
razbé vedené z portdlu. Tato varianta pfinasSejici znacné zkraceni
Casu vystavby je naro¢na na logistiku a zvladnuti odvozu vznika-
jicich objemu rubaniny v daném cCase. V jeden casovy okamzik
tak budou v ramci stavby probihat raZby tunelu na tfech celbach
zaroven. Paralelné k razbam hlavniho tunelu budou probihat
i betondze definitivniho osténi, hloubeni vétraci Sachty a prace
v pruzkumné Stole, véetné dorazby jeji chybéjici ¢asti v oblasti
sesuvného pasma v délce 349 m. I z hlediska nasazeni a koor-
dinace vyrobnich kapacit se jednd o velmi sloZitou a komplexni
stavbu.

ZARIZENI STAVENISTE

Preddnim stavenisté v prosinci 2019 zapocala faze vystavby.
Spolu se stavenistém prevzal zhotovitel od investora také povinnost
provozovat a udrZovat systém odvodnéni tizemi sesuvu realizovany
v predstihu z prizkumné $toly. Systém odvodnéni situovany v ob-
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PLANNED WORK PROGRESSING

The deadlines for completion of the particular work operations
generally follow from the planned deadline for opening the
entire construction to traffic in 2024. After the preparation of the
construction site accommodation and the cut-and-cover parts at
both sides of the tunnel, the excavation will commence from both
portals. The tunnel excavation from the southern portal side will
proceed concurrently at two headings for ca 6 months. One heading
will proceed directly from the portal, the second heading will be
opened by an access through the escape gallery and the first cross
passage passable for vehicles; the excavation at this workplace
will proceed south, i.e. against the excavation proceeding from
the portal. This variant, yielding significant reduction of the
construction duration, is demanding on logistics and handling the
removal and analysis of the volumes of muck generated in a given
time. Thus, at one point in time, the tunnel will be excavated at three
headings at the same time. Concreting of the final lining, sinking
of the ventilation shaft and the work in the exploratory gallery,
including the completion of the excavation of the missing part in
the area of the 349m long slide zone, will proceed concurrently
with the excavation of the main tunnel tube. The construction is
very complicated and complex even from the aspect of deployment
and coordination of production capacities.

CONSTRUCTION SITE ACCOMMODATION

The construction work phase commenced by the site handover in
December. Together with the construction site, the contractor took
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Obr. 2 Zarizeni staveniste, portdl sever
Fig. 2 Construction site arrangement, northern portal
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lasti severniho portdlu spociva v odvodiovacich vrtech provede-
nych z Celby severniho useku prizkumné $toly, z horizontalniho
vrtu privadéjictho podzemni vodu z jiZniho tseku prizkumné Stoly
a trubniho vedeni do mista vypousténi vod (ficka Loisach). Prvni
vykony na stavbé jsou reprezentovany realizaci ZS na obou tune-
lovych portalech, véetné tpravy ploch pro meziskladku rubaniny.
Vzhledem ke vzdalenosti obou portdlt a planované koncepci vy-
stavby je tfeba vybudovat dvé plnohodnotna ZS.

Na severnim portalu bude instaloviana mimo jiné mobilni beto-
ndrna a opravarenska hala (obr. 2). Cést plochy se zpevni a provede
se kompletni napojeni na inZenyrské sité, vcetné jejich prelozek.
Odpadni voda ze stavby je upravovana ptes vodni hospodafstvi,
na konci s neutralizacni stanici, a poté se vypusti do recipientu.
ZS na portalu sever se ¢asteCné€ nalézd v prostoru byvalého kame-
nolomu. Stavajici prostor lomu $itky cca 50 m a délky cca 100 m
s portdlovou sténou vysky cca 20 m piedstavuje idedlni stav pro
zahdjeni razby tunelu, z prostoru lomu byla raZena i prizkumna
Stola. Na ploSe pro meziskladku rubaniny v ramci ZS se bude
provadét analyza rubaniny z hlediska mozné kontaminace a jeji
naklddani na vozidla uréena pro provoz na vefejnych komuni-
kacich.

7S u jizniho portélu (obr. 3) bylo realizovdno v prostoru ZS vy-
budovaného v souvislosti s realizaci prizkumné Stoly. Stejné jako
ZS sever je vybaveno vlastni mobilni betondrkou, opravarenskou
halou, vodnim hospodafstvim a zpevnénymi plochami pro mezi-

Obr. 3 Zarizeni staveniste, portdl jih

Fig. 3 Construction site arrangement, southern portal

over from the client also the obligation to operate and maintain the
system of drainage of the slide zone, which had been carried out in
advance, from the exploratory gallery. The drainage system located
in the area of the northern portal comprises drainage boreholes
carried out from the excavation face of the northern section of the
exploratory gallery, a horizontal borehole bringing groundwater
from the southern section of the exploratory gallery and a pipeline
to the location of discharging water to the Loisach River. The first
work on the construction site is represented by the establishment
of construction site facilities at both tunnel portals, including the
treatment of surfaces for intermediate stockpiles of muck. With
respect to the distance between the portals and to the planned
construction concept, it is necessary to build two full-fledged
construction site arrangements.

At the northern portal, a mobile concrete batching plant and
a repair hall will be built (see Fig. 2). Part of the area will be
provided with hard surface and will be completely connected to
utility networks, including their relocations. Wastewater from the
site is treated via a water treatment plant with a neutralisation
station at the end. Subsequently it is discharged to the recipient.
The site arrangement at the northern portal is partially located
in the space of a former quarry. The current ca 50m wide and ca
100m long space of the quarry with the ca 20m high portal wall
provides an ideal condition for commencing the tunnel excavation;
the exploratory gallery was also driven from the space of the
quarry. Analysis of the muck from the point of view of the potential
contamination will be conducted in the area for the intermediate
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Obr. 4 Hloubend Cdst sever pred zahdjenim raZeb
Fig. 4 Cut-and-cover part north before commencement of tunnel excavation

skladku rubaniny. Plochy podél prijezdové cesty se vyuZiji na do-
¢asnou meziskladku materialu vhodného zejména pro zpétné zasy-
py hloubenych ¢ésti.

Celkové bilance hmot stavby je vyrazné pozitivni, pfebytek ruba-
niny, ktery je tfeba uloZit na skladku, resp. vyuzit jinym zptisobem,
¢ini cca 430 000 tun. UloZeni tohoto mnoZstvi na trvalou deponii,
resp. vyuziti vhodného materialu jako kamenivo do betonu, je jed-
nim z dileZitych tkold zhotovitele.

HLOUBENE CASTI

Poloha severniho portalu je ddna morfologii byvalého kameno-
lomu, resp. stavajici pozici svislé stény lomu (obr. 4). Stény lomu
jsou zajistény v predstihu realizovanymi lanovymi sitémi kotve-
nymi pomoci ty¢ovych svorniktl. RaZena ¢ast tunelu i Stoly zac¢ina
pfimo v misté stény lomu a bude chranéna predstitkem ze stiika-
ného betonu. Délka hloubené ¢asti tunelu ¢ini 10,0 m. Pro docasné
zajisténi portalové stény se pouzije limec predstitku ze stfikaného
betonu v oblasti pfistropi a bokt profilu o Sifce 1,0 m a také destnik
z jehel délky 4,0 m.

Hloubend cast jizniho portdlu byla z podstatné Casti realizo-
vana v predstihu v souvislosti s razbou tnikové Stoly (obr. 5).
OdtéZeni zbyvajici ¢asti pfed jiznim raZzenym portalem probéh-
ne pod ochranou prevrtavané kotvené pilotové stény, ktera zajisti
jak samotnou portalovou sténu, tak i zapadni st€nu jamy smérem

stockpile of muck within the framework of the site accommodation
and for loading of muck on vehicles intended for use on public
roads.

The site accommodation in the space of the southern portal (see
Fig. 3) was also carried out in the space of the site accommodation
built in the connection with the construction of the exploratory
gallery. As in the case of the site accommodation North, it is
equipped with its own concrete batching plant, a repair hall,
a water treatment plant and hard surfaced areas for the intermediate
stockpile of muck. The areas along the access road will be used for
a temporary intermediate stockpile of material suitable first of all
for backfilling of the cut-and-cover parts.

The overall mass balance is significantly positive; the surplus of
muck which is to be deposited on stockpiles or be used in another
way amounts to ca 430,000 tonnes. The deposition of this amount
on a permanent dumping site, respectively using the suitable
material as concrete aggregates, is one of important tasks for the
contractor.

CUT-AND-COVER PARTS

The location of the northern portal is determined by the
morphology of the former quarry, respectively the current position
of the vertical quarry face (see Fig. 4). The quarry walls are
stabilised in advance with cable nets anchored with rod rockbolts.
The mined part of the tunnel and the gallery begins just in the
location of the quarry face. It will be protected by a shotcrete pre-
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Obr. 5 Hloubend Cdst jih
Fig. 5 Cut-and-cover part south

k unikové Stole. Piloty budou priméru 1,20 m, kazda druhd se za-
kotvi pomoci predepjatych lanovych kotev. Piloty budou opatfeny
spfazenim hlav ZB tramem a kotvenym ZB prahem. Paralelné se
zapadni pilotovou sténou se provedou Stérkové piloty pro akumu-
laci ocekavaného velkého objemu podzemnich vod potoka Diirer-
laine, jehoZ tok v té€chto mistech trasu tunelu kiiZi. V prostoru za
portdlovou sténou bude pro jiméani spodnich vod potoka Diirer-
laine az do TM 3448 instalovana galerie Cerpacich studni. Galerie
se provede paralelné s osou tunelu ve vzdélenosti cca 10 m od
vnéjsiho profilu budouciho tunelu. Studny budou vrtany v prameé-
ru min. 880 mm, minimalni pramér studny po vystrojeni 600 mm.
Cerpaci kapacita jedné studny musi byt schopna zvladnout mnoZ-
stviaz 100 I/s. Pro zajiSténi bezpecnych a stabilnich podminek pro
razbu tunelové trouby bude z portilu realizovan ochranny mikro-
pilotovy destnik dI. 20,0 m.

RAZBA

Razba tunelu bude obecné probihat cyklickym zplisobem podle
principtt Nové rakouské tunelovaci metody s ¢lenénim Celby tune-
Iu na kalotu, opéfi a dno. RaZzba propojek bude probihat postupné
v zavislosti na razbé hlavniho tunelu, propojky tak budou v pra-

beéhu vystavby zajisStovat moznost unikové cesty pro osiadku na
Celbé.

tunnel canopy. The length of the cut-and-cover part of the tunnel
temporarily amounts to 10.0m. The temporary stabilisation of
the portal wall will be solved by means of a 1.0m wide collar of
the shotcrete pre-tunnel canopy beam in the area of the profile
crown and sides and also by a roof canopy formed by 4.0m long
spiles.

The cut-and-cover part of the southern portal was largely carried
out in advance in connection with the excavation of the escape
gallery (see Fig. 5). The excavation of the remaining part in front of
the southern mined portal will be carried out under the protection
of a secant pile wall, which will support both the portal wall itself
and the western wall of the pit towards the escape gallery. The piles
will be 1.20m in diameter; every other pile will be anchored with
pre-stressed cable anchors. The piles will be provided with an RC
beam interlocking the pile heads and an anchored RC waler. Gravel
piles will be carried out in parallel with the western pile wall for
accumulation of the anticipated large volume of groundwater
generated by the Durerleine Brook, the flow of which crosses the
tunnel route in this location. In the space behind the portal wall,
a gallery of pumping wells will be installed to collect groundwater
generated by the Durerleine Brook up to chainage TM 3448. The
gallery will be carried out in parallel with the tunnel centre line
at the distance of ca 10m from the external profile of the future
tunnel. The wells will be bored with a diameter of min. 880mm; the
minimum well diameter after underpinning the walls will amount

to 600mm. The pumping capacity of one well has to be able to
cope with the rate up to 100L/s. A 20m long protective canopy tube
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Obr. 6 Technologickd tiida T-K 7.A-2
Fig. 6 Excavation support class T-K 7.A-2

Vzhledem k zastiZenym geologickym podminkdm se pouZiji
v podstatné ¢asti trasy trhaci prace, se zna¢nym vyuZitim Cerpané
emulzni trhaviny. Rozpojovani strojnim zpisobem bude probihat
v oblastech méné pevnych hornin, resp. v oblastech s nepfiznivymi
geotechnickymi podminkami (prostfedi télesa sesuvu, usek u jiz-
niho portalu).

Pestrost zastiZzenych geologickych podminek se promita do poctu
navrzenych technologickych tiid razby. Jen pro standartni tunelovy
profil je pfedpokldddno pouZiti 9 technologickych tiid pro kalotu,
7 technologickych tfid opéfi a 5 technologickych tfid dna. Techno-
logické tridy pro razbu bezpecnostnich zélivii, vzduchotechnické
kaverny, inikové Stoly a propojek pak tento vycet jesté podstatné
navysuji. Generelné se typy predpokladanych technologickych trid
kaloty pohybuji v rozmezi od T-K 3.1 az po T-K 7.3 A s délkou
zabéra v rozmezi od 3,0 m do 1,0 m (obr. 6).

U nejtézSich technologickych tfid pro razbu tunelu a tnikové
Stoly 7.3 A bude razba probihat postupnym otevirdnim a zajisto-
vanim vyrubu pomoci dil¢ich ploch. V extrémnim ptipadé se pro
bezpecné vedeni razby predpoklada pouziti az 22 dil¢ich ploch
v kaloté, 6 dil¢ich ploch v opéfi a 4 dil¢i plochy ve dné€ tunelu. Pri

pre-support will be carried out from the portal to provide safe and
stable conditions for the excavation of the tunnel tube.

TUNNEL EXCAVATION

The tunnel will be excavated using a cyclical system based on the
New Austrian Tunnelling Method. The tunnel excavation sequence
will comprise the excavation of the top heading, bench and bottom.
Cross passages will be excavated step-by-step, following the
excavation of the main tunnel. The cross passages will therefore
provide the possibility of escape for the crew working at the
heading.

With respect to the geological conditions encountered, blasting
will be applied to the excavation within a substantial part of
the route. Pumped emulsion explosives will be largely used.
Mechanical disintegration of rock will be used in less strong
rock areas, respectively in areas with unfavourable geotechnical
conditions (the slide zone and the section at the southern portal).

The variety of the geological conditions encountered is reflected
in the number of the excavation support classes designed. Just for
the standard tunnel profile, 9 excavation support classes are assumed
for the top heading, 7 classes for the bench and 5 support classes
for the bottom. The list of excavation support classes designed for

the excavation of the emergency lay-bys, the ventilation cavern,
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the escape gallery and the cross passages is
significantly extended. In general, the types
of anticipated excavation classes designed for
the top heading are ranging from T-K 3.1 to
T-K 7.3, with the excavation round lengths
ranging from 3.0m to 1.0m (see Fig. 6).

In the cases of the most difficult excavation
support classes designed for the excavation
of the tunnel and the escape gallery, 73A, the
excavation will proceed by gradual opening
and supporting of partial surfaces. In an
extreme case, the use of 22 partial surfaces
is assumed for safe excavation of the top
heading, 6 partial surfaces for the bench and
4 partial surfaces for the tunnel bottom. The
use of up to 10 partial surfaces is anticipated
for the excavation of the escape gallery.

/Schmélzersee

Tunnel excavation from the northern

Obr. 7 Situace sesuvného pasma (TM 520 do 884)
Fig. 7 Slide zone situation (TM 520-884)

razbé profilu unikové Stoly je predpokladino pouziti az 10 dil¢ich
ploch.

RaZba ze severniho portalu (TM 0)

Pro bezpec¢né vedeni raZeb v oblasti sesuvu (obr. 7) se musi sniZit
hladina podzemni vody pod troven dna tunelu, raZzby mohou byt
v uvedené oblasti zahajeny aZ po dosaZeni této podminky. SniZova-
ni hladiny podzemnich vod probih4 jiZ od zahdjeni projektu pomoci
v predstihu realizovanych odvodiiovacich vrtl z ¢elby prizkumné
Stoly. Pro zvyseni efektu odvodnéni masivu budou realizovany dal-
§i odvodnovaci vrty z prostoru rozrazky v propojce €. 2. Propojka
a rozrazka, resp. samotné provedeni odvodiiovacich vrtll, se pro-
vede s co nejvétSim Casovym predstihem pied samotnou razbou
tunelu tak, aby byl vytvoren dostatecny ¢asovy prostor pro snizeni
hladiny podzemni vody na poZadovanou urovet.

Dovrchni razba hlavniho tunelu z portélu sever v dobrych geolo-
gickych podminkach probéhne paralelné s opatfenimi na snizovani
hladiny podzemni vody. Razba tunelu a Stoly v samotném pasmu
sesuvu je po splnéni podminky sniZeni hladiny podzemni vody pla-
novéana nésledovné:

 razba kaloty tunelu doprovazena dal$imi opatfenimi pro snizo-
véni hladiny podzemni vody pomoci vertikalnich studni ve dné
tunelu v celé délce pasma sesuvu;

e razba tnikové Stoly doprovdzena dalSimi opatfenimi pro sniZo-
vani hladiny podzemni vody pomoci vertikalnich studni ve dné
tunelu v celé délce pasma sesuvu, s odstupem min. 150 m od
kaloty hlavniho tunelu;

e realizace raZeb opéfi a dna hlavniho tunelu a dna tnikové Stoly
v celé délce pasma sesuvu.

Misto ukonceni razeb hlavniho tunelu ze severu, a tedy i misto

budouci prorazky, je planovano ve staniceni TM 996, u Stoly dojde
k prorazeni do stavajictho jizniho tdseku Stoly v TM 925.

Razba z jizniho portalu (TM 3523,5)

Upadni razby z jizniho portalu se zahdji v nivaznosti na zaji3-
téni hloubené ¢asti pilotovou sténou, zprovoznéni odvodiiovacich
opatfeni v hloubené ¢ésti a uvodniho useku razeb, a po realizaci
mikropilotového destniku. Protirazba kaloty tunelu ptes prvni pri-
jezdnou propojku prob€hne paralelné s razbou z portalu. Pfistup na
pracovisté, dopravni cesty a vétrani bude zajiSténo pres tinikovou
Stolu.

portal (TM 0)

The safe excavation of the tunnel in the
area of the slide zone (see Fig. 7) will require
lowering of the water table under the tunnel

bottom level. The excavation in the above-mentioned area may
commence only after this condition is met. The process of lowering
the water table has already been in progress since the start of the
project, using drainage boreholes carried out from the excavation
face of the exploratory gallery. Additional drainage boreholes will
be carried out from the space of the tunnel stub for excavation of
cross passage No. 2, designed for the purpose of increasing the
effect of the massif drainage. The cross passage and the tunnel
stub, respectively the execution of the drainage boreholes itself,
will be excavated at as great time advance of the tunnel excavation
itself as possible so that a sufficient space of time is provided for
lowering the water table to the required level.

In good geological conditions, the excavation of the main
tunnel from the northern portal will proceed concurrently with the
measures for lowering the water table. The excavation of the tunnel
and the gallery in the slide zone itself is planned, after meeting the
condition for lowering the water table, as follows:

* tunnel top heading excavation accompanied by other measures
for lowering the water table using vertical wells in the tunnel
bottom throughout the length of the slide zone;

e excavation of the escape gallery accompanied by other
measures for lowering the water table using vertical wells
in the tunnel bottom throughout the length of the slide zone,
carried out at the distance of 150m behind the main tunnel top
heading;

e completion of the excavation of the bench and bottom of the
main tunnel and the bottom of the gallery throughout the
length of the slide zone.

The point of termination of the main tunnel excavation from the
north, thus also the point of the future breakthrough, is planned for
chainage metre TM 996; the gallery will be broken through into the
current southern section of the gallery at chainage TM 925.

Tunnel excavation from the southern portal (TM 3523.5)

The downhill tunnel excavation from the southern portal will
commence in succession of the stabilisation of the cut-and-cover
part by the pile wall, putting into operation the drainage measures
in the cut-and-cover part and the initial section of the tunnel
excavation and after implementation of the canopy tube pre-support.
The tunnel calotte counter-heading via the first cross passage
passable for vehicles will proceed in parallel with the excavation
from the portal. The access to the workplace, the transportation
ways and the ventilation will be provided through the escape
gallery.
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Obr. 8 Vzorovy pricny rez tunelu
Fig. 8 Typical tunnel cross-section

DEFINITIVNiI OSTENI

Realizace definitivniho osténi probéhne z jizniho portdlu smé-
rem na sever. Pro tunel i Stolu je uvazovano vzdy s dvojici beto-
novacich komplexi, které budou v tunelu doplnény bednénim pro
betondZ mezistropu. Definitivni osténi se provede Sachovnico-
vym zpusobem, prvni bednéni bude betonovat pouze liché pasy,
druhé bednéni pak pasy sudé. Soucdsti vSech nasazenych beto-
novacich komplexti budou i osetfovaci vozy pro splnéni doda-
te¢nych smluvnich technickych podminek pro inZenyrské stavby
(ZTV-ING).

Standartni délka tunelovych past ¢ini 12,0 m, resp. 10,0 m v ob-
lastech s osténim z vodonepropustného betonu. Realizovany budou
tunelové pasy prevazné z prostého betonu. Tunelové pasy s mezi-
stropem se vyztuzi lokdln€. Vyztuzené pasy se provedou v oblas-
tech geologicky/geotechnicky naro¢nych, v oblastech s aplikaci

FINAL LINING

The final lining will be generally constructed from the southern
portal towards the north. A pair of concrete casting complexes is
planned for the tunnel and the gallery. In the case of the tunnel, they
will be completed with the formwork for concreting the intermediate
deck. The final lining will be carried out in an alternating pattern,
i.e. the first and second formwork sets will be used only for odd
and even blocks, respectively. Concrete curing travelling scaffolds
intended to meet the additional contractual technical conditions for
civil engineering construction ZTV-ING will be part of all concrete
casting complexes employed.

The standard length of the tunnel lining blocks will amount to
12.0m, respectively 10.0m in the areas with the water-impervious
concrete lining. Unreinforced concrete lining blocks will be mostly
carried out in the tunnel. The concrete tunnel lining blocks with
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tlakové izolace a v pasech s propojkami, resp. pasech, ve kterych
budou osazeny axidlni ventilatory.

Z divodl zvySeni poZarni odolnosti definitivniho osténi bude
pouZit beton s piimési polypropylenovych vldken. Minimdlni
tloustky osténi budou ¢init 30 cm u nevyztuZenych, resp. lokalné
vyztuZenych past, a 35 cm u pési vyztuZzenych. V unikové Sto-
le budou minimalni tloustky osténi Cinit 25 cm u nevyztuzenych
a 30 cm u past vyztuzenych.

Podle zastizenych geotechnickych podminek se urci zpisob
provedeni dna tunelu. V mistech se stabilnim skalnim podloZim
bude dno provedeno jako oteviené s osténim uloZenym na podél-
nych ZB péasech. Armované dno bude realizovano pouze v oblas-
tech s naro¢nymi geotechnickymi podminkami, jako jsou oblas-
ti zvétralych hornin nebo poruchova pasma, a také v oblastech
s tlakovou izolaci. Minimalni hodnoty tloustky dna budou Cinit
50 cm, v oblastech s tlakovou izolaci min. 60 cm, v oblasti pAsma
sesuvu min. 80 cm a u konstrukci z vodonepropustného betonu
pak 70 cm. Minimalni mocnost dna tnikové $toly bude 45 cm,
v oblastech s tlakovou izolaci min. 50 cm, v oblasti pdsma sesu-
vu min. 70 cm a u konstrukci z vodonepropustného betonu pak
60 cm (obr. 8).

Soucasti definitivniho osténi tunelu je i mezistrop z armované-
ho betonu vytvérejici vzduchotechnicky kanal pro odtah zplodin.
Ten probéhne pies otvory v mezistropu o rozmérech 4,0x3,0 m
umisténymi v pravidelnych rozestupech. Mezistrop bude realizo-
véan v hlavnim tunelu v celkové délce 2462 m v oblasti od TM 1152
do TM 3614. V mistech nouzovych zalivl se konstrukce mezi-
stropu doplni o vertikdlni zdvésy kotvené do definitivni klenby
tunelu.

Na obou portalech se provedou hloubené ¢asti z armovaného vo-
donepropustného betonu s pasy dl. max. 10,0 m. Délky hloubenych
Casti tunelu jsou 75,0 m na jiznim a 10,0 m na severnim portalu.
Délky hloubenych ¢asti tinikové Stoly budou Cinit 15,0 m na jiZznim
a 2,5 m na severnim portalu.

ZAVER

Stavba tunelu Kramer predstavuje svym rozsahem, Casovym
planem, zastiZenymi geotechnickymi podminkami a mnoZstvim
potiebnych persondlnich a strojnich kapacit komplexni a kompli-
kovanou stavbu. Z tunelarského hlediska predstavuje vyzvu zejmé-
na razba tunelu a tnikové Stoly v geologickém prostiedi sesuvu,
kdy podminkou pro bezpecné a efektivni vedeni razeb predstavu-
je zvladnuti problematiky podzemni vody, resp. jejitho sniZeni na
pozadovanou uroveni. Spolu s investorem stoji realizacni tym pired
nelehkym tkolem. Cilem vSech na vystavbé projektu zicastnénych
subjektd bude dokonceni dila v poZadovaném terminu a odpovida-
jici kvalité.

Ing. JIRI PATZAK,

Jpatzak@subterra.cz, Subterra a.s.,
Dipl-Ing. TOBIAS SCHRAMM,
tobias.schramm@bemo.net,

Ing. DANIEL JOSEFIK,
djosefik@subterra.cz, ARGE Kramertunnel

Recenzoval Reviewed: Ing. Jan Frantl
Zdroj fotografii:

ARGE Kramertunnel
Staatliches Bauamt Weilheim

the intermediate deck will be reinforced locally. The reinforced
concrete blocks will be carried out in geologically/geotechnically
complicated areas, in areas where pressure-resistant waterproofing
will be applied and in the cross passage lining blocks, respectively
in the blocks where axial fans will be installed.

Concrete with the admixture of polypropylene fibres will be
used with the objective to increase the fire resistance of the final
lining. The minimum thickness of the unreinforced or locally
reinforced concrete blocks and reinforced concrete lining blocks
will amount to 30cm and 35cm, respectively. In the escape gallery,
the minimum thickness of the unreinforced and reinforced lining
blocks will amount to 25cm and 30cm, respectively.

The design for the construction of the tunnel bottom will
also be determined with respect to the geotechnical conditions
encountered. In the locations with stable rock sub-base, the bottom
will be carried out as an open system placed on longitudinal RC
continuous footings. The reinforced concrete bottom will be use
only in the areas with demanding geotechnical conditions, such
as areas of weathered rock of fault zones, and also in areas with
pressure-resistant waterproofing. Minimum values of the bottom
thickness will amount to 50cm, whilst in the areas with pressure-
resistant waterproofing the minimum thickness will amount to
60cm, in the slide zone to 80cm and in water-impervious structures
to 70cm. The minimum thickness of the escape gallery bottom will
amount to 45cm, in the areas with pressure-resistant waterproofing
to 50cm, in the area of the slide zone to 70cm and in the case of
water-impervious concrete structures to 60cm.

A reinforced concrete intermediate deck forming the ventilation
duct for removal of emissions will also be part of the final tunnel
lining. Emissions will be drawn off through openings in the
intermediate deck with the dimensions of 4.0mx3.0m, located
at regular intervals. The intermediate deck will be carried out in
the main tunnel along the total length of 2462m in the area from
TM 1152 to TM 3614. In the locations of emergency lay-bys,
the intermediate deck structure will be completed with vertical
suspension rods anchored in the tunnel final lining vault.

Reinforced water-resistant concrete cut-and-cover parts with
maximally 10m long concrete casting blocks will be carried out at
both portals. The lengths of the cut-and-cover parts of the tunnel
at the southern and northern portals amount to 75.0m and 10.0m,
respectively. The lengths of the cut-and-cover parts of the escape
gallery at the southern and northern portals will amount to 15.0m
and 2.5m, respectively.

CONCLUSION

The Kramer tunnel construction represents a complex and
complicated problem in terms of its scope and schedule,
the geotechnical conditions encountered and the amount of
necessary personnel and mechanical capacities. From a tunnelling
perspective, the challenge is represented mainly by the excavation
of the tunnel and the escape gallery in the slide zone, where the
condition for safe and effective execution of the excavation is to
master the problems of groundwater, respectively lowering the
water table to the required level. Together with the project owner,
the implementation team faces a difficult task. The objective of all
subjects participating in the implementation of the project will be
to complete the works in the required time and adequate quality.

Ing. JIRI PATZAK,

Jpatzak@subterra.cz, Subterra a.s.,

Dipl-Ing. TOBIAS SCHRAMM, tobias.schramm@bemo.net,
Ing. DANIEL JOSEFIK,

djosefik @subterra.cz, ARGE Kramertunnel.

Source of photographs:
ARGE Kramertunnel
Staatliches Bauamt Weilheim
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TUNELY NA STAVBACH DOPRAVNEJ INFRASTRUKTURY
NA SLOVENSKU
TUNNELS OF TRANSPORT INFRASTRUCTURE PROJECTS
IN SLOVAKIA

MILOSLAV FRANKOVSKY, JAN KUSNIR

ABSTRAKT

Vystavba tunelov na stavbdch dopravnej infrastruktiiry na Slovensku v obdobi medzi rokmi 2010 a 2020 prekonala svojou intenzitou vsetky
dekddy od polovice dvadsiateho storocia. Na zdklade analyzy pripravy tunelov na Zeleznicnej sieti a sieti dialnic a rychlostnych ciest je moZné
predpokladat, Ze v nadchddzajiicom desatroci dojde k urcitému zniZeniu tejto intenzity. Toto zniZenie je ovplyvnené menej optimistickou prog-
nozou modernizdcie Zeleznicnych trati, ale aj nevyrieSenymi otdzkami suvisiacimi s dalsim postupom vystavby dialnic a rychlostnych komuni-
kdcii. KaZdopddne je primerané ocakdvanie, Ze v najbliZSich rokoch bude pokracovat preruSend vystavba tiseku dialnice D1 Lietavskd Liicka
— Dubnd Skala s tunelom Visiiové a tieZ, Ze konecne bude zacatd vystavba viseku dialnice D1 Turany — Hubovd s tunelmi Korbelka a Havran,

¢im sa priblizi dlhoocakdvany ciel, dokoncenie dialnice D2 z Bratislavy do Kosic.

ABSTRACT

Construction of tunnels of transport infrastructure projects in Slovakia in the period between 2010 and 2020 exceeded all decades from
the middle of the twentieth century in terms of its intensity. It is possible to expect on the basis of the analysis of preparation of tunnels
on the railway network and the network of motorways and express highways that certain decrease in this intensity will take place in the
coming decade. This decrease is influenced by the less optimistic prognosis of modernisation of railway tracks, but also by unresolved
issues related to the further progress of the development of motorways and express highways. In any case, the expectation that the
suspended construction of the Lietavskd Liicka — Dubnd Skala section of the D1 motorway containing the Visriové tunnel will continue
in the coming years and that the construction of the Turany — Hubovd section of the DI motorway containing the Korbelka and Havran
tunnels will finally begin is reasonable. This will bring us closer to the long-awaited goal, completion of the D1 motorway from Bratislava

to Kosice.

uvop

Vystavba dopravnych tunelov na Slovensku prebiehala pocas
predoslych 25 rokov s rdznou intenzitou. Po obdobi opatrného za-
¢iatku, ked sa v obdobi rokov 1996 az 2009 postupne vybudovali
a uviedli do prevadzky Styri moderné dialnicné tunely, pokusila sa
slovenska vlada akcelerovat vystavbu prostrednictvom troch projek-
tov verejno-sikromného partnerstva (PPP projektov) na vystavbu
a prevadzku dialnic a rychlostnych ciest. Dva z troch v tom Case
pripravovanych PPP projektov, zahriiujice aj sedem tunelov, boli
v roku 2010 zastavené a ukonCené eSte v etape pripravnych prac,
najma vzhladom na ich extrémnu finan¢nu naroc¢nost. Vystavba dial-
nic sa opétovne rozbiehala od roku 2011 postupmi verejného obsta-
rdvania, pricom jej financovanie bolo zabezpecené kombinovanim
zdrojov Statneho rozpoctu a eurofondov. V obdobi medzi rokmi 2010
a 2020 zacala vystavba dvoch Zelezni¢nych a deviatich dialni¢nych
tunelov, pricom dokonceny a uvedeny do prevadzky bol jeden Ze-
lezni¢ny a Styri dialni¢né tunely. Tito dekadu je moZné hodnotit
pozitivne ako desatroCie s najintenzivnejSou vystavbou tunelov od
obdobia medzi dvomi svetovymi vojnami, ked celkova vyrazena
diZka tunelovych riir presiahla 37 km. V horizonte najblizsich rokov
sa oCakava vyssi pocet dokoncenych tunelov v porovnani s predos-
lou dekadou, ked by do prevadzky malo byt uvedenych Sest dialni¢-
nych a dva Zelezni¢né tunely. Pocet tunelov so zaCatou vystavbou
bude s vysokou pravdepodobnostou niz$i neZ v prave uplynulom
desatroci.

Analyza pripravy a vystavby dopravnych tunelov na Slovensku
nadvizuje na ¢lanok ,, Perspektivy vystavby dopravnych tunelov na
tizemi Slovenska“ uverejneny v Casopise Tunel ¢. 1/2013.

INTRODUCTION

The construction of transport tunnels in Slovakia was under
way during past 25 years with varying intensity. After a period
of cautious start, when four modern motorway tunnels were
constructed and opened to traffic in the 1996 to 2009 period, the
Slovak government tried to accelerate the development through
three public-private partnership (PPP) projects for development
and operation of motorways and express highways. Two of the
three PPP projects being under preparation at that time, comprising
even seven tunnels, were suspended and terminated still at the
stage of preparation work in 2010, first of all with respect to their
extreme financial demands. Development of motorways started
to recommence in 2011 by public procurement procedures, with
funding provided by combined resources from the state budget and
European funds. Construction of two railway and nine motorway
tunnels started in the period between 2010 and 2020, with one
railway and four motorway tunnels really completed and opened
to traffic. It is possible to assess this decade positively, as a decade
with most intense construction of tunnels since the period between
two World Wars, where the total length of excavated tunnel
tubes exceeded 37km. A higher number of completed tunnels in
comparison with the previous decade are expected in the horizon
of the coming years, during which six motorway and two railway
tunnels should be inaugurated. The number of tunnels newly under
construction will be with high probability lower than that in the just
ended decade.

The analysis of preparation and construction of transport tunnels
in Slovakia follows the paper “Perspectives of development of
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Obr. 1 Sekunddrne ostenie tunela Diel
Fig. 1 Secondary lining of the Diel tunnel

ZELEZNICNE TUNELY

Tunely v prevadzke

Dnes sa piSe rok 2020 a je moZné konStatovat, Ze tunel Turecky
Vrch, ktorym sa zac¢ala novodobd éra budovania tunelov na Zeleznic-
nej sieti na Slovensku, uvedeny do prevadzky v roku 2012, patri uz
tieZ do minulosti. Spolu je dnes 76 prevadzkovanych tunelov (68 jed-
nokolajnych a 8 dvojkolajnych). VdcSina z nich, celkom 62 tunelov,
bola vybudovana medzi rokmi 1902 a 1966.
Medzi najvyznamnejSie patria Bralsky tunel
s dizkou 3012 m, Telgartsky tunel na trati Mar-
gecany — Cervend skala zndmy Spirdlovym
smerovym vedenim prekondvajicim 40met-
rovy vyskovy rozdiel, najdlhsi Cremo§niansky
tunel s dizkou 4698 m a najdlhsi dvojkolajny
tunel Bujanovsky s dizkou 3410 m.

Tunely vo vystavbe

Na modernizovanej Zelezni¢nej trati na rych-
lost 160 km/h medzi Bratislavou a Zilinou pre-
bieha vystavba posledného a zdroven najkom-
plikovanejSieho tseku medzi mestom Pachov
a obcou Povazska Tepla. V osi modernizovanej
trate sa nachadzaju dva novobudované jedno-
rirové dvojkolajné tunely Diel (obr. 1) a Mi-
lochov (obr. 2), o ktorych su pravidelne publi-
kované informdcie v Casopise Tunel v rubrike
,Aktuality z podzemnich staveb v Ceské a Slo-
venské republice . Pred siedmimi rokmi bola
uverejnend informécia o dvadsiatich dvoch

traffic and transportation tunnels in Slovakia” published in Tunel
journal No. 1/2013.

RAILWAY TUNNELS

Tunnels in operation

Today is the year 2020 and it is possible to state that the Turecky
Vrch tunnel, through which the modern era of construction of
tunnels on the railway network in Slovakia commenced and
which was inaugurated in 2012, also already belongs to the past.
Together we have today got 76 operating tunnels (68 single-track
an 8 double-track ones). The majority of them, 62 tunnels in
total, were constructed between 1902 and 1966. Among the most
important there are the 3012m long Bralsky tunnel, the Telgart
tunnel on the Margecany — Cervena Skala rail track known by its
spiral horizontal alighment overcoming a height difference of 40m,
the longest Cremogniany tunnel with the length of 4698m and the
longest double-track tunnel, the 3410m long Bujanov tunnel.

Tunnels under construction

On the rail track being upgraded to the speed of 160km/h
between Bratislava and Zilina, there is the last and at the same time
most complicated section under construction between the town
of Puchov and the municipality of Povazska Tepld. On the centre
line of the track being upgraded there are two single-tube double-
track tunnels being newly constructed, the Diel (see Fig. 1) and
the Milochov (see Fig. 2). You have been regularly informed about
them in Tunel journal columns “Current news in underground
construction in the Czech Republic and Slovak Republic”. Seven
years ago, information was published about twenty railway tunnels
for which the zoning and planning decision had been issued; today
the situation is less optimistic. Twenty tunnels remained at the stage
of the zoning and planning decision and construction checks will
rather expect us after completion of the Diel and Milochov tunnels.

Tunnels under design preparation

Of the projects under preparation, the reconstruction of the
Stubni single-track tunnel lying on the Prievidza — Handlové
— Horna Stubtia rail line is closest to implementation. Its length
amounts to 646m and its horizontal alignment is on a curve with
R=300m. Because of water leaking into the tunnel space, the design

Obr. 2 Razenie tunelu Milochov
Fig. 2 Excavation of the Milochov tunnel
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for its rehabilitation was carried out and the
construction permit was issued already in
2019 (see Figures 3 and 4).

Several tunnel construction designs were
carried out at various detail levels (see
Table 1) within the framework of the program
of upgrading railway tracks operated by the
Railways of the Slovak Republic to the speed
of 160km/h.

The Kycera tunnel, which is part of the
modernised track of the sixth corridor Zilina
— Cadca — Skalité — SR/PR/CR state border
under preparation is carried out at the level for
construction permit. At the moment, updated
feasibility study for this section is being carried
out. It will prove whether the tunnel variant
will be shifted to the implementation level.

The biggest number of railway tunnels
were designed in the past for the track
from Liptovsky Mikuld§ to KoSice to

.} o . 5 .t L R T b
Obr. 3 Stubniansky tunel be modernised. This entire section to be
Fig. 3 Stubnd tunnel modernised is divided into four separate
construction lots.
Zelezni¢nych tuneloch, pre ktoré bolo vybavené uzemné rozhodnu- | Liptovsky Mikulds — Poprad Tatry (not included)
tie, dnes je situdcia menej optimistickd. Dvadsat tunelov ostalo na This section is divided into 5 construction lots. Lot No.1 Poprad
urovni dzemného rozhodnutia a po dokonceni tunelov Diel a Milo- (excepting Station) — Ludivna, No. 2 Lucivna — Vazec (excepting)’

chov je mozné oCakavat utlm vystavby.

Tunely v projektovej priprave — teoreticka hrana vyrubu
theoretical excavation edge

Z. pripravovanych projektov je najblizsie
prip Y proj J J +— priméarne ostenie min. 200 mm

k realizicii rekonStrukcia jednokolajného (striekany betén) C20/25 — X0
& . 1 v . . rimary lining min. 200mm
Stubnianskeho tunela, ktory leZi na trati Prie- ?shotcryeet) e
vidza — Handlova — Horna Stubiia. Jeho dizka — netkané geotextiia 500 g/m?
‘e 646 ¢ . deny blik nonwoven geotextile 500g/m?
Je MEtrov-a smerovo je V? eny v 9 i plosna hydroizolacia, PVC hr.2 mm
R=300 m. Z dévodu zatekania do priestoru sheet waterproofing, PVC 2mm thick
4 4o 3 +— sekundarne ostenie, min 400 mm C30/37 XF4, XC3
tunela bola vypracovand dokumenticia jeho secondary lining, min. 400mm C30/37 XF4, XC3

sandcie a v roku 2019 bolo na stavbu vydané
stavebné povolenie (obr. 3 a 4).

V rdmci programu modernizécie Zeleznic¢-
nych trati ZSR na rychlost do 160 km/h bolo
vyprojektovanych viacero tunelovych stavieb
v r6znych trovniach podrobnosti (tab. 1).

Tunel Kycera, ktory je stucastou pripravo-
vanej modernizovanej trate Siesteho koridoru
Zilina — Cadca — Skalité — §tdtne hranice SR/
PR/CR, je spracovany na drovni pre stavebné
povolenie. Momentalne sa pre tento usek spra-
covava aktualizacia Studie realizovatelnosti,
ktoré preukéze, ¢i sa tunelovy variant posunie
do realizacnej trovne.

Najvicsi pocet zelezni¢nych tunelov bolo
v minulosti navrhnutych na modernizovanej
trati od Liptovského MikulaSu aZ po KoSice.
Tento cely modernizovany Usek je rozdeleny
na Styri samostatné stavby.

Liptovsky Mikulds — Poprad Tatry (mimo)

tunelovy priechodny prierez

v zmysle STN 73 7508

tunnel clearance profile

in the meaning of STN 73 7508

priechodny prierez 1-SM

na zaklade zamerania
(zobrazenie v km 1,030 59)
clearance profile 1-SM based

on survey (image at km 1.030 59)

Tento usek sa deli na 5 stavieb. 1. Poprad | 17— stoka 40/30
. . . . l sewer 40/30
(mimo stanice) — Lucivna, 2. Lucivna — Va- | a0 e [3ool360_300[ i 0

Zec (mimo), 3. Vazec — Vychodnd (mimo),

4. Vychodna - Lipt. Hradok (mimo) a 5. Lipt.  gpr. 4 Vzorovy priecny rez sanovaného ostenia Stubnianského tunela
Hradok — Paltidzka. Na prvy tsek, ktory je bez  Fig. 4 Typical cross-section through rehabilitated lining of the Stubnd tunnel
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Tab. 1 Pripravované Zeleznicné tunely na modernizovanej trati
Table 1 Tunnels under preparation on the railway track being upgraded

dizka |stéasny stav spracovanej
¢. |usek nazov tunela (m) projektovej dokumentacie
No. |section tunnel name length | current state of design
(m) | documents
$tatna hranica CR/SR
— Cadca - Krasno - ) .
1 nad Kysucou (mimo) Kycera 4240 | pre stavebné povolenie
CR/SR state border - : :
1|~ Gadea - Krasno nad Kycera 4,240 | for construction permit
Kysucou (not included)
2 | Liptovsky Mikula$ — Poprad | Palldza 730 | pre realizaciu stavby
2 | Liptovsky Mikula$ — Poprad | Paludza 730 for construction execution
3 Cerveny Kut 4866 | pre realizaciu stavby
3 Cerveny Kut 4,866 | for construction execution
4 Z&mcisko 155 | pre realiz4ciu stavby
4 Zamcisko 1565 | for construction execution
5 Ddbrava 1372 | pre realizaciu stavby
5 Dubrava 1,372 | for construction execution
6 Hencnava 1067 |pre realizéciu stavby
6 Hencnava 1,067 | for construction execution
7 Strba 2840 |pre realizéciu stavby
7 Strba 2,840 | for construction execution
8 Kolombiarok 1215 | pre realizaciu stavby
8 Kolombiarok 1,215 | for construction execution
9 | Poprad — Krompachy Spanl’ Haj 720 pre stavebné povolenie
9 | Poprad — Krompachy Spani Haj 720 for construction permit
10 Kalmanka 530 | pre stavebné povolenie
10 Kalmanka 530 for construction permit
11 Chrast 350 | Uzemné rozhodnutie
11 Chrast 350 zoning and planning decision
12 Olcnava 1380 | Uzemné rozhodnutie
12 Olcnava 1,380 | zoning and planning decision
13 Kolinovice 880 | Uzemné rozhodnutie
13 Kolinovice 880 zoning and planning decision
B . pre Uizemné rozhodnutie
4 oy ik (Tme | 120 foramngand e
' decision
pre Uzemné rozhodnutie
}g E:ﬂmg\\;g gjg for zoning and planning
decision
I y 8 rozhodnutie
16 Uhliska 1030 |Pre uzemne rozhodn
o for zoning and planning
16 Uhliska 1,030 decision
pre Uzemné rozhodnutie
}; mg;ggggzy ;gg for zoning and planning
gecany decision
. J 8 rozhodnutie
18 Holica 1730 |Pre uzemne rozhodn
. for zoning and planning
18 Holica 1,730 -
992 | pre uzemné rozhodnutie
}g ﬁyzgt 992 for zoning and planning
y decision
20 | Kysak — KoSice Tahanovce 815 | pre realiz4ciu stavby
20 | Kysak — KoSice Tahanovce 815 for construction execution

tunelov, prebehla sitaz na vyber zhotovitela a ¢aka sa na zaciatok
stavby. Na piaty tsek, kde je navrhnuty hibeny tunel Paltidza o dizke
730 m, sa vybavuje stavebné povolenie, ktoré vSak bolo pribrzdené
aktualizaciou procesu EIA. Pre tseky 2 aZ 4, kde je vyprojektova-
nych 6 tunelov, nebol vydany pokyn na ziskanie stavebného povole-
nia a momentalne sa spracovava tprava projektu, kde sa uz nepocita
so Ziadnou tunelovou stavbou, resp. kde uZ nie je v modernizovane;j

trati uvazované zrychlenie na 160 km/h.

No. 3 Vazec — Vychodna (excepting), No. 4
Vychodna — Lipt. Hradok (excepting) and
No. 5 Lipt. Hradok — Paltidzka. Procurement
competition for the first section, which is
without tunnels, has been finished and the
commencement of the construction is waited
for. Construction permit is being provided
for the fifth section, where the 730m long
Paliidza tunnel is designed. The issuance
was hindered by updating the EIA process.
Regarding sections No. 2 through to 4 where
the design was carried out for 6 tunnels, the
instruction for obtaining the construction
permit has not been issued and a modification
of the design is currently being worked on. No
tunnel structure is planned for the sections,
respectively the acceleration to 160km/h is
not planned for the track to be upgraded.
Poprad Tatry — Krompachy

Reaching the speed of 160km/h is today
also not required for this section and, for that
reason, only the Spani Vrch and Kalmanka of
the originally proposed five tunnels got to the
next degree of elaboration.

Krompachy — Kysak

The section of the railway track linking
Spi§ with Sari§ will newly comprise only
the reconstruction of the Bujanov tunnel
(see Fig. 5). All newly proposed tunnels are
left out. The form of the Bujanov tunnel
reconstruction is at the moment being
solved on the basis of safety requirements
for the operation. Two alternatives are under
consideration. Enlarging the existing tunnel
in operation or constructing a new single-
track tunnel and reconstructing the existing
tunnel into a single-track one.

Kysak — Kosice

This section comprises a newly proposed
tunnel near the Tahanovce municipal district
of Kogice. The Tahanovce tunnel is at the
moment in operation, but the new alignment
of the track and modification of the horizontal
alignment required shifting of the tunnel into
a new position. This tunnel is prepared in
detail for construction.

The modernisation of the track in Slovakia
is getting into the state of checking in relation
to the dependence on European Union funds.
From Bratislava to Zilina, the track has been
upgraded for the speed of 160km/h with the
outlook for 200km/h, but from Zilina to the

east of the country, where mountainous regions are located and
demands on preparation and funding of the track to be modernised
increase, requirements for the speed started to decrease. Authors
of this paper do not agree with this trend and believe that this
development will still be changed and all people in Slovakia will
be able to travel fast.

Many of the older tunnels in operation require reconstruction.
Railways of the Slovak Republic, within the framework of their
capabilities, order the work on design documents; the design
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Obr. 5 Bujanovsky tunel — Margecansky portdl
Fig. 5 Bujanov tunnel — Margecany portal

Poprad Tatry — Krompachy

Na tomto tseku sa dnes uZz tieZ nepozaduje dosiahnutie rychlos-
ti 160 km/h a tak z pdvodne piatich navrhovanych tunelov sa do
dalsieho stuptia spracovania dostali len tunely Spani Haj a Kal-
manka.

Krompachy — Kysak

Usek Zelezni¢nej trate spajajiici Spi§ so Sarisom bude po novom
obsahovat len rekonstrukciu Bujanovského tunela (obr. 5). Vsetky
novonavrhované tunely sa vypustaji. Forma rekonstrukcie Bujanov-
ského tunela sa na zdklade bezpecnostnych poZiadaviek na prevadz-
ku momentélne riesi. Uvazuje sa s dvoma alternativami. RozSirenie
jestvujuceho tunela za previdzky, alebo vybudovanie nového jedno-
kolajného tunela a prerobenie jestvujiceho tunela na jednokolajny.
Kysak — KoSice

V tomto useku sa nachddza novonavrhovany tunel nedaleko ko-
Sickej miestnej Casti Tahanovce. V stcasnosti je tahanovsky tunel
v prevadzke, no nové vedenie trate a uprava smerového vedenia si
vyZziadali posun tunela do novej polohy. Tento tunel je pripraveny
v podrobnosti pre realizdciu stavby.

Modernizacia trate na Slovensku sa vo vztahu zavislosti na fon-
doch Eurdpskej tinie dostava do ttlmu. Od Bratislavy po Zilinu sa
trat zmodernizovala na rychlost 160 km/h, s vyhladom na 200 km/h,
no od Ziliny na vychod krajiny, kde sa nachddzajti hornaté oblasti
a zvysuje sa ndrok na pripravu a financovanie modernizovane;j trate,
sa naroky na rychlost zacali zniZovat. Autori tohto ¢lanku sa nezho-
duju s tymto trendom a veria, Ze sa tento vyvoj eSte zmeni a vSetci na
Slovensku tak budid moct cestovat rychlo.

Zo starSich tunelov, ktoré si v prevadzke, si viaceré vyzaduju
rekonstrukciu. Zeleznice Slovenskej republiky tak v rdmci svojich
moznosti objedndvaju spracovanie projektovej dokumentécie a ak-
tudlne sa pripravuje projekt pre 439 metrov dlhy Ruzbassky tunel na
trati Plave¢ — Poprad. Hlavnym problémom je presakovanie vody cez
ostenie a tvorba ladovych cenculov v zimnom obdobi, ktoré ohrozu-
ju prevadzku trate.
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for the 439m long RuZbachy tunnel on the
Plave¢ — Poprad rail track is currently under
preparation. The main problem lies in seepage
of water through the lining and creation of
icicles in winter, jeopardising operation of the
track.

Worth mentioning of the tunnels being
designed is the third Bratislava tunnel, which
is part of a study on the Bratislava railway
junction and the function of which lies in
increasing the capacity of the track from the
main station in Bratislava in the direction of
Prague.

Designs for tunnels in the Bratislava
Predmestie — Bratislava PetrZzalka and the
railway link to the M. R. Stefanik Airport in
Bratislava, which have been completed into
the detail of final design, have got into the
position of fiction.

ROAD AND MOTORWAY TUNNELS

Tunnels in operation
Construction of tunnels on the Slovak
road network in the past, in contrast with
the intense construction of construction of
railway tunnels, did not correspond to the mountainous character
of a large part of Slovakia. The 793m long Bratislava tunnel under
the Castle completed in 1949 and the 326m long Stratend tunnel
on the road No. I/67 completed in 1971 were the only road tunnels
built in the 20" century, but the former was converted into a tunnel
for tram transport after reconstruction in 1983.

The beginning of the construction of motorway tunnels dates back
to the middle of the 1990s and is associated with the programme of
development of motorways, which, after many years, finally shifted
from flat land to mountain areas of Eastern and Central Slovakia.
In autumn 1996, the Branisko tunnel excavation started first and
the Horelica tunnel excavation followed two years later. Both
above-mentioned tunnels have been in operation since 2003 and
2004, respectively, with a single tube and bidirectional traffic. The
construction of the Sitina and Borik double-tube tunnels followed
after 2000. After premature termination of the PPP projects for
development and operation of motorways in 2010, other motorway
sections with tunnels were gradually developed in the “Design
and Build” contractual regime according to the FIDIC Yellow
Book. The Sibenik, Svréinovec, Polana and PovaZsky Chlmec
tunnels were gradually brought into service. The list of motorway
tunnels in operation together with the main data is presented in
Table 2. The total length of motorway tunnels in operation amounts
to 12.2km; the total length of tunnel tubes with the double-tube
tunnels included amounts to 17.5km.

Tunnels under construction

Apart from 4 tunnels inaugurated in the 2015-2017 period, even
other projects comprising tunnels were started in the past decade.
Virtually all motorway tunnels under construction are parts of the
motorway link of the Slovak capital, Bratislava, with the centre of
Eastern Slovakia, KoSice (see Fig. 6).

Two double-tube tunnels, the 2.37km long Ovciarisko (see
Fig. 7) and the 0.68km long Zilina, are parts of the Hri¢ovské
Podhradie — Lietavskd Lucka section of the D1 motorway south
of the town of Zilina. Construction work and installation of tunnel
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Tab. 2 Dialni¢né tunely v prevddzke
Table 2 Motorway tunnels in operation

pocet | v prevadzke
dialnicny usek nazov tunela dizka (m) rur od roku
motorway section tunnel name length (m) | number | in operation
of tubes from
D1 Mengusovce — Janovce Borik 985 2 2009
D1 Mengusovce — Janovce Borik 985 2 2009
D1 Janovce — Jablonov Sibenik 588 2 2015
D1 Janovce — Jablonov Sibenik 588 2 2015
D1 Beharovce — Branisko Branisko 4975 1 2003
D1 Beharovce — Branisko Branisko 4975 1 2003
D2 Lamadska cesta — Staré Grunty Sitina 1440 2 2007
D2 Lamacska cesta — Staré Grunty Sitina 1440 2 2007
D3 Zilina Strazov - Zilina Brodno Povazsky Chimec 2249 2 2017
D3 Zilina StraZov — Zilina Brodno Povazsky Chimec 2249 2 2017
D3 Cadca — obchvat mesta Horelica 605 1 2004
D3 Cadca — obchvat mesta Horelica 605 1 2004
D3 Svr¢inovec - Skalité Svréinovec 445 1 2017
D3 Svrcinovec — Skalité Svrcinovec 445 1 2017
D3 Svr¢inovec — Skalité Polana 890 1 2017
D3 Svrcinovec - Skalité Polana 890 1 2017

Tuel

equipment has already been finished in both
tunnels. With respect to complications on the
neighbouring sections of the D1 motorway
and the motorway slip road to Zilina, bringing
of the motorway section into service can be
expected as late as 2021.

The development of the Hubova -
Ivachnovd section of the DI motorway
by-passing the town of RuzZomberok is
complicated. The Cebrat tunnel is part of
this section. Serious problems with the area
stability were diagnosed during the course
of the construction work on the motorway
section before the western portal of the Cebrat
tunnel. They required extensive changes
in the solution to the motorway alignment
including lengthening of the tunnel from the
original 2.0km to 3.68km. The changes in the
solution required a new environmental impact
assessment,
planning decision and construction permit.
For that reason the work on the tunnel has

a change in the zoning and

Z projektovanych tunelov stoji eSte za zmienku treti bratislavsky
tunel, ktory je sicastou Studie uzla Bratislava a jeho funkcia je v ska-
pacitneni trate z hlavnej stanice v Bratislave v smere na Prahu.

Do polohy fikcie sa dostali projekty tunelov na tsekoch Bratisla-
va Predmestie — Bratislava Petrzalka a Zelezni¢né zapojenie letiska
M. R. Stefanika v Bratislave, ktoré boli spracované v podrobnosti
dokumentécie pre stavebné povolenie.

been temporarily suspended and only the geological task project is
being implemented.

Even the work on the 7.50km long Visiové tunnel, the longest
tunnel in Slovakia, in the Lietavskd Lucka — Visnové — Dubna
Skala section of the D1 motorway, has been suspended. Both tubes
of the Visnové tunnel were broken through in August 2018, after
40 months of excavation. Concreting of the secondary lining has
been finished on over 60% of the tunnel length. The complicated
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Obr. 6 Vyrez z mapy dialnic s tunelmi v prevddzke (Ciernou), vystavbe (Cervenou) a priprave (zelenou)
Fig. 6 Cut out from map of motorways containing tunnels in operation (black), under construction (red) and under preparation (green)
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CESTNE A DIALNICNE TUNELY

Tunely v prevadzke

Vystavba tunelov na slovenskej cestnej sieti v minulosti, na roz-
diel od intenzivnej vystavby Zelezni¢nych tunelov, nezodpovedala
hornatému charakteru velkej Casti izemia Slovenska. Jedinymi cest-
nymi tunelmi vybudovanymi v 20. storoci boli bratislavsky tunel pod
Hradom s dizkou 793 m dokongeny v roku 1949 a tunel Stratend
na ceste 1/67 s dizkou 326 m dokondeny v roku 1971. Prvy z nich
bol po rekonstrukcii v roku 1983 zmeneny na tunel pre elektrickovi
dopravu.

Zaciatok vystavby dialni¢nych tunelov spadé az do polovice deviit-
desiatych rokov minulého storocia a je spity s programom vystavby
dialnic, ktora sa po mnohych rokoch kone¢ne posunula z rovinatého
uzemia do horskych oblasti vychodného a stredného Slovenska. Na
jesen roku 1996 sa zacal ako prvy razit tunel Branisko a o dva roky
neskor tunel Horelica. Oba uvedené tunely st od roku 2003, resp.
2004, v prevadzke s jednou rirou a obojsmernou premavkou. Po
roku 2000 nasledovala vystavba dvojrirovych tunelov Sitina a Bo-
rik. Po pred€asnom ukoncéeni PPP projektov na vystavbu a prevadz-
ku dialnic v roku 2010 boli postupne budované dalSie tseky dialnic
s tunelmi v zmluvnom reZime ,,Naprojektuj a postav* podla tzv.
7ltej knihy FIDIC. Postupne sa do prevadzky dostali tunely Sibe-
nik, Svr¢inovec, Polana a PovaZzsky Chlmec. Zoznam dialni¢nych
tunelov v prevadzke je spolu s hlavnymi ddajmi uvedeny v tabulke 2.
Celkovi dizka dialni¢nych tunelov v prevadzke je 12,2 km, celkové
diZka tunelovych rir pri zapo&itani dvojrirovych tunelov je 17,5 km.

Tunely vo vystavbe

Okrem 4 tunelov uvedenych do prevadzky v obdobi rokov 2015—
2017 boli v predoSlom desatro¢i zacaté aj viaceré dalSie stavby
s dialniénymi tunelmi. Prakticky vSetky dialni¢né tunely vo vystavbe

Obr. 7 Tunel Ovciarsko, vychodny portdl
Fig. 7 Ovciarsko tunnel, eastern portal
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financial situation in which the contractor found itself and which
negatively affected the progress of the work, resulted in 2019 in
an agreement about the work termination between the client and
the contractor. Continuation of the work can be expected only
after successful coping with the public procurement process, the
result of which will determine the new construction contractor.
The anticipated deadline for the possible completion of the work
was announced to be 2023 at the earliest. This assumption appears
today as very optimistic.

Information from the construction of the 2.24km long Ptichov
tunnel (see Fig. 8), which is part of the Presov West — Presov South
section of the D1 motorway, it means the southern by-pass of the
regional capital PreSov in Eastern Slovakia, sounds more positively.
The excavation of both tunnel tubes continued from August 2018
to June 2019; currently the secondary lining of the tunnel is being
carried out. Completion and opening the section with the tunnel to
traffic is expected in 2021.

The competition for the contractor for stage No. 1 of the PreSov
northern by-pass was evaluated at the beginning of 2019. Subject
of the competition was the express highway R4 in full profile, a
part of which is the 1.15km long Biko§ double-tube tunnel. The
construction work should begin in spring 2020 and should be
finished in spring 2023.

Tunnels under design preparation

In the meaning of the presented plans for development of
motorways and express highways, construction of several
sections comprising tunnels should start in the following years.
The main ambition of the government remains the completion
of the Bratislava — KoSice D1 motorway. The conventional
tunnelling method (NATM) is assumed for the majority of the
motorway tunnels under preparation; a continual method using a

archiv Doprastav, a.s. Doprasiav, a.s. archive



Obr. 8 Tunel Presov, razenie kaloty
Fig. 8 Presov tunnel, top heading excavation

st sucastou dialni¢ného prepojenia hlavného mesta Slovenska Brati-
slavy a centra vychodného Slovenska Kosic (obr. 6).

Sucastou useku dialnice D1 Hri¢ovské Podhradie — Lietavska Lic-
ka juzne od mesta Zilina st dva dvojriirové tunely, Ov¢iarsko s diz-
kou 2,37 km (obr. 7) a Zilina s diZkou 0,68 km. V oboch tuneloch
st uz ukoncené stavebné prace ako aj instaldcia technologického vy-
bavenia. Uvedenie dialni¢ného tseku do prevadzky sa vzhladom na
komplikdcie na suvisiacich usekoch dialnice D1 a dialni¢ného privéd-
dzada do Ziliny daji ogakévat az v roku 2021.

Komplikovane sa vyvija vystavba tseku dialnice D1 Hubova —
Ivachnovd obchéddzajiceho mesto Ruzomberok, ktorej stcastou
bude tunel Cebrat. Pocas stavebnych prac boli diagnostikované viz-
ne problémy so stabilitou tzemia v tseku dialnice pred zdpadnym
portalom tunela Cebrat, ktoré si vyZiadali rozsiahle zmeny v riese-
ni trasy dialnice vritane prediZenia tunela z pdvodnych 2,0 km na
3,68 km. Zmeny rieSenia si vyziadali nové posidenie vplyvov na
Zivotné prostredie, zmenu tizemného aj stavebného povolenia. Z toh-
to dovodu su préace na tuneli doCasne pozastavené a realizuje sa len
projekt geologickej ulohy.

Zastavené su aj prace na najdlh§om slovenskom tuneli Visiové
s dizkou 7,50 km, na tseku dialnice D1 Lietavskd Lucka — Vistiové
— Dubna Skala. Obe riry tunela Vistiové boli prerazené v auguste
2018, po 40 mesiacoch razenia. Betonaz sekundéarneho ostenia je ho-
tové na viac ako 60 % dizky tunela. Komplikovana finan¢na situdcia,
v ktorej sa ocitol zhotovitel a ktord negativne ovplyviiovala postup
prac, rezultovala v marci 2019 dohodou o ukonceni prac medzi ob-
jednavatelom a zhotovitelom. Pokracovanie prac sa d4 ocCakavat az
po tspeSnom zvladnuti procesu verejného obstardvania, ktoré¢ho vy-
sledkom bude novy zhotovitel. Odhadovany termin mozZného ukon-
Cenia prac bol ohlaseny najskor v roku 2023, ¢o sa uz dnes javi ako
velmi optimisticky predpoklad.

Pozitivnej$ie znejii informécie z vystavby tunela PreSov dizky
2,24 km (obr. 8), ktory je stcastou dialnice D1 PreSov zapad — Pre-
Sov juh, ¢iZe juzného obchvatu krajského mesta PreSov na vychod-
nom Slovensku. Razenie oboch tunelovych rir prebiehalo od augus-
ta 2018 do juna 2019, v sicasnosti sa realizuje sekundarne ostenie
tunela. Ukoncenie a otvorenie tseku dialnice s tunelom sa oCakava
v roku 2021.

Zaciatkom roku 2019 bola vyhodnotend aj sitaz na zhotovitela
1. etapy severného obchvatu PreSova. Ide o rychlostni cestu R4
v tiplnom profile, ktorej si¢astou je dvojrirovy tunel Biko§ dizky

full-face tunnel boring machine comes into
consideration for the yet planned longest
motorway tunnel, the Karpaty. The majority
of tunnels are assumed to be in the double-
tube arrangement with unidirectional traffic.
Making decisions on possible construction of
a single-tube tube tunnel with bidirectional
traffic has to be based on an analysis including
comprehensive assessment of all technical,
economic, operational and safety-related
aspects.

DI Turany — Hubovd

The Turany — Hubova section remains to
be the most problematic section of the DI
motorway. After the massive landslide in
the quarry near Sutov Lakes, more options
for designing the motorway alignment
were examined in the environmental impact
assessment (EIA) process. The valley variant
containing the Rojkov tunnel definitively
remained in the EIA final opinion and the alignment with the
5.87km long Korbelka tunnel and the 2.80km long Havran tunnel
became the preferred option. At the moment, documentation for
the zoning and planning decision has been finished. It reflects
several tens of conditions stipulated in the process of environmental
impact assessment (EIA) by which the further preparation is
bound. Activities of disgruntled participants in the EIA process
are still ongoing. They still hinder fluent preparation, mainly from
the aspect of providing required opinions and permissions. For
the above-mentioned reasons, it is very difficult to assume the
construction deadlines, which are certainly in a horizon of several
years.
D4 Ivanka pri Dunaji — Bratislava, Zdhorskd Bystrica

The longest Slovak motorway tunnel under preparation is
the Karpaty tunnel on the zero circle around the Slovak capital,
Bratislava, in the Bratislava, Raca — Zahorské Bystrica section of
the D4 motorway. According to the technical study conducted for
the construction of the 10.99km long tunnel, the use of a continual
excavation method is under consideration. The EIA process is
currently in progress — a report on the environmental impact
assessment is under preparation and public debates took place
in the affected municipalities at the beginning of 2020. The final
opinion in the EIA process should be issued in the second half of
2020.

Second tunnel tubes of operating motorway tunnels

The design preparation is under way even for single-tube tunnels
in operation (Branisko and Horelica). These tunnels require
reassessment of the need for reconstruction after 15, respectively
16 years in operation, also with respect to the increased volume of
traffic on motorway sections the parts of which they are. Specific
demands on the solution are brought by the need for maintaining
possibilities of escaping of people from the operating tunnel
tube while the other tube is concurrently under construction. The
Horelica tunnel on the O3¢adnica — Cadca, Bukov section of the
D3 motorway (see Fig. 9), where documentation for construction
permit is currently under preparation, has been assessed for the
time being as more urgent.
Tunnels on express highway network

Apart from the development of the motorway network (Table 3),
even the intense preparation of the development of the network




1,15 km. Vystavba by mala zacat na jar 2020
a mala by byt ukoncend na jar 2023.

Tunely v projektovej priprave

V zmysle prezentovanych planov na vystav-
bu dialnic a rychlostnych ciest by v nasledu-
jucich rokoch mala zacat realizacia viacerych
usekov s tunelmi. Hlavnou ambiciou vlady na-
dalej zostava dokoncit dialnicu D1 Bratislava
— Kosice. Pre vicsinu pripravovanych dialnic-
nych tunelov je predpokladana konven¢né me-
toda vystavby (NRTM), pre zatial planovany
najdlhsi dialni¢ny tunel Karpaty prichddza do
uvahy kontinudlna metéda za pouzitia plno-
tunelov je uvaZovana v dvojrirovom usporia-
dani s jednosmernou premavkou. Rozhodova-
nie o pripadnej vystavbe tunela s jednou rdrou
a obojsmernou premavkou musi byt zalozené
na analyze zahriiujucej komplexné hodnotenie
vSetkych technickych, ekonomickych, pre-
vadzkovych a bezpecnostnych aspektov.

D1 Turany — Hubovd

NajproblematickejSim tsekom dialnice D1
stale zostava usek Turany — Hubova. Po masiv-
nom zosuve v lome pri Stitovskom jazere boli
opitovne v procese postudenia vplyvov na Zi-
votné prostredie (EIA) skimané viaceré moz-
nosti vedenia trasy. V zdvere¢nom stanovisku
v procese EIA je definitivne zanechany tidolny
variant s tunelom Rojkov a preferovanou sa
stala trasa s tunelmi Korbelka diiky 5,87 km
a Havran diZky 2,80 km. V sdcasnosti je spra-
covana dokumentécia na dzemné rozhodnutie,
ktora reflektuje niekolko desiatok zavaznych
podmienok stanovenych v procese hodnotenia
vplyvov na Zivotné prostredie (EIA), ktorymi
je zaviazana dalSia priprava. Stale prebiehaju
aj aktivity nespokojnych ucastnikov z procesu
EIA, ktoré brania v plynulej priprave najmi
z pohladu zabezpecCovania potrebnych vyjad-
reni a povoleni. Z uvedenych dovodov je velmi
naro¢né predpokladat terminy realizécie, urci-
te je to vSak horizont niekolkych rokov.
D4 Ivanka pri Dunaji — Bratislava,
Zdhorskd Bystrica

Najdlh§im pripravovanym slovenskym dial-
ni¢nym tunelom je tunel Karpaty na nultom
okruhu okolo hlavného mesta Bratislavy,
v useku dialnice D4 Bratislava, Raca — Za-
horska Bystrica. Podla spracovanej technickej
$tidie sa pre vystavbu tunela dizky 10,99 km
uvazuje s vyuZitim kontinudlnej metédy ra-
zenia. V sucasnosti prebieha proces EIA — je
spracovavand sprava o postdeni vplyvov na
zivotné prostredie a na zaciatku roku 2020 sa
uskutocnili verejné prerokovania v jednotli-
vych dotknutych obciach. Zavere¢né stanovis-
ko v procese EIA by malo byt vydané v druhej
polovici roka 2020.

Tab. 3 Pripravované tunely na dialniciach

Table 3 Tunnels under preparation on motorways
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diafniény usek nazov tunela |dizka(m) |stcéasny stav
motorway section tunnel name | length (m) [ current state
z&vere¢né stanovisko
D1 Turany — Hubova Korbelka 5868 MZzP
D1 Turany — Hubova Korbelka 5868 final opinion of the Ministry
of Environment
zaverecné stanovisko
Havran 2807 MzP
Havran 2807 final opinion of the Ministry
of Environment
Branisko, , , .
D1 Beharovce — Branisko 2.rura 4975 szgﬁmnzrr%zh&?]rr\#rt]le
D1 Beharovce — Branisko Branisko, 4975 e 9 P 9
o tube ecision
D1 Bidovce — Dargov Dargov 1050 proces EIA
D1 Bidovce — Dargov Dargov 1050 EIA process
Horelica, , X .
D3 Oséadnica — Cadca, Bukov 2.rlra 605 lzjcz)ﬁmnzrr]%zh&?]r::ijge
D3 Oscadnica — Cadca, Bukov Horelica, 605 deci 9 P 9
o fube ecision
D4 Ivanka pri Dunaji — Bratislava,
Zéhorska Bystrica Karpaty 8068 proces EIA
D4 Ivanka pri Dunaji — Bratislava, Karpaty 8068 EIA process
Zéhorska Bystrica
Tab. 4 Pripravované tunely na rychlostnych cestdch
Table 4 Tunnel under preparation for express highways
usek rychlostnej cesty nazov tunela |dizka(m) |stéasny stav
express highway section tunnel name | length (m) | current state
R1 Slovenska Lupca - Korytnica HradiSte 8385 E[:i?éﬁwv;lc?c%\?ion
R1 Slovenska Lup¢a — Korytnica Hradiste 8385 permit preparation
R1 Korytnica — Liptovska Osada Korytnica 927 proces EIA
R1 Korytnica — Liptovska Osada Korytnica 927 EIA process
Osada 142+814 | proces EIA
Osada 142+814 EIA process
R1 Liptovska Osada — Ruzomberok, juh | .
: ; B ’ Biely Potok 1395 proces EIA
h rovea Osada - Ruzomberok, | gicy potok | 1395 EIA process
R2 Pravotice — Dolné Vestenice Chotoémka 595 Studia realizovatelnosti
R2 Pravotice — Dolné Vestenice Chotomka 595 feasibility study
R2 Novaky - Ziar n. Hronom Prielohy 2880 technicka Studia
R2 Novaky — Ziar n. Hronom Prielohy 2880 technical study
Sajpa 650 technicka Studia
Sajba 650 technical study
zavere¢né stanovisko
R2 Tornala — Gombasek Pledivec 2572 MZzP
R2 Tornala — Gombasek PlesSivec 2572 final opinion of the Ministry
of Environment
e . . Uzemné rozhodnutie
R2 Rozava - Jablonov nad Turfiou Soroska 4282 zoning and planning
R2 Roznava — Jablonov nad Turriou Soroska 4282 s
ecision
R3 Nizna - DIhd nad Oravou Biela Skala  |515 TS S
R3 Nizna - Diha nad Oravou Biela Skala | 515 zoning and planning
ecision
R3 Oravsky Podzamok —
Dolny Kubin, juh Dolny Kubin 3004+1669 | technicka Studia
R3 Oravsky Podzamok — Dolny Kubin 3004+1669 |technical study
Dolny Kubin, south
R3 Horna Stubria - Réaztoéno Remata 3000 technicka Studia
R3 Horna Stubna — Rézto¢no Remata 3000 technical study
R3 Zvolen - Sahy Baba 4020 proces EIA
R3 Zvolen — Sahy Baba 4020 EIA process
Hanisberg 2800 proces EIA
HaniSberg 2800 EIA process
R4 PreSov — severny obchvat, Il. etapa | Okruhliak 1917 stavebné povolenie
R4 PreSov — northern by-pass, stage Il | Okruhliak 1917 construction permit
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Druhé tunelové riry prevdadzkovanych
dialnic¢nych tunelov

Projektova priprava prebieha aj pre tunely
s jednou tunelovou rirou v prevadzke (Branis-
ko a Horelica). Ide o tunely, kde po 15, resp.
16, rokoch prevadzky je potrebné prehodno-
tenie potrieb ich rekonstrukcie spolu so zvy-
Sujicimi sa dopravnymi zataZeniami usekov
dialnic, ktorych sd sdcastou. Specifickd né-
ro¢nost na rieSenie prinasa potreba zachovania
moznosti tniku 0s6b z prevadzkovanej tunelo-
vej riry za sucasnej vystavby druhej riry. Ako
urgentnejsi bol zatial vyhodnoteny tunel Hore-
lica na dialnici D3 v useku O$¢adnica — Cadca,
Bukov (obr. 9), kde sa v sucasnosti pripravuje
dokumentacia na stavebné povolenie.

Tunely na sieti rychlostnych ciest

Okrem vystavby dialni¢nej siete (tab. 3)
prebieha na Slovensku aj intenzivna priprava
vystavby rychlostnych ciest. Aj na tejto sieti je
uvazované s vystavbou zna¢ného poctu tunelov (tab. 4), najmé na
rychlostnych cestach R1, R2 a R3.

Najblizsim tunelom vo vystavbe v sieti rychlostnych ciest by mo-
hol byt tunel SoroSka na rychlostnej ceste R2. Narodna dialni¢né
spolocnost zaciatkom roku 2020 vyhlasila sitaz na jeho vystavbu,
hoci zatial nedisponuje stavebnym povolenim. Ide o jednordrovy
tunel dizky 4,25 km s paralelnou tGnikovou $téliou, ktory bude vy-
baveny prieCnym vetranim s vetracou Sachtou. Pocas projektovej
pripravy tunela prebiehala podrobna analyza ako podklad pre roz-
hodnutie o vystavbe jednej alebo dvoch tunelovych rir. Finalne roz-
hodnutie bolo podmienené najmé prioritou danou kratkodobej ispo-
re finan¢nych prostriedkov, pricom stviselo aj s relativne nizkymi
prognézovanymi intenzitami dopravy.

ZAVER

Citatelia Gasopisu sa uZ urcite stretli s vyrokom, e predpovedat
je tazké, najmi pokial ide o budicnost. V Case, v ktorom je tento
prispevok dokoncovany, v marci roku 2020, si moZnosti progn6zo-
vania oslabené Siriacou sa celosvetovou epidémiou, ktord bude mat
rozsiahle dopady na hospodérsky vyvoj nielen dotknutych krajin,
ale aj celosvetovej ekonomiky. AZ o niekolko rokov, pri opidtovnom
hodnoteni vyvoja vystavby tunelov a dopravnej infrastruktiry, bude
mozné vidiet, do akej miery sa naplnili predpoklady formulované
v tomto prispevku.
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Obr. 9 Tunel Horelica, severny portdl
Fig. 9 Horelica tunnel, northern portal

of express highways is in progress. Construction of a significant
number of tunnels on this network is also under consideration (see
Fig. 4), mainly on the R1, R2 and R3 express highways.

The SoroSka tunnel on the R2 express highway could be the nearest
tunnel under construction on the network of express highways.
Narodn4 Dialni¢nd Spolo¢nost (National Motorway Society) put out
the tender for the construction contract at the beginning of 2020,
even though it does not have the construction permit at its disposal
yet. The Soroska is a 4.25km long single-tube tunnel with a parallel
escape gallery, which will be equipped with a transverse ventilation
system with a ventilation shaft. The work on a detailed analysis
as the grounds for the decision on the construction of one or two
tunnel tubes was ongoing during the design preparation phase. The
final decision was conditioned mainly by the priority given to short-
term financial savings. In addition, it was related to the prognosis of
relatively low traffic volume.

CONCLUSION

The journal readers have already certainly met the statement that
forecasting is difficult, especially when it comes to future. At the time
at which this paper is being finished, March 2020, the possibilities
of forecasting are weakened by the worldwide spreading epidemic,
which will have extensive impacts on the economic development
not only of the affected countries, but also the global economy. We
will see to what extent the forecasts formulated in our paper have
been fulfilled only in a few years when we return to assessing the
development and presuming other perspectives.
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PODOBNOST MEZI MODELEM A REALNOU KONSTRUKCI
ZATIZENOU RAZOVOU VLNOU
SIMILARITY BETWEEN MODEL AND REAL STRUCTURE IMPACTED
BY SHOCKWAVES

PETR P. PROCHAZKA, DAGMAR JANDEKOVA

ABSTRAKT

Vzhledem k ditleZitosti analyzy ticinkii vybuchii na liniové stavby, jako jsou tunely, je viiv podzvukové a nadzvukové dynamiky diileZitym
faktorem pri navrhovdni a posuzovdni téchto konstrukci. V tomto ohledu je dobré ziskat informace 7 experimentii provddenych na vybra-
nych typickych objektech. Je vSak prakticky nemoZné provddeét presvédcivé experimenty na redlnych strukturdch, protoZe takovy postup by
byl prakticky nemoZny nebo by byl neiimérné drahy. Proto je nutné studovat postupy, které mohou spolehlivé prevést vysledky experimentii
v méFitku do redlnych situaci. Takovy postup je uveden v tomto cldnku spolu s nékolika priklady pro tunelové konstrukce. PredloZeny cld-
nek vyuzivd nékteré experimentdlni vysledky publikované v casopise Tunel 2019, 28(4), str. 46-50, autorii Prochdzka, P. P.,, Jandekovd, D.,
Viilek, M. J.: Studie §iTeni rdzové viny v tunelu.

ABSTRACT

Given the importance of analyzing the effects of explosions on line structures, such as tunnels, the effect of subsonic and supersonic
dynamics is an important factor in the design and assessment of such structures. In this respect, it is good to obtain information from
experiments carried out on selected typical objects. However, it is practically impossible to conduct compelling experiments on real
structures, because such a procedure would be practically not feasible or would be disproportionately expensive. Therefore, it is necessary
to study procedures that can reliably convert results from scale model experiments into real situation. Such a procedure is presented in this
paper along with some examples of tunnel structures. The present article uses some experimental results from a previous publication in the

Journal Tunel 2019, 28(4): 46-50, Prochdzka, P. P, Jandekovd, D., Vilek, M. J.: Study of shock wave propagation in tunnel.

uvob

Vzhledem k rostoucimu vyskytu nahlych zmén zatizeni pozem-
nich a podzemnich staveb vybuchem je jejich dopad kritickym pro-
blémem v procesu navrhovani.

K lepSimu pochopeni t¢inkil vybucht na konstrukce je zapotie-
bi fada vhodnych experimentil. In situ experimenty publikované
v [1], [2] by mély slouzit k upfesnéni numerickych postupil, véetné
identifikace nezbytnych parametrt pfi modelovani skute¢ného cho-
vani interakce razova vlna—konstrukce. Toto jsou vyjimecné pfipa-
dy testovani v redlném Case a geometrii. Velkou komplikaci je, Ze
tyto experimenty jsou ziidka proveditelné, a pokud jsou, pak jsou
velmi drahé, ¢asové ndrocné a vyzaduji relativné sloZita zafizeni

pro zaznamenévani vysledku téchto testl. Je proto vyhodné vyuzit
pravidla podobnosti, ktera 1ze aplikovat bud na materialech se sku-
tecnymi Casoveé zavislymi vlastnostmi [3], [4], [5], nebo na modely
z fyzikalné ekvivalentnich materiald, [6] a [7]. V poslednim uvede-
ném odkazu se experiment provadi na 100 g odstfedivce.

Obr. 1 Pohled na uspordddni zkuSebni trouby
Fig. 1 A view of the assembly of the rings

INTRODUCTION

Because of the increasing occurrence of sudden changes in load
of civil and underground structures due to the explosion, their
impact is a critical problem in the design process. A number of
suitable experiments are needed to better understand the effects
of explosions on structures. The in situ experiments published in
[1], [2] should serve to refine the numerical procedures, including
the identification of the necessary parameters in modeling the real
behavior of the shock wave-solid structure interaction. These are
exceptional cases of real-life and real-geometry testing. The great
complication is that these experiments are rarely feasible, and if
they are, then are very expensive, time consuming and require
relatively complex devices to record the results of these tests. It
is therefore appropriate to apply similarity rules that can be used
either to materials corresponding to actual materials used in
real structure, [3], [4], [5] or to models of physically equivalent
materials, [6] and [7]. In the latter reference, the experiment is
performed on a 100g centrifuge.

From these experiments, it is possible to obtain data for
considerably cheaper computer procedures for assessing the
bearing capacity of a structure.

EXPERIMENTS

For experimental studies, a system of five interconnected rings
of conventional concrete simulating tunnel was created, with each
adjacent pair of rings joined to a half groove and reinforced with
a cement screed. C 25/30 concrete claas was selected for the test
specimens. A view of a tube, consisting of said five rings lying on
a sandy ground, the vertical position of them has been stabilized
by longitudinal wooden beams, is shown in Fig. 1. Drawings of the
sensor and charge positions are shown in Fig. 2.
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Obr. 2 Uspordddni experimentu pro ndloZ uprostied a mimo osu tunelu
Fig. 2 Arrangement of experiment for in- or off-axis charge

Z téchto experimentll je mozné ziskat data pro vyrazné€ levnéjsi
pocitacové postupy pro hodnoceni tinosnosti konstrukce.

EXPERIMENTY

Pro experimentalni studie byl vytvoren systém péti propojenych
dil¢ich trub z konvencniho betonu simulujicich tunel, pricemz kaz-
dy sousedni par trub byl spojen na polovi¢ni drazku a vyztuZen
cementovym potérem. Pro zkuSebni vzorky byla vybréana tfida be-
tonu C 25/30. Pohled na celou propojenou troubu leZici na pisci-
tém podlozi, jejiz vertikdlni poloha byla stabilizovdna podélnymi
dfevénymi tramy, je zndzornén na obr. 1. Vykresy pozic senzord
a ndlozi jsou znazornény na obr. 2.

Je dobré poznamenat, Ze tuzkovy senzor slouzil pouze k zajis-
téni spolehlivosti vysledkil a spektra na ném zjisténa nejsou déle
zvazovéana. Velikost pretlaki odectenych na tomto senzoru je také
zanedbatelna vzhledem k jinym méfenym bodim.

Vsechny odpaly byly provedeny pomoci trhaviny Semtex 1A.
Nékteré vysledky publikované v [5] jsou zohlednény i v tomto
¢lanku.

NaloZ na vodorovné ose tunelu

Nejjednodussi popis chovani razové vlny, ktery lze pouzit pro
konstrukei zdkont podobnosti, je Friedlandertv graf (obr. 3), ktery
popisuje ¢asovy vyvoj razovych vin dopadajicich na bariéru ve vol-
ném prostoru. PfestoZe je popis rdzovych vin v jinych geometric-
kych strukturdach komplikovanéjsi, je casto mozné pouzit Friedlan-
dertv graf a vhodné jej zobecnit.

kladny imluls /.
positive impulse /.

pretlak [kPa]
overpressure [kPa]

¢as [ms]
time [ms]

zéporny impuls |-
negative impulse /_

Obr. 3 Friedlanderiiv tvar rdzové viny
Fig. 3 Friedlander’s waveform

It is worth noting that the pencil sensor was only used to ensure
the reliability of the results and the spectra found on it are not
considered further. The values of overpressures read on this sensor
are also negligible with respect to other measured points.

All blasts were performed using explosive Semtex 1A. Certain
results published in [5] are also reflected in this paper.

Position of the charge in horizontal axis

The simplest description of the shock wave behavior that can
be used for the construction of similarity laws is the Friedlander
graph, see Fig. 3, which describes the time evolution of the shock
waves impinging the barrier in free space. Although the description
of shock waves in other geometric structures is more complicated,
it is often possible to start from Friendlander‘s waveform and
appropriately generalize it.

In this case, the distribution of pressure p over time obeys the
Friedlander equation

p= P, exp(-bt/t, )(1-t/t,). (1)

where 7 is time, P is the maximum value of the incident pressure,
b is the decay coefficient and ¢ is the time of transition from
pressure to tensile phase. The distribution of reflective pressure
is described by the same equation as (1), where P_is substituted
by P_. The values of the decay coefficient are in detail discussed
in [9].

In the case of an axially positioned charge, good information can
be obtained about the course of the load characterized by the top and
bottom envelope of the spectrum. The upper expresses the pressure
part and the lower suction (vacuum) course. The envelopes, Fig. 4,
are drawn for the first and second blasts.

It is worth noting that the decisive for structural damage and
consequently for the bearing capacity of the strucutre is the
pressure measured at Sensor A, while the pressure at sensor B is
not that important because of lower overpressure values.

Off-axis position of the charge

First, the goal is focus on the results of the overpressure caused
by placing the charge in the middle ring, namely 20cm above
the thill. The results obtained on the sensors located above the
charge on calotte (sensor A) and in the second ring in the ceiling
(sensor B) will be observed. For further evaluation of the validity
of the similarity rules, the charge masses of 10 (detailed time
distribution since this blast is found in [5]), 15, 20 and 25g are
used. Fig. 5 shows the resulting spectra at Sensor A and in Fig. 6,
the overpressure spectra recorded at B are depicted, in both cases
corresponding to two successive blasts.

Relatively interesting, albeit expected, is the fact that in sensor B
the measured second peak (second shock wave front) is significantly

higher than the first, as shown in Fig. 6. This difference increases
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V tomto pripadé se rozdé€leni tlaku p v Case se fidi
Friedlanderovou rovnici

p= P exp(-bt/t, )(1-1/t,), (D

kde 1 je Cas, P, je maximdlni hodnota tlaku narazové viny,
b je koeficient utlumu a . je Cas prechodu z tlakové viny do
tahové (vakua).

Rozdéleni odrazového tlaku je popsdno stejnou rovnici
jako (1), kde P_je nahrazeno P_. Hodnoty koeficientu ttlu-
mu jsou podrobné diskutovany v [9].

beton C25/30 conventional concrete
1MPa | néaloz 35 g charge 359

senzor A sensor A
4 senzor B sensor B

Z axialné umisténé naloZe lze ziskat dobré informace
o prubéhu zatiZeni charakterizovaném horni a dolni obal-

P

0 ims 2ms 3ms 4ms 5ms 6ms 7ms B_ms ¢as [ms]
time [ms]

kou spektra. Horni ¢ast vyjadiuje tlakovou cast a dolni saci
(vakuovy) pribéh. Obélky (obr. 4) jsou nakresleny pro prvni
a druhy odpal.

Za zminku stoji, Ze rozhodujici pro poskozeni konstruk-
ce je tlak méfeny na senzoru A, kdeZto pretlak méreny na
senzoru B neni tak dileZity vzhledem k niZ§im hodnotdm
pretlaku.

Pozice naloze mimo osu
Nejprve je cilem ziskat vysledky pretlaku zpisobeného
umisténim naloZe do prostfedniho prstence, a to 20 cm nad

beton C25/30 conventional concrete

| senzor A sensor A
néloz 35 g charge 359

| senzorB sensor B

-?1

s

po¢vou. Budou sledoviny vysledky ziskané na senzorech
umisténych nad naloZzi na kaloté (senzor A) a ve druhém prs-

0 ims 2ms 3ms 4ms 5ms 6ms 7ms 8ms cas[ms]

time [ms]

tenci ve stropé (senzor B). Pro dalsi vyhodnoceni platnosti
pravidel podobnosti jsou zvoleny hmotnosti naloZzi 10, 15, 20
a 25 g (detail Casového vyvoje [5]). Obr. 5 ukazuje vysledna
spektra na senzoru A a na obr. 6 jsou zobrazena pretlakova
spektra zaznamenand na senzoru B, v obou pripadech odpovidajici
dvéma naslednym vybuchiim.

Relativné zajimava, byt oCekdvana, je skute¢nost, Ze v senzoru

B je druhy vrchol (druhé ¢elo viny) vyrazné vyssi nez prvni, jak
je znazornéno na obr. 6. Tento rozdil se zvySuje s velikosti ndloZe.

Obr. 4 Tlakovd spektra a jejich obdlky pro prvni a druhy odpal
Fig. 4 Overpressure spectra and their envelopes, first and second blast

with the charge size. With reapect to the angle of incidence of the
shock wave, it will probably be a combination of reflected and
Mach waves.

In the second stage of the experiment with the charge positioned
20cm above the bottom of the tunnel additional sensors have been
placed on the side walls (denoted as “3h” and “9h”, which should
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sensor A charge m = 10g
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250 b= — odpal 1 blast1 L
— odpal 2 blast 2
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overpressure [kPa]

Cas [ms]
time [ms]

senzor Analozm=20¢g
sensor A charge m = 20g
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sensor A charge m = 159
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Obr. 5 Vysledky pretlakovych spekter pro umisténi senzoru A nad ndloZi
Fig. 5 Results of overpressure spectra for sensor A placed above the charge
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Vzhledem k thlu dopadu razové viny to bude pravdépodobné kom-
binace odraZenych a Machovych vin.

Ve druhé fazi experimentu s naloZi umisténou 20 cm nad dnem
tunelu byly na boc¢ni st€ny umistény dalsi senzory (oznaceny jako
,»3h* a ,,9h", které zdaraziuji pozici na pravé, resp. levé sténé).
Pohled do tunelu spolu se senzory je na obr. 7.

V tomto pfipad€ bylo provedeno celkem Sest experimentl, ve
kterych byl signal zachycen vSemi péti tlakovymi senzory. Hmot-
nost ndloZi byla 15 g, 25 g a 35 g. VSimnéte si nahodného vyskytu
Sumu, jak je zndzornéno na obr. 8. Takovy signdl se objevil pribliz-
né za 2,25 a 3,15 ms pro 15 g néloZ na senzoru ,,3h*. Tyto vrcholy
nejsou fyzikdlni povahy a mohou byt zpisobeny napiiklad uvolné-
nym konektorem na tlakovém senzoru. Avsak ze vSech experimen-
th v této sérii byl takto monitorovan pouze jeden senzor, a proto se
vybuch neopakoval. Na obr. 9 jsou zndzornéna spektra ziskana pro
hmotnost naloze 25 g. Déle je pro nadloz 35 g zobrazeno spektrum
z jednoho z ptedchozich experimentd [5] (obr. 10).

Pro porovnani chovani Casovych prabéht pretlakii jsou na
obr. 11 vykreslena spektra hodnot naméfenych na vSech pouzitych
senzorech.
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sensor A charge m = 10g
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Obr. 6 Vysledky pretlakovych spekter pro umisténi senzoru B ve vrcholu klenby
druhé cdsti propojené trouby

Fig. 6 Overpressure spectra results for sensor B being placed on the calotte in
the second ring

Obr. 7 Pohled do tunelu spolu s pozicemi ndloZe a senzorii
Fig. 7 View into the tunnel together with the charge and sensors positions

point out on right and left wall, respectively). A view into the tunnel
together with the sensors is found in Fig. 7.

A total of six experiments were performed in this case the signal
in which was captured by all five pressure sensors. The charge
masses were 15g, 25¢g, and 35g. Note the random occurrence of
noise, as shown in Fig. 8. Such a signal appeared at about 2.25
and 3.15ms for a 15¢g shot at the sensor “3h”. These peaks are not
physical in nature and may be caused by a loose connector on the
pressure sensor. However, of all the experiments in this series, there
was only one sensor monitored with this disturbance and the blast
was therefore not repeated. In Fig. 9, spectra obtained for the mass
of 25g are depicted. In addition, for a charge of 35g, the spectrum
from one of the previous experiments, [5], is shown, see Fig. 10.

In order to compare the behavior of the overpressure time curves,
spectra of the values measured on all sensors used are plotted in
Fig. 11.

The maximum pressure was achieved at the impingement of the
shockwave on the sensors located at “3h” and “Oh” in the sidewalls
of the center ring, as shown in Fig. 11. This can be justified by
the distance of the sensors from the charge, where sensor A in the
ceiling was 77cm away, while sensors in the sidewalls were 57cm.
The sensor B, located in the ceiling at an angle from the charge
towards the open end of the ring assembly, experienced virtually
the same overpressure in both incident waves as in previous
measurements, see Fig. 6.

SIMILARITY RULES

The explosion causes the formation of one or more shock waves
in the airspace (ASW), which is bounded by the structure under
investigation. In a minimal period of time, a strong overpressure is
created, characterized by a primary wave. This phenomenon may
be repeated after a longer period of time. Secondary shockwaves
can have an even greater impact on the structure‘s load than the
primary shockwave. It can be seen from the above examples that
sometimes the primary wave is replaced by a secondary wave, see,
e.g., sensor B recording.

First, the case of shock wave propagation through free space, which
impinges on an ideally flat obstacle surface, is studied. The spherical
pressure wave causes the positive pressure part of the wave, which
is characterized by the maximum positive P_and reflexive pressure
P_, [9], the positive impulse /_and the duration of the pressure part
=11, while the vacuum (suction) part is characterized by extreme
negative pressure values P_negative impulse / and negative vacuum
part duration ¢ =1 — 1 Another important parameter of ASW is the
amount of time ASW arrives from the explosion site to the sensor
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Obr. 8 Porovndni spektra pro ,,9h* a ,,3h* s ndloZi 15 g
Fig. 8 Spectrum comparison for “9h” and “3h” with 15g charge

Maximalni tlak byl dosaZen pti dopadu razové viny na senzory
umisténé ve ,,3h* a ,,9h* v bo¢nich sté€nach stfedni ¢asti spojované
trouby, jak je zndzornéno na obr. 11. To 1ze odivodnit vzdalenos-
ti senzordl od naloZe, kde senzor A ve stropu byl vzdalen 77 cm,
zatimco senzory v bocnich sténich byly 57 cm daleko. Senzor B,
umistény ve stropu v thlu od niloZe smérem k otevienému konci
kruhové sestavy, zaznamenal prakticky stejny pretlak v obou dopa-

dajicich vinéch, jako v predchozich méfenich (obr. 6).

PRAVIDLA PODOBNOSTI

Exploze vytvori jednu nebo vice rdazovych vin ve vzduSném
prostoru (ASW), ktery je ohrani¢en zkoumanou konstrukei. V mi-
nimalnim ¢asovém obdobi je vytvoren silny pretlak, charakteri-
zovany primarni vlnou. Tento jev se mlzZe opakovat i po delSim
¢asovém obdobi. Sekundarni razové viny mohou mit dokonce jesté
veétsi dopad na zatiZeni konstrukce nez primarni vlna. Z uvedenych
prikladi 1ze vycist, Ze nékdy je primarni vlna nahrazena sekundar-
ni, viz napf. zdznam ze senzoru B.

Nejprve se studuje pfipad Sifeni razové viny, kterd dopadne na
idedlné rovny povrch prekazky, volnym prostorem. Sféricka tla-
kova vlna zpusobuje pozitivni pretlakovou ¢ast viny, kterd je cha-
rakterizovdna maximalni hodnotou pozitivniho tlaku P, a reflexni-
ho tlaku P_, [9], kladnym impulzem /_a dobou trvani ptetlakové
Casti t, = t—= 1, zatimco vakuova (saci) ¢ast je charakterizovana
extrémni zdpornou hodnotou tlaku P, negativnim impulzem / a tr-
véanim vakuove Cdstit =1 — - Dalsim dulezitym parametrem ASW
je doba, po kterou ASW dorazi z mista vybuchu k senzoru, kde se

My

méii tlak ¢ = ¢, — 1. Za t&chto okolnosti je prubéh vilny zobrazen

Obr. 9 Porovndni spektra pro ,,9h* a ,,3h* s ndloZi 25 g
Fig. 9 Spectrum comparison for “9h” and “3h” with 25g charge

where the pressure is measured ¢, =, —,. Under these circumstances,
the waveform is represented by Friedlander‘s waveform, see Fig. 3.
For more details, see [8] and [9].

The denotation used is found in Fig. 3.

In-axis charge position

The previous case is not the one which is of the most interest in real
situations. The tunnel with circular cross-section will be considered.
The behavior of shock waves inside of the tunnel will briefly be
mention, which is exposed to explosion caused by symmetrically
positioned charge and then the off-axis case will be contemplated.

Typical overpressure spectra for the first case of the charge location
are seen in Fig. 4. Spherical charges with nominal masses of 35g
were mounted centrally in the tube axis below sensor A (see Fig. 2).
Two blasts were initiated sequentially. The spectrum recorded by
sensor A above the charge indicates that a monotonic envelope may
be formed, as opposed to eccentrically located charge, e.g., sensor B.
Extreme overpressures from 1.5 to 1.8MPa were generated in sensor
A. The impact of the second shot is greater than the first.

The two figures show that the waveform obtained in sensor A has
the character of a solution to the evolutionary wave equation with
damping leading to a generalization of the Friedlander equation (1)

p=PRexp(-5(t—t,))cos(2(t-t,)), 2

1 27 . . .
where T = i En is the wave period (the time of one cycle)

measured in seconds, f is the natural frequency (the number of
cycles per second) measured in Hz. Moreover, the envelope of the
spectra can be described analytically as
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Friedlanderovym tvarem vlny, viz obr. 3. Vice podrobnosti napriklad
v [8], [9].
Pouzitd oznaceni jsou na obr. 3.

Poloha naloze v ose tunelu

Predchozi pfipad neni ten, o ktery je nutné projevit nejvetsi za-
jem. Je tfeba se soustfedit na tunel s kruhovym prafezem. Nejprve
je stru¢né uvedena zminka o chovani razovych vin uvniti tunelu,
ktery je vystaven vybuchu symetricky umisténé ndloze, a pak bude
pozornost vénovana pfipadu umisténi naloZe mimo osu.

Typicka pretlakova spektra pro prvni piipad umisténi naloZe jsou
vidét na obr. 4. Sférické niloze o jmenovité hmotnosti 35 g byly
umistény centralné v ose trubky pod senzorem A, obr. 2. Postupné
byly provedeny dva vybuchy. Spektrum zaznamenané senzorem A
nad néloZi naznacuje, Ze mize byt vytvorena monotonni obalka, na
rozdil od excentricky umisténé niloze, napt. senzor B. V senzoru A
byly vygeneroviny extrémni pretlaky od 1,5 do 1,8 MPa. Dopad
druhého odpalu je vétsi nez u odpalu prvniho.

Oba obrazky ukazuji, Ze tvar vlny ziskany v senzoru A ma cha-
rakter feSeni evolu¢ni vlnové rovnice s tlumenim vedouci k zobec-
néni Friedlanderovy rovnice (1)

p=PRexp(-5(t—t,))cos(L(t-t,)), 2

kde T = % = 2572: je perioda vlny (doba jednoho cyklu) mérend

v sekundéch, fje vlastni frekvence (pocet cykll za sekundu) mére-
na v Hz. Navic miZe byt obalka spektra analyticky popséana takto:

p=P, exp[—@], 3)

kde 7= 5 je Casova konstanta. Velmi znamy je také logaritmicky
dekrement

t
o=log— Pt __s7 (3a)
p(t+T)
Parametry lze ¢ist z obr. 3. Proto Ize obalku pribéhu pretlaku
popsat takto:

P.=15MPa, P, =1.75MPa, Elzexp[_w

(3b)
0.577 j

a pro zapornou ¢ast spektra, P =—1.2 MPa, P =—0.8 MPa. Takze
pro obalky P_a P je: P, = 1.5E, MPa, P = 1.5E, MPa v prvnim

t—0.223
a P = 175E MPa, P = 0.8E, MPa, E, = exp|- g ve
L - 2437

druhém piipadé.

Podle Hopkinsonova-Cranzova zakona je méfitkova vzdalenost
definovéana takto
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Obr. 11 Porovndni spekter u vSech senzorii pro ndloZ 25 g a odpal 2
Fig. 11 Spectrum comparison for all sensors charge 25g and blast 2
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Obr. 10 Porovndni spekter pro ,,9h* a ,,3h* s ndlozi 35 g
Fig. 10 Spectra comparison for “9h” and “3h” with 35g charge

t—t
p=P, exp —( Tl)], 3)

where 7 = g , which is a time constant. Note that well known is

p(t)

also the logarithmic decrement @ = log———~—=0T. (3a)
p(t+T)
The parameters can be read from Fig. 3. Hence, the regression
pressure envelope is described as:
P_=1.5MPa, P_=1.75MPa, respectively,

_ o (t-0229)
El_eXp( 0.577 j

and for the negative part of the spectra, P =—1.2MPa, P =—0.8MPa,
respectively. Hence, the course of the pressure envelope P, and the
suction envelope P is described as: P, = 1.5E, MPa, P = 1.5E, MPa,
in the first case, and P, = 1.75E, MPa,
t—0.223
Q in the second case.
2437
According to Hopkinson-Cranz law, dimensional scaled distance
is defined as
R
Z=— )
Ym
where R is the distance from the detonation source to the point of
interest [m] and m is the mass of the explosive charge [kg]. Thus,
suppose that an explosive charge of mass m, is situated at distance
R, from the point of interest, produces at this point a shock wave

(3b)

P = 0.8E, MPa, EZ:exp[—

of peak overpressure P, duration of which attains t* =t,-1,
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kde R je vzdalenost od néloZe k bodu zdjmu [m] a m je hmotnost
naloZe [kg].

Je-li tedy ndloZ hmoty m, umisténa ve vzdélenosti R, od bodu
zajmu, a v tomto bodé vytvari razovou vinu vrcholového pretlaku

P, s trvanim ti =t,-t, tak plati Z = 3i . Tento zakon o zméné

Z=

méfitka znamend, Ze vybuchova vilna se stejnym vrcholovym pre-
tlakem P, a podobnou formou spektra a jinou velikosti ndloZe m,
v bod€ vzdileném R, = ZR vytvoii charakteristicky rozmér d, =
Zd,. Dile v daném bodé plati: trvéni t” = Zt}, as dopadu t° = Zt}°.

Typicky pro danou hodnotu méfitkové vzdalenosti Z by bylo
stejného maximalniho pretlaku dosaZeno detonaci dvou riaznych
hmot konkrétni vybusniny; napfiklad exploze 10 kg TNT ve vzda-
lenosti 0,5 m zptsobi stejny Spickovy pretlak jako 80 kg TNT ve
vzdélenosti 1 m.

Blizsi pohled na spektra na obr. 3 ukazuje, Ze v senzoru A jak
pretlak, tak vakuova faze rychle klesaji a hodnoty dosahuji urovné
atmosférického tlaku velmi rychle, zatimco u senzoru B pfetlak
lokalné osciluje. Je také zfejmé, Ze i po relativné dlouhém Casovém
obdobi, kdy pretlak na senzoru A dosahne atmosférického tlaku,
vykazuje senzor B stale vyssi hodnoty, i kdyzZ tyto nemaji rozhodu-
jici vliv na zévazné strukturalné-mechanické zmény.

V [9] bylo ukdzano, Ze i podobnost relace pretlaku a méritkové
vzdélenosti plati podle Mortona, tab. 2, [10]. ProtoZe vztah z lit.
[10] je zaveden pro anglickd méfitka, tak i pfes pomérné jednodu-
chy vypocet je proces prevodu jednotek a ¢teni hodnot z grafii dosti
komplikovany (podrobnosti viz [8]). V praxi lze pouZit né¢jakého
programétorského prostiedku, napt. Excelu.

PFipad naloze mimo osu tunelu

V ptipadé umisténi zdroje vybuchu mimo vodorovnou osu tu-
nelu se pretlakova spektra komplikuji. Zatimco pfi umisténi nalo-
Ze v ose tunelu existuje paralela s vlivem explozi vprostied mezi
rovnobéZnymi bariérami, a tedy spektra maji charakter kmitani
s utlumem, zde je prubéh zaté€Zovacich spekter podstatné kompli-
kovanéjsi. Nastésti pro posouzeni konstrukce nerozhoduji pretlaky
v mistech senzortt A, B nebo dokonce tuzkového senzoru, kde jsou
prubéhy tlak obecné nepredvidatelné (dochézi k silnym interak-
cim priméarni a sekundarnich vln), ale rozhodujici jsou mista, kam
dopada primarni vlna s nejvétsi intenzitou. Z obr. 8—11 se snadno
zjisti, Ze zobecnénd Friedlanderova rovnice (2) a obdlka spektra
(3) se zméni na puvodni zakladni rovnici (1). Divod je celkem na-
snad€. Spociva ve faktu, Ze viskozita vzduchu a pevné faze jsou
zna¢né rozdilné, takZze nedochazi k vlivim tecné slozky zatiZeni
na hranici mezi obéma fazemi, a tedy vyrazné se uplatiiuje pouze
slozka normélova (ta se také méfi snimacem). Tento fakt se uplatni
i v teorii a je platny pro vSechny pfipady umisténi ndloZe mimo osu
tunelu. Vyjimku tvoii pouze extrémni pripady, které napf. vedou
k destrukci konstrukce. Lze tedy plné vyuzit Hopkinsonova-Cran-
zova zakona (4) a grafi Mortona v [10]. Pfesné vypocty, které
zahrnuji vliv relace mezi detona¢nim teplem trhavin Semtex 1A
a TNT, v dasledku prevodu anglickych mér na SI a zpét, jsou opét
pomérné komplikované. Vice 1ze najit v publikaci [8].

Jestlize je radius R = 0,5 m miZe se priblizné pouzit relace
P,/m, = P,/m, na rizné stavy méfené na senzorech ,.3h“ a ,,9h",
které zfejmé rozhoduji vzhledem ke vzdélenosti téchto senzorti od

néloze. Snadno se 1ze presvédcit, Ze

35 25

= = 5 s cca 20% chybou.
125 0925 0.75

29. rocnik - €. 2/2020

R

with arrival time ¢ = ¢ — ¢ and that Z=—== . The scaling law
1 1~ 3’“’5

implies that a blast wave with the same peak overpressure P, and
similar form would be produced at this point by another explosive
charge m, of characteristic dimension d, = Zd,, situated at distance
R, = ZR,. Further, at the given point due to m, one has: duration
t? = Zt7, and arrival time t}° = Zt;°. Typically, for a given value of
scaled distance Z, the same peak overpressure would be obtained
by the detonation of two different masses of a particular explosive;
for example, the explosion of 10kg of TNT at a distance of 0.5m
will produce the same peak overpressure as 80kg of TNT at
a distance of 1m.

A closer look of the spectra in Fig. 4 shows that in sensor A both
the overpressure and the vacuum phase decrease rapidly and the
values reach the atmospheric pressure level very quickly, while
for sensor B the overpressure oscillates locally. It is also clear that
even after a relatively long period of time when the overpressure
at sensor A reaches atmospheric pressure, sensor B still exhibits
higher overpressures, although these do not have a decisive
effect on severe structural mechanical changes, which is the case
discussed in this section.

In [9] it was shown that also the similarity of the relation
overpressure and dimensional scaled distance holds valid: according
to Morton, 1967, Table 2, [10]. Since the relation is introduced for
English measures, although the calculation is straightforward, the
process of converting units and reading values from graphs is quite
complicated, see [8] for details. In practice, certain programming
tool can be used, Excel, for example.

Off-axis charge position

If the explosion source is located outside the horizontal axis of the
tunnel, the overpressure spectra become more complicated. While
the impact of location of the charge in the tunnel axis is similar to
the explosion in the environment between parallel barriers, and thus
the spectra have the character of oscillation with attenuation, here the
course of the load spectra is more interesting. However, fortunately
the overpressures recorded at A, B and even at the pencil sensors
the pressure waveforms are generally unpredictable (there are strong
interactions of the primary and secondary waves) are not decisive
for the design, but the places where the primary wave impinges
most intensely are important (side walls). Looking at Fig. 8-11, one
can easily see that the generalized Friedlander equation (2) and its
envelope (3) change to the original basic equation (1). The reason is
quite obvious. It is based on the fact that the viscosity of the air and
the solid phase are considerably different and therefore there is no
influence of the tangential component of the load at the interfacial
boundary between these two phases and therefore only the normal
component (which is also measured by the sensor) is decisive. This
also applies in theory and is valid for all cases where the charge is
located off the tunnel axis. The only exception is extreme cases,
which, for example, lead to the destruction of the structure. One can
therefore make full use of the Hopkinson-Cranz law which uses the
dimensional scaled distance, see (4), and the Morton graphs in [10].
Precise calculations involving the effect of the relation between the
Semtex 1A and TNT detonation heat and the conversion of English
rates to SI and back are again quite complicated and the publication
[8] can be referred to.

At roughly, if the radius R is constant equal to 0.5m, the relation
B,/m, = P,/m, can be used for different states measured in sensors
“3h” and “9h”, which seem to be decisive with respect to the
distance of these sensors from the charge. One easily can see that

3% 2 15

—— ~———=~—— _, with approximately 20% error.
125 0925 0.75
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ZAVER

V tomto ¢lanku je studovana podobnost vlivu exploze mezi mo-
delem a skutecnou konstrukci kruhového tunelu. Pravidla podob-
nosti jsou odvozena od vlivu fady dynamickych zatizeni v dasled-
ku explozi s riznym uspofdddnim ndloZe a jejich riznych velikosti.

Friedlanderdv tvar viny se jevi jako zaklad pro vSechny typy
pretlakovych spekter iniciovanych v tunelu pfi zvaZovani kritic-
kého zatiZeni pro prakticky design. Ukazalo se, Ze kdyZ je naloz
umisténa v ose tunelu, obdlka spektra se chovd jako rozsifend
Friedlanderova rovnice, kterd popisuje tc¢inek viny zpisobené na-
lozi vystfedénou mezi dvéma rovnobéznymi bariérami s hladkymi
povrchy.

Situace je realistiCtéjsi a praktictéjsi neZ v predchozim pripadée,
pokud je naloZ umisténa mimo osu tunelu, zde priblizné 20 mm
nad dnem tunelu.

Dulezit4, i kdyz o¢ekavana pozorovani, jsou spektrana 3 a 9 ho-
dinach, ktera zahrnuji kriticky pfetlak zptusobujici poskozeni kon-
strukce osténi. Zajimava je jejich ndpadnd podobnost s klasickym
Friedlanderovym pribéhem s prakticky zanedbatelnymi negativni-
mi impulzy. To indikuje rychlé vymizeni normalni slozky rychlosti
razové viny a zanedbatelny ucinek smykovych (tangencidlnich)
sloZek na prechodu mezi vzduchem a konstrukci v disledku vyso-
kych rozdili ve viskozité vzduchu a pevné faze.

Na zékladé podrobné analyzy riznych zatéZovacich stavl do-
kument ukazuje relativné jednoduchou aplikaci teorie podobnosti,

vvvvvv

jednoduchych prostiedkii (Excel, Fortran, Matlab).
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CONCLUSIONS

In this paper, the similarity of the explosion effect between the
model and the real circular tunnel structure is studied. The similarity
rules are derived from the influence of a number of dynamic loads
due to explosions with different charge arrangements and different
its sizes.

Friedlander‘s waveform appears to be the basis for all types of
overpressure spectra initiated in the tunnel when considering the
critical load for practical design. It has been shown that when the
charge is placed in the tunnel axis, the envelope of the spectrum
behaves as an extended Friedlanders equation, which describes the
effect of a wave caused by a charge centered between two parallel
barriers with smooth surfaces.

The situation is more realistic and practical than in the previous
case, if the charge is located off the tunnel axis, approximately
20mm above the bottom of the tunnel.

Important, albeit expected observations are spectra at 3 and
9 hours, which involve critical overpressures causing damage to
the lining structure. Interesting is their striking resemblance to the
classic Friedlander waveform with practically neglected negative
impulses. This indicates a rapid disappearance of the normal
shock wave velocity component and the negligible effect of shear
(tangential) components due to the high differences in air and solid
phase viscosities.

Based on a detailed analysis of various explosive load cases, the
paper shows a relatively simple application of similarity theory,
with some of the more complicated relationships easy to program
using simple means (Excel, Fortran, Matlab).
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NEWS FROM TUNNELLING CONFERENCES

JUBILEJNI 25. ROCNIK SEMINARE ZPEVNOVANI, TESNENi A KOTVENi HORNINOVEHO MASIVU

A STAVEBNICH KONSTRUKCI V OSTRAVE

25™ ANNUAL INTERNATIONAL COLLOQUY/SEMINAR REINFORCEMENT, SEALING AND ANCHORING
OF ROCK MASS AND ENGINEERING CONSTRUCTION IN OSTRAVA

The 25™ annual international colloquy Reinforcement, Sealing
and Anchoring of Rock Mass and Engineering Construction was
held at the VSB Technical University in Ostrava from 5% to 6
March. It was co-organised by the Department of Geotechnical
Engineering and Underground Construction of the Faculty of
Civil Engineering in collaboration with the VSB-TU Ostrava and
Minova Bohemia s.r.o. Important experts in this field and two
long-time experts were at the birth of the colloquy as guarantors —
Prof. Aldorf and Ing. Janic¢ek. Unfortunately, Prof. Aldorf did not
live to see this festive annual event and participants in this year’s
annual colloquy expressed with thankful applause the memory of
him and thanks for his contribution to the foundation and many
years of leading this professional event. As usual, the colloquy
was sponsored not only by the Czech Tunnelling Association,
but also by the Czech Mining Authority and the Dean of the
Faculty of Civil Engineering. From the time of its first years, the
professional focus of the colloquy has reflected gradual departure
of the Czech Republic from mining, whilst in the first years of
the colloquy, contributions on mining themes occupied major
part of the professional programme. Contributions from under-

ground construction, geotechnical engineering and underground

construction started gradually to asserted themselves to a greater
extent. This aspect of checks in the mining industry in the CR was
accentuated even in several papers at this year’s colloquy. They
provoked stimulating discussion among the participants pointing
out this problem from the aspect of current as well as future needs
of our society not only in the field of power engineering. This
year’s colloquy was attended by ca 100 participants, including
foreign guests.

Jako kazdoro¢né se i letos konal na VSB-Technické univerzi-
té Ostrava seminal Zpeviiovani, t€snéni a kotveni horninového
masivu a stavebnich konstrukci, ktery spoluporada katedra geo-
techniky a podzemniho stavitelstvi Fakulty stavebni ve spolupra-
ci VSB-TU Ostrava s firmou Minova Bohemia s.r.o. jiz 25 let.
U zrodu puvodni mySlenky poradat takto zaméreny seminar stali
vyznamni odbornici v této oblasti a dva dlouholeti odborni garanti
této akce — prof. Aldorf a Ing. Janicek, za coZ jim obéma patii
velky dik. Pan prof. Aldorf se ale, bohuzel, jiz tohoto jubilejniho
ro¢niku seminafe nedoZil a ucastnici letoSniho ro¢niku vyjadiili
panu profesorovi vzpominku i podékovani za piinos k zalozeni i
mnoholeté vedeni této odborné akce dékovnym potleskem. Jako
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jiz tradiéné seminaf zastitila jak Ceska tunelafska asociace, tak
i Cesky batisky tifad a dékan Fakulty stavebni.

V odborném zaméfeni semindre se od doby jeho prvnich ro¢ni-
ki projevoval postupny odklon CR od hornictvi, zatimco v prv-
nich ro¢nich seminafe zaujimaly prispévky s hornickou tematikou
pfevaznou ¢ast odborného programu, postupné se ve vétSi mife
uplatiiovaly pfispévky z podzemniho stavitelstvi, geotechniky
i pozemniho stavitelstvi. Tento aspekt ttlumu hornictvi v CR byl
akcentovan i v né€kolika pfispévcich letosniho seminére, které
vyvolaly podnétné diskuse tcastnikli poukazujicich na tento pro-
blém z hlediska soucasnych i budoucich potfeb nasi spolecnosti,
a to nejen v oblasti energetiky.

Leto$niho ro¢niku seminare konaného ve dnech 5.—6. biezna se
acastnilo cca 100 dcastnikt, véetné zahrani¢nich. LetoS$ni dcast
byla ponékud poznamenana zacinajici koronavirovou pandemif,
ktera znemoznila pfijezd nékterych tucastnikd. I pres tyto nega-
tivni okolnosti zaznélo v prib&hu seminare celkem 18 prispévkil.

Prispévek autorti z OKD a.s. se vénoval problematice technic-
ké likvidace hlavnich délnich dél zavodu Utlum-Jih (byvaly Dil
Paskov), znacna pozornost byla v prezentaci vénovdna, mimo
jiné, stavbdm hrazovych objektd pro ucely likvidace dolu. Pri-
spévek dokumentoval vyhody vyuZziti cementové vypliiové smési
ADIBET-W30ES ve srovnani s dal§imi standardn€ pouZivanymi
materidly pro stavbu hrazi (sddra, cementopopilkovda smés, be-
ton, cihla). V dalSim pfispévku s hornickou tematikou kolektiv
autorl z firem Minova Bohemia s.r.o. a OKD a.s. prezentoval
uspésnou razbu dilni chodby v kombinované vyztuzi (kombinace
podpérnych ocelovych TH obloukd, kratkych ocelovych a sklola-
minatovych svornikd, technologie Bullflex a vysokého kotveni)
s vyuZitim soubéhu ¢innosti raziciho kombajnu a subtilniho vrta-
ciho a svornikovaciho vozu ANDRIBOT. Dalsi pfispévek autort
vySe uvedenych firem se vénoval vyhoddm a nevyhodam lano-
vych kotev MCA-M s kotevni objimkou a pramencovych kotev
IR predevsim z hlediska jejich rozdilné tuhosti a Ginosnosti, jejich
spoluprace s dilni ocelovou obloukovou vyztuZi a chovani pri pa-
sobicich zatiZzenich vcetné mimorddnych zatizeni dynamickych
(napf. dulni otfesy). V dalSim spole¢ném pfispévku obou firem
bylo predstaveno tuspé$né odzkouseni dalkového rozvodu pro
netradicni aplikaci vypliiovych fenolovych hmot EKOFLEX do
indikacnich odlehCovacich vrtii v nejhloubéji situovaném porubu
v podminkdch OKD s extrémnimi tlakovymi a plynovymi pomé-
ry. Velmi Sirokou, usp&$nou 15letou spoluprdci mezi firmou Mi-
nova Bohemia s.r.o. a nejvétsi slovenskou dalni spole¢nosti Hor-
nonitrianske Bane Prievidza a.s. v oblasti zlepSeni bezpecnosti a
ochrany zdravi a sniZeni osobnich i materidlnich nakladt v dalni
spolecnosti rekapituloval pfispévek Ing. Jankuly.

Zastupce australské firmy GroundProbe pan Benny Chen pre-
zentoval inspirativni pfispévek zaméfeny na aplikaci moderni
LIDAR (Light Detection And Ranging) technologie v hornictvi
a podzemnim stavitelstvi, autofi dokumentovali moznosti vyuZiti
specializovaného 3D skeneru a vykonného pocitace pri sledovani
deformaci a tlouStky stfikaného betonu v redlném case. ZkuSe-
nosti s aplikaci tésnicich a zpevilovacich injektdZi provadénych v
kabelovych tunelech v Norsku ¢aste¢né vedenych pod motfem pfi-
pravil kolektiv autort z firmy Metrostav a.s. Ing. Lacina z firmy
AMBERG Engineering Brno, a.s. prednesl zkuSenosti a poznatky
z komplexni rekonstrukce Sachty kolektoru v Brng&. Sachta byla
situovand v mimofddné nepfiznivych geologickych pomérech
charakterizovanych nesoudrznymi zvodnélymi zeminami rizného
charakteru, sanace zahrnovala jak aplikaci tésnicich injektazi, tak
i vypliiovou injektaz prilehlého horninového prostedi za osténim.

Tuel

Problematikou injektaZi se zabyval rovnéz prispévek Ing. Kocnara
ze Zilinské pobocky firmy Minova Bohemia s.r.o. — prezentoval
moznosti zlepSeni pripravy injektdznich sanacnich praci kamen-
nych pfip. cihlovych staveb, véetné vyuziti jadrovych vrti, malo-
pramérovych vrtl (praimér 14 mm) a injektazniho pokusu, s cilem
identifikace vhodného injek¢niho materidlu, jeho mnozZstvi a zpu-
sobu jeho aplikace pro kvalitni a spolehlivy efekt praci.

Praktické aplikace technologie samozavrtivanych mikropilot
jako alternativy k mnohdy méné efektivnim a méné€ tnosnym mi-
kropilotdm trubkovym predstavil ve svém piispévku Ing. Sukenik
(Minova Bohemia s.r.0.). TentyZ autor se ve svém dalSim piispév-
ku vénoval vybranym sklolamindtovym kompozitnim stabilizac-
nim a vyztuznym prvkim — sklolaminitovym tycovym prvkim
Spinmax a vyztuznim sitim typu Powermesh a uvedl zajimavé
priklady jejich praktické aplikace jak v doCasnych, tak i trvalych
konstrukcich. Prispévek dokumentoval, Ze tyto prvky mohou byt
diky svym unikatnim vlastnostem (pfedevS§im nizké hmotnosti,
odolnosti vici povétrnostnim vlivim, korozi a chemickym vli-
vim, vysoké tahové pevnosti) vyuZity jako alternativa k ocelo-
vym prvkim trvalych konstrukei.

Firma Strix Chomutov a.s. prezentovala moznosti vyuZziti pros-
torovych ocelovych stabilizaénich matraci KRISMER pro sta-
bilizaci svahovych téles i pro nékteré dalsi netradi¢ni aplikace.
Problematikou sanace skalni stény kombinaci ocelovych siti,
plastovych PE siti Macmat L, dynamickych bariér a kotveni pre-
zentoval kolektiv autort z firmy STRABAG Rail, a.s.

Program seminaie zahrnoval i pfispévek z oblasti monitorin-
gu technické seismicity od beranéni pilot pro zaloZeni nové haly
v blizkosti historické budovy, prezentovany slovenskymi kolegy
z firmy Ingstav GV s.r.o.

Vysledky spole¢ného akademického a firemniho vyzkumu na
tomto semindfi v letoSnim roce predstavil doc. Vojtasik z Fakul-
ty stavebni VSB-TU Ostrava, ktery se ve spoluprici s firmou
GME s.r.o. zabyval experimentilnim stanovenim Gnosnosti zavr-
tavané injektované mikropiloty GEOPUR® TECHNOLOGIES,
namdhané tlakovym zatiZenim.

Tradi¢ni ucastnici naSich seminéi z Univerzity Slezské v Gli-
wicich pripravili pod vedenim prof. Joanny Bzowky velmi zaji-
mavé prispévky tykajici se monitoringu kvality kontaktu vrstev
vozovek s vyuZitim fluoresceinu, aplikace geosyntetik v doprav-
nim stavitelstvi v oblastech s vlivy poddolovani a vyuziti optic-
kych vldken pro monitoring pilot i propagaci trhlin ve vrstvach
vozovek. Z diivodu zacinajici koronavirové pandemie se nemohli
polsti kolegové osobné seminare zicastnit a jejich prispévky jsou
tak publikovany pouze ve sborniku seminére.

Organizatori véfi, ze byl program pro ucastniky seminare zaji-
mavy, ze ukazal nejen nové technologie, materidly a trendy v ob-
lasti zpeviiovani, tésnéni a kotveni, ale dokumentoval i nékteré
efektivni kombinace standardnich technologii a materiala pro do-
sazeni jejich synergického efektu pfi feSeni mnohdy velmi kom-
plikovanych problému.

V neposledni fadé umoznil studentim geotechnickych, ale
i dalSich stavebnich i hornickych oborli seznamit se s fesenim
fady praktickych problému a setkat se a diskutovat s predstaviteli
praxe. Lze si jen prat, aby i tato akce pfispéla ke zvySeni zajmu
studentll o obory se zaméfenim na geotechnické a podzemni sta-
vitelstvi.

doc. RNDr. EVA HRUBESOVA, Ph.D.,
eva.hrubesova@vsb.cz, Fakulta stavebni, VSB-TU Ostrava
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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

Préace na realizaci nulté etapy vystavby trasy metra D formou
se dafi. V tuto chvili jsou plnény vSechny zadané dkoly, které jsou
potiebné pro vlastni geologicky priizkum, ale i pro pfipravu a rea-
lizaci dalSich etap vystavby.

V z6né ovlivnéné stavbou pfipravuji spolec¢nosti INSET s.r.o.
a GeoTec-GS, a.s. zahdjeni prubézné pasportizace celkem 59 jiz
zaméfenych a osazenych objektl, kde 17 z nich se nachazi v oblasti
nadzemni zastavby a zbylych 42 je umisténo ve vlastnim podzemi.

Po vyhloubeni vstupnich Sachet na jednotlivych lokalitich pro-
vadéného geologického prizkumu provozniho tseku Pankrac —
Olbrachtova tspésné pokracuji razby horizontalnich Stol a tuneld.
Spolecnost HOCHTIEF CZ a. s. na lokalité oznacené jako VO-OL
(obr. 1) ma vyrazeno jiz vice nez 60 m priazkumné stoly, soucasné
na lokalit¢ PAD4 (obr. 2) ma spoleCnost Metrostav a.s. za sebou
jiz vice nez 25 m a nakonec na lokalit¢ OL1 (obr. 3) spolecnost
STRABAG a.s. prvnich cca 20 m Stoly. Na vSech lokalitach kro-
mé jiZz zminénych raZeb probiha také vlastni geologicky priizkum a
monitoring, geofyzikalni méfeni, prubézné zpracovani kvartalnich
zprav a archeologicky dohled. Zatim zastiZené geologické proste-
di prokazuje a dokladuje velmi sloZité podminky, které si pfi vlast-
nim provadéni vyzaduji i uplatnéni dopliikovych opatfeni nutnych
k dal§imu bezpe¢nému provadéni dila.

Vsechny provadéné prace jsou realizovany v souladu s harmono-
gramem a razbou skute¢né zastizenymi podminkami.

V souladu se schvalenym fazovanim vystavby trasy metra D byla
zaCatkem tohoto roku zahdjena verejna soutéZ na vybér zhotovite-
le prvniho navazujiciho provozniho useku Pankrac — Olbrachtova
(stavebni Cast), kterd ve své procesni a zaddvaci ¢asti nadale pro-
biha. Zadavatel DP hl. m. Praha v této fazi soutéZe fesi zejména
své spravné formulace odpovédi na oprdvnéné dotazy uchazecd

Obr. 1 Lokalita VO-OL
Fig. 1 Locality VO-OL

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

The work on implementation of the zero stage of the development
of metro Line D in the form of geological survey has been going
on for more than three quarters of a year and is doing well. All
assigned tasks required for the geological survey itself, but also for
the preparation and implementation of next construction stages, are
at the moment fulfilled.

The companies of INSET s.r.o. and GeoTec-GS, a.s., are at the
moment preparing for commencement of the continuous condition
survey of the total of 59 already surveyed buildings and structures
with sensors installed on them, where 17 of them are located in the
area with above ground buildings and remaining 42 structures are
located underground.

After completion of sinking entrance shafts in individual
localities of the geological survey for the Pankrac — Olbrachtova
operating section, the excavation of horizontal galleries and tunnels
successfully proceeds. The company of HOCHTIEF CZ a. s in
the locality denoted as VO-OL (see Fig. 1) has already finished
excavation of over 60m of the exploratory gallery and, at the same
time, the company of Metrostav a.s. has already finished more than
25m of excavation and, finally, the company of STRABAG a.s.
has finished excavation of initial 20m of the gallery in the locality
OL1 (see Fig. 3). Geological survey itself, monitoring geophysical
measurements , continuous processing of quarterly reports and
archaeological supervision are underway in all localities with
the exception of the above-mentioned excavation locations. The
still encountered geological environment proves and documents
very complicated conditions requiring even additional measures
necessary for further safe execution of the work.

All work operations are carried out in compliance with the
works schedule and according to the conditions encountered by the
excavation.

In accordance with the approved phasing of
metro Line D construction, the public tender for the
contractor for the first linking Pankrac — Olbrachtova
operating section (civil part) commenced at the
beginning of this year. It is still ongoing in its process
and procurement part. In this tendering phase,
the client, DP hl.m. Praha (Prague Public Transit
Company), solves above all its correct formulations
of responses to enquiries of legitimate tenderers
regarding the setting documents. The outlook date for
selection of the contractor and commencement of the
construction of this part of Line D is summer 2020.

In the meantime, InZenyring dopravnich staveb,
a.s., the procurer for the contracting authority,
was successfully administering the application for
construction permission for the construction of
the next linking operating section, Olbrachtova —
Nové Dvory with access tunnels from Pisnice. In
March, the Department for Roads and Railways
of the Prague City Hall issued the announcement
about commencing the construction permission
proceedings for the particular section.
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Obr. 2 Lokalita PAD4
Fig. 2 Locality PAD4

k zadévaci dokumentaci. Vyhledovym datem pro vybér zhotovitele
a zahdajeni stavby této Casti trasy je 1éto letosniho roku.

Mezitim obstaravatel zadavatele spolecnost InZenyring doprav-
nich staveb a.s. dale uspésné€ administruje zadost o stavebni povo-
leni pro stavbu dalsiho navazujiciho provozniho tseku Olbrachtova
— Nové Dvory s pristupovymi tunely z Pisnice. V bieznu bylo ze
strany MHMP odboru pozemnich komunikaci a drah jiz vydano
oznameni o zahdjeni stavebniho fizeni pro dany usek.

Doufejme tedy, Ze soubor zde vyse uvedenych veskrze pozitiv-
nich informaci o pfipravé a vystavbé trasy metra D budeme moci
i pristé rozsifit o dalsi soubor takto podobné ladénych informaci.

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

NOVE ZELEZNICNi TUNELY
NA IV. ZELEZNICNiM KORIDORU

V ramci stavby ,,Modernizace trati Sudoméfice — Votice* se buduji
dva nové Zelezni¢ni tunely. Oba tunelu jsou raZzeny Novou rakouskou
tunelovaci metodou. Investorem stavby je Sprava Zeleznic, statni or-
ganizace, a zhotovitelem stavby spole¢nost OHL 78S, ass.

Aktudlné plynuly prabéh praci na obou tunelech komplikuje uza-
vieni statnich hranic a pfijeti dalsich opatfeni v souvislosti s pan-
demii covid-19.

Tunel Mezno

Tunel Mezno (obr. 4) je razeny zelezni¢ni dvoukolejny tunel cel-
kové délky 840 m, z toho razena ¢ast tvori 768 m, navazujici hlou-
bena Cast u vjezdového portalu ma délku 48 m a u vyjezdového
portalu 24 m.

K 30. 3. 2020 je vyrazeno 480 m v kaloté a 280 m v opéfi tunelu.
Poslednich cca 200 m razeb probiha stfidavé ve vystrojovaci tiidé
VT3 a VT 4 s délkou zébéru od 1,6 do 2,2 m. Razbou jsou zastiZe-
ny prevazné rozpukané pararuly pevnostni tfidy R3 s velkou husto-
tou diskontinuit, vyrub je v poslednich zabérech vlhky s vyskytem
lokélnich dkapt. Radidlni deformace dosahuji nizkych hodnot do
10 mm. Prorazeni tunelu se predpokladé v prvni poloviné Cervence
2020.

TuNel

Let us therefore hope that we will be able to expand
the set of the above-mentioned positive information
about the preparation and construction of Line D and
add another set of similarly sounding information.

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

NEW RAILWAY TUNNELS
ON RAILWAY CORRIDOR IV

Two new railway tunnels are under construction
within the framework of the “Modernisation of the
Sudoméfice — Votice track” project. The two tunnels
are being driven using the New Austrian Tunnelling
Method. The Railway Infrastructure Administration,
stateorganisation,isthe projectownerand OHLZS, a.s.
is the construction contractor.

The currently smooth progress of the work on both
tunnels is complicated by closing of state borders and
adoption of other measures relating to the Covid-19
pandemic.

Mezno tunnel

The Mezno tunnel (see Fig. 4) is an 840m long mined double-
track railway tunnel; 768m of its length are being mined; the
following cut-and-cover sections at the entrance and exit portals
are 48m and 24m long, respectively.

As of 30™ March 2020, the excavation of 480m in top heading
and 280m in bench has been finished. The last ca 220m of
excavation proceed alternately through VT3 and VT4 excavation
support classes with the excavation advance length ranging from
1.6 to 2.2m. The excavation has encountered mostly fractured
R3 strength class paragneiss with very close joint spacing; the
excavated space surface is moist in the last rounds, with occurrence
of local dripping. Radial deformations reach low values up to
10mm. The tunnel breakthrough is assumed to take place in the
first half of July 2020.

Deborec tunnel

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

Obr. 3 Lokalita OL1
Fig. 3 Locality OLI1
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Obr. 4 Hloubeni stavebni jamy vjezdového portdlu
Fig. 4 Excavation of construction pit for the entrance portal

Tunel Deborec

Tunel Debore¢ je raZzeny Zelezni¢ni dvoukolejny tunel celkové
délky 660 m, z toho raZend ¢ést tvori 562 m a navazujici hloubené
¢asti u obou portalti maji délku 49 m.

Tunel byl 11. 2. 2020 slavnostné prorazen. Poté byly zahdjeny
préce na zesileni primarniho osténi v tseku se zvySenymi radidlni-
mi deformacemi osténi v kaloté, kdy naméfené hodnoty prekrocily
varovné stavy. Pro bezpecné dokonceni razeb a vybudovani stabil-
niho primarniho osténi v celém profilu tunelu byla doplnéna reali-
zacni projektova dokumentace o technické feseni zesileni priméar-
niho osténi v useku tunelmetru 336,00-390,50. Navrzené reseni
spoc¢iva zejména v dodate¢ném zesileni osténi kaloty svorniky IBO
R5IL délky 12 m (obr. 5) a nasledné razbé opéfi a dna v profilu
s protiklenbou ve vystrojovaci tfidé VT5.

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

Obr. 5 Vrtdni dodatecnych kotev IBO R51L délky 12 m
Fig. 5 Drilling for additional 12m long IBO R51L anchors

The tunnel was ceremonially broken through on 11" February
2020. Then the work on strengthening of the primary lining in
the section with increased radial deformations of the lining in top
heading, where the measured values exceeded the warning states,
started. For safe completion of the excavation and construction of
a stable primary lining around the whole tunnel circumference,
the design of means and methods was supplemented by adding
the technical solution to strengthening the primary lining in the
section between tunnel metre chainages 336.0 and 390.50. The
proposed solution lies first of all in additional strengthening of
the top heading lining with 12m long IBO R51L rock bolts (see
Fig. 5) and subsequent excavation of bench and bottom through
excavation support class VTS.

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

THE SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

ovéiarsko and Zilina tunnels

Both motorway tunnels, the Ovéiarsko (2367m) and the Zilina
(687m), are parts of the Podhradie — Lietavska Luicka section of the
D1 motorway. The total length of the section amounts to 11.320km.
The motorway section forms the southern by-pass of the town of
Zilina. Nérodn4 dialni¢nd spolo¢nost, a. s. (National Motorway
Society) is in the position of the project owner and, at the same
time, the future tunnel administrator. The motorway section will
save motorists 10 minutes. Opening the motorway section to traffic
will contribute to better living conditions for both the town of
Zilina and its surroundings.

The construction work on the Ov¢iarisko tunnel itself commenced
in 1996 by driving an exploratory gallery. The exploratory gallery
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SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunely Ov¢iarsko a Zilina

Oba dialni¢né tunely Ové&iarsko (2 367 m) a Zilina (687 m) st
sucastou dialni¢ného tseku D1 Hri¢ovské Podhradie — Lietavska
Lucka, ktorého celkovy tsek je dlhy 11,320 km. Dialni¢ny usek
tvori juzny obchvat mesta Zilina. Stavebnikom a zérovefi budticim
spravcom tunela je Narodna dialni¢na spoloCnost, a. s. Spustenie
dialni¢ného useku prispeje k lepsSim Zivotnym podmienkam ako
pre mesto Zilina, tak aj pre okolie.

Samotnd vystavba tunela Ov¢iarsko zacala v roku 1996 razenim
prieskumnej Stolne. Prieskumnd S$tolda tunela bola prerazena
v aprili 1998. Tunel tvoria dve samostatné tunelové rary, kazda
pre jeden smer jazdy. Preto je zaradeny medzi stredne dlhé tunely.
Priméarne ostenie v plnom profile sa zacalo realizovat v 09/2014
a bolo hotové v 04/2016 (STR), resp. v 07/2016 (JTR).

Price na tuneli Zilina zacali v 07/2014 zemnymi Gpravami
na zdpadnom portali. Realizacia primarneho ostenia (razenie)
sa zacala v 11/2014 a po 731 diioch bol tunel Zilina prerazeny
(01/2017). Cela vystavba tunela prebiehala v extrémne narocnych
inZinierskogeologickych podmienkach, ¢o predstavovalo predize-
nie razenia o 336 dni.

Aj napriek sucasnej tazkej dobe nielen na Slovensku, ale na ce-
lom svete, k aktudlnemu datumu (Sirenie ochorenia COVID-19 sp6-
sobenym koronavirusom SARS-CoV-2) stavebnici prijali zvySené
hygienické opatrenia a prace na tuneloch pokracuju, a to najméd
na priprave jednotlivych stavebnych objektoch na odovzdanie do
uZzivania Sirokej motoristickej verejnosti (predpoklad koniec roka
2020).

Zhotovitel oboch tunelov (Ovéiarsko, Zilina) zapracoviva
poZziadavky objednévatela pre technolégiu tunelov, a nasledne budd
vykonané individualne funk¢éné skisky riadiaceho systému technol6-
gie, dymové skusky, skusky vetrania, funkéné skuasky VN pripojok.
Po vyhodnoteni skiSok bude zrealizovana integracia jednotlivych
systémov do integrovaného operatorského pracoviska Narodnej
dialni¢nej spoloc¢nosti — pracovisko Povazska Bystrica. Toto inte-
grované operatorské pracovisko bude v budicnosti integrovat dohlad
a riadenie troch dialni¢nych tunelov — Povazsky Chlmec, Ovciarsko
a Zilina — spolu s prilahlymi dialni¢nymi tsekmi D1 a D3.

Zhotovitelom dialni¢ného useku D1 Hri¢ovské Podhradie —
Lietavska Lucka je ZdruZenie Ovciarsko (Doprastav, a.s. — lider
ZdruZenia, VAHOSTAV - SK, a.s. — ¢len ZdruZenia, Strabag, s.r.o.
— Clen Zdruzenia, Metrostav a.s. — ¢len ZdruZenia).

Tunel PreSov

Tunel Presov je dalsi dialni¢ny tunel vo vystavbe na Slovensku
anachadza sana tseku dialnice D1 PreSov zapad — PreSov juh. Tra-
sa tunelovej Casti juhozdpadného obchvatu PreSova bude tvorena
dvoma nezévislymi tunelovymi rirami, severna tunelova rira bude
dizky 2 230,5 m a juzné tunelova rira bude dizky 2 244,0 m.

V prvom kvartali roku 2020 prebiehali prace na betondZach
hornych klenieb definitivneho (sekundarneho) ostenia oboch tunelov.
K datumu 20. 4. 2020 je v JTR vybeténovanych 160 ks hornych kle-
nieb z celkového poctu 190 ks, co predstavuje 84 % zrealizovanych
prac av STR je vybeténovanych 142 ks hornych klenieb z celkového
poctu 190 ks, ¢o predstavuje 75 % zrealizovanych préc.

Zaroven boli zacaté prace na definitivnom (sekundarnom) os-
teni priecCnych prepojeni, ktoré su realizované postupne tak, ako
pokracuju prace na oboch tunelovych rirach, a taktieZ s ohladom
na potreby stavebnej pripravenosti pre technologicku Cast tunelov.
V najvicSej faze rozpracovanosti je priecne prepojenie €. 5, na

of the tunnel broke through in April 1998. The tunnel is formed by
two independent tunnel tubes, each one for one direction of travel.
According to the length, the tunnel is categorised among medium-
length tunnels. The construction of the primary linings around full
profiles of the NTT and STT started in September 2014 and was
finished in April 2016 and July 2016, respectively.

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

Even despite the current difficult time not only in Slovakia but
in the whole world, as of the current date (spreading of COVID-19
disease caused by coronavirus SARS-CoV-2), the constructors have
adopted tougher hygiene measures and the work on the tunnels
continues, first of all on the preparation of individual structures
for putting the tunnels into service of the wide motoring public
(assumption at the end of 2020).

The contractor for both tunnels (Ovéiarsko, Zilina) has been
integrating requirements of the project owner for tunnel equipment
and, subsequently, individual functional testing of the equipment
management system, smoke testing, ventilation testing, functional
tests of HV connection lines will be conducted. After assessing
the tests, individual systems will be integrated into the integrated
operator workplace of the National Motorway Society — the
Povazska Bystrica workplace. In the future, this integrated operator
workplace will integrate supervision and management of three
motorway tunnels — the Povazsky Chlmec, Ovéiarsko and Zilina —
together with adjacent sections of the D1 and D3 motorways.

The contractor for HriCovské Podhradie — Lietavska Lucka
section of the D1 motorway is the Ovciarisko Consortioum
(Doprastav, a.s. — Consortium leader, VAHOSTAV - SK, as.
— Consortium member, Strabag, s.r.o. — Consortium member,
Metrostav a.s. — Consortium member).

Presov tunnel

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

The work on concreting the upper vaults of the final (secondary)
linings of both tunnels continued in the first quarter of 2020. As
of 20™ April 2020, concreting of 160 upper vaults of the total
of 190 vaults has been finished in the STT. It represents 84% of
the finished work; concreting of 1142 upper vaults of the total of
190 vaults has been finished in the STT. It represents 75% of the
finished work.

At the same time the work commenced on the final (secondary)
lining of cross passages, which have been completed gradually,
taking into consideration the progress of the work on both tunnel
tubes and the needs of the completion of civil works required for
installation of tunnel equipment. The cross passage No. 5, where the
concreting of the upper vault has been finished throughout the length,
is at the highest stage of completion. At the moment concreting of
the upper vault in cross passage No. 7 is being carried out.

The work on cable ducts has commenced in both tunnel tubes,
but it is preceded by preparation of concrete sub-base for placement

of kerbs and slotted drain pipes, respectively, depending on the side
of roadway gradient on which the particular structure is located.



ktorej je v celej dizke zabeténovana horna klenba. V stcasnej dobe
je realizovand betonaz hornej klenby priec¢neho prepojenia ¢. 7.

V oboch tunelovych rarach boli zacaté prace na kidbelovodoch,
ale predtym je urobena priprava podbetondvok na uloZenie obrub-
nikov, resp. Strbinovych Zlabov, podla toho, na ktorej strane sklonu
vozovky sa dana konStrukcia nachadza.

V neposlednom rade boli dokon¢ené zdkladové bloky hibenych
Casti tunelov a prebieha montaZz debniaceho vozika pre betonaz
hornych klenieb hibenych ¢asti.

Celu stavbu juhovychodného obchvatu mesta PreSova realizuje
ZdruZenie D1 PreSov (EUROVIA SK a.s., EUROVIA CS a.s., Do-
prastav, a.s., Metrostav a.s., Metrostav Slovakia a.s.), tunel PreSov
realizuje spolo¢nost Metrostav a.s. Predpokladany termin odovzda-
nia stavby motoristickej verejnosti je v druhej polovici roku 2021.

Tunel Cebrat

Stcastou dialnicného dseku D1 Hubova — Ivachnova bude aj
dvojrarovy tunel Cebrat s dizkou 3,68 km. V predoslych rokoch
boli diagnostikované rozsiahle problémy so stabilitou Gzemia na
zapadnom portéli tunela Cebrat a nadvizujicom tseku dialnice,
ktoré si vyziadali rozsiahle zmeny v technickom rieSeni, ktoré mu-
sia byt postidené v procese EIA a nésledne povolené v zmysle sta-
vebného zakona. Z tohto dovodu st aj na zaciatku roku 2020 este
stale prace na tomto tuneli pozastavené a realizuje sa len projekt
geologickej tulohy.

Zhotovitelom stavby je zdruZenie spolo¢nosti OHL ZS, a.s.,
a VAHOSTAV - SK, a.s.

Tunel Visiiové

Najdlh§im slovenskym dialnicnym tunelom mé byt tunel
Vistiové s dizkou 7,5 km, ktory je sucastou tuseku dialnice D1
Lietavska Lucka — ViSiové — Dubna Skala. Tunel je vedeny juZne
od krajského mesta Zilina. Obe riiry tunela Visiiové boli prerazené
v auguste 2018, po 40 mesiacoch razenia. Betondz sekundarneho
ostenia je hotova na viac ako 60 % diZky tunela.

Zaciatkom marca 2019 bola schvdlend a podpisana dohoda
o ukonceni prac na useku Lietavskd Lucka — Visiové — Dubna
Skala medzi objedndvatelom, Narodnou dialni¢nou spolo¢nostou,
a zhotovitelom, zdruZenim Salini Impregilo — Dtha. V polovici
roku 2019 boli prace na tuneli ako aj na suvisiacom dialnicnom
useku ukoncené. Koncom janudra 2020 bolo vyhlasené verejné ob-
stardvanie prac suvisiacich s pokracovanim a dokoncenim stavby
dialnice, pricom tieto zahriiuji aj dokoncenie stavebnej Casti tu-
nela. Vyber zhotovitela je realizovany formou sutazného dialogu,
pricom jeho ukoncenie je mozné oCakavat koncom roku 2020.

Tunel Biko$

V juli 2019 sa slavnostnym poklepanim zdkladného kamena
zacala vystavba rychlostnej cesty R4 PreSov, severny ochvat, I. eta-
pa. Sucastou 4,3 km dlhého dseku rychlostnej cesty budovanej
v plnom profile bude aj dvojrirovy tunel Bikos s dizkou 1155 m.
V jarnych mesiacoch roku 2020 stéle prebiehajt pripravné prace pre
zadiatok razenia tunela, hibenie a zaistovanie stavebnej jamy sever-
ného portalu. Razenie samotného tunela od severného portalu by
malo prebiehat po zriadeni mikropilotového daZzdnika od polovice
méaja. Prace na juznom portali tunela by mali zacat v jarnych me-
siacoch. Zhotovitelom stavby je zdruZenie spolo¢nosti VAHOSTAV
— SK, a.s. a TuCon, a.s. Predpokladané ukoncenie rychlostnej cesty
a jej uvedenie do prevadzky sa oCakava na jar 2023.

Ing. VLADIMIR DURSA, Doprastay, a.s.,
Ing. PETR HYBSKY, Metrostav a.s.,
Slovenskd tuneldrska asocidcia
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At last but not least, foundation blocks of the cut-and-cover parts
of the tunnels have been finished and tunnel form travellers for
concreting the upper vaults of the cut-and-cover parts are being
assembled.

The whole construction of the southeastern by-pass of the town of
Presov is being carried out by 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 being constructed by
Metrostav a.s. The assumed deadline for bringing the structure into
service for the motoring public is in the second half of 2021.

Cebrat tunnel

The 3.8km long Cebrat double-tube tunnel will be part of the
Hubova — Ivachnova section of the D1 motorway. Extensive
problems with the stability of the area at the western portal of the
Cebrat tunnel and the connecting sections of the motorway were
diagnosed in recent months. They require extensive changes in the
technical solution, which have to be assessed in the EIA process
and subsequently be approved in the meaning of the Building
Act. For that reason the work operations on this tunnel are still
suspended and only the Geological Task project is being realised.

A consortium formed by OHL ZS, a.s., and Vdhostav — SK, a.s.,
is the construction contractor.

Visirové tunnel

The 7.5km long Visiiové tunnel, which is part of the Lietavska
Lucka—Visiiové — Dubna Skala section of the D1 motorway, leading
south of the regional capital Zilina, is to be the longest motorway
tunnel in Slovakia. Both tubes of the Visiiové tunnel were broken
through in August 2018, after 40 months of tunnelling. Over 60%
of concreting the secondary lining has been finished.

At the beginning of March 2020, an agreement was approved and
signed between the project owner, Narodna dialnicnd spolo¢nost
(National Motorway Society) and the contractor, the Salini
Impregilo — Didha Consortium regarding the termination of the
work on the Lietavskd Lucka — Visilové — Dubna Skala section. The
work operations on the tunnel and the associated motorway section
were terminated. Public procurement of the work connected with
continuation and completion of the civil part of the motorway
construction covering also completion of the civil part of the tunnel
was announced at the end of January 2020. The selection of the
contractor is carried out in the form of a competition dialogue and
its conclusion can be expected at the end of 2020.

Bikos tunnel

In July 2019, the construction of the R4 PreSov express highway,
northern by-pass, stage No. I, commenced by ceremonial tapping
the cornerstone. The 1155m long double-lane Biko$ tunnel
(excavated full-face) will be part of the 4.3km long section of the
express highway. Preparation work for the commencement of the
tunnel excavation, excavation and stabilisation of the construction
pit for the northern portal is still underway in the spring months of
2020. The excavation of the tunnel itself from the northern portal
should proceed from the middle of May, after installation of the
canopy tube pre-support. The work on the southern portal should
begin in the spring. The contractor for the tunnel construction is
a consortium comprising the companies of VAHOSTAV — SK,
a.s. and TuCon, a.s. The completion of the express highway and
bringing it into service is expected in spring 2023.

Ing. VLADIMIR DURSA, Doprastav, a.s.,
Ing. PETR HYBSKY, Metrostav a.s.,
Slovak Tunnelling Association
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ZELEZNICNE TUNELY DIEL A MILOCHOV

Tunel Diel

Tunel Diel (obr. 6) prechddza masivom vrchu Diel, ktory tvori
centrdlnu ¢ast meandru Vahu v oblasti Nosickej priehrady. Tunel
je navrhnuty dizky 1082 m. Razenie tunela prebiehalo v masive
popod kipele Nimnica. Zapadny portdl je situovany na okraji obce
Nimnica, vychodny portal sa realizuje v izemi lesa nad cestou dru-
hej triedy 11/507, ktora vedie z Pichova do Povazskej Bystrice po
pravom brehu priehrady. Tunel Diel ma prerazent unikovu $toliiu,
ktora asti do priestoru vychodného portalu tunela.

Diiom 26. 3. 2020 sa na stavbe tunela Diel skoncili betonérske
prace na sekundarnom osteni. Ako posledny sa zhotovil portalovy
blok tnikovej $tdlne. Zhotovené su vsetky kablovody a chodniky.
Prebiehaju Cistiace prace odvodiiovacej sustavy a tmelia sa pra-
covné a dilatacné Skary. Stavebne je tunel pripraveny na montiz
technologického vybavenia. Medzi prvymi pricami sa realizovali
vrty pre konzoly na uchytenie trakéného vedenia do klenby tunela
arozvod poZziarneho vodovodu. V kablovodoch sa zacali zatahovat
prvé silové kable.

V tunikovej $tolni (obr. 7) sa realizuju priecky pre vzduchotech-
nickt komoru, ktora je situovana na zaciatku $tdlne od vychodného
portédlu a priecka pre poZiarne dvere medzi tnikovou $tdliiou a tu-
nelovou ridrou.

Na zdpadnom portdli tunela sa buduje technologicky domcek,
v ktorom budi umiestnené centraly pre vSetku potrebnu techno-
16giu na prevadzku tunela. Jednou z najzloZitejSich je automaticka
tlakova stanica (ATS), ktord bude zabezpecovat funkcnost poziar-
neho vodovou pri havarijnej situdcii. Okolo domceka a samotného
portalu tunela prebiehaji prace na konecnych terénnych tpravach
v podobe vystuzeného svahu nad hibenym tunelom a obkladovych
gabiénov plnenych sypanym kamenivom.

Obr. 7 Unikovd $tolita tunela Diel
Fig. 7 Escape gallery of the Diel tunnel

SRy W
Obr. 6 Konecné terénne tipravy — zdpadny portdl, tunel Diel
Fig. 6 Final terrain finishes at the WP of the Diel tunnel

DIEL AND MILOCHOV RAILWAY TUNNELS

Diel Tunnel

The Diel tunnel (see Fig. 6) passes through the Diel hill massif,
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 is being driven through the massif under the
Nimnica spa. The western portal is located on the outskirts of
the municipality of Nimnica; the eastern portal (see Fig. 6) is
being constructed in the area above the II/507 secondary road
leading from Puchov to Povazska Bystrica along the right bank
of the reservoir. The Diel tunnel escape gallery has been broken
through. It has its exit in the area of the eastern portal of the
tunnel.

On 26™ March 2020, concreting of the secondary lining of the
Diel tunnel was finished. The portal block of the escape gallery
was carried out last. All cable ducts and walkways have been
finished. The work on cleaning the drainage system is underway
and day joints and expansion joints are being sealed. The civil
part of the tunnel is prepared for installation of tunnel equipment.
Among the first operations, holes were drilled for fixing the
catenary to the tunnel vault. The fire water distribution system has
been completed. Pulling of first power cables into cable ducts has
started.

In the escape gallery (see Fig. 7), dividing walls are being carried
out for the ventilation chamber located at the beginning of the
gallery and for a fire-check door between the escape gallery and
the tunnel.

At the western portal of the tunnel, a service house is under
construction. It will house centres for all equipment needed for
the tunnel operation. The automatic water pressure booster pump
station is one of the most complex ones. It will ensure functionality
of the fire water supply system during an emergency situation. The
work on final finishes in the form of a reinforced slope above the
cut-and-cover tunnel and cladding gabions filled with aggregate is
underway in the surroundings of the house and the tunnel portal
itself.

A reinforced concrete frame of the service house with a smaller
ground plan area than that at the west was built at the eastern portal.
Work on the final terrain finishes began in the surroundings of the
end of the escape gallery and the tunnel itself.

First train should pass through the tunnel at the end of September.
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Obr. 8 Zakladanie hibeného tunela VP tunela — vychodny portdl, Milochov
Fig. 8 Foundation of the cut-and-cover tunnel at the EP of the Milochov tunnel

Na vychodnom portdli bol postaveny Zelezobeténovy skelet
technologického domceka s menSou pddorysnou plochou ako
na zapade. Rozbehli sa prace na koneCnych terénnych tpravich
v okoli vyustenia tinikovej §tdlne aj samotného tunela.

Koncom septembra tohto roku by tunelom mal prejst prvy vlak.

Tunel Milochov

Na preklenutie upitia vrchu Stavnd, juZne od miestnej ¢asti Hor-
ny Milochov mesta PovaZzskd Bystrica, je navrhnuty novy tunel
Milochov. Projektovand di7ka tunela je 1861 metrov. Tunel bude
mat jednu tnikovu S§tdliu, ktora bude vyustovat v obci Horny Mi-
lochov.

Raziace préace zo zédpadného portalu st ukoncené. Vyrazenych je
115 metrov v kalote a na cely profil tunela 105 metrov.

Razenie z vychodného portalu pokracuje pracami v dvoch trov-
niach, v kalote a stupni s dnom tak, aby sa od seba nevzdialili na
predpisanu vzdialenost uréenu projektom pre kazdu vystrojovaciu
triedu. Ku diu 8. 4. 2020 bolo v kalote vyrazenych 1335 metrov
a v stupni, resp. dne 1260 metrov. Raziace prace boli z dovodu ob-
medzenia pre §irenie COVID-19 a vyuZivania pracovnikov z CR
od 15. 3. 2020 prerusené. Je mozné, Ze prerazka tunela, ktora bola
odhadovana na jul tohto roka, sa posunie.

Zvnutra tunela sa razi dovrchne tnikova Stolna. Prace prebie-
haju vo vystrojovacej triede II, a a ku diu 8. 4. 2020 je vyrazenych
178 m, z celkovej dizky 266,4 m.

Na vychodnom portéli tunela prebiehaji prace na zakladani
hibenej Casti (obr. 8) , ktora sa sklad4 so siedmich 10metrovych
blokov. Odstranuje sa neunosné podloZie a nahradza sa beténovym
zdakladom, na ktorom sa nasledne pomocou falo§ného primarneho
ostenia zhotovi klenba hibeného tunela.

Celu stavbu realizuje zdruZenie Nimnica zloZené zo spoloc¢nosti
Doprastav — TSS Grade — SUBTERRA — EZ Praha. Tunel Diel
realizuje spolocnost 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 Stavna 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 has been finished.
Excavation of 115 metres in the top heading and 105 metres of
full-face excavation has been finished.

Excavation from the western portal continues by working at
two levels, the top heading and bench with the bottom, so that the
distance between them prescribed by the design for each excavation
support classs is not exceeded. As of today (8" April 2020),
excavation of 1335m in the top heading, respectively 1260m in the
bench has been finished. The excavation has been suspended since
15" March 2020 for the reason of restriction because of spreading
of COVID-19 and using workers from the CR. It is possible that
the tunnel breakthrough, which was expected in July 2020, will be
postponed.

The escape gallery is being driven upward from the tunnel
interior. The work is carried out in excavation support class II and,
as of today, 178 metres of the total length of 266.4 metres have
been finished.

At the eastern portal of the tunnel the work proceeds on
foundation of the cut-and-cover part (see Fig. 8), which consists
of seven 10 metres long blocks. Non-bearing sub-base is being
removed and is being replaced by concrete foundation, on which
the vault of the cut-and-cover tunnel will subsequently be carried
out using a false primary lining.

The whole construction is carried out by the Nimnica consortium
consisting of the companies of Doprastav — TSS Grade —
SUBTERRA — EZ Praha. The Diel tunnel is carried out by the
company of TUBAU, a.s. and the Milochov tunnel by the company
of Subterra a.s. The general designer for Zeleznice Slovenske;j
Republiky (Slovak Railways) is the company of REMING
CONSULT a.s.

Ing. JAN KUSNIR, REMING CONSULT a.s.
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TuNel

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY A S LOKOMOTIVAMI I

PICTURE POSTCARDS WITH TUNNELS AND LOCOMOTIVES II

In the authors‘ collection, there is a number of interesting picture
postcards from relatively recent times which were evidently issued
first of all for admirers of locomotives and trains. These postcards
are characterised by a sign for locomotive, motor railcar or a train
set emerging from a tunnel portal. The currently presented package
of ten postcards of this type presents here six tunnels in the CR, one
in the SR and one in Lower Austria, thus it follows the similar part
of this series titled “Picture postcards of tunnels in the Slovak and
Czech Republics with locomotives “, published in TUNEL journal
issue No. 4/2015.

Ve sbirce autorl se nachdzi rovnéz fada zajimavych pohlednic
z relativné neddvné doby, které byly evidentné vydany predevSim
pro obdivovatele lokomotiv a vlaki. Pro tyto pohlednice je charakte-
ristickym znakem lokomotiva, motorovy viiz nebo vlakové soupra-
va vyjizdéjici z tunelového portalu. Aktudlné prezentovany soubor
desiti takovychto pohlednic zde piedstavuje Sest tuneld v CR a po
jednom ve SR a v Dolnim Rakousku a navazuje tak na podobny dil
tohoto seridlu, nazvany ,, Pohlednice s tunely ve Slovenské a Ceské
republice s lokomotivami“, otistény v ¢asopisu Tunel €. 4/2015.

Tunel Nelahozevesky |
Na tratovém useku I. tranzitniho Zelezni¢niho koridoru Praha —
DéECin hl. n., mezi stanici Kralupy n/V a zastivkou Nelahozeves,

Obr. 1 T 669.0096 Dieselelektrickd viceticelovd lokomotiva Co” Co” . Vyrobek
lokomotivky v Dubnici n. Vdahom z roku 1968. Nakladatelstvi PressFoto Praha.
Foto © Pavel Vancura. Cca 1975. [sbirka autorii]

Lokomotiva vyjiZdi z jizniho portdlu tunelu Nelahozeveského 1. Stejny portdl byl
prezentovdn na obdlce casopisu Tunel ¢. 4/2019. Prithledem tunelu je videt dalsi
skalni portdl tésné ndsledujictho tunelu II. Soubézné a tésné s tunely vede po
levém brehu Vitavy turisty hojné vyuZivand Dvordkova stezka (slavny hudebni
skladatel se narodil prdvé v Nelahozevsi).

Fig. 1 T 669.0096 Diesel electric locomotive Co” Co”. Product of locomotive
factory in Dubnica n. Vahom from 1968. Publishing house PressFoto Praha.
Photo © Pavel Vanc¢ura. Ca 1975. [authors‘ collection]

The locomotive emerges from the southern portal of the Nelahozeves I tunnel.
The same portal was presented on the cover of TUNEL journal issue No. 4/2019.
Viewed through the tunnel there is another rock portal of the closely following
tunnel No. II. The Dvoridk Trail (the famous musical composer was born just in
Nelahozeves) widely used by tourists, runs in parallel and close to the tunnels on
the left bank of the Vitava River.

se nachézi ve velmi tésném sledu trojice tunelti. Podle blizké za-
stavky jsou pojmenovany Nelahozevesky I (23,3 m), II (41,0 m)
a IIT (291,0 m). Dokonceny byly jiz v roce 1848 a aZ do roku
1942 byly provozovéany jako jednokolejné. V tomto roce pro-
béhla jejich reprofilace se zdvoukolejnénim. Dal$imi dpravami,
doplnénymi o sanaci osténi, prosly tunely v souvislosti s elektri-
fikaci trati v letech 1976 az 1985. Portaly tuneld I (obr. 1) a II
byly stavbou i pozdé€jsSimi tpravami ponechdny pfitom jen jako
skalni.

Dnes je tunel Nelahozevesky I jesté porad nejkratsi v siti CD. Je
vSak vypracovany projekt na zasadni rekonstrukci vSech tii tuneld;
ta by méla zapocit v roce 2024 a mistni situaci vyrazné¢ pozme-
nit. [1]
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Obr. 2 Motorovd ozubnicovd lokomotiva T 426.001 vyjizdi s osobnim viakem
6351 ze Zdirského tunelu dne 30. 9. 2000. K-REPORT. Foto © Ing. Jan Vasi-
cek. 2000. [sbirka autorii]

Velmi pravdépodobné jde o jizni (tanvaldsky) portdl Zddrského tunelu (obdobné
Jjako na obr. 3).

Fig. 2 Rack-type motor locomotive T 426.001 with passenger train 6351 emer-
ges from the Zdir tunnel on 30" September 2000. K-REPORT. Photo © Ing.
Jan Vasicek. 2000. [authors‘ collection]

It is very likely the southern (Tanvald) portal of the Zddr tunnel (like the tunnel
in Fig. 3)




Tunely na Zeleznicni trati Liberec — Tanvald — Harrachov

Useky této jednokolejné regiondlni Zeleznice byly otevirany
postupné: do Jablonce n/N 1888, do Tanvaldu 1894, 1902 doslo
k prodlouZeni trat€¢ do Kofenova a na konci téhoz roku byla trasa
napojena na némecké drahy. V pasazi Tanvald — Kofenov byla trat
vybavena dvojitou Abtovou ozubnici. Po 2. svétové vélce bylo
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Vyrodi 30 let Elektronik - 743.002

Obr. 3 Vyrodi 30 let Elektronikii — 743.002. Motorovd lokomotiva 743.002
v Cele osobniho viaku z Harrachova do Tanvaldu sjizdi dne 27. iinora 2000
posledni ozubnicovy iisek mezi Desnou a Tanvaldem, a to jiZ nedaleko cilové
stanice tohoto vlaku. Ozubnicové hiebeny v ose kolejnic jsou skryty pod vrst-
vou snéhu. © SURA s. r. 0. Rokytnice nad Jizerou, foto: Karel Hanus. 2000.
[sbirka autorii]

Vlak vyjizdi 7 jizniho (tanvaldského) portdlu Zddrského tunelu (stejné jako na
obr. 2).

Fig. 3 30 years anniversary of Elektroniks — 743.002. Motor locomotive
743.002 at the head of passenger train from Harrachov to Tanvald running
down the rack section between Desnd and Tanvald on 27" February 2000,
already near the destination station of this train. The racks are located on the
centre between rails. They are hidden under a layer of snow. © SURA s. r. o.
Rokytnice nad Jizerou, photo: Karel Hanus. 2000. [authors‘ collection]

Train emerging from the southern (Tanvald) portal of the Zddr tunnel (like in
Fig. 2).

Obr. 4 Ozubnicovd trat’ Tanvald — Korenov — Harrachov, Motorovy viiz 810.260
na ozubnicovém iiseku pod Dolnim Polubnym. K-REPORT. Foto © Jan Vasi-
Cek. 1999. [sbirka autorii]

Jihozdpadni portdl Dolnopolubenského tunelu od zastdvky Desnd — Riedlova
vila (stejné jako na obr. 5).

Fig. 4 Rack and pinion track Tanvald - Korenov — Harrachov. Motor car
810.260 on the rack section under Dolni Polubny. K-REPORT. Photo © Jan
Vasicek. 1999. [authors ¢ collection]

South western portal of the Dolni Polubny tunnel from the Desnd — Riedlova Vila
intermediate station (like in Fig. 5).
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propojeni do Némecka zruseno. Od 80. let 20. stol. byl bézny pro-
voz na ozubnicovém useku zménény jen na adhezni a ozubnicové
lokomotivy vyjiZzdéji pouze prilezitostné.

Na této Zeleznici se nachazi celkem 10 tunelt celkové délky
2 392 m. Nejkratsi z nich je Dolnotanvaldsky (48 m) a nejdelsi pak
Polubensky (940 m). [2, 3]

 Tunel Zdarsky (obr. 2 a 3)

Byl zprovoznény roku 1902 a je dlouhy 67,2 m. Nachazi se
mezi Zelezni¢ni stanici Tanvald a zastavkou Desna.

 Tunel Dolnopolubensky (obr. 4 a 5)

Byl zprovoznény rovnéz v roce 1902 a je dlouhy 166,3 m.
Nachazi se mezi zastdvkami Desnd — Riedlova vila a Dolni
Polubny.

Obr. 5 Motorovy viz M 240.021, zndmy pod prezdivkou ,,Singrovka*, zachy-

til fotograf pod Dolnopolub nedaleko hrobky skldrské rodiny
Riedhi. Motorové vozy tohoto typu jezdily na zubacce od roku 1965. Zelez-
nicni spolecnost Tanvald, o.p.s., foto Ing. Jan Vasicek. Okolo 2000. [sbirka
autorii]

Jihozdpadni portdl Dolnopolubenského tunelu od zastdvky Desnd — Riedlova
vila (stejné na obr. 4).

Fig. 5 Motor car M 240.021, known under nickname ,,Singrovka“, captured
by a photographer under the Dolni Polubny tunnel near the burial chamber
of the glassmaking family of the Riedls. Motor cars of this type travelled on
the rack track from 1965. Railway Company Tanvald, o.p.s., photo Ing. Jan
Vasicek. About 2000. [authors‘ collection]

South western portal of the Dolni Polubny tunnel from Desnd — Riedlova Vila
intermediate station (like in Fig. 4).

vbjm tunel,

Tunel Jestédsky

Jednokolejny JeStédsky tunel se nachazi na Zeleznicni trati Libe-
rec — Cesk4 Lipa, mezi stanicemi Novina a Kfizany. Byl budovan
od roku 1898 Spolecnosti ustecko-teplické dréhy pro dopravu se-
veroceského uhli do Liberecka, se zahdjenim provozu 16. 9. 1900.
Mezi Kfizany a Libercem bylo na pfedmétné draze postaveno cel-
kem 5 tunelt — 4 kratké a 1 dlouhy — a to prave Jestédsky, 815,44 m
— obr. 6. Ten, mimo jiné, prekondva v Krizanském sedle, ve vysce
500 m n. m., hlavni rozvodi Severniho a Baltského mofe. [4, 5]

Tunel Ledecsky II

Popularni nazev ,,Horni posazavsky pacifik* nese jednokolejna
neelektrifikovana regiondlni Zelezni¢ni trat z Ceréan do Svétlé n/S,
charakteristicky trasovand podél feky Sdzavy v délce 91 km. Na
jeji prvni ¢asti byl provoz zahdjeny roku 1903, na zbyvajici poté
o dva roky pozdéji.

Mezi zelezni¢nimi stanicemi Sézava a Horni LedeC se na trati
nachazi osm kratkych tunelti celkové délky 869 m — od 30 m (Hor-
noledecsky) do 251 m (Podhradsky).
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Obr. 6 100 let trati Mimoii — Liberec, Zeleznicni stanice Liberec. 16. zdri 1900
—-2000

1 — NddraZi Liberec v roce 1919.

2 —464.008 a 464.102 ve stanici Liberec (1997).

3 — Lokomotivy: 464.008 a 464.102 na viaduktu u Noviny (1997).

4 — 843.008-4 Krizany (tunel 815 m).

Okénkovd pohlednice. Vydavatelstvi M. SOUKUP, Desnd v Jiz. hordch.
Snimky: 1 — ZST Liberec. 2, 3 — Petr David. 4 — Miroslav Soukup. 2000.
[sbirka autorii]

V pravém spodnim okénku pohlednice vyjizdi lokomotiva ze severniho (liberec-
kého) portdlu Jestédského tunelu smérem k viaduktu Novina (vedlejsi okénko).
Fig. 6 100 year anniversary of Mimori — Liberec track, Liberec railway station.
16™ September 1900 — 2000

1 - Liberec railway station in1919.

2 —The 464.008 and 464.102 in Liberec railway station (1997).

3 — Locomotives 464.008 and 464.102 on the viaduct near Novina (1997).

4 — 843.008-4 KriZany tunnel (815m).

Window postcard. M. SOUKUP Publishing house, Desnd v Jiz. hordch.
Pictures: 1 — Liberec railway station. 2, 3 — Petr David. 4 — Miroslav Soukup.
2000. [authors collection]

In the right-hand lower window of the postcard, a locomotive emerges from
the northern (Liberec) portal of the Jestéd tunnel, heading towards the Novina
viaduct (side window ).

Obr. 7 720.116 (CSD), Sdzava, 10. 6. 1990 Posdzavsky Pacifik. Foto: Karel
Pryl. Tisk: RETIP s. . o., Cerveny Kostelec. 1990. [sbirka autorii]

Na pohlednici vyjiZdi krdtkd viakovd souprava ze severovychodniho (sdzavské-
ho) portdlu tunelu Ledecského II. Zeleznice zde typicky vede v iizkém iidoli veky
Sdzavy (vlevo).

Fig. 7 720.116 (Czech Railways), Sdzava, 10" June 1990 Posdzavsky Pacifik
train. Photo: Karel Pryl. Press: RETIP s. r. o., Cerveny Kostelec. 1990.
[authors ¢ collection]

On the postcard, a short train set emerges from the north eastern (Sdzava) por-
tal of the Ledec II tunnel. The rail track runs typically along a narrow valley

of the Sdzava River (left).

V poradi druhy z nich, a to mezi Zeleznicni stanici Sdzava a za-
stivkou Samopse, se nachézi tunel Ledecsky II, dlélky 54 m —
obr. 7. [6]

Tunel Hnévkovsky II

Na rekonstruovaném useku III. Zelezni¢niho koridoru Zéabieh
n/M — Hostejn se nachézeji dva ,,nové‘ tunely, pojmenované podle
blizké obce Hnévkovsky I a II. Tunel Hnévkovsky I délky 180 m
byl stavén v letech 2005-2006, stavba tunelu Hnévkovského II

(obr. 8) délky 461,85 m probihala v letech 2004-2006. [7]

Obr. 8 Elektrickd jednotka 680.001 nasazend 2. rijna 2015 na spoj SuperCity
506 Pendolino mezi stanicemi Zdbreh na Moravé a Hostejn Chornicky Zelez-
niéni klub. © FOTO: Pavel Stejskal. 2015. [sbirka autorii]

Dynamicky snimek se soupravou Pendolino, kterd vyjizdi ze zdpadniho (hostejn-
ského) portdlu tunelu Hnévkovského I1.

Fig. 8 Electric unit 680.001 deployed on 2" October 2015 to SuperCity 506
Pendolino link between railway stations Zdbreh na Moravé and Hostejn.
Cornice railway club. © PHOTO: Pavel Stejskal. 2015. [authors ‘ collection]
The dynamic picture with Pendolino train set emerging from the western
(Hostejn) portal of the Hnévkov II tunnel.

Obr. 9 Historickd parni lokomotiva 475.196 vyjiZdi z Bratislavského tunelu
— nejstarsiho na Slovensku (1848). Vydalo RZ SR v agentiire LUBA FOTO-
PRES Spisskd Novd Ves. Snimka L. Jirousek. 1994. [sbirka autorii]

Na pohlednici s historickou lokomotivou je vidét spolecny bratislavsky (vychod-
ni) portdl Lamacskych tunelii I a II.

Fig. 9 Historic steam locomotive 475.196 emerging from the Bratislava tunnel
— the oldest tunnel in Slovakia (1848). Issued by the Directorate of Slovak
Railways in LUBA FOTOPRES, Spisskd Novd Ves agency. Photo L. JirouSek.
1994. [authors‘ collection]

The common Bratislava (eastern) portal of the Lamac I and II tunnels is shown
on the picture postcard with a historic locomotive.




Slovenska republika - tunel Lamacsky |

Dvé pohlednice s ,,Bratislavskymi®, dnes sprdvné Lamacskymi,
tunely byly v tomto seridlu prezentovany jiz v Tunelu ¢&. 4/2015.
Pro stru¢né zopakovdni:

Lamacsky tunel ¢. I (na obr. 9 pravé z néj vyjizdi vlak), byva
oznaCovany téZ jako ,stary“. Byl vybudovany v letech 1844 aZ
1848 béhem vystavby trati Videri — Bratislava. Slouzil vlakiim do
Bratislavy i do Devinskej Novej Vsi, a to obéma sméry jako dvou-
kolejny az do roku 1902, tj. do doby, kdy byl zahdjen provoz sou-
béZnym tzv. ,,novym* tunelem Lamacskym II (na obr. 9 je vpravo,
zcela zakryty vlakem). Pévodni tunel dlélky 703,60 m byl mezi
lety 1899 az 1900 zkraceny na 594 m a pfi prodluZovani hlavniho
nadraZi byl také zjednokolejnén.

Obr. 10 Parni lokomotiva ¢. 298.206 pred tunelem Bruderndorf. Lokomotiva
byla renovovand podle piivodnich pldnii. Standardné je vystavend na trho-
vém ndmeésti v Langschlagu v Dolnich Rakousic. HHA. Okolo 1980. [sbirka
autorii]

Lokomotiva vyjizdi ze zdpadniho portdlu tunelu Velky Bruderndorf a sméfuje tak
k Zeleznicni zastdvce Bruderndorf.

Fig. 10 Steam locomotive No. 298.206 in front of the Bruderndorf tunnel. The
locomotive was renovated according to the original plans. It is exhibited, as
a standard, on the market square in Langschlagu, Lower Austria. HHA. About
1980. [authors‘ collection]

The locomotive emerges from the western portal of the Velky Bruderndorf tunnel
and is heading towards Bruderndorf intermediate station.
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Lamacsky tunel ¢. II (tzv. ,,novy®) byl ve stavbé od 15. 12. 1900
do konce zafi 1902, ma délku 595,61 m a je rovnéZ jednokolejny.

Dolni Rakousy - tunel Bruderndorfer

Waldviertelské izkorozchodné drahy (Waldviertler Schmalspur-
bahnen) jsou siti tfi Zeleznic rozchodu 760 mm, se zakladnim bo-
dem v dolnorakouském Gmiindu.

V roce 1900 byl zahdjeny provoz na severni vétvi do Litschau
(délka 25 km). Roku 1902 byla oteviend prvni Cast technicky na-
ro¢néjsi jizni traté a v roce 1903 pak dosahla jizni vétev cilové
stanice Grof} Gerungs (kone¢né délka trati 43 km). Zde také najde-
me zdejsi jediné Zelezni¢ni tunely — Maly a Velky Bruderndorfsky
(Kleiner und Grofler Bruderndorfer — obr. 10) délky 44 a 262 m.

Po rozdéleni Gmiindu na &eskou (Ceské Velenice) a rakouskou
¢ast (Gmiind) v roce 1919 se nadrazi uzkorozchodné dréhy ocitlo
na Ceské strané. 20. 1. 1922 zahajilo po prestavbé pivodni zastiv-
ky provoz nddrazi v Gmiindu a uzkorozchodné drahy od té doby
vychazeji pravé odtud.

Od roku 1986 se tyto drahy potykaly s existencnimi problémy,
a proto OBB v roce 2001 ukongily provoz. V témZe roce je nahradil
dopravce NOVOG. Tim skon¢ily posledni pravidelné osobni vla-
ky do GroBl Gerungs a uzkorozchodné dréhy jezdi jako turistickd
atrakce pouze v sezonnim rezimu.

Partnerskou tzkorozchodnou drahou jsou Jindfichohradecké
mistni drdhy. Existuje plan na kolejové propojeni obou Zeleznic.
(8, 9]

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. RICHARD SVOBODA, Ph.D.,
Ing. MARTIN ZAVACKY

Podékovdni: Cldnek byl vytvoren v rdmci reSeni projektu
¢ LOI1408 ,,AdMaS UP — Pokrocilé stavebni materidly, konstruk-
ce a technologie “ podporovaného Ministerstvem Skolstvi, mlddeZe
a télovychovy v rdmci iicelové podpory programu ,,Ndrodni pro-
gram udrZitelnosti 1 a projektu ¢. TE01020168 ,,Centrum pro
efektivni a udrZitelnou dopravni infrastrukturu (CESTI) podpo-
rovaného z programu Centra kompetence Technologické agentury
Ceské republiky (TACR).
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VYROCI

ANNIVERSARIES

BLAHOPREJEME ING. JINDRICHU HESSOVI, PH.D. K OSMDESATINAM
CONGRATULATIONS TO ING. JINDRICH HESS PHD. TO THE EIGHTIETH BIRTHDAY

Dne 13. kvétna 2020 oslavi své
osmdesaté narozeniny nepiehlédnu-
telnd osobnost naseho podzemniho
stavitelstvi, zakladajici ¢len Cesko-
slovenského tunelafského komitétu
ITA-AITES a jeho prvni a dlouho-
lety predseda Ing. Jindfich Hess,
Ph.D. Ve svém profesnim Zivote,
ktery byl, a stile je, nedilné spjat
s akciovou spolecnosti Metrostav, se
vyznamné zaslouZil nejen o vystav-
bu prazského metra, ale také o dalsi
rozkvét Cesko-slovenského tunelarstvi a zvyseni jeho prestize ve
sveté. Své pratele a spolupracovniky si dokédzal vzdy ziskat svou
nednavnosti, pracovitosti a nadSenim neznajicim prekazky.

Jindrich Hess se narodil v Praze 13. 5. 1940. Studium oboru
inZenyrského stavitelstvi tispésné absolvoval v roce 1963 na Sta-
vebni fakult¢ CVUT Praha, jehoZ souéasti byl také studijni pobyt
na Institutu stavebnich véd v Rusku. Tam se mu naskytla také
prilezitost k prohloubeni znalosti rustiny, kterd se mu pozdéji sta-
la neocenitelnou vyhodou predev§im v pocéatecni fazi vystavby
prazského metra pfi prejimani odbornych zkuSenosti z vystavby
moskevského metra od ruskych experti.

Svou stavarskou drahu zahdjil Ing. Hess v roce 1964 v narod-
nim podniku Vodni stavby, které po prijeti rozhodnuti o vystavbé
prazské podzemni dréhy ziskaly statut jejiho generdlniho dodava-
tele. Tak mohl byt u samého zrodu velkolepé stavby, ktera jej poté
provézela po celou dobu jeho profesni kariéry. Jako stavbyvedou-
ci fidil montaz a nasazeni prvniho nemechanizovaného raziciho
Stitu u nas na trase C na prazské Pankraci. S dal$im rozvojem vy-
stavby metra bylo rozhodnuto o delimitaci a vyclenéni narodniho
podniku Metrostav z Vodnich staveb.

Tento prerod se stal velkou vyzvou i pfileZitosti pro mladého
zapaleného inZenyra, jehoZ cely dalsi profesni Zivot probihal jiZ

v dresu Metrostavu. V sedmdesatych letech Ing. Hess tispésné
fidil razbu tuneltt metra pod Vltavou na trase A, kde byl poprvé
nasazen rusky mechanizovany razici $tit. Diky svym vyraznym
fidicim a organiza¢nim schopnostem pokracoval jeho profesni
rust jmenovanim do pozice zastupce vedouciho provozni jed-
notky a s ohledem na svou vysokou technickou erudici se stal
v roce 1977 technickym ndméstkem Metrostavu. Poté, kdy od
roku 1984 prokdzal své fidici schopnosti na pozici vyrobniho
naméstka, byl v roce 1988 zvolen feditelem statniho podniku
Metrostay.

Blizici se prevratné historické udalosti byly provérkou jeho
strategického rozhledu z kapitanského miistku a tspésného kor-
midlovani vlajkové lodi Metrostavu na rozboufenych vodach
prechodu k trznimu hospodarstvi. I v této zkouSce obstél na vy-
te¢nou, kdyZ spolu se svymi nejbliz§imi spolupracovniky zvla-
dl uspésnou transformaci Metrostavu na vyznamnou akciovou
spolecnost spolu s nasmérovanim kormidla také do dalSich sta-
vebnich segmentli mimo podzemni stavitelstvi. Tak opét potvrdil

On 13™ May 2020, Ing. Jindfich Hess, Ph.D., an unmistakable
figure of our underground construction, a founding member of the
ITA-AITES Czechoslovak Tunnelling Committee and its first and
long-standing chairman, will celebrate his eightieth birthday. In
his professional life, which was and still is inseparably associated
with Metrostav joint stock company, he significantly contributed
not only to the development of the Prague metro, but also to
further blooming of Czechoslovak tunnel construction industry
and increasing its prestige in the world. He always managed to
win his friends and collaborators by his tirelessness, diligence and
enthusiasm knowing no obstacles.

Jindfich Hess was born in Prague on 13" May 1940. He
successfully graduated from the Civil Engineering Faculty of
the Czech Technical University in Prague with a degree in civil
engineering in 1963. Part of the study was a study stay at the
Institute of Civil Engineering Sciences in Russia. There he also
had the opportunity to deepen his knowledge of Russian, which
later became an invaluable advantage, especially in the initial phase
of construction of the Prague metro while taking on the expertise of
the construction of the Moscow metro from Russian experts.

Ing. Hess started his construction career in 1964 in Vodni
stavby, national enterprise, which obtained the statute of the
general contractor for the construction of the Prague metro after
the acceptance of the decision on development of the project. He,
therefore, could stand at the very birth of the magnificent project,
which then accompanied him throughout his professional career.
As a site manager he managed the assembly and mobilisation of
the first non-mechanised tunnelling shield in our country on Line
C at the Prague district of Pankrac. With the further development
of the metro construction, a decision was made on delimitation of
Metrostav from Vodni stavby.

This transformation became a great challenge and even an
opportunity for the young enthusiastic engineer, the entire
professional life of whom was already in the Metrostav dress.
In the 1970s, Ing. Hess successfully managed the excavation
of tunnels under the Vltava River on the metro Line A, where
a Russian mechanised tunnelling shield was employed for the
first time. Thanks to his considerable management skills his
professional growth continued by his appointment into the position
of Deputy Head of an operating unit and, with respect to his high
technical erudition, he became the Deputy Chief Technical Officer
of Metrostav in 1977. Subsequently, after proving his managerial
skills in the position of deputy technical officer from 1984, he was
elected the Chief Executive Officer of Metrostav state enterprise.

The upcoming revolutionary historical events were a test of his
strategic outlook from the captain’s bridge and the successful steering
of the Metrostav flagship on the stormy waters of the transition to
a market economy. Even in this test he succeeded excellent, when,
together with his closest collaborators he managed to successfully
transform Metrostav into a major joint-stock company along with
directing the helm also to other construction segments outside the
underground construction. Thus he reaffirmed his extraordinary



své mimoradné schopnosti a byl v roce 1991 jednohlasné zvolen
generdlnim feditelem a pfedsedou predstavenstva Metrostavu a.s.

Z pozice generdlniho feditele Ing. Hess na vlastni Zadost od-
stoupil v fijnu 2010 a déle aktivné plsobil ve spolecnosti v fadé
vysokych funkci vcetné funkce predsedy predstavenstva a pred-
sedy dozor¢i rady. V soucasnosti pisobi ve spole¢nosti ve funkci
predsedy dozor¢i rady a ve skupiné DDM Group je ¢lenem sprav-
ni rady.

Neméné vyraznou stopu zanechal Ing. Hess nejen v Ceské tu-
nelarské asociaci ITA-AITES, ale také ve svétové ITA-AITES.
S ohledem na své bohaté odborné zkusenosti si byl dobfe védom,
Ze spoluprace zahrani¢nich odborniki je nezbytnym predpokla-
dem dalsiho rozvoje profese, které zasvétil sviij Zivot. Stal se
zakladajicim ¢lenem tehdy Ceskoslovenského tuneldiského ko-
mitétu ITA-AITES (rok 1982) a jeho prvnim a dlouholetym pred-
sedou. Poté, co aktivné piisobil v pracovni skupiné ITA (WG), byl
zvolen do exekutivy ITA a v roce 1998 jejim viceprezidentem.
Vyznamné se zaslouZil o Sifeni dobrého jména ¢eského podzem-
niho stavitelstvi v zahrani¢i a svij vliv vyuzil také pro ziskani
poradatelstvi ispésného svétového tuneldrského kongresu WTC
2007 v Praze.

Ing. Hess ukoncil svou ¢innost ve funkci predsedy CzTA ITA-
-AITES na zéklad¢ svého vlastniho rozhodnuti k 31. prosinci
2003. Asociace jeho zasluhy ocenila v roce 2004 udélenim Cest-
ného Clenstvi a pozdéji i pfedanim pamétni medaile.

Nelze vSak opomenout, Ze Ing. Hess zastaval i fadu dalSich vy-
znamnych funkci. Byl mj. mistopfedsedou Hospodarské komory
hl. m. Prahy, ¢lenem védecké rady Stavebni fakulty CVUT a ¢le-
nem Spravni rady CVUT a védecké rady Podnikohospodaiské
fakulty VSE v Praze.

Jménem predsednictva Ceské tunelafské asociace ITA-AITES
i za kolegy z Metrostavu pieji Ing. Hessovi predevsim pevné
zdravi, neutuchajici vitalitu a radostné rodinné zazemi.

Ing. IVAN HRDINA,
predseda CzTA ITA-AITES,
Metrostav a.s.

ZIVOTNI JUBILEUM ING. lelng'HO POKQRNEHO
ANNIVERSARY OF ING. JIRI POKORNY LIFE

Ing. Jifi Pokorny se narodil 29. 7.
1940. Po absolvovéani Stavebni fa-
kulty CVUT, obor konstrukce a do-
pravni stavby, pracoval od r. 1966
na kolejovych stavbach v podniku
Stavby silnic a Zeleznic. Po Sesti
letech presel do investorské slozky
Ceskych drah — Sprivy prestavby
Zelezni¢niho uzlu Praha, kde praco-
val na Zelezni¢nich stavbach v¢. tu-
nelu pod Bilou skalou v Praze Libni.

ZkuSenosti, které ziskal pri reali-
zaci Zelezni¢nich tunelt a ostatnich staveb na Zeleznici, se roz-
hodl uplatnit pfi projektovani a vystavbé prazského metra. Od
roku 1979 pracoval v projektové organizaci DP METROPRO-

JEKT v pozici hlavniho inZenyra projektu staveb prazského met-
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abilities and was unanimously elected CEO and Chairman of the
Board of Directors of Metrostav joint stock company.

Ing. Hess resigned from the position of CEO at his own request
in October 2010 and continued to be active in a number of senior
positions, including the position of Chairman of the Board of
Directors and Chairman of the Supervisory Board. At present he
works in the company as Chairman of the Supervisory Board and,
in the DDM Group, he is a member of the Management Board.

No less significant trace Ing. Hess left not only in the ITA-
AITES Czech Tunnelling Association, but also in the worldwide
ITA-AITES. In view of his extensive professional experience,
he was well aware that the cooperation of foreign experts was a
prerequisite for the further development of the profession he had
dedicated his life to. He became a founding member of the then
ITA-AITES Czechoslovak Tunnelling Committee (1982) and his
first and long-term chairman. After actively working in an ITA
Working Group (WG) he was elected into the ITA executive and, in
1998, he became its Deputy President. He significantly contributed
to spreading the reputation of the Czech underground construction
abroad and used his influence to obtain the organization of the
successful World Tunnel Congress WTC 2007 in Prague.

Ing. Hess ceased his function as chairman of the ITA-AITES
CzTA on the basis of his own decision as at 31* December 2003.
In 2004, the Association appreciated his merit by awarding an
honorary membership and later also by awarding a commemorative
medal.

However, it should not be forgotten that Ing. Hess also held a
number of other important functions. He was, among others, Vice-
Chairman of the Prague Chamber of Commerce, a member of the
Scientific Board of the Faculty of Civil Engineering of the Czech
Technical University in Prague and a member of its Management
Board, and a member of the Scientific Board of the Faculty of
Business Administration VSE in Prague.

On behalf of the Board of the ITA-AITES Czech Tunnelling
Association and colleagues from Metrostav I wish Ing. Hess first
of all great health, constant vitality and happy family background.

Ing. IVAN HRDINA,
Chairman of the ITA-AITES CzTA,
Metrostav a.s.

Ing. Jifi Pokorny was born on 29" July 1940. After graduating
from the Faculty of Civil Engineering of the Czech Technical
University in Prague with a degree in Civil Engineering he worked
from 1966 on railway projects with the company of Stavby Silnic
a Zeleznic (Road and Railway Copnstruction). After six years
he left to the investment unit of Ceské Drdhy (Czech Railways)
— Sprava Pestavby Zelezni¢niho Uzlu Praha (Administrration of
reconstruction of Prague railway junction), where he worked on
railway construction projects including the Bila Skala tunnel in the
district of Liben, Prague.

He decided to apply the experience he gathered during the
construction of railway tunnels and other projects on railways
to designing and construction of the Prague metro. From 1979
he worked in DP METROPROJEKT designing organisation in
the position of chief engineer for the Prague metro construction
project. He was in charge, for example, the design for section IIB,
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ra. Ridil napf. projekt tiseku II.B Florenc — Ceskomoravska, kte-
ry byl uspésné zkolaudovan a otevien pro provoz s cestujicimi
v roce 1990.

Po roce 1989 Metroprojekt vystoupil z organizacni struktu-
ry Dopravniho podniku hl. m. Prahy a na kratkou dobu se stal
statnim podnikem. Pfi privatizaci byl transformovan na akciovou
spolecnost a jeho majoritnim vlastnikem se stala firma Cimex
z Karlovych Vari. V roce 1996 se METROPROJEKT Praha stal
dcefinou spolecnosti SUDOP GROUP a.s. a od tohoto momentu
se stal Jifi Pokorny generdlnim feditelem spolecnosti. Tuto po-
zici zastaval do roku 2009 a za jeho vedeni se Metroprojekt stal
vyznamnou projektovou a konzultacni firmou v oboru méstské
dopravy a podzemniho stavitelstvi a rozsifil spektrum své Cin-
nosti i na obory Zelezni¢nich staveb, pozemnich staveb, speci-
dlnich technologii a dalsi, a to jak v celé CR, tak piileZitostng
i v zahranici.

Jifi Pokorny béhem své vice neZ padesatileté praxe pravidelné
udivoval své okoli energii a Zivotnim optimismem. VZdy doka-
zal své spolupracovniky nadchnout, Zadny problém pro néj nebyl
neresitelny. Nejvétsi Cast své profesni drahy vénoval projektové
pripravé staveb, zejména dopravnich. Mezi nejrozsahlejsi pro-
jekty, kde zanechal svou stopu inZenyra a posléze reditele, pat-
fila pfiprava tras metra v Praze, rekonstrukce tsekt evropskych
Zelezni¢nich koridor, modernizace tramvajovych trati, stavby
dalni¢nich a Zelezni¢nich tunelt. Mezi dalsi velké projekty rady
pozemnich staveb lze uvést Aquapark v Cestlicich, revitalizaci
aredlu Narodni knihovny v Klementinu, rekonstrukci budovy
Ceského rozhlasu na Vinohradech, nové haly Zst. Praha hlavni
nadrazi a mnoho dal$ich staveb.

METROPROIJEKT sidlil po celou dobu ptisobeni Jifiho Pokor-
ného na namésti I. P. Pavlova v Praze 2. V srpnu 2019 se prestého-
val do nové budovy AOB v Argentinské ul. v Praze 7. Jifi Pokorny
v této dobé€ ze zdravotnich diivodd ukoncil svou bohatou pracov-
ni ¢innost v Metroprojektu. Vyznamné Zivotni jubileum zastihuje
Jitiho Pokorného na zaslouzeném odpocinku. Je mi potéSenim,
Ze mohu jménem vsech spolupracovnikil a vas Ctendfl Casopisu
Tunel poprat naSemu oslavenci hlavné hodné pevné zdravi a plno
zivotni energie do dalSich let.

Ing. MIROSLAV NOVAK

ROZLOUCENI

ODESEL ING. MILAN KREJCAR
ING. MILAN KREJCAR'S DEPARTURE

V této nelehké dobé navzdy opus-
til ve véku 78 let naSi tuneldfskou
komunitu jeji dlouholety pfislusnik,
mij dobry pfitel, Ing. Milan Krejcar.
Byl aktivnhim c¢lenem CzTA, v re-
daké¢ni radé Casopisu Tunel puasobil
hned po jeho zaloZeni v roce 1992,
predtim byl Castym prispévatelem do
Zpravodaje Metro, ktery byl pred-
chiidcem nasSeho stavajiciho casopi-
su. Opakované pracoval v priprav-

Florenc — Ceskomoravsk4, which was successfully passed the final
inspection and was brought into passenger service in 1990.

After 1989, METROPROJEKT got out of the organisational
structure of Dopravni podnik hl. m. Prahy (Prague Public Transit
Company) and became for a short time a state-owned company.
During privatisation, it was transformed into a joint stock company
and the company of Cimex from Karlovy Vary became its his
majority owner. In 1996 METROPROJEKT Praha became a branch
of SUDOP GROUP a.s. and from this moment Ing. Jifi Pokorny
became Chief Executive Officer of the company. He held this
position until 2009 and, under his management, METROPROJEKT
became an important designing and consulting firm in the field of
urban transport and underground construction and expanded the
spectrum of its activities to railway construction, building, special
technologies and others, both in the whole CR and occasionally
also abroad.

During more of fifty years of his practice, Jifi Pokorny continued
to amazed the surroundings with his vigour and life optimism.
He always managed to grip his collaborators; no problem was
unsolvable for him. He devoted the largest part of his professional
career to preparation of design for construction projects, first of all
transport ones. Among the most extensive projects, where he left his
mark as an engineer and later director, was the preparation of metro
lines in Prague, reconstruction of sections of European railway
corridors, modernisation of tram tracks, construction of motorway
and railway tunnels. Among other large designs for numerous
building projects, it is possible to mention Aquapark in Cestlice,
revitalisation of the National Library grounds in Klementinum,
reconstruction of the building of Cesky Rozhlas (Czech Radio)
in Vinohrady, the new hall of the Praha Hlavni NadraZi railway
station and many other projects.

METROPROJEKT was housed in the entire period of Jifi
Pokorny’s work on I. P. Pavlova Square in Prague 2. In August
2019, it moved to a new building, AOB in Argentinskd Street in
Prague 7. At that time Jifi Pokorny finished his rich work activity
in METROPROJEKT for health reasons. The significant life
anniversary marks Jifi Pokorny on a well-deserved rest. I am
pleased that I can on behalf of all co-workers and you, TUNEL
readers, congratulate our “birthday boy” and wish him especially
a lot of good health and lot of life energy in the coming years.

Ing. MIROSLAV NOVAK

LAST FAREWELL

In this hard time, Ing. Milan Krejcar, my good friend, a long-
standing member of our tunnelling community, left us forever at
the age of 78. He was an active member of the CzTA, acting in
the editorial board of TUNEL journal just from its establishment
in 1992, frequently contributing to the predecessor of our
current journal, Metro News Magazine. He repeatedly worked
in steering committees of the Underground Construction Prague
conferences, regularly participated in the General Assemblies
and the Tunnel Afternoon events. His interest in activities of the
CzTA did not leave him even later, at the time of well-deserved

rest.



nych vyborech narodnich konferencich Podzemni stavby Praha,
pravidelné se ucastnil valnych shromazdéni a tunelarskych od-
poledni. Zajem o ¢innost CzTA ho neopustil ani pozdéji, v dobé
zaslouZeného odpocinku.

Svoje profesni pusobeni z pocitku vénoval inZenyrskogeolo-
gickému prizkumu pro podzemni stavby, coZ odpovidalo jeho
dlouholetému zajmu i vzdélani (absolvoval stfedni primyslovou
Skolu hornickou a geologickou). Ve firmach Sudop a Metropro-
jekt pracoval na projektech fady vyznamnych staveb, napt. dal-
nice D1 v tseku BeneSov — Zru¢ nad Sazavou, Zeleznice Divi-
aky — Banska Bystrica, Hranice na Moravé — Valasské Mezifici
a Trmice — Bilina.

Podilel se i na pfipravé prazského metra, v 70. letech minu-
1ého stoleti na Federdlnim ministerstvu dopravy zajistoval pro-
jektovou dokumentaci pro vystavbu dalni¢nich tunelti na Slo-
vensku. Jako hlavni technolog jiz zaniklych Vojenskych staveb
spolupracoval na projektu a piipravé dostavby III. vinohrad-
ského Zelezni¢niho tunelu v Praze, pfi¢emz vyuzil zkuSenosti
z vystavby metra prstencovou netodou (dostavba byla realizo-
vana dvéma jednokolejnymi tunely s osténim z Zelezobetono-
vych segmenti). Po névratu z dlouhodobé stdZe na podzemnich
stavbach v Japonsku dale piisobil v naSem oboru. V zavéru své
profesni kariéry pusobil na stavbé Zelezni¢niho tunelu Bfezno
u Chomutova.

Castd a vyznamn4 byla spoluprace Ing. M. Krejcara s Vyso-
kou 8kolou dopravni v Ziling a Fakultou stavebni CVUT v Pra-
ze. S kolegou MiloSem Buckem jsme se podileli na fadé jeho
projekénich aktivit, coZz pro nds znamenalo ziskdni cennych
praktickych zkuSenosti. Z této spoluprice vzesla i dvé autorskd
osvédceni Ing. Krejcara (vyuziti segmentového osténi u Zelez-
nicnich tunelll a vyuziti sklolamindtovych svorniki pfi razbé
tuneld).

Vice nez padesatileté plisobeni Ing. Milana Krejcara v ceské
tunelarské komunité nemtize byt a nebude zapomenuto. Za jeho
celoZivotni prinos pro obor podzemniho stavitelstvi mu touto
vzpominkou symbolicky dékuji jménem vsech &lentt CzTA. Cest
jeho pamaétce.

prof. Ing. JIRI BARTAK, DrSc.
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Initially, he devoted his professional work to engineering
geological survey for underground construction. It corresponded
to his long-term interest and education (he graduated from the
Technical College of Mining and Geology). He worked in the
companies of SUDOP and METROPROJEKT on designs
for numerous important projects, e.g. the D1 motorway in the
BeneSov — Zru¢ nas Sadzavou section, the Diviaky — Banska
Bilina railway lines.

He participated in the preparation of the Prague Metro; in the
1970s, at the Federal Ministry of Transport, he provided design
documents for the construction of motorway tunnels in Slovakia.
In the position of the main technology engineer at the already
cancelled company of Vojenské Stavby (military construction), he
collaborated on the design and planning for the structural addition
to the Vinohrady Railway Tunnel No. III in Prague, where he used
his experience from the construction of metro using the Ring
Method (the addition comprised two single-track tunnels with the
lining formed by reinforced concrete segments). After his return
from a long-term secondment at underground construction sites
in Japan, he continued to work in our industry. At the end of his
professional career he worked on the construction of the Bfezno
u Chomutova railway tunnel.

Ing. M. Krejcar’s frequent collaboration with the Faculty of
Civil Engineering of the University of Transport in Zilina and the
Faculty of Civil Engineering of the Czech Technical University
in Prague was also important. Together with my colleague, Milo§
Bucek, we participated in many designing activities, which meant
gaining valuable practical experience for us. This collaboration
resulted in two author certificates for Ing. Krejcar (the Application
of segmental lining to railway tunnels and the Application of
glassfibre reinforced plastic rockbolts to excavation of tunnels).

The over fifty years lasting activity of Ing. Milan Krejcar
in the Czech tunnelling community cannot and will not be
forgotten. Through this commemoration, I thank him on behalf
of all members of the CzTA for his lifetime contribution to
the underground construction engineering. Let us honour his
memory.

prof. Ing. JIRI BARTAK, DrSc.

ZPRAVODAJSTVI CESKE A SLOVENSKE TUNELARSKE ASOCIACE ITA-AITES
CZECH AND SLOVAK TUNNELLING ASSOCIATION ITA-AITES REPORTS
www.ita-aites.cz

OZNAMENI O ZMENE TERMINU KONANi VALNEHO SHROMAZDENI
CESKE TUNELARSKE ASOCIACE ITA-AITES z.S.

Vzhledem k situaci v Ceské republice v souvislosti s pandemii
COVID-19 oznamujeme viem ¢lenim Ceské tunelafské asociace
ITA-AITES z. s., Ze jeji valné shromdzdéni probéhne v novém ter-
minu ve stfedu 30. zari 2020. Bude to volebni valné shromazdéni,
protoZe jeho soucasti budou volby predsedy a ¢lent predsednictva

asociace na funkc¢ni obdobi 2020 az 2024.

Vyzvak podani navrhti na predsedu a ¢leny predsednictva i pozvan-
ka na valné shromédzdéni vcetné jeho programu bude vSem C¢lenim
asociace v souladu se stanovami zasldna v dostatecném predstihu.

Ing. MARKETA PRUSKOVA, Ph.D,
pruskova@ita-aites.cz,
generdlni sekretdi CzTA ITA-AITES
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Schopnost resit naro¢na zadani a odvaha hledat nova reseni.
Je tohle uméni? Mozna ne. Jen to dobre umime.

www.metrostav.cz
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