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Mili Citatelia,

zijeme zvl4stne obdobie. VicSina z nds pracuje z domu, niektori chodime do prace, na poradich v malom pocte
sedime s raskami Ci respirdtormi na tvari, obed si zjeme pri pocitaci alebo dva metre od kolegu, ktory je s nami na
pracovisku. Komunikécia je online, pomaly kazdy z nas je odbornik na softvéry, ktoré nas spajaju cez internetové
prostredie. Kamery si uz radsej ani nezapiname, len sa pocujeme a nemdzeme tak citit vonu kavy ¢i vidiet usmevy
alebo zamyslenia kolegov pri technickych debatach a rieSeni problémov. Sme sice online, ale sme od seba odstrihnuti.

Chyba ndm spolocnost na pracovisku, chybaji ndm konferencie, chyba nam redak¢nd rada nazivo. Kolegovia,
chybate mi. Oproti mnohym vsak jednu vyhodu mdm. Raz za dva tyzdne sa ako autorsky dozor dostanem na stavbu
tunela Milochov a ten den si pekne uzZijem. Tam sa nadychnem. Tam stretnem kolegov tuneldrov a tam si vZdy pri
tom, ako stavba napreduje, uvedomim, Ze v tomto zvlaStnom obdobi vieme nieco vytvorit.

O tom, Ze sa ¢as nezastavil a veci sa v tom nasom tunelarskom svete stile deju, vas chceme informovat v novom ¢isle ¢asopisu Tunel,
ktory drzite v rukach. Priestor na odborni prezentdciu dostala spoloénost SATRA z Prahy, ktord nds previedla projektovou pripravou
technického rieSenia tloziska radioaktivnych odpadov v Cechéch, zamyslela sa nad zaujimavostami z doterajsej prevadzky a idrzby tune-
lového komplexu Blanka a informuje nas o priprave nového dialni¢ného tunela Homole na dialnici D35 v Pardubickom kraji.

V dalSich odbornych ¢lankoch sa dozviete nieco nové z tunelovej technoldgie, pozrieme sa na rekonstrukciu tunelov na vynimocnej
uzkorozchodnej Rhétskej Zeleznici vo Svajéiarsku, ktora je zaradend do svetového dedic¢stva UNESCO, dozviete sa, ako na cestnom tuneli
Kramer v Nemecku zvladaji technickd a logistickti vyzvu v podobe vetracej Sachty dizky necelych 85 metrov vo vysokej nadmorskej
vyske a Ze na dialni¢nom obchvate Ceskych Bud&jovic z dovodu ochrany obyvatelstva pravdepodobne vzniknii dva hibené tunely.

Ako posledny si dovolim spomentt ¢lanok Ing. A. Wetterovej z ,,Posazavského Pacifiku®, v ktorom sa venuje rekonStrukcii Podhrad-
ského tunela. Na ceskych aj slovenskych Zelezniciach ndm nasi predkovia zanechali mnoho tunelovych stavieb, ktoré zabezpecili rychlejsi
a bezpec€nejsi presun 0sdb a tovaru ndro¢nymi uzemiami. NasSi predkovia vedeli, aké su tunely potrebné a napriek tazkej praci a vysokym
finanénym narokom ich postavili vela. My sme ich v sucasnej modernej dobe este vela nepostavili a uz sa im zaciname vyhybat. Vieme,
aka je ich skuto¢na hodnota?

Prajem pohodové Citanie a ,,do stretnutia“.

Ing. Jdn KuSnir,
¢len redakcnej rady casopisu Tunel

Dear readers,

We live in a strange period of time. Most of us work from home, some go to work, in meetings with a small number of attendees
we sit with veils or respirators on our faces, we eat our lunch at the computer or two meters from a colleague who is with us at work.
Communication is online, slowly each of us is an expert in software that joins us through the Internet environment. We already prefer not
to even switch on the cameras, we just hear each other and can‘t smell the coffee or see the smiles or take in thoughts of colleagues in
technical debates and solving of problems. On the one hand, we are online, on the other hand, we are cut off from each other.

We are missing company in the workplace, we are missing conferences and we are missing Editorial Board meetings live. My colleagues,
I am missing you. But I have got one advantage in comparison with many others. Once every two weeks, in my position of author‘s
supervision, I get to the Milochov tunnel construction site and I always enjoy that day. I breathe there in. I meet fellow tunnelers there and,
as the construction progresses, I always realise that we can create something in this special period.

We want to inform you in the new issue of TUNEL journal which you are holding in your hand that time has not stopped and things are
still happening in our world of tunnelling. The space for the professional presentation was given to the company of Prague based SATRA,
which has guided us through the project preparation of the technical solution to the radioactive waste repository in the Czech Republic, has
reflected on interesting facts from the current operation and maintenance of the Blanka complex of tunnels and has informed us about the
preparation of the new Homole motorway tunnel on the D35 motorway in the Pardubice region.

In other professional articles you will learn something new about tunnelling technique , we will look at the reconstruction of tunnels on
the exceptional narrow-gauge Rhaetian railway in Switzerland, which is a UNESCO World Heritage Site, you will learn how the technical
and logistical challenge at the Kramer road tunnel in Germany is coped with in the case of a nearly 85 meters long ventilation shaft
constructed at high altitude, and that two cut-and-cover tunnels are likely to originate on the Ceské Bud&jovice motorway bypass due to
the protection of the population.

Lastly, I would like to mention the article by Ing. A. Wetterova from the ,,Sdzava Pacific Railway*, in which she deals with the
reconstruction of the Podhradsky tunnel. On the Czech and Slovak railways, our ancestors left us many tunnel structures which ensured
faster and safer movement of people and goods across difficult territories. Our ancestors knew which tunnels were needed and, despite hard
work and high financial demands, they built many. We have not built many tunnels in modern times and we are already starting to avoid
them. Do we know what their real value is?

I wish you a comfortable reading and am looking forward to meeting you again.

Ing. Jdn Kusnir,
member of Editorial Board of TUNEL journal
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DAMY A PANOVE,
VAZENI CTENARI CASOPISU TUNEL,
pripadla mi mild povinnost, oslovit vds uprostied ne-
prilis jednoduché doby. JiZ vice neZ rok jsou naSe pra-
covni i osobni Zivoty doslova vzhlru nohama. VSich-
ni jsme jiz z kazdodenniho proudu zmatkd a Spatnych
zprav unaveni. Pokusim se proto nalézt v tomto zmateni
pevné body, a hovofit spiSe o tom, co vnimam pozitivné.

Nase spolecnost slavi letos 30 roki své existence. Za
tfi desetileti jsme byli u vzniku celé fady vyjimecnych
staveb, z nichZ nejrozsahlejsi byl projekt Tunelového komplexu
Blanka v Praze. S touto stavbou jsme prosli celym jejim Zivotem,
od pfipravnych studii, pfes projektovou piipravu a realizaci aZ po
uvedeni do provozu.

Projektovanim ale nase prace nekonci. Vénujeme se celému Zi-
votnimu cyklu stavby jako provozovatel prazskych tunelt a své
zkuSenosti implementujeme do ndvrhu pfipravovanych staveb.
V soucasnosti pripravujeme k odevzdani dokumentaci k tzem-
nimu fizeni zbyvajici ¢asti Méstského okruhu a Liberiské spoj-
ky. Koordinujeme pfipravu nejen téchto rozsahlych projektd, ale
i stavby silni¢niho okruhu kolem Prahy ¢islo 511. Pisobime na
desitk4ch staveb po celé Ceské republice, a nejsou to pouze stavby
dopravni. Jiz nékolik let se podilime na pfipravé hlubinného tlo-
7isté radioaktivniho odpadu.

Béhem tii desitek let jsme se museli potykat s celou fadou vy-
zev. Kazda doba je svym zpisobem turbulentni, a pfi pohledu zpét
v Case si uvédomujeme, zZe v kazdém roce jsme Celili riznym zmé-
nam prostfedi. KdyZ jsme v roce 1991 zacinali, vétSina kolegti
kreslila na rysovacich prknech. Prosli jsme transformaci na CAD,
nejprve 2D, pozdéji ve 3D prostiedi. VZdy jsme aktivné pfijimali
pozitivni stranky technologickych inovaci a tento trend sledujeme
i nadale. Digitalizaci stavebnictvi a pfichod informa¢niho man-
agementu staveb BIM proto vnimédme jen jako dalsi logicky krok.
Management zmén je trvalym procesem, ktery nim umoziuje 1épe
se vypofadat s tim, jak se méni svét kolem nés.
softwarové nastroje, u¢i se je pouzivat a vzajemné kombinovat
a maximdlné vyuZivat jejich potencidl pfi své praci. Encyklope-
dicka definice inZenyrstvi fika, Ze je to technicka disciplina, ktera
aplikuje technické a védecké poznatky, vyuziva zdkont piirody
a prirodnich i lidskych prostfedktt mimo jiné k vytvareni staveb,
zafizeni, systému a proces, které splituji bezpecnostni i funkéni
kritéria s ohledem na ekonomiku, spolecnost a Zivotni prostiedi.
BIM sice predstavuje nové paradigma, ale rimec nasi prace zista-
vé i nadale stejny.

Pfi pohledu na uplynulé dekady citim hrdost nad tim, co jsme se
vSemi kolegy dokézali vybudovat. Zaroveil citim smutek pii po-
mysleni, Ze ne vSichni mohou tento pocit sdilet se mnou. Vzpomi-
nam zejména na svého spolec¢nika a spoluzakladatele spole¢nosti,
Ing. Josefa Dvordka, bez jehoZ odborného i lidského vkladu by
SATRA nikdy nebyla tim, ¢im dnes je.

Zaroven jsem optimistou, pokud jde o budoucnost. Pokud by-
chom pouzili primér lidského Zivota, nachazi se
naSe spolecnost na vrcholu sil, kdy ma dostatek
zkuSenosti a energie napliiovat pfedstavy a prani
naSich zakaznikd.

Preji vdm hodné zdravi a optimismu!

By 00
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LADIES AND GENTLEMEN,
DEAR READERS OF TUNEL JOURNAL,

I have a nice obligation to address you in the middle of
this not-so-simple time. Our work and personal lives have
been turned literally upside down already for more than a
year. We are all already tired of the daily flow of confusion
and bad news. I will therefore try to find firm points in this
confusion, and rather talk about what I perceive positively.

This year, our company celebrates 30 years of its
existence. During the three decades, we have been involved
in the origination of a number of exceptional construction projects, the
most extensive of which was the Blanka complex of tunnels in Prague.
We have passed throughout the life of this construction project, from
preparatory studies, through design preparation and construction to
commissioning.

But our work does not end with design. We are involved in the
entire life cycle of the construction in the position of the operator
of Prague tunnels and we implement our experience into the design
of construction projects under preparation. At the moment we are
preparing the zoning process documents for the remaining part of the
City Circle Road and the Liberi Link Road for the submission. We
coordinate the preparation not only of these large-scale projects, but
also the construction of the Prague City Ring Road construction lot
No. 511. We operate on dozens of construction projects throughout
the Czech Republic, and they are not just transportation projects. We
have been participating in the preparation of a deep radioactive waste
repository for several years.

During three decades, we have had to deal with numerous
challenges. Each time is turbulent in its own way, and looking back
in time, we realise that we faced different changes in the environment
each year. When we were starting in 1991, most colleagues drew
on drawing boards. We have undergone transformation to the CAD,
first in 2D, later in the 3D environment. We have always actively
accepted the positive aspects of technical innovation and we monitor
this trend even further. Therefore, we consider the digitisation of
the construction industry and the arrival of the BIM construction
information management to be only another logical step. The change
management is a permanent process allowing us to deal better with the
changing world around us.

For that reason, it is even today that all colleagues expand their
knowledge of new software tools, learn to use and combine it and
make the most of its potential in their work. The encyclopedic
definition of engineering says that it is a technical discipline that
applies technical and scientific knowledge, uses the laws of nature and
natural and human resources to create buildings, equipment, systems
and processes meeting safety and functional criteria with respect to
economy, society and the environment. On the one hand, the BIM
represents a new paradigm, on the other hand, the framework of our
work remains unchanged. Looking at the past decades, I feel proud
of what we and all my colleagues had been able to build. At the same
time, I feel sad at the thought that not everyone can share this feeling
with me. I remember especially my partner and co-founder of the
company, Ing. Josef Dvordk, without whose professional and human
input SATRA would never be what it is today.

At the same time, I am an optimist regarding the
future. If we use a comparison with a human life, our
company is at the peak of its forces, having enough
experience and energy to fulfil the ideas and wishes of

our customers.
I wish you good health and optimism!

ING. LUDVIK SAJTAR,

jednatel a generalni feditel SATRA, spol. s r. 0.
Executive Head and CEO of SATRA, spol. s r. o.
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TECHNICKE RESENI ULOZISTE RADIOAKTIVNICH ODPADU V €R
TECHNICAL SOLUTION TO UNDERGROUND RADIOACTIVE WASTE
REPOSITORY IN THE CZECH REPUBLIC

ALEXANDR BUTOVIC

ABSTRAKT

Geografické a klimatické podminky v Ceské republice zatim neumoZiiuji zajistit vyraznéjsi podil vyroby elektrické energie 7 obnovi-
telnych zdrojii. Z tohoto diivodu zde byla, je a bude pri vyrobé vyznamnou sloZkou jadernd energie. Zatimco jeji vyrobu samotnou lze
povaZovat za ekologicky Cistou, ziistdvd stdle otaznik nad tzv. uzavienim palivového cyklu = detailnim doreSenim zpiisobu bezpecného,
dlouhodobého ukldddni radioaktivniho odpadu. Koncepce v CR predpoklddd jeho uloZeni do podzemi v prostedi hornin krystalinika.
Cldnek navazuje na publikaci ,, Aktudlni stav projektu hlubinného iilozisté v Ceské republice, “ uverejnénou v casopise Tunel & 1/2020 [1]
a popisuje problematiku ndvrhu povrchové a podzemni Cdsti hlubinného iiloZiste. Vychdzi se z vysledkii projektu ,, Vyzkumnd podpora pro
projektové reseni HU*, konkrétné ,, Podkladové studie pro potieby ziiZeni poctu lokalit, odpovidajici hloubkou zpracovdni kroku vybéru
2019¢, ktery byl zajistovdn stdtni organizaci Ceskd republika — Sprdva iiloZist radioaktivnich odpadii, prostiednictvim konsorcia CVUT —
SATRA — Mott Macdonald CZ, v letech 2016-2020.

ABSTRACT

The geographical and climatic conditions in the Czech Republic so far do not allow for a significant share of electricity production
from renewable sources. For that reason, nuclear energy has been, is and will be an important component of the production. While its
production itself can be considered ecologically friendly, the question still remains regarding the so-called closure of the fuel cycle, i.e.
detailed solution to the method of safe, long-term storage of radioactive waste. The concept in the Czech Republic assumes that it will
be stored underground, in the environment formed by a crystalline complex. The paper is a follow up to the paper “Current status of the
deep geological repository project in the Czech Republic” published in TUNEL journal issue No. 1/2020 [1]; it describes the problems
of designing the surface and underground parts of a deep geological repository. It is based on the results of the project titled “Research
support for the project solution of the DGR”, specifically the “Background studies for the needs of narrowing the number of localities,
corresponding in terms of the depth of processing of the selection step 2019”, which was provided by the Czech Radioactive Waste

Repository Authority, state organisation, through the consortium formed by CTU — SATRA — Mott Macdonald CZ in 2016-2020.

uvop

Budoucnost zptisobu vyroby elektrické energie definuje ,, Stdni
energetickd koncepce Ceské republiky, ktera byla dokon&ena Mi-
nisterstvem primyslu a obchodu CR v prosinci 2014 a fesi pred-
métnou problematiku v ¢asovém horizontu do roku 2040. Podle
obr. 1 je patrné, Ze pocitd s postupnym ttlumem vyroby energie
z fosilnich paliv a nartistem podilu vyroby z jadernych a obnovitel-
nych zdrojii. Zatimco v roce 2010 byl v CR podil jadernych zdroji
32,5 %, v roce 2040 bude podle predpokladii Cinit téméef 49 %.
V piipadé obnovitelnych zdrojii pocita s nartstem z 5,9 % v roce
2010 na 22,8 % v roce 2040.

Schvélena koncepce uklddani radioaktivnich odpadti (RAO)
v CR uvaZuje s uloZenim neprepracovaného vyhotelého jaderného
paliva (VJP = vyhotelé jaderné palivo, které bylo trvale vyjmuto
z aktivni z6ny jaderného reaktoru) a ostatnich vysoce a stfedné ak-
tivnich odpadd (piivod napf. ve zdravotnictvi, vyzkumu, Skolstvi
apod.) do hornin krystalinika v hloubce cca 500 m pod povrchem
terénu. Samotné hlubinné tloZiite (HU) se sklida z povrchového
aredlu a podzemni ¢4sti.

PODKLADY A VYCHODISKA NAVRHOVANEHO
TECHNICKEHO RESENI

Zakladnimi podklady pro navrh technického feSeni hlubinného
ulozisteé jsou predevsim nésledujici dokumenty:
¢ Referencni projekt povrchovych i podzemnich systému hlu-

binného uloZisté v hostitelském prostiedi granitovych hornin
= prvotni navrh technického feseni HU na obecné lokalité [2].

INTRODUCTION

The future of the system of production of electricity is defined by
the “State energy policy of the Czech Republic”, which was finished
by the Ministry of Industry and Trade of the CR in December 2014,
addressing the respective issues in the time horizon until 2040. It is
obvious from Fig. 1 that it takes into account gradual checks on the
production of energy from fossil fuels and growth of the share of
the production from nuclear and renewable sources. While in 2010
the share of nuclear resources in the Czech Republic was 32.5%,
it is expected according to assumptions to amount almost to 49%
in 2040. In the case of renewable resources, it expects an increase
from 5.9% in 2010 to 22.8% in 2040.

The approved concept of radioactive waste disposal (hereinafter
referred to as RWD) in the CR considers storing unprocessed spent
nuclear waste (the SNF = spent nuclear fuel which was removed
from the active zone of a nuclear reactor) and other high-active
waste (originating e.g. in the fields of health care, research,
education etc.) into the rock types forming the crystalline complex
at the depth of ca 500m under the terrain surface. The deep
geological repository (DGR) itself consists of surface grounds and
an underground part.

BASE DOCUMENTS AND OBJECTIVES OF PROPOSED
TECHNICAL SOLUTION

The following documents are the base documents for the design
for the technical solution to a deep geological repository:
* A reference design for surface and underground systems of
a deep geological repository in the host environment formed



30. rocnik - €. 2/2021

120 000

100 000

80000

60000

GWh

40000

20 000

O v~ AN M ¥ 10D O M~ 0O 00 O -~ AN M S W0 O~ 0 0D O = Al

FFFFFFFFFF Al A A A A A A A A D MM

O O O O 0O 0O 0O 0O 0O 0O 0O 0O 0O 0O O Q0 O 0O O O O 9o 9O

A A A AN A AN A AN A AN AN AN AN AN AN AN A Ay

® ¢erné uhli ® jadro m ostatni plyny = ostatni paliva
black coal core other gases other fuels

= hnédé uhli zemni plyn = obnovitelné a druhotné zdroje energie
brown coal natural gas renewable and secondary energy sources

2033
2034
2035
2036
2037
2038
2039

by granite rock types = an initial
proposal for the technical solution
to the DGR in a general locality
[2].
» Updated reference design for deep
geological repository of radioactive
waste in a hypothetic locality =
updating of the above-mentioned
document on the basis of new
knowledge in the field of disposing
of the SNF and RAS [3].
Regional 3D structurally geo-
logical models of individual
localities = a comprehensive source
of information on geological
conditions [4], (Fig. 2).
Regional 3D hydrogeological mo-
dels of individual localities = a com-
prehensive source of information
on hydrogeological conditions [5].
Inventory of the  resource
member and its characteristics.

2040
L]

Obr. 1 Predpoklddany vyvoj a struktura hrubé vyroby elektriny v CR v obdobi 2010-2040 [9] Pozn.: ostatni plyny —
koksdrensky, vysokopecni, degazacni a ostatni paliva — ropné produkty, priimyslové odpady a alternativni paliva, tuhy

komundlni odpady (neobnov.), odpadni teplo

Fig. 1 Anticipated development and structure of gross electricity generation in the CR in the period 2010-2040 [9]
Note: other gases — cock oven, blast furnace, degassing and other fuels — petroleum products, industrial waste and

alternative fuels, municipal solid waste (non-recoverable), waste heat

e Aktualizace referen¢niho projektu hlubinného tlozisté radio-
aktivnich odpadll v hypotetické lokalité = aktualizace vyse
uvedeného dokumentu na zikladé novych poznatkii v oblasti
ukladani VJP a RAO [3].

* Regiondlni 3D strukturné-geologické modely jednotlivych lo-
kalit = komplexni zdroj informaci o geologickych podminkach
[4], (obr. 2).

e Regionalni 3D hydrogeologické modely jednotlivych lokalit =
komplexni zdroj informaci o hydrogeologickych podminkach
[5].

* Inventarizace zdrojového Clenu a jeho charakteristiky. Opti-
malizace vzajemné vzdélenosti ukladacich obalovych soubori
(UOS) pro VIP = komplexni zdroj informaci o provedenych
teplo-technickych vypoctech, které definuji minimalni vzdale-
nosti mezi jednotlivymi UOS [6].

* Vybranid vymezena prizkumna uzemi pro zvlastni zasah do
zemské kury (potencidlnich devét lokalit).

Mezi hlavni vychodiska navrhovaného technického feSeni patii:

 Umisténi HU do konkrétni lokality, ktera zarucuje dlouhodobé

a bezpec¢né uloZeni VIP a RAO.

» Ukladani VJP v hloubce cca 500 m pod povrchem terénu.

* Nadefinovani vzdélenosti mezi jednotlivymi UOS po uloZeni
tak, aby:

— umoziovala bezpecnou realizaci s minimdlnim ovlivnénim
okolniho hostitelského (horninového) prostredi;

— po celou dobu Zivotnosti HU nedoglo na rozhrani UOS a in-
Zenyrské bariéry (viz dale bod 5 Nejistoty navrhovaného re-
Seni) k prekroceni teploty 95 °C.

e Realizace podzemnich &sti HU tak, aby doslo jen k minimal-
nimu ovlivnéni okolniho hostitelského prostiedi.

e Umisténi povrchového aredlu tak, aby byly minimalizovany
stfety zajmu (viz niZe).

Optimisation of the spacing of
the waste packages (WP) for the
SNF = a comprehensive resource
of information on the conducted
thermo-technical calculations
defining the minimum spacing of
individual WPs [6].
Selected research areas delimited for a special encroachment
into the earth's crust (9 potential localities).

Among the main objectives of the proposed solution there are:

Placing the DGR to a specific locality ensuring long-term and

safe storing of the SNF and RAS.

Disposal of the SNF at the depth of about 500n under the

terrain.

Defining the spacing of individual WPs after disposing:

— allowing for safe construction with minimum affection of
the surrounding host (rock) environment;

— ensuring that the temperature of 95°C is not exceeded on
the interface between the WP and the engineering barrier
(see Point 5 Uncertainties of the proposed solution below)
throughout the DGR life.

Constructing the underground parts of the DGR with the

objective to minimise the impact on the surrounding host

environment.

Locating the surface grounds with the objective to minimise

the conflicts of interest (see below).

SURFACE GROUNDS

The surface grounds (SG) forming the DGR comprise all
buildings and operating units necessary for:

the construction as such (excavation of the underground parts);
transport and handling of the SNF and RAS;
closing the DGR after exhausting its capacity.

From a technical point of view, this is a design of the grounds
which occupy an area in the order of the first tens of hectares. It is
linked to the surrounding road network, railway (rail transport of
the SNF and RAS is currently assumed) and the common technical
infrastructure (gas, power, water and sewerage). The so-called
“guarded space” determined by a system of physical protection
with double fencing and an isolation zone (the red part in Fig. 3) is
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POVRCHOVY AREAL

Povrchovy areél (PA) HU obsahu-
je vSechny stavebni objekty a pro-
vozni soubory, které jsou nezbytné
pro:

e realizaci stavby jako takové

(razbu podzemnich ¢ésti);
e pfepravu a manipulaci s VIP
a RAO;

* uzavirdni HU po vy&erpani jeho

kapacity.

Z technického hlediska se jednd
o navrh aredlu, ktery zaujima plochu
v fadu prvnich desitek hektard. Je
napojen na okolni komunikacni sit,
Zeleznici (aktudlné se predpoklada
doprava VIP a RAO po kolejich)
a béZznou technickou infrastrukturu
(plyn, elektricka energie, voda a ka-
nalizace). Soucasti aredlu je i tzv.
.stfeZeny prostor”, ktery je vyme-
zeny systémem fyzické ochrany

Obr. 2 Vizualizace predpoklddanych homogennich blokii na zdkladé dat z detailniho 3D strukturné-geologického
modelu [4]
Fig. 2 Visualization of assumed homogeneous blocks based on data gained from a detailed 3D structural-geological

s dvojitym plotem a izola¢ni zénou  model [4]

(Cervena Cast na obr. 3). Uvnitf stfe-  Legenda Legend:

Zeného prostoru se nachazeji objekty - uklddaci prostory HU DGR disposal spaces
uréené k ¢innostem spojenym s pfi-

2 — krystalinické horniny (granit, pararula) crystalline rock types (granite, paragneiss)
. o . 3 — zlomové struktury 1. kategorie fault structures category 1
jmem RAO a VIP a jejich piepravou 4 _ zlomové struktury 2. kategorie fault structures category 2
do podzemi. 5 — zlomové struktury 3. kategorie fault structures category 3

Obr. 3 Vizualizace povrchového aredlu [7]
Fig. 3 Visualisation of the surface grounds [7]

Legenda jednotlivych modulii Legend to individual modules:
priprava RAO a VJP pro uloZeni preparation of the RAS and SNW for disposal
persondlné-sprdvni personal-administrative
zachdzeni s rubaninou handling of muck
média media
razby excavation
sklady stores




Mimo vymezeny povrchovy aredl se obvykle navrhuji dalsi od-
délené objekty, jako jsou vtazné jamy, odbérny objekt technologic-
ké vody s Cerpaci stanici a vyustni objekt vycisténych odpadnich
vod (vCetné kontroly pripadné kontaminace).

Povrchovy aredl je propojen s podzemni ¢asti (tj. prostorem, kde
bude probihat samotné ukladani, v hloubce 500 m pod povrchem
terénu). Propojeni je zajiSt€éno pomoci pfistupovych tuneli, jejichz
délka a smérové vedeni se odviji od:

* vySkového rozdilu, ktery je nutné prekonat;

* pudorysné vzdalenosti mezi podzemni a povrchovou Casti.

Konkrétni umisténi v ramci dané lokality je navrhovano piede-
v§im na zdklad€ environmentdlnich kritérii, resp. na zdkladé mini-
malizace stfetll se zajmy ochrany Zivotniho prostiedi a jeho jednot-
livych sloZek, ochrany vefejného zdravi v ramci neradiologickych
environmentdlnich kritérii a dal§ich. Ze sledovanych kritérii byly
posuzovany zejména:

e kvalita ovzdusi;

* povrchové vody;

e podzemni vody;

* zemédélsky padni fond (ZPF);

* pozemky urcené k plnéni funkce lesa;

 horninové prostiedi a pfirodni zdroje;

* poddolovana a sesuvna uzemi;

e fauna, flora, ekosystémy;

e pritomnost dopravni a technické infrastruktury;

* osidleni a obyvatelstvo;

e kulturni a historické hodnoty tzemd;

* tzemni systém ekologické stability;

* staré ekologické zatéze;

* chranéna tzemi pfirody;

e krajinny raz — zhodnoceni estetické kvality dzemi.
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part of the grounds. In the guarded space, there are objects designed
for the activities connected with receiving the RAS and SNF and
their transport to the underground.

Other separate objects, such as intake shafts, the process water
intake object with a pumping station and the treated waste water
outlet object (including checking on possible contamination) are
usually designed to be outside the delimited surface grounds.

The surface grounds are connected with the underground part
(i.e. the space where the storage itself will take place, at a depth of
500 m below the terrain surface). The connection is provided by
means of access tunnels, the lengths and alignment of which are
derived from:

* the difference in altitudes which has to be overcome;

* the horizontal distance between the underground and surface

parts.

The specific placement within the given locality is designed
primarily on the basis of environmental criteria, respectively on
the basis of conflicts with interest of environmental protection
and its individual components, public health protection within the
framework of non-radiological environmental criteria and others.
Of the monitored criteria, the following ones were assessed in
particular:

* air quality;

e surface water;

e underground water;

* agricultural land resources (ALR);

¢ land intended for forest functions;

¢ rock environment and natural resources;

¢ undermined and landslide areas;

e fauna, flora, ecosystems;

 presence of transportation and technical infrastructure;

| ukladaci délka horizontélniho vrtu
7,00 m 7,00 m 23,00 m 10,00 m horizontal borehole disposal length
uos
WP oztes UOS
in. 5,00 m spacing of WPs o D,70m
N £ 070m
€ &
S o
\6 itka délka UOS horizontalni ukladaci vrt
azk TBM za

{Sﬁ:{g ;tlu%r?or TBM plug WP length horizontal disposal borehole

patefni chodba

arterial gallery

Obr. 4 Pudorysné schéma horizontdlniho ukldddni, prevlddajici mechanizovand razba [7]
Fig. 4 Floor plan of horizontal disposal, predominant mechanised excavation [7]
L25m délka chodby A=
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Obr. 5 Piidorysné schéma vertikdlniho ukldddni, pFevlddajici mechanizovand razba [7]

Fig. 5 Floor plan of vertical disposal, predominant mechanised excavation [7]
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PODZEMNI CAST

Koncepéné je v [7] podzemni ¢ast HU projekéné feSena ve dvou
dispozi¢nich variantach, samostatn€ jak pro horizontalni (obr. 4),
tak pro vertikalni (obr. 5) zptisob ukladani VJP. Dalsi dvé modi-
fikovand projektovand feseni prinesla variabilni koncepce prefe-
rovanych zplsobu razeb jednotlivych dilnich stavebnich objektl
(mechanizovany zptsob razby za pomoci plnoprofilovych razicich
stroji x konvencni zpiisob razby).

Pro projektovéani a bezpecny provoz hlubinného ulozisté je kli-
¢ovym problémem také vznik a vyvoj EDZ (zény poskozeni hor-
niny razbou). Pal¢ivym tématem je predev§im moZnost vzniku
otevienych diskontinuit rizného méfitka, které sice nemaji vliv na
celkovou stabilitu podzemniho dila, ale mohou pfedstavovat snad-
né&jsi cesty pro piipadnou migraci radionuklidd. Rovnéz Siteni tep-
la v ¢aste¢né rozpukaném masivu kolem vyrubu je otdzkou, kde
dosud existuje fada neznamych. Lze ovSem jednoznacné fici, Ze
pouzita technologie razby ma vyznamny vliv na charakter a vyvoj
EDZ, a tedy na bezpe€nost tloZiSte.

Poruseni okolo raZzenych dél je ovliviiovano nasledujicimi para-
metry:

e geometrii dilniho dila;

e stavem napjatosti masivu;

¢ orientaci dalniho dila;

* mechanickymi vlastnostmi horninového masivu;

» geologickou strukturou v blizkosti dila;

e pouZzitou razici metodou.

Jelikoz v soucasné dob€ nelze nalézt odpovédi na vSechny otdz-
ky kolem vySe uvedenych faktorti, byly v [7] stanoveny velikos-
ti zO6ny ovlivnéni s vysokou mirou konzervativnosti. Do vypocti
byly uvazovany nejméné piiznivé parametry horninového prostiedi
ze vsech potencidlnich lokalit, byl parametricky provéfen vliv na-
pjatosti a zohlednéna reserSe poznatkit o EDZ, viz [8]. Porovnani
ovlivnénych z6én podle jednotlivych dilnich dél a pouzité techno-
logie razby je patrné z tab. 1.

Tab. 1 Velikosti zon ovlivnéni podle pouZité technologie raZeb

Sitka chodby/ Zbna
Ukladaci misto pramér ovlivnéni
chodby [m] razbou [m]
ukladaci chodby — razba pomoci
TBM 7,25 1,00
ukladaci chodby — konvenéni razba 6,70 2,00
subhorizontalni vrty — strojni vrtani 2,20 0,35
vertikalni ukladaci vrty — strojni vrtani 1,80 0,25

Ukladaci prostory, zavaZzeci chodby a ukladaci vrty byly podro-
beny statickému posouzeni metodou konec¢nych prvka (MKP).
Provedenymi statickymi vypocty bylo prokdzano, Ze zavazeci
chodby a uklddaci vrty jsou adekvatné navrzeny k tomu, aby odo-
laly zatizeni vlivem napjatosti masivu v dané hloubce v priibéhu
vystavby i jejich uZivani. Staticky vypocet potvrdil, Ze také nedo-
jde k nepfipustnému nartstu deformaci vyrubu.

V hloubce 500 m pod povrchem terénu je jednim ze stéZej-
nich parametrt, ktery ovliviiuje vysledky modelu, stav napjatosti.
Vzhledem ke skutecnosti, Ze plivodni napjatost neni v misté navr-
hované podzemni &asti HU dosud zndma, byla zpracovéana parame-
tricka studie, ktera uvazovala rizné poméry mezi horizontalni (H)
a vertikalni napjatosti (V). Vychozim stavem byl stav odpovidajici
teorii pruznosti, pfi kterém v navaznosti na zadané geotechnické
parametry horninového masivu (i v pfipadé nejhorSich paramet-
ri zahrnutych do studie se jednalo o vlastnosti kvalitnich hornin

Tuel

* settlement and population;

e cultural and historic values of the area;

* territorial system of ecological stability;

* old environmental burdens;

* nature conservation areas;

* landscape character — assessment of aesthetic quality of the
area.

UNDERGROUND PART

Conceptually, in [7], the underground part of the DGR is designed
in two spatial arrangement variants, separately for the horizontal
(Fig. 4) and the vertical (Fig. 5) method of the SNV storage. The
other two modified design solutions brought variable concepts of
the mining methods preferred for individual underground structures
(a mechanised mining method using full face boring machines or a
conventional mining method).

A key issue for the design and safe operation of the deep
geological repository is also the creation and development of
EDZ (excavation disturbed or damaged zone). The burning topic
is mainly the possibility of the formation of various-scale open
discontinuities, which do not affect the overall stability of the
underground working, but may represent easier ways for possible
migration of radionuclides. Also, the spread of heat in a partially
cracked massif around the excavation is a question where a number
of unknowns still exist. However, it can be clearly stated that the
mining technique used has a significant impact on the nature and
development of the EDZ, and thus on the safety of the repository.

The disturbance or damage around mined workings is influenced
by the following parameters:

* underground working geometry;

e state of stress in the massif;

* mine working orientation;

* mechanical properties of rock massif;

* geological structures in the vicinity of the working;

* mining method used.

As no answers to all the questions about the above-mentioned
factors can be found at present, the sizes of the influence zone
were determined in [7] with a high degree of conservatism. The
rock environment parameters least favourable from all potential
localities were considered in the calculations; the influence of
stress was parametrically checked and the search for the knowledge
about the EDZ was taken into account, see [7]. A comparison of the
affected zones relevant to the individual mine workings and the
mining technique used is obvious in Table 1.

Table 1 Sizes of excavation disturbed or damaged zones according to the
respective mining technique used

. Excavation
. Gallery width/ | =

Disposal place : influence

diameter [m] zone [m]
disposal corridors — driven by TBM 7.25 1.00
disposal corridors — driven conventionally 6.70 2.00
sub-horizontal boreholes — mechanical
driling 22 VgD
vertical disposal boreholes — mechanical
drilling e 9

The disposal spaces, loading galleries and disposal boreholes
were submitted to static assessment using the final element
method (FEM). The performed static calculations proved that the
loading galleries and disposal boreholes are adequately designed
to withstand the loading due to the state of stress in the massif at a
given depth during their construction and during the use. A structural
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analysis confirmed that there will

model 4 . .
model 4 also be no unacceptable increase in
o . the excavation deformations.
-500,00+45D p,as'}!iﬁg‘in'}‘k'f;g:}{,":',ﬂ;;]e H At the depth of 500m under the
. terrain surface, the state of stress is
[CESAR:) one of the key parameters affecting
Uomen  p: s o the modelling results. With respect
I TP = to the fact that the original stress
I, TS i is not yet known in the location of
50000 ﬁ]; e ’: the proposed underground part of
. SR

the DGR, a parametric study was
conducted taking into consideration

S se s different  ratios  between the
T —— horizontal (H) and vertical state of
p— stress (V). The initial state was the
S ke state corresponding to the theory of

elasticity, in which, in connection

with the specified geotechnical
parameters of the rock massif (the

Obr. 6 Mista mozného plastického chovdni horniny pro konvencni ndvrh uklddacich chodeb pro stav H=3V,

D = vy$ka podzemniho dila [10]

Fig. 6 Places of possible plastic behaviour of rock for conventional design of disposal galleries for the state H=3V,

D = height of the underground working [10]

krystalinika) nedochazelo v okoli vyrubu ke vzniku plastickych
z6n. Extrémnim stavem byla napjatost odpovidajici H=3V. Veli-
kosti plastickych z6n na obr. 6 a z6ny ovlivnéni razbou podle tab. 1
odpovidaji tomuto nejméné priznivému stavu.

NEJISTOTY NAVRHOVANEHO RESENI

Vstupni udaje byly stanovovéany a idealizovdny s urCitou pres-
nosti a jako takové jsou zdrojem nejistot. Velmi zjednodusené je lze
shrnout do nasledujicich okruhd:

1. Stfety zajma — umisténi PA je navrZeno na zaklad¢ zevrubné
identifikace rozli¢nych stfetd zajmu tak, aby byly tyto stfety
minimalizovany. Pfesto nebylo moZné tyto stety zcela elimi-
novat. Navrh tedy predpokladd budouci jednani s dotCenymi
organy statni spravy a spravci infrastruktury, napf. vyjmuti ze-
médélskych pozemkt ze ZPF, zasahy do ochrannych pasem,
preloZky siti apod.

2. Mnozstvi VIP — pfi stanoveni uvazovaného stiedniho tepel-
ného vykonu UOS jednotlivych typtl bylo vyuZito znalosti
0 VJP cca k roku 2015 na elektrarnach a jeho stavu (konkrétni
typ a vyhoteni).

3. Geologické a hydrogeologické podminky — znalost geologic-
kych poméra se viceméné omezuje na data z 3D regiondlnich
a strukturné-geologickych a hydrogeologickych modeld po-
tencidlnich lokalit. Jejich validita zavisi na presnosti vstup-
nich udajii a mife aproximace pii jejich zpracovani. Bude déle
zpiesiiovano na zakladé provedenych geologickych a hydro-
geologicky prizkumt (budou provadény na vybranych kandi-
datnich lokalitach).

4. Teplo-technické vypocty — mnohé z vlastnosti potenciidlné
vyuzitelnych horninovych blokt, které jsou duleZzité pro te-
pelné vypocty, jsou dosud velmi zjednodusovany. Bude zapo-
tfebi upfesnit zejména pocatecni teplotu v horninovém bloku
a soucinitel tepelné vodivosti.

5. Vlastnosti inZenyrskych bariér — detailni vlastnosti a chovani
zejména bentonitové vyplné mezi UOS a sténou ukladaciho
vrtu (v danych napjatostnich, teplotnich a dalSich podmin-
kach) jsou doposud znamé jen ramcové. V budoucnosti budou

properties corresponded to those of
good quality rock types forming the
crystalline complex even in the case
of the worst parameters included in
the study) no plastic zones developed
in the vicinity of the excavation. The state of stress corresponding
to H=3V was the extreme state. The dimensions of plastic zones in
Fig. 6 and the excavation disturbed or damaged zones according
Table 1 correspond to this least favourable state.

UNCERTAINTIES OF THE PROPOSED SOLUTION

The input data was determined and idealised with certain accuracy
and as such are a source of uncertainties. In a very simplified way,
they can be summarized in the following areas:

1. Conflicts of interest — the SG location is designed on the basis
of detailed identification of various conflicts so that they are
minimised. Nevertheless, it was not possible to completely
eliminate the conflicts. The proposal therefore assumes
future negotiations with the state administration bodies and
infrastructure administrators concerned, e.g. agricultural land
plots exemption from the ALR, incursions into protected
zones, relocations of networks, e.t.c.

2. Volume of the SNF — when determining the mean design heat
power of WPs of individual types, the knowledge of the SNF
at power plants as of about 2015 was used (concretely the type
and spending).

3. Geological and hydrogeological conditions — the knowledge
of geological conditions is more or less limited to the data
obtained from 3D regional and structural-geological and
hydrogeological models of potential localities. Its validity
depends on the accuracy of the input data and the degree of
approximation in its processing. It will be further refined on
the basis of completed geological and hydrogeological surveys
(they will be conducted on selected candidate localities).

4. Thermal engineering calculations — many of the properties of
potentially usable rock blocks which are important for thermal
calculations are still greatly simplified. It will be necessary to
refine mainly the initial temperature in the rock block and the
coefficient of thermal conductivity.

5. Properties of engineering barriers — the detailed properties
and behaviour of bentonite infill between the DGR and the
wall of the disposal borehole (in the given stress related,
thermal and other conditions) are so far known only generally.
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podrobné zkoumény v ramci laboratornich a in-situ experi-
mentd.

6. Manipulacni technika — na zdkladé zpracovanych studii
a zkuSenosti ze strojniho prumyslu je predpokladano robotic-
ké ukladani. Po zpfesnéni predstavy o zplsobech ukladani
budou detailn€ navrzeny technické prostrfedky pro transport
a manipulaci s UOS.

7. Vyvoj technickych prostiedkti — navrhované technické fese-
ni je poplatné soucasnému stavu pozndni. Vzhledem k dlou-
hodobému ¢asovému horizontu pfipravy a realizace HU lze
predpokladat znacny vyvoj ve vSech zdjmovych oblastech to-
hoto projektu. Na zékladé provedenych aktualizaci, vyzkum-
nych a vyvojovych praci se miZe soucasné feSeni, nékteré
vstupy nebo postupy stat neplatnymi, zastaralymi, technicky

Vv

nebo ekonomicky naro¢néjSimi ¢i nedostate¢né bezpe¢nymi.
ZAVER

Problematika névrhu technického feseni HU rozsahové vyrazng
prevysuje moZnosti tohoto ¢lanku. Jeho cilem bylo alespon ramco-
vé informovat o technickém feSeni, okrajovych podminkéch, roz-
sahu a sloZitosti této budouci podzemni stavby.

Vystavba HU bude predstavovat nejrozsahlejsi podzemni stav-
bu, kterd zatim nemd v podminkidch CR obdoby. Srovnatelné-
ho charakteru je pouze podzemni zasobnik plynu Pfibram-Héje
a do jisté miry i podzemni dila v dobyvacich prostorech hlubin-
nych dold, jejichZ realizace vSak probihala za absolutné odlis-
nych podminek (efektivni dobyvani nerostnych surovin oproti
Setrné razbé HU za minimalniho ovlivnéni okolniho hostitelského
prostredi).

S ohledem na slozitost feSeni a nutnost zajisténi co nejvyssiho
stupné ochrany prfed moznymi riziky bude této problematice v bu-
doucnosti vénovana znacna pozornost. V navaznosti na aktualizo-
vanou koncepci nakladani s VJP a RAO bude samotna realizace
(nejdiive od roku 2050) tkolem pro dalsi generaci ¢eskych tune-
14rG. Prvni razby lze ocCekévat jiz v rdmci prizkumnych praci po
roce 2035.

Ing. ALEXANDR BUTOVIC, Ph.D.,
alexandr.butovic@satra.cz, SATRA, spol. s r.o.
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In the future, they will be examined in detail in laboratory and
in-situ experiments.

6. Handling equipment —robotic disposal is assumed on the basis
of the conducted studies and experience from the machine
industry. After refining the idea of the disposal procedures,
the technical means for transport and handling of the DGRs
will be designed in detail.

7. The development of technical means — the proposed technical
solution is subject to the current state of knowledge. With
respect to the long-term time horizon of the preparation
and construction of the DGR, significant development can
be expected in all areas of interest of this project. Based on
the conducted updates, research and development activities,
it may happen that the current solution, some inputs or
procedures, may become invalid, obsolete, technically or
economically more demanding or insufficiently secure.

CONCLUSION

Problems of designing the technical solution for the DGR
significantly exceed the possibilities of this paper in terms of the
extent. Its objective was to inform at least in general about the
technical solution, boundary conditions, the scope and complexness
of the future underground construction project.

The DGR construction will represent the most extensive
underground structure, which has no parallel in the Czech Republic.
Only the Pribram-H4je underground gas reservoir and, to a certain
extent, also underground workings in the working districts of deep
level mines are of a comparable character, but they were carried out
under absolutely different conditions (efficient mining of mineral
resources compared to the gentle excavation of the DGR with
minimal impact on the surrounding host environment).

With respect to the complexity of the solution and the need to
ensure the highest possible level of protection against possible
risks, considerable attention will be paid to this issue in the future.
Following the updated concept of the SNF and RAS management,
the construction itself (at the earliest from 2050) will be a task
for the next generation of Czech tunnelling engineers. The
first excavation activities can be expected as part of exploration
operations after 2035.
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ZAJIMAVE ASPEKTY PROVOZU TUNELOVEHO KOMPLEXU BLANKA
INTERESTING ASPECTS OF OPERATION OF BLANKA TUNNEL
COMPLEX

PAVEL SOUREK, LUKAS RAKOSNIK

ABSTRAKT

O tunelovém komplexu Blanka bylo na strdankdch casopisu Tunel napsdno jii nepreberné mnoZstvi informaci. Pomérné obsdhle byli
Ctendri sezndmeni s vystavbou, geotechnickymi podminkami, typy pouZitych konstrukci i jeho technologickym vybavenim. Popsdny byly pr-
votni zkuSenosti ze zkuSebniho provozu, dopady do dopravniho reZimu a vlivy na Zivotni prostredi mésta. Tunelovy komplex Blanka (TKB)
Je vSak svym rozsahem, dopady, pocty uZivatelii a sloZitosti instalovanych systémii natolik vyjimecny, Ze si zaslouZi i trochu jiny pohled.
Podivejme se v tomto ¢ldanku na TKB tak trochu s nadsdzkou, avSak v plné objektivnosti na zajimavosti z dosavadniho provozu a udrzby.

ABSTRACT

A plentiful amount of information has already been written about the Blanka tunnel complex (hereinafter referred to as the BTC) on the
pages of the TUNEL journal. The readers were relatively extensively acquainted with the construction, geotechnical conditions, types of
structures used and its technical equipment. The initial experience from the trial operation, impacts on the transport regime and impacts
on the urban environment were described in the paper. However, the BTC is so exceptional in its scope, impacts, number of users and
complexness of installed systems that it deserves also a slightly different view. In this article, let us look at the BTC with some exaggeration

but with full objectivity to the interesting facts from the past operation and maintenance.

uvob

Tunelovy komplex Blanka, presnéji feceno komplex tuneld Bu-
benecského, Dejvického a Brusnického, neni jisté tfeba na stran-
kach casopisu Tunel predstavovat. UZ proto, Ze v tuto chvili pro-
bih4 Sesty rok jeho tspéSného provozu. Tunelem doposud projelo
vice nez 200 mil. aut, maximdlni denni intenzity dopravy atakuji
i 95 tis. vozidel, konstrukce preckaly jiZ stovky dopravnich nehod
a vice neZ desitku poZari. Na rozdil od Ceské republiky, kde se jen
postupné rozpousti pachut slovniho spojeni ,,tunel* Blanka zapfi-
¢inény neschopnymi politiky a nekvalitnimi novinéfi, je ve svété
Blanka vzorem S$pickového technického i urbanistického vyreseni
problematiky individudlni automobilové dopravy ve mésté. Mnoz-
stvi zajmu a navstév z lokalit po celém svéte, spolecné s jeho vy-
bérem do reportu pracovni skupiny PIARC WGS ,, Velkd podzem-
ni a propojend infrastruktura“ (kde bylo popsano 27 tunelovych
komplexi z celého svéta a provedeno porovnani z hlediska kon-
struk¢nich 1 provoznich charakteristik a jejichZ provoznimi zkuSe-
nostmi se pracovni skupina hodl4 dale zabyvat) jsou toho jasnym
dikazem.

Trochu netunelafsky se ted s odstupem vice neZ pét let probi-
hajiciho provozu podivejme na ziskané zkuSenosti a na vybrané
zajimavé aspekty provozu, spravy a udrzby TKB.

ZAKLADNI INFORMACE

Pro ucelenost informaci a ziskani obecného prehledu i ,,nahod-
ného* Ctendfe Casopisu Tunel si v této kapitole zopakujme par
zcela zasadnich informaci ke stavbé tunelového komplexu Blanka
(podrobnéji [1]-[6]).

Tunelovy komplex Blanka tvofi severozdpadni ¢ast praZského
Méstského (vnitiniho) okruhu prochézejiciho silné urbanizova-
nym prostiedim stfedni ¢4sti mésta na hranici historického jadra
a rovnéZ prostorem chranéné piirodni pamatky Kralovska obora.
Trasa Méstského okruhu je pomoci mimoudroviiovych kfiZovatek
napojena na povrchovou sit v mistech portdli a v mistech styku

INTRODUCTION

The BTC, or more precisely the complex formed by the
Bubenec, Dejvice and Brusnice tunnels, certainly does not need to
be introduced on pages of the TUNEL journal. It is so just because
the sixth year of its successful operation is currently underway.
More than 200 million cars have passed through the tunnel, the
maximum daily traffic volume is attacked by 95 thousand vehicles.
The structures have survived hundreds of traffic accidents and
more than a dozen fires. As opposed to the Czech Republic, where
the bad smell of the phrase “Blanka tunnel” which was caused
by incompetent politicians and poor quality journalists is only
gradually dissolving; in the world the Blanka is a model of top
technical and urban solutions to the problem of individual car
transport in a city. The amount of interest and numbers of visits
from locations around the world, together with its selection to the
report of the PTARC WG5S working group “Large underground
and interconnected infrastructure” (where 27 tunnel complexes
from around the world were described and compared in terms of
design and operational characteristics and operational experience
the working group intends to address further), are the clear
evidence.

Let us look at the experience gained and at selected interesting
aspects of the operation, administration and maintenance of the
BTC in a little non-tunnelling way, now with a gap of more than
five years of continuing operation.

BASIC INFORMATION

For the sake of completeness of information and obtaining a
general overview even for a “random” reader of the TUNEL journal,
let us repeat in this chapter some absolutely essential information on
the construction of the BTC (in more detail [1] —[7]).

The BTC forms the north-western part of the internal City Circle
Road (CCR) passing through the heavily urbanised environment
of the central part of the city on the boundary of the historic core
and also the space of the Kralovskd obora (Royal Game Reserve)
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@ tunel Bubenecsky Bubene tunnel
. tunel Dejvicky Dejvice tunnel
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Obr. 1 Prehlednad situace tunelového komplexu Blanka
Fig. 1 Synoptic plan of the Blanka tunnel complex

jednotlivych tunelovych usekl. Celkem sestava podzemni trasa ze
tfi na sebe bezprostiedné navazujicich tunelt (obr. 1):

e Tunel Brusnicky (1,4 km) vede od severniho portalu Strahov-
ského tunelu ve stopé ulice Patockovy nejdfive hloubenymi
tunely. Za kfizovatkou s ulici Myslbekova vstupuje trasa do
razeného useku, ktery kon¢i pred kfizovatkou Prasny most.

e Tunel Dejvicky (1,0 km) zacind v mimouroviiové kfiZovatce
Prasny most a pokracuje v celé délce hloubenymi tunely ve
stopé tfidy Milady Hordkové a7z do mista mimouroviiové kii-
zovatky U Vorlikil na Letné.

e Tunel Bubenecsky (3,07 km) pokracuje od kiiZzovatky U Vor-
likt nejdrive kratkym hloubenym udsekem na Letné, na ktery
navazuje raZeny usek vedouci smérem pod zdstavbu, Stromov-
ku (Kralovské obora), plavebni kanal, Cisatsky ostrov, Vltavu,
a potom dalsim hloubenym tsekem az k trojskému portalu.

Délka celého tunelového komplexu ¢ini 5 483 m v severni tune-
lové troubé a 5 471 m v troubé jizni. Trasa je podle hloubky uloZe-
ni, vySky nadloZi a prostorovych a dispozi¢nich moZnosti vedena
v tunelech razenych i hloubenych. Celkova délka vSech razenych
tunelovych trub dosahuje 5,54 km (vSechny useky raZeny s vyu-
zitim NRTM), celkovd délka vSech hloubenych tunelovych trub
je 6,56 km (vyuzito jak klasickych hloubenych tuneld, tak tunelt
s Celnim odtéZovanim).

Vystavba probihala postupné cca 10 let, do provozu byl cely tu-
nelovy komplex uveden 19. 9. 2015.

Stavba byla financovana z rozpoc¢tu hlavniho mésta Prahy. Pro
Technickou spravu komunikaci hl. m. Prahy a.s. zajistuje provoz
spravu a udrzbu tunelt sdruzeni SAT-MET sestavajici ze spolec-
nosti SATRA spol. s r.0. a Metrostav a.s., tedy spolecnosti, které se
vyznamné podilely na projektové i realizacni ¢asti vzniku tohoto
nejen na ¢eské poméry rozsahlého pocinu.

protected natural monument. The CCR route is linked through grade-
separated intersections to the surface network in the locations of

portals and locations of contacts between individual tunnel sections.
In total, the underground route consists of three directly connected
tunnel sections (see Fig. 1):

e The Brusnice tunnel (1.4km) running from the northern portal
of the Strahov tunnel along the footprint of Patockova Street,
first through cut-and-cover tunnels. Behind the intersection with
Myslbekova Street, the route enters the mined section, ending
before the Prasny Most intersection.

e The Dejvice tunnel (1.0km) beginning at the area of Prasny
Most. Its entire length continues through cut-and-cover tunnels
under the footprint of Milady Hordkové Street to the future
U Vorlikii grade-separated intersection in Letna.

e The Bubenec¢ tunnel (3.07km) continuing from the U Vorlikd
intersection, first with a short cut-and-cover section in Letna,
followed by a mined section leading below the built-up area,
the Stromovka Park (Royal Game Reserve), shipping canal,
Cisarsky Ostrov island, the Vltava and then another cut-and-
cover section up to the Troja portal.

The length of the entire complex of tunnels amounts to 5483m in
the northern tunnel tube and 5471m in the southern tunnel tube. The
route is led either in mined or cut-and-cover tunnels, depending on
the height of the overburden and the spatial and layout possibilities.
The total length of all mined tunnel tubes amounts to 5.54km (all
sections driven using the NATM); the total length of all cut-and-
cover tunnel tubes amounts to 6.56km (using both classical cut-and-
cover tunnels and tunnels driven using the Top-Down system).

The construction continued gradually for about 10 years, the whole
complex of tunnels was brought into service on 19 September 2015.




ZAJIMAVA FAKTA O PROVOZU

Ze statistiky dosavadniho provozu lze interpretovat fadu zajima-
vych ¢isel a udalosti:

* cca 200 mil. vozidel vyuZilo podzemni trasu TKB misto povr-
chovych komunikaci (pocet vozidel, kterd pouzila alespoii je-
den z tuneli);
bezpecnost provozu v TKB je vice nez Skrat vyssi neZ na povr-
chové silni¢ni a uli¢ni siti (stanoveno na zakladé podkladt od
TSK hl. m. Prahy a statistiky provozovatele);

v tunelu je instalovano cca 6 500 technologickych zafizeni a dal-

Sich cca 100 000 technologickych prvkda, které trvale zasilaji in-

formace do fidiciho systému ke zpracovani vstupnich informaci

o své funkci, nastaveni ¢i zjisténé hodnoté sledované proménné;

 kazdy mésic prekroci limit maximalni povolené rychlosti v tu-

nelovém komplexu primérné 1500 fidica vozidel;

v tunelu plosné nefunguje GPS navigace (aktudlné je snahou,

alesponi v kritickych profilech pred vyjezdy, signdl z povrchu

prenést pomoci GPS repeatri);

* zékaz vjezdu a vstupu do tunelu (silnice pro motorova vozidla)
porusuji kromé chodct a cyklistl i psi nebo liska, zajic, kuna,
kachny a holubi (a jini ptaci);

e zdkaz vjezdu cyklisti do tunelu dokazali pfislusnici policie vy-

fesit domluvou i s hluchonémymi cyklisty;

do tunelu je zakazéan vjezd néakladnich vozidel nad 12 t, piesto

jej denné porusi desitky az stovky fidi¢t ndkladnich vozidel li-

mit nespliiujicich;

Obr. 2 Nehoda v rozpletu tunelu
Fig. 2 Accident in the tunnel bifurcation
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The project was funded from the budget of the Prague capital.
The operation and administration of the tunnels is provided for the
company of Technical Administration of Roads (TSK) by the SAT-
MET consortium consisting of SATRA spol. s r.o. and Metrostav
a.s., i.e. companies that significantly participated in the design and
construction part of the origination of this event, large not only in
Czech terms.

INTERESTING FACTS ON THE OPERATION

A number of interesting numbers and events can be interpreted

from the statistics of the previous operation:

e approximately 200 million vehicles used the BTC underground
route instead of surface roads (the number of vehicles that used
at least 1 of the tunnels);

e traffic safety in the BTC is more than 5 times higher than on
the surface road and street network (determined on the basis
of documents from the Prague Technical Administration of
Roads and operator's statistics);

 approximately 6,500 pieces of technical equipment and another
approximately 100,000 technical elements are installed in the
tunnel permanently sending information to the control system
to be processed in terms of its function, setting or the detected
value of the monitored variables;

e every month, an average of 1,500 vehicle drivers exceed the

maximum speed limit in the complex of tunnels;

Obr. 3 Vozidlo v protisméru v tunelu
Fig. 3 Vehicle against current of traffic

Obr. 4 Vysypané kufry na tunelové rampé
Fig. 4 Baggage spilled on tunnel ramp

Obr. 5 Chodec v tunelu
Fig. 5 Pedestrian in the tunnel
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Obr. 6 Nehoda motocyklisty v tunelu
Fig. 6 Motorcyclist accident in the tunnel

 tunelova trasa je pokryta kromé signalu GSM i signdlem Ses-
ti rozhlasovych stanic (Cesky rozhlas 1 — Radiozurnal, Radio
Impuls, Radio City, Radio Blanik, Fajn Rédio a Cesky rozhlas
Plus), pti¢em?Z pouze frekvence Ceského rozhlasu je pripravena
§ifit dopravni informace;

e jeden ridiC zacal v tunelu opravovat vozidlo, protoze venku pr-
Selo;

e filmové zabéry z interiéru tunelu mizete vidét i v mnoha re-
klamnich, seridlovych a filmovych snimcich (obr. 2-7).

STATISTIKA MIMORADNYCH UDALOSTI V TUNELOVEM
KOMPLEXU BLANKA ZA OBDOBI PROVO2U

V niZe uvedenych tabulkdch je uveden stru¢ny piehled mimorad-
nych udalosti, ke kterym doslo v obdobi od zahajeni zkuSebniho
provozu (15. 9. 2015) do konce roku 2020 v jednotlivych dsecich
tunelového komplexu. Komplex je pod nepretrzitym dohledem jak
dispecert technologie TSK hl. m. Prahy provadénym z velinu Stra-
hov a dispeCera provozovatele sdruzeni SAT-MET, tak operatora
dopravy z fad oddéleni centralniho fizeni dopravy Dopravni policie
krajského feditelstvi Praha, provddénym z hlavni dopravni fidici
ustfedny v ul. Na Bojisti. Vzhledem k peclivému dohledu tunelové
obsluhy statistika obsahuje nejen nehody s povinnosti hlaseni Poli-
cii CR, ale i mén& vyznamné nehody pouze s materidlnimi $koda-
mi, na které se tato povinnost podle zdkona o provozu na pozem-
nich komunikacich nevztahuje.

V ramci obrazového doprovodu tohoto ¢lanku se muzZe Ctenar
seznamit s nékterymi ze jmenovanych situaci, Casto s nasledkem
mimoradné udalosti v tunelu. Ukédzky svou nedokonalou kvali-
tou odpovidaji zdroji, kterym jsou kamery videodohledu tunelu.
Obsahove jsou Casto nepochopitelné, nicméné ukazuji, co vSe se
v tunelu skute¢né mize stat. S témito zkusenostmi, a s jejich presa-
hy do pozadavkl na bezpecnost, je tieba pristupovat k navrhovani
novych tuneld nebo k rekonstrukcim téch stavajicich (obr. 8-16).

ZAVADY NA TKB S NASLEDKEM UZAVRENI PROVOZU
TUNELU

Provoz velmi slozitého technologického systému tunelového kom-
plexu je nanejvyse naro¢nou disciplinou nejen pro vSechny operatory,
dispecery, ale rovnéZ pro servisni organizaci. A to i ptes skuteCnost,
Ze vétsina tkoni reagujicich na mimoradné stavy je automatizovana.
Znamkou kvality realizacnich firem a jejich dodavatelil je Zivotnost
a predevsim pak provozni bezvadnost dodanych prvkl a zafizeni.

Obr. 7 Nehoda vozidla v tunelu
Fig. 7 Vehicle accident in the tunnel

¢ GPS navigation does not work widely in the tunnel (currently
the effort is, at least in critical profiles before exits, to transmit
the signal from the surface using GPS repeaters);

¢ in addition to pedestrians and cyclists, the ban on entering of
vehicles and entering the tunnel in general (roads for motor
vehicles) is also violated by dogs or foxes, hares, martens,
ducks and pigeons (and other birds);

¢ members of the police were able to resolve the ban on cyclists
entering the tunnel by agreement, even with deaf-mute cyclists;

e entering the tunnel is forbidden to lorries over 12 tonnes,
nevertheless the ban is violated every day by tens to hundreds
lorry drivers who do not observe the limit;

e the tunnel route is covered not only by the GSM signal but also
by the signal of 6 radio stations (Czech Radio 1 — RadioZurnal,
Radio Impuls, Radio City, Radio Blanik, Fajn Radio and
Czech Radio Plus), while only the Czech Radio frequency is
ready to disseminate traffic information;

e one driver started to repair his vehicle inside the tunnel because
it was raining outside;

* You can also see film shots from the tunnel interior in many
commercials, series and film pictures (see Figures 2-7).

STATISTICS OF EXTRAORDINARY EVENTS
IN THE BLANKA TUNNEL COMPLEX GATHERED
IN THE OPERATING PERIOD

A brief overview of extraordinary events that occurred in from
the start of trial operation (15 September 2015) to the end of 2020
in individual sections of the complex of tunnels is provided in the
tables below. The complex is under the constant supervision by
both the Technical Administration of Roads of Prague carried out
from the Strahov control room and the dispatcher of the SAT-MET
consortium, as well as traffic operators from the Central Traffic
Management Department of the Prague Transport Police of the
regional Prague directorate, carried out from the main traffic control
centre in Na Bojisti Street. Owing to the careful supervision by the
tunnel operator, the statistics include not only accidents with the
obligation to report to the Police of the Czech Republic, but also
less significant accidents only with material damage to which this
obligation does not apply according to the Road Traffic Act.

As part of the pictorial accompaniment of this article, the
reader can get acquainted with some of the above-mentioned
situations, often as a result of an extraordinary event in the tunnel.
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Tab. 1 Prehled mimorddnych uddlosti v tunelech Brusnicky, Dejvicky a Bubenecsky za obdobi 1. 1. 2020 aZ 31. 12. 2020
Table 1 Summary of extraordinary events in the Brusnice, Dejvice and Bubenec tunnels for the period from 1 January 2020 to 31 December 2020

MO-A (Troja — Malovanka) Celkem MO-B (Malovanka - Troja) Celkem Celkem
Udalost MO-A (Troja — Malovanka) MO-A MO-B (Malovanka - Troja) MO-B MO
Event Brusnice | Dejvice | Bubene¢ | CCR-A | Brusnice | Dejvice | Bubeneé | CCR-B CCR
Brusnice | Dejvice | Bubene¢ | total Brusnice | Dejvice | Bubene¢ | total total

pozar v dopravnim prostoru tunelu

fire in transport space of tunnel 2 0 2 4 2 0 5 7 11
dopravni nehoda — se zranénim

traffic accident — with injury 0 0 2 2 0 0 0 0 2
dopravni nehoda

— pouze s hmotnou Skodou

traffic accident — only with material 19 ¢ 2 43 19 & = e o
damage

nepojizdné vozidlo, pfekazka v dopravé

disabled vehicle, obstacle of traffic 66 21 17 204 34 43 100 17 381
— z toho vlivem nedostatku PHM

— of that due to lack of fuel 1 2 E 4 2 : . U &
vozidlo v protisméru

vehicle against current of traffic 2 0 2 s 6 0 0 8 e
vyskyt osob nebo zvifat v tunelu

occurrence of persons or animals in 5 0 9 14 4 4 14 22 36
tunnel

— z toho vyskyt zvifat

— of that occurrence of animals 1 0 0 1 0 0 2 2 3
Tab. 2 Prehled mimorddnych uddlosti v tunelech Brusnicky, Dejvicky a Bubenecsky za obdobi 15. 9. 2015 aZ 31. 12. 2020
Table 2 Summary of extraordinary events in Brusnice, Dejvice and Bubenec tunnels for the period from 15 September 2015 to 31 December 2020

MO-A (Troja — Malovanka) Celkem MO-B (Malovanka - Troja) Celkem Celkem
Udalost MO-A (Troja — Malovanka) MO-A MO-B (Malovanka - Troja) MO-B MO
Event Brusnice | Dejvice | Bubene¢ | CCR-A | Brusnice | Dejvice | Bubene¢ | CCR-B CCR
Brusnice | Dejvice | Bubene¢ | total | Brusnice | Dejvice | Bubeneé | total total

pozér v dopravnim prostoru tunelu

fire in transport space of tunnel 2 1 4 v 2 1 5 8 15
dopravni nehoda — se zranénim

traffic accident — with injury 2 L N 9 N 2 : U I
dopravni nehoda

- pouze s hmotnou Skodou

traffic accident — only with material 105 29 = = 67 61 el 265 483
damage

nepojizdné vozidlo, piekazka v dopraveé

disabled vehicle, obstacle of traffic 511 170 733 1414 182 220 569 7t 2385
— z toho vlivem nedostatku PHM

— of that due to lack of fuel 89 2 7 Uy 59 20 w0 80 e
vozidlo v protisméru

vehicle against current of traffic 30 8 59 48 b2 i i n e
vyskyt osob nebo zvifat v tunelu

occurrence of persons or animals in 29 14 51 94 88 40 73 201 295
tunnel

— z toho vyskyt zvifat

— of that occurrence of animals [ 0 [ 2 [ 0 5 5 v

Dohromady pak 1ze mnoZstvim uzéavér tunelu vlivem zavad na tech-
nologii, nevhodném ovladani nebo nastaveni hodnotit celkovou kva-
litu dodaného dila. V pripadé TKB, ktery piekracuje svou sloZitosti
a naro¢nosti viechny doposud provozované tunely v CR, 1ze po vice
nez péti letech konstatovat, Ze nedoslo k Zadnym vyznamnéj$im ex-
cestim a tunel tak jednoznacné potvrdil vysokou uroven jak projektu,
tak i realizace. Nicméné n€kolik zdvad vedoucich k uzavfeni tunelu
presto nastalo, niZe jsou proto okomentovany:
¢ Instalované koutové Cidlo EPS zapficinilo uzavieni tunelu vli-
vem zakoufeni prostoru mistnosti TGC6 s umisténymi UPS.
Naslednou prohlidkou na misté byl jako pricina zjistén zkrat
kondenzatortt UPS. Po opravé spocivajici ve vyméné kondenza-
torti pokracoval provoz UPS bez problému.
 Selhani sitového zafizeni (redundantni pateini Switch v TGC3)
slouziciho ke smérovani datovych toki v technologické siti
tunelu. V disledku toho nastal rozpad VRRP (Virtual Router
Redundancy Protocol — protokolu slouziciho pro plnohod-

The illustrations with their imperfect quality correspond to the
sources, the tunnel video surveillance cameras. Their content is
often incomprehensible, but they show what can really happen
in a tunnel. With this experience in head, and with its overlaps
into safety requirements, it is necessary to approach designing
of new tunnels or reconstructions of existing ones (see Figures
8-16).

BTC DEFECTS RESULTING FROM TUNNEL OPERATION
CLOSURE

The operation of the very complex technological system of the
complex of tunnels is a highly demanding discipline not only for
all operators, dispatchers, but also for service organization. This
is despite the fact that most responses to extraordinary states are
automated. A sign of the quality of construction companies and
their suppliers is the service life and, above all, the operational
flawlessness of the delivered elements and equipment. Together, the



30. rocnik - €. 2/2021

S
Obr. 8 Pes v tunelu Obr. 9 Skateboardista v tunelu
Fig. 8 Dog in the tunnel Fig. 9 Skateboarder in the tunnel

Obr. 10 Neuposlechnuti evakuace v tunelu Obr. 11 PoZdr vozidla v tunelu
Fig. 10 Disobedience to evacuation of the tunnel Fig. 11 Vehicle fire in the tunnel

Obr. 12 Uzavreny tunel Obr. 13 Toaleta v tunelu
Fig. 12 Closed tunnel Fig. 13 Toilet in the tunnel

notné automatické prevzeti funkce mezi patefnimi switchi A | total quality of the delivered work can be assessed by the amount
a B — ziloha). Po rozpadu VRRP protokolu vznikl tzv. ,,Split of tunnel closures due to defects in equipment, improper control
Brain® kvili ¢emuZz vystupovaly oba L3 switche (A i B) pod or setting. In the case of the BTC, the complexity and demands of
stejnou virtudlni IP adresou, takze zafizeni v siti nebyla schop- which exceed all the tunnels operated so far in the Czech Republic,
na komunikovat. Zavada paralyzovala smérovani datovych toku it can be stated after more than 5 years that no significant excesses
v celé siti, na zakladé cehoz se sit stala nefunk¢ni a bylo tfeba | have occurred and the tunnel thus unequivocally confirmed the
tunel z diivodu nemoznosti jej ovladat uzavfit. Nalezeni pficiny high level of both the design and construction. However, several
v tomto pripadé, v ramci velmi rozsdhlé tunelové sité€ a potfeby defects leading to a closure of the tunnel still occurred despite this

provéfit a restartovat vSechna pfipojena sifova zafizeni (dohle- fact, so they are commented below:
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Obr. 15 Vypadnuty ndklad v tunelu
Fig. 15 Load dropped in the tunnel

Obr. 14 Uzavreny tunel — evakuace
Fig. 14 Closed tunnel — evacuation

¢ An installed FAD smoke sensor caused the tunnel closure due

Obr. 16 Lamborghini po poZdru v tunelu
Fig. 16 Lamborghini after fire in the tunnel

dovy kamerovy systém 422 kamer a 30 servert, videodetekcni
systém 15 servert, 226 IP telefoni a 3 ustfedny, systém 46 SOS
hlasek a fidicich jednotek, mistni rozhlas 23 ustfeden), zabralo
dlouhych 14 hodin. Vznikla dopravni situace vedla k rozsahlé
dopravni kongesci v podstaté na vSech hlavnich dopravnich
tepnach Prahy (obr. 17). Z nasledné provedeného Setieni vyply-
nulo, Ze veSkeré vnéjsi vlivy a podminky byly ve standardnim
rezimu (teplota, napajeni, zdsah zvenci apod.), jako pficina tak
byla identifikovdna zdvada firmware redundantniho péatefniho
switche A.

Dlouhodobym problémem jsou i lokalni priasaky skrz definitivni
osténi, mj. v oblasti napojeni TGC4 na severni tunelovou trou-
bu. Prosakujici podzemni voda stékajici na vozovku zhorSovala
bezpecnost provozu, na coZz musel reagovat operator dopravy.
Tyto prisaky vedly v n€kolika pfipadech k potrebé omezeni do-
pravy v tunelech (ke sniZeni povolené rychlosti, ptipadné tpl-
nému uzavieni jizdniho pruhu), a to bud pravého, nebo levého
jizdniho pruhu, pfipadné pro potfebu okamzitého zésahu i k po-
tiebé docasného uzavieni celého tubusu. Tato problematika je
nadale feSena dil¢imi opravami, a to bud injektaZznimi pracemi,
nebo organizovanymi svody.

VYVOLANE UPRAVY PLYNOUCI Z PRUBEHU PROVOZU

Z divodu vyskytu nevhodného chovéni nekterych fidi¢u v tune-

lech a v navazujicich kfiZovatkach byla v priitbéhu dosavadniho pro-
vozu navrhovana a postupné dopliiovana rizna dopravné-inZenyrska
opatfeni. Lze konstatovat, Ze nejvice ,fidicského bloudéni* se vy-

skytovalo v okoli mimotroviiové kiiZzovatky Malovanka. Dochézelo

zde i k tak nebezpeCnym jeviim, jako je jizda v protisméru, a to nejen
po rampach kfiZovatky, ale i na hlavni trase Méstského okruhu.

to the smoke logging of the Technical Services Centre TSC6
room with UPS equipment located in it. A subsequent on-site
inspection revealed a short circuit in the UPS capacitors. After
the repair consisting in replacement of the capacitors, the UPS
operation continued without problems.

Failure of a network device (the redundant backbone switch
in TSC3) used to reroute data flows in the tunnel technical
network. As a result, the disintegration of the VRRP (Virtual
Router Redundancy Protocol — a protocol used for full-fledged
automatic takeover of functions between backbone switches A
and B — the backup) occurred. After the breakdown of the
VRRP protocol, the so-called “Split Brain” took place, which
is why both L3 switches (A and B) appeared under the same
virtual IP address, therefore the devices in the network were
not able to communicate. The fault paralysed the routing of
data flows within the entire network; as a result, the network
became inoperable and it was necessary to close the tunnel
due to the impossibility of controlling it. Finding the cause
in this case within a very large tunnel network and the need
to check and restart all connected network devices (the
surveillance camera system with 422 cameras and 30 servers,
the video detection system with 15 servers, 226 IP phones
and 3 switchboards, the system of 46 emergency call niches
and control units, local radio, 23 exchanges), took long 14
hours. The resulting traffic situation led to extensive traffic
congestion on virtually all major traffic arteries in Prague
(see Fig. 17). The subsequent investigation showed that all
external influences and conditions were in the standard mode
(temperature, power supply, intervention from the outside,
etc.), a firmware failure of the redundant backbone switch A
was identified as the cause.

Local leaks through the final lining are also a long-term
problem, among others in the area of the TSC4 connection to
the northern tunnel tube. Leaking groundwater flowing on the
roadway surface worsened the traffic safety. The traffic operator
had to respond to this situation. The leaks led in several cases
to the need for limiting traffic flow in tunnels (to reduce the
speed limit, or completely close the lane, either the right or left
lane), or to the need for immediate intervention, even the need
to temporarily close the entire tube. These problems are still
being solved by partial repairs, either by grouting operations
or by an organized water collection system.
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MODIFICATIONS INDUCED DURING
OPERATOION

Due to the occurrence of inappropriate
behaviour of some drivers in the tunnels
and at adjacent intersections, various traffic
engineering measures were proposed and
gradually added during the current traffic
operation. It can be stated that most of the
cases of drivers taking a wrong way occurred
in the vicinity of the Malovanka grade-
separated intersection. Even such dangerous
phenomena as driving against current of traffic
occurred there, not only on the intersection
ramps, but also on the main route of the City
Circle Road.

Together with the representatives of the
Police of the Czech Republic, the Road
Administration Office of the City of Prague
and the project owner, the designer solved
lots of traffic engineering measures, which
were aimed at improving the situation. It
was primarily a matter of increasing drivers’
awareness of directions of individual lanes

Obr. 17 Stav komunikacni sité hl. m. Prahy krdtce po zahdjeni omezeného provozu TKB (11. 4. 2018

v 8:52)

Fig. 17 Condition of the road network of Capital City Prague shortly after the start of the limited

operation of the BCT (April 11, 2018 at 8:52 am)

Se zastupci Policie CR, Silniéné spravniho tfadu Magistratu
hlavniho mésta Prahy a investora tak byla projektantem feSena rada
dopravné-inZenyrskych opatfeni, kterd méla za cil situaci zlepsit.
Jednalo se predné o zvyseni informovanosti fidi¢ti o smérovani jed-
notlivych jizdnich pruhii pred kfiZovatkami, kdy byly formou vodo-
rovného dopravniho znaceni na vozovce doplnény napisy s mistnimi
cili. Tyto Gpravy byly provedeny pred kfiZovatkou Malovanka, ve
Strahovském tunelu, v ulici Pato¢kova i v Brusnickém tunelu. Pfinos
v lepsi orientaci fidica a jejich mensimu zmatkovani byl znatelny,
ovSem s ohledem na oznaceni mistnich cili pouze pro znalé fidice.

Dale doslo ke zvyraznéni nékterych zakdzanych jizdnich smért —
predné zédkazy vjezdu do protisméru. V pritbéhu zkusebniho provozu
se vyskytly pripady, kdy fidi¢i byli schopni jizdou tunelem v pro-
tisméru urazit i jednotky kilometrd. Nékterym se podafilo prijezd
tunely dokoncit, fadu z nich na misté stihly vyfesit policejni hlidky.
PrestoZe se vétSinou jednalo o no¢ni obdobi s niZ§im dopravnim pro-
vozem, vZdy se jednalo o velmi nebezpe¢nou mimorddnou udalost
v tunelu, ktera z dvodu bezpecnosti vyvolala automatickou reakci
spocivajici v uzavieni tunelu pro dalsi uzivatele.

P1i zkuSebnim provozu déale dochazelo k pomérné Castym vstu-
pim pésich do tunelovych ramp z okolnich chodnikd, prestoZe to
osazené dopravni znaceni ,.silnice pro motorova vozidla®“ znemoz-
fuje. Nejcastéjsi vyskyt byl zaznamendn v oblasti mimouroviiové
ktizovatky PrasSny most, kdy se z ulice Svatovitska pési (v¢. skupin
zahraniCnich turistil) pokouseli pro smér Prazsky hrad vyuzit pra-
vé vjezdovou rampu do tunelu Brusnice. Vyjimkou vSak nebyly ani
osoby s détskym kocarkem pohybujici se po nouzovém chodniku
v tunelu Brusnice. Jako opatieni tedy bylo zvoleno doplnéni dalSich
zakazovych znacek pro pési, a to ve formé svislého i vodorovného
dopravniho znaceni na nouzovych chodnicich u portali.

Dalsi skupinou opatfeni pro zvyseni bezpecnosti provozu bylo
doplnéni znaceni a zafizeni pro slozky integrovaného zachranného
systému. Jednalo se napiiklad o:

in front of intersections, where signs with
local destinations were added in the form
of horizontal road marking on the roadway.
These modifications were carried out in
front of the Malovanka intersection, in the
Strahov tunnel, in PatoC¢kova street and in the Brusnice tunnel. The
contribution to better orientation and less confusion of drivers was
noticeable, but with regard to the marking of local destinations
considered good only by knowledgeable drivers.

Furthermore, some prohibited driving directions were high-
lighted — first of all, the bans on entering the tunnel against current
of traffic. During the trial operation, there were cases when the
drivers were able to travel several kilometres through the tunnel
in the opposing direction. Some managed to complete the passage
through the tunnels, many of them were solved on the spot by police
patrols. Even though it was mostly at night time with less traffic,
it was always a very dangerous emergency in the tunnel, which
for safety reasons triggered an automatic response consisting in
closing the tunnel for other tunnel users.

During the trial operation, there were also relatively frequent
pedestrian entrances to the tunnel ramps from the surrounding
pavements despite the fact that this is prevented by the installed
traffic signs “road for motor vehicles” The most frequent
occurrence was recorded in the area of the Prasny Most grade-
separated intersection, where pedestrians from Svatovitska Street
(including groups of foreign tourists) tried to use the entrance ramp
to the Brusnice tunnel for the direction of Prague Castle. However,
persons with prams moving along the emergency walkway in the
Brusnice tunnel were no exception. As a measure, adding other
prohibitory signs for pedestrians was therefore chosen, in the form
of vertical traffic signs and marking on emergency walkways near
portals. Another group of measures to increase operational safety
was the addition of markings and equipment for the components of
the integrated rescue system. There were, for example:

e Addition of the designation of individual tunnel ramps,

including exit ramps, in order to facilitate orientation for IRS
units entering a closed tunnel.
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e Doplnéni oznaceni jednotlivych tunelovych ramp za ucelem
usnadnéni orientace pii vjezdu jednotek IZS do uzavieného tu-
nelu v¢. vyjezdovych ramp.

* Doplnéni blikaci a jejich aktivace u tunelové propojky, ktera je
ur¢ena fidicim systémem pro zasah hasic¢l v zasaZené tunelové
troubé.

e Doplnéni vodorovného znaceni Zlutych kiizii na vozovku tunelu
v misté horizontalnich zavor. Ty jsou orientovany tak, Ze otevi-
rani je navrzeno ve sméru jizdy bézného provozu. Pfi uzavieni
tunelu a jizdé jednotek IZS v protisméru tunelu vSak nékolikrat
doslo k poskozeni vozidel IZS zavorou, kterou si posadka vozi-
dla manualné otevirala.

e Byly upraveny ¢asti tzv. ,,malé* provozni vzduchotechniky pro
zajisténi vhodné&jsich klimatickych podminek v urcitych ¢astech
stavby, mj. s ohledem na stav vlhkosti.

* Ddle doslo k fadé mensSich tprav v fidicim systému tunelu vcet-
né jejich zakomponovani do dispecerské vizualizace pro snazsi
a intuitivnéjsi ovladani stavby.

Z dtvodu dosazeni vyssi plynulosti dopravy na vyjezdu z Bu-
benecského tunelu v ulici Nova Povltavskd doslo v prabéhu zku-
Sebniho provozu ke zvySeni poctu jizdnich pruhii v rampé na most
Barikadnikd. Na mosté doslo k nasazeni nékolika kratkodobych do-
pravné-inZenyrskych opatieni, ktera variantné fesila pribéh jizdnich
pruhi v misté pfipojeni rampy na most Barikadnikii smérem do ulice
V HoleSovickéch. Dalsi tpravy tohoto druhu jsou i dale provéfoviny
a probihd jednani o dal$im nasazeni takovychto dprav s cilem za-
jistit co nejplynulejsi spojeni velmi intenzivnich dopravnich proudi
jedoucich z TKB a z mostu Barikddniki do ulice V HoleSovickach.

Nicméné proces provozu tunelu pozemni komunikace ve méste,
natoz pak takto rozsdhlého jako TKB, je trvale Zivy proces. Je tieba
neustale reagovat na nové podnéty a zvysovat tak nejen komfort uZzi-
vateld s cilem zajistit mj. plynulost provozu, ale predevsim sniZovat
riziko vzniku mimoradné udalosti, resp. zvySovat bezpeCnost a ome-
zit tak miru potencidlnich nasledkti mimotadnych udalosti. I proto
tento Clanek graficky dopliiuji predevSim zdbéry z mimoradnych
udalosti v TKB.

CENA PRO VYTVARNE RESENI VYDECHOVEHO OBJEKTU
NAD KRALOVSKOU OBOROU

Soucasti stavebnich objekti celého tunelového komplexu Blanka,
kterych bylo celkem 611, byl i vydechovy a nasavaci objekt vzdu-
chotechniky Nad Kréalovskou oborou. Tento objekt byl po staveb-
ni strance dokoncen jiz v roce 2014, tak aby jako nezbytna soucast
vzduchotechniky tunelu byl uveden do provozu v zafi 2015. Nic-
méné dokoncen byl pouze v ,,holé* podobé (obr. 18). Pivodni ar-
chitektonické reSeni bylo na Zadost mistnich obcanskych iniciativ
opusténo. Jiz v roce 2009 byl na zdkladé nové soutéZe na vizualni
pojeti vydechového kominu vybran zastupci mistnich obyvatel vy-
tvarnik Federico Diaz se svym uméleckym navrhem plasté vydechu
simulujicim pfirodni kfivky. Vlivem ponékud zdlouhavého obdobi
pripravy slozitého povolovaciho a schvalovaciho procesu (vliv zmén
na prazskych radnicich), resp. neochoty dodavatele stavby TKB dilo
realizovat, bylo po mnoha navrzich variant technického feSeni plas-
tiky sochar'ského pojeti plasté vydechu s realizaci zapocato aZ v roce
2019. Dokonceni celého plasté plastiky, v€. pfilehlého parteru, na-
stalo v dubnu 2020. Trpélivost vSech aktéra pripravy, tj. studia Fede-
rio Diaz, SATRA, TBG Metrostav a predevsim pak investora z INV
MHMP vsak vedla k velmi pozitivnimu vysledku. Kromé skutecnos-
ti, Ze po vice nez deseti letech ,,aporné* pripravy se podarilo moderni
socharské dilo pod ndzvem Heraldic (obr. 19) spolu s okolnim par-
terem veifejného prostranstvi dokoncit, dilo ziskalo ihned vyznamné
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Obr. 18 Dokoncené hrubé konstrukce vydechového objektu Nad Krdlovskou
oborou pri uvedeni tunelu do provozu
Fig. 18 Completed fabric of the exhaust structure Nad Krdlovskou Oborou
when bringing the tunnel into service

* Addition of flashing lights and their activation at the tunnel
cross passage which is determined by the control system for
the intervention of firefighters in the affected tunnel tube.

* Addition of horizontal marking with yellow crosses on the
tunnel roadway in the location of horizontal barriers. These are
oriented so that their opening is designed to be in the direction
of normal traffic. However, when the tunnel was closed and
the IRS units were running in the opposite direction, the IRS
vehicles were damaged several times by a barrier which the
vehicle crew opened manually.

* Parts of the so-called “small” operating ventilation system
were modified to ensure more suitable climatic conditions in
certain parts of the structure, among others with regard to the
state of humidity.

¢ In addition, a number of minor modifications to the tunnel
control system were carried out, including their incorporation
into the operation visualization for easier and more intuitive
control of the structure.

With the aim of achieving higher fluency of traffic at the exit
from the Bubenec tunnel in Nova Povltavska Street, the number
of lanes in the ramp to the Barikddniki Bridge was increased
during the trial operation. Several short-term traffic engineering
measures were implemented on the bridge, which alternatively
solved the course of lanes in the location of the ramp connection
to the BarikadnikGi Bridge towards V HoleSovickach Street.
Other modifications of this type are still being examined and
negotiations are underway regarding further implementation of
such modifications in order to ensure the smoothest as possible
connection of very intense traffic flows from the BTC and the
Barik4dnika Bridge to V HoleSovickach Street.

Nevertheless, the process of operating a road tunnel in a city,
let alone a tunnel as large as the BTC, is a permanently living
process. It is necessary to constantly respond to new stimuli and
thus increase not only the comfort with the aim of ensuring, among
other things, the fluent operation, but above all reduce the risk of
an emergency, respectively increase the safety and thus reduce the
potential consequences of emergencies. This is one of the reasons
why this article is graphically supplemented mainly by shots from
extraordinary events at the BTC.
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ocenéni. Ziskalo titul Vynikajici betonova konstrukce realizovana
v letech 2017-2020 od Ceské betonéiské spolecnosti CSSI.

Vysledny plast vydechu je sloZen celkem ze 176 kusi prefabriko-
vanych paneld, které byly na betonovy tubus valcového vydechu po-
stupné ukladany. Zakladni rozméry panelu na vnéjsim lici jsou (8/v)
1322/2350 mm. Tloustka panelu je proménn4, a to z dvodu konvex-
niho tvaru vnéj§iho lice panelu a ¢lenitosti reliéfu. Minimalni tloust-
ka prvku na podélnych hranach panelu je 75 mm a v ose 120 mm.
Témto hodnotam odpovida polomér vnéjsiho lice 4 675 mm. Proces
vyroby panelll vyZadoval zhotoveni atypickych ocelovych forem, do
kterych byl do smési jemného pisku a rostlinného oleje vytvoren ne-
gativ reliéfu.

Za zminku stoji, Ze bohatou ornamentaci vytvorila na zdkladé ge-
nerativnich algoritmu robotickd paZe, jinak pouzivand napriklad pro
pramyslovou vyrobu aut. Komplexni heraldickd geometrie reliéfu je
sloZena ze soustavy bodl na valcové plose. Tyto zdkladni body ur-
Cily celkovou kompozici dila, jemnost struktury, gradaci apod. Mezi
témito body byla nisledné vytvorena ¢arova propojeni a pomoci al-
goritmu simulujicich gravitaci byly z t€chto Car vytvoreny prohnuté
ktivky — fetézovky.

Specidlné pro tyto panely byla vyvinuta smés ze samozhutnitel-
ného betonu z fady Colorcrete o pevnosti C40/50 XF4, konzisten-
ce SF2 s maximédlnim zrnem kameniva 8§ mm. PoZadavku na bilou
barvu bylo dosaZeno pouZitim bilého cementu CEM I 52,5 BILY
— ROHOZNIK. Hmotnost kazdého panelu byla pfiblizné 1160 kg
v zévislosti na tvaru reliéfu. Podrobnéjsi popis navrhu, vyroby a rea-
lizace je popsan v Casopise Beton TKS 5/2020.

Obr. 19 Soucasny pohled na dokonceny vydechovy objekt Nad Krdlovskou
oborou s dokoncenou plastikou Heraldic

Fig. 19 A current view of the completed exhaust structure Nad Krdlovskou
Oborou with the finished Heraldic sculpture

AWARD FOR ARTISTIC DESIGN OF EXHAUST STRUCTURE
ABOVE THE ROYAL GAME RESERVE

One of the construction structures of the whole Blanka tunnel
complex (611 in total), was also the forcing and exhausting
ventilation structure Nad Kralovskou oborou (Above Royal Game
Reserve). The carcass of this structure completed in 2014, so that it
was brought into service in September 2015 as a necessary part of
the tunnel ventilation system. Nevertheless, it was completed only
in a “bare” form (see Fig. 18). The original architectural solution
was abandoned at the request of local civic initiatives. Already in
2009, on the basis of a new competition for the visual concept of the
exhaust stack, artist Federico Diaz was selected by representatives
of the local population with his artistic design of an exhaust stack
simulating natural curves. Due to the rather lengthy period of
preparation of the complicated process of permitting and approving
the construction (the impact of changes required by Prague town
halls), respectively the reluctance of the construction contractor to
carry out the BTC work, after many proposals for technical solutions
for the sculptural concept of the exhaust stack jacket, construction
did not begin until 2019. Completion of the entire sculptural shell,
including the adjacent parterre, took place in April 2020. However,
the patience of all participants in the preparation, i.e. the Federio
Diaz study, SATRA, TBG Metrostav and especially the project owner
from the Investment Department of Prague City Hall, led to a very
positive result. Apart from the fact that after more than ten years of
“persistent” preparation, the modern sculpture work titled Heraldic,
together with the surrounding parterre in the public space, was
achieved (see Fig. 19); the work immediately received a significant
award. It received the title of the Excellent Concrete Structure carried
out in the years 2017-2020 from the Czech Concrete Company of
the Institution of Structural and Civil Engineers.

The resulting shell of the exhaust stack consists of a total of 176
pieces of pre-cast panels, which were gradually fixed to the concrete
tube of the cylindrical exhaust structure. The basic dimensions of
the panel on the outer face are (w/h) 1322/2350mm. The thickness
of the panel is variable due to the convex shape of the outer face of
the panel and the articulation of the relief. The minimum thickness
of the element on the longitudinal edges of the panel and in its axis is
75mm and 120mm, respectively. These values correspond to a radius
of the outer face of 4,675mm. The panel production process required
the production of atypical steel moulds, into which a negative relief
was imprinted into a mixture of fine sand and vegetable oil.

It is worth mentioning that the rich ornamentation was created
on the basis of generative algorithms by a robotic arm, otherwise
used, for example, for the industrial production of cars. The complex
heraldic geometry of the relief is composed of a system of points
on a cylindrical surface. These basic points determined the overall
composition of the work, the fineness of the structure, gradation, etc.
Line connections were then created between these points and, using
algorithms simulating gravity, curves — catenaries — were created
from these lines.

A mixture of self-compacting concrete from the Colorcrete series
with the C40/50 XF4 strength, consistency SF2 and the maximum
aggregate grain size of 8mm has been developed especially for
these panels. The requirement for white colour was met by using
white cement CEM 1 52.5 WHITE — ROHOZNIK. The weight of
each panel was approximately 1160kg, depending on the shape of
the relief. A more detailed description of the design, production and
application is described in the magazine Beton TKS 5/2020.

CONCLUSION

We have taken this article in a somewhat unusual way, taking
into consideration the regular content of papers published in
TUNEL journal. We believe that the community of TUNEL readers
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ZAVER

Tento Clanek jsme si dovolili pojmout pon¢kud neobvykle s ohle-
dem na béZnou obsahovou stranku ¢lank v casopise Tunel. Véfime,
Ze nijak neutrpéla ¢tenarska tunelarskd obec a Ze se ndm naopak po-
dafilo ji roz§ifit povédomi o trochu jinou dimenzi problémi s tunelo-
vymi stavbami spojenou. MoZna trochu prekvapivé jsme se soustie-
dili jen na urcité zajimavé aspekty dosavadniho provozu tunelového
komplexu Blanka, nakonec provoz tunelové stavby je vzdy plny
prekvapeni a novych zazitki a zkuSenosti, a to bez nadsazky. Pro
nas, ktefi jsme se mohli podilet na pfipravé i realizaci tunelu, a ted
muiZeme svoje predstavy konfrontovat s realitou bézného provozu,
je to naprosto neocenitelnd zkusenost a zpétna vazba. Byt provozo-
vatelem tunelu znamenda byt v podstaté neustéle ve stfehu a umét
reagovat na nové podnéty z provozu a udrzby tunelu, protoZze mozné
je takika vSechno, jak nakonec doklada text ¢lanku i pfiloZend fo-
todokumentace. I pfesto Ize s jistotou konstatovat, Ze pravé tunely
jsou, vzhledem k velké odborné pozornosti, kterd je jim vénovana,

Kazdopéadné pokud ndm zrovna ,,nezatdpi‘ nepozorni a nebezpec-
ni Soféfi, ¢i néjakd zdvada na zafizeni nebo konstrukci tunelu, najde
se jiny podnét k zachovani plné bdélosti. Kdyz si zrovna nestéZuje
uvédomély obc¢an na, podle jeho nazoru, nedostatecné zvyraznéné
omezeni rychlosti, Spatny GPS signal, omezeni vjezdu vlivem kon-
gesci na navazujici siti apod., tak se alespon najde minimalné jedno
obcanské sdruZeni, které hodla nadale vést boj proti tunelu. A tak se
i po péti letech od zprovoznéni a po ukonceném zkuSebnim provozu
s vydanym kolaudacnim souhlasem stane, Ze na zakladé rozhodnu-
ti Ceské justice je ze dne na den kolaudacni dokument zrusen bez
nahrady. Zdravy rozum zde hledat nema smysl, je tfeba hledat jiné
zakonné cesty pro udrZzeni provozu. Predstava mozného zvetejnéni
adresy zalobcil a souCasného uzavieni tunelu, véetné vSech spolecné
realizovanych souvisejicich objektl, by vzhledem k nastalému béhu
udalosti poskytla pon¢kud otfesné divadlo nejen pro Zalobce, ale pro
celou Prahu. Nasledky na dopravu jisté neni tfeba popisovat, nako-
nec jsou viditelné na obr. 17.

Abychom nekoncili negativné, je tfeba doplnit, Ze tunel je po ce-
lou dobu, tedy i v tuto chvili samoziejmé provozovan zcela legalné
v souladu s pravomocnymi rozhodnutimi silni¢né-spravniho tradu
Magistratu hlavniho mésta. Je to stavba ze své podstaty verejné
prospésnd, postavena z vefejnych prostfedkil a cely tym zajistujici
provoz udéla i nadale vSechny potfebné kroky k tomu, aby slouzila
svému tcelu a ke spokojenosti v§ech Prazanti i navstévnika.

Ing. PAVEL SOUREK, pavel.sourek@satra.cz,
Ing. LUKAS RAKOSNIK, lukas.rakosnik@satra.cz,
SATRA, spol. s r.o.
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has not suffered in any way and that, on the contrary, we have
managed to raise awareness by a introducing a slightly different
dimension of the problems associated with tunnel construction
projects. Perhaps a little surprisingly, we focused only on certain
interesting aspects of the current operation of the BTC, in the end,
after all, without exaggeration, tunnel structure operation is always
full of surprises, new experiences and experience. It is absolutely
invaluable experience and feedback for those of us who were able
to participate in the preparation and construction of the tunnel. Now
we can confront our ideas with the reality of normal operation.
Being a tunnel operator means basically being constantly on guard
and being able to respond to new stimuli from the operation and
maintenance of the tunnel, because almost anything is possible, as
the text of the article and the attached photo documentation finally
prove. Nevertheless, it can be stated with certainty that tunnels are
classified as one of the safest structures due to the great professional
attention paid to them.

In any case, if things are not just “being made hot” for us by
inattentive and dangerous drivers, or defects in the equipment
or structure of the tunnel, another incentive to maintain our full
vigilance will appear. When a conscious citizen is not complaining
about, in their opinion insufficiently emphasised, speed limit, poor
GPS signal, entry restriction due to congestion on a linking network
etc., then there is at least one civic association that intends to
continue the fight against the tunnel. Thus, even after five years from
the tunnel commissioning and after the end of the trial operation
with the construction approval issued, it happens that, based on the
decision of the Czech justice, the construction approval document
is cancelled from day to day without substitution. It makes no sense
to look for common sense here, it is necessary to look for other legal
ways to maintain the traffic. The idea of possible publication of
the plaintiffs’ addresses and the simultaneous closure of the tunnel,
including all jointly constructed related facilities, would provide
a somewhat appalling theatre not only for the petitioners, but for
the whole of Prague, given the course of events which would take
place. The consequences for transport certainly do not need to be
described, they are, by the way, visible in Fig. 17.

Not to end the paper negatively, it is necessary to add that the
tunnel has been operated completely legally, even at this time,
of course, in accordance with the final decisions of the road
administration office of the Prague City Hall. It is, by its nature, a
publically beneficial project, carried out with public funds, and the
entire operation team will continue to take all necessary steps that
it serves its purpose and satisfies all Prague citizens and visitors.

Ing. PAVEL SOUREK, pavel.sourek@satra.cz,
Ing. LUKAS RAKOSNIK, lukas.rakosnik@satra.cz,
SATRA, spol. s r.o.
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TUNEL HOMOLE NA DALNICI D35, USEK OSTROV - VYSOKE MYTO
HOMOLE TUNNEL ON D35 MOTORWAY, OSTROV - VYSOKE MYTO
SECTION

FRANTISEK POLAK, TOMAS LOUZENSKY

ABSTRAKT

Tento cldnek pojedndvd o dalsim tunelu na aktudlné pripravované trase ddlnice D35. Jde o navrhovany tunel Homole, nachdzejici se
v useku 04 ddlnice D35 Ostrov — Vysoké Myto. Jednd se o tisek, ktery bezprostiedné navazuje na v soucasné dobé realizovanou cdst ddlnice
D35 Casy — Ostrov. Usek 04 Ostrov — Vysoké Myto je tak prvnim v poradi v pFipravovaném souboru staveb D35 Ostrov — Staré Mésto, jehoZ
celou koordinovanou pripravu zajistuje Reditelstvi silnic a ddlnic CR, Zdvod Pardubice.

ABSTRACT

This paper deals with another tunnel on the D35 motorway being currently under preparation. The Homole tunnel is located on the
Ostrov — Vysoké Myto section No. 04 of the D35 motorway. This section is directly connected to the part of the D35 Casy — Ostrov
motorway currently under construction. Section 04 Ostrov — Vysoké Myto is thus the first in the set of Ostrov — Staré Mésto structures being
prepared on the D35. The entire coordinated preparation of the structures is provided by the Pardubice Plant of the Directorate of Roads

and Motorways of the Czech Republic.

uvop

Ctyfpruhovd, smérové rozdélena komunikace je uréena k prenosu
vyznamnych dopravnich zat€Zi ze stavajici silnicni sit&, zejména ze
silnic 1/35 a I/17 a je soucésti uceleného tahu dalnice D35 (obr. 1,
[2]), resp. celé dalni¢ni sité. Vysoké intenzity dopravy na stivajicich
silnicich predstavuji zna¢né komplikace, a to jak v intravildnu dot-
Cenych obci, tak v extravilanu a zejména v kiiZzovatkovych tsecich.
V Sir§im méfitku je trasa souCasti mezindrodni trasy E442, zarovenl
umozni nezbytné kapacitni a bezpecnéjsi propojeni Olomouckého,
Pardubického, Kralovéhradeckého a Libereckého kraje.

Usek dalnice D35 feseny v této akci predstavuje dalnici II. tiidy
v souvislosti s novelou zdkona €. 13/1997 Sb., o pozemnich komu-
nikacich ve znéni zdkona €. 268/2015 Sb.

STAV PROJEKTU, LEGISLATIVNI PROCES

Dne 23. 12. 2020 nabylo pravni moci rozhodnuti o umisténi
stavby tohoto useku dalnice, a to rozhodnutim Krajského uradu

D35 Ostrov - Vysoké Myto

hlavni trasa main route
délka 7 000 m length 7.000m
~ kategorie R 25,5/120 category R 25.5/120

tunely tunnels
pocet 1 (Homole) number 1 (Homole)
délka severniho tubusu 525 m northern tube 525m length

on other roads 2

M| katastralni uzemi cadastral district
: Ostrov, Stradoun, Opocno nad Loucnou, Vraclav, Zamrsk,
Janovicky u Zamrsku, Vysoké Myto

Obr. 1 Situacni schéma trasy
Fig. 1 Route diagram

mostni objekty bridge structures
pocet celkem 6 total number 6

na délnici 4 on motorway 4

na ostatnich komunikacich 2

INTRODUCTION

The four-lane dual carriageway road is designed to transfer
significant traffic loads from the existing road network, especially
from roads I/35 and I/17. It is part of a comprehensive section of the
D35 motorway, respectively the entire motorway network (Fig. 1,
[2]). High traffic volumes on existing roads represent considerable
complications, both in the urban areas of the municipalities
concerned and in rural areas, especially in the sections containing
intersections. On a larger scale, the route is part of the international
route E442, at the same time enabling the necessary capacity and
safer connection between the Olomouc, Pardubice, Hradec Kralové
and Liberec regions.

The section of the D35 motorway solved in this project represents
the class I motorway. in connection with the amendment to Act No.
13/1997 Coll., on Roads, as amended by Act No. 268/2015 Coll.

STATE OF DESIGN, LEGISLATIVE PROCESS

On 23 December 2020, the decision
on the location of the construction
of this motorway section came into
force by a decision of the Regional
Office of the Pardubice Region,
which rejected the appeal to the
construction location decision. It
was an appeal of one participant
(company) who did not agree with
the solution and conditions caused
by the relocation of the overhead
power line on his land. The absurdity
is that these power lines are solved
according to general agreements
between the Directorate of Roads and
Motorways of the Czech Republic
and the power line administrator only
subsequently, in a separate legislative
process outside the decision on
the motorway construction! Even so,
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Pardubického kraje, ktery zamitl odvolani k rozhodnuti o umisté-
ni stavby. Jednalo se o odvoldni jednoho tcastnika (spolecnosti),
ktery nesouhlasil s feSenim a podminkami vyvolané preloZkou
nadzemniho elektrického vedeni na jeho pozemcich. Absurditou
je, Ze tato elektricka vedeni se fesi podle rimcovych smluv mezi
RSD CR a spravcem vedeni az nasledné, a to v samostatném le-
gislativnim procesu mimo rozhodnuti o stavbé dalnice! I tak bylo
nutné z divodu tohoto odvoldni celé fizeni postoupit krajskému
aradu. Prislu$né uzemni rozhodnuti bylo vydano 14. 4. 2020, a to
Meéstskym tradem Vysoké Myto — odbor stavebni a izemniho pla-
novani, pficemz zadost o vydani rozhodnuti o umisténi stavby byla
na stavebni urad podéana 1. 11. 2017. Findlni vycet zdlouhavého
legislativniho procesu lze uzavfit informaci, Ze byla nafizena dvé
vefejna ustni jednani 12. 9. 2018 a (opakované) vefejné projednani
23.8.2019.

V soucasné dobé probihaji projek¢ni prace na dokumentaci pro
vydani stavebniho povoleni délnice tseku Ostrov — Vysoké Myto,
déle je v procesu pfipravy projekt dopliikového inZenyrskogeolo-
gického prizkumu a predné projekt prazkumné Stoly pro tunel Ho-
mole. Samostatné jeSté béZi inZenyrska ¢innost v souvislosti s nové
feSenou protihlukovou sténou (PHS) v délce 700 m kolem obce
Stradouni, kdy pozadavek na jeji vybudovéni vznikl v aktualizova-
né akustické studii z roku 2020 zpracované na cely soubor sta-
veb, kterou jednotné, jako podklad pro projekty dokumentace pro
stavebni povoleni (DSP), zajistil investor stavby. Cistopis projektu
dokumentace pro tizemn{ rozhodnuti (DUR) na tuto protihlukovou
sténu byl vydan v 01/2021.

GEOLOGICKE POMERY

Zajmova oblast lezi na vychodnim okraji Ceské kiidové panve.
Litologicky lze zastiZzené jemnozrnné sedimentarni svrchnokiidové
horniny zaradit do prechodné faze mezi orlicko-Zdarskym a lab-
skym litofacidlnim vyvojem. Pro labsky vyvoj jsou typické jilovi-
to-vapnité sedimenty v turonu a coniaku. Orlicko-zdarsky vyvoj se
naopak vyznacuje piscitou sedimentaci v turonu. Z geomorfologic-
kého hlediska nalezi stavba do Svitavské pahorkatiny, konkrétné do
okrsku Vraclavsky hrbet.

Tunel Homole prochézi skrz Vraclavsky hibet. Ve vyrubu se oce-
kava zastiZzeni geneticky pestrych vrstev kvartérnich zemin a déle
hornin skalniho podloZi. Ty jsou ve zkoumané lokalité zastoupeny
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it was necessary due to this appeal to refer the entire proceeding to
the Regional Authority. The relevant zoning decision was issued on
14 April 2020 by the Vysoké Myto Municipal Office — Department
of Construction and Land-Use Planning, while the application for
the construction location decision was submitted to the building
authority on 1 November 2017. The final summary of the lengthy
legislative process can be concluded by the information that two
public oral hearings were ordered on 12 September 2018 and a
(repeated) public hearing on 23 August 2019.

Currently, design work is underway on documents for the
issuance of a construction permit for the Ostrov — Vysoké Myto
motorway section; the design for complementary engineering
geological survey and especially the design for an exploratory
gallery for the Homole tunnel are also in the process of preparation.
The engineering activity in connection with the newly solved noise
attenuation wall (NAW) at the length of 700m around the village
of Stradouii is still running independently, when the requirement
for its construction arose in the updated acoustic study from 2020
processed for the entire set of construction projects, which was
uniformly provided by the project owner as a basis for the design
documents for the final design (FD). A fair copy of documents for
the construction location permit for documentation for this noise
attenuation wall was issued in 01/2021.

GEOLOGICAL CONDITIONS

The area of interest lies on the eastern edge of the Bohemian
Cretaceous Basin. In terms of lithology, the fine-grained
sedimentary Upper Cretaceous rock types encountered can be
categorised as rock which originated in the transitional phase
between the Orlice-Zdar and the Elbe lithofacial development.
Clayey calcareous sediments in Turonian and Coniacian stages are
typical for the Elbe development. The Orlice-Zd4r development,
by contrast, is characterized by sand sedimentation in the Turonian
Age. From the geomorphological point of view, the construction
belongs to the Svitavy Uplands, specifically to the Wratzlaver ridge
district.

The Homole tunnel passes through the Wratzlawer Ridge.
Genetically diverse layers of Quaternary soils and further rock
types forming the bedrock are expected to be encountered in the
excavation. These are represented in the surveyed locality by

prelozka silnice
111/30517

road relocation
111/30517

<=
PARDUBICE

=

I 240,00 m n.m. [

0,0 tunelové metry tunnel metres (chainage)

35,500

stani¢eni osy D35 D35 centre line chainage

35,600

Obr. 2 Schematicky podélny Fez LTT
Fig. 2 Schematic longitudinal section through LTT



30. rocnik - €. 2/2021

kiidovymi pisCitymi slinovci a prachovci, s mistnimi prechody az
do vépenci.

Strukturni uloZeni jednotlivych vrstev skalniho podloZi je vy-
razné ovlivnéno historickym vyvojem lokality. V misté zdpadniho
portédlu tunelu ma vrstevnatost kiidovych hornin velmi mirny sklon
cca 5° k VSV. Vraclavské antiklindla je cca 100 m na vychod od
vychodniho portélu tunelu vyrazné zlomové omezena s doloZzenym
relativnim zaklesnutim vychodni strany zlomu az o 200 m. Cca
v okoli stanieni km 35,800-36,000 je ve vrtech patrny vyrazny
nartst VSV tklonu vrstev az na hodnotu vice jak 35° (ve vrstvach
dochazi k ohybu). Tato tektonicky vynucend vrasa, popf. pfizlo-
movy vlek vrstev byla v minulosti popsana jako tzv. malejovska
flexura.

Slinovce a prachovce zastizené v oblasti Vraclavského hibetu
jsou motskymi sedimenty jizerského souvrstvi (stfedni az svrchni
turon). Nejvyse jsou uloZeny Smouhovité vapnito-pis¢ité prachov-
ce s konkrecemi CaCO,. Pod nimi se nachazeji pro lokalitu charak-
teristické Sedé silné€ rozpadavé slinovce s vlozkami nékolik metrii
mocnych vrstev Smouhovitych vapnitych prachovcl az vapnitych
piskovct, pod kterymi dale pokracuji Sedé slinovce.

Predpokladané pokryvné ttvary v trase tunelu Homole 1ze rozdé-
lit podle geneze na antropogenni (navazky), eolické az eolicko-de-
luvialni (spraSové az spraSoidni zeminy), fluvidlni (relikty aluvii
feky Loucné) a deluvidlni (svahové) sedimenty. V rdmci predevsim
baze kvartérniho pokryvu byly pomérné Casto zaznamenany vice
metrii mocné vrstvy mirné Stérkovitych Sedohnédych jil s bahni-
tym zdapachem a tuhou i mékkou konzistenci. Tyto zeminy jsou
tak pravdépodobné z podstatné ¢asti tvofeny vyplni ramene starého
vodniho toku zminéného vyse.

Konzistence jilovitych a prachovitych zemin byla zastiZzena ve
vSech stupnich. NejCastéji se vyskytuje tuhd az pevnd, ale misty
byly zaznamenany vrstvy s mékkou konzistenci. U pomérné méné
Castych piscitych a Stérkovitych vrstev je v pivodnim uloZeni moz-
no pocitat se stiedni ulehlosti.

Celkovy predpokladany inicélni pfitok do tunelu byl u levé tu-
nelové trouby (LTT) stanoven na 20,5 1/s. U pravé tunelové trouby
(PTT) na 22,7 1/s. Béhem razby lze ocekdvat setrvalou vydatnost
pfitokd, pfipadné jejich malé sniZeni. Vzhledem k zjisténym hyd-
rogeologickym podminkam, charakteru pldnovaného tunelu a po-
zici stavajicich vyuZzivanych studni a prament se podle zavért
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Cretaceous sandy marlstone and siltstone, even with local transition
up to limestone.

The structural deposition of individual bedrock layers is
significantly influenced by the historic development of the locality.
In the location of the western portal of the tunnel, the stratification
of the ENE trending Cretaceous rock dips very slightly at about 5°.
The Wratzlawer anticline is significantly limited by a fault about
100m east of the eastern portal, with a documented relative wedging
of the eastern side of the fault by up to 200m. Approximately in the
vicinity of chainage km 35.800-36.000, a significant increase in
the ENE trending dip of the layers to more than 35° is evident in the
boreholes (bending occurs in the layers). This tectonically enforced
fold, or dragging of beds near the fault, was described in the past as
the so-called Malejov flexure.

The marlstone and siltstone found in the area of the Wratzlaver
Ridge are marine sediments of the Jizera Formation (Middle
to Upper Turonian). Streaked calcareous-sandy siltstones with
CaCO, concretions are deposited on the top. Below them, there are
characteristic heavily rotten gray siltstones with inserts of several
meters thick layers of smudged calcareous marlstone to calcareous
sandstones, which are characteristic for the locality, under which
the gray marlstone continues.

The presumed cover formations on the Homole tunnel route
can be divided according to the genesis into anthropogenic (made
ground), aeolian to aeolian-deluvial (loess to loessial soils),
fluvial (relics of the Loucna River alluvium) and deluvial (slope)
sediments. Several meters thick layers of slightly gravelly gray-
brown clay with a muddy odour and a firm and soft consistency
were quite often recorded within the framework of the Quaternary
cover. It means that these soils are probably largely formed by the
filling of the branch of the above-mentioned old watercourse.

The consistency of clayey and silty soils was found in all
degrees. It is most often stiff to hard, but in some places layers
with a soft consistency have been recorded. In the case of relatively
less frequent sandy and gravelly layers, it is possible to count on
medium density in the original deposition.

The expected total initial rate of inflow into the tunnel was
determined at 20.5L/s for the left-hand tunnel tube (LTT). For
the right-hand tunnel tube (RTT) it was 22.7L/s. It is possible to
expect a permanent yield of inflows, or a small reduction of them
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pficny fez bézného profilu Stoly
common gallery cross-section

TT NRTM 5a, 5b
A
jehlovani n mikropilotovy destnik
forepoling ~ " > I/ n , canopy tube pre-support

~

10,00

plocha vyrubu 33,78 m*
excavated area 33.78m?*

podélny fezA- A
longitudinal section A- A
jkdl.15m

Y= ( destn
mlkrop“g?;}’effppon 15m long

jehlovani dl.8 m
(v kazdém 4. zabéru)
forepoling 8m long
(in every 4™ excavation
round)

L z&béry 12x0,8 m L
excavation rounds 12x0.8m

Obr. 3 Schema postupu razby stoly
Fig. 3 Diagram of the gallery excavation sequence

hydrogeologického prizkumu neocekavd vyznamnéj$i ovlivnéni
vyuzivanych zdrojii podzemnich vod v okoli.

DOPLNKOVY GEOTECHNICKY PRUZKUM

Priizkumna $tola

NavrZené smérové a vyskové vedeni tunelu Homole prochazi
geologicky a hydrogeologicky zna¢né komplikovanym tzemim
(obr. 2). Jde predevsim o stfidani usekd, kde do prostoru vyrubu
budou zasahovat kvartérni jilovité zeminy s Gseky, které budou pro-
bihat ve skalnim podloZi (v relativné kompaktnich kiidovych pro-
meénlivé piscitych slinovcich a prachovcich), nachazejicimi se pod
hladinou podzemni vody. Ze zavéri podrobného geotechnického
prizkumu (GTP) [1] mj. plyne, Ze celkové ocekavané pritoky do
tunelovych trub budou vzhledem k transmisivité kolektor vétsi.
Hlavné pravostranné (jizni) piitoky do tunelu mohou byt dlouho-
dobé vysoké. Na zéakladé provedenych statickych vypoctl a zavéra
podrobného GTP pfistoupil projektant DSP k navrhu prazkumné
Stoly v ramci dopliujiciho GTP. Prizkumna $tola umozni (na za-
kladé provedenych zkouSek hornin a zemin in-situ a odbéru labora-
tornich vzorkl pro zkousky mechaniky zemin a hornin) zpfesnéni
geotechnickych pomért v trase tunelu. Zaroven jeji realizaci dojde
s velkou pravdépodobnosti k odvodnéni horninového prostredi, coz
bude mit pozitivni efekt pfi realizaci samotného tunelu.

Poloha Stoly v profilu PTT je umisténa do pravého dil¢iho vyru-
bu tunelu. Plocha vyrubu $toly s protiklenbou je 33,8 m?. Maximal-
ni svétla Sitka je 5,14 m. Osténi je navrZeno ze stifkaného betonu
v kombinaci s vyztuznymi rdmy z betondiské vyztuze a vrstvou
sité u kazdého povrchu. Dimenze osténi v kombinaci s opatfenimi
omezujicimi tvorbu nadvyrubi (jehlovani, mikropilotové destniky,
radidlni kotveni, kotveni ¢elby) odpovida predpokladanym tech-
nologickym tfiddm (TT) NRTM pro razbu navrhovaného tunelu.
Schéma postupu razby Stoly v navrhované TT 5b je na obr. 3.

ZkusSebni pole tryskové injektaze

V ramci praci DoGTP (dopliikovy geotechnicky prizkum) pro-
jektant pozaduje realizovat zkuSebni pole ze sloupt tryskové injek-
tazi (TT) dopInéné o laboratorni zkousky. Touto zkouskou se overi

during the excavation. Taking into consideration the identified HG
conditions, the nature of the planned tunnel and the position of the
existing wells and springs used, no significant impact on the used
groundwater resources in the vicinity is expected according to the
conclusions of the HG survey.

COMPLEMENTARY GEOTECHNICAL SURVEY

Exploratory gallery

The proposed directional and vertical alignment of the Homole
tunnel passes through geologically and hydrogeologically very
complicated area (Fig. 2). It is mainly an alternation of sections,
where the excavation cross-section will be intervened by Quaternary
clayey soils with sections that will run through the bedrock (relatively
compact Cretaceous variable sandy marlstone and siltstone),
located below the water table. It follows among other things from
the conclusions of the detailed geotechnical investigation (GTI)
[1] that the expected total inflow rates into the tunnel tubes will
be higher due to the transmissivity of the collectors. Especially the
right-hand (southern) inflows to the tunnel can be high in the long
run. Based on the structural analyses and conclusions of the detailed
GTI, the author of the final design proceeded to the design of the
exploratory gallery within the framework of the complementary
GTI. The exploratory gallery will allow (on the basis of in-situ rock
and soil tests and laboratory sampling for soil and rock mechanics
tests) for refining of geotechnical conditions in the tunnel route. At
the same time, the construction of the gallery will most likely lead
to draining the rock environment, which will have a positive effect
on the construction of the tunnel itself.

The position of the gallery in the RTT cross-section is located
in the right-hand partial excavation of the tunnel. The area of the
excavation of the gallery with the invert amounts to 33.8m?. The
maximum net width amounts to 5.14m. Shotcrete in combination
with supporting frames made from concrete reinforcement and a
layer of welded mesh at each surface is designed for the lining.
The lining dimension in combination with the measures limiting
the formation of overbreaks (forepoling, canopy tube pre-support,
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vhodnost/i¢innost navrZzené metody (jednofazové M1, dvoufazové
M2) s naslednym odbérem a zkouSkami vzorkd vytvrzeného ma-
teridlu TI, predevsim ovéfeni pevnostnich parametrd pilifG (napf.
pevnost v prostém tlaku, pevnost v pficném tahu, staticky modul
pretvarnosti). Zkusebni pole trojihelnikového rastru je situovano
do prostoru nad LTT ve staniceni cca km 35,860-35,885. Jedna se
o budouci hloubeny usek LTT se stejnymi geologickymi podmin-
kami, pro které je TI v DSP navrzena (PTT — km 35,663-35,688;
LTT - km 35,725-35,840). Odebirani vzorki proinjektovaného
prostiedi je uvazovano jadrovymi odvrty z povrchu, resp. ze Sachty
vyhloubené na uroven zhlavi sloupct TI.

NAVRHOVANE TECHNICKE RESENI TUNELU

Zakladni udaje (PTT — prava tunelova trouba; LTT — levd tune-
lova trouba):

PTT hloubena ¢ast 119,78 m* (70,05 + 49,73 m)
razena Cast 449,23 m*

celkova délka 569,0 m

T hloubena ¢ast 180,41 m* (69,94 + 110,47 m)
razena Cast 345,26 m*

celkova délka 525,7m

* Délka tunelu v ose pfislusné tunelové trouby; soucet hloubenych &asti
pfislusné TT.

$itkova kategorie tunelu (dle CSN 73 7507) T-8,0
bezpecnostni kategorie tunelu ™
(dle CSN 73 7507):

navrhova rychlost v tunelech 120 km/h
kategorie tunelu (dle CSN 73 7507) stfedni

Tunel je rozdélen z hlediska zptisobu provadéni na hloubené a ra-
Zené useky respektujici zastiZenou geologii a vychazejici z vysled-
ki PoGTP (podrobny geotechnicky priizkum) a proménné vysky
nadlozi v trase LTT i PTT (obr. 4).

SIRKOVE USPORADANI TUNELU

Je uvazovano T-8,0 s néasledujicimi rozméry:

vodici prouzky 2x0,50m
jizdni pruhy 2x350m
nouzové chodniky 2x1,00m

PROSTOROVE USPORADANI STAVBY

Tunel Homole tvofi dvé jednosmémé tunelové trouby Sitky
12,54 m (v€. primdrniho osténi), s mezilehlym horninovym pilitfem
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radial anchoring, excavation face anchoring) corresponds to
the NATM excavation support classes (ESC) assumed for the
excavation of the proposed tunnel. The chart of the procedure of
the gallery excavation in ESC 5b is shown in Fig. 3.

Jet grouting test field

As part of the complementary geotechnical investigation, the
designer requires the implementation of a test field consisting of jet
grouted columns, complemented by laboratory tests. This test will
verify the suitability/effectiveness of the proposed method (single-
phase M1, two-phase M2), with subsequent sampling and testing
of hardened jet grouting material and, in particular, verifying the
column strength parameters (e.g. unconfined compressive strength,
transverse tensile strength, static modulus of deformation). The
test field of the triangular grid is located in the space above the
LTT at chainage km approximately 35.860-35.885. This is the
future cut-and-cover section of the LTT with the same geological
conditions for which the jet grouting is proposed in the final design
(PTT - km 35.663-35.688; LTT — km 35.725-35.840). Sampling
of the grouted environment is considered to be carried out by cored
drilling from the surface, respectively from a shaft sunk to the level
of the jet grouted column heads.

TECHNICAL SOLUTION PROPOSED FOR THE TUNNEL

Basic data (RTT - right-hand tunnel tube; LTT — left-hand tunnel
tube):

RTT cut-and-cover part 119.78m* (70.05 + 49.73 m)
mined part 449.23m*

total length 569.0m

LTT cut-and-cover part 180.41m* (69.94 + 110.47m)
mined part 345.26m*

total length 525.7m

*Tunnel length on the centre line of the respective tunnel tube; sum of cut-and-
-cover parts of the respective tunnel tube.

tunnel width category 78,0
(according to CSN 73 7507 standard) ‘
tunnel safety category 8
(according to CSN 73 7507 standard)

design speed in tunnels 120km/h
tunnel category (according to CSN 73 7507 medium

standard)

The tunnel is divided from the point of view of the construction
method into cut-and-cover and mined sections respecting the

) . PTT dl.569,0m RTT 569.0m lenght
oruzkumﬂg;[ﬂaMM 50 m_exploratory gallery 444.50m lenath

. i
tunel Homole \gi
i

Homole tunnel  /\
|

[ ] razeny tunel mined tunnel

[ ] hloubeny tunel cut-and-cover tunnel

[ prazkumné Stola exploratory gallery

I zkusebni pole TI testing field T

Obr. 4 Situace tunelu Homole
Fig. 4 Homole tunnel layout
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geology encountered and based on the results of the complementary
GTI and the variable overburden height on the LTT and RTT
alignments (see Fig. 4).

TUNNEL ROADWAY CONFIGURATION

The T-8.0 configuration with the following dimensions taken
into account:

edge lines 2 x 0.50m
traffic lanes 2 x 3.50m
emergency walkways 2 x 1.00m

SPATIAL ARRANGEMENT OF THE STRUCTURE

The Homole tunnel consists of two unidirectional tunnel tubes
12.54m wide (including the primary lining), with an intermediate
rock pillar about 17m wide. The overburden in the mined section
above the RTT is 8.5 to 19m high. The overburden in the mined
section above the LTT is 8.7 to 24m high. Both tunnel tubes pass
under the busy I/17 road. The angle of the intersection of the tunnel
tubes with the road is about 30°. The overburden in the location of
the passage under the 1/17 road is about 13.5m high.

The excavated area of the common cross-section without the
invert amounts to 96.50m>. The excavated area of the common cross-
section with the invert amounts to 108.60m? (see Fig. 5). Shotcrete
C 20/25-X0 with an increase in the initial strength according to the
J2 curve with supporting frames and welded mesh made of BSO0B
steel is designed for the primary lining in the cut-and-cover tunnels.
The thickness of the primary lining is designed with respect to the
relevant NATM excavation support class. The excavation in the
highest excavation support classes 5a and 5b is designed to proceed
under canopy tube pre-support with a vertical and horizontal
excavation sequence, with the partial excavation rounds 0.8—1.0m
long. The design counts on the excavation of the first side drift to

Obr. 5 Pricny Fez raZeného tunelu
Fig. 5 Cross-section through mined tunnel

Sitky cca 17 m. VySka nadloZi v raZzeném tseku nad PTT je 8,5 az
19 m. Vyska naloZi v razeném useku nad je LTT 8,7-24 m. Obé
tunelové trouby podchazeji frekventovanou silnici 1/17. Uhel kiizen{
tunelovych trub s komunikaci je cca 30°. Vyska nadlozi v misté pod-
chodu silnice I/17 je cca 13,5 m.

Plocha vyrubu v b&Zném pii¢ném fezu bez protiklenby Cini
96,50 m?. Plocha vyrubu v b&Zném pfi¢ném fezu s protiklenbou je
108,60 m? (obr. 5). Primérni osténi v raZenych tunelech je navrzeno
ze stiikaného betonu C 20/25-X0 s narGistem pocatecni pevnosti po-
dle oboru J2 s vyztuznymi ramy a sitémi z oceli B 500B. Tloustka
primarniho osténi je navrZena podle prislusné technologické tiidy
NRTM. Razba je v nejvyssich technologickych tfidach 5a, 5b navr-
Zena pod ochrannym deStnikem z mikropilot s vertikalnim i horizon-
talnim Clenénim Celby po dil¢ich zabérech délky 0,8—1,0 m. Projekt
pocita s vyraZzenim prvni bocni Stoly na projektovanou délku véetné
rozsifeni ve vnéjsi pate kaloty. Nésledné bude vyrazena druha boc¢ni
Stola a poté jadro. Vyrub bo¢ni Stoly miZze byt raZzen na plny profil
nebo ¢lenén na dva dil¢i vyruby (horni klenba, jadro s uzaviranim
dna protiklenbou).

Nosna konstrukce definitivniho osténi v razené Casti je navr-
zena z monolitického betonu C 30/37-XC3, XF2 (horni klenba)
a C 25/30-XC2 (zakladové pasy a spodni klenba). TlouStka defini-
tivniho osténi je proménnd s minimalni hodnotou 0,4 m ve vrcho-
Iu klenby. Material betonarské vyztuze (ramy, sit€) je ocel BSO0B.

hloubeny tunel cut-and-cover tunnel
bézny profil common profile

hranice zajisténi stavebni jamy
construction pit stabilisation limit

stfednf tunelova drenaz T
central tunnel drain
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toe drain fire water main cable duct toe drain
L b,=8,00 m |
p=10m, | a=35m | a=35m 4, p=10m
v,=0,5 v,=0,

legenda viz obr. 5
legend see Fig. 5

Obr. 6 Pricny rez hloubeného tunelu
Fig. 6 Cross-section through cut-and-cover tunnel



30. rocnik - €. 2/2021

razené propojky TP1,TP2
mined cross passages TP1,TP2
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legenda viz obr. 5
legend see Fig. 5

Obr. 7 Pricny rez propojky
Fig. 7 Cross-section through cross passage

Izolace definitivniho osténi je systémové navrZena jako deStnikova
s patni drendZi a ochrannou geotextilii.

V mistech, kde jiz neni dostate¢né nadloZi pro razbu nebo kde ne-
jsou na povrchu chranéné zajmy, je tunel fesen jako hloubeny, beto-
novany v oteviené stavebni jame.

Nosnd konstrukce tunel hloubenych ¢asti je navrZzena jako mo-
noliticka, Zelezobetonova klenba Sitky 12 m (obr. 6). Tloustka osténi
ve vrcholu klenby je 0,6 m. V mistech reviznich Sachet drenaze je
bézny profil rozsiten o vyklenky hloubky 0,9 m. Hloubeny tunel je
zaloZen na zakladovych pasech. Pro klenbu tunelu je navrZen beton
C 30/37-XC2, XF4, pro zakladové pasy pak C 25/30-XC2. Izolace
je navrzena jako destnikova s patni drenazi s ochranou geotextilii
a geokompozitni matraci z pénového recyklatu. Hloubeny tunel bude
v misté definitivnich portald ukoncen portdlovymi bloky s ¢elnim
(ukoncovacim) limcem.

U zapadniho (pardubického) portdlu je zajiSténi jdmy navrZeno
kombinaci kotvenych pilotovych stén a zaporového pazeni. Svahy
stavebni jamy jsou kotveny ve tfech vyskovych urovnich ptedpina-
nymi pramencovymi kotvami (podle vysky pazené konstrukce a geo-
logickych podminek). V dsecich s hloubkou stavebni jamy vétsi nez
cca 17,0 m je predpokladdno vyuziti kombinace paZicich pilotovych
stén a zaporového paZeni (kaskddovit¢ umisténého nad pilotovou
sténou). Pro sniZeni objemu vykopovych praci je v prostoru stavebni
jamy pro hloubeny usek LTT a PTT uvazZovano se zachovanim hor-
ninového bloku mezi obéma tubusy, zajisténého dvojici zdporovych
stén sprazenych ve tfech trovnich dvojici spinacich ocelovych tahel.

Na vychodnim (olomouckém) portélu je poloha doCasnych i trva-
lych portald u kazdého tunelu jind (docasny portdl PTT v km 35,945;
docasny portdl LTT v km 35,840). ZajiSténi stavebnich jam je na-
vrzeno kombinaci kotvenych pilotovych stén a zdporového paZeni.
Svahy stavebnich jam jsou kotveny ve tfech az Ctyfech vyskovych
urovnich predpinanymi pramencovymi kotvami, popf. prevazkami
rozepfenymi pres roh stavebni jamy (podle vysky paZeni a geotech-
nickych pomért).

V tsecich s hloubkou stavebni jamy vétsi nez cca 17,0 m je pred-
pokladano vyuziti kombinace pilotovych stén a zaporového pazeni
(kaskadovité umisténého nad pilotovou sténou). Z divodu zna¢ného
odsazeni doCasnych portdld je nutné upravit postup vystavby tunelu.
Nejprve bude realizovan hloubeny tunel LTT vcetné zpétného za-
sypu (cementopopilkova stabilizace; po vrstvach hutnény zésyp ze
zemin). Teprve poté dojde k doraZeni Casti PTT v délce cca 105 m.

Tunelové trouby jsou vzdjemné propojeny dvéma raZenymi
prachozimi propojkami (obr. 7). Propojka ¢. 1 (TP1) ve staniCeni

the designed length, including the enlargement of the width in the
outer foot of the top heading. Subsequently, the second side drift
will be carried out and then the core will follow. The excavation
of the side drift can be carried out full-face or be divided into two
partial headings (upper vault, core and an invert closing the bottom).

Cast-in-situ concrete C 30/37-XC3, XF2 and C 25/30-XC2 is
designed for the load-bearing structure of the final lining in the
mined part, i.e. the upper vault and foundation strips respectively the
lower vault (invert). The thickness of the final lining is variable with
the minimum value of 0.4m at the crown of the vault. Steel B500B
is designed for concrete reinforcement (frames, welded mesh).
The umbrella type of waterproofing with a toe drain and protective
geotextile is designed for waterproofing of the final lining.

In the places where the overburden is no longer sufficient for
tunnelling or where interests are not protected on the surface, the
tunnel is designed as a cut-and-cover structure, concreted in an open
construction pit.

The load-bearing structure of the tunnels in the cut-and-cover parts
is designed as a cast-in-situ, reinforced concrete vault 12m wide
(see Fig. 6). The lining in the crown of the vault is 0.6m thick. In the
places of drainage manholes, the common profile width is enlarged
by 0.9m deep niches. The cut-and-cover tunnel is founded on strip
footings. C 30/37-XC2, XF4 concrete is designed for the tunnel
vault. C 25/30-XC2 concrete then for the strip footing. Umbrella
type of waterproofing with toe drainage with protective geotextiles
and a geocomposite mat made of recycled foam is designed. The
cut-and-cover tunnel will be terminated in the location of the
definite portals by portal blocks with front end collars.

At the western (Pardubice) portal, a combination of anchored pile
walls and soldier pile and lagging sheeting is designed for bracing
of the pit. The slopes of the construction pit are anchored in three
height levels by pre-tensioned stranded anchors (according to the
depth of the braced pit and geological conditions). In sections with
a depth of the construction pit greater than approximately 17.0m,
the use of a combination of pile walls and soldier pile and lagging
sheeting (cascaded above the pile wall) is assumed. In order to
reduce the volume of excavation in the area of the construction pit
for the cut-and-cover LTT and PTT sections, maintaining of the the
rock block between the two tubes, secured by a pair of soldier beam
and lagging walls coupled in three levels by a pair of steel tie rods
is planned.

At the eastern (Olomouc) portal, the positions of the temporary
and permanent portals at each tunnel are different (the temporary
RTT portal at chainage km 35.945; the temporary LTT portal at km
35.840). A combination of anchored pile walls and soldier pile and
lagging sheeting is designed to stabilise the construction pits. The
slopes of construction pits are anchored in three to four height levels
by pre-tensioned stranded anchors, or walers braced across the
corner of the construction pit (according to the height of sheeting
and geotechnical conditions).

In sections with a depth of the construction pit greater than
approximately 17.0m, the use of a combination of pile walls and
soldier pile and lagging sheeting (cascading above the pile wall)
is assumed. Due to the significant offset of temporary portals, it
is necessary to modify the tunnel construction process. First, the
LTT cut-and-cover tunnel will be constructed, including backfilling
(cement-ash stabilised soil; soil backfill compacted in layers). Only
then will the excavation of about 105m long section of the RTT be
finished.

The tunnel tubes are interconnected by two mined cross passages
passable for pedestrians (see Fig. 7). Cross passage No. 1 (CP1)
at chainage km 35.614, cross passage No. 2 (CP2) at chainage km
35.801. The excavated cross-sectional area of the cross passage



Obr. 8 Zdpadni portdl
Fig. 8 Western portal

km 35,614, propojkac. 2 (TP2) ve stani¢eni km 35,801. Plocha vyrubu
propojky v pii¢ném fezu bez protiklenby ¢ini 19,50 m?. Plocha vy-
rubu v pfi¢ném fezu s protiklenbou je 21,40 m> Tunelové propojky
jsou predé€leny jednou Zelezobetonovou prickou umisténou uprostred
s posuvnymi dvefmi o minimélnich rozmérech 1100x 1970 mm.
Dle CSN 73 7507, €1. 11.6.2 by v tunelu stacila jedna tunelova pro-
pojka. Ta by vychazela do mista kiiZeni trasy tunelu se silnici I/17
s predikci nepfiznivych geologickych pomért (cca km 35,712). Po-
Zadavkem objednatele je pritom podminka minimalizace preruseni
provozu na silnici I/17. Z vySe popsanych divoda a po konzultaci
se zpracovatelem podrobného GTP se projektant DSP rozhodl pro
zachovéni feSeni z DUR, tzn. pro dvé tunelové propojky. Piiznivéjsi
podminky zdsahu jsou tim zajistény i pro jednotky Hasi¢ského za-
chranného sboru (HZS), které mohou vést zasah tunelovymi propoj-
kami i z nezasaZené tunelové trouby.

Pred vjezdovymi portaly (vpravo ve sméru jizdy) jsou navrzeny
sdruzené nastupni plochy (pro jednotky Integrovaného zachranného
sboru (IZS), k provadéni tikont Policie CR a servisnich praci provo-
zovatele tunelu). Tyto plochy jsou navrZeny v souladu s CSN 73 7507
a pozadavky HZS Vysoké Myto a Pardubice.

Sdruzena plocha u zapadniho (pardubického) portalu je o rozlo-
ze cca 2280 m? a je na ni navrzZen fidici provozné-technicky objekt
(PTO) (obr. 8) [2]. V bezprostiedni blizkosti plochy IZS je zfize-
na nouzova piistavaci plocha s dosedaci plochou pro vrtulnik. Na
zapadnim portéle je mezi PTT a LTT navrZena (na zdklad€ vzdu-
chotechnického posouzeni) délici konstrukce vystupujici 15 m pred
portaly tunelovych trub.

SdruZena plocha u vychodniho (vysokomytského) portalu ma roz-
lohu cca 870 m? a je u ni navrZen podruzny PTO s Cerpaci stanici
(obr. 9) [2]. Pod touto plochou je navrZena nadrZ s poZarni vodou
0 min. objemu 108 m®. Na vychodnim portélu je portal PTT ptedsa-
zen o cca 45 m oproti portdlu LTT z diivodu proménnosti profilu te-
rénu; v piipad€ poZaru toto uspofdddni umoZziiuje eliminovat vnikani
zplodin do poZarem nezasaZené tunelové trouby.

K obéma sdruzenym plocham jsou zfizeny samostatné vedené pii-
jezdové cesty navazujici na mistni komunikace napojené na silnici
1/17, zajisténé na vjezdech zabranami.

Izolace tunelu je v projektu uvaZovana jako destnikova s patni dre-
naZi na obou stranich tunelové trouby. Cistici vyklenky reviznich
Sachet drenédZe jsou po obou stranach rozmistény max. po 50 m. Na
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without invert amounts to
19.50m?. The excavated cross-
sectional area of the cross passage
with invert amounts to 21.40m?.
The cross passages are divided by
one reinforced concrete wall in
the middle, containing a sliding
door with minimum dimensions
of 1100x 1970mm. According to
CSN 73 7507, par. 11.6.2, one
cross passage would be sufficient
in the tunnel. This would fall
to the intersection of the tunnel
route with the 1/17 road with
the prediction of unfavourable
geological conditions (approx.
km 35.712) whereas the custo-
mer’s requirement is  that
breaking the traffic on the 1/17
road is minimised. For the
reasons described above and
after consultation with the author
of the detailed geotechnical
investigation design, the author of the final design decided to keep
the solution from the construction location permit, i.e. two cross
passages. More favourable conditions for the intervention are thus
ensured even for the units of the Fire Rescue Brigade, which can
lead the intervention through tunnel cross passages even from the
unaffected tunnel tube.

In front of the entrance portals (on the right side in the direction
of travel), combined mustering areas are designed (for units of the
Integrated Emergency System, to perform the tasks of the Police of
the Czech Republic and service operations of the tunnel operator).
These areas are designed in accordance with CSN 73 7507 standard
and requirements of Fire Rescue Brigades in Vysoké Myto and
Pardubice.

The size of the surface of the combined area at the western
(Pardubice) portal amounts approximately to 2280m? and a
control and services building is designed on it (see Fig. 8) [2]).
An emergency landing area with a heliport is in the immediate
vicinity of the area for the Integrated Emergency System. At the
western portal, a dividing structure protruding 15m in front of the
tunnel portals is designed between the RTT and LTT (based on the
ventilation assessment).

The combined area at the eastern (Vysoké Myto) portal has an
area of approximately 870m? and a secondary services building
with a pumping station is desbe igned for it (see Fig. 9) [2]. A tank
for fire water with minimum volume of 108m?® is designed to be
under this area. At the eastern portal, the RTT portal is located about
45m farther compared to the LTT portal due to the variability of
the terrain profile. In the event of a fire, this arrangement makes it
possible to eliminate the ingress of combustion gases into the non-
affected tunnel tube.

Separate access roads to the two combined areas are connected to
the local roads connected to the I/17 road. They are secured at the
entrances by barriers.

The tunnel waterproofing is considered in the project as an
umbrella with toe drainage on both sides of the tunnel tube. The
cleaning niches for manholes on the drainage are arranged on both
sides at maximum 50m intervals. On the right side in the direction of
travel, at the cross passages, the manholes are combined with niches
for emergency call cabins. On the left side in the direction of travel,
every other niche is widened due to the mouths of fire hydrants.
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Obr. 9 Vychodni portdl
Fig. 9 Eastern portal

pravé strané ve sméru jizdy v misté propojek jsou Sachty kombinovéany
s vyklenky pro SOS kabiny. Na levé stran¢ ve sméru jizdy je kazdy
druhy vyklenek rozsiten z diivodu vyusténi pozarniho hydrantu.

Odvodnéni vozovky je zajisténo Stérbinovymi obrubniky se zaus-
ténim do sbérné jimky na zapadnim portdlu. Systém je navrZen tak,
aby v pfipadé mimoradné udalosti s naslednym unikem nebezpec-
nych kapalin nedochézelo ke kontaminaci destové kanalizace hlavni
trasy. Veskera voda z prostoru tunelu bude proto odvadéna Stérbino-
vymi zlaby do jimky. Voda z jimky bude po zahrazeni odtoku odcer-
pdna a odvezena k likvidaci &i tGpravé. Stérbinové Zlaby jsou maxi-
mélné po 60 m opatfeny protipoZarnimi kanalizacnimi prepazkami,
zabranujicimi $ifeni pozaru v pfipadé tniku hoflavych kapalin.
ZAVER

Tunel Homole je navrZzen ve sloZitém geotechnickém prostedi,
trasa dalnice je zde vSak pevné svazana s predchozimi dokumenta-
cemi a odpovida téZ pomérné presné rozhrani rozdéleni tizemi z hle-
diska ptisobnosti obci i katastralnimu ¢lenéni. Technické feSenti je tak
naprosto zasadné ovlivnéno t€mito faktory, které jsou i z pohledu za-
davatele fixni, i kdyZ z pohledu tuneléiského predstavuji znacné zne-
vyhodnéni. K zasadni charakteristice lokality dale patfi fakt, Ze timto
geomorfologickym sedlem je v souc¢asné dobé vedena silnice I. tfidy
1/17, dvé vysokotlaké plynovodni trasy DN 350 a DN 500 a dvé trasy
dalkového elektrického nadzemniho vedeni CEZ. V tizemné plédno-
vaci dokumentaci je zde rovnéZ navrzena tizemni rezerva pro v sou-
Casné dobé Casto zminovany plavebni kandl Dunaj — Odra — Labe.
Ten je v této lokalité rovnéz predpokladan jako podzemni (!), coz
zde radéji nechavame bez blizsiho komentére. ..

Ing. FRANTISEK POLAK, frantisek.polak@satra.cz,
Ing. TOMAS LOUZENSKY, tomas.louzensky@satra.cz,
SATRA, spol. s r.o.

Recenzoval Reviewed by: Ing. Vlastimil Hordk
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Drainage of the roadway is provided by slotted curbs with water
drained into a collecting sump at the western portal. The system is
designed so that the main surface water sewer is not contaminated
in the event of an emergency with subsequent leakage of hazardous
liquids. For that reason, all water from the tunnel area will be drained
through slotted drains into a sump. Water will be pumped from the
sump after the drain has been blocked. It will be transported for
disposal or treatment. The slotted drains are carried out at maximum
60m intervals, with fire protection partitions preventing the spread
of fire in the event of a leak of flammable liquids.

CONCLUSION

The Homole tunnel is designed for a complex geotechnical
environment, the motorway route is here firmly bound with
previous packages of documents and also corresponds relatively
exactly to the division of the area from the point of view of the
fields of activity of municipalities and the cadastral division. The
technical solution is thus absolutely fundamentally influenced by
these factors, which are fixed even from the point of view of the
contracting authority, even though they represent a significant
disadvantage from the tunnelling point of view. Another key
characteristic of the locality is the fact that the I/17primary road,
two high-pressure gas pipelines DN 350 and DN 500 and two
long-distance CEZ overhead power lines currently run across this
geomorphological saddle. The land-use planning documents also
propose a territorial reserve for the currently frequently mentioned
Danube — Odra — Elbe navigation canal. It is also assumed to be
underground in this locality (!), which fact we prefer to leave here
without further comment...

Ing. FRANTISEK POLAK, frantisek.polak@satra.cz,
Ing. TOMAS LOUZENSKY, tomas.louzensky@satra.cz,
SATRA, spol. s r.o.

[1] Reditelstvi silnic a dalnic CR, Satra, spol. s r.o.: DUR 2017, DSP, DoGTP v rozpracovanosti
[2] Reditelstvi silnic a dalnic CR, Movisio: vizualizace délnice D35 Ostrov — Vysoké Myto, 2017
Odkaz: Vizualizace: https://www.youtube.com/watch?v=20190HbSSVg
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VETRACI SACHTA TUNELU KRAMER
KRAMER TUNNEL VENTILATION SHAFT

JAN KUBEK, DANIEL JOSEFIK

ABSTRAKT

Cldnek popisuje vystavbu hloubené vétraci Sachty jednotubusového tunelu Kramer; ktery je budovdn v alpském masivu Kramerspitz. Po
dokoncent bude slouZit jako zdpadni silnicni obchvat mésta Garmisch-Partenkirchen. Sachta je priblizné 83,4 m hlubokd. Prvnich 76,4 m
md kruhovy pricny rez, ten v misté napojeni do budouci kaverny prechdzi do tvaru ctvercového. Geologické a hydrogeologické podminky,
zména profilu, ale i umisténi Sachty ve vysoké nadmorské vysce predstavovaly ndrocnou technickou i logistickou vyzvu. Zarizeni stavenisté
s ohlubni Sachty bylo umisténo do zdrezu, jehoZ svahy musely byt zajistény strikanym betonem a zemnimi hiebiky. Hloubeni probihalo od

podzimu 2020 do zacdtku roku 2021, kdy zdsadnim omezenim byla nutnost realizace mimo dobu hnizdéni chrdnéného ptactva.

ABSTRACT

The paper describes the construction of a ventilation shaft sunk for the single-tube two-lane Kramer tunnel. After the completion, the
whole structure will serve as the western road by-pass of the town of Garmisch-Partenkirchen. In the initial 76.4m the cross-section
gradually passes to a square geometry. The geological and hydrogeological conditions, the change in the profile, but also the shaft location
at a high elevation, represented a demanding technical and logistical challenge. The site arrangement with the pit bank was located in a
cutting the slopes of which had to be stabilised with shotcrete and soil nails. The excavation was carried out from the autumn of 2020 to
the beginning of 2021, when the basic restriction lied in the necessity for construction operations had to be carried out outside the nesting

period of protected birds.

uvoD

Tunel Kramer bude po svém dokonceni slouZit jako zépadni ob-
chvat alpského mésta Garmisch-Partenkirchen s cilem odvést stéle
intenzivnéjsi dopravu ze soucasné komunikace B23 protinajici cent-
rum mésta. Soucasti stavebniho dila je hloubena vétraci Sachta, ktera
bude pres spojovaci kavernu zajistovat odtah zplodin z jednotubuso-
vého dvoupruhového silni¢niho tunelu. Sachta je z hlediska podélné-
ho ¢lenéni tunelu umisténa 1029 metrd od severniho portalu z celko-
vé 3 609 metrti dlouhého tunelu. Investorem této stavby je Spolkova
republika Némecko, zastoupena Staatliches Bauamt Weilheim.

V priportalovych oblastech tunelu Kramer bude odvétravani za-
jisténo axidlnimi ventilatory, zatimco bliZe stfedu budou zplodiny
odvedeny do vzduchotechnického kandlu vytvoreného mezistro-
pem a nésledné do jiZ zminéné kaverny a vzduchotechnické Sachty.
Sachta disponuje vnitinim primérem 4,50 m a hloubkou 99 metrt
od povrchu terénu az k drovni vozovky v tunelu (obr. 1).

Prace na vétraci Sachté zapocaly v 1ét€ 2020, kdy se zbudovalo
zafizeni staveni$té na tézko pfistupném miste uprostied lest rozpi-
najicich se na masivu Kramer v nadmortské vySce vice nezZ 800 m
n. m. Samotné hloubeni Sachty bylo zahdjeno na podzim 2020
a zdarné dokonceno jiz v lednu 2021. Rychlost vystavby hrala vy-
znamnou roli, jelikoZ prace v této oblasti musely byt bezpodminec-
né ukonceny do tnora 2021 z diivodu zacinajiciho obdobi hnizdéni
chranéného ptactva.

TECHNICKE RESENI A HORNINOVE PROSTREDI

Prvni fazi vystavby predstavovalo ziizeni pfistupové cesty a zaii-
zeni stavenisté v misté budouci Sachty. Priblizné 600 metrd dlouha
pristupova cesta byla vystavéna z verejné komunikace Pflegersee
Strafle, kterd sama o sobé€ predstavovala vyzvu z hlediska logistiky
rubaniny a dopravy stavebniho materialu. Pfiblizné 750 m dlou-
hy usek Pflegersee Strale od obydlené oblasti mésta mé primérny
podélny sklon 10 %. Odvoz rubaniny probihal na severni portal

tunelové Casti, odkud se rovnéz vozil beton z mobilni betonérny.
Pracovni plocha zarezu pro zafizeni staveniSté s rozméry priblizné

INTRODUCTION

After completion, the Kramer tunnel will serve as the western
bypass of the alpine town of Garmisch-Partenkirchen, with the aim
of diverting the increasingly intense traffic from the current B23 road
passing across the city centre. Part of the construction work lies in
the excavation of a ventilation shaft, which will ensure the extraction
of exhaust pollutants from the single-tube two-lane road tunnel
through a connecting cavern. In terms of the longitudinal division
of the tunnel, the shaft is located in the 3609m long tunnel at the
distance of 1029m from the northern portal. The owner of the project
is the Federal Republic of Germany, represented by the Staatliches
Bauamt Weilheim.

In the Kramer tunnel portal areas, ventilation will be provided
by axial fans, while closer to the middle, exhaust emissions will be
discharged into the ventilation duct formed by the intermediate deck
and, subsequently, into the above-mentioned cavern and ventilation
shaft. The internal diameter and depth from the terrain surface to the
roadway surface amount to 4.50m and 99m, respectively (see Fig. 1).

The work on the ventilation shaft commenced in the summer of
2020 by building the construction site arrangement in a hard-to-reach
location in the middle of forests stretching on the Kramer massif
at the elevation of 800m a.s.l. The shaft excavation itself started in
autumn 2020. The excavation was successfully completed as early as
January 2021. The speed of construction played an important role, as
the work in this area had to be unconditionally finished by February
2021 due to the beginning of the nesting season for protected birds.

TECHNICAL SOLUTION AND GROUND ENVIRONMENT

The first phase of construction lay in establishing the access road
and building the construction site arrangement in the location of
the future shaft. The about 600 metres long access road branched
off from the Pflegersee Strafle public road, which in itself posed a
challenge in terms of logistics of muck and transport of construction
materials. The approximately 750m long section of Pflegersee
Strale before the populated area of the town slopes at an average
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Obr. 1 Podélny rez Sachtou
Fig. 1 Shaft longitudinal section

35%25 metri musela umoznit veSkeré uskladnéni materialu, umis-
téni mezideponie rubaniny a vodniho hospodafstvi s neutralizacni
stanici. K dosazeni relativné rovné pracovni plochy bylo potieba
realizovat rozsahlé vykopy v severozapadni oblasti zafizeni stave-
nisté. V etdzich o vysce 1,5 m byl prilehly svah zajistovan ve sklo-
nu 2,60:1 zemnimi hiebiky délky 4,0 m doplnénymi jednou vrstvou
vyztuze z KARI siti a stitkanym betonem tloustky 150 mm. Vyska
hiebikované stény dosahovala 7,0 m. V mistech, kde nebylo potieba

longitudinal gradient of about 10 per cent. The muck was transported
to the northern portal of the tunnelled part. Concrete from a mobile
batching plant was also transported through this portal.

The working area of the cutting for the construction site
arrangement itself has the ground-plan dimensions of about 35x25
metres. It had to provide space for all material storage, space for
intermediate stockpile of muck and for the water management
system with a neutralisation station. To achieve a relatively flat
work surface, it was necessary to carry out extensive excavation in
the northwestern area of the site arrangement. The adjacent 2.60:1
gradient slope was stabilised at 1.5m high stages with 4.0m long soil
nails complemented by one layer of KARI welded mesh and a 15cm
thick layer of shotcrete. The height of the wall stabilised with soil
nails amounted to 7.0m. In the locations where it was not necessary
to overcome great differences in the heights, the excavation slopes
were stabilised at 1:1.25 gradient (see Fig. 2).

The cross-section through the ventilation shaft for the initial 76.40
metres is circular with the diameter of 5.50m in the primary lining
(see Fig. 3). At the depth of 76.40m the circular profile passes to
a rectangular profile 5.50x5.40m. The transition area is 4.0m long
and the rectangular profile itself continues additional 3m, down to
the depth of 83.40m, where the excavation is terminated at the level
of the top heading of the future ventilation chamber (see Fig. 4).
To secure the shaft against movement in the vertical direction,
eight shaft abutments (dents) were distributed along the shaft tube
(approximately every 10m of the shaft depth). The dimensions of the
dents were 940x540mm and they will be filled during the concreting
of the secondary lining.

Watertight reinforced concrete is designed for the 400mm thick
final lining. The lining will be concreted in seven pieces of 10.0m
long blocks and one 5.05m long block, which links the guide-wall on
the surface. The transition to the rectangular cross-section with the
4.40x4.50m net internal space follows in the lower part.

The excavation in initial 30 metres of the depth encountered
incohesive gravel-sand (Murschutt = debris) Quaternary layers.
Subsequently, a moraine layer about 5 metres thick, formed by gravel-
sand matrix developed by weathering of dolomite was encountered,
with compact blocks likely to be encountered in it. Following
15 metres passed through late-glacial and post-glacial gravel lying
on another moraine layer about 8 metres thick. The remaining part of
the excavation took place in a Upper Triassic formation, concretely
in the Kossen Formation, formed by mudstone, marlstone and clayey
limestone layers. A saturated ground environment with intense
occurrences of groundwater was expected in this environment.

As heavy saturation with water was expected throughout the depth
of the whole shaft. Dewatering boreholes DN400 were designed to
pass in advance through the entire layer of the incoherent gravel-
sand ground until they encountered the native rock of the Kossen
Formation. Specifically, three pumping boreholes were designed at
a distance of min. 4.50m from the centre of the shaft at a regular
radial spacing of 120°. The boreholes were cased with DN200 tubes
packed with filtration gravel. The boreholes created in this way were
planned to reach the depth of 50-65m, depending on the environment
encountered. A fourth borehole was designed as a supplement to be
used for check monitoring of the water table and to assessing the
success of its lowering.

EXCAVATION AND WORK PROCEDURE

Transportation in the shaftandlifting of muck was carried outusing
a Senebogen 6133e tracked telescopic crane (carrying capacity of

130t), which was equipped with two lifting devices and two drives



Obr. 2 Pohled na zarizeni stavenisté a ohluberi
Fig. 2 A view of the site arrangement and the pit bank
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Obr. 3 PFi¢ny Fez Sachtou s umisténim odvodriovacich a kontrolnich vrti
Fig. 3 Shaft cross-section with the locations of drainage and checking boreholes

prekonat velky vySkovy rozdil, byly svahy zajistény ve sklonu
1:1,25 (obr. 2).

Pricny tez vétraci Sachty je pro prvnich 76,40 metru hloubeni
kruhovy o vnitfnim priméru 5,50 m v primdrnim osténi (obr. 3).
V hloubce 76,40 m prechazi kruhovy profil do obdélnikového pro-
filu o rozmérech 5,50x5,40 m. Tato pfechodova oblast je dlouha
4,0 m a obdélnikovy profil pokracuje jesté 3,0 metry do hloubky
83,40 m, kde je hloubeni ukonceno v trovni kaloty budouci vzdu-
chotechnické kaverny (obr. 4). Pro zaji§téni Sachty proti pohybu ve
vertikdlnim sméru bylo do jdmového stvolu umisténo osm jamo-
vych patek (ozubi) v intervalu cca kazdych 10 m hloubky Sachty.
Rozméry ozubii byly 940x540 mm a jejich vyplnéni probéhne bé-
hem betonaZzi sekundédrniho osténi.

Definitivni osténi o tloustce 400 mm je navrZzeno z vyztuZeného
vodonepropustného betonu. Realizovano bude v sedmi blocich dél-
ky 10,0 m a v jednom bloku délky 5,05 m, ktery navazuje na vodici
zidku na povrchu. Ve spodni ¢ésti nasleduje prechod do obdélniko-
vého tvaru s ¢istym vnitinim prostorem 4,40x4,50 m.

Hloubeni v prvnich 30 metrech zastihlo Stérkopiskové nesoudrz-
né vrstvy kvartérnich hornin (Murschutt = suté ¢i téleso zemniho
proudu). Nasledné se vyskytovala morénova vrstva v mocnosti cca
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(electrical/diesel) independent of
each other. This was the reason
why the idea of constructing a
ladder compartment could be
abandoned. Transport of persons
was ensured by a hanging cage
and muck was transported by a
suspended hoisting skip (volume
ca 0.5m%. A blowing ventilation
system was used. A protective
shield (roof) against objects
falling during transportation of
muck or material (see Fig. 5) was
used for the protection of persons
working at the shaft bottom.

C25/30 J3 curve shotcrete was
used for the primary lining. Damp
concrete was mixed in a mobile
batching plant established at the
northern portal of the Kramer
tunnel. It was subsequently
transported to the pit bank and
was deposited in a tipping storage
box, the co-called Hydro-Kuli.
From this storage, the mixture was dosed to ALIVA 262 spraying
machine (see Fig. 6). The mixture was applied manually. Water
and accelerator were added to the basic damp mixture in the jet.
Dosing of accelerator was controlled automatically by means of
a dosage unit installed on the surface. In a cold period, hot water
was supplied to the jet, heating at the same time the whole concrete
mixture.

Pumps in three DN400 dewatering and water table lowering
boreholes adjacent to the shaft were mostly sufficient for pumping
ground water. During the shaft excavation, water was pumped from
the shaft itself only occasionally.

The pit bank was stabilised by a reinforced concrete structure,
which set the geometry of the working and provided, among others,
for protection against falling into the pit. The shotcrete primary
lining directly linked to this structure.
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Obr. 4 Zména geometrie v pricném fezu
Fig. 4 Change in geometry in cross-section
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5 metrt, ktera je tvorena Stérkopiskovym matrixem vzniklym zvét-
ranim dolomitt, ve kterém mél byt zastiZen pravdépodobny vyskyt
kompaktnich bloka. DalSich 15 metrl zastihlo pozdnéglacidlni az
postglacidlni Stérky spocivajici na dal$i morénové vrstvé mocnosti
cca 8 metri. Zbytek hloubeni probéhl v souvrstvi horniho triasu,
konkrétné v Kossenském souvrstvi, tvofeném vrstvami jilovcd, sli-
novcl a jilovitych vapencii. V tomto prostiedi bylo ocekavano nasy-
cené horninové prostiedi s intenzivnimi vyskyty podzemnich vod.
Jelikoz bylo piedpokladano silné zvodnéni v hloubce celé Sach-
ty, byly navrZzeny predstihové odvodiovaci vrty DN 400, které
mély prochézet celou vrstvou §térkopiskovych nesoudrznych hor-
nin, dokud nenarazi na rostlou horninu Kossenského souvrstvi.
Konkrétné byly navrZeny tfi vrtané Cerpaci studny ve vzdalenosti
min. 4,50 m od stfedu Sachty v pravidelném radidlnim rozestupu
120°. Vrty byly vystrojeny paznici DN200 a obsypény filtraénim
Stérkem. Takto vytvorené studny v zavislosti na zastiZeném horni-
novém prostfedi mély dosahovat hloubky 50—-65 metrt. Doplitko-
vé byl navrzen Ctvrty vrt, ktery slouzil ke kontrolnimu sledovani
hladiny podzemni vody a k vyhodnoceni tspésnosti jejiho sniZeni.

HLOUBENI A POSTUP PRACI

Doprava a téZba v Sachté byla zajiSténa pomoci pasového te-
leskopického jetdbu Senebogen 6133e (nosnost 130 t), ktery byl
vybaven dvéma zdvihacimi zafizenimi a dvéma na sobé nezavis-
lymi pohony (elektro/diesel), z tohoto divodu mohlo byt v Sachté
upusténo od zbudovani tnikového lezniho oddéleni. Doprava osob
byla zajisténa zavésnou kleci a doprava rubaniny (t€Zba) probihala
za pomoci téZebni zavésné vany o objemu cca 0,5 m?®. Vétrani bylo
pouzito foukaci. K ochrané persondlu, pracujiciho na dné Sachty,
pred nebezpecim padu predméti béhem transportu rubaniny nebo
materidlu slouZil ochranny Stit/stfecha (obr. 5).

Primarni osténi bylo realizovano ze stfikaného betonu C25/30
obor J3. Zavlhl4 betonova smés byla michdna v mobilni betondrné
postavené na severnim portalu tunelu Kramer. Poté byla transpor-
tovana k ohlubni a deponovéna ve vyklopném zasobniku, tzv. Hyd-
ro-Kuli. Z tohoto zasobniku byla smés davkovana do stiikaciho
stroje ALIVA 262 (obr. 6). Smés byla aplikovana ru¢né. V trysce
se do zakladni zavlhlé betonové smési michala voda a urychlovac.
Déavkovani urychlovace bylo automaticky fizeno pomoci davkova-
ciho zafizeni z povrchu. V chladném obdobi byla do trysky vhané-
na tepla voda, pomoci niZ byla betonova smés ohfivana.

Pro Cerpani podzemnich vod a sniZovani hladiny podzemni vody
byla vétsinou dostacujici Cerpadla ve tfech odvodiiovacich vrtech
DN400 sousedicich se Sachtou. Pfi hloubeni bylo v samotné Sachté
Cerpano jen prileZitostné.

Fig. 5 Protective shield/roof in the shaft

Tuel

Three excavation support classes were designed for the shaft
excavation. The cross-sectional area was equal to ca 27m? Class
Sch 6 with the excavation advance length of Im was used for
incoherent rock environment. The proposed primary lining was
200mm thick and was reinforced with one layer of KARI Q188
welded mesh and a lattice frame. In addition, radial anchoring with
4 pieces of 2.5m long IBO R32-210 rock bolts was used for this
class (see Fig. 7).

Spiles (TUBESPILE @ 51mm tubes) were designed for the
stabilisation of the excavation before application of shotcrete.
Cementitious suspension was to be injected into them. This solution
was finely abandoned and sheet piling using UNION steel piles
was installed instead of the spiles before each excavation round.
Mechanical breaking using an excavator was taken into account
for this class.

Class Sch 4 with the maximum excavation advance length of 1.5m
was used as a transition class for a more compact rock environment.
A 150mm thick lining reinforced only with KARI Q188 welded
mesh was used for this class. Radial anchoring was also used here,
in this case using 4 SN rock bolts 2m long. The same anchoring
as that in class Sch6 was carried out for the dent. Combined
rock breaking — mechanical excavation using an excavator and
blasting — was taken into account in this class. The support with
the lattice frame was not designed for this class. The lattice frame
was still used in each excavation round so that maintaining of the
circular profile was guaranteed. After application of shotcrete in
each excavation round, the frame was always torn off the fresh
shotcrete.

Class Sch 3 with the maximum excavation round length of
2.2m was designed as the optimal class for the best quality rock
environment. The shotcrete lining 100mm thick, also reinforced
with KARI welded mesh Q188, was used for this class. Anchoring
for the pit footing was not necessary. Four pieces of 3m long
hydraulically expanded rock bolts were used for radial anchoring in
this class. Reinforcement with lattice frames was also not designed
for this class. The frames were nevertheless used in the same way
as in Sch 4 class. In this class, rock was broken by blasting (see
Fig. 8).

Muck was loaded into an excavation box by means of a small
tracked loader. Geometric surveying of the excavation round was
conducted by means of the Leica/Navigator system provided by
the company of Leica/Amberg. Four pieces of lasers were installed
at the pit bank for checking purposes and giving continuously the
direction of excavation (see Fig. 9).

The date of the subsequent construction of the final lining and

Obr. 6 Ddvkovdni betonové smési do ¢erpadla (detail)
Fig. 6 Dosing of concrete mixture to the pump (detail)
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Obr. 7 Vrtdni — radidlni kotveni
Fig. 7 Drilling — radial anchoring

Ohlubeni Sachty byla zajiSt€na Zelezobetonovou konstrukci, jez
uddvala geometrii dila a slouZila mimo jiné také jako zajiSténi proti
padu do jamy. Na tuto konstrukei pfimo navazovalo priméarni osténi
ze sttikaného betonu.

Pro samotné hloubeni byly navrZeny tfi technologické tfidy vyru-
bu. Plocha vyrubu byla cca 27 m? Pro nesoudrzné horninové pro-
stfedi byla pouZita tiida Sch 6 s délkou zdbéru 1 m. NavrZené pri-
marni osténi mélo tloustku 200 mm a bylo vyztuZeno jednou KARI
siti Q188 a prihradovym ramem. V této tfidé bylo provedeno také
radidlni kotveni pomoci ¢ty svornikii IBO R32-210 o délce 2,5 m
(obr. 7). Dalsi svorniky byly v této tfidé naplanovany pro jaimovou
patku, ta byla kotvena IBO svorniky R32-210 délky 6 m, vrtanych
v odstupu 0,5 m.

Pro zajiSténi vyrubu pred aplikaci stfikaného betonu byly navr-
Zeny jehly (trubky — TUBESPILE @ 51 mm), které mély byt pro-
injektovany cementovou suspenzi. Od tohoto feSeni bylo nakonec
upusténo a misto jehel bylo pred kazdym zabérem pouZito hnané
pazeni pomoci pazin UNION. V této tiidé se pocitalo s mechanic-
kym rozpojovanim pomoci rypadla.

Do kompaktnéjsitho horninového prostiedi byla jako prechodna
tfida pouZita tfida Sch 4 s délkou zabéru max. 1,5 m. V této tfidé
bylo realizovano osténi o tloustce 150 mm vyztuZené pouze KARI
siti Q188. Bylo zde rovnéZ pouZzito radidlni kotveni, v tomto piipadé
pomoci 4 SN svorniki o délce 2 m. Pro ozub bylo provedeno stejné
kotveni, jako v tfid€ Sch 6. V této trid€ se pocitalo s kombinova-
nym rozpojovanim — mechanickym pomoci rypadla a s vyuZitim
trhacich praci. VyztuZeni pomoci piihradového ramu zde navrZeno
nebylo. Prihradovy ram byl presto pouZit pfi kazdém zabéru, aby
bylo lépe zaruceno zachovani kruhového profilu. Po zastiikani za-
béru byl rdm jesté z Cerstvého betonu vZdy odtrZen a poté pouzit
v dal8im kroku.

Pro nejkvalitnéj$i horninové prostredi byla navrZzena optimalni
tiida Sch 3 s délkou zabéru max. 2,2 m. V této tfidé byla tloustka
stitkaného betonu 100 mm vyztuZend rovnéz KARI siti Q188. Radi-
alni kotveni zde bylo zaji§téno pomoci Ctyt hydraulicky upinanych
svorniki o délce 3 m. Kotveni pro jamovou patku nebylo potfebné.
V této tidé nebylo rovnéZ predpokladdno vyztuZeni pomoci prihra-
dovych ramii. Ramy byly piesto pouZity stejné, jako v tfidé Sch 4.
V této tfid€ probihalo rozpojovani pomoci trhacich praci (obr. 8).

Rubanina byla nakldadana do téZebni vanicky pomoci malého pé-
sového rypadla. Geometrické zaméieni zabéru probihalo pomoci Obr. 8 Pohled ze dna Sachty p¥i hloubent
systému Leica/Navigator od firmy Leica/Amberg a pro kontrolu Fig. 8 A view up from the shaft bottom during excavation
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byly na ohlubni instalovany Ctyfi lasery, které udavaly nepretrzité
smér hloubeni (obr. 9).

Hloubeni bylo ukonceno piiblizn€ 3 m pod trovni budouci klen-
by v razené kaverné. Pocva byla po ukonceni hloubeni cca 83 m
pod trovni terénu zajisténa stiikanym betonem. Po dokonceni praci
na primarnim osténi a po demontéZzi vystrojeni Sachty (vétrani, mé-
dia, beton) byla odstavena Cerpadla v odvodiiovacich vrtech okolo
Sachty, jez trvale snizovala hladinu podzemni vody, a Sachta byla
zaplavena. Ohlubeii Sachty byla zakryta a zajiSténa. Pfed proraZzkou
z tunelu bude voda z Sachty vycerpana a odvodiovaci vrty budou
znovu aktivovany.

Termin nasledné realizace definitivniho osténi a napojeni Sachty
na vzduchotechnickou kavernu je zavisly na postupu razeb kaloty
hlavniho tunelu.

ZAVER

Skutecné zastizené horninové prostedi z velké ¢asti odpovida-
lo prognoéze, kterd byla velmi presnd i diky realizaci tfi odvodiio-
vacich studni. Pfi hloubeni byly vyuZity vSechny predpokladané
technologické tiidy, nebylo vSak dosaZeno pro né stanovenych ma-
ximdlnich délek zabérd. Maximalni dosaZeny postup byl 1,3 m.

V zastiZzenych siln€ zvodnélych vrstvach se osvédcilo snizovani
hladiny podzemni vody s vyuZitim pfedstihového ¢erpdni pomoci
Cerpacich studni (obr. 10). Hlavnim pfinosem tohoto feSeni bylo
sniZeni rizik pfi provadéni razeb v nezpevnénych morénovych
vrstvach a zajisténi prilnavosti a kvality stfikanych betoni. V nepo-
sledni fadé bylo mozné udrzet lepsi kvalitu pracovniho dna Sachty,
a tim zefektivnit prace a zkratit ¢as hloubeni. Pfesto bylo nutné
Cerpat vodu obcas pfimo v Sachté, ale omezeni zplsobena pfitoky
vody se podafilo minimalizovat.

Volba hnaného paZeni ve tfidé Sch 6 zlepsila bezpecnost razeb
a zrychlila postupy, soucasné bylo eliminovdno ¢asov€ narocné
vrtani a injektaz jehel, které by nejspis nebyly tak efektivni jako
pazeni.

Nasazeni moderniho jefdbu vybaveného kamerovym systémem
umoznilo rychlou a bezpe¢nou dopravu materidlu, rubaniny i osob.
I pres pouziti malé téZebni vany kvili lep§im moZnostem manipu-
lace rypadla pfi hloubeni se dafilo provadét t€Zbu rychle a efek-
tivné.

Rozhodnuti pouzit pro zajisténi zavlhlou betonovou smés stii-
kanou ru¢né, ktera byla dovdzena pfimo z betonarny, bylo jedno-
zna¢né ekonomicky i logistiky ucelnéjsi. U mokré smési by bylo
nutné komplikované fesit dopravu do hloubky, poridit dalsi stroj,
pri¢emz by nebyla manipulace s lafetou stfikaciho stroje v malém
prostoru Sachty optimalni. ProtoZe zafizeni stavenisté bylo témér
nedostupné pro velké cisternové tahace, a protozZe stavba disponuje
vlastni mobilni betonarnou, o pouZiti suché betonové smési v sile
se ani neuvazovalo. Problematika praSnosti pfi aplikaci stitkaného
betonu byla vyfesena pomoci flexibilni foukaci lutny, ktera byla pfi
stfikani nataZena témér ke dnu a vyrazné zlepsila odvétrani prosto-
ru. Osddka byla pro stiikdni betonu navic vybavena automatickou
bateriové pohdnénou filtracni maskou od firmy Driger.

Zbudovani definitivni asfaltové piijezdové komunikace s dosta-
teCnym pocCtem vyhyben pred zahdjenim praci umoznilo bezpecnou
dopravu v této horské oblasti i v obdobi se snéhovou pokryvkou,
zasadné zjednodusilo jeji zimni tdrzbu a zajistilo trvalou sjizdnost
a bezproblémovou dostupnost stavenisté. Dostate¢né velkd plocha
zafizeni staveniSté umoznila provizorné deponovat rubaninu ne¢ko-
lik dni a provést jeji odvoz v dobé, kdy byly pfiznivé klimatické
podminky. Stejné tak umozinovala uskladnéni dostate¢ného mnoz-
stvi materidlu pro ptipad hor$i dostupnosti.

Obr. 9 Kontrola profilu + geotechnicky monitoring
Fig. 9 Profile checking + geotechnical monitoring

Obr. 10 Vyiisténi Cerpaci studny na povrchu
Fig. 10 Pumping well mouth on the surface

connection of the shaft to the ventilation cavern depends on the
progress of the excavation of the main tunnel top heading.

CONCLUSION

The actually encountered rock environment corresponded largely
to the prognosis, which was very accurate even thanks to the
execution of three drainage wells. All assumed excavation classes
were used, but the maximum excavation round lengths determined
for them were not achieved. The maximum length of excavation
round achieved amounted to 1.3m.

Lowering of water table using pumping wells in advance of the
shaft excavation (see Fig. 10) acquitted itself in the heavily water
saturated layers. The main contribution of this solution was reducing
of risks when the excavation passed through unconsolidated moraine
layers and ensuring the bond to and quality of shotcrete. The last
but not least, it was possible to ensure better quality of the working
bottom of the shaft, thus increase the effectiveness of work and
reduce the duration of excavation. Despite this fact, it was from
time to time necessary to pump water directly in the shaft, but the
limitation caused by water inflows was successfully minimised.

The selection of the sheet piling in class Sch6 improved the
safety and accelerated the excavation advance rate; at the same




Obr. 11 Zarizeni stavenisté v zimnich mésicich
Fig. 11 Construction site arrangement in winter

Termin vystavby (podzim—zima) vybrany na dobu mimo hniz-
déni chranéného ptactva se podafrilo dodrZet pouze diky v€asnému
a dukladnému napléanovani vsech technologickych a pracovnich
postupd, vybéru vhodné strojni sestavy a pouzitych materidli.
Samoziejmosti bylo nasazeni vysoce kvalifikovanych pracovnich
osadek a technikl v nepretrzitém rezimu (obr. 11).
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time, the time consuming drilling and grouting of spiles, which
would most likely not be so effective as shoring.

The application of the modern crane equipped with a camera
system allowed for fast and safe transport of material, muck and
persons. The excavation was successfully carried out fast and
safely even despite the use of a small excavation box to improve
the possibilities for the work of the excavator during excavation.

The decision to use damp shotcrete mixture applied by hand,
which was transported directly from the batching plant, was
unambiguously economically and logistically more purposeful.
In the case of the wet mixture, it would have been necessary to
solve the transport to the depth and provide a new machine, where
the handling of the shotcrete spraying machine boom in the small
space of the shaft would not be optimal. Because the construction
site arrangement was nearly inaccessible for large tank trailers
and a mobile batching plant is available on the construction
site, the use of dry concrete mixture in a silo was not taken into
consideration. The problems of dust emissions during application
of sprayed concrete was solved by a flexible blowing duct, which
was pulled nearly to the bottom during the shotcrete application
and significantly improved the space ventilation. The crew was,
in addition, equipped with automatic filtration masks from the
company of Drager when spraying concrete.

The construction of a definite asphalt access road with a
sufficient quantity of passing places in advance of the beginning
of the excavation operations allowed for safe transport in this
mountainous area even in the period with a snow cover. It
fundamentally simplified the winter maintenance and ensured
permanent passability for vehicles and problem free accessibility
of the construction site. The sufficiently large area for the site
arrangement allowed for temporary depositing the muck for several
days and transporting it at the time when the climatic conditions
were favourable. In addition, it allowed for storing of sufficient
amount of materials in case of worse accessibility.

The construction term (autumn-winter) selected for the period
outside the nesting of protected birds was successfully adhered to
only thanks to the timely and thorough planning of all technical
and working procedures, selection of appropriate set of machines
and materials to be used. The deployment of highly qualified work
crews and technicians in continuous operation was commonplace
(see Fig. 11).
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STANDARDIZACE REKONSTRUKCI TUNELU RHETSKE DRAHY
VE SVYCARSKU
STANDARDISATION OF RECONSTRUCTION OF TUNNELS
ON RHAETIAN RAILWAY IN SWITZERLAND

FLAVIO MODETTA, VLASTIMIL HORAK

ABSTRAKT

Rhétskd drdha (Rhditische Bahn, RhB) je nejrozsdhlejsi sit izkorozchodné Zeleznice v Evropé. Zdkladni data Rhétské drdhy lze shrnout
ndsledovné: rozchod 1 000 mm, celkovd délka trati ¢ini 384 km, vétsinou ve §vy’carsku (zejména kanton Graubiinden, cdstecné v Itdlii),
30 % délky trati je v nadmorské vysce pres 1 500 m n. m., 30 % délky trati a souvisejicich drdznich staveb je pamdtkové chrdnéno jako
svétové dédictvi UNESCO, 20 % délky trati tvori umélé objekty (mosty a tunely). Na tratich Rhétské drdhy se nachdzi 115 Zeleznicnich
Jednokolejnych tunelii v celkové délce 59 km postavenych v letech 1888 aZ 1914. Nejdelsim tunelem je Vereinalinie s délkou cca 19 km
(do provozu byl uveden v roce 1999). VSechny useky trati byly v letech 1913 aZ 1922 piné elektrifikovdny (AC 11 kV, 16,7 Hz), maximdlni
stoupdni ¢ini 70 promile (pouze adhezni provoz). Uctyhodny pocet tunelii starsich 100 let vyZaduje logicky nejen iidrZbu, ale v soucasnosti
predevsim prestavbu nebo rekonstrukci s uvedenim do bezpecného provozniho stavu v duchu soucasné technické a bezpecnostni legislativy.

ABSTRACT

The Rhaetian Railway (Rhditische Bahn, RhB) is the most extensive network of narrow-gauge railways in Europe. The basic data on the
Rhaetian Railway can be summarised as follows: track gauge 1000mm, total length of tracks amounting to 384km, mostly in Switzerland
(especially in the canton Graubiinden, partly in Italy), 30% of the length of the tracks at an altitude over 1500m a.s.l., 30% of the length of
tracks and related structures are listed UNESCO Heritage, 20% of the length of the tracks are formed by artificial structures (bridges and
tunnels). There are 115 single-track railway tunnels at the total length of 59km, which were constructed in 1888 to 1914. The Vereinaline
is the longest tunnel with the length of ca 19km (inaugurated in 1999). All track sections were fully electrified in 1913 to 1922 (AC 11kV,
167Hz), maximum rising gradient amounts to 70 per mille (only adhesive operation). The respectable number of tunnels older than
100 years logically requires not only maintenance, but at the same time mainly rebuilding or reconstruction with the introduction into a
safe operating condition by the spirit of current technical and safety legislation.

INTRODUCTION

The usual problems of the
currently operated old RhB tunnels
(Fig. 1) lie in the ending life of the
linings, excessive deformations
extending into the clearance profile
(vaults and side walls), water
leaking into the profile as the main
cause of nearly all defects, first
of all leaking expansion joints
(interfaces between tunnel blocks)
and the icing of rails associated with
it, insufficient clearance profile in
general, insufficient safety measures
and equipment not corresponding
to current regulations. It means that
A uip Erilm these are the “common” problems,
known also in Czech tunnels (see
Fig. 2).

REHABILITATION AND
RECONSTRUCTION OF THB
TUNNELS

Rehabilitation and reconstruction
of the RhB tunnels are specifically

’ Wkl
i : o~ I\ conditioned by the following factors:
Obr. 1 Schéma trati Rhiitische Bahn (RhB) * The vast majority of tunnels are
Fig. 1 Rhiitische Bahn (RhB) railway map accessible only on rails.
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uvob

Obvyklymi problémy soucasné
provozovanych starych tuneld RhB
(obr. 1) je koncici Zivotnost obe-
zdivek, nadmérné deformace saha-
jici do prajezdného profilu (klenba
i opé€ry), prusaky vody do profilu
jako hlavni pricina téméf vSech po-
ruch, zejména tekouci dilatacni spa-

ledenda legend

chybéjici zakladka
missing packing

opadavajici sanacni —

ry (rozhrani tunelovych pési) a s tim omitka
N “ . falling off rehabilitation
souvisejici zaledfiovani koleji, ne- plaster

dostatecny svétly prijezdny profil
obecné, nedostate¢né bezpecnostni
Upravy a vybaveni, které jiZ neod-
povida soucasnym predpisim. Tedy
,,b8Zné* problémy, které jsou zndmé
i u Ceskych tunela (obr. 2).

ucpané drenaze
plugged drainage

)
""I

zvétralé sparovani
weathered jointing

SANACE A REKONSTRUKCE
TUNELU RHB

Sanace a rekonstrukce tuneltt RhB
jsou specificky podminény nasledu-
jicimi faktory:

o Pfistup k drtivé vétSiné tunell je

pouze po kolejich.

deformace opér:

vliv teploty, mrazu, ledu,
vody, tlaku horniny

side wall deformation:
influence of temperature,
frost, ice, water, ground
pressure

problémové oblasti S1, S2, S3 problem areas S1, 52, S3

S1 - pokozeni /problémy v klenbé S1 - damage/problems in top heading
S2 — podkozeni/problémy v opéfi S2 — damage/problems in bench

S3 — podkozeni/problémy v pové S3 — damage/problems in bottom

—_—

e

pfitok podzemni vody
groundwater inflow

priisaky, tvorba rampoucht
leaks, formation of icicles

odprysky

zvétralého zdiva
scaling of weathered
masonry

== p¥iéné a podéiné
trhliny

transverse and

T longitudinal cracks

®

e VYDOCENT OPETY
side wall buckling

NRREERE

Dlouhodobé vyluky a preruseni
provozu jsou vzhledem k vyti-
Zenosti trati nepripustné.

Velmi Casto navazuji pfimo na
tunely mostni konstrukce s mi-

chybi, nefunkéni, pfili§ vysoko
formation level drainage:
non-functional, too high level

odvodnéni plané: @-ﬁf

o]

vzdouvani poévy
heaving of bottom

-
nedostateéné Stérkové loze
insufficient gravel ballast

nimalni moznosti zmény nive-
lety.
U nékterych trati RhB (speci-
alné€ na tratich tzv. Berninalinie
a Arosalinie) jsou velmi malé poloméry smérovych obloukil
(min. jen 45 m!), coZ vyZaduje vyznamné rozsifovani prijezd-
ného profilu.

* Vysoka nadmotska vyska omezuje délku stavebni sezony.

Opravy a rekonstrukce starych Zelezni¢nich tuneli ve Svycarsku
jsou samoziejmé provadény pribézné jiz nekolik desitek let, a to
podle plant oprav a rekonstrukei sestavovanych na zékladé vysled-
ka prohlidek, inspekci a zejména planovani investic. Jde o velmi
solidné propracovanou metodiku vcéetné hodnoceni efektivnosti
vynaloZenych investic. A to je pravé divod, pro¢ se hledd a zkousi
efektivn&jsi zplisob sanaci a rekonstrukci. Radové do roku 2010 se
sanace a rekonstrukce provadéla obdobnym zptisobem, jako u Ces-
kych Zelezni¢nich tuneli. Zjednodusené feceno, co tunel, to origi-
nalni a na miru vyprojektované feseni s minimalizaci investi¢nich
ndkladt a rovnéz minimalizaci vyluk. ReSeni vyZadovalo masivni
pouzivani dodate¢nych svodnic, pfesparovani zdiva, injektazZe, vy-
mény Casti osténi a zvétSovani svétlého tunelového prifezu. Z hle-
diska pouzivanych materidli $lo vétSinou o kombinaci ptivodni
obezdivky a stiikanych betont, piipadné litych betont apod.

Vyhodnoceni efektivity sanaci provadénych v poslednich néko-
lika desitkach let vSak ukazalo, Ze takto provadéné postupy zdale-
ka nejsou optimdlni a uZ viibec ne efektivni. Zivotnost takovychto
sanaci dosahuje nékolik desitek let, zejména dodate¢nd odvodnéni
autésnéni ptivodnich obezdivek tuneld nejsou po ¢ase plné funkcni.
V soucasnosti je i pres pribézné provadéné sanace diagnostikovan
poZzadavek na rekonstrukci cca 50 % vSech tuneld, tzn. cca 26 km
tuneld. Dil¢i sanace tedy nejsou feSenim, feSenim je komplexni re-

Obr. 2 Schéma poruch tunelii RhB s kamennou obezdivkou
Fig. 2 Diagram of defects of RhB tunnels lined with stone masonry

Long-term closures and interruptions of operation are
inadmissible due to the overhead lines.

Bridge structures with a minimum possibility of changing
the vertical alignment very frequently connect directly to the
tunnels.

Some RhB lines (especially on the so-called Berninaline and
Arosaline tracks) have very small radii of directional curves
(min. only 45m!), which requires a significant widening of the
clearance profile.

The high altitude limits the duration of the construction season.
Repairs and reconstructions of old railway tunnels in Switzerland

have, of course, been carried out continuously for several decades
according to repair and reconstruction plans drawn up on the
basis of the results of checks, inspections and, in particular,
investment planning. The methodology is elaborated very solidly,
including evaluation of the effectiveness of investments. And that
is exactly the reason why a more effective way of rehabilitation
and reconstruction is being sought and tested. Approximately until
2010, the rehabilitation and reconstruction was carried out in a
similar way as in the case of Czech railway tunnels. Simply put,
every tunnel has an original and tailor-made solution with minimal
investment costs and also minimised closing of tracks to traffic.
The solution required massive use of additional cross drains in
the ballast, repointing of masonry, grouting, replacement of lining
parts and enlarging the tunnel clearance profile. In terms of the
materials used, it was mostly a combination of the original lining
and shotcrete, or cast concrete, etc.
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konstrukce a odstranéni pric¢in poruch, ne jejich dusledkd. Tento
proces hledani efektivnéjSiho feSeni sanaci byl spustén u RhB od
roku 2010. Byly vytyceny hlavni cile, které jsou nasledujici:

» Zivotnost provedené rekonstrukce musi byt garantovdna na
dobu 70 az 100 let.

e Musi byt zohlednény pozadavky ochrany pamadtkové péce
UNESCO.

e Musi byt zachovan provoz na trati, tzn. pouze kratkodobé vy-
luky. Na kazdé z trati RhB lze rekonstruovat v jednom roce
vzdy pouze jeden nebo dva tunely soucasné, aby mohl byt co
nejvice zachovan normélni nebo jen mirné¢ omezeny grafikon
dopravy.

e Musi byt dodrzen aktudlni normovy svétly prijezdny profil.

e Ve vyhledu na pfiStich 50 let je nutno naplanovat a rekonstru-
ovat cca 75 tuneld.

* Maximalné vyuzivat moznost prefabrikace, protoZe drtiva vét-
Sina tunelt RhB ma identicky ptivodni svétly profil a prefab-
rikaty maji vyS8i garantovanou Zivotnost nez lity ¢i stiikany
beton.

PILOTNI PROJEKTY

Jako pilotni projekty komplexnich rekonstrukei byly provedeny
renovace tuneld Argentieri (2010), Charnadiira (2011) a Klosters-
tunnel (2013). U renovaci téchto tunelt se objevily prvni zarodky
komplexnich sanacnich feSeni jako nahrada zdénych a do hory za-
klenutych opér svislymi opérami — prefabrikaty (obr. 3).

Diky prefabrikovanym opéram bylo dosaZeno zvétSeni bo¢niho

volného pochoziho prostoru a ziskdn prostor pro rozSifeni v ma-
Iych polomérech oblouka trati.

However, evaluation of the effectiveness of rehabilitation carried
out in the last few decades has shown that the procedures used in
this way are far from optimal and not effective at all. The duration
of service life of such rehabilitation reaches only several decades,
especially the additional drainage and sealing of the original tunnel
linings are not fully functional over time. At present, despite the
ongoing rehabilitation, the requirement for the reconstruction of
approximately 50% of all tunnels is diagnosed, i.e. about 26km
of tunnels. Partial rehabilitation is therefore not a solution; the
solution is a comprehensive reconstruction and elimination of the
causes of defects, not their consequences. This process of seeking a
more efficient remediation solution has been continuing at the RhB
since 2010. The following main objectives have been set:

* The service life of the reconstruction must be guaranteed for a

period of 70 to 100 years.

* The requirements for the protection of UNESCO heritage sites
must be taken into account.

* Traffic on the line must be maintained, ie. only short-term
closures are possible on each of the RhB lines. Only one or
two tunnels can be reconstructed at a time in one year so
that normal or only slightly restricted traffic schedule can be
maintained as much as possible.

* The current standard clearance profile must be maintained.

* The outlook has to be planned for the next 50 years;
reconstruction of about 75 tunnels will be necessary.

* To make the most of the possibility of prefabrication, as the vast
majority of the RhB tunnels have identical original clearance
profiles and precast elements have a higher guaranteed service
life than cast-in-situ concrete or shotcrete.

zébradli

railing

integrované LED osvétleni
integrated LED lighting

puvodni kamenna klenba
original stone masonry vault

stfikany dratkobeton
wire-reinforced shotcrete

prefabrikat: horni dil opéry
pre-cast component: upper part
of side wall

zajisténi vyrubu stiikanym
betonem
excavation support by shotcrete

prefabrikat: spodni dil opéry
pre-cast segment of side wall

B
[

drendzni kacirek
drainage pea gravel

kabelovy kandl

zpevnény chodnik
hard surfaced walkway

cable duct

rubové odvodnéni @ 200 mm
external drainage @200mm

I

P

podélné odvodnéni @ 200 mm
longitudinal drainage @200mm

nové poloha koleje, snizeni 0 650 mm
new track position lowered by 650mm

13

poévovy prefabrikat
dobetonovani po bocich
pre-cast bottom segment with
concrete added on the sides

Obr. 3 Diléi vyména osténi pri rekonstrukcich tunelii RhB (prefabrikované opéry)

Fig. 3 Partial replacement of linings during RhB tunnels reconstruction (pre-cast side walls)
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plvodni kamenna klenba
original stone masonry vault

slabé misto — nedokonaly styk
weak point — imperfect joint

stifkand izolace
sprayed-on waterproofing

sparovani pointing

stfikany dratkobeton
wire-reinforced shotcrete

prefabrikat: horni dil opéry
pre-cast component: upper part
of side wall

Obr. 4 Slabé misto varianty s prefabrikovanymi opérami a klasicky sanovanou klenbou
Fig. 4 Weak point of the variant with pre-cast side walls and a classically rehabilitated vault

Doslo k tplné eliminaci prisak v opérach diky tésnicim pro-
filim mezi prefabrikaty a kapacitnimu rubovému odvodnéni, do
kterého bylo zausténo i odvodnéni kleneb.

Zivotnost opérovych prefabrikitii je garantovana poZadovanych
70 az 100 let.

Pocvové prefabrikaty rozpiraji paty novych opér a nahrazuji
staticky pivodni zaklenuti opér, umoZziuji protazeni kabelaze pfi-
pravenymi otvory v prefabrikatech, zlepSuji moZnost odvodnéni
Stérkového loZe a standardizuji prostor pro Stérkové loZe, pripadné
umoziuji provést pevnou jizdni drahu. Zabraiiuji rovnéZ zvedani
pocvy v bobtnavych horninach nebo pfi zamrznuti vody v podlozi.

Timto feSenim bylo mozné Castecné snizit niveletu a ziskat tim
potiebny prostor v klenbé pro dodrzeni normového prijezdného
profilu tam, kde to neni limitovano navazujicimi mostnimi objekty.

Klenba byla v téchto pripadech sanovana jesté ,,standardné® —
tzn. kotveni, injektaZe, sparovani, svodnice, odlehcovaci odvodiio-
vaci vrty a tenkd kryci vrstva stiikaného betonu. Vyhodou tohoto
zpusobu sanace (ponechani pivodni zdéné klenby ve vrchliku tu-
nelu) je skutecnost, Ze neni nutné demontovat trolej. Slabym mis-
tem tohoto zplisobu sanace je styk mezi prefabrikovanou opérou
a zdénou klenbou a v konecném duisledku i vlastni klasicka sanace
zdiva klenby. Na kontaktu mezi prefabrikaty a zdénou klenbou byly
vytvoreny tzv. ztracené monolitické preklady ze stiikaného betonu.
U takto sanované klenby lze pfedpokladat na zakladé dosavadnich
zkuSenosti Zivotnost pouze 25 azZ max. optimistickych 50 let. Styk
klenba — opéra je navic staticky obtizné definovatelny a soucasné
i proveditelny (kamenné zdivo, stifkany beton ztraceného prekladu,
prefabrikovana opéra, utésnéni proti vode atd.) — obr. 4.

Pouziti prefabrikovanych opér predchazel dikladny proces vy-
zkouSeni proveditelnosti jejich montaze v kratkych nocnich vy-
lukach. Pripravné prace, prikotveni klenby pfed bourdnim opér,
vybourdni opér po kratkych usecich, prohloubeni pocvy v prosto-
ru zaloZeni novych opér a zajisténi vyrubu po téchto bouracich
pracich lze provadét v kratkych nocnich vylukach za provozu. To
bylo zndmo a v redlu vyzkouSeno jiz v pfedchozich letech. Pro-
blém mohl nastat pfi manipulaci s prefabrikaty opér, vazicimi az
5 t. V pruzkumnych Stoldch v Hagerbachu (VSH) bylo pro tento
ucel vyrazeno nékolik chodeb typického profilu tunelu RhB. Tti
ruzné firmy s vlastnimi koncepty prefabrikovanych opér dostaly
tentyZ tkol, béhem 6hodinové vyluky provést montdz a fixaci pre-
fabrikovanych opér v délce 12 m po jedné strané (obr. 5).

Pro zajisténi spravné polohy spodniho dilce opéry byly vyzkou-
Seny dva zpusoby. Bud prostfednictvim vodici kolejnice osazené
na podkladnim betonu, nebo osazenim spodniho dilce opéry na

PILOT PROJECTS

Renovations of the Argentieri (2010), Charnadiira (2011) and
Klosterstunnel (2013) tunnels were carried out as pilot projects for
comprehensive reconstruction. During renovation of these tunnels,
the first germs of comprehensive rehabilitation solutions appeared
as a replacement of masonry side walls arching against the rock
massif with straight side walls — pre-cast parts (see Fig. 3).

Thanks to the pre-cast side walls, an enlargement of the space for
walkways was achieved in the small-radii track curves.

Leaks in the side walls were completely eliminated thanks to
the waterbars installed between the pre-cast parts and the high-
capacity backside drainage, to which the drainage of the vaults was
also connected.

The service life of the pre-cast side walls is guaranteed for the
required 70 to 100 years.

The pre-cast bottom segments brace toes of the new side walls
and statically replace the originally arching side walls, allow for
pulling cables through prepared holes in the precast parts, improve
the drainage of the gravel ballast and standardise the space for
gravel ballast, or allow for construction of a slab track. They also
prevent the bottom from heaving in swelling ground or in the case
of freezing water in the underlying ground.

With this solution, it was possible to partially lower the bottom
level and thus obtain the space under the vault necessary for
maintaining the standard clearance profile in locations where it is
not restricted by adjacent bridge structures.

In these cases, the vault was still rehabilitated in a “standard”
way — i.e. by anchoring, grouting, pointing, water collection
systems, relief and drainage wells and a thin covering layer of
shotcrete. The advantage of this method of rehabilitation (leaving
the original masonry vault in the tunnel crown) is the fact that it
is not necessary to dismantle the overhead catenary. The weak
point of this rehabilitation method lies in the contact between the
prefabricated side wall and the masonry vault and, ultimately,
even the classical rehabilitation of the vault masonry itself. At the
contact between the pre-cast and masonry vaults, the so-called
sacrificial monolithic lintels made of shotcrete were created. Based
on previous experience, the service life of such a rehabilitated
vault can be expected to last only 25 to an optimistic maximum
of 50 years. In addition, the vault — sidewall contact is statically
difficult to define and at the same time hardly feasible (stone
masonry, shotcrete forming the sacrificial lintel, precast side wall,
waterproofing etc.) — see Fig. 4.
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Obr. 5 ZkuSebni montdz prefabrikdti v Hagerbachu (varianta s vodici kolej-
nici)

Fig. 5 Testing assembly of pre-cast segments in Hagerbach (variant with a
guard rail)

nizké patni prefabrikaty s ozubem na hornim lici (obr. 6) osazené
pifimo do betonového loZe a fixované v pricném sméru po¢vovym
prefabrikdtem nebo kotvenim do pocvy. Tyto patni prefabrikaty
op€r umoziuji rovnéz pricné odvodnéni rubu, na rozdil od varianty
s vodici kolejnici, kde neni rubové odvodnéni systémové feseno.
Vysledky byly prekvapivé pozitivni — vSechny firmy dokdzaly
smontovat ¢trnact opérovych prefabrikati (vZdy spodni a horni dil
opery plus pfipadné patni prefabrikat) o hmotnosti az 5 tun v Case
120 az 150 minut. Snadnéjsi manipulace s prefabrikaty a soucasné

The use of pre-cast side walls was preceded by a thorough
process of testing the feasibility of their installation in short night
track possession periods. Preparatory operations, anchoring of the
vault before demolition of side walls, demolition of side walls in
short sections, deepening on the bottom in the area of foundation
of new side walls and installation of excavation support after the
demolition can be performed in short night track possessions. This
has been known and tested in reality already in previous years. A
problem could occur when handling precast side walls weighing
up to 5 t. In the exploratory galleries in Hagerbach (VSH), several
corridors with a typical RhB tunnel profile were mined for this
purpose. Three different companies with their own concepts of
pre-cast side walls were given the same task, during the 6-hour
track possession period to install and fixate precast sidewalls at the
length of 12m on one side of the tunnel (see Fig. 5). Two methods
of stabilising the correct position of the lower part of the side wall
have been tried, either by means of a guide rail installed on the
blinding concrete, or by installing the lower part of the side wall on
low pre-cast toe segments with a shear key on the upper face (see
Fig. 6), inserted directly into the concrete bed and fixated in the
transverse direction by a pre-cast bottom segment or by anchoring
into the bottom. These pre-cast toe segments of side walls also
allow for transverse draining of the external side, in contrast to the
variant with a guide rail, where the drainage of the external surface
system is not solved.

The results were surprisingly positive — all companies were able
to install fourteen pre-cast sidewall segments (always the lower and
upper parts of the sidewall plus possibly the pre-cast toe segment)
weighing up to 5 tonnes in 120 to 150 minutes. Easier handling of
pre-cast segments and at the same time accuracy of fitting were
proclaimed when using low pre-cast toe segments than when using
the guide rails. At the same time, outside the defined time, the
closure of the entire pre-cast tunnel profile by inserting a pre-cast
keystone segment to verify the replacement of the classic masonry
lining with pre-cast segments in full; in this way it is possible to
concurrently increase the clearance profile upwards. The complete
assembly of the pre-cast lining is shown in Fig. 7. The space behind
the pre-cast segments is filled as a standard with drainage pea gravel
through gates in the pre-cast segments, analogously to the tubing
linings of mechanically driven tunnels. With a slight exaggeration,

it is possible to talk about a return
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Obr. 6 Detail patniho prefabrikdtu s odvodnénim rubu (Sasslatschtunnel I)

inserted into the track to allow trains

Fig. 6 Detail of the pre-cast toe segment with the drainage of the external surface (Sasslatschtunnel I)
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Obr. 7 Skladba prefabrikovaného osténi
Fig. 7 Composition of pre-cast lining

vy§8i presnost osazeni byly deklarovany pfi pou-
Ziti nizkych patnich prefabrikati nez pfi pouziti
vodicich kolejnic. Soucasné bylo, jiZ mimo vy-
mezeny Cas, vyzkouSeno i uzavieni celého pre-
fabrikovaného profilu tunelu vsazenim klendko-
vého prefabrikdtu pro ovéfeni ndhrady klasické
kamenné obezdivky prefabrikaty v plném rozsa-
hu; tim I1ze dosdahnout soucasné zvétseni prijezd-
ného profilu smérem nahoru. Kompletni sestava
prefabrikovaného osténi je na obr. 7.

Prostor za prefabrikaty se zapliuje standardné
drenaznim kacirkem pres otvory v prefabrikétech
analogicky jako u tubingovych osténi mechani-
zovan¢ razenych tunell. S mirnou nadsizkou
se tak d4 hovofit o ndvratu k ptivodni skladbé
osténi tuneld budovanych pred 100 a vice lety.
Tedy masivni stabilni obezdivka branici proudé-
ni podzemni vody do dopravniho prostoru, za ni
pak drendzni vyplii (dnes foukany kacirek, diive
zakladka) odvadéjici podzemni vodu a konecné
zajiStény lic vyrubu horniny (dnes modernimi
metodami — kotvenim a stfikanym betonem, dfive
pomérné velmi nedokonale nebo viibec ne).

Pro moZnost rychlého obnoveni kolejového
provozu v tunelu pii pracich v po¢vé byla vy-
zkousena rovnéz kratkd mostni kolejova pro-
vizoria délky kolem 20 m vklddana do koleje

30. rocnik - €. 2/2021

to run immediately after installation at a limited speed of up to
30km/h were also tested (see Fig. 8).

RESULTS OF APPLICATION OF PRE-CASTING

As aresult of these trials to use pre-cast segments in Hagerbach,
there were in principle two possible ways of enlarging the
clearance profile by means of pre-cast lining feasible during short
track possessions periods — downwards by lowering the side walls
while maintaining the level and position of the vault or upwards if
the bottom cannot be lowered, e.g. as a result of an immediately
connecting bridge. One of the conclusions confirmed by the
experience gathered from previous rehabilitation operations was
also the fact that it is more effective to enlarge the profile upwards
into the vault than to lower the vertical alignment and deepen the
bottom. In the second case, the costs and the time required increase
significantly due to the necessary handling of the track work —
with repeated removing and installation of the track work in short
periods of time and short lengths.

A big problem in the comprehensive reconstruction and the
complete replacement of the lining during short-term track
possession periods and especially work operations in the vault lies
in the overhead catenary, which cannot be dismantled in the short
section being rehabilitated and reassembled after the end of the
short-term closure to traffic. The solution lies in a telescopic third
rail and a mobile temporary tunnel (see Figures 9 and 10).

The course of the renovation of the lining of the Glatscheras
tunnel using pre-cast segments is illustrated in Figures 11 to 14.

When enlarging the tunnel clearance profile, the new pre-cast
lining is not always an ideal, respectively not at all viable solution.
It applies to pre-cast segments to pay off economically, that it is

a umoZiiujici vlakim projizd€t ihned po osazeni  opy. § Mostni kolejové provizorium v tunelu
omezenou rychlosti do 30 km/h (obr. 8). Fig. 8 Temporary rail bridge structure in the tunnel
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VYSLEDKY POUZITI PREFABRIKACE

Vysledkem téchto pokust s nasazenim prefab-
rikatd v Hagerbachu byly v principu dva moz-
né a v kratkych vylukich proveditelné zptsoby
zvétSeni prijezdného profilu pomoci prefabriko-
vaného osténi — smérem doli zahloubenim opér
pri zachovéni trovné a polohy klenby a smérem
nahoru, nelze-1i niveletu snizit napt. v disledku
bezprostfedné navazujiciho mostu. Jednim ze
zaveéri potvrzenych i zkuSenostmi z predchozich
sanaci rovnéz bylo, Ze efektivnéjsi je rozsifovani
profilu smérem nahoru do klenby neZz sniZovéani
nivelety a prohlubovéni poc¢vy. V druhém pfipa-
deé totiZ vyrazné nartstaji naklady a potfebny Cas
kvili nutné manipulaci se svr§skem — pri opako-
vané demontdZzi a montazi Zelezni¢niho svrsku
v kratkych casovych i délkovych tsecich.

Velkym problémem pii komplexni rekonstrukci
a tplné nahradé osténi pii kratkodobych vylukéach
a zejména pracich v klenbé je trolejové vedeni,
které nelze demontovat v kratkém aktudlné sano-
vaném useku a opétovné namontovat po ukoncéeni
kratkodobé vyluky. Resenim je teleskopicka ko-
lejnicova trolej a pojizdny provizorni tunel (obr. 9
a obr. 10). Pribéh obnovy osténi z prefabrikatl
tunelu Glatscheras je ilustrovan na obr. 11 az 14.

P1i zvétSovani svétlého tunelového profilu neni
prefabrikace nového osténi vzdy idedlnim, resp.
vibec proveditelnym feSenim. Aby se prefabrikaty
ekonomicky vyplatily, je nutné minimalizovat po-
et jejich typt pro moznost velkosériové vyroby
a zjednodusSeni logistiky na stavenisti a v horskych
tunelech, kde jsou témér vzdy velmi stisnéné pod-
minky. To znamend, Ze svétly profil tunelu by se
pti pouZiti prefabrikovaného osténi nemél po délce
tunelu prili§ ménit. Tedy metoda je vhodné pro tu-
nely v pfimé nebo s velkymi poloméry obloukd.
V podminkéch s nutnosti variability svétlého pro-
filu je tak prakticky jedinou metodou rekonstruk-

Obr. 11 MontdZ prefabrikovaného osténi (Glatscherastunnel)
Fig. 11 Installation of pre-cast lining (Glatscherastunnel)

'
1

Obr. 9 Model pojizdného ochranného tunelu
Fig. 9 Model of travelling protection tunnel

Obr. 10 Pojizdny ochranny tunel s teleskopickou troleji v redlném nasazeni (Glatscherastunnel)
Fig. 10 Travelling protection tunnel with telescopic third rail in real use (Glatscherastunnel)

s e

Obr. 12 MontdZ prefabrikovaného osténi (Glatscherastunnel)
Fig. 12 Installation of pre-cast lining (Glatscherastunnel)




Obr. 13 Zafoukdni rubu prefabrikovaného osténi (Glatscherastunnel)
Fig. 13 Blowing pea gravel behind the pre-cast lining (Glatscherastunnel)

ce se souCasnym rozsifenim svétlého profilu varianta nového osténi
provedeného kompletné pouze ze stiikaného betonu s mezilehlou
stiikanou izolaci. Na obr. 15 je vidét vyrazny rozdil svétlého profilu
tunelu v pfimé a v oblouku (tunel Val Varuna I). Tento zpiisob re-
konstrukce je prioritni pfedevSim na tratich Berninalinie a Arosalinie
specifickych velmi malymi poloméry oblouka s nutnosti velké vari-

Ny

ability svétlého tunelového profilu pravé kvili rozsifeni v obloucich.
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necessary to minimise the number
of their types for the possibility of
production of large series and for
simplification of logistics on the
construction sites and in mountain
tunnels, conditions  are
almost always very cramped. This
means that the clearance profile of
the tunnel should not change much
along the tunnel length when using
a pre-cast lining. Thus, the method
is suitable for tunnels on straight
alignment or on large radius curves.
In conditions requiring variability of
the clearance profile, practically the
only method of reconstruction with
the simultaneous enlargement of the
clearance profile is a variant of a new
lining made entirely of shotcrete
with an intermediate spray-on
waterproofing membrane. Fig. 15
shows a significant difference in the clearance profile of the tunnel
on the straight alignment and on a curve (Val Varuna I tunnel). This
method of reconstruction is a priority especially on the Berninaline
and Arosaline tracks, which are specific regarding very small radii
of curves with the need for large variability of the clearance of the
tunnel profile required precisely for the purpose of the enlargement
on curves.

where

Fig. 14 Tunnel after reconstruction — fully pre-cast lining in combination with gravel ballast (Glatscherastunnel)
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profil tunelu v pfimé
tunnel profile on straight line
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Obr. 15 Standardni profily rekonstruovaného tunelu s osténim pouze ze stiikaného betonu (rozdilny svétly profil je z divodu rozsireni v oblouku — tunel Val

Varuna)

Fig. 15 Standard profiles of reconstructed tunnel with the lining made only of shotcrete (the different clearance profile is enlarged due to the track position

on a curve — Val Varuna tunnel)

ZAVER

Vsechny vyse uvedené metody rekonstrukci vSak nékdy nevedou
k Zddanému cili a nejsou pouZzitelné z divodu nutnosti dodrZeni
poZadavku na zachovéni alespoti dil¢iho provozu béhem rekon-
strukce. Napf. u dlouhych tuneld je pfi potfebné vymeéné osténi
a kratkych vylukach prakticky nefeSitelnd logistika. Pfikladem
miZe byt rekonstrukce tunelu Albula (dl. cca 6 km, 100% pamét-
kové ochrana UNESCO a témér havarijni stav), kde bylo nejefek-
tivnéj$im a nakonec i technicky jedinym moZnym feSenim vyra-
Zeni nového soubéZného tunelu a pfestavba stavajiciho tunelu na
unikovou Stolu s moznym vyuZzitim jako pési a turistické trasy se
zachovanim vSech pamétkové chranénych prvkid tunelu, zejména
portalt. V soucasnosti je novy tunel jiZ vyraZen a probihd montdz
vnitfniho vybaveni [1].

Ing. ETH FLAVIO MODETTA,
AMBERG ENGINEERING AG,
Ing. VLASTIMIL HORAK,
AMBERG Engineering Brno, a.s.

Recenzoval Reviewed: Ing. Pavel Poldk
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CONCLUSION

However, not all of the above reconstruction methods sometimes
lead to the desired goal and are applicable due to the need to comply
with the requirement for maintaining at least partial operation on
the track during the reconstruction. For example, in the case of long
tunnels, logistics is practically unsolvable when the replacement of
linings is necessary to be carried out during short track possessions
periods. An example is the reconstruction of the Albula tunnel
(approximately 6 km long, 100% UNESCO listed and almost in
an emergency condition), where the most efficient and ultimately
also technically viable solution was to excavate a new parallel
tunnel and rebuild the existing tunnel into an escape gallery
with the possible use as a route for pedestrians and tourists, with

preservation of all heritage-listed elements of the tunnel, especially
portals.
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Ing. VLASTIMIL HORAK,
AMBERG Engineering Brno, a.s.

[1] Rebuilding of the Albula Tunnel [online], [cit. 2021-03-25], dostupné na internetu
< https://www.rhb.ch/en/company/projects-dossiers/rebuilding-of-the-albula-tunnel>.
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REKONSTRUKCE PODHRADSKEHO TUNELU
PODHRADSKY TUNNEL RECONSTRUCTION

ALICE WETTEROVA, JANA MICHALJANICOVA

ABSTRAKT

Zeleznicni traf ¢islo 212 (305 00 Cercany — Svétld nad Sdzavou), jez vede karionovitym iidolim Feky Sdzavy, je soucdsti takzvaného
,» Posdzavského Pacifiku“. Posdzavsky Pacifik tvori traté ¢islo 210 a Cislo 212. Jednd se o soubor velkého mnoZstvi inZenyrskych staveb,
Jjako jsou tunely, mosty, propustky, ndspy, které na sebe tésné navazuji a tvoii tak unikdtni technické dilo. Zeleznicni tunel Podhradsky je se
svou délkou 251 m nejdelsim z osmi tunelit na této trati. Ackoliv byl tunel v letech 1902 aZ 1903 vybudovdn s femeslnou preciznosti nasim
predkiim viastni, piece jen vliv casu a piisobeni vnéjsich vlivii maji za ndsledek jeho zhorsujici se stavebné-technicky stav. Cldnek se vénuje
popisu navrZené rekonstrukce Podhradského tunelu a k nému priléhajicich staveb a soucasné navazuje na cldanek tykajici se provedenych

prizkumnych praci uvnitr tunelu [1].

ABSTRACT

Railway line No. 212 (305 00 Cercany — Svétld nad Sdzavou), which runs along the canyon valley of the river Sdzava, is part of the so-
called “Sdzava Pacific Railway”. It is formed by railway lines No. 210 and 212 and is also a set of a large number of closely connected civil
engineering structures, such as tunnels, bridges, culverts and embankments, forming a unique piece of technical work. The Podhradsky
railway tunnel with its length of 251m is the longest of the eight tunnels on this track. Even though the tunnel was built between 1902
and 1903 with the precise craftsmanship typical of our ancestors, the influence of time and external effects still results in a deteriorating
structural condition. The paper engages itself in the description of the proposed reconstruction of the Podhradsky tunnel and adjacent

structures and, at the same time, follows on the paper concerning the completed survey operations inside the tunnel [1].

uvob

Jednokolejny tunel Podhradsky s eviden¢nim Cislem 124 na trati
TU 1733 Kéicov — Svétla nad Sazavou se nachdzi mezi zastavkou
Chfenovice-Podhradi a Zelezni¢ni stanici Lede¢ nad Sazavou v km
29,081 (vjezdovy portél) az km 29,332 (vyjezdovy portal) — obr. 1.
Tunel byl vyrazen ve skalnatém ostrohu, ktery obtéka reka Sazava.
NavrZena rekonstrukce si kladla za cil zajisténi bezpecnosti pro-
vozu a sniZeni provoznich nédkladi. O Spatném technickém stavu
tunelu, jenZ byl bliZze popsan v [1], vypovidala mimo jiné také nut-
nost odstranovani ledu v zimnich mésicich, zvySena potieba dohle-
du a omezeni rychlosti.

S navrhem rekonstrukce tunelu bylo zapotiebi fesit také nava-
zujici stavebni objekty v rozsahu pfiblizné 500 m pred vjezdovym
a 260 m za vyjezdovym portdlem. Délka rekonstruovaného tseku
¢ini priblizné 1 000 m (km 28,583 az km 29,594) a mimo tunel
samotny zahrnuje stavebni objekty jako Zeleznicni svrsek a spo-
dek, opérnou (ndbiezni) zed, tfi Zelezni¢ni propustky, svahy porta-
lovych oblasti, kompletni odvodnéni tdseku traté a kabelové vedeni.

POPIS TUNELU A NAVAZUJICICH STAVEBNICH OBJEKTU

Razeny jednokolejny tunel, o celkové délce 251 m, je umistén na
trati v levostranném oblouku o poloméru cca R=200 m s pfevySenim
D=100 mm. Z hlediska sklonovych poméri trat v tunelu zpocatku
stoupd cca hodnotou 7 %o v délce 40 m, néasleduje vodorovna ¢ast
délky 192 m a pak klesani cca 6 %o v délce 19 m. Stavajici trafova
rychlost je 30 km/h. Stykovana tratova kolej je v tseku km 28,600
az km 29,589 tvorena mimo jiné kolejnicemi tvaru S49 a dfevénymi
nebo betonovymi praZzci z roku 1981.

Tunelova trouba je opatfena osténim vyzdénym z lomového ka-
mene — Sedd rula — na cementovou maltu. Maximéalni vyska nadloZi
tunelu se pohybuje okolo 43 m. Tunel ma celkem 22 pasti a vjezdovy
i vyjezdovy portalovy pas. Osténi tunelu Podhradského bylo, s ohle-
dem na vlastnosti horninového masivu, navrZeno ze ¢tyf typd tuhého
osténi a bez izolace. Jednotlivé typy osténi se lisi tloustkou klenby

INTRODUCTION

The single-track Podhradsky tunnel with the registration number
124 on the Kécov — Svétld nad Sazavou track section is located
between Chienovice-Podhradi intermediate station and LedeC nad
Sazavou railway station at chainage km 29.081 (the entrance portal)
up to km 29.332 (the exit portal) — see Fig. 1. The tunnel was driven
on a rock promontory with the river Sizava flowing along. The
proposed reconstruction was aimed at ensuring operational safety
and reducing operational costs. The poor technical condition of the
tunnel, which was described in more detail in [1], was also indicated
by the need to remove ice in winter months, the increased need for
supervision and limitation of speed.

With the proposed reconstruction of the tunnel, it was also
necessary to solve the adjoining structures located approximately
500m in front of the entrance portal and 260m behind the exit
portal. The length of the section under reconstruction amounts
approximately to 1000m (km 28.583 to km 29.594). Apart from the
tunnel itself, it comprises structural objects such as trackwork, track
bed, a retaining (training) wall, three railway culverts, slopes in the
portal areas, complete drainage of the track section and cable lines.

DESCRIPTION OF THE TUNNEL AND FOLLOW-UP
CONSTRUCTION OBJECTS

The mined single-track tunnel with the total length of 251m is
located on a left-hand curve with radius R=200m and superelevation
D=100mm. Regarding the vertical alignment, the track rises at the
beginning at 7%o along a ca 40m long section, a 192m long horizontal
section follows and then it descends at ca 6%o along an about 19m
long section. The current track speed is designed at 30km/h. The
jointed track at km 28.600 up to 29.589 is formed, among others, by
S49 rails and wooden or concrete sleepers from 1981.

The tunnel tube is provided with masonry from rubble stone —
grey gneiss — on cement mortar. The maximum height of the tunnel
overburden varies around 43m. The Podhradsky tunnel is formed by
the total of 22 expansion blocks and entrance and exit blocks. With
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reconstruction of trackwork and track bed
relocation of Railway £

Infrastructure Administration cable

(992m long)

Obr. 1 Situacni schéma
Fig. 1 Construction chart

i opér a dale provedenim protiklenby. Svétla vyska tunelu se pohybu-
je okolo 5,65 m a Sitka okolo 5,50 m, svétly profil tunelu s osténim
ma cca 26,5 m?, ¢asti tunelu bez osténi maji svétly profil cca 37 m>.

Odvodnéni obezdivky zabezpecuji odvodiiovaci otvory ve zdi-
vu. V ose tunelu je vybudovéna stfedova kamennd tunelova stoka
profilu cca 40/40 cm, vyspadovand k portalim tunelu. Vyusténi tu-
nelové stoky je pres kamennou piikopovou zidku do kamennych
odvodiovacich zlabt pred portaly.

Kromé useku tunelu s kamennou obezdivkou jsou zde i dva use-
ky N1 (20,42 m) a N2 (38,20 m) bez jakékoliv obezdivky — hornina
byla v dobé€ vystavby tak stabilni, Ze stavitel povazoval obezdivku
za zbytecnou. Tehdy bezesporu spravné rozhodnuti, dnes s odstu-
pem Casu vSak dochdzi vlivem zvétrani horniny k drobnéjsim i vét-
§im opadiim horniny do kolejisté.

Podle provozni dokumentace Spravy Zeleznic, statni organizace,
by mél byt v tunelu garantovan prijezdny profil Z-GCD. Zaméfe-
ni svétlych profilt tunelu provedené v ramci prizkumu vsak tento
predpoklad vyvrétilo — pfi stavajici poloze koleje neni prijezdny
profil tunelu Z-GCD v nékterych obezd&nych tsecich dodrzen.
V tunelu se nachazeji Ctyfi pary vstficnych vyklenka ve vzdalenos-
ti cca 50 m. Rozméry vyklenki neodpovidaji CSN 73 7508 a je-

jich vzdalenosti nespliiuji pozadavky vyhlasky 177/95 Sb. Stavebni

Nz

a technicky tad drah.

Stabilita osténi v tunelovém pésu ¢. 4 byla v minulosti provi-
zorné zajisténa podepienim ocelovymi skruzemi, vydievou a proti
zatékani byla doplnéna foliova izolace. Vlivem velkého zavodnéni
zde v minulosti doslo k uvolnéni n€kolika kament z klenby.

Vjezdovy i vyjezdovy portal tunelu jsou provedeny v odfezu

vyjezdovy portal km 29,332
exit portal km 29,332

reconstruction of retaining [

rekonstrukce opérné zdi
1. Usek

wall at chainage section 1 JF

rekonstrukce opérné

2. lsek

reconstruction of retaining
wall at chainage section 2

svahu pred
vje 'm portalem tunelu
stabilisation of slope in front
- of tunnel entrance portal

rekonstrukce odvodnéni
portalovych oblasti "

| reconstruction of drainage
in portal areas

respect to the rock mass properties, four types of rigid lining without
waterproofing were designed for the tunnel lining. Individual types
of the lining differ in the thickness of the vault and side walls, as well
as the invert structure. The clearance height and width of the tunnel
vary around 5.65m and 5.50m, respectively. The area of the clear
profile of the tunnel with the liningamounts to ca 26.5m?, the area of
the clear profile of the unlined parts of the tunnel amounts to ca 37m?>

The drainage of the lining is provided by drainage openings in
the masonry. A central stone masonry drain with the profile of ca
40/40cm, sloping toward the tunnel portals, has been carried out on
the tunnel axis. The tunnel drain exits through a stone masonry ditch
wall to stone masonry drainage ducts in front of the portals.

Apart from sections lined with stone masonry, there are also two
sections, N1 (20.42m) and N2 (38.20m), without any lining — the
rock was so stable at the time of construction that the contractor
considered the lining unnecessary. Undoubtedly the right decision,
but today, with the passage of time, due to weathering of the rock,
smaller and larger rock pieces fall to the track.

According to operational documents of the Railway Administration,
the Z-GCD clearance profile should be guaranteed in the tunnel.
However, the survey of the clearance profile refuted this assertion.
The Z-GCD profile is not maintained in some lined sections with
the existing position of the track maintained. There are four pairs
of non-staggered recesses spaced at 50m. The dimensions of the
recesses do not correspond to CSN 73 7508 standard and spacing
of the recesses does not meet requirements of Decree No. 177/95 of
Coll. — Construction and technical order of railways.

Stability of the lining in tunnel block No. 4 was temporarily
provided in the past by supporting steel centering and timbering and




skalniho svahu a portdlové oblasti
jsou chranény levostrannymi porta-
lovymi kiidly. Zdivo portdli i zrub-
nich zdi je z lomového kamene ze
Sedé ruly, portalové vénce jsou z pis-
kovcovych kvadrt. Po vykaceni lesa
nad levostrannym kiidlem vjezdové-
ho portalu tunelu doslo k odplaveni
pokryvu bridli¢natych rul, ke zvétra-
ni skalniho povrchu a k postupnému
sesouvani zvétralych desek horniny
smérem do kolejiSte.

Opérné (nabrezni) zed, jez je tvo-
fena kamennou rovnaninou az do
vysky cca 5,2 m, zajiStuje stabili-
tu Zeleznicni traté v ndspu v useku
pred tunelem. Kamennd rovnanina
spole¢né s Zelezni¢nimi propustky
umoziuje prevedeni sraZkové vody
z levé strany traté na stranu pravou,
kde voda volné vytéka smérem do
feky Sazavy (obr. 2).

s =

AKTUALNI UDAJE O STAVBE A JEJIM PRUBEHU

Stavba byla z provoznich divodi rozloZena do dvou stavebnich
etap v letech 2020 a 2021. V prvni etapé v roce 2020, kdy nebylo
mozné snést Zeleznicni svrsek, byly provedeny prestavby propust-
ka pfed a za tunelem, sanace portdlovych zarubnich zdi (kfidel),
zajisténi skalniho svahu pred vjezdovym portidlem a pouze vybrané
dil¢i prace v tunelu. Obezdivka tunelu byla kompletné v celé délce
presparovana (kromé tsekt urenych k vyméné) a byly provedeny
tésnici injektaZe obezdivky v mistech prasakti vody. Destivy podzim
potvrdil vysokou efektivitu provedenych sanacnich opatieni, kdy ne-
byly zaznamenany prisaky pres sanované osténi. Jako pfiprava na
druhou etapu byly provedeny hrubé bouraci prace v tunelu — vybou-
rani stavajici obezdivky pro nové dopliiované zachranné vyklenky.
Druh4 etapa praci zacne 15. 3. 2021, tedy aZ po odevzdani tohoto
textu.

GEOLOGICKE POMERY

Podhradsky tunel profezava oblouk kanonovitého ddoli feky Sa-
zavy. Uzemi je budovano moldanubickymi metamorfovanymi hor-
ninami — sillimanit-biotitickymi rulami (Casto s obsahem granatt)
prevazné migmatitizovanymi. Zjednodusené feceno — tunel je vyra-
Zen v rulovych hornindch s riznym druhem a stupném tektonického
poruseni.

Povrch tzemi nad tunelem je Clenity a svazuje se smérem k vod-
nimu toku feky Sazavy (po pravé stran¢ tunelu). V tsecich bez obe-
zdivky uvnitf tunelu je dobfe viditelna struktura horninového masivu
véetné ploch nespojitosti a jejich orientace. Rula je vyrazné usmeér-
nénd, v misté poruch tektonicky podrcend. Ve vyrubu se stridaji dvé
polohy — rula tmavé Seda — zdrava az slabé navétral, a rula svétle
slidnatd — zvétrala aZ zcela zvétrald. Vzhledem k deskovité odluc-
nosti ruly podél ploch foliace se uvoliuji jednotlivé kameny, které
padaji do kolejiste.

NAVRZENY ZPUSOB REKONSTRUKCE

V tunelovych pasech ¢. 3 a 4, ve kterych bylo prizkumem zji§téno
nejvetsi zavodnéni a poSkozeni osténi, byla navrZena uplnd vyména
osténi. Vyména osténi byla navrzena v nekolika krocich. Sousedni
tunelové pasy budou zajistény pomoci podpérnych skruzi, oddéleny
od bouranych past pomoci kolmého fezu diamantovou pilou, osté-

Obr. 2 Pohled na vjezdovy portdl tunelu z opérné zdi
Fig. 2 A view of the tunnel entrance portal from the retaining wall
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a waterproofing membrane was added to prevent leakage. Due to the
high water saturation, several stones were released from the vault in
the past.

The entrance portal and exit portal of the tunnel are carried out in
a rock side-hill cutting and the portal areas are protected by portal
wings on the left side. The masonry of the portals and revetment
walls is made from grey gneiss rubble stone, whilst the portal collars
are made of sandstoneashlars. After felling the forest above the left
wing of the tunnel entrance portal, the slaty gneiss cover was washed
away, the rock surface got weathered and the weathered tables started
to slide in the direction of the track.

The retaining (training) wall, formed by hand-placed rubble up to
a height of about 5.2m, ensures the stability of the rail track on the
embankment in the section in front of the tunnel. The hand-placed
rubble together with railway culverts allow for transfer of rain water
from the left side of the track to the right side, where water freely
flows in the direction of the river Sdzava (see Fig. 2).

CURRENT DATA ON THE CONSTRUCTION
AND ITS COURSE

For operational reasons, the construction was divided into two
stages, 2020 and 2021. At the first stage in 2020, when it was not
possible to remove the trackwork, the culverts in front and behind
the tunnel were reconstructed, the pre-portal revetment walls (wings)
were rehabilitated, the rock slope in front of the entrance portal was
stabilised and only selected work operations were carried out inside
the tunnel. The tunnel lining was completely repointed throughout
the tunnel length (with the exception of the sections where the lining
is to be replaced) and the lining at the leakage points was sealed by
grouting. The rainy autumn confirmed the high effectiveness of the
rehabilitation measures implemented, when no leaks through the
rehabilitated lining were registered. In preparation for the second
stage, rough demolition work was carried out in the tunnel — breaking
out the existing lining for newly added safety recesses. The second
stage of the work started on 15 March 2021, after this text was
handed over.

GEOLOGICAL CONDITIONS

The Podhradsky tunnel cuts through a curve formed by the river
Sazava canyon valley. The area is built by Moldanubic metamorphosed



30. rocnik - €. 2/2021

ni pasu €. 4 bude zajisténo pomoci horninovych svorniki jesté pred
bourdnim obezdivky. Diivodem jsou predpoklddané poruchy masivu
a rozvolnéni horniny za osténim, které vyvolaly nutnost dfivé&jsiho
podskruzeni. Predpokladd se postupné bourdni kamenného osténi
po pasech délky maximélné 1,5 m ve sméru od zdklenku po opéfi,
docisténi a pripadné dokotveni vyrubu podle potfeby, a nakonec vy-
stavba nového osténi.

Nové osténi v pasech €. 3 a 4 bylo navrzeno jako samonosné ze
stitkaného betonu tloustky 300 mm a kopiruje prostorové zakftiveni
tunelové trouby. Geometrie lice osténi pfiblizné navazuje na sou-
sedni pasy a odpovida prjezdnému prifezu J-GCZ3 s pojistnym
prostorem 100 mm. Vyztuz tohoto nového osténi byla navrzena
z prostorovych samonosnych piihradovych nosnikl (tzv. bretexy)
s trojihelnikovym prifezem (nosné pruty 2x@J18 a 1x25) a ze
dvou vrstev vyztuznych siti &6/100/100 mm. P¥ihradové nosniky
budou ukotveny do zdkladovych past ze Zelezobetonu umisténych
na ubouranych piivodnich kamennych zakladech opér. Rubova hyd-
roizolacni vrstva nového osténi, kterd byla navrZzena z LDPE desek
tloustky 6 mm, soucasné funguje jako ztracené rubové bednéni pro
findlni vrstvu stifikaného betonu. Detaily izolace budou provedeny
z kompatibilni f6lie tloustky 2 mm. Cely izola¢ni systém bude osa-
zen soucasné s montdzi ptihradovych nosnikl. Prostor mezi rubem
nového osténi, respektive hydroizolacni vrstvou, a licem zajisténého
vyrubu bude vyplnén drendZnim materidlem — leh¢enym kameni-
vem. Rubové hydroizolace bude ukonc¢ena v paté vestavby rubovym
drendZnim potrubim. V nejniz§im misté dseku vestavby bude toto
odvodnéni prochédzet plnym potrubim piicné pres zakladovy pas
vestavby a7 do revizni Sachty na tunelové stoce. Cistici kus na dre-
naznim potrubi bude naopak umistén v nejvysSim misté na konci
useku s novym osténim. Mezi novym a stdvajicim osténim tunelu
bude provedena dilatacni spara a rubova hydroizolace nového osténi
bude vodotésné ukoncena na kamenném osténi. Mezi pasem €. 3 a 4
bude taktéz provedena dilatacni spara.

V usecich tunelu bez obezdivky bylo, s ohledem na opadavajici
zvétralé kusy ruly, navrzeno nové osténi v celkové délce 58,59 m,
které bude rozdéleno na dilatani useky (tunelové pasy) o délkach
pfiblizné 10 m. V ptvodnim ndvrhu projektanta bylo uvaZovano se
samonosnym osténim stejné jako v pasech ¢. 3 a 4 se svétlym pro-
filem obdobnym jako ve zbytku tunelu tak, aby lic nového osténi
plynule navazoval na lic stavajiciho osténi. Stavajici lic piivodniho
vyrubu v t€chto tsecich bez obezdivky je kromé opadavajicich kusi
horniny stabilni a jeho dodate¢né zajisténi by tak bylo minimalni.

V pribéhu projektovych praci byl vznesen pozadavek ze strany
objednatele projektové dokumentace (Sprava Zeleznic, statni orga-
nizace) na dalsi ,,zlepSeni* parametrii tunelu, a to zvétSenim svétlé-
ho tunelového prirezu (déle jen STP) na normovou velikost pravé
v téchto dvou tsecich bez obezdivky (iseky dl. 20 m a 38 m). Toto
bylo pozadovéano i za cenu vys$sich nakladd na realizaci z divodu
potreby rozsifeni svétlého profilu tunelu v dnes neobezdénych use-
cich. Podle pozadavku zadavatele bylo tedy v téchto dvou kratkych
usecich navrzeno zvétSeni ptivodniho vyrubu a dvouplastové osténi
s mezilehlou izolaci z f6lie PVC-P tloustky 2 mm. Vnitini lic takto
vytvoreného nového osténi tvofi kompromis mezi STP dle Vzoro-
vych listd SZDC pro jednokolejny tunel a stavajicim kamennym
osténim. Soucasné tento kompromisni svétly profil vyhovuje tunelo-
vému pritjezdnému prifezu (TPP) dle CSN 73 7508 bez tinikovych
cest pro neelektrifikovanou trat s pojistnym prostorem minimalné
150 mm.

Rozsiteni skalniho vyrubu v dosud neobezdénych castech tunelu
bylo navrZeno s predpokladem mechanického dolamovani a pripad-
né s pomoci trhacich praci. Stabilitu vyrubu budou zajistovat tyco-
vé kotvy v trvalém provedeni. Primarni osténi bude ze stiikaného
betonu tloustky minimalné 100 mm s jednou vrstvou vyztuzné sité
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rock types — sillimanite-biotite gneiss (frequently bearing garnades),
mostly migmatitised. Simply put, the tunnel is driven through gneiss
with different types and degrees of tectonic faulting.

The surface of the area above the tunnel is rugged. It slopes towards
the river Sdzava (on the right side of the tunnel). In the unlined
sections inside the tunnel, the structure of the rock mass is clearly
visible, including the surfaces of discontinuities and their orientation.
The gneiss is distinctly aligned, tectonically crushed in the locations
of faults. Two layers alternate in the excavation — dark grey gneiss
— fresh to weakly weathered and lightly micaceous—weathered to
completely weathered. Due to the platy jointing of gneiss along
foliation surfaces, individual stones loosen and fall down to the track.

PROPOSED RECONSTRUCTION PROCEDURE

Complete replacement of the lining was proposed for tunnel blocks
No. 3 and 4, where the highest water saturation and damage to the
lining was identified by the survey. The replacement of the lining
was proposed to be carried out in several steps. The adjacent tunnel
blocks will be stabilised by supporting centerings, separated from the
blocks to be broken out using a perpendicular cut with a diamond
saw; the lining of block No. 4 will be stabilised by rock bolts before
demolition of the lining. The reason lies in the presumed faults in
the massif and loosening of the rock behind the lining, requiring
the installation of the centering in advance. Gradual cutting of the
stone lining in strips with a maximum length of 1.5m in the direction
from the safety arch toward the bench is assumed, final cleaning and
possibly additional anchoring of the excavation is needed; finally the
new lining will be carried out.

The new lining design in blocks No. 3 and 4 was proposed to be
self-supporting, made from shotcrete, 300mm thick, copying the
spatial curvature of the tunnel tube. The geometry of the internal
surface of the lining approximately follows the adjacent blocks and
corresponds to J-GCZ3 clearance profile with safety margin space of
100mm. Spatial self-supporting lattice girders (the so-called Bretex
type) with triangular cross-section (principal bars 2x&J18 and 1x25)
and two layers of welded mesh &6/100/100mm were designed as the
reinforcement. The lattice girders will be anchored into reinforced
concrete strip footings placed on the originally broken out stone
foundations of the side walls. LDPE slabs 6mm thick were designed
for the external waterproofing layer in the new lining. At the same
time the layer functions as sacrificial external formwork for the final
shotcrete layer. Waterproofing details will be carried out using a 2mm
thick compatible membrane. The whole waterproofing system will be
installed concurrently with the installation of the lattice girders. The
space between the external surface of the new lining, respectively
the waterproofing layer and the internal surface of the stabilised
excavation, will be filled with a drainage material, lightweight
aggregates. The external waterproofing will be terminated at the
toe of the built-in structure by a drainage pipeline, which will pass
through the strip footing of the built-in structure in the lowest point
of its section and run up to the manhole on the central tunnel drain.
On the contrary, the access fitting will be located at the highest point
of the drainage pipeline, at the end of the section with the new lining.
An expansion joint will be carried out between the new and existing
tunnel lining and the external waterproofing of the new lining will be
water-tightly terminated on the stone masonry lining. An expansion
joint will be also carried out between blocks No. 3 and 4.

In the unlined tunnel sections, a new lining was designed at the total
length of 58.59m with respect to the falling pieces of gneiss. It will
be divided into expansion blocks about 10m long. A self-supporting
lining identical with that in blocks No. 3 and 4 with the clear profile
similar to the remaining part of the tunnel was considered in the
original proposal of the designer. The internal surface of the lining




26/100/100 mm. Sekundarni osténi bude ze stiikaného betonu
s tlouStkou minimalné 300 mm a s vyztuZi tvofenou prostorovymi
ptihradovymi nosniky (tzv. bretexy) s trojihelnikovym prifezem
(nosné pruty 2xJ18 a 1xD25) a vyztuznymi sitémi (analogicky jako
u past 3 a4). Ukonceni hydroizolace bude provedeno do rubové dre-
naze a voda z drenaze bude svedena pomoci pricného potrubi dile
do stfedové stoky tunelu.

Drenazni potrubi za rubem vestavovaného osténi bylo navrzeno
s odhledem na jeho budouci udrzbu prostfednictvim tvarovek vyve-
denych az na lic nového osténi.

Uvnitf tunelu bylo déle vyprojektovano navySeni pocCtu zéchran-
nych vyklenkd tak, aby byly splnény pozadavky vyhlasky 177/95 Sb.
Stavebni a technicky fad drah. Pficemz stdvajici vyklenky budou
podle pozadavku investora ponechany bez zvétSovani rozmérd na
parametry dle CSN 73 7508. Celkem bylo navrZeno doplnéni dvou
part vstiicnych vyklenkt do stavajiciho kamenného osténi a Ctyfi
pary vyklenkl v pasech s novym Zelezobetonovym osténim. Stény
vyklenku budou ze stiikaného betonu vyztuZeného piihradovymi
nosniky, sitémi a prutovou vyztuzi. Zaklad vyklenku bude taktéZ ze
Zelezobetonu. Pied vybourdnim otvoru pro nové zachranné vyklenky
ve stavajici obezdivce byla zajisténa stabilita tunelového osténi. Kro-
mé celoplosného diikladného presparovéani a doinjektovani spar ak-
tivovanou maltou byla klenba podeprena pomoci ocelovych oblou-
kovych ramu z korytkové TH vyztuZe po obou stranich budouciho
vyklenku. Vyztuzné ramy (oblouky) byly aktivovany vici obezdivce
vyklinovanim a fixovdny kotvenim do horniny pfes roznaSeci oce-
lovy prah (profil LARSEN). Nasledné byly ve stavajici obezdivce
vyfiznuty a vybourdny zéfezy pro ztracené Zelezobetonové preklady
nad otvorem budouciho vyklenku, které byly navic pfikotveny tyco-
vymi kotvami do horniny. Teprve poté byl v osténi vyfiznut obrys
budouciho vyklenku a novy vyklenek vyrubdn. Vzajemna vzdale-
nost vyklenk po rekonstrukci bude normovych 25 m.

Veskeré pracovni i dilata¢ni spary novych tsekl osténi budou pro-
vedeny jako vodotésné. Vestavba nového osténi miize probihat pouze
pfi sneseni Zelezni¢niho svrsku.
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was to join smoothly the internal surface of the existing lining. With
the exception of falling pieces of rock, the existing internal surface
of the excavation is stable; therefore an additional support would be
minimal.

During the work on the design, a request was made by the
client for the design documents (Railway Administration, state
organization) for further “improvement” of the tunnel parameters
by enlarging the tunnel clearance profile (hereinafter referred to as
TCP) to the standard size in these two unlined sections (sections 20m
respectively 38m long). This requirement was made even without
respect to the higher cost of the construction, because of the need
for enlarging clear tunnel profile in the currently unlined sections.
According to the contracting authority requirement, the enlargement
of the original excavation and the two-pass lining with a 2mm thick
intermediate PVC-P waterproofing membrane was designed for the
two short sections. The internal surface of the new lining carried
out in this way forms a compromise between the TCP according to
the Standard Sheet of the Railway Infrastructure Administration for
a single-track tunnel and the existing masonry lining. At the same
time, this compromise clear profile meets requirements of the tunnel
clearance profile according to CSN 73 7508 standard without escape
paths for non-electrified rail track with the minimal safety margin
space 150mm wide.

The enlargement of the rock excavation in the until now unlined
parts of the tunnel was designed with the assumption of mechanical
scaling and possibly blasting. The excavation stability will be
ensured by permanent anchor rods. The primary lining will be made
from shotcrete minimally 100mm thick, with one layer of welded
mesh &6/100/100mm. The secondary lining will be constructed
from shotcrete minimally 300mm thick, reinforced with spatial
lattice girders (the so-called “Bretex”) with triangular cross-section
(principal bars 2xJ18 and 1x25mm) and layers of welded mesh
6/100/100mm (analogous to blocks No. 3 and 4. The waterproofing
will be terminated in the external drainage and water from the
drainage will be directed through a transverse pipeline further to the
central tunnel drain.

rekonstrukce tunelu (dl. 251 m)
reconstruction of tunnel (251m long)
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sanace stavajiciho osténi

rehabilitation of existing lining

vyména osténi v TP3 a TP4

replacement of lining in TP3 and TP4 classes

I vestavba v Useku bez osténi
built-in structure in unlined section

_ sanace portalovych past

vestavba novych zachrannych vyklenkl
rehabilitation of portal blocks _

incorporation of new safety recesses

|

Obr. 3 Piidorysné schéma — rekonstrukce tunelu
Fig. 3 Tunnel reconstruction ground plan
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sanace stavajiciho osténi rehabilitation of existing lining vymeéna osténi vTP3 aTP4 replacement of lining in TP3 and TP4

sanace stavajiciho osténi rehabilitation of existing lining vestavba osténi v tisecich bez obezdivky
doplnéni zachrannych vyklenku addition of safety recesses built-in lining in unlined sections
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———  stavajici konstrukce existing structures ——  stavajici konstrukce existing structures
rekonstrukce/sanace reconstruction/rehabilitation —— rekonstrukce reconstruction
——————- bourané konstrukce/vykopy demolished structures/excavation ——————-bourané konstrukce/vykopy demolished structures/excavation
odvodnéni tunelu tunnel drainage ——— odvodnéni tunelu tunnel drainage
priijezdny prifez clearance profile —— prljezdny prlfez clearance profile
@ stavajici kamenné osténi  existing stone masonry lining @ ponechand ¢ast opéry stavajiciho kamenného osténi

part of existing masonry lining side wall left in place

@ zakladka z kamenné rovnaniny hand-placed rubble packing
@) lic stavajiciho osténi internal surface of existing lining

(® sparovani kamenného zdiva stone masonry pointing )OS :

(@ tésnici injektaz kamenného zdiva stone masonry sealing grouting ® PO‘"Ch skal!'nho vy'ruk’)u s’urface”ofl roc’k excavation

® lic stavajiciho osténi internal surface of existing lining @ lic kamenného osténi v nésledujicim dseku ) )
internal surface of stone masonry lining in the following section

vestavba z&chrannych vyklenkd, stény tl. 250 mm z vyztuzeného stfikaného betonu - P, - ) .
® incorporation of Safyety rg,cesses, reinf‘c/)rced shotcreteywalls 250mm thick (®) osténi tl. 300 mm - vyztuzeny stfikany beton  lining 300mm thick — reinforced shotcrete
(®) destnikova hydroizolace umbrella-type of waterproofing

@ drendzni zasyp, leh¢ené kamenivo drainage backfill, light-weight aggregates
(@ drenazni zasyp, lehcené kamenivo, zhutnéné zafoukanim

g\é%lsyéﬂfgg\ll Ig?&g‘{éﬁtgp;\g%%r\:?StaVbou viklenku, ZB preklad, fada samozavrinych drainage backfill, light-weight aggregates, compacted by blowing it in
permanent support of the lining vault above the built-in recess, RC lintel, a row of zajisténi stavajiciho kamenného osténi/skalniho vyrubu pomoci ty¢ovych kotev v trvalém
permanent self-drilling anchor rods provedeni, po vybourani kamenného osténi budou kotvy zkraceny a osazeny nové hlavy
(® horni fada samozévrtnych tyGovych kotev zajistujicich klenbu osténi nad vestavbou kotev - - o .
upper row of self-drilling anchoring rods supporting the lining vault above the built-in stabilisation of existing stone masonry lining/rock excavation with permanent anchoring
recess before the beginning of breaking-out operations rods; the anchor length will be reduced after breaking out the stone masonry and
installation of new anchor heads

(® noveé dvouplastové osténi z vyztuzeného stiikaného betonu s mezilehlou izolaci
new two-pass lining from reinforced shotcrete with intermediate waterproofing layer

zajisténi pfipadnych geologickych poruch ty¢ovymi kotvami v trvalém provedeni
stabilisation of possible geological faults by permanent anchor rods

Obr. 5 Pricné rezy — vestavba nového osténi tunelu

Obr. 4 Pricné rezy — stdvajici osténi tunelu
Fig. 5 Cross-section — newly built-in tunnel lining

Fig. 4 Cross-sections — existing tunnel lining
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Ponechavané kamenné osténi ve zbytku tunelu, kamenné por-
talové zdi a kiidla byly sanovany v prvni etapé praci v roce 2020.
Cilem bylo omezit prisaky vody pfes osténi, zvysit stabilitu zdiva
a prodlouZit jeho Zivotnost. Sanacni price zahrnovaly ¢iSténi zdiva
vysokotlakym vodnim paprskem, odstranéni nesoudrznych vrstev
vyplné spar a povrchové i hloubkové sparovani zdiva. Po diikladném
presparovani zdiva byla navic provedena dodate¢na tésnici injektaz
vysoce aktivovanou tekutou maltou, a to predevsim do spar kamenné
klenby osténi. Pri¢né trhliny ve zdivu portalovych past byly sanova-
ny takzvanym ,,seSitim®, kdy do podélnych drazek vytvorenych ve
sparach zdiva byly vloZeny a nasledné zalepeny tahové vyztuhy. Pti
navrhu sanace trhlin a umisténi tahovych vyztuh byl kladen diraz na
vylouceni negativniho ovlivnéni historického vzhledu portdlovych
zdi a zabranéni poskozeni portidlového limce tunelové trouby z ka-
mennych kvadra. VSechny drazky byly nasledné vyplnény sparovaci
hmotou SIKA Rep a dotésnény injektazi (obr. 3 az 5).

V celém tunelu bude ve druhé etapé ziizena zcela nova tunelo-
vé stoka z drendzniho potrubi z polypropylenu uréeného do aktivni
z6ny prazcového podlozi. Na stoce budou osazeny revizni Sachty
situované do vyskovych ¢i padorysnych lomi stoky a také do mist
pfipojeni drendZzi v isecich s novym osténim ¢i v mistech dopliiova-
nych vyklenktl. Maximalni vzdalenost reviznich Sachet bude pfibliz-
né 35 m. Z divodu dodrZeni minimélniho podélného sklonu stoky
bude pravdépodobné zapotiebi prohloubeni pocvy tunelu. Dno tune-
lu bude navic vyspraveno s pii¢nym spadovanim ke stfedové stoce.
Vyusténi tunelové stoky bude na obou portilech tunelu do rekon-
struovaného pravostranného prikopu podél traté. Po ukonceni vSech
praci na osténi bude v tunelu obnoveno bezpecnostni znaceni.

Dulezitou soucésti rekonstrukce tunelu je také zajisténi rychlého
odvedeni stékajicich povrchovych vod z portdlovych oblasti smérem
do feky Séazavy. Z tohoto déivodu byla navrzena kompletni rekon-
strukce odvodiiovacich pifkopl za korunou obou portdlovych zdi
a portalového kiidla P1. Déle byla navrzena tprava a prohloubeni
prikopt podél traté a kompletni vyména tii Zeleznic¢nich propustki,
které jiz byly z hlediska kapacity nevyhovujici. Uvedené sanacni pra-
ce pred portély tunelu byly z vétsi ¢asti provedeny jiZ v prvni etapé,
jejich kompletni dokonceni je vSak mozné provést az v etapé druhé.

Pro zabranéni padu uvolnénych blokli horniny ze svahu po levé
strané vjezdového portalu smérem do kolejisté bylo v prvni etapé
provedeno zajiSténi svahu pomoci SN kotev a zaclonového systému
z ocelového pletiva. Néasledn€ byl skalni svah prekryt materidlem
z tiidimenzionalni prostorové matrice, ktera vytvori dobré podminky
pro uchyceni zelené. Od uvedenych opatieni na svahu Ize ocekavat
sniZeni uc¢inkl eroze na skalni povrch a nasledné eliminaci zanaseni
odvodnovacich prikopt.

V feSeném udseku trat€ déle bude Zeleznicni svrSek rekonstruovan
novym materidlem tvaru 49 E1 (S49) na praZcich betonovych s bez-
podkladnicovym pruznym upevnénim ,,d*“ a v mist€ reviznich Sachet
. Kolej bude bezstykova a od km 28,669 az do km 29,482 budou
zfizeny prazcové kotvy. V tunelu budou upeviiovadla navic opatrena
antikorozni Upravou.

Stavajici opérna (nabiezni) zed z kamenné rovnaniny bude z du-
vodu Spatné piistupnosti k paté zdi (koryto feky Sazavy, evropsky
vyznamnd lokalita, aktivni zéna zdplavového uzemi) pouze lokdlné
vyspravena, budou nahrazeny jednotlivé poskozené nebo vypadané
kameny. Z divodu nevyhovujiciho prostorového usporadani Ze-
leznicni trat€ v useku nabiezni zdi bude rozsifeni plané télesa Ze-
lezni¢niho spodku provedeno v jeji horni ¢asti a to v délce 100 m.
Toto rozsifeni bude provedeno pomoci krabicovych dili opérnych
zdi typu U3 a v délce 24 m pomoci atypické Zelezobetonové desky
s pravostrannou ¥{msou. Zelezobetonova deska bude umisténa pod
urovni plané télesa Zelezni¢niho spodku a z divodu dodrZeni prosto-
rového usporadani (CSN 73 6201) bude fimsa astené konzolovité
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The drainage pipeline behind the external surface of the lining
being built in was designed with the consideration of the future
maintenance to contain fixtures leading to the internal surface of the
new lining.

Inside the runnel, increased number of safety recesses were further
designed so that the requirements of the Decree No. 177/95 Coll.
“Construction and technical order of railways” is met, with the
existing recesses left according to the client requirements without
increasing the dimensions to parameters according to CSN 73 7508
standard. In total, it was proposed that two pairs of non-staggered
recesses were to be added to the existing stone lining and four pairs
of recesses to the blocks with the new reinforced concrete lining.
The recess walls will be made from shotcrete reinforced with lattice
girders, welded mesh and rebars. The recess foundation will also be
made from reinforced concrete. Before breaking the existing lining
for the new safety recesses in the side walls, the stability of the
tunnel lining was ensured in advance of breaking out and enlarging
the excavation. In addition to the thorough repointing of the whole
surface and additional injecting activated mortar into joints, the vault
was supported by means of steel arches made from TH arches on
both sides of the future recess. The supporting arches were activated
against the lining by wedging and were fixed by anchoring to the
rock massif through a spreading steel beam (LARSEN profile).
Subsequently, grooves were cut and broken out in the existing lining
for a sacrificial reinforced concrete lintel over the opening for the
future recess. They were in addition anchored to the rock mass with
anchor rods. Only then was the contour of the future recess cut into
the lining and the new recess was broken out. The spacing of the
recesses after reconstruction will be standard 25m. .

All day joints and expansion joints in the new lining sections will
be watertight. The construction of the new built-in lining can be
carried out with the trackwork removed.

The stone masonry lining left in the remaining part of the tunnel,
and the stone masonry portal walls and wings were rehabilitated
during the first construction stage in 2020. The objective was to limit
water seepage through the lining, improve the stability of the masonry
and extend its service life. The rehabilitation operations comprised
cleaning of the masonry with high-pressure water jet, removing
incoherent layers of joint fillings and both surface and deep pointing
of the masonry. After thorough repointing of the masonry, additional
sealing grouting, first of all into the joints in the stone masonry lining
vault, was carried out using a highly activated mortar. Transverse
cracks in the masonry of the portal blocks were rehabilitated by the so-
called “sewing together”, where tension stiffeners were inserted and
subsequently glued into longitudinal grooves formed at the masonry
joints. When designing the rehabilitation of cracks and positions
of the tension stiffeners, emphasis was placed on the exclusion of
negative effects on the historic appearance of the portal walls and
prevention of damaging the portal collar made from stone ashlars.
All grooves were subsequently filled with SIKA Rep jointing mortar
and the sealing was finished by injection of grout (see Figures 3 to 5).

A completely new tunnel drain made of polypropylene was
designed for the active zone of the sleeper type of trackbed. It will
be provided in the whole tunnel at the second construction stage.
Manholes will be installed on the drain. They will be located in
vertical or horizontal breaks of the sewer and also to the points of
connections of drains in the sections with the new lining or in the
places where the new recesses are added. The maximum spacing
of the manholes will amount to 35m. Because of the necessity for
maintaining the minimum longitudinal gradient of the drain, it will
be probably necessary to deepen the tunnel excavation bottom. In
addition, the tunnel bottom will be mended, providing transverse
slope toward the central drain. The tunnel drain will end at both
tunnel portals in the reconstructed right-hand ditch running along the
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opérna zed - rozSifeni plané télesa zel. spodku
retaining wall — widening of track formation
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prljezdny prifez clearance profile

@ stavajici opéma zed z kamenné rovnaniny
existing hand-placed rubble retaining wall

@ piedpokladany prbéh horninového podiozi
assumed course of the bedrock

®) stavajici zasyp opérné zdi (ndsyp/kamenna rovnanina)
existing backfill of retaining wall (earth/hand-placed rubble)

(@ 7B deska tl. min. 250 mm s fimsou, kamenny obklad svislé stény pod fimsou,
hydroizolaéni natér, podkladni beton tl. 100 mm, srovnavaci vrstva, $térkodrt
RC slab min. 250mm thick, stone facing of vertical wall under the ledge, waterproofing
coat, blinding concrete 100mm thick, levelling layer, crushed gravel

(®) kabelovy Zlab cable channel

(®) ocelové zabradli steel railing

Y

Obr. 6 Pricny rez — opérnd zed’
Fig. 6 Cross-section — retaining wall

vynesena pres hranu stavajici opé€rné zdi (obr. 6). V tsecich mimo
tunel tak bude zajisténa prostorova prichodnost prijezdnym prire-
zem Z-GCZ3.
ZAVER

Tento ¢lanek velmi stru¢né popisuje zakladni principy navrZené
a z Casti jiZz provedené rekonstrukce Podhradského tunelu a na néj
navazujicich dalSich stavebnich objektl (obr. 7, 8). Volba zptsobu
rekonstrukce byla ovlivnéna nejen vysledky provedenych prizkum-
nych praci a mnoha zkuSenostmi spolecnosti AMBERG Enginee-
ring Brno, a.s. s rekonstrukcemi obdobnych staveb, ale také n¢kolika
omezujicimi podminkami. Mezi omezujici podminky lze zafadit
pfedem stanovenou délku vyluky provozu na trati, béhem které ma
byt rekonstrukce realizovana. Délky vyluk se v prub¢hu projekto-
vych praci nékolikrat ménily a bohuZel predev§im zkracovaly. Vy-
sledkem je neprilis Stastné rozdéleni stavby na dvé etapy, kdy nékteré
rekonstrukéni prace predbihaji jiné, ackoliv by mély byt z logiky véci
provadény v opacném poradi. Na jednokolejné trati v takto kompli-
kovaném terénu, kde jediny moZny piistup na stavbu je po Zelezni¢ni
trati samotné, je zapotiebi diisledné a koordinované planovat jednot-
livé kroky rekonstruk¢nich praci. Tomu je nutné adekvatné prizpl-
sobit samotny navrh a zptsob rekonstrukce jednotlivych stavebnich
objektl tak, aby stavba jako celek byla v danych vylukach ve dvou

track. After completion of all work operations on the lining, safety
signs will be renewed in the tunnel.

Ensuring the rapid evacuation of surface water from the portal
areas towards the river Sdzava is also an important part of the
tunnel reconstruction. For this reason, a complete reconstruction of
the drainage ditches behind the crown of both portal walls and the
portal wing P1 was proposed. Furthermore, the modification and
deepening of ditches along the line and the complete replacement of
three railway culverts, which were already unsatisfactory in terms of
capacity, were proposed. The above-mentioned rehabilitation work
in front of the tunnel portals was mostly performed at the first stage,
but its completion is possible only at the second stage.

With the aim of preventing loose blocks of rock from falling from
the slope on the left side of the entrance portal towards the track, the
slope was stabilised at the first stage by means of SN anchors and a
curtain system formed by steel wire mesh. Subsequently, the rock
slope was covered with material from a three-dimensional spatial
matrix, which will create good conditions for rooting of greenery.
The above-mentioned measures implemented on the slope can be
expected to reduce the effects of erosion down to the rock surface
and subsequently eliminate settlement of sand/mud in the drainage
ditches.

In the section of the track being solved, the track work will also be
reconstructed with a new material of the 49 E1 shape (S49) with “d”
flexible fixation without tie-plates on concrete sleepers respectively
“c” in the places of manholes. The rails will be continuously welded
and sleeper anchors will be installed from km 28.669 up to km
29.482. In addition, all fasteners in the tunnel will be provided with
rust prevention.

Due to poor access to the foot of the wall (the Sazava riverbed,
a European important locality, an active zone of the flood district),
the existing hand-placed rubble retaining (training) wall will be
repaired only locally; individual damaged or fallen out stones will
be replaced. Due to the unsatisfactory spatial arrangement of the
railway track in the section of the training wall, the track formation
will be widened in the upper part of the training wall at the length of
100 m. This widening will be carried out using U3 box-type blocks
of retaining walls and by means of atypical reinforced concrete slab
with a right-hand ledge at the length of 24m. The reinforced concrete
slab will be located under the track formation level and, for the reason
of maintaining the space arrangement (CSN 73 6201 standard), the
ledge will be partially carried as a cantilever over the edge of the
existing retaining wall (see Fig. 6). In this way, the traffic clearance
Z-GCZ3 will be ensured in the sections outside the tunnel.

CONCLUSION

This paper very briefly describes the basic principles of the
proposed and partly already performed reconstruction of the
Podhradsky tunnel and other related structures (see Figures 7 and
8). The selection of the reconstruction procedure was influenced not
only by the results of completed surveys and lots of experience of the
company of AMBERG Engineering Brno, a.s., with reconstruction
of similar projects, but also by several restricting conditions. Among
the restricting conditions it is possible to consider the predetermined
duration of track possessions during which the reconstruction is to
be carried out. The duration of the track possessions were several
times changed during the work on the design; it was most frequently
shortened. The result is a not very happy division of the construction
into two stages, where some reconstruction operations precede others,
although they should logically follow in a reverse order. On a single-
track line in such a complicated terrain, where the only possible access
to the construction site is along the railway track itself, it is necessary
to plan the individual steps of the reconstruction work thoroughly and
coordinatedly. It is necessary to adequately adapt the design itself
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Obr. 7 Sanovany vjezdovy portdl a zdrubni zed'
Fig. 7 Rehabilitated entrance portal and revetment wall

etapach vibec realizovatelna. Mezi dals§i omezujici podminky bez-
pochyby patii blizkost evropsky vyznamné lokality (feka Sdzava)
a s tim souvisejici pozadavky odboru Zivotniho prostiedi. Dulezity je
rovnéz fakt, Ze predmétna trat tvoii hranici aktivni zény zaplavového
uzemi.

Jednim z cilt projektového tymu bylo také zachovat ptvodni kra-
jinny raz okoli tunelu. Okoli je vyhleddvanou turistickou a rekreacni
oblasti. RovnéZ feka Sdzava je hojné navstévovana vodaky. Doufej-
me tedy, Ze po skonceni rekonstrukce budou spokojeni nejen cestuji-
ci ve vlacich, ale i ostatni navstévnici této krasné oblasti.

Ing. ALICE WETTEROVA, awetterova@amberg.cz,
Ing. JANA MICHALJANICOVA, jmichaljanicova@amberg.cz,
AMBERG Engineering Brno, a.s

Recenzoval Reviewed: Ing. Jan Frantl
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Obr. 8 Usek tunelu bez obezdivky, v pozadi probihd spdrovdni
Fig. 8 Unlined tunnel section, the pointing underway in the background

and the procedure of reconstruction of individual structures so that
the construction as a whole is feasible in the given track possession
breaks during the two stages. Among other restrictive conditions
there are undoubtedly the proximity of a site of European importance
(the river Sdzava) and the related requirements of the Department of
the Environment. It is also important fact that the railway track in
question forms the boundary of the active zone of a flood district.

One of the design team objectives was also to preserve the original
landscape character around the tunnel. The surrounding area is
popular in terms of tourism and recreation. The river Sézava is also
frequently visited by water sportsmen. So let us hope that, after the
reconstruction, not only the passengers on the trains but also other
visitors to this beautiful area will be satisfied.

Ing. ALICE WETTEROVA, awetterova@amberg.cz,
Ing. JANA MICHALJANICOVA, jmichaljanicova@amberg.cz,
AMBERG Engineering Brno, a.s
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NOVE PRIPRAVOVANE SILNIENI TUNELY V CESKYCH
BUDEJOVICICH -
NEWLY PREPARED ROAD TUNNELS IN CESKE BUDEJOVICE

ELISKA PILAROVA, JOSEF RYCHTECKY

ABSTRAKT

V souvislosti s dostavbou ddlnicniho obchvatu Ceskych Budéjovic, ktery svym vyznamem dosahuje celostdtni iirovné, se u odpovédnych
predstavitelii mistni sprdvy, resp. kompetentnich instituci, zacinaji diskutovat otdzky, jakym zpiisobem bude ovlivnéna silnicni doprava
v dotceném okoli dostavby obchvatu. Usili o minimalizaci negativnich dopadii na obytné oblasti vyiistilo v projekéni pripravu preloZek
mistnich komunikaci, jejich? soucdsti jsou i dva hloubené tunely Srubec a Podjezd (obr. 1). Cldnek popisuje podminky ndvrhu pro potreby
tizemniho rozhodnuti a zjednoduSené i technické reSeni vypracované projektanty spol. AFRY CZ.

ABSTRACT

In connection with the completion of the Ceské Budéjovice motorway bypass, which by its significance reaches the national level, the
responsible representatives of the local administration, resp. competent institutions are beginning to discuss how road traffic will be
impacted in the affected area by the completion of the bypass. Efforts to minimize negative impacts on residential areas have resulted
in the design preparation of relocations of local roads, which include two excavated tunnels Srubec and Podjezd (Fig. 1). The article
describes the conditions of the proposal for the needs of the zoning decision, and simply conveys also the technical solution developed by

the designers of the company AFRY CZ.

TUNEL SRUBEC

Tunel Srubec je soucasti prelozky silnice II/157 — obchvat obce
Srubec. Stavajici napojeni na ddlnici D3 silnici I1/157, vedenou uli-
ci Ledenicka, se timto v rozsahu obce Srubec odklani do nové trasy
délky cca 3 km, jejiz soucésti je tunel.

S ohledem na vyskové vedeni trasy a geomorfologické podmin-
ky v okoli je navrZen obousmérny hloubeny tunel délky 280 m ve-
deny v podélném sklonu 4,5 %, v Sitkovém uspotadani prevadéné
komunikace S 7,50/90, se standardnim provoznim usporfdddnim
dva stoupaci pruhy ve sméru Ledenice a jednim jizdnim pruhem ve
sméru Ceské Budgjovice. V souladu s CSN 73 7507 je tunel na za-
kladé predpokladanych intenzit dopravy a navrzené délky zarazen
do bezpecnostni kategorie TD [3].

Nosnou konstrukci tunelu tvofi jednoduchy Zelezobetonovy ram
se zakladovou deskou s uzavienym foliovym hydroizola¢nim sys-
témem (,,typ ponorka®) bez trvalych boc¢nich drendZi. Pficny fez

SRUBEC TUNNEL

The Srubec tunnel is part of the relocation of road II/157 — the
Srubec bypass. The existing connection to the D3 motorway by road
1I/157, led by Ledenicka Street, is thus diverted to a new route of
approximately 3km in length within the municipality of Srubec,
which includes a tunnel.

With regard to the height of the route and geomorphological
conditions in the vicinity, the bidirectional cut and cover tunnel
280m long is designed with a longitudinal slope of 4.5%, in the
width configuration of the road S 7.50/90, with a standard operating
arrangement of two uphill lanes in Lednice direction, and one lane in
the direction of Ceské Budg&jovice. In accordance with CSN 73 7507,
the tunnel is included in the safety category TD [3] based on the
expected traffic intensities and the proposed length.

The supporting structure of the tunnel consists of a simple
reinforced concrete frame with a base slab with a closed foil
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Fig. 1 Situation plan of tunnels
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waterproofing  system  (“tanked”)

hutnény zasyp a vegetaéni vrstvy
compacted backfill and vegetation layers

hydroizolaéni souvrstvi
waterproofing layer

ZB stropni deska
reinforced concrete roof slab

N
vozovkové souvrstvi
roadbed

7B zakladové deska
reinforced concrete base slab

podkladni souvrstvi
underlying formation

1 without permanent side drainages.
The cross section of the tunnel
(Fig. 2) is designed to be rectangular
with an internal clear width of 14.0m
and a height of 6.00m in the axis of
the road. The passage height of 4.50m
is supplemented by a safety space of
0.30m at the top, and by a space of
approx. 1.20m for the installation of
lighting carriers and traffic signs. The
tunnel will not be forcibly ventilated.

The construction of the tunnel will
be built in an open pit excavated by
blasting works. It is proposed to
secure the walls of the pit by nailing
and sloping.

Areas in front of portals, or more
precisely the adjoining trenched
sections of the relocated road are

technologické vybaveni
technological equipment

SB + zemni hebiky
reinforced shotcrete
+ ground nails

v

Obr. 2 Pricny ez tunelu Srubec
Fig. 2 Cross section of Srubec tunnel

Yoy

tunelu (obr. 2) je navrZzen obdélnikovy s vnitini svétlou Sitkou
14,0 m a vyskou 6,00 m v ose komunikace. Prijezdny prostor vys-
ky 4,50 m je nahote doplnén o pojistny prostor 0,30 m a o prostor
vysky cca 1,20 m pro osazeni nosici osvétleni a dopravniho znace-
ni. Tunel nebude nucené vétran.

Konstrukce tunelu bude budovana v oteviené jamé vyhloubené
pomoci trhacich praci. NavrZeno je zajisténi stén jamy hiebikova-
nim a svahovanim.

Plochy pted portaly, resp. navazujici zarezy silni¢ni komunika-
ce prelozky, jsou zajiSt€ny zarubnimi st€énami. Tunel se vyznacu-
je nizkym nadlozim. V prevazujici délce dokonce vystupuje nad
uroven stavajiciho terénu a jeho presypani pfinasi mirnou tpravu
stavajici konfigurace povrchu tizemi.

Provozné-technologicky objekt (PTO) je situovan v prostoru bu-
dg&jovického portalu. Celni sténa PTO licuje s piilehlymi opérnymi
konstrukcemi a vytvafi tak vizudln€ souvislou plochu (obr. 3). Ob-
jekt PTO je navrZen presypany, tudiZ je témér cely objem objektu
skryt, s vyjimkou vétraci a kabelové ¢asti vystupujici nad droveti sta-
vajiciho terénu v podobé nizkého kominu se sedlovou stfechou [1].

Geologické a hydrogeologické poméry

Z geologického hlediska zajmové tzemi spadd do krystalinika
Ceského masivu (Sumavské moldanubikum). Terén v misté stavby
je svazity k severu a k severozapadu s nadmotskou vyskou v oblasti
tunelu cca 485-506 m n. m. Skalni podloZi je budovano krystalic-
kymi horninami LiSovského prahu.

V dotCeném tizemi se vyskytuji rizné mocné kvartérni sedimen-
ty, pfevazné deluvidlniho pavodu (piscité az jilovitopiscité hliny
s tlomky mate¢né horniny).

Skalni podloZi je tvoreno rozloZenymi az zvétralymi, resp. nave-

secured by retaining walls. The tunnel

is characterized by low overburden.

In the predominant length, it even
protrudes above the level of the existing terrain, and its ground cover
brings a slight modification of the existing surface configuration of
the area.

The operational and technical building (PTO) is located in the area
of the Budgjovice portal. The front wall of the PTO aligns with the
adjacent support structures and thus creates a visually continuous
surface (Fig. 3). The PTO building is designed as a cut and cover
structure, so almost the entire volume of the building is hidden, with
the exception of the ventilation and cable part protruding above the
level of the existing terrain in the form of a low chimney with a
gabled roof [1].

Geological and hydrogeological conditions

From a geological point of view, the area of interest belongs to the
crystalline rocks of the Bohemian Massif (Sumava Moldanubicum).
The terrain at the construction site is sloping to the north and northwest
with an altitude of about 485-506m above sea level in the tunnel area.
The bedrock is built of crystalline rocks of LiSovské brim.

In the affected area there are Quaternary sediments of various
thicknesses, mostly of deluvial origin (sandy to clayey-sandy earth
with fragments of the parent rock).

The bedrock is formed by altered to weathered, resp. partly weat-
hered to healthy, mostly biotite paragneiss rocks, which are strongly
migmatized in places. The weathered and slightly weathered bedrock
occurs at a depth of 3.25m to 13.0m below ground level and its course
is rugged, as is the thickness of the eluvium and deluvial cover.

The circulation of groundwater in the given area is bound both to
deluvial sediments and eluvia (weathered zone) with a predominantly
channel character of permeability, as well as to the fracture system of
the rock massif. The groundwater level was found at a depth of 2.8m
to 8.4m below the ground. [1]

Obr. 3 Rozvinuty pohled Budéjovickym portdlem tunelu Srubec
Fig. 3 An unfolded view through the Budéjovice portal of the Srubec tunnel
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tralymi az zdravymi prevazné biotitickymi pararulami, které jsou
misty silné migmatizovany. Navétralé a mirné zvétralé skalni podlo-
Zi se vyskytuje v hloubce 3,25 m az 13,0 m pod trovni terénu a jeho
prubéh je Clenity, stejné jako mocnost eluvia a deluvialnich pokryvi.

Obéh podzemni vody je v daném uzemi vdzan jak na deluvidlni
sedimenty a eluvia (z6énu zvétrani) s prevazné pralinovym charak-
terem propustnosti, tak i na puklinovy systém skalniho masivu.
Hladina podzemni vody byla zjisténa v hloubce 2,8 m az 8,4 m
pod terénem. [1]

Postup vystavby

Vystavba tunelu Srubec zapocne realizaci stavebni jamy. Stény
stavebni jamy budou zajiSfovany podle postupu hloubeni stitkanym
betonem s vyztuznymi sitémi a zemnimi hfebiky. Tubus tunelu je
navrZen jako Zelezobetonova konstrukce. BetonaZz bude probihat
do posuvného bednéni po sekcich. Na dokoncenych tsecich bude
hydroizolacni systém kompletné uzavien. Spodni ¢ast vykopu
bude zaplnéna popilkovym stabilizitem, svrchni ¢ast hutnénym
zasypem. Pro zasyp bude vyuZito vytfidéného materidlu ziskaného
z t€Zby zafezl navazujicich tseku prelozky.

Zavér

V ramci projekeni pripravy se podafilo splnit poZadavky mini-
malizace dopadli nové prelozky silnicni komunikace na Zivotni
prostredi, které se tykaly predev§im omezeni hluku na obytnou
zastavbu, coZ umoZznilo novy tunel do izemi vhodné umistit. Tech-
nické feSeni je optimalizované a respektuje inzZenyrskogeologické
poméry a provozni pozadavky i ve vztahu k omezeni investi¢nich
ndkladd. Architektonické feSeni portald je minimalistické a vyuzi-
va konfigurace terénu k zakryti technologickych objekta.

TUNEL PODJEZD

Tunel Podjezd je soucasti prelozky silnic II/156 a II/157, kterd ma
za cil zefektivnit dopravu pres centrum Ceskych Bud&jovic v pro-
storu hlavniho osobniho a sefadovaciho nadrazi ve sméru k dalnic-
nimu obchvatu D3. Cast prelozky silnice je situovdna zipadné od

Building progress

The construction of the Srubec tunnel will begin with the
construction of a construction pit. The walls of the construction
pit will be secured according to the procedure of excavation with
shotcrete with reinforcing nets and earth nails. The tunnel tube is
designed as a reinforced concrete structure. Concreting will take
place in sliding formwork in sections. In the completed sections, the
waterproofing system will be completely closed. The lower part of
the excavation will be filled with fly ash stabilizer, the upper part
with compacted backfill. The sorted material obtained from the
excavation of the connecting cut sections of the relocated road will
be used for backfilling.

Conclusion

As part of the design preparation, the requirements for minimizing
the impact of the new road relocation on the environment were
met, which mainly concerned the reduction of noise on residential
buildings, which enabled the new tunnel to be suitably located.
The technical solution is optimized and respects the engineering
geological conditions and operational requirements even in relation
to the reduction of investment costs. The architectural design of
the portals is minimalist and uses terrain configurations to cover
technical objects.

PODJEZD TUNNEL

The Podjezd tunnel is part of the relocation of roads II/156 and
1I/157, which aims to streamline traffic through the center of Ceské
Budgjovice in the area of the main passenger station and shunting
yard in the direction of the D3 motorway bypass. Part of the road
relocation is located west of the railway station, in the area of
Manesova, Nadrazni and Pramyslova streets. Next, the route runs
in a tunnel under the railway station, east of the station in the area
of Dobrovodska and Plynarenska streets, it connects to the existing
road network. The portals are designed at the station km 0.040 — west
portal and km 0.215 — east portal. Adjacent sections and objects in
front of the portals functionally and geometrically follow the tunnel

construction. To the east, the tunnel
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—_— is followed by a section of retaining
walls along the entrance and exit
ramps of the tunnel from the ground
level or more precisely from a rotary
intersection situated approximately
at the level of the existing surface at
the intersection of Dobrovodska and
Vodni streets. To the west, the tunnel
connects to the underground rotary
intersection with exit ramps to the
surface to Néadrazni and Ménesova
streets (Fig. 4). From the operational
point of view, the underground rotary
intersection is an adjoining part of the
tunnel, including ventilation, traffic
control, etc. In terms of construction,
it is another structure, which is not
currently the subject of the article. On
the surface, a rotary intersection of
local roads is proposed in this area..
The technical and positional solution
is still being optimized during the
project preparation.

With regard to the altitudinal
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Obr. 4 Sirsi situace tunelu Podjezd
Fig. 4 Situation plan of the Podjezd tunnel

guidance of the route, geomor-
phological conditions, high level of




Zelezni¢niho nédrazi, v prostoru ulic
Minesova, Nadrazni a Pramyslova.
Dile je trasa vedena v tunelu pod
Zelezni¢nim nadrazim, vychodné od
nadrazi v prostoru ulic Dobrovodska
a Plynarenska se napojuje na stavajici
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kfiZeni ulic Dobrovodska a Vodni. Na
zapadé tunel navazuje na podzemni
okruzni kiiZovatku s vyjezdovymi
rampami na povrch do ulice Nadraz-
ni a Manesova (obr.4). Podzemni

ﬁgg

L,

EHij

okruzni kfiZovatka je z provozniho
hlediska navazujici ¢asti tunelu vcet-
né vétrani, fizeni provozu atd. Sta-
vebné se jednd o jiny stavebni objekt,
ktery neni predmétem tohoto ¢lanku. Na povrchu je v této oblasti
navrZena okruzni kfiZzovatka mistnich komunikaci.Technické a po-
lohové feSenti je stale v pribéhu projekeni pripravy optimalizovéano.

S ohledem na vyskové vedeni trasy, geomorfologické podmin-
ky, vysokou urbanizaci dotéeného uzemi a predpokladané intenzity

Obr. 5 Piidorys tunelu Podjezd

Fig. 5 Floor plan of the Podjezd tunnel

urbanization of the affected area and expected traffic intensities, a
directionally divided cut and cover tunnel 175m long is designed
in the width configuration of the relocated road MS4d23, 78/22,
48/50 with operational arrangement with two lanes in each tube.
Due to the positional offset of the adjacent intersections, the tunnel,
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Obr. 6 Pricny rez tunelu Podjezd — typ konstrukce 1
Fig. 6 Cross section of the Podjezd tunnel — type of construction I
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Obr. 7 Pricny rez tunelu Podjezd — typ konstrukce I1
Fig. 7 Cross section of the Podjezd tunnel — type of construction I1

dopravy je navrzen smérove rozdéleny hloubeny tunel délky 175 m
v Sitkovém uspofadani prevadéné komunikace MS4d23, 78/22,
48/50 s provoznim uspofadanim se dvéma jizdnimi pruhy v kazdém
tubusu. Z divodu polohového odsazeni navazujicich kiiZovatek je
tunel vcetné priportalovych Casti se zarubnimi st€énami veden ve
smérovém oblouku R =90 m s jednostrannym sklonem 4 %.

Tunel je navrzen, s ohledem k prekonavané prekazce, konfigu-
raci terénu a pripojovacim mistim, s idolnicovou niveletou. Nej-
niz${ misto tunelu, kde je situovana i spadi$tova Sachta odvodnéni,
se nachdzi ve staniceni km 0,160. Niveleta od tohoto bodu stoupa
smérem k zapadnimu portdlu podélnym sklonem 1,40 % a smérem
k vychodnimu portalu 7,42 %.

V souladu s CSN 73 7507 je tunel na zdklad& predikovanych
intenzit dopravy a navrZené délky zatfazen do kategorie TD [3].
Z toho vyplyva nezbytné technologické vybaveni souvisejici se za-
jiSténim bezpecnosti a fizenim provozu. S ohledem na navazujici
podzemni okruzni kiiZovatku je tunel nucené vétran sestavou axi-
alnich ventilator. Objekt PTO je navrzen v prostoru vychodniho
portalu v misté prilehlém levé zarubni sténé na trovni povrchu.

Cast tunelu bude realizovana v oteviené jamé s predstihovym
podchycenim hlavnich tratovych koleji (obr. 5). Stavebni jama
bude zaji§t€na kotvenou prevrtdvanou pilotovou sténou. V tomto
useku je navrZzen jednoduchy dvoukomorovy uzavieny Zelezobeto-
novy ram — typ konstrukce I. (obr. 6). Konstrukce je navrzena z vo-
donepropustného betonu podle metodiky pro navrh ,bilych van*
s deStnikovou féliovou hydroizolaci stropu.

Usek od vychodniho portdlu (km 0,215) k Zelezni¢nimu néspu
hlavnich tratovych koleji €. 1 a 5 (km 0,093) bude realizovan tech-

including the portal parts with retaining walls, is led in a directional
arc R = 90m with a one-sided slope of 4%.

The tunnel is designed, with regard to the negotiated obstacle, the
terrain configuration and the connection points, with a valley line of
vertical alignment. The lowest point of the tunnel, where the drainage
shaft is located, is located at the station of km 0.160. From this point,
the alignment rises towards the western portal with a longitudinal
slope of 1.40% and towards the eastern portal 7.42%.

In accordance with CSN 73 7507, the tunnel is included in the
TD [3] category based on the predicted traffic intensities and
the proposed length. This results in the necessary technological
equipment related to ensuring safety and traffic management. With
regard to the adjoining underground rotary intersection, the tunnel
is forcibly ventilated by a set of axial fans. The PTO building is
designed in the area of the eastern portal in the place adjacent to the
left retaining wall at surface level.

Part of the tunnel will be realized in an open pit with an advance
underpinning of the main track (Fig. 5). The construction pit will
be secured with an anchored and drilled intersecting piles wall. In
this section, a simple two-chamber reinforced concrete frame is
designed — construction type I (Fig. 6). The structure is designed
from waterproof concrete according to the methodology for the
design of “white tubs” with umbrella foil waterproofing of the roof.

The section from the eastern portal (km 0.215) to the railway
embankment of the main line tracks no. 1 a 5 (km 0.093) will be
realized by the “door frame” excavation technology under the slab
roof, which will minimize the closure period especially concerning
the operation of the shunting yard. It is a two-chamber construction
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nologii razby pod zastropenim, kterou bude minimalizovana doba | — construction type II (Fig. 7) inspired by the technical solution
vyluk tykajici se predevsim oblasti sefadovaciho nadrazi. Jedna se according to the Austrian regulation for “white tubs” [4]. All internal
o dvoukomorovou konstrukci — typ konstrukce II (obr. 7) inspi- | concrete structures of the tunnel, ie. the base slab, walls and roof slab
rovanou technickym feSenim podle rakouského predpisu pro ,,bilé | arereinforced asneeded to reduce cracking, and all joints are provided
vany* [4]. VSechny vnitfni betonové konstrukce tunelu, tzn. zdkla- with sealing joint strips. This creates a watertight reinforced concrete

dova deska, stény a strop, jsou vyztuzeny podle potfeb na omezeni structure. This eliminates the occurrence of all typical defects of this
vzniku trhlin a vSechny spary jsou opatfeny tésnicimi sparovymi type of structures related to groundwater seepage. From a static point
pésy. Vznikd tak vodonepropustna Zelezobetonova konstrukce. Tim | of view, the pile walls, forming the walls of the tunnel, are braced
je vyloucen vznik vSech typickych zavad tohoto typu konstrukci by the roof and foundation slab and act against the ground pressure.
souvisejicich s priisaky podzemnich vod. Ze statického hlediska | The final inner walls are designed only for the hydrostatic pressure
jsou pilotové stény, tvorici stény tunelu, rozepfeny stropni a zékla- of groundwater. [2]

dovou deskou a ptisobi proti zemnimu tlaku. Definitivni vnitini sté-

Geological and hydrogeological conditions
ny jsou navrzeny pouze na hydrostaticky tlak podzemni vody. [2] 9 vareg 9

From a geological point of view, the area of interest falls into the

Geologicke a hydrogeologické pomeéry eastern part of the Ceské Bud&jovice Basin, which is formed by
Z geologického hlediska zdjmové uzemi spadéa do vychodni Casti | platform Cretaceous sediments and Quaternary terrace sediments
Ceskobudg&jovické panve, kterd je tvofena platformnimi kfidovy- of the Vltava and Malse rivers. These very powerful formations are
mi sedimenty a kvartérnimi terasovymi sedimenty Vltavy a MalSe. deposited on the metamorphites of the Sumava Moldanubian.
Tyto zna¢né mocné utvary jsou uloZeny na metamorfitech Sumav- Quaternary sediments are built mainly by Holocene alluvial sedi-
ského moldanubika. ments, which are a complex unit of various fine-grained clay sands
Kvartérni sedimenty jsou budovany piedev§im holocénnimi nd- | and clays with a higher content of organic impurities. Furthermore,
plavovymi sedimenty, které jsou slozitym komplexem riznorodych Pleistocene terrace sediments, which are represented by the layers of
jemnozrnnych hlinitych piskl a hlin s vy$§im obsahem organic- dense, medium to coarse-grained clay sands with gravel. The total
kych pfimési. Déle pleistocénnimi terasovymi sedimenty, které | thickness of the Quaternary reaches about 11 m in the affected area.
jsou reprezentovany polohami ulehlych stfedné aZ hrubozrnnych Cretaceous sediments are formed by a very powerful formation of
hlinitych piskil se Stérkem. Celkova mocnost kvartéru dosahuje the Klikov Formation, which is built here by a system of Senonian
v dotéené oblasti asi 11 m. cemented clay sands and solid to solid sandy clays, which gradually
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Obr. 8 Podchycent tratovych koleji zhlavi osobniho nddraZi fdze 1
Fig. 8 Underpinning the tracks of the passenger station phase 1
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Obr. 9 Podchycent tratovych koleji zhlavi osobniho nddraZi fdaze 2
Fig. 9 Underpinning the tracks of the passenger station phase 2

Kiidové sedimenty jsou tvofeny velmi mocnym tutvarem Kkli-
kovského souvrstvi, které je zde budovano systémem senonskych
stmelenych jilovitych piskt a tuhych aZ pevnych piscitych jila,
které postupné s hloubkou piechazi do poloh jilovcil a piskovca.
Propustnost téchto vrstev je obecné mala.

Meélky obéh podzemni vody je vazan na kolektor tvoreny kvar-
térnimi pokryvy fluvidlnich sedimentli hrubozrnnych hlinitych
piskt a $térku. NadloZni nivni ndplavové sedimenty pusobi jako
izolator. Ustdlena hladina podzemni vody se na lokalité pohybuje
vrozmezi 1,2 az 2,0 m od drovné povrchu. Hladina podzemni vody
je volna az mirné napjata. Generelni smér proudéni je zapadni. [2]

Postup vystavby a vybrané technickeé detaily

Vystavba tunelu bude velmi komplikované etapizovana, nebot
je nezbytné minimalizovat dopady na Zelezni¢ni dopravu. Zaklad-
ni rozdéleni vystavby je ddno technologii realizace tunelu po jeho
délce.

Typ konstrukce I — jednoduchy uzavieny dvoukomorovy ram
v oteviené jamé a pod provozovanymi kolejemi zhlavi osobniho
nadrazi. Jedna z nejkomplikované;jSich etap vystavby je podchy-
ceni dvojice tratovych koleji vedenych na nizkém ndaspu, které ne-
smi byt po celou dobu vystavby vylouceny z provozu. Navrzen je
specidlni zplsob, kdy je téleso naspu podchyceno protlacovanymi
ocelovymi troubami uloZenymi na priabézné pilotové sténé.

V 1. a 2. fazi (obr. 8, 9) bude provedeno zaporové pazeni zajis-
tujici téleso ndspu a predvykop. Z této urovné bude realizovano
zajisténi stavebni jamy této sekce tunelu prevrtavanymi pilotovymi
sténami a zdkladové konstrukce opérnych ramu tlacného zatizeni

transition with depth into the positions of claystones and sandstones.
The permeability of these layers is generally low.

The shallow groundwater circulation is bound to a collector formed
by Quaternary coverings of fluvial sediments of coarse-grained clay
sands and gravels. Overlying alluvial floodplain sediments act as an
insulator. The steady groundwater level at the site ranges from 1.2 to
2.0m from the surface level. The groundwater level is free to slightly
artesian. The general direction of flow is west. [2]

Construction procedure and selected technical details

The construction of the tunnel will be very complicatedly phased,
as it is necessary to minimize the impact on railway transport. The
basic phases of construction are given by the construction technology
of the tunnel along its length.

Type of construction I — a simple closed two-chamber frame in an
open pit and under the tracks in operation belonging to the passenger
station. One of the most complicated stages of construction is the
support of a pair of track tracks on a low embankment, which must
not be excluded from operation during the entire construction period.
A special method is proposed, where the embankment body is
supported by jacked steel pipes supported by a continuous pile wall.

In the 1 and 2™ phases (Fig. 8, 9), a soldier pile and lagging
retaining wall will be performed securing the embankment body
and the pre-level of excavation. From this level, the construction
pit of this tunnel section will be secured with drilled secant pile
walls, and the foundation structure of the supporting frames of the
thrusting device for the implementation of the jacked pipes through
the embankment body. The space for the future tunnel under the rails
and the embankment will be temporarily secured from above by




Tuel

pro realizaci protlakl pres téleso naspu. Prostor pro budouci tunel
pod kolejemi a naspem bude docCasné zajiStén shora horizontalné
protlacovanymi troubami, zepfedu a zezadu pficnymi pilotovymi
sténami a z boku sloupy tryskové injektaze.

Ve 3. a4. fazi (obr. 10, 11) bude otevien téZni otvor v Celni pricné
pilotové sténé jamy smérem pod nasep a predem zajiStény prostor
pod naspem bude vytézen. Nasledné bude pfes tento otvor stabili-
zovéano dno jamy a vybudovédna piislu$nd betondzni sekce tunelu,
vSe pod ochranou opatfeni realizovanych v pfedchozi fazi. Po akti-
vaci betonové konstrukce tunelu vici nadloZi vypliiovym betonem
mohou byt pri¢né stény tvorici tloZné prahy ocelovych trub protla-
k@ vybourdny. Nasledné mohou byt dokonceny navazujici betonaz-
ni sekce typu konstrukce I a provedeny zasypy.

Typ konstrukce II — dvoukomorova konstrukce sestdva z Zelezo-
betonové stropni desky betonované piimo na upravené zemni plani
bez bednéni, zaloZené na sténach z prevrtavanych pilotovych stén.
V prvni fézi dojde po etapach k realizaci hlubinnych zdkladovych
konstrukci (prevrtavanych pilotovych stén) a stropni desky tune-
Iu vcetné hydroizolace proti stékajici vode€, drenidzniho systému
a prechodovych oblasti/desek. Obnova povrchu, vyloucenych ko-
leji a drazniho provozu nasleduje v kratkém sledu. Vnitini prostor
tunelu je vytvafen postupnym vyté€Zenim zeminy od portilu pod
ochranou hotového zastropeni a pilotovych stén. Nasledné jsou vy-
betonovény vnitini nosné Zelezobetonové konstrukce tvofici vnitini
stény a zakladovou desku tunelu. Problematicka je predevSim ne-
zbytnost etapizace pfi realizaci pilotového zaloZeni a stropnich desek
podle postupu vylucovani jednotlivych koleji sefadovaciho nadrazi
Z Provozu.
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horizontally jacked pipes, from the front and back by transverse pile
walls, and from the side by jet grouting columns.

In the 3™ and 4™ phases (Fig. 10, 11) the excavation opening in
the front transverse pile wall of the pit will be opened towards the
embankment, and the pre-supported space under the embankment
will be excavated. Subsequently, the bottom of the pit will be
stabilized through this opening, and the relevant concreting section
of the tunnel will be built, all under the protection of the measures
implemented in the previous phase. After activating the concrete
structure of the tunnel against the overburden of infill concrete,
the transverse walls forming the bedding beams of the steel jacked
pipes can be demolished. Subsequently, the following concreting
sections of construction type I can be completed, and backfilled.

Type of construction II — a two-chamber construction consists
of a reinforced concrete roof slab, concreted directly to the graded
ground without formwork, founded on the walls of drilled secant
pile walls. In the first phase, the deep foundation structures (drilled
secant pile walls) and the roof slab of the tunnel, including
waterproofing against seeping water, drainage system and tran-
sition areas/slabs, will be implemented in stages. Restoration of
the surface, tracks under closure, and railway traffic follows in a
short sequence. The inner space of the tunnel is excavated by the
gradual extraction of soil from the portal under the protection of
the finished roof, and pile walls. Subsequently, the internal load-
bearing reinforced concrete structures forming the inner walls, and
the foundation slab of the tunnel are concreted. The problem is the
need for phasing in the implementation of the pile foundation and
roof slabs in agreement with the closure procedure of individual
tracks from operation of the shunting yard.
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Obr. 10 Podchycent tratovych koleji zhlavi osobniho nddrazi faze 3
Fig. 10 Underpinning the tracks of the passenger station phase 3




30. rocnik - €. 2/2021

Tuel

oteviend stavebni jama
open pit for construction

© 5

provizorni zajisténi koleji
temporary support of rail tracks

e e

niveleta P, K, vlevo a vpravo
level P, K, left and right

dno II. faze vykopu
the bottom of the II. phase excavation

4 T i g iy 1 2|
konstrukce tunelu r | i M z&porové pazeni g
tunnel structure | Y soldier pile wall = 1
ke
Ir | | -It plvodni terén ¢~
i 12100 ;1 original terrain ',,J | H
| |
otvor pro II. fazi vykopu | /_%—%—\_ 4
opening of the Il phase excavation ! | 1 I e e r == ! i f Ir |
| E%—uﬂ] = ——Iﬂ- f1| = | Lo
1 e
A | |

\vyplnovy beton mezi stropem

\ _ [
dno predvykopu

bottom of the pre-level
excavation

tunelu a provizorim
premostenim I
fill concrete between the tunnel

roof and the temporary bridge

_|.......__-.-.—.-..-..-

pilotova prevrtavana sténa
@ 1200 mm, dl. 15 m
drilled secant pile wall
@ 1200mm, 15m long

base layer th. 0.5m

.

podkladni vrstva tl. 0,5 m
base layer th. 0.5m

l tésnici pilotova sténa

watertight pile wall

=

[

B8
B

piloty v podélném sméru @ 880 mm, dl. 15 m
piles in the longitudinal direction @ 880mm, 15m

0.1

82.03

Obr. 11 Podchyceni tratovych koleji zhlavi osobniho nddraZi faze 4
Fig. 11 Underpinning the tracks of the passenger station phase 4

Zavér

V ramci projekeni piipravy se podatilo prokazat realizovatelnost
navrzeného technického feSeni, které bylo diskutovano s fadou od-
bornikii. Nad rdmec drovné dokumentace DUR byly rozpracovény
vle¢né kiivky pohybu mechanisml, pfedevsim vrtnych souprav, pro
vylouceni ptipadnych kolizi pfi vystavbé s provozovanymi kolejemi.
Polohové a technické feseni jsou stale ve fazi vyvoje a optimalizace,
proto pravdépodobné jesté neni v tomto ¢lanku prezentovana jejich
definitivni verze. Piipadné zmény se predevSim tykaji koncovych
uzli podzemni ¢asti prelozky. Zaroven popsané technické feSeni pri-
nasi fadu rizik, kterd musi byt v dalsi projekéni préci eliminovéna.
Predevsim se jednd o zpresnéni inZenyrskogeologickych a hydroge-
ologickych pomérii v oblasti dotcené stavby prelozky.
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OPTIMALIZACE TUNELOVYCH TECHNOLOGII ZALOZENA
NA ONTOLOGICKEM MODELU
OPTIMISATION OF TUNNEL EQUIPMENT BASED
ON ONTOLOGICAL MODEL

PAVEL PRIBYL, JIRI REHAK

ABSTRAKT

VSeobecné uzndvand tunelovd autorita, Vybor TC C.3.3 pro silnicni tunely Mezindrodni silni¢ni asociace PIARC, publikoval vysledky vy-
zkumu z vyspélych tuneldrskych zemi, ze kterého vyplynulo, Ze az 60 % budoucich provoznich ndkladii tunelu lze uSetrit optimalizaci ndvrhu
tunelu v jeho raném stadiu. Tunelovy technologicky systém je tvoren mnoha heterogennimi komponentami, realizujicimi riiznorodé procesy.
Tunelové technologie jsou komplexnim systémem ve smyslu toho, jak jsou tyto systémy vnimdny a definovdny v inZenyrské informatice a v te-
orii systémii. Komplexni systémy mivaji strukturu s variacemi. Kontrola dokumentace DUR péti tunelii ukdzala ndvrh tunelu s 20 provoznimi
soubory a dokonce i s 57 provoznimi soubory u jiného tunelu. S timto védomim je dnes nutné pristupovat i k ndvrhu technologit tunelu. Pro
dobré pochopeni komplexniho systému jako holistického systému je vhodné jej modelovat. UZ v roce 2010 bylo v TP98-Zména ¢. 1 dopo-
ruceni modelovat tunel ve stadiu DSP v podobé procesniho modelu inteligentniho dopravniho systému (dopravni telematiky). Prispévek
predstavuje znalostni model tunelového systému zaloZeny na ontologii, ktery vizualizuje pojmy v doméné technologii tunelu ve formé po-
zndvaciho modelu, ¢imZ prispivd k pochopeni, a ndsledné optimalizaci tunelového systému. Typickym soucasnym stavem je, Ze vznik desitek
inovativnich technologii pro tunely v poslednich letech netesi jejich optimdlni vybaveni, ale spiSe reSent komplikuje a zdraZuje.

ABSTRACT

The widely recognised tunnelling authority, TC C.3.3 Committee for Road Tunnels of the International Road Association PIARC, has
published research from developed tunnelling countries, which has shown that up to 60% of future tunnel operating costs can be saved
by optimising the tunnel design at an early stage. The tunnel equipment system consists of many heterogeneous components, controlling
various processes. Tunnel equipment is a complex system in the sense of how these systems are perceived and defined in engineering
informatics and in theory of systems. Complex systems have often structures with variations. A review of Construction Location Decision
documents of five tunnels showed a tunnel design with 20 operational units and even 57 operational units at another tunnel. With this in
mind, it is now necessary to approach the design of tunnel equipment. For good understanding of a complex system as a holistic system, it
is appropriate to model it. Already in 2010, it was recommended in TP98specifications — Amendment No. 1 to model a tunnel in the final
design stage in the form of a process model of an intelligent transport system (transport telematics). This paper presents a knowledge
model of a tunnel system based on ontology, which visualises concepts in the domain of tunnel equipment in the form of a cognitive
model, thus contributing to the understanding and subsequent optimisation of the tunnel system. The typical current situation is that the
origination of dozens of innovative tunnel equipment systems in recent years do not solve optimal equipment, but rather complicate the
solution and make it more expensive.

1. OvoD

Tunel je specifickou ¢asti dopravni sit€ nejenom kvili investi¢nim
nakladim, ale i kvtli provoznim nakladim po dobu jeho piedpo-
kladané stoleté Zivotnosti. DosaZeni stejné trovné bezpecnosti jako
na oteviené komunikaci je ale u tunelové stavby nédkladnéjsi. Po-
kud se déle v textu pouziva pojem ,tunel, je tim myslen tunelovy
systém, tvoreny technologickym vybavenim, realizujicim dopravni
i bezpecnostni funkce tunelového dila. Tunelové technologie jsou
komplexnim systémem ve smyslu toho, jak jsou vnimény a defino-
véany v inZzenyrské informatice a teorii systéma. Pro dobré pochopeni
komplexniho systému jako holistického systému je vhodné jej mo-
delovat. Model ilustruje strukturu komplexniho systému ve vizudlné
srozumitelné podobg; jinak je obtizné posoudit, zda jsou technologie
navrzeny optimalné, coZ by mélo byt prvni starosti investora.

Tunel je bezpochyby i kritickym bodem dopravni infrastruktury

1. INTRODUCTION

A tunnel is a specific part of the transport network not only because
of investment costs, but also because of operating costs during its
assumed lifespan of one hundred years. However, achieving the
same level of safety as that on an open road is more expensive in
a tunnel construction. Where the term “tunnel” is further used in
the text, it means a tunnel system, consisting of tunnel equipment,
providing the transport and safety functions of the tunnel works.
Tunnel equipment systems are complex systems in the meaning of
how they are perceived and defined in engineering informatics and
theory of systems. For a good understanding of a comples systems as
a holistic system, it is appropriate to model it. The model illustrates
the structure of acomplex system in a visually comprehensible form;
otherwise, it is difficult to assess whether the equipment systems

a Cas od Casu se mohou vyskytnout krizové udalosti typu pozar. Ty
jsou vnimany vefejnosti velmi negativné a okamzité se objevuji
otazky na spravce tunelu: ,,Byla zajiSténa dostatecnd uroven bez-
pecnosti? a ,,Nebyl tunel vybaven pfili§ chudé?*. Na druhé strané
investor poZaduje optimdlni, ne maximalni vybaveni, a co nejmensi
provozni naklady (kap. 3.2).

are designed optimally, which should be the project owner’s first
concern.

A tunnel is undoubtedly a critical point of the transport
infrastructure and crisis events such as fires may occur from time
to time. They are perceived very negatively by the public and
questions to the tunnel administrator immediately arise: “Has a
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Tunely jsou velmi specifickou soucasti silni¢ni sit¢ i vzhledem
k typickym vlastnostem, kterymi jsou komplexnost, heterogenita
technologii a rozmanitost realizovanych procest jako takovych.
Obvykle jsou zarizeni Ci systémy dodavany riznymi dodavateli,
Casto i z riznych zemi, a pro splnéni cilové funkce je nutné vSech-
ny komponenty jednozna¢né integrovat. V ¢lanku je dale pfipome-
nuto, Ze na tunel je nutné pohliZet jako na dopravné-telematicky
systém prave z hlediska cilové funkce.

2. KOMPLEXNI SYSTEM A CO JE PRO NEJ TYPICKE

Komplexni systém je systém sloZeny ze vzajemné propojenych
casti, které jako celek vykazuji jednu nebo vice vlastnosti, které
nejsou jasné viditelné z vlastnosti jednotlivych ¢asti.

Timto pohledem lze tunelovy systém vnimat jako komplexni
technologicky systém sloZzeny z mnoha hardwarovych a softwaro-
vych komponent. Pro takovéto systémy je typické, Ze jednotlivé
komponenty nemaji piehled o plnéni globalni cilové funkce. Tim,
Ze komponenty jsou heterogenni, jsou heterogenni i funkce, které
je popisuji. Proto je nutné najit nastroj — model, ktery umoZzni po-
soudit, Ze takto riznoroda zafizeni budou konvergovat k jediné ci-
lové funkci. To je moZné jen tehdy, pokud budou projektantiim,
spravcum, investorim i provozovatelim tunell pfistupné znalosti
o kazdé z komponent.

Za poslednich dvacet let se zménilo zjednodusené vnimani tu-
nelu jako tubusu spojujiciho dva portédly. Tuto zménu demonstruje
i dokument PIARC ,,Road Tunnels: complex underground road ne-
tworks* —lit. [6], ktery obsahuje hlubokou analyzu multimodélnich
tunelovych struktur, kde vozidla sdileji prostor s chodci, nebo kde
jsou i parkovaci mista. Formalné i takovéto dilo patii mezi kom-
plexni systémy. Komplexni systémy lze rozdélit podle sloZitosti
struktury do dvou kategorii:

1. kategorie: komplexni systém tvoii méné nez deset komponent
a nemusi byt modelovan, protoZe kognitivni model je evidentni.
Komponenty mohou realizovat parcialni cilové funkce.

2. kategorie: komplexni systém m4 vic, dokonce vyznamné vic,
komponent neZ deset, které realizuji jednu spolec¢nou cilovou funk-
ci. Sem patii vétina silni¢nich tunelti. Tunelovy systém je systém,
ktery je konstrukéné nebo funkéné komplikovany, je obtizné jej
pochopit a ovéfit jeho funkénost, proto se doporucuje komplexni
systém modelovat. Pro komplexni systém 2. kategorie je typické:
A. navrhuje se pro realizaci konkrétni cilové funkce;

B. zahrnuje mnoho interagujicich komponent (subsystému a za-
fizeni, jejichZ agregované chovéni nelze jednoduse odvodit ze
souctu chovani jednotlivych komponent);

C. je tvofen vice heterogennimi komponentami;

D. jednotlivd komponenta nemd prehled o plnéni cilové funkce,
pracuje vsak efektivné ve svém prostiedi;

E. komplexni systém miZe mit strukturu s vétSimi ¢i mensimi va-
riacemi;

F. pro splnéni cilové funkce ma mit optimalni strukturu;

G. tim, Ze komponenty jsou heterogenni, jsou heterogenni i funk-
ce, které je popisuji; proto pro optimalizaci struktury je nutné
najit nastroj — model, ktery umozni posoudit, Ze takto riznoro-
da zafizeni budou konvergovat k jediné cilové funkci.

2.1 Cilova funkce tunelového systému

Tunely se stavi proto, aby realizovaly pfepravni vykony vyjadre-
stranného trojihelniku je pravé doprava.

Cilové funkce tunelového systému ¥ hledd minimum kvalita-
tivniho indexu (Performance Index — PI) v [K¢], neboli minimalni
cenu za prepravu vozidel, minimalni Skody z nehod a minimalni
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sufficient level of safety been ensured?” And “Was not the tunnel
equipped too poorly?” On the other hand, the project owner
requires optimal, not maximal equipment, and the lowest possible
operating costs (Chapter 3.2).

Tunnels are a very specific part of the road network also with
respect to the typical properties, which are the complexness,
heterogeneity of equipment and the diversity of processes as such.
Usually, equipment or equipment systems are supplied by different
suppliers, frequently from different countries, and all components
must be unambiguously integrated to fulfil the target function.
The article also reminds that the tunnel must be seen as a traffic-
telematics system in terms of the target function.

2. COMPREHESIVE SYSTEM AND WHAT IS TYPICAL
FORIT

A complex system is a system consisting of interconnected parts
which, as a whole, exhibit one or more properties which are not
clearly visible from the properties of the individual parts.

With this view, tunnel system can be perceived as a complex
equipment system composed of many hardware and software
components. It is typical for such systems that individual
components do not have an overview of fulfilling the global target
function. Because the components are heterogeneous, the functions
describing them are also heterogeneous. For that reason, it is
necessary to find a tool — a model that will allow for assessing
whether such diverse equipment systems will converge to the only
target function. This is only possible if the knowledge of each of
the components is available to designers, administrators, project
owners and tunnel operators.

Over the past twenty years, the simplified perception of a tunnel
as a tube connecting two portals has changed. This change is also
demonstrated in the PIARC document “Road Tunnels: Complex
underground road networks” — ref. [6], which contains an in-depth
analysis of multimodal tunnel structures where vehicles share the
space with pedestrians or where there are also parking spaces.
Formally, even such works belong among complex systems.
Complex systems can be divided according to the complexity of
the structure into two categories:

Category 1: The complex system consists of less than ten
components and does not need to be modelled, because the
cognitive model is evident. The components can fulfil partial target
functions.

Category 2: The complex system has more, even significantly
more, components than ten which fulfil one common target
function. Among them there are the majority of road tunnels. The
tunnel system is a structurally or functionally complicated system,
understanding of which and verifying its functionality is difficult,
so it is recommended to model the complex system. Typical for a
category 2 complex system is that:

A. Ttis designed for fulfilling specific target functions;

B. Tt includes many interacting components (subsystems and
equipment whose aggregate behaviour cannot simply be derived
from the sum of behaviour of the individual components);

C. It is formed by several heterogeneous components;

D. An individual component does not have an overview of the
fulfilment of the target function, but it works effectively in its
environment;

E. The complex system may have a structure with greater or
smaller variations;
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néaklady na bezpecnost
costs of safety

doprava
transport

ekologické naklady
ecological costs

provozni naklady
operational costs

Obr. 1 Reprezentace cilové funkce tunelového systému
Fig. 1 Representation of tunnel system target function

cenu za provoz tunelu a cenu za ekologii stavby, coZ je symbolicky
vyjadreno nasledujici rovnici, kde PI ma Ctyfi scitance, viz (1), a je
vyjadren ve finan¢nim ekvivalentu

¥'=minPIl; Pl = (C,+ C,+C,+C,), M

kde:

C, je cena za pfepravu — ta je minimalni, pokud vozidla jedou ply-
nule a optimalni rychlosti; pokud musi brzdit, ¢i zastavovat se
arozjizdét se, cena za prepravu roste,

C, je cena za ekologické dopady, coZ zahrnuje napf. cenu za ochra-
nu pred imisemi z tunelové trouby,

C, jsou provozni nédklady; rozhodujici polozkou byvd cena za
energie pro vétrani a osvétleni, ale patii sem i servisni nékla-
dy a ndklady na obménu zafizeni po uplynuti doby Zivotnosti,
mzdové naklady persondlu apod.,

C, je cena za dopravni nehody, kterou tvofi materidlni Skody
a cena za zranéni a imrti osob.

3. TUNEL JAKO DOPRAVNE-TELEMATICKY SYSTEM

Tunel byl jiz v prvnim vydani technickych podminek TP98 defi-
novén jako dopravné-telematicky systém. Podle definice: ,,Systém
miiZeme povaZovat za telematicky, pokud vyuZivd pro realizaci da-
ného procesu P vice subsystémii, které jsou sjednoceny ve smyslu
dosaZeni pozZadované cilové funkce .“ Mezi subsystémy a jejich
funkcemi jsou realizovany relace pro prenos dat a informaci v jed-
notném telekomunika¢nim prostiedi. V tunelu 1ze dokonce mluvit
o pragmatické alianci vice subsystémd, které spolecné realizuji ci-
lovou funkci definovanou vyse, jak ukazuje obr. 2. Integratorem je
SCADA fidici systém.

3.1 Kategorie tunelového vybaveni

Tato kapitola piedstavuje tii kategorie zafizeni, ze kterych, a pra-
vé jen z nich, 1ze volit vybaveni tunelu:

1. kategorie zarizeni

Je to mnozina zafizeni pozadovanid mandatorné narodnimi ¢i ev-
ropskymi predpisy: napf. vzdélenost a provedeni SOS skiini, pro-
vedeni a funk¢nost svételnych signali, provedeni dnikovych cest
a dalSich zafizeni, jejichZ spoleCnym rysem je velmi presné zadani
vysledného technického provedeni. Je zfejmé, Ze kvili schvalova-
cim procesim technickych dokumenti tato zafizeni nemohou zo-

vev

hlednovat nejnovéjsi stav techniky.
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F. To fulfil the target function it should have an optimal structure;

G. Because the components are heterogeneous, the functions
describing them are also heterogeneous; therefore, to optimise
the structure, it is necessary to find a tool — a model which will
allow for assessing whether such diverse pieces of equipment
will converge to the only target function.

2.1 Tunnel system target function

Tunnels are constructed to conduct the transport performance
expressed in [vehicle.km]. Tunnels Schematically, this is shown in
Fig. 1, where transport is in the centre of gravity of an equilateral
triangle.

The target function of the tunnel system ¥ seeks the minimum
quality index (Performance Index — PI) in [CZK], i.e. the minimum
cost of transport of vehicles, minimum damage from accidents and
minimum cost of tunnel operation and cost of construction ecology,
which is symbolically expressed by the following equation,
where PI has four summons, see (1), and is expressed in financial
equivalent

¥=minPl; PI=(C,+ C,+ C, +C,), ey

where:

C, is cost of transport — it is minimal if vehicles run fluently and at
optimal speed; if they have to break or stop and start moving,
the cost of transport increases,

C is the cost of environmental impacts, which includes, for
example, the cost of protection against immissions from tunnel
tube,

C are operating costs; the decisive item is usually the cost of
energy for ventilation and lighting, but it also includes service
costs and costs for replacement of equipment at the end of its
service life, personnel costs, etc.,

C is the cost of traffic accidents, which consists of material
damage and the cost of personal injury and death.

3. TUNNEL AS TRAFFIC TELEMATICS SYSTEM

The tunnel was already defined in the first edition of the TP98
technical specifications as a traffic-telematics system. According
to the definition: “A system can be considered as telematical if it
uses several subsystems for the implementation of a given process
P, which are unified in the meaning of achieving the required target
Sfunction ¥.” Relations for the transmission of data and information
in a unified telecommunications environment exist between the
subsystems and their functions.In the tunnel we can even speak
about a pragmatic alliance of several subsystems, which together
fulfil the target function defined above, as shown in Fig. 2. The
SCADA control system is the integrator.

3.1 Tunnel equipment categories

This chapter introduces three categories of equipment from
which, and only from which, tunnel equipment can be selected:
Equipment category 1

It is a set of requirements of mandatory national or European
regulations: e.g. spacing and design of emergency call cabins,
design and functionality of light signals, design of escape routes
and other devices, the common feature of which is a very precise
specification of the final technical design. It is obvious that due
to the processes of approving the technical documents, these
requirements cannot take into account the latest technical state.
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Obr. 2 Pragmatickd aliance jednotlivych subsystémii tunelu realizovand integraci do jednotného prostiedi fidiciho systé-
mu tunelu (GG - celostdtni / celoméstskd viroveri, GT — vroveri oblasti, GA — uiroveri technologie) } . .
Fig. 2 Pragmatic alliance of individual tunnel subsystems conducted by integration into a unified environment of the ~ designed in agreement with
tunnel management system (GG — national/city level, GT — area level, GA — equipment level) the project owner or on the
basis of practical tests. It
includes, for example, a new

2. kategorie zarizeni type of acoustic beacons facilitating orientation in the event of
Do této kategorie patii zafizeni a systémy, které jsou pro danou | a fire [5].

kategorii tunelu povinnym vybavenim a jejichZ navrh je zaloZen 3.1.1 Requirements for developing the tunnel system model

na matematickych a fyzikalnich modelech: napf. osvétleni, vétra- according to TP98-Z1

ni, ozvuceni, evakuacni systém. V této kategorii zafizeni se nabizi

) o o7 The need for developing the model of a tunnel system far-
zpravidla vice feseni spliiujicich zadani.

sightedly appeared in 2010 in the approved first amendment to

3. kategorie zafizeni TP98 specifications, where the following text is contained: “As part

Zarizeni této kategorie jsou navrhovana podle zkusenosti projek- of the preparation of documents for the construction permit, it
tanta Ci na piani investora na zakladé jeho zkuSenosti z provozu. is recommended to prepare the document on Architecture of the
Jedna se o vSeobecné uznavané systémy, které jsou soucasti global- transport-telematics system of the tunnel as a source document for
ni bezpecnosti, napf. senzory teploty Ci koufe, které nejsou soucasti the technical equipment of the tunnel.” Chapter 7634 “The scope
Jinych systému, jako napt. elektrickd pozarni signalizace (EPS). of final design for tunnel construction projects” according to the
4. kategorie zarizeni TKPD-7 — ref. [1] is supplemented by this document. Today’s

Do této kategorie spadaji nové systémy vychazejici z dokumenti | practice shows that it would be very appropriate to process this
Vyboru pro silni¢ni tunely PIARC, které obsahuji esenci toho nej- | initial document already at the stage of the Construction location

lepsiho, co jiz bylo v tunelech vymysleno a co zohlednuje posledni permit.
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stav vyvoje v této oblasti. Tato zafizeni 1ze navrhovat po dohodé s in-
vestorem, Ci na zdkladé praktickych testil. Sem patii napft. novy typ
akustickych majacki usnadiujicich orientaci v ptipadé pozaru [5].
3.1.1 PoZadavky na zpracovdni modelu tunelového systému dle
TP98-Z1

Potfeba zpracovdvat model tunelového systému se proziravé
objevila jiz v roce 2010 ve schvélené prvni zméné TP98, kde je
nasledujici text: ,,V rdmci zpracovdni dokumentace pro stavebni
povoleni se doporucuje zpracovat dokumentaci Architektura do-
pravné-telematického systému tunelu jako vychozi podklad pro
technické vybaveni tunelu.* Timto poZadavkem se doplituje kap.
7.6.3.4 ,,Rozsah DSP tunelovych staveb* — lit. [1].

Dnesni praxe ukazuje, Ze by bylo velmi vhodné zpracovat tento
vychozi podklad jiz ve stupni DUR.

3.2 Minimalizace provoznich nakladii tunelii podie
doporuceni PIARC

Vybor pro silni¢ni tunely povaZuje minimalizaci provoznich
naklada za zékladni predpoklad, aby se viubec stavba tunelu rea-
lizovala. Pojem udrZitelnosti v intencich tohoto ¢lanku znamena,
Ze tunelové dilo je po celou dobu Zivota provozovano ekologicky,
bezpecné a s minimalnimi provoznimi naklady.

Vybor pro silni¢ni tunely publikoval vysledky, v jakém stadiu
pfipravy a vystavby tunelu Ize uSetfit na budoucich provoznich nd-
kladech — 1it.[3], [5]. Vysledky shrnuji znalosti vyspélych tunelo-
vych zemi a lze je povazovat za naprosto vérohodné. V pocatecnim
stadiu projektu (stadium DUR) to miiZe byt tspora aZ 60-80 % bu-
doucich provoznich naklada optimalizaci navrhu (tab. 1). Ve stadiu
realizace se jedna az o 10-30 %, které se daji uSetfit ,,za pochodu*
optimalizaci pfi realizaci. Dalsi prostfedky se daji uspofit optima-
lizaci samotného provozu tunelu sledovanim a vyhodnocovanim
provoznich parametrd vedoucich napf. k preventivhimu servisu,
a tim k prodluZovani Zivota zafizeni metodologii RAMS [8].

Tab. 1 Odhadovany vliv optimalizace projektu na provozni ndklady dle lit. [5]
Procento optimalizace

Stupe provoznich nakladl
pocatecni stadia dokumentace (DUR a DSP) 60-80 %
realizace (RDS) 10-30 %
optimalizace provozu 10-30 %

Z tabulky vyplyva, Ze nejvic lze usetfit rozumnym a srozumitel-
nym projektem v Grovni DUR a DSP, a proto je nutné se dokumen-
taci DUR a DSP vénovat z hlediska optimalizace.

3.3 Variabilita kompozice tunelového systému - ukazka
praxe

Navrh tunelové technologie musi vzdy vychdzet z pozadavkl
CSN 737507 a TP98 v aktudlnim znéni. Aby tunelové dilo plni-
lo svou zdkladni funkci, musi vZdy obsahovat dopravni, bezpec-
nostni, napdjeci, vétraci a fidici subsystém. Ty se dale rozpadaji
na komponenty se specifickymi funkcemi. Pfi disledném vyme-
zeni téchto entit se 1ze dopocitat k hodnoté kolem 60 specifickych
komponent, z nichz kazda je charakteristickd realizaci specifické
funkce prispivajici k realizaci cilové funkce ‘¥.

3.3.1 Porovndni objektové skladby 3 riiznych tunelit ve stupni
DUR
Uvedena tvrzeni o tom, Ze tunel je komplexni systém a jako ta-
kovy miiZe mit fadu variant, prokdzala kontrola dokumentace DUR
né&kolika tuneltl, kterou RSD CR zadalo CzTA ITA-AITES koncem
roku 2017. Jednalo se o tfi tunely bezpecnostnich kategorii TA/TB
v délkéch 575 m, 756 m a 3960 m. PrestoZe navrh technologii vy-
chézi ze stejnych ustanoveni CSN 737507 a TP98, mély tunely mezi
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3.2 Minimisation of operating costs of tunnels
according to PIARC recommendations

The Committee on Road Tunnels considers the minimisation of
operating costs to be a basic precondition for the tunnel construction
to be carried out. The concept of sustainability in the intentions of
this article means that the tunnel works are operated ecologically,
safely and with minimal operating costs throughout its life.

The Committee on Road Tunnels has published the results of
the survey, stating at which stage of the tunnel preparation and
construction future operating costs can be saved — references [3],
[5]. The results summarise the knowledge of developed tunnelling
countries and can be considered absolutely credible. In the initial
stage of the design (Construction Location Permit stage), this can
save up to 60-80% of future operating costs by optimising the design
(Table 1). At the construction work stage, itis up to 10-30% which can
be saved by optimisation whilst the construction process is running.
Additional resources can be saved by optimising the operation of the
tunnel itself by monitoring and assessing the operating parameters
leading, for example, to preventive service, and thus to extension of
the life of the equipment using the RAMS methodology [8].

Table 1 Estimated impact of design optimisation on operating costs according
to Ref. [5]

Percentage of optimisation
Degree of operating costs
initial stages of documents (building g
location permit and final design) s
construction (design of means LaE
and methods) 10-30%
optimisation of operation 10-30%

It follows from the table that most can be saved by a reasonable
and understandable design at the level of the Construction location
permit and the Final design. For that reason it is necessary to pay
attention to the Construction location permit and the Final design
documents from the aspect of optimisation.

3.3 Variability of tunnel system composition - example
from practice

The design of tunnel technology must always be based on the
requirements of the CSN 737507 standard and the TP98 specifications
as amended. To fulfil its basic functions, the tunnel works have
always to contain the transport, safety, power supply, ventilation and
control subsystems. These are further broken down into components
with specific functions. With a consistent definition of these entities,
it is possible to achieve by calculation the value of about 60 specific
components, each of which is characterised by fulfilling a specific
function contributing to fulfilling of the target function ‘.

3.3.1 Comparison of the object-related composition of 3
different tunnels at the construction location permit stage
The above-mentioned claims that the tunnel is a complex system
and as such can have a number of variants were proved by a check
on the construction location permit documents for several tunnels,
which was ordered by the Directorate of Roads and Motorways of
the Czech Republic from the CzTA of the ITA-AITES at the end
of 2017. Three TA/TB safety category tunnels at the lengths of
575m, respectively 756m and 3960m were checked on. Although
the equipment design is based on the same provisions of the CSN
737507 standard and the TP9S specifications, the tunnels comprised
between 21 and 57 operational units and sub-units. This shows that
the designs were handled strongly individually. This variability in
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tunel Homole Homole tunnel

fidici systém dopravy a technologie
traffic and equipment management system

tunely Opevnéni a Pofi¢i Opevnéni and Pofici tunnels

RSD - Fidici systém dopravy

TMS — traffic management system

RST - Fidici systém technologie

EMS — equipment management system
tunel Détfichov Détfichov tunnel

fidici system

management system

601.54

602.60

602.61

601.81

Obr. 3 Porovndni ndzvi a poctu ridicich systémii souboru tii tuneli
Fig. 3 Compatison of the name and the number of management systems
of three tunnels

21 a 57 provoznimi soubory a podsoubory. To ukazuje, Ze projekty
byly feSeny siln€ individudlng. Tato variabilita v kombinaci s nepies-
nymi terminy v oznacovani (napf. isekové méfeni rychlosti nazva-
no kamerovym dohledem, kamerovy dohled nékde oznacovan jako
CCTV, méfeni dopravnich dat oznaCovano jako méfeni dopravnich
informaci, rozdéleni fidiciho systému tunelu do dvou fidicich sys-
tému technologie a doprava apod.) vede k velkému zneptehlednéni
projektovych dokumentaci. Uvedena variabilita je demonstrovana na
struktufe projektu fidiciho systému u tfech tuneli na obr. 3.

Vzhledem k tomu, 7e zadavatel projektt RSD CR nevyZzaduje
strukturovat ¢lenéni provoznich soubord, byly vSechny provozni
soubory v jedné trovni ¢lenéni. Navic pojmenovéni provoznich sou-
bord a podsouborii obsahovalo nepresnou a nejednoznacnou termi-
nologii. Toto vSe, spolu s moZnou variabilitou, velmi zté¢Zuje v tomto
stadiu dokumentace moznost optimalizace projektl investorem.

Rozdil v poctu a struktute provoznich soubori ukazuje na nut-
nost zpracovani modelu tunelu, aby i investor mél moZnost provést
kontrolu objektové skladby provoznich soubort a zafizeni pred za-
hdjenim vlastniho projektovani DSP.

DilCi zavér 1

Komplexni tunelovy systém je systém s vice moZnymi variace-
mi, ktery je konstruk¢éné a funkcné slozity, a je obtizné ovéfit, zda
je navrzen optimalné. Z tohoto divodu je vhodné vytvofit model
minimalné pred pfechodem do stupné DSP.

Modeld muiZe byt celd fada, ale pfednost maji vizudlni modely.
Pro tvorbu modelu Ize pouZit postup, kterym se modeluji dopravné-
-telematické systémy, a ktery je priblizen v nasledujici kap. 4.1. UZi-
vatelskému mysleni je vSak bliZe znalostni model popsany v kapitole
4.2. Ten je doporucen autory tohoto piispévku pro modelovani TS.

4. DVA PRISTUPY K MODELOVANI KOMPLEXNIHO
SYSTEMU - MODELY TUNELOVEHO SYSTEMU

Optimalizovat vybaveni tunelu na zakladé€ zpracované dokumen-
tace je z divodu variability navrhu pomérné obtizna tloha. V za-
sad€ je moZné popsat veskeré procesy, které realizuje technologie
procesnim modelem (kap. 4.1). Z praktického hlediska je vyhod-
né&jsi pouzit uzivatelsky prijemnéjsi a prehlednéjsi ontologicky mo-
del dle kap. 4.2.

4.1 Procesni model zaloZeny na architektuie
telematického systému

Procesni model zobrazuje vSechny procesy, které vykonava tune-
lovy systém. Metodologicky se provadi podle zésad pro zpracovani
architektury ITS (Intelligent Transport Systems), které jsou dany
evropskym projektem FRAME a evropskou standardiza¢ni komisi
CEN/TC278 a standardy pracovni skupiny WG13 ,,Architecture®.

Princip pfistupu vychézejici z TP98-Z1 je schematicky znéazor-
nén na obr. 4 — lit. [4]. V prvnim kroku je tunelovy systém rozdé-
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combination with inaccurate terms in marking (e.g. sectional speed
measurement called camera surveillance, camera surveillance
sometimes referred to as CCTYV, traffic data measurement referred
to as traffic information measurement, division of the tunnel
management system into two equipment and traffic control systems,
etc.) leads to great obscuring of design documents. The variability
is demonstrated on the structure of the design for the management
system of the three tunnels presented in Fig. 3.

Because of the fact that the RSD CR (the Directorate of Roads
and Motorways of the Czech Republic) ordering the designs does
not require structuring of operational units, all operational units
were at one level of division. In addition, the naming of operational
units and sub-units contained inaccurate and ambiguous
terminology. This all, together with the possible variability, makes
it very difficult for project owners at this stage of the documents to
optimise designs.

The difference in the number and structure of operational
units indicates the need for developing the tunnel model, so that
the project owner has the opportunity to check the object-related
composition of operational units and equipment before starting the
work on the final design.

Partial conclusion 1

A complex tunnel system is a system with several possible
variations, which is structurally and functionally complicated and
it is difficult to verify whether it is designed optimally. For this
reason, it is advisable to develop the model at least before transition
to the final design stage.

There can be many models, but visual models are preferred.
The procedure used for modelling traffic-telematics systems can
be applied to the development of models. It is explained in the
following chapter 4.1. However, the knowledge model described
in chapter 4.2 is closer to thinking of users. It is recommended for
tunnel system modelling by the authors of this paper.

4. TWO APPROACHES TO MODELING A COMPLEX
SYSTEM - TUNNEL SYSTEM MODELS

Due to the variability of the design, optimising the tunnel
equipment on the basis of the finished documents is a relatively
difficult task. In principle, it is possible to describe all the processes
the equipment runs through by the process model (chapter 4.1).
From a practical point of view, it is more advantageous to use a
more user-friendly and clearer ontological model according to
chapter 4.2.

4.1 Process model based on architecture of telematics
system
The process model shows all the processes performed by the
tunnel system. Methodologically, it is carried out according to the
principles for the developing the architecture of the ITS (Intelligent
Transport Systems), which are given by the European project
FRAME, the European Standardization Committee CEN/TC278
and the standards of the working group WG13 “Architecture”.
The principle of the approach based on TP98-Z1 specifications
is schematically illustrated in Fig. 4 — Ref. [4]. At the first step, the
tunnel system is divided into n-subsystems (lighting, ventilation
etc.). Each system fulfils a macro-function (MF — marked in the
picture as “TRAFFIC SYSTEM”). Each macro-function is further
broken down into a number of functions that the subsystem must
perform. For example, MF “TRAFFIC SYSTEM” is broken down
into level 2 functions, e.g.F1 “TRAFFIC CONTROL” and F2
AID (Automatic Incident Detection), e. t. c. Breaking down the
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fizeni dopravy
traffic control

uroven |.
level |

uroven Il
level I

uroven lIl.
level lll

dopravni systém
traffic system

functions
detailed processes.

By this procedure, hierar-
chical functional architecture
with many functions and
connections between them,
which is the functional model
of tunnel system, is obtained.
The main disadvantage of this
procedure is the relatively
complicated illustration of
the functional architecture in
the form of bubble diagrams,
which makes the orientation
when optimising the design
difficult.

Even though the Directorate
of Roads and Motorways of
the Czech Republic has issued
4 a methodology for developing
a transport system model

continues up to

Obr. 4 Principidlni schéma tvorby architektury komplexniho systému tunelu (TRAFFIC SYSTEM - dopravni
systém, TRAFFIC CONTROL - fizeni dopravy, AID — automatickd identifikace dopravnich excesii)
Fig. 4 Principle scheme of developing the architecture of a complex tunnel system (TRAFFIC SYSTEM,

TRAFFIC CONTROL, AID - automatic identification of traffic excesses)

len na n-subsystémil (osvétleni, ventilace apod.). Kazdy subsystém
realizuje makrofunkci (MF — v obrdzku je oznacend ,,TRAFFIC
SYSTEM®). Kazda makrofunkce se déle rozpada na fadu funkci,
které musi subsystém vykonavat. Napi. MF ,,TRAFFIC SYSTEM*
se rozpada na funkce druhé trovné, napt na F1 ,,TRAFFIC CON-
TROL* a na F2 AID (Automatic Incident Detection) atd. Rozklad
funkci pokracuje az k detailnim procestim.

Timto postupem se ziskd hierarchicka funkéni architektura
s mnoha funkcemi a vazbami mezi nimi, kterd je funkénim mode-
lem TS. Principidlni nevyhodou tohoto postupu je pomérné sloZité
zobrazeni funkCni architektury ve formé bublinovych diagrami,
coZ zt&€Zuje orientaci pii optimalizaci ndvrhu.

Prestoze RSD CR vydalo metodiku, jak zpracovavat model do-
pravniho systému zaloZeny na architektuie telematickych systémi
[2], neni uvedeny postup modelovani vyuZivan. Hlavnim problé-
mem je velké mnozZstvi procest realizovanych tunelovym systémem
a slozité vazby mezi nimi, coZ zvysuje sloZitost a dimenzionalitu
modelu, a tim ztézuje i sdileni modelu mezi vice uzivateli. Dal$im
problémem je ziejmé fakt, Ze zpracovat architekturu vyzaduje spe-
cialistu na tvorbu architektury. Takto vytvorfeny model je sloZity
a ma mnoho vnitinich vazeb, takZe i pfipadna kontrola a optimali-
zace feSeni TS je pomérné obtizna. Proto je autory tohoto pfispévku
doporuceno modelovat tunelovy systém ontologickym znalostnim
modelem (kap. 4.2), ktery popisuje tunel uZivatelsky prijemné tak,
jak si pfirozené mozek usporadava znalosti hierarchicky.

4.2 Model tunelového systému zaloZeny na ontologii

V informacni védeé je ontologie definovana jako formalni hierar-
chicka reprezentace mnoziny pojmu z urcité domény. ,,Pojem* je
slovo s unikatni sémantikou. Pojem muZe popisovat redlnou entitu
nebo i abstraktni proces.

Tvorba ontologie je popsdna v fadé publikaci, napt. v lit. [7]
lze najit metodologii tvorby ontologie pro ITS systémy. Ontolo-
gie tunelového systému se bude vytvaret niZe popsanym postupem
MIDDLE-DOWN, coZ znamena, Ze hlavni pojmy odpovidajici
hlavnim vétvim ontologického stromu budou odpovidat hlavnim

based on the architecture of
telematics systems [2], the
above-mentioned modelling
procedure is not used. The
main problem lies in the large
number of processes performed by the tunnel system and the
complicated links between them, which increases the complexity
and dimensionality of the model, thus makes sharing of the model
among more users possible. Another problem probably lies in
the fact that developing the architecture requires a specialist in
development of architecture. The model developed in this way
is complicated and has many internal links, so even the possible
checks and optimisation of the tunnel system solution are relatively
difficult. This is why the authors of this paper recommend that the
tunnel system is modelled using the ontological knowledge model
(chapter 4.2), which describes the tunnel in a user-friendly way as
the brain naturally organises the knowledge hierarchically.

4.2 Ontology-based model of a tunnel system

In information science, ontology is defined as a formal
hierarchical representation of a set of concepts from a particular
domain. “Concept” is a word with unique semantics. A concept
may describe a real entity or even an abstract process.

Ontology creation is described in a number of publications, for
example in the reference [7] it is possible to find a methodology of
ontology creation for ITS systems. The tunnel system ontology will
be created using the MIDDLE-DOWN procedure described below,
which means that the main terms corresponding to the main branches
of the ontology tree will correspond to the main tunnel subsystems
(e.g. lighting, ventilation, etc.).These are terms of the so-called
“Level 17 (see Fig. 5). Level 1 concepts are further broken down
into Level 2 concepts — for example, lighting is divided into normal,
replacement and emergency lighting and lighting of mustering areas.
Level 3 concepts for normal lighting are further divided according
to zones: access, transition and inner zone. The same system is used
further, up to the final foliage of the tree.

The ontology created in this way represents the tunnel model
in detail, but in a clear and well understandable structure. Terms
even more detailed, i.e. lower level terms, form the side branches
of the tree. In this way, each subsystem is further analyzed, up to
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navrzena metodika pro vypocet umélého osvétleni
methodology proposed for calculation of artificial illumination

pasma osvétleni tunelu
tunnel illumination zones

@
vyjmenovani pasem
enumeration of zones jas povrchu vozovky
() ) luminance of roadway surface
pozadavky na celkovou rovnomérnost jasu
rovnomérmost jasu requirements for overall evenness of luminance jas povrchu a stény do vysky ... m
evenness of luminance pozadavky na podélnou rovnomémost jasu igTAZaﬁgie r?lf c?furfar%e and wall up
requirements for longitudinal evenness of luminance 9

omezeni oslnéni — pozadavky na prah rozlisitelnosti
limitation of dazzling - requirements for luminance
difference threshold

stupen osInéni umélym osvétlenim v tunelu se hodnoti podle relativniho
zvy$eni prahu rozlisitelnosti Tl uvadéného v %
degree of dazzling by artificial lighting in tunnel is assessed according

pozadavky na osvétleni

omezeni jevu mihani ve vnitfnim pasmu tunelu

@ to relative increase in the Tl difference threshold given in %

nedovolené roztece svitidel vzhledem k rychlosti jizdy vozidel

PS 611.01 normaini osvétleni -
PS 611.01 normal lighting

requirements for illumination

PS 61 étleni o)
PS 611 lighting

limitation of light flickering in the internal tunnel zone _illicit spacing of lighting fixtures relative to driving speed
A

zplisob regulace piechodovych pasem
transition zones regulation method

plynuld regulace stepless regulation

,L stupriovita regulace step regulation

opateni ke zvySeni bezpecnosti pii pfipojovani/odpojovani jizdnich pruhl
measures for increasing safety in merging/turning off traffic lanes

@
pozadavky na jasoméry, jejich umisténi
requirements for luminance meters, their locations

osvétleni pred a za tunelem v noci
lighting before and behind tunnel at night

pfed tunelem before tunnel

@

zékladni pozadavky na svitidla
basic requirements for lighting fixtures

? za tunelem behind tunnel

@

vodici osvétleni pro zvyraznéni okraje Ci stfedu vozovky
guidance lighting for setting off roadway edge or centre

@

PS 611.02 nahradni osvétleni tunelu
PS 611.02 standby lighting

PS 611.03 nouzové tnikové osvétleni tunelu ©)
PS 611.03 emergency escape tunnel lighting

PS 611.04 osvétleni nastupnich ploch 1ZS
PS 611.04 illumination of IRS mustering areas

Obr. 5 Priklad cdsti ontologického modelu ,,osvétleni*
Fig. 5 Example of a part of the “lighting” ontological model

subsystémim tunelu (napf. osvétleni, vétrani atp.). To jsou pojmy
tzv. 1. trovné (obr. 5). Pojmy 1. trovné se dile rozpadaji na pojmy
2. trovné — napt. osvétleni se d€li na normalni, nahradni, nouzo-
vé a osvétleni nastupnich ploch. Pojmy 3. trovné se u norméalniho
osvétleni déle d€li podle pasem: prijezdové, prechodové a vnitini
pasmo. Stejnym zpisobem se postupuje dél az k finalnimu olisténi
stromu.

Takto vytvorfend ontologie predstavuje model tunelu v detailu,
ale v pfehledné a dobie pochopitelné struktufe. Pojmy jesté detail-
néjsi, tedy nizZsi drovné tvoii bocni vétve stromu. Takto se kazdy
subsystém analyzuje dal, az k poslednim listim stromu (napf. ,,po-
zadavky na jas na povrchu vozovky®), az se cely strom olisti, ¢cimz
je v detailu zachycena cela struktura a kompozice zafizeni. Takto
vytvoreny detailni strukturalni model sdéli projektantovi a investo-
rovi, Ze u vnitfni zény musi byt feSen stroboskopicky efekt (,,ome-
zeni jevu mihdni ve vnitinim pasmu tunelu®). Ddle model sdé€luje,
Ze pro normdlni osvétleni jsou nutné az dva jasoméry, kdy u ven-
kovniho jasoméru je tieba fesit vySku umisténi a jeho smérovani.
Dilci zavér 2

Vyse uvedené problémy navrhu struktury tunelového systému
nepiindseji samotné technické podminky TP9S, ale jejich volnd
interpretace v praxi vyplyvajici z toho, Ze tunelovy systém je kom-
plexni systém. Komplexni systém by mél byt vypracovan tak, aby
mél optimdlni strukturu. MnoZing tuneld pripravovanych RSD CR
by prospélo, pokud by byl zpracovan optimalni ontologicky model
pro tfi bezpecnostni kategorie tunell a ten by ptipadné byl pouze
modifikovan, vyhradné se souhlasem investora, ktery by kontro-
loval shodu dokumentace s modelem jednoduchou ,,zaskrtavaci*
formou, ¢imZ by mél zajist€énou unifikaci.

the last leaves of the tree (for example, “Road surface brightness
requirements”), until the whole tree is leafed, thus capturing in detail
the whole structure and composition of the equipment (for example,
“Road surface luminance requirements”) until the entire tree is
leafed. In this way, each structure and composition of the equipment
is captured. The detailed structural model created in this way informs
the designer and the project owner that the stroboscopic effect has
to be solved in the inner zone (“reduction of the phenomenon of
flickering in the inner zone of the tunnel”). Furthermore, the model
informs that up to two luminance meters are required for normal
lighting, whilst, regarding the outdoor luminance meter, the height
of its position and its direction must be solved.

Partial conclusion 2

The above-mentioned problems of tunnel system structure design
are not brought by the technical conditions of TP98specifications
themselves, but their free interpretation in practice resulting from
the fact that the tunnel system is a complex system. A complex
system should be designed to have an optimal structure. The set
of tunnels prepared by the Directorate of Roads and Motorways
would benefit if an optimal ontological model is developed for the
three safety categories of tunnels and is possibly modified only,
exclusively with the consent of the project owner, who checks
the compliance of the documents with the model using a simple
“ticking off” form. It would ensure unification for him.

5. KNOWLEDGE MODEL OF TUNNEL EQUIPMENT

Currently, the Directorate of Roads and Motorways is preparing
a new document, which aims at creating a clear environment for
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5. ZNALOSTNi MODEL TECHNOLOGICKEHO VYBAVENI
TUNELU

V soucasné dob& RSD pripravuje novy dokument, ktery si klade
za cil vytvofit jasné prostiedi pro projektanty zaloZené na ontologii
a znalostnim modelu technologického vybaveni tunelu. Ontologie
bude doplnéna textovym popisem kazdé polozky tak, aby projek-
tant mél jasny navod ke zpracovani projektové dokumentace tune-
lové technologie.

6. ZAVER

Clanek ukazuje, Ze paradigma poslednich let zaloZené na vymys-
leni stale vice inovativnich tunelovych technologii, nemusi nutné
vést ke kvalitnéjsi realizaci cilové funkce.

Dale ¢lanek poukazuje na to, Ze na tunelové technologie je nutné
pohliZet jako na komplexni systémy ve smyslu definic systémo-
vé analyzy, jejichZ modelovani usnadni investorovi optimalizaci
technologického vybaveni, coz ma znacny vyznam z hlediska pro-
voznich ndkladt. Ve smyslu doporuc¢eni PIARC by se optimalizace
vybaveni méla provést jiz ve stadiu DUR.

Prehled o struktufe, resp. variantich tunelového systému, po-
skytne ,,na prvni pohled* ontolowgicky model. Detaily k vlastnimu
provedeni, pokud je to poZadovano, budou zohlednény ve vysvét-
lujicich textech.

V priabéhu nékolika malo let je nutné pocitat i s dalsimi moderni-
mi subsystémy, napf. s integraci kooperativnich vozidel do fidiciho
systému, cozZ opét zvysi sloZitost tunelového systému.

Tim, Ze komponenty tunelového systému jsou heterogenni, jsou
heterogenni i informace, které je popisuji. Proto bylo nutné najit
nastroj, ktery umozni, Ze takto riznoroda zafizeni budou konver-
govat k cilové funkci. To je mozné jen tehdy, pokud budou navr-
harim, spravciim i provozovatelim vSechny informace dostupné.

Komplexni systém by mél mit optimdlni strukturu. Tuto strukturu
1ze vyprecizovat s RSD CR pro tunely riiznych bezpe¢nostnich ka-
tegorii, pak bude zadvaznou souc¢asti zadavaci dokumentace a umozni
i zjednodusenou ,,zaskrtavaci“ kontrolu dokumentace investorem.

Navrhy obsaZené v ¢lanku by mohly pomoci RSD CR pfi piipra-
vach zadédvacich dokumentaci. Kolem roku 2050 m4 byt v provozu
62 tuneld, vCetné méstskych. Model tunelového systému je diilezi-
ty i pro méstské tunely, protoZe ty obsahuji mnoho vazeb na mést-
sky management, jako jsou napr. svételna signalizaCni zafizeni.

prof. Ing. PAVEL PRIBYL, CSc.,
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Ing. JIRT REHAK,

rehak@almapro.cz, ALMAPRO, s. r. o.
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designers based on the ontology and a knowledge model of tunnel
equipment. The ontology will be supplemented by a text with the
description of each item so that the designer has clear instructions
for the work on the tunnel equipment design documents.

6. CONCLUSION

The article shows that the paradigm of recent years based on
inventing more and more innovative tunnel equipment does not
necessarily lead to better quality of fulfilling the target function.

Furthermore, the article points out that tunnel equipment
must be seen as complex systems in the sense of definitions
of system analysis, modelling of which will facilitate project
owner’s optimisation of the equipment, the importance of which
is considerable in terms of operating costs. In accordance with
the PIARC recommendation, equipment optimisation should be
carried out at the construction location permit stage.

Overview of the structure, respectively variants of the tunnel
system, will be provided “at first sight” by the ontological model.
If required, details of designing will be taken into account in
explanatory texts.

Within a few years, it is necessary to take into account even other
modern subsystems, such as the integration of cooperative vehicles
into the control system, which will again increase the complexity
of the tunnel system.

Because the components of the tunnel system are heterogeneous,
the information describing them is also heterogeneous. For that
reason, it was necessary to find a tool which would allow for
converging of such diverse equipment to the target function.
This is only possible if all information is available to designers,
administrators and operators.

The complex system should have an optimal structure. This
structure can be refined jointly with the Directorate of Roads and
Motorways for tunnels of various safety categories; then it will be
a binding part of the tender documentation and will also enable
checking on the documents by the project owner by simplified
“ticking off™.

The proposals contained in the article could help the Directorate
of Roads and Motorways in the preparation of tender documents.
Around 2050, 62 tunnels are to be in operation, including urban
tunnels. The tunnel system model is also important for urban
tunnels because they contain many links to the city management,
for example traffic light signals.
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FOTOREPORTAZ 20 SLAVNOSTNEHO OTVORENIA DIALNICE D1
HRICOVSKE PODHRADIE - LIETAVSKA LUCKA S TUNELMI
OVCIARSKO A ZILINA DNA 29. JANUARA 2021
PICTURE REPORT FROM CEREMONIAL INAUGURATION
OF HRICOVSKE PODHRADIE - LIETAVSKA LUCKA SECTION
OF D1 MOTORWAY WITH OVCIARSKO AND ZILINA TUNNELS
ON 29 JANUARY 2021

FOTO ARCHIV DOPRASTAV, A.S., NARODNA DIALNICNA SPOLOCNOST, A.S.
PHOTO ARCHIVE OF DOPRASTAV, A.S., NARODNA DIALNICNA SPOLOCNOST, A.S.

Fig.1 Zdpadny portdl tunela Ovciarsko Fig.2 Nudzovy zdliv v tuneli Ovciarsko
Fig.1 Western portal of Ovciarsko tunnel Fig.2 Emergency lay-by in Ovciarsko tunnel

Fig.3 Taktické cvicenie zloZiek Integrovaného zdchranného systému Fig.4 Dvere z prejazdného priecneho prepojenia do tunelovej riiry
Fig.3 Tactical exercise of components of the Integrated Rescue System Fig.4 Gate from cross passage passable for vehicle to tunnel tube

Fig.5 Integrované operdtorské pracovisko v SSUD Povazskd Bystrica Fig.6 Sldvnostné otvorenie dialnice sa uskutocnilo bez spolo¢ného stretnutia
Fig.5 Integrated operation centre in the PovaZskd Bystrica Motorway Admini- Fig.6 Ceremonial inauguration of the motorway took place without joint
stration and Maintenance Centre meeting
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA PODZEMNICH STAVEB

B Rakouské spolkové driahy (OBB) zvétSuji kapacitu svych
vodnich elektraren
MozZn4 nés trochu prekvapi, Ze Rakouské spolkové drihy (OBB)
maji deset vlastnich vodnich elektraren, ze kterych Ctyfi se nalézaji
v udoli Stubachtal v Salcbursku. Ty tvofi nejvykonnéjsi elektraren-
skou soustavu ze vech vodnich elektraren, které vlastni OBB.
Prace na zvySeni vykonu piecerpavaci vodni elektrarny Tauermo-
os byly zahdjeny v listopadu 2020 a s jejich ukoncenim se pocitd
v roce 2025. Zamérem této velké investice je zvysit podil tzv. Cisté
energie urcené pro provoz rakouskych Zeleznic.
Objem praci bude mimoradny:
e razba 10,5 km novych tuneli véetné 1,6 km dlouhého Sikmého
privadéce do elektrarny o sklonu 15 %;
 vyrubani kaverny strojovny a transformovny o celkovém obje-
mu 48 tis. m®, pfi¢emz kaverna bude dlouha 73 m, Siroka 25 m
a vysoka 40 m;
 objem vyrubanych prostor bude 385 tis. m?, objem betonovych
konstrukei priblizné 80 tis. m® a stiikaného betonu se spotiebuje
kolem 50 tis. m°.
P1i vyrobé elektrické energie pfitee na turbiny 80 m?/sec, pri Cer-
pacim provozu bude kazdou vtefinu Cerpano 70 m?*/sec.
Zajimavé je, Ze prvni vodni elektrarna vyrabéjici elektfinu pro
pohon rakouskych elektrickych lokomotiv byla uvedena do provozu
v roce 1914.
B Prvni prorazka tunelit BBT pod fekou Eisack
Prvni prordzka tunelu BBT pod fekou Eisack probéhla 6. lis-

topadu 2020. Razba 59 m dlouhého tseku, jak jsme informovali
v minulém cisle 1/2021 casopisu Tunel, probihala pod ochranou
zmrazené horniny. ProraZen tak byl prvni ze Ctyf tuneld, které zde
podchazeji feku Eisack. Vedle hlavnich tuneltt BBT zde prochazeji
pod fekou jesté dva tunely slouZici k propojeni stavajici trati na
hlavni tunely.

H Dvoutrubovy 16 km dlouhy tunel na nové vysokorychlostni

trati z Londyna do Birminghamu

Nejdelsi a nejhlubsi tunel na prvni ¢asti nové vysokorychlostni Ze-
leznice z Londyna do Birminghemu bude tunel Chiltern. Predpokla-
da se, Ze jeho razba bude trvat tii roky pri nepfetrZité pracovni dobé
(24 hodin/den a 7 dni v tydnu). Jeho razbu zajisti dva tunelovaci stro-
je o priméru 10,26 m vyrobené ve Schwanau ve firmé Herrenknecht.
Tam byly jejich vystrojené ¢asti naloZeny na lod€ a dopraveny od
usti TemZe k mistu vykladky, které je umisténo co nejbliZe stavenisté
v zépadni c¢asti Londyna. Délka stroji vCetné zavésu je 170 m, oba
stroje jsou tedy nejdelsi, jaké kdy ve Velké Britanii pracovaly. Vniti-
ni primér segmentového osténi bude 9,1 m.

Stroje budou pracovat v hloubce az 80 m pod povrchem v pro-
ménlivych geotechnickych podminkéch, které tvori mix kiidovych
hornin s konkrecemi pazourku. Predpokldda se, Ze primérny denni
vykon bude 15 m/den.

Prvni stroj zah4jil raZzbu zacatkem roku 2021.

B Britska tunelarska spoleénost (BTS) oslavila padesaté vyroci
svého vzniku

Spolecnost byla zaloZena v breznu roku 1971 a patii k velmi ak-
tivnim ¢lentim ITA/AITES. Pri této piileZitosti byly otevieny nové
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upravené webové stranky BTS, které informuji i o grandiéznich tu-
nelovych stavbach realizovanych v této dobé v Britanii.

Gratulujeme!

B Svétovy tunelarsky kongres budou hostit v roce 2023 Athény

Mimoiadné valné shromaZzdéni Mezindrodni tunelai'ské asociace
nedavno zvolilo fecké Athény za misto konani Svétového tunelarské-
ho kongresu WTC 2023 a valného shromazdéni ITA/AITES. Athény
zvitézily vyrazné — ziskaly 33 hlast, druhé Turecko jen 14. Pfi volbé
jisté hrélo roli, Ze Athény jesté nikdy WTC a GA ITA/AITES nepo-
radaly, zatimco v tureckém Istanbulu se vrcholnd tunelarska udalost
konala v roce 2005.

V Recku podzemni stavitelstvi zaznamenalo od ekonomické krize
velky rozmach — postaveno bylo 65 km jednotrubnich automobilo-
vych tuneld a 20 km podzemnich tras metra predevs§im v Athénéach
a také v Soluni.

B Rekordné dlouhy tsek zatlacovaného plynového potrubi
v Anglii

V severovychodni Anglii byl dokoncen novy tsek patefniho roz-
vodu zemniho plynu délky 4 960 m. Plynové potrubi je uloZeno
do tunelu, ktery podchazi usti feky Humber do Severniho mofte.
Pravé zptisob uloZeni potrubi do predem vyrazeného tunelu je mi-
moradnosti této stavby — potrubi bylo tlacnymi stanicemi postupné
zatlaceno do vodou zaplaveného tunelu. Vzhledem k délce instalo-
vaného potrubi se jedna o svétové prvenstvi délky protlacovaného
potrubi a tento vykon byl zapsan do Guinnessovy knihy rekordu.

Prace byly provedeny ve dvou hlavnich etapich. V prvni byl
30 m pod dnem feky vyrazen tunel tunelovacim strojem firmy
Herrenknecht o profilu 4,38 m s osténim ze Zelezobetonovych seg-
mentll. Razba probihala v kiidovych horninéach a trvala 18 mésicu.

V druhé etapé byl nejprve tunel zaplaven vodou, jejiz specidlni
uprava zabrani korozi ocelového plynového potrubi. Na jafe roku
2020 zahajily dvé protlacovaci stanice zatlacovani sekci predem
svareného potrubi délky 620 m do tunelu. Zatlacovani probihalo
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rychlosti okolo 1 m za minutu. Po zatlaceni sekce se na jeji konec
pfivarila dalSi sekce svafeného potrubi.

Novy tsek potrubi byl propojen na obou koncich na stavajici
plynovod v prosinci 2020. Pak jest€¢ zbyvalo odstranit ptivodni
potrubi ze dna feky. Vlivy prilivu a odlivu v usti feky zptsobily
obnaZeni ¢i sniZeni kryci vrstvy potrubi, které by tak mohlo byt
poskozeno lodni dopravou.

B Na prvni Sachté v centralni ¢asti stavby Tideway se provadi
definitivni osténi

Prace na velkolepém novém kmenovém kanalizacnim sbéraci
v Londyné rychle postupuji. Cela stavba je zndma pod nazvem Tide-
way a v jeji centralni Casti tunelarské prace pokrocily natolik, Ze na
prvni Sachté mohlo byt prikroceno k vybudovani definitivniho osténi
a k provedeni vnitfnich stavebnich konstrukci. Ty mimo jiné zajisti
svedeni odpadnich vod z pripojenych stok na dno Sachty, odkud bu-
dou odvedeny 17 m dlouhym pfipojovacim tunelem do kmenového
sbérace.

B Nejdelsi podmorsky Zelezni¢ni tunel je znovu diskutovan

Uvahy o moZnosti postavit 100 km dlouhy Zelezni¢ni tunel mezi
Tallinnem a Helsinkami znovu oZily. Tunel by umoznil napojit ev-
ropskou sit vysokorychlostnich trati s ¢asti Skandinavie. Ze strany
¢inskych finan¢nich kruht byl nové sdélen pfislib podilet se na fi-
nancovani tohoto mimofadného projektu. OvSem ctvrtina obyvatel
Finska i Estonska neni naklonéna ¢inské ucasti na financovani tohoto
projektu.

Z hlediska proveditelnosti stokilometrového tunelu pod dnem Bal-
tického more vyplynulo, Ze by musel byt na jeho trase vybudovan
minimalng jeden umély ostrov.

Financ¢ni dvahy i s ohledem na zapojeni financ¢nich zdroji Evrop-
ské unie budou jisté jesté dlouho pokracovat.

Ing. MILOSLAV NOVOTNY,
mila_novotny@volny.cz

VYSTAVBA TUNELU NA RYCHLOSTNI SILNICI M85 V BECSI DOMB, MADARSKO
CONSTRUCTION OF TUNNELS ON M85 EXPRESS HIGHWAY, BECSI DOMB, HUNGARY

Two tubes of double-lane motorway tunnels, each ca 800m long,
are under construction in Hungary near the town of Sopron. The
contractor for those tunnels is a consortium formed by the companies
of Subterra— Raab Kft, Domper Kft and Pannon Doprastav Kft.

V severozdpadni ¢asti Madarska, smérem k rakouskym hranicim
a hlavnimu méstu Rakouska Vidni, se u mésta Sopron stavi v rdm-
ci paté etapy dva tubusy dvoupruhovych déalni¢nich tuneld, kazdy
o délce cca 800 m.

Dodavatelem téchto tuneli je sdruZeni firem Subterra—Raab Kft,
Domper Kft a Pannon Doprastav Kft.

Razby byly zahdjeny za velmi piisnych hygienickych opatieni
souvisejicich s Covid 19.

Bylo vybudovéno zafizeni staveni$te pro vlastni razbu tunelu, véet-
né pristupovych komunikaci a hloubené Casti tunelu v délce 37,5 m.

K mésici bieznu bylo v kaloté tunelu vyrazeno 110 m a v opéfi
105 m.

RaZba do poloviny bfezna probihala ve zhorSenych geologickych
podminkéch, kdy misto souvislé vrstvy piskovce se v profilu razby
nachézelo nekolik vrstev vapenatych jild, jilovitych slinovcl a va-
penec, a proto se pristoupilo pii razbé kaloty k zajistovani mikropi-
lotovym destnikem délky 12 m s postupem razby v délce 8 m, pred
realizaci dalSiho mikropilotového deStniku.

Od posledni dekddy mésice biezna se pti zlepSenych geologickych
podminkéch (kompaktni piskovec) zajistovalo nadlozi kaloty pomo-
ci 4 m jehel. Nicméné geologické podminky jsou velmi proménlivé,

Obr. Razba tunelu v Madarsku u mésta Sopron
Fig. Excavation of the tunnel in Hungary near the Down of Sopron

a proto se predpoklada po vyrazeni dalSich 15 m tunelu zajiStovani
nadlozi kaloty opét pomoci MP destniki.

Ing. JAN FRANTL, jfrantl@subterra.cz,
Ing. GERGELY BOLCSKEI, Gergely.Bolcskei@subterraraab.hu,
Subterra a.s.
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ZPRAVY Z TUNELARSKYCH KONFERENCI

TUNELARSKE ODPOLEDNE 1/2021
TUNNEL AFTERNOON 1/2021

The Tunnel Afternoon seminar was held on March 16, 2021, after
a more than year long break. It was for the first time that the Tunnel
Afternoon was organized on-line using MS Teams. The theme of
the lectures was focused on the construction of the Mezno and
Deborec tunnels. Ing. Libor Marik (SAGASTA s.r.0.) presented the
topic Operated, under construction and planned tunnels on the
Corridor IV. The following lecture titled Mezno tunnel — design
solution was prepared by Ing. Jan Rozek (AMBERG Engineering
Brno, a.s). The pair of authors Ing. Milan Kossler and Mgr. Ales§
Videiisky (SG Geotechnika a.s.) continued with a lecture on Mezno
tunnel — geotechnical monitoring. The first block was closed by
Ing. Tomas Just (OHL ZS, a.s.) with the topic Mezno tunnel —
information from construction site. The second part was opened
by Ing. Tomas Urbanek (MPI Projekt s.r.0.) by a lecture on Debore¢
tunnel — design solution. Then Ing. Milan Kossler and Mgr. Ales
Viderisky (SG Geotechnika a.s.) took again the floor and presented
the topic Debore¢ Tunel — geotechnical monitoring. The last
lecture, Debore¢ Tunnel — information from construction site,
was prepared by Ing. Tomas Gerda (TUBAU, a.s.). The interest in
the seminar was great, a total of about 110 participants joined the
discussions. All presentations can be found on ww.ita-aites.cz.

Dne 16. biezna 2021 se po vice neZ roCni piestavce uskutecnilo
prvni Tuneldrské odpoledne tohoto roku. Vzhledem k pokracujici
situaci spojené s restrikcemi kvtili onemocnéni COVID-19 bylo Tu-
nelarské odpoledne poprvé usporddano on-line pomoci MS Teams.
Tématem prednasek byla vystavba tunelt Mezno a Deborec.

Prvni prednaska (Ing. Libor Maiik, SAGASTA s.r.0.) s ndzvem
Provozované, realizované a planované tunely na IV. koridoru
se vénovala prehledu situace celého koridoru, posluchaci byli se-
znameni s jiz vybudovanymi tunely (Tomicky I. a II., Zahradnicky,
Olbramovicky, Voticky, Sudoméficky), stejné jako s t€mi, které
pravé prochazeji realizaci (tunely Mezno, Debore¢ a Zvéroticky),
ais témi, které jsou teprve v rliznych fazich piipravy (Hosinsky,
Chotycansky).

Dalsi prednasku s nazvem Tunel Mezno — projekéni FeSeni pii-
pravil Ing. Jan Rozek (AMBERG Engineering Brno, a.s.). Ve své
prezentaci ukdzal situaci tunelu, vzorové fezy, feSeni odvodnéni, vy-
baveni tunelu, zajisténi stén portalti a mnoho dalsiho.
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NEWS FROM TUNNELLING CONFERENCES

Nasledovala prednaska dvojice autorti Ing. Milana Kosslera a Mgr.
Alese Videiiského (SG Geotechnika a.s.) Tunel Mezno — geotech-
nicky monitoring. Popsali hlavni ¢innosti GT monitoringu, ktera
zahrnovala méfeni konvergenci, extenzometrickd a inklinometricka
méfeni, hydrogeologicky monitoring, pasportizace okolni zastavby,
skenovani primarniho osténi, inZzenyrskogeologické sledovani kvali-
ty horninového masivu atd.

Prvni blok predndSek uzaviel Ing. Tom4s Just (OHL ZS, a.s.) s té-
matem Tunel Mezno — informace z realizace. Provedl poslucha-
¢e vSemi dosavadnimi fazemi vystavby tunelu Mezno, od hloubeni
stavebni jamy, nésledovala realizace podzemnich tésnicich stén pro
ochranu vodnich zdroji v dané lokalité, popsal prace na vyjezdo-
vém portale, razbu tunelu, realizaci primarniho i sekundarniho osténi
i zplsob sanace sesuvu svahu v blizkosti portélu.

Druhy blok pfednaSek zahdjil Ing. Tomds Urbanek (MPI Projekt
s.r.o.) s pfednaskou Tunel Debore¢ — projekéni FeSeni. Popsal si-
tuaci projektu, profil tunelu, vjezdovy a vyjezdovy portal, navrZzeny
zpusob razeb, hydroizolaci, definitivni osténi, vnitini vybaveni, za-
syp stavebni jamy a dalsi.

Poté se ujali opét slova Ing. Milan Kdossler a Mgr. Ales Vidensky
(SG Geotechnika a.s.) s dalsi pfednaskou — Tunel Debore¢ — geo-
technicky monitoring. Pfednasejici se vénovali mj. nestabilité horni-
nového masivu, vzniklym nadvylomm, popsali prijata opatieni atd.

Posledni prednasku pripravil Ing. Tomas Gerda (TUBAU, a.s.), jeji
nazev byl Tunel Debore¢ — informace z realizace. Vénoval se vy-
jezdovému portélu, razbdm primarniho osténi, pouzité mechanizaci,
prordZce na vjezdovém portéle, sekunddrnimu osténi i vybaveni tu-
nelu.

PrestoZe byl seminat poradan poprvé distancni formou, vSe pro-
behlo hladce. Podékovani patii vS§em prednasejicim (u vétSiny z nich
to byla prvni zkuSenost s timto druhem prednasek), Ing. Tomasi Jus-
tovi (OHL ZS, a.s.) za zajisténi predndSek, prof. Ing. Matousi Hila-
rovi, M.Sc., Ph.D. (3G Consulting Engineers s.r.0.) za moderovani
a Ing. Liboru Marikovi za organizacni zajisténi pomoci programu
MS Teams. Zajem o prednéasky byl velky, celkem se pripojilo okolo
110 posluchacii. VSechny prezentace 1ze nalézt na www.ita-aites.cz.

Ing. MARKETA PRUSKOVA, Ph.D.,
CzTA ITA-AITES

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

Kompletni inZenyrskogeologicky priizkum projektu metro D ma
byt podle platnych predpokladii dokoncen do konce fijna tohoto
roku. Jak jsme jiz informovali diive lokality PAD1b a OL1 jiZ byly
dokonceny v srpnu lofiského roku a zbylé planované ¢innosti na
lokalitich VO-OL a PAD4 budou dokonceny v srpnu, resp. zari
roku letoSniho.

V pripadé dokoncené pasportizace miZeme sumarizovat, Ze bylo

provedeno celkem 59 vychozich pasportil objektd v zoné ovlivnéni

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

The complete engineering geological survey for the Metro D
Line project is to be finished, according to assumptions, by the
end of October 2021. As we have already informed the readers, the
survey for PAD1b and OL1 localities was finished in August 2020
and the remaining planned activities in VO-OL and PAD4 localities
will be finished in August and September 2021, respectively.

In the case of the completed condition survey, we can summarise
that a total of 59 initial condition surveys of buildings and
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Obr. 1 Lokalita VO-OL, pohled na razbu priizkumné §toly provddéné pod pro-
vozovanou trasou metra C a raZenou Stolou PAD4

Fig. 1 VO-OL locality, a view of the exploration gallery excavation carried out
under the operated Metro C Line and the mined PAD4 gallery

realizace stavby, z ¢ehoz 17 objektl bylo nadzemnich a 42 objekti
pozemnich, a to véetné dnes provozovanych tuneld trasy metra C.
V piipadé geotechnického monitoringu mizeme konstatovat, ze je
stale prubézné provadén a vyhodnocovan. Na dokoncenych lokali-
tach se pak provadi pouze méfeni kontrolni a na jesté dokoncova-
nych lokalitich méfeni aktivni.

Na dokoncované lokalité¢ VO-OL spole¢nost HOCHTIEF CZ a. s.
do konce bfezna vyrazila v kaloté prizkumné Stoly 310 m a do napl-
néni planovaného objemu ji tak zbyva vyrazit jiZ pouze poslednich
12 m této Stoly (obr. 1). Na soub&Zné dokonCované lokalité¢ PAD4
spole¢nost Metrostav a.s. dokoncila ke stejnému datu planovanou
razbu 117 m Stoly a zahéjila razbu geotechnické rozrazky (obr. 2, 3).
Spole¢nou zajimavosti pro obé lokality je, Ze razba prizkumné Sto-
ly lokality PAD4 probiha pod provozovanou trasou metra C a pod
takto raZzenou Stolou lokality PAD4 jesté soucasné probiha razba
Stoly lokality VO-OL. To znamena, Ze se zde zastizené provozované
a budované podzemni prostory ve svém prumétu protinaji ve tfech
vySkovych trovnich. Velmi dtleZitou soucasti provadénych ¢innosti
na lokalitach také bylo provadéni tlakovych injektdzi vedenych pod
stavajici provozovanou trasou C a pokusnych chemickych injektazi,
které mély za cil touto cestou otestovat mozné vylepSeni zastiZe-
nych slozitych geologickych podminek v trase dila.

Obr. 3 Lokalita PAD4, pohled na kalotu provddéné stoly
Fig. 3 PAD4 locality, a view of the top heading of the gallery under construction

Obr. 2 Lokalita PAD4, pohled na raibu geotechnické rozrdzky provddéné
z priizkumné $toly

Fig. 2 PAD4 locality, a view of the excavation of the geotechnical side stub
carried out from the exploration gallery

structures in the zone affected by the construction were carried out,
of which 17 buildings (objects) were on the surface and 42 objects,
including the currently operated tunnels of metro line C, were
underground. In the case of geotechnical monitoring, we can state
that it has still been underway and is being continuously evaluated.
At the completed localities, only checking measurements are
performed, and at the localities being still under completion, active
measurements are being performed.

At the VO-OL site being under completion, HOCHTIEF CZ a. s.
excavated a 310m —long exploration gallery in the top heading by
the end of March, leaving only the last 12m of this gallery to reach
the planned excavation volume (see Fig. 1). At the PAD4 site being
under completion concurrently, Metrostav a.s. finished the planned
excavation of a 117m long gallery on the same date and started to
excavate a geotechnical side stub (see Figures 2 and 3). A common
thing interesting for both localities is that the excavation of the
exploration gallery in the PAD4 locality is being carried out under
the operated metro line C and, in addition, the excavation of the
gallery in the VO-OL locality is underway concurrently with the
excavation of the gallery in the PAD4 locality proceeding above it.
This means that the operated underground spaces and spaces under
construction encountered here intersect in the elevation at three
height levels. A very important part of the activities performed
in the localities was also the pressure grouting under the existing
operated Line C and the trial chemical grouting, which aimed to
test the possibility of improving the complex geological conditions
along the tunnel route.




Tuel

Pro vybér zhotovitelli stavebni ¢asti a komplexniho geotech-
nického monitoringu useku Pankrac — Olbrachtova stale plati, Ze
obé vefejné soutéZe trapi podani namitek k UOHS, které jsou dnes
stéZovatelem dokonce jiz opakované. Soubézna legislativni cesta
k pravoplatnému vydani stavebniho povoleni téhoZz tseku je stejné
tak trapena jiz opakovanymi namitkami a odvolanimi zase jinych
stéZovatelt. Na druhou stranu vydal investor projektantovi projek-
tu pokyn ke zpracovéani Cistopisu DSP na tusek Pankric — Namés-
ti Miru za Gcelem zahdjeni procesu stavebniho fizeni i pro tento
usek. Za dalsi cca tii mésice tak tedy uvidime, zda si budeme moci
v dané véci v pristich aktualitich o projektu metra D precist vice
pozitivnich nezZ negativnich informaci. Zdar bih!

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

NOVE ZELEZNICNi TUNELY NA IV. ZELEZNICNIM
KORIDORU

V ramci stavby ,,Modernizace trati Sudomeéfice — Votice* se budu-
ji dva nové Zeleznicni tunely. Investorem stavby je Sprava Zeleznic,
statni organizace a zhotovitelem stavby spole¢nost OHL ZS, a.s.
Tunel Mezno (obr. 4) je razeny Zelezni¢ni dvoukolejny tunel cel-
kové délky 840 m, z toho raZena Cast tvoii 768 m, navazujici hlou-
bena ¢ast u vjezdového portalu ma délku 48 m a u vyjezdového
portalu 24 m. Tunel Deborec¢ (obr. 5) je razeny Zelezni¢ni dvou-
kolejny tunel celkové délky 660 m, z toho raZena ¢ast tvori 562 m
a navazujici hloubené ¢asti u obou portalt maji délku 49 m.

K 15. 4. 2021 byly oba tunely vyraZeny a v raZenych tdsecich
bylo vybetonovano sekundérni osténi. U tunelu Mezno je vybeto-
novan hloubeny tunel na vyjezdovém portalu a provadi se betonaz
hloubeného tunelu na vjezdovém portdlu. Dale je provadéna beto-
naz dna tunelu a pokladka stfedové drenaze. U tunelu Deborec je
naopak vybetonovany hloubeny tunel na vjezdovém portélu a pro-
vadi se betondz hloubeného tunelu na vyjezdovém portdlu. V tomto
tunelu je jiz dokonceno i dno v¢etné chodnikd.

Vybaveni obou tunelll je shodné. V pravém i levém chodniku
jsou umistény kabelovody sloZzené z 12 prichodek DN 100 mm,
kabelové Sachty jsou kryty betonovymi poklopy. V pravém chod-
niku je navic umistén pozarni suchovod DN 100 mm, ktery je
v pfipadé potfeby automaticky zavodnén z poZarni nadrZe objemu
108 m?® umisténé pii vjezdovém portalu. V tunelu jsou v Sachtich

Obr. 4 Tunel Mezno, betondz dna tunelu
Fig. 4 Mezno tunnel, concreting the tunnel bottom
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It still applies to the selection of contractors for the civil
engineering part of the construction and comprehensive
geotechnical monitoring of the Pankrac — Olbrachtova section that
both public tenders are bothered by the submission of objections to
the Office for the Protection of Competition, which are currently
even repeated by the complainant. The parallel legislative path to
the valid issuance of the construction permit for the same section
is also plagued by repeated objections and appeals, this time
from other complainants. On the other hand, the project owner
instructed the project designer to prepare a clean copy of the final
design for the Pankrac — Namésti Miru section in order to start the
construction permission proceedings also for this section. In the
next three months or so, we will see whether we will be able to read
more positive than negative information on the proceedings in the
next Current News about the D metro line project. God speed you!

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

NEW RAILWAY TUNNELS ON RAILWAY
CORRIDOR IV

Two new railway tunnels are being constructed within the
framework of the “Modernisation of Sudoméfice — Votice rail line
section. The Railway Administration, state organization, is the
project owner and the company of OHL ZS, a.s., is the construction
contractor. The Mezno tunnel (see Fig. 4) is a mined double — track
railway tunnel with a total length of 840m, of which the mined part
forms 768m, whilst the adjoining cut-and-cover parts at the entrance
portal and the exit portal are 48m and 24m long, respectively.

As of 15 April 2021, the excavation of both tunnels has been
finished and concreting of the secondary lining has been finished
in the mined sections. At the Mezno tunnel, concreting of the cut-
and-cover part at the exit portal has been finished and concreting
of the cut-and-cover tunnel at the entrance portal is underway.
Furthermore, the tunnel bottom is being concreted and the central
drainage is being laid. At the Debore¢ tunnel, on the contrary,
concreting of the cut-and-cover tunnel has been finished at the
entrance portal and the cut-and-cover tunnel section at the exit
portal is being concreted. In this tunnel, even the bottom with the
walkways has been finished.

The equipment of the two tunnels is identical. In both the left-

Eor b A e
Obr. 5 Tunel Deborec, betondz hloubené¢ho tunelu
Fig. 5 Deborec tunnel, concreting the cut-and-cover tunnel
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v tunelovych vyklencich krytych ocelovym poklopem umistény
pozarni hydranty po max. vzdalenosti 72,0 m. Po obou stranich
tunelu je navrzeno nouzové osvétleni umisténé ve vysce 0,9 m,
vybrané vyklenky jsou opatfeny osvétlenim a zdsuvkovou skiini.
Mezi zachrannymi vyklenky je umisténo po obou strandch tune-
lu madlo z ocelové trubky ve vySce 1,1 m. Portdly jsou opatieny
ochrannymi protidotykovymi zabranami. Oba tunely by mély byt
stavebné dokonceny v poloviné tohoto roku.

BRNO, SOLNICNI I, REKONSTRUKCE KANALIZACE

Tato stavba, kterd je realizovdna v historickém centru mésta
Brna, byla zahdjena v fijnu 2019. Jedna se zejména o rekonstrukci
kanalizace v ulici Solni¢ni a dile pres Komenského ndmésti aZ po
ulici Husovu, kde se vétvi i do ulice Ceskd. Prace jsou provadé-
ny hornickym zptsobem, na povrchu jsou umistény pouze tézni
Sachty a nutné zazemi. Razbou Stoly profilu cca 4,5 m? s pocvou
v hloubce 7,8 az 8,8 m (obr. 6) byly zastiZeny neogenni jily tuhé
az pevné konzistence, které prechdzely do hrubozrnnych nesoudrz-
nych sedimentl nachéazejicich se v nadlozi. Lokalné byly zastiZzeny
antropogenni nesoudrzné navazky, které bylo nutno proinjektovat
jilocementovou smési. Vzhledem k umisténi stavby v historickém
centru mésta Brna byly zastiZeny staré zasypané sklepy a Cas-
ti historickych chodeb. V tseku pfed hotelem Slavia byla celym
profilem celby zastizena ¢ést historického opevnéni mésta Brna.

Obr. 6 Solnicni, raZeny profil kmenové stoky
Fig. 6 Solni¢ni, mined profile of trunk sewer

Kriticky tsek v délce cca 30 m bylo nutno rozpojovat kombinaci
vrtdi, hydraulickych klinti a ru¢nim pneumatickym natadim. Zele-
zobetonové osténi Stoly je provedeno pomoci posuvného systémo-
vého bednéni profilu 1000/1600 mm s ¢edicovym obkladem ky-
nety. Celkova délka klasicky razené $toly je cca 210 m. Napojeni
boc¢nich pritokti do kmenové stoky je realizovano pomoci rozrazek
celkové délky cca 55 m. Napojeni kanalizace v ulici Ceské bylo
pivodné navrzeno pomoci otevieného vykopu. Pfi realizaci bylo
zjisténo, Ze se v misté vykopu nachézi historicky kamenny 3lod-
ni most z 15. stoleti. Byla projedndna zména a usek byl proveden
jako raZend Stola délky 26,5 m s naslednym vystrojenim potrubim
KT DN 400. V soucasné dobé probihad koordinace ¢innosti firem
OHL ZS, Teplaren Brno a Gasnet tak, aby v z4ii 2021 doslo k pie-
déni dila objednateli.

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

TuNel

hand and right-hand walkways, there are cableways comprising
12 tubes DN 100mm; cable manholes are provided with concrete
covers. In the right-hand walkway, there is also a dry fire main
DN 100mm, which is, if necessary, automatically filled with water
from a fire water tank with a volume of 108m® located at the
entrance portal. In the tunnel, fire hydrants are placed in shafts in
tunnel niches spaced at a maximum of 72.0m. They are provided
with steel covers. Emergency lighting located at a height of 0.9m is
designed on both sides of the tunnel, selected niches are equipped
with illumination and plug boxes. Between the safety recesses,
there is a steel tube handrail at a height of 1.1m on both sides of
the tunnel. The portals are provided with anti-crush barriers. The
civil engineering structures of both tunnels should be finished in
the middle of 2021.

BRNO, SOLNICNI I, RECONSTRUCTION
OF SEWERAGE

This reconstruction, which is being carried out in the historic
centre of Brno, commenced in October 2019. It is mainly the
reconstruction of the sewer in Solnicni Street, leading further
across Komenského Square to Husova Street, where it also
branches into Ceské Street. The work is carried out in mining-like
way, only hoisting shafts and the necessary facilities are located
on the surface. The excavation of the gallery with the profile area
of ca 4.5m?, the bottom at the depth of 7.8 to 8.8m (see Fig. 6),
encountered stiff to hard consistency Neogene clay passing into
coarse-grained incohesive sediments located in the overhead.
Anthropogenic incohesive made-ground was locally encountered.
It had to be stabilised by injection of clayey-cementitious
grout. Due to the location of the construction site in the historic
centre of Brno, old buried cellars and parts of historic corridors
were found. In the section in front of Slavia Hotel, a part of the
historic fortifications of the city of Brno was encountered by the
entire profile of the excavation face. A combination of boreholes,
hydraulic splitters and hand-held pneumatic tools had to be applied
to the ca 30m-long critical section. The reinforced concrete lining
of the gallery is carried out using a 1000/1600mm profile slipform
system with a basalt cladding of the cunette. The total length of
the classically driven gallery amounts to ca 210m. The connection
of side inflows to the main sewer is carried out by means of
side stubs with the total length of ca 55m. An open trench was
originally proposed for the connection of the sewerage in Ceska
Street. During the construction, it was found that there is a historic
stone masonry 3-span bridge from the 15" century in the location
of the trench excavation. A change was discussed and the section
was carried out as a mined gallery 26.5m long with subsequent
excavation support with KT DN 400 pipes. At present, the activities
of the companies of OHL ZS, a.s., Teplarny Brno and Gasnet are
being coordinated so that the construction can be handed over to
the client in September 2021.

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

ZVEROTICE RAIL TUNNEL

The 370m long double-track rail tunnel in the Sobéslav — Doubi
track section is part of Railway Corridor No. 4, which will, after
completion, link Prague with Ceské Bud&jovice and further with
Linz, Austria. The construction is located near the town of Sobéslav
and the D3 motorway route.
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Obr. 7 Tunel Zvérotice, betondZ horni klenby mezi pilotovymi sténami
Fig. 7 Zvérotice tunnel, concreting the upper vault between pile walls

ZELEZNICNI TUNEL ZVEROTICE

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

Stavebni jdma tunelu je vyhloubena v celé délce a ve svahova-
nych ¢astech stavebni jamy jsou vybetonované zakladové pasy osté-
ni. Smérem od vjezdového portalu
je v celé délce svahované stavebni
jamy vybetonovano osténi a v sou-
Casné dobé probihd betondz osténi
ve stisnénych pomérech stfedni ¢asti
stavebni jamy mezi pilotovymi sté-
nami. S vyjimkou krajnich bloka
betondZe osténi mezi pilotovymi
sténami, které jsou zaloZené na za-
kladovych pasech, je zbyvajici délka
useku zaloZena na spodni klenbé.
Po pésech, které jsou soucasti spod-
ni klenby, pojizdi bednici vz horni
klenby, osténi (obr. 7). Dne 19. 4.
2021 probihala betondZ horni klenby
prvniho bloku betondZe zaloZeného
na spodni klenbé.

Z logistickych divodu je nutné
u vjezdového portalu zajistit spojeni
obou stran stavebni jamy a vybudo-
vat staveniS$tni komunikaci. Proto
byly od vjezdového portilu 22. 2.
2021 zahdjeny prace na deStniko-
vé hydroizolaci tunelu a v relativné
rychlém sledu probihd od 6. 4. 2021
zasypavani nejniz§i etdZe staveb-
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The excavation of the construction
pit for the tunnel has been finished
throughout the tunnel length and
concreting of foundation strips
under the lining has been finished in
the sloped parts of the construction
pit. In the direction away from
the entrance portal, concreting of
the lining has been finished along
the entire length of the sloped
construction pit, and the lining
is currently being concreted in
restricted conditions in the middle
part of the construction pit between
the pile walls. With the exception
of the external concrete casting
blocks of the lining between the pile
walls, which are founded on strip
footings, the remaining length of
the section is founded on the invert.
The formwork of the upper lining
vault travels along the concrete
blocks that are part of the invert (see
Fig. 7). The concreting of the upper
vault of the first concrete casting
block founded on the invert took
place on 19 April 2021.

For logistical reasons, it is necessary to provide the connection
of both ends of the construction pit at the entrance portal and carry
out a site road. For that reason, the work on the umbrella system
of tunnel waterproofing started from the entrance portal on 22
February 2021, and the backfilling of the lowest stage with fine-
grained material proceeds from 6 April 2021. For space-related
reasons, compaction of the backfill material has to be carried
out using lighter equipment. The layer being compacted can be
maximally 300mm thick. A vibrating roller weighing 15t will

Obr. 8 Tunel Zvérotice, zdsyp stavebni jamy jemnozrnnym materidlem
Fig. 8 Zvérotice tunnel, backfilling the construction pit with fine-grained material
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ni jdmy jemnozrnnym materidlem. Z prostorovych divodd musi
byt hutnéni zasypového materidlu provadéno leh¢i mechanizaci.
Maximalni vyska hutnéné vrstvy je 300 mm. Ve vyssich partiich
stavebni jamy jiZ bude pouzit vibracni valec o hmotnosti 15 t. Pro
zajisténi symetrického provadéni zasypl s maximélni odchylkou
na pravé a levé strané do 1 m slouZi znaceni na geotextilii, kterd
chrani hydroizola¢ni f6lii (obr. 8). I kdyZ postup praci v zimnim
obdobi ovliviiuji klimatické podminky, stavba probihd v souladu
s harmonogramem.

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.o0.

Ing. LIBOR MARIK, libor.marik@sagasta.cz,
SAGASTA s.r.o.

STAVBA 1/42 BRNO — VMO ZABOVRESKA | -
ETAPAII

Stavbu realizuje sdruzeni firem Eurovia CS a.s., (lidr), HOCH-
TIEF CZ a.s. a Subterra a.s., které uspélo ve verejné soutéZi v roce
2020. Stavenisté bylo objednatelem RSD CR piedano v zivéru
roku 2020. Vlastni vystavba tunelové ¢asti, kterou zajistuje spol.
Subterra a.s., byla zahdjena v lednu 2021 (obr. 9). DileZitou sou-
¢asti je stavba razeného tramvajového tunelu.

Tunel je ¢lenén na severni zasypanou Zelezobetonovou kon-
strukci v délce 162 m, na ni navazuje ¢ast razena v délce 328,92 m.
Soucésti stavby bude také na hlavni tramvajovy tunel kolmo raze-
nd unikova Stola délky 52,4 m, ktera bude spojovat tramvajovy
tunel a pfilehlou silni¢ni galerii.

Razba bude provadéna Novou rakouskou tunelovaci metodou
(NRTM). Prace na raZzeném useku by mély byt zahdjeny na pre-
lomu dubna a kvétna 2021. V pribéhu tnora byl také proveden
archeologicky prizkum, z diivodu nalezeni ptivodnich konstrukei

already be used in the higher parts of the construction pit. To ensure
symmetrical backfilling with a maximum 1m difference between
the right and left sides, marks are made on the geotextile protecting
the waterproofing membrane (see Fig. 7). Even though the progress
of work in the winter is affected by climatic conditions, the
construction is proceeding in compliance with the schedule.

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

Ing. LIBOR MARIK, libor.marik@sagasta.cz,
SAGASTA s.r.o.

ROAD 1/42 BRNO - LARGE CITY CIRCLE ROAD
ZABOVRESKA 1 - STAGE I

The contractor for the construction work is a consortium of
companies formed by EUROVIA CS, a.s., (leader), HOCHTIEF
CZ a. s. and Subterra a.s., which was successful in the public
tender in 2020. The project owner, the Directorate of Roads and
Motorways of the Czech Republic, handed the construction site
to the contractor at the end of 2020. The construction work on the
tunnelled part itself, which is provided by Subterra a.s., commenced
in January 2021 (see Fig. 9). The construction of the mined tram
tunnel is an important part of the project.

The tunnel is divided into the 162m long northern buried
reinforced concrete structure (a false tunnel), followed by the
328.92m long mined part. A 52.4m long escape gallery driven
perpendicularly to the main tram tunnel, linking the tram tunnel to
the adjacent road gallery, will also be part of the project.

The tunnel will be driven using the New Austrian Tunnelling
Method (NATM). The work on the mined section should commence

= » il .
Obr. 9 Pohled od budouciho portdlu na presypdvanou budouci édst tunelu
Fig. 9 The buried part of the tunnel (false tunnel) viewed from the future portal




TuNel

z predminulého stoleti. V soucasné dobé (3/2021) se pracuje na
zajiSténi skalnfho masivu nad provizornim severnim portdlem
v oblasti Wilsonova lesa. Po vykaceni zelen¢ na svazich a prv-
nich skryvkach byla odkryta znacné zvétrald hornina, kvili kte-
ré byl v lednu proveden novy navrh zabezpeceni tohoto svahu,
ktery se nyni provadi. Vzhledem k této skutecnosti se mirné po-
souvaji v harmonogramu jak tyto, tak i navazujici prace. Sou-
bézné s upravou skalniho svahu probihaji i ¢innosti v dalSim
useku presypaného tunelu. Ty spocivaji ve zlepSeni zaklado-
vych pomértt pod klenbovymi pasy pilotami z prostého betonu
nebo Stérkovymi polStafi v mistech, kde neni potfeba hlubsiho
zaloZeni.

Ing. JAN FRANTL, jfrantl@subterra.cz,
Ing. VACLAV DOHNALEK, vdohnalek@subterra.cz,
Subterra a.s.

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunel Presov

Tunel PreSov je dialni¢ny tunel vo vystavbe na vychodnom Slo-
vensku a nachddza sa na tuseku dialnice D1 PreSov zapad — PreSov
juh. Trasa tunelovej Casti juhozdpadného obchvatu Presova bude
tvorend dvoma nezavislymi tunelovymi rdrami. Severna tunelo-
vé rira bude dizky 2 230,5 m a juzna tunelova rira bude dizky
2 244,0 m.

Pocas uplynulého obdobia sa bohuzial opét sprisnili opatrenia
vyhlasené Vladou SR, resp. Uradom verejného zdravotnictva SR,
v suvislosti s rizikom Sirenia ndkazy koronavirusu. Prace na tuneli
PreSov sa znovu postupne utlmili najméd na dokoncovacich pra-
cach, kde sa kladie velky doraz na detail a je potrebné nasadit vic-
§i pocet pracovnikov. Zhotovitelia sa snaZzili ¢o najviac dobehnut
meskanie nabrané z dovodu nemoznosti nasadit na pracovisku
zahrani¢nych pracovnikov pocas stéle pretrvavajicich obmedzeni
cezhrani¢ného styku. Zial pandémia takejto snahe nepraje.

Ale i napriek nepriaznivym klimatickym podmienkam v prvych
mesiacoch roka 2021 boli zacaté prace na krajnych beténovych
opornych stendch oboch portalov a rovnako boli zacaté aj zasypy
oboch hibenych Casti tunela. V sticasnosti si ako na vychodnom,
tak aj na zdpadnom portali vybeténované Styri z celkovych 6smich
lamiel oporného miira v rozmeroch 6 x 6 m. Po ukonceni betonazi
prvych blokov boli okamzite zacaté prace na hutnenych zasypoch
tunelovych rir s postupnou realizaciou gabidénovych stien, ktoré
tvoria vjazdové portély tunela. Po dokonceni gabidnovych stien
budu prebiehat prace na druhej vyskovej drovni bo¢nych betono-
vych stien. Dokoncenie oboch portdlov sa predpoklada na zacia-
tok juna.

V predportdlovej oblasti tunela si kompletne zrealizované kéab-
lové trasy na prepojenie technoldgie tunela s nadvézujticimi usek-
mi informac¢ného systému dialnice. Pri realizacii kdblovodov bol
vzdy obmedzeny vjazd do jednej z tunelovych rur.

Zaroven v oboch tunelovych rirach sa priebezne pracuje na
tesneni Skar v konStrukcidch chodnika a osadenie poklopov na
kablové trasy. Tesnenie Skar v cementobeténovom kryte vozovky
je dokoncené a prebieha priprava vozovky na realizaciu vodorov-
ného dopravného znacenia. Uzatvorenie poklopov kablovych tras
bude postupne dokoncované az do samotného sprejazdnenia tseku
v koordinacii s dokon¢enim inStalacie kablov a ich odskiSania,
resp. skuSobnej prevadzke.
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at the beginning of May 2021. An archaeological survey designed
to find original structures from the 19" century was also carried out
during February. Currently (3/2021) work is underway to stabilise
the rock massif above the temporary northern portal in the Wilson
Forest- Park area. After the felling of greenery on the slopes and
the initial surface excavation, a considerably weathered rock was
uncovered, due to which a new proposal for stabilisation of this
slope was made in January. It is now being carried out. With respect
to this fact, both these and follow-up work operations are slightly
shifted in the schedule. Simultaneously with treating the rock slope,
activities are also underway in another section of the buried (false)
tunnel. These lie in improving the foundation conditions under the
vault blocks with unreinforced concrete piles or gravel cushions in
the places where a deeper foundation is not required.

Ing. JAN FRANTL, jfrantl@subterra.cz,
Ing. VACLAV DOHNALEK, vdohnalek@subterra.cz,
Subterra a.s.

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

Presov tunnel

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

During the past period, unfortunately, the measures announced
by the Government of the Slovak Republic, respectively the Public
Health Authority of the Slovak Republic, in connection with the
risk of spreading coronavirus infection have been tightened again.
The work on the PreSov tunnel, especially the finishing operations,
where great attention is paid to detail and it is necessary to use a
larger number of workers, has gradually slowed down again. The
contractors tried to catch up as much as possible with the delay
caused by the impossibility of using foreign workers during the
still lasting restrictions on cross-border contacts. Unfortunately, the
pandemic is not on the side of such an effort.

But despite the unfavourable climatic conditions in the first
months of 2021, work started on the outside concrete retaining
walls of both portals and on backfilling of both cut-and-cover
parts of the tunnel. Currently, concreting of four of the total eight
lamellae of the retaining wall measuring 6 x 6m has been finished
at both the eastern and western portals. After the completion of
concreting the first blocks, work immediately started on the
compacted backfills of the tunnel tubes with gradual installation
of gabion walls forming the tunnel entrance portals. After the
completion of the gabion walls, work will continue on the second
height level of the concrete side walls. Completion of both portals
is expected in early June.

In the pre-portal area of the tunnel, cable routes have been
completed to connect the tunnel equipment with the following
sections of the motorway information system. During the
construction of cable ducts, access to one of the tunnel tubes for
vehicles was always limited.

At the same time, in both tunnel tubes, work is continuing on
sealing the joints in the structures of walkways and on placing
covers on the cable routes. Sealing of joints in the concrete
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Stubezne s dokonCovacimi pracami stavebnej Casti prebieha-
ju intenzivne prace na inStaldcii technoldgie tunela. V predché-
dzajicom obdobi boli nainStalované vSetky kéablové rozvody
a osvetlenie tunela, a taktiez bolo sprevadzkované trvalé napaja-
nie tunela elektrickou energiou z vychodného portalu. Nasledne
bude pokracovat napdjanie tunela zo zapadnej strany. K sledova-
nému obdobiu prebieha zapdjanie rozvadzacov, inStaldcia kon-
covych zariadeni — snimace, senzory, kamery, ventildtor a pod.
Subezne s tym prebieha aj Ciastoéné ,,0zivovanie* jednotlivych
systémov.

Celu stavbu juhovychodného obchvatu mesta PreSova realizuje
Zdruzenie D1 PresSov (EUROVIA SK a. s., EUROVIA CS a.s.,
Doprastav, a.s., Metrostav a.s., Metrostav Slovakia a. s.), tunel
Presov realizuje spolo¢nost Metrostav a.s.

Tunel Bikos

Tunel Biko$ s dvomi tunelovymi rdrami a dizkou 1155 m je sd-
Castou 4,3 km dlhého useku rychlostnej cesty R4 Presov, severny
obchvat, I. etapa, budovaného v plnom profile.

Razenie oboch tunelovych rir od severného portdlu tunela sa
zacalo v maji 2020. V aprili 2021 prace pokracuji razenim oboch
tunelovych rir od severného portdlu. Ku diu 15. aprila 2021 chy-
ba v zapadnej tunelovej rire vyrazit poslednych 48 m kaloty a vo
vychodnej tunelovej rire 89 m kaloty. PreraZka zapadnej tunelovej
riry sa oCakava na konci maja v blizkosti juzného portélu, kde st
uz pripravené mikropilotové dazdniky nad obomi tunelovymi rira-
mi. Prerazené su tieZ vSetky tri prieCne prepojenia.

Pokracujui aj price na zakladovych konStrukciach v zapadnej
tunelovej rure. BetondZe hornych klenieb sekundarneho ostenia
v zépadnej tunelovej rire by sa mali zacat zaciatkom maja 2021.

Zhotovitelom stavby je zdruZenie spolo¢nosti Vahostav-SK, a.s.
a TuCon, a.s. Predpokladané ukoncenie rychlostnej cesty a jej uve-
denie do prevadzky sa oCakava na jar 2023.

Tunel Cebrat

Stcastou dialnicného tseku D1 Hubova — Ivachnova bude dvoj-
rirovy tunel Cebrat s dizkou 3 680 m. Potom, ako boli diagnostiko-
vané rozsiahle problémy so stabilitou tizemia na zapadnom portali
tunela Cebrat a nadvizujicom tseku dialnice, doslo ku rozsiahlej
zmene trasy dialnice a tunela a tieZ k jeho prediZeniu z povodne;j
dizky priblizne 2 km. Zmena trasy musela byt nanovo postidend
v procese posudzovania vplyvov na Zivotné prostredie a povolend
v Gizemnom a stavebnom konani v zmysle stavebného zakona.

V jarnych mesiacoch roku 2021 prebiehalo razenie tunelovych
rir od vychodného portidlu v rdmci projektu geologickej ulohy.
Dria 15. aprila 2021 je vyrazenych 3 195 m v praveja3 175 m v [a-
vej tunelovej rdre. Pripravné prace pre razenie tunelovych rir od
zapadného portalu za¢nd po nadobudnuti pravoplatnosti rozhodnu-
tia o zmene stavby pred dokoncenim, ktoré bolo vydané zaciatkom
aprila 2021.

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

Tunel Visiové

Najdlh§im slovenskym dialni¢nym tunelom bude tunel Vistiové
s dizkou 7,5 km na tuseku dialnice D1 Lietavskd Lucka — Vistio-
vé — Dubna Skala. Jeho vystavba zacala v juni 2014, pricom obe
rury tunela Visinové boli prerazené v auguste 2018, po 40 mesia-
coch razenia. V polovici roku 2019 boli prace na dialni¢nom tseku
vratane tunela pred¢asne ukoncené na zdklade dohody medzi ob-
jednavatelom, Narodnou dialni¢nou spolo¢nostou, a zhotovitelom,
zdruZenim Salini Impregilo — Dtiha. Koncom januara 2020 bolo
vyhlasené verejné obstardvanie prac suvisiacich s pokracovanim
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roadway cover has been completed and the roadway is being
prepared for putting of road markings. Covering of cable routes
will be gradually completed until the tunnel is opened to traffic,
respectively until the trial operation, in coordination with the
completion of the installation of cables and testing them.

In parallel with the finishing work on the civil engineering part,
intense work is underway on the installation of tunnel equipment. In
the previous period, all cable distribution lines and tunnel lighting
were installed. The permanent supply of power to the tunnel from
the eastern portal has also been brought into service. The power
supply to the tunnel from the west will continue subsequently. As of
the monitored period, the work on the connection of switchboards,
installation of terminal devices — transducers, sensors, cameras,
fans, etc. has continued. The process of partial “bringing individual
systems to life” is proceeding concurrently.

The contractor for the whole construction of the southeastern by-
pass of the town of PreSov is the ZdruZenie D1 PreSov consortium
(EUROVIA SK a.s., EUROVIA CS a.s., Doprastav a.s.,
Metrostav a.s., Metrostav Slovakia a. s.); Metrostav a.s. is the
contractor for construction of the PreSov tunnel.

Bikos tunnel

The 1155m long twin-tube Bikos tunnel is part of the 4.3km long
section of the R4 PreSov fast highway, northern by-pass, stage I,
which is driven using a full-face system.

The excavation of both tunnel tubes from the northern portal
began in May 2020. In April 2021, the work continues with the
excavation of both tunnel tubes proceeding from the northern portal.
As of 15 April 2021, the last 48m and 89m of the top heading will
be missing in the western tunnel tube and in the eastern tunnel tube,
respectively. The western tunnel tube breakthrough is expected at
the end of May in the vicinity of the southern portal, where the
canopy tube pre-support has already been prepared above both
tunnel tubes. All three cross passages have also been broken
through.

The work on the foundation structures in the western tunnel tube
is also continuing. Concreting of the upper vaults of the secondary
lining in the western tunnel tube should begin in early May 2021.

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

Cebrat tunnel

The 3.8km long Cebrat double-tube tunnel will be part of the
Hubova — Ivachnové section of the D1 motorway. After extensive
problems with the stability of the area at the western portal of the
Cebrat tunnel and the adjacent sections of the motorway were
diagnosed, extensive changes in the motorway route were made and
its length was extended approximately by 2km. The changes have
to be assessed in the EIA process and subsequently be approved in
the meaning of the Building Act.

In the spring of 2021, the tunnel tubes were being excavated
from the eastern portal within the framework of the Geological
Task project. As of 15 April 2021, the excavation of 3195m and
3175m has been finished in the right-hand tunnel tube and left-hand
tunnel tube, respectively. Preparatory work for the excavation of
the tunnel tubes from the western portal will start after the decision
to change the construction before completion, which was issued in
early April 2021, comes into force.

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




Tuel

a dokoncenim stavby dialnice, ktoré zahiniaji dokoncenie staveb-
nej Casti tunela Visnové. Vyber zhotovitela bol realizovany formou
sutazného dialégu, pricom cenové ponuky odovzdali v decembri
2020 traja uchadzaci. Vo februari 2021 bolo vydané oznamenie, Ze
vitazom sttaZe sa stala spolo¢nost Skanska SK, a.s. V sti¢asnosti sa
finalizuju kroky, ktoré by mali viest k podpisaniu zmluvy s vitazom
sttaze.

Ing. JIRT BRICHNAC, Ing. ZBYSEK STAS, Metrostay a.s.
Ing. MILOSLAV FRANKOVSKY,
Slovenskd tuneldrska asocidcia

TUNELY NA ZELEZNICNEJ SIETI

Tunel Milochov

Na preklenutie upitia vrchu Stavnd, juZne od miestnej ¢asti Hor-
ny Milochov mesta Povazskd Bystrica, je navrhnuty novy tunel
Milochov. Projektovana dizka tunela je 1861 m. Tunel m4 jednu
unikovu $tolnu, ktord vyustuje v obci Horny Milochov.

Obr. 10 Sekundarne ostenie v tnikovej Stolni
Fig. 10 Secondary lining in the escape gallery
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Visinové tunnel

The 7.5km long Vistiové tunnel, which is part of the Lietavskd
Licka — Visiiové — Dubnd Skala section of the D1 motorway,
leading south of the regional capital Zilina, is to be the longest
motorway tunnel in Slovakia. The construction started in June
2014 and both tubes of the Visiiové tunnel were broken through in
August 2018, after 40 months of tunnelling.

In the middle of 2020, the work on the motorway sections
including the tunnel was prematurely terminated on the basis
of an agreement between the project owner, Narodna dialni¢né
spolo¢nost (National Motorway Society) and the contractor, the
Salini Impregilo — Diha Consortium. The Public procurement for
the work connected with continuation and completion of the civil
part of the motorway construction, covering also the completion
of the civil part of the tunnel, was announced at the end of January
2020. The selection of the contractor was carried out in the form
of a competition dialogue. The bids were submitted by three
applicants in December 2020. In February 2021, a notice was
issued that the winner of the competition was Skanska SK, a.s. The
steps that should lead to the signing of the contract with the winner
of the competition are currently being finalised.

Ing. JIRT BRICHNAC, Ing. ZBYSEK STAS, Metrostay a.s.
Ing. MILOSLAV FRANKOVSKY,
Slovenskd tuneldrska asocidcia

TUNNELS ON RAILWAY NETWORK

Milochov Tunnel

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

The work in the tunnel continues by the installation of the
secondary lining. In the bottom part, inverts, respectively strip
footings, are being concreted, depending on geological properties
of the rock massif. Subsequently, the waterproofing is applied to the
primary lining and concrete reinforcement of the secondary lining
is being installed in the back-up. The concreting of the secondary
lining itself is currently located on concrete casting block No. 73
(1 April 2021). Concrete casting operations proceed from the
eastern portal towards the western portal, where they started on
block No. 177. This means that 104 blocks have been completed,
with the aggregate length of 1040 metres of the total length of the
tunnel, so we have more than a half of the blocks finished. Blocks
179 to 184 and the final portal block P2 were constructed on the
eastern portal in the section of the cut-and-cover tunnel, which was
constructed under the false primary lining.

In the escape gallery, after the profiling of the primary lining, the
bottom with drainage pipes was carried out; waterproofing system
is being installed, concrete reinforcement of the secondary lining is
being tied-up and the secondary lining itself is being carried out in
the upper part (see Fig. 10). Preparatory work for the final ground
shaping is underway at the portal of the escape gallery.

At the eastern portal of the tunnel, the cut-and-cover tunnel is
being gradually buried (see Fig. 11). The sub-base for a local road
that will pass above the tunnel is being prepared by it. The front
entrance wall with the inscription of the tunnel name and the year
of its construction has been carried out. A retaining wall of the
above-mentioned road will be added to this wall. In the area of the
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Prace v tuneli pokracuju realiziaciou sekundirneho ostenia.
V spodnej Casti sa buduji spodné klenby, resp. zdkladové pasy
v zéavislosti na geologickych vlastnostiach horninového masivu.
Nasledne sa na primarne ostenie natahuje hydroizoldcia a v zave-
se prebiehaji armovacie prace na vystuzi sekundirneho ostenia.
Samotna betonaz sekundarneho ostenia sa k dnesnému dnu (1. 4.
2021) nachadza na bloku ¢. 73. Betonuje sa od vychodného portalu,
kde sa zacalo s blokom €. 177, smerom k zapadnému portalu, takze
zrealizovanych je 104 blokov, ¢o ¢ini 1040 metrov z celkovej diz-
ky tunela, takZe méme viac ako polovicu hotovi. Na vychodnom
portali v iseku hibeného tunela, ktory bol budovany pod falo§nym
primdrnym ostenim, sa zrealizovali bloky 179 az 184 a zaverecny
portalovy blok P2.

V tnikovej $t6lni po profilacii primarneho ostenia bolo zrealizo-
vané dno s odvodnenim pre drendZnu vodu, v hornej €asti sa uklada
hydroizolacia, viaZe sa vystuz sekundarneho ostenia a realizuje sa
samotné sekunddrne ostenie (obr. 10). Na portdli unikovej $tolne
prebiehaju pripravné prace pre konecné terénne upravy.

Na vychodnom portali tunela sa postupne presypa hibeny tunel
(obr. 11), ¢im sa pripravuje podklad pre miestnu komunikaciu,
ktord pdjde ponad tunel. Zrealizo-

Tuel

portal, engineering network lines are being laid and manholes are
being carried out; after the civil engineering part, a services house
with an automatic water booster pump station is being finalised.

At the western portal, work on final terrain shaping commenced
again with the arrival of spring (see Fig. 12). In the upper parts of
the slopes, the 3D Krismer system was installed as the protection
of the surface which was temporarily stabilised with shotcrete.
A ,sarcophagus® of reinforced earth and gabion facing elements
are being carried out around the cut-and-cover part of the tunnel.
The interspaces of the surrounding walls stabilised with anchored
walers are filled with facing wire mattresses filled with stone. The
work enabling the placing of engineering networks and manholes
is being prepared in the portal area.

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

Ing. JAN KUSNIR, MDV SR, adviser to the minister

vana bola celnd vjazdova pohladova
stena s napisom ndzvu tunela a ro-
kom jeho zhotovenia. K tejto stene
sa dobuduje oporny mur spomenutej
komunikacie. V oblasti portilu sa
ukladaju vedenia inZinierskych sieti
a kontrolné Sachty, po stavebnej Casti
sa finalizuje technologicky domdcek
s automatickou tlakovou stanicou.
Na zdpadnom portdli sa s pri-
chodom jari opit rozbehli prace
na konecnych terénnych upravach
(obr. 12). V hornych castiach sva-
hov sa nainstaloval 3D systém Kri-
smer ako ochrana povrchu, ktory bol
docasne zabezpeCeny striekanym
beténom. Okolo hibenej asti tune-
la sa buduje ,,sarkofag® z vystuze-
nej zeminy a pohladovych prvkov

Obr. 11 Obsyp hibeneho tunela na vychodnom portdli
Fig. 11 Buried cut-and-cover tunnel at the eastern portal

z gabiénov. Okolité steny zabezpe-
¢ené kotvenymi prahmi sa v medzi-
priestoroch vypliiaji pohladovymi
drotenymi matracmi s kamennou
vypliiou. V priestore portalu sa prip-
ravuju prace pre ukladanie inZinier-
skych sieti a kontrolnych Sacht.

Celi stavbu realizuje zdruZenie
Nimnica zloZené zo spoloc¢nosti Do-
prastav — TSS Grade — SUBTERRA
— EZ Praha, tunel Milochov spolo¢-
nost Subterra a.s. Generdlnym pro-
jektantom pre investora Zeleznice
Slovenskej republiky je spolocnost
REMING CONSULT a.s.

Ing. JAN KUSNIR,
MDYV SR,
poradca ministra

Obr. 12 Konecné terénne tipravy zdpadny portdl
Fig. 12 Final ground shaping at the western portal
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Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S ZELEZNICNiMI TUNELY VE FRANCII
PICTURE POSTCARDS WITH RAILWAY TUNNELS IN FRANCE

The history of railway in France is long. First concession for
rail freight transport was issued already in 1823, first rail track
designed solely for passenger transport was brought into service
in France in 1837. The French railway reached its peak as far as
the length is concerned before the World War One, when the length
of all track types amounted almost to 70 thousand kilometres.
A gradual decrease followed and today the length amounts to about
24 thousand kilometres. This is also related to the reduction in the
number of operated railway tunnels. Of the original impressive
2,777 items, 921 were closed for various reasons. Even despite
this high decrease, there are still a total of 1,856 railway tunnels
used in France today. This indicates, at least, that the dynamics of
the development of the French railway network is extremely high.
The global phenomenon, lying in the issuance (and also posting)
of picture postcards with all possible and impossible topics from
the second half of the 20" century, did not avoid even France and
French tunnels. In the next part of the series, ten French railway
tunnels, practically unknown in the Czech Republic, can be
presented precisely by means of historic postcards.

Historie Zeleznice ve Francii je dlouha. Prvni koncese pro na-
kladni Zelezni¢ni dopravu byla vydana jiz v roce 1823, prvni trat
urcenou vyhradné pro osobni dopravu v zemi otevieli roku 1837.
Vrcholu, co do délky, dosahla francouzské Zeleznice pred 1. svéto-
vou valkou, kdy Citala t¢émér 70 tis. km vSech typt trati. Nésledoval
postupny tbytek a dnes se uvadi délka cca 24 tis. km. S tim souvisi

Obr. 1 Francie — Zeleznicni tunely prezentované na pohlednicich na mapé de-
partementii. Tunely jsou oznacené pofadovym Cislem v ¢ldnku a svym jménem.
Fig. 1 France - railway tunnels presented in picture postcards in the map of
departments. The tunnels are marked with a thein serial number in the article
and its name

i sniZzovani poctu provozovanych Zeleznic¢nich tuneld. Z pivodniho
impozantniho poctu 2 777 poloZek jich bylo 921 z riiznych diivodi
uzavfeno. I pres tento vysoky tbytek se ve Francii dnes stéle jesté
nachdazi celkem 1 856 uzivanych Zelezni¢nich tunelii [1]. Svéd¢i to,
prinejmensim, o mimotadné vysoké dynamice vyvoje francouzské
Zeleznicni sité. Celosvétovy jev, spocivajici od 2. poloviny 20. stol.
ve vyddvani (a také zasilani) pohlednic s veSkerymi moZnymi i ne-
moZznymi tématy, se nevyhnul ani Francii a potaZmo zdejSim tune-
lam. V dal§im dilu seridlu tak miiZe byt prezentovéano deset, v CR
prakticky neznamych, francouzskych Zelezni¢nich tuneldl pravé
prostrednictvim historickych pohlednic (obr. 1).

1. Tunnel Bascau

Tunel Bascau (tZ pojmenovavany Boscau nebo Bascaud) —
obr. 2 — se naléza v katastru mésta Villefranche-de-Rouerge (de-
partement Aveyron, region Occitanie). Pfi délce 60 m je nejkratsi
ze vSech 19 tuneld na tratovém dseku Capdenac — Lexos. Tunel
Bascau byl otevieny v roce 1858, s ptivodnim uréenim pro dvé ko-
leje, nyni je vybaveny koleji jednou. [1, 2]

VILLEPRANTIEE (6 RCPT EMGLE] — Pilinrs T il 1k b

Obr. 2 Villefranche — de Rouergue — prddelna a tunel Boscau. Bazar du Lot
(dobrocinnd loterie), Guillot, éditeur. 1927. [sbirka autorit]

Na pohlednici vstupuje tunel severnim portdlem do kopce obtékaného Fekou
Alzou. Prddelna viny (vpravo od tunelu) byla zaloZend v roce 1922.

Fig. 2 Villefranche — de Rouergue — spinning factory and the Boscau tunnel.
Bazar du Lot (charitable lottery), Guillot, éditeur. 1927. [authors” collection]
On the postcard, the tunnel enters the hill surrounded by the river Alza
through the northern portal. The cotton spinning factory (right of the tunnel)
was founded in 1922.

2. Tunel Bourrec

Jednokolejna neelektrifikovana ZelezniCni trat spojuje historicky
klenot regionu Occitanie Carcassonne s Rivesaltes. Prochazi zhru-
ba polovinou své délky, ¢inici 122 km, ddolim feky Aude. Use-
ky Zeleznice byly pritom od Carcassonne dokoncovéany postupné,
s uvadénim do provozu v letech 1876, 1878, 1901 a 1904.

Na draze se nachéazi celkem 14 tuneldi, dlouhych od 137 do
1381 m, sumérné pak 5 176 m (coZ Cini 4,24 % délky trati). Jednim
z tuneld je i 275 m dlouhy Bourrec, otevieny roku 1900 v katastru
obce Saint-Martin-Lys (departement Aude). Pro tento tunel je cha-
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rakteristicky technicky velmi zajimavy vyjezd tvoreny tfioblouko-
vou galerii z kamenného zdiva. Na galerii bezprostfedné navazuje
prihradovy Zelezni¢ni most pres silnici 117 a feku Aude — obr. 3.
(1,3]

Variie s v'Asss

Obr. 3 Udoli Feky Aude. Zeleznicni most a tunel Bourrec (spojent z Carcas-
sonne do Rivesaltes). Phototypie Labouche freres Toulouse. Okolo 1910 (?).
[sbirka autorii]

Jizni vyjezdovy portdl s galerii. Galerie z kamenného zdiva je oteviend tremi ob-
louky do udoli. Ocelovy prihradovy most dlouhy 58 m pochdzi z dilen spolecnosti
Gustava Eiffela. Galerie i opéra mostu jsou umné zaloZené na zdénych klenbdch.
Fig. 3 Valley of river Aude. Railway bridge and the Bourrec tunnel (connec-
tion from Carcassonne to Rivesaltes). Phototypy Labouche freres Toulouse.
Around 1910 (?). [authors” collection]

Southern exit portal with a gallery. Stone masonry gallery is open to the valley
by three arches. The 58m long steel truss bridge was constructed by workshops
of a company of Gustav Eiffel. The gallery and the bridge abutment are skilfully
Sfounded on masonry arches.

3. Tunel Brison

V departementu Savoie (region Rhone-Alpes), na tratovém
useku Culoz — Aix-les-Bains, prochdzi tunel Brison stejnojmen-
nym skalnim ostrohem vystupujicim do vychodniho biehu jezera
Bourget.

Italsti tuneléri vyrazili tento 375 m dlouhy tunel roku 1857. Dra-
ha spojujici Aix-les-Bains se Saint-Jean-de-Maurienne v té dobé
spadala pod svrchovanost kralovstvi Sardinie a nesla jméno jeho
panovnika Victora Emmanuela. Provoz zde byl zahdjeny 2. 9. 1858.

Obr. 4 Aix-les-Bains — jezero Bourget. — Skdly v Brison. Nakladatel neuvede-
ny. Kolorovand fotografie. Okolo 1910 (?). [sbirka autorit]

Severni portdl tunelu Brison s vdlcovou veZi.

Fig. 4 Aix-les-Bains — Bourget lake — Rocks in Brison. Publisher unmen-
tioned. Coloured photograph. Around 1910 (?). [authors” collection]
Northern portal of the Brison tunnel with a cylindrical tower.

TuNel

Obr. 5 Malebné Savojsko. Jezero Bourget — D Aix.les-Bains v Chindrieux.
Tunel. Collection ,,la plus Belle“ — A. Collomb. Editeur — Chambéry. Koloro-
vand fotografie. Okolo 1910 (?). [sbirka autorii]

Jizni portdl tunelu Brison s hranolovou véZi.

Fig. 5 Picturesque Savoy region. Bourget lake — D" Aix.les-Bains in Chin-
drieux. Tunnel. Collection ,,la plus Belle“ — A. Collomb. Editeur — Chambéry.
Coloured photograph. Around 1910(?). [authors~ collection]

Southern portal of the Brison tunnel with a prismatic tower.

Tunel, stejné jako prilehla trat, byly piivodné jednokolejné, roku
1901 béhem zasadni rekonstrukce drihy pribyla 2. kolej. A s tim
byla na obou portélech tunelu pristavéna také historizujici cimbufi
s vézemi, slouzicimi pro ubytovani Zeleznicni straze. VéZe se nazy-
vaji (pro pripominku stejnojmenné italské dynastie) ,,Sardinské*.
Severni véz (obr. 4) je charakteristicky vélcova, jizni véZ (obr. 5)
naopak hranolova. Vzhledem k pozoruhodnym portalim byl v roce
1984 tunel zapsany jako historicka pamatka. [1, 4]

Obr. 6 Okoli Saint-Etienne. Tunel Cornillon a tidoli Loiry. Lévy Fils & Co
Paris. Kolorovand fotografie. 1908. [sbirka autorii]

Zeleznici privddi do zdpadniho portdlu tunelu kamenny viadukt o deviti oblou-
cich (v pravé cdsti pohlednice). Vlevo je splavny tok reky Loire.

Fig. 6 Saint-Etienne surroundings. The Cornillon tunnel and the Loire valley.
Lévy Fils & Co Paris. Coloured photograph. 1908. [authors~ collection]

The rail track is brought to the western portal of the tunnel on a stone via-
duct with nine arches (pictured right). The navigable flow of the river Loire is
pictured left.

4. Tunel Cornillon

Tunelem Cornillon (obr. 6) prekonava Zeleznice jeden z mnoha
skalnich utvarti obtékanych rfekou Loire. Nachazi se v departemen-
tu Loire, v katastru obce Saint Paul en Cornillon, na tratovém tse-
ku Boiron — Lavoute sur Loire. Tunel byl otevieny roku 1907, je
jednokolejny a ma délku 124 m. [1, 5, 6]




Obr. 7 Eymoutiers (departement Haute-Vienne) — tunel Dur. Edit H. Cyne.
Okolo 1910 (?). [sbirka autorii]

Ze zdéného obloukového mostu pres feku Vienne, vysokého 17 m, vchdzi Zelez-
nice do jihovychodniho skalniho portdlu tunelu Couegnas, zvaného také ,, Dur*
(,, Tvrdy*).

Fig. 7 Eymoutiers (departement Haute-Vienne) — the Dur tunnel. Edit
H. Cyne. Around 1910 (?). [authors” collection]

The rail track enters the south-western rock portal of the Couegnas tunnel,
called also “Dur” (Hard) from the 17m high arched masonry bridge over the
river Vienne.

5. Tunnel Couegnas

Jednokolejnd neelekrizovand trat Le Palais — Eygurande-Merli-
nes ve stfedni Francii je jihovychodni vétvi linie Orléans — Mon-
tauban. Vystavba byla zahdjena 1872 a tratovy usek z Le Palais sur
Vienne do Eymoutiers (v departementu Haute Vienne) byl otevieny
5.1.1881.

Nachézi se na ném celkem devét kratSich tunelt (od 90 do
285 m, spolecné délky 1 473 m). Na katastru obce Eymoutiers je
jednim z nich 157 m dlouhy tunel Couegnas. Jeho mistni pojmeno-
vani ,,Dur* znaci ,,Tvrdy* a odkazuje tak k vysoké kvalité€ Zuly, ve
které byl vyrazeny. Vzhledem k tomu také zustal nestandardné, a to
véetné portalu, neobezdény — obr. 7. [1, 7]

Obr. 8 Jura — Turistika — Morez. Viadukty z Morezu do Andelotu a do St-Clau-
de. MP Bourgeois. Chalon-sur-Saone. 1930. [sbirka autorii]

Vychodni portdl krdtkého tunelu Crottes je na pohlednici zcela dole uprostred.
Vpravo se nachdzi viadukt Romard, vlevo viadukt Morbier. Pod dolnim okrajem
pohlednice Ize pak pouze tusit nejdelsi ze zdejSich tii tunelii — Frasses.

Fig. 8 Jura — Turistika — Morez. Viaducts from Morez to Andelot and to
St-Claude. MP Bourgeois. Chalon-sur-Saone. 1930. [authors” collection]
Eastern portal of the short Crottes tunnel is in the picture postcard at the middle
of the bottom. The Romard viaduct is pictured right, the Morbier viaduct left.
The longest of the local three tunnels, the Frasser, can be only guessed under the
bottom edge of the picture card.
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6. Tunel Crottes

V departementu Jura (region Franche-Comté), na trati ze Saint
Laurent en Grandvaux do Morez, se nachazi pozoruhodny komplex
Zelezni¢nich staveb zndmych pod souhrnnym ndzvem ,,Viadukty
Morez*. Jedna se suméarné o Sest vysokych viaduktl a tfi tunely,
propojujici stanici Morbier (861 m n. m.) se stanici Morez (v udo-
li, 736 m n. m.). PrestoZe jsou obé stanice vzdilené vzduSnou
carou jen 1 500 m, vyzadovala zde Zeleznice délku asi 5 600 m,
kterou zvlada, pfi maximdlnim sklonu 30 %o, vertikalni rozdil
125 m.

Useky trati byly oteviené v letech 1900 (mezi Champagnole
a Morezem) a 1912 (mezi Morezem a Saint-Claudem). Zminéné
tfi tunely jsou: nejdelsi Frasses — dlouhy 1 044 m, dokonceny 1897
a otevieny 1900, dale Crottes (obr. 8) — dlouhy 71 m, a nakonec
Paturage — dlouhy 66 m. VSechny tfi jsou smérové zakfivené, s po-
délnym sklonem 25 %e. [1, 8]

Tunnel ds Chemin de feor & Foup

Obr. 9 Obrdzek 7 okoli Toul. Zelezni¢ni tunel ve Foug. Poirot, édit., Toul. Okolo
1935. [sbirka autorii]

Toul je mésto v departementu Meurthe-et-Moselle v regionu Grand Est. Jeho
partnerskym méstem v CR je Jaroméi: Na pohlednici je vychodni portdl tunelu
vyvddejici Zeleznici do obce Foug.

Fig. 9 Picture from Toul surroundings. Rail tunnel in Foug. Poirot, édit., Toul.
Around 1935. [authors” collection]

Toul is a town in the Meurthe-et-Moselle department in the Grand Est region.
Jaromér in the Czech Republic is its partner town. The postcard shows the
eastern portal of the tunnel leading to the village of Foug.



30. rocnik - €. 2/2021

7. Tunel Foug

Trat z PafiZe (Paris) do Strasburku (Strasbourg), historicky zvana
,.Vychodni*, je dlouhd 502 km. Pfedmétem politickych licitaci byla
JiZz od roku 1833, koncese byla udélena 1845 a jeji stavba probihala
po etapach v letech 1849-1852. Elektrifikovana byla v 60. letech
20. stol. Zavedenim LGV East v roce 2007 se z této trati, do jisté
miry, stala regiondlni drdha s prevazujici ndkladni dopravou.

Nachazi se zde 12 tuneld, celkové délky 8 845 m (= 1,7 % trasy).
NejdelSim z nich je Arzviller (2 690 m). Cca 310 km od PaftiZe, na
tratovém useku Pagny-sur-Meuse — La Concorde (v departementu
Meurthe-et-Moselle), se nalézd, s 1 120 m druhy v poradi délky,
dvoukolejny tunel Foug — obr. 9. V minulosti byl velmi vdZné po-
Skozeny vale¢nymi udalostmi v letech 18711 1944. [1, 9, 10]

CANTAL — 084, Lo Lloran (Al 1368%)
Enirée du Tunnal da [s Routs et do Chemis do Yer

Obr. 10 Departement CANTAL — Le Lioran (I 368 m n. m.). Vstup do Zelez-
ni¢niho tunelu. Germain Malraux, Civette, ib,-édit. Aurillac. Okolo 1920 (?).
[sbirka autorit]

Pohled od severu na portdly Zeleznicniho tunelu (dole) a starého silnicniho tu-
nelu, nachdzejiciho se primo nad nim. Velmi dobre je patrnd vertikdlni diference
obou podzemnich dél. Zretelny je také horsky charakter mista.

Fig. 10 Departement CANTAL — Le Lioran (1368 m a.s.l.). Entrance to the
Germain Malraux railway tunnel, Civette, ib,-édit. Aurillac. Around 1920 (?).
[authors” collection]

The portals of the railway tunnel (bottom) and an old road tunnel located direct-
ly above it, viewed from the north. The vertical difference of both underground
workings is very well visible. The mountainous character of the location is also
obvious.

TuNel

8. Tunel Lioran

Jednokolejny Zeleznicni tunel Lioran v masivu Cantal nese stej-
ny nazev jako jeho zndmé;jsi starSi bratr, kterym je silnicni tunel
Lioran (jako prvni vyznamnéjsi tunel tohoto urceni ve Francii,
vyraZeny v délce 1 412 m jiz pocatkem 18. stol.). Zeleznice zde
v katastru horskych obci Saint-Jacques-des-Blats a Laveissiere
(departement Cantal, region Auvergne — Rhone — Alpes) procha-
zi trati Neussargues — Viescamp Jalles, mezi zastdvkami Figeac
a Arvant soubéZné a v hloubce jen cca 25 m pravé pod onim sil-
ni¢nim tunelem (obr. 10).

Stavba Zelezni¢niho tunelu zapocala v dubnu 1865 a trvala
do kvétna 1868, provoz byl zahajeny 20. 7. 1868. Kratkou dobu
stavby pomérné dlouhého tunelu (1 959 m), navic v nadmort-
ské vySce 1 151 m, umoznily soucasné (proti)razby jak z obou
portald, tak i ze tfi mezilehlych Sachet (z nich druha byla hlou-
bend pfimo ze starého silni¢niho tunelu a tfeti byla realizova-
na z bo¢niho, 46 m dlouhého, tunelu). Pfi stavbé pfisli o Zivot
dva pracovnici a nebyvale mnoho (140) jich utrpélo zranéni.
[1, 11]

G 0, 10 — Favinms d Bl = OV AL Kaires de Tusssl sius Lo oils ol be P iilan

Obr. 11 Okoli d” Elbeuf — Orival se vstupem do tunelu a s Pavillonem na nd-
brezi. Nakladatel neuvedeny. Okolo 1905 aZ 1910 (?). [sbirka autorii]

Orival je obec leZici pouhych 19 km jizné od Rouenu. Na pohlednici je jihovy-
chodni portdl tunelu smérem od zndmého viaduktu. Vpravo, pri rece Seiné, leZi
zdmecek Pavillon.

Fig. 11 D’ Elbeuf — Orival surroundings with an entrance to the tunnel and
with Pavillon on the embankment. Publisher is not mentioned. Around 1905
to 1910 (?). [authors” collection]

Orival is a municipality located only 19km south of Rouen. The picture
postcard shows the south-eastern portal of the tunnel in the direction from
the famous viaduct. The Pavillon castle lies on the right side, at the Seine
river.

9. Tunel Orival

Tunel Orival se nachézi cca 19 km od Rouenu, na trati Serquig-
ny — Oissel, v departementu Seine-Maritime (region Normandie).
Tato Zelezni¢ni traf, dlouhd cca 59 km, je soucasti tzv. ,,spojeni
Pafize k mofi“ — do pfistavu Cherbourg. Provoz na ni byl zahijeny
v roce 1865, 1881 byla oteviena 2. kolej a az 2015 byla dokoncena
elektrifikace.

Na trati se nachazeji Ctyfi tunely celkové délky 1 396 m. Druhym
nejdelSim z nich je se 404 m Orival z roku 1863 (obr. 11). Za-
jimavosti je bezprostfedni navdzani tohoto dvoukolejného tunelu
na technicky pozoruhodny viadukt Orival pfes feku Seinu; ten ma
délku 282 m a velmi utrpél za vélek v letech 1870, 1940 a 1944.
[1,12,13]
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Chun Covdieat 10. Tunel Serguignou
1‘- i i,wq' e Uzkokolejnd (1 000 mm) Zeleznice zndmd jako Ligne de La
i {u,,\t Jlasin o Mure byla postavend v letech 1882—1888, primdrné jako uhelna
) : o trat z doli La Mure do Sait-Georges-de-Commiers (departement
pova BT 'Wa}uﬂ Isére, region Dauphiné). Stavba trati dlouhé 30,1 km si vyZadala
vty de wrlic §oan naklady 12 mil. zlatych frankt. Roku 1903 byla zavedena elektric-
bant ! k4 trakce (prvni na svét€ s VN), 1988 skoncila doprava uhli a od
oal 1yl 1997 je Zeleznice vyznamnou turistickou atrakci, pfepravujici oko-

T | TS 1o 90 000 cestujicich/rok.
Horsky charakter drahy potvrzuje to, Ze na ni muselo byt vyra-
Zeno 18 tuneld, dlouhych od 30 po 1 071 m, sumarné pak 4 256 m
(tzn. 14,1 % délky trasy). Ke znaméj$im zdej$im tunelim (a to
i diky viaduktu la Clapisse pii vyjezdovém portélu) naleZi Sergui-

gnou — na obr. 12, nékdy nespravné zvany podle mostu pravé Cla-

Obr. 12 Drdha de La Mure. Tunel a most Clapisse. Papeterie du Chevalier BRI,

Bayard, 12, rue du Lycée. — Grenoble. Okolo 1900. [sbirka autorii] Dne 26. 10. 2010 znicil zelezni¢ni viadukt mohutn}'f skalni sesuv
V popredi snimku se nachdzi tiiobloukovy, 55 m dlouhy a 13 m vysoky, viadukt | a s tim utrpél ijmu také pfilehly portal tunelu. Oprava havarie méla
?{apzs‘se zasa’zeny rok‘u 2010 skalnim sesuven. Zcela vpravo je na obrdzku videt byt ukonend 2020. [1, 14, 15]

cdst vychodniho portdlu tunelu Serguignou.

Fig. 12 De La Mure railtrack. Tunnel and Clapisse bridge. Papeterie du Chev-
alier Bayard, 12, rue du Lycée. — Grenoble. Around 1900. [authors” collec-

ti;’”]ﬁ l L i e e p 010 b doc. Ing. VLADISLAV HORAK, CSc.,
The 55m long and 13m high three-vault Clapisse viaduct, struck in Yy a

rock slide, is at the forefront of the picture. A part of the eastern portal of the iy LATCIEAUND) SVOBODA,’ Ph'D",
Serguigna tunnel can be seen in the picture far right. Ing. MARTIN ZAVACKY
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75 LET ING. JAROMIRA ZLAMALA ) )
75 YEARS OF AGE OF ING. JAROMIR ZLAMAL

Vyznamné jubileum dovrSil 21.
¢ervna 2021 Ing. Jaromir Zlamal. Na-
rodil se ve Vyskové na Moravé, dét-
stvi a dospivani prozil v Olomouci.
V roce 1971 absolvoval Stavebni fa-
kultu CVUT v Praze se zamé&fenim na
konstrukce a dopravu. Studia ukoncil
s Cervenym diplomem. Po absolutoriu
nastoupil v roce 1971 do nové zaloze-
ného projektového dstavu DP Metro-
projekt v Praze.

Zde se od pocatku zaméfil na pro-
jektovani raZenych stanic a tratovych tuneld metra. Od roku 1973 za-
staval funkci vedouciho projektanta pro podzemni konstrukce a byl
zpracovatelem projektu a statickych vypocti konstrukcei stanic metra
Flora a Namésti Jifiho z Podébrad. Své zkusenosti uplatnil od roku
1978 jako vedouci projektant — specialista pro metro. V této funkci
zpracovaval projekty dvandcti razenych trojlodnich stanic: Narod-
ni tfida, Namésti Republiky, Karlovo ndmésti, And¢l, stanice metra
Kfizikova, Invalidovna, Jinonice, Ceskomoravska, Vysocanska, Kol-
benova, Hloubétin. Tyto stanice byly projektovany podle autorského
osveédceni autorti Ing. B. Hanuly, Ing. E. Stehlika a Ing. J. Zlamala.

V roce 1968 byl Ing. Zlamal zpracovatelem projektu a statického
vypoctu prefabrikovanych Zelezobetonovych tybinka Strahovského
tunelu v Praze. RovnéZz vypracoval staticky vypocet silni¢niho tunelu
Hiebe¢ — Moravska Tiebova, na kterém byla poprvé v CR pouZi-
ta metoda NRTM. Pozdé€ji zpracoval také staticky vypocet prvniho
dvojkolejného tunelu metra mezi stanicemi Rajska zahrada — Hlou-
bétin, budovaného metodou NRTM. Je téZ autorem mnoha expert-
nich posudkd a statickych vypoctil pro stavby stojici nad tunely praz-
ského metra. Podilel se také na vyvoji programi pro statické vypocty
razenych tunelovych konstrukei a podzemnich kotvenych stén.

Vedle svych pracovnich aktivit absolvoval dvé postgradudlni stu-
dia. V roce 1975 obor Projektovani, stavba, provoz a idrzba podzem-
nich drah na Vysoké $kola dopravni v Ziliné — Fakult¢ Prevadzky
a ekonomiky a v roce 1985 obor Anglictina pro experty na Pedago-
gické fakulté Univerzity Karlovy v Praze. Své bohaté projekéni zku-
Senosti zurocil ve firmé Sinovan Company na Taiwanu, kde v letech
1994 az 1998 zastaval pozici hlavniho inZenyra na projektu Metra
v Taipei.

Odroku 1997 az do soucasnosti je zaméstnan ve firmé POHL cz, a.s.
na pozici technického manazera. Z mnoha zakézek, na kterych se
podilel jako odpovédny fesitel geotechnickych praci, jmenujme
Kanaliza¢ni sbéra¢ H prodlouZeni do Béchovic a Rekonstrukce
kanalizace, ul. Vinohradska. V roce 2017 zpracoval statické vypo-
Cty Stoly, Sachet a zapaZeni vzduchotechnické komory kolektoru
Hlavkav most. V roce 2020 navrhl lehké snadno pfemistitelné oce-
lové bednéni Kabelového tunelu Karlin, smér Hlavkav most, tsek
J33-J34.

Ing Jaromir Zldmal je ¢lenem komory autorizovanych inZenyra
a technikii (CKAIT), mezinarodni asociace pro vypocetni metody
a postupy v geomechanice (IACMAG) a Ceského svazu stavebnich
inzenyrd (CSSI) pracovni skupiny ¢&. 3 ,,Smluvni vztahy v podzem-
nich konstrukcich* pfi Svétové organizaci ITA/AITES. V roce 2020
byl ustanoven Odbornym znalcem CBU. Svoje praktické i teoretické

Tuel

ANNIVERSARIES

The significant anniversary was celebrated on June 21, 2021 by Ing.
Jaromir Zldmal. He was born in VySkov in Moravia, and spent his
childhood and adolescence in Olomouc. In 1971 he graduated from
the Faculty of Civil Engineering of the Czech Technical University
in Prague with a degree in civil engineering structures and transport,
with a red diploma. In 1971, after graduation, he joined the DP
Metroprojekt design institute in Prague, newly established by the
Prague Public Transit Company Inc.

From the very beginning, he focused on the design of cut-and-cover
stations and running metro tunnels. From 1973 he held the position
of chief designer for underground structures and was the author of
the design and structural analyses for the structures of the Flora and
Namésti Jittho z Podébrad metro stations. From 1978, he applied his
experience as a leading designer — specialist for the metro. In this
position, he worked on designs for twelve mined three-vault stations:
Narodni tfida, Namésti Republiky, Karlovo namésti, And¢l, Ktizikova,
Invalidovna, Jinonice, Ceskomoravska, Vysocanskd, Kolbenova and
Hloubétin. These stations were designed in compliance with the
Author‘s Certificate issued to Ing. B. Hanula, Ing. E. Stehlik and Ing.
J. Zlamal.

In 1968, Ing. Zlamal carried out the design ant structural analysis
for pre-cast reinforced concrete segments for the Strahov tunnel
in Prague. He also prepared a structural analysis for the Hrebe¢ —
Moravska Tiebova road tunnel, on which the NATM method was
used for the first time in the Czech Republic. Later, he also carried
out a structural analysis for the first double-rail metro tunnel between
Rajska zahrada and Hloubétin stations, constructed using the NATM
method. He is also the author of many expert opinions and structural
analyses for the buildings standing above the Prague metro tunnels.
He also participated in the development of programs for structural
analyses for mined tunnel structures and anchored diaphragm walls.

In addition to his work activities, he completed two postgraduate
studies. In 1975 the study on the field of Design, Construction,
Operation and Maintenance of Underground Railways at the University
of Transport in Zilina — Faculty of Operation and Economics; in 1985,
it was the subject English for Experts at the Faculty of Education of
the Charles University in Prague. He used his rich design experience
at the Sinovan Company in Taiwan, where, from 1994 to 1998, he
held the position of the Design Manager for the design for the Metro
in Taipei.

From 1997 to the present, he has been employed by POHL cz, a.s. in
the position of a technical manager. From the great number of orders
carried out by POHL cz, in which he participated as a responsible
solver to geotechnical works, we can name the Sewer Collector H
extension to Béchovice and Reconstruction of Sewer in Vinohradské
Street. In 2017, he carried out structural analyses for the gallery, shafts
and excavation support of the ventilation chamber of the Hlavka
Bridge utility tunnel. In 2020, he designed a light-weight, easily
movable steel formwork for the Karlin Cable Tunnel construction, in
the direction of the Hlavka Bridge, section J33-J34.

Ing Jaromir Zlamal is a member of the Chamber of Authorized
Engineers and Technicians in Construction (CKAIT), the Interna-
tional Association for Computer Methods and Advances in Geo-
mechanics (IACMAG) and the Czech Association of Civil Engineers
(CSSI) of Working Group No. 3 ,,Contractual relations in underground
structures® at the international ITA-AITES organization. In 2020, he

was appointed an expert of the Czech Mining Authority. He publishes
his practical and theoretical knowledge in a number of professional
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poznatky publikuje v fadé odbornych Casopisti a na odbornych kon-
ferencich. Mnoho svého volného Casu také spojil s Cinnosti v pri-
pravnych vyborech konferenci Podzemni stavby Praha, kde se neza-
pomenutelné zapsal do piipravy sborniki.

Obdivuhodny je i kulturni prehled a sectélost Ing. Zlamala. Napii-
klad pfi diskuzich o déjindich minulého stoleti se nejen poucite, ale
nabyvate dojmu, Ze jeho celoZivotni profesni aktivitou je studium
modernich déjin. Jeho zalibou v poslednich letech je renovace a va-
zani knizek, které je na profesiondlni tirovni.

Je dlouholetym c¢lenem redakcni rady Casopisu Tunel. Redakéni
rada oceriuje jeho spolupraci na piipravé Casopisu a preje jubilantovi
do dalsich let pevné zdravi.

doc. Dr. Ing. JAN PRUSKA,
¢len redakéni rady Casopisu Tunel

K SEDESATINAM ING. LIBORA MARIKA
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journals and at professional conferences. He has also combined much of
his free time with activities in steering committees of the Underground
Construction Prague conferences, where he unforgettably participated
in the preparation of conference proceedings.

The cultural overview and literacy of Ing. Zlamal is also admirable.
For example, when discussing the history of the last century with him,
you not only learn, but you also get the impression that his lifelong
professional activity has been the study of modern history. His
hobby in recent years has been renovating and binding of books at a
professional level.

He has been a long-standing member of the editorial board of
TUNEL journal. The Editorial Board appreciates his collaboration on
the preparation of the journal and wishes the jubilarian good health in
the years to come.

doc. Dr. Ing. JAN PRUSKA,
member of Editorial Board of TUNEL journal

TO THE SIXTIETH ANNIVERSARY OF BIRTH OF ING. LIBOR MARIK

Libora Matika zndm od jeho stu-
dentskych let a moc mé prekvapilo,
Ze jiz prisel Cas popfat mu k Sede-
satym narozenindm. Svou vsestran-
nou aktivitou v nasem oboru, stilym
pracovnim nasazenim, podloZenym
vybornymi odbornymi  znalostmi
a dlouhodobymi zkuSenostmi, se
vstupu do této vékové kategorie po-
nékud vymykd. Bohuzel, data jsou
neuprosnd, ale zdroven vypovidaji
o rozséhlé a plodné naplni odborného
Zivota jubilanta.

Libor Matik se narodil 22. ¢ervna 1961 a o 23 let pozdéji, v Cerv-
nu 1984, dokon¢il vysokoskolska studia na konstruktivné-doprav-
nim sméru Stavebni fakulty CVUT v Praze. Myslim, 7e zam&feni
poslednich roc¢nikt jeho studia na geotechniku bylo nejspis ovliv-
néno odbornym puisobenim jeho otce Ing. Pavla Marika, vynika-
jictho projektanta podzemnich staveb, Cestného ¢lena CzTA ITA-
-AITES.

Jako stavebni inZenyr zapocal Libor Marik svou projektantskou
kariéru ihned po ukonceni studia v METROPROJEKTU Praha a.s.,
kde puisobil jako samostatny projektant vice nez sedm let do roku
1991. Béhem této doby pracoval zejména na fadé projektd sou-
visejicich s riznymi fazemi vystavby trasy ,,B“ prazského metra.
Zpracoval mj. staticky vypocet primarniho osténi prazského metra
raZeného poprvé pomoci NRTM na trafovém tseku IV.B CKD-
-Hloubétin.

Na zacatku roku 1992 zacal Ing. Marik pracovat v Rakous-
ku v kancelari renomované firmy ILF Consulting Engineers. Ve
statickém oddéleni kanceldre zpracoval fadu statickych vypocta
rakouskych a némeckych tunelti (Intalltunnel, tunely Schonrein,
Harrbach, Stindelberg, Rammesberg aj.).

Po ro¢nim velmi pfinosném plisobeni v Rakousku presel jako
samostatny projektant do prazské firmy ILF Consulting Engineers,
$.r.0., u niz pusobil do roku 2004. Béhem 11 let se podilel pro-
jekené nebo konzultaéné na mnoha podzemnich stavbach, zejména
na modernizovanych Zeleznic¢nich koridorech. Byl to napf. navrh
rekonstrukce Nelahozeveskych tuneldi, prestavba starého Tre-
bovického tunelu, tunel Veprek (prvni tunel v siti CD realizova-

ny pomoci NRTM), tunely Mald Huba a Hnévkovsky, tunely na

I know Libor Mafik from his student years and I was very surprised
that the time for congratulating him to the sixtieth anniversary
of his birth has already come. With his all-round activity in our
field, constant work commitment based on excellent professional
knowledge and long-term experience, he somewhat defies the idea of
his entry into this age category. Unfortunately, the data is relentless,
but at the same time it testifies to the extensive and fruitful content of
the jubilarian’s professional life.

Libor Marik was born on 22 June 1961 and 23 years later, in June
1984, he finished his university studies at the construction-transport
department of the Faculty of civil engineering of the Czech Technical
University in Prague. I suppose that the focus of the last years of his
study on geotechnics was most probably affected by the professional
activities of his father, Ing. Pavel Mafik, an excellent designer for
building, an honourable member of the ITA-AITES CzTA.

As acivil engineer, Libor Matfik commenced his career of designer
immediately after the graduation, in METROPROJEKT Praha a.s.,
where he worked in the position of an independent designer for more
than 7 years until 1991. During this time, he worked mainly on a
number of designs related to various phases of the development of
the line “B” of the Prague metro. Among other things, he carried out
a structural analysis of the primary lining of the Prague metro, which
was driven for the first time using the NATM on the IV.B CKD-
Hloubétin track section.

At the beginning of 1992, Ing. Mafik started to work in Austria
in the office of ILF Consulting Engineers, a renowned company.
In the office department of statics, he carried out a number
of structural calculations for Austrian and German tunnels
(Inntaltunnel, Schonrein tunnel, Harrbach tunnel, Stindelberg
tunnel, Rammersberg tunnel etc.).

After a year of very beneficial work in Austria, he moved in the
position of independent designer to the Prague company of ILF
Consulting Engineers, s.r.0., with which he worked until 2004. During
the course of 11 years, he participated in designing or consulting for
many underground construction projects, especially for modernised
railway corridors. Among them, there were, for example, the
Nelahozeves tunnels, reconstruction of the old Trebovice tunnel,
the Veprek tunnel (the first tunnel on the Czech Railways network
constructed using the NATM), the Mala Huba and Hnévkov tunnels,
tunnels on the BeneSov — Votice rail line being modernised, the
New Link tunnels within the framework of the reconstruction of the
Prague rail junction. Of the motorway tunnels, it was the design for
the Branisko tunnel on the Slovakian D1 motorway and design for
the Libouchec tunnel on the Czech motorway D8 etc.
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modernizaci traté BeneSov — Votice, tunely Nového spojeni v ramci
prestavby prazského Zelezni¢niho uzlu. Z dalni¢nich tunelt to byl
projekt tunelu Branisko na slovenské dilnici D1 a projekt tunelu
Libouchec na ¢eské dalnici D8 aj.

V obdobi 2004 az 2015 pokracoval jako vedouci projekéniho od-
déleni geotechniky a podzemnich staveb ve firmé IKP Consulting
Engineers, s.r.o. Opét se ucastnil na projektech tuneld na moder-
nizovanych Zelezni¢nich koridorech — tunely Voticky, Tomicky,
Olbramovicky, Sudoméficky, tunel Jablinkov (posouzeni variant
zmahani zavalu), na projektu dalni¢niho tunelu Cholupice na Sil-
ni¢nim okruhu kolem Prahy, téZ na projektu vzduchotechnickych
Stol a Sachet nové linky metra v Baku.

Po prechodu do firmy HOCHTIEF CZ, a. s. v roce 2015, kde za-
staval funkci hlavniho projektanta, byla jeho ¢innost dlouhodob¢ za-
méfena na zpracovani realiza¢ni dokumentace a provadéni autorské-
ho dozoru pfi vystavbé tunelu Povazsky Chlmec na slovenské dalnici
D3 v tiseku Zilina (Strazov) — Zilina (Brodno), nisledné pak na RD
Zvérotického tunelu na ¢tvrtém Zeleznicnim koridoru v tseku Sobé-
slav — Doubi. Do doby jeho piisobeni ve firmé HOCHTIEF CZ, a. s.
spada také jeho aktivni ¢innost v expertnim tymu CzTA ITA-AITES,
ktery vypracoval pro RSD CR fadu posudkii na projekty pfipravo-
vanych tunell (tunely Kamenny Vrch, Pofi¢i a Opevnéni na délnici
D11, tunely Détiichov a Maletin na dalnici D35).

Poslednim puisobiStém jubilanta je firma SAGASTA s.r.o., kde
v srpnu minulého roku zacal ptsobit ve funkci vedouciho oddéleni
geotechniky a podzemnich staveb.

Vedle vSech vysSe uvedenych Cinnosti v projektové sfére jsou po-
zoruhodné aktivity Ing. Libora Mafika v publika¢ni ¢innosti ¢aso-
pisecké a ve sbornicich védeckych konferenci (pres 90 publikaci).
Zdiraznit je nutné jeho velmi prinosné aktivity v CzTA (Clenstvi
v predsednictvu asociace, zejména pak aktivni ucast v piipraveé
konferenci Podzemni stavby Praha a v ¢innosti redakcni rady ca-
sopisu TUNEL).

Do svych Sedesatin toho Libor Mafik stihl vykonat opravdu dost
a rozhodné Zadna z jeho Cinnosti nekonci. Proto chci zavérem ko-
legovi Marikovi k jeho jubileu popfit, spolecné se ¢leny redakéni
rady a celé CzTA, aby mu jeho pozoruhodny Zivotni a pracovni elan
vydrzZel jesté mnoho dalSich let. Jeho pfinos nasemu podzemnimu
stavitelstvi byl, je a nepochybné i nadéle bude, velmi podstatny.

prof. JIRI BARTAK,
predseda redakcni rady c¢asopisu TUNEL

SEDESATINY DOSTIHLY ING. BORISE SEBESTU

Tuel

In the period from 2004 to 2015, he continued in the position
of the head of the geotechnics and underground structures design
department in the company of IKP Consulting Engineers, s.r.o. He
again participated in designing for tunnels on the rail corridors being
modernised — the Votice, Tomice, Olbramovice and Sudomeérice
tunnels, the Jabliinkov tunnel (the assessment of variants for recovery
of a collapse), in design for the Cholupice motorway tunnel on the
Prague City Ring Road, also in the design for ventilation galleries
and shafts on the new metro line in Baku.

After the transfer to the company of HOCHTIEF CZ, a. s. in 2015,
where he worked in the position of the main designer, his activities
were long-term focused on preparation of designs of means and
methods and carrying out consulting engineer’s supervision during
the construction of the PovaZzsky Chlmec tunnel on the Slovakian
D3 motorway in the Zilina (StraZov) — Zilina (Brodno) section and
subsequently on design of means and methods for the Zvérotice
tunnel on the fourth railway corridor in the Sobéslav — Doubi
section. His employment in HOCHTIEF CZ, a. s. also includes his
active work in the ITA-AITES CzTA expert team, which prepared a
number of assessments on designs for tunnels being prepared (the
Kamenny Vrch, Pori¢i and Opevnéni tunnels on the D11 motorway,
the Détfichov and Maletin tunnels on the D35 motorway) for the
Directorate of Roads and Motorways of the Czech Republic.

The last place of work of the jubilarian is in the company of
SAGASTA s.r.o., where he started to work in August 2020 in
the position of the head of the department of geotechnics and
underground construction.

In addition to all of the above-mentioned activities in the designing
sphere, the activities of Ing. Libor Marik in publishing activities
in journals and in proceedings of scientific conferences (over 90
publications) are remarkable. It is necessary to emphasize his very
beneficial activities in the CzTA (membership in the Board of the
association, especially active participation in the preparation of
conferences Underground Construction Prague and in the activities
of the TUNEL journal Editorial Board).

Until his sixtieth anniversary of birth, Libor Mafik managed to
do a lot and certainly none of his activities end. For that reason,
in conclusion, I would like to wish my colleague Marik, on the
occasion of his celebration, together with the members of the
Editorial Board and the entire CzTA, that his remarkable life and
work enthusiasm lasts for many more years. His contribution has
been, is and undoubtedly will undoubtedly be very substantial for the
Czech underground construction industry.

prof. JIRT BARTAK,
Chairman of the Editorial Board of the TUNEL journal

SIXTY YEARS OF AGE HAS CAUGHT UP WITH ING. BORIS SEBESTA

Skoro by se chtélo fici, ze ¢im
dale mladsi lidé se dozivaji Sedesati
let. Urcité to plati o naSem kolegovi
Ing. Borisi Sebestovi, ktery Sedesat
let oslavil 28. ¢ervna 2021 v dobré
kondici a zdravi a také v pIném pra-
covnim nasazeni v oboru podzemni
stavby, kterym vlastné zasvétil prak-
ticky cely svij profesni Zivot.

Boris se narodil 28. ¢ervna 1961
v Usti nad Labem. Také v &ervnu,
ale 1985, ukoncil dspésné studia na
Stavebni fakult¢ CVUT Praha v oboru konstruktivng-dopravnim

One would be nearly compelled to say that younger and younger
people live to be sixty years old. This certainly applies to our
colleague Ing. Boris Sebesta, who celebrated his 60th birthday on
28June 2021 in good condition and health and also in full work
commitment in the field of underground construction, to which he
actually dedicated practically his entire professional life.

Boris was born on 28 June 1961 in Usti nad Labem. It was
also in June, but 1985, that he successfully graduated from the
Faculty of Civil Engineering of the Technical University in Prague
with a degree in the construction-transport engineering. Shortly
afterwards, perhaps not to waste time, he joined the then national
company Metrostav in September 1985, to which he remained
loyal for 34 years, before deciding in September 2019 to use his
rich life experience as an independent adviser and consultant.




TuNel

a byl promovéan na stavebniho inZenyra. Nedlouho potom, snad
aby neztracel Cas, nastoupil v zafi 1985 do prace u tehdy narod-
niho podniku Metrostav, kterému pak zistal vérny 34 let, nez se
v zafi roku 2019 rozhodl zirocit své bohaté Zivotni zkuSenosti
coby nezavisly poradce a konzultant.

Jeho plisobenim v Metrostavu, ktery se po roce 1990 stal ak-
ciovou spolecnosti, se vinou jako Cervend nit podzemni stavby.
Nejprve po roce 1989 piisobil jako stavbyvedouci a nasledné hlav-
ni stavbyvedouci na stavbé tratovych tunelt tras prazského metra
II.B, IV.B a V.B, kde se osvédcil a nasledné byl v prosinci 1992
poslan do Turecka na stavbu dalnic¢nich tuneld Salatin. V poloviné
roku 1993 se vrétil zpatky do vlasti a pracoval na pozici obchodniho
naméstka jedné z divizi Metrostavu a.s., nez byl v lednu 1997 po-
véfen v Bratislavé zalozenim spole¢nosti Metrostav Slovakia a. s.,
jejimz byl prvnim feditelem.

Od roku 2001 pracoval na pozici technického ndméstka reditele
divize 5. V tomto obdobi fidil technickou pfipravu vyznamnych
zakazek, jako byly tunely trasy metra IV.C1 a IV.C2, dalni¢ni tu-
nely Libouchec, Panenska a Valik a také Zeleznicni tunely Mlce-
chvosty, Krasikov, Bfezno a Ejpovice.

Je vhodné zduraznit, Ze se podilel na zavedeni mechanizované-
ho tunelovéni, pofizeni dvou tunelovacich stroji od firmy Herren-
knecht a jejich nasazeni na prodlouZeni trasy A prazského metra.
Touto technologii byly nésledné také raZeny Zelezni¢ni tunely Ej-
povice. Ucastnil se i p¥ipravy zahrani¢nich zak4dzek Metrostavu a.s.
v Némecku, na Islandu a ve Skandinavii.

Velmi aktivné pracuje Ing. Boris Sebesta v Ceské tunelarské
asociaci ITA-AITES. Jako ¢len pfipravného vyboru se podilel na
pripravé a uspésném prubéhu nékolika mezinarodnich konferenci
Podzemni stavby Praha, které poiad4 naSe asociace. Radu let je
¢lenem redakéni rady Casopisu Tunel a v soucasné dobé je jejim
mistopfedsedou. Vyrazné se zaslouZil o dlouhodobé dobrou uro-
veil tohoto odborného Casopisu.

V roce 2011 inicioval zaloZeni a byl vedoucim Pracovni skupi-
ny CzTA pro mechanizované tunelovani, kterd si vytkla jako cil
zpracovani UZivatelské prirucky pro mechanizované tunelovani
v podminkéch CR. P¥iru¢ka byla vydana v cervnu roku 2014 jako
7. svazek dokumentti CzTA.

I v osobnim Zivoté je Boris aktivni. Rad cestuje a sportuje, mimo
jiné jezdi na horském kole, lyZuje a hraje volejbal.

Borisi, za sebe i za Tvoje kolegy v redakéni radé ¢asopisu Tunel,
Ti preji do dalSich let predev§im zdravi a splnéni osobnich prani
i profesnich cili.

Ing. IVAN HRDINA
predseda Ceské tuneldrské asociace ITA-AITES
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Underground construction running as a red thread through
his activities at Metrostav, which became a joint-stock company
after 1990, is to be blamed for. First, after 1989, he worked in the
position of a site agent and then the main construction manager on
the construction of running tunnels of the Prague metro lines II.B,
IV.B and V.B, where he acquitted himself and was subsequently
sent to Turkey in December 1992 for the construction of the Salatin
motorway tunnels. In mid-1993, he returned to his homeland and
worked in a position of sales deputy director in one of the divisions
of Metrostav a.s., before being commissioned in January 1997 to
establish Metrostav Slovakia, a. s., in Bratislava, of which he was
the first director.

Since 2001, he held the position of Technical Deputy Director
of Division 5. During this period, he organised the technical
preparation of important contracts, such as the tunnels on the
IV.C1 and IV.C2 metro lines, the Libouchec, Panenska and Valik
motorway tunnels, as well as the Ml¢echvosty, Krasikov, Brezno
and Ejpovice railway tunnels.

It is worth emphasising that he participated in the introduction
of mechanised tunnelling, the acquisition of two tunnel boring
machines from Herrenknecht and their work on the extension of
the line A of Prague metro. This equipment was subsequently also
used for driving the Ejpovice railway tunnels. He also participated
in preparation of foreign orders of Metrostav a.s. in Germany,
Iceland and Scandinavia.

Ing. Boris Sebesta works very actively in the ITA-AITES Czech
Tunnelling Association. As a member of the steering committee,
he participated in the preparation and successful course of
the conferences Underground Construction Prague, which are
organised by the CzTA. He has been a member of the editorial
board of TUNEL journal for many years and is currently its vice-
chairman. He significantly contributed to the long-term good level
of this professional journal.

In 2011, he initiated the establishment and became the head
of the CzTA Working Group for Mechanised Tunnelling, which
set itself the goal of elaborating the User Manual for Mechanised
Tunnelling in the conditions of the Czech Republic. The handbook
was published in June 2014 as the 7th volume of CzTA documents.

Boris is active even in his private life. He enjoys travelling
and doing sports, including mountain biking, skiing and playing
volleyball.

Boris, for myself and for your colleagues in the editorial board
of the TUNEL journal, I wish you good health and the fulfilment
of personal wishes and professional goals for the years to come.

Ing. IVAN HRDINA
Chairman of the ITA-AITES Czech Tunnelling Association

ZPRAVODAJSTVIi CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS

OZNAMENI O TERMINU KONANi VALNEHO SHROMAZDENI
CESKE TUNELARSKE ASOCIACE ITA-AITES 2. S.

Sekretariat Ceské tunelarské asociace ITA-AITES z. s. ozna-
muje, Ze Valné shromazdéni CzTA probéhne ve stfedu 8. zafi
2021 od 10:00 v Kongresovém centru hotelu OlSanka, Taboritska
23/1000, 130 00 Praha 3.

Pozvanka vSem ¢lenim bude zaslana zavcas v souladu s plat-
nymi stanovami CzTA.

Ing. MARKETA PRUSKOVA, Ph.D., pruskova@ita-aites.cz,
generdlni sekretdi CzTA ITA-AITES
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