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Mili ¢tenari,

do nového roku je zadouci vstupovat s jistym optimismem. Pro celou spole¢nost se s velkou pravdépodobnosti z hlediska virové epidemie
jiz blyska na lepsi €asy. Soustfedénym tsilim mnoha védct, jejich spolupracovniki a nasazenim tisicti zkusebnich dobrovolniki jsou jiz k dis-
pozici t¢inné vakciny, které nepochybné umozni zvratit stav dlouhodobé v mnoha oblastech ochromujici spolecnost. I v nasi tunelarské profesi
dojde v dileZitém dopravnim segmentu Ceské republiky k oZiveni vystavby dlouhodobé stagnujici. Dosud jsme mohli jen s obdivem sledovat
prakticky nepfetrzitou vystavbu dopravnich tuneli u nasich pratel na Slovensku a velmi Gspé$né aktivity naSich stavebnich firem v zahranici.
Nekolik nasledujicich piikladd signalizuje zminény piiznivy vyvoj v CR.

Na ¢tvrtém Zelezni¢nim koridoru, kde jsou v modernizovaném useku Votice — Sudoméfice pred dokoncenim tunely Mezno a Deborec,
ukon¢ila Sprava Zeleznic vyhodnocovéni nabidek v tendru na tsek Sevétin — Nemanice. Jeho soucdsti budou i dva dlouhé tunely — Choty&an-
sky (4810 m) a Hosinsky (3120 m).

V souvislosti s blizicim se zahdjenim vystavby trasy D prazského metra byl na zacatku minulého roku zahéjen dopliikovy geotechnicky
pruzkum. Po vyhloubeni pfistupovych Sachet je realizovan razbami prazkumnych stol na ¢tyfech pracovistich v useku I.D1, tj. od stanice Pan-
kréac D do stanice Olbrachtova (1300 m). Razby, pokusné injektéZe, monitoring, geofyzikalni méfeni ispésné probihaji a ziskané poznatky, spolu s vysledky laboratornich
i polnich zkousek, budou mit pro vlastni vystavbu metra v daném tseku vyznam zcela zasadni.

Velky méstsky okruh v Brné dozna v dosud velmi problematickém tiseku komunikace Zabovteskd zasadnich prostorovych tprav, které odstrani kaZdodenni dopravni
zacpy. Podstatnou soucasti provadénych dprav bude tramvajovy tunel, jehoZ vystavba byla v soucasnosti zahdjena. Podrobnosti 1ze najit v jednom z ¢lanka tohoto ¢isla.

Na dalnici D3, v ramci obchvatu Ceskych Budgjovic, je navrzen hloubeny tunel Pohiirka (995 m). Po vice nez roénim zdrzeni, v diisledku zmény technologie vystavby
v obtiznych geologickych pomérech tfetihornich panevnich sedimentt s vysokou hladinou podzemni vody, bude letos nepochybné vystavba zahdjena. Na dalnici D35
byl dokonéen geologicky priizkum pro tunel Détfichov (3983 m) situovany pod Mlad&jovskym vrchem, ktery bude nejdel$im délni¢nim tunelem v CR. Jeho vystavba by
méla byt zahdjena v roce 2023.

Vzhledem k omezenim plynoucim z nouzového stavu bylo jednéni redakéni rady znovu organizovano korespondenénim zpiisobem. Pripominky k jednotlivym ¢lan-
kim, kromé pfipominek recenzentii, zaslala polovina ¢lent redakéni rady z organizaci CzTA a STA. Diky aktivité téchto ¢lenti se korespondenéni pribéh redakéni rady
opét osvedcil, takze vSechny ¢lanky byly vcas pripraveny k dals§imu zpracovani a publikaci v TUNELU.

Napl ¢isla 1/2021 tvoti Sest ¢lankd, které rovnym dilem zajistili autofi z firem METROPROJEKT Praha a.s. a AMBERG Engineering Brno a.s. Riznoroda a soucasné
zajimava témata jednotlivych ¢lankt — vybrané aspekty ndavrhu razenych jednokolejnych tunelii na dilcim viseku pldanovaného Zeleznicniho spojeni mezi Prahou, letistém
Viclava Havla a Kladnem (Zizka, Bednariik, Fronck), vyuziti metody BIM pri tvorbé informacnich modelii na projektu dvou stanic prazského metra D (Platil, Zenisek),
projekt a realizace bezbariérového zpristupnéni stanice Karlovo nameésti (Korejcik, Urbdnkovd, Kolevski), problematika riznych konstrukci mezistropi v systému polo-
pricného vetrdni u Krdlovopolskych tunelii (Hordk), projektové reSent tramvajového tunelu na Velkém méstském okruhu v Brné (RoZek) a sanace 150 let starého Zeleznic-
ntho tunelu Reicholzheim v SRN (RoZek) — si nepochybné najdou své ctendfe, kterym mohou poskytnout zabavu i pouceni.

Za celou redak¢ni radu vSem odbératelim a ¢tenafim TUNELU, ktery letosnim ro¢nikem dospél ke svym tficatinam, pfeji do zacinajiciho roku a blizicich se lepSich
Casti zdravi, osobni pohodu a pracovni ispéchy.

prof. Ing. JIRI BARTAK, DrSc.,
predseda redakcni rady

Dear readers,

It is desirable to enter the new year with some optimism. It is with high probability that flashing for better times from the point of view of the viral epidemic is already
coming for the entire society. Owing to the concentrated efforts of many scientists, their collaborators and hard work of thousands of testing volunteers, effective vaccines
are already available, which will undoubtedly reverse the state in the long run in many areas of the crippling society. The long time stagnating development will be
recovered even in our tunnel construction profession in the transportation segment so important for the Czech Republic. So far, we could only follow with admiration
the virtually uninterrupted construction of transportation tunnels at our friends in Slovakia and the very successful activities of our construction companies abroad. The
following several examples signal the above-mentioned favourable development in the CR.

On the fourth railway corridor, where there are the Mezno and Debore¢ tunnels before completion in the Votice — Sudoméfice section being modernised, Sprava
Zeleznic (Railway Administration) has finished the evaluation of bids in the tender for the Sevétin — Nemanice section. Two long tunnels, the 4810m long Chotyéany and
3120m long Hosin, will also be parts of the section.

In connection with the upcoming start of the construction of the Prague metro line D, complementary geotechnical investigation commenced at the beginning of 2020.
It is being carried out after the excavation of access shafts at four working places in the I.D1 section, i.e. from Pankric D station to Olbrachtova station (1300m). The
underground excavation, trial grouting, monitoring and geophysical measurements proceed successfully and the obtained knowledge, together with results of laboratory
and in-situ tests, will be of fundamental importance for the actual construction of the metro in the given section.

The Large City Circle Road in Brno will undergo fundamental spatial modifications in the still very problematic section of the Zabovieska road, which will eliminate
daily traffic jams. The tram tunnel, the construction of which has just commenced, will be a substantial part of the modifications. Details can be found in the papers
published in this journal issue.

The Pohtirka cut-and-cover tunnel (995m) is proposed for the D3 motorway within the framework of the Ceské Budg&jovice by-pass road. The construction will
undoubtedly begin after a more than a year long delay caused by a change in the construction method in difficult geological conditions formed by Tertiary basin sediments
with a high level of the water table. On the D35 motorway, a geological survey was completed for the Détfichov tunnel (3983m) located under Mladéjovsky Vrch hill. It
will be the longest motorway tunnel in the Czech Republic. Its construction should begin in 2023.

With respect to the limitations following from the state of emergency, the meetings of the Editorial Board were again organised by the way of correspondence.
Comments on individual papers, apart from the comments by reviewers, were sent by half of editorial board members from the CzTA and STA. Owing to the activity of
these members, the correspondence system of the editorial board work proved itself again, and all papers were prepared in time for further processing and publication in
TUNEL journal.

The content of issue 1/2021 consists of six papers, which were provided in equal parts by authors from the companies of METROPROJEKT Praha a.s. and AMBERG
Engineering Brno a.s. The following diverse and, at the same time, interesting topics of individual papers — selected aspects of the design of single-track cut-and-cover
tunnels on a partial section of the planned railway link between Prague Viclav Havel Airport and Kladno (Zizka, Bednarik, Fronck), the use of the BIM method in
developing information models for the design of two Prague metro D line stations (Platil, Zenisek), construction of barrier-free access to Karlovo Namésti metro station
(Korejcik, Urbdnkovd, Kolevski), problems of various structures of intermediate deck slabs in the system of semi-transverse ventilation in the Krdlovo Pole tunnels (Hordk),
the design solution to a tram tunnel on the Large City Circle Road in Brno (RoZek) and rehabilitation of the 150-year-old Reicholzheim railway tunnel in the BRG (RoZek)
— will undoubtedly find their readers to whom they can provide amusement and enlightenment.

On behalf of the entire editorial board, I wish all the subscribers and readers of TUNEL journal, which has just reached the age of thirty years, good health, personal
well-being and work success to the beginning of the year and the upcoming better times.

prof. Ing. JIRI BARTAK, DrSc.,
Chairman of Editorial Board
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VAZENE KOLEGYNE A KOLEGOVE,
CTENARI CASOPISU TUNEL,

jsem velice rad, Ze vas mohu pozdravit jménem spole¢nos-
ti METROPROJEKT Praha u piileZitosti naseho 50. vyroci
a krétce pripomenout nasi historii z pohledu navrhovéni a vy-
stavby tuneld.

Vznik spolecnosti tizce souvisi s rozhodnutim o vystavbé
metra v hlavnim mésté tehdejsi CSSR. V kvétnu 1971 byl
zaloZen nas piimy predchtidce, projektovy dstav DP Metro-
projekt. Byl povéfen funkci generalniho projektanta metra

DEAR COLLEAGUES,
TUNEL JOURNAL READERS,

I am very glad that I am allowed to greet you on behalf of
METROPROJEKT Praha, a.s., on the occasion of our 50"
anniversary and briefly recall our history from the tunnel design
and construction point of view.

The foundation of the company is closely related to the decision
to build a metro in the capital of the then Czechoslovak Socialist
Republic. Our direct predecessor, the DP Metroprojekt designing
institute, was founded in May 1971. It was entrusted with the
function of the general designer for the Prague Metro with the

s cilem co nejrychleji zpracovat projektovou dokumentaci aim of preparing the design documents as fast as possible for the

pro zahajeni realizace moderni méstské podzemni rychlodra- start of the construction of a modern urban rapid underground transit system.

hy. Pavodné stitni firma prosla po roce 1989 tspésné privatizaci i fadou After 1989, the originally state-owned company successfully underwent

organiza¢nich zmén a7 do sou¢asné podoby samostatné akciové spolec- privatization and a number of organizational changes and was transformed

nosti, tvofici souéést skupiny SUDOP Group. into the current form of an independent joint-stock company, forming part of
the SUDOP Group a.s.

Jiz tii roky po vzniku Metroprojektu se vefejnosti predstavuje prvni
provozni tsek metra Sokolovska — Kacerov na trase C. Uplatnily se zde
moderni technologie vystavby, jako razba tunelu na plny profil (prs-
tencova metoda s pouzitim nemechanizovanych $titl), vystavba stanic

Already three years after the foundation of the company of Metroprojekt,
the first operating section of the Sokolovska — Kacerov Metro Line C was
introduced to the public. Modern construction techniques were used here,
such as full-face tunnelling (the ring method using non-mechanised shields),

v hlubokych stavebnich jamach, zajiSténych pilotovymi nebo milansky- construction of stations in deep construction pits braced by pile walls or
mi sténami, nebo vystavba stanice 1. P. Pavlova v tizkém uli¢nim profilu diaphragm (Milan) walls, or construction of the IP Pavlova station in a narrow
technologii ,,cut and cover*. street profile using the cut-and cover method.

Dal3i pokrok v uplatnéni modernich tunelovacich metod, v¢etné né- Further progress in the application of modern tunnelling methods, including

ro¢nych tiseki pod Vltavou, raZenych trojlodnich stanic apod., nasleduje demanding sections under the Vltava, mined three-vault stations, etc., followed
na trasich A (1978) a B (1985). Prvni useky viech ti tras jsou dodnes on Lin.es A (1978) 2'md B (1.985). The ﬁ.rst sections f)f all three lines are still
cenény i pro kvalitni a nadéasovy architektonicky navrh. appremate(_l for quality and ti meless archlte_:ctural design. )

Obdobi po roce 1989 prinasi do spolenosti nezbytné prizpiisobent The period after 1989 brings to the society the necessary adaptation to the

dminkam trni ek ikv. Vefeing i . .. X doc conditions of a market economy. Public investment, including the metro, is
podminkdm trZni ekonomiky. Vefejné investice véetné metra jsou docas- temporarily checked. Metroprojekt responded by streamlining the team and

né utlumeny, Metroprojekt reaguje zeStihlenim kolektivu a rozsifenim expanding the range of its services to all spheres of transportation projects and

spektra svych sluzeb do vSech sfér dopravniho stavitelstvi a do pozem- building and industrial structures.

nich a primyslovych staveb. Railway projects, especially the modernisation of corridors (tunnels in
Vyznamnym oborem c¢innosti se stdvaji Zelezni¢ni projekty, zejména the Ceskd Trebova — Zabreh, BeneSov — Tibor and other sections) became

modernizace koridord (tunely v tsecich Ceska Trebové — Zabieh, Bene- an important field of our activity. Designs for a number of motorway and

Sov — Tabor a dalgf). Jsou zpracovany i projekty fady dalni¢nich a mést- urban tunnels were also prepared. In addition, Metroprojekt also specialises

in designing more complex equipment of tunnels and underground workings.

When designing other sections of the Prague metro, tunnellers from
Metroprojekt came up with other significant innovations in underground
construction. The New Austrian Tunnelling Method (NATM), now categorised
as a conventional tunnelling method, was implemented in the Czech Republic

skych tunelti a Metroprojekt se specializuje i na navrhovani ¢im dal slozi-
t&jSiho technologického vybaveni téchto podzemnich dél.

Pii navrhovani dalSich tsekt prazského metra pfisli tunelafi z Met-
roprojektu s dal§imi vyznamnymi inovacemi v podzemnim stavitelstvi.

Novd rakouska tunelovaci metoda (NRTM), dnes jiz fazena mezi kon- for the first time in the tunnels of the Kolbenova B — Hloubétin — Rajska
vencni zpiisoby tunelovéni, byla v CR poprvé realizovina v tunelech Zahrada section (brought into service in 1998). In 2004, a section of Line C was
useku trasy B Kolbenova — Hloubé&tin — Rajska zahrada (otevieni 1998). brought into service with an original solution of immersing tunnel segments
V roce 2004 byl do provozu uveden tusek trasy C s origindlnim feSe- floated into the Vltava River from riverside cofferdams, which even achieved
nim naplavovanych tunelii pod Vltavou, ktery dosihl i na mezinarodni an international appreciation. For the first time in the Czech Republic, driving

ocenéni. Na prodlouzeni trasy A do Motola byla poprvé v CR navriena of linear tunnels with a modern Earth Pressure Balance tunnel boring machine
razba tratovych tuneld modernim zeminovym $titem (EPBS). Po otevieni (EPEM TBM) was proposed to extend Line A to Motol, However, after the

useku Dejvickd — Motol v roce 2015 vSak nastala zatim nejdelsi stavebni inauguration of the Dejvickd — Motol section in 2015, so far the longest
VI construction break occurred in the development of the Prague metro network.
pomlka v rozvoji sit€ prazského metra.

g T o oy . L Our design for the Third Diameter of the metro in Sofia, a part of which runs
Za zminku jist€ stoji i nas projekt tietiho diametru metra v Sofii, jehoZ  pelow the city centre was brought into service in August 2020, is certainly also

¢ast pod centrem mésta byla uvedena do provozu v srpnu 2020. worth mentioning.
Tolik z padesatileté historie. A co pfipravujeme pod zemi pro budouc- So much from the 50 years of history. And what are we preparing
nost? Na prahu realizace jsou dva nase aktudlné nejveétsi projekty. underground for the future? Two of our currently largest designs are on the
Ctvrtd linka praZského metra, tsek I.D Namésti Miru — Depo Pisnice ~ threshold of implementation.
bude nova zejména svym technologickym vybavenim. Vlaky zde budou The fourth line of the Prague metro, section I.D Namésti Miru — Depot

Pisnice will be new mainly due to its equipment. Trains will run here

jezdit automaticky, bez fidice, a pokud jde o vystavbu tuneld, navrhujeme . . . ; >
automatically, without a driver. Regarding the tunnel excavation, we are also

i zde jako hlavni technologii strojni raZbu TBM. Druhm je projekt Zelez- proposing TBM mechanical driving here as the main tunnelling method. The

nlcnlhf) Sliojefn Praha - Letlste N Kladr}o, ktery Zahrr’lllje Vlcle:vnf:z 3 l.(m second is the design for the Prague — Airport — Kladno railway connection,
dlouhy raZeny tunel Dejvice — Veleslavin a podzemni Zelezni¢ni stanice which includes the more than 3 km long mined tunnel Dejvice — Veleslavin

Praha Dejvice a Praha LetiSt¢ s navazujicimi hloubenymi dseky. and the Prague Dejvice and Prague Airport underground railway stations with
Pro vzdalenéjsi vyhled se kone¢né rozbéhla i piiprava posledni ¢asti adjacent cut-and-cover sections.

prazského méstského okruhu Pelc-Tyrolka — Stérboholy, na které se rov- For a more distant outlook, the preparation of the last part of the Prague City

n&Z podilime. Circle Road, the Pelc-Tyrolka — Stérboholy, in which we also participate, has

Tolik mij tvodnik za firmu Metroprojekt. Budu rad, kdyZ se nyni ~ finally got underway. ‘ . . o
zaCtete do odbornych piispévkld mych kolegl i dal§ich f?\;[) nuen ! Okr r‘r;y ]'eﬁ(:)mgh artlclf_rfon o st cgmpartlly
odbornik. Chci ujistit vSechny naSe obchodni pidtele of Metroprojekt. 1 wi'l be happy 1 you now start reading the
a partnery, 7 pravé se zivazkem padesitileté professional contributions of my colleagues and other experts.

isp&né histori e i velmi vazd I want to assure all our business friends and
uspesne ,1St(?rle Spo f,:cnos,t.l St velmt Vaz,np partners that it is with the commitment of a
dosavadniho i budouctho zajmu o spolupraci. fifty-year successful history of the company

Ing. DAVID KRASA, that I highly appreciate the current and future

. interest in collaboration.
generalni reditel METROPROJEKT Praha a.s.
General Manager of METROPROJEKT Praha a.s.
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VAZENI CTENARI!

Po tiech letech se mi dostalo opét cti podilet se na ivodniku
naseho casopisu. Podobné jako vSichni ostatni vstupujeme do
roku 2021 s velkym ocekdvanim, ale i s jistymi obavami. Pra-
vé zacinajici rok bude z hlediska fungovani trhu nejen pod-
zemnich staveb velmi vyznamny, miiZze vSak byt i zlomovy.
Pokles globalni ekonomiky, zptisobeny celosvétovou pande-
mii, opakovany lock down, nutny home office a dalsi omezu-
jici opatieni v minulém roce nds, tedy projekcni a inZzenyrské
kancelafe, zatim nijak vyznamné nepostihly. Ukézalo se, Ze
v nasem oboru je mozné pracovat efektivné i tzv. na délku,
bez pfimych osobnich kontakti. I nasi obchodni partnefi a ze-
jména statni sprava jako nejvétsi a v podstaté jediny investor tunelovych
staveb se tomuto trendu pfizplsobili. Pocatecni obavy nds projektantd,
jak to bude fungovat, se tak ukazaly nastésti jako liché. Pandemie v tomto
ptipadé vyrazné posilila a urychlila postup globalni digitalizace prakticky
ve vSech oborech, tedy fenoménu poslednich nékolika let. Ale ruku na
srdce, osobni kontakty jsou nenahraditelné a uplné odosobnéni naSich
standardnich projek¢nich Cinnosti ma rovnéz svoje uskali, rizika a za-
pory, a ackoliv miZe byt tento styl prace jakkoliv efektivni, nemél by
byt podle mého ndzoru cilem a tim ,,pravym ofechovym®, ke kterému
bychom méli sméfovat. Jisté to pocitujete i vy, Ctendfi.

Spole¢nost AMBERG Engineering Brno, a.s., stejné jako ostatni firmy
skupiny AMBERG Group, prochdzi urcitou restrukturalizaci pravé z da-
vodu probihajici digitalizace prakticky vSech procest nejen v pripravé
staveb, ale i v celé spoleCnosti. S tim souvisi samoziejmé pouZivani no-
vych a sofistikovanéjsich SW, tplné jiny styl prace s daty projekti, zmé-
na mysleni projektanta apod. Modelovéani ve 3D jako zaklad pro tvorbu
naslednych standardnich vykrest a koordinaci vSech specializaci se stalo
jiZz béZnym nastrojem projektovani. Pomalu ale jist¢ tim sméfujeme ke
globalni metodé€ projektovani BIM. Pocéte¢ni nadseni, da-li se to tak na-
zvat, a optimistické proklamace pred nékolika lety, Ze v roce 2023 jiz bu-
dou nejen legislativné pouze BIM-projekty, jiz ponékud opadlo a vratili
jsme se nastésti vice do reality. InZenyrské stavby a tunely zvIast jsou pro
metodu BIM zatim velkym ofiSkem, na rozdil od pozemnich staveb, kde
je tato metoda projektovani nesrovnatelné dal a vyrazné pouZitelnéjsi. 3D
modelovani se v§emi vyhodami a aspekty vyuZitelnosti tedy jednozna¢né
ANO, ale uplné a ¢ist¢ BIM-projekty v naSem oboru zatim jesté NE.

Ve spolupréci s kolegy z AMBERG Engineering AG ve Svycarsku se
naSe brnénska pobocka i nadéle podili na projektech podzemnich staveb
v celé Evropé, zde zmifiuji uspésné pokracujici stavbu Brennerského ba-
zového tunelu, projekty ve Svédsku a Norsku (Hamnabanan a Forbifahrt
ve Stockholmu, Goteborg Haga a Korswagen, Bybana Bergen), projekty
rekonstrukci némeckych tuneld Cornberg a Rudersdorf, metro US v Mni-
chové nebo novou razbu tunelu Riedberg ve Svycarsku, situovaného do
obrovského skalniho sesuvu.

Z domécich vyznamnych regionélnich zakazek spole¢nosti AMBERG
Engineering Brno, a.s. chci zminit prvni raeny tramvajovy tunel v CR na
stavbé VMO Zabovieska, ktery se letos zaéne kone&né razit, rekonstrukci
Zelezni¢niho Podhradského tunelu a ve spolupraci se SUDOP a.s. pravé
zacinajici projekt rekonstrukce Vinohradskych tunelt v Praze. Po néko-
lika letech byl rovnéz ozZiven projekt pokra¢ovani VMO v Brné — Vino-
hradsky tunel pod sidlistém Vinohrady, kde spole¢né s firmou PK Ossen-
dorf zpracovavame aktudlné dalsi studii proveditelnosti, snad jiz findlni
verzi. V leto$nim roce by mél byt rovnéZ odstartovan projekt pro tizemni
fizeni dalSiho tramvajového tunelu v Brné v sidlisti Bystrc. Velkym plu-
sem regionalnich tunelovych projekénich zakazek, a to nejen nasich, je
skute¢nost, Ze vlibec jsou a Ze investi¢ni piiprava liniovych staveb nebyla
zbrzdéna ¢i pozastavena jako pii minulé finan¢ni krizi. Nésledky tehdej-
$iho pozastaveni piipravy staveb pocituje celd republika do dne$niho dne.
Na druhé stran¢ vSak administrativni zatéZ a neustile se ménici legis-
lativni dzungle, vazici se k projektové ¢innosti, znamenaji
ve srovnani s ostatnimi zemémi nejen v Evropé neimérné
dlouhou dobu pfipravy. Nezbyva nam tedy nez doufat, Ze
novy ,.liniovy zékon“ a pfipravovana novela stavebniho za-
kona tyto lhity pfipravy zkrati a proces projektovani snad
i zjednodusi. Jsem nebo nejsem
prehnany optimista?

Zdat Buh.

Ing. VLASTIMIL HORAK,

Tuel

DEAR READERS,

After three years, I have again the honour of writing a leading
article of our journal. Like everyone else, we are entering 2021
with great anticipation, but also with some apprehension. The
just beginning year will be very important not only in terms of
the functioning of the underground construction market. It can
also become a turning point. The decline in the global economy,
caused by the global pandemic, the repeated lock down, the home
office working system required and other restriction measures,
experienced last year in our designing and engineering offices,
have not affected us significantly yet. It turned out that in our
field it is possible to work effectively even remotely, without
direct personal contacts. Even our business partners and especially the state
administration, as the largest and essentially the only client in the field of
tunnel construction, have adapted to this trend. Fortunately, the initial concerns
of us designers about how it would work turned out to be odd. In this case,
the pandemic significantly strengthened and accelerated the process of global
digitisation in virtually all fields, which is a phenomenon of the last several
years. But hand on heart, personal contacts are irreplaceable and complete
depersonalisation of our standard designing activities has also its pitfalls, risks
and weak points and, even though this style of work may be as effective as it s,
it should not be, in my opinion, the goal to which we should be directed. I am
sure that you, the readers, feel it too.

AMBERG Engineering Brno, a.s., as well as the other companies of
AMBERG Group, is undergoing certain restructuring just for the reason of
the ongoing digitization of practically all processes not only in the preparation
of construction projects, but also in the whole company. Of course, the use
of new and more sophisticated software, the completely different style of
working with project data, the changes in thinking of designers etc. are related
to it. 3D modelling as a base for creation of following standard drawings
and coordination of all specialised work has already become a common
designing tool. In this way, we are, slowly but surely, moving towards the
global BIM designing method. The initial enthusiasm, if we can call it that,
and the optimistic proclamation made a few years ago that in 2023 there will
be only BIM-projects, not only legislatively, has already somewhat waned
and, fortunately, we have returned more to the reality. Civil engineering
construction, especially tunnels, poses big problems for the time being in
contrast to building construction, where this designing method is incomparably
further and significantly more applicable. It means unambiguous YES for 3D
modelling with all advantages and aspects of usability, but NO, for the time
being, for complete purely BIM designs in our engineering field.

In collaboration with colleagues from Amberg Engineering AG in
Switzerland, our Brno branch continues to participate in designing for
underground construction projects all over Europe; here I mention the
successfully continuing construction of the Brenner Base Tunnel, projects in
Sweden and Norway (Hamnabanan and Forbifahrt in Stockholm, Goteborg
Haga and Korswagen, Bybana Bergen), designs for reconstruction of the
Cornberg and Rudersdorf tunnels in Germany, the U5 underground line in
Munich or the new excavation of the Riedberg tunnel in Switzerland, which is
located in a huge rock slide.

From AMBERG Engineering Brno, a.s., significant domestic regional
orders, I want to mention the first mined tramway tunnel in the CR located on
the Zabovieska Large Ring Road, the excavation of which fill finally start this
year, the reconstruction of the Podhradsky rail tunnel and, in collaboration with
SUDOP a.s., the just beginning Vinohrady tunnels in Prague reconstruction
project. After several years, even the project on the continuation of the Large
City Ring Road in Brno, the Vinohrady tunnel under Vinohrady housing estate,
where we are currently working jointly with PK Ossendorf on another, hopefully
already last, feasibility study. The zoning process for another tramway tunnel
in Brno, in the Bystrc housing estate, should in addition be launched this year.
The fact that the investment planning for linear construction projects has not
been hampered or suspended as it had been during the previous financial
crisis is a significant plus of regional tunnel design orders, not only our own.
The consequences of the then suspension of construction planning processes
are felt by the whole republic to this day. On the other hand, in comparison
with the other countries not only in Europe, the administrative
burden and permanently changing legislative jungle relating
/ to engineering activities mean disproportionally long duration
of planning. We can but hope that the new “Linear Law” and
the amendment to the Building Code being under preparation

will reduce the planning terms and

will, possibly, make the designing

process even simpler. Am I or I am

not an exaggerating optimist?
God speed you.

¢len predstavenstva a reditel AMBERG Engineering Brno, a.s.
Board Member and Director of AMBERG Engineering Brno, a.s.
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ZELEZNICE NA LETISTE - STRESOVICKE TUNELY
RAILWAY TRACK TO AIRPORT — STRESOVICE TUNNELS

ZDENEK ZIZKA, KAMIL BEDNARIK, MICHAL FRONEK

ABSTRAKT

Prispévek se zabyvd ndvrhem dvou raZenych jednokolejnych tunelit pod StreSovicemi na novém Zeleznicnim spojeni mezi Prahou,
letistém Viclava Havla a Kladnem. Tunely méri priblizné 3,2 km a jsou soucdsti 5,7 km dlouhého tunelového komplexu mezi zastdvkou
Praha-Vystaviste a Zeleznicni stanici Praha-Veleslavin. Vzhledem k vedeni trasy v intravildnu byla navrZena trasa tunelii s co nejvyssim
nadloZim, aby bylo mozné efektivné eliminovat vliv stavby i pozdéjsiho provozu na okoli a obyvatele. Cldnek nejprve pojedndvd o historii
pripravy projektu, kterd se datuje jiz k roku 1999, a diskutuje jednotlivé ndvrhové varianty vytvorené v minulych letech. Ndsledné se cldnek
zaméruje na problematiku Siteni vibraci z provozu Zeleznicniho tunelu do okoli, kterou analyzuje na zdkladé méreni provedenych na Ejpo-
vickych tunelech. V poslednich Cdstech se cldanek vénuje technickému teSent tunelit a ndvrhu podchodu plnoprofilovymi tunelovacimi stroji
pod vjezdovou rampou do tunelu Brusnice (soucdst tunelového komplexu Blanka) v ulici Svatovitskd. Pro umoznéni podchodu tunelovacich
strojii je navrZeno zajisténi rampy metodou tzv. pipe-roofingu.

ABSTRACT

This paper discusses the design of two mined single-track tunnels under Stresovice on the new railway link between Prague city centre,
Prague Viclav Havel Airport and the city of Kladno. StreSovice tunnels are approximately 3.2km long and form a part of a 5.7km long tunnel
complex between Praha-Vystavisté railway station and Praha-Veleslavin railway station. Due to the route alignment passing underneath an
urban area, the alignment was selected with the overburden as high as possible to effectively eliminate the impact of the construction and later
operation of the tunnel on the surroundings and the residents. The paper first discusses the history of the design preparation, which dates back
to 1999, and discusses various design variants developed in the previous years. Subsequently, the paper is focused on problems of propagation
of vibrations induced by the operation of a rail tunnel to its surroundings, which it analyses based on measurements conducted in the Ejpovice
tunnels. In the last parts, the paper is dedicated to a technical solution of crossing underneath the entrance ramp of the Brusnice tunnel (part
of Blanka complex of tunnels) in Svatovitskd Street using full-face tunnelling machines, TBMs. The so-called pipe-roofing method is designed
for the support of the excavation so that the construction of the crossing structure is possible.

1U0voD

Zakladnim cilem projektu Zelezni¢niho spojeni Praha — Letisté
— Kladno (dale ,,PLK") je rychlé kapacitni spojeni mésta Kladna
s Prahou a pfimé Zelezni¢ni spojeni letiSté¢ Vaclava Havla s cent-
rem Prahy. Za jednozna¢nou vyhodu Zelezni¢niho napojeni letisté
oproti alternativnim feSenim (metro, tramvaj, vlakotramvaj apod.)
je povazovan synergicky efekt spojeni centra Prahy s Kladnem,
s odbockou na letiSte.

Projekt byl v riznych modifikacich a s riznou podrobnosti jiz
nékolikrat zpracovavan, aby byl vzapéti zastaven, obvykle z di-
vodu vysokych finan¢nich nakladd. Projekt se vyznacuje vysokou
narocnosti na pfipravu, a to predevSim z hlediska moZznosti pro-
jednani jak v rdmci orgdnd samospravy a statni spravy, tak s verej-
nosti. Jeho aktudlni podoba, stadium pripravy a ocekavané terminy
vystavby jsou znazornéné v obr. 1. Celkové investi¢ni ndklady pro-
jektu PLK jsou odhadovany na 36 mld. K¢. V ramci projektu budou
zhotoveny nésledujici tunelové stavby:

* 1,7 km dlouhy hloubeny dvoukolejny tunel v tseku Praha-Vy-

stavi§té — Praha-Dejvice;

* hloubena stanice Praha-Dejvice s napojenim na vestibul stani-
ce metra Hrad¢anska;

* 3,8 km dlouhé tunely mezi stanicemi Praha-Dejvice a Praha-
-Veleslavin (z toho 3,2 km dlouhd dvojice jednokolejnych tu-
neld razenych metodou TBM);

¢ hloubené stanice Praha-Veleslavin, Praha-Dlouha Mile a Pra-
ha-Letisté Vaclava Havla;

e 3,5 km dlouhy hloubeny dvoukolejny tunel v tseku Letisté
Viclava Havla — odbocka Jenecek (tzv. projekt zaokruhovani).

1 INTRODUCTION

The basic objective of the project for the Prague — Airport —
Kladno rail connection (hereinafter referred to as the PAK) is to
provide a rapid high-capacity connection between Kladno and
Prague and direct connection of the Vaclav Havel Airport with
the Prague downtown. The unambiguous advantage of the railway
connection to the airport, in contrast to alternative solutions (metro,
tram, tram-train etc.), is considered to lie in the synergy effect of
the interconnection between the Prague downtown and Kladno,
with the branch to the airport.

The project has already been prepared several times in various
modifications and with various degrees of detail, to be regularly
cancelled, usually due to high investment costs. The project is
characterised by a high level of preparation effort, especially
in terms of achieving acceptance, both by the local government
and the state administration bodies, as well as by the public. Its
current appearance, preparation stage and expected construction
deadlines are presented in Fig. 1. The total investment costs of the
PAK project are estimated at CZK 36 billion. The following tunnel
structures will be constructed within the framework of the project:

* a 1.7km long cut-and-cover double-track tunnel in the Praha-
Vystavisté — Praha-Dejvice section;

e the Praha-Dejvice cut-and-cover station linking to the
Hradc¢anska metro station concourse;

e 3.8km long tunnels between Praha-Dejvice and Praha-
Veleslavin stations (of this length, a 3.2km long pair of single-
track tunnels to be driven using the TBM method);

e the Praha-Veleslavin, Praha-Dlouha Mile and Praha-Vaclav
Havel Airport cut-and-cover stations;



30. rocnik - €. 1/2021

Zaokruhovani spojeni Letisté
Véclava Havla do trati Praha
- Kladno

Linking the Vaclav Havel
Airport rail line to the Praha -
Kladno rail line

ZP tender design

Modernizace trati Kladno -
Kladno-Ostrovec

Modernisation of Kladno -
Kladno-Ostrovec rail track

Modernizace trati Praha-
Ruzyné - Kladno-Ostrovec
Modernisation of Praha-Ruzyné
- Kladno-Ostrovec rail line

-1 14

Doba cesty z Masarykova nadrazi...
Duration of the way from Masaryk station...

na Vlitavskou (metro C) za 2,5 min. to Vitavska (metro C) in 2.5 minutes
na Vystavisté za 3,5 min. to Vystavisté in 3.5 minutes

na Hrad¢anskou za 7,5 min. to Hrad¢anska in 7.5 minutes

na Leti$té Vaclava Havla za 27 min. to Vaclav Havel Airport in 27 minutes
do Kladna za 30 min. to Kladno in 30 minutes

Praha-Veleslavin - Praha-
Letisté Vaclava Havla
Praha-Veleslavin - Praha-
Vaclav Havel Airport

Modernizace trati Praha-Bubny
- Praha-Vystavisté
Modernisation of Praha-Bubny
- Praha-Vyst

Modernizace a dostavba Zst.
Rekonstrukce Negrelliho Masarykovo nadrazi )
viaduktu Modernisation of Masaryk rail
Reconstruction of Negrelli station
viaduct

Obr. 1 Situace zndzorniujici jednotlivé tseky projektu Zelezni¢niho spojeni Praha — Letisté — Kladno, aktudlni stadium pripravy a ocekdvané terminy vystavby

k listopadu 2020

Fig. 1 Layout showing individual sections of the Prague — Airport — Kladno rail link, the current stage of preparation and expected construction deadlines as

of September 2020

2 NOVODOBA HISTORIE PRIPRAVY PROJEKTU

V dokumentacich zpracovavanych v letech 1999-2005 byla sle-
dovana investicné méné narocna varianta povrchova. V nasleduji-
cich letech, s ohledem na redlnost projednani navrhu zejména na
MC Praha 6, bylo hleddno nadstandardni feseni v podobé zahlou-
bené trasy. V ramci ,, Aktualizace pripravné dokumentace 03/2009
Modernizace trati Praha — Kladno s pripojenim na letisté Ruzyné,
I Etapa“ byla vypracovina tzv. HLOUBENA varianta. Piiprava
byla pozastavena ve fazi nedokonceného projedndni. Price na pro-
jektu byly obnoveny studii proveditelnosti v letech 2012-2015,
ktera méla nalézt variantu pro podstatné zkvalitnéni Zeleznic¢ni do-
pravy mezi Prahou a Kladnem a s napojenim LetiSté. Po projednani
studie proveditelnosti byla zpracovana aktualizace této studie, kte-
rd byla 7. 7. 2015 na centralni komisi Ministerstva dopravy (déle
CK MD) schvilena a k dalsi ptipravé byla vybrana plné€ dvojkolej-
na elektrifikovana varianta oznacovana jako R1spés. Na zakladé
rozhodnuti CK MD pfistoupila Sprava zeleznic k rozdé€leni celého
projektu do Sesti dil¢ich staveb. V navazujicim textu je popisovana
ptiprava dil¢iho useku stavby ,, Modernizace trati Praha-Vystavisté
(mimo) — Praha-Veleslavin (mimo)“.

2.1 Usek Dejvice - Veleslavin

V roce 2015-2016 byla zpracovédna technicko-ekonomicka stu-
die. Studie hledala nejvhodnéjsi vedeni trasy, zejména s ohledem
na vySku nadlozi ve vazbé na geologickou stavbu tizemi a na za-
stavbu nad trasou. Studii byla vybrana k dalsi projekcni piipravé
varianta V3 — s dlouhymi tunely raZenymi pod StfeSovicemi plno-
profilovym tunelovacim strojem.

V obdobi 07/2018-01/2021 probihaly prace na zpracovani do-
kumentace pro tizemni fizeni. V okoli Fyzikélniho dstavu AV CR
byl proveden geotechnicky pruzkum, na jehoz zékladé byl namo-

delovédn a posouzen vliv vibraci od podzemniho vedeni varianty

¢ a 3.5km long double-track cut-and-cover tunnel in the Vaclav
Havel Airport — Jenecek branch (the so-called “circle closing”
project)

2 MODERN HISTORY OF PROJECT PREPARATION

In the design developed in the years 1999-2005, a cheaper, at-
grade variant was followed. In the subsequent years, in order to
secure acceptance, especially by the Prague 6 district, an above-
standard solution in a form of a subsurface route was sought. The
so-called CUT-AND-COVER variant was developed within the
framework of the work on “Updating the 03/2009 preparatory
documents for the Modernisation of the Prague — Kladno rail line
with connection to the Ruzyné airport, Stage I’. The preparation was
suspended without finishing the acceptance process of the project
by the authorities. The work on the project was renewed through
the feasibility study in 2012-2015, which was done to find a variant
for a substantial increase in the quality of rail transport between
Prague and Kladno, with a link to the airport. After completion of
the acceptance of the feasibility study by the authorities, update of
the previous study was carried out. It was approved by the Central
Committee of the Ministry of Transport (hereinafter referred to as
the CC MT) on the 7 July 2015 and the fully double-track electrified
variant marked as R1expr was chosen for further preparation. Based
on the CC MT decision, the Railway Administration proceeded
and divided the whole project into six partial construction projects.
In the following text, there is a description of one partial section
of the project which is referred to as , Modernisation of the
Praha-Vystaviste (excluding) — Praha-Veleslavin (excluding) rail
line”.
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Obr. 2 Podélny prevySeny rez se zobrazenim vysky nadloZi nad temenem kolejnice — varianta JIH
Fig. 2 Exaggerated longitudinal section showing the overburden height above the top of rail - SOUTH variant

V3 na objekty Fyzikalniho tstavu. Vzhledem k pfedem danym li-
mitim drovné vibra¢niho ruseni byla navrzena opatfeni spocivajici
v zajiSténi tlumeni vibraci a v odsunu trasy o cca 110 m severnim
smérem. PredloZena varianta je dale oznacovéana jako varianta ra-
Zend SEVER.

Na zaklad¢ podnéti vefejnosti z pocatku roku 2019 a nasled-
ného usneseni zastupitelstva MC Praha 6 byla provéiena tprava
trasy razené Casti tuneld. Ta méla za tkol eliminovat dopady do
geologicky sloZité oblasti v blizkosti aredlu vodojemu Bruska
a mé¢la minimalizovat vliv na stdvajici zastavbu. Projektant navr-
hl a na drovni studie provéfil novou variantu, ddle oznacovanou
jako varianta razend JIH, v blizkosti tuneld MO Blanka a ulice

2.1 Dejvice - Veleslavin section

The technical-economy study was carried out in 2015-2016. It
sought the most suitable route, especially concerning the height
of the overburden in relation to the geological structure of the
area and the development of the above-mentioned route. The V3
variant was selected for further design preparation by the study —
with long tunnels driven under StfeSovice using a full-face tunnel
boring machine

In the 07/2018-01/2021 period, the work proceeded on
preparation of the design documents for the preliminary
design stage. Geotechnical investigation was carried out in the
surroundings of the Physical Institute of the Czech Academy
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Obr. 3 Situace zndzoriiujici jednotlivé varianty FeSeni tunelového tiseku Praha-Dejvice — Praha-Veleslavin (Cervend — varianta POVRCHOVA a HLOUBENA,
zelend — varianta SEVER, modrd - varianta JIH, oranZovd — varianta STRED)

Fig. 3 Layout showing individual variants of the solution for the tunnel section Praha-Dejvice — Praha-Veleslavin (red — AT-GRADE and CUT-AND-COVER
variants; green — NORTH variant, blue — SOUTH variant, orange — CENTRE variant)
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Milady Horakové. Podélny fez varianty JIH je zndzornén na obr.
2. Na podnét zastupcti obCanli StfeSovic byla na podzim roku
2019 zpracovana jesté¢ modifikovana varianta JIH, déle oznacova-
na jako varianta raZend STRED. VySe uvedené tunelové varian-
ty byly pfedmétem dalSiho posouzeni a jsou znidzornéné v situaci
na obr. 3. Na jafe 2020 predlozil projektant investorovi porovnani
téchto variant (Bednaiik et al., 2020). Nasledné byly zpracoviny
tfi nezavislé posudky s cilem potvrdit vybér varianty vedeni tu-
nelu. Prvni posudek byl vé€novan porovnani variant z hlediska
provadéni tuneld a vlivu na okoli béhem vystavby (Thewes et al.,
2020). Druhy posudek se zaméfil na vyhodnoceni vlivu vibraci na
zastavbu nad tunelem a na komparativni in-situ méfeni v Ejpovic-
kém tunelu (Broz et al., 2020). Posledni posudek, ktery se zabyval
zhodnocenim variant z geologického pohledu a reinterpretaci geo-
logickych priizkumd, provedl tym Ceské geologické sluzby — CGS
(Aue et al., 2020).

Variantu HLOUBENOU vyhodnotily posudky shodné jako
nejméné vhodnou zejména z divodi vlivu vystavby a provozu
tuneltl na obyvatele, technické narocnosti a rizikovosti nékterych
hloubenych a konvencné razenych tsekd. Po variant¢ HLOUBE-
NE nasledovala v hodnoceni s odstupem razena varianta SEVER,
a to zejména kvuli delSimu useku mélkého vedeni trasy v kvartér-
nich sedimentech oproti ostatnim raZenym variantim a souvise-
jicim vy3%im rizikem vlivu na zastavbu. Varianty STRED a JIH
vysly z posudktl obdobné, nicméné s preferenci pro variantu JIH,
a to z davodt ocekavanych lepsich geologickych podminek za
predikovanou severo-jizni tektonickou poruchou v zapadni ¢as-
ti dila. Na zdkladé posudkl vybrala Sprava Zeleznic variantu JIH
pro dalsi sledovéni, zpracovani EIA a dokumentace pro uzemni
rozhodnuti.

3 POSOUZENI VIBRACI ZPUSOBENYCH PROVOZEM
TUNELU

Jednou z Castych obav vefejnosti u novostaveb Zelezni¢nich tu-
nell ve méstech jsou vibrace zptisobené provozem drazni dopravy
v podzemi a jejich piipadny vliv na Zivot na povrchu. Uskalim pro
projektanta je tento fenomén kvantifikovat, srozumitelné vysvétlit
a rozptylit obavy vefejnosti, kde nejsou opodstatnéné. V odiivod-
nénych pfipadech je tfeba navrhnout takova antivibracni opatfeni,
aby byl vliv na existujici objekty nad tunelem minimalizovan. Pro-
blém kvantifikace vibraci je umocnén velkym mnoZstvim nezné-
mych faktord, které maji vliv na Sifeni a Gtlum vibraci v prostoru.
Z tohoto divodu je vhodné pocatecni predpoklady z projektové
faze ovérit méfenim v terénu po dostavbé tunelu.

Pro StfeSovické tunely lze v této fazi pfipravy na zdkladé zku-
Senosti z jinych projektt predpokladat, Ze riziko vnimani vibraci
na povrchu v obydlenych zénach bude nizké, a to z nasledujicich
davodi:

e Vzdalenost tunelu od obytnych objektt je i v nejtésnéj$im mis-
té pomérné velka — 13 m, a velmi rychle tato vzdélenost stou-
pa. V téchto mél¢ich Castech tunelu je nadloZi tvofeno sou-
drznymi zeminami. Toto ,,mékké” horninové prostredi velmi
dobre tlumi pienos vibraci.

* Poté, co se tunel dostane do skalniho horninového prostredi, je
jiz dostate¢né hluboko (30-80 m) na to, aby doslo k vyrazné-
mu Gtlumu vibraci i v tomto ,,tvrd$im* horninovém prostedi.

Pro modelové ovéreni vlivu provozu v tunelech na povrch tzemi
a zastavbu z hlediska vibraci bylo provedeno méfeni vibraci (Broz
et al., 2020) na jiZ existujicim a provozovaném tunelu.

Jako idedlni modelovy piipad byl zvolen tunel Ejpovice z nésle-
dujicich davoda:

Tuel

of Sciences. The impact of vibrations on the Physical Institute
structures due to the underground route of the variant V3 was
modelled and assessed based on the investigation. With respect
to the predetermined limits of the level of vibration disturbance,
measures lying in securing vibration attenuation and setting the
route off north by approx. 110m were proposed. The submitted
variant is further denoted as the mined variant NORTH.

Based on the suggestion from the public from the beginning
of 2019 and the following resolution of the Municipal Council
of Prague 6, a modification of the mined part of the route was
examined. Its task was to eliminate the impacts on the geologically
complex area in the vicinity of the grounds of the Bruska water
reservoir and minimising the impact on the existing buildings.
The designer proposed and verified at the level of the study a new
variant, further denoted as the mined variant SOUTH, running in
the vicinity of the Blanka tunnels on the City Circle Road and
Milady Hordkové Street. The longitudinal section for variant
SOUTH is presented in Fig. 2. At the initiative of representatives of
the StieSovice citizens, a modified variant SOUTH, further denoted
as the mined variant CENTRE, was submitted in the autumn of
2019. The above—mentioned tunnel variants were assessed further;
they are depicted in the layout in Fig. 3. The designer submitted
the comparison of the variants to the project owner in the spring
of 2020 (Bednarik et al., 2020). Three independent assessments
were conducted subsequently, with the objective to confirm the
selection of the tunnel route variant. The first assessment was
dedicated to the comparison of the variants in terms of tunnelling
and the impact on the surroundings during the course of the
construction (Thewes et al., 2020). The second assessment was
focused on assessing the influence of vibrations on buildings and
facilities above the tunnel and comparative in-situ measurements
in the Ejpovice tunnel (Broz et al., 2020). The last assessment,
which dealt with assessing the variants in terms of geology and
reinterpretation of geological surveys, was conducted by a team
of Cesk4 Geologick4 Sluzba — CGS (Czech Geological Survey)
(Aue et al., 2020).

The CUT-AND-COVER variant was assessed by the teams
identically as the least suitable mainly due the reasons of the
impact of the construction and operation of the tunnels on
residents, technical demands and risks associated with some
cut-and-cover and conventionally driven tunnel sections. The
mined NORTH variant followed the CUT-AND-COVER variant
with a large margin, first of all because of the greater length of
the shallow section of the route running through the Quaternary
sediments in comparison with the other mined variants and the
related higher risk of the impact on the buildings and facilities.
The CENTRE and SOUTH variants were assessed similarly,
nevertheless with a preference for the SOUTH variant, because
the expected better geological conditions behind the north-south
tectonic fault predicted in the western part of the construction.
Based on the assessments, the Railway Administration chose the
SOUTH variant for further design process, preparation of the EIA
and the documents for the issuance of the zoning and planning
decision.

3 ASSESSMENT OF VIBRATIONS DUE TO OPERATION
OF TUNNELS

Vibrations caused by the operation of the rail transport in the
underground assets and its possible impact on the life on the
surface is one of the frequent concerns of public in the cases
of new construction of rail tunnels in cities. The quantification,
intelligibility of explanations and dispelling the unsubstantiated
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Obr. 4 Casovy snimek seismickych iicinki prijezdu viaku v Ejpovickém tunelu a ii¢inkii automobilové

following reasons:

dopravy ve vzddlenosti cca 450 m od osy tunelu
Fig. 4 Time-lapse diagram of the effects of trains passing through the Ejpovice tunnel and effects of ve-
hicular traffic at the distance of ca 450m from the tunnel centre line

e The distance of the tunnel from
residential buildings is relatively large

Stejné jako u StfeSovickych tuneld se jednalo o dva jednoko-
lejné tunely vyraZené plnoprofilovym tunelovacim strojem se
segmentovym osténim.

Pro prenos vibraci se horninové prostedi Ejpovického tunelu
jevilo jako obdobné nebo mirn€ nevyhodnéjsi (skladd se ze-
jména z bridlic a tvrdsich spilitd).

Hloubka tunelu je obdobna.

even in the tightest place — 13m, and

this distance increases very quickly.
The overburden depth in these shallower parts of the tunnel
is formed by cohesive soils. This “soft” ground environment
dampens the transmission of vibration very well.
After the tunnel enters the rock environment, it is already deep
enough (30-80 m) for significant dampening of vibrations
even in this “harder” ground environment.

For the purpose of verification of the influence of traffic in

e V tunelu je pevna jizdni draha, stejné jako u budouciho Stieso-
vického tunelu. Pevna jizdni drdha bez dodatecnych opatfeni

Sifi vibrace vyraznéji nez standardni kolejovy svrsek.
* V Ejpovickém tunelu je provozovéina nékladni a osobni dopra-

tunnels on the surface and buildings, vibration measurements were
conducted (Broz et al., 2020) on an existing operating tunnel.

The Ejpovice tunnel was chosen as an ideal model case for the
following reasons:

va rychlosti az 160 km/h. Ve StfeSovickém tunelu je predpo-
kladana pouze doprava osobni, a to v rychlosti 120 km/h, coz
samo predpoklada nizsi $ifeni vibraci.

Ejpovicky tunel je veden z velké Casti ve volné krajin€. Jiné
zdroje vibraci tak nebudou rusit tato méfeni. To by mélo umoz-
nit jednoduse identifikovat i malé vibrace na povrchu zptsobe-
né prujezdy vlakda.

Meéreni byla provedena na nékolika lokalitdch uvnitf tunelu a na

As in the case of the StfeSovice tunnels, these tunnels are two
single-track tunnel tubes with segmental lining, driven using
a full-face tunnelling machine.

The rock environment of the Ejpovice tunnel appeared to
be similar or slightly less favourable for the transmission of
vibrations (it consists mainly of shale and harder spilite).
The tunnel depth is similar.

There is a slab track in the tunnel, identical with the track in

povrchu v 1été 2020. Zde je vhodné poznamenat, Ze namétené hod-
noty amplitudy rychlosti kmitani na povrchu byly vzdy velmi malé
a nebylo tedy nutné, a prakticky mozné, najit néjaky vztah mezi

the future StfeSovice tunnel. Without additional measures, the
slab track propagates vibrations more noticeably compared to
a standard ballast track.

Tab. 1 Vycet lokalit u tunelu Ejpovice pro méreni a namérené maximdlni Table 1 List of locations for measurement and measured values of the maximum

hodnoty amplitudy rychlosti kmitdni (dle Broz, 2020)

amplitude of vibration velocity (according to BrozZ, 2020)

- Narn_éfgné’ Overburden Measured

Typ méfeni Lokalita m:?i? typ ?:;;ngmplitu dy :\(I’Ie)zsuremem Location :leight and g}a\;(ill;‘::t?;r‘:a\::ﬁ: city
rychlosti kmitani ype amplitude
v tunelu Eoéfll;ggﬁ;u 0,493 mm/s in tunnel Ejgg?ygggsl 0.493mm/s
v tunelu gllr;)lgo{ka 0,112 mm/s in tunnel ’c\lrg.s1s passage 0.112mm/s
na povrchu ergzmlclijrg 80 m, spilit 0,007 mm/s on surface ﬂlémglt ower 80m, spilite 0.007mm/s
na povrchu \_/rgga%hlum 80 m, spilit 0,004 mm/s on surface ﬂliﬁg?dli" 80m, spilite 0.004mm/s
na povrchu gagi propojkou 60 m, bfidlice | 0,005 mm/s on surface ;22;’3 gcero’\?; 1 60m, shale 0.005mm/s
na povrchu gag BB 25 m, bfidlice | 0,002 mm/s on surface ggg;’: gcero’\?z 4 25m, shale 0.002mm/s
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velikosti naméfenych vibraci a typem nebo rychlosti jednotlivych
souprav v tunelu (naptiklad rozdily mezi ndkladni a osobni dopra-
vou nebyly patrné). V tab. 1 jsou uvedeny lokality, kde byla pro-
vedena méfeni a pfisluSna maximalni amplituda kmitdni namérena
pfi prijezdu vlaki.

Vysledky méfeni nad Ejpovickym tunelem jsou ukdzany na
obr. 4. Na obrazku je vSak mozné vidét zejména naméfeny vliv
automobilové dopravy ve vzdélenosti cca 450 m od mista méfeni.
Je patrné, Ze vibrace zptisobené prijjezdem vlaki tunelem v podze-
mi jsou zanedbatelné v porovnédni s velmi vzdalenou povrchovou
automobilovou dopravou. Z méfeni je patrné, Ze pri nadloZi né-
kolik desitek metri se mohou ocekdvat maximalni hodnoty am-
plitudy rychlosti kmitdni na povrchu StfeSovického tunelu v fadu
v = 0,005 mm/s ve frekvencnim pasmu 40-60 Hz. Po pfepoctu je
odpovidajici hodnota amplitudy zrychleni v fadu A = 0,15 mm/s?
a hodnota zrychleni vibraci L, =44 dB.

CSN 73 0040 uvadi limity meznich hodnot amplitudy rychlos-
ti kmiténi, pfi kterych vzniknou prvni zndmky poskozeni staveb-
nich konstrukci. Pro bytové cihlové domy norma uvadi hodnotu
2,8 mm/s. O¢ekdvané maximalni hodnoty amplitudy rychlosti kmi-
tani na povrchu StieSovického tunelu jsou tedy fadové nizsi nez li-
mity stanovené normou CSN EN 73 0040 a jakékoliv poskozeni bu-
dov v disledku vibraci je krajné nepravdépodobné. Na zahrani¢nich
tunelovych projektech se pro limity vibraci a jejich vliv na obyvate-
le béhem stavby b&Zné pouziva norma BS 5228-2:2009, kterad uva-
di jako prah lidského vnimani vibrace v rozmezi 0,14-0,30 mm/s.
Tato norma se sice pouziva zejména pro posouzeni vlivu stavebnich
¢innosti na okoli, nicméné v absenci jinych norem je zde pouZita
pro jednoduché a pfimé porovnani vysledki méteni z Ejpovického
tunelu a prahu lidského vniméni dané touto normou. Limit lidského
vniméni dany touto normou je mnohem vyssi neZ ocekavané vibra-
ce nad StfeSovickym tunelem (v = 0,005 mm/s), a tudiZ je vnimani
provozu tunelu obyvatelstvem nepravdépodobné. Obdobné dopada
toto porovnani, pokud se pouzije britskd norma BS 6472-1:2008,
ktera se na problematiku vibraci a jejich vlivu na obyvatele divé z
dlouhodobého pohledu a z pohledu amplitudy zrychleni. Tato nor-
ma udédva jako prah lidského vnimani amplitudu zrychleni A = 10—
20 mm/s?, coZ je mnohem vy$§i hodnota neZ piepoétend amplituda
rychlosti zrychleni u Ejpovického tunelu (A = 0,15 mm/s?).

Vliv vibraci na obyvatele je v Ceské republice feSen v hygienic-
kych normach pomoci limit hladiny zrychleni vibraci anebo limi-
ty zrychleni vibraci dle nafizeni vlady ¢. 272/2011 Sb. v platném
znéni. Naméfené hodnoty hladiny zrychleni vibraci (L, =44 dB)
a amplitudy zrychleni (a, . = 0,15 mm/s®) vyhovuji uvedenému
predpisu. Pro obytné mistnosti je hygienicky limit vibraci v den-
ni dobé L =81dB (a, = 11,2 mm/s?), v noci 78 dB (a
8,0 mm/s?).

Provedena méreni v Ejpovickém tunelu potvrdila predpoklady
a poskytla faktické ujisténi, Ze utlumeni vibraci pfi Sifeni hornino-
vym prostfedim bude s nejvétsi mirou pravdépodobnosti dostatecné
a vibrace na povrchu nebudou pozorovatelné lidskymi smysly. Pro
findlni ovéreni predpokladi je navrZeno pred pokladkou pevné jizd-
ni drahy provedeni mistniho méfeni, kdy se definovanym budicim
signdlem vytvoii vibrace ve zhotoveném tunelu a na povrchu budou
provedena méfeni. Na zdkladé téchto méfeni budou provedena fi-
nalni upfesnéni nutnych antivibra¢nich opatfeni uvnitf tunelu.

T wT ew’ T —

4 NAVRH TUNELOVEHO RESENI VARIANTY JIH

4.1 Geotechnické podminky
V roce 2018 a 2019 probihal pfedbéZny geotechnicky priizkum
pro rizné varianty StieSovickych tunelt. Zpracovatelem prizkumu

Tuel

* In the Ejpovice tunnel, freight and passenger transport is
operated at speeds of up to 160km/h. In the StifeSovice tunnel,
only passenger transport at a speed of 120km/h is expected,
which in itself assumes lower propagation of vibrations.

* The Ejpovice tunnel largely runs in open countryside. Other
sources of vibration will not interfere with the measurements.
This should make it possible to easily identify even small
vibrations on the surface caused by passing of trains.

The measurements were conducted in several locations in
the tunnel and on the surface in the summer of 2020. It should
be noted here that the measured values of the amplitude of the
vibration velocity at the surface were always very small and
therefore it was not necessary, and practically possible, to find
some relationship between the magnitude of measured vibrations
and the type or speed of individual train sets in the tunnel (for
instance differences between freight transport and passenger
transport were not obvious). The locations where the measurements
were conducted and the corresponding maximum vibration
amplitudes measured during the passage of trains are presented in
Table 1.

The results of measurements conducted above the Ejpovice
tunnel are presented in Fig. 4. It is, however, possible to see mainly
the vibrations caused by surface vehicular traffic at the distance
of ca 450m from the measurement location in the picture. It is
obvious that the vibrations caused by the passage of trains through
the tunnel in the underground are negligible in comparison to the
very distant vehicular traffic on the surface. It is obvious from the
measurements that when the overburden is several tens of metres
high, maximum values of the amplitudes of the vibration velocity
on the surface above the StfeSovice tunnel can be expected to be
in the order v = 0.005mm/s, in the frequency zone of 40-60Hz.
After recalculation, the corresponding value of the acceleration
amplitude is in the order A = 0.15mm/s* and the value of the
vibration acceleration L . = 44dB.

The CSN 73 0040 standard specifies the limits of the ultimate
values of the vibration velocity amplitude at which initial signs
of damages to civil engineering structures appear. For residential
brick buildings the standard states a value of 2.8mm/s. It means
that the expected maximum values of vibration velocity amplitude
on the surface above the StfeSovice tunnel are lower in the order
of magnitude than the limits set by the CSN EN 73 0040 standard
and any damage to buildings induced by vibration is extremely
unlikely. In foreign tunnel construction projects, the BS 5228-2:
2009 standard is commonly used for determination of vibration
limits and their impact on the residents during construction, which
quotes vibration in the range of 0.14-0.30mm/s as the threshold
for human perception. Although this standard is mainly used to
assess the impact of construction activities, in the absence of
other standards it is used for a simple and direct comparison with
measurement results from the Ejpovice tunnel and the threshold
of human perception given by this standard. The limit of human
perception given by this standard is much higher than the anticipated
vibrations above the StieSovice tunnel (v = 0.005mm/s), therefore
the perception of the tunnel operation by residents is unlikely.
This comparison is similar if the British standard BS 6472-1:
2008 is used, which views the issue of vibrations and their effect
on the residents from a long-term perspective and from the point
of view of the acceleration amplitude. This standard states as the
threshold of human perception the acceleration amplitude A =
10-20mm/s?, which is a much higher value than the recalculated
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Obr. 5 Geologicky rez variantou JIH generovany z 3D geologického modelu CGS

Fig. 5 Geological longitudinal section through SOUTH variant generated from 3D geological model, Czech Geological Survey

byl SUDOP PRAHA a.s. (Dragoun et al., 2019) a PUDIS a.s
(Chmelar et al., 2019). Ve vychodni ¢asti trasy tunelu (portal Dej-
vice) byla nalezena mocna vrstva kvartérniho pokryvu, kterd bude
zasahovat aZ pod dno tunelii. Kvartérni pokryvy se zde skladaji
z eolickych a deluviofluvidlnich sedimentu, které prekryvaji fluvi-
alni terasové sedimenty dejvické terasy. Souhrnnd mocnost kvarter-
nich sedimentl zde dosahuje az 36 m. U zapadniho portdlu (Vele-
slavin) navrZeny tunel nezasahuje do kvartérnich sedimenti, avSak
skalni podloZi je zde silné€ tektonicky porusené s ocekavanymi zvy-
Senymi pritoky podzemni vody do vyrubu. Skalni podlozi zdjmové-
ho dzemi je tvofeno prevazné paleozoickymi horninami ordoviku
zastoupenymi dobrotivskym, libeniskym a letenskym souvrstvim.
V oblasti StfeSovic jsou ordovické horniny subhorizontalné prekry-
ty reliktem mezozoickych svrchnokiidovych hornin, zastoupenych
od spodu peruckymi jilovci, ddle smérem do nadloZi korycanskymi
piskovci nasledovanymi opukami bélohorského souvrstvi. V ramci
uzemi je moZné najit né€kolik tektonickych poruch, které se pro-
jevuji predevsim formou nékolika pri¢nych zlomu, podél kterych
jsou horniny znac¢né podrcené a maji vyrazné jiné mechanické
vlastnosti neZ okolni nepostiZzeny material. V rdamci posudku Ces-
ka geologicka sluzba vytvoftila trojrozmérny inZenyrskogeologicky
model zajmového dzemi, ktery je zobrazen na obr. 5.

V zajmovém tzemi lze najit tfi zdkladni zvodné podzemni vody.
Prvni hydrogeologicky kolektor predstavuji kvartérni sedimenty.
Druhym jsou kfidové horniny v oblasti StfeSovické plosiny. Pod-
zemni voda v kiidovém kolektoru vytvari pri bazi korycanskych
piskovct souvislou zvodeti. Tato zvodeii je jiz historicky jimana
nékolika Stolami hradniho vodovodu. Bazalni kiidové jilovce vy-
tvareji prakticky nepropustny izoltor, oddélujici kiidové zvodnéni

amplitude of the acceleration velocity in the Ejpovice tunnel
(A =0.15mm/s?).

The influence of vibrations on humans is in the Czech
Republic set in environmental standards by means of limits to
the vibration acceleration level or vibration acceleration limits
according to the Decree of the Government No. 272/2011 Coll. as
amended. The measured values of the vibration acceleration level
(LmT = 44dB) and the acceleration amplitude (a_ .= 0. 15mm/s?)
comply with the above regulation. For living rooms, there is a
sanitary limit of vibration during the day L. = 81dB (a_ . =
11.2mm/s?), at night 78dB (a, , = 8.0mm/s?).

The measurements performed in the Ejpovice tunnel confirmed
the assumptions and provided a factual assurance that the damping
of vibrations during propagation through the ground environment
will most likely be sufficient and the vibrations on the surface will
not be observable by the human senses. For the final verification
of the assumptions, it is proposed to perform a local measurement
before laying the slab track, where a defined driving signal will
induce vibrations in the completed tunnel and measurements
will be performed on the surface. The final specification of the
necessary anti-vibration measures inside the tunnel can be
confirmed on the basis of these insitu measurements.

T

4. PROPOSAL FOR TUNNELLING SOLUTION TO VARIANT
SOUTH

4.1 Geotechnical conditions
In 2018 and 2019, a preliminary geotechnical investigation

was carried out for various variants of the StfeSovice tunnels.
The investigations were processed by SUDOP PRAHA a.s.
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Obr. 6 Schéma vzduchotechnické Sachty spolu se zaisténim do tratovych
tunelii (Ltn — letenské bridlice, KCj — jilovce pisky, KCp — piskovce, INj — pro-
injektovand oblast)

Fig. 6 Chart of ventilation shaft together with the connection to running tunnels
(Ltn - Letnd shale, KCj — mudstone, sand, KCp — sandstone, INj — grouted area)

od zvodnéni ordovickych hornin, ve kterych je tfeti zvoden. K do-
taci ordovické zvodné ze zvodné kiidové dochazi pouze v omezené
mife, a to pfedevsim na okraji kifidovych hornin.

4.2 Navrhované objekty

Navrhovanymi objekty jsou dva tubusy jednokolejnych tunela dél-
ky cca 3,2 km raZené plnoprofilovym tunelovacim strojem, propojky
mezi hlavnimi tubusy a vétraci objekt. Oba hlavni tubusy jednoko-
lejnych tuneld jsou kruhové o svétlém pratezu 8,7 m, ktery vychazi
z technickych listti SZ pro rychlost vlakt do 160 km/h. Tento priimér
jiZ zahrnuje tolerance razby pomoci tunelovaciho stroje +10 cm (sou-
¢ast tzv. pojistného prostoru). Osténi je navrZeno jako jednoplastové,
montované ze Zelezobetonovych dilct s polypropylenovymi vlakny
z divodu zvySeni pozarni bezpecnosti. V harmonogramu stavby je
v soucasnosti uvazovano nasazeni jednoho tunelovaciho stroje. Raz-
ba je planovana dovrchné od dejvického portalu, kde je predpoklada-
no umisténi hlavniho zafizeni stavenisté. V tunelu je navrZena pevna
jizdni draha spolu s antivibraénimi opatfenimi.

Pro evakuaci osob a zasah zachrannych jednotek jsou mezi tu-
nely navrZeny propojky. Propojky se budou razit azZ po vybudovani
trafovych tunelt. V useku je navrZeno Sest propojek s nadlozim od
41 m az po 84 m nad temenem kolejnice. Poslednim prvkem je pak
vzduchotechnicka Sachta ve StfeSovicich (obr. 6), ktera slouzi pro
vétrani jednokolejnych tunell pfi pozaru. Razba vzduchotechnické
Sachty muze byt provedena pred vyrazenim jednokolejnych tuneld.
Propojeni s hlavnimi tubusy pak muzZe byt realizovano nasledné.
Zasadnim prvkem pri razbé vzduchotechnické Sachty je zameze-
ni dlouhodobého propojeni kiidové a ordovické zvodné v tomto

(Dragoun et al., 2019) and PUDIS a.s. (Chmelaf et al., 2019). In
the eastern part of the tunnel route (the Dejvice portal), a thick
layer of the Quaternary cover was found, which will extend under
the bottom of the tunnels. The Quaternary cover here consist of
aeolian and deluviofluvial sediments, which overlie the fluvial
terrace sediments of the Dejvice Terrace. The thickness of the
Quaternary sediments reaches up to 36m in this location. At the
western (Veleslavin) portal, the proposed tunnel does not extend to
Quaternary sediments, but the bedrock is here heavily tectonically
faulted, with the expectation of increased inflows of groundwater
into the excavation. The bedrock in the area of operations is
formed mainly by Palaeozoic Ordovician rock types represented
by the Dobrotiv, Libeni and Letnd Formations. In the area of
StieSovice, the Ordovician rock is sub-horizontally overlain by
a relic of Mesozoic Upper-Cretaceous rock types represented,
from the bottom, by Peruc mudstone, further toward the cover by
Korycany sandstone, followed by cretaceous marl of the Bila Hora
Formation. Within the area, it is possible to find several tectonic
faults manifesting themselves mainly by the form of several cross
faults, along which the rock is significantly crushed and which
have markedly different properties than the unaffected material in
the vicinity. Within the framework of the assessment, the Czech
Geological Service developed a three-dimensional engineering
geological model of the tunnel area, which is displayed
in Fig. 5.

It is possible to find three basic underground aquifers in the area.
The first hydrogeological collector is represented by Quaternary
sediments. The second aquifer is formed by Cretaceous rock in the
area of the StfeSovice plateau. Groundwater creates a continuous
aquifer in the Cretaceous collector at the base of the Korycany
sandstone. This aquifer has already historically been collected by
several galleries of the castle water distribution line. The basal
Cretaceous mudstone forms an impervious isolator, separating
the Cretaceous aquifer from the aquifer formed by the Ordovician
rock types within which the third aquifer is located. Supplying the
Ordovician aquifer with water from the Cretaceous aquifer occurs
only to a limited extent, primarily at the edge of the Cretaceous
rock area.

4.2 Designed objects

The designed objects comprise two ca 3.2km long single-track
tunnel tubes driven by a full-face tunnelling machine (TBM),
cross passages between the main tubes and a ventilation shaft.
Both main tubes of the single-track tunnels are circular with the
net cross-section diameter of 8.7m, which is based on technical
sheets of the Railway Administration for the speed of trains up
to 160km/h. This diameter already contains tolerances of the
excavation using a TBM at =10cm (part of the comfort margin).
The lining is designed as a single-shell structure assembled from
reinforced concrete segments containing polypropylene fibres
to increase fire safety. The use of one tunnel boring machine is
currently contained in the construction schedule. The uphill
tunnel excavation is assumed from the Dejvice portal, where the
location for the main construction facilities is assumed. The slab
track together with anti-vibration measures is proposed to be in
the tunnel.

Cross passages between the tunnel tubes are proposed for
evacuation of persons and intervention of rescue units. The
cross passages will be driven after the completion of the running
tunnels. Six cross passages with the overburden depth ranging
from 41 to 84m above the top of rails are proposed to be in the
section. The last element is represented by shaft in StfeSovice




TuNel

misté. V okoli Sachty pfi prichodu jilovci bude porusena oblast
horniny v okoli vyrubu (tzv. excavation damaged zone — EDZ) pro-
injektovana té€snici chemickou injektdzi.
4.3 Navrh razeb tratovych tuneli

Geotechnické podminky raZeb tunelu z pohledu jejich navrhu lze

shrnout nasledovné:

e Prvnich zhruba 200 m od dejvického portalu se predpoklada
razba nejprve v zemindch, avSak nad hladinou podzemni vody
s pozadavkem omezeni deformaci a dal§ich 400 m se predpo-
kladd raZba v silné zvétralych bridlicich pod hladinou podzem-
ni vody (HPV).

» Zhruba dalSich 2500 m se razba predpokladé ve zdravych or-
dovickych hornindch s mocnym nadloZim (s pfedpokladem
nékolika poruchovych pasem) a pod HPV. V nejvyznamnéjsim
z téchto poruchovych pasem vsak jiz aspésné probéhla razba
nedaleké jednolodni stanice metra V.A — Bofislavka metodou
NRTM (Pastridk, 2013).

* Poslednich zhruba 80 m se razba predpokladd ve zdravych,
avSak tektonicky porusenych dobrotivskych bridlicich, s oce-
kavanymi zvySenymi pritoky podzemni vody do vyrubu.

Staticky vypocet prokazal s ohledem na predpoklddané geo-

logické a geotechnické podminky nutnost nasazeni stroje s moz-
nosti aktivni podpory ¢elby podpirnym tlakem.

V ramci plnoprofilovych tunelovacich stroji existuji tfi varianty

s aktivni podporou Celby. Vedle zeminového Stitu (Earth Pressure
Ballance — EPB) je to bentonitovy $tit (Slurry Pressure Ballance
— SPB) a §tit s variabilni hustotou podptrného média (tzv. varia-
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(see Fig. 6), which serves for ventilation of single-track tunnels
during a fire. The excavation of the ventilation shaft can be carried
out in advance of the excavation of the single-track tunnels. A
basic element for the excavation of the ventilation shaft lies in the
prevention of long-term interconnection between the Cretaceous
and Ordovician aquifers at this location. When excavating through
claystone in the vicinity of the shaft, the disturbed area of the rock
in the vicinity of the excavation (so-called excavation damaged
zone — EDZ) will be injected with chemical sealing grout.

4.3 Design for excavation of running tunnels
Geotechnical conditions relevant for the excavation design of
the tunnels can be summarised as follows:

¢ In the initial section about 200m long from the Dejvice portal,
the excavation is expected to pass first through soils, but
above the groundwater level with a requirement for limitation
of deformations; the excavation of the following 400 metres is
assumed to run through heavily weathered shale, under water
level (GWL).

* The excavation of the next ca 2500m is expected to pass
through healthy Ordovician rock types with a high overburden
(with an assumption of several fault zones) and under the
GWL. In the most important of these fault zones, however, the
excavation of the nearby Bofislavka one-vault metro station
on the V.A line has already been successfully completed using
the NATM method (Pastrinak, 2013).

Tab. 2 Vyhodnoceni posouzeni vhodnosti tunelovaciho stroje dle doporuceni DAUB

+ | hlavni oblast nasazeni

V této oblasti byl posuzovany typ stroje Uspésné v minulosti nasazen bez nutnych dodateénych Uprav.

— | kriticka oblast nasazeni
nasazeni.

Nasazeni v této oblasti by pravdépodobné vyzadovalo speciélni Upravy stroje. Bez dodate¢nych Uprav
jsou ocekavany tézkosti béhem razby. Postupy razeb a finanéni efektivita budou vyrazné snizeny oproti hlavni oblasti

0 |nasazeni stroje mozné

Pozn.: Symboly +, —, o jsou pouZity v tab. 3.

Nasazeni stroje v této oblasti miize vyzadovat specialni Upravy, avSak technické proveditelnost byla v této oblasti
v minulosti jiz prokdzana. Dosahované postupy razby a finanéni efektivita mohou byt nizsi.

Tab. 3 Posuzovand kritéria pri volbé vhodné tunelovaci metody (Dbr — dobrotivské bridlice, Let — letenské bridlice, tekt — tektonicky porusené, Eol — eolické sedi-
menty, Fl - fluvidlni pisky, DI — deluvidlni sedimenty, U = uzavieny madd, P = polouzavieny mad, O = otevieny mod)

Kritéria posouzeni vhodnosti stroje EPB-TBM
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Fl U 0 0 0 + + + + + + 0 +
(cca km 4+110)
Eol U + + + + + + + + 0 +

km 4+194 Eol, Dfl U + + + + + + + + 0 +
km 4+283 Dfl U + + + + + + + + 0 +
km 4+303 Let W5-4-3 U ? + 0 + 0 0 0 0 +
km 4+600 Let W1 0 ? + + + + + + + +/0
km 5+080 Let tekt U ? 0 0 + 0 + 0 0 +
km 6+675 Dbr tekt U ? + 0 + 0 + 0 0 +
km 6+900 Dbr W1 0 + + + 0 + + + +
km 7+132 Dbr W1 P + 0 + 0 0 0 + +
km 7+240 Dbr W1 P + + + 0 0 0 0 +
km 7+262 Dbr tekt U ? + 0 + 0 + 0 0 +
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ble density shield). Z diivodu nezastiZeni rozsahlych oblasti jem-
nozrnnych zemin v trase tunelu je navrhovan zeminovy stit EPB.
Vyhodou tohoto typu stroje oproti zbylym dvéma typim je jeho
niZi pofizovaci cena i provozni naklady. Stit EPB umoZiiuje razbu
ve tfech modech v zavislosti na aktudlné zastiZenych geologickych
podminkach (uzavieny, otevieny a polouzavieny méd), jejichz vy-
uziti je na trase tunelu planovéno.

Vybér metody razby byl déle podpoten rizikovou analyzou, kterd
ukdzala, Ze nasazeni §titu EPB je nejvhodnéjsi vzhledem ke zvlada-
ni moznych rizik. Posouzeni vhodnosti stroje pro zastizené geolo-
gické podminky je provedené podle doporuceni DAUB (Deutsche
Ausschuss fiir Unterirdische Bauen, 2010). Hodnoty z doporuceni
DAUB jsou srovnavany s parametry masivu uréenymi v geotech-
nickém pruzkumu a nasledné je provedeno zatfidéni podle tab. 2
a 3, kde se uvadi uvaZovana hodnotici kritéria a vysledky posouzeni
v jednotlivych fezech staniCeni spolu s horninovym typem a pred-
poklddanym moddem razby. Zde je tieba poznamenat, Ze tabulky
uvazuji hodnoty doporuceni DAUB pro tfi typy stroji: SM-V1 (bez
podpory celby pro otevieny mod — O), SM-V3 (podpora Celby stla-
¢enym vzduchem pro polouzavieny méd — P) a SM-V5 (podpora
Celby upravenou rubaninou pro uzavieny mod — U) v zévislosti na
navrzeném modu razby. Na zéakladé tab. 3 je tedy moZné vycist, zda
posuzovand metoda razby jiz byla v minulosti nasazena pfi urcité
hodnot€ parametru a zda je mozné ocekdvat razbu jako efektivni.

Tloustka zelezobetonového segmentového osténi byla projek-
tantem zvolena na 45 cm. TlouStka byla odliivodnéna statickym
vypoctem v oblasti eolickych sedimentll a v misté tektonicky po-

Tuel

* In the last about 80m long section, the excavation is assumed
to pass through fresh but tectonically disturbed Dobrotiv shale,
with anticipated groundwater inflows into the excavation.

The structural calculation proved that, with respect to the
assumed geological and geotechnical conditions, the use of a
pressure balance TBM will be necessary. Within the framework of
full-face tunnelling machines, there are three variants with active
face support. In addition to the Earth Pressure Balance (EPB)
TBM, there is a bentonite shield (Slurry Pressure Balance TBM
(SPB TBM) and a shield with a variable density of the supporting
medium (the so-called Variable Density TBM). The EPB TBM is
proposed due to the fact that no large areas of fine-grained soils will
be encountered by the tunnel route. The advantage of this type of
machine compared to the other two types is that its purchase price
and operating costs are lower. The EPB TBM allows excavation in
three modes, depending on the currently encountered geological
conditions (a closed, open and semi-open mode), the use of which
is planned for the tunnel route.

The selection of this excavation method was further supported
by a risk analysis, which showed that the use of an EPB TBM
is the most appropriate to manage the possible risks. The
assessment of the suitability of the machine for the encountered
geological conditions is conducted according to the DAUB
recommendations (Deutsche Ausschuss Unterirdische
Bauen, 2010). The values from the DAUB recommendations are
compared with the parameters of the massif determined by the
geotechnical investigation and then the classification is conducted

fiir

Table 2 Evaluation of the assessment of suitability of the tunnel boring machine according to the DAUB recommendations

+ | main area of application

In this area the type of the machine being assessed had been used successfully, without necessary repairs.

— | critical area of application

The use in this area would probably require special modifications of the machine. Difficulties are expected during
the excavation without additional modifications. The excavation advance rates and financial efficiency will be significantly
diminished in comparison with the main area of application.

machine application is
possible
Note: Symbols +, —, o are used in Table 3.

(o}

The use of the machine in this area may require special modifications, but technical viability has already been proved
in the past. The excavation advance rates and financial efficiency can be lower.

Table 3 Criteria being assessed in the selection of the suitable tunnelling method (Dbr — Dobrotiv shale, Let — Letnd shale, tekt — tectonically faulted, Eol — aeolian
sediments , Fl - fluvial sand, DI — deluvial sediments, U = closed mode, P = semi-closed mode, O = open mode)

Criteria for assessment of EPB TBM suitability
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Fl U 0 0 0 + + + + + + 0 +
(ca km 4+110)
Eol U + + + + + + + + 0 +
km 4+194 Eol, Dfl U + + + + + + + + 0 +
km 4+283 Dfl U + + + + + + + + 0 +
km 4+303 Let W5-4-3 V] ? + 0 + 0 0 0 0 +
km 4+600 Let W1 (0] ? + + + + + + + +/o
km 5+080 Let tekt V] ? 0 0 + 0 + 0 0 +
km 6+675 Dbr tekt V] ? + 0 + 0 + 0 0 +
km 6+900 Dbr W1 0 + + + 0 + + + +
km 7+132 Dbr W1 P + 0 + 0 0 (0] + +
km 7+240 Dbr W1 P + + + 0 0 (0] 0 +
km 7+262 Dbr tekt U ? + 0 + 0 + 0 0 +
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rusenych oblasti mezi zdravymi bfidlicemi. Mimo to je v misté
tektonicky porusSenych oblasti a v oblasti Veleslavina o¢ekavano
zna¢né zvodnéni masivu. Z toho diivodu byla navrZena vétsi tloust-
ka osténi poskytujici dostatecny prostor pro uloZeni elastomerové
izolace. Segmentové osténi je navrzeno v tiidé tésnosti 2, kterou
uvazuje predpis RiL 853 jako smysluplny pozadavek pro jedno-
plasfova segmentova osténi. Predpis popisuje tésnost tfidy 2 tak,
Ze vnitini hrana osténi mize vykazovat jen mirny prinik vlhkosti
maximalné na 10 % povrchu jednotlivych blokid (rozpoznatelné
v dasledku tmavého zabarveni povrchu betonu). Po dotyku slabé
vlhkych oblasti suchou rukou by na ruce nemély byt vidét Zadné
stopy vody. V piipadé priloZeni savého papiru nesmi tento papir
meénit barvu kvuli absorpci vlhkosti.

5 NAVRH TECHNICKEHO RESENi RAZBY POD RAMPOU
SVATOVITSKA

Z vysledktl zminéné analyzy rizik pak vychazi i navrh dodatec-
nych stabiliza¢nich opatfeni pro zajisténi razby. Principem snizeni
rizik bylo vylouceni nepfijatelnych rizik plynoucich z razby. Tento
postup je v souladu s metodikou doporu¢enou Mezinarodni tune-
larskou asociaci ITA z roku 2004 (Eskesen et al., 2004). Nepiijatel-
nym rizikem bylo poskozeni vjezdové rampy Svatovitska do tunelu
Brusnice v Dejvicich ve stejnojmenné ulici pfi podchodu plnopro-
filovymi tunelovacimi stroji. Geotechnicky prizkum v tomto misté
predikuje razbu plnym profilem v kvartérnich sedimentech.

5.1 Popis situace a navrhovany postup vystavby
Navrhovand razba tubusi tratovych tunelll zacind ve stavebni
jamé na Hradcanské a déle ktiZuje nejprve samotnou ulici Svatovit-
ské s nadloZim cca 17 m. Nésledné je raZbou podchdzena zminénd
vjezdovéa rampa do tunelu Brusnice (obr. 7). Vjezdova rampa do tu-
nelu Brusnice se sklada ze dvou konstrukei. Prvni konstrukci jsou
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according to Tables 2 and 3, where the evaluation criteria being
considered and the assessment results in individual cross-
sections of the chainage are presented together with the ground
type and the expected excavation mode. It should be noted here
that the tables take into consideration the values of the DAUB
recommendations for three types of machines: SM-V1 (without
face support for open mode — O), SM-V3 (face supported with
compressed air for semi-closed mode — P) and SM-V5 (face
support with treated muck for closed mode — U), depending on
the proposed excavation mode. It is therefore possible on the basis
of Table 3 to find whether the excavation method being assessed
has already been applied in the past for the certain value of the
parameter and whether it is possible to expect the excavation to be
effective.

The thickness of the reinforced concrete segmental lining was
chosen by the designer at 45cm. The thickness was justified by a
structural analysis for the area of aeolian sediments and the location
of tectonic faults between fresh shales. In addition, significant
water saturation of the massif is expected in the areas of tectonic
disturbances and in the Veleslavin area. For that reason, greater
thickness of the lining was designed to provide sufficient space
for the placement of the elastomeric waterproofing membrane.
Sealing Class 2, which is considered by the regulation RiLL 853
as a meaningful requirement for single-shell segmental liners, is
designed for the segmental lining. The regulation describes the
sealing capacity Class 2 as follows: the internal edge of the lining
can exhibit only moderate leakage of moisture maximally on 10%
of the surface of individual blocks (distinguishable due to the dark
colouring of the concrete surface). After touching slightly damp
areas with a dry hand, no traces of water should be visible on the
hand. If absorbent newsprint is attached, it must not change colour
due to moisture absorption.

lamely podzemnich stén
Iamellas of diaphragm walls
Eﬂ- q F
destnﬂ( z trubek

pipe-| rooflng

stavebni jama
construchon pit I

prijezdova rampa

do tunelu Brusnice

e

access ramp to Brusnice tunnel

Obr. 7 Situace navrhovanych dodatec¢nych za]lstovaach opatreni v oblasti ulice Svatovitskd
Fig. 7 Diagram of additional stabilisation measures designed for the area of Svatovitskd Street
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uhlové opérné stény zajistujici stabilitu svahu po stranach vozovky
v otevieném zétezu. Druhou konstrukei jsou konstrukéni podzemni
stény predstavujici st€ny hloubeného tunelu. Na zhlavich podzem-
nich stén je uloZena stropni deska hloubeného tunelu, ktera je jesté
pritizena nadloZim dosahujicim v misté podchodu az 5 m. Spodni
deska tunelu je k podzemni sténé napojena pres ozub reprezen-
tujici velmi citlivy detail konstrukce, ktery neni schopen prenaset
vyznamnéj$i sily pfi poklesu podzemnich stén. Souborné je mozné
oznacit konstrukci hloubeného tunelu jako modifikovanou Milan-
skou metodu (metoda ¢elniho odtézovani).

Z hlediska razeb tunelovacimi stroji je nejvétsi nevyhodou kon-
strukéniho usporadani hloubeného tunelu predpokladané vysoké
napéti pod patami podzemnich stén spolu s vysokou citlivosti pod-
zemnich stén na posun prfi razbé pod nimi. Po projektantovi bylo
spraveem této konstrukce pozadovano jeji co nejmensi ovlivnéni
razbou stroji. Na zdkladé ziskanych informaci by vSak méla byt
vzdalenost mezi patou podzemni stény a hranou vyrubu pouze 2,1 m
(obr. 8). Projektantem proto bylo zvazovano nékolik feSeni vcetné
injektaZze pod paty podzemnich stén. Hlavni nevyhodou realiza-
ce injektdzi byly komplikace pfi provadéni injektdzniho bloku pod
patami stén spolu s pravdépodobné nedostatecnou tuhosti/inosnos-
ti pfi razbach tunelovacimi stroji. Projektantem tedy bylo zvoleno
feSeni instalace ocelovych trubek pod paty podzemnich stén oko-
lo budouciho vyrubu (tzv. pipe-roofing). Pro pipe-roofing (obr. 9)
jsou navrzeny ocelové trubky vnéjsiho priméru zhruba 1300 mm
proménné délky. Ocelové trubky jsou mezi sebou sprazeny vodicimi
zamKy a budou nasledné vybetonovéany. Jind metoda zajisténi pak
byla zvolena pro thlové opérné stény stabilizujici stény zarezu. Pod
dhlovymi sténami je navrZen dvouvrstvy mikropilotovy deStnik.
Tento mikropilotovy destnik ma zajistit rozneseni pfitlaku Stitu EPB.
Maximalni podpiirny tlak na celbé tak miize byt navrzen s ohledem
na vysku terénu vedle zafezu s thlovymi sténami a pfi razbé pod
uhlovymi st€énami nemusi byt z divodu nizsiho nadlozi vyraznéji
redukovan.

Postup vystavby je tedy nasledujici: Soucasné s jamou pro sesta-
veni Stitu EPB bude provddéna jama pred rampou tunelu Brusnice
v ulici Svatovitska. Tato jama bude rozpirdna a bude mit hloubku
cca 32 m. Na opacné strané rampy bude proveden blok zeminy
zpevnéné tryskovou injektazi. Z vyhloubené jamy bude nésledné
proveden pipe-roofing pod rampou Svatovitskd. Nasledné bude
pod ochranou ocelovych trubek vyraZzen vyrub, ktery bude zajistén
primédrnim osténim ze stfikaného betonu. Vyrub bude po vyraZeni

5 PROPOSAL FOR TECHNICAL SOLUTION
TO EXCAVATION UNDER SVATOVITSKA RAMP

The proposal for additional stabilization measures to support the
excavation is also based on the results of the above-mentioned risk
analysis. The principle of lowering the risks lied in exclusion of
unacceptable risks arising from the excavation. This procedure is
in line with the methodology recommended by the International
Tunnelling Association ITA in 2004 (Eskesen et al., 2004). The
unacceptable risk was represented by the damage to the Svatovitska
entrance ramp of the Brusnice motorway tunnel in Dejvice during
the passage with EPB-TBMs. The geotechnical investigation
conducted at this location predicts full-profile excavation through
Quaternary sediments.

5.1 Description of the layout and the proposed
construction procedure

The proposed excavation of the tubes of the running tunnels
begins in the construction pit at Hrad¢anska Street and further
crosses, first Svatovitska Street with the overburden about 17m
thick. Subsequently, the tunnel excavation passes under the above-
mentioned entrance ramp to the Blanka tunnel (see Fig. 7). The
entrance ramp to the Blanka tunnel consists of two structures. The
first one is the structure of an angular retaining wall ensuring the
stability of the slopes on the sides of the roadway running in an
open cutting. The second one is the structure of diaphragm walls
representing the cut-and-cover tunnel walls. The roof deck of
the cut-and-cover tunnel is placed on the tops of the diaphragm
walls. The roof deck is in addition loaded by the overburden
with the depth reaching up to Sm at the pedestrian subway. The
tunnel bottom slab is connected to the diaphragm wall by a shear
key, representing a very sensitive detail of the structure. It is not
able to transfer more significant forces in case of settlement of
the diaphragm walls. Collectively, it is possible to denote the
construction of the cut-and-cover tunnel as the modified Milan
method (top-down excavation process).

From the point of view of excavation by tunnel boring machines,
the biggest disadvantage of the structural arrangement of the
cut-and-cover tunnel is the assumed high stress under the toes
of the diaphragm walls together with the high sensitivity of the
diaphragm walls to displacement during excavation below them.
The owner of the structure required that the design ensured that
the impact of the mechanical excavation was as small as possible.
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Obr. 8 Pricny rez dodatecnych opatieni v oblasti ulice Svatovitskd spolu s vysledky deformaci urcenych numerickym modelem (Eol - eolitické sedimenty, Dfl -

deluvifluvidlni sedimenty, FI2 — fluvidlni sedimenty)

Fig. 8 Cross-section through additional measures in the area of Svatovitskd Street together with results of deformations determined from FE simulation

(Eol - aeolian sediments, Dfl — deluviofluvial sediments, FI2 — fluvial sediments)
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Obr. 9 Realizace pipe-roofingu pomoci AVN 1200 na silni¢nim tunelu Gongbei
v Ciné
Fig. 9 AVN 1200 used for pipe roofing, Gongbei Road Tunnel in China

vyplnén popilkobetonem. Stejnym popilkobetonem bude zaplnéna
i jama pred samotnym prujezdem Stitu EPB. Vlastni razba EPB $ti-
tem bude nasledné probihat pod rampou Svatovitskd v otevieném
modu pro levy tubus a v uzavieném modu pro pravy tubus.

5.2 Provedeni pipe-roofingu

Pro provedeni pipe-roofingu (instalace ocelovych trubek) pfi-
chédzeji v tvahu dvé metody: metoda protlacovani a metoda mi-
krotunelovéni. V pripadé mikrotunelovéni je nejcastéji nasazovan
mikrotunelovaci bentonitovy §tit (M-SPB). Volba feSeni byla ddna
nasledujicimi faktory:

* prisné tolerance pro uloZeni ocelovych trubek;

* mozny vyskyt jak zemin, tak eventudlné tvrdsich hornin (toto

vSak nebylo prizkumem prozatim potvrzeno);

» pozadavek malych deformaci okolniho masivu pfi instalaci;

e mozné zaloZeni lamel hloubéji neZ podle dokumentace a rizi-

ko kolize pipe-roofingu s patami lamel;

* naopacné stran€ rampy Svatovitska neni mozné zfidit stavebni

jamu pro pfijem mikrotunelovaciho stroje.

Zminéné podminky spliiuje vySe zminéna metoda mikrotunelo-
vani M-SPB s aktivni podporou ¢elby pomoci bentonitové suspen-
ze. Z diitvodu nemoznosti provedeni stavebni jamy na opacné strané
rampy Svatovitskd je navrhovano pouZit tzv. zatahovaci mikrotu-

archiv Herrenknecht AG Herrenknecht AG archive
Obr. 10 a) Prvni moZnost zatahovaciho mechanismu stroje M-SPB se sklop-
nou reznou hlavou b) Druhd moznost zpétného vytahovdni stroje M-SPB se
ztracenou vnéjsi obruci hlavy
Fig. 10 a) Retractable AVN 800 with foldable mixed ground cutterhead
b) the second option for retraction by using the lost outer ring of the cutting
wheel
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However, based on the information obtained, the distance between
the bottom of the diaphragm wall and the edge of the excavation
should be only 2.1m (see Fig. 8). For that reason, the designer
considered several solutions, including injection of grout under
the toes of the diaphragm walls. The main disadvantage of the
grouting lay in the complications of carrying out the grouting block
under the toes of the walls, together with the probably insufficient
rigidity/load-bearing capacity during excavation by tunnelling
machines. For that reason, the designer chose the solution lying
in the installation of steel pipes under the toes of the diaphragm
walls, around the future excavation cross-section (the so-called
Pipe-Roofing). Steel pipes with the outer diameter of about
1300mm and a variable length are designed for the Pipe-Roofing
structure (see Fig. 9). The steel pipes are interlocked with each
other by guide locks and will be subsequently filled with concrete.
A different support method was chosen for the angular revetment
walls stabilising the walls of the cutting. A double-layer canopy
tube pre-support is designed under the angular walls. This canopy
tube pre-support is designed to ensure the distribution of the EPB
TBM support pressure. Thus the maximum support pressure on
the face can be designed with respect to the height of the terrain
along the cutting stabilised with the angular walls and does not
have to be more significantly reduced during the excavation under
the angular walls due to the lower overburden.

The following construction procedure is therefore proposed:
Concurrently with the pit for the assembly of the EPB TBM,
the pit will be carried out in front of the ramp to the Brusnice
tunnel in Svatovitskd Street. This pit will be braced and will be
ca 32m deep. A block of soil reinforced by jet grouting will be
carried out on the opposite side of the ramp. The pipe-roofing
under the Svatovitska ramp will be subsequently carried out from
the completed pit. The excavation will be subsequently carried
out under the protection of steel pipes and will be supported by
a shotcrete primary lining. After the completion, the excavation
will be filled with fly-ash concrete. The pit will be filled with the
same fly-ash concrete before the passage of the EPB TBM. The
excavation itself will subsequently proceed under the Svatovitska
ramp, in the open mode for the left-hand tube and in the closed
mode for the right-hand tube.

5.2 Pipe-roofing installation

Two methods come into play for the pipe-roofing construction
(installation of steel pipes): the pipe-jacking method and
microtunnelling method. In the case of microtunnelling, the
microtunnelling slurry shield (M-SPB TBM) is used most
frequently. The choice of this solution was given by the following
factors:

* strict tolerances for placing the steel pipes;

* possible occurrence of both soils and possibly harder ground
(however, this fact has not been confirmed by the survey for
the time being);

* the requirement for small deformations of the surrounding
massif during installation;

* possible foundation of the lamellae deeper than required by
the design documents and the risk of the pipe-roofing collision
with the bottom concreted additionally under the lamellae;

* itis not possible to carry out the construction pit for the arrival
of the M-SPB TBM on the opposite side of Svatovitska Street.

The above-mentioned conditions are fulfilled by the above-

mentioned microtunnelling method M- TBM with active support
of the excavation face by bentonite slurry. Because of the
impossibility to carry out the construction pit on the opposite side
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nelovaci bentonitovy Stit (retractable M-SPB). Tato technologie
umoziiuje po dosaZeni poZadované pozice v injektaZznim télese za-
tdhnout mikrotunelovaci stroj skrze instalovanou ocelovou trubku
zpét do jamy, odkud byl vysouvan. To je umoznéno jednim ze dvou
systému fezné hlavy (obr. 10). V obou pfipadech nechiva M-SPB
svij vnéjsi ocelovy plast v masivu.
6 ZAVER

Projektantem vybrand varianta JIH byla i oponentnimi posudky
(Thewes et al., 2020; Broz et al., 2020; Aue et al., 2020) potvrzena
jako nejvhodnéjsi trasa pro vedeni tunelt pod StfeSovicemi. Opo-
nentni posudky poskytly investorovi doporuceni do dalSich fazi
ptipravy. Vysledky posudku jsou pouzitelné i u jinych planovanych
dopravnich staveb. Projektant nyni dokoncuje navrh technického
feSeni StfeSovickych tuneld ve varianté JIH v detailu dokumenta-
ce pro uzemni rozhodnuti. V soucasnosti rovnéZz probiha proces
hodnoceni vlivu stavby na Zivotni prostfedi (EIA), na ktery navaze
zadost o tzemni rozhodnuti. Investor ocekéavd, Ze nezavislé po-
sudky zvysi akceptaci tunelového feSeni mezi vetejnosti a urych-
1i proces EIA a tzemniho rozhodnuti. V nasledné fazi probéhne
soutéZ na podrobny geotechnicky prizkum a tvorbu dokumentace
pro stavebni povoleni a provedeni stavby, kde bude moZné upfies-
nit dil¢i ¢asti projektu. Realizace projektu se ocekava v letech
2024-2028.

V ¢lanku je uvazovan pomérné inovativni zptisob provedeni sta-
biliza¢nich opatfeni pro podchdzeni rampy Svatovitska, kterému je
tfeba v dalsi projektové fazi vénovat mimofaddnou pozornost.

Autori prispévku dékuji firmé Herrenknecht AG za poskytnuti
fotografii k metodé pipe-roofing.
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of the Svatovitska ramp, the application of the retractable M-TBM
is proposed. This technique allows for retracting the M-TBM
through the installed pipe back to the pit, from which it was
pushed out. This is made possible by one of the two cutterhead
systems (see Fig. 10). In both cases the M-TBM leaves its external
steel shell in the massif.

6 CONCLUSION

The SOUTH variant selected by the designer was confirmed
as the most appropriate variant for leading the tunnels under
StieSovice by the opponent assessments (Thewes et al., 2020;
Broz et al., 2020; Aue et al., 2020). The opponent assessments
provided recommendations for the project owner for the next
phases of the design preparation. The results of the assessments
are applicable even to other planned transportation projects.
The designer is currently finishing the proposal for the technical
solution for the StfeSovice tunnels in the South variant in the detail
of documents for the preliminary design stage. The environmental
impact assessment (EIA) process is also currently underway, to be
followed by the application for a zoning permission. The project
owner expects that independent assessments will enhance the
acceptance of the tunnelling solution among the public and will
accelerate the EIA and zoning decision processes. In the subsequent
phase, a competition for detailed geotechnical investigation and
creation of the detailed design documents will take place, where it
will be possible to specify particular components of the design. The
implementation of the project is expected in 2024-2028.

A quite innovative way of application of stabilization measures
for passing under the Svatovitska ramp is considered in the article.
It is necessary to pay extra attention to it in the next design phase.
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APLIKACE METODIKY BIM NA PROJEKTU PRAZSKEHO METRA D
APPLICATION OF BIM METHODOLOGY TO PRAGUE
METRO LINE D PROJECT

JIR[ PLATIL, PETR ZENISEK

ABSTRAKT

Cldnek popisuje vyuZiti metody Building Information Modelling (ddle jen BIM) pri tvorbé informacnich modelii aktudlné zpracovd-
vanych stanic na projektu praZského metra D — hluboké razené stanice Nové Dvory a hloubené stanice Nemocnice Kr¢. Zamétuje se na
popis aktudlné teSeného tiseku pripravované linky D, predevsim konstrukcniho reSeni obou stanic. Uvddi zvolenou projekcni platformu pro
tvorbu jednotlivych informacnich modelit a strukturu modelu jako celku. Poté se zaméfuje na podrobnéjsi popis obou stavebnich modelii,
modelit profesnich a modelu koordinacniho. Druhd polovina ¢ldnku se soustiedi predevsim na standardizaci a datovou ndplii modelii.
Nastiriuje moznosti vyuZiti informacniho modelu, zpracovdni projektové dokumentace a prdci s informacemi v modelech — tvorba soupisii
pract, vykazit prvkii a rozpoctii.

ABSTRACT

The paper describes the use of the Building Information Modelling (hereinafter referred to as BIM) method in the development of
information models for the stations of the Prague metro D line currently under design — Nové Dvory deep mined station and Nemocnice
Kr¢ cut-and-cover station. It is focused on the description of the section of the Line D which is currently being prepared, mainly the
construction design for both stations. It introduces the designing platform selected for the development of individual information models
and the structure of the model as a whole. It then focuses on a more detailed description of both construction models, i.e. models for
finishing works and the coordination model. The second half of the paper is first of all concentrated on standardisation and the data content
of models. It outlines the possibilities of the use of the information model, processing of design documents and the work with information
in the models — the development of lists of works, schedules of elements and budgets.

uvoD INTRODUCTION

Pocatkem roku 2018 doslo k zahajeni projektovych praci ve
stupni PDPS (projektovda dokumentace pro provedeni stavby) na
provoznim tuseku [.D1 trasy D prazského metra (obr. 1). Inves-
torem stavby je Dopravni podnik hl. m. Prahy a autorem navrhu
trasy a zpracovatelem projektové dokumentace METROPROJEKT
Praha a.s. Tento prvni provozni dsek I.D1 trasy D, ktery obsahuje

Obr. 1 Celkové schéma trasy D
Fig. 1 General layout of the Line D

The work on the detailed design for the operating section .D1 of
the Prague metro Line D (see Fig. 1) commenced at the beginning
of 2018. Dopravni podnik hl. m. Prahy (the Prague Public Transit
Company Inc.) is the project owner and METROPROJEKT Praha a.s.
is the author of the design for the route alignment and author of
the design documents. The first operating section containing five
stations, including the rail link to the existing Prague metro Line
C at Pankrdc station, is the basic phase of the development of the
new Prague metro line. In 2018, the designing work was focused
on the first two stations of this section — Pankrdc D station and
Olbrachtova station — the so-called I.D1a section. The work on
the I.D1b section, comprising Néadrazi Kr¢, Nemocnice Kr¢ and
Nové Dvory stations, commenced in 2019 and continued even
year 2020. The BIM method has been used in the development
of design documents for all stations since the beginning. The
current designing work activities on Nové Dvory and Nemocnice
Kr¢ stations are dealt with in more detail in other parts of
this paper.

Structural solution for Nové Dvory station

The Nové Dvory station is located in the space of the intersection
between LibuSska and Durychova Streets (see Fig. 2). It is a
mined, single-span structure with an 11.9m wide and 100m
long intermediate platform. The station cross-sections are
designed for excavation using the NATM technique. The station
is accessible from three concourses, the northern, southern and
the lift concourse, which is located directly above the middle
of the station. At the northern end of the station, the platform
is connected to the escalator tunnel housing a bank of three
escalators, exiting in the northern concourse. In the middle of
the station, there is the lift shaft with a pair of evacuation lifts,
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Obr. 2 Situace stanice Nové Dvory
Fig. 2 Plan of Nové Dvory station

pét stanic véetné kolejového napojeni na stavajici linku prazského
metra C ve stanici Pankrac C, je zdkladni fazi vystavby nové lin-
ky prazského metra. V roce 2018 byly projektové prace zaméreny
na prvni dvé stanice tohoto tseku — stanici Pankrdac D a stanici
Olbrachtova — tzv. tisek I.D1a. V roce 2019 byly zapocaty prace na
¢asti I.D1b, zahrnujici stanice Nadrazi Kr¢, Nemocnice Kr¢ a Nové
Dvory, které pokracovaly i v roce 2020. Pfi tvorbé projektové do-
kumentace je od pocatku na vSech stanicich vyuZiviana metoda
BIM. V dalSich ¢astech tohoto pfispévku je podrobnéji sledovana
aktudlné probihajici projektova ¢innost na stanicich Nové Dvory
a Nemocnice Kr¢.

Stavebni FeSeni stanice Nové Dvory

V prostoru kiiZeni ulic LibuSska a Durychova je umisténa stani-
ce Nové Dvory (obr. 2). Stanice je razend, jednolodni s ostrovnim
nastupistém Sitky 11,9 m a délky 100 m. Profily stanice jsou navr-
Zeny pro realizaci razeb technologii NRTM. Stanice je pfistupna
ze tii vestibull, severniho, jizniho a vytahového vestibulu, ktery
se nachdzi pfimo nad stfedem stanice. Na severnim konci stanice
je nastupisté napojeno na eskalatorovy tunel s trojici eskalatord,
vedouci do severniho vestibulu. Ve stfedu stanice je vytahova Sach-
ta s dvojici evakuacnich vytahd, zpfistupiujici vytahovy vestibul.
Na jiznim konci néstupisté prechdzi jednolodni raZend stanice do
nevefejné technologické ¢asti. V tomto misté je napojen do profilu
stanice jizni eskalatorovy tunel, stici na povrch do jizniho vestibu-
lu. Cely objekt stanice véetné vestibulll je umistén do sedmi trovni.

e
severni vestibul |
northern concourse
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providing access to the lift concourse. At the southern end of
the platform, the one-vault mined station passes to non-public
service part. In this location, the southern escalator tunnel, exiting
on the surface to the southern concourse, links to the station
profile.

Structural solution for Nemocnice Kr¢ station

The Nemocnice Kr¢ station is located in the space of the
intersection between Videriska and Zalesi Streets (see Fig. 3). It
is designed as a cut-and-cover structure with an 11.0m wide and
100m long intermediate platform, from which vertical routes lead
from both to the southern concourse and the northern concourse.
The space over the station is used for installations of the technical
hinterland. The northern concourse is designed as a structure
sunk down to the level of the future subsurface arcade for future
developers. The vertical way from the station is provided by
a combination of a bank of three escalators and a lift. Developers’
parter with an arcade connecting the hospital and the exit from
metro via a subway under Videiiska Street is linked to the northern
concourse. The southern concourse is located in a relatively
constricted space behind Zalesi Street. The concourse is designed
as a surface structure with technical background in the basement
underneath. It is also connected with the station by a bank of three
escalators and an inclined lift. The station is designed as a cut-and-
cover “hall” with no pillars in the platform space. The station has
seven levels in total.
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Obr. 3 Situace stanice Nemocnice Kr¢
Fig. 3 Plan of Nemocnice Kr¢ station

Stavebni FeSeni stanice Nemochnice Kré

Stanice Nemocnice Kr¢ je umisténa v prostoru kiizeni ulic Viden-
skéd a Zalesi (obr. 3). Je navrZena jako hloubend s ostrovnim nastu-
pistém Sitky 11,0 m a délky 100 m, ze kterého vedou vertikalni
komunikace na obou koncich, jak do jizniho vestibulu, tak i do sever-
niho vestibulu. NadloZi stanice je vyuzito pro umisténi technologic-
kého zazemi. Severni vestibul je navrzen jako zahloubeny na trovei
pasaze budouci developerské vystavby. Vertikdlni cestu ze stanice
zajiStuje kombinace trojice eskalatorii a vytahu. Na severni vestibul
navazuje parter zastavby developera s obchodni pasazi, spojujici
nemocnici a vystup z metra pres podchod pod ulici Videnska. Jiz-
ni vestibul se nachdzi v pomérné sevieném prostoru za ulici Zalesi.
Vestibul je navrZen jako povrchovy s technologickym zédzemim v su-
terénu pod nim a se stanici je taktéZ propojen prostiednictvim trojice
eskalatort a Sikmého vytahu. Stanice je feSena jako hloubena ,hala*
bez sloupt v prostoru nastupisté. Stanice ma celkem sedm trovni.

INFORMACNI MODEL

Pouzity software

Pfi tvorbé projektové dokumentace je od pocatku vyuzivano me-
tody BIM. Je tedy tvofen 3D model reprezentujici stavbu, ktery je
zaroven v pribéhu projektovani plnén informacemi a nasledné je
z ného generovana vykresovd dokumentace a podklady pro dalsi
navazné ¢innosti. Jako zékladni platforma pro tvorbu informacnich
modeld, praci s nimi a tvorbu projektové dokumentace byly zvole-
ny nastroje platformy Autodesk. Primdrnim nastrojem pro tvorbu
informac¢nich modeltl se tak stal program Autodesk Revit, Civil
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prostor pro novou vystavbu
space for new development
severni vestibul
northern concourse

INFORMATION MODEL

Software used

The BIM method has been used in the creation of design documents
from the beginning. It means that a 3D model representing the
construction is being developed. It is at the same time filled with
information during the designing process and drawings and source
documents for other associated activities are generated from it. The
Autodesk tools were chosen as the basic platform for developing
information models, working with them and creating design
documents. The Autodesk Revit platform became the primary tool
for developing information models, whilst the Civil 3D program
became the basis for the creation of surfaces and geometry rails,
including trackbed concrete and other elements. For example,
the Naviswork or Dynamo programs were also used. The classic
AutoCAD proved to be suitable for the preparation of data and
various 3D control lines and curves for further use in the Autodesk
Revit program. With respect to atypical requirements during the
development of information models which cannot be solved by
standard tools of the above-mentioned programs, several own aids
were added to the programs in several cases. These are mainly
the aids facilitating the creation of lists of works and schedules,
or for example the robust aid for designers for ventilation, which
can join and work with all ventilation elements, regardless of
their categories, and create schedules from them directly in the
Revit environment, which are, in addition, editable directly in the
program environment.
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3D pak pro tvorbu povrchi a geometrie koleji véetné kolejovych
betont a dalSich prvki. Déle byly pouzity napiiklad programy
Navisworks nebo Dynamo. Pro pfipravu podkladl a rtiznych 3D
fidicich linii a kfivek pro dal$i vyuZiti v Revitu se osvédcil klasicky
AutoCad. Vzhledem k atypickym poZadavkim béhem vytvareni
informacnich modeld, které neni moZné fesit standardnimi néstroji
vySe uvedenych programt, bylo v né€kolika pripadech doprogra-
movano nékolik vlastnich pomuicek. Jedna se predevsim o pomiic-
ky, které usnadriuji tvorbu soupist praci a vykazi, nebo napriklad
robustni pomucka pro zpracovatele vzduchotechniky (VZT), ktera
dokéZe sdruZit a pracovat se vSemi VZT prvky, nehled€ na jejich
kategorie, a vytvaret z nich vykazy pfimo v prostfedi Revitu, které
jsou navic zivé editovatelné pfimo v prostiedi programu.

Struktura informacniho modelu

Struktura informac¢niho modelu vychazi ze zazitych postupti z jiz
hotovych stanic predchazejici etapy, stanic Pankrac D a Olbrachtova.
Jednotlivé stanice se skladaji z dil¢ich modeld, které jsou déleny po
profesnich Castech. Na projektu jsou vyuZivany takzvané centralni
modely, které umoznuji praci nékolika uZivateli najednou a mezi
kterymi jsou sjednoceny soufadnicové a vyskové systémy (S-JTSK,
Bpv). Stavebni modely a modely profesni jsou mezi sebou Zivé pro-
pojeny. Pro zajisténi vnitfnich koordinaci byly vytvoreny koordinac-
ni modely, do kterych byly nacteny jednotlivé modely stavby a jed-
notlivé profesni modely. Tyto modely byly mezi sebou propojeny,
¢imz se vytvoril celkovy koordina¢ni model stavby.

Informacni model stanice Nové Dvory

Stanice Nové Dvory je geometricky velice slozitd. Stanice je
razend, coZz vytvaii profil sloZzeny z oblych tvarti podél celé osy
stanice, ktery zaroven neni konstantni, ale po ose stanice znacné
proménny. Nastupisté ma 0,3% spad a cely profil stanice tento spad
kopiruje. Do hlavni hmoty stanice déle vstupuji Sikmé raZené eska-
latorové tunely. Dva ze tfi vestibuli jsou eliptické, pfi¢em?Z tieti je
lichobéznikového tvaru (obr. 4). VSechny tyto okolnosti zpasobuji
fadu problémi, které je potieba v prib&hu modelovani resit. VEtsi-

Information model structure

The structure of the information model is based on established
practices gained from the already finished stations of the previous
stage, the Pankrdc D and Olbrachtova stations. Individual stations
consist of partial models, which are divided into profession-based
parts. The so-called central models allowing for concurrent work of
several users, amongst whom the coordinate and vertical reference
systems (Uniform Trigonometric Cadastral, Bpv) are united.
There are live connections between the construction models and
profession-based models. Coordination models were developed
for securing internal coordination; individual construction models
and profession-based models were read in them. The models were
interconnected, thus a general co-ordination model was created.

Information model of Nové Dvory station

The Nové Dvory station is very complex in terms of the geometry.
The station is a mined structure, which fact creates a profile, which
at the same time is not constant, consisting of round shapes along the
station centre line; it is significantly variable along the centre line.
The platform is at 0.3% gradient and the whole station profile copies
it. Inclined mined escalator tunnels also enter the main mass of the
station. Two of the three concourses are elliptic, whilst the shape
of the third one is trapezoidal (see Fig. 4). All of the circumstances
cause numerous problems which have to be solved during the
modelling process. The majority of load-bearing structures are
therefore modelled in a non-standard way using general modelling
tools; pre-set categories of the Revit elements are not used. These
categories are exported either to the AutoCad or Civil 3D and
subsequently are incorporated into the Revit. In terms of modelling,
they are mostly general drawn elements for the 3D trajectory.

Information model of Nemocnice Kr¢ station

Taking into consideration the fact that it is a cut-and-cover
station, the manner of modelling individual structures is more
“amiable” for users and closer to the Revit modelling tools. It is
essential here to position the station along the 3D curves of the

Obr. 4 Informacni model stanice Nové Dvory
Fig. 4 Information model of Nové Dvory station
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na nosnych konstrukcei je tak modelovdna nestandardné obecnymi
modelovacimi néstroji a neni tak vyuZzivano prednastavenych kate-
gorii prvkl Revitu. Tyto trajektorie jsou exportovany bud z Auto-
Cadu, nebo Civilu 3D a nasledné vloZeny do Revitu. Modelarsky se
tak jedna prevazné€ o tazené obecné prvky pro 3D trajektorii.

Informacni model stanice Nemocnice Krc

Vzhledem k tomu, Ze se jednd o hloubenou stanici, je zpiisob
modelovani jednotlivych konstrukei uzivatelsky ,,pfivetivéjsi® a mo-
delovacim nastrojim Revitu bliZ$i. Zde je zasadni usazeni stanice
podle 3D kiivek koleji, vytvoreni zdkladové desky a desky nastu-
piste, které jsou ve spadu kopirujiciho geometrii koleji a které jsou
v severozapadni ¢asti stanice v oblouku (obr. 5). Po vymodelovani
téchto konstrukci, které urcuji geometrii modelu stanice, je prfevazna
vétsSina navazujicich konstrukci geometricky jednodussi a je z pre-
vazné vétsiny tvorena standardnimi modelovacimi nastroji Revitu.

Pro obé stanice je zde tfeba poznamenat, Ze program Revit neni
prilis vhodnym nastrojem pro vytvareni takto sloZitych geometrii
v projektem poZadované podrobnosti. Revit je primarné urcen k mo-
delovani pozemnich staveb. Stavby podzemnich stanic kombinuji
vybavenost a znacnou podobnost se stavbami pozemnimi. Zde je
mozné Revit naplno vyuzit. Geometricky jsou vSak znacné sloZitéj-
§i. V obou modelech tak bylo nutné fesit fadu problému. Nejveétsim
problémem z hlediska modelovani je zna¢né mnoZstvi konstrukci,
které jsou ve spadu a v oblouku (vlastni tunelové konstrukce, stropni
desky, nastupisté a prvky na ném, podlahy, podhledy, atd.). Na toto
navazuje tvorba podlazi (na kterd jsou vSechny prvky vazany), kte-
ra jsou v Revitu mozna tvofit pouze vodorovna, i pestoze podlahy
a stropy vodorovné nejsou. Dale pak navazuje na podlazi umistova-
né mistnosti a profesni objemy prostort, které Revit dokdZe tvofit
geometricky pouze jako kvadry. Toto je v oblém fezu tunelu znacné
omezujici, kdy nastava bud situace, Ze prostor z tunelu vystupuje,
nebo nedosahuje az do stropu. Toto je nastinéni jen nékolika malo
problému vznikajicich ze slozité geometrie obou stanic.

Tvorba profesnich modelu

Z hlediska struktury celého modelu jsou jednotlivé profese tvoreny
v samostatnych modelech. Profesni prvky jsou vytvareny standardni-
mi modelovacimi néstroji za pouZziti osvéd¢enych postupt modelova-
ni. Vzhledem ke zkuSenostem s tvorbou BIM modelt profesi na pred-
chozich stanicich a obdobnych projektech je mozné fici, Ze pri tvorbé
profesnich modeli nevznikaji vétsi problémy. Béhem projektovych
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tracks and create the base slab and platform slab, which are on a
gradient copying the track geometry and are on a curve in the north-
western part of the station (see Fig. 5). After the completion of
modelling these structures determining the geometry of the station
model, the majority of the linking structures are geometrically
simpler and are mostly created using standard Revit modelling
tools.

It should be noted for both stations that Revit is not a very
suitable tool for creating such complex geometries in the detail
required by the design. Revit is primarily designed for modelling
ground structures. Construction projects for underground stations
combine amenities and the significant similarity with underground
structures. Here it is possible to fully use the Revit. However,
they are much more complex in terms of geometry. It was
therefore necessary to solve numerous problems in both models.
The biggest problem in terms of modelling is the great number
of structures which are on a gradient and on a curve (tunnel
structures themselves, roof slabs, platforms, suspended ceilings
etc.). There are also problems regarding the following creation of
levels (to which all elements are bound), which can be created in
Revit only as horizontal structures, despite the fact that the floors
and ceilings are not horizontal. Problems are also connected with
the rooms placed on the floor and the profession-based volumes
of the spaces, which can be created, in terms of geometry, only
as blocks. This is a highly limiting problem of the tunnel cross-
section, where a situation occurs that the space either exits from
the tunnel or does not reach up to the ceiling. This outlines only
a few problems arising from the complex geometry of both
stations.

Development of profession-related models
In terms of the structure of the whole model, individual
professions are formed in separate models. Profession-based
elements are formed using standard modelling tools, keeping to
best modelling procedures. With respect to the experience with
the development of profession-based BIM models at previous
stations and similar projects, it is possible to say that there are no
major problems in developing profession-based models. During
the course of designing, the work is aimed mainly at increasing the
efficiency of the work and currently also at the interconnection of
individual professions with each other as far

as the transfer of data and source documents
is concerned. One of the problems being
solved was the transfer of documents to
the electrical profession from the other
professions which need their equipment to
be electrically powered. The assignment of
shared parameters for facilities in professional
models proved to be useful. Using these
parameters, it is possible to enter a request
for each facility whether it is or is not to be
powered. It is possible to work further with
the information directly in the profession-
based model of heavy current electricity on
the basis of filters, where only the elements
requiring powering are displayed. Using
your own programmed tools, it is possible
to report these elements from the connected
models, search according to their ID and
further work with them. The creation of a

Obr. 5 Informacni model stanice Nemocnice Kr¢
Fig. 5 Information model of Nemocnice Kr¢ station

direct connection between the elements in
the connected models and monitoring of its
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praci je tedy cileno prevazné na zefektivnéni prace a aktudlné také
na propojeni jednotlivych profesi mezi sebou, co se predavani dat a
podkladi tyce. Jednim z feSenych problému bylo predavani podklada
smérem k profesi elektro od ostatnich profesi, které potrebuji, aby
byla jejich zatizeni elektricky napdjena. Jako vyuZitelné se osvédcilo
prifazeni sdilenych parametrd pro zafizeni v profesnich modelech.
Teémito parametry je mozné u kazdého zafizeni zadat pozadavek, zda
zatizeni napdjet, ¢i ne. Pfimo v profesnim modelu silnoproudé elektro
s témito informacemi je mozno déle pracovat, a to na zakladé filtrQ,
kdy se v modelu zobrazuji jen prvky, které maji byt napajeny. Pomoci
vlastni naprogramované pomiicky je mozné tyto prvky z pfipojenych
modelt vykazovat, vyhledavat podle jejich ID (identifikace prvku)
a dale s nimi pracovat. Dal§im zamySlenym krokem v budoucnu je
vytvoreni pfimé vazby mezi prvky v pripojenych modelech a hlid4ni
jeji zmény tak, aby byly modely obousmérné Zivé propojeny.

Koordinace stavby

K vlastni koordinaci stavby jsou vyuZzivany programy Revit a Na-
visworks. Kazda ze stanic ma vlastni koordina¢ni model, jehoZ za-
kladnim kamenem je model stavby, ve kterém jsou pfipojené vnitini

changes so that the models are live-connected in both directions.
Another intended step in the future is to create direct link between
elements in the connected models and to monitor its changes so
that the models are live-connected in both directions.

Construction coordination

The construction is coordinated using the Revit and Navisworks
programs. Each of the stations has its own coordination model,
the cornerstone of which is the construction model, where internal
professions and the possible linking objects are connected (a
construction pit, terrain, ...). In the first phases of the design, in
which there are not many internal networks in the model, the
main routes are determined and complex coordination nodes are
tipped, the Revit program is fully satisfactory for coordination.
The indisputable advantage of developing a coordination model
in Revit is also the fact that it is possible to easily create “classic”
2D outputs in the later stages of the design, adding the 3D views
of complex coordination nodes to the coordination drawings.
A demand for resolution of collisions more effective than the very

Obr. 6 Koordinacni model stanice Nemocnice Kr¢
Fig. 6 Coordination model of Nemocnice Kr¢ station
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profese, pfipadné navazujici objekty (stavebni jama, terén, ...).
V prvnich fazich projektu, ve kterych neni v modelu mnoho vniti-
nich siti a jsou urCeny hlavni trasy a vytipovavany sloZité koordinac-
ni uzly, je program Revit pro koordinaci plné dostaCujici. Nespor-
nou vyhodou vytvoreni koordinaéniho modelu v Revitu je také to,
Ze je v ném mozné v pozdéjsich fazich projektu jednoduse vytvaret
,Klasické* 2D vystupy, kterymi jsou koordina¢ni vykresy doplnéné
0 3D nahledy na slozité koordinacni uzly. S pribyvajicimi navrhy
dalSich siti, zafizeni a instalaci pak vznikd poZadavek na efektiv-
néjsi feSeni kolizi, neZ je znacn€ omezena koordinace zdkladnimi
nastroji Revitu. V této fazi projektu je vytvoren koordina¢ni model
v programu Navisworks (obr. 6). Modely jsou se svym nastavenim
pfevzaty do programu Navisworks, kde je z nich sloZen celkovy ko-
ordina¢ni model. Modely z Revitu jsou zde pfipojeny ,,Zivé* a jsou
tedy stale aktudlni. V Navisworks jsou nastaveny filtry a podminky,
které tesi zobrazeni a viditelnost pripojenych modelt. Dale jsou zde
pfipraveny kolizni testy, které v prvni fazi fesi kolize v rdmci jednot-
livych pfipojenych modeld. V prvni fazi jsou tedy zjiStovany kolize
uvnitf kazdého modelu a tyto kolize jsou déle feSeny, aby byl kazdy
samostatny profesni model zbaven zasadnich kolizi. Nasledné jsou
vytvoreny kolizni testy v§ech modelti mezi sebou a hledaji se kolize
mezi profesemi. Testy jsou exportovany a odeslany prisluSnym pro-
fesim k feSeni. Po vyfeSeni se postup opakuje. Nespornou vyhodou
je to, Ze je mozné vSechna nastaveni véetné pfipravenych koliznich
testll z Navisworks exportovat a vyuZit je napfi¢ jednotlivymi stani-
cemi. Je pouze nutné dodrZet stejnou strukturu vstupnich dat.

Standardizace, datova naplih modelii

Standardizace na tomto projektu ma dvé irovné. Tou prvni je nut-
nost zefektivnéni tvorby projektové dokumentace a sjednoceni jeji
podoby napii¢ vSemi stanicemi, kdy kazdou ze stanic zpracovava
jiny projekéni tym. Jiz pred zapocetim tvorby jednotlivych modelii
a navazujici projektové dokumentace byly pfipraveny interni manua-
ly, které popisuji strukturu jednotlivych modeli, postup jejich tvorby,
pouzivané néstroje pro modelovani danych typt konstrukci atd. Dale
byly pripraveny vzorové projekty, které obsahuji v§echny 2D kom-
ponenty, které jsou umisténé na vykresech. Jedna se o legendy, popi-
sy materidll, popisové bubliny, texty, atd., které se opakuji na vSech
vykresech na vSech stanicich. VSechny tyto prvky jsou tedy dostupné
centrdlné z jednoho zdroje a jednotlivé vykresy dokumentace jsou
napfic¢ celym projektem totozné (obdoba internich firemnich kniho-
ven a nastaveni v CAD softwarech). Druhou trovni standardizace,
kterda s prvni dzce souvisi, je standardizace datové naplné prvka
v modelu. Jedna se o v dnesSnich dnech stdle vice zmifiovany datovy
standard. Tak aby bylo mozné s jednotlivymi prvky (stény, podlahy,
zafizovaci predméty, ...) v modelu datové pracovat, je nutné, aby
tyto prvky mély jasné dané oznaceni a informa¢ni napli. Toto bylo
na projektu vyfesSeno tak, Ze byla vytvorena spole¢nd knihovna prv-
ka, kterd obsahuje vSechny pouZité prvky ve v§ech modelech. Pokud
tedy projektant pracuje ve svém modelu, nevytvari nové druhy prvka
(napt. zabradli, stény, podlahy atd. danych parametra), ale tyto prvky
si stahuje z knihovny. Pokud prvek v knihovné neni, tak je vznesen
pozadavek na jeho vytvoreni, a tedy i zatfidéni do databaze. Tomuto
prvku je pfidélen jednoznacny kéd oznaceni a jsou mu predvyplné-
ny jeho vlastnosti s ohledem na poZadavky vykazi prvki a kubatur.
Zde je tfeba podotknout, Ze pro dalsi strojovou praci s prvky je jed-
noznacné databazové znaCeni prvkl zcela zasadni. UmoZiiuje dany
prvek modelu vyhledat na zéklad€ jeho oznaceni a data v ném pouZzit
pro dalsi praci. Je tak moZné obejit zna¢nou nevyhodu Revitu, kterou
je tfidéni prvki po kategoriich. To neumoZziuje jednoduché vykazo-
vani prvkil v jedné tabulce, pokud jsou vytvoreny napiic¢ vice katego-
riemi. Ve vazbé na vySe zminény model stanice Nové Dvory, ktery je
z velké Césti tvoren nestandardnimi néstroji, zde dochdzi k jasnému
zatfidéni i nesystémove vytvorenych prvki.
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limited coordination using the basic Revit tools originates with
the increasing quantity of designs for other networks, facilities,
installation devices and installations. In this designing phase, the
coordination model is being developed in the Navisworks program
(see Fig. 6). The models, together with their settings, are transferred
to Navisworks program, where the overall co-ordination model is
assembled from them. Here the models from Revit are connected
“live”, therefore they are permanently updated. Filters and
conditions solving the displaying and visibility of the connected
models are set in Naviswork. Furthermore, collision tests are
prepared here, which in the first phase resolve collisions existing
within the framework of individual connected models. In the first
phase, collisions within each model are identified and are further
resolved so that each separate profession-based model is free from
major collisions. Subsequently, tests of collisions of all models
with each other are created and collisions between professions are
sought. The tests are exported and sent to the relevant professions
to be resolved. When they are resolved, the procedure is repeated.
The undeniable advantage is that it is possible to export all settings
from Navisworks, including prepared collision tests, and use them
across individual stations. It is only necessary to adhere to the
same structure of the input data.

Standardisation, data content of models

Standardisation on this project has two levels. The first is the
necessity for streamlining the process of development of design
documents and unification of its form across all stations, where
each station is worked on by a different designing team. Even
before the start of the process of creation of individual models
and subsequent design documents, internal manuals describing
the structure of individual models, the procedure of their creation,
the tools used for modelling the particular types of structures,
etc. were prepared. Furthermore, sample designs containing all
2D components found in drawings were prepared. These are
legends, descriptions of materials, description bubbles, texts etc.
repeated in all drawings at all stations. All these elements are
therefore accessible centrally from one source and individual
drawings of documents are identical across the whole design
(analogy with internal company libraries and the setting in CAD
software programs). The second standardisation level closely
related to the first one is the standardisation of the data content
of elements in the model. This is so-called data standard which is
more and more frequently mentioned these days. In order to allow
for working with the data of individual elements (walls, floors,
sanitary appliances etc.), it is necessary that these elements have
a clearly defined designation and information content. This was
solved in the design by creating a common library of elements,
which contains all the elements used in all models. Therefore,
if the designer works within his model, he does not create new
types of elements (e.g. railings, walls, floors etc. with the given
parameters). He downloads these elements from the library. If the
element is not in the library, a request is made for its creation,
thus also for its incorporation into the database. The element is
assigned a unique designation code and its properties are pre-
filled with regard to the requirements for element registers and
volumes. Here it should be noted that the unambiguous database
marking of elements is absolutely essential for further machine
work with elements. It allows for searching for the particular
element in the model on the basis of its denomination and using
the data contained in it for further work. In this way it is possible
to bypass a significant disadvantage of the Revit program, which
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Vyuziti informacniho modelu

Kvalitné zpracovany informacni model ma mnoho vyuZiti. Co
se projekénich praci tyce, je model maximdlné vyuZivan jak po
strance geometrické, tak po strance informacni. Model je dale
mozné vyexportovat do né€kolika formatd. At uz se jedna o IFC
format, ktery je vyuzitelny napfi¢ pracovnimi ndstroji, nebo napfi-
klad format fbx, ktery je vyuzivan grafickymi editory pro tvorbu

Tuel

is the categorisation of the elements. It does not allow for simple
recording of elements in one table in case they are not created
across more categories. In connection with the above-mentioned
model of the Nové Dvory station, which is largely developed using
non-standard tools, there are non-systematically created elements
clearly categorised there.

Information model use

A well-developed information model has
many uses. As far as design work is concerned,
the model is maximally used both in terms of
geometry and in terms of information. The model
can, in addition, be exported into several formats,
no matter whether it is an IFC format which can
be used across work tools, or for example, the
fbx format, which is used by graphic editors for
the creation of visualizations. The author of the
visualization is therefore not forced to create a
3D model for visualizations repeatedly only for
himself, but uses the geometry already created.
Another example is the use of a 3D model in
solving the acoustics and lighting. The model
is used in the same way in the case of an art
competition, where it serves as grounds for artists.
After creating artistic models, these elements are
read back into the model. Here it is even possible
to work with various file formats (ifc, 3dm, sat).
Last but not least, the model is successfully used
in regular meetings with the participation of the

Obr. 7 Cdst informacniho modelu nosnych konstruket
Fig. 7 Part of information model of load-bearing structures

project owner. The work with the model during
the meeting is very illustrative and agile.
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Fig. 8 Part of a formwork drawing generated from the information model
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Obr. 9 Rez rozpracovanym modelem stanice Nové Dvory
Fig. 9 Cross-section through the incomplete model of Nové Dvory station

vizualizaci. Zpracovatel vizualizaci tak neni nucen tvofit 3D mo-
del pro vizualizace znovu pouze pro sebe, ale vyuziva geometrii
jiZ jednou vytvorenou. Dal§im piikladem je vyuZiti 3D modelu pii
feSeni akustiky a osvétleni. Stejné tak je model vyuZivan v pfipa-
dé vytvarné soutéze, kdy slouZi jako podklad pro vytvarniky. Po
vytvoreni modelll vytvarnych dél jsou tyto prvky zpétné nacteny
do modelu. Zde je mozné téZ pracovat s rozli¢nymi souborovymi
forméaty (ifc, 3dm, sat). V neposledni radé je model s Gspéchem
vyuZzivan pii pravidelnych pracovnich poradach za ucasti investora.
Prace s modelem je béhem jedndni velice ndzornd a sviZna.

Tvorba projektové dokumentace

Projektovad dokumentace stavby a profesi je generovdna piimo
z informac¢niho modelu. Stavebni modely jsou tak vyuzity ke ge-
nerovani ,,klasické* 2D dokumentace stavby a také architektonické
¢asti dokumentace. S velkym tspéchem je model vyuZivan k tvor-
bé dokumentace konstrukéni — vykrest tvart, které jsou vyhradné
tvoreny piimo v prostiedi Revitu. Je zde vyuZivano filtrii zobrazeni

a Sablon pohledi, které jsou schopné zobrazovat stavebni model

Development of design documents

Design documents for construction and professions are
generated directly from the information model. In this way,
construction models are used for generation of “classical” 2D
construction documents as well as documents for the architectural
part. The model is used with great success for the development of
construction documents — drawings of shapes, which are created
exclusively in the Revit program environment. Display filters and
view templates, which are able to display the construction model
as a model of the shape of reinforced concrete structures, are used
there. Thanks to the automatic generation of elevations, sections
and tags of elements from the already created geometry, the work
requiring a large number of drawings (see Figures 7, 8, 9) is
significantly streamlined. Subsequently, the formwork drawings
are used to produce reinforcement drawings. The formwork can be
automatically exported in bulk and, at the same time, be modified
to meet the requirements of authors of reinforcement drawings.
Of course, it should be noted that in the case of load-bearing
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jako model tvaru Zelezobetonovych konstrukei. Diky automatické-
mu generovani pohledi, fezl a popist prvki z jiZ vytvoiené geo-
metrie tak dochazi ke zna¢nému zefektivnéni préace, které vyZaduje
zna¢né mnozstvi vykrest (obr. 7, 8, 9). Nasledné jsou vykresy tva-
i vyuZzity pro tvorbu vykresi vyztuze. Tvary je mozné hromadné
automaticky exportovat a zaroven upravit tak, aby odpovidaly po-
Zadavkam zpracovatele vykrest vyztuze. Je zde samozfejmé nutné
podotknout, Ze v pfipadé nosnych konstrukci, které jsou obsaZeny
ve spole¢ném modelu stavby a z nichZ jsou nasledné generovany
vykresy tvart, je nutné pfistupovat ke spravé a praci na spolecném
modelu statikli a stavaiti velice disciplinované. Profesni modely,
stejné tak jako modely stavebni, slouZi ke generovani dokumentace
jednotlivych profesnich ¢asti. Tvorba ,klasické* 2D vykresové do-
kumentace md v prostiedi programu Revit sva specifika, ale 1ze zde
docilit stejné kvalitni dokumentace jako ze zaZitych CAD systému.

Tvorba soupisu praci a rozpoctu

Od pocatecniho vykazovani pomoci standardnich nastroji Re-
vitu — tabulek vykazi po kategoriich bylo postupem ¢asu odstou-
peno. Tyto tabulky jsou vyuzivany piedevsim pro tvorbu tabulek
prvku (dvefi, zamecnickych vyrobkd, atd.), které jsou odevzdava-
ny jako soucédst dokumentace stavby. VyuZiti standardnich vykaza
Revitu pro vykazovani kubatur konstrukci bylo velice t€Zkopadné,
predevsim z toho diivodu, Ze prvky byly Castokridt modelovany vice
nastroji — jeden typ podhledu je modelovan sténou, stropem a kom-
ponentou na misté. Vzhledem k tomu, Ze vykazy v Revitu jsou
omezeny kategoriemi prvki, neni mozné vykazy kubatur prvki,
které jsou tvoreny vice kategoriemi, funkéné vykazat ve spolecné
tabulce. Je moZné vytvorit vykazovych tabulek vice, ale pfi objemu
prvka, které jsou v modelu obsaZeny, je toto velice t€Zko provedi-
telné. Je zde tedy vyuZivano vlastniho naprogramovaného softwa-
rového rozhrani, se kterym je mozné vytvaret tabulky kubatur ma-
terialt ve formatu xIs pfimo generované z vnitini struktury modelu
Revitu. Toto funguje pouze ve spojeni s vyuZitim vySe uvedeného
datového standardu, kdy je software schopen kazdy prvek modelu
rozpoznat na zakladé jeho kédového oznaceni, extrahovat z ného
pozZadovanou kubaturu a vlastnosti a ty setfidit do jedné tabulky. Za
zminku stoji také to, Ze software je schopen dany prvek nejen roz-
poznat, ale na zaklad€ informaci o ném je schopen ho rozdélit do
vice poloZek v soupisu praci. Toho je vyuZivano napiiklad u kon-
strukci, které jsou modelovany jako sendvi¢ (napf. podlahy), kdy je
jeden prvek z informa¢niho modelu rozdélen na vice prvkt soupisu
praci (izolace v m?, roznéSeci potér v m?, finalni vrstva v m?). Tyto
tabulky jsou nasledné parovany s polozkami v rozpoctu a je tak
docileno automatizace tvorby rozpoctu a soupisu praci.
ZAVER

Z hlediska projektovych praci je mozné vyuZiti informac¢niho mo-
delu hodnotit pozitivné. Je nutné fici, Ze s vyuZitim metody BIM
k tvorbé projektové dokumentace jdou ruku v ruce vyssi poZadav-
ky na technické znalosti a zkuSenosti celého tymu. Pfedevsim co se
tyCe znalosti vyuzivaného softwaru, schopnosti spolupracovat a do-
drzovat zasady modelovani a prace s daty. Pokud se vytvoii logicky
strukturovany a datové naplnény model, jeho vyuZiti je mnohostran-
né a neni omezeno pouze na vytvoreni projektové dokumentace.
Z informacniho modelu se pak miiZou ziskavat data a podklady pro
znané mnozstvi subjektl, které se podileji na takto rozsdhlém pro-
jektu, kterym nova linka prazského metra D bezesporu je.

Ing. JIRI PLATIL, Jiri.Platil@metroprojekt.cz,
PETR ZENISEK, Petr.Zenisek@metroprojekt.cz,
METROPROJEKT Praha a. s.

Recenzoval Reviewed: Ing. Jifi SindeldF
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structures, which are contained in the common construction
model and from which the formwork drawings are subsequently
generated, it is necessary to adopt very disciplined approach
to the administration and the work of structural engineers and
builders on the common model. Profession-based models as well
as construction models are used for the generation of documents
for individual professions. The creation of “classic” 2D design
documents in the Revit program environment has its own specifics,
but it is possible to achieve as good quality documents as the
documents from ingrained CAD systems have.

Development of works register and budget

The initial reporting using standard Revit tools — tables with the
category-based schedules was abandoned over time. The tables
are used mainly for the creation of tables of elements (doors,
ironmongery products, etc.), which are provided as parts of the
construction documents. The use of standard Revit schedules for
reporting the volumes of structures has been very cumbersome,
mainly because the elements have often been modelled using
multiple tools — one type of soffit is modelled by a wall, ceiling
and a component on site. With respect to the fact that schedules
in the Revit program are limited by the categories of elements, it
is not possible to functionally put in a common table the reports
of volumes of elements, which are formed by multiple categories.
It is possible to create more report tables, but with the volume of
elements contained in the model it is very difficult to be done.
For that reason its own programmed software interface is used
here, with which it is possible to create tables of material volumes
in the xIs format directly generated from the internal structure of
the Revit model. This works only in connection with the use of
the above-mentioned data standard, where the software is able
to recognize each element of the model on the basis of its code
designation, to extract the required volume and properties from
it and sort them into one table. Also worth mentioning is the
fact that the software is not only able to recognise the particular
element, but also divide it into multiple items in the list of works
on the basis of information about it. This is used, for example, for
structures that are modelled as a sandwich (e.g. floors), where one
element of the information model is divided into several elements
of the list of works (insulation in m?, load-spreading screed in
m?, a finish layer in m?). The tables are subsequently paired with
budget items, thus the automation of the creation of the budget and
list of works is achieved.

CONCLUSION

In terms of designing work, it is possible to evaluate the use
of the information model positively. It must be said that higher
requirements for technical knowledge and experience of the entire
team go hand in hand with the application of the BIM method to the
creation of design documents. First of all as far as the knowledge
of the software used and the ability to collaborate and adhere to
the principles of modelling and working with data is concerned.
If a logically structured model filled with data is created, its
use is versatile and is not limited only to the creation of design
documents. It is then possible to obtain data and source documents
for a large number of subjects participating in such a large project,
which the new line of the Prague metro D undoubtedly is.

Ing. JIRI PLATIL, Jiri.Platil@metroprojekt.cz,
PETR ZENISEK, Petr.Zenisek@metroprojekt.cz,
METROPROJEKT Praha a. s.
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PROJEKT BEZBARIEROVEHO ZPRISTUPNENI STANICE METRA
KARLOVO NAMESTI
BARRIER-FREE ACCESS TO KARLOVO NAMESTI STATION

JAN KOREJCIK, MARTINA URBANKOVA, MICHAL KOLEVSKI

ABSTRAKT

Stanice Karlovo ndmésti by se méla stdt od poloviny roku 2021 dalsi bezbariérovou stanici prazského metra. Bezbariérovy pristup je
realizovdn jako samostatny novy raZeny pristup do stanice, obdobné jako tomu je u jiZ zprovoznénych raZenych bezbariérovych pristupii
stanic metra v Sirsim centru mésta: Muzeum A (2005), Florenc B (2006), Ndrodni tiida (2011), 1. P. Pavlova (2015), Andel (2015) a Miistek
A (2016). Cldnek popisuje tento ndrocny projekt z pohledu projektanta béhem projekcni féze a ndsledné vystavby.

ABSTRACT

Karlovo Ndmésti station should become another barrier-free station of the Prague metro from the middle of 2021.The barrier-free

access is being carried out as a separate new mined access to the station, similarly to the already operating barrier-free accesses to metro
stations in the wider city centre: Muzeum A (2005), Florenc B (2006), Ndrodni Trida (2011), I. P. Pavlova (2015), Andel (2015) and Miistek
A (2016). The paper describes this complex project from the point of view of the designer during the designing phase and subsequent

construction.

uvoD

Dlouhodobou prioritou Dopravniho podniku hlavniho mésta
Prahy je bezbariérova méstska hromadna doprava. Proto je ne-
dilnou soucésti vSech nové navrhovanych stanic metra i bezbari-
érovy pristup do téchto stanic. Kromé toho jsou pravidelné vyna-
kladany nemalé ¢4stky na postupné bezbariérové zpristupnovani
stdvajicich stanic.

AZ do roku 1990 byly stanice metra v souladu s tehdejsi kon-
cepci budovdny bez mozZnosti bezbariérového pfistupu. Jejich
ndsledné zpfistupiiovani je technicky i financné naro¢né, proto-
7e se s jejich bezbariérovosti od zacatku nepocitalo. V pripadé
hloubenych stanic lze umistit svisly ¢i Sikmy vytah, pfipadné
Sikmou schodisfovou ploSinu, pfimo ve stavajicim prostoru sta-
nice. Z nastupisté nebo z technickych prostor stanice I1ze vyjet do
urovné vestibulu, nékdy az na povrch. Dalsi typy vytaht zajistuji
prepravu mezi urovni vestibulu a povrchem.

Daleko slozitéjsi a financné naroCnéjsi je zajistit bezbariérovy
piistup raZenych stanic, které jsou navic ¢asto umistény pod hus-
tou méstskou zdstavbou. Pfi zachovani provozu stanice je nutno
realizovat novy samostatny pristup pomoci kombinace raZenych
tuneld a Sachet. Prvnim krokem pfi navrhu je projednéni a odsou-
hlaseni lokace povrchového objektu, a to v souladu se stavajicimi
budovami a komunikacemi v blizkosti stanice. Nasleduje umisté-
ni prostupu do stanice, které musi respektovat konstrukéni feseni
stanice, co nejméné omezovat jeji provoz a zaroven umoZznit co
nejjednodussi pfistup cestujicich. Tato dvé mista je ndsledné nut-
né spojit pomoci vytaht a pfestupni chodby, do které je tfeba jeste
umistit robustni tlakovy uzavér ochranného systému metra pro za-
chovéni funk¢nosti stanice jako krytu civilni ochrany. Pro navrh
a vedeni bezbariérového pristupu maji kromé dispozice samotné
stanice vyznamny vliv i inZenyrskogeologické poméry, stdvajici
inZenyrské sité, povrchova zdstavba a misto pro zafizeni stave-
nisté véetné zajisténi pristupu pro stavebni mechanizaci. Projekt
bezbariérového zpristupnéni stanice metra Karlovo namésti nale-
7i do néaro¢néjsi skupiny razenych bezbariérovych pfistupll a uz
od pocatecni projekeni faze je svazan s firmou METROPROJEKT
Praha a. s.

INTRODUCTION

Barrier-free urban mass transit is a long-term priority for the
Prague Public Transit Company. For that reason, barrier-free
access to all newly designed metro stations is an integral part of
their design. In addition, considerable sums are regularly spent on
gradual providing barrier-free accesses to existing metro stations.

Until 1990, metro stations were built in line with the then valid
concept without the possibility of designing a barrier-free access.
Providing accesses subsequently is technically and financially
demanding, because their barrier-free accessibility was not taken
into account from the beginning. In the case of mined stations, it
is possible to install a vertical or inclined lift, or an inclined stair
lift, directly in the existing space of the station. From the station
platform or from the service spaces of the station it is possible to
be lifted to the level of the concourse, sometimes up to the surface.
Other types of lifts provide transportation between the level of the
concourse and the surface level.

A much more complicated and financially demanding task
is to ensure barrier-free access to mined stations, which are, in
addition, often located under dense urban development. While
maintaining the operation of the station, it is necessary to carry
out a new separate approach using a combination of mined tunnels
and shafts. The first step in the design is to discuss and agree on
the location of the surface building complying with requirements
of the existing buildings and roads in the station vicinity. The
design for the location of the opening to the station follows. It must
respect the design of the station, minimise its operation and at the
same time allow for a corridor for the simplest possible access for
passengers. These two places must then be interconnected by lifts
and a transfer corridor, in which a robust pressure resistant gate
of the metro protection system must be installed to maintain the
function of the station as a civil defence shelter. In addition to the
layout of the station itself, the engineering geological conditions,
the existing engineering networks, the surface development and the
place for the construction site, including the provision of access
for construction machinery, also have a significant influence on
the design and layout of the barrier-free access. The design for
the barrier-free access to Karlovo Namésti metro station belongs
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ZAKLADNI POPIS PROJEKTU

Stanice Karlovo namésti je situovdna zhruba mezi ulice Troja-
nova a Vaclavskd, s eskaldtory na obou stranach a dvéma vesti-
buly vyvedenymi do oblasti Karlova a Palackého ndmésti. Obslu-
huje nejen kapacitni povrchovou navaznou dopravu, ale i hustou
okolni zastavbu. Jednd se o razenou trojlodni pilifovou stanici
unifikovaného typu s osovou vzdalenosti koleji 21 m a nadlozim
cca 35 m. Konstrukce stanice a prostuptl je stejna jako ve stani-
cich Andél, Narodni tfida a Namésti Republiky. Pilite a pravlaky
jsou ocelové, osténi stanice je montovano z Zelezobetonovych
dilct kruhového profilu 7,8/8,8 m. Technologicky tunel je situo-
van mezi tratové tunely smérem ke stanici Narodni tfida.

Jak jiz bylo zminé€no, stanice Karlovo namésti je v soucasné
dobé bezbariérové nepristupnd. Ve studii proveditelnosti pro jeji
zpfistupnéni z roku 2008 byl navrZen vstup a vystup samostat-
nym povrchovym kioskem umisténym v ulici Viclavskd. Béhem
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among more demanding mined barrier-free accesses. It is connected
with the company of METROPROJEKT Praha a. s. from the initial
design phase.

BASIC DESCRIPTION OF DESIGN

Karlovo Namésti Station is located roughly between Trojanova
and Véclavska Streets, with escalators on both sides and concourses
leading into the area of Karlovo Namésti and Palackého Namésti
Squares. It serves not only the high-capacity linking transit, but also
the dense surrounding development. The station is of the unified-
type mined 3-vault structure with pylons, with the track centre
distance of 21m and the overburden ca 35m high. The structure of
the station and openings to the central nave is the same as in the
Andél, Nérodni tfida and Namésti Republiky stations. The pylons
and head beams are made of steel; the circular profile tunnel lining
is assembled from 7.8/8.8m reinforced concrete segments. The
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Obr. 1 Situace stavby
Fig. 1 Construction ground plan
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zpracovavani dokumentace pro izemni rozhodnuti v roce 2015
probéhla na toto téma jednani projektanta se zastupci mésta. Je-
jich vysledkem bylo pfesunuti vstupu do pfizemi blizkého obytné-
ho domu &. p. 2068, ktery je ve svéfeném vlastnictvi MC Praha 2.
Tim zistal prostor ulice Vaclavska bez omezeni.

Samotné bezbariérové zpristupnéni bylo navrZeno obdobné
jako pro stanici Andél [1], s ohledem na témér stejné okrajové
podminky i konstrukci stanice. Z uli¢ni rovné se cestujici dosta-
nou pies vstupni objekt dvojici vytaht do lomené podzemni pre-
stupni chodby, umisténé vyskovée tésné nad stanici, a dalsi dvo-
jici vytaht z prestupni chodby na nastupisté priblizné ve stfedu
stanice (obr. 1). Poloha vytaht ve stanici vychazi z konstrukéni
skladby nosného osténi stanice a je umisténa tak, aby minima-
lizovala nutné zasahy do dispozi¢niho feSeni technologickych
prostor pod néstupi$tém. Z uvedenych divodid nejsou vytahy na
néstupisti v ose stanice, ale jsou v pficném sméru o 290 mm od-
sunuty. Prestupni chodba je s ndstupistém stanice navic propo-
jena pomoci bezpecnostniho tnikového schodisté podél jednoho
z vytahu.

Protoze je vytahova Sachta z uli¢ni tirovné do podzemi hloube-
na ze stisnéného prostoru v suterénu obyvaného domu, byla pro
vystavbu podzemnich dél navic navrZzena do¢asna téZni Sachta ve
Viclavské ulici, ktera je dole zatsténa pfimo do prestupni chod-
né vykonnych mechanismi pro vystavbu celé prestupni chodby
i prostupt do stanice. Navic pfes ni mize byt dopravovéna ruba-
nina, veSkeré stavebni materialy i technologické vybaveni, coz
zajiStuje minimalizaci omezeni provozu ve stanici.

Investorem stavby je Dopravni podnik hlavniho mésta Prahy, a. s.,
zhotovitelem stavebnich praci je sdruzeni ,,Hochtief — Energie —
vytah KN*, geotechnicky monitoring zajiStuje sdruZeni ,,GeoTec
+ MP + Pudis — Karlovo ndm®, technickym dozorem stavebni-
ka je Infram a. s. a projektantem METROPROJEKT Praha a. s.
Stavba byla zahdjena na prelomu dubna a kvétna 2019, uvedeni
do provozu je planovano v poloviné roku 2021.

GEOLOGICKE A HYDROLOGICKE POMERY

Z geologického hlediska je zdjmové tzemi tvofeno ordovic-
kym skalnim podlozim prekrytym kvartérnimi sedimenty. Skalni
podlozi je budovdno sedimentarnimi uloZeninami dobrotivského
souvrstvi (prachovitymi az jilovitoprachovitymi, jemné slidnaty-
mi bfidlicemi). Kvartérni pokryv je tvofen fluvidlnimi sedimenty
terasy Karlova ndmésti (pis¢itymi Stérky a pisky s pfimési jem-
nozrnné frakce) pleistocenniho stafi. Povrchova vrstva navazek
koresponduje s piivodni zdstavbou oblasti a je velmi nepravi-
delnd. Podzemni voda neni vdzdna na kvartérni terasové sedi-
menty, ale na svrchni rozpukanou a zvétralou zénu horninového
masivu.

Pro stanoveni geotechnickych podminek pro zpracovani pro-
jektu byl firmou GEOtest, a.s. realizovdn v roce 2015 doplii-
kovy geotechnicky prizkum. V ramci né&j byl proveden novy
prazkumny jadrovy vrt PJ1 délky 36 m v misté budouci t€Zni
Sachty. V tomto vrtu byly provedeny presiometrické zkouSky
v péti hloubkovych trovnich a odbéry pro laboratorni zkousky
vzorkd hornin, zemin a podzemni vody. K celkovému dokres-
leni geologické stavby uzemi byla provedena reSerSe archiv-
nich podkladd, véetné informaci z razby stanice a navazujicich
usekd.

Geotechnicky prizkum rozdélil horninovy masiv skalniho pod-
lozi podle miry zvétrani na Ctyfi hlavni zony, od zvétralych sil-
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service tunnel is located between running tunnels in the direction
of Nérodni Tfida station.

As mentioned above, Karlovo Namésti station is currently not
barrier-free-accessible. In the feasibility study for providing the
access dated 2008, the entrance and exit were proposed to pass
through a separate surface kiosk located in Vaclavska Street. In
2015, during the course of the work on documents for issuance of
the zoning and planning decision, discussions were held between
the designer and representatives of the city. The result was the
transfer of the entrance to the ground floor of the nearby residential
building No. 2068, which is entrusted to the Municipal District
Prague 2. In this way the space of Vaclavska Street remained
unrestricted.

The barrier-free access itself was designed similarly to the design
for Andél station [1] with regard to the fact that the boundary
conditions and the station structure are almost the same. From
the street level, passengers can get through the entrance building
by a pair of lifts leading to the angled underground transfer
corridor, located just above the station, and by another pair of lifts
leading from the transfer corridor to the station platform located
approximately in the middle of the station (see Fig. 1). The position
of the lifts in the station is based on the structural composition of the
supporting lining of the station and is located so as to minimise the
necessary interventions into the layout of the service spaces under
the platform. For these reasons, the lifts on the platform are not on
the station centre line but are offset in the transverse direction by
290mm. In addition, the transfer corridor is connected to the station
platform by a safety escape staircase along one of the lifts.

Since the lift shaft is sunk to the underground from the street
level, from a constricted space in the basement of an inhabited
building, a temporary hoisting shaft was in addition designed to
be carried out from Vaclavska Street. It is connected at the bottom
directly to the transfer gallery. This larger and better accessible
shaft allows for using sufficiently powerful mechanisms for the
construction of the whole transfer gallery and openings to the
central nave of the station. In addition, muck, all building materials
and technical equipment can be transported through it, which
allows for minimisation of operation restrictions in the station.

The Dopravni podnik hlavniho mésta Prahy, a. s. (the Prague
Public Transit Company Inc.) is the project owner, “Hochtief —
Energie — vytah KN consortium is the civil engineering contractor,
“GeoTec + MP + Pudis — Karlovo nam.” consortium provides
geotechnical monitoring, Infram a. s. is the technical supervisor
for the builder and Metroprojekt Praha a. s. is the designer. The
construction commenced at the end of April 2019 and the start of
May 2019 and putting it into service is planned for the middle of
2021.

GEOLOGICAL AND HYDROLOGICAL CONDITIONS

From the geological point of view, the area of interest is formed
by Ordovician bedrock overlaid by Quaternary sediments. The
bedrock is built up by sedimentary deposits of the Dobrotiv
Formation (silty to clayey-silty, finely micaceous shale). The
Quaternary cover is formed by fluvial sediments of the Karlovo
Namésti terrace (sandy gravel and sand with admixture of fine-
grained fraction) of the Pleistocene age. The surface layer of made-
ground corresponds to the original development of the area and is
very irregular. Groundwater is bound to the upper, fractured and
weathered rock mass zone, not to the Quaternary sediments.

A supplementary geotechnical investigation was conducted by
the company of GEOtest, a.s., in 2015 to determine geotechnical
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zcela zvétralé bfidlice completely weathered shale
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navétralé bridlice slightly weathered shale

zdravé biidlice fresh shale
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Obr. 2 Podélny rez s geologii
Fig. 2 Geological longitudinal section

né¢ rozpukanych, pres navétralé a slabé navétralé, az po zdravé
prachovité bridlice. Pro tyto jednotlivé geotechnické typy byly
stanoveny geotechnické parametry zemin a hornin. Geologic-
ky profil je zndzornén v podélném fezu (obr. 2). Prizkum daile
konstatoval, Ze vystavba objekt bude probihat ve sloZitych
geotechnickych podminkéch, ovlivnénych zejména pritomnosti
podzemni vody vazané na skalni horninovy masiv, lokalnimi tek-
tonickymi zoénami a vysokou puklinatosti horninového prostredi
v oblasti stanice Karlovo nameésti.

Analyzovana podzemni voda ma z hlediska chemického puso-
beni na betonové konstrukce pouze nizky stupen agresivity XAl,
ale z hlediska pusobeni na ocel vysoky stupenn agresivity (IV).

conditions for preparation of the design. The new 36m long
P1 exploratory cored borehole was carried out at the location
of the future shaft within the framework of the investigation.
Pressuremeter tests were conducted at five levels of this borehole
and specimens of ground, soil and groundwater were collected in
it. In order to complete the description of the overall geological
structure of the area, a search of archival documents was carried
out, including information from the excavation of the station and
the linking sections.

The geotechnical investigation divided the bedrock massif
according to the degree of weathering into four main zones,
ranging from weathered, heavily broken, through slightly
weathered and moderately weathered to fresh silty shale. The




Tuel

VytéZené materidly jsou pouze omezen¢ vyuzitelné pro zasypy
a nasypy, tzn. jen pro nendro¢né pouziti.

Skutecné zastiZzené geologické a hydrogeologické poméry bé-
hem vystavby jsou podrobné popsdny v ¢lanku [2]. Obecné lze
fici, Ze kvalita horninového masivu byla lepsi, nez predpokladal
ni povrchu, na druhé strané byl postup razeb pomalejsi, protoze
pouZiti mechanizované razby, na rozdil od planovanych trhacich
praci, bylo v danych geologickych podminkach méné efektivni.

DOCASNA TEZNI SACHTA $1

NNy

T&zni $achta S1 je situovéna v ulici Vaclavska pobliz kiiZovatky
s ulici Trojanova. Sachta je hlubok4 34,7 m, pidorysné ovilného
tvaru cca 7,5 X 5,5 m a je umisténa mezi dva kabelovody CETIN
vedenymi po obou strandch ulice. Po preloZeni inZenyrskych siti
v kolizi byly stabilizovany kabelovody a stény Sachty v kvartéru
pomoci mikropilot @ 108/16 mm, délky 7 m, s rozte¢i 600 mm po
celém obvodu Sachty. Pro zatésnéni vyrubu Sachty proti pronikéni
podzemni vody z kvartéru jsou ve spodni Casti mikropiloty dopl-
nény tryskovou injektazi. Nahote jsou hlavy mikropilot zavazany
do Zelezobetonového ohlubriového vénce Sachty se zabradlim.

Hloubeni bylo navrZeno s vyuZitim NRTM po zdbérech 1 m,
se zajisténim primarnim osténim tloustky 250 mm ze stfikaného
betonu SB20/25, s ocelovymi vyztuznymi sit€mi 8/150x150 mm
a ocelovymi piihradovymi ramy. V dolni ¢4sti Sachty byly pro za-
jisténi klenby obou rozraZek prestupni chodby navrZzeny ochran-
né deStniky z injektovanych samozavrtnych ocelovych svornika
délky 6 m.

Sachta je oteviena po celou dobu vystavby a po vybudovéni
posledniho bloku definitivniho osténi prestupni chodby, vcetné
hydroizola¢niho souvrstvi, bude nasledné po vrstvach vyplnéna
popilkovym stabilizatem. Pripovrchovd ¢ast bude po zpétném
preloZeni siti a ubourani horni ¢asti stén jamy vyplnéna zhutné-
nym zasypem. Nakonec se upravi povrch ulice do ptivodniho sta-

vu a bude vybudovéna nova autobusova zastavka.

Obr. 3 Hloubeni vytahové Sachty S2 ze suterénu
Fig. 3 Lift shaft S2 excavation from basement
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geotechnical parameters of soils and rock mass were determined
for those individual geotechnical types. The geological profile is
displayed in the longitudinal section (see Fig. 2). The investigation
further stated that the construction will proceed in complicated
geotechnical conditions, affected mainly by the presence of
groundwater bound to the rock massif, local tectonic zones and
high degree of fracturing of the rock environment in the area of
Karlovo Namésti station.

In terms of chemical action on concrete structures, the
groundwater which was analysed exhibits only a low degree of
aggression XAl, but in terms of the effect on steel, the aggression
degree is high (IV). The use of the excavated materials for backfills
and embankments is limited, only for undemanding purposes.

The geological and hydrogeological conditions actually
encountered during the course of the excavation are described in
more detail in paper [2]. In general, it can be said that the quality
of the rock mass was better than assumed by the design. On the one
hand, this fact contributed to safer excavation and smaller affection
of the surface; on the other hand, the excavation advance rate was
lower because the use of mechanised excavation in comparison
with the planned blasting was less effective in the particular
geological conditions.

TEMPORARY HOISTING SHAFT S1

The hoisting shaft S1 is located in Vaclavska Street, near the
crossing with Trojanova Street. The shaft is 34.7m deep, its ground
plan is oval ca 7.5 X 5.5m and is located between two CETIN
cableways running along both sides of the street. After the relocation
of colliding engineering networks, the cable ways and the shaft
walls in the Quaternary ground were stabilised using micropiles
@ 108/16mm, 7m long, spaced at 600mm around the whole
circumference of the shaft. The micropiles are complemented in
the lower part by jet grouting designed to seal the shaft excavation
against intrusion of groundwater from the Quaternary ground. At
the top, the micropile heads are bound into a reinforced concrete pit
bank collar with railing.

The NATM was designed for the excavation, with the rounds 1m
deep, 250mm thick SC20/25 shotcrete primary lining reinforced
with 8/150x150mm steel mesh and steel
lattice frames. Protective umbrellas from
6m long grouted self-drilling steel rock bolts
were designed at the bottom part of the shaft
for supporting the vaults of both side stubs for
the transfer gallery.

The shaft is open throughout the time of
construction and will be subsequently filled in
layers with cinder-based stabilising material
after completion of the last block of the
final lining of the transfer gallery, including
the waterproofing layers. After relaying the
networks back and breaking the upper part
of the pit walls, the part near the surface
will be backfilled with compacted ground.
Eventually, the street surface will be restored
to its original condition and a new bus stop
will be built.

LIFT SHAFT S2

Lift shaft S2 leading from the street level
to the transfer gallery is located in the north-
western part of the seven-storey building No.
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VYTAHOVA SACHTA S2

Vytahové Sachta S2 z uli¢ni trovné do piestupni chodby je situ-
ovana do severozapadni ¢asti sedmipodlazniho domu €. p. 2068,
kde se puvodné nachdzela v pfizemi prodejna s potravinami
a v tGrovni suterénu sklep. Sachta je navrZena z trovné suterénu,
takZe bylo tfeba vybourat otvor v obvodové zdi domu a déle strop
a podlahu suterénu. Predtim bylo nutné uvolnit prostor od sklep-
nich kdji a vSech vnitinich technickych rozvodu, které musely byt
preloZeny podél stén.

Sachta pro vytah (obr. 3) je navrZena v minimalnich rozmérech
nutnych pro montaz vytaht. Je umisténa mezi stavajici zaklady
nosné konstrukce domu a vnitfni lic osténi méa obdélnikovy tvar.
Pred zahdjenim hloubeni bylo nutné podchytit zaklady domu po-
moci svislych a uklonénych pilifi tryskové injektdZe a mikropilot
@ 108/16 mm délky 6 m. VytyCovaci schéma bylo mozZné na-
vrhnout aZ po vybourani suterénu a zamérfeni skute¢né polohy
zakladu, stén, slouptli a pravlakd. V mistech, kde je Sachta v tésné
blizkosti sté€n, zasahovalo podchyceni do profilu Sachty a muselo
byt nédsledné po zabérech ubourdvano. S ohledem na provadéni
praci ve velmi stisnénych pomérech byla z tohoto pracovisté rea-
lizovana pouze samotna vytahova Sachta.

Sachta $2 ma dva zakladni pfi¢né profily a je hluboka 33,8 m.
Horni ¢ast v délce 22,9 m je obdélnikového profilu s vyrubem cca
5,8 x 4,3 m. Spodni ¢ast Sachty v délce 8,9 m je elipsovitého tva-
ru, ktery je stejny jako u Sachty S1. Mezi obéma profily je dvou-
metrovy prechodovy tsek. Hloubeni bylo navrZzeno s vyuZitim
NRTM po zébérech 1 m. Divodem pro spodni elipsovity profil
je eliminace docasnych rozpér pro zajiSténi rozrdzky prestupni
chodby, které by nasledné omezovaly provadéni hydroizolaci
a definitivniho osténi Sachty.

Horni obdélnikové ¢ést Sachty je zajiSténa primarnim osténim
tloustky 250 mm ze stfikaného betonu SB20/25 s ocelovymi vy-
ztuznymi sitémi 8/150x150 mm a ocelovymi ramy z valcovanych
profilid HEB 160, se ztuZenim roht Sikmymi ocelovymi trubkami
TR 114/8 a TR 140/10. Zajisténi spodni elipsovité Casti je stej-
né jako u Sachty S1. Stejnym zpiisobem je zajistén i prechodovy
profil, rozdil je pouze v pouziti atypického piihradového ramu.
Pred zahdjenim hloubeni pfechodové ¢dsti musel byt instalovan
subvertikdlni rozndSeci deStnik z injektovanych samozavrtnych
ocelovych svornikt délky 6 m. Pro zajisténi klenby rozrazky pte-
stupni chodby byl navrzen stejny ochranny destnik jako u Sachty
SI.

PRESTUPNI CHODBA

Piidorysné je piestupni chodba vedena od vytahové Sachty $2
skrz t&7ni Sachtu S1 smérem k mistu piestupu do stanice. Z di-
vodu minimélniho deformac¢niho ovlivnéni stanice pfi razbach je
déle smérové zalomend a probihd paralelné s pravym stani¢nim
tunelem. Nakonec odbocuje kolmo na osu stanice nad stfedni sta-
nicni tunel. V tomto misté dochdzi v pficném sméru k odboceni
dvou protilehlych rozrazek do mist vytahovych Sachet a tinikové-
ho schodisté na nastupiste.

Razena prestupni chodba mé v pricném fezu podkovovity tvar se
spodni klenbou a z déivod smérového vedeni a mnoZstvi rozrazek
je navrZena v péti raznych profilech velikosti od 27,4 do 44,7 m>.
Pred rozrazkou je aktudlni profil vZdy navySen a je ukoncen mi-
nimdlné 2 m za ni. Celkova délka vSech profilti pfestupni chod-
by je 80,4 m, délka pfestupu mezi vytahy Cini cca 63 m. Nadlo-
Zi dosahuje 27 aZ 29 m. Prestupni chodba klesa ve sklonu 0,3 %
smérem ke stanici, nad ni je ve vodorovné poloze. Vzdalenosti

2068, where there were originally a grocery shop in the ground
floor and a cellar in the basement. The shaft was designed to be
carried out from the basement level, so it was necessary to break an
opening through the external wall and through the basement floor.
It was necessary in advance to free the space, remove the cellar
cages and relocate all technical services from it (they had to be
installed along the walls).

The lift shaft (see Fig. 3) is designed with minimum dimensions
necessary for the assembly of the lifts. It is located between
existing foundations of the load-bearing structure of the building
and the shape of the internal face of the lining is rectangular. Before
starting to excavate, it was necessary to underpin the foundations
of the house using vertical and inclined jet grouting pillars and 6m
long micropiles @ 108/16mm. The setting out scheme could be
designed only after breaking the basement out and surveying the
actual position of the foundations, walls and pillars. In the locations
where the shaft is in close proximity to walls, the underpinning
interfered with the shaft profile and had to be subsequently broken
away round by round. With respect to working in highly constricted
conditions, only the lift shaft was carried out from this working
place.

Shaft S2 has two basic cross-sections and is 33.8m deep. The
cross-section of the 22.9m long upper part is rectangular with the
excavated profile ca 5.8 x 4.3m. The shape of the 8.9m long bottom
part is elliptic, identical with that of shaft S1. There is a 2m long
transition section between the two profiles. The NATM has been
designed for the excavation, with 1m deep excavation rounds. The
reason for the elliptic profile of the bottom part is the elimination of
temporary braces for the support of the side stub excavation for the
transfer gallery, which would subsequently hamper the installation
the waterproofing and final lining of the shaft.

The upper rectangular part of the shaft is stabilised by a primary
lining — 250mm thick, SC20/25 shotcrete, steel reinforcing mesh
8/150x150mm and HEB 160 rolled-steel frames with corners
stiffened with skewed TR 114/8 and TR 140/10 steel tubes. The
support of the elliptic bottom part is identical with that of shaft
S1. The transition part is stabilised in the same way, only with the
difference in the use of the atypical lattice frame. A sub-vertical
distribution umbrella from 6m long, grouted self-drilling steel rock
bolts had to be installed before excavating the transition section.
The same protective umbrella as that at shaft S1was designed for
supporting the vault of the side stub excavation.

TRANSFER GALLERY

In the ground plan, the transfer gallery leads from S2 shaft
through S1 hoisting shaft in the direction of the location of the
transfer to the station. For the reason of minimising the deformation
effect on the station during the course of the excavation, the gallery
is further horizontally bent and runs in parallel with the right-hand
station tunnel. In the end, it swerves perpendicularly to the centre
line of the central station tunnel. At this point the two opposing
gallery stubs swerve to the locations of the lift shafts and the escape
staircase to the platform.

The mined transfer gallery has a horseshoe shaped cross-section
with an invert. Five different cross-sections with the areas ranging
from 27.4 to 44.7m? are designed for the gallery with respect to
the horizontal alignment and quantity of side stubs. The profile
height is always increased before a side stub and is ended at a
minimum distance of 2m beyond it. The total length of all profiles
of the transfer gallery amounts to ca 63m. The overburden height
reaches 27 to 29m. The transfer gallery descends on a 0.3% slope
in the direction of the station; above the station it is horizontal. The



Tuel

dna chodby od klenby stanice jsou minimalni,
ato 67 az 108 cm, coZ je o néco mélo vice nez
na stanici metra Andél.

Razba byla navrzena s vyuzitim NRTM
s horizontdlnim c¢lenénim cela vyrubu.
S ohledem na kratkou délku a mnoZstvi
ruznych profild prestupni chodby byla na-
vrZzena pouze jedna technologicka tiida Sa,
s moznosti modifikace v zavislosti na sku-
teCné zastizenych geotechnickych podmin-
kach a vysledcich geomonitoringu. Ttfida Sa
byla zvolena s ohledem na naro¢nou razbu
v exponovaném prostoru nad provozovanou
stanici a pod vysokou povrchovou zdstav-
bou, se snahou minimalizovat deformace na
povrchu.

Primarni osténi tloustky 250 mm je ze
stiikaného betonu SB20/25 s ocelovymi vy-
ztuZznymi sitémi 8/150x150 mm a ocelovy-
mi prihradovymi ramy. V misté rozrazek pro
vytahy do stanice je osténi dvojité, celkové
tloustky 500 mm. ZajiSténi vyrubu dopliuji
radidlni samozavrtné ocelové svorniky délky
3 m a samozévrtné ocelové jehly délky 4 m.
Délka zabéru v kaloté je 1 m, ve dné je to
dvojnésobek.

S ohledem na pfiznivé chovani horninového masivu (respektive
primarniho osténi) pfi razbé prestupnich chodeb, a potfebu pro-
vést co nejdiive zasobovaci vrt pro lity beton z prestupni chodby
do stanice, byla témér celd prestupni chodba vyraZena v prvni
fazi pouze v kaloté (obr. 4). Po provedeni vrtu, ktery byl nutny
pro betondZ monolitickych konstrukci ve stanici, byla uzaviena
spodni klenba a provedeno zdvojené osténi pricného useku pre-
stupni chodby nad stanici. Nasledné mohla byt zahdjena razba
obou protilehlych rozrazek pro vytahy do stanice a razba dna zby-
1€ Casti prestupni chodby zpatky k obéma Sachtam.

STAVEBNI UPRAVY VE STANICI METRA

SoubéZné s razbami probihaly béhem provozu metra a v noc-
nich vylukdach stavebni Gpravy ve stanici metra Karlovo ndmésti.
Nejdrive byla provedena ochranna konstrukce kolem stavenisté

Obr. 5 Armovdni privlakii ve stanici
Fig. 5 Placement of reinforcement of beams in the station
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Obr. 4 Razba kaloty prestupni chodby
Fig. 4 Excavation of transfer gallery top heading

distance of the gallery bottom from the station vault is minimal, 67
to 108cm, which is slightly more than at Andél metro station.

The NATM was designed for the excavation, using the so-
called “horizontal excavation sequence” (top heading, bench and
invert). Taking into consideration the short length and quantity of
various cross-sections of the transfer gallery, only one excavation
support class 5a was designed, with the possibility of modification
depending on the actually encountered geotechnical conditions and
results of geomonitoring. Class 5a was chosen with respect to the
demanding excavation in the exposed space above the operating
station and under high surface buildings, in an effort to minimise
deformations on the surface.

The 250mm thick primary lining is made of SC20/25 shotcrete
reinforced with 8/150x150mm steel mesh and steel lattice frames.
At the locations of side stubs for lifts leading to the station, the
lining is doubled with the total thickness of 500mm. The excavation
support is supplemented by 3m long self-drilling steel rockbolts
and 4m long self-drilling steel spiles. The excavation advance
length in the top heading amounts to 1m, in the bottom it is double.

With respect to the favourable behaviour of the rock mass
(respectively the primary lining) during the course of the excavation
of the transfer galleries, and the need for carrying out a poured
concrete supply borehole from the transfer gallery to the station as
soon as possible, almost the entire transfer corridor was excavated
only in the top heading in the first phase (see Fig. 4). After
completion of the borehole, which was necessary for mass concrete
structures in the station, the invert was closed and the doubled lining
of the transverse section of the transverse gallery above the station
was carried out. The excavation of both opposite side stubs for lifts
to the station and the excavation of the remaining part of the transfer
gallery bottom back to the two shafts could commence.

CONSTRUCTION WORK IN METRO STATION

Construction work in Karlovo Namésti station proceeded during
the course of the metro operation and overnight closures, in parallel
with the operation of metro. First, a protective structure around the



30. rocnik - ¢. 1/2021

budoucich vytaht ve stfedni lodi stanice. V nezbytném rozsahu
byly demontovany konstrukce zontd, podhled a osvétleni. Pod
nastupistém se uvolnily technické prostory a provedly se pielozky
vSech technickych vedeni. Nasledné bylo v misté vytaht vybou-
rdno nastupiSté a v udrovni pod ndstupiStém nosné konstrukce
a vyplnové betony dna az na lic stavajicich tubingl stanice. Na
nich mohly byt po provedeni zdsobovaciho vrtu vybetonovany
nové nosné konstrukce.

Na zékladovych pasech z Zelezobetonu C25/30 jsou zalo-
Zeny dva oddélené pravouhlé boxy (Sachty) prochdzejici aZ po
klenbu stfedniho stani¢niho tunelu, kde jsou zakonceny masiv-
nimi a husté vyztuZzenymi podélnymi pravlaky. VEtsi Sachta je
pro vytah a unikové schodisté, mensi pro druhy vytah. VSechny
tyto konstrukce jsou z monolitického Zelezobetonu C30/37. Po
betondZzi stén Sachet v trovni pod néstupistém byla vybudovana
nova deska nastupisté, na kterou navazala betonaZz stén a pravlakl
v trovni nastupisté (obr. 5). Nakonec byly zainjektovany vrchliky
pravlakd, aby se aktivovalo nové podepieni stfedniho stani¢niho
tunelu.

PROSTUPY DO STANICE

Razba dna obou protilehlych rozrazek pro vytahy do stanice
byla v projektu podminéna dokoncenym a tGnosnym systémem
podpérnych Zelezobetonovych konstrukci ve stanici. Vzhledem
k pfiznivému vyvoji konvergenci ve stanici metra i raZené pfe-
stupni chodbé mohly byt nakonec pro tsporu ¢asu spodni klenby
téchto profilt uzavieny drive.

Nasledovalo hloubeni obou obdélnikovych $ibikl az na rub tu-
bingl stfedniho stani¢niho tunelu. Béhem téchto praci byly nad
stanici objeveny volné prostory, véetné ¢astecné vyplnéného nad-
vylomu z piivodni razby stanice, které musely byt zainjektovany.
Sibiky byly zajistény primarnim osténim ze stiikaného betonu
C20/25 tloustky 300 mm s vyztuznymi sitémi 8/150x150 mm.
V trovni spodni klenby vétsi rozrazky byly navic osazeny docas-
né pricné ocelové rozpéry s rozteci 2 m, které mohly byt odstra-
nény az po betondzi definitivniho osténi prostupu (obr. 6).

Pro oba vytahy, unikové schodisté a vnitini instalace bylo nutné
do klenby stfedniho tunelu stanice provést dva otvory s rozméry
9,8 X 3,9 m a 4,3 X 3,9 m, navazujici na Zelezobetonové kon-
strukce ve stanici. Otvory respektuji stavajici skladbu Zelezobe-
tonovych tubingt stanice. Tubingy byly po odstranéni spojujicich
Sroubl postupné vybourany. Tyto price mohly byt zahdjeny az
po ovéfeni konecné pevnosti novych Zelezobetonovych pravlaka
ve stanici.

HYDROIZOLACE A DEFINITIVNI OSTENI

Pro vSechny konstrukce je zvolen uzavieny systém mezileh-
1é hydroizolace. Hydroizolac¢ni souvrstvi je tvoreno folii z mék-
¢eného PVC tlouStky 3 mm osazenou na ochrannou geotextilii.
V rozsahu dna je fdlie shora chranéna dvéma vrstvami tuhé geo-
textilie 1000 g/m? misto ochranného betonu. Do vSech pracov-
nich i dilatacnich spar jsou vloZeny vné&jsi tésnici sparové pasy
s pojistnym systémem z injektaznich hadicek, svedenych do kra-
bic na lici definitivniho osténi. Nova hydroizolace je kolem obou
prostupt do stanice vodotésné fixovana piimo na Zelezobetonové
tubingy stanice. Hydroizolacni félie je kolem otvorG ukoncena
pfivafenim na Sikaplan® WP Tape 200, coz je 20 cm Siroky foli-
ovy pas prilepeny epoxidovym lepidlem na ocistény, vyrovnany
a podtmeleny povrch stavajicich tubingt. Tento systém je doplné-
ny injektaZnimi hadickami a bobtnavymi pésky.

Obr. 6 Prostup do stanice s docasnymi rozpérami
Fig. 6 Opening to the station with temporary bracing

construction site for the future lifts in the central nave of the station
was carried out. The structures of leak diversion troughs, suspended
ceilings and lighting were dismounted to the extent necessary.
Service spaces under the platform were vacated and all technical
lines were relocated. Subsequently, the platform was broken out in
the location of the lifts, as well as load-bearing structures under the
level of the platform and the mass fill concrete at the bottom up to
the internal surface of the existing tubbing segments of the station
tunnel. The new load-bearing concrete structures could be carried
out on them after completion of the concrete supply borehole.

Two separate rectangular boxes (shafts) running up to the vault
of the central station tunnel are founded on the C25/20 reinforced
concrete strip footings. They are terminated by massive and
densely reinforced longitudinal beams. The larger shaft is for
one lift and the escape staircase, the smaller is for the second lift.
All those structures are made of cast-in-situ C30/37 reinforced
concrete. After completion of the concrete walls at the level under
the platform, a new platform slab was carried out and concreting of
walls and beams at the platform level followed (see Fig. 5). Finally,
grout was injected above the beams so that the new support for the
central station tunnel was activated.

CROSS PASSAGE OPENINGS TO STATION

In the design, the excavation of the bottoms of the opposite side
stubs for lifts to the station was conditioned by the completed and
good-bearing system of supporting reinforced concrete structures in
the station. Owing to the favourable development of convergences
both in the metro station and the mined transfer gallery, the inverts
of those profiles could be closed sooner so that time was saved.




TuNel

Definitivni (sekundarni) osténi prestupni chodby i vytahovych
Sachet je z monolitického Zelezobetonu C30/37, provadéné do po-
suvného bednéni. Bednéni prestupni chodby musi byt variabilni,
kvili mnoZstvi riznych profilii a kiizeni. Rozmisténi pracovnich
spar bylo v realiza¢nim projektu upraveno podle uvazované formy
a pracovniho postupu zhotovitele. Silné€ vyztuZena sténa pro rucni
tlakovy uzavér, ktery musi byt pii betonazi podepfen pomocnymi
ocelovymi profily, tvofi samostatny blok. Ve vytahovych Sachtach
do stanice byly navrZeny Sroubové spojky vyztuze pro propojeni
svislé vyztuze navazujicich konstrukci betonovanych pred a po
vybourani otvoru do klenby stanice.

Vyztuzeni definitivnich konstrukei ve stanici, stejné jako spod-
nich kleneb a stén v prestupni chodbé a také i osténi vytahovych
Sachet, je navrzeno z vdzané prutové ocelové vyztuZe. Klenby
a boky prestupni chodby jsou vyztuZeny pomoci ocelovych siti,
fixovanych na Ctyfprutové piihradové ramy (obr. 7). V nékterych
mistech jsou doplnény prilozky z prutové vyztuze.

Vzhledem k umisténi vystupniho objektu vytahl do pfizemi
obytného domu Vaclavska €. p. 2068 byly obavy o pfenos vibraci
z metra do konstrukce domu. Z tohoto diivodu byly dilatacni spa-
ry vytahové Sachty S2 vyplnény vibroizolaci Sylodyn®. Obdobné

vy

Obr. 7 Armovdni definitivniho osténi kiiZeni pFestupni chodby
Fig. 7 Placement of reinforcement of transfer gallery final lining crossing
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The excavation of both rectangular staple shafts up to the external
surface of the tubbing segments of the central station tunnel
followed. Empty spaces, including a partially filled overbreak from
the original excavation of the station, were discovered during the
course of this work. They had to be filled with grout. The staple
shafts were supported by a 300mm thick primary lining made
of C20/25 sprayed concrete reinforced with 8/150x150mm steel
mesh. At the invert level, larger side stubs were in addition provided
with temporary transverse steel braces spaced at 2m, which could
be removed only after completion of concreting the final lining of
the opening (see Fig. 6).

It was necessary to make two openings 9.8 X 3.9m and 4.3 x
3.9m linking to the reinforced concrete structures in the vault of
the central station tunnel for both elevators, the escape staircase
and the internal installations. The openings respect the existing
composition of the reinforced concrete segments of the station.
The tubbing segments were gradually broken out after the removal
of coupling bolts. This work could be started only after the final
strength of the new reinforced concrete beams in the station had
been verified.

WATERPROOFING AND FINAL LINING

A closed waterproofing
system was chosen for all structures. The
waterproofing layers comprise a 3mm thick,
plasticised PVC membrane covered with
protective geotextile. In the extent of the
bottom, the membrane is protected from the
top by 2 layers of rigid geotextile 1000g/m?
instead of protective concrete. External
waterbars  with a system of
grouting hoses starting in boxes embedded
in the internal face of the final lining are
incorporated into all day joints and expansion
joints. The new waterproofing system is fixed
directly to the reinforced concrete segments
of the station lining, watertight around both
openings into the station. The waterproofing
membrane is terminated around the openings
by welding to Sikaplan® WP Tape 200,
which is a 20cm wide strip of membrane
glued by epoxy adhesive to the cleaned and
levelled surface of existing segments, covered
with putty. This system is supplemented by
grouting hoses and swelling gaskets.

The final (secondary) lining of the transfer
gallery and lift shafts is made of C30/37 cast-
in-situ reinforced concrete poured behind
mowing formwork. The formwork for the
transfer gallery has to be variable with respect
to the quantity of different profiles and
crossings. The positions of day joints were
adjusted in the detailed design according the
formwork being planned and contractor’s
method statement. The heavily reinforced
wall for the manually operated pressure-
resisting gate, which has to be supported
with auxiliary steel sections during the
course of concreting, forms an independent
block. Conically threaded coupling sleeves
were designed to be used in the lift shafts to

intermediate

securing
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byla oddélena horni ¢ast Sachty od zdkladd a stropni desky sute-
rénu domu.

FINALNI UPRAVY

Vstupni objekt vytaht na uli¢ni drovni bude zabudovan do sta-
vajiciho obytného domu Véclavska €. p. 2068 tak, Ze nahradi jed-
nu z vyloh prodejny. Bude realizovan tak, aby co nejméné narusil
soucasny vzhled objektu. Stény této vstupni niky budou obloze-
ny stejnym keramickym obkladem, jako stdvajici fasdda domu.
Vstup bude uzaviratelny rolovaci mfizi.

Prestupni chodba bude opatfena velkorozmérovym keramic-
kym béZovym obkladem, lepenym na piedsazenou montovanou
svislou konstrukci z cementovlaknitych desek fermacell Power-
panel H,0. Za nimi vedou odvodfiovaci Zlabky v podlaze piistup-
né dvitrky, které budou vyuZity i pro mozZnost dodatecné injektéze
a korozni méfeni bludnych proudd. Déle jsou v chodbé navrzeny
akustické podhledy a dlazba ze Zulovych desek.

Na néstupisti bude realizovana dvojice kioskl pro vytahy a eva-
kuacni schodisté s prosklenou konstrukci z neprihledného bez-
pecnostniho skla s vysokou odrazivosti. Po dokonceni pfetésnéni
dotcenych Zelezobetonovych tubingl stanice metra bude prove-
dena konecna tprava nastupisté, vCetné zpétné montdze zontd,
obkladii a dlazby.

GEOTECHNICKY MONITORING

Geotechnicky monitoring stavby je podrobné popsan v samo-
statném ¢lanku [2]. Byl navrZzen v navaznosti na staticky vypocet
a predchozi pasportizaci ovlivnénych objektl. Zahrnuje sledova-
ni nadzemni zastavby, povrchu, stavajici stanice metra, hladiny
podzemni vody a novych raZenych a hloubenych objektd. VSech-
ny vysledky jsou prezentovany v databazovém systému SIISEL,
ktery je pro ucastniky vystavby pfistupny online pies webové
rozhrani. Kromé toho jsou vysledky diskutovany za ucasti vSech
zainteresovanych stran na pravidelnych schiizkach rady monito-
ringu (RAMO).

ZKUSENOSTI Z PROJEKTU

Zajisténi razenych objektd bylo navrzeno tak, aby ovlivnéni
povrchové zastavby i stavajici stanice bylo co nejmensi. Staticky
vypocet uvazoval pomérné nizké deformace horninového masivu
a terénu, cemuZ odpovidaly i varovné stavy. Svislé konvergence

g —

Obr. 8 Vektorovy diagram deformaci stiedniho stani¢niho tunelu (informacni
systém SIISEL)

Fig. 8 Vector diagram of the central station tunnel deformations (SIISEL
information system)

the station for splicing vertical reinforcement bars of the linking
structures concreted before and after breaking out the opening to
the station vault.

Tie-up reinforcement bars are designed for the final structures
in the station and the inverts and walls in the transfer gallery. The
vaults and sides of the transfer gallery are reinforced with steel
mesh fixed to four-strand lattice frames (see Fig. 7). Strap pieces
made from reinforcement bars are added in some places.

With respect to the location of the structure for the exit of lifts in
the basement of the Viclavskd No. 2068 residential building, there
were concerns regarding the transmission of vibrations from metro
to the building structure. For that reason the expansion joints in the
lift shaft S2 structure were filled with Sylodyn® vibroinsulation.
The upper part of the shaft was separated from the foundations and
the roof slab above the basement of the building similarly.

FINAL WORK

The structure for the entrance to the lifts at the street level will
be incorporated into the existing building No. 2068 in Vaclavska
Street by replacing one of the shop windows. It will be carried
out in a way ensuring that the current appearance of the building
will not be disturbed. Walls of this entrance niche will be clad in
the same ceramic tiles as the current facade of the building. The
entrance will be closable by a rolling grille.

The transfer gallery will be provided with large ceramic cladding
glued on a hanging fabricated vertical structure made from
fermacell Powerpanel H,O fibre reinforced cement boards. There
are drainage channels in the gap behind them. They are accessible
through doors, which will be used also for the possibility of
additional grouting and corrosion measurements of stray currents.
In addition, acoustic suspended ceilings and granite floor tiles are
designed for the gallery.

A pair of kiosks for the lifts and an evacuation staircase with a
structure glazed with high reflectivity, opaque safety glass will be
installed on the platform. The final work on the platform including
installation of leak diversion troughs, cladding and floor tiles back
will be carried out after completion of re-sealing of the affected
reinforced concrete segments of the metro station.

GEOTECHNICAL MONITORING

Geotechnical monitoring of the construction is described in
detail in a separate paper [2]. It was designed as a follow up to a
structural analysis and previous condition survey of the affected
buildings. It comprises monitoring of above-surface buildings, the
surface, the existing metro station, the water table level and new
mined and cut-and-cover structures. All results are presented in the
SIISEL database system, which is accessible for the participants
online, via a web interface. In addition, the results are discussed
with the participation of all stakeholders in regular meetings of the
Monitoring Board.

EXPERIENCE FROM DESIGN

The design for the excavation support for mined structures was
prepared with the objective to minimise the impact on the surface
development and the existing station. The structural analysis
assumed relatively low deformations of the ground mass and terrain
and the warning states corresponded to it. Vertical convergences of
the transfer gallery up tol0 and 15mm and settlement of terrain and
buildings up to 10 respectively 20mm were considered, depending
on the particular location. The maximum measured values of the
gallery convergences slightly exceeded 10mm, the maximum
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prestupni chodby byly uvazoviany do 10 a 15 mm, poklesy te-
rénu a budov do 10 a 20 mm, v zavislosti na konkrétnim misté.
Maximalni naméfené hodnoty konvergenci chodby mirné presa-
hovaly 10 mm, maximalni seddni terénu bylo do 10 mm a seddni
budov do 5 mm.

Varovné stavy pro konvergence ptestupni chodby byly mirné
prekracovany ve vodorovném sméru, v disledku razby kaloty bez
uzavirani protiklenby z divodu co nejrychlejsi realizace zasobo-
vaciho vrtu do stanice. UvaZovand maximdlni hodnota 2. varov-
ného stavu 5 mm byla béhem vystavby navySena na 8 mm s tim,
Ze kolem této hodnoty jizZ dochdzelo k ustalovani maximalnich
vodorovnych konvergenci a zaroven nebyl ovlivilovdan povrch
v nadloZi.

Pro stani¢ni tunely byl u konvergencniho méfeni stanoven
2. varovny stav deformaci 10 mm. V méficim profilu stfedniho
stani¢niho tunelu, pfimo pod pfi¢nou prestupni chodbou, bylo
zaznamenano maximalni zvedani klenby zhruba o tuto hodnotu
(obr. 8). V ostatnich stani¢nich profilech bylo naméfeno maxi-
malné 5 mm. DuleZité bylo i sledovani vzdjemného sméru defor-
maci jednotlivych bodi méficiho profilu, aby nedochéazelo k ro-
zevirani tubingl stanice.

Podstatnou zménou oproti pfedchozim projektiim raZenych bez-
bariérovych zpfistupnéni stanic byla nemoznost provedeni plano-
vanych trhacich praci, s vyjimkou né€kolika zabéra ve spodni ¢asti
Sachty $2. Neefektivni mechanizované rozpojovani horniny vyraz-
né prodlouZilo dobu razeb, a tudizZ i celkovou lhtitu vystavby. Navic
misto jednoho odpalu na zabér museli obyvatelé okolnich budov
poslouchat a vnimat kontinudlni praci impaktoru tunelbagru, jehoz
velikost byla limitovana rozméry prestupni chodby.

Vznikd problém, jak se k tomuto riziku optimdlné postavit
v projekéni fazi priStich podobnych projektd. Navrhovani razeb
s mechanizovanym rozpojovanim pro celou délku dila i v pod-
minkdch vhodnych pro trhaci prace nezanedbatelné prodluzuje
harmonogram vystavby a tim navySuje cenu dila.

ZAVER

Prazské metro ma v soucasné dobé celkem 58 stanic, véetné
3 prestupnich (dvojitych). Bezbariérovych je z nich 42, tedy pfi-
blizn€ 72 %. Z tohoto po¢tu mé 38 stanic bezbariérovy pristup
pro vSechny cestujici, zbylé 4 stanice pouze pro osoby na invalid-
nim voziku. Zprovoznéni projektu bezbariérového zpfistupnéni
stanice Karlovo namésti bude dalSim prinosem ke snaze Doprav-
niho podniku hlavniho mésta Prahy mit do roku 2028 vSechny
stanice metra bezbariérové pristupné [3]. K tomuto cili nezbyva
nez poprat hodné §tésti pfi ziskavani politické podpory, financo-

infrastrukturnich projektt v intravilanu mésta.
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settlement of terrain was less than 10mm and the settlement of
buildings did not exceed Smm.

The warning states for the transfer gallery convergences were
slightly exceeded horizontally as a result of the top heading
excavation without closing the invert for the reason of the as-
fast-as-possible completion of the supply borehole to the station.
The maximum value of 2" warning state considered to be Smm
was increased during the course of the construction to 8mm. The
maximum horizontal convergences already started to stabilise
around this value and, at the same time, the surface above the
excavation was not affected.

The 2" warning state of 10mm was determined for the convergence
measurements in station tunnels. Maximum heaving of the vault up
roughly by this value was registered in the measurement profile in the
central station tunnel, directly under the transverse transfer gallery
(see Fig. 8). The maximum value of 5mm was measured in the other
station profiles. Monitoring of the mutual direction of deformations
of individual points in the measurement profile was also important so
that the joints between station segments did not open.

The fact that it was not possible to carry out the planned blasting
operations (with the exception of several excavation rounds in the
bottom part of shaft S2) meant a significant change compared to
previous projects requiring to provide mined barrier-free accesses.
The inefficient mechanical disintegration of rock significantly
extended the duration of excavation, thus also the overall duration
of the construction. In addition, instead of one blast, the residents
of neighbouring buildings had to listen to and sense the continual
work of the impactor mounted on the tunnel excavator, the
size of which was limited by dimensions of the transfer gallery
profiles.

A problem arises how this risk is to be faced in the designing
phase of similar projects in the future. Designing underground
excavation using mechanical disintegration for the whole length of
the working even in the conditions suitable for blasting significantly
extends the works schedule, thus increases the cost of works.

CONCLUSION

The Prague Metro system has currently 58 stations in total,
including 3 transfer (double) stations. Of them, 42 stations, i.e.
approximately 72%, are barrier-free. Of this number, 38 stations have
barrier-free access for all passengers and 4 remaining stations only
for persons in wheelchairs. Putting the barrier-free access to Karlovo
Namésti station into service will be another contribution to the effort
of the Prague Public Transit Company to have barrier-free accesses
to all metro stations by 2028 [3]. We will be left with no alternative
but to wish good luck in gaining political support, financing and,
at last but not least, in more and more difficult negotiations over
infrastructural projects in the urban area of the city.
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MEZISTROPY V KRALOVOPOLSKEM TUNELU
INTERMEDIATE DECKS IN KRALOVO POLE TUNNEL

VLASTIMIL HORAK

ABSTRAKT

Krdlovopolsky tunel je jako jeden z mdla tunelii v Ceské republice stavebné vystrojen mezistropem, pricemZ prostor nad nim je vyuZivdn
k odsdvdni koure a zplodin z vyfukovych plynii. Jde o tzv. polopricné vétrdani tunelu, kdy je Cerstvy vzduch nasdvdn profilem dopravniho
prostoru a znecisteny vzduch, pripadné kour pri poZdru, jsou odsdvdny poZdrnimi klapkami v mezistropu a ndsledné vyfukovdny odvétrdva-
cimi kominy. Jde o jedno z nejbezpecnéjsich resSeni pri poZdru, zajistujici velmi vysokou bezpecnost osob v tunelu i pri poZdru a soucasném
obousmérném provozu. Existence mezistropii v tunelech md vsak i svd vskali. Kromé vysSich investicnich ndkladui a vy$Sich provoznich nd-
kladii jsou to i technické problémy osazeni stropnich desek, netésnosti a problematika zavéSeni mezistropu, pokud je zavéSeni instalovdno.
Krdlovopolsky tunel je specificky tim, Ze v jedné tunelové troubé jsou mezistropy uloZeny na konzoldch v osténi jako prosté desky a v druhé
tunelové troubé jsou tyto stropni desky jesté zavéSeny na nerezovych tdahlech uprostred rozpéti.

ABSTRACT

The Krdlovo Pole tunnel, as one of the few tunnels in the Czech Republic, is equipped with a suspended slab the space above which
is used for extraction of smoke and exhaust pollutants. This is the so-called semi-transverse tunnel ventilation system, where fresh air
is sucked in from the profile of the roadway space and polluted air, or smoke in case of fire, is extracted through suction outlets in the
intermediate deck slab and subsequently expelled through ventilation chimneys. This is one of the safest fire solutions, ensuring a very high
level of safety for persons and simultaneous bi-directional traffic in the tunnel in the event of a fire. However, the existence of intermediate
decks in tunnels has also its pitfalls. In addition to higher investment costs and higher operating costs, there are also technical problems
with the installation of the suspended decks, leaks and problems with suspending the intermediate deck slabs in case that the suspension
is to be installed. The Krdlovo Pole tunnel is specific in the fact that, in one tunnel tube, the suspended deck slabs are placed on brackets
in the lining as simple slabs and, in the other tunnel tube, these slabs are in addition suspended on stainless steel ties in the middle

of the span.

uvob

Zakladni udaje o Kralovopolském tunelu lze shrnout v nékolika
nasledujicich vétach. Prvni projektova dokumentace tohoto tunelu
je z roku 1993, obsahovala pouze jednu obousmérnou tunelovou
troubu budovanou stylem ,,cut and cover* a soucasti byla jiz vé-
traci centrdla zhruba v poloze dnes$niho technologického centra.
Na tento projekt bylo jiz v roce 1994 vydano tzemni rozhodnuti.
Postupem casu a dalSim projektovdnim nakonec vzniklo konecné
technické feSeni dvou razenych tuneld, princip vétrani s odsavanim
a naslednym vydechem kominy technologického centra u kiiZeni
ulic Dobrovského a Slovinska vsak ziistal zachovan. Tunel byl uve-
den do zkuSebniho provozu 31. 8. 2012 a ve zkuSebnim provozu je
provozovan do dne$niho dne. Divodem je prekracovani hlukovych
limit& na fasadé n&kterych pater vySkovych domid v Zabovieskich
v fadu prvnich jednotek dB. Tedy fakt, ktery byl zndm jiZ ve sta-
vebnim fizeni, ale tehdejsi legislativa umoZiiovala fesit prekroceni
limita ve venkovnim prostiedi dodrzenim prislusné nizsich limith
ve vnitfnim prostedi. Dnesni legislativa tento postup ke skod¢ véci
neumoziuje.

Z hlediska fungovani systému vétrani, a tedy i mezistropi, 1ze po
osmi letech provozu konstatovat, Ze instalovana technologie odsa-
vani je pripravena zcela urcité a bezpec¢né fesit mimoradné udalosti
(pozér) a extrémy béhem mimotrddného obousmérného provozu
v kterékoliv tunelové troubg. Pro béZny jednosmérny provoz i pri
Spickovych intenzitich postacuje podélné odvétrani tunelu prou-
dovymi ventilatory, osazenymi v portdlovych usecich, aniZ by se
méfitelné zhorSila emisni situace v obydlenych oblastech kolem
portald.

INTRODUCTION

The basic data on the Krdlovo Pole tunnel can be summarized
in the following sentences. The first design documentation for this
tunnel is dated 1993. It contained only one bi-directional tunnel
tube constructed using the “Cut and Cover” method. The ventilation
centre approximately in the location of today’s technology centre
was already part of the tunnel. The zoning and planning approval for
this project was issued in 1994. Over time and by further designing,
the final technical solution consisting of two mined tunnels finally
originated, but the ventilation principle with extraction and
subsequent exhaustion through chimneys of the technology centre
at the intersection between Dobrovského and Slovinska streets was
maintained. The tunnel was brought into trial operation on the 31
August, 2012 and is operated in this system to this day. The reason
is the fact that the noise limits have been exceeded in the order of
initial dB units on facades of some storeys of high-rise buildings in
Zaboviesky. This fact had been known already during the building
permission proceedings, but the legislation of that time made it
possible to deal with exceeding the limits for external environment
by complying with correspondingly lower limits in the internal
environment. To the detriment of the case, today’s legislation does
not allow this procedure.

From the point of view of the functioning of the ventilation
system, and thus also of the intermediate decks after eight years
of operation, it can be stated that the installed extraction system is
prepared safely for dealing with emergencies (a fire) and extremes
during the emergency bi-directional operation in each of the tunnel
tubes. The longitudinal system of tunnel ventilation by jet fans
installed in portal sections is sufficient for common unidirectional
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TECHNICKE RESENI MEZISTROPU

Jak bylo jiz vySe zminéno, jsou mezistropy v obou tunelovych
troubéch provedeny odlisné, s vyjimkou zalivl a rozsifeni tunelu,
kde jsou pro obé€ tunelové trouby identické.

Tunelova trouba I(A) ma monolitické desky mezistropu osazené
na konzolidch sekundarniho osténi, a navic jsou tyto desky jesté
zavéSeny na nerezovych tdhlech a 2,0 m uprostfed jejich rozpéti.
Staticky pak tyto desky funguji jako spojity nosnik o dvou polich.
Desky mezistropu maji spodni lic mirné¢ zaklenuty s polomérem
cca 80 m, vzepéti uprostied rozpéti desek pak Cini cca 110 mm,
na délce cca 8,5 m. Horni lic mezistropu je vodorovny. Takto byly
mezistropy pivodné navrzeny pro ob¢ tunelové trouby.

V tunelu II(B) jsou standardni mezistropy provedeny ze static-
kého hlediska jako prosté nosniky, tedy bez zavéSeni uprostied.
Odlisnému statickému ptisobeni pak logicky odpovida i dimenzo-
vani, tedy jiny zptsob vyztuZeni a mirné jiny tvar desek mezistropu
(mirné zvétSena tloustka a zaklenuti horniho lice desek). Spodni lic
mezistropu je tvarové zaklenuty identicky jako u zavéSenych mezi-
stroptl v tunelu I(A). Tato ,,anomalie* vznikla béhem vystavby, kdy
kazda tunelova trouba méla jiného zhotovitele (obr. 1).

Desky mezistropii v obou tunelovych troubich jsou uloZeny
identicky na Sikmych loznych plochach konzol s kluznymi plas-
tovymi lozisky MAGEBA LASTO-STRIP LS 130 (40/300) X6
(obr. 2). Toto uloZeni umoznuje dilataci desek vlivem ménicich se
teplot, tzn. posuny a pootoceni na konzol4ch. Tahla v tunelu I(A)
zajistuji tvarovou stabilitu (konstantni vySkovou polohu stiedu de-
sek vici klenbé sekundéarniho osténi).

MONITORING

Soucasti monitoringu béhem vystavby i po dokonceni stavby
bylo rovnéz sledovani pretvoreni sekundarniho osténi a zejména
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traffic operation without measurable worsening the emission
situation in the populated areas around the portals even during
traffic peak periods.

TECHNICAL SOLUTION TO INTERMEDIATE DECKS

As mentioned above, designs for the intermediate decks in both
tunnel tubes differ, with the exception of lay-bys and expanded
tunnel width locations, where both tunnel tubes are identical.

The cast-in-situ intermediate deck slabs in the tunnel tube I(A)
are installed on brackets of the secondary lining and, in addition, the
slabs are suspended from stainless-steel ties installed in the middle
of their span at the spacing of 2.0m. Statically, the slabs act as
continuous double-span beams. The underside of the intermediate
deck slabs is slightly vaulted with the radius of ca 80m; the rise of
the arch in the middle of the span of the slabs amounts to ca 110mm
along the length of ca 8.5m. The upper surface of the intermediate
deck slab is horizontal. The intermediate deck slabs were originally
designed in this way for both tunnel tubes.

From the statics point of view, the standard intermediate deck
slabs in the tunnel tube II(B) are designed as simply supported
beams, without suspension in the middle of the span. The different
dimensioning system and the slightly different shape of the
intermediate deck slabs (slightly increased thickness and arching
of the underside of the slabs) logically corresponds to the different
static action. The shape of the underside of the intermediate deck
slab is arched identically to the suspended intermediate decks in
the tunnel tube I(A). This “anomaly” originated during the course
of the construction, where each tunnel tube was carried out by
another contractor (see Fig. 1).

The intermediate deck slabs in both tunnel tubes are supported
identically by sloping loading surfaces of the brackets with

tunel I(A) tunnel I(A)

tunel lI(B) tunnel Ii(B)

Obr. 1 Tvary mezistropii v tunelu I(A) a II(B)
Fig. I Shapes of intermediate deck slabs in tunnels I(A) and II(B)

Obr. 2 VyztuZ a uloZeni desek mezistropii na loZiscich MAGEBA

Fig. 2 Reinforcement and bearing of intermediate deck slabs on MAGEBA bearings
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Obr. 3 Méfené body konvergencnich profilii Krdalovopolského tunelu
Fig. 3 Measured convergence points in the measurement sections in Krdlovo
Pole tunnel

pak desek mezistropt. Mezistropy jsou tedy sledovany a geodetic-
ky méfeny jiz od roku 2010, kdy byly vybetonovany prvni z nich.
Geodetickd méfeni byla provadéna jako standardni konvergencni
méfeni profild sekundarniho osténi ze strany dopravniho prosto-
ru na osazenych ,,zrcitkach®. Pfed vybetonovanim mezistropu byl
méfen konvergencni bod ve vrcholu klenby (bod 01), po betonédzi
mezistropu byl pak méfen jiZ jen spodni lic mezistropu uprostied
rozpéti (bod 07) (obr. 3). Horni lic mezistropu byl méren lokalné
a rucné distometrem od bodu 01 ve vrchliku klenby, ktery byl bran
jako pevny fixni bod. Desky mezistropt nebyly méfeny v mistech
uloZeni. Desky mezistropli v tunelu I(A) nevykézaly diky tahlim
prakticky zadné deformace, dale se proto bude ¢lanek vénovat pou-
ze mezistropim v tunelu II(B).

Tento zplisob méreni deformaci mezistropd byl praktikovan az
do roku 2014. Poté bylo od tohoto zplisobu méfeni upusténo pro
nevysvétlené zjevné méticské chyby:

e méfeni distometrem shora a geodetickd méfeni zdola se roz-

chézela azZ o hodnotu 33 mm (!);

MAGEBA LASTO-STRIP LS 130 (40/300) X6 plastic sliding
bearings (see Fig. 2). This bearing design allows for expansion of
the slabs due to changing conditions, i.e. shifting and rotation on
the brackets. The ties in the tunnel I(A) ensure the dimensional
stability (constant distance between the centres of the slabs from
the secondary lining vault).

MONITORING

Part of the monitoring during the construction and after the
completion of the construction was also the monitoring of the
deformation of the secondary lining and, first of all, of the
intermediate decks. It means that the intermediate decks have
been monitored and surveyed since 2010, when the first of them
were concreted. The survey was carried out in the form of standard
convergence measurements of the secondary lining profiles from
the side of the roadway space on the “reflection targets” installed.
Before concreting the intermediate deck slab, the convergence
point at the top of the vault (point 01) was measured, whilst the
underside of the intermediate deck slab in the middle of the deck
span (point 07) (see Fig. 3) was measured after concreting. The
upper surface of the intermediate deck slab was measured locally
and manually with a dilatometer from point 01 at the top of the
vault, which was considered to be a fix point. The intermediate deck
slabs were not measured at the bearing points. Owing to the ties,
the intermediate deck slabs in the tunnel I(A) exhibited practically
no deformation, therefore this paper will further dedicate itself
only to the intermediate deck slabs in tunnel II(B).

This system of measuring deformations of intermediate deck
slabs was practiced until 2014. This measurement method was then
abandoned for unexplained apparent measurement errors:

e the results of measurements from the top using a distometer
and the results of surveying diverged from each other by up to
33mm (!);

e according to the measurement results, the locations of the
points measured in the tunnel bench (the couples of points 03-
05 and 02-04, spaced at ca 3.0m) diverged by up to 6mm (!).

In the Fig. 4 there is the expansion block No. 27, there are obvious
measurement errors — deformations of points 07 and 08 diverge in
this expansion block “only” by ca 8mm, whilst the points in the

pohled: proti staniceni trasy
view against route chainage

pficny: ,,+“ doprava
transverse: ,,+* right

podélny: po staniceni trasy
longitudinal: .+ in direction of chainage
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Obr. 4 Konvergencni profil v pasu ¢. 27
Fig. 4 Convergence measurement cross section in expansion block No. 27
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e polohy méfenych bodu v opéfi (dvojice boda 03-05 a 02-04
vzdalenych od sebe cca 3,0 m) se podle vysledkd méfeni roz-
chédzely az o 6 mm (!).

Na obr. 4 je typicky pas €. 27 a zjevné méfi¢ské chyby — defor-
mace bodt 07 a 08 se rozchéazeji u tohoto pasu ,,jen* o cca 8 mm,
body v opéfi se rozchazeji o cca 6 mm. Presto je mozné z grafu
dobre vidét zjevné ustdleni deformaci bodl uprostied rozpéti desky
mezistropu (body 07 a 08). Zjevné uklidnéni nastalo podle téchto
méfeni cca od dubna 2012.

Na zédklad€ diskutabilnich vysledkii konvergencnich méreni byly
zvazovany jiné zpisoby méreni — hydronivelace, tenzometry, in-
klinometrickd méfeni apod. Vzhledem ke specifickym podminkam
v tunelu a potfebnym presnostem méfeni na desetiny milimetru
(deformace v uloZeni desek mohou vyvolat fadové vyssi deforma-
ce stfedu desky) byla nakonec zvolena metoda velmi presné nive-
lace s presnosti prvnich desetin milimetru.

Od roku 2014 se tedy vybrané desky mezistropti (16 desek) méfi
a7z do doby psani ¢lanku velmi pfesnou nivelaci shora, a to na Ses-
ti bodech. Tti body jsou osazeny v klenbé tunelu a tfi body jsou
osazeny na hornim lici desky mezistropu — viz schéma na obr. 5.
Vychozim predpokladem téchto relativnich lokédlnich méfenti je, Ze
klenba tunelu (body 4, 5, 6) se nijak nedeformuje, resp. tyto defor-
mace jsou zanedbatelné.

Vysledek velmi pfesné nivelace v pulrocnich intervalech lze de-
monstrovat na typickém mezistropu v pase ¢. 27, v€etné matema-
tické progndzy dal§iho vyvoje.

VYHODNOCENI VYSLEDKU MERENI

Jak je vidét z grafu na obr. 5, novy zplsob méfeni mezistropt
zcela poprel zaveéry vyvozené na zakladé konvergencnich méfent,
tedy uklidnéni a zastaveni deformaci mezistropu jiZ v roce 2012.
Naopak, od zac¢atku méteni velmi presnou nivelaci az do roku 2018
bylo mozné oznacit narist deformaci stiedu desek mezistropu za
prakticky linedrni s pfirGistky 1 mm aZ 2 mm ro¢né, coZ vyvolavalo
logické obavy spravce tunelu o bezpe¢nost provozu. Zejména pro-
to, Ze v té€ dobé (2012) doslo v Japonsku v tunelu Sasago ke zfice-
ni prefabrikovanych zavésenych mezistropti s obétmi na Zivotech.
Problematiku deformaci mezistropt v Kralovopolském tunelu a je-
jich vyhodnocovani 1ze charakterizovat nasledovné:

* Nelze presné stanovit celkovy skuteCny prihyb desek — kon-

vergencni méfeni byla zatiZena zjevné chybami a méfeni vel-
mi presné nivelace od roku 2014 zase nezachycuje deformace
z obdobi 2010 az 2014 vcetné pfipadnych poklest v ulozZeni
desek. Pravdépodobny prihyb mezistropu tak dosahuje hod-
noty zfejmé kolem 40 mm(?). Pfi rozpéti cca 8,3 m je to nic-
méné¢ hodnota jesté piipustna pro prosté uloZenou Zelezobeto-
novou desku (cca 1/200).

e Desky mezistropti nevykazuji od 2010-2011 (dokonceni sta-
vebni ¢asti tunelu) Zadné zjevné poruchy, nevytvarely se zadné
nové trhliny na spodnim lici a sit smr§tovacich trhlin, vytvore-
na prakticky ihned po betonéZi, se nijak nerozsirfovala a neroz-
Sifuje.

e Deformace v ulozeni desek (loziska MAGEBA) nebyly nikdy
meéfeny a jsou prakticky neméfitelné. Zejména dnes, kdy jiz
vétSina plastickych deformaci zfejmé probéehla.

MOZNE PRICINY DEFORMACI NEZAVESENYCH DESEK
MEZISTROPU

Smrstovani betonu je fyzikalni jev pii tvrdnuti betonu a jeho ve-
likost zavisi na objemu vody a cementu v Cerstvém betonu a zpiiso-
bu a rychlosti ztraty vody v Cerstvém betonu v disledku chemické
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bench diverge by ca 6mm. Despite this fact, it is possible to see
well from the graph the apparent stabilization of the deformations
of the points in the middle of the span of the intermediate deck
slab (points 07 and 08). According to the measurements, obvious
stabilisation took place approximately in April 2012.

Other measurement methods (hydrolevelling, strain gauges,
inclinometer measurements etc.) were taken into consideration
with respect to the disputable results of convergence measurements.
Because of the specific conditions in the tunnel and the required
accuracies to tenths of millimetre (deformations in the bearing of
the deck slab may induce higher-order deformations in the middle
of the slab), the very high precision levelling with an accuracy of
initial tenths of millimetre was finally chosen.

Since 2014 until writing this paper, selected intermediate decks
(16 decks) have been therefore measured on six points by very
high precision levelling from above. Three points are fixed in the
tunnel vault and three points will be fixed on the upper surface
of the intermediate deck slab — see the chart in Fig. 5. The initial
assumption of these relative local measurements is that the tunnel
vault (points 4, 5, 6) does not deform, respectively the deformations
are negligible.

The very high precision levelling results at six-month intervals
can be demonstrated on a typical intermediate deck slab in the
expansion block No. 27, including a mathematical prognosis for
further development.

ASSESSMENT OF MEASUREMENT RESULTS

As can be seen from the graph in Fig. 5, the new method of
measuring the intermediate decks completely refuted the conclusions
drawn on the basis of convergence measurements, i.e. settling and
stabilisation of deformations of the intermediate deck already in
2012. On the contrary, it was possible from the beginning of the
measurements by very high precision levelling until 2018 to mark
the increase in deformations of the centres of the intermediate deck
slabs as practically linear with annual increments ranging from Imm
to 2mm. This fact raised logical concerns of the tunnel administrator
about the tunnel operation safety. Especially because at that time
(2012) a collapse of prefabricated suspended intermediate decks
with casualties occurred in the Sasago tunnel, Japan. The issue of
deformations of intermediate decks in the Kralovo Pole tunnel and
their assessment can be characterized as follows:

* It is impossible to determine the real aggregate course of
deflection of the decks — the convergence measurements
were obviously affected by errors and the very high precision
levelling measurement conducted from 2014 does not cover
deformations from the 2010 to 2014 period, including possible
subsidence at the bearings of the deck slabs. The value of the
probable deflection of the intermediate deck slab thus reaches
about 40mm(?). However, with a span of approx. 8.3m, this
value is still permissible for a simply supported reinforced
concrete deck slab (ca 1/200).

* From 2010 to 2011 (completion of the civil engineering part of
the tunnel), the intermediate deck slabs exhibited no obvious
defects, no new cracks developed on the underside and the
network of contraction cracks which developed practically
immediately after concreting did not expand and is not
expanding.

e Deformations in the bearing of the deck slabs (MAGEBA
bearings) have never been measured and are practically
immeasurable. Especially today, when the majority of plastic
deformations have probably passed.
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reakce s cementem a v diisledku vysychéni zrajiciho betonu. Cim
vice vody je v Cerstvé betonové smési (tzn. ¢im vyssi je vodni sou-
Cinitel c¢/v) a ¢im rychleji beton nasledné vysycha (¢im méné se
osetfuje), tim je smrsténi vétsi. Dalsimi faktory ovliviiujicimi smrs-
tovani jsou napf. modul pruzZnosti kameniva, jemnost mleti cemen-
tu, pouZiti pfisad pro urychleni tvrdnuti, mnoZstvi a chemismus
plastifika¢nich piisad do betonu atd. Hodnota soucinitele objemo-
vého smrsténi se pohybuje od 0,0001 do 0,001. Dotvarovani betonu
je nasledny proces, kdy se do objemovych zmén zrajiciho betonu
promité jesté jeho zatiZeni — primy vliv na velikost objemovych
zmén a deformace vysledného tvaru betonového ,,vyrobku‘ mé za-
catek zatiZeni a okamZitd pevnost, resp. okamzity modul pruZnosti/
pretvarnosti zrajiciho betonu a doba trvani zatiZeni. Vlivem smr§-
téni a dotvarovani mladého betonu po odbednéni doslo u vsech de-
sek k prakticky okamzitému prihybu v rozmezi 15 mm az 20 mm
uprostied rozpéti a v obdobi cca do ¢tyf mésicti od odbednéni pak
k deformaci cca 30 mm az 35 mm (viz graf obr. 4). V tomto obdobi
bohuZel nebyly méfeny jakékoliv pohyby ¢i deformace v mistech
uloZeni desek.

Plastova loziska MAGEBA LASTO STRIP LS 130 (profil 40 x
6 mm) nejsou idedln€ tuhd, jde o plast. Vyrobce udava pro pouzi-
ta loziska pripustné normdlové napéti max. 3,2 MPa, normalové
napéti v loZiscich od vlastni tihy desky mezistropu (bez uvazova-
ni vlivu zmény teploty) je cca 0,65 MPa (tzn. cca 20 % povolené
zatizitelnosti). Vlivem teplotni roztaZnosti betonu a tuhosti desky
v pti¢ném sméru v§ak miZe toto normalové napéti vzrist az fado-
vé. Modul pruznosti ani pretvarnosti vyrobce neudava, takze neni
mozné exaktné vypoctem urcit pruznou a plastickou deformaci lo-
ziska v zavislosti na napéti. Vyrobce neudava u tohoto typu loZis-
ka ani tzv. vratnou silu, tedy garantovanou pruznou reakci loziska.
U plast se pruzna deformace obvykle pohybuje v fadu prvnich
jednotek procent dovoleného zatiZeni, lze tedy redlné predpokla-
dat, Ze v pripadé pouzitych loZisek budou imérné aktudlnimu ko-
lisavému zatiZeni (teplotni zmény) pfevladat plastické (nevratné)
deformace.

Exaktné naméfené poklesy v podporach (loziska MAGEBA) od
roku 2014 Cinici 1 mm aZ 2 mm (viz graf na obr. 5) mohly nastat

Mo

kombinaci dvou moznych pficin:

POSSIBLE CAUSES OF DEFORMATIONS
ON UNSUSPENDED INTERMEDIATE DECKS

The shrinkage of concrete is a physical phenomenon during
the course of concrete hardening period and its magnitude depends
of the volume of water and cement in green concrete and the
manner and rate of water loss in green concrete due to a chemical
reaction with cement and due to drying of the curing concrete. The
more water there is in the fresh concrete mix (i.e. the higher the
cement-water ratio) and the faster the concrete subsequently dries
out (the less it is being cured), the greater the shrinkage. Other
factors affecting the shrinkage are, for example, the modulus of
elasticity of aggregates, fineness of cement grinding, application
of the shrinkage affecting additives, the amount and chemistry of
plasticising additives etc. The value of the volumetric shrinkage
factor ranges from 0.0001 to 0.001. Concrete creep is a following
process, where the load acting on curing concrete is reflected into
volumetric changes of the concrete — the magnitude of volumetric
changes and deformations of the resultant shape of the concrete
“product” is directly influenced by the beginning of loading and
the instantaneous strength, respectively the instantaneous modulus
of elasticity/deformation of curing concrete and the duration
of loading. Due to shrinkage and creep of young concrete after
stripping of formwork, practically immediate deflection of all deck
slabs ranging from 15mm to 20mm took place in the middle of
all slabs and, in the period of about four months after stripping,
the deformation reached ca 30mm to 35mm (see graph in Fig. 4).
Unfortunately, no movements or deformations in the locations of
the deck slab bearings were measured during this period.

Plastic bearings MAGEBA LASTO STRIP LS 130 (profile
40 x 6mm) are not ideally stiff, they are from plastic material.
The manufacturer indicates the maximum permissible normal
stress of 3.2MPa; the normal stress in the bearings induced
by the own weight of the intermediate deck slab (without the
change in temperature taken into consideration) amounts to ca
0.65MPa (i.e. ca 20% of the permissible load capacity). However,
this normal stress may increase by an order of magnitude due
to thermal expansion of concrete and stiffness of the deck slab
in the transverse direction. Neither a modulus of elasticity nor

modulus of deformation is indicated by the

Prognéza trendu vyvoje deformaci stfedu desky (tunelovy pas €. 27, bod 2) polynomickou kfivkou
cca do roku 2023 (¢arkovana kfivka)
Prognosis of trend of development of deformations in the middle of the slab (tunnel block No. 27, point 2)

manufacturer, therefore it is not possible to
exactly determine by calculation the elastic
and plastic deformation of the bearing
depending of stress. The manufacturer does

not indicate even the so-called return force,
i.e. the guaranteed elastic reaction of the
bearing. The elastic deformation of plastic

materials usually ranges within the order of

identicky trend vyvoje deformaci
mérenych bodu 1, 2, 3
identical trend of deformations
of measured points 1, 2, 3

initial units of percents of the permissible
loading; it is therefore possible to realistically
assume that, in the case of the used bearings,
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plastic (non-reversible) deformations will
prevail, proportionally to the current fluc-
tuating loading (thermal changes).

The values of subsidence at the supports
(MAGEBA bearings), exactly measured from
2014, amounting to Imm to 2mm (see graph
in Fig. 5), could take place due to combination
of two possible causes:

e elastic and plastic deformation

0
0

Obr. 5 Vysledky méreni velmi prresné nivelace v pase ¢. 27
Fig. 5 Results of very high precision levelling in expansion block No. 27

compression and/or shear strain of the
bearings;




Tuel
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e displacement on the sloping surface of

the bearing.

In reality, a significantly higher proportion
of compression and partly also shear strain
and displacement on the bearing can be
expected at the measured deformations at
the intermediate deck slab bearing only as a
result of plastic deformation of the bearing as
a consequence of the plastic deformation of
the bearing. Deformations and displacements
at the supports of the intermediate deck slab
(creep of bearings) due to thermal changes
and without the influence of shrinkage and
creep taken into consideration (it is possible
to assume that it has already largely or
completely passed) can induce ten to twenty
times the vertical deformations in the middle
of the span. Thus the vertical movements/
subsidence of the deck slabs in the middle of
the span due to fluctuation of temperatures
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Obr. 6 Vysledky méreni velmi presné nivelace v pase ¢. 27 a prumérné denni teploty

Fig. 6 Results of very high precision levelling in expansion block No. 27 and average daily temperatures

pruzné a plastické pretvoreni — stlaceni a/nebo smykové pre-
tvoreni loZisek;
e posun na Sikmé roviné loZiska.
Reélné 1ze na naméfenych deformacich v uloZeni desky mezis-
tropu ocekavat vyrazné vyssi podil stlacovani a ¢asteéné i smyko-
vého pretvareni a posun v uloZeni teprve jako ndsledek plastické
deformace loZiska. Deformace a posuny v podporach desky mezi-
stropu (pretvofeni loZisek) v disledku teplotnich zmén i bez uva-
Zovani vlivu smrstovani a dotvarovani (1ze predpokladat, Ze toto jiz
z velké ¢asti nebo jiz zcela probéhlo) mohou vyvolavat deseti az
dvacetinasobné svislé deformace uprostied rozpéti. Svislé pohyby/
poklesy stiedt desek tak mohou vlivem kolisani teplot a souvise-
jicich deformaci lozisek MAGEBA dosahovat hodnot 10 mm az
20 mm, aniZ by se jednalo o klasicky priihyb nebo deformaci desky
vlivem zatiZeni.
Vliv teploty a teplotni roztaznost jsou ziejmé jednim z rozho-
dujicich faktord.
* Soucinitel teplotni roztaznosti betonu je o, = 10 X 10 (1/°K).
* Pfi konkrétnim rozpéti desek 1 = 8,303 m a teplotnim rozpéti
+5 °C az +35 °C (vychazi se z teplot naméfenych na ¢idlech
Fire Guard v tunelu) 1ze odvodit exaktné stanovenou hodnotu
A =30°K.

* Délkové protazeni desky mezistropu tak mtize Cinit A, =1 X A,
x o, =8303x30x10x10°¢=2,5mm.

Pfi absolutné tuhém kloubovém podepieni desek mezistropu
a nulové tuhosti idedlné pruzné desky v pficném sméru by tak uve-
dené roztahovani a smrstovani betonu desek vlivem teploty zname-
nalo pohyb stfedu desky ve svislém sméru v intervalu cca 44 mm
(tzn. = 22 mm). Ani jeden z uvedenych predpokladl (s vyjimkou
exaktni hodnoty A) v8ak neni v praxi redln¢ zcela dosaZzitelny.

Pro posouzeni mozného vlivu zmény teplot byly vzaty do uva-
hy i redlné naméfené teploty vzduchu nejbliz$i meteorologickou
stanici v Brn& Zidenicich. Pfifazeni primérnych dennich teplot
k naméfenym hodnotam deformaci na pasu ¢&. 27 je na obr. 6. Zluté
jsou podsviceny teploty naméfené na jaie a modfe pak teploty pod-
zimni. Vzhledem k teplotni setrvacnosti betonu by bylo korektnéjsi
vzit v Givahu rovnéz vyvoj teploty vzduchu v pfedchozich nékolika
dnech pred vlastnim méfenim. Teplota betonu desky mezistropu

and related deformations of MAGEBA
bearings can reach the values of 10mm to
20mm, without it being classic deflection or
deformation of the deck slab due to loading.

The influence of temperature and thermal expansion,
probably one of the deciding factors.

* Thermal expansion factor for concrete o = 10 X 10°¢ (1/°K).

¢ For specific span of deck slabs 1 = 8.303m and thermal range
+5°C to +35°C (resulting from temperatures measured on
Fire Guard sensors in the tunnel), it is possible to deduce the
exactly determined temperature A, = 30°K.

* Longitudinal elongation of an intermediate deck slab can
therefore amount to A, =1x A X ¢, = 8303 X 30 x 10 x 10 =
2.5mm.

With absolutely tough hinged support of the intermediate deck
slabs and zero toughness of the slab ideally elastic in the transverse
direction, the above-mentioned expansion and contraction of
concrete slabs due to temperature would mean development of
vertical movement of the middle of the slab within the interval of
44mm (i.e. =+ 22mm). However, neither of the above-mentioned
assumptions (with the exception of the exact value A ) is realistically
completely achievable in practice.

Air temperatures really measured by the closest weather station
in Brno Zidenice were also taken into account to assess the possible
effect of temperature changes. The assignment of the average daily
temperatures to the measured values of deformations in the expansion
block No. 27 is presented in Fig. 6. The temperatures measured
in spring are highlighted in yellow and the autumn temperatures
in blue. With respect to the thermal inertia of concrete, it would
be more correct to take also the development of the atmosphere
temperature in several previous days before the measurement itself
into consideration. However, the temperature of the intermediate
deck slab concrete was not and is not being measured, therefore
the real thermal condition of the concrete slab during previous
years can be estimated only according to meteorological data. In
general, however, the influence of thermal expansion of concrete
on deformations can be read quite unambiguously from the graph
in Fig. 6. If the heat was above average on the day of measurement,
there was usually no subsidence there, respectively no heaving of
the middle of the slab. On the contrary, if it was significantly colder
than usual on the day of the measurement, there was always more
significant subsidence in the middle of the slab.
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vsak nebyla a neni méfena, takZe skutecny teplotni stav betonu des-
ky v predchozich letech lze jen odhadovat podle meteorologickych
udaju. Obecné lze ale vliv teplotni roztaznosti betonu na deformace
z grafu na obr. 6 celkem jednoznacné vycist. Bylo-1i v den méfe-
ni nadprimérné teplo, vétsinou nedoslo k poklesu, resp. doslo ke
zdvihu stfedu desky. Naopak, bylo-li v den méfeni vyrazné chlad-
néji, nez byva obvyklé, doslo vzdy k vyrazné&jsim poklesim stfedu
desky.
ZAVER

Vyse uvedené tvahy a teorie o moZnych pficinich deforma-
ci desek mezistropli bez stabilizujicich zavést obsahuji spolecné
s vysledky méfeni pfili§ mnoho nezndmych, neZ aby bylo moZné
presné definovat a zdivodnit naméfené deformace, resp. nameétené
hodnoty, a vyvodit z nich aktudlni stav napéti v betonu a vyztu-
7Zi desek. Zcela jednoznacny je tak pouze prokdzany stabilizujici
efekt tahel instalovanych v tunelu I(A), ve kterém nebyly namére-
ny prakticky zadné deformace mezistropt. To byl i piivodni zdmér
projektu — tahla nejsou nosnym, ale tvarové stabilizujicim prvkem
uloZeni desek mezistropti. Na zdkladé tohoto faktu a na zakladé
pozadavku spravce tunelu byl zpracovan projekt dodate¢ného za-
véSeni mezistropl tunelu II(B) na tdhla. Dodate¢na tahla nejsou
navrZena pro pripad jejich instalace logicky do stfedu desek kvili
vyztuzi desek, kterd neni na podepfeni ve stfedu rozpéti navrzena.
Jejich instalaci by totiZ doslo k vyrazné redistribuci momentt, coz
by deskam spiSe uskodilo, neZ pomohlo. Proto jsou dodate¢na tahla
navrzena do cca Ctvrtin rozpéti desek. Aktudlni vyvoj naméfenych
deformaci k fijnu 2020 ukazuje, Ze dodatecnd instalace nebude
zfejm€ nutnd — viz tabeldrni statistické vyhodnoceni. V tabulce
jsou uvedeny pfirtstky celkovych naméfenych deformaci (zména)
za posledni dva roky (fijen 2018 az fijen 2020), celkovy pfirastek
od roku 2014 a procentudlni podil pfirtstkd za posledni dva roky
vzhledem k celkové namétfené deformaci.

Tuel

CONCLUSION

The above mentioned considerations and theories about the
possible causes of deformations of intermediate deck slabs
without stabilising suspension ties contain, jointly with results of
measurements, too many unknowns to precisely define and give
reasons for the measured deformations, respectively the measured
values, and to derive the current state of stress in concrete and
reinforcement of the slabs. Only the proven stabilizing effect of
the suspension ties installed in the tunnel I(A), where virtually
no deformations of the intermediate deck slabs were measured,
is therefore completely unambiguous. It was also the original
intention of the design — the ties were designed as an element
stabilising the shape of bearings of the intermediate deck slabs.
Based on this fact and at the request of the tunnel administrator,
a design was prepared for the additional suspension of the
intermediate deck slabs in tunnel II (B) on tie rods. The additional
tie rods are not designed for the case of their installation logically
into the middle of the slabs to improve the reinforcement of the
slabs. The reinforcement is not designed for the support in the
middle of the span. The reason is the fact that the installation of the
tie rods would cause significant redistribution of moments, which
would harm the slabs rather than help them. For that reason the
additional suspension tie rods are designed for the case of their
installation to be approximately in the middle of the span of the
slabs. As of October 2020, the current development of the measured
deformations shows that the additional installation will probably
be unnecessary — see the tabular statistical assessment. The
table shows the increments to aggregate deformations (changes)
measured during the last two years (October 2018 to October
2020), the total increase from 2014 and the percentage share of
increments for the past two years relative to the aggregate measured
deformation.

Table 1 Increments to aggregate measured deformations

Tab. 1 Prirustky celkovych namérenych deformaci Expan-| Increment | Total Expan- A Total
Pas Priristek | Celkem Pas Pfiristek | Celkem sion for from o% | -S19N | for 2018 - from %
¢ 2018-2020 | odroku | % ¢ 2018-2020 | odroku | % block | 2018-2020 | 2014 ° | block 2020 (mm) 2014 ?

: (mm) | 2014 (mm) : (mm) | 2014 (mm) No. (mm) (mm) No. (mm)
27 1,0 7,6 13 | 9 0,3 9,1 8 27 1.0 76 [13]| 91 0.3 9.1 3
37 1,0 11,2 9| % 1,6 10,0 16 37 1.0 11.2 9 94 1.6 10.0 16
50 0,2 8,0 3 | 100 0,6 9,0 50 0.2 8.0 3 | 100 0.6 9.0 7
57 1,2 12,4 10 | 103 1,0 11,2 9 57 1.2 12.4 10 | 103 1.0 11.2 9
64 0,6 10,0 6 | 105 0,8 11,5 64 0.6 10.0 6 | 105 0.8 115 7
72 1,5 11,5 13 | 107 1,0 10,2 10 72 1.5 115 | 13 | 107 1.0 102 | 10
81 0,2 8,8 2 | 110 0,5 10,1 5 81 0.2 8.8 2 110 0.5 10.1 5
87 1,0 10,8 9 | 116 0,5 10,4 87 1.0 10.8 9 | 116 0.5 10.4 5

Prosty aritmeticky pramér procentudlnich pfirastk v§ech méfe-
nych desek za posledni dva roky, tedy za jednu tfetinu sledovaného
obdobi, ¢ini 7,9 %. Globalné (statisticky) 1ze tedy vyvoj namére-
nych deformaci u vSech desek povazovat za pozitivni se zjevnou
tendenci k ustdleni deformaci v poslednich dvou letech. Kontrolni
méfeni mezistropll vSak budou probihat i nadile. Autorovi ¢lanku
neni zndmo, Ze by se v n¢kterém tunelu takto pfesné a dlouhodobé
méfily deformace mezistropt a bude proto vdécny Ctenafim caso-
pisu Tunel za jakékoliv informace k této problematice.

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

Recenzoval Reviewed: Ing. Alexandr Butovi¢, Ph.D.

The simple arithmetic average of increments to all measured slabs
for last two years in percents, i.e. for one third of slabs measured
during the period being monitored, amounts to 7.9%. Globally
(statistically), the development of the measured deformations
is to be considered as positive, with an obvious tendency to
stabilisation of deformations during the course of the last two
years. Nevertheless, check measurements of the intermediate deck
slabs will continue. The author of the article does not know that the
deformations of the intermediate deck slabs would be measured
in some tunnels in such a precise and long-term manner, and he
will therefore be grateful to the readers of TUNEL journal for any
information on this issue.

Ing. VLASTIMIL HORAK,
AMBERG Engineering Brno, a.s.
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TRAMVAJOVY TUNEL PRI VELKEM MESTSKEM OKRUHU
JABOVRESKAVBRNE
TRAM TUNNEL AT LARGE CITY CIRCLE ROAD ZABOVRESKA
IN BRNO

JAN ROZEK

ABSTRAKT

V Brné zapocala realizace posledniho tiseku severozdpadni Cdsti velkého méstského okruhu — stavba /42 Brno VMO Zabovreskd I —
etapa I1, jejiz soucdsti jsou podzemni stavby tramvajového tunelu a silnicnich galerii. Dvoukolejny tramvajovy tunel o celkové délce 500 m
se sklddd z raZeného tiseku o délce 333 m a presypanych priportdlovych iisekii o délce 5 m a 162 m. Cldnek shrnuje zdkladni informace

o stavbé a parametry tramvajového tunelu.

ABSTRACT

Implementation of the last section of the north-western part of the Large City Circle Road project — construction lot 1/42, LCCR
Zabovreskd I — stage 1I, the part of which are underground structures of a tram tunnel and road galleries, commenced in Brno. The long
double-track tram tunnel with the total length of 500m comprises a 333m long cut-and-cover section and 5m and 162m long portal sections
of a false-tunnel. The paper summarises basic information about the project and parameters of the tram tunnel.

1 UvoD

Velky méstsky okruh (VMO) je soucast dopravniho systému més-
ta Brna. Cilem je po jeho dobudovéni pfesunout maximum dopravy
z pretizenych méstskych ulic na smérové rozdélenou Ctyipruhovou
komunikaci s vyhradné mimouroviiovymi kifiZzenimi. V uplynulych
dvaceti letech byly v severozdpadnim segmentu VMO vybudovany
jednak stavby v méstské &asti Kralovo Pole a Zaboviesky od tf. Ge-
nerala Piky pres mimotroviiovou kfizovatku (MUK) se Svitavskou
radidlou pies Kralovopolské tunely a7 po MUK s Knini¢skou radi-
alou, a jednak MUK Hlinky s kratkym tunelem Hlinky v mé&stské
¢asti Pisarky (obr. 1). V oblasti mezi t€émito stavbami v soucasnosti
vznikaji kazdodenni dopravni potiZe, a proto je dokonceni pred-
métného tseku VMO vetejnosti touZebné ocekavano.

2 CHARAKTERISTIKA UZEMI A HISTORIE PROJEKTOVE
PRIPRAVY

Zajmova oblast celé stavby se nachdzi v zdpadni Casti mésta
Brna na tzemi méstskych &asti Zaboviesky a Brno-stied, podél
stavajiciho vedeni méstského okruhu ulici Zabovieskd. V celé
délce je zde komunikace vedena v soub€hu s tramvajovou trati
na samostatném télese. Od MUK Hlinky komunikace prochdzi
uzkym hrdlem mezi korytem feky Svratky a prudkymi, pfevazné
skalnimi, svahy Wilsonova lesa. Koryto feky je zde regulovano
prostfednictvim nédbreznich zdi. Vyraznou dominantu v dzemi
tvori Wilsontv les se skalnimi st€énami byvalych lomut. V jiho-
zapadni ¢asti tzemi, v sevfeni toku feky Svratky a komunikaci
ulic Zabovteské a Pisarecké, je situovan byvaly areal Brnénskych
vodaren, dfive vyuzivany pro potfeby zdlozniho vodniho zdroje
s upravnou vody. Aredl je pfipojen na natokové misto pfi jezu na
fece Svratce. V dzemi se nachdzi mnoZstvi podzemnich vedeni
siti technické infrastruktury, mj. dvé kmenové stoky. Povrchova
zastavba v zajmovém Uzemi je reprezentovana vilami Masaryko-
vy ¢tvrti nad Wilsonovym lesem. Pfed budoucim jiZznim portdlem
tramvajového tunelu se nachdzeji pozemni objekty, které musi byt
zachovany. Jedna se o vétraci objekt na kmenové stoce, ktera je
vedena smérem do masivu Wilsonova lesa a neogotickou kaplic¢-
ku sv. Antonina Paduanského, kterd byla v roce 2015 prohléase-
na za kulturni pamatku. V tésné blizkosti staveniSté se nachazeji

1 INTRODUCTION

The Large City Circle Road (LCCR) is part of the transportation
system of the city of Brno.

The objective is to shift maximum transportation from congested
urban streets to a dual carriageway, four-lane road with exclusively
grade-separated intersections. In the past twenty years, structures
have been completed within the north-western segment of the
LCCR, not only in the Zaboviesky and Kralovo Pole municipal
districts (starting from Generdla Piky Street across the grade
separated intersection with the Svitavy Radial Road, across
the Kralovo Pole tunnels up to the GSI with the Kninice Radial
Road), but also in the Pisarky municipal district (the Hlinky grade-
separated intersection with the short Hlinky tunnel — see Fig. 1).
Everyday traffic difficulties currently arise in the area between
these structures. For that reason the completion of the LCCR
section in question is eagerly awaited by the public.

2 CHARACTERISTICS OF THE AREA AND HISTORY
OF DESIGN PREPARATION

The area of interest of the whole project is located in the western
part of Brno, in the municipal districts of Zaboviesky and Brno-
Centre, alongside the existing route of the city circle road and along
Zabovieska Street. The whole length of the road runs in parallel with
a tram track on an independent trackbed. From the Hlinky grade-
separated intersection (hereinafter referred to as GSI), the road
passes through the narrow neck between the Svratka River channel
and steep, mostly rocky slopes of Wilson’s forest-park. The river
valley is here regulated by means of embankment walls. Wilson’s
forest-park with rock walls of former quarries forms a significant
dominant feature in the area. In the south-western part of the area,
in the grip of the Svratka river and the roads in Zabovieska and
Pisarecka Streets, there are former grounds of the Brno Waterworks,
which were used in the past for the needs of a standby water source
with a water treatment plant. The area is connected to the plant inlet
place upstream of a weird on the Svratka River. There are numerous
underground networks of the technical infrastructure, e.g. two
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trunk sewers. Surface buildings in the area of
interest are represented by villas in Masaryk
district above Wilson’s forest-park. In front of
the future southern portal of the tram tunnel,
there are underground structures which have
to be preserved — a ventilation structure on
the trunk sewer running in the direction of
Wilson’s forest massif and a neo-gothic
chapel of St. Anthony of Padua, which was
declared a cultural monument in 2015. There
are natural elements in the immediate vicinity
of the construction site which must be taken
into special account during construction and
the conditions of their protection have to be
respected. They are represented by Wilson’s
forest, the listed significant landscape element,
the Svratka River flow, which is defined as
a regional biocorridor, and a protected lime
alley along Brafova Street. Virtually the
entire construction area along the Zaboviesky
meadows is located in the 100-year storm flow
level (Q,,) area, which is defined in the Brno
City General Master Plan of Urban Drainage.
A variant EIA study which solved the
location of a four-lane road and a tram track in
the given area on the left bank of the Svratka
River in 14 variants was prepared already in
2005. Leading the divided directions of the
LCCR and the tram track in a cut-and-cover
and mined tunnel, as well as on a viaduct was

VY 7 b s 4 under consideration; setting the river bed off
VMO Zabovieské | - etapa Il (ve vystavbé) Zabovieské GSI | - stage Il (under construction)
VMO Zabovieské | - etapa | (v provozu) Zabovieska GSI | - stage | (operated)

was also analysed. As the most advantageous
was evaluated the variant of leading the tram
track in a cut-and-cover tunnel and the LCCR
on the vacated tram trackbed, partially in earth-

Obr. 1 Umisténi a rozsah stavby
Fig. 1 Location and extent of the construction

pfirodni prvky, na které je nutno brat pfi vystavbé zvlastni zfetel
a respektovat podminky jejich ochrany. Jednd se o registrovany
vyznamny krajinny prvek Wilsontv les, tok feky Svratky vymeze-
ny jako regionalni biokoridor a chranénou lipovou alej podél ulice
Brifovy. Prakticky celé tizemi stavby podél Zabovieskych luk se
nachazi v oblasti rozlivu hladiny stoletého pritoku Q. , kterd je
definovana v Generelu odvodnéni mésta Brna.

Jiz v roce 2005 byla vypracovéana variantni studie EIA, ktera
ve 14 variantach fesila umisténi ctyfpruhové komunikace a tramva-
jové trati v daném uzemi na levém biehu feky Svratky. ZvaZovalo
se vedeni rozdélenych smérd VMO i tramvajové trati v hloubeném
i raZzeném tunelu, na estakadé, ve hre byl i odsun koryta feky. Jako
nejvyhodnéjsi byla vyhodnocena varianta vedeni tramvaje v ra-
Zeném tunelu a vedeni VMO po uvolnéném tramvajovém télese,
z Casti v presypanych galeriich pro jeden i oba sméry VMO, kdy
cilem piesypéni je propojeni Gzemi Wilsonova lesa a dzemi Za-
bovreskych luk spolecné s tokem feky Svratky. Pro tuto variantu
bylo vydano v roce 2010 tzemni rozhodnuti, byla pro ni vypraco-
vana dokumentace pro stavebni povoleni (DSP) a v roce 2017 nova
dokumentace EIA. Projektova dokumentace pro provadéni stavby
PDPS z roku 2019 tvori soucast zadavacich podminek vefejné sou-
téZe, na jejimz zakladé byl v roce 2020 vybran zhotovitel stavby.
SoutéZilo se komplikované dvakrat, kdyz poprvé byla soutéz na
zaklad€ (nesmyslné) namitky zrusena.

100°

covered galleries for one or both directions of
the LCCR, where the objective of the covering
is to link the Wilson’s forest with the area of
the Zabovresky meadows and the Svratka River. The detailed design
from 2019 is part of the conditions for public tendering on the basis
of which the contractor was selected in 2020. The complicated
competition was repeated, when the first attempt for tendering was
cancelled on the basis of a (nonsensical) objection.

3 SOLUTION TO THE IMPLEMENTED VARIANT

The enlarged width and moderate offset of the LCCR from the
river for the purpose of developing a waterfront promenade resulted
into relocation of the tram track to a new tram tunnel under Wilson’s
forest, where the tunnel portals are located in former queries. The
tunnel is designed from the southern side as a 333m long mined
structure, whilst in the northern part, in the area of a former school,
it is designed as a 162m long false tunnel. According to the results
of a risk analysis, construction of a 55m long independent mined
escape gallery will be part of the tunnel. It is located approximately
in the middle of the tunnel length and will allow for safe evacuation
of people to the space of the emergency lay-by in the adjacent road
gallery. The services building at the northern portal of the tunnel
will join services for the tram and road part. The LCCR road in
the proposed four-lane design is led in the beginning along the
tram track and, subsequently, it partially bites into the slopes of
Wilson’s forest and it is necessary to stabilise it first by a revetment
wall and, subsequently, by a gallery above the B branch (direction
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Obr. 2 Vizualizace jiZniho portdlu tramvajového tunelu
Fig. 2 Visualisation of southern portal of the tram tunnel
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of Zaboviesky). The single-sided gallery then
continues on to a double-sided gallery above
the whole LCCR profile, which is terminated
in the area of the northern portal of the tram
tunnel. The visualisation of the views of
the final portals is presented in Figures 2
and 3.

In terms of the cross-sectional arrangement,
the clearance profile of the double-track
tram tunnel is in line with the CSN 2803
18 standard. The track centre distance of
3.100m is constant. The horizontal alignment
of the tunnel is designed to follow the tracks
converted into several reverse curves with the
minimum radius of 161.550m. In the curves,
there will be the maximum superelevation of
the outer stretch of rails of 110mm. The vertical
alignment proceeds from both portals with the
longitudinal slopes of the vertical polygon
of 0,5%, with the crest curve at chainage km
1.765 00 T1, roughly in the middle of the tunnel
length. Cleaning niches are provided along the
mined as well as false tunnel sections. They are

Obr. 3 Vizualizace severniho portdlu tramvajového tunelu a galerie s portdlovym technologickym objektem
Fig. 3 Visualisation of northern portal of the tram tunnel with the services building at the portal

3 RESENI REALIZOVANE VARIANTY

Rozsifeni a mirné odsunuti silni¢ni komunikace VMO od feky pro
vytvoreni nabfezni promenddy mé za nasledek preloZeni tramvajo-
vé trati do nového tramvajového tunelu pod Wilsonovym lesem, pfi-
¢emz portaly tunelu jsou situovany v mistech byvalych lomu. Tunel
je z jizni strany navrZen v délce 333 m jako razeny a v severni ¢asti,
v prostoru byvalého ucilisté, v délce 162 m jako presypany. Soucésti
tunelu bude dle vysledkd provedené analyzy rizik vybudovani sa-
mostatné razené tnikové Stoly o délce 55 m, kterd je situovana zhru-
ba v poloviné délky tunelu a umoziiuje bezpe¢nou evakuaci osob do
prostoru nouzového zélivu prilehlé silni¢ni galerie. Provozné-tech-
nologicky objekt u severniho portédlu tunelu bude sdruZovat techno-
logické zazemi pro tramvajovou i silni¢ni ¢ast. Komunikace VMO
v navrzeném Ctyfpruhovém usporddani je vedena zpocatku podél
tramvajové trati a nato se Castecné zakusuje do svah Wilsonova

designed for cleaning the outer drainage and
serve at the same time as fire niches, NN R1
and NN R2 LW substations and connections to
the escape gallery. [1, 2, 3]

4 ENGINEERING GEOLOGICAL AND
HYDROGEOLOGICAL CONDITIONS

The proposed tunnel route is located
into a massif formed by quartzose diorite.
The intensity of the rock mass jointing is
variable, the scatter of directional and vertical
parameters of the joints is significant. The
course of the fault zones, i.e. heavily up to very
heavily disturbed zones of the massif, was
traced by geophysical survey. It is assumed
that the tunnel route will be affected by three
I**order fault zones with the height of 2—3m
and two 2" order fault zones with the height
of 1-2m. The rock massif in the area where
the whole tunnel structure will be located
was divided into sections characterised by
individual geotechnical types (G-types). The
basic characteristics are presented in the
table 1.

G-types R3 and R2 with subordinate sections of fault zones will
predominate in the area of the mined tunnel.

5 STABILISATION OF ROCK SLOPES

Stabilisation of slopes was solved for the entire over 400m long
section of the LCCR within the framework of this project. The
design comprises not only stabilisation of existing quarry faces
(first of all in the area of the southern portal of the tram tunnel), but
also stabilisation of new cuttings and side-hill cuttings up to 21m
high for the access to the northern temporary portal, cuttings in the
area of the gallery and retaining walls at the LCCR level and for
shaping of the Wilson’s forest slope.

Anchoring of slopes by a combination of rod-type bolts and
stranded anchors in the permanent design is proposed at the level
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lesa a je nutné ji zajistit nejdiive zarubni zdi a nasledné galerii nad
vétvi B (smér Zaboviesky). Jednostranna galerie poté navazuje na
galerii oboustrannou nad celym profilem VMO, kterd je ukoncena
v prostoru severniho portalu tramvajového tunelu. Vizualizace po-
hledii na definitivni portély je znadzornéna na obr. 2 a 3.

Z hlediska pri¢ného usporadani odpovida prijezdny profil dvou-
kolejného tramvajového tunelu norm& CSN 28 0318. Osové vzda-
lenost koleji je konstantni, ¢ini 3,100 m. Smérové je tunel navrZen
podle trasy prevadénych koleji do nékolika protismérnych obloukt
s minimalnim polomérem 161,550 m. V obloucich bude zfizeno
prevySeni vnéjsiho kolejnicového pasu v hodnoté nejvyse 110 mm.
Vyskové je tunel navrZzen do stfechovitého sklonu s podélnym
sklonem vySkového polygonu 0,5 %, s vrcholovym obloukem
zhruba v polovin€ délky tunelu v km 1,765 00 T1. V trase raZzeného
i presypaného tunelu jsou umistény cistici vyklenky pro rubovou
drendz, slouZici soucasné jako poZarni vyklenky, rozvodna NN
(nizkého napéti) R1, NN R2 a napojeni tnikové Stoly. [1, 2, 3]

4 INZENYRSKOGEOLOGICKE A HYDROGEOLOGICKE
POMERY

NavrZena tunelova trasa je situovana do masivu tvofeného preva-
Zujicim kfemennym dioritem. Rozpukani masivu ma proménlivou
intenzitu s pomérné znacnym rozptylem smérovych i sklonovych
parametrti puklin. Prabéh poruchovych pasem, tj. siln€ az velmi
silné rozrusenych z6n masivu, byl vysledovan geofyzikalnim pra-
zkumem. Predpoklada se, Ze do tunelové trasy zasédhnou tfi poru-
chovd pasma I. fadu o mocnosti 2-3 m a dvé poruchové zény II.
fadu o mocnosti 1-2 m. Horninovy masiv v oblasti, ve které bude
situovano tunelové dilo, byl roz¢lenén na tseky charakterizované
jednotlivymi geotechnickymi typy (G-typy). Zakladni charakteris-
tika jednotlivych tseki je uvedena v tabulce 1.

V oblasti razeného tunelu budou prevladat G-typy R3 a R2
s podfizenymi dseky poruchovych pasem.

5 ZAJISTENI SKALNICH SVAHU

V ramci této stavby bylo feSeno zajiSténi svahil pro cely tsek
VMO v délce pres 400 m. Jednd se jak o zajiSténi stavajicich lomo-
vych stén, zejména v oblasti jizniho portalu tramvajového tunelu,
tak o zajiSténi novych zafezl a odiezli vysky az 21 m pro pfistup
k severnimu provizornimu portalu, v prostoru galerie a opérnych
zdi v rovni VMO a pro terénni Gpravy ve svahu Wilsonova lesa.

Nad drovni definitivnich terénnich tprav (zasypi novych kon-
strukci) je navrZeno kotveni svahi kombinaci ty¢ovych svornikl

Tab. 1 Zdkladni inZenyrskogeologickd charakteristika jednotlivych visekii
Oznacéeni

Tuel

of the final terrain ground shaping (backfilling of new structures).
Glassfibre reinforced plastic permanent rock bolts are designed
with respect to the occurrence of stray currents from the tram
traction. Classical self-drilling steel rock bolts are designed for
the parts where only a temporary function of anchors is required.
Apart from anchoring, stabilisation with corrosion protected mesh
preventing fractions from falling into the space of construction
and, after completion of the construction, to pavements and paths
on the slopes in the Wilson’s forest-park. Dynamic barriers above
the pavement in the area above the southern portal of the tunnel
represent another stabilisation element. The dynamic barrier will
at the same time provide protection for the reconstructed historic
chapel standing in front of the southern portal of the tunnel. The last
element of the permanent stabilisation system is formed by heavy
catching fences reinforced with longitudinal cables. The structure
of the catching fences consists of 2m high posts anchored 1m deep
in the rock slope and high-strength double-thread steel net with
double anti-corrosion protection. Their task is to catch fractures of
rock from scree fields and surface weathering so that more extensive
deforestation and areal stabilisation of slopes above pedestrian paths
is not necessary. The position of the fence is always selected taking
into consideration the requirement for maintaining the minimum
clearance profile height above the path for service vehicles and
possible 4m high IRS vehicles (for an example of the structures
see Fig. 4).

The design for the stabilisation structures is based on detailed
3D models of individual parts of the slopes (see Fig. 5) carried out
with respect to the fact that these are complex figures of side-hill
cuttings for creation of spaces for ramps, walkways and staircases
on the slope (see Fig. 5).

6 MINED TUNNEL

The tunnel will be excavated using the New Austrian Tunnelling
Method. Blasting and mechanical peripheral excavation is
considered to be applied to the disintegration of rock according
to the assumed EG conditions (excavation classes mostly 5 and
6, exceptionally 4 according to the no more valid but still used
CSN 73 3050 standard). The tunnel excavation cross-section
area will amount to ca 71m?, the area of the escape gallery cross-
section will amount to 15m? Two mined substations with the
excavation area of ca 31m? are designed to be in the tunnel. The
tunnel excavation profile will be divided horizontally into top

G-typu Pevnost horniny | Zvétrani Rozpukani Poznamka
R6 ;glg‘)'(t?éﬁﬁé nizka hornina rozloZzena - eluvium kfemenného dioritu, vyskyt mimo razenou trasu
R5 velmi nizka silné zvétrani stfedni az silné vyskyt v nadlozi trasy
R4 nizka slabé zvétrani stfedni az silné moznost vyskytu v poruchéch . fadu
R3 stfedni navétrani az slabé zvétrani stfedni, misty silné v Usecich poruchovych pasem rozpukani silné az velmi
R2 vysoka slabé zvétrani slabé silné, u poruch I. fadu mozZnost vyskytu tektonického jilu

Table 1 Basic
G-type

engineering geologica

I characteristics of individual sections

T Rock strength Weathering Jointing Note
R6 \éitryelrg\gl)tlol o decomposed rock - quartzose diorite eluvium, occurrence beyond mined route
R5 very low heavy weathering middle to closely spaced occurrence in route overhead
R4 low weak weathering moderate to closely spaced | possibility of occurrence in 1% order faults
R3 middle slight to moderate weathering | midle, localy heavy in sections of fault zones heavy to very heavy jointing,
R2 high moderate weathering moderate in 1%t order faults possible occurrence of tectonic clay
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a pramencovych kotev v trvalém provedeni.
Z dvodu vyskytu bludnych proudii z tramvajo-
vé trakce jsou trvalé svorniky navrzeny sklola-
minatové. V ¢astech, kde je vyzadovéana pouze
docasna funkce kotev, jsou navrzeny klasické
samozavrtné ocelové svorniky. Kromé kotveni
je v povrchovych partiich svahu a v oblastech
geologickych poruch navrZeno zajisténi siti
s protikorozni ochranou proti padani Glomki
do prostoru vystavby a po dokonceni vystavby
na chodniky a cesty v parkové tpravé prostoru
svaht Wilsonova lesa. Dal§im prvkem zajisténi
jsou dynamické bariéry nad chodnikem v ob-
lasti nad jiznim portdlem tunelu. Dynamicka
bariéra bude zéroven tvofit ochranu rekonstru-
ované historické kaple pred jiznim portdlem
tunelu. Poslednim prvkem trvalého zajiSténi
jsou t&zké ochranné zachytné ploty vyztuZené

stavajici terén —
existing terrain N

trvaly zabor
permanent land
C113chodnik  2G3Usition
C 113 pavement
g
gg 212,818
! /212,400
L

_\L_ZI!A{]S
210,400 N
v kot Groyes

. .uroVen 1
anchoring levé/ 11

sklolaminétova kotevni injekéni ty¢ kruhového
profilu @32 mm, dl.6,0ma3m
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podélnymi lany. Konstrukce zachytnych plotil
se sklada ze sloupkt vysky 2 m, zakotvenych
1 m ve skalnim svahu, a vysokopevnostniho
ocelového dvouzavitového pletiva s dvojitou
protikorozni ochranou. Maji za tikol zachytavat
tlomky horniny ze sutovych poli a povrchové-
ho zvétravani tak, aby nebylo nutno provadét
rozsahlejsi odlesnéni a plosné zajisténi svahil
nad cestami pro pési. Poloha plotu je vZdy vo-
lena tak, aby byla zachovdna minimalni vyska
prajezdného profilu na chodniku pro obsluzna
vozidla a pripadné vozidla IZS vysky 4,0 m
(ptiklad konstrukce obr. 4).

Néavrh konstrukei zajisténi vychézi z po-
drobnych 3D modeld jednotlivych ¢asti sva-
ht (obr. 5), nebot se jedna o sloZité figury
odfezli pro vytvofeni prostoru pro rampy,
chodniky a schodisté ve svahu.

6 RAZENY TUNEL

Tunel bude raZen Novou rakouskou tunelovaci metodou. Rozpo-
jovani hornin je podle predpokladanych IG poméra (tfida tézitel-
nosti dle jiZ neplatné, ale stile pouzivané CSN 73 3050 pievazné 5,
6, vyjimecné 4) uvazovano s pouZitim trhacich praci a mechanic-
kym dociSténim lice vyrubu. Plocha vyrubu tunelu bude ¢init cca
71 m?, plocha vyrubu dnikové Stoly pak cca 15 m?. V tunelu jsou
navrzeny dv€ razené rozvodny NN s plochou vyrubu cca 31 m?.
Profil tunelu bude horizontdlné ¢lenén na kalotu a opéfi (lavku),
unikova Stola bude razena plnym profilem. Primarni osténi bude
tvoreno stiikanym betonem se sitémi, piihradovymi nosniky, svor-
niky a v pfipadé potieby jehlovanim. Délka zdbéru bude zavisla
na zastizenych geologickych podminkéach a bude urcena techno-
logickou tfidou vyrubu. Pro tunel jsou stanoveny tfi technologické
tfidy, pro tnikovou Stolu dvé technologické tfidy vyrubu. Razba
bude probihat od severniho provizorniho portdlu nejprve dovrch-
né, nasledné v cca dvou tfetinach délky razeného tunelu tpadné.
Pfi razbé kaloty bude tunel odvodiiovan pomoci stavebniho rigolu,
v useku tpadni razby budou zfizovany podle potieby jimky a pod-
zemni voda preCerpavdna a odvadéna k severnimu portdlu, kde
bude jiméana a po usazeni pevnych castic a ipravé pH odvedena do
kanalizace. Pfi vylomu opéfi bude ve dné podle potreby zfizovana
provizorni stavebni drenaz.

7 DEFINITIVNI OSTENI

V razeném useku bude klenbové definitivni osténi na zaklado-
vych pasech pfevazné navrzeno z prostého betonu C30/37. Pouze

Obr. 4 Ndvrh trvalého zajisténi prostoru nad chodnikem téZkym ochrannym plotem v km 2,220 VMO
Fig. 4 Design for permanent stabilisation of the space above a walkway with a heavy protection fence at
km 2.220 of the LCCR

Obr. 5 3D model zajisténi svahu v vseku km 2,146-2,221 VMO
Fig. 5 3D model of stabilisation of the slope in the km 2.146-2.221 section of the LCCR

heading and bench; the escape gallery will be excavated full-
face. The primary lining will be formed by shotcrete with welded
mesh, lattice girders, rock bolts and, if necessary, forepoling.
The excavation advance length will depend on the geological
conditions encountered and will be determined by the excavation
support class. Three excavation support classes are determined
for the tunnel, whilst two excavation support classes are for the
escape gallery. The excavation will proceed from the temporary
northern portal, first uphill, subsequently, ca in two thirds of
the mined tunnel length, downhill. During the course of the top
heading excavation, the tunnel will be drained by a construction
gutter; in the downhill excavation, pits will be provided as needed
and groundwater will be pumped and directed to the northern
portal, where it will be collected and, after solid particles have
settled and pH has been treated, will be directed to sewerage.
Temporary construction drainage will be provided during the bench
excavation.

7 FINAL LINING

In the mined section, C30/37 mass concrete will be mostly
designed for the vaulted final lining founded on strip footings.
Only the tunnel blocks in the location of changed geometry and
in the locations of crossings will be from reinforced concrete,
with the reinforcement consisting of auxiliary lattice girders and
welded mesh. The lining at the top of the vault will be 300mm
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Fig. 6 Cross-section through mined tunnel

s protihlukovym opatienim (do 50 m od portalu)
with noise abatement measure
(up to 50m from portal)

bez protihlukového opatieni (od 50 m od portalu)
without noise abatement measure

(from 50m from portal on)
trolejovy drat prirezu 150 mm?
overhead catenary wire 150mm?

svétly profil dle CSN 28 0318 (03/2015) AT A TR
net cross-section according to CSN 28 0318 (03/2015) TG LA

osténi tunelu — Zelezobeton C30/37, XA1, XF1, tloustka 450 mm 7 o

tunnel lining — C30/37, XA1, XF1 reinforced concrete, thickness of 450mm

osa koleje 1

track axis 1
0sa tunelu
tunnel axis

S osa koleje 2
track-axis 2

50

protihlukovy obklad noise attenuation cladding
vysokopohltivy protihlukovy panel high-absorption noise control panel

suchovod dry fire main
ochrana vrstva — nopova félie (vyska nopt 20 mm)
separation layer — dimpled membrane (dimples 20mm high)
separaéni a drendzni geotextilie min. 500 g/m? #
separation and drainage geotextile min. 500g/m?
hydroizolaéni félie tl. 3 mm /
waterproofing membrane 3mm thick /

6123

drenaz za rubem osténi PP DN/OD 200, SN 8 - 77
PP DN/OD 200, SN 8 drainage behind external surface of lining ] 7

”, - ’,I/,
R e T T A 7 — 1, e
-1,36 ; 7 oF ; Ly,
— i . AP ey > -"'zl-”,l AT
= o S =
podkladni beton C16/20 X0 C16/20 X0 blinding concrete /
600

I
zakladovy pas C30/37 XC3, XA1, XF1 4|‘ 960 ! 770 )‘I, I, 200
C30/37 XC3, XA1, XF1 concrete continuous footing ~ ~250 2230

Lo |

£
mﬂ

A

150||5

50 3150

J{ 3150 ,. 2230
10760

betonové deska C30/37 XF3, XC3 (C30/37 XF3, XC3 concrete slab—|

vyztuzend KARI siti 150/150/8, kryti 50 mm reinforced with 150/150/8 KARI mesh, 50mm concrete cover—

elastomerova pryzova protihlukova rohoZz elastomeric rubber noise suppression mat—
podkladni beton C16/20 X0 C16/20 X0 blinding concrete !
Obr. 7 Rez presypanym klenbovym pasem

Fig. 7 Cross-section through the vaulted false tunnel block
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Obr. 8 Rez ramovym pasem
Fig. 8 Cross-section through the frame-shaped tunnel block

tunelové pasy v misté¢ zmény geometrie a v mistech kiizenim bu-
dou zZelezobetonové, s vyztuZi tvofenou pomocnymi piihradovymi
nosniky a svarovanymi sit€émi. Tlou$tka osténi ve vrcholu klenby
bude 300 mm. Spara mezi zdkladovym pasem a klenbou je od vo-
dorovné uklonénd. Tunel bude opatfen mezilehlou deStnikovou
hydroizolaci a patnimi rubovymi drendZemi (obr. 6).

8 HLOUBENE CASTI TUNELU

Presypany tunel pfi severnim portalu ma dvé konstrukéné rozdil-
né ¢asti, 138 m dlouhy klenbovy usek a 24 m dlouhy tsek tvoreny
uzavienym pravouhlym ramem v sousedstvi galerie a portdlového
technologického objektu (PTO).

Nosna klenbovd konstrukce bude Zelezobetonova z betonu
C30/37 a bude vyztuZena piihradovymi nosniky a svarovanymi si-
témi. Tvar vnitfniho lice klenby bude totoZny s raZenym tunelem,
avSak tloustka osténi ve vrcholu klenby bude 450 mm (obr. 7).

Ramové pasy na severnim portéle a na jiznim portale (obr. 8) bu-
dou tvarové obdobné a budou presypany pouze z ¢asti. Konstrukce
ramu je navrzena ze Zelezobetonu C30/37. Tloustka stén a spodni
desky bude 600 mm. Horni deska bude provedena ve stfechovitém
spadu pfi min. tlouStce 600 mm. V rozich rdmu budou vytvoreny
nabéhové kliny. Stény tunelu do vzdalenosti 50 m od portalu budou
opatfeny protihlukovym pohltivym obkladem. Timto opatfenim,
navrzenym na zaklade akustické studie, se eliminuje bodovy zdroj
hluku v misté tunelového portalu.

thick. The joint between the strip footings and the vault is inclined
from horizontal. The tunnel will be provided with intermediate
umbrella-type waterproofing and external toe drains (see Fig. 6).

8 CUT-AND-COVER TUNNEL PARTS

The false tunnel at the northern portal has two structurally
different parts — a 138m long vaulted section and a 24m long
section formed by a closed rectangular frame neighbouring with
the gallery and services building at the portal.

The load-bearing vaulted section will be made from C30/37
reinforced concrete and will be reinforced with lattice girders and
welded mesh. The shape of the internal contour of the vault will be
identical with that of the mined tunnel, but the lining at the top of
the vault will be 450mm thick (see Fig. 7).

The frame-shaped tunnel blocks at the northern and southern portal
(see Fig. 8) will be similar in terms of geometry and will be backfilled
only partially. C30/37 reinforced concrete is designed for the frame
structure. The walls and bottom slab will be 600mm thick. The
upper slab will be cambered with the minimum thickness of 600mm.
Haunches will be created at the frame corners. The tunnel walls will
be provided with noise absorbent cladding up to the distance of 50m
from the portal. By this measure which was designed on the basis of
an acoustic study, the point source of noise is eliminated at the tunnel
portal.
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Obr. 9 Situace monitoringu
Fig. 9 Monitoring layout

9 MONITORING

Monitoring stavby bude sestdvat z nasledujicich méfeni a sle-
dovéni:

* geologické a geotechnické sledovani;

¢ hydromonitoring;

e konvergencni méfeni (primdrni i definitivni osténi novych
podzemnich dél);

* geodetickd méfeni v podzemi;

* méfeni napjatosti na definitivnim osténi tunelu;

¢ nivela¢ni méfeni bodii na povrchu;

* geodetickd méfeni portald a svah stavebnich jam;

¢ méfeni napéti na kotvéch;

¢ seismicka méfeni;

¢ hlukova méfeni;

¢ sledovani vyvoje poruch na ohroZenych nadzemnich objektech
(vCetné deformetri);

e sledovani vyvoje poruch na ohroZenych podzemnich objek-
tech.

Poloha jednotlivych méficich profilii je zndzornéna na obr. 9. [4]

10 AKTUALNI STAV A VYHLED

Zacatkem listopadu 2020 investor podepsal smlouvu na realizaci
stavby se sdruZenim firem HOCHTIEF CZ a.s., EUROVIA CS, a.s.
a Subterra a.s. Od ledna 2021 budou probihat stavebni prace. Opro-
ti zadani stavby bude stavba urychlena dplnou vylukou tramvajové
trati. Podle aktudlniho harmonogramu vystavby by mély byt razba

tunelu a sekundarni osténi dokonceny v roce 2021 a celd stavba pak
v 1ét€ roku 2024.

Ing. JAN ROZEK, AMBERG Engineering Brno, a.s.

Recenzoval Reviewed: Ing. Pavel Poldk
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9 MONITORING

The construction monitoring will consist of the following
measurements and observations:
* geological and geotechnical monitoring;
¢ hydromonitoring;
e convergence measurements (primary and secondary linings of
new underground workings);
e survey measurements in the underground;
e measurements of the state of stress on the final lining of the
tunnel;
* levelling survey on points on the surface;
* survey measurements on portals and slopes of construction pits;
e measurements of stress on anchors;
e seismic measurements;
* noise measurements;
¢ monitoring of development of defects on the threatened surface
buildings (including deformeters).
The position of individual measurement profiles is depicted in
Fig. 9. [4]

10 CURRENT CONDITION AND OUTLOOK

At the beginning of November 2020, the project owner signed the
contract for construction with a consortium of companies consisting
of HOCHTIEF CZ a.s., EUROVIA CS, a.s. and Subterra a.s.
The construction work operations will start in January 2021.
Compared to the tender conditions, the construction will be
accelerated by the complete closing of the tram line to traffic.
According to the current construction schedule, the excavation of
the tunnel and the secondary lining should be finished in 2021 and
the entire construction should be completed in the summer of 2024.

Ing. JAN ROZEK, AMBERG Engineering Brno, a.s.

[1] Dokumentace PDPS ,,Silnice 1/42 Brno VMO Zabovieska I, Etapa II*. SdruZeni ,,I/42 Brno VMO Zabovieska®, 07/2019

[2] http://www.mestsky-okruh-brno.cz/ (online)
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[3] Vizualizace stavby Silnice I/42 Brno VMO Zabovieska, PK Ossendorf a Vawe Studio
1

[4] Koncept realizaéniho projektu geotechnického monitoringu stavby 1/42 Brno VMO Zabovieska I, etapa II.
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SANACE TUNELU REICHOLZHEIM
REHABILITATION OF REICHOLZHEIM TUNNEL

JAN ROZEK

ABSTRAKT

Sanace tunelu Reicholzheim v SRN je prikladem diikladné sanace sto padesdt let starého Zeleznicniho tunelu s kamennou klenbou, pri
které je tunelovy profil opatien novym monolitickym Zelezobetonovym osténim. Cldnek strucné shrnuje obsah realizacniho projektu a upo-

zoriiuje na nékterd specifika ndvrhu a stavebniho postupu.

ABSTRACT

Rehabilitation of the Reicholzheim tunnel in the Federal Republic of Germany is an example of the thorough rehabilitation of a 150-year-
old railway tunnel with a stone masonry vault, during which a new cast-in-place reinforced concrete lining is carried out in the tunnel
profile. The paper briefly summarises the content of the detailed design and draws attention to some specifics of the design and the

construction procedure.

1 UvoD

Tunel Reicholzheim se nachazi na trati
¢. 4920 Lauda — Wertheim v okrese Main-Tau-
ber ve spolkové zemi Badensko-Wiirttember-
sko. Jedna se o stavbu z roku 1868, kterd je
soucasti pamatkoveé chranéného useku traté
,.Badische Taubertalbahn. Pohled na histo-
ricky portdl je znazornén na obr. 1. Ackoliv
se jednd o traf regionalni, ma svou funkci
i pro dalkovou dopravu, nebot slouZzi prepraveé
spésnymi vlaky do regionalnich center Mann-
heimu, Wiirzburgu a Stuttgartu. Investorem
sanace je spolecnost DB RegioNetz Infra-
struktur GmbH. Predmétem projektu sanace
tunelu o délce 542 m je vybudovani nového
monolitického osténi véetné mezilehlé foliové
hydroizolace, obnova odvodnéni a kabelovych
vedeni. PoZadavkem investora byly rovnéz
stavebni tpravy nového osténi pro ochranu
stavajici populace netopyri, nebot tunel se na-
chézi v chranéné krajinné oblasti. Mimo roz-
sah projektu zpracovdavaného firmou Amberg
Engineering je také rekonstruovano odvodnéni
a svrsek trati pred a za tunelem, jsou kotveny
a sanovany zdéné portalové stény a tunel je vy-
baven pozarnim vodovodem, osvétlenim uni-
kové cesty, spojovacim zafizenim a nastupnimi
plochami pro zéchranné slozky na portéalech.

2 POPIS TUNELU

Tunel prochézi pod vyvySeninou na levobfeZni vnitini strané ob-
louku udoli feky Tauber u obce Waldenhausen (obr. 2) s nejvyssim
nadlozim necelych devadesat metrii. Tunel byl vyrazen od jiZni-
ho portalu v jednostranném spadu smérem k severnimu portilu ve
smérovém oblouku s polomérem cca 390 m. Vyjezdovy portél se
nachdzi v prechodnici. Tunel byl postaven jako dvoukolejny, ale
provozovan byl od pocatku jako jednokolejny. Jednotlivé pasy sta-
vajici kamenné klenby maji nestejnou délku od 3,40 m do 15,30 m,
kratké pasy byly vytvofeny pfi kompletni obnové osténi v tseku
délky 30 m z diivodu doplnéni rubové izolace v roce 1930. Sanace
z roku 1957 a 1989 se vztahovaly pfevazné k odvodnéni tunelu.

Obr. 1 Pohled na jizni portdl
Fig. 1 View of southern portal

1 INTRODUCTION

The Reichholzheim tunnel is located on the Lauda — Wertheim
railway line No. 4920 in the Main-Tauber district in the Baden-
Wiirttemberg Federal State. It is a tunnel structure from 1868,
which is a part of the heritage designated section of the Badische
Taubertalbahn railway line. A view of the historic portal is presented
in Fig. 1. Although it is a regional line, it also has a function for long-
distance transport, as it is used by express trains to regional centres
of Mannheim, Wiirzburg and Stuttgart. DB RegioNetz Infrastruktur
GmbH is the rehabilitation project owner. The subject of the 542m
long tunnel rehabilitation project is the construction of a new cast-
in-placed lining, including intermediate membrane waterproofing,
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Obr. 2 Situace tunelu
Fig. 2 Tunnel layout

V soucasné dobé kamenna klenba vykazuje zna¢né posSkozeni a de-
formace, proto bylo rozhodnuto o kompletni rekonstrukci vestav-
bou nového osténi, coz prostorové pomeéry umoznuji.

3 TECHNICKE RESENI

Nové pribézné monolitické osténi je zaloZeno na Zelezobe-
tonovych pasech tloustky 80 cm. Klenba ma minimalni tloustku
35 cm (obr. 3). Mezilehld desStnikova hydroizolace tloustky 2 mm
se signdlni vrstvou, doplnéné pruhy nopo-

renovation of drainage and cable lines. The project owner also
requested structural modifications to the new lining to protect
the existing bat population, as the tunnel is located in a protected
landscape area. Outside the scope of the design being carried out
by Amberg Engineering, the drainage and trackwork in front of and
behind the tunnel, masonry portal walls are also being reconstructed
and rehabilitated, and the tunnel is being equipped with a hydrant
connecting pipeline, the escape path lighting, communications
system and a mustering area for rescue units at portals.

2 TUNNEL DESCRIPTION

The tunnel passes under an upland area on the left-bank side
of the Tauber River curve near the village of Waldenhausen (see
Fig. 2), with the highest overburden nearly ninety metres thick.
The tunnel was driven from the southern portal on a one-way slope
toward the northern portal, on a ca 39m radius curve. The exit
portal is located on a transition curve. The tunnel was constructed
as a double-track structure, but was operated from the beginning
as a single-track tunnel. The lengths of the individual blocks of the
existing stone masonry vault are unequal, ranging from 3.40m to
15.30m; the short blocks were constructed during the course of a
comprehensive renovation of the lining carried out within a 30m
long section in 1930, designed to add external waterproofing. The
rehabilitation conducted from 1957 and 1989 related mostly to
the tunnel drainage. At present, the stone masonry vault exhibited
considerable damage and deformation. For that reason, the decision
was made to carry out complete reconstruction by providing
a new lining in the tunnel, which the spatial conditions will
allow.

3 TECHNICAL SOLUTION

The new continuous cast-in-place lining is founded on 80cm thick
reinforced concrete strip footings. The vault is minimally 35cm
thick (see Fig. 3). The intermediate umbrella-type waterproofing
is 2mm thick, comprising a signal layer. It is complemented by

vé folie v mistech soustfedénych pritokil
vody, svadi podzemni vodu za rubem osté-
ni k patam profilu, kde je v pravidelnych
rozestupech zajisténo bodové odvedeni
vody pres zdkladové pasy do oboustranné
vedenych podélnych drendzi. Levostranna
drenaz PP DN/OD 280 je uloZena ve §tér-
kovém loZi, zatimco pravostrannd drendz
PP DN/OD 160 je zabetonovana spolu
s kabelovymi chrani¢kami v télese tniko-
vé stezky §itky 1,20 m. Stdvajici vyklenky
v osténi jsou zruseny.

4 REALIZACNi PROJEKT

4.1 Postup vystavhy

Omezujici podminkou pro ndvrh sanace
tunelu bylo zachovani denniho provozu
tunelu po vétSinu doby sanace. Celkova
vyluka nebyla mozna, proto jsou armovaci
a bednici prace na nové klenbé provadény
z vozu, ktery pojizdi po stavajicim Zelez-
ni¢nim svrsku. Teprve po betondzi klenby
bude svrsek snesen a novd kolej uloZena
do definitivni polohy. Stavebni prace smé-
ji probihat pouze v dobé od 19:30 do 6:00.
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Obr. 3 Vzorovy pric¢ny rez
Fig. 3 Typical cross-section




. nutna plocha frézovani
surface requiring milling

Obr. 4 3D vyhodnoceni nutnych ploch frézovdani
Fig .4 3D assessment of surfaces requiring milling

Ve dne je tunel provozovan s rychlosti sniZe-
nou na 50 km/h.

4.2 oOptimalizace polohy nového
osténi

Vzhledem k postupu vystavby byla prvnim
krokem névrhu optimalizace smérové i vys-
kové definice osy nového tunelového osténi.
Jejim cilem bylo minimalizovat frézovani sta-
vajiciho osténi pro dodrZeni minimalni nutné
tloustky osténi v celé délce tunelu a zaroveri
dodrzet pozadovany prijezdny profil pro ko-
lej ve stavajici i definitivni poloze. Vychozim
podkladem bylo zaméfeni stavajiciho osténi
3D skenerem a z toho plynouci odvozeni vy-
tyCovacich ddaji stavajici a nové osy koleje.
Rozsah frézovani pri riznych variantach po-
lohy osy tunelu byl vizualizovdn za pomoci
softwaru Rhinoceros (obr. 4).

4.3 Postup betonazZe a rozdéleni
osténi na pasy

Betonaz probihd od severniho k jiznimu
portalu. Osténi je rozdéleno na pasy o délce
7,20 m a 3,60 m na vngjsi strané oblouku.
Betonaz klenby probiha nejprve v primarnich
pravothlych blocich a nasledné jsou mezi né betonovany lichobéz-
nikové sekundarni bloky (obr. 5). Postupu betondZe je na miru pfi-
zpusobena bednici forma (obr. 6).

4.4 Logistika vystavby

Pfistup pro pfisun materidlu je pouze z jizniho portalu. Po lokal-
nim odfrézovani stavajici klenby, prohloubeni a o¢isténi zakladové
spary, byla provedena hydroizolace opéfi, vyarmovany a vybetono-
vany zékladové pasy. Armatura zdkladovych past byla zhotovena
pred tunelem a zavdzena do tunelu v celé délce pasu. Nasledné
se provadi hydroizolace klenby. Armatura klenby je rovnéZz sesta-
vovédna vné€ tunelu na zafizeni staveniSt€ a zavdZena do tunelu na
bednicim voze jako celek. V tunelu se doarmuji pouze vynechané
pruhy Sitky 60 cm v sekundéarnich blocich pro bednéni Cel primar-
nich blok.

4.5 Samonosna vyztuz

Vyztuz klenby je navrzena jako samonosna. Nosny prvek tvori
svafované piihradové nosniky spojované Sroubovymi spoji s patni-
mi deskami. Vzhledem k tomu, Ze v tunelu je za denniho provozu
vzdy pfipravena vyztuz klenby pro nejméné dva nezabetonované
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< smér betonaze
concreting direction

- primarni bloky primary blocks

poloha bednéni v aktuélnim kroku betonéze
position of formwork
in current concreting step __

E— me———————— osa tunelu B?i}'g\z?r/nl' blok
spara mezi bloky tunnel axis completed
joints between blocks primary block
délka primarniho bloku

3,60 nebo 7,20 m délka sekundarniho bloku

primary block length 3.60 or 7.20m 360 nebo 7.20 m
poloha bednéni v dal$im kroku betonaze secondary block length
position of formwork in following concrete casting step 3.60 or 7.20m

Obr. 5 Schéma postupu betondZe
Fig. 5 Chart of concrete casting procedure

foto Baresel photo courtesy of Baresel

Obr. 6 MontdZ bednici formy
Fig. 6 Assembly of formwork

dimpled sheet membrane strips at the locations of concentrated
water inflows. It directs groundwater behind the external surface
of the lining to the toes of the profile, where point-type evacuation
of water to longitudinal drains running on both sides is ensured
through the strip footings at regular intervals. The left side PP DN/
OD 280 drainage is laid in gravel, whilst the right side PP DN/OD
160 drainage is incorporated together with cable protection pipes
into the concrete bed of the 1.20m wide escape path. The existing
recesses in the lining have been cancelled.

4 DETAILED DESIGN

4.1 Construction procedure

There was a restricting condition for the tunnel rehabilitation
design. The day-time operation of the tunnel had to be maintained
for most of the rehabilitation period. The total closing the tunnel
to traffic was not possible, so the reinforcement and formwork for
the new vault have been installed from a carriage travelling along
the existing rail track. The trackwork will be removed and the new
track will be laid to the final position only after completion of
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pasy, byla zvySend pozornost vénovana navrhu tuhosti a stability
samonosné vyztuze.

4.6 Pozadavek na zvyseny pocet prostupii osténim
Zatimco v predchozim stupni projektové dokumentace se po-
¢italo se zfizenim velmi redukovaného poctu Sestnicti vletovych
otvortt do prostoru zazdénych tunelovych vyklenkli pro hnizdici
netopyry, béhem zpracovani realiza¢niho projektu vznikl pozada-
vek na zachovéni vSech stavajicich hnizdicich otvorti v kamenné
obezdivce. Za timto ucelem byly v8echny otvory zaméreny a jejich
geometricka poloha byla definovana vytyCovacimi parametry vici
novému osténi. Celkovy pocet otvort se tak podstatné zvysil — nyni
jich je 268. Ve spoluprici s dodavatelem izolace byl navrZen detail
prostupu za pouziti dvojdilné plastové tvarovky slouZzici jako ztra-
cené bednéni. Detail umoziiuje komunikaci s piivodnim otvorem,
ale zabratiuje zatékani vody na lic nového osténi (obr. 7, 8). Musely

the vault concreting operations. The construction work may only
proceed between 7.30 p.m. to 6.00 a.m. In the day time, the tunnel
is operated with the speed reduced to 50km/h.

4.2 Optimisation of new lining position

With respect to the construction process, the first step in
designing the optimization was the definition of the horizontal and
vertical axis of the new tunnel lining. Its objective was to minimise
milling of the existing lining required for maintaining the minimum
required thickness of the lining throughout the tunnel length and,
at the same time, to maintain the clearance profile required for the
track in the current and final positions. The starting basis was the
survey of the existing lining with a 3D scanner and the derivation
of the setting out data of the existing and new track axes following
from the survey. The extent of the milling at various variants of the
tunnel axis position was visualised by means of the Rhinoceros

software (see Fig. 4).

/ /.

odfrézovani zdiva
milling of masonry off
S S S
dérovany plech
perforated steel sheet

7

limec z PE k navafeni

na hydroizola¢ni folii

PE collar to be welded

\ on waterproofing membrane

0

hydroizolace
waterproofing

ryha ve zdivu pro posun otvoru the
groove in masonry for shifting of opening

PE tvarovka zabudovana do otvoru
PE fitting incorporated into opening

4.3 Concrete casting procedure and
division of lining into blocks

Concrete casting proceeded from the
northern portal to the southern. The lining is
divided into blocks 7.20m long, respectively
3.60m long on the outer side of the curve.
Concreting of the vault proceeds first in the
primary rectangular blocks and, subsequently,
trapezoidal secondary blocks are

s concreted between them (see Fig. 5). The
— formwork is tailored to the concrete casting
procedure (see Fig. 6).

4.4 Construction logistics

The access for material supplies is
possible only from the southern portal.
After local milling of the existing vault
away and deepening and cleaning of the
foundation base, the bench was provided with
waterproofing; reinforcement was installed
and concrete cast in the strip footings. The
reinforcement of the strip footings was

stavajici otvor ve zdivu
existing opening
in masonry

/ 9!
/ /
Obr. 7 Detallp‘ OStupu ostenim

Fig. 7 Detail of the hole in the lining

foto Baresel photo courtesy of Baresel
Obr. 8 Uprava otvoru pred poloZenim hydroizolace
Fig. 8 Adjustment of the hole before installation of waterproofing membranes

fabricated in front of the tunnel and was

carried into the tunnel at the whole block

length. The waterproofing of the vault is

installed subsequently. The reinforcement of
the vault is also fabricated outside the tunnel, on the construction
site facility, and is transported to the tunnel on a formwork carriage
as a whole. In the tunnel, the reinforcement is added only in 60cm
wide strips left in the secondary blocks for the formwork stopends
for the primary blocks.

4.5 Self-supporting reinforcement

The vault reinforcement is designed as a self-supporting system.
The load-bearing element is formed by welded lattice girders
joined with nuts with base plates. Due to the fact that the vault
reinforcement for at least two non-concreted blocks is always
prepared in the tunnel during the day-time tunnel operation,
increased attention was paid to the design of the rigidity and
stability of the self-supporting reinforcement.

4.6 Requirement for increased number of openings
in the lining
Whilst establishing a significantly reduced number of sixteen
openings into the space of the bricked-over tunnel recesses used
by bats for roosting, a requirement originated during the work




Obr. 9 Detail ryhy pro posun otvoru
Fig. 9 Detail of the groove for shifting the hole

byt provéfeny a vyieseny konflikty se sparami mezi bloky a prihra-
dovymi nosniky samonosné vyztuze. Pro instalaci tvarovky bylo
tieba v plasti bedniciho vozu zfidit otvory. Ty nemohly byt kvili
konstrukci bednéni rozmistény libovolné, a proto byl pocet otvorQ
na formé zredukovén, coz mélo za nasledek posun stavajicich otvo-
ri vybouranim kratké ryhy v kamenné klenbé (obr. 9) s opétovnym
provéfenim moznych konfliktd s vyztuZi.

5 REALIZACE

V dobé predani ¢lanku do tisku jsou hotové zdkladové pasy
a probiha betondz klenby. Stavbu provadi firma Baresel GmbH.
Predpoklad dokonceni praci je v roce 2021.

6 ZKUSENOSTI

Pro tym zpracovatelii byl projekt sanace tunelu Reicholzheim
pfinosem v ziskdni prehledu o pouZivanych stavebnich normach
a predpisech pro Zelezni¢ni tunely v SRN. Projektovani s uzitim
novych digitalnich technologii, které je u Ambergu zavedeno,
umoznilo optimalizaci vedeni trasy s ohledem na rozsah frézovani
stavajici obezdivky pfi zachovani nutné tloustky vestavby. To v di-
sledku vede ke zkraceni doby vystavby, a tim k dspore naklada.
Navrh systému samonosné vyztuze ve spoluprici s firmou Baresel
umoznil pfizplsobit pracovni postup k optimdlnimu vyuZiti vyluk.

Ing. JAN ROZEK, AMBERG Engineering Brno, a.s.

Recenzoval Reviewed: Ing. Vladimir Prajzler
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on the detailed design that all existing
bat entrance holes in the stone masonry
lining were maintained. For this purpose,
all openings were surveyed and their
geometrical positions were defined by survey
parameters relative to the new lining. Thus
the total number of the openings significantly
increased — now it amounts to 268. A detail of
the hole, which was designed in collaboration
with the contractor for
uses a two-part plastic fitting serving as
sacrificial formwork. The detail allows for
communication with the original opening,
but prevents flowing of water on the internal
surface of the new lining (see Figures 7 and
8). It was necessary to check and solve the
conflicts with joints between the blocks and
lattice girders forming the self-supporting
reinforcement. The installation of the fitting
required holes in the skin of the travelling
form. The openings could not be placed
arbitrarily due to the formwork structure.
For that reason the number of the openings in the formwork
was reduced. It resulted into shifting the existing openings by
cutting a short groove in the stone masonry vault (see Fig. 9).
The possibility of conflicts with the reinforcement was again
checked on.

waterproofing,

5 CONSTRUCTION PROGRESS

As of the moment of submitting the paper for printing, the
strip footings have been finished and concreting of the vault is in
progress. The construction is carried out by Baresel GmbH. The
assumed completion of the works is in 2021.

6 EXPERIENCE

For the designing team, working on the design for the rehabilitation
of the Reicholzheim tunnel was a contribution to obtaining an
overview of the construction standards and regulations for railway
tunnels used in the FRG. Designing using new digital technologies,
which is introduced in Amberg, allowed for the optimisation of
the tunnel route taking into consideration the extent of milling
of the existing lining with respect to maintaining the necessary
thickness of the built-in structure. This in turn leads to a reduction
in construction time, and thus to cost savings. The proposal for the
self-supporting reinforcement system implemented jointly with the
Baresel company allowed for adaptation of the work procedure to
the optimal use of the overnight tunnel closures.

Ing. JAN ROZEK, AMBERG Engineering Brno, a.s.
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FOTOREPORTAZ Z VYSTAVBY DVOUKOLEJNEHO ZELEZNICNIHO
TUNELU DEBOREC NA IV. ZELEZNICNIM KORIDORU
PICTURE REPORT FROM CONSTRUCTION OF DEBOREC RAIL
TUNNEL ON RAILWAY CORRIDOR NO. IV

FOTO ING. TOMAS JUST / PHOTO ING. TOMAS JUST

Obr. 1 Priprava hloubeni stavebni jamy vyjezdového portdlu Obr. 2 Zahdjeni razby ze stavebni jamy vyjezdového portdlu
Fig. 1 Preparation of excavation of construction pit at entrance portal Fig. 2 Beginning of tunnel excavation from construction pit at entrance portal

Obr. 3 Razba tunelu ve vystrojovaci tiidé 5a a 4 Obr. 4 Prordzka do stavebni jamy vjezdového portdlu
Fig. 3 Tunnel excavation in support classes 5a and 4 Fig. 4 Breakthrough to construction pit at entrance portal

”;”l q.'
'y &

Obr. 5 MontdZ hydroizolace, armatury v klenbé tunelu Obr. 6 Betondz sekunddrniho osténi a dna tunelu
Fig. 5 Installation of waterproofing and reinforcement in the tunnel vault Fig. 6 Concreting of secondary lining and tunnel bottom
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA PODZEMNICH STAVEB niny po obvodé& budoucich tunelil. Price probihaly ze Ctyf Sa-
chet vyhloubenych na dné udoli. Nejprve byly nesoudrzné hor-
B BBT SE ukonéil smlouvu s ARGE H51 na tsek Pfons — | Nhiny zmraZeny na -35 °C pomoci kapalného dusiku o teploté

—196 °C. Po vytvoreni zmraZené obalky byl kapalny dusik nahra-
zen solankou, kterd po dobu razby zajiStuje stabilitu zmrazené
horniny.

Vlastni razba tunelt od fijna 2020 Gspésné pokracuje.

Brenner

Nehled€ na intenzivni jednani nebyla dosaZena dohoda s doda-
vatelem 15 km dlouhého useku H51 Pfons — Brenner. Divodem
jsou rozdilné ndzory na stavebni price na tomto useku. V fijnu
zaslal investor dopis dodavateli ARGE H51 (Porr Bau GMBH,
G. Hinteregger Bau GMBH, Condotte S.p.A. a Itinera S.p.A.),
kterym ukoncil smluvni vztah s dodavatelem. Porr AG prohlasil,
Ze investorovo ukonceni smlouvy je nezdkonné, proto smlouva
zustava v platnosti a Porr AG ucini vSechny potiebné kroky, aby
ochranil sva prava.

Oba generalni feditelé BBT SE, Martin Granitzer a Gilberto
Cardola, vSak spole¢né prohlasili, Ze s ohledem na situaci na stav-
bé a nedohodu v podstatnych zélezitostech nevidi jiné feSeni, nez
je vypsani nového tendru.

B Velka intenzifikace energetické soustavy v Tyrolsku
Spolecnost Tyrolské vodni elektrarny (Tiroler Wasserkraft AB

— Tiwag) podepsala v fijnu 2020 smlouvu s dodavateli na vel-

kou intenzifikaci elektrarenské soustavy Sellrain — Silz, ktera se

nachdzi asi 30 km zdpadné od Innsbrucku. V rdmci této stavby,
kterd je jejich nejvétsi soucasnou investici, se zvysi kapacita vod-
nich nddrzi o 50 %, coZ zajisti zvySeni ro¢ni vyroby elektfiny

0 216 mil. kWh/rok.

Hlavni soucésti stavby budou:
* Nova prehradni nadrz Kiihtai s objemem 30 mil. m*budova-

B RaZba bentonitovym Stitem pod Hirosimou na v nadmoiské vySce 2000 m n. m. Prehradni hrdz vysky
113 m o objemu 6,7 mil. m® a s korunou hraze délky 510 m.
Pro odbér vody se konvencné vyrazi dvoukilometrovy tunel
castecné ve spadu 80 %.

e Podzemni precerpaci elektrarna Kiihtai 2, pro kterou bude
vyldmana kaverna o objemu 80 tis. m®. Soucasti bude také
konvencné razeny Ctyrkilometrovy tunel.

e 25 km mechanizované a 2 km konven¢né razenych tuneld,
které do nadrze privedou vodu z nékterych potokt v idolich
Otztal a Stubaital.

Pfipravné prace a budovéni zafizeni stavenist jiZ probihaji a na

B Rakouské spolkové Zeleznice (OBB) modernizuji tunel | jate roku 2021 budou zahijeny hlavni stavebni prace.

Bentonitovy §tit o priméru 13,7 m dodany firmou Robbins
aspésné razi 1,8 km dlouhy tunel pod husté zastavénou Casti ja-
ponského mésta Hiro§ima. Reznd hlava byla na stavenisti monto-
vana z deseti z vyroby dodanych segmentd.

Razba probiha ve vysoce abrazivnim Zulovém masivu pod tla-
kem podzemni vody vysokym az 13 atm. Tyto podminky vyZa-
dovaly specialni konstrukci Stitu. Jednd se o prvni nasazeni v za-
hranici navrzeného a vyrobeného bentonitového Stitu tak velkého
priméru v Japonsku.

Karawanken Dodavatelem stavby je konsorcium spolecnosti Swietelsky —
Dvojkolejny Zelezni¢ni tunel délky 8 km pod pohofim Kara- | Jdger — Bodner.
wanken mezi Rakouskem a dne$nim Slovinskem byl uveden do Pozn.: Je to poprvé, kdy tak velkd stavba je v Rakousku reali-
provozu v roce 1906. ProtoZe jiz nevyhovuje sou¢asnym bezpe&- | zovand na zaklad€ tzv. modelu spojenectvi (alliance model). Pod-
nostnim a provoznim poZadavkiim, pfistoupily OBB k jeho mo- statou je spoleCenstvi investora a dodavatele, které se zavazuje

dernizaci. Prace byly zahajeny v zafi 2020 a s jejich ukondenim | jednat podle zakladniho principu: ,,To nejlepsi pro stavbu!* Z to-
se pocita v za¥i 2021. V disledku provadénych praci bude tGplnd | hoto hlediska by méla byt spole¢né pfijiméana hlavni rozhodnuti,

vyluka Zelezni¢niho provozu trvat od 5. fijna 2020 do 10. Cerven- spole¢né sdilena rizika stavby i feSeny spory.
ce 2021. Podrobnéjsi zdsady pro fungovéni takové aliance nebyly bohu-
V ramci modernizace bude zvétsen pii¢ny profil tunelu a dvoj- | Zel dohledany.

kolejny provoz bude zménén na jednokolejny. Ten ov§em v na-
vaznosti na instalaci modernich zabezpecovacich zafizeni umozni
pfi uvaZované rychlosti jizdy vlakd aZz 120 km/hod a pfi zkraceni
intervalu mezi vlaky zvySit dopravni kapacitu tunelu.

B Ze by se jiz blizil konec grandiézni stavby Stuttgart 21?
Projekt Stuttgart 21 je ve fazi budovani jizdnich drah, trakénich
vedeni a zabezpecCovacich systému. Investor Deutsche Bahn zadal

Pii celkové opravé pitvodni obezdivky z kamenného zdiva bu- nékolika dodavateliim provedeni vSech zbyvajicich pevnych jizd-
dou odstranény jeji zkorodované & jinak narusené &asti, které na- | nich drah v celkové hodnoté 278 milioni eur. Prace by mély byt
hradi stitkany beton. Pivodni dno tunelu se kompletn& odstrani | Zahdjeny zacatkem roku 2021.

a vybudovano bude dno nové v&etné instalace bo¢nich drenazi. Na nové trati mezi Wendlingenem a Ulmem byla jiz polovina

Po celé délce bude proveden tnikovy chodnik, instalovéno proti- | 2 celkového rozsahu jizdni drdhy provedena. Prace na budovani

pozérni zafizeni apod. pevné jizdni drahy dale pokracCuji a na celé stavbé je budovano
trak¢ni vedeni.

B Razba tuneli BBT pod iekou Eisack Zkusebni provoz by mél byt zahdjen postupné koncem roku

Po mésicich pfipravnych praci byla 5. fijna 2020 zahdjena | 2021 a prvni testy vysokorychlostniho provozu jsou pldnovany
razba tuneld BBT pod fekou Eisack severné od italského Bri- | narok 2022.
xenu. ProtoZe pod dnem této feky v misté kiiZzeni se nachdzeji
mohutné vrstvy nesoudrznych zvodnélych sedimentli, muselo Ing. MILOSLAV NOVOTNY,
byt pouZito zmrazovani pro vytvoreni obalky ze zmraZené hor- mila_novotny @volny.cz
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FEHMARNBELT TUNNEL — NEJDELSi PODMORSKY NAPLAVOVANY TUNEL NA SVETE
FEHMARNBELT TUNNEL — LONGEST SUBSEA IMMERSED TUNNEL IN THE WORLD

In January 2021, the construction of the subsea tunnel in the
English Channel between German Fehmarn Island and Danish
Lloland Island is to begin. The design comprising the subsea
immersed tunnel has undergone several years of development and
replaced the original proposal for the construction of a bridge.
The Fehmarnbelt tunnel under preparation is by far unbeatably
the longest of the subsea immersed tunnels sunk into trenches
(18.1km); as far as the depth is concerned, it is the second in the
world (foundation base in the deepest part of the channel is 45m
under the sea surface. The assumed cost amounts to 7.7 billion
euros i.e. ca CZK 200 billion. Double-track high-speed railway
will lead through the tunnel. Each track will be in a separate space
with an intermediate concrete partition between them. The same
system with a concrete partition separates both carriageways with
the two traffic lanes + emergency lane roadway configuration.
An independent 3m wide escape space and space for back-up
facilities is created between the railway and motorway section.
Ventilation by means of jet fans is assumed for all tunnels. The
longitudinal dimension of individual tunnel blocks (89 in total)
is exceptionally large, amounting to 217m; the weight of one
blocks of 73,000t corresponds to it. Huge trenches in the seabed
for placing the tunnel blocks will be excavated in postglacial
gravel at smaller depths by means of a bucket-ladder dredge; at
greater depths by means of rope grabs and suction excavators
equipped, if necessary, with cutter dredgers. The most demanding
operation will lie in precise placement of tunnel blocks loaded by
water pumped into them on the adjusted bottom of the foundation
trench and the subsequent watertight joining of individual blocks.
Stabilisation backfill, the upper part of which will be made from
a stony/bouldery material, will be carried out subsequently. It will
form a protective overburden at least 1m thick.

V lednu roku 2021 byla zahdjena po vice nez deseti letech
pripravnych jednani a kompromisi vystavba podmotského tunelu
v prilivu mezi némeckym ostrovem Fehmarn a ddnskym ostrovem
Lloland. Samoziejmé nejde jen o Zelezni¢ni a dalni¢ni spojeni
mezi témito dvéma ostrovy, nybrz o nejkratsi a nejrychlejsi pro-
pojeni severonémeckého Hamburgu, ptes ostrovy Fehmarn a Llo-
land, s danskou metropoli Kodani na ostrové Zealand a s pristavem

v v

Malmé na zapadnim pobiezi Svédska (obr. 1).

' —_ r'|.‘. e
most-tunel "m':‘r_&
" t_)ridgs;tunnel

most-tunel -
~ bridge-tunnel

Ay \Mia | Zeleznice railway
e J3INiCe Morotway

ip ikipedia.org — up modified

Obr. 1 Pripravovany tunel Fehmarnbelt
Fig. 1 Fehmarnbelt tunnel under preparation

Stéavajici trasa pozemni komunikace E47 i Zeleznice vedena ve
stejné stopé vyZaduji v soucasnosti pro piekonani Fehmarnského
pralivu Sirokého 18 km pouzit trajekt, coz predstavuje nezaned-
batelné Casové ztraty. I tak je tato trasa Casové o dvé hodiny kratsi,
nez existujici spojeni Hamburg — Jutsky poloostrov — ostrov Fyn
— pruliv Storebalt (kombinace mostu a podmotského tunelu) — os-
trov Zealand (s metropoli Kodaf) — priliv @resund (kombinace
mostu a podmotského tunelu) — Svédsky pristav Malmo.

Obr. 2a Tunel kotveny do dna
Fig. 2a Tunnel anchored to seabed

Obr. 2b Plovouct tunel
Fig. 2b Floating tunnel

_ stabilizacni zasyp
stabilizing backill
Stérkopiskové loze
dy gravel bed

t ionreviewonline.com - up modified
Obr. 2¢ Naplavovany tunel uloZeny v ryze
Fig. 2¢ Float-in tunnel embedded in a trench
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hloubka mofského dna max. 30 m
depth of sea bed max. 30m

9,0m 9.0m

12-15m 12-15m

jeni se vyuziva vodniho tlaku na zaslepené
vnéjsi Celo posledniho pfipojovaného dilce.
Po vycerpéani vody z uzkého prostoru mezi
zaslepenym Celem predposledniho dilce
a zaslepenym celem dilce posledniho zacne

pusobit znacné velky hydrostaticky tlak na

»

42,0m 42.0m

G|

cca50m cca 50m

I

vnéjsi zaslepené Celo posledniho dilce, ¢imz
dojde k masivnimu stlaceni specidlnich

- pryZovych tésnéni v dosedaci plose spojo-

Obr. 3 Pricny rez tunelem Fehmarnbelt
Fig. 3 Cross-section through the Fehmarnbelt tunnel

Nové reSeni s podmorskym naplavovanym tunelem prodélalo
nékolikalety vyvoj a nahradilo pivodni ndvrh na realizaci mos-
tu, nebot byly prokdzany prednosti dopravni, environmentalni,
provadéci i udrzbové. Nicméné protesty ekologickych aktivistl
ohledné ohrozeni motské fauny, zdsaht do prirodniho prostredi
na pobreZi prulivu a narlstu zatizeni hlukem u tunelovych portdli
pretrvavaji i do soucasnosti, stejné tak jako kritika ztrity pra-
covnich mist zpisobené utlumem lodni pfepravy pres pruliv
(https://euronews.com).

Podmofskych tunell existuje vice typu, ty zdkladni jsou zachy-
ceny na obr. 2a, b, c. Naplavovany tunel z dilci uloZenych do
ryhy vyhloubené do dna mote (nebo feky) je typem vyrazné
nejroz8ifenéjSim. Celkové bylo téchto tuneldi vybudovdno od
zacéatku 20. stoleti do soucasnosti vice neZz sto. Tunel San Fran-
cisco Bay z roku 1969 byl s délkou 5,8 km ctyficet let nejdelSim
podmoiskym tunelem na svét€, a to aZ do roku 2010, kdy byl
dokoncen v systému most-tunel podmotsky tunel Hongkong — Ma-
cao s délkou 6,7 km. Tunel Marmaray pod Bosporskym prilivem
s celkovou délkou 13,5 km ma podmorskou naplavovanou cast
délky 1,4 km v nejvétsi dosud dosazené hloubce (60 m).

Pfipravovany Fehmarnbelt tunnel je z naplavovanych podmoft-
skych tunelt uklddanych do ryhy bezkonkurencné nejdelsi
(18,1 km), co do hloubky je druhy na svété (zdkladova spara je
v nejhlubsi ¢asti prilivu 45 m pod hladinou mofe. Predpoklddana
cena je 7,7 mld. eur, tj. cca 200 mld. K&, doba vystavby bude 8,5
roku — 2021 az 2029.

Z pti¢ného fezu tunelem o plose 378 m? (obr. 3) je ziejmé, Ze
tunelem povede dvoukolejna vysokorychlostni Zeleznice (rychlost-
ni limit 200 km/hod), kazda kolej bude v samostatném prostoru
s mezilehlou betonovou prepazkou. Stejnd Uprava s betonovou
pfepazkou oddéluje oba dédlni¢ni proudy v Sitkovém usporadani
dva jizdni pruhy + nouzovy pruh (rychlostni limit 110 km/hod).
Mezi Zeleznicni a dalnicni sekci je vytvoren samostatny 3 m Siroky
unikovy prostor a technologické zazemi. V&trani ve vSech tunelech
se predpoklada pomoci proudovych ventilatoru.

Podélny rozmér jednotlivych tunelovych dilct, kterych je celkem
89, je mimorddné velky oproti existujicim tuneliim podobného
typu a ¢ini 217 m, ¢emuZ odpovida i vdha jednoho dilce — 73 000 t.
Nicméné z porovnani objemu a vahy jednoho dilce je ziejmé, Ze
jednotlivé dilce pfi pfepravé z vyrobniho doku (obr. 4) budou pii
osmimetrovém ponoru zpiisobilé k plavbé za vlecnymi lodmi.

Mohutné ryhy do motského dna pro uloZeni tunelovych dilct bu-
dou provedeny v postglacidlnich Stércich v menSich hloubkach po-
moci koreckovych rypadel, ve vétSich hloubkach pomoci lanovych
drapakl a sacich bagrii, opatfenych v piipadé potieby rozpojo-
vacim zafizenim.
pfitizenych zacerpanou vodou, na upravené dno zdkladové ryhy
a nasledné vodotésné spojeni jednotlivych dilcii. K tomuto spo-

https://enn.com — upraveno modified

vanych tunelovych dilci. Po vodotésném
propojeni tunelovych diclci bude proveden
stabilizacni zasyp, jehoz horni ¢ast z kame-
nito-balvanitého materidlu tvoii ochranné
nadloZzi tunelu minimélné 1 m silné.

Vizualizace poloviny dilnice v budoucim tunelu je na obr. 5.
Bézny utilitarni vzhled tunelového interiéru nic podstatného nes-
dili budoucim uZivatelim o problémech pripravy a obtizich vlastni
vystavby osmnactikilometrového podmorského tunelu Fehmarn-
belt. Nicméné neni od véci poznamenat, Ze toto konstatovani je
mozno vztdhnout k prevazné vétsiné staveb podzemni dopravni
infrastruktury.

Z pribéhu vystavby pozoruhodného projektu podmoiského
tunelu Fehmarnbelt budou v pfistich letech na strankach Tunelu
nepochybné publikovany dalsi zajimavé informace.

S vyuZitim uvedenych pramenii zpracoval
prof. Ing. JIRI BARTAK, DrSc.

https://femern.com/en — upraveno modified
Obr. 4 Vyrobni dok tunelovych dilcii v ddnském Rodbyhavn 1 — vyroba tune-
lovych dilci 2 — napusténi doku vodou 3 — vypusténi plovouciho dilce z doku
4 - doprava
Fig. 4 Fabrication dock for tunnel segments in Danish Rodbyhavn 1 — fabri-
cation of tunnel blocks 2 - filling the dock with water 3 — launching of flowing
blocks from the dock 4 - transportation

hitps:/lfemern.com/en - upraveno modified

Obr. 5 Cdst ddlnice v tunelu Fehmarnbelt
Fig. 5 Part of motorway in the Fehmarnbelt tunnel
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JAK NEBEZPECNE JSOU HORICi ELEKTROMOBILY?
HOW DANGEROUS ARE BURNING ELECTRIC CARS?

In the underground area of testing galleries in Hagerbach
(Versuchstollen Hagerbach AG), a realistic research into the
behaviour of batteries used in electric cars during a fire has been
underway in the last two years. The results of the experiment
were published at the beginning of August 2020 in the form of a
final report. The following points belong among the main ones.
From a thermal standpoint of view, a burning electric car is not
more dangerous than a burning car with conventional drive, but
emissions generated by a burning car have always been dangerous
and, under certain conditions, they can be easily deadly, no matter
which car is in fire. Extinguishing with water can cause a short
circuit and an unexpected expansion of the electric car fire even
during extinguishing. Highly corrosive toxic hydrofluoric acid
is often discussed as a special danger with burning batteries.
However, in three experiments in the Hagerbach galleries, these
concentrations remained below the critical level. In the event
of burning Li-on batteries, heavy carcinogenic metals (cobalt,
manganese, nickel) are released in the form of aerosols, which
settle on all surfaces with which the smoke comes into contact or
are flushed out with extinguishing water. Functional ventilation
in tunnels designed in a standard way in compliance with current
legislation will cope not only with burning petrol powered cars,
but also with burning electric cars.

V podzemnim aredlu pokusnych Stol v Hagerbachu (Versuch-
stollen Hagerbach AG) probihaly v poslednich dvou letech redlné
vyzkumy chovani baterii pouZivanych v elektromobilech pfi po-
zaru. Vysledky tohoto vyzkumu byly publikovany v srpnu 2020
a vzbudily pomérné velky rozruch a §irsi odborné diskuze na toto
téma.

Casto se diskutuje otazka, co nastane, jestlize elektromobil za-
sdhne v silni¢nim tunelu nebo podzemni garazi pozar? V pokus-
né Stole Hagerbach zapdlili vyzkumnici spole¢nosti Empa spo-
lu s expertem pro bezpecnost v tunelu panem Larsem Derekem
Mellertem ¢lanky baterie elektromobilil, analyzovali alokaci sazi
a koufovych plynil a chemické zbytky v hasebni vodé.

Vicero provedenych pokusti mélo obdobny scénét. Video z po-
kusu (viz odkaz na konci ¢ldnku) pasobivé ukazuje, jaka energie
se v bateriich skryva: AZ metr dlouhé ostré plameny produkuji vel-
ké mnozstvi hustého, ¢erného dymu. Viditelnost v predtim osvét-
leném tuseku tunelu je rychle nulova. Po nékolika minutich modul
baterie vyhoti a saze se rozptyli po celém prostoru.

Pokusy, které financoval Svycarsky Silnicni spolkovy urad (As-
tra) a na némz se spolupodilelo né€kolik vyzkumnikl spolec¢nosti
Empa, se uskutecnil v prosinci roku 2019.

,,PIi naSem experimentu jsme mysleli pfedev§im na soukromé
nebo verejné provozovatele malych a velkych podzemnich garazi
nebo parkovacich domi,* fika vedouci projektu pan Lars Derek
Mellert ze spolecnosti Amstein + Walthert Progress AG. Tyto pod-
zemni stavby stdle vice pouZzivaji také elektromobily. A provo-
zovatele logicky zajima, co délat, kdyz auto zachvati pozar, jaka
zdravotni nebezpeci vzniknou pro zaméstnance garazi a jaké acin-
ky méa pozér na provoz vSech zafizeni. Pro tyto pfipady doposud
neexistuje témer zadna nélezitd odborna literatura, legislativa ani
praktickd zkuSenost.

Lark Derek Mellert pfipravil za podpory Marcela Helda, vy-
zkumnika v oblasti baterii, a Martina Tuchschmida, specialisty
na koroze z vyzkumné spolecnosti Empa, tfi experimentalni scé-
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nére, na nichZ se podileli i experti pokusné Stoly Hagerbach AG
a francouzského ,,Centre d’études des tunnels* (CETU/Centra pro
studium tunell) v Bron. V misté pozaru byly namontovany testo-
vaci povrchy, na nichZ se usazovaly saze. Povrchy byly po pokusu
chemicky analyzovany a n€kolik mésicli uloZzeny ve specidlnich
prostorach, aby se objasnila a odhalila moZna poskozeni zpiiso-
bena korozi.

Scénar 1: PoZar v uzavieném prostoru

U prvniho scénare se jednd o pozar v uzaviené gardzi bez me-
chanické ventilace. Pokus se provadél na ploSe o rozméru 28 x
28 metrt a konstruk¢ni vysce 2,5 metrt. Toto parkovaci misto ma
standardni objem vzduchu 2000 metr krychlovych. Predpoklada
se pozar malého vozidla s plné€ nabitou baterii o vykonu 32 kWh.
Pro hospodarnost pokusu bylo vSe zmenseno na 1/8. V prostoru
0 objemu vzduchu 250 metrt krychlovych byl zapélen plné nabity
modul baterie s kapacitou 4 kWh. Zkoumalo se, jak se na sténach
tunelu, povrsich a ochrannych odévech pfitomnych hasi¢l usazuji
saze, do jaké miry jsou usazeniny jedovaté a jakym zptsobem lze
misto pozaru po udalosti vycistit.

Scénar 2: Pozar v prostoru se sprinklery

U scénare 2 jde o chemické slouceniny v pouzité hasebni vodé.
Postup byl stejny jako u scénafe 1. Avsak tentokrat byl kouf z ba-
terie pomoci plechu sveden pod vodni sprchu, ktera se imitovala
¢innosti sprinkleru. Voda se sazemi padajici dold byla zachycena
v zdchytné nadrzi. Baterie se pfitom neuhasila, nybrz rovnéz zcela
vyhotela.

Scénar 3: Pozar v tunelu s ventilaci

V tomto scénéfi §lo o ucinek pozaru na ventilacni zafizeni. Sle-
dovano a méfeno bylo, jak daleko se saze roznesou do odsava-
cich kandli a zda se zde usadi latky, které vedou ke koroznim
poskozenim. V pokusu byl opét zapdlen modul baterie 4 kWh, ale
nyni ventilator vhanél kouf konstantni rychlosti (cca 1,5 m/s) do
pokusného tunelu délky 160 metri. Vyzkumnici namontovali do
pokusného tunelu ve vzdélenosti 50, 100 a 150 metrti od poZza-
ru plechy, na kterych se saze usazovaly. Chemické sloZeni sazi
a mozny korozni u¢inek byl analyzovan v laboratofich vyzkumné
spolecnosti Empa.

Vysledky pokusu byly publikovany za¢itkem mésice srpna roku

2020 formou zavérecné zpravy:

¢ Hofici elektromobil neni z termického hlediska nebezpecné;jsi
nez hofici auto s konvenénim pohonem, ale emise Skodlivin
poZaru vozidla byly vZzdy nebezpecné a za jistych okolnosti
mohou byt snadno smrtelné, at jde o jakykoliv automobil.

e Pozary klasickych automobilu a elektromobilt jsou vykonové
srovnatelné.

e HaSeni vodou muZe zpusobit zkrat a neocekdvanou expanzi
poZaru elektromobilu i v pribéhu haSeni.

» U hoficich baterii se Casto jako zvlastni nebezpeci diskutuje
siln€ leptava toxicka kyselina fluorovodikova. AvSak ve tfech
pokusech ve Stolach v Hagerbachu zistaly tyto koncentrace
pod kritickou hranici.

e Pfi pozaru baterii Li-on se uvoliuji tézké karcinogenni kovy
(kobalt, mangan, nikl) ve formé¢ aerosolu, které se usazuji na
vSech povrsich, se kterymi pfijde kouf do styku, anebo jsou
splachnuty hasebni vodou. Analyzy prokazaly, Ze chemicka
zatéZ hasebni vody presahuje Svycarské mezni hodnoty pro
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priamyslové odpadni vody 70x, chladici voda se ocita dokon-
ce az 100x nad limitem. Aby se vysoce kontaminovand voda
nedostala do kanalizace, je dulezité provést vzdy odbornou
profesiondlni dekontaminaci.

 Stejny nebo obdobny problém miize vzniknout i u vSech fo-
tovoltaickych systému, bateriovych zaloznich zdroju, nabije-
cich stanic v podzemnich garazich.

e Standardné navrZend a instalovana funk¢ni ventilace v tune-
lech podle stavajici legislativy se vyporada nejen s hoficimi
benzinovymi auty, nybrZ i s hoficimi elektromobily. Na za-
klad€ dosazenych vysledkil neni tedy tfeba ocekavat zvySené
mnozstvi §kod zptsobenych korozi instalované vzduchotech-
niky.

* Rovnéz hasicské sbory se na zdkladé pokusi nemusi ucit nic
relativné nového. Hasici védi (méli by jiz dnes védét), Ze ba-
terie elektromobilu neni mozné zcela uhasit, ale je nutné je
vzdy chladit velkym mnoZstvi vody. Oheil mtiZe zlstat ome-
zen na nékolik ¢lanku baterie, Cast baterie nevyhori Casto vi-
bec. Takovy Castecné vyhorely vrak se musi vzdy uloZit do
vodni nadrZze nebo specidlniho kontejneru, aby se nemohl
nove vznitit.

Obr. 1, 2 Horici modul baterie Li-on
Fig. 1, 2 Burning Li-on battery module
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e ZéavéreCna zprava rovnéz varuje predevsSim soukromé maji-
tele podzemnich gardzi, aby se nepokouseli po pozaru saze
nebo necistoty sami jakkoliv odstrafiovat. Saze obsahuji velké
mnozstvi oxidu kobaltu, niklu a manganu. Tyto téZké kovy
vyvolavaji na nechrdnéné pokozZce silné alergické reakce.
Sanaci a dekontaminaci jakychkoliv prostor po pozaru elek-
tromobilu tedy v kazdém ptipadé musi provést profesiondlni
a patficné vybavena firma.

Na zdkladé provedenych pokust a vysledkd se zpracovava SIA

2060 ,,Infrastruktur fiir Elektrofahrzeuge in Gebduden®.

Pouzité zdroje a uzZitecné odkazy:
https://www.empa.ch/web/s604/brandversuch-elektroauto
https://www.youtube.com/watch?v=7Zf{DEZPODj8&
feature=youtu.be
https://www.youtube.com/watch?v=NWfyHyC-rg0
https://www.youtube.com/watch?v=hA5ZmZLq9YQ

Ing. VLASTIMIL HORAK, AMBERG Engineering Brno, a.s.
MICHAEL KOMPATSCHER, Versuchstollen Hagerbach AG

SVYCARSKA PRILEZITOSTNA MINCE K PROJEKTU NEAT CENERI

SWISS OCCASIONAL COIN ON NEAT CENERI PROJECT

The Ceneri base tunnel with its length of 15.4km is the third
largest civil engineering construction project on the New Alpine
Transversal (NEAT) after the Lotschberg and Gotthard base tunnels.
Its portals are located in Camorino near Bellinzona in the north and
Vezia near Lugano in the south. The tunnel consists of two single-
track tubes spaced at ca 40m, with 48 cross passages carried out at
325m intervals. The construction lasted 12 years and was put into
full service in December 2020. As is often the case with similar
projects in the Swiss Confederation, the Swiss Mint welcomed
the completion of the Ceneri base tunnel with the issuance of a
commemorative coin on 3 September 2020. In doing so, it also
expressed its appreciation for the NEAT transportation structure.
The coin is named NEAT Ceneri, its nominal value is CHF 201, is
made of 835 sterling silver. It weighs 20g, the diameter is 33mm;
7500 pieces were produced in Proof quality. Remo Mascherini is
the medallist.

Béazovy tunel Ceneri je se svymi 15,4 km, po bazovych tune-
lech Lotschberg a Gotthard, tfetim nejvétSsim stavebnim projektem
Nové alpské transverzaly (NEAT). Jeho portdly se nachézeji na
severu v Camorinu u Bellinzony a na jihu ve Vezii u Lugana. Ob-
dobné jako u zminénych bazovych tunelt Gotthard a Lotschberg
se tunel sklada ze dvou jednokolejnych tubusi vzdéalenych od sebe
cca 40 m, s 48 tunelovymi spojkami po kazdych 325 m. Stavba
trvala 12 let, uvedeni do plného provozu pripadlo na prosinec
2020.

Soucasti projektu je i podzemni kiiZovatka trati Sareé, nachazejici
se 2,5 km pred jiznim portidlem ve Vezii. Ta by méla pfedevsim
umoznit budouci pokracovani na jih, z technickych a ekonomic-
kych diavodt planované az po roce 2030. Pro pripojeni nového
bazového tunelu ke stavajici Zelezni¢ni trati byly na uzlu Camo-
rino na severnim portalu postaveny na objednavku kantonu Ticino
i dalsi stavby. Vzniklo tak nové pifimé Zelezni¢ni spojeni mezi Lo-
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Obr. Svycarskd prileZitostnd mince k projektu NEAT Ceneri
Fig. Swiss occasional coin on NEAT Ceneri project

carnem a Luganem. Pro Ticino tak umoziuje bazovy tunel Ceneri
kvantitativni skok vefejné dopravy, a to predevsim diky vyrazné
krat§sim dobam jizdy. Tunel ma denni kapacitu 170 nakladnich
a 180 osobnich vlakt. Osobni vlaky dosahuji (podle jizdniho fadu)
rychlosti 200 km/hod.

TuNel

Stavebni naklady na projekt Cinily pfiblizné 3,6 mld. Svycar-
skych frank.

Jak je ve Svycarské konfederaci u obdobnych projektii ¢asté,
uvitala Svycarskd mincovna (Swissmint) dne 3. zaii 2020 dokon-
¢eni bazového tunelu Ceneri vydanim prilezitostné mince. S tim
vyjadfila také uznani uskutecnéné dopravni struktufe NEAT. Cha-
rakteristiky mince jsou:

Pojmenovani NEAT Ceneri
Medailér Remo Mascherini
Nominalni hodnota 20 Fr

Kov Ag 835
Hmotnost 209

7} 33 mm

Ve kvalité proof vyrazeno |7 500 kusu

Mince se dodava v praktickém boxu, s vloZzenym cislovanym
certifikitem. Podoba aversu a reversu je zfejma z pfiloZzeného ob-
razku.

Zdroj: https://www.swissmint.ch/d/downloads/dokumentation/
flyer/2020-NEAT-Ceneri_Flyer-d.pdf

doc. Ing. VLADISLAV HORAK, CSc.

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

Tzv. nultd etapa projektu Metra D ve formé inZenyrsko-geolo-
gického pruzkumu v oblasti prazské méstské ¢asti Pankrac vstou-
pila s rokem 2021 do zavérecného roku své realizace (za pred-
pokladu dodrzeni terminu podle aktudlné platnych uzavienych
smluv).

Aktuélni terminy pro dokonceni vSech pldnovanych cinnosti
jsou totiz pro lokalitu VO-OL (HOCHTIEF CZ a. s.) srpen 2021
a pro lokalitu PAD4 (Metrostav a.s.) zati 2021, pfiCemz ¢innosti
na lokalitich PAD1b (Metrostav a.s.) a OL1 (STRABAG a.s.) byly
Jjiz dokonceny v srpnu roku 2020, jak jsme jiZ informovali v pred-
chozich aktualitach (obr. 1).

Po dokonceni vSech ¢innosti na vSech lokalitach budou také do
konce roku 2021 dokonceny a ukonceny vSechny doposud pléno-
vané aktivity spojené s dnes provadénym monitoringem a paspor-
tizaci (INSET s.r.o. a GeoTec-GS, a.s.).

V poslednim kvartale loniského roku byla redlné provedena ak-
tualizace pasportu nékterych sledovanych objekti a pro dokon-
Cené lokality PAD1b a OL1 jiz byly také vypracoviny a predany
zavérecné zpravy komplexniho monitoringu.

Pro stale aktivni lokality PAD4 a VO-OL je zajimavé, Ze se zde
aktualné provadéné razby a injektdZe pohybuji v pfimém kontaktu
s provozovanou trasou metra C, kterou pfi velmi nizkém nadlo-
Zi spolu podchazeji. Dalsi zajimavosti je, Ze stejné tak jako trasu
metra podchazi razbou Stola VO-OL v dané Casti i raZenou Stolu
PAD4. Méfteni konstrukei a koleji trasy linky C se provadi ne-
pretrzité a jejich vysledky jsou ve stejném reZimu konzultovany
s pracovniky provozu metra a stejné tak monitorovany a sledovany
v ramci odborného dohledu expertni skupiny RAMO.

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

The so-called zero stage of the Metro D project in the form of
engineering geological survey in the area of the Pankrdc municipal
district of Prague has entered the final year of its implementation
in 2021 (under the assumption that the deadline according to the
currently valid agreements is remains unchanged).

The currently valid deadlines for completion of all planned activities
are August 2021 for the VO-OL locality (HOCHTIEF CZ a. s.) and
September 2021 for the PAD4 locality (Metrostav a.s.), whereas
activities at PAD1b (Metrostav a.s.) and OL1 (STRABAG as.)
were already completed in August 2020, as we have already
informed in the previous Current News (see Fig. 1).

After completion of all activities at all localities, all activities
associated with the currently conducted monitoring and condition
survey (INSET s.r.o0. and GeoTec-GS, a.s.) planned so far will also
be completed by the end of 2021.

In the last quarter of 2020, updating of the condition survey
for some buildings being monitored was factually conducted and
final reports of the comprehensive monitoring for the completed
localities PAD1b and OL1were also processed and submitted.

Regarding the still active localities PAD4 and VO-OL, it is
interesting that the currently carried out underground excavation
and grouting operations proceed in a direct contact with the
operated metro Line C route, crossing it under with very low
overhead. Another interesting fact is that, in the particular part,
the VO-OL gallery excavation passes not only under the metro
route, but also under the mined gallery PAD4. Measurements of
structures and rails of the Line C is conducted continuously and
the results are consulted in the same regime with employees of




Obr. 1 Lokalita OLI, zde pldnované cinnosti jsou jiz dokonceny
Fig. 1 Locality OL1, where the planned activities have been concluded

Na lokalit¢ VO-OL bylo k 31. 12. 2020 z pldnovanych 322 m
Stoly vyrazeno v danych profilech celkem 264 m (obr. 2). Na lo-
kalité PAD4, kde bylo vyraZeno cca 120 m S$toly, byly provadény
zejména tlakové injektaZe vedené pod stavajici provozovanou tra-
su C a stejné tak pokusné injektaZe chemické, které jiz byly také
dokonceny (obr. 3). Vedle téchto zakladnich ¢innosti provadénych
v podzemi zde také z povrchu bylo vyménéno razbou dotcené vo-
dovodni potrubi DN400 provozované spravcem PVK.

Pro vlastni realizaci trasy Metra D je provedeni geologického
prizkumu ovsem pouze nutnym predpokladem, protoZe konec-
nym feSenim je uspésné zprovoznéni celé trasy. Pro dosazeni toho-
to vysledku probihaji dalsi nezbytné nutné tikony a bohuzZel nutno
fici, Ze s mensSimi nebo vétSimi obtiZemi. Vybér zhotovitele pro
prvni navazujici realiza¢ni etapu v dseku Pankrac — Olbrachtova
jest& bohuzel stile z diivodu trvajicich namitek podanych k UOHS
nemuZe byt uzavien a cesta legislativni pfipravy smérem k ziskani
hlavniho stavebniho povoleni je v tuto chvili stdle zdrZovana na-
mitkami stéZovatelll, pravda s moznym optimistickym vyhledem
pozitivniho feSeni.

Soucasny predpoklad zahdjeni stavby metra I.D v dseku Pan-
krac — Olbrachtova je s ohledem na probihajici procesni a legis-
lativni potiZe planovan na druhé pololeti roku 2021. Véfme tedy,

Obr. 2 Lokalita VO-OL, pohled na vyraZenou $tolu
Fig. 2 Locality VO-OL, a view dovn the excavated gallery
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the metro operator’s unit and monitored and observed within the
framework of the professional supervision by an expert group of
the Monitoring Board.

At the VO-OL locality, as of 31% December 2020, 246m of
the planned 322m of the gallery excavation have been finished
(see Fig. 2). At the PAD4 locality, where ca 120m of the gallery
excavation had been finished, pressure grouting as well as chemical
grouting was carried out under the existing operating route of
Line C. It has been finished (see Fig. 3). In addition to these basic
activities carried out underground, a DN400 water pipeline affected
by the excavation, operated by the PVK (Prague water lines and
severs) administrator, was replaced from the surface.

However, the completion of the geological survey is only
a necessary precondition for the development of the Metro Line
D route because the final solution is the successful bringing of the
entire line into service. Other activities necessary for achieving
this result are in progress, unfortunately with smaller or greater
difficulties. Unfortunately, the selection of the contractor for the
first following implementation stage in the Pankrdc — Olbrachtova
section cannot be closed yet due to persistent objections submitted to
the Office for the Protection of Competition. The path of legislative
preparation towards obtaining the main construction permit is still
delayed by objections of complainants, with a possible optimistic
outlook for a positive solution.

The current assumption is that, with respect to the continuing
procedural and legislative difficulties, the Metro I.D construction
in the Pankric — Olbrachtova section will commence in the second
half of 2021. Let us therefore believe that with the New Year 2021,
the Metro D project will be more successful, and we will be able
to get acquainted with this new positive information when reading
the Current News.

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. Sprava Zeleznic, statni organizace (Railway infrastructure
administration, state organisation), is the project owner and OHL
78S, a.s., is the contractor for construction.

Obr. 3 Lokalita PAD4, pohled na razbu a clenéni celby stoly
Fig. 3 Locality PAD4, a view of the excavation and the gallery excavation
sequences
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Ze s novym rokem 2021 se bude projektu Metro D vice dafit, a Ze
se pak budeme moci s témito novymi pozitivnimi informacemi pfi
¢teni dalSich aktualit radi seznamit.

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 Zeleznicni tunely. Investorem stavby je Sprava Zeleznic,
statni organizace a zhotovitelem stavby spole¢nost OHL ZS, a.s.

Tunel Mezno

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

K 31. 1. 2021 je tunel kompletné vyraZzen a z jedné poloviny
vybetonovan vcetné¢ hloubeného tunelu na vyjezdovém portalu.
V tseku délky 288 m od vjezdového portalu je tunel profilu s pro-
tiklenbou (obr. 4), ktery je opatfen celoplo$nou izolaci za ucelem
ochrany zdroji pitné vody v blizkosti tunelu. VSechny tunelové
pasy jsou navrZeny jako vyztuZené. Pro mezilehlou deStnikovou
hydroizolace byla pouzita PVC fdlie Mapeplan TU WL 2,2 mm,
v useku s celoploSnou izolaci byla pouZita folie tl. 3,2 mm. Mini-
malni tloustka osténi z betonu C 30/37 XF1 XAl v raZeném tunelu
je 400 mm a v hloubenych tsecich 600 mm z betonu C 30/37 XA2
XF3. Tunel je vybaven podélnym systémem stiedni drenaze DN
315 a boc¢nich drendzi DN 200. Chodniky jsou umistény po obou

Obr. 4 Tunel Mezno, betondz sekunddrniho osténi v profilu s protiklebou

TuNel

Mezno tunnel

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

As of 31* January 2021, the tunnel excavation has been finished.
Concreting has been completed in one half, including the cut-
and-cover tunnel at the exit portal. In the section 288m long
from the exit portal, the tunnel profile contains an inverted vault
(see Fig. 4). It is provided with a waterproofing system around
the full circumference of the tunnel so that the drinking water
sources in the tunnel vicinity are protected. All tunnel blocks are
designed to be made from reinforced concrete. The 2.2mm thick
Mapeplan TU WL PVC membrane is used for the intermediate
umbrella-type waterproofing; in the section with the waterproofing
around the full circumference, the membrane is 3.2mm thick.
The C 30/37 XF1 XAl concrete lining in the mined tunnel is at
least 400mm thick, whilst it is 600mm thick in the cut-and-cover
tunnel made from C 30/37 XA2 XF3 concrete. The tunnel is
equipped with a longitudinal system of DN 315 central drainage
and DN 200 side drains. The walkways are located along both
tunnel sides and cableways and the dry fire main are placed in
them.

Deborec tunnel

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

As of 30 January 2021, the tunnel excavation has been finished
throughout the tunnel length and, in the mined section, concreting

Fig. 4 Mezno tunnel, concreting of the secondary lining in the profile with the invert
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strandch tunelu a jsou v nich umistény kabelovody
a pozarni suchovod.

Tunel Deborec

Tunel Debore¢ je raZeny Zeleznicni dvoukolejny
tunel celkové délky 660 m, z toho raZena cast tvo-
i 562 m a navazujici hloubené ¢asti u obou portdli
maji délku 49 m.

K 30. 1. 2021 je tunel v celé délce vyraZen a v ra-
Zeném useku je vybetonovano sekundarni osténi (obr.
5). Aktudlné probihaji prace na realizaci sekundarni-
ho osténi hloubenych tunelti. Jako mezilehla deStni-
kova hydroizolace je pouZzita PVC folie Sikaplan WP
1100-22HL2 tlousStky 2,2 mm. Minimdlni tloustka
osténi z betonu C 30/37 XC1 XF1 XA2 v raZzeném
tunelu je 320, resp. 420 mm v useku se spodni klen-
bou. V tseku priichodu tektonickou poruchou je pou-
zit beton C 50/60 XC1 XF1 XA2.V hloubenych use-
cich je tl. osténi 600 mm z betonu C 30/37 XC1 XA2
XF3. Vybaveni tunelu je shodné s tunelem Mezno.

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

Obr. 5 Tunel Debore¢, ¢isténi a betond? dna tunelu
Fig. 5 Deborec tunnel, cleaning and concreting of the tunnel bottom

2ELEZNléNi TUNEL ZVEROT|CE of the secondary lining has been completed (see Fig. 5). At the

moment, the work on the secondary lining of the cut-and-cover
Dvoukolejny Zelezni¢ni tunel Zvérotice délky 370 m na trato- | tunnels has been underway. Sikaplan WP 1100-22HL2 2.2mm

vém tseku Sobéslav — Doubi je soucasti IV. Zelezni¢niho kori- | thick PVC membrane is used for the umbrella-type waterproofing.
doru spojujiciho po dokond&eni Prahu s Ceskymi Budé&jovicemi The minimum thickness of the C 30/37 XC1 XF1 XA2 concrete
a déle s rakouskym Lincem. Stavba se nachazi v tésné blizkosti | lining in the mined tunnel amounts to 320mm, respectively 420mm
mesta Sobéslav a trasy dalnice D3. Od situace popsané v minu- in the section with the inverted vault. Concrete C 50/60 XC1 XF1

. "i-_

Obr. 6 MontdZ vyztuZe spodni klenby tunelu Zvérotice
Fig. 6 Assembly of reinforcement of the inverted vault in the Zvérotice tunnel
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1ém Cisle Casopisu Tunel doslo k presunu bednéni osténi tunelu
smérem k vjezdovému portdlu a vybetonovani atypického porté-
alné smérem k vyjezdovému portdlu. Soucasné s betondZi horni
klenby osténi probihd hloubeni stavebni jamy mezi pilotovy-
mi sténami a uUprava jejtho dna do tvaru spodni klenby tunelu
se stabilizaci podkladnim betonem. V 5. tydnu roku 2021 pro-
bihala montdz vyztuZe prvniho bloku spodni klenby. Vzhledem
k nepfiznivym klimatickym podminkdm a nizké kvalit€ masivu
charakteru zemin je nutné pfi tvarovani zakladové spary spodni
klenby postupovat s mimotadnou peclivosti, coZ se zhotoviteli
dafi. Obr. 6 ukazuje montdz vyztuZe spodni klenby prvniho bloku
betondze tohoto typu mezi pilotovymi sténami. Stavebni jama je
vyhloubena v celé délce tunelu a jsou vybetonovany zédkladové
pasy tunelového osténi. Smérem od vjezdového portidlu budou
nasledné probihat izolovani tunelu, montdz vnéjSich tunelovych
drendZi a zasyp tunelu tak, aby bylo mozné staveniStni komuni-
kaci propojit oba boky stavebni jamy.

Stavbu tunelu provadi subdodavkou firma HOCHTIEF CZ a. s.
pro ,,SdruZeni Sobéslav — Doubi* tvofené firmami STRABAG a.s.,
EUROVIA CS, a.s. a Metrostav a.s. Autorem realizacni dokumen-
tace tunelu je firma SAGASTA s.r.o.

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

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunely Ov¢iarsko a Zilina

Usek dialnice D1 tvori juZzny obchvat Ziliny v celkovej dizke
11,320 km. Usek sa za¢ina v Hri¢ovskom Podhradi v krizovatke
dialnic D1 a D3. Usek sa kon&i v mieste napojenia na pldnovani
krizovatku Lietavska Lucka a v nej na privadza¢ Lietavska Luc-
ka — Zilina. Dialni¢ny tsek D1 Hri¢ovské Podhradie — Lietavska
Lucka je jeden z najtazSich, ktory bude z velkej Casti vedeny na-
dzemnymi estakddami a v dvoch tuneloch (Ovciarsko — 2 367 m,
Zilina — 687 m).

Stavebnikom a zaroven budiicim spravcom dialni¢ného tseku
a oboch tunelov je Narodna dialni¢na spolo¢nost, a. s. Dobudo-
vanim dialnice D1 pri Ziline sa vytvoria podmienky k odlah&eniu
dopravy na cestich 1/18 a 1/64, ¢o vyrazne prispeje k zniZeniu ne-
gativnych vplyvov dopravy na Zivotné prostredie v meste Zilina
a obci Lietavska Lucka.

Vystavba oboch tunelov je vo finédlnej fize. V decembri 2020
bolo na tuneli Ov¢iarsko vykonané taktické cviCenie zachrannych
zloziek pri simulovanej dopravnej nehode. Pocas cviCenia si zloz-
ky integrovaného zachranného systému (zdravotnici, hasi¢sky
a zachranny zbor, policia) a NDS preverili su¢innost pri zachrane
ITudi a uhaseni poziaru v tunelovej rire. Koncom roka 2020 bola
vykonan4 hlavn4 tunelova prehliadka tunelov Ovéiarsko a Zilina,
ktorej vysledkom je, Ze tunely mdzu byt uvedené do pred¢asného
uZzivania a skusobnej prevadzky.

Zhotovitelom dialni¢ného useku D1 Hricovské Podhradie — Lie-
tavska Lucka je ZdruZenie Ovciarsko (Doprastayv, a.s. — lider Zdru-
Zenia, Véhostav-SK, a.s. — ¢len Zdruzenia, Strabag, s.r.o. — clen
ZdruZenia, Metrostav a.s. — ¢len Zdruzenia).

Pre verejnost je cely usek dialnice D1 Hricovské Podhradie —
Lietavska Lucka vritane oboch tunelov k dispozicii od 29. 01.
2021.

TuNel

X A2 has been used in the section passing across the tectonic fault.
In the cut-and-cover sections, the C 30/37 XC1 XA2 XF3 concrete
lining is 600mm thick. The tunnel equipment is the same as that in
the Mezno tunnel.

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

ZVEROTICE RAIL TUNNEL

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

From the situation described in the previous TUNEL journal
issue, the formwork for the tunnel lining has been moved in the
direction of the entrance portal and concreting of the atypical portal
block has been finished. Concreting operations will now proceed
continually in the direction of the exit portal. Simultaneously
with the concreting of the upper lining vault, the construction
pit is being excavated between the pile walls. The bottom of the
pit is being accommodated to the tunnel invert shape with the
stabilisation by blinding concrete. The reinforcement of the first
block of the invert was installed in the 5" week of 2021. Due to
unfavourable climatic conditions and low quality of the massif
with the character of soils, it is necessary to proceed with extreme
care when shaping the foundation base of the invert, which
the contractor succeeds in. Figure 6 shows the assembly of the
reinforcement of the invert in the first concreting block of this type
between the pile walls. The excavation of the construction pit has
been finished throughout the tunnel length and concreting of the
strip foundations of the tunnel lining has been completed. In the
direction from the entrance portal, the tunnel waterproofing will be
installed, the external tunnel drains will be placed and the tunnel
will be backfilled so that it is possible to link the construction
trench sides by a construction site road.

The tunnel construction is being carried out by HOCHTIEF
CZ as a sub-contractor for the consortium ,,SdruZeni Sobéslav —
Doubi*, consisting of the companies of STRABAG a.s., EUROVIA
CS, a.s. and Metrostay a.s. The company of SAGASTA s.r.o. is the
author of the design of means and methods for the tunnel (the so-
called execution design).

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

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

ovciarsko and Zilina tunnels

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

Narodnd dialnicnd spolocnost, a. s., (National Highway
Company) is the developer and, at the same time, the future
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Tunel Presov

Tunel PreSov sa nachddza na tseku dialnice D1 PreSov zdpad —
PreSov juh. Trasa tunelovej Casti juhozapadného obchvatu Preso-
va bude tvorena dvoma nezavislymi tunelovymi riurami, severna
tunelov4 rira bude dizky 2 230,5 m a juZna tunelova rira bude
dizky 2 244,0 m.

V priebehu druhej polovice roku 2020, ked sa uvolnili opat-
renia vyhldsené vladou SR v suvislosti s rizikom Sirenia nédkazy
koronavirusu, sa price na tuneli PreSov znovu rozbehli tak, aby
zhotovitelia ¢o najviac dobehli zmeSkanie z ddvodu nemoznosti
nasadit na pracovisku zahrani¢nych pracovnikov poc¢as obmedze-
ni cezhrani¢ného styku. Zial, po novom roku s opatrenia spit
a prace na dokonceni tunela su opit obmedzené.

Do konca roku 2020 sa napriek tomu podarilo v oboch tunelo-
vych ridrach polozit kompletny cementobeténovy kryt vozovky,
dokoncit natery tunelovych rir a chodniky. Z technologickych
prac boli na 100 % dokoncené zavesné rosty a lavky pre insta-
lacie kablovych vedeni, dalej sa pracovalo na inStalacii techno-
16gii do SOS vyklenkov vratanie nerezovych dveri. K sledova-
nému obdobiu prebieha kompletizacia technoldgie v centralach
technologickych objektoch tunela na oboch portdloch tunela
Presov.

V pripade priaznivych klimatickych podmienok bude zacia-
tok roka 2021 venovany zacatiu prac na obsype hibenych casti
tunelovych rir po oboch stranidch portalov. Definitivna dprava
portalov pozostava z betonovych opornych mirov a gabiénovych
portalovych murov. Priestor za portdlovymi mirmi bude postup-
ne vyplneny hutnenym zasypom z upravenej ribaniny ziskanej
z razenia tunela. Sucasne so spitnym zasypom portalovych Casti
bude postupne na jednej a ndsledne aj na druhej strane portalu
prebiehat tprava predportalovych usekov pri postupnom budo-
vani kdbelovodov pre rozvody technoldgii. V oboch tunelovych
rirach zostdva eSte dokoncit tesnenie Skdr v konStrukciach chod-
nika a vozovky, osadenie poklopov na kablové trasy a vozovka
v prejazdnych prie¢nych prepojeniach.

Celu stavbu juhovychodného obchvatu mesta Presova realizuje
Zdruzenie D1 Presov (EUROVIA SK a. s., EUROVIA CS a. s.,
Doprastav a. s., Metrostav a.s., Metrostav Slovakia a.s.), tunel
Presov realizuje spolocnost Metrostav a.s.

Tunel Bikos

Tunel Biko§ s dvomi tunelovymi rirami a dizkou 1155 m je su-
Castou 4,3 km dlhého useku rychlostnej cesty R4 PreSov, severny
obchvat, I. etapa, budovaného v plnom profile.

Razenie oboch tunelovych rir od severného portalu tunela sa
zacalo v méji 2020. Na zaciatku roku 2021 raziace prace pokra-
¢uju v oboch tunelovych rirach. Diia 28. janudra 2021 je v za-
padnej tunelovej rire vyrazenych 963 m kaloty a 827 m stupiia
a vo vychodnej tunelovej rure 865 m kaloty a 731 m stupna tu-
nela. Obe tunelové riry budi takmer v celej dizke vyrazené od
severného portdlu. Pokracuja aj prace na juznom portali, kde uz
su pripravené mikropilotové daZzdniky nad tunelovymi rirami pre
zaciatok ich razenia. Prerazené st uz aj dve z troch priecnych
prepojeni.

Zacali sa aj price na definitivnych konStrukciach, ked su uz
vybeténované prvé tri protiklenby v zapadnej tunelovej rure. Be-
tonaze hornych klenieb sekundarneho ostenia by sa mali zacat
v priebehu aprila 2021.
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administrator of the motorway section and both tunnels. By
completing the D1 motorway construction, conditions will be
created for relieving traffic congestions on I/18 and 1/64 roads. It
will significantly contribute to reducing negative effects of traffic
on the environment in the town of Zilina and in the village of
Lietavska Lucka.

The construction of the two tunnels is in the final phase. A tactical
exercise of rescue units during a traffic accident was conducted
on the Ovdiarisko tunnel in December 2020. During the course
of the exercise, the components of the Integrated Rescue System
(health service, the Fire and Rescue Service and the Police), and
the National Highway Company examined the collaboration in
rescuing people and extinguishing a fire in a tunnel tube. The
main tunnel inspection of the Ové&iarisko and Zilina tunnels was
conducted at the end of 2020, with the conclusion that the tunnels
can be brought into preliminary service and trial operation.

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

The entire section of the D1 highway Hricovské Podhradie —
Lietavska Lucka, including both tunnels, is available to the public
from 29 January 2021.

Presov tunnel

The PreSov tunnel is located in the PreSov West — PreSov South
section of the D1 motorway. The route of the tunnelled part of the
southwest by-pass of PreSov will be formed by two independent
tunnel tubes — the 2230.5m long northern tunnel tube and 2244.0m
long southern tunnel tube.

In the second half of 2020, when the measures declared by
the Government of the Slovak Republic in relation to the risk
of spreading the coronavirus infection were released, the work
on the PreSov tunnel resumed with enormous efforts so that the
Contractors caught up on the delayed work resulting from the
impossibility of using foreign workers during the restrictions on
cross-border relations. Unfortunately, the measures are back after
the new year and the work on both tunnel tubes is again restricted.
Despite this fact, the complete concrete roadway cover was placed,
painting of the tunnel tubes and walkways were successfully
finished by the end of the year. Of the work on the services,
100 per cent of suspension grids and cable brackets have been
finished. Further on, the work on the installation of equipment into
emergency call niches including stainless steel doors continued.

As of the period being monitored, completion of the equipment
in management centres of service buildings in front of both portals
of the PreSov tunnel has been in progress.

In the event of favourable climatic conditions, the beginning
of 2001 will be dedicated to the commencement of the work on
backfilling of the cut-and-cover sections at both sides of the portals.
The final shaping of the portals consists of concrete retaining
walls and gabion portal walls. The space behind the portal walls
will be gradually filled with compacted muck obtained from the
mined part of the tunnel. Simultaneously with backfilling of the
portal parts, the pre-portal sections will be gradually treated on
one and subsequently also on the other side of the portal during the
process of building cable ducts for distribution of services. Sealing
of joints in the roadway and walkways, installation of covers on
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Zhotovitelom stavby je zdruZenie spoloénosti VAHOSTAV —
SK, a.s. a TuCon, a.s. Predpokladané ukoncenie rychlostnej cesty
a jej uvedenie do prevadzky sa ocakava na jar 2023.

Tunel Cebrat

Stcastou dialni¢ného useku D1 Hubova — Ivachnova bude dvoj-
rirovy tunel Cebrat s dizkou 3 680 m. V predoglych rokoch boli
diagnostikované rozsiahle problémy so stabilitou Gzemia na za-
padnom portali tunela Cebrat a nadvizujicom tseku dialnice, kto-
ré si vyziadali znacné zmeny smerového vedenia dialnice. Tieto
museli byt nanovo postidené v procese EIA a povolené v tizem-
nom konani v zmysle stavebného zakona.

Zaciatkom roku 2021 stile prebieha razenie tunelovych rdr
od vychodného portalu v rdmci projektu geologickej ulohy. Dila
28. Janudra 2021 je vyrazenych 3 090 m v pravej a 3 067 m v la-
vej tunelovej rare. Pripravné prace pre razenie tunelovych rir od
zapadného portalu budd moct zacat aZ po vydani stavebného po-
volenia, ktoré sa o€akédva v priebehu aprila 2021.

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

Tunel Visiiové

Najdlhsim slovenskym dialnicnym tunelom méa byt tunel Vis-
tiové s dizkou 7,5 km na useku dialnice D1 Lietavska Liacka —
Visnové — Dubnd Skala. Obe riry tunela Visniové boli prerazené
v auguste 2018, po 40 mesiacoch razenia.

V polovici roku 2019 boli price na dialnicnom useku vrata-
ne tunela predcasne ukoncené na zdklade dohody medzi objed-
navatelom, Narodnou dialni¢nou spolo¢nostou, a zhotovitelom,
zdruzenim Salini Impregilo — Duiha. Koncom janudra 2020 bolo
vyhlasené verejné obstardvanie prac stvisiacich s pokracovanim
a dokoncenim stavby dialnice, ktoré zahffiaju dokoncenie staveb-
nej Casti tunela Visnové. Vyber zhotovitela je realizovany formou
sutazného dialdgu, pricom cenové ponuky odovzdali v decembri
2020 traja uchadzaci.

Ukoncenie vyberového procesu a podpis zmluvy o dielo sa
ocakdva v prvych mesiacoch roku 2021. Pre uvedenie dialnice do
prevadzky bude okrem stavebnej Casti potrebné dokoncit aj tech-
nologicku Cast tunela, kde ale eSte verejné obstardvanie nebolo
zacaté.

Ing. VLADIMIR DURSA, Doprastay, a.s.
Ing. JIRT BRICHNAC, Metrostav a.s.
Ing. MILOSLAV FRANKOVSKY,
Slovenskd tuneldrska asocidcia

TUNELY NA ZELEZNICNEJ SIETI

Zeleznicny tunel Milochov

Na preklenutie dpidtia vrchu Stavnd, juZne od miestnej Cas-
ti Horny Milochov mesta Povazska Bystrica, je navrhnuty novy
tunel Milochov. Projektovana diZka tunela je 1861 m. Tunel ma
jednu dnikovu $tdlnu, ktora vyustuje v obci Horny Milochov.

Prace na tuneli pokracuju realizdciou sekundirneho ostenia
(obr. 7). V spodnej Casti sa buduju spodné klenby, resp. zaklado-
vé pasy v zavislosti na geologickych vlastnostiach horninového
masivu. Ndasledne sa na primarne ostenie natahuje hydroizola-
cia a v zavese prebiehaju armovacie prace na vystuzi sekundar-
neho ostenia. Samotnd betondZz sekundarneho ostenia sa ku dilu
25. 1. 2021 nachadza na bloku ¢. 117. Beténuje sa od vychodné-

TuNel

cable routes and the roadway in cross passages for vehicles remain
to be completed in both tunnel tubes.

The whole construction of the southeast by-pass of the town
of PreSov has been carried out by the D1 PreSov consortium
(EUROVIA SK a.s., EUROVIA CS a.s., Doprastav a.s., Metrostav
a.s., Metrostav Slovakia a.s.); the PreSov tunnel is being carried
out by the company of Metrostav a.s.

Bikos tunnel

The 1155m long, twin-tube BikoS$ tunnel is part of the 4.3km
long section of the R4 PreSov, northern by-pass, stage I, driven
using the full-face excavation system.

The excavation of both tunnel tubes from the northern portal
started during May 2020.

At the beginning of 2021, the tunnel excavation operations
continue in both tunnel tubes. As of 28 January 2021, the
excavation of 963m of top heading and 827m of bench has been
finished in the western tunnel tube and 865m of top heading
and 731m of bench in the eastern tunnel tube. Both tunnel tubes
will be nearly throughout their lengths driven from the northern
portal. The work on the southern portal, where the canopy tube
pre-support structures are already prepared above the tubes for the
commencement of excavation, also continues. The excavation of
two of the three cross passages has also been finished.

The work on the final structures, where concreting of first three
invert structures in the western tunnel tube have already been
finished. The concreting of upper vaults of the secondary lining
should start during the course of April 2021.

The consortium of the companies of Vahostav-SK, a.s., and
TuCon, a.s., is the contractor. The completion of the express
highway and opening it to traffic is expected in spring 2023.

Cebrat tunnel

The 3680m long Cebrat double-tube tunnel will be part of
the Hubova — Ivachnova section of the D1 motorway. Extensive
problems were diagnosed in recent years with the stability of the
area at the western portal of the Cebrat tunnel and the adjacent
motorway section. They required extensive changes in the
technical solution, which had to be reassessed in the EIA process
and subsequently approved in the meaning of the Building Code.

At the beginning of 2021, the excavation of the tunnel tubes
from the eastern portal within the framework of the geological
task still continues. As of 28 January 2021, 3090m and 3067m of
excavation have been finished in the rigt-hand and left-hand tunnel
tube, respectively. Preparation operations for the excavation of the
tunnel tubes from the western portal will be allowed to begin only
after the issuance of the construction permit, which is expected in
April 2021.

The consortium of the companies of OHL 78, a.s., and Vahostav-
SK, a.s., is the contractor.

Visnové tunnel

The 7.5km long Visniové tunnel, which is part of the Lietavska
Licka — Visiové — 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 tunnel
excavation.

The work on the motorway section including the tunnel was
prematurely suspended on the basis of an agreement between
the client, Narodnd Dialni¢nd Spolo¢nost, and the contractor,




Obr. 7 Sekunddrne ostenie tunela Milochov
Fig. 7 Secondary lining of the Milochov tunnel

ho portélu, kde sa zacalo s blokom ¢. 177, smerom k zapadnému
portalu, takZe zrealizovanych je 60 blokov, ¢o ¢ini 600 metrov
z celkovej dizky tunela, takZe mame 1/3 betoniZe hotovi. Pre
bloky 179 az 184 a zaverecny portdlovy blok P2 sa na vychod-
nom portdli realizuje takzvané falo$né priméarne ostenie (obr. 8).
Po jeho dokonceni sa zvonku zacne s rovnomernym obojstran-
nym prisypanim, zvnitra sa pripravi armatira a debniaci vozen,
ktory sa pouziva vo vnutri tunela, sa vysunie naspét a vyuZije sa
pre tito Cast. Nasledne debniaci vozen bude pokracovat vo vn-
atri smerom na zapadny portdl, kde sa betondrske prace na osteni
ukoncia.

V unikovej $tdlni prebiehaji profilacné prace primarneho oste-
nia a pripravuje sa realizacia dna pre sekundarne ostenie.

Obr. 8 Falosny primdr hibenej casti na vychodnom portdli tunela Milochov
Fig. 8 False primary lining of the cut-and-cover part at the eastern portal of
the Milochov tunnel.
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and Salini Impregilo — Diha consortium.
At the end of January 2020, the public
procurement was published for the work
associated with the continuation of the
motorway construction, comprising also the
completion of the civil and structural work
on the Vistiové tunnel. The selection of the
contractor is being carried out in the form of
a competitive dialogue, where the bids were
submitted by three competitors in December
2020.

The end of the tendering process is expected
in the first half of 2021. The completion of
the equipment-related part of the tunnel,
where the public procurement process has
not commenced yet, is the condition for
bringing the motorway into service.

Ing. VLADIMIR DURSA, Doprastay, a.s.
Ing. JIRI BRICHNAC, Metrostav a.s.
Ing. MILOSLAV FRANKOVSKY,
Slovenskd tuneldrska asocidcia

TUNNELS ON RAILWAY NETWORK

Milochov railway tunnel

The new Milochov tunnel is designed to cope with the bottom of
the Stavna hill, south of Horny Milochov municipal district of the
town of Povazska Bystrica. The tunnel length designed amounts to
1861 metres. The tunnel has one escape gallery exiting to surface
in the municipality of Horny Milochov.

The work on the tunnel continues by the construction of the
secondary lining (see Fig. 7). In the lower part, inverted structures
are under construction, respectively strip footings, depending
on geological properties of the ground massif. Subsequently,
waterproofing layers are laid on the primary lining and placement
of the reinforcement of the secondary lining follows. The
concreting of the secondary lining is currently (25 January 2021)
underway on block No. 177. The concrete casting operations
proceed from the eastern portal, where they commenced on block
No. 177, toward the western portal. In total, concreting of 60
blocks has been finished, representing the length of 600m of the
total tunnel length, which means that we have finished 1/3 of the
concreting. The so-called false primary lining (see Fig. 8) is being
carried out at the eastern portal for blocks 179 through to 184 and
the final portal block P2. After its completion, the even double-
sided backfilling will start from the outside. The reinforcement
is prepared from the inside and the traveller form used inside the
tunnel is pushed back and used for this part. Subsequently, the
traveller form will continue inside in the direction of the western
portal, where concreting of the lining will end.

Profiling of the primary lining in the escape gallery is underway
and the construction of the bottom for the secondary lining is
being prepared.

At the eastern portal, the service road to Horny and Dolny
Milochov will be relocated above the tunnel after completion of
the cut-and-cover backfilled part. A service house is being built
next to the tunnel tube. It will be the larger of the two for the
management of the Milochov tunnel, where there will also be an
automatic booster pump station for the fire water supply.
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Na vychodnom portili sa po realizicii hibenej presypanej ¢as-
ti bude ponad tunel prekladat obsluzna komunikécia do Horného
a Dolného Milochova. Vedla tunelovej riry sa stavia technologic-
kde bude aj automaticka tlakova stanica pre poziarny vodovod.

Na zapadnom portali vzhladom na ro¢né obdobie utlmene pre-
biehaju prace na kone¢nych terénnych apravach, ktoré pozostavaji
z gabiénovych obkladov portilovych stien a oblozenia hibeného
tunela vystuZenou zeminou a obkladovymi prvkami z kamennych
gabionov. V hornych Castiach svahov sa instaluje 3D systém Kris-
mer ako ochrana povrchu, ktory bol docasne zabezpeceny strieka-
nym beténom.

Celu stavbu realizuje zdruZenie Nimnica zloZené zo spolo¢nosti
Doprastav — TSS Grade — SUBTERRA — EZ Praha. Tunel Milo-
chov spolo¢nost Subterra a.s., Generdlnym projektantom pre in-
vestora Zeleznice Slovenskej republiky je spolo¢nost REMING
CONSULT a.s.

Ing. JAN KUSNIR,
REMING CONSULT a.s.

TuNel

At the western portal, the work continues on the final terrain
finishes comprising gabion cladding of the portal walls and
cladding of the cut-and-cover tunnel with reinforced earth and
cladding elements from stone gabions. The Krismer 3D system is
being installed in the upper parts of the slopes as protection of the
surface which was temporarily stabilised with shotcrete.

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

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

Ing. JAN KUSNIR,
REMING CONSULT a.s.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S KRATKYMI TUNELY

PICTURE POSTCARDS WITH SHORT TUNNELS

The Czech technical nomenclature (CSN 73 7501 and the
Register of underground construction nomenclature [1]) considers
a tunnel to be “a linear underground structure with the profile larger
than 16m?, inclined up to 60° from horizontal plane”. It means
that the length of the structure plays no role. Even a very short
underground entity in question is thus considered to be a tunnel.
The shortest three domestic road tunnels are the Pekafova Brana
(4m), the Kokofinsky tunnel (24m) and the VySehradsky tunnel
(34m). Similarly, the shortest Czech railway tunnels follow in
the order: the Nelahozeves I (23.30m), the Zlutice (25m) and the
Hornoledecsky (30m); the shortest railway tunnel ever was the today
already removed Jachymov tunnel (18.3m). We also encounter
short tunnels not only on interesting historical postcards, but also
postcards from very near times. Their attractiveness follows from
the fact that, in terms of aesthetics, especially short tunnels are very
close to natural rock gates and ribs and often allow for interesting
views through them. In this part of the series, a relatively wide
range of short tunnels is presented on postcards from Germany,
Austria, France, Italy and Bosnia. Six of them can be categorised
as road tunnels, two belong to railway.

Ceské technické nazvoslovi (CSN 73 7501 a Prehled termino-
logie podzemniho stavitelstvi [1]) povaZuje za tunel ,liniovou
podzemni stavbu s profilem vétsim nez 16 m? se sklonem do 60°
od vodorovné roviny“. Délka objektu tedy nehraje Zadnou roli. Za
tunel je tak povaZovand i velmi kratka pfedmétnd podzemni enti-
ta. Nejkratsi tfi tuzemské silni¢ni tunely pak jsou: Pekafova brana
(4 m), Kokoftinsky (24 m), VySehradsky (34 m)... Obdobné tomu
nejkratsi Ceské tunely Zelezni¢ni nasleduji v potadi: Nelahozevesky
1 (23,30 m), Zluticky (25 m), Hornolede¢sky (30 m), a viibec nej-
krat§im Zelezni¢nim byl, dnes jiZ zruSeny, Jachymovsky (18,3 m).

S kratkymi tunely se také setkdvdme na zajimavych pohlednicich
historickych, ale i ze zcela nedavné doby. Jejich poutavost vyplyva
z toho, Ze pravé kratké tunely jsou esteticky velmi blizké pfirod-
nim skalnim branam a Zebrim a umoziuji ¢asto zajimavé prihledy.
V tomto dilu seridlu je tak prezentované pomérné Siroké spektrum
kratkych tuneld na pohlednicich z Némecka, Rakouska, Francie,
Italie a Bosny. Sest z nich lze zafadit k silni¢nim, dva naleZi Ze-
leznici.

Obr. 1 Tunel Schlucht. Vysoké Vogézy. Kolorovand fotografie. Verlag von Emil
Hartmann, Strassburg 1. E. Okolo 1910. [sbirka autorii]

Na pohlednici je vychodni vstup do tunelu. Jak je ziejmé, jiZ tehdy komunikaci
vyuzivaly vedle kolejovych vozidel i automobily...

Fig. 1 Schlucht tunnel. Higher Vosges. Colourer photograph. Verlag von Emil
Hartmann, Strassburg 1. E. Around 1910. [authors” collection]

The eastern exit from the tunnel is presented in the picture postcard. As it is
obvious, not only rail-bound vehicles but also cars were used for transport at

that time ...




TuNel
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Obr. 2 Tunel Schlucht s elektrickou horskou drdhou. ?? 1912. [sbirka autorii]
Tramvaj tentokrdt vyjizdi ze zdpadniho portdlu tunelu.

Fig. 2 Schlucht tunnel with an electrical mountain railway. ?? 1912. [authors”
collection]

This time the tram exits from the western portal of the tunnel.

Tunel Schlucht

Hrani¢ni prasmyk Schlucht (1 139 m n. m.) odd€luje v pohoti
Vysokych Vogéz Alsasko od Lotrinska. Do prismyku vedla stard
horska cesta z Munsteru v Alsasku, 1871-1918 a 1940-1945 se
zde nachézel hrani¢ni pfechod mezi Némeckem a Francii. Ve stopé
staré cesty byla mezi lety 1905 aZ 1907 postavena 10,8 km dlouha
ozubnicova elektrickd Zeleznice, Ci spiSe tramvaj; tésné pred vr-
cholem se na ni nachazel kratky (22 m) tunel — obr. 1 a 2. Draha
vSak byla v provozu jen nedlouho a zanika s vypuknutim 1. svétové
valky v roce 1914. Dnes tunelem prochézi fungujici horska silnice.
[2a3]

Skalni brana v Ramsau

V cipu Bavorska pfi hranici s Rakouskem se nachazi Ramsau
u Berchtesgadenu. Prochézela tudy historicka silnice, kterd byla
ve 30. letech 20. stol. prestavénd na Reichsstrae 305 (dnes zna-
Cend jako Federdlni dalnice 305, ¢i Berchtesgadenska silnice).
Cca 3 km vychodné od centra méstecka prekonavala v udoli feky

Obr. 3 Ramsauerskd silnice se skalni brdanou. Kolorovand fotografie. Purger
& Co., Miinchen, Photochromiekarte No. 5969. Okolo 1900. [sbirka autorii]
Na pohlednici je severovychodni portdl Dolni skalni brdany (Unteres Felsentor).
Fig. 3 Ramsau road with a rock gate. Coloured photograph. Purger & Co.,
Miinchen, Photochromiekarte No. 5969. Around 1900. [authors~ collection]
There is the north eastern portal of the Lower Rock Gate (Unteres Felsentor) in
the picture postcard.
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Ramsauer Ache stard komunikace vyrazny ostroh jen 35 m dlou-
hym nevyzdénym tunelem — skalni branou (obr. 3 a 4). Objekt byl
pri rekonstrukci silnice zachovany a zdkladné vyztuZeny, a tak také
slouzi dodnes. Je zndmy pod jménem Dolni skalni brana (Unteres
Felsentor); témér totoznd Horni skalni brana (Oberes Felsentor)
se pak nachazi v serpentiné stoupajici severné nad stredem obce
Ramsau. [4]

Tunely na silnici Gardesana

Stétni silnice 45 bis Gardesana v severni Italii obsluhuje zdpad-
ni stranu Gardského jezera. Jeji prvni pasaz (Cremona — Brescia)
sleduje stopu staré fimské silnice. Na ni navazujici tsek Rezato
— Trento byl vystavény v letech 1929-1931. S ohledem na vel-
mi sloZitou morfologii trasy se vyznacoval mimotradné vysokym
poctem, prevazné kratkych, tunelt. Téch se uvadi celkem az 70,
o celkové délce 7 182 m. Pri zasadnich upravach v 60. letech

. e TR

_~“Felsentor 3. d. Bamsaversirae.

Obr. 4 Skalni brdana na Ramsauerské silnici. Photogr. H. Gutjahr, Ramsau
bayr. Alpen. 1922. [sbirka autorit]

Na pohlednici je, stejné jako na predchozim obr. 3, severovychodni portdl Dolni
skalni brdany (Unteres Felsentor), ale o 20 let pozdéji. Na rubu pohlednice se
nachdzi otisk turistického razitka blizké prirodni zajimavosti — cca 200 m dlouhé
skalni soutésky s vodnatym potokem Wimbach (Wimbachklamm, 733 m n. m.).
Fig. 4 Rock gate on Ramsau road. Photogr. H. Gutjahr, Ramsau bayr. Alpen.
1922. [authors” collection]

There is the north-eastern portal of the Lower Rock Gate (Unteres Felsentor) in
the picture postcard, as in the previous picture No. 3, but 20 years later. On the
reverse of the postcard, there is an imprint of the tourist stamp of a nearby natu-
ral point of interest — ca 200m long rock pass with the water-abundant Wimbach
creek (Wimbachklamm, 733m a.s.l.).
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Bardesana

Obr. 5 Pozdravy od Gardesany. Gardské jezero — zdpadni silnice Gardesana.
Fotoediz. Rivetta souvenirs — via Vergnano, 97 Brescia. 1995. [sbirka autorii]
Na pohlednici je jizni portdl nékterého z ndsledujicich (krdtkych) tunelii: Afrodite,
dei Coribanti, delle Furie, delle Limniadi, Driadi, Eolo, Esperidi nebo Grazie.
Fig. 5 Greetings from Gardesaa. Garde Lake — western Gardesana road.
Fotoediz. Rivetta souvenirs — via Vergnano, 97 Brescia. 1995. [authors”
collection]

There is a portal in the picture postcard of some of the following (short) tunnels:
Afrodite, dei Coribanti, delle Furie, delle Limniadi, Driadi, Eolo, Esperidi or Grazie.

Obr. 6 Terst. PobreZi — Prirodni tunel (Galleria Naturale). SAG Trieste. Cca
1980. [sbirka autorit]

Nevyzdeny vychodni portdl tunelu je vysoko nad hladinou Jaderského more.
Fig. 6 Trieste. Sea shore — Natural Tunnel (Galleria Naturale). SAG Trieste.
Ca 1980. [authors” collection]

The eastern tunnel portal (without masonry cladding) is high above Adriatic
sea level

TuNel

20. stol. (s doplnénim o nékolik delSich az dlouhych tuneli po
roce 2000) byla trasa zkrdcena a mnoho z puvodnich tuneli tak
opusténo. Nicméné jen mezi Riva del Garda a Garganem dnes
prochazi 29 km dlouhd pobteZni silnice 32 tunely celkové délky
13146 m (2 x 15 m, 2 x 20 m, 27 m, 31 m, 35 m, 38 m.... azZ
1041 m) — obr. 5.

Zajimavosti: Novou silnici pokitil v roce 1931 nacionalisticky
basnik G. d” Annunzio jménem ,,meandre®, a to podle jeji klika-
tosti a stfidani temnych tunelt s modrym jezerem. Béhem 2. své-
tové valky pak slouZily nékteré z delSich tunelll zbrojni vyrobé.
[5a6]

PFirodni tunel v Terstu

Italska statni silnice SS14 je vedena pfevaZné po severnim po-
biezi Jaderského more. V prubéhu let 1928-1954 propojila Rie-
ku (Fiume, dnes HR) s Benatkami (Venezia), ptes Terst (Trieste).
V Terstském zalivu se komunikace, pusobici aZ panoramaticky,
nachdazi vysoko (50 az 90 m) nad mofem. Jsou na ni celkem tfi tu-

Obr. 7 Na silnici do Nauders. Alpiner Landschaftsverlag Josef Neumair Imst,
Tirol. Okolo 1925(?) [sbirka autorit]

Na obrdzku je prithled z tunelu do bezprostredné navazujict ,,skalni brdny “. Jde
o nékteré, dnes jiZ opusténé, krdtké tunely z roku 1856. Jejich bliZsi identifikace
Jje, vzhledem k vipravdm trasy, jiZ obtiznd.

Fig. 7 On the road to Nauders. Alpiner Landschaftsverlag Josef Neumair Imst,
Tirol. Around 1925(?) [authors” collection]

There is a view from the tunnel to a directly connected “rock gate” in the picture.
The tunnel is one of the today already abandoned short tunnels from 1856.
Closer identification is already difficult with respect to modifications of the route.




TuNel

nely — dva pfi aredlu zamku Miramare, tfetim je tzv. Pfirodni tunel
(Galleria Naturale) cca 10 km severozapadné od stfedu mésta — na
obr. 6. Tunel byl vylamany v letech 1927-1928 do krasového Zebra
a pii délce cca 70 m zlstal nevyzdény; od toho je zfejmé i odvoze-
no jeho pojmenovani.

Zajimavosti: Na sténdch tunelu jsou udajné pozustatky vytesa-
nych fasistickych ,liktorskych prutd®“. A zavedend mistni tradice
veli pfi prijezdu tunelem 3x krétce zatroubit. [7 a 8]

Tunely u Nauders

Statni silnice B180 v Tyrolsku, zvana také Reschenskd (Re-
schenstrafe), je dlouhd 39,1 km a vede z Fliep pfes Nauders
az do Reschenského prismyku (Reschenpass, 1 507 m n. m.)
na hranici s Italii. Byla postavend 1850-1856 ve stopé jednoho
z nejvyznamnéjSich historickych pfechodt Alp, fimské silnice
Via Claudia Augusta. Nad obci Nauders prochazela komunikace
fadou navazujicich tunelil a galerii — obr. 7. Od 80. let 20. stol. je
silnice prub&zn€ modernizovana a pii tpravach trasy byly nékteré
ze starych tunelll nahrazeny novymi. Aktudlné se na tomto silnic¢-
nim useku nachdzeji Ctyfi tunely a Sest galerii. [9 a 10]

6 BIARRITZ. = Le Rocher de la Vierge. - LI

Obr. 8 Biarritz. Skdla Panny Marie. Levy et Neurdein retnis, 44 rue Letellier,
Paris. Okolo 1920. [sbirka autorii]

Dvojice chvdtd do jiZniho vstupu tunelu.

Fig. 8 Biarritz. The Rock of the Virgin Mary. Levy et Neurdein retnis, 44 rue
Letellier, Paris. Around 1920. [authors” collection]

A couple rushes into the southern entrance of the tunnel.
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Obr. 9 220. Dauphiné — Silnice Velkych Kartuzidnii. Tunely. ?? Okolo 1930(?)
[sbirka autorii]

Zdpadni vstup do prvniho z trojice navazujicich krdtkych tunelii pred odbockou
k Velké Kartouze (La Grande Chartreuse). Tunely ziistaly nevyzdéné. Vpravo lze
Jen tusit malebny karion feky Le Guiers Mort.

Fig. 9 220. Dauphiné — Great Cartesians road. Tunnels. ?? Around 1930(?)
[authors” collection]

Western entrance to the first of the three short linking tunnels before the branch
to the Great Charterhouse (La Grande Chartreuse). The tunnels remained
unlined. To the right, it is possible only to guess the picturesque canyon of the
river Le Guiers Mort.

Biarritz - tunel Skalou Panny Marie

V jihozapadni Francii-Baskicku lezi na pobiezi Biskajského
zaliva vyznamné lazerniské mésto Biarritz. Mezi dvéma zdejSimi
pristavy — Port-Vieux a port des Péche — vybiha zapadn¢ do mote
velmi tuzky ostroh, pojmenovany Skala Panny Marie (Le Rocher
de la Vierge). Vrchol skély slouzil piavodné k pozorovani velryb,
dnes je vyznamnou vyhlidkou. Na podnét cisafe Napoleona III. byl
v roce 1864 ostrohem prorazeny 75 m dlouhy tzky tunel — obr. 8.
Roku 1865 bylo na misté postaveno i n€kolik kiizi, a predevsim
socha Panny Marie.

Zajimavosti: V bezprostiedni blizkosti se nachazi Musée de la
Mer a akvéria Cité de 1" Océan. A ze skély byl do mofte rozptyleny

popel herecky Marie Schneiderové (Posledni tango v Parizi, f 58).
[11]
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Obr. 10 Novd drdha Sarajevo — Vychodni hranice. Trat Sarajevo — Pale.
Kolorovand fotografie. J. Studnicka & Co., Sarajevo. — Graph. Kunstanstalt
M. Schulz, Prag. Cca 1910. [sbirka autorii]

Prithled krdtkym Tunelem ¢. 7 od jihovychodu. Bezprostredné za nim ndsleduje
cca 130 m dlouhy Tunel ¢. 6; oba tunely nejsou vyzdéné. Zeleznice je vedend
divokou krajinou nad rekou Poljanska Miljacka.

Fig. 10 New Sarajevo — Eastern Border railway. Sarajevo — Pale rail line.
Coloured photograph. J. Studnicka & Co., Sarajevo. — Graph. Kunstanstalt
M. Schulz, Prag. Ca 1910. [authors” collection]

A View through the short Tunnel No. 7 from the southeast. The tunnel is imme-
diately followed by the approximately 130m long Tunnel No. 6; both tunnels are
unlined. The railway runs through the wild landscape over the river Poljanska
Miljacka.

Tunely v Chartreuse
Pohoti Chartreuse se nachazi v zapadnich Alpach-Savojsku, ve
francouzském historickém kraji Dauphiné. Znacna ¢ast mistni a tu-
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TuNel

ristické dopravy je zde obsluhovand pouze 10 km dlouhou statni
silnici 520b. Ta byla ve stop¢ staré lesni cesty oteviena v roce 1933
pro spojeni mésta Saint-Laurent du Pont s vesnici Saint-Pierre-de-
-Chartreuse. Ze Saint-Pierre-de-Chartreuse vede jen kratka mistni
odbocka k matetskému klasteru kartuzidnského fadu — tzv. Velké
Kartouze (La Grande Chartreuse). Pocétky klastera i fadu se sice
kladou jiZ do roku 1084, nicméné svétoznamym se stal aZ od roku
1605 diky slavnému likéru.

Silnice prochazi v uzkém kanonu feky Le Guiers Mort celkem
Ctyfmi tunely. Nejdelsi z nich (cca 250 m) se nachézi na jejim po-
Catku, tfi kratké (cca 50 m — obr. 9, 30 m a necelych 10 m) nésledu;ji
bezprostfedné za sebou, asi 1 km pred odbockou ke Kartouze. [12]

Tunely na zeleznici mezi Sarajevem a Pale

Duvody zfizeni tzv. Bosenské vychodni drihy, stavéné 1902
az 1906, byly prevazné vojenské. Jednalo se o uzkorozchodnou
(760 mm) Zeleznici, spojujici v konecné délce 228 km Sarajevo
s mésty Priboj a ViSegrad. Po vice nez 70 let provozu, bez ohledu
na momentalni politicky rezim, Zeleznice neustdle zapasila s niz-
kymi ekonomickymi vykony. A to byl také divod, pro¢ byl jeji
provoz v roce 1978, jiZ v tehdejsi Jugoslévii, definitivné ukonceny.

Ve slozitych pfirodnich podminkach bylo trasovani drdhy mi-
mofddné naroc¢né. Jen na prvnim tratovém useku ze Sarajeva do
Pale to znamenalo na pouhych 20 km vyrazit 11 tuneld. Ty nebyly
jednotlivé pojmenované a nesly tak jen prubézné ¢islovani. Zhruba
v polovin€ pfedmétného tseku se z nich nachdzel kratky Tunel €. 7
(cca 25 m) —obr. 10. [13]
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ZIVOTNI JUBILEUM ING. JIRIHO RUZICKY

o

LIFE ANNIVERSARY OF ING. JIRi RUZICKA

Ing. Jifi Razicka se narodil 20. 3.
1946. V roce 1960 zacal studovat
Stredni pramyslovou Skolu staveb-
ni ve Zborovské ulici v Praze na
Smichové. Po maturité v roce 1964
pokracoval ve studiu na Stavebni fa-
kult¢ CVUT, obor dopravni stavby.
Zajimal se o nové projekty inZenyr-
skych staveb, zejména o narocné
mostni stavby.

V kvétnu roku 1970 nastoupil
jako projektant do Vojenského pro-
jektového ustavu v Praze. Zde se zapojil do projektové pfipravy
razené trasy I.A praZského metra, pracoval jako odpovédny pro-
jektant tratového useku mezi stanicemi Malostranska a Hradc¢an-
ska. Zaroven spolupracoval na realizaci razené trojlodni stanice
Hradc¢anska. Spolecné se stanici Namésti Miru to byly prvni dvé
trojlodni stanice prazského metra s Zelezobetonovym osténim
v prostupové Casti nastupiste.

V prosinci roku 1974 nastoupil do projektové organizace DP
METROPROJEKT. Mezi prvni projekty patfily razené tunely
stanice Zelivského II.A. Nésledovala projektovd piiprava prvni-
ho provozniho tseku trasy B. Stal se odpovédnym projektantem
razenych objektu trojlodni sloupové stanice Florenc vcéetné pre-
stupniho uzlu na trasu C, kde bylo nutné fesit sloZité technické
problémy s ostatnimi ucastniky vystavby pfi likvidaci dvou zé-
vald. Po stavbé trasy I.B nésledovaly projekty na trasach IIL.B,
II.B. Na zacatku devadesétych let to byly projekty na trase IV.B,
kde prosazoval jiz pouZiti technologie razby Novou rakouskou
tunelovaci metodou (NRTM).

V roce 1995, kdy byl jiz METROPROJEKT Praha akciovou
spolecnosti, se stal Ing. Ruzicka vedoucim stfediska tunelovych
a inzenyrskych staveb. V té dobé zde byly zpracovavany projek-
ty trasy IV.C1, kterd zahrnovala tratové tunely, stanici Kobylisy,
prvni raZenou jednolodni stanici v siti prazského metra, a hlou-
benou stanici Ladvi. Kolektiv projektantd, vedeny Ing. Razickou,
zpracovaval i unikatni projekt tunell vysouvanych do koryta VI-
tavy, ktery byl po dokongeni trasy IV.C1 ocenén nejen v Ceské re-
publice, ale i na svétovém betonafském kongresu v Osace v roce
2002 a na svétovém tunelarském kongresu v Amsterodamu v roce
2003. Pro vystavbu razenych tratovych tuneli (pfevazné dvouko-
lejnych) a raZené jednolodni stanice Kobylisy byla jiZ uvaZzovana
vylu¢né technologie NRTM. Po dokonceni trasy IV.C1 navazova-
ly projekty trasy IV.C2 (Ladvi — Letilany) a prodlouZeni trasy A
z Dejvic do Motola (trasa V.A).

Kromé projektovani prazského metra se Ing. Ruzicka zucastnil
i mnoha dal$ich tunelovych staveb. Z dalnic¢nich staveb to byly
naptiklad projekty tunelu Valik na délnici D5, tunely Radejcin
a Libouchec na dalnici D8 a na Slovensku projekt prazkumné
Stoly pro tunel Visiiové. Ze Zeleznicnich tuneld miZeme uvést
na Moravé tunely Krasikov a Tatenice, tunel Hnévkov II a re-
konstrukce tunelit Jablinkov, na Slovensku tunel Turecky vrch.
Z dosud nerealizovanych staveb to byl napiiklad dvoukolejny
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ANNIVERSARIES

Ing. Jifi Razicka was born on 20™ March 1946. In 1960 he
started to study at the secondary vocational school of building and
civil engineering in Zborovskd Street in Prague Smichov. After
the leaving exams in 1964 he continued to study at the Faculty of
Civil Engineering of the Czech Technical University in Prague and
graduated with a degree in civil engineering from the Department of
Civil Engineering and Traffic Structures. He was interested in new
civil engineering construction projects, in the first place exacting
bridge structures.

In 1970 he entered the Military Designing Institute in Prague,
where he worked in the position of a designer. He engaged himself in
the preparation of the Line I.A of the Prague Metro and soon became
the designer responsible for the track section between Malostranska
and HradCanska stations. At the same time he collaborated on the
construction of Hrad¢anska mined three-vault station. Together with
Nameésti Miru station, these stations were the first two three-vault
structures with reinforced concrete segments lining the cross passage
openings.

In December 1974 he entered the designing organisation of DP
METROPROJEKT. Among the first tasks of his were designs for
mined tunnels of Zelivského II.A station. The design preparation of
the next Prague metro line, the first operating section of the Line B,
followed. He became the designer responsible for mined structures
of Florenc station, a three-vault station with pylons, including the
interchange node to the Line C, where it was necessary to solve
complicated technical problems with the other parties to the project
lying in recovering two excavation collapses. In the position of the
design engineer he was an active participant in designing for the
subsequent procedure of the construction of the interchange node
after two extraordinary events. After the Line I.B, designs for the
Lines III.B and II.B followed. At the beginning of the 1990s, there
were designs for the Line IV.B, where he already started to promote
the use of the New Austrian Tunnelling Method (the NATM).

In 1995, when METROPROJEKT Praha was already a joint-stock
company, Ing. Ruzicka became the chief of the department of tunnel
and civil engineering structures. At that time this department was
preparing designs for the Line IV.C1, which comprised, apart from
running tunnels, Kobylisy station, the first mined one-vault station
in the Prague metro network ) and the cut-and-cover Ladvi station.
The team of consulting engineers headed by Ing. RuZicka carried
out even the unique design for the tunnels launched to the Vltava
river bed, which was appreciated after the completion of the Line
IV.C1 not only in the Czech Republic but even at the World Concrete
Congress in Osaka and the World Tunnel Congress in Amsterdam.
The NATM was already exclusively assumed for the construction of
the mined running tunnels (mostly double-track ones) and Kobylisy
mined one-vault station. After the completion of the Line C section
IV.C1 (Ladvi — Letiiany) and the extension of the Line A from
Dejvice to Motol (the Line V.A) followed.

Apart from designing for the Prague metro, Ing. RuaZicka
even participated in many other designs and many other tunnel
construction projects. Among the motorway structures there were,
for example, the Valik tunnel on the D5 motorway, the Radej¢in and
Libouchec tunnels on the D8 motorway and, in Slovakia, the design
for the exploratory gallery for the ViStiové tunnel. Of the railway
tunnels, it is possible to mention the Krasikov and Tatenice tunnels,
the Hnévkov II tunnel, the reconstruction of the Jablinkov tunnels
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Zelezni¢ni tunel Praha — Beroun dlouhy 25 km pfipravovany
pro budouci vysokorychlostni Zelezni¢ni trat na max. rychlost
250 km/h.

Ing. Jifi Ruzicka pracoval v METROPROJEKTU Praha a. s. do
konce roku 2008. Od té doby az do soucasnosti spolupracuje jako
externi poradce a konzultant. VyuZiva své bohaté profesni zku-
Senosti, které ziskal pii projektovani a vystavbé prazského met-
ra a ostatnich tunelovych staveb. Nyni je to zejména pokracujici
projektova priprava nové trasy D a projektova priprava druhého
vystupu z razené stanice Staroméstska na trase A. V prubéhu své-
ho profesniho Zivota Ing. Jifi RUzicka publikoval desitky clan-
kt v odbornych Casopisech, zejména v Casopisu Tunel. Rovnéz
se aktivné zucastnil mnoha tuneldfskych konferenci a seminara
doma i v zahranici.

Vyznamné Zivotni jubileum zastihuje Ing. Jifiho RuZicku
v plné tvirdi sile. Je mi potéSenim, Ze mohu jménem vsech spolu-
pracovnikl a vas ¢tenart Casopisu Tunel popfat naSemu jubilan-
tovi pevné zdravi a hodné energie do dalsi prace.

Ing. MIROSLAV NOVAK,
METROPROJEKT Praha a. s.

ZIVOTNI JUBILEUM ING. MIROSLAVA NOVAKA
LIFE ANNIVERSARY OF ING. MIROSLAV NOVAK

Prvni jarni den letoSniho roku
oslavi své Zivotni jubileum nas mily
spolupracovnik a mdj dlouholety
kamarad Ing. Miroslav Novdk, kte-
ry se narodil pfed sedmdesati lety
21. 3. 1951 v Praze. V roce 1966
zacal studovat Stfedni pramyslovou
Skolu stavebni v Dusni ulici v Pra-
ze 1, obor vodohospodarské stavby.
Po maturité v roce 1970 byl prijat na
Strojni fakultu CVUT v Praze, kde
se pozdégji zaméril na obor Technika
prostedi staveb.

Po tspésném dokonceni vysokoskolského studia nastoupil v srp-
nu roku 1975 jako projektant do tehdejsiho projektového ustavu
DP METROPROJEKT Praha, na stfedisko inZenyrskych siti. Zde
zacal pracovat na projektech prazského metra ve specializaci vétra-
ni tuneld a stanic metra. Pii navrhovéni a realizaci hlavniho vétrani
metra a stani¢ni vzduchotechniky se jako odpovédny projektant
postupné podilel na jednotlivych projektech pro trasy metra II.A,
III.C, I.B, I.B, IIL.B, V.B, IV.C a V.A.

S vystavbou délni¢ni sité na Slovensku a v Cechach se také za-
Caly projektovat déalni¢ni tunely. Od roku 1997 se Ing. Novék po-
stupné vénoval projektiim vzduchotechniky délni¢nich tunelt Bra-
nisko, Cebrat, Visiiové a Zilina na dalnici D1 a Povazsky Chlmec
na délnici D3 ve Slovenské republice. V Ceské republice zpraco-
vaval projekty vétrani tuneltl Panenska na dalnici DS, rekonstrukci
méstského tunelu Letna v Praze a v poslednich letech projektim
vétrani tunelt Kamenny vrch na D11 a Détfichov na D35.V letech
2003 az 2011 byl ¢lenem mezindrodni silni¢ni organizace PIA-
RC, pracovni skupiny WG4 silni¢ni tunely ,,Air Quality, Fires and
Ventilation®.

V roce 2006 se stal Ing. Novak vedoucim stfediska Technickych

Tuel

in Moravia and the Turecky Vrch tunnel in Slovakia. Among the yet
not-realised structures, it was, for example, the 25km long Prague-
Beroun twin-tube railway tunnel being prepared for the future high-
speed railway for maximum speed of 250km/h.

Ing. Jifi Ruzicka worked with METROPROJEKT Praha a. s. until
the end of 2008. Since that time he has collaborated in the position
of an external adviser and consultant till now. He uses the large
experience he gathered in designing and construction of Prague
metro and other tunnel construction projects. Now it is first of all
the continuing design preparation for the new Line D and design
preparation for the second exit from Staroméstska mined station on
the Line A. During his professional life, Ing. Jifi RuZi¢ka published
tens of papers in technical journals, first of all TUNEL journal. In
addition, he actively participated in many tunnel conferences and
seminars, both domestic and foreign.

This important life anniversary meets Ing. Jifi RdZicka at full
creative power. It is a pleasure for me that I can wish our jubilarian
on behalf of all collaborators and you, TUNEL journal readers, good
health and a lot of energy into further work.

It is a pleasure for me that I can wish our jubilarian on behalf of all
collaborators and you, TUNEL journal readers, good health and a lot
of energy into further work.

Ing. MIROSLAV NOVAK, METROPROJEKT Praha a. s.

On the first spring day of this year, our dear collaborator and my
long-time friend Ing. Miroslav Novak, who was born seventy years
ago on March 21, 1951 in Prague, will celebrate his life anniversary.
In 1966 he began studying at the Secondary Industrial School of
Civil Engineering in Dusni Street in Prague 1, majoring in water
management construction. After passing maturity exams in 1970,
he was accepted to the Faculty of Mechanical Engineering of the
Czech Technical University in Prague, where he later focused on the
field of Building Environmental Engineering.

After successfully completing his university studies, in August
1975, he joined the then DP METROPROJEKT Prague Design
Institute in the position of designer at the department of engineering
networks. Here he began working on Prague metro designs
specializing in the ventilation of tunnels and metro stations. During
the design and implementation of the main ventilation of the metro
and station ventilation, in the position of a responsible designer, he
gradually participated in individual designs for the metro lines II.A,
II.C, 1B, I.B, IIL.B, V.B, IV.C and V.A.

Designing for motorway tunnels also began with the construction
of the motorway network in Slovakia and the Czech Republic.
Since 1997, Ing. Novak gradually started to work on ventilation
designs for the Branisko, Cebrat, Vistiové and Zilina motorway
tunnels on the D1 motorway and the Povazsky Chlmec tunnel on
the D3 motorway in the Slovak Republic. In the Czech Republic, he
worked on ventilation designs for the Panenska tunnels on the D8
motorway, the reconstruction of the Letnd urban tunnel in Prague
and, in recent years, on ventilation designs for the Kamenny Vrch
tunnels on the D11 motorway and Détfichov on the D35 motorway.
From 2003 to 2011, he was a member of the international road
organization PIARC, the WG4 working group on road tunnels ,,Air
Quality, Fires and Ventilation®.

In 2006, Ing. Novak became the head of the Technical Equipment
department of METROPROJEKT Praha a.s. Within the department,
he professionally participated in the solution and processing of
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zafizeni METROPROJEKTU Praha a.s. V ramci stfediska se od-
borné podilel na feseni a zpracovani projektti vzduchotechniky na
trasach metra IV.C1 a V.A. Mimo projekty prazského metra a sil-
nicnich tunelt se v té dobé také realizovaly projekty rekonstrukce
historické budovy Klementina, budovy Ceského rozhlasu na Vi-
nohradech, aquaparku v Cestlicich a mnoha dalich komerénich
staveb. Pfi feSeni dopravnich a komerc¢nich staveb Ing. Novék tesil
také problematiku utlumu hluku z dopravy a technickych zatizeni
budov.

V roce 2013 predal vedeni stfediska svému kolegovi a zacal
pracovat ve funkci technicky specialista a hlavni inZenyr projekta
technologického zafizeni silni¢nich a Zelezni¢nich tuneld. Soucasti
naplné prace specialisty je také feSeni problematiky ochranného
systému metra (OSM).

Ing. Miroslav Novak v pribéhu svého profesniho Zivota publiko-
val rizné odborné ¢lanky v odbornych Casopisech a také v Casopisu
Tunel. Zucastioval se rovnéZ mnoha tuneldrskych konferenci a se-
minaft doma i v zahranici.

Kromé profese vzduchotechnika, ktera se mu postupné sta-
la konickem, miluje poznavani cizich zemi, turistiku i nidro¢nou
vysokohorskou turistiku (napr vystup na Elbrus). Jiz nékolik let
je predsedou Klubu ceskych turistt METROPROJEKTU Praha.
DalSimi jeho zalibami je aktivni sport, pfedev§im cyklistika, tenis
a bézecké ¢i sjezdové lyZovani. Je pravidelnym ucastnikem letnich
i zimnich sportovnich her organizovanych pro zaméstnance nasi
firmy. Vzhledem k vyborné fyzické zdatnosti se pravideln¢ zucast-
nuje zavodu ,,Jizerska 50%.

Ing. Miroslav Novak slavi vyznamné Zivotni jubileum v plné sile
a svézesti. Jsem velmi potésen, Ze mohu jménem vsech spolupra-
covnikl a vés Ctenarti Casopisu Tunel poprat nasemu jubilantovi
pevné zdravi a hodné energie do dalsi prace a sportovnich aktivit.

Ing. MIROSLAV KOCHANEK,
METROPROJEKT Praha a. s.

ROZLOUCENI

SPOMIENKA NA ING. PETRA CERTIKA
MEMORY OF ING. PETER CERTIK

Prvy novembrovy tyZden minulé-
ho roka sa v kratkom Case uz druhy
krat rozozvucali telefony Sirokej tu-
nelarskej obce so smutnou spravou.
Odisiel nesmierne hiiZzevnaty, takmer
nezlomny banik, tuneldr a najmi sr-
de¢ny ¢lovek Ing. Peter Certik.

Ing. Peter Certik bol bezpochyby
jednou z najvyraznej$ich osobnosti
medzi riaditelmi ,,modernych® tune-
larskych firiem na Slovensku. Jeho
nezlomnu chut pracovat, podielat sa
spolu s firmou Banské projekty na projektovani banskych a tune-
lovych stavieb si budi dobre pamitat vSetci, s ktorymi spolupra-
coval.

Narodil dna 29. 6. 1933 v banickom kraji na Hornej Nitre,
v obci Cigel, okres Prievidza. Ako skromny chlapec, z jednodu-

chych pomerov, sa v tazkych ¢asoch svojou hiZevnatostou a ro-
zumom vypracoval postupne od banickeho uc¢iia, cez rézne pozi-
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ventilation designs for metro lines IV.C1 and V.A. In addition to
the designs for the Prague metro and road tunnels, designs for the
reconstruction of the historic Klementinum building, the Czech
Radio building in Vinohrady, the water park in Cestlice and many
other commercial buildings were also carried out at that time.
When solving transport and commercial structures, Ing. Novék also
addressed the issue of noise attenuation from traffic and technical
equipment of buildings.

In 2013, he handed over the management of the department to his
colleague and began working in the position of a technical specialist
and chief engineer of designs for the technical equipment of road
and railway tunnels. Part of the specialists job is also to address the
issue of the metro protection system.

During his professional life, Ing. Miroslav Novék published
various professional articles in professional journals and also in
the TUNEL journal. He has also participated in many tunnelling
conferences and seminars at home and abroad.

In addition to the profession of ventilation designer, which has
gradually become his hobby, he loves exploring foreign countries,
hiking and challenging alpine tourism (such as climbing Elbrus).
For several years he has been the chairman of the Club of Czech
Tourists of METROPROJEKT Prague. His other hobbies are active
sports, especially cycling, tennis and cross-country or downhill
skiing. He is a regular participant in summer and winter sports
games organised for employees of our company. Due to his excellent
physical fitness, he regularly participates in the ,,Jizerska 50 race.

Ing. Miroslav Novak is celebrating a significant life anniversary
in full strength and freshness. I am very pleased to be able to wish
our jubilarian good health and a lot of energy for further work
and sports activities on behalf of all our colleagues and readers of
TUNEL journal.

Ing. MIROSLAV KOCHANEK,
METROPROJEKT Praha a. s.

LAST FAREWELL

In the first week of November 2020, phones of the wide tunnelling
community rang for the second time in a short time with sad news.
Ing. Peter Certik, an extremely strong-willed man, nearly steadfast
poet, tunneller and, in the first place, a hearty person, passed away.

Ing. Peter Certik was undoubtedly one of the most noticeable
personalities among directors of “modern” tunnel construction
companies in Slovakia. His unwavering desire to work, to
participate together with the Banské Projekty (Mine design)
company in designing for development of mines and tunnel
construction projects, will be well remembered by everyone with
whom he had collaborated.

He was born on 29 June 1933 in the mining region around Hornd
Nitra, in the village of Cigel, the district of Prievidza. As a modest
boy, born in simple conditions, he gradually developed in difficult
times from a mining apprentice with tenacity and reason, through
various positions, to a top conceptual expert with a broad horizon
and interest in public affairs and technical development in geology,
mining, gas industry, energy industry, special underground
construction and other sectors.
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cie, na Spickového koncepcného odbornika, so Sirokym obzorom
a interesom o veci verejné a technicky rozvoj v geoldgii, banictve,
plynarenstve, v energetike, Specidlnom podzemnom stavitelstve,
ale aj v dalSich odvetviach.

Popri beznom pracovnom zaradeni zaroveni dobrovolne aktivne
vykonéval funkciu banského zdchrandra a zdcastnil sa mnohych
Zivotu nebezpeénych zdsahov. Co si najviac sam cenil je to, Ze
kazdy zachranarsky zasah, ktorého bol Gcastnikom, bol uspesne
zvladnuty.

V rokoch 1959-1965 dialkovo vyStudoval Vysoku Skolu tech-
nickd, Banicku fakultu v KoSiciach, neskor v rokoch 1967—-1969,
rovnako, dialkovo, postgraduélne Stidium na Vysokej Skole Ban-
skej v Ostrave. V kariére pokracoval ¢lenstvom vo vrcholovom
manazmente Bane Handlova.

S jeho tGcinkovanim na Bani Handlova bolo spojené zavadzanie
technického pokroku do podzemia, od hydraulickych spojok, az
po komplexnid mechanizdciu dobyvania a opatrenia na ochranu
nerastného bohatstva SR, najmid uhlia, a jeho raciondlne vydo-
bytie.

Po odchode z Bane Handlovd v novembri 1979 nastupil na Ban-
ské projekty v Bratislave, vtedy koncernovu a icelovi organizaciu
Uholnych a lignitovych bani v Prievidzi. Spociatku ako projektant
Specialista na organizaciu vystavby, rieSenie banskych koncepcii
a projektovanie sandcie zosuvov. Po roznych peripetidch spoje-
nych s transforméciou a privatizdciou Banskych projektov sa stal
v marci 1995 zakladatelom spolo¢nosti INCO — BANSKE PRO-
JEKTY, s.r.o. (t. ¢. len Banské projekty, s.r.o.), ako néastupnicku
spoloénost v Casti projektové, poradenské, konzultacné a inZinier-
ske ¢innosti, do ktorej presli vSetci projektanti.

Prevzal za spolocnost a zamestnancov plni zodpovednost,
ktort napliial ako riaditel a konatel spolo¢nosti s absoldtnym
nasadenim az do svojich poslednych dni, na ukor seba samého,
rodiny a pohodlia, napriek vaZnym zdravotnym problémom a vy-
sokému veku.

V obdobi, v ktorom viedol spolo¢nost Banské projekty, sa po-
dielal na projektovani a vystavbe viacerych modernych tunelo-
vych stavieb na Slovensku, pricom najvyraznejsi bol jeho prinos
na vystavbe prvého slovenského dialni¢ného tunela Branisko.

Za svoju pracu bol mnoho krat oceneny a boli mu udelené mno-
hé Cestné uznania a vyznamenania. Za vSetko azda hovori naj-
vy$Sie Statne vyznamenanie za vyznamné zasluhy a hospodérsky
rozvoj SR, ,,PRIBINOV KRIZ 111 triedy*, udelené prezidentom
SR v roku 2004.

Mal dve rodiny: pracovnu a td svoju — osobnt, v ktorej viedol
vSetkych k stdrznosti, spolupatricnosti a vzdjomnej ucte. Aj ked
niekedy uprednostnil pracu, vedel, Ze jeho milovani mu to od-
pustia. S radosfou organizoval rodinné stretnutia svojich 5 deti,
9 vnucat a 7 pravnucat na chalupe v Cigli a nesmierne sa z toho
tesil.

Jeho pozdrav ,,0, no vitajte! Co Vam pondknem? Len nepo-
vedzte nic, lebo to sa tazko podava! A nechvélte sa, Ze méte auto,
aj ja mam auto®, sme poculi azda vsetci, a mnohokrat bez ohla-
du na to, ¢i sme prisli diskutovat o problémoch alebo radostiach
projektov, na ktorych sme spolupracovali, alebo len ako priatelia.

Bol spolocensky, pohostinny, miloval Tudi, pre kazdého mal ot-
vorené dvere a najvzacnej$i dar — Cas. Venujme mu aj my teraz
chvilu nasho ¢asu pri tejto spomienke.

Peter, Cest Tvojej pamiatke — Zdar Boh!

Ing. STEFAN CHOMA

Tuel

In addition to his regular job, he also volunteered to be a mining
rescuer and took part in many life-threatening interventions. What
he valued most was the fact that each rescue operation he was
involved in was successfully coped with.

In the years 1959-1965 he graduated remotely from the
Technical University in KoSice, the Faculty of Mining, later in the
years 1967-1969, also remotely, passed postgraduate studies at the
Technical University of Ostrava, Faculty of Mining. He continued
his career with the company of Bane Handlova (Handlovd Coal
Mines) in the position of a member of the top management.

Its effect on the Handlova Coal Mines was associated with the
introduction of technical progress into the underground, from
hydraulic couplings to comprehensive mechanisation of mining
work and measures to protect the mineral wealth of the Slovak
Republic, especially coal, and its rational extraction.

After leaving Handlovd Coal Mines in November 1979, he
joined the company of Mining Projects in Bratislava, then the
group and special-purpose organization of the Uholné a Lignitové
Bane (Coal and Lignite Mines) in Prievidza. In the beginning
he was in the position of a designer, a specialist in organising
development of mines, solving mining concepts and designing
landslide remediation. After various ups and downs associated with
the transformation and privatisation of Mining Projects, he became
the founder of INCO — BANSKE PROJEKTY, s.r.o. (at that time
only Banské Projekty, s.r.0.), in March 1995. It was a successor
company in the part of design, consulting and engineering activities,
to which all designers transferred.

He took full responsibility for the company and employees,
which he fulfilled as a director and executive head of the company
with absolute commitment until his last days, at the expense of
himself, family and comfort, despite serious health problems and
old age.

During the period in which he led the company Mining Projects,
he participated in the design and construction of several modern
tunnel construction projects in Slovakia, the most significant of
which was his contribution to the construction of the first Slovak
motorway tunnel, the Branisko.

He has been appreciated many times for his work and has been
awarded many honourable mentions and honours. The Supreme
State Award for significant merits and economic development of
the Slovak Republic, “PRIBINA’S CROSS class III”, granted by
the President of the Slovak Republic in 2004, certainly speaks for
itself.

He had two families: his work and his own — personal family,
in which he led everyone to cohesion, keeping together and
mutual respect. Although he sometimes preferred work, he knew
that his loved ones would forgive him. He was happy to organise
family meetings for his 5 children, 9 grandchildren and 7 great-
grandchildren at a cottage in Cigli, and he was extremely happy
about it.

What can I offer you? Just don’t dare to say nothing, because
nothing is hard to serve! And don’t brag that you have a car, I also
have a car, we’ve all heard or used this excuse many times, without
respect whether we came to discuss problems or joys of the projects
we had worked on or just to chat as friends.

He was sociable, hospitable, loved people, had an open door for
everyone and the most precious gift — time. Let us also dedicate a
moment of our time to his memory now.

Peter, Honour to Your Memory — God speed you!

Ing. STEFAN CHOMA
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Viclav Andél, Ing. Miroslav Filip, Ing. Stefan Ivor,

Metrostav a.s. 4/2020 14
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