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Véazeni Citatelia Casopisu Tunel,

dostdva sa vam do ruk druhé tohtoro¢né vydanie Casopisu, ktoré vychadza v zlozitych spolocensko-hospodars-
kych Casoch. Na jednej strane sa te§ime z uvolfiovania protipandemickych opatreni a na druhej strane mame za
hranicami vojnovy konflikt, ktory vyvolava obavy zo socidlnej a hospodarskej krizy. Nové ¢islo prinasa tri ¢lanky
z praxe od spoloc¢nosti PORR a.s., ktora je etablovana na slovenskom trhu od roku 1991. Spolo¢nost poskytuje kom-
plexné stavebné sluzby a realizuje stavebné projekty rozneho rozsahu pre pozemné stavitelstvo a v oblasti inZinier-
skych stavieb pre §tatnych aj stikromnych zakaznikov. DalSie tri ¢lanky st z akademického prostredia zo Stavebnej
fakulty Ceského vysokého uéenia technického v Prahe.

Prvy ¢lanok vas zavedie do Polska, kde firma PORR a.s. realizuje vystavbu najdlhsej podvodnej komunikacie
v Polsku s dizkou 3,2 km. Trasu tvori 1,4 km dlhy tunel Swinoujscie, vedeny v nerovnorodych $trkovych naplaveninich rieky Swina.
Prispevok opisuje tspesnu realizaciu tunela raziacim strojom TBM s bentonitovym Stitom (Slury Shield) od vyrobcu CREG. V druhom
¢lanku sa pozrieme na to, ako sa popasovali s vystavbou novych liniek metra v husto zastavanom tzemi centra mesta Vieden. Prispevok
sa venuje vSetkym potrebnym opatreniam, ktoré realizator vykondava na monitorovanie a prevenciu negativnych vplyvov spdsobenych ra-
zenim tunelovych rur. Pri ¢itani tretieho ¢lanku sa ocitneme v Perzskom zalive. Autor nds obozndmi s vyuZitim metédy BIM pri realizdcii
projektu Musaimerer Pumping Station & Outfall Tunell (MPSO), ktory je jednym zo strategickych projektov emiratu Katar. Predstavuje
tieZ rieSenie napojenia odvodného tunela a vypustnej Sachty difizneho pola, ktoré bolo jednou z najvicsich vyziev pri realizécii.

V ¢lankoch z akademického prostredia profesor Bartdk opisuje, ako buranie a opdtovné postavenie budovy ovplyviiuje obmurovku v his-
torickych Vinohradskych tuneloch IT a III. V dalSom ¢lanku kolektiv autorov upozorfiuje na rizikd a obmedzenia pri pouZziti ekvivalentnych
parametrov Smykovej pevnosti pri nahradeni Hoek-Brownovho kritéria porusenia Mohr-Coulombovym modelom pri rieseni chovania hor-
ninového masivu pomocou metddy konecnych prvkov. Posledny ¢lanok tohto ¢isla sa zaobera analyzou dat ziskanych z riadiaceho systému
tunelovej stavby pri riadeni udrzby tunelového systému. V zdvere Casopisu nechybaju pravidelne sa opakujuce rubriky.

Citatelom prajem prijemné ¢itanie asopisu Tunel. Na zaver mi dovolte vyslovit priane, aby sme ¢oskoro uvideli svetlo na konci tunela
7o sucCasnej krizy.

Ing. SONA MASAROVICOVA, Ph.D.,
¢lenka redakcnej rady

Dear Tunel journal readers,

this year’s second issue of the journal, which is published in this difficult socio-economic time, is arriving in your hand. On the one hand,
we are looking forward to the easing of anti-pandemic measures, and on the other hand, we have a war behind our borders that raises fears
of a social and economic crisis. The new issue brings three papers from practice provided by the company of PORR a.s., which has been
entrenched on the Slovak market since 1991. The next three papers are from the academic environment of the Faculty of Civil Engineering
of the Czech Technical University in Prague.

The first paper will take you to Poland, where the company of PORR a.s. is carrying out the construction of the longest underwater
road in Poland with a length of 3.2km. The route consists of the 1.4km long Swinoujscie tunnel, which runs in the inhomogeneous
gravel alluvium of the Swina River. The paper describes the successful construction of the tunnel using a Slurry Pressure Balance TBM
manufactured by CREG. In the second paper, we will look at how tunnellers dealt with the construction of new metro lines in the densely
developed area of the Vienna city centre. The paper deals with all the necessary measures that the contractor takes to monitor and prevent
the negative effects caused by the excavation of tunnel tubes. Reading the third article, we find ourselves in the Persian Gulf. The author
will acquaint us with the use of the BIM method in the construction of the Musaimerer Pumping Station & Outfall Tunnel (MPSO), which
is one of the strategic projects of the Emirate of Qatar. It also introduces a solution for the connection of the outlet tunnel and the discharge
shaft of a diffusion field, which was one of the biggest challenges in the construction.

In papers from the academic environment, professor Bartdk describes how the demolition and repeated construction of buildings affects
the lining of Tunnels IT and III in the historic district of Vinohrady. In the next article, a team of authors draws attention to the risks and
limitations of using equivalent shear strength parameters in replacing the Hoek-Brown failure criterion with the Mohr-Coulomb model
in solving the behaviour of a rock mass using the finite element method. The last paper of this journal issue deals with the analysis of
data obtained from the tunnel construction management system regarding the tunnel maintenance. The regular recurring columns are not
missing at the end of the journal.

I wish you, dear readers, pleasant reading of the TUNEL journal. To conclude, let me make a wish that we will soon see the light at the
end of the tunnel from the current crisis.

Ing. SONA MASAROVICOVA, Ph.D.,
Member of Editorial Board
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tunel predstavuje cestu, no Casto symbolizuje prechod
z jednej fazy (Zivota) do druhej. Od mojho néavratu na Slo-
vensko a nastupu do vedenia spolo¢nosti PORR s.r.0. (2019)
je mojou misiou stavat na jej silnych zdkladoch, posunit ju
do novej fazy a prispiet k progresu ¢eského a slovenského
stavebnictva. Z mdjho pohladu stavebnictvo stoji na Tudoch,
na trhu je kltucova agilita, synergia, strategické partnerstva
a otvorend a trpezlivd komunikécia, posun k modernym
technolégiam, ale aj zmyslaniu, ekologickej a spolocenskej
zodpovednosti. Menej prijemné su vyzvy, ktorym stavebnic-
tvo aktudlne Celi, ako bezprecedentné zvysenie cien a nedostatok mate-
ridlov, situdcia na trhu prace a byrokracia.

Spoloc¢nost nesie meno zakladatela Arthura Porra uz 150 rokov, ktoré
je spojené s vyvojom Novej rakuskej tunelovacej metddy a v stcasnosti
aj s rychlo sa rozvijajucou digitalizaciou v sektore stavebnictva.

V PORRe sme obzvlast hrdi na nas patent na vystavbu Zelezni¢nych
trati na pevnej jazdnej drahe, tzv. slab track, ktory sme vyvinuli v spo-
lupraci s Rakiskymi spolkovymi dréhami OBB pod ndzvom ,,Slab
Track Austria® a prvykrat ho realizovali uz v roku 1989. Okrem dlhej
Zivotnosti tto technologia spiiia vietky poZiadavky stanovené pre vy-
sokorychlostni dopravu, takmer bezidrzbovi prevadzku Zeleznicnej
trati, vysoku mieru zabezpecCenia a minimalneho opotrebovania vlakov.
Prostrednictvom tejto unikétnej technoldgie sme napriklad zrealizovali
160 km metra v Katare, dalSie na projekte Stuttgart 21 tsek C, Koralm-
bahn, Barking Riverside, alebo projekte tunelov metra v australskom
Melbourne.

Pokrokové technoldgie vak nie st vSetko. Vdaka integracii social-
nych a ekologickych hladisk ziskal PORR v roku 2020 zlati medai-
Iu v hodnoteni spolocenskej zodpovednosti firiem (CSR) od agentiry
EcoVadis a nedavno tieZ najvyssiu znamku v medzinarodne uznavanom
ekologickom hodnoteni Carbon Disclosure Project (CDP).

Na ceskom a slovenskom trhu pdsobi PORR uZ od roku 1991. Me-
dzi najvyznamnejsie projekty nasho pdsobenia na slovenskom trhu je
obchvat Bratislavy (D4R7), obchvat Cadce a krizovatka Triblavina, ale
aj pozemné stavby, ako napriklad administrativno-obchodny komplex
Eurovea, sidlo Slovenskej sporitelne ¢i elektraren MalZenice.

Préave prebiehajica plynuld vystavba rozSirenia liniek Viedenského
metra dokazuje, Ze nasa spolocnost dokaze efektivnym monitoringom
a inovativnou kompenzacnou injektdZou realizovat tunelové stavby aj
v husto zastavanom tzem{ hlavného mesta, bez ich porusenia. Clanok
o budovani najdlhsej podvodnej komunikacii v Polsku poukazuje na
nasu schopnost vybudovat tunel aj vo velmi nepriaznivych geologic-
kych podmienkach. Cldnok popisujtici vystavbu MPSO (precerpavacia
stanica s napojenim na odvodny tunel) v katarskej Dohe poukazuje na
naSu vysokd znalost vystavby pouzitim BIM modelu. Aj v Ceskej re-
publike sme v modeli BIM market lidrom.

Aktudlne v Ceskej republike realizujeme napriklad rekonstrukciu
futbalového Stadionu v Pardubiciach, dialni¢ny dsek Frydek-Mistek
obchvat I. etapa, rekonstrukciu tratového tseku Kfizanov — Sklené nad
Oslavou a najnovsim projektom je oprava najvytaZenejsej tepny Ceska
— prazského Barandovského mosta. Na Slovensku sme nadviazali stra-
tegické partnerstva s hodnotovo blizkymi spolo¢nostami. Vdaka takejto
spolupraci mame podiel na realizacii projektu dostavby D1 Lietavska
Lucka — Dubna Skala vratane tunela Visiiové a rychlostnej cesty R3
Tvrdosin — NiZnd. Na zéklade naSich skusenosti rozSirujeme nase pdso-
benie v Cechich a na Slovensku aj o segment tunelov
so zameranim hlavne na razenie TBM metddou, v kto-
rej sme viac ako kompetentni a znali.

V tomto vydani ¢asopisu Vam predstavujem inova-
tivne rieSenia mojich kolegov, kto-
rych skdsenosti vieme velmi rychlo
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DEAR READERS, LADIES AND GENTLEMEN

a tunnel represents a path, but it often symbolises the transi-
tion from one phase (of life) to another. Since my return to
Slovakia and entry to the management of PORR s.r.0. (2019),
my mission has been to build on its strong foundations, move
it to a new phase and contribute to the progress of the Czech
and Slovak construction industry. In my view, construction de-
pends on people. Synergies, strategic partnerships and open
and patient communication, a shift to modern technologies but
also thinking, environmental and social responsibility are key
agilities on the market. Less pleasant are the challenges cur-
rently facing the construction industry, such as unprecedented
price increases and a shortage of materials, the labour market situation
and bureaucracy.

The company has been named after the founder Arthur Porr for 150
years. It is associated with the development of the New Austrian Tunnel-
ling Method and currently with the rapidly developing digitisation in the
civil engineering sector.

At PORR, we are particularly proud of our patent for the construction
of railways on a rigid track, the so-called slab track, which we developed
in cooperation with the Austrian Federal Railways OBB under the name
,Slab Track Austria® and applied for the first time in 1989. In addition
to its long service life, this technology meets all the requirements set for
high-speed transport, almost maintenance-free operation of the railway
track, a high level of security and minimum wear and tear on trains. Us-
ing this unique technology, we have, for example, built 160km of metro
in Qatart; we applied it to the section C of the Stuttgart 21 project, the
Koralmbahn railway, Barking Riverside railway or the project for metro
tunnels in Melbourne, Australia.

However, advanced technologies are not everything. Thanks to the in-
tegration of social and environmental aspects, PORR was awarded a gold
medal in corporate social responsibility (CSR) by EcoVadis in 2020 and
recently also obtained the highest mark in the internationally recognised
environmental assessment Carbon Disclosure Project (CDP).

PORR has been operating on the Czech and Slovak markets since 1991.
The most important projects of our operation on the Slovak market are the
Bratislava bypass (D4R7), the Cadca bypass and the Triblavina motorway
intersection, as well as buildings such as the Eurovea administrative and
commercial complex, the seat of Slovenska Sporiteliia saving bank or the
MalZenice power plant.

The ongoing continuous construction of the extension of the Vienna
metro lines proves that our company is able to carry out tunnel construc-
tion in the densely developed area of the capital without causing damage
to it through effective monitoring and innovative compensation grouting.
The paper on the construction of the longest underwater road in Poland
points to our ability to construct a tunnel even in very unfavourable geo-
logical conditions. A paper describing the construction of the MPSO
(pumped storage station with connection to an outlet tunnel) in Doha, Qa-
tar, highlights our high knowledge of construction using the BIM model.
We are also the market leader in the BIM model in the Czech Republic.

Currently in the Czech Republic we are carrying out, for example,
the reconstruction of the football stadium in Pardubice, the stage I of the
motorway section of the Frydek-Mistek bypass, the reconstruction of the
Kfizanov — Sklené nad Oslavou track section and the latest project is the
repair of the busiest arterial road in the Czech Republic — the Barandov
Bridge in Prague. In Slovakia, we have established strategic partnerships
with companies close in terms of their value-related attitudes. Thanks
to such cooperation, we have a share in the completion of the Lietavska
Luicka — Dubnd Skala section of the D1 motorway, including the Visiiové
tunnel and the R3 Tvrdosin — Nizna high speed highway. Based on our
experience, we are expanding our operations in the Czech Republic and
Slovakia to include the tunnel construction segment, fo-
cusing mainly on TBM excavation using the method in
which we are more than competent and knowledgeable.

In this issue of the journal, I present to you the inno-

vative solutions designed by my colle-
agues, whose experience we can very
quickly use in our market.

ING. PAVEL ZUZULA

konatel PORR s.r.0./¢len predstavenstva PORR a.s.
Managing Director PORR s.r.0./Member of Board PORR a.s.

pouZit aj na naSom trhu.
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VAZENI CTENARI, DAMY A PANOVE,

Fakulta stavebni CVUT v Praze je $kola s vice
ne7 tiisetletou tradici, kterd pfi zachovani pevnych
zakladll inZenyrského femesla reaguje na trendy
moderni spolecnosti. Ve strukturovaném studiu si
zajemci mohou vybrat z fady bakalarskych, magis-
terskych a doktorskych studijnich programii, nékteré
z nich jsou také realizovany v rdmci konsorcii vy-
znamnych evropskych univerzit. Moderni vyukové
metody, odpovidajici vyzkumné zdzemi a stabilni
tym pedagogti sloZeny z respektovanych odbornikd jsou hlav-
ni pilife, které umozuji pfipravu kvalifikovanych odborniki,
ktefi jsou schopni samostatné fesit ndrocné odborné a technic-
ké otazky Siroké inZenyrské praxe a maji predpoklady dspées-
né se uplatnit v odpovédnych inZenyrskych i manaZerskych
funkcich.

Stavebnictvi je kreativni odvétvi — spojuje teorii a praxi. Vy-
Zaduje tvuréi mysleni, operativni feSeni unikdtnich problému.
Je nutné jit stile kuptfedu, inovovat, implementovat nové tech-
nologie. To by bez kvalitniho vyzkumu nebylo mozné. Fakulta
patii mezi evropskou Spicku jak v zdkladnim, tak i aplikovaném
vyzkumu. Mame vyborné vybavené laboratore v oblasti staveb-
nich konstrukei a materiali, vodohospodarského inZenyrstvi,
unikétnim pracovi§tém je podzemni laboratoi Stola Josef, mame
vlastni hvézdarnu, zajimavé architektonické ateliéry a snaZime
se toto zdzemi vyuZzivat ke vzdélavani studentli, vychové no-
vych védeckych pracovniki i pro realizaci nasich vyzkumnych
projektd.

Partnery fakulty jsou vyznamné stavebni firmy, které nabizeji
studentim exkurze, staze ¢i praxi a podporuji jejich zahrani¢ni
studijni pobyty v rdmci programu Erasmus nebo bilaterdlnich
dohod. U naSich studentti a absolventl ocenuji kombinaci so-
lidniho teoretického zakladu, odbornych znalosti a tvarcich
schopnosti.

Tési mne, Ze se fakulta stala mistem pusobeni fady tvur-
¢ich osobnosti z mnoha oblasti. Jsem presvédéen, Ze zaruka
jejiho budouciho rozvoje je zaloZena na zkuSenostech starSich,
nadSeni mladSich a na spolupraci akademickych pracovnikil
a studentul.

Fakulta stavebni cti strategické cile Ceského vysokého uceni
technického v Praze, jehoZ hlavnimi zdméry je podilet se na
rozvoji spolecnosti a byt predstavitelem vzdélanosti, technic-
kého pokroku a umélecké tvofivosti. Na§im zamérem je také
nadédle rozvijet zdkladni poslani fakulty, charakterizované
tfemi klicovymi slovy: tradice — kvalita — perspektiva. Jsme
excelentni pracovisté s mnohaletou tradici, kterd nas zavazu-
je k tomu, aby kvalita nasi pedagogické a tviréi ¢innosti byla
co nejvyssi a nasi absolventi i zaméstnanci méli
jasnou perspektivu svého pracovniho uplatnéni.

DEAR READERS, LADIES AND GENTLEMEN,

The Faculty of Civil Engineering of the Czech
Technical University in Prague is a school with a
more than 300-year tradition, which, while maintain-
ing a solid foundation of engineering craft, responds
to the trends of modern society. In the structured
study, those interested can choose from a number of
bachelor’s, master’s and doctoral study programs,
some of which are also organised within consortia
of major European universities. Modern teaching
methods, appropriate research background and a stable team
of teachers composed of respected experts are the main pil-
lars that allow the preparation of qualified professionals who
are able to independently solve challenging professional and
technical issues of wide engineering practice and have the pre-
requisites for successful acquitting themselves in responsible
engineering and managerial positions.

Construction is a creative industry — it combines theory and
practice. It requires creative thinking, operative solutions to
unique problems. It is necessary to keep moving forward, to
innovate and implement new technologies. This would not be
possible without quality research. The faculty is one of the
European leaders in both basic and applied research. We have
excellently-equipped laboratories in the field of building struc-
tures and materials, water management engineering; a unique
workplace is the underground laboratory Josef gallery. We
have our own observatory, interesting architectural studios and
we try to use this background to educate students, educate new
scientists and implement our research projects.

Faculty partners are major construction companies that of-
fer students excursions, internships or practice and support
their study stays abroad within the Erasmus program or bilat-
eral agreements. Our students and graduates are appreciated
in terms of the combination of a solid theoretical foundation,
professional knowledge and creative abilities.

I am pleased that the faculty has become the site of a number
of creative personalities from many fields. I am convinced that
the guarantee of its future development is based on the experi-
ence of older people, the enthusiasm of younger people and the
cooperation of academic staff and students.

The Faculty of Civil Engineering honours the strategic goals
of the Czech Technical University in Prague, whose main goals
are to participate in the development of society and to be a rep-
resentative of education, technical progress and artistic creativ-
ity. Our intention is also to further develop the basic mission of
the faculty, characterised by three key words: tradition — qual-
ity — perspective. We are an excellent workplace with a long
tradition, which obliges us to ensure that the quality of our
pedagogical and creative activities is as high as possible and
that our graduates and employees have a clear
perspective of their employment.

PROF. ING. JIRI MACA, CSC.

dékan Fakulty stavebni CVUT v Praze

Dean of the Faculty of Civil Engineering
of the CTU in Prague
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TUNEL SWINOUJSCIE - OBTIAZE SUVISIACE S GEOTECHNICKYMI
PODMIENKAMI PRI VYUZITI BENTONITOVEHO STITU

SWINOUJSCIE TUNNEL -

DIFFICULTIES RELATED

TO GEOTECHNICAL CONDITIONS WHEN USING A SLURRY SHIELD

ARTHUR GOBL, LUBICA PISTANSKA

ABSTRAKT

Cldnok popisuje vystavbu najdlhSej cestnej komunikdcie vedenej pod vodnou hladinou v Polsku s dlzkou 3,2 km. Trasu tvori tunel dlhy
1,44 km vedeny v nerovnorodych Strkovych naplavenindch rieky Swina. Popisuje tispesnii realizdciu plnoprofilovym raziacim strojom

typu bentonitovy Stit (Slurry Shield).

ABSTRACT

The paper describes the construction of the longest underwater road in Poland with a length of 3.2km. The route is formed by a 1.44km
long tunnel running in the inhomogeneous gravel alluvium of the Swina River. It describes the successful construction of a full-face

tunnelling machine of the slurry shield type.

1. UvoD

Mesto Swinoujécie sa nachddza na 44 ostrovoch, z ktorych st
obyvané iba tri — Usedom, Wolin a Karsibor. Prepravu medzi nimi
v sucasnosti zabezpecuju trajekty, ktoré vzhladom na premenlivost
pocasia nie su uplne spolahlivé. Z tohto dovodu sa polska vlada roz-
hodla pre vybudovanie podzemného prepojenia mesta s pevninou.

Dopravné spojenie bude dlhé priblizne 3,2 km. Trasa zahffia pre-
dizené rampové konstrukcie na obidvoch brehoch rieky a 1,44 km
dlhy tunel, ktory povedie pod riekou Swina a spoji ostrovy Usedom
a Wolin (obr. 1). Po dokonc¢eni bude spojenie najdlh§ou komunika-
ciou vybudovanou pod vodnou hladinou v Polsku. Jedn4 sa o jed-
nordrovy tunel s obojsmernou prevadzkou.

2. ZAKLADNE INFORMACIE O PROJEKTE

Investorom st¢asného projektu je mesto Swinoujscie spolu
s GDDKIiA (Generalne riaditelstvo pre Statne cesty a dialnice v Pol-
sku). Zakazku na vystavbu zadali v roku 2018 konzorciu firiem Porr
SA, Porr Bau/Tunnelbau a Giilermak. Hodnota zakazky je 793 mili-
6nov PLN (pribliZzne 175 miliénov EUR). Zmluva o vystavbe je typu
,naprojektuj-postav* (design and build). Zakladom st zmluvné pod-
mienky Zltej knihy FIDIC s urcitymi Gpravami. Okrem pldnovania

-

Obr. 1 Trasa 1,44 km dlhého tunela pod riekou Swina
Fig. 1 Route of the 1.44km long tunnel under the Swina River

1. INTRODUCTION

The city of Swinoujscie is located on 44 islands, of which only
3 are inhabited — Usedom, Wolin and Karsibor. Transport between
them is currently provided by ferries, which are not completely
reliable due to the variability of weather. For this reason, the Polish
government decided to build an underground connection between
the city and the mainland.

The transport connection will be about 3.2km long. The route
includes extended ramp structures on both banks of the river and
a 1.44km long tunnel running under the Swina River, which will
connect the islands of Usedom and Wolin (see Fig. 1). When
completed, the connection will be the longest road built under
water in Poland.

2. BASIC INFORMATION ON PROJECT

The owner of the current project is the city of Swinoujscie
together with GDDKiA (General Directorate for State Roads and
Motorways in Poland). The construction contract was awarded in
2018 to a consortium formed by Porr SA, Porr Bau/Tunnelbau
and Giilermak. The value of the contract is PLN 793 million
(approximately EUR 175 million). The construction contract is of
the ,,design-build* type. The contract
is based on the yellow FIDIC book
with some modifications. In addition
to planning the construction work,
the scope of work also includes
the preparation of documents for
obtaining a building permit for road
construction  projects  (so-called
ZRID) and the turnkey handover of
not only the construction part, but
also the tunnel equipment.

3. TUNNEL EXCAVATION

The interesting thing about the
tunnel is that it consists of three
parts. Each of these parts was built
using a different method. The first
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realizacie zahfiia rozsah prac aj vypracovanie podkladov k ziskaniu
stavebného povolenia na cestné projekty (tzv. ZRID) a odovzdanie
na kIG¢ nielen stavebnej Casti, ale aj technolégie tunela.

3. RAZENIE TUNELA

Zaujimavostou tunela je, Ze pozostdva z troch Casti. Kazda
z tychto Casti bola postaveni inou metédou. Prva Cast v dizke
475 m bola vybudovani hibenim s pomocou podzemnych stien,
nasledujicich 295 m bolo vybudovanych hibenim pod vopred vy-
budovanou stropnou konstrukciou. Hlavna cast v dizke 1,48 km
bola vyrazena bentonitovym $titom menom ,,The Islander*. Raze-
nie bolo zapocaté 5. marca 2021 a ukoncené 19. septembra 2021.

Tunel Swinoujicie ma vnitorny priemer 12 m, je jednortrovy
a ma 3,5 m Siroké jazdné pruhy pre obojsmernt dopravu (obr. 2).
Nevyhnutné nidzové vyklenky vybavené unikovymi schodiskami
umoziuji vodi¢om dostat sa z Grovne cesty dolu do inikovej chod-
by, ktora sa nachadza pod vozovkou.

Tunel bol razeny v nerovnorodej geolégii a v roznych hibkach.
Razenie prechadzalo Ciasto¢ne ilovitymi a Strkovymi naplavenina-
mi a Ciastocne kriedovymi Gtvarmi (obr. 3). Stanoveny sklon tunela
a lokalne vyskytujice sa minimalne nadlozie 8,5 m pod liniou dna
rieky boli jednou z hlavnych vyziev tohto projektu.

Pri realizacii nidzovych vyklenkov bolo nadloZie vopred spev-
nené zmrazovanim a nasledne boli vyklenky vyrazené konvencne

tunelovym bagrom.

3.1 Bentonitovy Stit

Razenie pomocou bentonitového $titu bol jednym z mala spdso-
bov, ako postavit tunel v danych geologickych podmienkach.

Pouzity $tit od vyrobcu CREG je najvicsi bentonitovy Stit doda-
ny do Eurépy z Ciny a v poradi $tvrty raziaci stroj, ktory zaktpila
spolo¢nost PORR (obr. 4).

Specifikacia stroja:

S
NI
RN
/\/\\/\\\/\\\///\\\//\\\//

UK

S
A

2%

K

&

0,5m

0,5m @12m |

Priemer raziaceho $titu: 13 460 mm
Celkova diZka stroja: cca 105 m
Celkova hmotnost stroja: cca 2740t
Max. pracovny tlak: 4.5 bar
Vykon pohonu: 4200 kW
Prevadzkovy krutiaci moment: 29 789 kNm
Max. kratiaci moment: 35 747 KNm
Otacky: 0-2,56 ot/min
60 mm/min

Max. rychlost posuvu:

Obr. 2 Standardny prierez tunelovej riiry
Fig. 2 Standard cross-section of the tunnel tube

part, 475m long, was built using the cut-and-cover method with
the help of diaphragm walls; the following 295m long section was
built using the cover-and-cut method with the excavation under a
pre-constructed roof deck. The main part, 1.48km long, was driven
using ,,The Islander Slurry Pressure Balance Tunnel Boring
Machine. Tunnel driving operations started on March 5, 2021 and
ended on September 19, 2021.

The Swinoujécie tunnel has an inner diameter of 12m, is a single-
tube structure and has 3.5m wide lanes for bi-directional traffic (see
Fig. 2). The necessary emergency lay-bys equipped with escape
stairs allow drivers to get from the level of the road down to the
escape gallery, which is located under the roadway.

The tunnel was excavated in heterogeneous geology and at
different depths. The excavation passed alternately through clayey
and gravel alluvium and Cretaceous formations (see Fig. 3). The

LEGENDA LEGEND
cast unit geolégia geology
antropogénné vrstvy  back-filling (human origin)
HOLOCEN HOLOCENE
] jemny piesok (veternd erdzia) fine sand (wind erosion)
1] jemny piesok (morsky povod) fine sand (marine origin)
[\ organicky prachovity il organic silty clay

cast unit geolégia geology
PLEISTOCEN PLEISTOCENE
i jemny-stredny piesok so trkom fine-medium sand with gravel
vi piescity il so trkom OC sandy clay with gravel
KRIEDA CRETACEOUS
Vil krieda (podlozie) chalk (bedrock)

Obr. 3 Geologia trasy
Fig. 3 Route geology




Vyroba stroja prebiehala v cin-
skom meste Changsha v provincii
Hunan. Napriek pandémii korona-
virusu dodrzali napldnovany Cas
vyroby a dodania. Tunelovaci stroj
presiel vo vyrobnom zavode akcep-
tacnymi testami, pricom vSetky testy
boli prendsané cez video streaming
do Polska. Po uspe$nom absolvovani
testov vyrobca pristipil k jeho de-
montaZi a preprave z Ciny do Swi-
noujscie.

Doprava tunelovacieho stroja trva-
la priblizne 60 dni, z toho 45 dni
po mori. Montaz v Startovacej jame
hlbokej 23 m, dlhej 120 m a Siroke;j
19 m trvala priblizne tri mesiace
(obr. 5 a 6).

Obr. 4 Bentonitovy Stit
Fig. 4 Slurry Shield
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Obr. 5 MontdZ bentonitového Stitu
Fig. 5 Assembly of the slurry shield

Aby sa stroj lepsie vyrovnal s geologickymi podmienkami, jeho
konStrukcia zahfiiala konStrukciu reznej hlavy s velkym pomerom
otvorov, a to 45 % z jej celkovej plochy. Reznd hlava je vybavena
koticovymi diskami s rozstupom nozov 100 mm (obr. 7).

Detekcia opotrebovania reznych nastrojov sa vykondva pomo-
cou elektronickych snimacov namiesto zauZivanej metody hydrau-
licky natlakovanych slepych vyvrtov. Tieto snimace signalizuju
stupeti opotrebovania postupne na principe ibytku hmotnosti a nie
iba binarne (0/1). Signdl o stave opotrebovania sa prendsa bezdro-
tovo z raziaceho Stitu do riadiacej kabiny. Senzor je napdjany nabi-
jatelnou batériou pocas celej doby razenia. Vyhodou bezdrotového
prenosu je, Ze eliminuje potrebu zloZitej mechanickej operacie do
vnutra Stitu na detekciu opotrebovania.

Vyroba segmentov ostenia prebiehala vo vyrobni vzdialenej
400 m od pociatocného miesta razenia. Pouzivali sa dva druhy seg-
mentov so Sirkou 1,5 m a 2 m z beténu triedy C50/60 (PL) XS2,
XA2.

5 determined longitudinal slope of
gl the tunnel and the locally occurring
minimum overburden thickness of
8.5m below the riverbed level were
one of the main challenges of this
project.

During the construction of
emergency escape recesses, the
overburden was pre-strengthened by
freezing and subsequently the niches
were excavated conventionally by a
tunnel excavator.

3.1  Slurry Shield

Driving the tunnel using the Slurry
Shield was one of the few ways to
build the tunnel in the particular
geological conditions.

The shield used was manufactured
by CREG. It is the largest slurry
shield delivered to Europe from
China and the fourth tunnel boring
machine purchased byx PORR (see
Fig. 4).

Obr. 6 Startovacia jama so §titom
Fig. 6 Launching shaft with the shield
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Obr. 7 Bentonitovy $tit v cielovej jame
Fig. 7 Slurry shield in the target shaft

4. TECHNICKE RIESENIA

4.1 Jamy a konstrukcie ramp

Pred zacatim vykopov pre konsStrukcie ramp bola vybudovana
sustava podzemnych stien hribky 100 a 120 cm, ktoré boli prepo-
jené tak, aby vytvorili nepriepustni

Machine specification:

Tunnelling shield diameter: 13,460mm
Total machine length: ca 105m

Total machine weight: ca 2,740t
Maximum working pressure: 4.5bar

Drive power: 4,200kW
Operational torque: 29,789kNm
Maximum torque: 35,747kNm
Rotation speed: 0-2.56rev/min
Maximum advance rate: 60mm/min

The machine was manufactured in the Chinese city of Changsha in
Hunan Province. Despite the coronavirus pandemic, they kept to the
scheduled manufacture and delivery times. The tunnel boring machine
passed acceptance tests at the manufacturing plant, while all tests
were transmitted by video streaming to Poland. After successfully
passing the tests, the manufacturer proceeded to dismantling the
machine and transporting it from China to Swinoujscie.

The transport of the tunnelling machine took approximately 60
days, 45 days of which by sea. The installation in a 23m deep, 120m
long and 19m wide launching pit took about three months (Figures
5 and 6).

In order to better cope with the geological conditions, the machine
design included the construction of a cutting head with a large ratio
of holes for buckets, 45% of its total surface area. The cutterhead
is equipped with discs cutters with the spacing of cutting edges of
100mm (see Fig. 7). Cutting tool wear detection is performed using
electronic sensors instead of the usual method of hydraulically
pressurised blind boreholes. These sensors signal the degree of wear
gradually on the principle of weight loss and not only in the binary
way (0/1). The wear status signal is transmitted wirelessly from the
tunnelling shield to the control cabin. The sensor is powered by a
rechargeable battery throughout the tunnel driving duration. The
advantage of wireless transmission is that it eliminates the need for
complex mechanical intervention inside the shield to detect the wear.

The lining segments were produced in a casting plant 400m away
from the starting place of driving the tunnel. Two types of segments
with a width of 1.5m respectively 2m, made of concrete class C50/60
(PL) XS2, XA2 were used.

bariéru voci podzemnej vode. Pocas
vykopov az po realizciu zéaklado-
vych dosiek bola voda kontrolova-
ne odvadzana vrtmi do prie¢neho
predelu konstrukcie. Nasledne boli
uskuto¢nené vykopy pre konstrukcie
pozdiznych rdmp. V miestach, kde
rampy neboli zaloZené hlboko, boli
vybeténované stropné a podperné
nosniky. V oblastiach, kde st ram-
py zaloZené hlbsie do terénu, bola
najprv realizovand hornd konstruk-
cia a nasledne bol vytazeny material
pod fou (obr. 8).

Pred realizovanim zédkladovej
dosky Startovacej jamy bolo na-
inStalované docCasné horizontdlne
vystuzenie. Po jej vybudovani bola
Startovacia jama plne pripravena na
montaz raziaceho zariadenia (obr. 9).

4.2 Dopravnikovy systém

Vyrub z tunela sa pomocou uzat-
voreného kalového okruhu prenasal

Obr. 8 Vystavba jamy a konstrukcnych ramp
Fig. 8 Construction of the shaft and construction ramps
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do bentonitového hospodarstva.
Kalovy okruh bol dimenzovany na
cirkulacny vykon 2800 m*h, tomu
zodpovedala aj samotnd CistiCka
kalu a pocet Cerpadiel. Pre vytlacné
potrubie boli zvolené riry DN 500
a pre privodné potrubie DN 450.
Po vyrazeni prvych 350 m sa tlak
na Cerpadld vyrazne zvySil, a pre-
to bolo potrebné do vypustacej
Sachty instalovat prvé posiliiovacie
Cerpadlo s elektrickym vykonom
1100 kW.

4.3 Kalové hospodarstvo
a odstredivky
Cistiarent kalu Schauenburg bola
navrhnutd s pretriedenim dvoma
cykléonovymi stupfiami a odvod-
fovacimi sitami. Separacny roz-
sah druhého cyklénového stup-

na bol okolo 30 pm. Vlastnosti
zemin spdsobili rychly nérast hus-
toty suspenzie v kalovom okruhu,
pretoZe prakticky 100 % jemnych
Castic sa rozpustilo, ¢o znemoz-
novalo prevadzku zariadenia na upravu kalu a ich oddelenie od
prepravného média. Aby sa dosiahlo poZadované zniZenie husto-
ty v kalovom okruhu, bolo potrebné zna¢né mnoZstvo suspenzie
pri kazdej doddvke nahradit Cerstvou bentonitovou suspenziou.
Suspenzia okrem vody a jemnozrnnych pddnych castic obsaho-
vala aj frakcie bentonitu, ktoré sa museli odstranovat z kalového
obehu.

4.4 Vvyplnenie prstencovej medzery
Hlavna zlozka dvojzlozkovej malty bola ¢erpana rirou z HDPE

polyetylénu z povrchu do tunelovacieho stroja. Pouzitie rir z HDPE
zvaranych na tupo sa osvedcilo ako uc¢inny prostriedok na zabrane-

Obr. 10 Montd? ostenia
Fig. 10 Assembly of lining

Obr. 9 Pohlad na vystavbu Startovacej jamy tunela
Fig. 9 View of the construction of the launching shaft

4. TECHNICAL SOLUTIONS

4.1 Pits and ramp structures

A system of 100 and 120cm thick diaphragm walls was built prior
to the excavation for the ramp structures. They were connected to
form an impermeable barrier to groundwater. During the excavation
up to the construction of the base slabs, water was drained in a
controlled manner through boreholes into the transverse divide
of the structure. Subsequently, excavation was carried out for the
construction of longitudinal ramps. In locations where the ramps
were not founded deep, the tunnel roof and support beams were
concreted. In areas where the ramps are founded deeper into

Obr. 11 Segmentové tesnenie zapustené v betone
so stredovou kruhovou drdZkou na uloZenie na-
puciavacieho pdsiku

Fig. 11 Segment sealing gaskets embedded in
concrete, with a circular groove in the middle
for placing a swelling strip
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Tuel

the terrain, the upper structure was carried
out first and then the material below was
excavated (see Fig. 8).

Temporary horizontal bracing was installed
prior to the construction of the base plate of
the launching pit. After completion of the base
plate, the launching pit was fully prepared for
the assembly of the tunnelling machine (see
Fig. 9).

4.2 Conveyor system

The muck from the tunnel was transported to
the slurry treatment plant by means of a closed
slurry circuit. The slurry circuit was designed
for a circulation capacity of 2800m?/h, which
was matched by the slurry treatment plant
itself and the number of pumps. Pipes DN 500
were chosen for the discharge pipeline and DN
450 for the supply pipeline. After completion
of the excavation of the first 350m, the
pressure on the pumps increased significantly,

Obr. 12 Vizualizdcia tunela s vinikovym schodiskom
Fig. 12 Visualisation of the tunnel with the escape staircase

nie hromadeniu sedimentov, najmé v oblasti ich spojov. Této tech-
nika vyuZiva externé elektrofiizne spojky na vytvorenie potrub-
nych spojov bez zmeny prierezu v spoji. Preniknutie cez tesniaci
blok s tryskovou injektaZou samo o sebe vnasalo do okruhu kalu
velké mnozstvo cementu. Malo to velmi Skodlivy vplyv na reolo-
gické vlastnosti bentonitu, comu sa zabraniovalo ¢astou vymenou
suspenzie.

Na vnittornej strane prednej membranovej steny bolo inStalované
konstruk¢éné nédbehové tesnenie. P1ast Stitu bol utesneny pomocou
dvojitého tesnenia. Ked zadny koniec Stitu dosiahol tesnenie, ha-
dica Bullflex bola naplnend, ¢im sa utesnila prstencovd medzera
v segmente tunela.

and therefore it was necessary to install the
first booster pump with an electrical output of
1100kW in the discharge shaft.

4.3 Slurry recycling centre and
centrifuges
The Schauenburg slurry recycling plant was designed with re-
sorting by two cyclone stages and drainage screens. The range of
separation of the second cyclone stage was about 30um. The soil
conditions caused a rapid increase in the density of the suspension in
the slurry circuit, as practically 100% of the fine particles dissolved,
which made it impossible for the slurry recycling plant to operate
and separate them from the transport medium. In order to achieve
the desired reduction in the density of sludge in the slurry circuit, a
significant amount of slurry had to be replaced with fresh bentonite
slurry with each supply. In addition to water and fine-grained soil
particles, the slurry also contained bentonite fractions, which had to
be removed from the slurry circuit.

4.4 Filling of annular gap

The main component of the two-component
mortar was pumped by HDPE (High Density
Polyethylene) pipe from the surface to the
tunnelling machine. The use of butt welded
HDPE pipes has proven to be an effective
means of preventing the accumulation
of sediments, especially in the area of
their joints. This technique uses external
electrofusion couplings to create pipe joints
without changing the cross-section in the
joint. Penetration through the jet grouting
sealing block itself brought a large amount
of cement into the slurry circuit. This had a
very detrimental effect on the rheological
properties of the bentonite; it was prevented
by frequent changing of the suspension.

A structural lead-in seal was installed on
the inside of the front wall of the membrane
wall. The shield shell was sealed with a
double gasket. When the rear end of the shield

Obr. 13 3D model realizdcie niidzovych vychodov zmrazovanim
Fig. 13 3D model of construction of emergency exits using freezing

sealing the annular gap in the tunnel segment.

reached the seal, the Bullflex hose was filled,




4.5 Segmenty ostenia

Ostenie ma vnutorny priemer 12 m a hribku 50 cm. Pocet seg-
mentov na 1 prstenec pri Sirke 2 m bol stanoveny na 840 kusov.
Aby sa prediSlo konicite ostenia prstenca, v oblastiach s malym
polomerom zékrut boli instalované segmenty aj so Sirkou 1,5 m.
KaZzda zmena Sirky prstenca si vyZiadala zodpovedajticu Gpravu
vakuovej dosky zdvihacieho zariadenia segmentov (obr. 10). Na
vyrobu segmentov bol pouZity betéon C50/60 (PL) XS2, XA2 s po-
uzitim rozptylenej ocelovej vystuze v davke 45 kg/m? (nahradenie
klasickej vystuze) a 2 kg/m? polypropylénovych vlakien na zlepse-
nie protipoZiarnych vlastnosti. Jednotlivé spoje medzi segmentami
boli vybavené systémom zastivacich hmozdiniek, ktory obmedzil
posuny medzi segmentmi (vyosenie). Segmenty boli prepojené
ocelovymi plechmi ako ochrana voci bludnym pridom.

Tesnenie jednotlivych segmentov bolo tvorené inovativnym
rieSenim segmentového tesnenia s drazkovitou zdkladniou Sirky
44 mm, ktord bola uchytena do segmentu pomocou kotviacich no-
zi¢iek. Tesnenie ma v strede kruhovi drazku, do ktorej sa tesne
pred instalaciou segmentu vloZi napuciavaci pésik (obr. 11).

4.6 Razenie nudzovych vychodov

Nudzové vychody st vytvorené bo¢nymi vyklenkami v tuneli
vybavenymi protipoZiarnymi dverami a zahfiiaji schodisko vedice
z urovne vozovky na evakuacnu urovei niZSie (obr. 12). Na umiest-
nenie schodiska bolo potrebné otvorit niekolko prstencov ostenia
smerom nadol na droveni dna. Ako docasné podporné opatrenie na
ochranu Casti ostenia, ktoré bolo potrebné otvarat, bola navrhnuta
a vopred nainStalovana pevna ocelova konstrukcia vyrobend zo za-
krivenych I-nosnikov.

Za ucelom stabilizacie nespevnenej piescitej zeminy a kontro-
ly tlaku vody bola zemina v blizkosti nidzovych vychodov pred
otvorenim segmentov ostenia spevnend zmrazovanim solankou
(obr. 13). Akondhle bola zemina stabilizovana, vyklenky boli vy-
hibené a bolo realizované finilne ostenie.

5. ZAVER

V Case pisania tohto ¢lanku bol vyrazeny cely tunel. Uspesnd
realizacia ukézala spravnost zvolenej metddy. Inovativny systém
tesnenia segmentov pozostavajuci z rozpinavej tesniacej Casti kom-
binovanej so zdsuvnym hmozdinkovym systémom a vypliiou prs-
tencovej medzery dvojzlozkovou maltou zabezpecuje mimoriadne
vysoku tesnost a elimindciu chyb vyplyvajucich zo skladby final-
neho ostenia tunela.

Spolo¢nost CREG ako dodavatel bentonitového Stitu dodrZala
vSetky poziadavky, ktoré si realizator stanovil pre technické pa-
rametre stroja, ktory po celd dobu vystavby ustal ndroné geolo-
gické podmienky bez zdvaznejSich porich. Rovnako komunikécia
so spolo¢nostou pocas pripravnej a realizacnej fazy projektu bola
na vysokej profesionalnej trovni.

Recenzoval Reviewed: Ing. Pavel Poldk

Dipl.-Ing. ARTHUR GOBL,
arthur.goebl@porr.at, PORR Bau GmbH,
Ing. LUBICA PISTANSKA,
lubica.pistanska@porr.sk, PORR s.r.o.
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4.5 Lining segments

The lining has 12m in diameter and is 50cm thick. The number
of segments per one 2m wide ring was set at 8+0 pieces. In order
to prevent the conicity of the ring lining, 1.5m wide segments were
also installed in areas with a small curve radius. Each change in
the width of the ring required a corresponding adjustment of the
vacuum plate of the segment lifting device (see Fig. 10). C50/60
(PL) XS2, XA2 concrete was used to produce the segments using
fibre reinforcement with steel fibres density of 45kg/m? (replacement
of conventional reinforcement) and polypropylene fibres with
a density of 2kg/m?® added to improve fire protection properties.
The individual joints between the segments were provided with
a system of plug-in dowels, which limited shifting between the
segments (misalignment). The segments were connected by steel
sheets as protection against stray currents.

The sealing of the individual segments was formed by an
innovative solution to sealing gaskets with a grooved base 44mm
wide, which was fixed into the segment by means of anchoring
feet. The gasket has a circular groove in the middle, into which a
swelling strip is inserted just before the installation of the segment
(see Fig. 11).

4.6 Excavation of emergency exits

Emergency exits are provided by sidewall recesses equipped
with fire-check doors, which include a staircase leading from
the roadway level to the evacuation level below (see Fig. 12). To
build the staircase, it was necessary to open several lining rings
downwards to the inverse level. As a temporary support measure
designed to protect the parts of the lining that needed to be opened,
arigid steel structure made from curved I-beams was designed and
installed in advance.

In order to stabilise the unconsolidated sandy soil and control the
water pressure, the soil in the vicinity of the emergency exits was
reinforced by brine freezing before removing the lining segments
(see Fig. 13). As soon as the soil was stabilised, the recesses were
excavated and the final lining was carried out.

5. CONCLUSION

At the time of writing, the whole tunnel excavation had been
finished. Successful completion has proved the correctness of
the choice of the method. The innovative segment sealing system
consisting of an expansive sealing part combined with a plug-
in dowel system and the filling of the annular gap with a two-
component mortar ensures extremely high tightness and elimination
of errors resulting from the composition of the final tunnel lining.

CREG, as a supplier of slurry shields, complied with all the
requirements set by the contractor for the technical parameters of
the machine, which coped with demanding geological conditions
throughout the construction period without major failures. Likewise,
communication with the company during the preparation and
construction phases of the project was at a high professional level.

Dipl.-Ing. ARTHUR GOBL,
arthur.goebl@porr.at, PORR Bau GmbH,
Ing. LUBICA PISTANSKA,
lubica.pistanska@porr.sk, PORR s.r.o.

[1] GOBL, A. Tunnel Swinemiinde — Hydroschildeinsatz unter der Ostsee. Geomechanics and Tunnelling, December 2021.

[2] Interné dokumenty/fotografie z realizacie fy PORR Bau GmbH.



31. rocnik - €. 2/2022

SUCASNA VYSTAVBA METRA VO VIEDNI - VYZVY SUVISIACE
S VYSTAVBOU PODZEMNEJ DRAHY V MESTACH
VIENNA METRO CURRENT CONSTRUCTION — CHALLENGES
OF METRO CONSTRUCTION IN URBAN AREAS

ABSTRAKT

HARALD GLOSL, LUBICA PISTANSKA

Prispevok sa zaoberd vystavbou novych liniek podzemnej drdhy v husto zastavanom vizemi centra mesta Viederi. Popisuje vSetky potrebné
opatrenia, ktoré realizdtor vykondva na monitorovanie a zabrdnenie negativiym vplyvom spdsobenym razenim tunelovych riir na viseku
17-21 linky U2 podzemnej drdhy vo Viedni.

ABSTRACT

The paper deals with the construction of new metro lines in the densely developed area of Vienna’s city centre. It describes all the neces-
sary measures that the construction contractor takes to monitor and prevent the negative effects caused by the excavation of tunnel tubes
on section 17-21 of the U2 Line of the Vienna metro.

1. UvOD

V ramci rozsirenia siete viedenského metra o trasu U2 a vybudo-
vanie podzemne;j linky U5 ziskalo v roku 2020 konzorcium pozos-
tavajuce zo spolocnosti PORR a Strabag zdkazku spolo¢nosti Wie-

ner Linien na v sucastnosti najvacsi
uceleny stavebny projekt viedenské-
ho metra. Stavebny usek U2/17-21
roz§irenia liniek metra U2 a U5 ma
hodnotu zdkazky 481 miliénov eur.
Vystavba sa zacala v marci 2021
a potrva do méaja 2028.

1.1 Krizovatka U2xU5

Zamerom ,,Pldnu rozvoja mesta
2025 — technickd koncepcia mobi-
lity** je rozsirit ponuku verejnej do-
pravy mesta Vieden. Tento balik za-
hfiia okrem iného aj rozsirenie liniek
viedenského metra. Na dosiahnutie
tohto ciela by mala na jednej strane
slazit nova trasa U2 zo Schottentoru
cez zapadné vnitorné mestské obvo-
dy na juh a na druhej strane vybudo-
vanie novej podzemne;j linky US.

Linka U5 bude novou linkou zo
stanice Rathaus v smere na Hernals
a v stanici Rathaus bude napojend
na sucasnu linku U2 aZ po stanicu
Karlsplatz (obr. 1).

V ramci 4. etapy rozsirovania vie-
denského metra sa budi realizovat
tieto stavebné etapy: U2/17 ,razenie
EPB a prepojovacie Sachty*, U2/18
,»Matzleinsdorfer Platz*, U2/19
~Reinprechtsdorfer Strafe”, U2/20
Pilgramgasse”, U2/21 ,Neubau-
gasse®, U2/22 ,Rathaus® a U5/2
,.Frankhplatz®.

1. INTRODUCTION
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Obr. 1 Situdcia trds U2 a U5
Fig. 1 Map of U2 and US5 lines

In the framework of the expansion of the Vienna metro network
by the U2 Line and the construction of the U5 metro line, a con-
sortium consisting of PORR and Strabag won the contract from the

company of Wiener Linien in 2020
for the largest comprehensive Vien-
na metro construction project. The
contract value of the construction
section U2/17-21 of the extension of
the U2 and U5 metro lines amounts
to 481 million euros. Construction
commenced in March 2021 and will
last until May.

11 Intersection U2xU5

According to the intention “Ur-
ban Development Plan 2025 — Ur-
ban Mobility Concept” the offer of
public transportation system of the
city of Vienna is to be expanded.
This package includes, among other
things, the extension of Vienna’s
metro lines. To achieve this, the new
U2 Line from Schottentor throu-
gh the western inner districts to the
south should serve on the one hand,
and on the other hand, the construc-
tion of the new U5 underground line
should be developed.

The U5 Line will be a new line
from the Rathaus station in the direc-
tion of Hernal. At the Rathaus stati-
on, it will be connected to the current
U2 Line up to the Karlsplatz station
(see Fig. 1).

As part of the 4" stage of the
Vienna metro expansion, the fo-
llowing construction stages will be
implemented: U2/17 “EPB TBM



2. VYSTABA ETAPY U2/17 ,MATZLEINSDORFERPLATZ"
PO U2/21 ,NEUBAUGASSE"

21 Prehlad

V ramci rozSirovania metra bude usek U2 medzi Karlsplatz
a Rathaus prevedeny na U5 a U2 a v budicnosti bude usek vedeny
na juh cez novu vetvu metra. Zdkazka je sucastou prvej stavebnej
fazy rozsirenia U2/US v hlavhom meste Rakiska. Patria sem sta-
vebné useky U2/17 ,razenie aZ po U2/21, stanicu ,,Neubaugasse*.

Projekt sa nachddza v centre mesta a zasahuje do Styroch mest-
skych obvodov Viedne: 5., 6., 7. a 10. obvodu. Zahitia etapu vystav-
by U2/18 (stanica Matzleinsdorfer Platz s Castou juzne sa pripajaju-
ceho zariadenia na otd¢anie — obratisko, pripadne pokracujucej trasy
tunelovej rary) v 10. mestskom obvode. Trafové tunely sa budi razit
zo Sachty Matzleinsdorferplatz pomocou plnoprofilového raziaceho
stroja typu zeminovy Stit (viz prijatd terminologia CzTA a STA) po
dokonceni stani¢nych objektov. Sachta na Triester StraBe je vycho-
diskovym bodom (Startovacou Sachtou) pre dve tunelové rury, ktoré
budu postupne razené TBM z Matzleinsdorfer Platz nachadzajtce-
ho sa v 10. mestskom obvode po Augustinplatz v 7. obvode (cielo-
vé Sachta). Zeminovy §tit vyrazi diZku priblizne 2,8 km, kde budi
vybudované tri stanice (v ramci stavebnych tsekov U2/19, U2/20
a U2/21) a tri nidzové tnikové Sachty s vyhybkami (Reinprecht-
sdorfer Strale, Kaunitzgasse a Augustinplatz), ¢o vedie k efektivne;j
di7ke razenia priblizne 2 x 2 km v ddsledku efektivneho presunutia
tunelového stroja cez stavebné objekty novych stanic a vyhybiek.

2.2 Zakladné informacie

Sachty st hlboké a7 do 35 m a buduji sa hibenim z povrchu. Na
paZenie vykopovej Sachty sa vicSinou pouZivaju vitané pilotové
steny. Priemer pil6t sa pohybuje medzi 90 cm a 120 cm. PaZenie
severnej Sachty v oblasti Matzleinsdorferplatz bude zabezpecené
vystavbou podzemnej konstruk¢nej a tesniacej steny.

Celkovo sa na celej stavbe zrealizuje asi 40 500 dizkovych met-
rov vitanych pilét. Celkovy objem vykopanej zeminy je priblizne
650 000 m’.

3. VYSTAVBA TUNELOV A STANIC

Vsetky trafové tunely budud razené plnoprofilovym raziacim stro-
jom typu zeminovy stit. Celkovo bude kontinudlne vyrazenych 4 200
diZkovych metrov tratovych tunelov. Okrem toho bude §tit vedeny
cez predtym vybudované objekty stanic v diZke priblizne 1 200 m.

Razenie stanic metra (vratane vetracich Sacht), potrebnych spo-
jovacich chodieb a Sikmych eskalatorovych Sacht prebieha NRTM
metédou. Celkovo sa bude razit cca 2 200 dizkovych metrov tunela
s prierezom cca 65 m? az 95 m? a niekolko menSich tunelov a $acht.
Na obr. 2 je zobrazeny hruby prehlad planovanych faz vystavby
U2/17 az U2/21.
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excavation and excavation of a connecting shaft”, U2/18 “Matzle-
insdorfer Platz”, U2/19 “Reinprechtsdorfer Strae”, U2/20 “Pil-
gramgasse”, U2/21 “Neubaugasse”, U2/22 “Rathaus” and U5/2
“Frankhplatz”.

2. IMPLEMENTATION OF STAGE U2/17
“MATZLEINSDORFERPLATZ" UP TO U2/21
“NEUBAUGASSE"

2.1 Overview

The U2 section between Karlsplatz and Rathaus will be diverted
within the framework of the expansion of the metro to the U5 and
U2, and in the future the section will run south via a new metro
branch. The contract is part of the first construction phase of the
U2/U5 extension in the Austrian capital. It includes the U2/17
tunnelling® sections up to U2/21, the ,,Neubaugasse* station.

The project is located in the city centre and extends to 4 dis-
tricts of Vienna, to 5%, 6™, 7™ and 10" districts. It comprises the
construction phase U2/18 (Matzleinsdorfer Platz station with
a part of a facility allowing for turning the TBM back, connect-
ing from the south — a turnout facility, and possibly part of the
continuing tunnel tube route) in the city district No. 10. Running
tunnels will be driven from the Matzleinsdorferplatz shaft using a
full-face earth pressure tunnel boring machine (see the accepted
terminology of the CzTA and the STA) after the completion of sta-
tion structures. The shaft on Triester Strale is the starting point
(launching shaft) for the two tunnel tubes, which will be gradu-
ally excavated by the TBM from Matzleinsdorfer Platz located in
city district No. 10 up to Augustinplatz in district No. 7 (the target
shafts). The Earth Pressure Tunnel Boring Machine (EPB TBM)
will drive a length of approximately 2.8km, where 3 stations will
be built (within the construction sections U2/19, U2/20 and U2/21)
and 3 emergency escape shafts with facilities allowing for turning
the TBM back (Reinprechtsdorfer Strale, Kaunitzgasse and Au-
gustinplatz), which leads to an effective excavation length of ap-
proximately 2 x2km due to the effective movement of the tunnel-
ling machine across the construction sites of the new stations and
switches.

2.2 Basic information

The shafts are 35m deep and are built by sinking from the sur-
face. Bored pile walls are usually used to brace the shaft excava-
tion. The northern shaft in the area of Matzleinsdorferplatz will be
braced using a structural and sealing diaphragm wall.

In total, about 40.500 metres of bored piles will be carried out on

B hibené useky (cut and cover) cut-and-cover sections
I nova rakuska tunelovacia metdda New Austrian Tunnelling Method

I tunelovy raziaci stroj Tunnel Boring Machine Q
U2xU4 Pilgramgasse

Reinprechtsdo

U2xS Matzleinsdorfer 0
U2 Reinprechtsdorfer
flar Strane

Kaunitzgasse

U5 Frankhplatz

o mad:

UZxU3 Neubaugasse

4

U2xU5 Rathaus

Obr. 2 Situdcia trds U2 a U5
Fig. 2 Map of U2 and US line

zdroj: ,,webstrdnka Viedenského metra“ source: “Vienna metro homepage”
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3.1 Geologia

Uzemie, v ktorom sa nachadzaji stavebné tiseky U2/18 az U2/21,
je situované vo Viedenskej kotline. Miocénne sedimenty mora Pa-
ratethys su v tejto oblasti prekryté pleistocénnymi sedimentmi la-
dovcovych terds. NajmladSimi sedimentmi st recentné riecne Strky
rieky Viedenka. Cela trasa metra stavebného tseku U2/17 preché-
dza vrstvou miocénu.

Geologické vrstvy, ktoré sa vyskytuji pozdiz trasy, si uvedené
nizsie (zacinajic v hornej Casti terénu). Typy horninovych masivov,
ktoré st definované podla smernice OGG (Rakiiska spolo¢nost pre
geomechaniku) podla geotechnickych a geologickych aspektov, st
tieZ uvedené niZSie.

— Recent: antropogénne nasypy, recentné rieCne Strky rieky

Viedenka.

— Kvartér: nanosy pleistocénnych terds (terasa Arsenal), sprase
a sprasové hliny, proluvidlne (deluviofluvidlne) vejarové se-
dimenty; jemnozrnné sedimenty a piescCité Strky pleistocénu
Viedenskej kotliny;

— Miocén: erciérni sedimenty Viedenskej kotliny (bahnofily,

panonske piesky a sStrky).

3.2 Hydrogeologické podmienky

Podmienky podzemnych vdd st velmi rozdielne v zavislosti od
geologickej situdcie s ohladom na polohu najvyssej a najnizsej hla-
diny spodnej vody.

Na relativne plochej a vyssej terase Arsenal v 6. a 7. mestskom ob-
vode je podloZie na baze kremenného Strku, rovnako je aj na pieskov-
covych Strkoch pleistocénnej rieky

Tuel

the entire construction site. The total volume of the excavated soil
amounts approximately to 650.000m>.

3. CONSTRUCTION OF TUNNELS AND STATIONS

All running tunnels will be driven with a full-face shield of the
earth pressure balance type. In total, 4.200m of running tunnels
will be continuously driven. In addition, the shield will be shifted
through in advance constructed station structures, with a length of
about 1.200m.

The excavation of metro stations (including ventilation shafts),
the necessary crosscuts and inclined escalator shafts is carried out
using the NATM method. A total of approximately 2.200 metres
of tunnel with a cross-section ranging from about 65m? to 95m?
and several smaller tunnels and shafts will be excavated. Fig. 2
shows a rough overview of the planned construction phases U2/17
to U2/21.

3.1 Geology

The area in which the construction sections U2/18 to U2/21 are
located lies in the Vienna Basin. Miocene sediments of Paratethys
sea are overlain in this area by Pleistocene sediments of glacial ter-
races. The youngest sediments are the recent river gravels formed
by the Vienna River. The entire metro route of the U2/17 construc-
tion section passes through the Miocene Formation layer.

The geological layers occurring along the route are listed below
(starting at the top of the terrain). The types of rock massifs, which
are defined according to the OGG (Austrian Society for Geome-

Viedenka, v 5., resp. 6. mestskom ob-
vode sa Strky vyskytuju iba v Zlaboch.
Na svahoch Favoriten a Margareten
v smere ku rieke Viedenka, na lavej
strane rieky Viedenka a na svahu sme-
rom k Stadtterrasse (v centre mesta)
su pravdepodobné vrstvy vody v pro-
luvidlnych (deluviofluvidlnych) veja-
rovitych sedimentoch roznej hribky
a heterogénneho zloZenia. V miocéne
sa vo vrstvach piesku a Strku vyskytu-
je tlakova podzemna voda. V jednotli-
vych miocénnych Strkovych vrstvach
hrubych az niekolko metrov mdze byt
podzemnd voda pomerne aktivna, na-
kolko sa jedna o prudiacu vodu, ktora
md aj zodpovedajuci tlak. V prevaZzne
tenkych pieskovych vrstvich mozno

predpokladat skor drobnejsie zvodne.

3.3 Projekt

Tunely razené konvenéne NRTM
a dalsie konstrukcie su tvorené dvo-
mi plastami s vonkaj$im ostenim zo
speviiujuceho strieckaného beténu
a s vndtornym ostenim zo Zelezo-
beténu (obr. 3). Vnitorné ostenie
s hribkou 40 cm je navrhnuté pod-
la smernice ,, Betén sekunddrneho
ostenia tunelov* Rakuskeho zvizu

stavebnych inZinierov (Innenschale

beton OBV). Z protipoZiarnych do-
vodov sa do Zelezobeténu vnutor-

nych plastov (s vynimkou podkla-
dového beténu v priestore stanice)

zdroj: ,,Podklady pre vyberové konanie U2 17-21 source: “Background documents for U2 17-21 tender”

Obr. 3 Vzorovy priecny rez stanice metra
Fig. 3 Standard cross-section through a metro station
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chanics) guideline according to geotechnical and

geological aspects, are also listed below:

—Recent: man-made fills, recent river gravels
formed by the Vienna River;

— Quaternary period: deposits of Pleistocene terra-
ces (Arsenal terrace), secondary loess, proluvial
(deluviofluvial) sediment fans; fine-grained sedi-
ments and Pleistocene sandy gravel of the Vienna
Basin;

— Miocene: tertiary sediments of the Vienna Basin
(mud/clay, Pannonian sand and gravel).

3.2Hydrogeological conditions

Groundwater conditions are very variable de-
pending on the geological situation and the situa-
tion with regard to the highest and lowest ground-
water levels.

On the relatively flat and higher Arsenal terrace in
the 6™ and 7™ district, there is the underlier based on
quartz gravel, and on the sandstone gravels of the
Pleistocene Vienna River, in the 5™ and 7" district,
respectively. On the slopes of Favoriten and Mar-
gareten in the direction of the Vienna River, on the
left side of the Vienna River and on the slope facing
the Stadtterrasse (city centre) there are presumable
layers of water in proluvial (deluvio-fluvial) fan-
shaped sediments of different thickness and hetero-

geneous composition. In the Miocene, pressurised
groundwater occurs in layers of sand and gravel.

zdroj: ,,Podklady pre vyberové konanie U2 17-21 source: “Background documents for U2 17-21 tender”

Obr. 4 Vzorovy priecny rez tunelovej riry trasy
Fig. 4 Standard cross-section through a tunnel tube on the route

a medzistropov v tubusoch stanic priddvajid polypropylénové (PP)
vldkna podla smernice OBV ,, Vidknobetén“ (Faserbeton).

Tratové rary st razené raziacim strojom typu zeminovy Stit (EPB
— Earth Pressure Balance Shield). Vystavba sa realizuje ako jed-
novrstvovy utesneny tubingovy (segmentovy) systém s hribkou
segmentu 35 cm (obr. 4).

Geotechnicky projekt bol uskuto¢neny v zmysle smernice ,,Po-
kyny pre geotechnické pldanovanie podzemnych stavieb so suvislym
a cyklickym razenim tunelov “ Rakuskej spolo¢nosti pre geomecha-
niku (OGG) a RVS 09.01.42 ,, Uzavretd konstrukcia pri vystavbe
vo volnej hornine“ Rakiskej vyskumnej spolo¢nosti pre cestni/
Zelezni¢nua dopravu (FSV).

Naprojektované Standardné prierezy stani¢nych a tratovych rir
pre krizovatku trati U2xUS5 boli dopredu odsihlasené vsetkymi zu-
Castnenymi organizaciami na stavbe a zodpovedaju z velkej Casti
Standardnému prierezu najnovsich projektov liniek viedenského
metra Wiener Linien.

3.4 Metody tunelovania

Tunelové rury v oblasti stani¢nych objektov st razené v nespev-
nenej hornine podla Novej rakiskej tunelovacej metody (NRTM).

Razenie NRTM v nespevnenej hornine sa vyznacuje predovsetkym
svojou roznorodostou, pokial ide o prierezovi geometriu a velkost,
ako aj rychlym prisposobenim typu tunelovania a zabezpecovacich
zariadeni na vyskytujicu sa geoldgiu. Rozpojovanie horninového
masivu sa vykondva pomocou bagra. Vyvoz ribaniny sa vykonava
s ndkladnymi vozidlami a/alebo kolesovymi naklada¢mi.

Hlavnym podpornym prvkom je dvojvrstvové vystuZené ostenie
zhotovené zo striekaného beténu s hribkami medzi 35 cm a 40 cm.

In individual Miocene gravel layers up to several

meters thick, groundwater can be relatively active

as it is flowing water which also has a correspond-

ing pressure. Smaller aquifers can be expected in
predominantly thin sand layers.

3.3 Design

The conventionally driven NATM tunnels and other structures
are formed by two shells with an external lining of reinforcing
shotcrete and with an inner lining of reinforced concrete (see
Fig. 3). The internal lining with a thickness of 40cm is designed
according to the directive ,,Concrete for secondary linings of tun-
nels“ (Innenschale beton OBV) of the Austrian Association of
Civil Engineers. Polypropylene (PP) fibres are added to the rein-
forced concrete of the inner shells (with the exception of blinding
concrete in station areas) and intermediate decks in station tubes
according to the OBV |, Fibre-reinforced concrete® (Faserbeton)
directive.

The running tunnel tubes are driven with an Earth Pressure
Balance Shield (EPB TBM). The construction is carried out as a
single-layer, sealed segmental system with the tubings 35cm thick
(see Fig. 4).

The geotechnical design was carried out in accordance with the
Austrian Society for Geomechanics (OGG) directive ,,Guidelines
Jor Geotechnical Planning of Underground Structures with Con-
tinuous and Cyclic Driving of Tunnels “ and RVS 09.4.42 “Closed
structure in construction in massive rock “ of the Austrian Re-
search Association for Roads, Railways and Transport (FSV)

The standard cross-sections of station and running tunnel tubes
designed for the U2xUS5 line junction were approved in advance by
all participating organisations on the construction site and largely
correspond to the standard cross-section of the latest Wiener Linien
metro designs.
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3,00 m, max. 6,00 m
vzdialenost Casti vyrubu
spacing of segments

Obr. 5 Clenenie vyrubu a zaistenie elby stani¢ného tunela

Fig. 5 Excavation sequence and stabilisation of excavation face of a station tunnel

zdroj: ,,Podklady pre vyberové konanie U2 17-21 source: “Background documents for U2 17-21 tender”
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zdroj: ,,Podklady pre vyberové konanie U2 17-21 source: “Background documents for U2 17-21 tender’

Obr. 6 Clenenie vyrubu a zaistenie elby stani¢ného tunela pomocou pilotnej stolne
Fig. 6 Excavation sequence and stabilisation of excavation face of a station tunnel by a pilot gallery

Celba tunela bude vopred zabezpeteni bezpecnostnymi zariade-
niami alebo opatreniami na zlepSenie sudrZnosti zemin (zmrazova-
nie, ddZzdniky, samovftacie ihly) prispdsobenymi geoldgii (obr. 5).
V pripade nepriaznivej geoldgie a/alebo na minimalizaciu sadania
na povrchu terénu sa mozu pouZit zariadenia na ochranu ¢elby (nap-
riklad &elné kotvy, nizkotlakové injektaZe). Dizka zaberu v nespev-
nenej hornine je zvycajne 0,80-1,20 m. Pri razeni je zabezpecena
vhodna ochrana ¢elby. Tvori ju nevystuzeny striekany betén v hrib-
ke 5-10 cm a v zavislosti od geolégie mdze byt doplnena opornym
jadrom, stuptiovitou ¢elbou a/alebo samozavrtnymi ihlami (obr. 6).

Rozsiahly program geotechnického merania sleduje razenie tu-
nela a v pripade potreby su vystupy podkladom pre rozhodnutia
o dalSom razeni tunela s ohladom na typ razenia a pouZité nosné
a zabezpecCovacie prostriedky.

Tunelové riury medzi stanicami a mimo vyhybkového systému
su razené zeminovym Stitom. Pri tomto type razenia sliZi ako plas-

3.4 Tunnelling methods

The tunnel tubes in the area of stations are excavated in uncon-
solidated ground according to the New Austrian Tunnelling Meth-
od (NATM).

The NATM tunnelling in unconsolidated ground is character-
ised above all by its diversity in terms of cross-sectional geometry
and size, as well as by the rapid adaptation of the type of tunnel-
ling and excavation support measures to the existing geology. The
rock/ground mass is disintegrated by an excavator. The muck is
removed by trucks and/or wheel loaders.

The main excavation supporting element is a 2-layer lining made
of reinforced shotcrete with the thickness ranging from 35cm to
40cm. The tunnel face will be secured in advance by supporting
elements or measures to improve soil cohesion (freezing, canopy
tube pre-support, self-drilling needles) adapted to the geology (see




tické nosné médium hlinitd emulzia vyrobena z vykopového mate-
ridlu. UmoZiiuje potrebné vyrovnanie pomeru tlakov na celbe, za-
braiuje nekontrolovanému prenikaniu zeminy do stroja a vytvara
podmienky pre rychle razenie bez sadania nadlozia.

Vystavba kontinualne zhotovovanych tunelovych rar sa realizu-
je pomocou Zelezobeténovych prefabrikdtov (segmentov), ktoré
su osadzované aj ako ochrana do chraneného priestoru tvorené-
ho plastom Stitu. Z dovodu poZiarnej ochrany sa Zelezobeténové
prefabrikéty vyrabaja s pridavkom PP vlakien v zmysle smernice
OBV |, Vidknobetén “.

Vychodiskovym bodom zeminového Stitu si Sachty stanice
,Matzleinsdorfer Platz*. Najprv bude vyrazena rira ¢. 2. Po dojaz-
de TBM do cielovej Sachty Augustinplatz bude stroj demontovany
a po znovuzostaveni v stanici ,,Matzleinsdorfer Platz** bude vyra-
zené rara €. 1.

V case inStalovania zeminového Stitu do Startovacej Sachty su uz
k dispozicii Casti tunelového systému, oto¢ny priestor, ako aj tune-
lové rury smerom na juh, ktoré boli zhotovené v stavebnom tseku
U2/18. V désledku toho st k dispozicii zodpovedajice plochy pre
pripravu staveniska a logistiku dodavky Stitu.

Po dokonceni raziacich prac bude §tit v cielovej Sachte Ausgus-
tinplatz definitivne demontovany.

4. PREDBEZNE OPATRENIA

V husto zastavanych oblastiach sa pocCas celej doby vystavby
monitoruji najmé poklesy na povrchu terénu. Intenzivne sa sleduje
a zaznamenava, ¢i si objekty na povrchu (budovy, infrastruktira
atd.) stabilné s predpokladanymi deforméciami spdsobenymi vy-
stavbou tunela. Aby bolo mozné odhadnut budice sadnutia, boli
pre predmetny projekt stavby vykonané rozsiahle vypocty. V su-
vislosti s vysledkami hodnotenia stavu domov boli identifikované
miesta/oblasti, pri ktorych st potrebné opatrenia pred zacatim sta-
vebnych prac tunela.

4.1 Zosilnenie stavieb

Vzhladom na velmi hustt zastavbu a mald hribku nadloZia v ob-
lasti trasy tunela bolo potrebné urobit dokladny monitoring stavieb
nachadzajucich sa v dotknutom tzemi.

Boli zmonitorované zdklady niekolkych stoviek budov a defi-
nované maximalne pripustné deformécie. Na zdklade predpokla-
danych deformécii vzniknutych pri vystavbe tunela bolo potrebné
vopred zosilnit okolo 159 budov. Podpornymi opatreniami su: trys-
kova injektdZ zdkladov (DSV-Korper), vyrovnanie sadania (pozri
nasledujiicu kapitolu), rozsirenie zakladu, prehibenie zdkladu, vy-
budovanie zdkladovej dosky, vystuZenie nosnej konStrukcie alebo
kombinacia viacerych opatreni.

4.2 Kompenzacie sadania

Kompenzicie sadania sliZia na v€asné vyrovnanie poklesov, kto-
ré vzniknu pocas razenia tunela, aby neboli prekrocené pripustné
deformacie budovy. Vyrovnanie sadania sa vykondva kompenzac-
nou injektdZou. Okrem technolédgie injektdZe je integralnou sucas-
fou tohto procesu aj meracia technika. Cielom zmiernenia sadania
je zabranit vyskytu poklesov a vzniku rozdielov voci vypoctom,
sposobenych razenim, alebo ich udrzat v ramci stanovenych limi-
tov. Pod tlakom zavedend injektdZna zmes sposobi lokalne preruse-
nie pddnej matrice podlozia. InjektaZz suspenzie vedie k zvicSeniu
objemu, Co znamend, Ze podloZie je spociatku lokédlne predpité.
Objemové zvicSenie je korigované cez mnozstvo injektaZnej zme-
si. Deformdcie sa priebezne meraji a zaznamenavaji pomocou
elektronickych vodovéh.
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Fig.5). In case of unfavourable geology and/or to minimise settle-
ment of the terrain surface, face protection measures (e.g. anchors
ahead of the face, low-pressure grouting) can be used. The length
of the excavation round in unconsolidated ground is usually equal
to 0.80—1.20m. Appropriate face support is provided during exca-
vation. An unreinforced shotcrete layer 5—10cm thick and, depend-
ing on the geology, a support core, stepped excavation face and/or
self-drilling needles (Fig. 6) can be added.

An extensive program of geotechnical measurements monitors
the tunnelling process and, if necessary, the outputs provide the
basis for decisions on further excavation with regard to the type of
excavation and the load bearing and securing means used.

Tunnel tubes between stations and outside the turning back
system are excavated by an earth pressure balance TBM. In this
type of tunnel excavation, loamy emulsion made of excavated
material serves as a plastic carrier medium. It allows for the nec-
essary equalisation of the pressure ratio on the excavation face,
prevents uncontrolled penetration of soil into the machine and
creates conditions for fast excavation without settlement of the
overburden.

The construction of continuously produced tunnel tubes is
carried out by means of pre-cast reinforced concrete parts (seg-
ments), which are installed as protection to the protected space
formed by the shell of the shield. Due to fire protection, pre-cast
reinforced concrete segments are produced with the addition of PP
fibres in accordance with the OBV “Fibre Reinforced Concrete”
Directive.

The EPB TBM excavation starts from the shafts of the “Mat-
zleinsdorfer Platz” station. The tunnel tube No. 2 will be excavated
first. After the TBM reaches the Augustinplatz target shaft, the ma-
chine will be dismantled and, after being reassembled at the “Mat-
zleinsdorfer Platz” station, tunnel tube No. 1 will be excavated.

At the time of installing the EPB TBM in the launching shaft,
parts of the tunnel system, the turning-back space as well as the
south heading tunnel tubes, which were constructed in the con-
struction section U2/18, are already available. As a result, adequate
areas are available for site preparation and EPB TBM delivery lo-
gistics.

After the excavation work is completed, the EPB TBM in the
Ausgustinplatz target shaft will be definitively dismantled.

4. PRELIMINARY MEASURES

In densely developed areas, subsidence of the terrain surface is
mainly monitored throughout the construction period. Structures
on the surface (buildings, infrastructure, etc.) are intensely moni-
tored and recorded whether they are stable with the assumed defor-
mations caused by the tunnel construction maintained. Extensive
calculations were performed for the construction design in ques-
tion in order to allow for the estimation of future settlement. In
connection with the results of the assessment of the buildings con-
dition, places/areas were identified where measures are necessary
before the start of construction work on the tunnel.

4.1 Strengthening of buildings

With respect to the very dense development and the small
thickness of the overburden in the area along the tunnel route, it
was necessary to carry out thorough monitoring of the structures
located in the affected area.

The foundations of several hundred buildings were monitored
and the maximum allowable deformations were defined. Based on
the assumed deformations developed during the construction of the
tunnel, it was necessary to strengthen around 159 buildings. There
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zdroj: , Zdruzenie U2 17-21“ source: “Consortium U2 17-21
Obr. 7 Sachta vybudovand pre kompenzacné vrty sadania OBB
Fig. 7 Shaft carried out for OBB settlement compensation

Pre stavebnu etapu U2 17-21 boli definované dve kompenzac-
né polia. Vrty pre injektdzne riry boli vedené bud zo $acht OBB
(Rakuska Zelezni¢na spolocnost) (obr. 7), alebo z novovytvorenych
§acht zo striekaného betonu vyrazenych za tcelom injektaze.

4.3 Zabezpecenie zmrazovanim

are the following support measures: jet grouting under foundations
(DSV-Korper), compensation for settlement (see the next chapter),
widening of foundation, deepening of foundation, construction of
a base slab, reinforcement of the load-bearing structure or a combi-
nation of several measures.

4.2 Compensation for settlement

Settlement compensations serve to compensate in a timely man-
ner for the subsidence that occurs during tunnel excavation so that
the permissible deformations of the building are not exceeded. Set-
tlement compensation is performed by compensation grouting. In
addition to grouting equipment, measurement equipment is also an
integral part of this process. The objective of mitigation of settle-
ment is to prevent the occurrence of differences in calculations due
to tunnel excavation or to keep them within specified limits. The
grouting mixture applied under pressure will cause local interrup-
tion of the soil matrix under the foundation. The injection of the
suspension leads to an increase in volume, which means that the
underlying ground is initially locally pre-stressed. The volumet-
ric increase is corrected through the amount of grouting mixture.
Deformations are continuously measured and recorded using elec-
tronic levels.

Two compensation fields were defined for construction phase U2
17-21. The holes for grouting were drilled either from OBB (Aus-
trian Railway Company) shafts (see Fig. 7) or from newly created
shotcrete-lined shafts excavated for the purpose of grouting.

4.3 Securing by freezing

The overburden is being frozen in the Matzleinsdorfer Platz
station area (U2-18). Freezing serves to temporarily consolidate
the ground and secures the excavation of the calotte for station
tubes T1 and T2. Freezing is in the form of a semicircular body
and serves primarily as a preliminary measure to improve the soil
and, in the tube No. 2, to protect against groundwater, and thus
ensure safe excavation of the calotte. Securing the excavation by
freezing using liquid nitrogen is the most appropriate measure,

Zmrazenie nadlozia sa vykonava
v priestore stanice Matzleinsdor-
fer Platz (U2-18). SIiZi na docCasné
spevnenie horniny a zabezpeCuje
razenie kaloty pre stani¢né riry T1
a T2. Zmrazenie je vo forme polkru-
hového tvaru a slizi predovSetkym
ako predbezné opatrenie na zlepSe-
nie zeminy a v rure 2 na ochranu pro-
ti podzemnej vode, a tym zaistenie
bezpecného razenia kaloty. Zabez-
pecenie vyrubu zmrazenim tekutym
dusikom je najvhodnejSim opatrenim
najmi z déovodu okrajovych podmie-
nok v oblasti Matzleinsdorfer Platz,
ako je trat OBB, podjazd popod
Gurtel a existujuce Zelezni¢né mosty
OBB, kde nie je moZné z priestoro-
vych dévodov na povrchu zniZit hla-
dinu podzemnej vody alebo jej tlak
(prevadzka OBB, U-STRAB, Giirtel
a pod.) (obr. 8). Primarnym tcelom

zmrazovania nadloZia pri razeni ka-
loty v tuneloch dvoch stani¢nych rir
T1aT2 je tprava zeminy na zvysenie

zdroj: ,, ZdruZenie U2 17-21° source: “Consortium U2 17-21*

Obr. 8 Zmrazovacie zariadenie tubusu stanice Matzleinsdorferplatz
Fig. 8 Freezing equipment for Matzleinsdorferplatz station
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obrys contour plot

teplota uzlu (skalarni hodnota) nodal temperature (scalar value)
13.03
0.00

Max = 13.03
PART-1-1 1883177
Min = -31.79
PART-1-141917

especially because of the boundary
conditions in the Matzleinsdorfer
Platz area, such as the OBB rail-
way line, the Gurtel underpass and
the existing OBB railway bridges,
where groundwater level or pressure
cannot be reduced for conditions
existing on the surface (operation
of OBB, U-STRAB, Gurtel, etc.)
(see Fig. 8). The primary purpose
of freezing the overburden when
excavating the calotte in the tunnels
of the two station tubes T1 and T2
is to modify the soil to increase its
cohesion, modulus of elasticity and
compressive strength (depending on

zdroj: ,,Podklady pre vyberové konanie U2 17-21

Obr. 9 Schéma zmrazovania tubusu stanice Matzleinsdorferplatz
Fig. 9 Diagram of freezing for Matzleinsdorferplatz station tube

jej sudrznosti, modulu pruzZnosti a pevnosti v tlaku (v zavislosti od
teploty). Zmrazené teleso musi v tejto faze razenia spliiat staticky
a tesniaci efekt. Po ukonceni razenia bude prevadzka zmrazovacie-
ho systému prerusend. Pre bezprostredne nasledujtice razenie stup-
Ha a spodnej klenby zostdva tesniaci u¢inok zamrznutého nadloZia
nadalej, pretoZe zmrazend zemina sa topi len pomaly (obr. 9).

5. DALSI VYVOJ VYSTAVBY METRA VO VIEDNI

Aktudlne stavebné prace prebiehaju v stlade s harmonogramom.
Momentdlne prebiehaji Specidlne podzemné prace, Sachty su vo
vystavbe, raziaci $tit bude hotovy na jeseni 2022.

Zatial sa nevyskytli Ziadne nepredvidatelné problémy. Stavebné
prace st vSak eSte len na zaciatku.

Mesto Viedeni v stiCasnosti planuje druhu etapu rozsirovania U2.
V tomto kroku rozirenia sa U2 najskor prediZi o dve dalSie stanice
z Matzleinsdorfer Platz juznym smerom na Wienerberg (Gufrie-
gelstralBe, Wienerberg).

Po dokonceni prvej stavebnej fazy US medzi Frankhplatz a Karl-
splatz bude nasledovat dalSie rozsiahle rozSirenie v smere na Elter-
leinplatz. V tejto druhej etape rozsirovania U35, ktora je momental-
ne v zdverecnej faze vSeobecného projektového planovania mesta
Vieden, sa U5 rozsiri o Styri dalSie stanice (Arne-Karlsson-Park,
Michelbeuern-AKH, Elterleinplatz, Hernals).

Dipl.-Ing. HARALD GLOSL,
harald.gloesl@porr.at., PORR Bau GmbH,
Ing. LUBICA PISTANSKA, lubica.pistanska@porr.sk, PORR s.r.o.
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temperature). The frozen body has to
have a static and sealing effect at this
stage of tunnel excavation. After the
excavation is completed, the opera-
tion of the freezing system will be interrupted. For the immediately
following excavation of the bench and invert, the sealing effect of
the frozen overburden remains, because the frozen soil melts only
slowly (see Fig.9).

5. FUTURE DEVELOPMENT OF METRO CONSTRUCTION
IN VIENNA

Current construction work is proceeding according to the sched-
ule. Special underground work is currently underway, shafts are
under construction; the tunnelling shield will be ready in autumn
2022.

No unpredictable problems have occurred so far. However, con-
struction work is still at its beginning.

The city of Vienna is currently planning the second phase of U2
line expansion. In this expansion step, the U2 line will first be ex-
tended by two more stations from Matzleinsdorfer Platz south to
Wienerberg (GuBriegelstralle, Wienerberg).

After the completion of the first construction phase of the US line
between Frankhplatz and Karlsplatz, another large-scale expansion
in the direction of Elterleinplatz will follow. In this second phase of
US line expansion, which is currently in the final phase of general
project planning for the city of Vienna, U5 line will be extended
by four more stations (Arne-Karlsson-Park, Michelbeuern-AKH,
Elterleinplatz, Hernals).
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PRECERPAVACIA STANICA MUSAIMEER S ODTOKOVYM TUNELOM
~ VYUZITIE METODY BIM PRI REALIZACII VELKYCH PROJEKTOV
MUSAIMEER PUMPING STATION WITH OUTFALL TUNNEL - USE

OF THE BIM METHOD DURING THE CONSTRUCTION OF LARGE
PROJECTS

PAVEL ZUZULA, LUBICA PISTANSKA

ABSTRAKT

Projekt Musaimeer Pumping Station & Outfall Tunell (MPSO) je jeden zo strategickych projektov emirdtu Katar. PreCerpdvacia stanica
Jje prepojenim medzi tunelom Abu Hamour (AHSO) odvddzajiicim vodu 7 drendZneho systému juZnej casti hlavného mesta Dohd a jednym
z najdlhsich odtokovych tunelov pre daZdovi vodu pod dnom Perzského zdlivu. Odtokovy tunel sa na konci napdja do vypustnej Sachty,
difiizneho pola vybudovaného na morskom dne. Dévodom vystavby bolo nahradenie povodnej kanalizacnej siistavy, ktord nebola schopnd
zabezpecit odvodnenie tizemia v dobe privalovych daZdov. Preto se v niektorych castiach mesta vyskytovali zdplavy. MPSO zabezpeci
odvedenie povrchovej a dazdovej vody z vizemia o rozlohe 170 km? a nahradi desiatky Cerpacich stanic na roznych miestach mesta, ¢im
sa zniZia ndklady na tidribu a prevddzku. Cldnok popisuje vyuZitie metédy BIM pri tomto rozsiahlom stavebnom diele od projektu az po
odovzdanie investorovi. Predstavuje tieZ rieSenie napojenia odvodného tunela a vypustnej Sachty difiizneho pola metodou BIM, ktoré bolo
Jjednou z najvicsich vyziev pri realizdcii.

ABSTRACT

The Musaimeer Pumping Station & Outfall Tunnel (MPSO) project is one of the strategic projects of the Emirate of Qatar. The pumping
station is a link between the Abu Hamour Tunnel (AHSO), which drains water from the drainage system in the southern part of the capital
Doha, and one of the longest rainwater outfall tunnels below the Persian Gulf seabed. At the end, the outfall tunnel feeds into the riser
shaft, a diffuser field built on the seabed. The reason for the construction was the replacement of the original sewerage system, which
was not able to ensure drainage of the area, and therefore, floods occurred in some parts of the city during the torrential rains. MPSO
will ensure the drainage of the surface water and the rain water from an area of 170 km? and will replace dozens of pumping stations in
various parts of the city, thus reducing maintenance and operating costs. The article describes the use of the BIM method in this extensive
construction work from the design to the handover to the investor. It also represents a solution for the connection of the outfall tunnel and
the diffuser field the riser shaft using the BIM method, which was one of the biggest challenges during the construction.

1. UVOD 1. INTRODUCTION

V roku 2017 ziskal investor ocenenie projektu MPSO za celosve-
tovo najlepsi projekt v kategoérii odpadovych vdd pocas udelovania
cien Engineering News Record (ENR) Global Best Projects Awards
v New Yorku. Okrem tohto ocenenia ziskal zhotovitel projektu
MPSO v roku 2021 hodnotenie 73 % — velmi dobry — v schéme
medzindrodného hodnotenia udrzatelnosti CEEQUAL (Civil En-
gineering Environmental Quality Assessment and Award Scheme).

Podmienkou tcasti v sutazi, ako pri vSetkych novych projektoch
v Katare, bolo spracovanie projektu metédou BIM. V emirite Ka-
tar sa jednd o Standardny pristup, pretoze BIM model nie je vni-
many len ako stcast projektovej dokumentacie; jedna sa o proces
vytvdrania a spravovania dit o stavbe pocas jej Zivotného cyklu,
pri¢om zjednodusuje pristup k informaciam, konStrukcidm a adrz-
be objektov stavby.

2. ZAKLADNE INFORMACIE O PROJEKTE

ASHGHAL Doha (Zadavatel infrastruktirnych
projektov emiratu Katar)
Stavebny dozor investora (PMC): Mott MacDonald

Investor:

Realizdtor: ~ ZdruZenie Hamad Bin Khalid Contracting
a PORR Qatar Construction (JV HBK-PORR)
Projektant: ~ COWTI (Cerpacia stanica a technoldgia),

VCE (tunel a difazne pole)
Celkova cena: 214 mil. eur

In 2017, the investor received the MPSO project award for the
world’s best project in the wastewater category during the Engi-
neering News Record (ENR) Awards at the Global Best Projects
Awards in New York. In addition to this award, the contractor of the
MPSO project received a rating of 73% in 2021 — very good — in
the CEEQUAL (Civil Engineering Environmental Quality Assess-
ment and Award Scheme).

The condition for participation in the competition, as with all
new projects in Qatar, was the processing of the project by the BIM
method. In the emirate of Qatar, this is a standard approach, as
the BIM model is not perceived only as part of the project docu-
mentation; it is a process of creating and managing construction
data during its life cycle, while simplifying access to information,
structures, and maintenance of construction objects.

2. BASIC INFORMATION ABOUT THE PROJECT

ASHGHAL Doha (Client of infrastructure
projects of the Emirate of Qatar)
Investor Construction Supervision (PMC): Mott MacDonald

Investor:

Contractors: Joint venture of Hamad Bin Khalid Contracting
and PORR Qatar Construction (JV HBK-PORR)
Designer: COWI (pumping station and technology),

VCE (tunnel and diffuser field)

Total price: 214 mil. eur
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vtokova Sachta odtokovy tunel vtokova $achta Contract type:  Design and build;
pumping station outfall chamber drop shaft agreement with local
~ injektaz_ - injektaz conditions
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dewatering wells 10x pumps outfall tunnel (10km, @ 3.7m) improved soil
the 9.5km long Abu Hamour Tunnel

Obr.1 Schéma projektu (pozdlzZny rez)
Fig. 1 Project scheme (longitudinal section)

Typ zmluvy: Naprojektuj a postav (,,design and build*‘); zmluva
s lokdlnymi podmienkami

Zaciatok vystavby: november 2017

Ukoncenie vystavby: april 2022

Rozsah préc projektu zahfiial ndvrh a vystavbu Cerpacej stanice,
vystavbu 10 km odtokového tunela s vnitornym priemerom 3,7 m
veducim pod morskym dnom a jeho napojenia na vypustnt Sachtu
difizneho pola (obr. 1).

Stavba sa nachddza bezprostredne juzne od medzinarodného le-
tiska Hamad International Airport, priamo na pobrezi Perzského
zalivu, kde sa napéja na 9,5 km dlhy tunel Abu Hamour (AHSO)
vybudovany v roku 2016 (obr. 2). Tento tunel prepravuje dazdovu
vodu zhromaZdenu na juhu a zdpade hlavného mesta Doha do Cer-
pacej stanice zo zachytnej oblasti s celkovou rozlohou priblizne
170 km?, pri¢om sa nail napdja aj dalSich 22 tunelov.

Ulohou &erpacej stanice s max. kapacitou 19,7 m?/s bude pre-
Cerpavat vody z tunela Abu Hamour (AHSO) do nadvizujiceho
odtokového tunela a nasledne do diftizneho pola (obr. 3).

Difizne pole sa rozprestiera na morskom dne na ploche 300 m
x 50 m. Je tvorené potrubim s priemerom 2000, 1400, 1200
a 710 mm. Vypuste st uloZené v chranickach odolnych voci oderu.

Vypustnid Sachta je vyrobend so sklolaminitu (GRP) dizky

10,1 m s priemerom 3 m.
3 medzinarodné letisko
\ \ Hamad
b |, Hamad internationaly

Airport

3. RAZENIE TUNELA

Raziace prace zahfnali vystavbu
odtokového tunela dizky 10 158 m.
S prediZenim o tsek 31 m z dovodu
servisnych Cinnosti dosiahla celkova
dizka podmorského tunela 10 189 m.
Podlozie tunela sa skladd z troch roz-
dielnych typov hornin (viz niZSie)
a z hydrogeologického hladiska su
jednotlivé vrstvy vysoko priepustné.

Trasa tunela prechddzala cez tri
rozne typy hornin, ktoré sa beZne
vyskytuji na Katarskom polostrove.
Vapence su rozdelené na tri skupiny,
savrstvie Rus, bridlice Midra a va-
pence Simsima.

\ . Musaimeer & podmorské =~ %

d vyUstenie
| Musaimeer pumping [

\]
E
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» Wl
_oaS e

286655.616
N 3895

e 8
tunel AHSO =

o
| "AHSO tunnel

Obr. 2 Situdcia
Fig. 2 Situation

(AHSO) built in 2016 (Fig. 2). This
tunnel transports rainwater collected
in the south and west of the capital
Doha to a pumping station from a catchment area with a total area
of approximately 170km?, while it is also fed by another 22 tunnels.

The role of the pumping station with max. capacity of 19.7m?/s
will be to pump water from the Abu Hamour Tunnel (AHSO) to
the adjoining outfall tunnel and subsequently to the diffuser field
(Fig. 3).

The diffuser field extends on the seabed on an area of 300m x
50m. It consists of pipes with a diameter of 2000, 1400, 1200 and
710mm. Drains are stored in abrasion-resistant sleeve casings.

The riser shaft is made of fiberglass (GRP) length 10.1m with
a diameter of 3m.

3. TUNNEL EXCAVATION

The excavation works included the construction of a 10,158m
long outfall tunnel. With an extension of 31m due to service activi-
ties, the total length of the undersea tunnel reached 10,189m. The
ground of the tunnel consists of three different types of rocks (see
below) and from a hydrogeological point of view, the individual
layers are highly permeable.

The route of the tunnel passed through three different types of
rocks that commonly occur on the Qatar Peninsula. Limestones are
divided into three groups, the Rus formation, the Midra shale and
the Simsima limestone.

difuzér podmorského
vyustenia
marine outfall diffuser
E 248782.376
N 388229.179

% station & marine outfall | "
el S(CP671/2)A
: vtokové Sachta -

drop shaft
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Tuel

difuzne pole
diffuser field

ochranna vrstva voci oderu abrasion protection layer
84 jednosmernych duck bill ventilov s beténovymi charanickami
84 one-way duckbill valves with concrete sleeve casings

betonové chranicky
concrete sleeve casings

e The Rus formation can be
L characterized as very weak to weak,
light brown fine-grained limestone,
interspersed with very weak light
green-gray claystone with isolated
diftuzér gypsum veins.

diffuser ==lg L | < Midra Shale is a very weak to
weak yellow-brown fine-grained
shale interspersed with weak to
medium-thick white to light gray
limestone with occasional gypsum
concretions.

e Simsim limestone is a weak to
medium-thick light gray to white
fine-grained dolomitic
with occasional gypsum concre-
tions.

i |
dul ]

limestone

view, the most important aquifers

Obr. 3 Difiizne pole
Fig. 3 Diffuser field

e Suavrstvie Rus mozno charakterizovat ako velmi slaby az slaby
svetlohnedy jemnozrnny vapenec, prekladany velmi slabym
svetlozelenosivym ilovcom s ojedinelymi Zilkami sadrovca.

¢ Bridlica Midra je velmi slaba aZ slaba Zltohneda jemnozrnna
bridlica prekladana slabym aZ stredne silnym bielym aZ svet-
losivym vapencom s obCasnymi konkréciami sadrovca.

» Simsimsky vépenec je slaby aZ stredne silny svetlosivy az bie-
ly jemnozrnny dolomiticky vapenec s obasnymi konkréciami
sadrovca.

Z hydrologického hladiska su najddlezitejSie vodonosné vrstvy
na rozhrani simsimského vipenca a midrasskych bridlic a na ro-
zhrani midrasskych bridlic a sdvrstvia Rus, kde je prietocnost
v oboch pripadoch velmi vysoka.

Tunel bol razeny zeminovym $titom od ¢inskeho vyrobcu CREG
s priemerom 4,43 m. Navrhnuté bolo prefabrikované segmentové
ostenie, typ 640, s hribkou 22 cm a dizkou prstenca 1,3 m. Na
vyrobu segmentov bol pouzity betén s rozptylenou ocelovou vy-
stuzou. Vzhladom k malému priemeru tunela bola okrem nerovno-
rodej geoldgie velmi doleZzita aj logistika odvozu vyrubu a dovozu
segmentov ostenia, ktord bola zabezpecena kolajovou dopravou
pomocou diesel lokomotivy.

4. POUZITE KROKY BIM NA PROJEKTE POCAS
VYSTAVBY

Zhotovitel zriadil ,, Technicky tim zdruZenia projektu a vypraco-
val spolo¢né datové prostredie CDE (Common Data Enviroment)
pre navrh, realizéciu, prevadzku a udrzbu zariadenia (obr. 4).

Pred zacatim prac sa vytvorilo funkéné prepojenie (interface) so
vSetkymi externymi zainteresovanymi stranami vratane tunela Abu
Hamour, medzinarodného letiska Hamad a ekonomickej $tvrte Ma-
nateq Ras Bufontas.

Modely BIM boli vytvorené z programu REVIT. Program Navi-
sworks NWD sa pouzival na detekciu kolizii.

Proces bol nasledujici:

Modely boli vytvorené v programe REVIT V2018. Pre MPSO
bolo vytvorenych 28 modelov Revit. Z Revitu sa extrahovali mo-
dely vo formate NWC a ukladali sa vo formate NWD. Tieto mo-
dely vo formate FWD sa skombinovali a vytvorili ¢iastkovy model
NAVISWORKS. Pre MPSO boli vytvorené tri modely Navisworks:

1. preCerpavacia stanica a Sachta;

2. odtokovy tunel a diftizne pole s vypustnou Sachtou;

3. kombinovany model (zahfiiajici vSetko vratane obsluznych
zariadeni, inZinierskych sieti, atd.).

are at the interface of Simsim li-

mestone and Midrash shale and

at the interface of Midrash shale
and Russian formation, where the flow rate is very high in both
cases.

The tunnel was excavated with a soil shield from the Chinese
manufacturer CREG with a diameter of 4.43m. A prefabricated
segment lining, type 6 + 0, with a thickness of 22cm and a ring
length of 1.3m was designed. Concrete with fiber steel reinforce-
ment was used for the production of the segments. Due to the small
diameter of the tunnel, in addition to the heterogeneous geology,
the logistics of the muck removal and the import of the lining seg-
ments, which was provided by rail using a diesel locomotive, were
also very important.

4. BIM STEPS USED IN THE PROJECT DURING
CONSTRUCTION

The contractor set up the “Technical team of the project joint
venture” and developed a common data environment CDE (Com-
mon Data Environment) for the design, construction, operation and
maintenance of the facility (Fig. 4).

Prior to the start of the work, a functional interface was esta-
blished with all external stakeholders, including the Abu Hamour
Tunnel, Hamad International Airport and the Manateq Ras Bufon-
tas economic district.

BIM models were created using the REVIT program. Na-
visworks NWD was used to detect collisions.

The process was as follows:

The models were created in the REVIT V2018 program. 28 Revit
models were created for MPSO. Models in NWC format were ex-
tracted from Revit and saved in NWD format. These FWD models
have been combined to form the NAVISWORKS sub-model. 3 Na-
visworks models were created for MPSO:

1. pumping station and shaft;

2. outfall tunnel and diffuser field with riser shaft;

3. combined model (including everything including service faci-
lities, engineering utilities, etc.).

4.1 Technical team of the project joint venture

“The technical team of the project joint venture”, which con-

sisted of the investor’s representatives, the investor’s construc-

tion supervision, the designer, the contractor, the project docu-
mentation coordinator and the BIM manager (employee of the

From a hydrological point of
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Obr. 4 Spolocné prostredie tidajov — CDE
Fig. 4 Common Data Environment — CDE

4.1 Technicky tim zdruZenia projektu
,, Technicky tim zdruZenia projektu*, ktory bol zloZeny zo za-
stupcov investora, stavebného dozora investora, projektanta, rea-
lizatora, koordindtora projektovej dokumenticie a BIM manazéra
(zamestnanec realizatora), mal za Glohu pocas celej doby vystavby:
» udrziavat a neustdle aktualizovat pdvodny vychodiskovy su-
bor informac¢ného modelu v jednotlivych fazach projektu az po
fazu realizacie vratane uloZenia dat do datového vymenného
Standardu COBie (Construction-Operations Building informa-
tion exchange);
vypracovat 3D model (Groveni podrobnosti pouzitych ddt LoD
350) LoD = graficka a informacna podrobnost modelu) v kaz-
dej faze prac a prislusnych vystupov; formét vystupnych dda-
jov —.rvt, .nwd, .nwc, atd.;
zodpovednost za poskytovanie vSetkych aktualizovanych in-
formaécii v BIM, 2D/3D vykresoch a inych predkladanych do-
kumentoch a modeloch;
koordinovat zistenia zo sprav o identifikécii kolizii prostred-
nictvom ¢iastkovych modelov, zabezpecovat sulad BIM s rea-
lizaciou a BIM projektami a stvisiacimi dokumentami;
vytvarat platformu pre spolupracu, integriciu a koordinaciu
vsetkych spolupracujicich subjektov.
Hlavnymi povinnostami BIM manaZéra v realizécii projektu boli:
e definovat vzdjomné konflikty pri vystavbe porovnanim 3D
modelu a ich odstranenie eSte pred zacCatim vystavby;
aktualizovat a koordinovat realizacné vykresy (detaily, rezy)
vytvarané z 3D modelu do 2D dokumenticie;
vytvéarat virtudlne makety; napriklad vytvorenie velmi po-
drobného modelu vybratej Casti projektu na analyzu alternativ
a vyrieSenie konStrukénych problémov, ako napriklad rieSenia
prepojenia tunela vyrazeného EPB $titom a vypustnej Sachty
difuzneho pola (kapitola 5).

contractor), had the following tasks throughout the construction
period:

* maintain and constantly update the original initial file of the
information model in the individual phases of the project up
to the construction phase, including the storage of data in
the COBie (Construction-Operations Building information
exchange) data exchange standard;
develop a 3D model (level of detail of the data used LoD 350)
LoD = graphical and information detail of the model) at each
stage of the work and the relevant outputs; output data format
—.rvt, .nwd, .nwc, etc.;
responsibility for providing all updated information in BIM,
2D / 3D drawings and other submitted documents and models;
coordinate findings from collision identification reports
through sub-models, ensure BIM compliance with construction
and BIM projects and related documents;
create a platform for cooperation, integration and coordination
of all cooperating entities
The main duties of the BIM manager during the project
construction were:
define mutual conflicts during construction and their
elimination before the start of construction by comparing the
3D model,
update and coordinate drawings for construction (details,
sections) created from the 3D model into 2D documentation;
create virtual mock-ups; for example, the creation of a
very detailed model of a selected part of the project to
analyze alternatives and solve construction problems,
such as the solution of the connection between the tunnel
excavated by the EPB shield and the diffuser field riser shaft
(Chapter 5).



31. rocnik - €. 2/2022

Obr. 5 Napojenie odtokového tunela a vypustnej Sachty difiizneho pola
Fig. 5 Connection of the outfall tunnel and the diffuser field riser shaft

5. TECHNICKE RIESENIA POMOCOU BIM - PREPOJENIE
ODTOKOVEHO TUNELA A VYPUSTNEJ SACHTY
DIFUZNEHO POLA

Jednou z hlavnych vyziev pocas vystavby bolo definovat presni
geometriu prepojenia novovybudovanej vypustnej Sachty a odto-
kového tunela.

Tato problematika rieSenia bola presne determinovand prave
vdaka BIM modelu postupnou aktualizaciou udajov ziskavanych
geodetickym zameranim zo skutoCnej realizacie stavby. Geologic-
ké podmienky neumoziovali vytyCenie podla projektovej doku-
mentdcie, bolo preto potrebné robit tpravy za pochodu a nésledne
ich zapracovavat do nového BIM modelu objektu a Specifikovat
dotknuté segmenty ostenia tunela:

 priestorové stiradnice osi vypustnej Sachty v hornej Casti a osi
v spodnej Casti ako 3D linia v CAD formate (obr. 5);

 vzhladom na maly rozdiel osi vypustnej Sachty oproti projek-
tu bolo potrebné prepracovat tvar debnenia a skladbu vystuze
prepojenia;

e pomocou metédy 3D modelovania bolo mozné vytvorit presny
tvar, ktory licoval s dnom vypustnej Sachty a so zrealizovanym
odtokovym tunelom, aj ked ich osi neboli v predpokladane;j
linii (obr. 6);

e zhotovitel pouzil 3D model a extrahované 2D vykresy na
pripravu debnenia pre realizaciu monolitickej betonovej kon-
Strukcie prepojenia;

Obr. 7 3D model prepojenia
Fig. 7 3D model of the connection
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Obr. 6 Posun osi vypustnej Sachty proti projektu
Fig. 6 Shifting of the riser shaft axis in comparison to the project

5. TECHNICAL SOLUTIONS USING BIM - CONNECTION
OF OUTFALL TUNNEL AND DIFFUSER FIELD RISER
SHAFT

One of the main challenges during construction was to define
the exact geometry of the connection between the newly built riser
shaft and the outfall tunnel.

Those solution issues were precisely determined thanks to the
BIM model by gradual updating of data obtained by geodetic sur-
vey from the actual construction. Geological conditions did not
allow for delineation according to the project documentation, so
it was necessary to make adjustments on the go, and then incorpo-
rate them into the new BIM model of the structure and specify the
affected segments of the tunnel lining:

* spatial coordinates of the axis of the riser shaft in the upper
part and the axis in the lower part as a 3D line in CAD format
(Fig. 5);

* due to the small difference in the axis of the riser shaft compared
to the project, it was necessary to rework the formwork shape
and the reinforcement composition of the connection;

* using the 3D model, it was possible to create an exact shape that
matched the bottom of the riser shaft and the realized outflow
tunnel, even if their axes were not in the assumed line (Fig. 6);

* the contractor used the 3D model and the extracted 2D
drawings to prepare the formwork for the realization of the
monolithic concrete connection structure;

¢ also the monolithic connection of the tunnel and the riser shaft
was realized on the basis of the 3D model data (Fig. 7).

Project realization— construction drawings
The BIM model for construction drawings was used for all de-

tails, for elements realized in-situ, formwork and reinforcement.
The details were developed in a 3D model and updated in LoD 350
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krok 1 step 1

krok 3 step 3

krok 2 step 2

krok 4 step 4

Obr. 8 3D model podrobného postupu vystavby prepojenia v krokoch
Fig. 8 3D model of connection working sequences in detail

 rovnako monolitické napojenie tunela a vypustnej Sachty bolo
zrealizované na zdklade tdajov 3D modelu (obr. 7).
Realizacny projekt — vyrobné vykresy

BIM model pre vyrobné vykresy bol pouZity pre vSetky detaily,
pre prvky realizované in-situ, debnenie a vystuZ. Detaily boli vy-
vinuté v 3D modeli a aktualizované v LoD 350, aby sa tak urcilo
rozhranie medzi jednotlivymi profesiami, ktoré poskytli mnozstvo
detailov na vytvorenie zdkladnej geometrie a kontrolu suradnico-
vého systému.

Udaje z 3D boli prepojené s harmonogramom v programe Prima-
vera a vytvorili zédklad pre 4D (realizac¢nu) fazu BIM, ktora slazila
na sledovanie priebehu vystavby.

Postup vystavby zachytavaju obr. 8 az 10.

6. ZAVER

Cielom BIM modelu je najst chyby, usetrit ¢as, poskytnut realis-
ticky model v kazdom kroku a znizit naklady eSte pred vystavbou.
Praca so skiisenym timom prinasa hodnotu investorovi, realizacnej

to define the interface between the professions, which provided a
lot of detail to create the basic geometry, and for the control of the
coordinate system.

The 3D data were linked to the schedule in the Primavera pro-
gram and formed the basis for the 4D (construction) phase of BIM,
which was used to monitor the progress of construction.

The construction process is captured in Fig. 8 to 10.

6. CONCLUSION

The goal of the BIM model is to find errors, save time, provide a
realistic model at every step and reduce costs before construction.
Working with an experienced team brings value to the investor, the
contractor and overall increases efficiency in construction as such.

After creating the basic 3D model and its subsequent models, it
is possible to obtain a tool that can be used in a wide range, from
the preparation of project documentation to the analysis of real
operation, from collision detection to automatic generation of bill
of quantity documents to estimate construction costs.

In the construction process, both the investor and

Obr. 9 Vystuz ostenia prepojenia
Fig. 9 Lining reinforcement of the connection

the contractor benefit from cost savings and optimi-
zation of production processes in the area of time
management. With the correct use of the BIM mo-
del, the final construction product will be produced
in higher quality thanks to the amount of information
that is captured in the construction process. Another
advantage is the possibility of online access to pro-
ject documentation — at any time at different facilities
and in different places, whether during meetings with
stakeholders or directly on the construction site.

The future in construction is undoubtedly based on
cooperation and digitization, as evidenced not only
by the project presented, but also by other projects in
Slovakia and abroad. As BIM becomes more sophis-
ticated, 4D simulation (to optimize workflow), SD (to
estimate costs) and even 6D (sustainability — energy
assessment in the design and operation phases), its
benefits have already been understood by investors
and architects. BIM allows architects to anticipate
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spolo¢nosti a celkovo zvySuje efektivnost pri vystav-
be ako take;j.

Po vytvoreni zékladného 3D modelu a jeho nasled-
nych modelov je mozno ziskat nastroj, ktory mozno
pouzit Sirokospektralne, od pripravy projektovej doku-
mentacie az po analyzu redlnej prevadzky, od detekcie
kolizii az po automatické generovanie vykazov vymer
na odhad stavebnych nakladov.

V procese vystavby investor aj zhotovitel profituji
z uspor nékladov a optimalizicie vyrobnych proce-
sov v oblasti riadenia ¢asu. Pri sprdvnom pouZziti BIM
modelu bude konec¢ny stavebny produkt vyrobeny
vo vyssej kvalite vdaka mnoZstvu informacii, ktoré
sa v procese vystavby zachytia. DalSou vyhodou je
moznost online pristupu ku projektovej dokumentécii
— kedykolvek na r6znych zariadeniach a na r6znych
miestach, ¢i uz pocas stretnuti so zainteresovanymi
stranami alebo priamo na stavbe.

Budticnost v stavebnictve je nepochybne zalozend na
spolupréci a digitaliz4cii, coho dokazom je nielen pre-
zentovany projekt, ale aj dalSie projekty na Slovensku
a v zahranici. Ako sa BIM stdva Coraz sofistikovanej-
§im, 4D simuldcia (na optimalizaciu postupnosti prac),
5D (na odhad nédkladov) a dokonca aj 6D (udrZatelnost
— energetické hodnotenie vo faze projektovania a pre-
vadzky), jeho vyhody uZ pochopili aj investori a ar-
chitekti. BIM umoziiuje architektom predvidat potencidlne stavebné
nebezpecenstva a predchadzat im tpravou navrhu este dlho pred re-
alizaciou.

A préve preto pri vystavbe precerpavacej stanice MPSO realizator
vyuzil vSetky vyhody BIM modelu pri vystavbe, a to hlavne:

¢ Vytvorenie informa¢ného modelu objektu s databazou vlastnos-
ti a harmonogramov na zdklade poskytnutych planov v CAD
forméte.

e RieSenie problémov moZnych kolizii; pomocou modelov Na-
visworks NWD sluzil BIM model na odstranenie velkych systé-
movych konfliktov pred fazou vystavby.

e 4D simuldcia sa pouZzivala na optimaliziciu postupnosti prac,
ako aj pocas celej fazy vystavby, aby realizacné timy mali jasni
predstavu o tom, Co treba v akej postupnosti a nadviznostiach
realizovat.

* Pocas celej vystavby sa pouzival BIM model na pravidelnu kon-
trolu so zainteresovanymi stranami a koordindciu revizii.

* Pouzitie 5D na odhad nakladov, ktory sa pouzil ako néstroj na
generovanie zoznamu jednotlivych Casti z Revitu do stborov
Excel, kde bola pridana kalkulacia, ktora sa pouZzila ako podpor-
ny dokument pre sekundéarnu kontrolu odhadu nakladov a pres-
na evidenciu skonStruovaného majetku pri odovzdani vratane
vSetkych informécii potrebnych na prevadzku a adrZbu.

BIM je dlhodoba investicia. Na zaciatku vysoka, ale akonahle je
proces zavedeny, vela prace je mozné replikovat z jedného projek-
tu do druhého. Preto je vyhodou kazdého investora si pre realizaciu
stavby zvolit spolocnost, ktora uz skisenosti so zavedenym systé-
mom BIM ma. Kazdy nasledujuci projekt ma potom uzitok z pred-
chéadzajiceho.

Ing. PAVEL ZUZULA, pavel.zuzula@porr.sk,
Ing. LUBICA PISTANSKA, lubica.pistanska@porr.sk,
PORR s.r.o.
Recenzoval Reviewed: Ing. Jan Korejcik

LITERATURA /7 REFERENCES
[1] Interné dokumenty/fotografie z realizacie fy JV HBK-PORR

Obr. 10 Betondz prepojenia
Fig. 10 Concrete casting of the connection

potential construction hazards and prevent them by modifying the
design long before construction.

And that is why during the construction of the MPSO pumping
station, the contractor utilized all the advantages of the BIM model
during construction, mainly:

e Creation of an information model of the structure with a
database of properties and schedules based on the provided
plans in CAD format.

e Troubleshooting Clash Detection; using Navisworks NWD
models, the BIM model was used to eliminate major system
conflicts before the construction phase.

* 4D simulation was used to optimize the sequence of work,
as well as throughout the construction phase, so that the
construction teams have a clear idea of what needs to be
realized in what sequence and continuity.

* Throughout construction, the BIM model was used for regular
stakeholder inspections and coordination of revisions.

* Use of 5D for cost estimation, which was used as a tool to
generate a list of individual parts from Revit to Excel files,
where a cost calculation was added, which was used as a
supporting document for secondary cost estimation control and
accurate records of constructed assets at handover, including
all necessary information for operation and maintenance.

BIM is a long-term investment. High at first, but once the pro-
cess is in place, a lot of work can be replicated from one project
to another. Therefore, it is the advantage of every investor, for the
execution of the construction, to choose a company that already
has experience with the established BIM system. Each subsequent
project then benefits from the previous one.

Ing. PAVEL ZUZULA, pavel.zuzula@porr.sk,
Ing. LUBICA PISTANSKA, lubica.pistanska@porr.sk,
PORR s.r.o.

[2] Geotechnical Aspects of Sub-Sea Tunnelling on the Musaimeer Pumping Station and Outfall Tunnel Project (civilnova.com)
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VYZNAMNE ZMENY V NADLOZI HIS'I:ORICK?CH
VINOHRADSKYCH TUNELU
SIGNIFICANT CHANGES IN THE OVERBURDEN OF HISTORIC
VINOHRADY TUNNELS

JIRI BARTAK

ABSTRAKT

Po zbourdni brutalistni stavby Transgasu na Vinohradské tridé v Praze, jehoZ objekty byly situovdny nad historickymi Vinohradskymi
tunely II a III, bude ve vzniklé proluce realizovdno Administrativni centrum Vinohradskd a dostavba objektu ¢. p. 345 ,,Nad Muzeem*.
Oba objekty maji zdkladovou spdru bezprostiredné nad osténim stdvajicich tunelit. Odlehceni zpiisobené zbourdnim Transgasu, ndsledné
vyhloubeni stavebni jamy a pritizeni novymi objekty vyvoldvd specifickou odezvu u obou tunelii. Prispévek strucné popisuje historii Vino-
hradskych tunelii, ddle hlavni fdze vystavby, charakter a velikost deformacniho ovlivnéni kamenné kvddrové obezdivky obou tunelii.

ABSTRACT

After the demolition of the Transgas complex of brutalist-style buildings on Vinohradskd Trida Street in Prague, which were located above
the historic Vinohrady Tunnels Il and II1, the Vinohradskd Administrative Centre and the addition to “Nad Muzeem No. 345" building will
be built in the resulting vacancy. The foundation level of both buildings is found immediately above the lining of the existing tunnels. The
unloading caused by the demolition of the Transgas buildings, the subsequent excavation of the construction pits and the loading exerted
by new structures provokes a specific response at both tunnels. The paper briefly describes the history of the Vinohrady tunnels, as well as
the main construction phases and the nature and magnitude of the deformational effect on the stone ashlar masonry lining of both tunnels.

STRUCNA HISTORIE VYSTAVBY VINOHRADSKYCH
TUNELU

Vinohradsky tunel I byl otevien v roce 1871 jako podstatna
soucast jednokolejné drahy Frantiska Josefa I., které vedla z Vidné,
pfes dolnorakousky Gmiind, do Prahy. Tunel délky 1 146 m byl
vybudovan klasickou rakouskou soustavou béhem dvou let (1869—
1871), v obtiznych podminkich pod pomérné hustou zédstavbou
tehdejSich Vinohrad, coZ se neobeslo bez poskozeni fady objekti.
V pribéhu dalSich dvaceti let se i na osténi tunelu objevila fada
zavad (prasaky, trhliny), takZe jiz kolem roku 1900 se uvazZovalo
o rekonstrukci tunelu. K té doslo az v letech 1945-1948, kdy byly
vyménény piskovcové bloky v klenbé osténi za Zulové klenaky
a opravena rubova izolace klenby.

AZ do otevfeni tunelu II v roce 1944 byla tunelem I vedena trat
sméfujici na jih, pres VrSovice, Tabor a Gmiind, do Vidné. V sou-
Casnosti prochdzi tunelem I Zelezni¢ni trat vedouci na zapad ve
sméru Smichov, Plzeni, prejezd statni hranice s Némeckem je moz-
ny na vice mistech.

Vinohradsky tunel II byl vybudovan v letech 1940-1944 sou-
bézné s tunelem I opét klasickou rakouskou soustavou v délce
1 149 m. Horni klenba tunelu II byla provedena z velmi kvalitnich
zulovych kvadri lichobéZnikového tvaru, s tloustkou 1,0 az 1,3 m,
opéry jsou z prostého betonu [1]. Mezi tunely II a IIT

BRIEF HISTORY OF CONSTRUCTION OF VINOHRADY
TUNNELS

The Vinohrady Tunnel I was inaugurated in 1871 as an essential
part of the Franz Joseph I single-track railway line, which led from
Vienna, via Gmiind in Lower Austria, to Prague. The 1,146m long
tunnel was built over two years (1869-1871) using the classical
Austrian system, in difficult conditions under the relatively dense
development of the then Vinohrady district, which work was not
done without damaging a number of buildings. During the course of
the next twenty years, a number of defects (leaks, cracks) appeared
in the lining of the tunnel, so the reconstruction of the tunnel was
considered around 1900. This did not happen until 1945-1948,
when the sandstone blocks in the lining vault were replaced by
granite crown stones and the external waterproofing of the vault
was repaired.

A south-heading railway line ran through Tunnel I — via VrSovice,
Tabor and Gmiind to Vienna, until the inauguration of Tunnel II
in 1944. At present, the railway line leading west in the direction
of Smichov and Plzen passes through Tunnel I; crossing the state
border with Germany is possible in several places.

The Vinohrady Tunnel IT was built at the length of 1,149m
in 1940-1944, in parallel with Tunnel I, again using the classical

byla v délce 290 m, zhruba az k Anglické ulici, pfi
vystavbé tunelu II vybudovana spole¢na opéra Sitky
6 m (obr. 1, 2, 3), ktera ma uprostied chodbu o Sifce
2 m spojenou s tunely II a IIT pficnymi chodbami,
také 2 m Sirokymi. Tunel III byl k tomuto usporadani
vyrazen nasledné.

V soucasnosti je tunelem II vedena trat z Prahy na

jih do Ceskych Budé&jovic, s odbockou ve Veseli nad

29,4

Luznici historickym smérem do Ceskych Velenic,
Gmiindu a Vidné.

poklad [1] - upraveno source document [1] - modified

Obr. 1 Vinohradské tunely
Fig. 1 Vinohrady tunnels
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Obr. 2 Vinohradsky tunel 11 se stiedni chodbou
Fig. 2 Vinohrady Tunnel II with the central gallery

Vinohradsky tunel III byl v jiZ zminéné délce 290 m vybudo-
véan v letech 1940-1944. Do nedokonceného dvoukolejného tune-
Iu byly umistény manipulacni koleje, vyuzivan byl téZ jako vinny
sklep. Ve vystavbé se pokracovalo aZ v letech 1983—-1989 v souvis-
losti s rozsifenim hlavniho nadrazi a vybudovanim odstavného na-
drazi Praha-jih. Na ptivodni dvoukolejny tunel navazaly rozpletem
(ktery byl realizovan v 30 m hluboké Sachté v Anglické ulici) dva
jednokolejné tunely v délkach 772 m, resp. 794 m. Jednokolejné
tunely byly vyraZeny prstencovou metodou, kterd byla pouZivana
v té dobé i pri vystavbé prazského metra.

poklad [1] - upraveno source document [1] - modified
Obr. 3 Provddeni rubové izolace stiedni chodby mezi tunely 11 a 111

Fig. 3 Installation of external waterproofing of the central gallery between
Tunnel I and Tunnel I1

poklad [1] - upraveno source document [1] - modified

Austrian system. The upper vault of Tunnel II was carried out using
high-quality, trapezoidal granite blocks, with a thickness of 1.0 to
1.3m:; the side walls are made of unreinforced concrete [1]. A 290m
long, 6m wide common support block (see Figures 1, 2, 3) was built
between Tunnels II and III during the course of construction of
tunnel II, reaching approximately up to Anglicka Street. There was
a 2m wide corridor in it connected with tunnels II and III by cross
passages, also 2m wide. Tunnel III was excavated subsequently and
was added to this arrangement.

At present, the south-heading line from Prague to Ceské
Budéjovice, with a turnoff in Veseli nad LuZnici in the historic
direction to Ceské Velenice, Gmiind and Vienna, runs through
Tunnel II.

The Vinohrady III tunnel was built at the already mentioned
length of 290m in the years 1940-1944. Loading tracks were laid
in the unfinished double-track tunnel; the tunnel was also used
as a wine cellar. The construction continued later in 1983-1989
in connection with the expansion of the Main Railway Station
and the construction of the Prague-South rail storage yard. Two
single-track tunnels at the lengths of 772m and 794m, respectively,
continued from a bifurcation chamber (which was carried out in a
30m deep shaft in Anglicka Street). The single-track tunnels were
driven using the Ring Method, which was applied at that time to the
construction of the Prague metro.

At present, the south-heading line from Prague to Ceské
Bud¢&jovice, or in the historical direction to Ceské Velenice,
Gmiind and Vienna, also runs through the single-track Vinohrady
Tunnel III.
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Obr. 4 Schéma podchyceni stivajiciho domu Nad Muzeem ¢. p. 343
Fig. 4 Scheme of underpinning of the existing “Nad Muzeem” building No. 343

V soucasnosti je jednokolejnym tunelem Vinohradského tunelu
111 také vedena trat z Prahy na jih do Ceskych Bud&jovic, pfipadng
historickym smérem do Ceskych Velenic, Gmiindu a Vidné.

ZASTAVBA V OBLASTI NiZKEHO NADLOZI TUNELU

Charakteristika staré zastavby

Stara zastavba podél Vinohradské tridy (1922-1939 Fochova,
1940-1945 Schwerinova, 1946-1962 Stalinova) nad budoucimi
tunely II a III byla zbourana v roce 1939-1940 Ministerstvem post
a telegrafti, s vyjimkou domu , Nad Muzeem* (¢. p. 343), pod kte-
rym se chystala vystavba tunelu II. Dim byl pred razbou tunelu II
podchycen klasickym zptisobem pomoci Zelezobetonovych nosni-
ki zajistujicich nosné zdi objektu. Sachtové pilife, tvofici podpéry
podchycovacich nosnikd, prenasely zatiZeni objektem do urovné
zakladové spary tunelt IT a III (obr. 4).

www.Google — upraveno www.Google — modified
Obr. 5 Pohled na komplex Transgasu
Fig. 5 View of Transgas complex

of Tunnel II was planned. Before
the excavation of Tunnel II, the
building was underpinned in the
classic way by means of reinforced
concrete beams supporting the load-bearing walls of the building.
The shaft pillars, forming the supports of the underpinning beams,
transferred the load exerted by the building to the foundation level
of Tunnels II and III (see Fig. 4).

Other four buildings on the corner of Rimskd and Rube3ova
Streets were demolished in 1965, so a large vacancy, also located
above Tunnel III, originated next to the Czechoslovak Radio
building.

In connection with the construction of a transit gas pipeline from
the then USSR to the countries of Central Europe, this vacancy was
used for the construction of the Transgas complex of buildings.
The construction took place in the years 1972-1978 and was
one of several other important buildings of the so-called brutalist
style period. The most important part of the complex was the
relatively low building of the transit gas pipeline control centre,
which had the front wall facing Vinohradska Trida Street. Two
large office tower buildings were built at the rear of the vacancy
(see Fig. 5).

In 2014, the demolition of the entire Transgas complex of
buildings and the development of a modern administrative centre
began to be considered. Since the Ministry of Culture rejected the
inclusion of this important category “A” buildings among cultural
monuments, the new plan started to be implemented and, on
February 15, 2019, demolition began. As far as the superstructure
is concerned, it was practically completed in the spring of 2020
(see Fig. 6).

Characteristics of the new construction

The Vinohrady Administrative Centre (hereinafter referred to as

VAC - Fig. 7) will be built in the vacated space, and a relatively

narrow building will be added to the existing house No. 343 “Nad
Muzeem” (hereinafter referred to as NMA) by the private owner.

The nature of the influence of Tunnels Il and Il by the
demolition and new construction

Prior to the commencement of demolition work on the Transgas
complex of buildings, a detailed condition survey of the linings
of Tunnels II and IIT was carried out, during which no damage
to the tunnels relating to their previous loading was documented
[2].

The demolition of the Transgas buildings, the excavation
of construction pits for the new ACV and NMA buildings
and their subsequent construction represent significant and
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Dalsi ¢tyfi domy na néroZi ulic Rimskd a RubeSova
byly zboieny v roce 1965, takze vedle budovy Cs. roz-
hlasu vznikla rozséhld proluka, situovand téZ nad tune-
lem III.

V souvislosti se stavbou tranzitniho plynovodu z teh-
dejSiho SSSR do zemi stfedni Evropy byla tato proluka
vyuZita pro stavbu komplexu budov podniku Transgas.
Vystavba probéhla v letech 1972-1978 a tadila se k né-
kolika dal§im vyznamnym stavbdm tzv. brutalistniho
slohu. Nejdilezitéjsi ¢asti komplexu byla pomérné niz-
k4 budova dispecinku tranzitniho plynovodu, kterd méla
priceli do Vinohradské tridy, v zadni Casti proluky byly
postaveny dvé mohutné kanceldiské vézové budovy
(obr. 5).

V roce 2014 se zacalo uvazovat o demolici celého
komplexu Transgasu a vytvoreni moderniho administra-
tivniho centra. JelikoZ Ministerstvo kultury zamitlo zafa-
zeni této vyznamné stavby kategorie ,,A* mezi kulturni
pamatky, zacal se novy zdmér uskuteciiovat a 15. tinora
2019 zapocala demolice, ktera byla z hlediska horni stavby na jare
roku 2020 prakticky dokoncena (obr. 6).

Charakteristika nové zastavby

V uvolnéném prostoru bude vybudovano Administrativni cent-
rum Vinohrady (dile ACV — obr. 7) a ke stavajicimu domu €. p. 343
Nad Muzeem* bude jeho soukromym majitelem pfipojen pomér-
né tzky objekt dostavby (ddle DONM).

Charakter ovlivnéni tunelii 11 a Il provedenou demolici
a novou vystavhou

Pred zahijenim demolic¢nich praci na komplexu Transgasu byla
provedena podrobna pasportizace osténi tuneli II a III, pfi niZ ne-
byla dokumentovana Zadna poskozeni tunell souvisejici s jejich
predchozim zatizenim [2].

Demolice objektd Transgasu, vyhloubeni stavebnich jam pro
nové objekty ACV a DONM a jejich nasledna vystavba predstavuji
vyrazné a opakované zmény v zatizeni tuneld I a I1I, jelikoZ tirovné
dna stavebnich jam byly vyprojektovany do bezprostfedni blizkosti
rubu kleneb obou tuneld. Vyskova trovein zakladové spary novych
objektl byla v projektu dodate¢né upravena tak, aby byl vyloucen
prinik dna stavebnich jam do vyrubu

Obr. 6 Demolice vstupni budovy C Transgasu
Fig. 6 Demolition of Transgas entrance building C

repeated changes in the loading acting on Tunnels II and III, as
the levels of the bottoms of the construction pits were designed
in immediate proximity to the external surfaces of both tunnels.
The foundation level of the new buildings was additionally
adjusted in the design so that the penetration of the bottom of the
construction pits into the excavated space of Tunnels IT and IIT was
excluded. The minimum distance from the external surface of the
upper vault of Tunnels IT and III was set at 0.75m with respect
to the required size of the overcutting required for the external
waterproofing.

The unloading of the tunnel lining during demolition and
excavation of the construction pits, which will have an asymmetric
character, will cause unusual deformations and origination of
cracks in the lining. These undesired effects had to be analysed in
detail by advanced static calculations.

The construction of the new ACV and NMA buildings will
logically have a significant positive effect on the deformations
caused during the course of the demolition and excavation of
construction pits — the deformations are significantly reduced and

tunelt II a ITII. Minimalni vzdalenost
od rubu horni klenby tunelil II a IIT
byla stanovena na 0,75 m vzhledem
k potiebné velikosti vicevylomu pro
provedeni rubové izolace.

Odlehceni osténi tunelt pri de-
molici a vyhloubeni stavebnich jam,
které bude mit asymetricky charak-
ter, zpusobi neobvyklé deformace a
vznik trhlin v osténi. Tyto nezZadouci
efekty bylo nutno podrobné analyzo-
vat pokrocilymi statickymi vypocty.

Vystavba novych objektdt ACV
a DONM bude mit na deformace
vzniklé prfi demolici a vyhloubeni
stavebnich jam logicky vyrazné pfiz-
nivy vliv — deformace se podstatné
redukuji a trhliny se uzaviraji. I tento
stav byl podrobné analyzovan static-
kymi vypocty.

V pribéhu obou zdsadnich fazi
soucasné vystavby — demolice bu-

poklad [5] — upraveno source document [5] — modified

Obr. 7 Projektovany komplex Administrativniho centra Vinohrady
Fig. 7 Designed complex of Vinohrady Administrative Centre



dov Transgasu, vyhloubeni stavebnich jam a vystavba novych ob-
jektd ACV a DONM - je nutno provadét geotechnicky monitoring
podle zpracovaného projektu [2]. Geotechnicky monitoring, kromé
kontroly vysledki provedenych statickych posouzeni, ma vyraz-
né bezpecnostni vyznam, nebot umoziiuje sledovani realnych de-
formaci provozovanych tuneld. Spravce tunelil a vSichni dcastnici
vystavby budou mit nepochybné mimotadny zajem na vyhodnoco-
vani této nedilné soucasti vystavby, nebot probiha v tésné blizkosti
tunelovych konstrukci, tj. v ochranném pasmu drahy.

POSOUZENI VLIVU DEMOLICE A NOVE VYSTAVBY
NA TUNELY 1A 1IN

InZenyrskogeologické poméry

InZenyrskogeologické poméry v oblasti budouci vystavby ACM,
DONM a pfislusného useku Vinohradskych tunelit byly podrob-
né popsany na zaklad€ archivnich podkladi, deviti novych jadro-
vych vrtl a provedenych rozbort v Zavére¢né zprave 1G prizkumu
z roku 2018 (podklad [3]).

Vinohradské tunely jsou v celé zajmové oblasti situovany do
horninového prostiedi. Horninové prostiedi hodnotil IG prizkum
[6] z hlediska poruSeni na zédklad¢ indexu GSI a urcil pro static-
ké posouzeni osténi Vinohradskych tunelt, ovlivnéného budouci
vystavbou, vSechny potfebné pevnostni a deformacni parametry
zastizenych hornin i pokryvnych ttvarg.

Vinohradské tunely byly raZeny v libefiském souvrstvi prazského
ordoviku, pficemZ jsou v zajmové oblasti zastiZeny obé litologické
facie tohoto souvrstvi — jednak prachovitojilovité bridlice libeniské,
zdravé aZ navétralé pevnostni tfidy R4 (5-15 MPa), mirné€ aZ silné
zvétralé RS (1,5-5MPa), jednak kifemence fevnické (drabovské),
navétralé az zdravé, prfevazné pevnostni tfidy R2 (50-150 MPa).
Z podstatné Casti je horninové prostiedi v zajmové oblasti nové
vystavby tvofeno polohou kiemenct (obr. 8), ktera zapada pod 45°
k JJV, v okrajovych Castech stavenisté se nachazeji bridlice. V pri-
zkumné zprave [6] je zpracovano pét geologickych profili, z nichz
je dale uveden ten, ktery byl, vzhledem k asymetrickému zatiZeni
a zdkladové spare novych budov v tésné blizkosti rubu osténi tune-
14, podstatny pro posouzeni tunelt II a III. Jednd se o geologicky
profil 1-1” (obr. 9) v praceli budov u Vinohradské tfidy.
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Obr. 8 Polohy hornin zastiZenych v zdjmové oblasti
Fig. 8 Rock types encountered in the area of interest

the cracks are closed. This state was also examined in detail by
static calculations.

During the two fundamental phases of the current construction
— the demolition of the Transgas buildings, excavation of
construction pits and construction of new ACV and NMA buildings
— it is necessary to perform geotechnical monitoring according to
the design [2]. Geotechnical monitoring, in addition to checking
the results of static assessments, has a significant significance
for the safety, as it allows for monitoring of real deformations
of the operated tunnels. The administrator of the tunnels and all
participants in the construction will undoubtedly have a special
interest in assessing this integral part of the construction, as it
takes place in close proximity to the tunnel structures, i.e. in the
exclusion zone of the railway.
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Obr. 10 Umisténi pri¢nych Fezii vedenych novymi objekty ACV a DONM
Fig. 10 Locations of cross-sections through new ACV and NMA buildings

Statické posouzeni viivu novych staveb na tunely Il a lll

Statické posouzeni bylo provedeno opakované riznymi zpra-
covateli [2], [4], [5] a [6]. V dal§im textu je popsan vypocet [5],
ktery byl proveden metodou koneénych prvki s vyuZitim progra-
mu SOFISTIC 2D (vyrobce Sofistic Cybersecurity), ktery mode-
luje osténi tunell v interakci s okolnim prostfedim a identifikuje
mista mozného vzniku trhlin. Pro simulaci chovani horninového
prostiedi byl pouzit nelinearni pruzno-plasticky konstitutivni mo-
del Hardening-Soil, ktery uvazuje pfi vypoctu nartst tuhosti ze-
miny po odtizeni (napf. stav po vyhloubeni stavebni jamy). Pro
simulaci chovani osténi byl pouzit nelinearni konstitutivni model
Drucker-Prager, jehoZ parametry byly odvozeny prevodnimi vzta-
hy z tlakové pevnosti homogenizovaného materidlu kamenné zdivo
+ malta.

Vypocty byly provedeny mimoradné podrobné ve Ctyfech vybra-
nychfezechI", 1" “, Il a III" (obr. 10) volenych tak, aby postihly
postup vystavby a zmény v zatiZeni tunelll s asymetrickym namé-
hanim. Poméry ve zbyvajicich fezech I, II” a III jsou dostatecné
reprezentovany vypocty ve Ctyfech vybranych fezech.

Vypocty byly rozdéleny do Sesti stavebnich fazi a ¢tyf podfazi,
kterymi byly primarni napjatost (faze 100), vystavba tuneltl (faze
200 a 300), stavajici stav (faze 400 — pritiZzeni tunelt od stavajicich
objektil), stavebni jdma (faze 500 — demolice budov Transgasu,
odtézeni zeminy ze stavebni jamy, podfaze 510 — charakteristické
zatizeni, podfaze 520 — navrhové zatiZeni), nova zastavba (faze 600
— zatiZeni stavbami ACV a DONM, podfaze 610 — charakteristic-
ké zatiZeni, podfaze 620 — navrhové zatiZeni). Pro posouzeni vlivu
stavajicich objekti a nové vystavby na Vinohradské tunely jsou re-
levantni faze 400 aZ 600 s prislusSnymi podfazemi.

Vysledky vypoctt jsou v podkladu [5] pro faze vypoctu 400 az
600 a pro vSechny sledované fezy I *, I", II, Il graficky zobra-
zeny formou hlavnich napé€ti v osténi, radidlnich zatiZeni osténi,
kontaktniho napéti mezi osténim a horninou, mist vzniku tahovych
trhlin v osténi, ve vSech pripadech pro charakteristické i navrhové

Tuel

ASSESSMENT OF THE IMPACT OF DEMOLITION
AND NEW CONSTRUCTION ON TUNNELS Il AND Il

Engineering geological conditions

The engineering geological conditions in the area of the future
construction of the ACM and NMA buildings and the relevant
section of Vinohrady Tunnels were described in detail on the basis
of archival documents, nine new cored boreholes and analyses in
the Final Report of the EG survey from 2018 source document [3].

In the whole area of interest, the Vinohrady tunnels are located
in rock. The rock environment was assessed by the EG survey [6]
in terms of failure on the basis of the GSI index. It determined all
necessary strength and deformation parameters of the affected rock
and the superficial deposits for the purpose of static assessment
of the linings of the Vinohrady tunnels affected by future
construction.

The Vinohrady tunnels were excavated in the Libei Formation
of the Prague Ordovician Formation. Both lithological facies of the
Liben Formation are found in the area of interest — on the one hand
the Liben Silty Shale, fresh to slightly weathered, strength class R4
(5—-15MPa), moderately to heavily weathered R5 (1.5-5MPa), and
Revnice (Drabov) Formation quartzite, slightly weathered to fresh,
prevailing strength class R2 (50-150MPa). For the most part, the
rock environment in the area of interest of the new construction is
formed by a layer of quartzite (see Fig. 8), which dips SSE at 45°;
in the peripheral parts of the construction site there are shales. Five
geological profiles have been processed in the exploratory report
[6]. The following one was essential for the assessment of Tunnels
II and III, with respect to the fact that the loading was asymmetric
and the foundation level of new buildings was in close proximity
to the external surface of the tunnel lining. The geological profile

—1" (see Fig. 9) at the front walls of the buildings at Vinohradska
Trida Street is in question.

Static assessment of the impact of new structures
on Tunnels Il and Il

The static assessment was performed repeatedly by different
authors [2] [4], [5] and [S]. The following text describes the
calculation [5], which was performed using the Finite Element
Method in the SOFISTIC 2D program (producer Sofistic
Cybersecurity), which models the lining of tunnels in interaction
with the environment and identifies the places of possible cracks.
To simulate the behaviour of the rock environment, the Hardening-
Soil nonlinear elastoplastic constitutive model was used, which
takes the increase in soil stiffness after unloading (e.g. the condition
after excavation of the construction pit) into consideration. The
Drucker-Prager nonlinear constitutive model was used to simulate
the lining behaviour. The parameters of the behaviour were derived
by conversion relations from the compressive strength of the
homogenised stone masonry + mortar material.

The calculations were performed in extraordinary detail in four
selected sections I", 1" “, Il and III" (see Fig. 10) selected to cover
the construction process and changes in the loading acting on
tunnels with asymmetric stress. The conditions in the remaining
sections I, II” and III are sufficiently represented by calculations
for the four selected sections.

The calculations were divided into six construction phases and
four sub-phases, namely primary stress (phase 100) and tunnel
construction (phases 200 and 300), current state (phase 400 —
surcharging of tunnels by existing buildings), construction pit
(phase 500 — demolition of Transgas buildings, excavation of soil
from the construction pit, sub-phase 510 — characteristic load,




31. rocnik - €. 2/2022

sub-phase 520 — design load), new

construction (phase 600 — loading

exerted by ACV and NMA buildings,
» sub-phase 610 — characteristic load,

sub-phase 620 — design load). The

s phases 400 to 600 with the respective

sub-phases are relevant for assessing

-
B s

T e e et i
— L T
objekt nad Muzeem (€.p. 343) =
— T i <Nad Myzeem No. 343 Building . %
R N - . — -
- mvi. — e O8N 1O oM e el =
ki m’m | = -
- stavebni jama . T —3 —
construction pit i —— - -
Mr "
—— __.!_‘------...____‘_”_
— - ;""'"--.._“- = s
tunel lll tunnel Il tunel Il tunnel Il
ahse

the impact of existing buildings and
new construction on the Vinohrady
tunnels.

The results of the calculations are
graphically displayed in the source

Obr. 11 Vystavba fize 500 Demolice a Stavebni jama v Fezu I11”

Fig. 11 Construction phase 500 Demolition and Construction pit in cross-section I1l"

zatiZzeni. Deformace osténi jsou dokumentovéany jen pro zatiZeni
normove.

V dalSim textu je uvedeno pouze posouzeni fazi vystavby 500
a 600 (demolice + stavebni jadma + nova zastavba) v fezu 11", kte-
ré byly pro posouzeni tunelil I a III nejvyznamnéjsi, vzhledem
k plsobeni asymetrického zatiZeni na tunel III a zdkladové spare
novych budov v té€sné blizkosti rubu osténi tunelu III.

FAZE 500: Schéma pro posouzeni ve fizi 500 Demolice a Sta-
vebni jama v fezu III” je na obr. 11. Vyhloubeni stavebni jamy
bylo uvazovano pouze provedenim jamy pro objekt ACV. Vzhle-
dem k nepfiznivému asymetrickému zatiZzeni neprovedenym vyko-
pem stavebni jamy pro DONM lezi vypocet na strané bezpecnosti.

Ve fazi 500 Demolice a Stavebni jama dochdzi k vyraznéjSimu
asymetrickému naméahani horni klenby tunelu III s maximalni de-
formaci 4,1 mm v levé Casti klenby a mirn¢ asymetrickému nama-
hani tunelu II s maximalni deformaci 0,6 mm (obr. 12).

K tahovému namahani tunelu III (obr. 13) doslo na rubu levé ¢asti
horni klenby, na lici horni klenby v jejim stfedu a v pravé ¢asti, Sif-
ky trhlin se pohybuji okolo hodnoty 0,1 mm. K tahovému poskoze-
ni dochdzi i na lici levé opéry, které 1ze z hlediska inosnosti celého
osténi pokladat za malo vyznamné, stejné tak jako tahové poskozeni
v zakladech opér. U tunelu II je patrné malé tahové namahani na lici
horniklenby v jejim stfedu a nalevém rubu klenby, §itka trhlin je pod
0,05 mm. I zde lze poSkozeni v zakladech opér hodnotit jako mélo
vyznamné.

FAZE 600: Schéma pro posouzeni nové vystavby v fezu III°
ve fazi 600 pro soucasné pusobeni objekti ACV a DONM je na
obr. 14.

Vysledky vypocta ve fazi 600 Objekty ACV a DONM prokéza-
ly, Ze po pfitiZzeni obéma novostavbami dochdzi v inkriminovanych
oblastech prafezi klenby k eliminaci asymetrickych deformaci
a ke zméné€ tahového namahani na namahéani tlakové, coz vede

poklad [5] - upraveno source document [5] - modified

document [5] for the calculation
phases 400 to 600 and for all
monitored sections 1", 1", II, III”
in the form of principal stresses in
the lining, radial loads acting on the lining, contact stress between
the lining and rock, places of origination of tensile cracks in the
lining, in all cases for characteristic and design loads. Lining
deformations are documented only for standard loads.

In the following text, only the assessment of construction phases
500 and 600 (demolition + construction pit + new construction)
in section III", which were the most important for the assessment
of Tunnels II and III, is given with respect to the effect of the
asymmetric loading on Tunnel III and the foundation bases of new
buildings in close proximity to the external surface of the lining of
Tunnel III.

PHASE 500: The scheme for the assessment in phase 500
Demolition and Construction Pit in section III” is shown in Fig.
11. The excavation of the construction pit was considered only for
the ACV building. With respect to the unfavourable asymmetric
loading exerted by the unexcavated construction pit for the NMA,
the calculation lies on the safe side.

In phase 500 Demolition and Construction Pit, there is a more
significant asymmetric stress in the upper vault of Tunnel III with
a maximum deformation of 4.1lmm in the left part of the vault
and a slightly asymmetric stressing of Tunnel II with a maximum
deformation of 0.6mm (see Fig. 12).

The tensile stressing of Tunnel III (see Fig. 13) occurred on the
external side of the left part of the upper vault, on the internal surface
of the upper vault in its centre and in the right part; the values
of the widths of cracks fluctuate about 0.lmm. Tensile damage
also occurs on the internal surface of the left side wall. It can be
considered little significant in terms of load-bearing capacity of the
entire lining. The same applies to the tensile damage in the footings.
In Tunnel II, a low tensile stress is evident on the internal surface
of the upper vault in its centre and on the left external surface of
the vault; the width of the cracks is below 0.05Smm. The damage to

,6 mm
tunel Il tunnel Il

poklad [5] - upraveno source document [5] - modified
Obr. 12 Deformace tunelii 11 a III ve fdzi 500
Fig. 12 Deformations of Tunnels II and III in phase 500

‘poklad [5] - upraveno source document [5] - modified
Obr. 13 Sipkami jsou vyznacena tahovd poskozeni obezdivky tunelii II a 111
trhlinkami ve fdzi 500

Fig. 13 The arrows indicate the tensile damage to the lining of Tunnels II and
111 by cracks in phase 500
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the footings can be assessed as little
significant even in this case.

PHASE 600: The scheme for the

objekt ACV
ACV building

-

) assessment of the new development
in section III” in phase 600 for the

simultaneous action of the ACV

. and NMA buildings is presented in
objekt DONM ] :
NMA building Baus Fig. 14.

— The results of calculations in

phase 600 ACV and NMA Buildings

---------- et
B i s i e e T ‘---...-:
T
tunel Il tunnel Il tunel Il tunnel Il
-
o B30 -
Ll

proved that after surcharging by
both new structures, asymmetric
deformations are eliminated in
the incriminated areas of the vault

cross-sections and the tensile stress

Obr. 14 Novd vystavba v Fezu Il - fize 600 Objekty ACV a DONM

Fig. 14 New construction in cross-section III” — phase 600 ACV and NMA Buildings

k uzavreni trhlin v horni klenbé tunelu II a IIT i v opérach a zdkla-
dech opér.
ZAVER

Demolice ¢tyt objektd Transgasu probéhla nad Vinohradskymi
tunely II a IIT za nepferuseného Zelezni¢niho provozu. Stejné tak
za provozu budou vyhloubeny stavebni jamy a vystavba novych
objektll Administrativniho centra Vinohrady a dostavby Nad Mu-
zeem. VSechny faze vystavby jsou, respektive budou, monitoro-
vany [7].

Provedené statické vypocty [2], [4], [5] a [6] potvrdily, Ze nepfi-
znivé plisobeni demolice a vyhloubeni stavebnich jam budou zati-
Zenim od novych objekti témér zcela eliminovany, takze staticka
funkce a bezpecnost tunelovych osténi bude i nadile zachovana.
Audit statickych vypocta [8], objednany spravcem tuneld, vysled-
ky vypocta potvrdil s poZadavkem dpravy projektu tak, aby zékla-
dova spara novych objektd byla min 0,75 m nad vrcholem rubu
historickych tunelovych osténi.

prof. Ing. JIRI BARTAK, DrSc., bartakj@fsv.cvut.cz,
katedra geotechniky FSv CVUT v Praze
Recenzovala Reviewed:
Ing. Linda Cernd Vydrovd, Ph.D.
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changes to compression stress,
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CONCLUSION

The demolition of four Transgas buildings took place above
the Vinohrady Tunnels II and III during uninterrupted railway
operation. The construction pits will be excavated, the construction
of new buildings of the Vinohrady Administrative Centre and the
addition to the “Nad Muzeem” building will be carried out without
interrupting the railway operation. All phases of construction are,
or will be, monitored [7].

The completed static calculations [2], [4], [S] and [6] confirmed
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pits will be almost completely eliminated by the loads exerted by
new buildings, so that the static function and safety of tunnel linings
will continue to be maintained. The audit of static calculations
[8], ordered by the tunnel administrator, confirmed the results
of the calculations, with the requirement for modification of the
design so that the foundation level of the new buildings is at least
0.75m above the top of the external surface of the historic tunnel
linings.
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ODEZVA HORNINOVEHO MASIVU PRI POUZIT] EKVIVALENTNICH
PODMINEK PORUSENI V ANALYZE MKP
ROCK MASS RESPONSE USING EQUIVALENT FAILURE CRITERIA
IN FEM ANALYSIS

TEREZA ZALSKA, MICHAL SEJNOHA

ABSTRAKT

Nahrazeni Hoek-Brownova kritéria poruSeni standardnim Mohr-Coulombovym modelem pri predikci chovdni horninového masivu je

pomérné bézné. Cldnek se vract k analogii obou modelii pri analyze metodou konecnych prvkii, predstavuje dvé zdkladni iilohy v mechani-

ce hornin, kterymi jsou stabilita svahu a kruhovy vyrub, a upozoriiuje na omezenti a rizika pouZiti ekvivalentnich parametrii smykové pev-
nosti, které nevstupuji do formulace Hoek-Brownova kritéria. VSechny prezentované vysledky byly ziskdny pomoci softwaru GEO5 FEM.

ABSTRACT

Replacing the Hoek-Brown failure criterion with the standard Mohr-Coulomb model in solving the rock mass behaviour is relatively

common. The paper returns to the analogy of both models in finite element analysis, presents two basic problems in rock mechanics, namely

slope stability and circular excavation, and draws attention to the limitations and risks of using equivalent shear strength parameters
which do not enter the formulation of the Hoek-Brown criterion. All of the presented results were obtained using GEO5 FEM software.

1. UvoD

V soucasnosti nejbéznéji pouzivanym materidlovym modelem
pro popis chovani horninového masivu je Hoek-Brownova (HB)
podminka poruseni. Typickym pfimym vystupem geotechnického
prizkumu jsou pravé parametry HB modelu kratce popsané v dalsi
kapitole tohoto prispévku. Ackoliv v soucasnosti mnoho softwa-
ri urcenych pro feSeni geotechnickych tloh metodou konecnych
prvki jiz umoZiiuje pfimé pouZiti HB materidlového modelu jako
podminky plasticity, stale se v praxi uplatiiuje pouziti standardniho
Mohr-Coloumbova (MC) kritéria s ndhradnimi smykovymi para-
metry masivu. Vzhledem k tomu, Ze HB kritérium bylo odvozeno
Cisté empiricky, mezi dvéma podminkami nelze odvodit pifimou
matematickou zavislost. St€Zejnim krokem v procesu urceni ekvi-
valentnich parametr smykové pevnosti je potom odhad oblasti na-
pjatosti, ve které bude ekvivalence uplatnéna.

2. HOEK-BROWNOVA PODMINKA PORUSENI

Piivodné byla HB podminka urcena pro navrhovani podzemnich
exkavaci v intaktnich horninach [1]. Jedinymi parametry materia-
lového modelu potom byly jednoosa tlakovd pevnost horniny o,
a Hoek-Brownova konstanta m.. Potfeba inZenyrské praxe vhodné
predikovat odezvu horninovych masivi i velmi nizkych pevnosti
a kvalit pozdéji vedla k zavedeni zobecnéné podminky porusent,
ve které jsou charakteristiky blokil intaktni horniny redukovany
v zavislosti na geologickych vlastnostech horninového masivu jako
celku [2, 3]. Mezi zakladni parametry modelu tak byla zahrnuta
hodnota GSI (Geological Strength Index) zohledfiujici mnozstvi
diskontinuit a strukturu horninového masivu a faktor poruSeni D
popisujici stupen poruseni horninového masivu predchozi exkava-
ci nebo banskou c¢innosti. Podrobnéjsi informace o charakteristi-
kéch horninového masivu vstupujicich do HB kritéria 1ze nalézt
napf. v [2, 3] nebo v predchozi praci autorky [4].

Zobecnénd HB podminka je definovdna v hlavnich napétich o,
a 0, a jejim zdkladnim pfedpokladem je nezdvislost na prostedni
hodnoté€ napéti o,. Generalizovan€ kritérium ma tvar

()- a
O'1=G3+Gd(mb—3+s] , (2.1)
o

ci

1. INTRODUCTION

Currently, the most commonly used material model for describing
the behaviour of a rock mass is the Hoek-Brown (HB) failure
criterion. The typical direct output of the geotechnical investigation
are the parameters of the HB model briefly described in the following
chapter of this paper. Although many software programs designed to
solve geotechnical problems using the finite element method already
allow the direct use of the HB material model as a yield function, the
use of the standard Mohr-Coulomb (MC) criterion with equivalent
shear strength parameters of rock mass is still used in practice.
With respect to the fact that the HB criterion was derived purely
empirically, no direct mathematical relation can be derived between
the two conditions. The key step in the process of determining the
equivalent shear strength parameters is then the estimation of the
stress range to which the equivalence will be applied.

2. HOEK-BROWN FAILURE CRITERION

Originally, the HB criterion was intended for the analysis of
underground excavation in intact rock [1]. The only parameters
of the material model were then the uniaxial compressive strength
of the rock o, and the Hoek-Brown constant m. The need for
engineering practice to appropriately predict the response of low
strength and quality rock masses later led to the introduction of a
generalised failure criterion in which the characteristics of intact
rock blocks are reduced depending on the geological properties
of the rock mass as a whole [2, 3]. The value of GSI (Geological
Strength Index) taking into account the amount of discontinuities
and the structure of the rock mass and the disturbance factor
D describing the degree of damage of the rock mass caused by
previous excavation or mining activities were integrated among
basic parameters of the model. More detailed information on the
characteristics of the rock mass entering the HB criterion can be
found, for example, in [2, 3] or in the author‘s previous work [4].

The generalised HB criterion is defined in terms of principal
stresses 0, and o, and its basic assumption is independence from
the mean value of the stress o,. The generalised criterion has the
form
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kde o, a 0, jsou efektivni hodnoty hlavnich napéti pfi porusent,
m, je hodnota Hoek-Brownovy konstanty redukovana s ohledem
na geologicky rozbor horninového masivu, o, je prostd pevnost
intaktni horniny v tlaku. Konstanty s a a jsou zavislé na geolo-
gickych charakteristikich masivu. Pro dplnost jsou déle uvedeny
empiricky odvozené vztahy pro vypocet parametri redukujicich
pevnost horninového masivu podle [3]:

GSI-100
m, = m,e* 140, 2.2)
GSI-100
s=e 973D | (2.3)
| -
a:5+g(e Bo—e3 | 24

V pribéhu let se postupné objevilo nékolik publikaci vénujicich
se vlivu hodnoty prostfedniho napéti a jeho zahrnuti do podminky
poruseni, mozno uvést napiiklad [5]. Nicméné tato prace se omezi
pouze na popis odezvy fizené rovnicemi (2.1) az (2.4).

2.1 Analogie Hoek-Brownova modelu
s Mohr-Coulombovym modelem

Kritérium poruseni ma v metodé konecnych prvki vyznam
podminky plasticity definujici oblast napjatosti, ve které je ode-
zva v materidlovém bod¢ elasticka. Plocha plasticity odpovidajici
HB podmince je v prostoru hlavnich napéti obdobou Sestibokého
jehlanu typického pro MC model. Na rozdil od MC modelu vsak
zohlednuje nelinedrni vyvoj pevnosti horninového masivu ve vzta-
hu k aktualni napjatosti, a proto hrany t€lesa maji parabolicky tvar.
Pripomenime MC vztah mezi hlavnimi napétimi ve tvaru

2 1+si
o = 2ccosp  1+sing

o., 2.5
l1-sing 1—sing ° )

kde c je soudrZnost a @ je thel vnitfniho tfeni.

Jak uZ bylo zminéno, mezi pfedmétnymi funkcemi plasticity ne-
1ze navzdory jejich podobnosti odvodit pfimou zavislost. Proto se
pro urceni ekvivalentnich smykovych parametrt vyuziva analytic-
ké teSeni rovnice (2.1) s naslednym proloZenim pfimky ve zvole-
ném rozsahu napjatosti. Zptisob odvozeni vztahti pro nahradni pa-
rametry smykové pevnosti proloZenim nelinearni kiivky pifimkou
a porovnanim ploch nad a pod kfivkou byl popsan v [3]. Vysledné
vztahy maji tvary

o, (1 + Za)s +(1—a)mb0'3ﬂ:|(s +m,0,, )a_]

c= = ,(2.6)
(1+a)(2+a)\/1+(6amb(s+mb0'3n)a )/ ((1+a)(2+a))
arcsin 6am, (s +m,0,, )a_l
¢ 2(1+a)(2+a)+6am,(s+mo,, )" | @7

o
kde 0, = max. Napéti o,  je horni limitni hodnota nej-

mensiho hlavniho gapéti, ktera je pro urceni nahradnich parametri
smykové pevnosti naprosto zasadni. Jeho vyznam a dusledky ne-
vhodné zvolenych hodnot byly demonstrovany autory ¢lanku napf.
v [6]. Je nutné si uvédomit, Ze spoctené ndhradni parametry spliuji
ekvivalenci pouze v daném rozsahu napjatosti, pfi¢emz mira ekvi-
valence neni v celém rozsahu stejna (obr. 1). Spodni hranice rozsa-
hu napéti je vZdy definovéna v poc¢atku funkce plasticity. V piipadé
zvoleného velkého rozsahu napjatosti miiZe byt v oblastech malych
napéti vzhledem k parabolickému tvaru HB funkce odezva ziskana
s pouZzitim MC modelu pomérné odlisna. V ulohach, kde se pred-
pokladaji velmi malé hodnoty napé€ti v porovnani s intaktni pev-
nosti o, je vhodné byt v odhadu pfedpoklddaného oboru napjatosti
a samotném vyuZiti této metody velmi obezretny.

0,=0, +0(,,[mhﬁ+sj (2.1)
o-('i s

where 0, and o, are the values of principal stresses at failure,
m, is the value of the Hoek-Brown constant reduced with respect
to the geological observation of the rock mass, o, is the uniaxial
compressive strength of the intact rock. The constants s and a
depend on the geological characteristics of the rock mass. The
following relationships are empirically derived for the calculation
of parameters reducing the strength of the rock mass according to

[3]:

GSI-100

m, =m0 | 2.2)
GSI-100

s—e¢ 93D | (2.3)
1 1 -GSI -20

a:5+g(e B —e3 | 2.4)

Over the years, several publications have gradually appeared
dealing with the influence of the value of the middle stress and its
inclusion into the failure criterion, for example [5]. Nevertheless,
this work is limited to the description of the response controlled by
equations (2.1) to (2.4).

2.1 Analogy of the Hoek-Brown model with the Mohr-
Coulomb model

In the finite element method, the failure criterion has the
meaning of the yield function defining the region of stress in which
the response at the material point is elastic. The yield surface
corresponding to the HB criterion is similar to the hexagonal
pyramid typical of the MC model in the space of principal stresses.
However, in contrast with the MC model, it takes into account the
nonlinear development of the rock mass strength in relation to the
current stress, and therefore the edges of the body have a parabolic
shape. Let us recall the MC relationship between the principle
stresses in the form

2ccos@p 1+sing

(2.5)

+

1—sing 1-sing

where c is the cohesion and ¢ is the angle of internal friction.

As already mentioned, despite their similarity, no direct
relationship can be deduced between the yield functions in
question. Therefore, to determine the equivalent shear parameters,
the analytical solution to equation (2.1) is used, followed by the
insetting of the straight line in the selected range of stress. The
method of deriving relations for the equivalent shear strength
parameters by replacing a nonlinear curve by a straight line and
comparing the areas above and below the curve was described in
[3].

o,[(1+2a)s+(1-a)m,o,, |(s+m0,, )H

c= ,(2.6)
(l +a)(2+a)\/1 +(6amb(s+mb0'3“ )(H)/((l+a)(2+a))
. 6am, (s +m,0,, )H
(¢ =arcsm o |, 2.7
2(1+a)(2+a)+6amh(s+mh0'3”)

3max

where O, = . The stress o, is the upper limit value

ci

of the minimum principal stress, which is absolutely essential
for determining the equivalent parameters of shear strength. Its
significance and consequences of inappropriately chosen values
were demonstrated by the authors of the article, for example in [6].
It is necessary to realise that the calculated equivalent parameters
meet the equivalence only in the given range of stress, while the
degree of equivalence is not the same in the whole range (see



Obr. 1 Vyznam proloZeni ekvivalentni MC podminky porusSeni nelinedrnim
HB kritériem
Fig. 1 Setting the equivalent MC failure criterion in nonlinear HB criterion

3. ULOHA STABILITY SVAHU

Kritériem pro posouzeni stability svahu je stupeni bezpecnosti
definovany jako pomér skute¢né smykové pevnosti vi¢i minimalni
smykové pevnosti, pii které je svah stédle stabilni. HB podminka
sama o sob& neposkytuje tdaj o smykové pevnosti horninového
masivu, a proto je vhodné k problému pfistupovat skrze ekviva-
lenci s MC modelem. Po pfedchozich odstavcich se nabizi pouZzi-
ti uvedenych vztaht (2.6) a (2.7), vypocet ndhradnich parametrti
smykové pevnosti a feSeni tlohy pIné za predpokladu MC pod-
minky plasticity. Je ale nutné si uvédomit, Ze hodnoty nahradni
soudrznosti a thlu smykového tieni jsou konstantni a nezavislé na
aktudlnim stavu napéti. V pripadé feSeni tlohy metodou konecnych
prvkl to znamend, Ze pfesnost ekvivalence bude zavisla na tom,
v jaké oblasti zvoleného rozsahu ekvivalence se bude kazdy jeden
konec¢ny prvek svou napjatosti nachazet. Dil¢im problémem je po-
tom samotné urceni horni limitni hodnoty hlavniho napéti o, .
Autofi [3] uvedli experimentdlné odvozeny vztah pro odhad horni
hranice rozsahu ekvivalence pro ulohu stability svahu ve tvaru

o -091
O3 =0.720, (y_l;) )

kde o, je globdlni pevnost horninového masivu, ¥ je objemova
ttha masivu a H je vySka svahu. Globalni pevnosti horninového
masivu je oznaCovan prvni ¢len rovnice (2.5) a vztah pro jeji vy-
pocet je tedy

(3.1)

_2ccos@
" 1-sino’

pricemz dosazenim rovnic pro ekvivalentni smykové parametry
se ziskd vztah

[m, +4s—a(m, - 8s)](% + s)a_l
' 2(1+a)(2+a) '

Robustnéjsi uchopeni ekvivalence mezi HB a MC modelem
v analyze stability svahu MKP nabidli autofi [5], ktefi do funkce
plasticity zahrnuli faktor redukujici pevnost horninového masivu.
Funkce plasticity poté nabyva tvaru

(3.2)

cm

(3.3)
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Fig. 1). The lower bound of the range of stress is always defined at
the apex of the yield function. In the case of the selected wide stress
range, the response obtained using the MC model may be relatively
different in areas of low stresses due to the parabolic shape of
the HB function. In problems where very small stress values are
assumed in comparison with the intact strength ¢, it is appropriate
to be very careful in estimating the assumed range of stress and the
use of this method itself.

3. SLOPE STABILITY ANALYSIS

The criterion for assessing slope stability is the factor of safety
defined as the ratio of the actual shear strength to the minimum
shear strength at which the slope is still stable. The HB criterion
itself does not provide an indication of the shear strength of the
rock mass, and therefore it is appropriate to approach the problem
through equivalence with the MC model. After the previous
paragraphs, the use of the above relationships (2.6) and (2.7) is
offered — the calculation of the equivalent parameters of shear
strength and the solution to the problem fully under the assumption
of MC yield function. However, it is necessary to realise that
the values of equivalent cohesion and angle of shear friction are
constant and independent of the current state of stress. In finite
element analysis, this means that the accuracy of the equivalence
will depend on area which the stress of each finite element will be
located in within the given range of equivalence. A partial problem
is then the determination of the upper limit value of the principal
stress 0, . The authors of [3] presented an experimentally derived
relationship for estimating the upper limit of the equivalence range
for the slope stability problem in shape

c -091
G3max = 0'7261711 ( }:} J ’
Y

where ¢ is the global strength of the rock mass, ¥ is the unit
weight of the rock mass and H is the height of the slope. The global
strength of a rock mass is called the first term of equation (2.5) and
the relation for its calculation is therefore

3.1)

_ 2ccos ¢ 3.2)

cm

1-sino’
Substituting the equations for the equivalent shear parameters
provides the relation

a-1
[mh +4s—a(mh - 85)](%+ s)

2(1+a)(2+a)

A more robust grasp of the equivalence between the HB and
MC models in the FEM slope stability analysis was offered by the
authors of [5], who included a factor reducing the strength of the
rock mass into the yield function. The yield function then assumes
the shape

a
[0 o
f(61’63)261_0-3_ T;!(ml)_3+sj >

o
where 7 is the above-mentioned reduction factor. Its value
depends on the parameter ¥, which represents the reduction of shear
strength parameters ¢ and ¢ by the respective reduction factors ¥,
and Y while y=y = y(pis assumed as a standard. The relationship
between the two reduction parameters was then derived on the
basis of constructing an equivalent MC straight line tangential to
the HB parabola at a particular stress point in the form

n=— y(2+f’) 1+({;;1};f)

(3.3)

o, =0

cm ci

(3.4)

ci

2

— ]NF , (3.5)
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(3.4)
o

flo,0,)=0,-0,- 0;7“' [mb&-”j .
kde 1 je zminény redukc¢ni faktor. Jeho hodnota je zédvisld na
parametru 7, ktery predstavuje redukci smykovych parametrl pev-
nosti ¢ a @ piisluSnymi redukénimi souciniteli ¥ a Yy pri¢emz stan-
dardné se pfedpoklada y=y, = 7,. Vztah mezi dvéma redukcnimi
parametry poté odvodili na zdkladé sestrojeni tecné ekvivalentni
MC piimky k HB parabole v konkrétnim bod€ napjatosti ve tvaru

[

2

1 ~
n=—|y(2+7f L— —F | 6
2 (2+7)
kde f predstavuje posledni ¢len rovnice (3.4) a f = 82(0-3).
63

Redukéni parametr 1 je tedy pfimo zavisly na aktualnim stavu napja-
tosti. K jeho vypoctu dochdzi v kazdém integracnim bodé konec¢ného
prvku v rdmci daného zatéZovaciho kroku. To je zédsadni rozdil od
feSeni ekvivalence mezi HB a MC modelem urcenim jediné dvojice
nahradnich parametri smykové pevnosti pro kompletni tlohu.

3.1 Priklad FeSeni ulohy stability svahu

V metodé konecnych prvki se pro ziskani stupné stability zpra-
vidla pouziva postupna redukce smykovych parametrii ¢ a ¢. Pro-
toZze v HB podmince bézné uzivané parametry smykové pevnosti
nefiguruji, byl predstaven v tvodu této kapitoly parametr 7. Urce-
ni stupné stability potom spociva v postupné redukci pevnostnich
charakteristik daného modelu parametrem Y a vypoctu napjatosti
v kazdém redukénim kroku. Divergence vypocetni metody ma poté
vyznam kolapsu konstrukce a posledni reduk¢ni soucinitel, pii kte-
rém je dosaZeno konvergence, je roven stupni stability. Konkrét-
ni tloha stability svahu byla feSena pfimym pouZitim HB modelu
a redukci pevnosti pomoci ekvivalence s MC modelem zavislé na
aktudlni napjatosti. Pro dalsi porovnani byla provedena také analy-
za metodou primého pouziti MC modelu s primérnymi nahradnimi
smykovymi parametry. V ramci feSeni tlohy byla ddle provedena
parametrickd studie, jejimz cilem bylo posoudit vliv geologickych
vstupnich tdaji o horninovém masivu (indexu GSI a faktoru D)
na hodnoty nihradnich smykovych parametrii a miru shody mezi
stupném stability ziskanym pouZzitim HB modelu se zavedenim pa-
rametru 7 a tim, ktery se ziska pouZitim MC modelu s ndhradnimi
smykovymi parametry. Pevnostni charakteristiky intaktni horniny
pritom zlstavaji pro v§echny vypocty stejné.

Tab. 1 Parametry horninového masivu — Hoek-Browniiv materidlovy model

Objemova tiha ¢ 25,0 kN/m?
Poissonovo ¢islo v 0,3
Modul E,_, 410 MPa
Prosté pevnost v tlaku o, 30,0 MPa
Hoek-Brownova konstanta m, 2,0

Zadani samotné ulohy tvoii svah o vySce 10 m a sklonu 35,5°.
Numericky model pokryva sit trojihelnikovych Sestiuzlovych ko-
necnych prvkii o maximalni délce hrany 0,5 m (obr. 2). PodloZi je
tvofeno horninovym masivem s pevnostnimi a pretvarnymi cha-
rakteristikami uvedenymi v tab. 1. Geologické charakteristiky byly
v ramci parametrické studie ménény pro ziskani predstavy o jejich
vlivu na vysledné stupné stability.

3.2 Interpretace a vyhodnoceni vysledki

Vysledky provedené série vypoctl jsou patrné z tab. 2 a 3. Prvni
ze zminénych tabulek shrnuje vysledné hodnoty stupiit stability pro
horninové masivy s indexem GSI pohybujicim se mezi hodnotami

where ]7 represents the last member of equation (3.4) and

7o)
00,

dependent on the current state of stress. It is calculated at each
integration point of the finite element within the given loading
step. This is a fundamental difference from solving the equivalence
between the HB and MC models by determining a single pair of
equivalent shear strength parameters for the complete problem.

. The reduction parameter 71 is therefore directly

3.1 Example of solving the slope stability problem

In the finite element method, a gradual reduction of the shear
parameters ¢ and ¢ is usually used to obtain the factor of safety.
Since the shear strength parameters are not commonly used in the
HB criterion, the parameter 1) was introduced at the beginning of
this chapter. The determination of the factor of safety then consists
in the gradual reduction of the strength characteristics of the given
model by the parameter y and the calculation of the stress in each
reduction step. The divergence of the computational method
then has the meaning of the collapse of the structure and the last
reduction factor at which convergence is achieved is equal to the
factor of safety. The specific problem of slope stability was solved
by the direct use of the HB model and reduction of the strength by
means of equivalence with the MC model depending on the current
stress. For further comparison, an analysis was also conducted
using directly the MC model method with average equivalent shear
parameters. As part of the problem solution, a parametric study was
performed to assess the influence of geological input data on the
rock mass (GSI index and D factor) on the values of equivalent
shear parameters and the degree of agreement between the factor
of safety obtained using the HB model with the introduction
of the parameter 1 and the factor of safety which is obtained
using the MC model with equivalent shear parameters. The
strength characteristics of the intact rock remain the same for all
calculations.

Table 1 Rock mass parameters — Hoek-Brown material model

Unit weight y 25.0kN/m?
Poisson’s ratio v 0.3
Modulus E_, 410MPa
Uniaxial compressive strength o, 30.0MPa
Hoek-Brown constant m, 2.0

The task itself consists of a slope with a height of 10m and
a slope of 35.5°. The numerical model is covered by a mesh of
triangular six-node finite elements with a maximum edge length of
0.5m (see Fig. 2). Strength and deformation charakteristics of the
rock mass are presented in Table 1. The geological characteristics
were changed in a parametric study to get an idea of their effect on
the resulting factors of safety.

3.2 Interpretation and assessment of results

The results of the completed series of calculations are evident from
Tables 2 and 3. The first of the above-mentioned tables summarises
the resulting values of factors of safety for rock masses with the
GSI index varying between 5.0 and 20.0 (quality index GSI = 100
corresponds to intact rock). For all calculations presented in this
table, the disturbance factor is D = 0, which means that the rock mass
is not disturbed by previous geotechnical operations. The second and
third lines in the table show the influence of the value of the quality
index on the calculated equivalent parameters of the shear strength of
the rock mass. The last line then summarises the effect of GSI on the
resulting factor of safety. In addition to the influence of the geological
quality of the rock mass on the stability of the slope, it is also possible
to assess how the degree of agreement between the results obtained
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Obr. 2 Numericky model svahu, sit koneénych prvki
Fig. 2 Numerical model of slope, finite element mesh

5,0 a 20,0 (intaktni horniné odpovida index kvality GSI = 100). Pro
vSechny vypocty uvedené v této tabulce je faktor poruseni D = 0,
to znamend, 7Ze masiv neni poruSen predchozimi geotechnickymi
pracemi. Druhy a tfeti fadek tabulky ukazuje vliv hodnoty indexu
kvality na vypoctené néhradni parametry smykové pevnosti hor-
ninového masivu. Posledni fddek potom shrnuje vliv GSI na vy-
sledny stupen stability. Kromé vlivu geologické kvality masivu na
stabilitu svahu lze také na zdkladé uvedenych hodnot zhodnotit,
jak se pfi ménicich se parametrech masivu méni mira shody mezi
vysledky ziskanymi pouZitim HB modelu a MC modelu s ndhradni
smykovou pevnosti. Cim lepii je kvalita masivu (vétsi GSI), tim
veétsi je nutny rozsah napjatosti pro ekvivalenci mezi dvéma mo-
dely. Zaroven stoupd riziko, Ze se napéti na prvku bude pohybovat
v oblastech horsi shody. Z vysledkové tabulky se zd4, Ze série vy-
poéth toto riziko potvrdila. Cim vétsi je vstupni hodnota indexu
kvality, tim vétsi je rozdil mezi ziskanymi stupni stability, pfi¢emz
HB modelem byl pro vSechny ptipady ziskén stuperi stability vyssi.
Obr. 3 ukazuje porovnani ziskanych smykovych ploch a celkového
posunuti pro variantu GSI = 15,0 a D = 0,0.

Tab. 3 opét ukazuje, jak se méni nahradni smykové parametry
a stupné stability, tentokrat v zavislosti na faktoru poruseni D. Pro
vSechny uvedené varianty vypoctu pritom byla zvolena hodno-
ta indexu kvality GSI = 15. Faktor poruseni se obecné pohybuje
mezi hodnotami 0 aZ 1. Podobné jako u pfedchozi tabulky plati,
Ze u horninového masivu mensi kvality je shoda mezi ziskanymi
stupni stability vét§i a HB model poskytuje vysledky optimisti¢-
t&j$i. Vyjimkou jsou posledni dva sloupce tabulky, kde nepatrné
vétsi hodnota stupné stability byla ziskdna MC modelem. Autofi se
domnivaji, Ze v horninovém masivu takto nizké kvality charakteru
spiSe zemin by napjatost v oblasti smykové plochy mohla dosaho-

v

vat hodnot bliZicich se vrcholu paraboly HB modelu.
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using the HB model and the MC model with equivalent shear strength
changes with changing rock mass parameters. The better the quality
of the rock mass (the larger GSI), the greater the range of stress
required for equivalence between the two models. At the same time,
the risk that the stress on the element will move in areas of poorer
agreement increases. From the table of results, it appears that a series
of calculations confirmed this risk. The larger the input value of the
quality index, the greater the difference between the obtained factors
of safety, while a higher factor of safety was obtained by the HB
model for all cases. Fig. 3 shows a comparison of the obtained shear
surfaces and the total displacement for the variant GSI = 15.0 and
D =0.0.

Table 3 again shows how the equivalent shear parameters and
factors of safety change, this time depending on the disturbance
factor D. The value of the quality index GSI = 15 was chosen for
all the above- mentioned calculation variants. The disturbance
factor generally ranges from O to 1. As with the previous table, the
agreement between the obtained stability levels is greater for lower
quality rock mass and the HB model provides more optimistic
results. The last two columns of the table, where a slightly larger
value of the factor of safety was obtained by the MC model, are
exceptions. The authors believe that in such a low quality rock
mass of the character of soils, the stress in the area of the shear
surface could reach values approaching the apex of the HB model
parabola.

4. UNDERGROUND EXCAVATION

As in the case of the slope stability problem, the authors of
[3] derived a relationship for determining the upper limit value
of the principal stress defining the equivalence range even for
tunnel structures. They thus made it possible to use the following
relationship to estimate the value of o

3max
-0.94
(O
GSmax = 0'47O-L'ﬂl (/}/}_”II J ’

where yis in this case the unit weight of the rock mass and H is
the depth of the tunnel.

“.1)

4.1 Numerical model of excavation of a circular
opening
In this chapter, the real task of the underground excavation of
a circular opening currently used for the metro line route will
be analysed. The problem definition and the input parameters
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a);

0000000900900
NNW=2 220000
NO oo hr VMO ®® KD

0,0

2,2

b)

Obr. 3 Stabilita svahu v horninovém masivu s parametry GSI= 15,0, D= 0,0: Smykovd plocha zobrazend pomoci E apl (%) a) HB, b) MC, celkovy posun d (mm)

¢) HB, d) MC

Fig. 3 Stability of slope in rock mass with GSI= 15.0, D= 0.0: Shear surface shown by E il (%) a) HB, b) MC, total displacement d (mm) c¢) HB, d) MC
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Tab. 2 Vysledky série vypocti pro D = 0,0
Index kvality

GSI(-) 5,0 5,0 10,0 10,0 15,0

are based on the previous work of the

150 | 20,0 | 20,0 author [7]. The rock mass response was

Nahradni smykové parametry ¢ (kPa) - 20,1 - 32,2 47,1 - 66,7 simulated assuming the direct use of

() - 20,9 - 25,6 29,5 - 32,5 the HB material model in the numerical
Materialovy model HB MC HB MC MC HB MC calculation and was compared with the
Stuper stability 1,37 1,33 1,95 1,88 2,58 2,48 3,31 3,18 response obtained using the equivalent

Tab. 3 Vysledky série vypocétii pro GSI = 15,0

shear strength parameters assuming
the standard MC model as well as the

Faktor poruseni D(-) 0,0 0,0 0,25 0,25 0,5 0,75 0,75 modified MC model (MMC)

Nahradni smykové parametry ¢ (kPa) - 47,1 - 34,8 24,6 - 15,9 This is a circular excavation with
— () = 25 = =0 21,5 = 159 a diameter of 6m excavated using

Materialovy model HB MC HB MC MC HB MC a full-face tunnel boring machine

Stupen stability 258 | 248 | 203 | 198 | 152 | 150 | 1,00 | 1,03

Table 2 Results of a series of calculations for D = 0.0

(TBM). In the section being solved, the
excavation of the tunnel ran through a

Quality index asiO| 50 | 50 | 100 | 100 | 150 | 150 | 200 | 200  layer of rock mass formed by very low
Equivalent shear parameters  c(kPa) | - 20.1 = 32.2 47 1 = 66.7 quality limestone with high porosity.

o() _ 20.9 — 256 295 _ 05 The overburden consists of a variable
Material model HB | MC | HB | MC mc | n8 | mc  thickness layer of low to medium
Factor of safety 137 | 133 | 195 | 188 | 258 | 248 | 331 | a1g  Plasticity clayey soil. At the place of the

Table 3 Results of a series of calculations for GSI = 15.0

section being assessed, the axis of the
excavation is at a depth of 47.5m, while

Failure factor D(-) 0.0 00 | 025 | 025 0.5 075 | 075 the geological interface is at the depth of
Equivalent shear parameters ¢ (kPa) - 47.1 - 34.8 24.6 - 15.9 34m. The parameters of the encountered

o(°) - 29.5 - 26.0 215 - 15.9 geotypes are presented in Tables 4 and
Material model HB MC HB MC MC HB MC 5. With regard to the possibilities of
Factor of safety 258 | 248 | 203 | 198 | 152 | 150 | 1.00 | 1.03 the Geo5 FEM program, a numerical

4. ULOHA PODZEMNI EXKAVACE

Podobné jako v pfipadé dlohy stability svahu autofi [3] odvodili
vztah pro uréeni horni hrani¢ni hodnoty hlavniho napéti definujici
rozsah ekvivalence i pro tunelové konstrukce. Pro odhad hodnoty

0, tak umoznili pouZit vztah
o -0.94
o, =0470 | —* s 4.1
3max cm (}/ H ] ( )

kde yje v tomto pripadé objemova tiha horninového masivu a H
je hloubka tunelu.

4.1 Numericky model exkavace kruhového vyrubu
V této kapitole bude rozebrana redlna iloha podzemni exkavace

kruhového vyrubu v soucasné dobé slouziciho pro vedeni linky me-
tra. Zadéani dlohy a vstupni parametry vychazeji z predchozi prace
autorky [7]. Odezva horninového masivu byla simulovana za pred-
pokladu pfimého pouziti HB materidlového modelu v numerickém
vypoctu a porovndna s odezvou ziskanou pfi pouziti ndhradnich
smykovych parametri pevnosti za predpokladu standardniho MC
modelu a také modifikovaného MC modelu (MMC).

Jednd se o kruhovy vyrub o priméru 6 m razeny pomoci plno-
profilového tunelovaciho stroje (TBM). V feSeném tseku razba vy-
rubu probihala vrstvou horninového masivu tvofeného vapencem
velmi nizké kvality s vysokou porozitou. NadloZi je tvofeno vrst-
vou jilovité zeminy nizké az stfedni plasticity o proménné moc-
nosti. V misté posuzovaného fezu je osa vyrubu v hloubce 47,5 m,
pricemz hloubka geologického rozhrani je 34 m. Parametry zasti-
Zenych geotypi jsou uvedené v tab. 4 a 5. S ohledem na moZnosti
programu Geo5 MKP byl vytvofen numericky model v podmin-
kach rovinné deformace (obr. 4) a pouzita standardni metoda exka-
vace. Podle studie vlivu po¢tu kone¢nych prvki na vysledné nama-
hani osténi [7] byla vytvorena sit kone¢nych prvka s délkou hrany
prvku 8 m na hranicich modelu a 0,5 m v oblasti vyrubu. V prvni
fazi vypoctu dochazi k analyze geostatické napjatosti. ProtoZe sa-
motny vyrub vyvolava zanedbatelné deformace na povrchu terénu,
viz nasledujici kapitola s interpretaci vysledkd, 1ze jiz v druhé fazi
vypoctu volit stoprocentni exkavaci.

model was created in the plain strain

conditions (see Fig. 4) and the standard
excavation method was used. According to a study of the influence
of the number of finite elements on the resulting internal forces
in the lining [7], a mesh of finite elements was created with an
element edge length of 8m at the model boundaries and 0.5m in the
excavation area. The geostatic stress is analysed in the first phase
of the calculation. Since the excavation itself induces negligible
deformations on the terrain surface, see the following chapter with
the interpretation of the results, one hundred per cent excavation
can be chosen already in the second phase of the calculation.

Table 4 Parameters of overlying clay — Mohr-Coulomb material model

Unit weight y 19.6kN/m?
Poisson’s ratio v 0.4
Modulus E__ on surface 15.0MPa
Modulus E_ at layer base 40.0MPa
Unloading modulus E, 80.0MPa
Angle of internal friction @ 25.0°
Cohesion ¢ 10.0kPa

Table 5 Parameters of rock mass — Hoek-Brown material model

Unit weight 21.7kN/m?
Poisson’s ratio v 0.3
Modulus E_, 630.0MPa
Uniaxial compressive strength o, 50.0MPa
Hoek-Brown constant m, 12.0
Quality Index GSI 15.0
Disturbance Factor D 0.0

Based on the characteristics given in Table 5, the remaining
parameters entering the HB condition can be obtained by
substituting into the relations (2.2), (2.3) and (2.4) with values

m, =0.576484, s = 0.000079, a = 0.561101 .

Equation (3.2) is used to calculate the global strength of the rock
mass and the value is further inserted into equation (4.1), which
is used to obtain the upper limit of the range of equivalence. By




Tab. 4 Parametry nadloZnich jilii — Mohr-Coulombiiv materidlovy model

Objemova tiha y 19,6 kN/m?
Poissonovo €islo v 0,4
Modul E__ na povrchu 15,0 MPa
Modul E, na bézi vrstvy 40,0 MPa
Modul odtiZeni E,, 80,0 MPa
Unel vniténiho tfeni @ 250°
Koheze ¢ 10,0 kPa

Tab. 5 Parametry horninového masivu — Hoek-Brownitv materidlovy model

Objemova tiha y 21,7 kN/m?
Poissonovo ¢islo v 0,3
Modul E,,, 630,0 MPa
Prosta pevnost v tlaku o, 50,0 MPa
Hoek-Brownova konstanta m, 12,0
Index kvality GS/ 15,0
Faktor poruseni D 0,0

Na zékladé charakteristik uvedenych v tab. 5 1ze dosazenim do
vztaht (2.2), (2.3) a (2.4) ziskat zbyvajici parametry vstupujici do
HB podminky o hodnotach

m, =0,576484, s = 0,000079, a = 0,561101 .

Pro vypocet globdlni pevnosti horninového masivu je pouZit
vztah (3.2) a hodnota je dile dosazena do rovnice (4.1), pomoci
které se ziskd horni hrani¢ni hodnota rozsahu ekvivalence. Dosaze-
nim do (2.6) a (2.7) se pak ziskaji hodnoty nahradnich parametrti
smykové pevnosti

¢ = 140 kPa, ¢ = 44°.

4.2 Porovnani vysledkii a zhodnoceni ekvivalence

V ramci vyhodnoceni série numerickych vypoctt byl kladen da-
raz zejména na ziskané hodnoty posunt ve tfech charakteristickych
bodech — pokles v nejniZ$im misté poklesové kotliny na terénu, po-
kles vrcholu klenby a zvednuti dna vyrubu. Posuny ziskané numeric-
kym vypoctem za pouZiti HB podminky poruSeni a MC nebo MMC
podminky poruseni jsou shrnuté v tab. 6. Rozdily mezi hodnotami
posunll ve zminénych bodech v zavislosti na pouZitém modelu se
pohybuji v fadech desetin milimetrt, pficemz HB model poskytuje
hodnoty nejvyssi. Lze tedy odhadovat, ze predpoklady pro pouziti
ekvivalence mezi dvéma materidlovymi modely byly uspokojivé,
ackoliv v feSené uloze nedochdzi k vyvoji vyznamnych plastickych
deformaci (obr. 5c, 5d). Obr. 5a, 5b ukazuji prabéhy svislych po-
sunt v celé doméné vypoctu pro varianty vypoctu s HB modelem
a standardnim MC modelem. Vypocet exkavace byl proveden také
pro horninovy masiv s niZz§im odhadem geologického indexu (GSI
= 10), kdy v okoli vyrubu dochézi k vétsimu rozvoji plastickych de-
formaci. V takovém pripadé¢ se sledované posuny liSily vice. D4 se
predpokladat, Ze s nartstajicim rozsahem plastické oblasti by mira
ekvivalence mezi HB a MC modelem mohla dal klesat.

. rocnik - €. 2/2022
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Obr. 4 Numericky model vyrubu v horninovém masivu, sit konecnych prvkii
Fig. 4 Numerical model of excavated opening in rock mass, finite element
mesh

inserting into (2.6) and (2.7) we then obtain the values of the
equivalent shear strength parameters

¢ = 140 kPa, @ = 44°.

4.2 Comparison of results and assessment
of equivalence

As part of the assessment of a series of numerical calculations,
emphasis was placed on the obtained values of displacements at
three characteristic points — maximum terrain settlement, subsidence
of the tunnel crown and bulging of the bottom of the excavation.
Displacements obtained by numerical calculation using HB failure
criterion and MC or MMC failure criteria are summarised in
Table 6. The differences between the values of displacements at
the above-mentioned points, depending on the model used, are in
the order of tenths of a millimetre, while the HB model provides
the highest values. Thus, it can be estimated that the assumptions
for the use of equivalence between the two material models were
satisfactory, although no significant plastic deformations develop
in the problem being solved (Figures 5c, 5d). Figures 5a, 5b show
vertical displacement curves throughout the calculation domain for
calculation variants using the HB and standard MC models. The
calculation of excavation was also performed for the rock mass
with a lower estimated geological index (GSI = 10), when there is
a greater development of plastic deformations in the surroundings
of the excavation. In such a case, the deviations of the monitored
displacements differed more. It can be assumed that with the
increasing extent of the plastic area, the degree of equivalence
between the HB and MC models could further decrease.

Table 6 Displacement values obtained under different failure criteria

SZZ{:," 6 Hodnoty posunii ziskanych za predpokladu odlisSnych podminek poru- Failure Terrain Crown Bottom
. - - criterion (mm) (mm) (mm)
Podminka Pokles terénu Pokles koruny Zvednuti dna
poruseni (mm) (mm) (mm) HB 24 103 74
HB 24 10,3 7.4 MC 2.2 9.7 7.2
MC 2,2 9,7 7,2 MMC 2.1 9.3 7.0
MMC 2,1 9,3 7,0 HB (GSI = 10) 3.0 12.2 8.1
HB (GSI = 10) 30 12,2 8,1 MC (GSI = 10) 2.7 11.1 7.8
MC (GSI = 10) 2,7 11,1 7,8
L 5. CONCLUSION
5. ZAVER

Hlavnim cilem pfispévku bylo predstavit ¢tenaifim mozZnosti pii-
stupt k pouziti dvou podminek poruseni, mezi kterymi je urcita
analogie, v feSeni tloh metodou kone¢nych prvkil a upozornit na

The main objective of the paper was to introduce readers to the
possibilities of approaches to the use of two failure criteria, between
which there is a certain analogy, in solving problems by the finite
element method and to point out possible pitfalls. As part of the
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Fig. 5 Vertical displacements after excavation d_(mm) a) HB, b) MC, extent of plastic deformation E il (%) c) HB, d) MC

mozna uskali. V rdmci porovnini uvadénych metod byla prove-
dena série vypoctl, pfi¢emzZ se autofi zaméfili na dvé nejcastéjsi
ulohy feSené v horninovych masivech, a to ulohy stability svahu
a podzemni exkavace. Zatimco v pfipadé exkavace vyrubu bylo
dosazeno dobré shody mezi odezvami ziskanymi Hoek-Browno-
vym a Mohr-Coulombovym modelem, pro priklad stability svahu
se prokdzalo, Ze mira shody zdvisi na zvoleném rozsahu napjatosti
a s vétsi kvalitou horninového masivu se sniZuje, ackoliv odchylky
nebyly diametrdlni. Zasadni vyznam na stupeni stability pak maji
charakteristiky popisujici geologickou kvalitu horninového masi-
vu. Studie potvrdila vyznam diisledného posouzeni kvality masivu
kvalifikovanym a zkuSenym inZenyrskym geologem.
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comparison of the presented methods, a series of calculations were
performed, while the authors focused on the two most common
problems solved in rock masses, namely the problems of slope
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quality of the rock mass by a qualified and experienced engineering
geologist.
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ANALYZA Z DIAGNOSTICKYCH DAT RIDICICH SYSTEMU
TUNELOVYCH STAVEB
ANALYSIS OF DIAGNOSTIC DATA OF TUNNEL STRUCTURES
CONTROL SYSTEMS

JIRI STEFAN, TOMAS TICHY, JIRI BROZ

ABSTRAKT

Cilem cldnku je ukdzat moZnosti jednoduché analyzy dat ziskanych z ridictho systému tunelové stavby. Analyza md velky prinos pro
Fizeni udrzby tunelového systému a zpresnéni Zivotniho cyklu jednotlivych technologickych cdsti. Zdsadni aspekty tématu vychdzeji
z expertniho posuzovani pri hlavnich prohlidkdch technologického vybaveni tunelii na pozemnich komunikacich. Analyza dat a dalsich
provoznich zdznamit miiZe poskytnout rychly obraz o celkové funkci technologického vybaveni tunelové stavby za posuzované obdobi.
Soucdsti textu jsou konkrétni ukdzky poruch tunelové technologie véetné algoritmu pristupu k dané problematice.

ABSTRACT

The aim of the article is to show the possibilities of a simple analysis of data obtained from the control system of a tunnel structure. The
analysis has a great benefit for managing the maintenance of the tunnel system and specifying the life cycle of individual technological
parts. The fundamental aspects of the topic are based on expert assessment during the main inspections of the technological equipment
of motorway tunnels. Analysis of data and other operation records can provide a quick picture of the overall function of the tunnel’s
technological equipment during the period under review. The text includes specific examples of tunnel technology failures, including an

algorithm for approaching the issue.

uvop

Konstrukce tunelové stavby se da rozdélit na dvé hlavni ¢asti, a to
stavebni a technologickou. V pripadé€ tunelovych staveb na pozem-
nich komunikacich je technologické vybaveni urcené pro zajisténi
bezpecnosti provozu velmi rozsahlé a u velkych tunelovych staveb
zahrnuje aZ desitky provoznich soubord. VétSina systému technolo-
gického vybaveni je pfipojena na centralni fidici systém (RS), pies
ktery je provoz konkrétni stavby metodou dispecerského fizeni mo-
nitorovan i fizen [1-4].

RS tunelovych staveb je vZdy zaloZen na priimyslovych standar-
dech a obsluze poskytuje informace o stavu systému potiebné pro
rozhodovéani. Obsluha je informovana prostfednictvim grafické-
ho uvzivatelského rozhrani (GUI) na svém pracovisti. Zaroven jsou
vSechna data archivovana na datovém ulozisti [2]. Pravé tato archivni
data mtze zpracovatel hlavni prohlidky pouZzit a ziskat tak poznat-
ky o chovani konkrétniho prvku technologického vybaveni v delSim
Casovém useku, ¢i analyzovat vzajemné vztahy mezi jednotlivymi
provoznimi soubory. Data z fidiciho systému je moZno exportovat na
externi medium a jejich vyhodnoceni realizovat mimo fidici systém.

VSTUPNI DATA

RS tunelu poskytuje moZnost exportu provoznich dat, vétSinou
ve formatu *.csv. Jako ndstroj pro analyzu dat exportovanych z fi-
diciho systému byl proto zvolen program MS Excel. Data pouZita
pro analyzu a prezentovand v tomto ¢lanku jsou z roku 2020 a po-
chazeji z Cholupického tunelu na stavbé 513 a Lochkovského tu-
nelu na stavbé 514 Silni¢niho okruhu kolem Prahy. Datovy zdznam
binarnich veli¢in v Lochkovském tunelu za rok 2020 ma velikost
cca 2 156 MB. Pro analyzu vSech dat je mozné ¢asové obdobi zi-
Zit, nebo analyzovat pouze zdznamy s vySsim indexem dileZitosti.
Pro tuto analyzu byla zvolena druha cesta. Datovy soubor obsahuje
pouze udalosti tfidy Al a A2 alarmovych hlaseni, jeZ maji vliv na

zasadni udélosti tunelového systému s vykazovanim Cetnosti poru-
chovych stavi. RozliSeni zavaznosti alarmu se odrazi v provozni

INTRODUCTION

The structure of a tunnel can be divided into two main parts,
namely structural and technological. In the case of motorway tunnel
structures, the technological equipment designed to ensure the safety
of operation is very extensive and in the case of large tunnel structures
it includes up to dozens of technological objects. Most technological
equipment systems are connected to a central control system (RS),
through which the operation of a specific structure is monitored and
controlled by the method of dispatching control [1-4].

The control system (RS) of tunnel structures is always based on
industry standards and provides the operator with information about
the state of the system needed for decision-making. The operator
is informed via a graphical user interface (GUI) at their workplace.
At the same time, all data are archived in the data storage [2]. It is
this archival data that the processor of the main inspection can use
to obtain knowledge about the behavior of a particular element of
technological equipment over a longer period of time, or to analyze
the interrelationships between individual technological objects. Data
from the control system can be exported to an external medium and
their evaluation can be performed outside the control system.

INPUT DATA

The tunnel control system provides the possibility of exporting
operational data, mostly in * .csv format. Therefore, the MS Excel
program was chosen as a tool for the analysis of data exported from
the control system. The data used for the analysis and presented in
this article are from 2020 and come from the Cholupice tunnel on
structure 513 and the Lochkov tunnel on structure 514 of the ring
road around Prague. The data record of binary quantities in the
514 Lochkov tunnel for the year 2020 has a size of approximately
2,156MB. To analyze all data, we can narrow the time period, or
analyze only records with a higher importance index. The second
route was chosen for this analysis. The data file contains only class
Al and A2 alarm message events that affect the critical events of



31. rocnik - €. 2/2022

dokumentaci a z ni nejvice v havarijnich kartach, kde je popsdno
modelové feseni krizovych situaci.
Obecné je hlaSeni rozdéleno do nasledujicich kategorii [5]:
1. A0 — A2 — alarmova hlaSeni (Ciselné rozliSeni O [nejméné za-
vazné] az 2 [nejzéavaznéjsi]);
2.D0 — D2 — dopravni udélosti (¢iselné rozliseni 0 [nejméné za-
vazné] az 2 [nejzavaznéjsi]);
3.E — uddlosti v energetice (v systému napdjeni dalSich systé-
mil);
4.Sys — systémové (informace z RS).
Druhym diilezitym podkladem jsou zdznamy o servisnich zasazich
v tunelové technologii (idrzba, opravy ¢i revize). V analyzovanych
Casovych tusecich je nutno vysledky analyzy se servisnimi zdznamy
vhodné porovnavat, protoZze mohly byt t€mito nestandardnimi stavy
(napf. vypnuti zafizeni, pfepnuti do servisniho médu) ovlivnény.

VLIV NAPAJECI SOUSTAVY

Velka vétSina technologického vybaveni tunelové stavby je na-
pajena elektrickou energii. Piipadné vypadky jeji dodavky zasadné
ovliviiyji ¢innost napdjené technologie a v analyze je tfeba urcit, co
bylo pricinou zkoumaného nestandardniho stavu. Proto je vhodné
v prvnim kroku provéfit chovani napajeci soustavy, které se promita
do dalSich technologii formou poruchového hlaseni zavaznosti A0 az
A2. Udalosti v energetice E jen informuji, zda je zafizeni odpojeno,
nebo pripojeno k napéjeni.

Reseni napdjeci soustavy silni¢nich tunelii pouZiva standardizo-
vani feseni. Typické schéma je uvedeno na obr. 1. Cervenou barvou
jsou na ném uvedeny méfici body, od jejichZ stavu je odvozen signél
,Ztrata napéti*.

Toto schéma je sice zjednodusené, ale je z néj dobie patrnd cela
napdjeci trasa aZ k jednotlivym spotfebi¢iim. Ridici systém kontro-
luje pritomnost spravného napdjeciho napéti v kazdém rozvadéci, pri
jehoz ztraté (rozvadéc neni napdjen) vznika signdl ,,Ztrata napéti
(zkraceny nazev udélosti typu ,,Ztrata napajeciho napeti).

Pokud dojde u néjakého zarizeni k zdvadé (neplnéni povelu), mize
to byt zptsobeno i ztratou napdjeciho napéti konkrétniho prvku. Pro
upresnéni priciny poruchy by bylo mozné ke kazdému prvku nalézt
poruchovy signdl typu ,,Ztrata napéti“ v prislusSném rozvadéci a pri
poruse prvku kontrolovat i tento signdl. To znamend vytvorit jedi-
necnou sit pravidel pro kazdou zkoumanou tunelovou stavbu. Alter-

dva nezavislé pfivody z distribuéni sité 22 kV
two independent supplies from the 22kV distribution network

transformator 22/04 kV transformator 22/04 kV
transformer 22/04kV transformer 22/04kV

hlavni rozvadéé
main switchboard

hlavni rozvadéé
main switchboard

ztrata napéti  — ztrata napéti
® voltage loss ® voltage loss
napéjeci vétev A napéjeci vétev B
power branch A power branch B
podruzny rozvadéc podruzny rozvadéc podruzny rozvadéc
secondary switchboard secondary switchboard secondary switchboard
ztrata napéti ztrata napéti ztrata napéti
® voltage loss ® voltage loss ® voltage loss

napéajena technologie
powered technology

napéajena technologie
powered technology

napéajend technologie
powered technology

Obr. 1 Typické schéma napdject soustavy silni¢niho tunelu
Fig. 1 Typical diagram of a motorway tunnel power supply system

Tuel

the tunnel system with fault frequency reporting. The resolution of
the alarm severity is reflected in the operational documentation and
most of all in the emergency cards, where the model solution of
crisis situations is described.

In general, the report is divided into the following categories [5]:

1. A0 — A2 — alarm messages (numerical resolution O [least

severe] to 2 [most severe]);

2. DO — D2 — traffic incidents (numerical resolution O [least

severe] to 2 [most severe]);

3. E — events in energy (in the power supply system of other

systems);

4. Sys — system (information from the control system).

Records of service interventions in tunnel technology (mainte-
nance, repairs or revisions) are the second important basis. In the
analyzed time periods, it is necessary to compare the results of
the analysis with the service records, because they may have been
affected by these non-standard states (eg switching off the device,
switching to the service mode).

INFLUENCE OF THE POWER SUPPLY SYSTEM

The vast majority of the tunnel’s technological equipment is
powered by electricity. Possible outages of its supply fundamentally
affect the operation of the powered technology and in the analysis
it is necessary to determine what the cause of the investigated non-
standard condition was. Therefore, in the first step, it is appropriate
to check the behavior of the power supply system, which is reflected
in other technologies in the form of a fault message of severity
A0 to A2. Events in energy E only inform whether the device is
disconnected or connected to the power supply.

The solution of the motorway tunnel supply system uses stan-
dardized solutions. A typical diagram is shown in Fig. 1. The mea-
suring points, on the state of which the signal “Loss of voltage” is
derived, are shown in red.

This scheme is simplified, but it clearly shows the entire power
supply route to the individual appliances. The control system checks
the presence of the correct supply voltage in each switchboard, the
loss of which (switchboard is not supplied) generates the signal “Loss
of voltage” (short name of the event type Loss of supply voltage).

If a device fails (does not comply with the command), it can
also be caused by a loss of supply voltage of a particular element.
In order to specify the cause of the fault, it would be possible to
find a fault signal of the “Loss of voltage” type in each relevant
switchboard and to check this signal in the event of a fault in the
element. This means creating a unique network of rules for each
tunnel structure examined. An alternative to this rather laborious
procedure is to find out whether and, if so, how often voltage
failures occur in the main and the secondary switchboards during
operation and whether these failures have a temporal connection.

The devices that generate “Loss of voltage” signals in the supply
switchboards are around forty in an average tunnel structure (2 tubes
with lengths of approx. 1,500m). This signal is not standard, and
therefore, due to its importance, it is definitely in the A2 or Al
category. From the total set of exported data, the variables can be
easily filtered into a new table [5, 6]. An example of such a table is
Tab. 1, which is abbreviated and only the first and last entries are
shown. There are a total of 103 records.

Tab. 1 “Voltage loss” signals in the supply switchboards, sorted by time of
occurrence

Occurrence Alarm message
of event End of event — (device code + text description)
4.3.20209:33 | 4.3.2020 9:34 0OB0-E-RD00100: Voltage loss

in switchboard
RD02500: Voltage loss in switchboard

2.9.2020 11:11 |2.9.2020 11:12




nativou k tomuto dosti pracnému postupu je zjistit, zdali a piipadné
jak Casto dochazi pfi provozu k vypadkim napéti v hlavnich i po-
druznych rozvadécich a zdali maji tyto vypadky mezi sebou ¢asovou
souvislost.

Zafizeni, kterd generuji signaly ,,Ztrata napéti* v napajecich roz-
vadeécich, je u primérné tunelové stavby (dva tubusy o délkach cca
1 500 m) kolem ctyficeti. Tento signal neni standardni, a proto se
vzhledem ke svému vyznamu urcité nachazi v kategorii A2 nebo Al.
Z celkové mnoziny exportovanych dat se daji proménné snadno vy-
filtrovat do nové tabulky [5, 6]. Ukazkou takové tabulky je tab. 1,
ktera je pro ndzornost zkrdcena a je zobrazen pouze prvni a posledni
zaznam. Zaznamd je celkem 103.

i“

Tab. 1 Signdly ,,Ztrdta napéti“ v napdjecich rozvddécich serazené podle casu
vzniku

Alarmové hlaseni -

(kod zafizeni+ textovy popis)
OBO0-E-RD00100: Ztrata napéti

V rozvadéci

RD02500: Ztrata napéti v rozvadéci

Vznik udalosti | Zanik udalosti

4.3.2020 9:33
2.9.2020 11:11

4.3.2020 9:34
2.9.2020 11:12

Pokud je tab. 1 zobrazena ve formé grafu na casové ose, 1ze ziskat
velmi uziteCny piehled o Casovém rozlozeni vypadkl napéti ve sle-
dovaném obdobi. Proto je nutné provést dalsi jednoduchou tpravu,
a to u kazdé udélosti substituovat textovy fetézec nazvu proménné
(alarmové hlaseni) ¢islem (napfiklad: ,,OB0-E-RD00100: Ztrata na-
peéti v rozvadeci = 1; ,,RD02500: Ztrata napéti v rozvadeci® = 103),
kde toto ¢islo symbolizuje poradi hlaseni. Obr. 2 odpovida uvedené-
mu postupu prikladu.

Na svislé ose se nachézeji jednotlivé proménné ,,Ztrata napéti*
nahrazené ¢iselnym oznacenim. KdyZ je potfeba zpétné zjistit, kte-
rd konkrétni proménnd odpovida Ciselnému oznaceni na svislé ose,
pouZije se tabulka pfifazeni zpétnym zptsobem.

Na obr. 2 je zfetelné, Ze samostatné vyskyty signall ,,Ztrata na-
péti u jednotlivych napdjecich rozvadéct nebyly zaznamenany.
Signaly vykazuji vysokou korelaci a je zietelné, Ze se vZdy jedna-
lo o vypadky napdjeni prakticky celé tunelové trouby. Zpétné bylo
v provoznich zaznamech dohledédno, Ze tyto skupiny signdlll ztraty
napéti vznikly v ¢asovém intervalu, kdy byl Cholupicky tunel uza-
vien a probihaly v ném servisni prace. Detekované skupiny signalt
»Ztrata napéti” jsou s vysokou pravdépodobnosti privodnim jevem
praci na napdjeci soustavé tunelu. Pro ndslednou analyzu dalSich
udalosti je tfeba s Casy, kdy byla tunelova stavba bez napéti, poci-
tat. V ramci sledovaného obdobi nedochédzelo mimo servisni zasahy
k vypadkiim napdjeciho napéti a tak pfi¢ina mohla byt vyloucena
pro zjistovani poruch na Lochkovském tunelu. Stejnym zplisobem
byly zpracovany i vypadky napdjeni na Cholupickém tunelu, ze kte-
rych je zfejmé, Ze ztrata napéti je zaznamendna i v jiném terminu
nez v dobé uzavér tuneld (tab. 2) a tuto udalost bude tfeba zpétné
dohledat v provoznich zdznamech tunelové stavby. Aby nebylo nut-
né porovnavat udaje z riznych zdrojt, bylo by vhodné mit vSechny
informace zaznamendny v jednotné databazi, anebo alespon zajistit
oznaceni stejnymi piiznaky a ndzvy pro jednoznac¢né porovnani [5].

Tab. 2 Souhrn velkych vypadkii napdjeni na tunelovych stavbdch Cholupice
a Lochkov
Cholupicky tunel
4.3.2020 10:21
— celkova ztrata napajeni
14.5.2020 13:47
— CasteCna ztrata napajeni
2.9.2020 09:28
— celkova ztrata napajeni

Lochkovsky tunel

4.3.2020 9:56
— celkova ztrata napajeni

2.9.2020 9:28
— celkova ztrata napajeni
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stavba 514 - ztrata napéti
structure 514 - loss of voltage
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Obr. 2 Casovd zdvislost vyskytii signdlu ,,Ztrdta napéti na Lochkovském tu-
nelu za rok 2020

Fig. 2 Time dependence of the occurrences of the “Loss of voltage” signal on
the Lochkov tunnel in 2020

If the Tab. 1 is displayed in the form of a graph on the timeline,
you can get a very useful overview of the time distribution of power
outages in the observed period. Therefore, it is necessary to make
another simple adjustment, replacing the text string of the variable
name (alarm message) with a number for each event (for example:
,OBO-E-RD00100: Switchboard voltage loss*“ = 1; ,,RD02500:
Switchboard voltage loss* = 103), where this number symbolizes
the order of reporting. Fig. 2 corresponds to the above example
procedure.

On the vertical axis there are the individual variables ,,Voltage
loss* replaced by a number. When it is necessary to find out which
particular variable corresponds to the number on the vertical axis,
the assignment table is used in the reverse way.

It is clear from Fig. 2 that separate occurrences of the ,,Voltage
loss* signals at the individual switchboards were not recorded.
The signals show a high correlation and it is clear that there have
always been power outages of virtually the entire tunnel tube.
In retrospect, it was found in the operational records that these
groups of voltage loss signals arose in the time interval when the
Cholupice tunnel was closed and service work was taking place in
it. The detected groups of ,,Loss of voltage* signals are with a high
probability an accompanying phenomenon of work on the tunnel
power supply system. For the subsequent analysis of other events,
it is necessary to take into account the times when the tunnel
structure was without voltage. During the monitored period, there
were no supply voltage outages outside the service interventions,
so the cause could be ruled out for the detection of faults in the
Lochkov tunnel. Power outages at the Cholupice tunnel were
treated in the same way, from which it was clear that the voltage
loss was also recorded at a different time than the time of the tunnel
closure (Tab. 2), and this event will need to be traced back to the
tunnel structure operating records. In order not to have to compare
data from different sources, it would be appropriate to have all the
information recorded in a single database, or at least to provide the
same flags and names for unambiguous comparison [5].

Tab. 2 Summary of large power outages at the Cholupice and Lochkov tunnel
structures

Cholupice Tunnel
4.3.2020 10:21 — total power loss

14.5.2020 13:47
— partial loss of power supply

2.9.2020 09:28 — total power loss

Lochkov Tunnel
4.3.2020 9:56 — total power loss

2.9.2020 9:28 - total power loss
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NALEZENIi MAXIMA VYSKYTU ALARMU

Pti prvotni analyze stavu technologického vybaveni je v prvnim
kroku vhodné zjistit zafizeni s nejvysSSim poCtem generovanych
hlaseni. Vysledkem pak miize byt nasledujici pfiklad v tab. 3, jez
muZe mit vice nez 2000 radka.

Tab. 3 Zarizeni s absolutné nejvyssim poctem zaznamenanych poruchovych
hldSeni na Lochkovském tunelu

Nazev proménné Pocet vyskytu
Rychlost proudéni v tunelu 33490

- 107-F-BF07501-MCU.04: Vystraha

IP5-D-S8abdx55089: vadné LED

v neaktivnim symbolu A

Jiz tato jednoducha tabulka udava smér, kam zaméfit pozornost
servisnich slozek pro ziskani podrobné&;jsi analyzy nestandardnich
jeva. U prvni polozky je mozné z expertni zkuSenosti a soucasné
z filtrace dat a dalSich dodatecnych provéfenych informaci o sta-
vu napdjeni, teploté apod. urcit, Ze se s nejvetsi pravdépodobnosti
v zafizeni 107-F-BF07501-MCU.04 jedna o vadny senzor, nestabi-
litu nastaveni ¢i zavadu pripojeni (nedokonaly kontakt), tedy po-
mérné presné definovany typ zdvady. Zakladni charakteristikou pro
tuto poruchu je abnormélni ¢etnost vyskytu.

Filtraci tab. 3 1ze pocet vyskytl ziZit na konkrétni provozni sou-
bory. Tento typ filtrace je prakticky pro situace, kdy servis daného
provozniho souboru zajistuje jeden subjekt. Prvnim pfikladem je
provozni soubor ,,Méfeni fyzikélnich veli¢in® (tab. 4).

Tab. 4 Lochkovsky tunel, provozni soubor ,,Méreni fyzikdlnich veli¢in“, zafize-
ni s nejvyssim vyskytem poruchovych hldsSeni

FINDING THE MAXIMUM OF ALARM OCCURRENCES

In the initial analysis of the state of technological equipment, it
is appropriate in the first step to identify the device with the highest
number of generated messages. The result can be the following
example in Tab. 3, which can have more than 2000 lines.

Tab. 3 Devices with the absolute highest number of recorded fault messages
in the Lochkoy tunnel

. Number
Variable name of occurrences
Tunnel flow velocity —
107-F-BF07501-MCU.04: Warning 33490
|P5-D-S8abdx55089: defective LED
in inactive symbol 24184

This simple table already indicates the direction in which
to focus the attention of service departments to obtain a more
detailed analysis of non-standard phenomena. For the first item,
it is possible from expert experience, and at the same time from
data filtering and other additional verified information about
power status, temperature, etc. to determine that it is most likely
in the device 107-F-BF07501-MCU.04 there is a defective sensor,
instability settings or connection fault (imperfect contact), ie a
relatively precisely defined type of fault. The basic characteristic
for this fault is an abnormal frequency of occurrence.

Filtering Tab. 3, the number of occurrences can be narrowed down
to specific technological objects. This type of filtering is practical
for situations where the service of a given technological object
is provided by one entity. The first example is the technological
object Measurement of physical quantities (Tab. 4).

Poruchové hlaseni souboru PP

i e = Pocet vyskytu
Méreni fyzikalnich veliCin vysky Tab. 4 Lochkov Tunnel, technological object “Measurement of physical
Méfeni tlaku v potrubi vodovodu tunelu 950 quantities”, equipment with the highest incidence of fault messages
el el 0033 0l S : Fault message of object Number
Méreni NO2 — IL2-F-QN20003: Zadost o servis 804 Measurement of physical quantities of occurrences
Méfeni NO — IL2-F-QN20003: Zadost o servis 804 Tunnel water line pressure measurement 952

—IP1-F-P110053: Vy High pressure

Pozornost zasluhuje upozornéni na vysoky tlak v poZarnim po- NO2 measurement — IL2-F-QN20003: Service request 804

trubi (tab. 4 v prvnim fadku, je zde 952 vyskytl za rok), protoze NO measurement — IL2-F-QN20003: Service request 804

pfi prekrocenti tlaku hrozi poskozeni vodovodniho potrubi. Je vhod-
né udélat naslednou analyzu vyskyta tohoto signalu v case (obr. 3).
Dalsi dvé polozky v tab. 4 upozoriiuji na potfebu lokalniho servisu
technologie méfeni (vycisténi senzort, kalibrace ¢i podobny servisni
dikon).

It is worth noting the high pressure in the fire pipeline (Tab. 4
in the first line, there are 952 occurrences per year), because if the
pressure is exceeded, there is a risk of damage to the water pipeline.
It is appropriate to make a subsequent analysis of the occurrence of
this signal over time (Fig. 3). The other two

1000

lo udalosti

Cni Cis
event identification number

identifika
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méfeni tlaku v potrubi vodovodu tunelu - IP1-F-PI10053: vysoky tlak
pressure measurement in tunnel water pipeline - IP1-F-PI10053: high pressure
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items in Tab 4. draw attention to the need for
local service of measurement technology
(cleaning of sensors, calibration or similar
service operation).

It is clear from the graph in Fig. 3
that the events took place, except for the
period 07-09, throughout the year. The
cumulative fault occurrences are plotted
on the ,,y* axis. In the next step of the
analysis, specific values of pressures in
the fire water supply system are added
and it is possible to start discussing this
situation with the water supply company in
order to find the causes of the increase in
pressure or failures in the system. This can
be important not only for administrators,

L N L
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Obr. 3 Casové rozloZeni vyskytu poruchového hldseni na Lochkovském tunelu

Fig. 3 Time distribution of the occurrences of fault messages in the Lochkov tunnel

but also for IRS units (Integrated Rescue
System).




Z grafu na obr. 3 je zfetelné, Ze k udélostem dochazelo, aZ na ob-
dobi 07-09, béhem celého roku. Kumulativni ¢etnosti poruch jsou
vyneseny na ose ,,y“. V dalSim kroku analyzy jsou pak doplnény
konkrétni hodnoty tlakd v poZarnim vodovodu a je moZné zahéjit
projednani tohoto stavu s vodarenskou spolecnosti, aby byly nale-
zeny priciny navySovani tlaku nebo poruch v soustaveé. To mize byt
dilezité nejen pro spravce, ale i pro slozky IZS.

KORELACE DAT MEZI PROVOZNIiMI SOUBORY TUNELOVE
STAVBY

Pokud casova analyza zkoumané udélosti ukdZe na ojedinélé vy-
skyty ¢i vyskyty shlukd, je vhodné zkusit nalézt diivod tohoto cho-
vani metodou korelace s dal§imi zaznamenanymi veli¢inami. VEtSina
technologického vybaveni tunelové stavby je napajena elektrickou
energii, a proto je nejcastéji provadéna korelace analyzované uda-
losti se signdly pfitomnosti Ci ztraty napédjeciho napéti. V nésledu-
jicim prikladu jsou porovnany casové vyskyty signdll ,,Ventilator
TP — O01-V-VE10001: Porucha zafizeni* se signaly ,,Ztrata napeti*
(tab. 2).

Tab. 5 Lochkovsky tunel, zaznamenané poruchy ventilitoru TP — O01-V-
-VE10001 za sledované obdobi

Vznik poruchy | Udalost

2.9.2020 11:12 | Ventilator TP — O01-V-VE10001: Porucha zafizeni
2.9.2020 11:12 | Ventilator TP — O01-V-VE10001: Porucha zafizeni
2.9.2020 10:55 | Ventilator TP — O01-V-VE10001: Porucha zafizeni
2.9.2020 10:55 | Ventilator TP — O01-V-VE10001: Porucha zafizeni
5.3.2020 8:54 | Ventilator TP — 001-V-VE10001: Porucha zafizeni
5.3.2020 8:23 | Ventilator TP — 001-V-VE10001: Porucha zafizeni

Dne 2. 9. 2020 se v ptipad€ ventilatoru TP — O01-V-VE10001
nejednd o poruchu zafizeni, ale signaly ,,Ventilator TP — O01-V-
-VE10001: Porucha zafizeni* byly zpusobeny vypnutim napaje-
ciho napéti (tab. 2). Pro dalsi analyzu poruch tohoto ventilatoru
zUstava stav ze dne 5. 3. 2020. Vysledky ukazuji na pozadavek do-
plnéni informaci o servisnim zdsahu do alarm managementu RS
pro presnéjsi hledani potencidlnich poruch.

ANALYZA PODLE DOBY TRVANI PORUCHY

Ne kazda porucha probihd podle scénare: 1. vznik poruchy,
2. odstranéni poruchy a 3. zanik poruchy. Nékteré poruchy maji
i velmi malou dobu trvani a odstrani se bez zdsahu servisni slozky
(tab. 6). Jsou to zejména zafizeni komunikujici po datové sbérnici,
kdy porucha miize byt zpisobena nahodilym rusenim nebo zhorsu-
jicim se technickym stavem datové sbérnice. Jako piiklad je mozné
uvést zdvadu na datové sbérnici SOS hlasky IL2-S-SS20083 Cho-
lupického tunelu (tab. 6 a obr. 4).

Tab. 6 Cholupicky tunel, SOS hldska IL2-S-SS20083, poruchy s nenulovou
dobou trvdni

Vznik poruchy | Doba trvani |Poznamka
6.11.2019 1:17 Porucha €. 1 za rok
26.8.2020 1:04 Porucha ¢. 15 za rok

Zaznamenana délka trvani nejdelsi poruchy je 494 sec a po jejim
uplynuti i tato porucha, jako vSechny dalsi zde uvedené, samocinné
zanikla (pfiklad na obr. 4, doby trvani poruchy jsou vyneseny na
svislé ose).

Podobné problémy s vypadkem komunikace byly zaznamenany
na vSech SOS hléaskach tunelové stavby. Priklad alarmové zpravy
je uveden v tab. 7.
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DATA CORRELATION BETWEEN TUNNEL STRUCTURE
TECHNOLOGICAL OBJECTS

If the time analysis of the investigated event points to isolated
occurrences or occurrences of clusters, it is appropriate to try to
find the reason for this behavior by correlation with other recorded
quantities. Most of the technological equipment of the tunnel
structure is supplied with electricity, and therefore the correlation
of the analyzed event with the signals of the presence or loss of the
supply voltage is most often performed. The following example
compares the time occurrences of the signals “Fan TP — O01-V-
VE10001: Device fault” with the signals “Voltage loss” (Tab. 2).

Tab. 5 Lochkov tunnel, recorded TP fan faults — 001-V-VE10001 for the
observed period

Fault occurrence
2.9.2020 11:12
2.9.2020 11:12
2.9.2020 10:55
2.9.2020 10:55

5.3.2020 8:54
5.3.2020 8:23

Event

Fan TP — 001-V-VE10001: Equipment fault
Fan TP — 001-V-VE10001: Equipment fault
Fan TP — O01-V-VE10001: Equipment fault
Fan TP — 001-V-VE10001: Equipment fault
Fan TP — O01-V-VE10001: Equipment fault
Fan TP — O01-V-VE10001: Equipment fault

On 2 September 2020, the TP fan — O01-V-VE10001 is not a
device fault, but the signals ,,TP fan — O01-V-VE10001: Device
fault” were caused by switching off the supply voltage (Tab. 2).
For further analysis of faults of this fan, the situation remains as
of March 5, 2020. The results indicate the requirement to add
information on service intervention to the alarm management of
the control system for a more accurate search for potential faults.

ANALYSIS WITH RESPECT TO THE DURATION
OF THE FAULT

Not every fault occurs according to the scenario: 1. fault
occurrence, 2. fault rectification and 3. fault end. Some faults have
a very short duration and are rectified without the intervention
of the service department (Tab. 6). These are mainly devices
communicating via the data bus, where the fault may be caused by
accidental interference or deteriorating technical condition of the
data bus. An example is the fault on the data bus of the SOS cabinet
1L.2-S-SS20083 of the Cholupice tunnel (Tab. 6 and Fig. 4).

Tab. 6 Cholupice Tunnel, SOS cabinet I1L2-S-SS20083, faults with non-zero
duration

Fault ;
e Duration Note
6.11.2019 1:17 Fault No. 1 per year
26.8.2020 1:04 Fault No. 15 per year
OL2-S-5520083: vypadek komunikace s SOS hlaskou
0L2-S-5520083: communication failure with SOS cabinet
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Obr. 4 Cholupicky tunel, zobrazeni doby vypadku komunikace s hldskou SOS
11.2-S-S520083
Fig. 4 Cholupice tunnel, time display of communication loss with SOS cabinet
11.2-S-S520083
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Tab. 7 Zkrdcené zobrazeni Zebricku poruch SOS hldsek Cholupického tunelu

Alarmova zprava bez duplicit Pocet vyskytu
IL2-S-SS20083: Porucha SOS hlasky 21
IL2-S-SS20076: Porucha SOS hlasky 6

Z vyse uvedenych dat tab. 7, jez ma dalSich 37 obdobnych hla-
Seni, se da usoudit, Ze se nejednd o nahodilou poruchu jednoho
zafizeni, ale pravdépodobnou pric¢inou budou technické zévady ve
spole¢ném prvku — datové sbérnici. Tato hypotéza se ukdzala jako

spravna [5-7].

SHRNUTI

Vlastni postup ¢innosti je mozné vyjadrit pomoci nasledujiciho
pristupu formou diagramu (obr. 5). Z celkové mnoziny signali tune-
lového systému je vhodné nejprve rozdélit signdly podle typt techno-
logického vybaveni (osvétleni, ventilace a dalSi) a samostatné vybrat
signaly popisujici stav napajeci soustavy (,,Ztrata napdjeni). Po pro-
vedeni korelace mezi signély ,,Ztrata napajeni* a chybovymi hlaseni-
mi jednotlivych provoznich souborti 1ze ziskat prvni selekci ukazujici
mozné priCiny poruchového hlaseni technologie. Nasledné je mozné
vytipovat nejcastéjsi poruchy u jednotlivych druht technologii v tu-
nelovém systému (TS), jenzZ obsahuje jednotliva technologicka vy-
baveni véetné vlastniho propojeni a pripojeni zafizeni, a ty porovnat
s dal$imi moZnymi vlivy, jako jsou servisni zdsahy a naméfené tep-
loty. Na zdklad€ rozloZeni vyskytu poruchy v Case je mozné expertné
stanovit pric¢inu poruchy a to vSe srovnat i s harmonogramem praci
(HMG) pri servisnich odstavkach technologického vybaveni tunelu.

Prikladem prvni selekce na zdkladé pravdépodobnosti vzniku

The recorded duration of the longest fault is 494 sec, and
after its expiration, this fault, like all the others listed here, has
automatically disappeared (example in Fig. 4, the fault durations
are plotted on the vertical axis).

Similar problems with communication failure were recorded on
all SOS cabinets of the tunnel structure 513. An example of an
alarm message is given in tab 7.

Tab. 7 Abbreviated display of the SOS voices of the Cholupice tunnel fault list

Alarm message without duplicates of o’:gm?:; e
IL2-S-§S20083: SOS cabinet fault 21
IL2-S-SS20076: SOS cabinet fault 6

From the above data Tab. 7, which has another 37 similar
messages, it can be concluded that this is not an accidental failure
of one device, but the probable cause will be technical faults in
a common element — the data bus. This hypothesis proved to be
correct [5-7].

SUMMARY

The actual procedure can be expressed using the following
approach in the form of a diagram (Fig. 5). From the total set of
signals of the tunnel system, it is appropriate to first divide the
signals according to the types of technological equipment (lighting,
ventilation, etc.) and separately select the signals describing the
state of the power supply system (“Power loss”). After correlating
between the “Power loss” signals and the fault messages of the
individual technological objects, a first selection can be obtained

showing the possible causes of

the technology fault message.

mnozina signéll z TS
set of signals from TS

HMG préce na TS - kontrola eliminace
nestandardnich stavd
HMG work on TS — control of non-standard
conditions elimination

Subsequently, it is possible to
identify the most common faults
in individual types of technologies

4 4

selekce signalli ,ztrata
napéti“ z napajeci

selekce signald dle tiidy
a druhu technologie

selectigr?lé?tav\g;sge loss® signal selection according
s gnaié from to the class and type
the TS supply system of technology

4 4

in the tunnel system (TS), which
contains individual technological
equipment, including its own
interconnection and  connection
of equipment, and compare them
with other possible influences,
such as service interventions and

korelace Cetnosti signéli v Case vici napajeni
correlation of signal occurrences over time to power supply

selekce signall odporujicich logice
selection of signals contrary to logic

measured temperatures. Based on
the distribution of the occurrence of
the failure over time, it is possible to

4 4

expertly determine the cause of the
l failure and compare it with the work

mnozina vyskytu signali

schedule (HMG) during service

LZtrata napéti“ pro korekce
s dalSimi technologiemi TS
the set of occurrences
of ,voltage loss* signals
for corrections with other
TS technologies

selekce nejcastéjsich
poruch technologif
selection of the most
common technology faults

4

4

rozloZeni vyskytu v Case
distribution of occurrence over time

\ g

pravdépodobnost poruchy senzoru
probability of sensor failure

korelace s dal$imi viivy
(vypadky, opravy, teplota, servis)
correlation with other influences
(outages, repairs, temperature, service)

J

expertni posouzeni — uréeni poruchy

expert assessment — fault determination

Obr. 5 Grafické vyjdadient algoritmii vyhodnocovdni formou diagramu
Fig. 5 Graphical representation of evaluation algorithms in the form of a diagram

outages of technological equipment
of the tunnel.

An example of the first selection
based on the probability of a fault
is the recognition of whether a
signal belongs to the category
“Signals contradiciting to logic”.
This requires a general knowledge
of the technological equipment of
the tunnel structure. If, for example,
the “Loss of voltage” signal occurs
1000 times in the monitored period,
it is very likely to be a measurement
fault — if this were the case, supply
voltage failures would result in a




poruchy je rozeznani, zdali signdl patii do kategorie ,,Signélt od-
porujicich logice®. K tomu je nutna celkova znalost technologické-
ho vybaveni tunelové stavby. Vyskytne-li se ve sledovaném obdobi
napt. 1 000 x signdl ,,Ztrdta napéti“, jedna se velmi pravdépodobné
o poruchu méfeni — pokud by to byla skutecnost, projevily by se
vypadky napdjeciho napéti ndhlym a zna¢nym vyskytem poruch na
dalsich provoznich souborech ve stejném cCase [8, 9].

ZAVER

Tento ¢lanek neni komplexnim shrnutim diagnostiky technologic-
kého vybaveni tunelové stavby. Na prikladech z redlné silni¢ni tune-
lové stavby ukazuje moznosti pro dalsi hlubsi analyzu stavu vybave-
ni tunelové stavby. Takto provadéné analyzy a postupy mohou byt
uZite¢nym nastrojem pro pracovniky, ktefi provadéji hlavni prohlid-
ky tunelovych staveb a potiebuji ziskat celkovy obraz o tunelovych
technologiich za hodnocené obdobi provozu. Hodnoceni provadéné
pouze na zékladé mistniho Setfeni a s vyuZitim reviznich zprav po-
skytuje pon¢kud omezeny pohled na provoz vétSiny technologického
vybaveni silni¢ni tunelové stavby za posuzované obdobi [9].

Velkou vyhodou vySe popsanych analyz a postupll je zna¢na
nezdvislost na odlignostech provedeni riiznych RS tunelovych sta-
veb. Soucasné je mozné analyzy vyuZit i pro spravce technologie
tunelového systému jako validni vstup pro diagnostiku a predikci
poruchovosti technologie tunelu. Pouziti té€chto analyz predpokla-
da kvalifikovaného pracovnika se znalosti technologie dané stavby.
Ten s jejich pouzitim muze ziskat celkovy prehled o funkci techno-
logického vybaveni silni¢ni tunelové stavby a voditka pro zaméreni
dalsiho postupu detailni diagnostiky [9].
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sudden and significant occurrence of faults in other technological
objects at the same time [8, 9].

CONCLUSION

This article is not a comprehensive summary of diagnostics of
technological equipment of tunnel structure. Using examples from
a real motorway tunnel structure, it shows possibilities for further
in-depth analysis of the state of the tunnel structure equipment.
The analyses and procedures performed in this way can be a
useful tool for workers who carry out major inspections of tunnel
structures and need to get an overall picture of tunnel technologies
during the evaluated period of operation. The assessment, carried
out solely on the basis of a local survey and using audit reports,
provides a somewhat limited view of the operation of most of the
technological equipment of the motorway tunnel structure during
the period considered [9].

The great advantage of the analyses and procedures described
above is the considerable independence from the differences
of various control systems of tunnel structures. At the same
time, the analyses can also be used by tunnel system technology
administrators as a valid input for diagnostics and prediction of
tunnel technology failures. The use of these analyses presupposes
a qualified worker with knowledge of technology of the given
structure. Using them, he can get a general overview of the function
of the technological equipment of the motorway tunnel structure and
guidelines for focusing on the next detailed diagnostics procedure

[9].

ACKNOWLEDGEMENTS

The research was supported by the Technology Agency of
the Czech Republic within the Epsilon program kept under No.
THO04010481 and entitled “Reliability diagnostics of technological
equipment”. The aim of the project was to create a software tool for
fault analysis, maintenance support and predictive diagnostics of
technological systems and equipment based on real data provided
by the control system with a link to inputs from service operations
of technological equipment [6, 9].

Ing. JIRI STEFAN, stefanj@eltodo.cz, ELTODO, a.s.
doc. Ing. TOMAS TICHY, Ph.D., MBA, tichytol @fd.cvut.cz,
Ing. JIRT BROZ, MSc., Jiri.Broz@cvut.cz, CTU FD

[1] Tunelova norma CSN 73 7507 Projektovdni tunelii pozemnich komunikact.
[2] Technicky predpis TP 98 Technologické vybaveni tunelii pozemnich komunikaci. Ministerstvo dopravy Ceské republiky: Praha,

2004.

[3] Technicky piedpis TP 154 Provoz, sprdva a iidriba tunelii pozemnich komunikaci. 2. vyd. Ministerstvo dopravy Ceské republiky:

(4]
(5]

(6]

(7]

(8]
(9]

Praha, 2009.

Technicky predpis TP 229 Bezpecnost v tunelech pozemnich komunikaci. Ministerstvo dopravy Ceské republiky: Praha, 2010.
TICHY, T., BROZ, J., BELINOVA, Z., PIRNIK, R. Analysis of Predictive Maintenance for Tunnel Systems. Sustainability, 2021,
Volume 13, Issue 7, 3977. https://doi.org/10.3390/sul13073977.

TICHY, T., BROZ, J. Spolehlivostni diagnostika technologickych zarizeni. CVUT FD, Vyzkumna zprava pro TACR; Projekt
¢. TH04010481; Praha 2020.

TICHY, T., STEFAN, J., PIXA, R., MIKLOSIK, 1. System for technology control, diagnostics and simulation in tunnels.
In Proceedings of the 14" International Conference Underground Construction Prague 2019. Prague, Czech Republic, 3-5 June
2019; pp 1-8 ISBN 978-80-906452-3-3.

KRUPA, M. Technicka prognostika v kontextu prediktivni tudrzby. Automa, 2/2012, pp 16-29.

MAZANEC, M., TICHY, T., BROZ, J., STEFAN, J. Spolehlivostni diagnostika technologickych zafizeni. Zavére¢na zprava
o postupu praci a dosazenych vysledk v roce 2021 pro TACR; Projekt ¢. TH04010481; Praha 2022, pp 1-46.



31. rocnik - €. 2/2022 Tuel

FOTOREPORTAZ ZE SLAVNOSTNIHO ZAHAJENI STAVBY METRA D,
USEK 1.D1A PANKRAC-OLBRACHTOVA DNE 21. DUBNA 2022
PICTURE REPORT FROM CEREMONIAL COMMENCEMENT OF

CONSTRUCTION OF METRO D, 1.D1A PANKRAC-OLBRACHTOVA
SECTION ON 21 APRIL 2022

FOTO SUBTERRA A.S. PHOTO SUBTERRA AS.

ZAHALIENI

SITAVEBY

Obr. 1 Slavnostni poklepdni kamene za pritomnosti primdtora HMP
Fig. 1 Ceremonial tapping the stone in presence of Prague Mayor

Obr. 2 Proslov GR Subterra a.s.
Fig. 2 Speech by General Director of Subterra a.s.

Obr. 4 Zdstupci tisku a televizi
Fig. 4 Press and TV representatives

Obr. 3 Jedndni sdruZeni dodavatelii
Fig. 3 Discussion among contractors — consortium members

Obr. 5 Stroje pripravené k nasazeni
Fig. 5 Machines prepared for deployment
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FOTOREPORTAZ Z POSLEDNI PRORAZKY NA TUNELU KRAMER,
NEMECKO
PICTURE REPORT FROM THE LAST BREAKTHROUGH ON KRAMER
TUNNEL, GERMANY

FOTO ARGE KRAMERTUNNEL (BEMO TUNNELING GMBH — SUBTERRA A.S.)
PHOTO ARGE KRAMERTUNNEL (BEMO TUNNELING GMBH — SUBTERRA A.S.)

Obr. 1 Bohosluzba v tunelu Obr. 2 Bohosluzba v tunelu
Fig. 1 Religious service in the tunnel Fig. 2 Religious service in the tunnel
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Obr. 3 Svaté poZehndni pro ziicastnéné Obr. 4 Symbolické poklepdni na celbu patronkou tunelu
Fig. 3 Holy blessing to the participants Fig. 4 The patron of the tunnel symbolically taps on its face

Obr. 5 ProraZeni tunelu tunelovaci frézou pod dohledem patronky tunelu Obr. 6 Ovace pro razicské osddky se soSkou Sv. Barborky
Fig. 5 Tunnel breaking through using a cutter boom under the supervision by Fig. 6 Ovation for tunnelling crews with a statuette of St. Barbara
the patron saint of the tunnel
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Katedra geotechniky a podzemniho
stavitelstvi VSB-TU Ostrava

a firma Minova Bohemia a.s.

vas srdec¢né zvou na

18. ro¢nik mezinarodni konference

GEOTECHNIKA 2022

konanou pod zastitou
Ceské tunelarské asociace

Termin kondni: 15. - 16.9.2022
Misto konani: Horsky hotel Solan, Karolinka, Beskydy
Detailnéjsi informace o pfispévcich a Ucasti: https://www.fast.vsb.cz/geotechnika-2022

Sekretariat konference: hana.sedlarova@vsb.cz
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

PROBLEMY S TUNELOVYM PREVEDENIM SILNICE A303 OBLASTI SVETOVEHO

KULTURNIHO DEDICTVi STONEHENGE

PROBLEMS WITH TUNNEL DIVERSION OF ROAD A303 ACROSS STONEHENGE WORLD

CULTURAL HERITAGE AREA

Information on the preparation of the tunnel on the important
road A303 in The Stonehenge area, which was published in the
section The World of Underground Construction, TUNEL No.
3/2021, has an “expected” continuation. The construction of the
3.3km long tunnel, which would significantly improve the traffic
conditions on the A303 road and ease traffic flow in the UNESCO
cultural heritage area, did not start by the end of 2021. The com-
pany of Highways England, collaborating with legal and technical
consultants, assumed the completion of the selection of the tunnel
construction contractor in 2021 and the start of the construction in
the same year. In January 2021, however, the project was stopped
due to a legal dispute. As a result of the review, the building permit
for the £ 1.7 billion tunnel project was revoked by the Supreme
Court in the second half of 2021. The similarity with our last time
mentioned problems is more than obvious. The current example is
a situation where the particular interests of activists have compli-
cated and delayed obtaining a building permit for the construction
of a new line D of the Prague metro, which is undoubtedly a con-
struction of public interest.

Informace o pripravé tunelu na vyznamné silnici A303 v oblasti
Stonehenge, ktera byla publikovana v rubrice Ze svéta podzemnich
staveb Tunelu ¢. 3/2021, ma ,,o¢ekavané pokracovani. Tunel dél-
ky 3,3 km, ktery by vyrazné zlepsil dopravni podminky na silnici
A303 a zklidnil prostor kulturniho dédictvi UNESCO, se v plano-
vaném terminu do konce roku 2021 stavét nezacal.

Spolecnost Highways England, spolupracujici s pravnimi
a technickymi poradci, pfedpokladala ukonceni vybéru dodavate-
le vystavby tunelu v roce 2021, a v témze roce zahdjeni vystav-
by. V lednu 2021 se vSak projekt zastavil kvili pravnimu sporu,
nebot aktivisté ze skupin Save Stonehenge World Heritage Site,
Campaign to Protect Rural England a British Archaeological Trust
pozadali o soudni prezkum stavebniho povoleni na celou navrho-
vanou modernizaci ddlnice A303, véetné tunelu v oblasti komple-
xu Stonehenge. Aktivisté ke svému podani vychdzeli ze zpravy
vypracované péti odbornymi inspektory, ktefi dospéli k zaveru, Ze

MOZAIKA ZE SVETA PODZEMNICH STAVEB

B Mezinarodni soutéz na vyuziti rubaniny z razby tunelt

Vyzkumné zatizeni EU pro vyzkum mikroc¢dstic hmoty (CERN)
provozuje nyni podzemni urychlovac c¢astic, ktery je instalovan
v kruhovém tunelu délky 27 km. Ten se nachdzi pobliZ zdpadniho
konce Zenevského jezera na tizemi Svycarska a Francie.

V budoucnosti CERN zamysli vybudovat vykonnéjsi kruhovy
urychlovac, ktery by byl umistén v kruhovém tunelu délky 100 km.
Ten by leZel opét na tizemi vySe zminénych zemi a podchézel by
zdpadni konec Zenevského jezera. Jeho razba by probihala prede-
v§im v molasovych hornindch, které jsou tvoreny mocnymi sedi-
mentdrnimi komplexy hlavné piskovcd a hrubozrnnych slepenci,
jez vznikly erozi Alp po jejich vyvrasnéni. Pfi razbé tunelu jich
bude vytéZeno 9 milioni m?.

A toto enormni mnoZstvi vyvolava znamou otazku: kam s nim,

Obr. 1 Stonehenge
Fig. 1 Stonehenge

projekt ,,podstatné a trvale poskodi integritu pamatky* a Ze ,,ijma
nebude kompenzovana prinosy“ navrhovaného projektu.

Vysledkem prezkumu je, Ze stavebni povoleni pro projekt tunelu
v hodnot€ 1,7 miliardy liber bylo v druhé poloviné rohu 2021 Nej-
vys$§im soudem zruseno. Soud rozhodl, Ze ministr dopravy nedo-
statecné zvazil moZnosti alternativnich feSeni a neprokazal, Ze se
disledné zabyval ptipadnymi dopady na svétové kulturni dédictvi.
Ministerstvo dopravy se obsahem projektu musi znovu zabyvat,
ziskani stavebniho povoleni je v nedohlednu.

Jiz minule zminéna podobnost s nasimi problémy je vice nez
ziejmd. Soucasnym prikladem je stav, kdy partikularni zajmy akti-
vistll komplikovaly a zdrZovaly ziskani stavebniho povoleni na re-
alizaci nové linky D prazského metra, kterd je nepochybné stavbou
verejného zajmu.

prof. Ing. JIRI BARTAK, DrSc.
Podklad: New Civil Engineering

tedy jak s vyrubanou horninou naloZit, kdyZ doposud neni zndmy
zadny zpusob jejiho vyuziti. Proto CERN ve spoluprici s EU vy-
pisuje mezindrodni soutéZ na vyuZiti té€chto hornin, pfi¢emz jeho
hlavnim partnerem je Montanuniversitit Leoben. Do této chvile
bylo provedeno velké mnoZstvi geotechnickych, mineralogickych
a geochemickych laboratornich testl, na kterych se podilely uni-
verzity v Leobenu, Zenevé a Curychu.

Zijemci o ucast v mezindrodni soutéZi se méli prihlasit do
31.fijna 2021 a soucasné predloZit své navrhy na vyuZiti hornin. Ty
pak vyhodnoti mezinarodni porota a organizace, které predlozily
nejlepsi navrhy, vyzve k zpracovani dalSich detailt a jejich pred-
loZeni do cervence 2022. Porota pak vybere vitéze, jejichZ feSeni
budou prezentovdna na zvlastnim semindfi konaném v centru Am
Berg.
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B Progres praci na prvni Sachté druhé vysokorychlostni trati
v UK

Price na druhé vysokorychlostni trati v UK probihaji na 16 km
dlouhém dvoutrubnim tunelu, ktery je raZzen pod chilternskymi vr-
chy. Hloubi se zde prvni z péti Sachet, které budou slouzit jako
ventilacni a sou¢asné budou zajistovat bezpecnostni piistup. Sachta
bude 67 m hlubokd a jeji horni ¢ast je zajiSténa podzemni sténou
tvorenou Sestnécti Zelezobetonovymi lamelami. VytéZené kiidové
horniny budou pouZity na terénni tpravy s naslednym ozelenénim.

V projektu se dba na to, aby se nenarusil soucasny charakter
tzemi, a proto nadzemni ¢ast Sachty bude tvofit objekt vzhledem
odpovidajicim zemédélskym objekttim v okoli.

H Dokonceni druhé trouby Loétschbergského bazového
tunelu

Lotschbergsky bazovy tunel je 34,6 km dlouhy a jeho vychodni
trouba je v provozu od roku 2007 vcetné na severu navazujiciho
2,6 km dlouhého tunelu Engstlige. Ze zapadni tunelové trouby bylo
z jiZni strany zprovoznéno v roce 2007 jen 14 km. Zbytek byl vy-
raZen a zajiStén primdrnim osténim mimo asi 6 km trouby, kde je
nutné jesté provést razbu. Nartst pfedevsim nakladni dopravy vedl
k rozhodnuti, Ze zapadni trouba musi byt dokon¢ena a zprovoznéna
v celé délce. S tim souvisejici prace byly jiz zahajené.

B Postup pripravy tunelu mezi Argentinou a Chile

Studie proveditelnosti tunelu Las Lenas, ktery spoji Argentinu
a Chile, je pfed dokoncenim. Tunel v budoucnosti zajisti intenziv-
néjsi obchod a dopravu mezi obéma zemémi. Tunel Las Lenas bude
13 km dlouhy a podejde hieben And ve vySce 2050 m n. m. Zajisti
tak i zimni provoz, ktery v soucasné dobé silnice prekracujici Andy
v podstatné vy$§i nadmoiské vySce neumoziuje. K budoucimu
tunelu bude nutné vybudovat 60 km nové silnice na argentinské
a 13 km na chilské strané&.

Predpoklada se, Ze doba vystavby tunelu bude 10 let. NeZ k ni ale
dojede, bude nutné vykonat mnoho projek¢nich a pripravnych praci.

B V Rakousku bylo nové otevireno rozsifené vyzkumné Zent-
rum am Berg

Vyzkumné, zkuSebni a vyvojové centrum Zentrum am Berg, vybu-
dované v byvalém Zelezorudném dole ve spolkové zemi Styrsko, bylo
po rozsifeni znovu otevieno 18. fijna 2021. Pro moZnost provadét zde
velky rozsah aktivit ¢asto v méfitku 1:1 slouzi nékolik kilometr( pro-
pojovacich tunelii. Mimoradné vyuziti nabizi také dva rovnobézné
800 m dlouhé silni¢ni tunely a dvojice 400 m dlouhych Zelezni¢nich
tuneld. Silni¢ni tunely maji svétlou vySku na vozovkou 4,7 m a jsou
navrzeny pro jednosmérny provoz rychlosti az 100 km/hod.

B Razba druhé trouby tunelu Karawanken dostihla hranici
mezi Rakouskem a Slovinskem
Skoro pred tfemi a pul lety byla zahdjena stavba druhé trouby
tunelu Karawanken, jejiz délka bude 7,9 km. Z rakouské strany po

ZPRAVY 2 TUNELARSKYCH KONFERENCI

TUNELARSKE ODPOLEDNE 1/2022
TUNNEL AFTERNOON 1/2022

Cut-and-Cover Tunnels were the theme of the Tunnel Afternoon
1/2022. The first lecturer was Ing. Jifi Sach (Metrostav a.s.),
who presented the topic Construction of cut-and-cover tunnels

vyrazeni 4402 m byla 21. 9. 2021 dosazena hranice mezi Rakous-
kem a Slovinskem. Prace ovSem nebyly zastaveny, protoZe soubéz-
né s razbou probihaly vice neZ rok prace na sekundarnim Zelezobe-
tonovém osténi, které dale pokracuji. Provadéji se zde i dalsi prace
— od drenazi, ptes propojky aZ po vozovku.

Avsak cely projekt byl zdrzen o vice nez 1,5 roku kvuli problé-
mim s dodavatelem raZeb na slovinské strané, kterym je turec-
ka firma. Nyni se predpokladd, Ze prorazka se uskute¢ni v srpnu
roku 2023. Do provozu by méla byt druhd trouba uvedena koncem
roku 2025. Pak bude provedena rekonstrukce prvni trouby, kterd
je 34 let stara a modernizaci naléhavé potfebuje. Kompletni do-
konceni vSech praci se predpoklada v roce 2027 a zahajeni plného
provozu obou trub probéhne na prelomu let 2027 a 2028.

B Vystrojovani 33 km dlouhého koralmského tunelu bylo
zahajeno

Koralmsky tunel délky 33 km je soucasti 130 km dlouhé koralm-
ské Zeleznice. Montaz jeho vybaveni pro Zelezni¢ni provoz byla
zahdjena v zafi 2021. Jedna se o znacny logisticky problém, pro-
toZze v tunelu musi byt uloZeno 13 tisic prefabrikati pevné jizdni
drahy, pficemz kazdy prefabrikat ma rozmeéry 5,0 x 2,4 m a vazi
vice nez 5 tun. Pro jejich dopravu do tunelu jsou k dispozici jen
dva pristupy!

Do prefabrikati budou upindny kolejové sekce délky 120 m.

Pro ovéfeni montaZnich postupt byl v jedné z budoucich povr-
chovych stanic vybudovan zkuSebni usek zhruba délky 100 m, na
kterém budou po uvedeni koralmské drahy do provozu stét stroje
pro udrzbu trati v tunelu a zachranny vlak.

B Archeologicky a geotechnicky prizkum konce Luzernské-
ho jezera

Svycarské spolkové drihy se rozhodly nechat zpracovat studii
proveditelnosti pro vybudovani podzemni prijezdni Zeleznicni sta-
nice umisténé pod luzernskym hlavnim nadrazim. Podzemni na-
drazi by mélo mit ¢tyfi nastupisté a bylo by napojené na dvojkolej-
né tunely, z nichz ten jizni by v délce 400 m podchézel Luzernské
jezero.

Prehistorické obdobi Luzernu je celkem neprobadané. V roce
2020 byly objeveny poprvé na dné jezera zbytky dfevénych pilot,
které tvorily zéklady prehistorickych obydli. Proto kanton Luzern
spolecné se statnimi Zeleznicemi nechaly provést archeologicky
a geotechnicky priuzkum, ktery probéhl od srpna do listopadu 2021.
Pod vedenim archeologti z kantonu Luzern pracovali specialisté na
podvodni archeologii z Curychu; prizkum dna jezera sonarem a ja-
drovymi vrty provadéli odbornici z kodanské a bernské univerzity.
Jejich tkolem bylo zjistit, zda pldnovana stavba nezniCi dalsi pre-
historické pamatky.

Ing. MILOSLAV NOVOTNY, mila_novotny@volny.cz

NEWS FROM TUNNELLING CONFERENCES

on foreign projects. The information presented was based on
experience from the construction projects in Norway, in which
the company of Metrostav a.s. participated. The second lecture
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was prepared by Ing. David Krdsa and Ing. Tomas Urbanek varianty feSeni, ze kterych objednatel vybral variantu tzv. , krabi-
(METROPROJEKT Praha a. s.) on the topic of Development ce®, ktera predstavuje konstrukci tunelu provedenou do stavebni
of technical solution for the Pohiirka tunnel. It is a 999.5m | jamy z Casti zapaZenou vodotésnou pazici konstrukci, za kterou
long cut-and-cover tunnel near Ceské Budg&jovice. The lecturers bude sniZovana hladina podzemni vody. Vlastni konstrukce tunelu
described its safety and technical equipment and the design | jenavrZena jako uzavieny ram s uzavienou hydroizolaci. Zavérec-
solution, which was changed compared to the original plans. na ¢ast prednasky popisovala problematiku poZarni odolnosti kon-
Ing. Michal Uhrin (SUDOP PRAHA a.s.) continued with the strukce. Mimo jiné byly prezentovéany vysledky poZarni zkousky,
topic The starting stub of a road tunnel in Plzen. During the | na jejimz zédklad€ bylo mozZné kvantifikovat prinos PP vliken na
lecture, he outlined the solution for the road tunnel designed at | poZarni odolnost konstrukce.

the intersection of the existing Ceské Bud&jovice — Plzeti main Po prestivce pokracoval Ing. Michal Uhrin (SUDOP PRAHA a.s.)
railway station with the future road 1/20 in Plzen, where the | s tématem Zarodek silni¢niho tunelu v Plzni. Béhem prednasky
investments of the Railway Infrastructure Administration (track nastinil feSeni zdrodku silni¢niho tunelu navrzeného v misté kii-
reconstruction) and the Directorate of Roads and Motorways Zeni stavajici Zeleznic¢ni trati Ceské Bud&jovice — Plzefi hl. n. s bu-
(a new road construction) meet. The design and construction of douci silnici 1/20 v Plzni, kde se setkévaji investice SZDC (rekon-
the Zvérotice tunnel was the name of the lecture prepared by Ing. strukce trati) a RSD (novostavba silnice). Vzhledem k tomu, Ze
Libor Marik (SAGASTA s.r.0.). It is a 370m long double-track stavba silnice bude realizovédna s del§im casovym odstupem, byla
railway tunnel on the transit corridor IV in the section between navrzena rekonstrukce trati spolecné s realizaci zarodku silni¢niho
Prague and Ceské Budg&jovice, on the Sobéslav — Doubi u Tabora | tunelu, aby pii pozdg&jsi vystavbé jiZ byl zasah do rekonstruova-
track section between the operated D3 motorway and the town | né trati co nejmensi (podminky financovani staveb z evropskych
of Sobéslav. Ing. Alexandr Butovi¢, Ph.D (SATRA, spol. s r.0.) zdroji). Ing. Uhrin se ve své predndsce podrobné vénoval vy-
presented the topic Protection of cut-and-cover metro tunnels stavbé podzemnich stén, stropni desky a dile tématim spojenym
in Troja. In the original technical solution according to the final s Cerpanim podzemni vody do feky Uslavy (vyuZiti v minulosti
design, the area for the Integrated Rescue System (IRS) units zrealizovaného potrubi), feSeni problému se splasky v pfedmétné
and the entry ramp to the Bubene¢ tunnel was designed to be | oblasti (nepovolené trativody z okolni zdstavby), odbourdvani hlav
above the cut-and-cover tunnels of the IV.C metro line. During | podzemnich stén (extrémné kvalitni beton) a zakonceni izolace na
the processing of the final design, the operator defined very strict | podzemni sténé (komplikace s nerovnym povrchem podzemni sté-
boundary conditions, consisting mainly in the maximum permitted ny).

settlement of the existing structure of 1mm. After verifying the Projekt a vystavba tunelu Zvérotice byl nazev dalsi pfednas-
quality of the original diaphragm walls of the construction pit | ky, kterou pfipravil Ing. Libor Maiik (SAGASTA s.r.0.) Jedna se
for the metro tunnels, it was decided that the IRS area level was o dvoukolejny Zelezni¢ni tunel délky 370 m na IV. tranzitnim ko-
to be lowered to the level of the road in front of the tunnel and | ridoru v tseku mezi Prahou a Ceskymi Bud&jovicemi na tratovém
a protective reinforced concrete vault (placed on the original useku Sobéslav — Doubi u Tabora mezi provozovanou dalnici D3
diaphragm walls) was to be carried out. a méstem Sobéslav. V ramci prednasky podrobné predstavil geo-
logické a hydrogeologické podminky stavby, navrZzené technické

Prvni Tunelarské odpoledne roku 2022 se uskutecnilo ve sttedu | feSeni a jeho optimalizaci béhem realizace.
13. dubna 2022 v Centru vzdélavani Skupiny Metrostav. Tématem Jako posledni vystoupil Ing. Alexandr Butovi¢, Ph.D. (SATRA,

byly Hloubené tunely. Diky dobré covidové situaci se uskutecni- spol. s r.0.), pfednesl téma Ochrana hloubenych tuneli metra
lo prezencné, ale vzhledem k zdjmu posluchacéi bylo umoznéno v Troji. V ptivodnim technickém feSeni podle DSP byla navrZzena
sledovéni i formou on-line pomoci MS Teams. plocha IZS a vjezdova rampa do Bubenecského tunelu nad hlou-

Prvnim pfednésejicim byl Ing. Jifi Sach (Metrostav a.s.), ktery | benymi tunely trasy metra IV.C (takto kladné projednino). Pfi
z divodu pracovnich povinnosti vystoupil on-line s prednaskou zpracovani RDS byly ze strany provozovatele definovany velmi

na téma Realizace hloubenych tunelii na zahrani¢nich projek- prisné okrajové podminky, spocivajici zejména v max. povoleném
tech. Prezentované informace vychazely ze zkuSenosti z realizace | sedani stdvajici konstrukce 1 mm. Po ovéfeni kvality plivodnich
staveb v Norsku, na kterych se podilela spole¢nost Metrostav a.s. podzemnich stén stavebni jamy tunell metra bylo rozhodnuto
Jednalo se o realizace portalovych ¢asti tuneld Joberg, Kongsberg, 0 maximalnim sniZeni plochy IZS na cca droven komunikace pred
Astfjordkryssinga a ekoduktu E39 Lonset-Hjelset. Zajimavou od- tunelem a provedeni ochranné Zelezobetonové klenby (uloZené na
lisnosti od CR byl navrh postupného zuZovani hloubenych tuneli puvodnich podzemnich sténach). Tloustka klenby Sitky 20,17 m
ve sméru od portélu (feSeno vlozenim rovné ¢asti proménlivé Sit- se svislymi Zebry byla navrzena 1 m, jeji realizace vyvolala na-
ky ve vrcholu tunelu), hutnéni pomoci dynamického ucinku pa- | klady 44,4 mil. K¢ bez DPH. Geotechnicky monitoring prokazal

dajiciho kulového bifemena a vyuziti 3D modelu tunelu pfimo pii | funkénost navrZzené konstrukce a splnéni vySe uvedenych poZza-
realizaci. V zavéru Ing. Sach konstatoval, Ze vystavba t&chto ¢4sti davku provozovatele metra.

se technicky pfili$ nelisi od zptsobu, kterym jsou portilové tseku Podékovani patii nejen v§em prednaSejicim, ale i Ing. Alexandru
budoviny v Ceské republice. Butovicovi, Ph.D., ktery prednédsky zorganizoval, celé Tunelarské
Druhou prednésku pfipravili Ing. David Krasa a Ing. Toma$ Ur- | odpoledne moderoval a pfipravil moZnost sledovani predndsek

banek (METROPROJEKT Praha a. s.) na téma Vyvoj technic- pomoci programu MS Teams. Pfitomni posluchaci také uvitali
kého Feseni tunelu Pohiirka. Jednd se o hloubeny tunel délky | moZnost osobniho setkdni. Zajem o prednasky byl velky, celkem
999,5 m v blizkosti Ceskych Bud&jovic. Pfednasejici popsali jeho se zucastnilo na misté 50 lidi, pres internet se pripojilo pres 40 po-
bezpecnostni a technologické vybaveni a projektové feseni, které sluchact. Vybrané prezentace Ize nalézt na www.ita-aites.cz.

bylo oproti piivodnim planim zménéno (zatéZovaci zkouska lamel
podzemnich stén ukézala, Ze jsou pro maximalné pripustné sedani
konstrukce nedostate¢né a bude muset dojit k jejich prodlouZeni). Ing. MARKETA PRUSKOVA, Ph.D.,
Po podrobném technickém provéreni byly navrzeny celkem Ctyfi CzTA ITA-AITES, z. s.
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Tuel

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

S velkou radosti miizeme oznamit, Ze projekt nové linky prazské-
ho metra D tspésné vstoupil do své dalsi velmi dilezité realizacni
faze. Po splnéni vSech potfebnych povoleni a nalezitosti byla totiz
z urovné kanceldre primatora hl. m. Prahy dne 21. 4. 2022 slav-
nostné zahdjena stavba tseku Pankrac — Olbrachtova zminované
linky (obr. 1).

Kompletni vstupni informace, kterd k dneSnimu datu rdmcuje
vyse uvedeny usek stavby, tedy zni takto:

e Vybranym zhotovitelem stavby je Sdruzeni Metro I. D se spo-
le¢niky Subterra a.s., HOCHTIEF CZ a.s., Hochtief Infra-
structure GmbH, STRABAG a.s. a Ed. Ziiblin Aktiengesell-
schaft.

e Komplexni geotechnicky monitoring a pasportizaci stavby za-
jistuje Sdruzeni spolecnosti s ndzvem ,,Krtek D monitoring*,
kde vedoucim spolecnikem tohoto sdruZeni je spol. SG Geo-
technika a.s. a dal§imi spolecniky INSET s.r.0., GeoTec-GS a.s.
a PUDIS a.s.

Projektové feseni a autorsky dozor ma na starost spolec¢nost
Metroprojekt Praha a. s.

Technicky dozor a koordinaci BOZP provadi spol. InZenyring
dopravnich staveb a.s.

Dopliujici informace hovoii o tom, Ze béhem biezna a dubna
nabyla své pravni moci vSechna potfebna stavebni povoleni s vy-
jimkou stavebniho povoleni pro ¢ast zafizeni staveniSte stanice Ol-
brachtova (OL2), a to s vyhledem dodani jeho kladného rozhodnuti
béhem nejblizsich dni. V poslednich bfeznovych dnech tak mohl

Obr. 1 Budouci podoba stanice metra Pankrdc
Fig. 1 The future look of the Pankrdc metro station

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

It is great joy for us to be able to announce that the new Prague
Metro Line D project has successfully entered the next very important
construction phase. After fulfilling all the necessary permits and
requisites, the construction of the Pankrdc — Olbrachtova section of
the above-mentioned line was ceremoniously started from the level
of the Prague City Mayor’s office (see Fig. 1) on 21 April 2022.

The complete input information, which to date frames the above-
mentioned section of the construction, therefore reads as follows:

e The selected construction contractor is the Metro I. D Consor-
tium with the partners Subterra a.s., HOCHTIEF CZ a.s.,
Hochtief Infrastructure GmbH, STRABAG a.s. and Ed. Ziiblin
Aktiengesellschaft.

e The comprehensive geotechnical monitoring and condition
survey of existing structures is provided by the consortium
called "Krtek D monitoring" (Mole D monitoring). The leading
partner of this consortium is SG Geotechnika a.s. and other
partners are INSET s.r.o., GeoTec-GS, a.s. and PUDIS a.s.

¢ The design solution and author's supervision are in charge of the
company of METROPROJEKT Praha a. s.

e Technical supervision and coordination of industrial health
protection and accident prevention is performed by the company
of InZenyring dopravnich staveb a.s.

Additional information indicates that, all necessary building
permits came into force during March and April, with the exception
of the building permit for part of the Olbrachtova station (OL2) site
arrangement, with an outlook for the delivery of the positive decision
in the coming days. In the last days of March, the contracting




zadavatel stavby Dopravni podnik hl. m. Prahy prostfednictvim
svého technického dozoru a v souladu s uzavienou smlouvou o
dilo ptedat zhotoviteli stavby stavenisté. Tim byly naplnény vSech-
ny nezbytné podminky pro spusténi pfiprav k vlastnimu zahajeni
razeb k datu 15. 4. 2022, a to samozfejmé véetné vSech dalSich sta-
vebnich praci v souladu s platnym harmonogramem stavby. Lhita
realizace tohoto useku je stanovena na 7,5 roku a to znamenad, Ze
jeho dokonceni se ocekéava v roce 2029.

Kromé jiz budovaného tseku Pankrac — Olbrachtova dnes jiz
také nic nebrani vypsani soutéZe na zhotovitele dalsiho dseku Ol-
brachtova (mimo) — Nové Dvory v¢. trafovych tuneld z Pisnice,
kde zadavatel predpokladal zahajeni procesu v kvétnu 2022. Pfi
naplnéni tohoto predpokladu by pak jiz zbyvalo pouhé nasledné
dohloubeni stanic Libu§ a Pisnice do jiz pfedem vyrazenych tra-
fovych tuneld. VSechny tyto prace by pak mély byt dokonceny ve
stejném roce jako jiz budovany usek Pankrac — Olbrachtova a tak
by mohl byt splnén hlavni cil, a to zprovoznéni celé trasy linky
metra D v dseku Pankrac — Pisnice v roce 2029.

Kromé vySe popisovaného a jiz budovaného jizniho sméru trasy
metra D se nezapomina ani na smér severni sméfujici do centra
meésta, kde na pokyn zadavatele je pfipravovana projektova doku-
mentace pro usek Pankrac — Namésti Miru.

Cely soubor zde vyse popsanych pozitivnich zprav tedy nezna-
mena nic jiného nez to, Ze v nasich pristich aktualitich se zde bu-
deme moci dozvédét, kolik prvnich metrli z trasy bylo vyraZzeno
a jak dél cela stavba tuspésné pokracuje. TakZe projektu metro D
déle drzime palce, zdaf buh!

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

ZELEZNICNIi TUNEL ZVEROTICE

Dvoukolejny Zeleznicni tunel Zvérotice délky 370 m na trato-
vém tseku Sobéslav — Doubi je soucasti IV. Zelezni¢niho koridoru
spojujiciho po dokonéeni Prahu s Ceskymi Budg&jovicemi a déle
s rakouskym Lincem. Stavba se nachézi v té€sné blizkosti mésta
Sobéslav a trasy dalnice D3.

Priznivé klimatické podminky umoZznily kompletni dokonceni
zasypll a s nimi souvisejicich portdlovych gabionovych zdi. Ga-

Obr. 2 Gabionové zdi na vjezdovém portdle
Fig. 2 Gabion walls at the entrance portal
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authority, the Prague Public Transit Company, was able to hand
over the construction site to the construction contractor through its
Technical Supervision and in accordance with the concluded work
contract. This fulfilled all the necessary conditions for the start of
preparations for the actual start of excavations on 15 April 2022,
including, of course, all other construction work in accordance with
the valid construction schedule. The deadline for the construction
of this section is set at 7.5 years, which means that its completion is
expected in 2029.

Apart from the already under construction Pankrac — Olbrachtova
section, nothing prevents today from calling for tenders for the
contractor of the next Olbrachtova (with the exception of the station)
—Nové Dvory section including running tunnels from Pisnice, where
the contracting authority expected commencing of the process in
May 2022. When this assumption is fulfilled, only the subsequent
completion of excavation for the Libu§ and Pisnice stations on the
already excavated running tunnels would remain. All these work
activities should then be completed in the same year as the already
completed Pankrdac — Olbrachtova section, thus the main goal,
namely the commissioning of the entire route of the metro line D in
the Pankrac — Pisnice section in 2029, could be met.

In addition to the above-described and already under construction
southern direction of the metro line D, the northern direction leading
to the city centre has not been forgotten. The design documents
for the Pankrac — Namésti Miru section is being prepared on the
instruction of the contracting authority.

The whole above-described set of positive reports therefore means
nothing more than that in our next current news we will be able to
find out how many first metres of the route have been excavated and
how the whole construction successfully continues. So we keep our
fingers crossed for the Metro D project. God bless you!

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

ZVEROTICE RAILWAY 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.

Favourable climatic conditions allowed
for the full completion of the backfills and
related gabion portal walls. The 6m high
gabion walls allow for increasing the level
of the backfill so that it overlaps the joint
between the portal and adjoining concrete
casting blocks of the lining and it is possible
to cover this joint with a waterproofing
membrane. The membrane is then ter-
minated on the portal block in a stainless
steel bar, which ensures a tight connection
with the tunnel lining. Material excavated
from the construction pit and deposited
on the right side of the construction pit
(viewed in the direction of chainage) was
used for backfilling. Not much has left of
its original volume of 80,000m?. A gabion
wall newly originated at the entrance portal.
It stabilises the rock slope at the front end of
the mustering area for the integrated rescue
system. Together with the portal wall and



31. rocnik - €. 2/2022

Obr. 3 Dokoncéenti zdsypii stavebni jamy (duben 2022)
Fig. 3 Completion of backfilling the construction pit (April 2022)

bionové zdi vysky 6 m umoziiuji zvysit uroven zasypu tak, aby
prekryval sparu mezi portalovymi a na né navazujicimi bloky be-
tonaZe osténi a bylo mozné tuto sparu prekryt hydroizola¢ni folii.
Ta je pak na portdlovém bloku ukoncena v nerezové listé, ktera
zajiStuje tésny spoj s tunelovym osténim. Pro zasypy byl pouzit
materidl vytéZeny ze stavebni jamy a deponovany po pravé stra-
né stavebni jamy ve sméru staniceni. Z jejiho ptivodniho objemu
80 000 m? jiZ mnoho nezbyva. Nové na vjezdovém portéle vznikla
gabionova zed, ktera stabilizuje skalni svah v ¢ele nastupni plochy
sloZek integrovaného zachranného systému. Spolecné s portalovou
zdi a gabionovou zdi podél této plochy tvori uceleny systém stabi-
lizace skalniho zéfezu (obr. 2). Ten mél byt ptivodné zajistén pouze
ocelovymi sit€mi.

V prostoru deponie, stejné jako prostoru nad stavebni jamou,
bude rozprostfena ornice a izemi bude uvedeno do pivodniho sta-
vu. Oba portélové svahy jsou pokryty vrstvou lomového kamene
o tloustce 0,5 m, ktery prakticky vyluCuje zachyceni naletového
porostu a minimalizuje provozni ndklady souvisejici s udrZzbou
portald. Na obou portélech jsou instalovany ocelové zébrany brani-
ci pfistupu k trakénimu vedeni. Dokon¢enim gabionovych zdi a z4-
sypu tunelu skoncily prace na jeho nosnych konstrukcich. Stavebni
¢innost se nyni zamétuje na dokonceni vnitiniho vybaveni tunelu.
Jedna se o dokonceni pokloptu Sachet na Cisténi drendZe, kabelo-
vych Sachet, madel u sluZebnich chodnikt nebo instalaci armatur
pozarniho vodovodu. S tim souvisi i provadéni armaturni Sachty
poZarniho vodovodu na vjezdovém portale, jejiz vybaveni umozni
pred pfijezdem hasic¢t dalkové napusténi jinak nezavodnéného po-
Zarniho potrubi.

Kromé stavebni ¢asti finiSuji i prace na technologickém vybaveni
tunelu. V kabelovodech jsou zataZeny kabely, které tunelem jednak
probihaji, a jednak budou zajistovat napajeni osvétleni, kamerové-
ho systému na portalech nebo prvkl pro sledovéani osténi tunelu za
provozu. Jizva v uzemi se pomalu zaceluje (obr. 3) a ve sméfuje

the gabion wall along this area, they form a comprehensive system
of stabilisation of the rock cutting (see Fig. 2). Only steel nets were
originally designed to stabilise the cutting.

Topsoil will be spread in a stockpile area, as well as in the area
above the construction pit, and the area will be restored to its original
condition. Both portal slopes are covered with a layer of rubble stone
0.5m thick, which virtually eliminates the capture of naturally spread
vegetation and minimises operating costs related to the maintenance
of portals. Steel barriers are installed at both portals to prevent access
to the catenary system. By completing the gabion walls and the
backfill of the tunnel, the work on the tunnel load-bearing structures
was completed. Construction work is now focused on completing
the inner equipment of the tunnel. It comprises the completion of
covers of drainage cleaning manholes, cable manholes, handrails
along service walkways or the installation of fittings on the fire water
main. This is also related to the construction of the valve shaft of the
fire water supply system at the entrance portal, the equipment which
will allow for remote filling of the otherwise dry fire pipeline before
the arrival of firefighters.

In addition to the civil engineering part, the work on the tunnel
equipment is also finishing. Drawing of cables into cable ducts has
been finished. The cables both run along the tunnel and will provide
power to the tunnel lighting, the camera system at the portals or
elements for monitoring the tunnel lining during operation. The scar
in the area is slowly healing (see Fig. 3) and everything is heading
towards the passage of the first train, which is planned for track no. 1
for the first week in September 2022. From December, operation will
be commenced on both tracks.

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

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




k prijezdu prvniho vlaku, ktery je v koleji ¢. 2 pldnovan na prvni
tyden v zafi roku 2022. Od prosince pak bude zaveden dvoukolejny
provoz.

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 realiza¢ni dokumen-
tace tunelu je firma SAGASTA s.r.o.

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

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunel Biko$

V jarnych mesiacoch roku 2022 napreduji prace na severnom
obchvate mesta Presov tvorenom 4,3 km dlhym usekom rychlost-
nej cesty R4 Presov, severny obchvat, I. etapa. Sucastou tseku je aj
tunel Biko§ dizky 1155 m, dvojrirovy cestny tunel s jednosmernou
premavkou.

V polovici aprila boli dokoncené prace na sekundarnom osteni
v oboch tunelovych rirach vritane tisekov hibenych tunelov. Podla
NDS préace napreduju podla planu a cestu dokoncia v lete 2023.
V zapadnej rire tunela sa aktudlne realizuju Strbinové Zlaby odvod-
nenia vozovky a pracuje sa aj na poloZeni obrubnikov ¢i realizacii
kabelovodov.

Koncom leta roku 2022 by mala zacat montaZ technologické-
ho vybavenia tunela a nasledne by mala zacat realizdcia vozovky
v tuneli.

Zhotovitelom stavby je zdruZenie spolocnosti Vdhostav-SK, a.s.
a TuCon, a.s. Predpokladané ukoncenie rychlostnej cesty a jej uve-
denie do prevadzky sa oCakava v jili 2023.

Tunel Cebrat

Tunel Cebrat s dizkou 3,6 km je sticastou tseku dialnice D1 Hu-
bova — Ivachnova. Zhotovitelom stavby je zdruzenie spolocnosti
OHLA 78, a.s., a Vahostav-SK, a.s. Stav prac v aprili 2022 je na-
sledujuci.

V juZnej tunelovej rure je vyraze-
nych 3579 m v kalote, ¢o znamena,
Ze na prerazenie ostava 54 m. Stupeil
a klenba zaostavaju za kalotou cca
50 m. Razenie od vychodného por-
tdlu bolo docCasne zastavené. V se-
vernej tunelovej rire je vyrazenych
3490 m, ostdva eSte 123 m na pre-
razenie. V oboch rarach boli rozsire-
né profily tunela v nidzovom zilive
¢. 4. Z posledného priecneho prepo-
jenia je vyrazena priblizne polovica.
Na zdpadnom portdli finiSuji prace
na zaisteni portalovej jamy. Obidve
Celby su pripravené na spustenie ra-
zenia z tohto portélu.

V juznej tunelovej rire je vybe-
ténovanych 2660 m zakladovych
pasov, resp. spodnych klenieb. Od
janudra prebiehala betonaZ hornych
klenieb sekundarneho ostenia, mo-
mentilne je hotovych 24 blokov.
Druhé zostava pre betonaz v juznej
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SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

Bikos tunnel

In the spring of 2022, work on the northern bypass of the town of
Presov, consisting of a 4.3km long section of the R4 fast highway
Presov, northern bypass, stage I, is progressing. The 1155m long
Bikos tunnel, a twin-tube road tunnel with unidirectional traffic in
the tubes, is also part of the section.

In mid-April, work on the secondary lining in both tunnel
tubes was completed, including sections of the cut-and-cover
tunnels. According to the National Highway Company, the work
is continuing according to the plan and the road will be completed
in the summer of 2023. In the western tunnel tube, slotted drains
are currently placed in the roadway and kerbs and cable ducts are
also being laid.

At the end of the summer of 2022, the installation of the tunnel
equipment should begin, and subsequently the construction of the
roadway in the tunnel should start.

The contractor of the construction is a consortium formed by the
companies of Vahostav-SK, a.s. and TuCon, a.s. The completion of
the fast highway and its commissioning is expected in July 2023.

Cebrat tunnel

The 3.6km long Cebrat tunnel is part of the Hubova — Ivachnova
section of the D1 motorway. The construction contractor is a
consortium consisting of the companies of OHLA ZS, a.s., and
Vahostav-SK, a.s. The state of work in April 2022 is as follows.

In the southern tunnel tube, 3579m of top heading excavation has
been completed, which means that 54 metres remain to be broken
through. The bench and the vault are lagging about 50m behind
the top heading. The excavation from the eastern portal has been
temporarily stopped. Excavation of a 3490m long section has been
finished in the northern tunnel tube; there are still 123m left to be
broken through. The tunnel profiles in emergency lay-by No. 4 were
enlarged in both tubes. About a half of the last cross-passage has
been excavated. Work on the stabilisation of the portal pit is finishing

Obr. 4 Priestor zdpadného portdlu tunela Visriové
Fig. 4 Area of the western portal of the Visriové tunnel
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tunelovej rire je pripravena pred tunelom na vychodnom portali.
Prvé zostava pre severni tunelovu rdru je vtiahnutd do tunela, mon-
tuje sa druha.

Prace v tuneli boli zac¢iatkom marca 2022 utlmené z dévodu ne-
doriesenych zmluvnych vztahov.

Tunel Visiiové

Tunel Visiiové s celkovou dizkou 7450 m a dvomi tunelovymi
rdrami je budovany na tGseku dialnice D1 Lietavska Lucka — VisSiio-
vé — Dubna Skala. Sucastou tunelovych objektov je aj odvodniova-
cia $tdlnia, ktord je umiestnend v osi dialnice a odvddza horninovi
vodu prevazne na vychodny portal.

Na tuneli Visiiové sa dokoncuje profilacia poslednych blokov
primédrneho ostenia tunelovych rir. Z hornych klenieb zostava za-
beténovat menej nez 150 blokov v hlavnych tunelovych rdrach.
Na betonaz sekundarneho ostenia hornych klenieb je nasadenych
spolu pit ocelovych pojazdnych debniacich vozov, z ktorych dva
beténuju tseky tunelovych rir so zvidc¢Senym profilom (pdvodne
s medzistropom) a zvysSné tri debnenia sa pouZivaji na betoniz
Standardnych blokov. Z celkového poctu 20 nudzovych zélivov je
zabeténovanych spolu 7 a pripravuju sa dalsie.

V zavislosti na potrebe prejazdnosti tunelovymi rirami a logis-
tiky v tuneli sa realizuje aj betonaZ hornych klenieb prie¢nych tu-
nelovych prepojeni, kde z celkového poctu 29 prepojeni je 12 uz
zabeténovanych kompletne a ostatné su v Stadiu rozpracovanosti.

Z dalSich dolezitych prac v tuneli je potrebné spomentt Gpravu
dna tunela. Podla zamerania stavu dna tunela je potrebné este od-
tazit cca 55 000 m® navozeného materialu. V mnohych miestach je
nutné dorazenie usekov rastlej horniny na dne, pocve tunela.

Z dovodu zamedzenia prac na konstrukciach vozovky pre chyb-
ne zrealizovanu drenaZ spolocnost SKANSKA betonuje zatial plan
vozovky, do polovice aprila 2022 bolo zabeténovanych 2500 met-
rov v severnej tunelovej rire. Aktudlne sa otvéra pracovisko upravy
dna a naslednej betonaZe plane aj v Casti juznej tunelovej rury tak,

aby bola zachovana prejazdnost v tuneli.
Z novych ¢innosti boli zacaté prace na dobetonavke ozubu pre

- |

Obr. 5 Vystavba kolektoru na vychodnim portdli tunela Vistiové

Fig. 5 Construction of the technical corridor at the eastern portal of the Visiiové tunnel

Tuel

at the western portal. Both excavation faces are ready for starting the
excavation from this portal.

In the southern tunnel tube, concreting of 2660m of foundation
strips and inverts, respectively, have been finished. The concreting
of the upper vaults of the secondary lining has been underway
since January; 24 blocks are currently finished. The second set for
concreting in the southern tunnel tube is prepared in front of the
tunnel at the eastern portal. The first set for concreting the final
lining in the northern tunnel tube has been pulled into the tunnel, the
second is being assembled.

Check was put on the work in the tunnel at the beginning of March
2022 due to unresolved contractual relationships.

Visnové tunnel

The double-tube ViStiové tunnel with the total length of
7450m is being built on the Lietavska Lucka — Visnové — Dubna
Skala section of the D1 motorway. A drainage gallery, which is
located on the longitudinal axis of the motorway and evacuates
groundwater mainly to the eastern portal, is also part of the tunnel
structures.

The profiling of the last blocks of the primary lining of the tunnel
tubes is being completed in the Visnové tunnel. Less than 150
upper vault blocks in the main tunnel tubes remain to be concreted.
A total of five travelling steel forms are used for concreting the
secondary lining of the upper vaults; two of them are used for
concreting the sections of tunnel tubes with an enlarged profile
(originally with an intermediate deck) and the remaining three
forms are used for concreting standard blocks. Out of the total
number of 20 emergency lay-bys, concreting of a total of 7 has
been finished and more are being prepared.

Depending on the need for the passage through the tunnel tubes
and the logistics in the tunnel, concreting of the upper vaults of the
cross passages is also carried out, where out of the total number of
29, concreting of 12 passages has already been completed and the
others are under construction.

Other important work in the tunnel includes the treatment of
the tunnel bottom. According to the survey of the condition of the
tunnel bottom, it is still necessary to remove about 55,000m* of
the brought-in material. In many
places it is necessary to complete the
excavation of natural ground at the
tunnel bottom.

In order to prevent work on the
road structures due to incorrectly
carried out drainage, the company
of SKANSKA is for the time being
concreting the road bed; by mid-April
2022, concreting of 2500 metres had
been finished in the northern tunnel
tube. Currently, the workplace for
the treatment of the bottom and
subsequent concreting of the road
bed is also being opened in a part of
the southern tunnel tube so that the
passability is maintained in the tunnel.

Among the new activities, work
was started on the concreting of the
nib supporting the cover plates, the
concreting of the sloped concrete
on the foundation strips and the
preparation of the concreting of the
bed under the slotted drains.




zakrytové dosky, betonaz spadového betoénu na zakladovych pa-
soch a pripravu betonaze zakladu pod Strbinové Zlaby.

Rozbehli sa aj prace na portdlovych castiach tunela. Na zépad-
nom portdli sa buduje prevadzkovo-technologicky objekt (PTO)
a zaCina sa s pripravou betondZe hornej klenby bloku hibeného
tunela severnej tunelovej riry (obr. 4). Na vychodnom portéli sa
realizuje kolektor, PTO, vonkajSia kanalizicia a kolektor pred se-
vernou tunelovou rdrou (obr. 5).

Ing. MILOSLAV FRANKOVSKY, DOPRAVOPROJEKT, a.s.
Ing. IVAN MICHALE, Vihostav-SK, a.s.
Ing. VLADIMIR KOTRIK, Skanska SK a.s.
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Work has also got underway on the portal parts of the tunnel. An
operational and technical facility is being built at the western portal,
and preparations are underway for the concreting of the upper vault
of the cut-and-cover tunnel block of the northern tunnel tube (see
Fig. 4). The technical corridor, the operational and technical facility,
external sewerage and a technical corridor are under construction in
front of the northern tunnel tube (see Fig. 5).

Ing. MILOSLAV FRANKOVSKY, DOPRAVOPROJEKT, a.s.
Ing. IVAN MICHALE, Vidhostav-SK, a.s.
Ing. VLADIMIR KOTRIK, Skanska SK a.s.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY ZA VELKOU LOUZI

PICTURE POSTCARDS WITH TUNNELS BEYOND THE OCEAN

In this part of the series, the authors return to the Atlantic
repeatedly and present other eight postcards with tunnels.
As always, the presentation of postcards also includes profile
medallions of underground structures which are more or less
known and completely unknown in the Czech Republic. From the
point of view of their function, there are four vehicular tunnels (the
Holland vehicular tunnel in N. Y., the Toothrock tunnel in Oregon,
the Blue Mt. and Kittatinny Mt. tunnels in Pennsylvania and the
Green River tunnel in Wyoming) and four railway tunnels (the
Pena Tunnels under the Hudson River in N. Y., the Moffat Railway
Tunnel in Colorado, the Spiral Tunnels in Canada, and the Cacheuta
Railway Tunnel in Argentina). Regionally, the USA is dominantly
represented, while Canada is represented by one tunnel, as well as
the second largest country in South America — Argentina, where
this series will visit for the first time.

V tomto dilu seridlu se autofi vraceji jiz pon¢kolikaté za Atlantik
a predstavuji zde dalSich osm pohlednic s tunely. Jako vzdy jsou
soucasti prezentace pohlednic také profilové medailonky téchto,
vice ¢ méné znamych a7 v CR zcela neznimych, podzemnich sta-
veb. Z pohledu jejich funkce jde shodné o Ctyfi tunely automobilo-
vé a Ctyri ZelezniCni. Regiondlné jsou pak dominantné zastoupené
USA, kdyz Kanadu reprezentuje jeden tunel, stejné jako druhou
nejvétsi zemi Jizni Ameriky — Argentinu, kam zavita tento seridl
viibec poprvé.

Hollandilv automobilovy tunel v N. Y.

Dalnice Interstate 78 spojuje ostrov Manhattan v New Yorku
s Jersey City v New Jersey, pricemz feku Hudson prekonédva
Hollandovym tunelem. Ten byl pivodné znamy jako Hudson River
Vehicular Tunnel Ci Canal Street Tunnel s tim, Ze pojmenovani po-
dle hlavniho inZenyra projektu C. M. Hollanda (71924) obdrzel az
posléze. S Lincolnovym tunelem jde o jediné dva dalni¢ni tunely
pod Hudsonem.

Stavba byla zahajena 1920 a ukoncend v roce 1927. Tunel sesta-
va z dvojice tubust, kdyz kazdy z nich mé dva jizdni pruhy o Sit-
ce vozovky 6 m a vySce 3,8 m — obr. 1. Severni trouba je dlouha
2 608 m, jizni 2 551 m, nejnizsi bod vozovky se nachazi cca 28 m
pod hladinou feky. Jde o viibec prvni tunel pro automobily na své-
t€ vybaveny nucenym vétranim. Byl vyldmany ve skalnim podloZzi
a béhem jeho stavby pfislo o Zivot ¢trnact pracovnikda.

Obr. 1 Hollanduy automobilovy tunel, New York City. Kresba. Pub. by Manhat-
tan Post Card Co., New York City. Okolo 1920 [sbirka autorii].

Fig. 1 Holland vehicular tunnel, New York City. Drawing. Pub. by Manhattan
Post Card Co., New York City. Around 1920 [authors  collection].

Pfi mytném 8 US $ (mimo $picku 6 $) dnes za den projede tu-
nelem pramérné 93 300 automobili. Pozar kamionu v roce 1949
v jiznim tubusu zpisobil zranéni 66 lidem a Skody na konstrukci
za témer 600 000 $. V roce 1993 byl tunel zafazeny mezi Narodni
kulturni pamatky USA.

Pozoruhodnou ¢eskou stopou v souvislosti se stavbou je ucast
firmy RAKO. Ta specialné pro tuto stavbu dodala 15 000 m? obkla-
dacek zn. Tunelia v barvé prevazné bilé, ale také modré a oranzové.
Béhem jejich vyroby a prejimky dokonce v tovarné ptisobil specia-
lista vyslany z USA. Nezvyklé dimenze obkladacek (108x108 mm)
byly odvozené z imperidlnich rozméri a posléze se staly pro znac-
ku Tunelia standardem [1].

Zeleznicni tunely Pena pod fekou Hudson v N. Y.

Reka Hudson v N. Y. byla dlouho podstatnou pfekazkou hromad-
né dopravé osob. Od 70. let 19. stol. se zvazovala vystavba jak
mosti, tak i tunelti. Tunel pod fekou pro Zeleznici H&M (Hudson
& Manhattan Railroad) byl zahajeny jiz roku 1874, ale narazil na
vazné technické, financni a pravni prekdzky. RaZeni s pretlakem
vzduchu (ale bez stitu) bylo v roce 1880 zastavené po pritrzi, ktera
zahubila 20 barabd.
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351 WEST PORTAL OF THE MOFFAT TUNNEL AT THE FOOT OF BERTHOUD PASS IN HIDDLE PARK, COLORADO

10781—37
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Obr. 2 Severni reka — Hudson. Dno feky je tvorené bahnem. Pricny profil s
tunelem Penna. New York. 10781-37 Rotary Photo, London, E. C. 1923 [sbirka
autorii].

Na pohlednici je edukativnim zpiisobem predstavend sloZitd geologie prechodu
pres reku Hudson, stejné jako tubingovd vyztuZ tunelii.

Fig. 2 North River — Hudson. River bottom formed by silt. Penna Tunnel cross-
section. New York. 10781-37 Rotary Photo, London, E. C. 1923 [authors’ col-
lection].

The postcard shows the complex geology of the crossing under the Hudson River,
as well as the segmental lining of the tunnels.

Nové plany na prekonani feky Zeleznici se vazou az k pocatku
20. stol. O stavbé tuneld rozhodlo to, Ze vyzadovaly pouze tfetinovy
zabor pozemkil oproti ploSe potfebné pro mosty. Projektovani a re-
alizace drahy byly organizované do tii hlavnich divizi: Meadows,
North River a East River. V divizi North River §lo o dva Zelezni¢ni
tunely. Byly zahajené 1904, prorazené 9. 10. 1906 a uvedené do
provozu 27. 11. 1910. Jsou jednokolejné, standardniho rozchodu,
@ 5,6 az 5,9 m a jejich délka se uvadi 4 442 m. Vystavba pfibiez-
nich rampovych tsekt probihala konven¢nimi postupy s rozpojo-
vanim horniny trhavinou, ve svizelnych pomérech pod fekou byly
nasazené pneumatické Stity (obr. 2).

Od roku 1976 je provozovatelem Zelezni¢ni spolecnost Amtrak.
Technické feSeni a stav tunelt dnes umoziuje za hodinu max. 24
prijezda vlaka a po 110 letech provozu jiz zdaleka nedostacuje po-
tfebam. Proto byl v roce 2021 schvéleny projekt dostavby. Hudson-
ské tunely byly roku 1978 prohlaseny za Narodni kulturni pamatku
inZenyrského stavitelstvi [2].

Obr. 3 Zdpadni portdl tunelu Moffat na vipati prismyku Berthound v Middle
Parku v Coloradu. Velky tunel Moffat, dlouhy 6 mil, vede ve stfednim Colora-
du pod Kontinentdlnim rozvodim. Je jednou z nejvétsich technickych zajima-
vosti Colorada. Jeho stavba trvala ¢tyri roky a umoznila hospoddrné Zelezni¢ni
spojeni mezi obéma polovinami stdtu, pred tim rozdéleného vysokou horskou
bariérou. Tunel také privddi vodu ze zdpadni strany na stranu vychodni. Kolo-
rovand fotografie. Sandborn Souvenir Co. Denver, Colo. 1904 [sbirka autorii].
Fig. 3 Western portal of the Moffat Tunnel at the foot of the Berthound Pass
in Middle Park, Colorado. The great, 6 miles long, Moffat Tunnel, runs under
the Continental Divide in Middle Colorado; it is one of the greatest engineer-
ing features of Colorado. Taking four years to build, it made an economic
railway connection between the two halves of the state so long divided by a
high mountain barrier. The tunnel also brings water from the western side to
the eastern side. Coloured photograph. Sandborn Souvenir Co. Denver, Colo.
1904 [authors’ collection].

Moffatiiv Zelezniéni tunel v Coloradu

(v

Nejvyssi bod kontinentdlniho predélu v severo-centralnim Co-
loradu (2 816 m n. m.) protind dvojice vyznamnych podzemnich
staveb. Je to tunel pojmenovany po prikopnikovi mistni Zeleznice
Davidu Moffatovi (obr. 3) a s nim soubézna vodohospodarska Sto-
la. Tunel navrhoval D. Moffat jiz v roce 1902. M¢l vyfeSit velky
sklon trati (azZ 4 %) a znacné potiZe s odklizenim sn¢hu. Realizaci
projektu vSak branily finan¢ni problémy, pro které mohly byt prace
zahdjené aZ v roce 1923. Pfi stavbé byla 23 m jizné€ od tunelu pred-
rdZena soubéZna Stola profilu 2,4 x 2,4 m, pozdéji pferaZzena pro
vodérenské tcely. Spatné geotechnické poméry na zdpadnim konci
tunelu v roce 1925 znacné zpozdily stavbu a velmi citelné zvySily
naklady. Prordzka priizkumné Stoly pripadla na 18. 2. 1927, kdy
posledni odpal provedl na dalku z Washingtonu D. C. sam prezi-
dent Coolidge a pfimo z hory byla k udélosti vysilana rozhlasova
reportaZ. Zelezni¢ni tunel byl proraZeny 7. 7. 1927, zahajeni pro-
vozu pripadlo na 26. 2. 1928. Jeho razeni trvalo 48 mésict, za pri-
mérnych dennich postuptt 6,4 m. Néklady pldnované na 6,62 mil.
US $ v8ak byly vyrazné prekrocené a ¢inily vEetné vodovodni $toly
15,6 mil. $ (v dneSnich cenach cca 235 mil. $). Béhem pétileté
stavby zahynulo 28 lidi, Sest z nich v jedné z jeskyni najednou za
boure dne 30. 7. 1926. Dokonceni navazujicich staveb v roce 1932
pak zkratilo Zeleznici mezi Denverem a pobfezim Tichého ocednu
o plnych 283 km. Poskozovani kolejnicovych styki v tunelu koroz-
nimi Gc¢inky uhelného koutfe a parniho kondenzatu si v roce 1930
vynutilo nahrazeni klasickych stykovanych kolejnic bezstykovou
koleji. Slo o jednu z prvnich takovychto instalaci v USA.

Jednokolejny, neelektrifikovany Zeleznicni tunel je pfi sklonu
0,8 % dlouhy 10,0 km (se svétlou vyskou 7,3 m a Sitkou 5,5 m).
Denné jim jezdi v priméru 15 vlakt, mezi nimi i transkontinentalni
Kalifornsky Zephyr spolecnosti Amtrak. Dnes tunel slouzi prede-
v§im ndkladni dopravé véetné transportu uhli pro energetiku. Para-
lelni vodovodni $tola je Siroka 3,2 m a od roku 1936 piivadi z paci-




fického povodi az 36 m’s! vody do oblasti Denveru. Od roku 1979
patfi tunel mezi Néarodni historické stavebni pamatky USA [3].

Smyckové tunely (Spiral Tunnels) v Kanadé

Vlada Kanady vyvijela trvaly tlak na spole¢nost Canadian Paci-
fic Railway (CPR) ve smyslu zahdjeni brzkého spojeni k Tichému
oceanu. Proto, a také vzhledem k blizkosti hranic s USA, byla zvo-
lena nejkratsi trasa vedouci pres Skalisté hory (Rocky Mountains)
prusmykem Kopajictho koné (Kicking Horse Pass — 1 627 m n. m.)
v provincii Britskd Kolumbie.

Technické feSeni trati v extrémnim horském terénu vSak mélo jiz
od zah4jeni provozu v roce 1884 charakter provizoria. Vlaky tak mu-
sely dlouhych 25 let zméhat 6,6 km stoupani 4,5 % do tzv. Velkého
kopce (Big Hill) v priasmyku Kicking Horse Pass. Soupravy omeze-
né hmotnosti 710 tun pfitom musely obsluhovat soucasné ¢tyfi lo-
komotivy. Pro sjezd pak jako zachranny systém slouzily tfi odvratné
vétve s protisklony. Vyhybky byly prestavené do odvratnych koleji
tak dlouho, dokud se obsluha trati nepiesvédcila, Ze vlak je dostatec-
né brzdény, teprve pak byly vyhybky piestavené dile po spadu. Jed-
nalo se o technicky naro¢né, drahé a potencidlné nebezpecné feSeni.

Definitivni nahrazeni té€zkopadného systému navrhl inZenyr
J. E. Schwitzer. Mezi nadrazim Field a udolim feky Kicking Hor-
se River tak 1 000 pracovnikl v letech 1907 az 1909 vybudovalo
zcela novy usek trati. Jeho zdkladnim prvkem jsou dva neelekt-
rifikované jednokolejné Smyckové tunely (Spiral Tunnels). Oba
opisuji cca % plné smycky o poloméru 174,7 m. Horni smyckovy
tunel (Upper Spiral Tunnel, Tunnel no. 1) v hote Cathedral Mt.
ma délku 992 m, Dolni smyckovy tunel (Lower Spiral Tunnel,
Tunnel no. 2) v hofe Mt. Ogden je dlouhy 891 m — obr. 4. Nova

Obr. 4 Smyckovy tunel. Smyckovy tunel byl postaveny v roce 1909 pro sniZeni
strmého stoupdni drdhy v prismyku Kicking Horse. Stavélo jej po dva roky
1 000 muzii. Vede v délce 961 yardii pres horu Mt. Ogden a 1 065 yardu do
tdoli Cathedral Crags.

Photo: C. P. Archives. © High Country Colour Box 638 Stn G Calgary Alta
T3A 2GS5. Okolo 1980? [sbirka autorii].

Pohled na portdly Smyckovych tunelii od vychodu. Vlevo nahore Horni tunel v
hore Cathedral Mt. a vpravo Dolni tunel v hote Mt. Ogden. Délka projizdéjicich
viakii si zaslouZi obdiv. Délky tunelii na popisu pohlednice se nicméné rozchdzeji
s parametry uvddeénymi v zdkladni literature [4].

Fig. 4 The Spiral Tunnel. The Spiral Tunnel was constructed in 1909 to
reduce the steep gradient of the rail track in the Kicking Horse Pass. 1,000
men worked two years to complete the Spiral Tunnel, 961 yards of which run
through Mt. Ogden and 1065 yards down the Cathedral Crags valley.

Photo: C. P. Archives. © High Country Colour Box 638 Stn G Calgary Alta
T3A 2G5. Around 1980? [authors’ collection].

The portals of the Spiral Tunnels viewed from the east. The Upper Tunnel in
Cathedral Mt. and the Lower Tunnel in Mt. Ogden are viewed in the top left and
right corners, respectively. The length of passing trains deserves admiration.
However, the lengths of the tunnels on the postcard description differ from the
parameters presented in basic literature [4].
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trasa méfi celkové 13,2 km a umoziuje provoz vlakti hmotnosti
az 980 tun pohdnénych, pfi polovicnim sklonu 2,2 %, jiz toliko
dvéma lokomotivami.

Dodnes se vsak jednd o jednu z nejstrméjSich Zeleznicnich tra-
ti a jediné pouziti smyckovych tunelt v Severni Americe. Stavba
useku pfisla dobové na 1,5 mil. CAD $ (soucasny ekvivalent cca
300 mil. CAD $). Nyni podle nepravidelného jizdniho fadu pro-
jizdi denné smyckovymi tunely v priméru 25 az 30 vlaku. A tento
usek Zeleznice je pro historii Kanady dokonce tak vyznamny, Ze
Kicking Horse Pass byl v roce 1971 oznaceny za Nérodni historic-
ké misto [4].

Tunel Toothrock v Oregonu

Prvni délnici postavenou na severozdpadé USA byla Columbia
River Highway, vedena v Oregonu podél stejnojmenné mohutné
feky. Stavba ptvodni, cca 121 km dlouhé komunikace probihala
mezi lety 1913 az 1922. Prudky nartst automobilového provozu
si vSak témér vzapéti vynutil jeji napfimeni a zkapacitnéni. Po-
stupné pretrasovani probihalo ve 30. az 50. letech 20. stol. Dnes je
autostrada provozovana jako Interstate 84, a nad to zafazend v roce
1984 mezi Nérodni historické pamatky stavebniho inZenyrstvi. Na-
chazeji se na ni tfi tunely. Jeden z nich, pobliz ptehrady Bonnevill,
je pojmenovany Toothrock (t€Z Tooth Rock) — obr. 5. Byl otevieny
roku 1937, je dlouhy 255,1 m a ma, pfi svétlé Sitfce 8,5 m a vySce
4,9 m, stale jen pivodni dva jizdni pruhy [5].

Obr. 5 Reka Columbia - tunel Bonneville. Ddlnice pojmenovand Columbia
River Highway prochdzi Sirokym udolim stejnojmenné mohutné reky. V ho-
rdch pro ni byly prorazené tunely, které Fidi¢um zpiijemriuji cestu. Photo by
H. A. Williams. Pub. by Smith-Western Inc. 224 S. W. Jefferson, Portland, Ore-
gon. Okolo 1960 [sbirka autorii].

Na pohlednici je zdpadni portdl tunelu, jehoZ sprdavné jméno je Toothrock (nékdy
psdno téZ Tooth Rock). Portdl je z klasického kamenného zdiva, ackoliv osténi
tunelu je provedené jiz vyhradné z betonu. Vlevo je vidét hladina prehradniho
Jezera Bonnevill.

Fig. 5 Columbia River — Bonneville Tunnel. The motorway named Colum-
bia River Highway runs along the wide valley formed by the mighty river of
the same name. The tunnels which were cut through mountains make the
motorists” travel pleasurable. Photo by H. A. Williams. Pub. by Smith-Western
Inc. 224 S. W. Jefferson, Portland, Oregon. Around 1960 [authors’ collection].
There is the western portal of the tunnel, whose correct name is Toothrock
(sometimes also written Tooth Rock), on the postcard. The portal is made of clas-
sic stone masonry, but the lining of the tunnel is made exclusively of concrete.
The surface of Bonnevill Lake can be seen on the left.

Tunely Blue Mt. a Kittatinny Mt. v Pennsylvanii
Pennsylvania Turnpike je jako soucdst Interstate 76 zpoplatné-
nou dalnici vedenou napfic stitem smérem vychod — zapad. Byla
postavend ve 30. letech 20. stol. v trase opuSténé Zeleznice. Pri
prekonavani Appalacského pohoii (Appalachian Mountains) bylo
vyrazeno sedm tuneld celkové délky 7,2 km; ty také daly komu-



Obr. 6 Tunely Blue Mt. a Kittatinny Mt. Pennsylvania Turnpike ,,Nejvetsi ddl-
nice svéta®. Vyhled z tunelu Blue Mt. (dlouhého 4 339 stop) smérem k zd-
padu a vjezdu do sousediciho tunelu Kittatinny Mt. (dlouhého 4 727 stop).
Ddlnice Pennsylvania Turnpike prekondvd celé pdsmo Appalacského pohori
sérii sedmi tunelii, 7 nich? nejdel$i md vice neZ jednu mili. Howard Johnson
Publishing Department, Bedford, Pa. 1964 [sbirka autorii].

Fig. 6 Blue Mt. And Kittatinny Mt. Tunnels. Pennsylvania Turnpike. ,,World" s
Greatest Highway“. View from within Blue Mt. Tunnel (4339 ft. long) looking
westward toward entrance of adjacent Kittatinny Mt. Tunnel (4727 ft. long).
The Pennsylvania Turnpike crosses the full range of the Appalachian Moun-
tains by a series of seven tunnels, the longest one of which is over a mile
long. Howard Johnson Publishing Department, Bedford, Pa. 1964 [authors’
collection].

nikaci dobovou prezdivku ,,tunelova déalnice®. Z ispornych divo-
dua vsak $lo vzdy pouze o jeden tunel se dvéma jizdnimi pruhy a
obousmérnym provozem. Jiz koncem 50. let vSak bylo zfejmé, Ze
takto koncepce €ini tunely zdsadnimi uzkymi hrdly provozu. Ne-
zbytna rekonstrukce byla provedena u ¢tyt tunelt dostavbou druhé
tunelové trouby a zbyvajici tfi byly nahrazeny otevienymi zére-
zy. Dva tunely ze zbyvajicich Ctyt se nachazeji v okrese Franklin.
Zde prochézeji stejnojmennymi kopci Blue Mountain a Kittatinny
Mountain. Odd€luje je v nepatrném odstupu toliko 160 m Siroké

WYOMING
Twin Tunnels

Obr. 7 Tunely Dvojcata (Twin Tunnels), Wyoming. Tunely Dvojcata se nachd-
zeji na jihu Wyomingu, v tidoli Feky Green River, na ddlnici Interstate 80. Reka
Green River ve Wyomingu je pres Hwy 530 severni branou do krdsné ndrodni
rekreacni oblasti Flaming Gorge. Photo © Larry Friedman. Wyoming Trading
Company, P.O. Box 670, Mills WY 82644. Okolo 2000 [sbirka autorit].
Oficidlni ndzev tunelu je Green River. Na pohlednici jsou vidét charakteristické
sdruZené zdpadni portdly téchto Dvojcat (Twin).

Fig. 7 Twin tunnels, Wyoming. Twin Tunnels are located in southern Wyoming
in the Green River valley, on Interstate 80 motorway. Via motorway Hwy 530,
the Green River in Wyoming is the northern gateway to the beautiful Flaming
Gorge national recreation area. Photo © Larry Friedman. Wyoming Trading
Company, P.O. Box 670, Mills WY 82644. Around 2000 [authors’ collection].
The official name of the tunnel is Green River. The postcard shows the
characteristic western combined portal of the Twin tunnels.

Tuel

udoli Gunter (Gunter Valley) — obr. 6. Dostavba jejich druhych tu-
bust byla zahajena 18. 4. 1966 a ukoncena 18. 3. 1970. Oba tunely
maji od té doby standardni dvé trouby po dvou jizdnich pruzich
Sitky 4 m. Tunel Blue Mountain je pfitom s 1 323 m nejkratSim z
provozovanych tunell, tunel Kittatinny Mt. méfi 1 441 m. Realiza-
ce vSech dostaveb dbala, mimo jiné, rovnéZ na disledné zachovani

razu ptvodnich portala [6 aZ 8].

Tunel Green River ve Wyomingu

Skrze skalni hfeben Gren River ve Wyomingu prochézi délnice
Interstate 80 (pojmenovand D. D. Eisenhower Highway) dvéma
tunely lidové zvanymi Dvojcata (Twin) — obr. 7. Tunely dlouhé
346,9 m maji pro kazdy smér po dvou jizdnich pruzich a slouzi
dopravé od 28. 10. 1966 [9].

Zeleznicni tunel Cacheuta v Argentiné
Za dalSim tunelem se musime vydat az do Argentiny, k tpati
And. Tunel Cacheuta se nachazi na trati zvané Transandska Ze-

N'9 (ﬁepnblica Argentina)
- Cordillera de-«Los Andes». Tunel Cachéuta AMurd 1198 ms.

Obr. 8 No. 9 (Republika Argentina) Andské pohori. Tunel Cacheuta. Vyska
1198 m. ?? Pred rokem 1920 [sbirka autorii].

Vyhled z jizniho portdlu nevyzdéného tunelu. Pdrou taZeny viak v pozadi jede do
Mendozy. Trat obloukem obchdzi svahy hory Cerro Cacheuta (2 316 m n. m.),
kterd morfologicky jiz ndlezi k Anddm. Vlevo dole pod trati je vidét reku Mendo-
za, kterd dala jméno celé provincii.

Fig. 8 No. 9 (Argentina Republic) the Andes mountain range. The Cacheuta
Tunnel. Elevation 1198m a.s.l. Before 1920 [authors’ collection].

View from the southern portal of the tunnel without masonry lining. A steam-
drawn train in the background goes to Mendoza. The curving track bypasses the
slopes of Cerro Cacheuta mountain (2,316m above sea level), which, in terms of
morphology, already belongs to the Andes. At the bottom left, below the track,
you can see the Mendoza River, which gave its name to the whole province.
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leznice (Ferrocarril Transandino). Jedna se o kombinovanou trat | obklopené horami a nachazi se piili§ daleko pro standardni turis-
dlouhou 248 km, kde se stifd4 ozubnice systému Abt s adhezni | ticky ruch. Samotny jednokolejny tunel Cacheuta je v nadmorské

Zeleznici rozchodu 1 000 mm. Vede z mésta Mendoza v Argenting, | vySce 1 198 m, ma délku cca 100 m a byl realizovany v letech
prasmykem Uspallata pfes pohofi And, do Santa Rosa de Los An- 1887 az 1891, v ramci vystavby prvniho useku mezi Mendozou a
des v Chile. Stoupé do vysky témé&F 3 200 m n. m. do Las Cuevas, Uspallatou. Byl vyrazeny s pouzitim trhacich praci pravdépodobné
kde vstupuje do cca 3,2 km dlouhého hrani¢niho tunelu Cumbre. | ve velmi pevnych skalnich horninach, a proto také, jak je patrné
Trat pfitom zhruba sleduje starodavnou trasu cestovatel prekracu- z obr. §, nebyl opatfeny osténim.
jicich s mulami a voziky Andy mezi Chile a Argentinou a zaroveti Kvuli omezeni ndkladni a osobni piepravni kapacity a pozdéji
spojuje Zelezni¢ni sit€ obou zemi, provozované s Sirokym rozcho- i kvili konkurenci ze strany automobilové dopravy, spolu s nebez-
dem 1 676 mm. pec¢im a relativnim nepohodlim a také pomalym pohybem vlaku ale
Prace na stavb& byly zahéjené v roce 1887 a vzhledem k financ- nebyla Transandské Zeleznice nikdy komer¢nim uspéchem. Osobni

nim problémiim postupovaly s prestavkami dlouhych 23 let. Cela | Zelezni¢ni doprava zde skoncila v roce 1979 a zanedlouho v roce
trat byla proto poprvé uvedena do provozu aZ v roce 1910. K roku 1984 projel také posledni nakladni vlak. Od té doby je tak Zelezni-
1927 byla trat elektrifikovana a posléze provozovand s nasazenim | ce mimo provoz [10, 11].
Svycarskych lokomotiv.

Tunel Cacheuta je vzdaleny zhruba 37 km od mésta Mendoza

(767 m n. m.), vychoziho bodu Transandské Zeleznice a cca 3 km doc. Ing. VLADISLAV HORAK, CSc.,
od stejnojmenné Zelezni¢ni stanice Cacheuta (1 228 m n. m.). La- Ing. MILAN MAJER,
zeniské mésteCko s vyvéry termélnich a sirnych prament mélo sviyj Ing. RICHARD SVOBODA, Ph.D.,
nejvétsi rozkvét spojeny pravé s Transandskou Zeleznici. Je vSak Be. JAROSLAV GLISNIK
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VYROCi ANNIVERSARIES

PETADEVADESAT LET ING. KARLA ZAVORY
NINETY FIFTH ANNIVERSARY OF KAREL ZAVORA BIRTH

V dubnu leto$niho roku se Ing. Ka-
rel Zavora doziva uctyhodného Zivot-
niho jubilea 95 let. Cely Zivot pracoval
jako projektant zpocatku mostnich

In April of this year, Ing Karel Zavora is living to reach the
respectable life anniversary of 95 years. All his life he worked in
positions of a designer of bridge structures and then in positions of
a designer of underground structures. He published in professional
konstrukei a poté jako projektant pod-
zemnich staveb. Publikoval v odbor-
nych casopisech, konzultoval a vy-
chovaval nové odborniky na podzemni
stavby.

Narodil se 20. 4. 1927 v Praze na

journals, consulted and educated new experts in underground
construction.

He was born on April 20, 1927 in Prague’s Bievnov district, Helena
Malifova Street. In 1933, his parents moved to Seidl’s Houses on
Bé&lohorska Trida Street. In 1953 he married into the family villa of
the academic painter and graphic artist Bohumil Klime§ — Kozina,
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Brevnové, v ulici Heleny Malifové. V roce 1933 se rodice prestého-
vali do Seidlovych domii na Bélohorské tfidé€. V roce 1953 se prizenil
do rodinné vilky akademického malife a grafika Bohumila KlimeSe
— Koziny, kde s jeho vnuckou, manzelkou Zije dodnes. Vychovali tfi
dcery, které se jim dnes odménily Sesti pravnoucaty, sedmé na cesté.

Po studiich na CVUT Fakulta inZenyrského stavitelstvi, kterou
uspésné absolvoval v roce 1951, nastoupil na Stavebni spravu pro
Zelezni¢ni trat Havlickav Brod — Plzen. Zde zacal pracovat jako pro-
jektant mostnich objektli. Po navratu ze zakladni vojenské sluzby
pracoval od roku 1955 ve skupiné tunelovych staveb v projektovém
ustavu SUDOP Praha. Zacinal rekonstrukcemi Zelezni¢nich tuneli
napt. Blanenského, HanusSovického, Vlasského a mnoha dalSich. Pfi
delimitaci ke stavebni firmé Stavby silnic a Zeleznic v roce 1958 byl
Clenem projekeni skupiny, kterd zpracovavala projekty pro zavod
Baraba. Pokracoval na projektech rekonstrukci mnoha dalSich Zelez-
ni¢nich tunelovych staveb. V roce 1963 se Ing. Karel Zavora vratil
do projektového ustavu SUDOP Praha. V té dobé zde tesil provadéci
projekty novostavby dvoukolejného tunelu pod Bilou skélou v Praze.

V roce 1967 se zacalo v Praze stavét metro, trasa C a Ing. Karel
Zavora jako uznavany odbornik na tunelové stavby se aktivné podilel
na projektech. Dne 1. 5. 1971 byl z projektového dstavu SUDOP
Praha delimitovan 5. odbor a v rdmci Dopravniho podniku hl. mésta
Prahy vytvoren novy projektovy tstav DP METROPROJEKT, ktery
uspésné zvladal naro¢né projekty metra v Praze. Ing. Karel Zavora
zde pracoval jako hlavni specialista na tunelové stavby. Podilel se na
projektech vétSiny raZzenych tunelovych tsekt a raZenych stanic me-
tra. Soucasné vedl a vychovaval fadu mladych kolegti, tunelaft a in-
tenzivné se vénoval ziskdvani novych zkusenosti a poznatki z celého
svéta a prosazoval je do projektd metra. Byl jednim z hlavnich pro-
jektantll a konzultantl pfi vystavbé prazskych tras metra. Byl vyslan
do Londyna na sjednani objednavky litinového osténi — tubing do
prazského metra. Prazské metro se diky jemu a mnoha jeho kolegiim
stalo po zésluze ,,stavbou 20. stoleti* Ceské republiky.

Odchodem do dichodu v roce 1992 z METROPROJEKTU Praha
a. s. neskoncila jeho odbornd aktivni ¢innost. VyuZzival své bohaté
zkusenosti, které stile uplatiioval pii své konzultacni Cinnosti na
projektech Zelezni¢nich i ddlni¢nich tunel v Ceské a Slovenské re-
publice. RovnéZ se aktivné zapojil do projektl a realizace trasy V.A
prazského metra. Zicastnil se v rimci organizace FRAM Praha stav-
by Silni¢niho okruhu kolem Prahy, obou tunelovych staveb SO 513
a SO 514 a zaloZeni mostil. Po jejich dokonceni spolupracoval jako
geotechnik na modernizaci Zelezni¢nich trati Stfekov — Litoméfice
a Usti n. L. — Chomutov — Zatec.

Nyni na zaslouZzeném odpocinku pecuje o némecké ovcaky, které
miluje celd rodina. Velkou Karlovou radosti je soucasna vérna Ctyt-
nohdé Cerna pritelkyné Wega. Cely Zivot se Ing. Karel Zavora vénoval,
kromé odborné ¢innosti, také sportu, kosikové, lyZovani, splouvani
ek, absolvoval cvicitelské kurzy a vedl spolu s manzelkou détské
sportovni skupiny v rdmci TJ Dopravnich podnik, ale i jinde. Také
radi s manZelkou cestovali po celé Evropé.

Dnes se Ing. Karel Zavora t€si dobrému fyzickému i duSevnimu
zdravi.

Jeste bych chtél poznamenat krédo Ing. Karla Zavory:

Kdyz uz ses na ten zamotany svét narodil, tak mu bud’ alesporn
v né¢em prospésny.

Jménem Clent redakéni rady ¢asopisu Tunel a jménem vSech pra-
tel a kolegt vSichni Ing. Karlovi Zavorovi pfejeme, aby mu vydrzel
jeho Zivotni eldn a optimismus a hlavné, aby se ve zdravi dozil mno-
ha dalsich let.

Ing. MIROSLAV NOVAK
METROPROJEKT Praha a. s.

where he still lives with his granddaughter and wife. They raised
three daughters, who rewarded them by six great-grandchildren, the
seventh on the way.

After studying at Czech Technical University, the Faculty of
Civil Engineering, from which he successfully graduated in 1951,
he joined the Construction Administration for the Havlickiv Brod
— Plzen railway line. Here he started working in the position of a
bridge designer. After returning from compulsory military service,
he worked from 1955 in a group of tunnel construction projects at the
SUDOP Prague design institute. He began with the reconstruction
of railway tunnels such as Blansko, HanuSovice, Vlassko (Lachia)
ones and many others. During the delimitation to the construction
company Stavby silnic a Zeleznic in 1958, he was a member of a
design group that worked on designs for the Baraba plant. He
continued on the reconstruction projects of many other railway
tunnels. At that time, he was working on the final designs for the new
double-track tunnel under Bila Skala rock in Prague.

In 1967, the construction of the metro began in Prague, on the
Line C and Ing. Karel Zavora, as a recognized expert in tunnel
construction, actively participated in designing. On 1 May 1971,
the 5" Department was delimited from the SUDOP Prague design
institute and a new DP METROPROJEKT designing institute
was established within the Prague Public Transit Company, which
successfully managed demanding metro projects in Prague. Ing.
Karel Zéavora worked there in a position of the main specialist in
construction of mined stations. He participated in the designs for
most mined tunnel sections and mined metro stations. At the same
time, he led and educated a number of young colleagues, tunnellers
and was intensely involved in gaining new experience and knowledge
from around the world and promoting them in metro designs. He was
one of the main designers and consultants in the construction of the
Prague metro lines. He was sent to London to arrange an order for
cast-iron linings — tubings for the Prague metro. Thanks to him and
many of his colleagues, the Prague metro became the ,,Construction
of the 20™ century” of the Czech Republic.

His professional activities did not end with his retirement in
1992 from METROPROJEKT Praha a. s. He used the wealth of
his experience, which he still applied in his consulting activities
on railway and highway tunnel projects in the Czech and Slovak
Republics. He was also actively involved in designing and
construction of the V.A Line of the Prague metro. He participated
in the construction of the Prague Ring Road contracts SO 513 and
SO 514 for both tunnels and in the foundation of bridges within the
organization FRAM Prague. After their completion, he worked in a
position of a geotechnician on the modernisation of the Stiekov —
Litoméfice and Usti n. L. — Chomutov — Zatec railway lines.

Now, on a well-deserved rest, he takes care of German shepherds,
which are loved by the whole family. Charles® great joy is his
current faithful four-legged black friend Wega. In addition to his
professional activities, Ing. Karel Zavora also devoted himself
to sports, basketball, skiing, river rafting. He completed training
courses and led, together with his wife, a children‘s sports groups
within sports unity TJ Dopravni podnik, but also elsewhere. He and
his wife also enjoyed travelling all over Europe.

Today, Ing. Karel Zavora enjoys good physical and mental health.

I would also like to note the credo of Ing. Karel Zavora:

When you happened to be born into that tangled world, at
least be beneficial to it.

On behalf of the members of the editorial board of the Tunel
journal and on behalf of all friends and colleagues, we all wish Ing.
Karel Zavora that his vitality and optimism will last him and, most
importantly, that he will live many more years in good health.

Ing. MIROSLAV NOVAK

METROPROJEKT Praha a. s.
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85. NARODENINY ING. JOZEFA FRANKOVSKEHO’
85™ ANNIVERSARY OF ING. JOSEF FRANKOVSKY BIRTH

My

V kruhu svojich najbliZ§ich oslavil
19. marca 2022 Ing. Jozef Frankovsky
85 rokov. Rada by som sa za redakc-
nd radu pripojila ku gratulantom
k tymto krasnym polookrihlym na-
rodenindm. Ing. Jozef Frankovsky je
jeden z nestorov tunelového stavitel-
stva na Slovensku, Cestny ¢len Slo-
venskej tuneldrskej asocidcie, znalec
kras slovenského jazyka a v nepo-
slednom rade aj dlhoro¢ny odborny
redaktor casopisu Tunel.

Jozef Frankovsky sa narodil 19. marca 1937 v rodine stikromne
hospodériacich rolnikov v zamagurskej dedinke Velkd Frankova
na severnom SpiSi priamo na hranici s Polskom. Jeho rodnym
jazykom bola goral¢ina, jazyk podstatne blizs§i polStine neZ slo-
vencine. Vyucbu v tzv. mestianke vSak absolvoval uz v sloven-
skom jazyku, ktory si nielen osvojil, ale ziskal v ilom Stylisticku
a gramatickd droven prevySujicu vicsinu z nds, pre ktorych je
materinskym jazykom.

V Stadiach pokracoval najskor na banickom uciliSti v Sirku
a neskor na banickej priemyslovke v Roziave. Roky rannej mla-
dosti travil striedavo na severnom SpiSi a Gemeri. Po skonceni
vojenskej sluzby dostal ponuku zamestnania v podniku Banské
stavby v Prievidzi, ktort prijal. Kipelné mesto Bojnice a neskor
blizka Prievidza sa mu stali domovom, kde si naSiel manZelku,
vychoval synov a uZiva si krasy zivota aj dnes.

V case, ked Stidium vysokej $koly bolo podmienené spravnym
kddrovym profilom, ziskal vdaka svojim schopnostiam sthlas so
zaCatim dialkového $tudia na Banickej fakulte Vysokej Skoly tech-
nickej v KoSiciach. V roku 1961 zacal dialkovo Studovat napriek
svojmu pre ti dobu nie dplne vhodnému pdvodu a v roku 1967
ziskal diplom banského inZiniera v odbore hlbinné dobyvanie
a vystavba bani.

Obdobie tzv. normalizicie po roku 1968 znamenalo pre viace-
rych z generdcie talentovanych mladych inZinierov pdsobiacich
na Banskych stavbach stopku. Medzi nimi bol aj Cerstvy inZinier
Jozef Frankovsky. V obdobi medzi rokmi 1969 a 1989 pracoval vo
viacerych funkcidch na dseku technického rozvoja. Podielal sa na
vyvoji na svoju dobu pokrocilych technologii, ¢i uz v oblasti raze-
nia, banskej dopravy alebo vystrojenia (panelova vystuZz, strieka-
ny betén). Aktivne sa zucastnil na viacerych pozoruhodnych ban-
skych a podzemnych dielach, ako priklad moZeme uviest Novu
odvodnovaciu $toliiu Voznica, preCerpavaciu vodnud elektraren
Cierny Vih, alebo vystavbu Bane Cigel.

Schopnost naucit sa a aktivne pouZivat cudzie jazyky, nemcinu,
anglictinu i franctiz$tinu mu v tomto obdobi umoZznila tcast na
medzinarodnych aktivitidch Banskych stavieb. Tie zahfiali nielen
zakazky v zahranic¢i, napriklad v Nemecku alebo v Chorvatsku, ale
aj ndkup Specidlnej techniky, napriklad plnoprofilového raziaceho
stroja Wirth, ktory bol pouzity pri vystavbe Novej odvodiiovace;j
S$tolne vo Voznici a neskor pri razeni prieskumne;j §tdlne pre tunel
Branisko.

Politické a ekonomické zmeny po novembri 1989 priniesli osla-
vencovi zmeny v pracovnom Zivote. V roku 1990 pdsobil ako po-
vereny riaditel podniku Banské stavby, v rokoch 1991 az 1993
ako riaditel odboru tazby nerastnych surovin na Ministerstve hos-

On March 19, 2022, Ing. Jozef Frankovsky celebrated his 85™
birthday in the circle of his loved ones. I would like to join the
editorial board in congratulating him on this beautiful semi-round
birthday. Ing. Jozef Frankovsky is one of the nestors of tunnel
construction industry in Slovakia, an honorary member of the
Slovak Tunnelling Association, an expert on the beauties of the
Slovak language and, last but not least, a long-time professional
editor of TUNEL journal.

Jozef Frankovsky was born on March 19, 1937 in a family of
private farmers in the Zamagura village of Velka Frankova in the
region of northern Spis, right on the border with Poland. His native
language was Goral, a language much closer to Polish than Slovak.
However, he completed his learning in the so-called burgher school
in the Slovak language, which he not only mastered, but also
acquired a stylistic and grammatical level exceeding most of us for
whom it is the mother tongue.

He continued his studies first at the training institution of mining
in Sirk and later at the secondary vocational school of mining in
RozZiava. He spent his early youth alternately in northern Spi§
and Gemer. After completing the compulsory military service, he
received an offer of employment at the Banské Stavby company in
Prievidza, which he accepted. The spa town of Bojnice and later the
nearby town of Prievidza became his home, where he found a wife,
raised sons and enjoys the beauty of life even today.

At the time when university studies were conditioned by the
“proper” personnel profile, he obtained, thanks to his abilities,
the consent to start extramural studies at the Faculty of Mining
of the Technical University in KoSice. In 1961, he began to
study extramurally, despite his origins, which were not entirely
convenient at that time, and in 1967 he received a diploma in mining
engineering in the field of deep mining and mine construction.

The period of the so-called normalisation after 1968 meant a stop
for several members of the generation of talented young engineers
working with Banské Stavby (Mining Construction) company.
Fresh engineer Jozef Frankovsky was also among them. Between
1969 and 1989, he worked in several positions in the field of
technical development. He participated in the development of for
that time advanced technologies, whether in the field of mining,
mine transport or excavation support (segmental lining, sprayed
concrete). He actively participated in several remarkable mining
and underground workings, such as the New Drainage Gallery
Voznica, the Cierny Vih pumped storage power plant, or the
construction of the Cigel Mine.

His ability to learn and actively use foreign languages, German,
English and French during that period enabled him to participate
in international activities of Banské Stavby. These included not
only contracts abroad, for example in Germany or Croatia, but
also the purchase of special equipment, such as the full-face Wirth
tunnel boring machine, which was used in the construction of the
New Drainage Tunnel in Voznica and later in the excavation of an
exploratory gallery for the Branisko Tunnel.

Political and economic changes after November 1989 brought
Ing. Frankovsky changes in his working life. In 1990 he worked
in the position of the authorised director of Banské Stavby, from
1991 to 1993 in the position of the director of the Department
of Mineral Resources at the Ministry of Economy of the Slovak
Republic in Bratislava and from 1993 to 1994 in the position of
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podarstva SR v Bratislave a v obdobi 1993 az 1994 ako general-
ny riaditel Prefabet6én a.s. Ko§. V roku 1995 sa vratil na Banské
stavby, kde pracoval ako vedici odboru marketingu, neskor ako
veduci kanceldrie a poradca generalneho riaditela.

Okrem vysSie uvedenych aktivit bol Ing. Jozef Frankovsky ak-
tivny aj publikacne, najmi v ¢asopisoch InZinierske stavby, Tunel,
Rudy a uhli a tiezZ v zbornikoch z réznych odbornych podujati.
Za vrchol publikacnej aktivity mozno povazovat jeho knihu Po-
pod hory a doliny, vydanu pri prileZitosti polstorocnice podniku
Banské stavby Prievidza v roku 2001. V obdobi 1995-2000 bol
¢lenom redakcnej rady casopisu Tunel, pricom v nasledujicom
obdobi az do roku 2021 pdsobil ako odborny redaktor, zabezpe-
Cujuci jazykové a odborné korektiry prispevkov v slovenskom
jazyku.

Je prijemné vediet, Ze aj v dneSnej upondhlanej dobe je stale
niekto, kto sa vyzna v krdsach slovenciny a v klude si precita
a uhladi vas text. Pre mfia zostane vZzdy zdzitkom aj sprievodny
mail, ktory pripomina krasu prace so slovom.

Chceli by sme Jozefovi Frankovskému popriat v mene Sirokej
tuneldrskej verejnosti do dalSich rokov to najlepSie, najmi vela
zdravia a poteSenia zo stretdvania sa s najbliz§imi, najmi s tromi
generdciami potomkov.

Za Vybor Slovenskej tuneldrskej asocidcie a redakénu radu

Ing. VIKTORIA CHOMOVA

ING. PETR VOZARIK OSMDESATNIKEM
ING. PETR VOZARIK OCTOGENARIAN

Ing. Petr Vozarik se narodil 16.
dubna 1942 na Uherskobrodsku. Po
dokonceni stfedni Skoly odeSel stu-
dovat obor Vystavba dol na Vysoké
Skole baiiské v Ostravé. Po studiu
nastoupil k podniku VKD Kladno,
kde se jako stavbyvedouci podilel na
vystavbé piivadéde pitné vody ze Ze-
livky do Prahy. Pfi tomto zaméstnani
si doplnil vzdélani mimofadnym stu-
diem geotechniky na CVUT v Praze
a déle v oblasti trhacich praci na VSCHT v Pardubicich. Ve VKD
Kladno se také poprvé setkal s vystavbou prazského metra.

KdyzZ v roce 1975 nastoupil do Metrostavu, stalo se metro na
dlouhé roky jeho hlavni pracovni naplni. Pracoval na pfipravé a vy-
stavbé useku I.A, I.B, II.B a IV.B. V roce 1990 se stal vedoucim
odboru predvyrobni pripravy Metrostav a.s., a nasledné redite-
lem divize Consult, kterd sdruzovala specialisty pro vystavbu tras
metra a dalSich podzemnich staveb. Od metra se v devadesatych
letech dostal i k silnicnim stavbdm a pozdé&ji se, jako ¢len skupi-
ny odborného dohledu, zicastnil vystavby tunelového komplexu
Blanka.

Kromé price v Metrostavu velmi aktivng ptisobil i v Ceské tu-
neléiské asociaci (dfive komitétu), byl ¢lenem pripravnych vybori
nekolika ro¢nikt mezindrodni konference Podzemni stavby Praha
a vyznamné se podilel i na pfipravé Svétového tunelarského kon-
gresu v Praze jak v roce 1985, tak v roce 2007. V letech 1993-2009
se jako predseda redakcni rady Casopisu Tunel podilel na jeho pre-
méné do dnesni kvalitni, uznavané a dvojjazycné podoby.

the general director of Prefabeton Kos, a.s. In 1995 he returned to
Banské Stavby, where he worked in the position of the head of the
department of marketing, later in the position of the head of the
office of the general director and his adviser.

In addition to the above activities, Ing. Jozef Frankovsky was
also active in publishing, especially in the magazines InZinierske
stavby, Tunel, Rudy a uhli and also in proceedings from various
professional events. His book Popod hory a doliny, published on
the occasion of the half-century of the company of Banské Stavby
Prievidza in 2001, can be considered the top of his publishing
activity. In the period 1995-2000 he was a member of the editorial
board of TUNEL journal, while in the following period until 2021he
was active in a position of a professional editor, providing language
and technical proofreading of papers in the Slovak language.

It is nice to know that even in today‘s hectic time, there is still
someone who knows a lot about the beauties of Slovak language and
reads and polishes your text in peace and quiet. An accompanying
e-mail in which he reminds the joy of working with words will
always remain a great experience for me.

On behalf of the wide tunnelling public, we would like to wish
Jozef Frankovsky the best in the years to come, especially good
health and the pleasure of meeting his loved ones, especially three
generations of his descendants.

On behalf of the Slovak Tunnelling Association and the Editorial
Board

Ing. VIKTORIA CHOMOVA

Ing. Petr Vozarik was born in the region of Cesky Brod on 16 April
1942. After finishing high school, he went to study at the Department
of Mining Construction at the University of Mining in Ostrava.
After graduating, he joined VKD Kladno (a coal-mining company),
where in the position of a construction manager he participated in
the construction of a drinking water supply tunnel from Zelivka
to Prague. During this job, he completed his education with an
extraordinary study of geotechnics at the Czech Technical University
in Prague and in the field of blasting at the Faculty of Chemical
Technology of the University of Pardubice. In VKD Kladno, he also
encountered for the first time the construction of the Prague metro.

After he joined Metrostav in 1975, the metro became his main
job content for many years. He worked on the preparation and
construction of metro sections I.A, I.B, II.B and IV.B. In 1990, he
became the head of the Construction Pre-planning Department of
Metrostav a.s., and subsequently the director of the Consult division,
which brought together specialists in the construction of metro
lines and other underground structures. In the 1990s, he also got
from the metro to road construction and later, as a member of an
expert supervision team, took part in the construction of the Blanka
complex of tunnels.

In addition to working with Metrostav, he also worked very actively
in the Czech Tunnelling Association (formerly a Committee), was a
member of steering committees of several international conferences
Underground Construction Prague and significantly participated
in the preparations for the World Tunnel Congress in Prague, both
in 1985 and 2007. In 1993-2009, in the position of the chairman
of the editorial board of the TUNEL journal, he participated in its
transformation into today’s high-quality, recognised bilingual form
of the journal.



S panem inZenyrem jsme se bohuzel pracovné nikdy nesetkali,
ale vSichni jeho kolegové se shoduji v tom, Ze byl vzdy tmelem
kolektivu a zaroven i tim, kdo vytvétel dobrou niladu jak na pra-
covisti, tak na spolecenskych a odbornych akcich. I pres svij veék
je dodnes aktivnim sportovcem, podle vlastnich slov byl letos asi
desetkrat na lyZich, stile aktivné plsobi v ochotnickém souboru
a se zajmem sleduje déni v tunelarském oboru.

Jménem redakc¢ni rady casopisu Tunel bych chtél Ing. Vozarikovi
k jeho leto$Snim vyznamnym narozenindm popiat v§echno nejlepsi,
pevné zdravi a at ho neopousti jeho stdle dobra ndlada.

Ing. JIRI SACH, Metrostav a.s.

ROZLOUCENI

VZPOMINAME A DEKUJEME!
WE REMEMBER AND THANK YOU!

Smutna zprava zasahla naSe kolegy
i pratele: dne 5. 4. 2022 nas ve véku
78 nedozitych let navzdy opustil by-
valy tiskovy mluvci nasi spolecnosti,
pan Ing. Frantisek Polak.

Nositel titulu Osobnost Metrosta-
vu, jenZ v nasi firmé puasobil 22 let,
ziskal sympatie nejen nds, kolegt,
ale i vefejnosti. V tisku i pred tele-
viznimi kamerami vystupoval vzdy
profesiondlné, trpélivé zodpovidal
dotazy vSech novindrti a umél postoj Metrostavu i svlij pokazdé
obhdjit. Nikdy se nechoval arogantné a mnohdy pfispél svym jed-
ninim k uklidnéni leckdy vyhrocené atmosféry, nékdy s humorem
jemu vlastnim. Dokézal zaujmout vysokoskoldka i prostého clo-
véka.

FrantiSek Poléak absolvoval Stfedni lesnickou technickou $kolu
v Pisku a nasledn& Fakultu stavebni CVUT v Praze. V praxi po-
stupné€ zastdval pozice pripravare, hlavniho inZenyra a technické-
ho naméstka investora dopravnich staveb. Plsobil i ve vefejném
Zivoté jako zastupitel a jako ndméstek prazského primatora. V té
dobé byl i ¢lenem predstavenstva nasi spolecnosti.

Do Metrostavu nastoupil koncem roku 1993, nejprve jako ve-
douci dtvaru u obchodniho feditele, tiskovym mluvéim se stal
v roce 2000. Pozice tiskového mluvciho u nasi spolecnosti je
velmi duleZita a zaroven velmi niaro¢nd prace a FrantiSek Poldk
v ni bravurné obstal. Mnozi si jist€¢ vybavi jeho medialni vystupy
z obdobi stavby tunelového komplexu Blanka a také angazovanost
v informaénim centru na Letné, kde trpélivé vysvétloval a argu-
mentoval problematiku této sloZité stavby. V souvislosti s komu-
nikaci ohledné Blanky se stal vitézem soutéZe Mluv¢ci roku 2013
Ceské republiky. Dlouhodobg také zastdval funkci piedsedy re-
dak¢ni rady ctrnactideniku Metrostav, kde pomahal vytvaret jeho
obsah.

Koncem roku 2015 odeSel do zaslouZené penze. Posledni roz-
louceni s Ing. FrantiSkem Poldkem probéhlo 12. 4. 2022 za ucasti
i mnoha byvalych kolegi a pratel.

Metrostay a.s.
RED, foto archiv Metrostavu
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Unfortunately, we have never met engineer Vozarik at work, but all
his colleagues agree that he has always been a binding element of the
team and at the same time the one who created a good atmosphere
both in the workplace and at social and professional events. Despite
his age, he is still an active sportsman, according to his own words
he has been skiing in mountains about ten times this year, he is still
active in the amateur theatre group and is following the events in the
tunnelling industry with interest.

On behalf of the editorial board of the TUNEL journal, I would
like to wish Ing. Vozarik all the very best, good health, and let his still
good mood not leave him.

Ing. JIRI SACH, Metrostay a.s.

LAST FAREWELL

The sad news hit our colleagues and friends: on April 5, 2022, at
the age of unreached 78, the former spokesperson of our company,
Metrostav, abandoned us forever.

The holder of the Metrostav Personality title, who worked in
our company for 22 years, won the sympathy not only of us, his
colleagues, but also of the public. He always acted professionally in
front of television cameras, answered questions from all journalists
patiently and was able to defend Metrostav’s position every time.
He never behaved arrogantly and often contributed by his actions
to calm the sometimes heated atmosphere, sometimes with humour
of his own. He was able to attract a university student as well as a
common person.

FrantiSek Poldk graduated from the Secondary Forestry
Technical School in Pisek and subsequently from the Faculty of
Civil Engineering of the Czech Technical University in Prague.
In practice, he gradually held the positions of production planner,
chief engineer and technical deputy of a developer of transport
construction projects. He was also active in public life as a member
of the Prague City Council and a deputy mayor of Prague. At
that time he was also a member of the board of directors of our
company.

He joined Metrostav at the end of 1993, first as the head of a
departmentheaded by the sales director; he became the spokesperson
in 2000. The position of a spokesperson for our company is a very
important and at the same time very demanding job, and Frantisek
Polak managed it brilliantly. Many will remember his media
appearances from the period of the construction of the Blanka
complex of tunnels, as well as his involvement in the information
centre in Letna, where he patiently explained and argued the
issues of this complicated project to the citizens. In connection
with the communication about the Blanka, he became the winner
of the competition Spokesperson of the Year 2013 of the Czech
Republic. For a long time, he also held the position of chairman of
the editorial board of the Metrostav fortnightly bulletin, where he
helped create its content.

At the end of 2015, he started to enjoy well-deserved retirement.
The last farewell to Ing. FrantiSek Poldk took place on 12 April
2022 in presence of many former colleagues and friends.

Metrostay a.s.
RED, photo Metrostav’s archive



TRADICE - KVALITA - PERSPEKTIVA

_t: -_g'r JOSEF :_.

JISTOTA
KVALITNIHO

UPLATNENI
V OBORU

ZDE STUDUJIi BUDOUCI STAVEBNI INZENYRI,
ARCHITEKTI A GEODETI

%%% 000 o

%é FAKULTA
FSV.CVUT.CZ J oY | STAVEBNI

CVUT V PRAZE




Je nha cem stavet

Nas uspéch stoji na odbornosti, nasazeni a dovednostech
stovek lidi riznych profesi. Na jejich solidnosti, spolehlivosti
a loajalité. Na odvaze inovovat a schopnosti vyuzivat nové
technologie. Mame na éem stavét.

www.metrostav.cz
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