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Vazeni kolegové a priznivci podzemniho stavitelstvi,

nedavno jsem prochazel digitdlni archiv asopisu Tunel na strankich Ceské tunelai'ské asociace ITA-AITES. Zau-
jalo mé, Ze v poslednich letech byla jeho Cisla slusné zasobena prispévky ze zahrani¢nich projekti, Casto realizova-
nych ¢eskymi a slovenskymi zhotoviteli. Pro srovnani jsem si prosel seznam letosnich ¢lanki a k mému piekvapeni
jsem zadny prispévek o zahrani¢ni stavbé nenasel.

Co z toho vyplyva? Tunelovych projektii u nas pribyva, investice ozivaji a obor podzemniho stavitelstvi znovu
nabira na sile. Pokud se tento pozitivni trend udrzi, mize se stét atraktivni volbou pro studenty stfednich a vysokych
Skol. A pravé to potiebujeme — nové odborniky, ktefi pfinesou svézi pohled, netradicni pfistupy a diky jazykové
vybavenosti i intenzivnéjsi propojeni se zahrani¢nimi trendy. Podporme proto zdjem mladé generace prezentaci
inspirativnich projektt a jejich aktivnim zapojenim do praxe jizZ béhem studia.

Posledni letosni Cislo Casopisu Tunel tradi¢né nabizi vyvazeny mix odbornych ¢lanku a aktudlnich informaci ze svéta tunelll, okofenény
Spetkou historie. V uvodu se podivime na dva nové silni¢ni tunely, které aktudlné realizuje slovenska firma Marti a.s., dfive zndma jako
TuCon a.s. Prvnim z nich je kratky tunel Dolni Radechova na dlouho ocekdvaném obchvatu mésta Nachod. O néco delsi tunel Homole je
zajimavy mimo jiné prvnim tuzemskym vyuZitim smluvnich podminek podle Smaragdové knihy FIDIC, ktera je nyni dostupna i v ceském
prekladu. Téma silni¢nich tunel uzavira podrobny ¢lanek doc. Zuzulové ze STU Bratislava, vénovany navrhu cementobetonovych vozo-
vek v tunelech.

Opavské spolecnost OSTROJ a.s., zapojena také do vystavby prazského metra D, prinasi inspirativni pfiklad GspéSného exportu. Spe-
cialné vyvinuté bednéni pro hloubené tunely naslo své uplatnéni az v norském Oslu. Zavérecny Clanek spole¢nosti INSET s.r.o. se vénuje
jedné z nejnarocnéjsich ¢asti monitoringu razeb metra D v Praze — navrhu a realizaci automatického systému sledovani tunelt trasy C, pod
nimiz probihaly razby a injektdZe horninového masivu za plného provozu.

ProtoZe se bliZi konec roku, rad bych vam popral klidné a pohodové Vanoce plné odpocinku a pfijemnych chvil s vaSimi nejblizZ§imi. Do
nového roku vam preji pevné zdravi, dostatek energie a mnoho tspéchil — nejen v préci, ale i v osobnim Zivoté.

Ing. JAN KOREJCIK,
¢len redakéni rady

Dear colleagues and supporters of underground construction,

recently I went through the digital archives of the Tunel journal on the website of the Czech Tunnelling Association ITA-AITES. It
captured my attention that many of its editions in recent years were supplied fairly well with contributions from foreign projects, often
realised by Czech and Slovakian contractors. For comparison, I looked through articles from this year, and to my surprise, I did not find
any contributions about foreign constructions.

What does that entail? Tunnelling projects are on the increase here, investments are coming alive, and the field of underground
construction is again gaining its momentum. If this positive trend remains, it can become an attractive choice for students in high schools
and universities. And that is exactly what we need — new experts who bring a fresh view, unconventional approaches, and, thanks to
their linguistic skills, even a more intensive connection with foreign trends. So let us support the interests of the young generation by
a presentation of inspiring projects and by their active incorporation into practice already during studies.

The last edition of the Tunel journal of this year traditionally offers a balanced blend of expert articles and current information from
the world of tunnels, seasoned with a pinch of history. In the beginning, we will have a look at two new road tunnels that are currently
being realised by the Slovakian company Marti a.s., previously known as TuCon a.s. The first one is a short tunnel Dolni Radechova on
a long-awaited bypass of the city of Nachod. The slightly longer Homole tunnel is interesting, besides other things, for the first domestic
utilisation of the FIDIC Conditions of Contracts Emerald book, which is now also available in Czech translation. The topic of road tunnels
is concluded with an in-depth article by doc. Zuzulova from STU Bratislava, dedicated to the design of cement concrete pavement in
tunnels.

The company OSTROIJ a.s. from Opava, which is also engaged in the construction of Metro D in Prague, brings an inspiring example
of successful export. Specially developed formwork for cut-and-cover tunnels found its use in Oslo, Norway. The concluding article
from the company INSET s.r.0. is dedicated to the most demanding part of monitoring of excavations for Metro D in Prague — the design
and realisation of an automatic system for the monitoring of Metro C tunnels, during which excavations and grouting of the rock massif
occurred during full operations.

Because the end of the year is getting closer, I would like to wish you a peaceful and relaxed Christmas full of rest and pleasant moments
with your closest ones. [ wish you good health, plenty of energy, and much success — not only at work, but also in your personal life.

Ing. JAN KOREJCIK,
Member of the editorial board




Tuel

VAZENI CITATELIA CASOPISU TUNEL,

s odstupom casu sme dostali opit prilezitost odpre-
zentovat aktudlne dianie a pracu nasej spoloCnosti.

V prechadzajucom prispevku v Casopise Tunel sme
predstavili naSu spolo¢nost ako spolahlivého doda-
vatela stavebnych pric a to najmé na slovenskom sta-
vebnom trhu. Vdaka netnavnej praci vSetkych kolegov
méame moznost ukazat naSe schopnosti a potvrdit pozi-
ciu spolahlivého doddvatela stavebnych préc aj v Ces-
kej republike — kde v sti¢asnosti realizujeme vystavbu
tunela Homole na useku D35 s planovanym terminom ukoncenia
prac v decembri 2026. Tunel pozostava z dvoch jednosmernych
tunelovych rir, obe tunelové riry su prepojené jednym priecnym
prepojenim. Tunel pod povrchom podchéddza frekventovanu cestu
I/17, pricom v mieste jej krizenia dosahuje nadlozZie vysku cca
13,5 m. Podrobnejsie informécie o projekte vam prinaSame v sa-
motnom ¢lanku.

K existujicej stavbe tunela Homole sme v roku 2025 podpi-
sali zmluvu o dielo a zacali vystavbu tunelov Dolni Radechova
a Kramolna na severozapadnom obchvate mesta Nachod. Samotné
zaCatie vystavby tunela a vysvitenie sochy sv. Barbory sa usku-
tocnilo v oktébri. Cielom projektu je odklonit tranzitni dopravu
z centra mesta, ¢im sa zlep$i bezpecnost cestnej premavky, znizi
sa hlukova a exhalacna zéataz pre obyvatelov a zvysi sa komfort
cestovania.

Okrem toho je naSa spolo¢nost ¢lenom zdruZenia, v ktorom
bude zodpovedat za vystavbu tunela Kamechy v Brne ako sicast
prediZenia existujicej elektrickovej trate z dnesnej konec¢nej stani-
ce Ec€erova — Bystrci na sidlisko Kamechy. Obidva projekty, tunel
Homole aj tunel Kamechy, maji byt ukoncené v roku 2027.

Rastici objem aktivit a ich zloZit4 koordindcia prostrednictvom
organiza¢nej zloZky v Ceskej republike vyvolala potrebu zaloZe-
nia dcérskej spolo¢nosti Marti CZ, s.r.o. Tato spolo¢nost sa v bud-
ucnosti bude prioritne uchddzat o zékazky v segmente podzemného
stavitelstva na ¢eskom stavebnom trhu.

Na Slovensku aktudlne realizujeme vystavbu tunela Okruhliak
s dlZkou 1,8 km, ktory je si¢astou severného obchvatu rychlostne;
cesty mesta PreSov. Vystavba tunela Okruhliak je nielen sicastou
strategickej infraStruktury, ale aj ukdzkou moderného podzemné-
ho stavitelstva v nairocnom geologickom prostredi.

Okrem stavebnej ¢innosti sme v méji 2025 po uspeSnom ukonce-
ni akreditacného procesu podla poziadaviek EN ISO/IEC
17025:2017 ziskali OsvedcCenie o akreditcii ¢. S-427 pre
skuaSobné laboratorium na vykon fyzikalnych skuSok be-
ténu.

Pevne verim, Ze aj nadalej budeme mdct zdrocit naSe
skisenosti a odborné znalosti pri realizacii dal§ich vy-
znamnych projektov nielen na Slovensku, ale i v zahra-
nici.

Dakujem vsetkym partnerom, kolegom za
ich doveru a spolo¢ne sa teSime na nové vy-
zvy, ktoré nds Cakaju.

ING. MIROSLAV ZAK

Generalny riaditel a predseda
predstavenstva Marti a.s.

CEO and Chairman
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DEAR READERS OF THE TUNEL JOURNAL,

With the passage of time, we have once again been
given the opportunity to present updates and the work of
our company.

In our previous contribution to Tunel magazine,
we introduced our company as a reliable provider
of construction services, primarily on the Slovak
construction market. Thanks to the tireless efforts of all
our colleagues, we have been given the opportunity to
demonstrate our capabilities and confirm our position as
a reliable contractor also in the Czech Republic — where we are
currently constructing the Homole Tunnel on the D35 section, with
a planned completion date in December 2026. The tunnel consists
of two one-way tunnel tubes, connected by a single cross passage.
The tunnel runs beneath the busy 1/17 road, with an overburden
of approximately 13.5 meters at the crossing point. More detailed
information about the project is provided in the article itself.

In addition to the existing Homole Tunnel project, in 2025 we
signed a contract and began construction of the Dolni Radechova
Tunnel on the northwestern bypass of the town of Nachod. The
actual start of construction and the blessing of the statue of St.
Barbara took place in October. The aim of the project is to divert
transit traffic from the town center, thereby improving road safety,
reducing noise and emissions for residents, and enhancing travel
comfort.

Furthermore, our company is a member of a consortium
responsible for the construction of the Kamechy Tunnel in Brno,
as part of the extension of the existing tram line from the current
terminal station E€erova — Bystrc to the Kamechy housing estate.
Both projects — the Homole Tunnel and the Kamechy Tunnel — are
scheduled for completion in 2027.

The growing volume of activities and their complex coordination
through our organizational branch in the Czech Republic led to
the need to establish a subsidiary company, Marti CZ, s.r.o. This
company will primarily pursue contracts in the underground
construction segment on the Czech construction market in the
future.

In Slovakia, we are currently constructing the Okruhliak
Tunnel, which is 1.8km long and part of the northern bypass of
the expressway around the city of PreSov. The construction of the
Okruhliak Tunnel is not only part of strategic infrastructure but also
a showcase of modern underground construction in a challenging

geological environment.

In addition to construction activities, in May 2025,
following the successful completion of the accreditation
process according to EN ISO/IEC 17025:2017, we
obtained Accreditation Certificate No. S-427 for our
testing laboratory to perform physical tests on concrete.

I firmly believe that we will continue to leverage our
experience and expertise in the realization of further

significant projects not only in Slovakia but
also abroad.

Thank you to all partners and colleagues
for their trust. I look forward to the new
challenges ahead.

of the Board Marti a.s.
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TUNEL DOLNi RADECHOVA — VYZNAMNY PRVOK
~ OBCHVATU NACHODA
DOLNi RADECHOVA TUNNEL — A KEY ELEMENT
OF THE NACHOD BYPASS

MICHAL MARICAK

ABSTRAKT

Tunel Dolni Radechovd predstavuje vyznamny stavebny objekt v rdmci stavby 1/33 Ndchod — obchvat, ktorej cielom je zlepsit dopravnii
situdciu v Ndchode a jeho okoli. Tunel je navrhnuty ako jednoriirovy obojsmerny tunel s celkovou dizkou 363 m. Cldnok pribliZuje zdkladné
informdcie o technickom rieseni, geologickych podmienkach, pouZitej technologii razenia a organizdcii vystavby.

ABSTRACT

The Dolni Radechovd Tunnel represents a significant construction element within the 1/33 Ndchod — bypass project, which aims to
improve traffic conditions in Ndchod and its surroundings. The tunnel is designed as a single-tube, bidirectional tunnel with a total length
of 363 meters. This article presents basic information about the technical design, geological conditions, tunneling technology used, and

construction organization.

intersection
_qf AT
: road 1/33 — N&chod bypass A
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/8
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Kramolna tunnel

i INTRODUCTION

The town of Nachod, located
near the Czech-Polish border, has
long struggled with excessive traffic
load, which negatively affects both
the quality of life of its residents
and the smooth flow of traffic. The
international first-class road 1/33,

grade-separated
junction Béloves

connecting Hradec Kralové with the
Polish town of Kudowa-Zdrdj, is an
important transport artery. However,
its route through the center of
Nachod causes traffic congestion,
noise, and increased emissions.

Obr. 1 Prehladnd situdcia stavby
Fig. 1 Plan view of the construction site

uvob

Mesto Nachod, ktoré sa nachadza pri Cesko-polskej hranici,
dlhodobo zapasi s nadmernou dopravnou zéitaZou, ktora nega-
tivne ovplyviuje kvalitu Zivota obyvatelov i plynulost dopravy.
Medzinarodna cesta prvej triedy 1/33, spdjajica Hradec Kralové
s polskym mestom Kudowa-Zdrdj, je ddleZitou dopravnou tepnou,
avsSak jej trasa cez centrum Néachoda spdsobuje dopravné zapchy,
hlu¢nost a zvySenu emisni zataz.

Vystavba obchvatu Nachoda je strategickym rieSenim tejto si-
tudcie. Tunel Dolni Radechové [1] (obr. 1), ako jeden z vyznam-
nejSich objektov stavby, prekonava vyskovy rozdiel a ¢lenity terén
severne od mesta a zdroven minimalizuje zdsah do zastavaného
uzemia. V tomto ¢lanku je podrobne predstaveny navrh tunela, po-
stup vystavby, ako aj prekdzky, ktoré je potrebné pocas realizicie
prekonat.

Objedndvatelom stavby je Reditelstvi silnic a dalnic s. p. a zho-
tovitefom je ,,Spolec¢nost obchvat Nachoda®, ktord zdruzuje fir-
my: EUROVIA CZ a.s., Stavby mostt a.s., Marti a.s. a EURO-
VIA SK, a.s. Spolo¢nost Marti a.s. je zhotovitelom stavebnej Casti

The construction of the Nachod
bypass is a strategic solution to this
situation. The Dolni Radechova
Tunnel [1] (Fig. 1), as one of the
major structures of the project, overcomes the elevation difference
and rugged terrain north of the town while minimizing impact on
the built-up area. This article provides a detailed overview of the
tunnel design, construction process, and the challenges that must
be overcome during construction.

The client of the project is the Directorate of Roads and
Motorways (Reditelstvi silnic a dalnic s. p.), and the contractor
is the “Nachod Bypass Joint Venture,” which includes the com-
panies: EUROVIA CZ a.s., Stavby mostll a.s., Marti a.s., and
EUROVIA SK, a.s.

Marti a.s. is responsible for the structural part of the Dolni
Radechova Tunnel, while EUROVIA CZ a.s. is responsible for the
technological part of the tunnel.

The realization documentation (PDPS) was prepared by
“RSD BIM MAX 2020 — SAS4RP” Joint Venture led by
SATRA, spol. s r.o., in cooperation with AFRY CZ s.r.o.,
AF-Infrastructure AB, SAGASTA sro., 4roads s.r.o., and Pontex
spol. s r.o.
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tunela Dolni Radechova, spolo¢nost EUROVIA CZ, a.s. je zhoto-
vitelom technologickej Casti tunela.

Dokumentaciu na vykonanie stavby (PDPS) vypracova-
la spolo¢nost ,,Spole¢nost RSD BIM MAX 2020 — SAS4RP*
s vedudcim spoloénikom SATRA, spol. s.r.o a spolo¢nikmi
AFRY CZ s.r.o., AF-Infrastructure AB, SAGASTA s.r.o., 4roads s.r.o.
a Pontex spol. s r.o. Zhotovitelom realizacnej dokumentacie
stavby (RDS) je spolocnost ,,Sdruzeni 1/33 4ROADS-SATRA-
-VALBEK-PONTEX*“ s vedicim spolocnikom 4roads s.r.o
a spolo¢nikmi SATRA, spol. s.r.o, Valbek, spol. s.r.o.
a Pontex spol. s r.o.

ZAKLADNE INFORMACIE O TUNELI

Hlavnym dovodom névrhu tunela Dolni Radechova na trase ces-
ty 1/33 je potreba prekonat geomorfologicky ¢lenité uzemie juho-
vychodne od obce Dolni Radechova. Tunel prekondva dva chrbty
s nadmorskou vyskou 391,1 a 394,0 m, pricom nadloZie dosahuje
miestami vySku az 25 metrov. Medzi tymito chrbtami, pribliZne
v strede tunela, sa nachadza priecne udolie, kde sa bude tunel
vzhladom na nizke nadloZie a nepriaznivé geologické podmienky
budovat v otvorenej stavebnej jame. Tunelo-
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“I/33 4ROADS-SATRA-VALBEK-PONTEX” Joint Venture led
by 4roads s.r.o., with partners SATRA, spol. s r.o., Valbek, spol. s r.o.,
and Pontex spol. s r.o. is responsible for the detailed design
documentation (RDS).

BASIC INFORMATION ABOUT THE TUNNEL

The main reason for designing the Dolni Radechovd Tunnel along
the I/33 road route is the need to overcome the geomorphologically
rugged terrain southeast of the village of Dolni Radechova. The
tunnel crosses two ridges with elevations of 391.1m and 394.0m,
with the overburden reaching up to 25 meters in some places.
Between these ridges, approximately in the middle of the tunnel,
lies a transverse valley where, due to the low overburden and
unfavorable geological conditions, the tunnel will be constructed
in an open cut. The tunnel tube will thus be divided into two mined
sections and three cut-and-cover sections (see Fig. 2).

According to CSN 73 7507 — Design of Road Tunnels, the Dolni
Radechova Tunnel is classified as a short tunnel. The tunnel tube

is divided into sections constructed by mining and cut-and-cover

vé rdra tak bude rozdelend na dva razené a tri
hibené dseky (obr. 2). ik
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priblizne 4,4 m. Zvys$nd cast je tvorend zo

Tab. 1 Zdkladné technické parametre tunela Dolni Radechovd

Obr. 2 Schematické zndzornenie tunela Dolni Radechovd
Fig. 2 Schematic representation of the Dolni Radechovd tunnel

Table 1 Basic technical parameters of the Dolni Radechovd tunnel

Pocet tunelovych rur 1 Number of tunnel tubes 1

Vedenie premavky obojsmerné Traffic flow bidirectional

Kategéria tunela podia CSN 73 7507 T-95 Tunnel category (CSN 73 7507) T-95

Navrhovana rychlost 70 km/h Design speed 70km/h

Celkova dizka tunela podfa CSN 73 7507 363 m Total tunnel length (CSN 73 7507) 363m

Qiika razenych usekov tunela 166,07 m /13531 m Length of mined sections (part 1/ part 2) 166.07m / 135.31m

(Cast 1/ Cast2) Length of cut-and-cover sections 21.98m/39.33m /

Dizka hlbep\'(ch ﬂse[(qv tunela, pprtél Qolm’ 21,28 m /39,33 m/ (Dolni Radechova portal / central section / oaeam

Radechova / stredny usek / portal Babi 24,64 m Babi portal)

Pozdiiny sklon ggeg?gglg/iy do 3,95 % Longitudinal gradient }’%”;%%7% 10 3.95%
S jednqstrann)'/mo one-sided camber:

PrieEny skion glggigﬁaﬁ%n? K cross siope tzv;/%-giéoéd camber: 2.5%
klopenim 2,5 % 1 piece,

Unikova §tolia IlolTr?;é na tunelovd rdru eespealen Foe[ﬁﬁr?gﬁﬂfé

Pocet nudzovych zélivov 0 Number of emergency bays 0

Vyska prejazdného prierezu 48m Clearance height 4.8m

Sirka chodnikov 1,0m Sidewalk width 1.0m

Svetla vyska nad chodnikom 22m Headroom above sidewalk 2.2m
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16 kusov systémovych prefabrikatov. Na portal unikovej Stolne
nadvézuje priblizne 13,6 m dlha unikova cesta v zareze. Steny
zarezu budu z oboch stran zabezpeCené opornou konStrukciou
z gabiénov s premenlivou vySkou 2,5-3,5 m. Na dnikovu cestu
nadvizuje zhromazdovacia plocha so $irkou 5,3 m a dizkou 13 m
s pristupovou komunikdciou §irky 2,5 m a dizky 60,3 m. Tunelova
rura dalej obsahuje osem vyklenkov pre revizne Sachty drendze
(Styri vpravo, Styri vlavo), Styri zdruzené vyklenky (dva vpravo,
dva vlavo) pre osadenie SOS kabin, revizne Sachty drenaze a tak-
tiez vo vyklenkoch na lavej strane v smere stanicenia budd umiest-
nené poziarne hydranty.

Zakladné technické parametre tunela Dolni Radechovd st uve-
dené v tab. 1.

GEOLOGICKE A HYDROGEOLOGICKE PODMIENKY
TUNELA DOLNi RADECHOVA

Z geologického hladiska je trasa tunela Dolni Radechova tvore-
nd kvartérnym pokryvom a predkvartérnym podloZim.

Kvartérny pokryv je najvyznamnejsi v dseku strednej jamy
(obr. 3), kde je zaznamenand najvicsia mocnost kvartérnych ze-
min, ktord dosahuje az 5,2 m. Tento usek je charakterizovany mor-
fologickym zniZenim terénu, tzn. mensim ddolim, ktoré umoZznilo
vznik hrubsej vrstvy kvartérnych sedimentov. Kvartér tvori nie-
kolko vrstiev geologickych formacii. Prvd vrstva — humdzna
pokryvka — je zloZené predovsSetkym z hnedych premenlivo pie-
socnatych hlin, ktorych mocnost sa pohybuje v rozmedzi 0,30 aZ
0,40 m. Dalej nasleduje vrstva deluviofluvidlnych zemin, ktoré sa
vyznacuju variabilitou v granulometrii. Tato vrstva mdZe dosaho-
vat mocnost cez 2 m a je klasifikovana ako geotyp Q2a alebo Q4.

V terénnych depresiach, kde sa miestne zvySuje mocnost kvar-
térnych zemin, je tato deluviofluvidlna vrstva Casto pokryta eolic-
ko-deluvialnymi flovito-prachovitymi hlinami, ktoré maju eolicky
povod (sprase). Tato vrstva mdze dosiahnut az 2,8 m.

Pod kvartérnymi zeminami v trase tunela Dolni Radechova je

spravidla pritomnd eluvidlna pokryvka skalného podloZia, kto-
ra sa skladd z premenlivo hlinitych pieskov aZ piescitych hlin
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methods and will operate bidirectionally with a design speed of
70km/h. The total length of the tunnel tube is 363 meters.

The tunnel includes an escape gallery approximately 44 meters
long, located roughly in the middle of the tunnel tube and
oriented perpendicular to it. The monolithic section of the
gallery (connecting to the cut-and-cover tunnel) is approximately
4.4 meters long. The remaining portion consists of 16 prefabricated
segments. At the portal of the escape gallery, there is a 13.6-meter-
long escape route in a trench. The trench walls will be secured
on both sides with gabion retaining structures of variable height
ranging from 2.5 to 3.5 meters.

The escape route leads to an assembly area with a width
of 5.3 meters and a length of 13 meters, with an access road
2.5 meters wide and 60.3 meters long.

The tunnel tube also includes eight niches for inspection
shafts of the drainage system (four on the right, four on the
left), four combined niches (two on the right, two on the left)
for SOS emergency cabinets, drainage inspection shafts, fire
hydrants located in the niches on the left side in the direction of
stationing.

GEOLOGICAL A HYDROGEOLOGICAL CONDITIONS
OF DOLNI RADECHOVA TUNNEL

From a geological perspective, the route of the Dolni Radechova
Tunnel consists of Quaternary cover and pre-Quaternary bedrock.

The Quaternary cover is most prominent in the central cut-and-
cover section (Fig. 3), where the greatest thickness of Quaternary
soils is recorded up to 5.2 meters. This section is characterized
by a morphological depression in the terrain, i.e., a small valley
that allowed for the accumulation of a thicker layer of Quaternary
sediments. The Quaternary deposits consist of several geological
formations. The first layer, the humic cover is composed mainly of
brown, variably sandy clays, with a thickness ranging from 0.30
to 0.40 meters. This is followed by a layer of deluvio-fluvial soils,
which are notable for their granulometric variability. This layer
can exceed 2 meters in thickness and is classified as geotype Q2a

or Q4.

Lo

Obr. 3 Vykopové prdce v oblasti strednej jamy — priamy prechod kvartérneho pokryvu na skalné podloZie
Fig. 3 Excavation works in the central trench area — direct transition from Quaternary cover to bedrock

In terrain depressions where the thickness
of Quaternary soils increases locally, the
deluvio-fluvial layer is often overlain by
eoliano-deluvial clayey-silty clays of aeolian
origin (loess). This layer can reach up to
2.8 meters.

Beneath the Quaternary soils along the
tunnel route, there is typically an eluvial
cover of the bedrock, composed of variably
clayey sands to sandy clays with a thickness
of up to 1.6 meters (geotypes Pla, P1b). In
some locations, however, this soil layer is
absent, resulting in a direct transition to
bedrock composed of reddish-brown Permian
sandstones and conglomerates (geotypes P2
and P3), which exhibit intense weathering
and fracturing. This layer has a variable
thickness, usually up to 2 meters, but in areas
affected by tectonic fissures, it can reach up
to 5 meters.

In deeper layers, a slightly weathered
to moderately weathered bedrock massif
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s mocnostou do 1,6 m (geotypy Pla, P1b). V niektorych miestach
vSak tato vrstva zemin chyba, ¢o vedie k prechodu priamo na skalné
podloZzie, ktoré je tvorené Cervenohnedymi permskymi pieskovcami
a zlepencami (geotypmi P2 a P3), ktoré vykazuju intenzivne
zvetrdvanie arozpukanie. Tato vrstva mé premenlivd mocnost, kto-
rd sa pohybuje obvykle do 2 m, ale v oblastiach postihnutych tek-
tonickymi puklinami mdZe dosiahnut az 5 m. V hlbsich vrstvach
je overeny mierne zvetrany aZ navetrany skalny masiv prevaZne
tvoreny Cervenohnedymi permskymi zlepencami a pieskovcami
(geotypy P4 a P3), kde rozpukanie dosahuje aZ decimetre a nie-
kedy aj viac ako 0,5 m.

V ramci menej zvetraného skalného masivu boli tiez identifi-
kované zény a vrstvy s intenzivnej$im tektonickym rozruSenim
a naslednym zvetranim, ktoré boli klasifikované ako geotechnicky
menej priaznivé (geotypy P2 a P3). Tieto vrstvy, obvykle o moc-
nosti rddovo jednotiek metrov, vznikli v dosledku tektonického po-
stihnutia masivu a pritomnosti ciest pre podzemné vody, ktoré si
klucovym faktorom pre zvetravanie. Vyskyt tychto vrstiev bol po-
tvrdeny ako geologickymi vrtmi, tak geofyzikdlnym prieskumom,
ktory identifikoval subvertikdlne zony.

Tieto geotechnické podmienky predstavuju zhorSené podmien-
ky pre razenie tunela, a preto boli tieto iseky vyclenené ako samo-
statné kvazihomogénne celky, ¢o umozZiiuje optimalizaciu postupu
razenia.

V oblasti tunela Dolni Radechové bola identifikovana aj loka-
lizovand pritomnost podzemnej vody, najmé v miestach tektonic-
kych portuch a deluviofluvidlnych zemin. Podzemné vody mozu
spdsobit oslabenie geotechnickych vlastnosti materidlov, ¢o bude
vyZadovat opatrenia na odvodnenie a stabiliziciu tunelovej Celby
pocas vystavby (napr. skritenie dizky zaberu, ponechanie oporné-
ho jadra, kotvenie predpolia Celby, odvodnenie masivu pred Cel-
bou odvodiiovacimi vrtmi, vertikdlne delenie celby) (obr. 4).

RAZENIE TUNELA

Konstrukcia razeného tunela je tvorend dvojvrstvovym ostenim
(primarnym a sekundarnym) s medzilahlou drendZnou a ochran-
nou vrstvou a plosnou hydroizolaciou. Razenie bude prebiehat
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has been confirmed, predominantly composed of reddish-brown
Permian conglomerates and sandstones (geotypes P4 and P3),
where fracturing reaches dimensions of several decimeters and
sometimes exceeds 0.5 meters.

Within the less weathered bedrock massif, zones and layers
exhibiting moreintense tectonic disruption and subsequent weathering
were also identified. These were classified as geotechnically less
favorable (geotypes P2 and P3). These layers, typically several
meters thick, were formed as a result of tectonic deformation of the
massif and the presence of pathways for groundwater, which is a key
factor in the weathering process. The occurrence of these layers was
confirmed both by geological boreholes and by geophysical surveys,
which identified subvertical zones.

These geotechnical conditions represent more challenging
circumstances for tunnel excavation. Therefore, these sections
were designated as separate quasi-homogeneous units, allowing
for optimization of the excavation process.

Localized presence of groundwater was also identified in the
Dolni Radechova tunnel area, particularly in zones of tectonic
disturbance and deluvio-fluvial soils. Groundwater can weaken
the geotechnical properties of the materials, which will require
drainage and stabilization measures during tunnel face excavation.
These may include shortening the excavation advance length,
maintaining a support core, anchoring the tunnel face, pre-
drainage of the rock mass using drainage boreholes, and vertical
division of the tunnel face (see Fig. 4).

TUNNEL EXCAVATION

The structure of the mined tunnel consists of a two-layer lining
(primary and secondary), with an intermediate drainage and
protective layer, and a sheet waterproofing membrane. Excavation
will be carried out according to the principles of the New Austrian
Tunneling Method (NATM). The proposed tunneling classes and
their anticipated distribution along the mined sections of the Dolni
Radechova Tunnel are shown in Table 2.

In all excavation classes, the tunnel face is divided into the
calotte (upper part) and the bench (lower part). For excavation class
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Obr. 4 Geologicky pozdliny profil tunela
Fig. 4 Geological longitudinal profile of the tunnel
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Tab. 2 Navrhnuté technologické triedy vyrubu a ich predpokladané zastiipenie v trase razeného tunela Dolni Radechovd

Cast 2 - usek medzi strednym tsekom
a portalom Babi

Technologicka trieda

Cast 1 - usek medzi portalom Dolni
Radechova a strednym tisekom

Tuel

Spolu ¢ast 1 + ¢ast 2

dizka [m] zastlpenie [%)] dizka [m] zastdpenie [%] dizka [m] zastlpenie [%)]
TT2 74,3 25 0 0 74,3 25
TT3 56 19 50 17 106 55
TT4 0 0 49 16 49 16
TT 4P 30 10 30 10 60 20
TPS — tunelovy predtitok 5,77 2 6,31 2 12,08 4
Spolu 166,07 59 135,31 45 301,38 100

Table 2 Proposed tunneling classes and their anticipated distribution along the mined sections of the Dolni Radechovd tunnel

Section 1 - between Dolni Radechova

Section 2 - between central section

Total Section 1 + Section 2

Tunneling class portal and central section and Babi portal
length [m] share [%] length [m] share [%] length [m] share [%]
TT2 74.3 25 0 0 74,3 25
T3 56 19 50 17 106 35
T4 0 0 49 16 49 16
TT 4P 30 10 30 10 60 20
TPS - tunnel forepoling 5.77 2 6.31 2 12.08 4
Total 166.07 55 135.31 45 301.38 100

podla zasad Novej rakiskej tunelovej metddy. Navrhnuté techno-
logické triedy vyrubu, ako aj ich predpokladané zastipenie v trase
razeného tunela Dolni Radechova, su uvedené v tab. 2.

Pri vSetkych technologickych triedach sa celba deli na kalotu
a stupen (opéfi). V ramci technologickej triedy TT 4P sa v pri-
pade potreby zrealizuje taktieZ spodné klenba. Na obr. 5 a 6 je
znazorneny postup razenia a vystrojenia v najviac zastipenej vy-
strojovacej triede TT 3 (s dizkou zaberu v kalote 1,5 aZ 1,9 m, bez
obmedzenia dizky odstupu stupiia od kaloty).

Konstrukcia primarneho ostenia pozostdva zo striekaného be-
ténu, vystuznych prvkov (zvarané ocelové siete, ocelové priehra-
dové nosniky typu ARCUS), systémového radidlneho kotvenia
a z opatreni pre stabilizaciu obrysu vyrubu, nadloZia a predpolia
Celby (kotvenie, ihlovanie a mikropilétové dazdniky). Na zéklade
geologickych podmienok sa ocakava, Ze rozpojovanie hornin bude

TT 4P, a lower invert arch may also be constructed if necessary.
Figures 5 and 6 illustrate the excavation and support procedure for
the most prevalent excavation class TT 3, with an advance length
in the calotte ranging from 1.5 to 1.9 meters, and no restriction on
the bench excavation offset distance from the calotte.

The primary lining of the mined tunnel consists of sprayed
concrete, steel reinforcement (welded steel meshes and ARCUS-
type steel lattice girders), systematic radial anchoring, and
stabilization measures for the excavation walls, roof, and tunnel
face (anchoring, spiling, and micropile umbrellas). Based on
geological conditions, rock disintegration is expected to be
carried out primarily using drilling and blasting techniques.
In portal areas, especially in excavation class TT 4P, rock
disintegration beneath the micropile umbrella will be performed

mechanically.

stavebni jama 45,70 m
construction pit 45.70m
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_,-_
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second excavation section 133.00m
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tlakového potenciélu zvodné v roviné fezu. Zobrazend linie tak nevyjadruje spojitost zvodnéni. =
The lines connecting the stabilized groundwater levels in the fractured environment of the bedrock

represent an interpretation of the pressure potential of the aquifer in the cross-sectional plane The

displayed line therefore does not represent the continuity of the aquifer. -
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Permian arkosic sandstones and conglomerates
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clayey/silty-sandy cover soils, below Permian sandstones and conglomerates
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Obr. 5 Postup razenia a ndvrh vystrojenia TT 3 (priecny rez)
Fig. 5 Excavation procedure and support design for TT 3 (cross-section)

34. rocnik - €. 4/2025

Drilling rigs Atlas Copco E2C
will be deployed for drilling blast
holes as well as for installing
support elements (anchors, spiles,
micropile umbrellas). Excavated
rock will be removed using front-
end wheel loaders and dumpers,
which will transport the muck to
designated disposal sites. After
disintegration and removal, the
reinforcement phase follows, i.e.,
construction of the primary lining.
Sprayed concrete will be applied
using MEYCO Potenza spraying
with
output of 20m3 of sprayed concrete

equipment, a theoretical
per hour.

An overview of the excavation
equipment for tunnel construction

is provided in Table 3.
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SN anchor, length 4m
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height 130mm
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Obr. 6 Postup razenia a ndvrh vystrojenia TT3 (pozdlZny rez)
Fig. 6 Excavation procedure and support design for TT 3 (longitudinal section)

Tab. 3 Strojno-technické vybavenie na razenie tunela Dolni Radechovd

Table 3 Machinery and equipment for excavation of the Dolni Radechovd tunnel

Pocet Number

Skupina Nazov mechanizmu nasadenych Group Equipment name of units

kusov deployed
tunelbager Liebherr R950 1 tunnel excavator Liebherr R950 1
Bager tunelbager Liebherr R944 1 Excavator tunnel excavator Liebherr R944 1
minibager CAT 305 1 mini excavator CAT 305 1
Striekaci stroj Meyco Potenza 2 Spraying Unit Meyco Potenza 2
Dumper Volvo A25 3 Dumper Volvo A25 3
Naklada¢ Liebherr L566 2 Loader Liebherr L566 2
Vrtny voz Atlas Copco E2C 2 Drill Rig Atlas Copco E2C 2
PloSina GTA Normlifter 1600D 2 Platform GTA Normlifter 1600D 2
Manipulator Merlo TF30 1 Telehandler Merlo TF30 1
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Obr. 7 Vzorovy priecny rez — beZny profil v razenom tuneli
Fig. 7 Typical cross-section — standard profile in the mined tunnel

prebiehat najméd pomocou vrtno-trhacich prac. V priportalovych
usekoch, najma v TT 4P, bude rozpojovanie hornin pod mikropil6-
tovym dazdnikom prebiehat mechanicky.

Na vftanie vyvrtov pre ndloZe trhavin, ale aj pre aplikdciu zabez-
pecovacich prvkov (kotiev, ihiel, mikropildtového dazdnika) budd
nasadené vrtné vozy Atlas Copco E2C. Odtazba rozpojenej horni-
ny bude realizovana ¢elnymi kolesovymi naklada¢mi a dumprami,
ktoré rubaninu vyvezi na ur¢ené miesto. Po rozpojeni a odtazeni
nasleduje faza vystuzZovania, resp. budovania primarneho ostenia.
Striekany betén bude aplikovany pomocou striekacich zariadeni
MEYCO Potenza s teoretickym vykonom 20 m?* strickaného beto-
nu/h. Prehlad strojno-technického vybavenia pre razenie tunela je
uvedeny v tab. 3.

Vzhladom na kritku dizku tunelovej riry sa bude tunel razit
z jednej strany — z portalu Dolni Radechova. Razenie bude prebie-
hat v nepretrzitej prevadzke 24 hodin denne sedem dni v tyZdni.
V procese razenia tunela sa na priprave, organizacii a realizacii
bude podielat 14 technickych pracovnikov, 26 tuneldrov a pod-
pornych pracovnikov, 11 pracovnikov strojnej a elektro udrzby,
subdodavatelia na geodetické merania a geotechnicky monitoring
(obstardvany objednavatelom RSD s.p.).

SEKUNDARNE OSTENIE

Definitivnu nosnu konstrukciu razeného tunela tvori sekundarne
ostenie pozostavajice z dvoch zakladnych Casti — zo zédkladovych
konstrukcii a hornych klenieb.

Due to the short length of the tunnel tube, excavation will
proceed from a single side specifically from the Dolni Radechova
portal. Excavation will be carried out in continuous operation,
24 hours a day, seven days a week.

The tunnel excavation process will involve 14 technical staff,
26 tunnel workers and support personnel, 11 mechanical and electrical
maintenance workers, subcontractors for geodetic surveying and
geotechnical monitoring (procured by the client RSD s.p.).

SECONDARY LINING

The final load-bearing structure of the mined tunnel consists
of a secondary lining composed of two main components: the
foundation structures and the upper vaults.

Given the expected geological conditions at the foundation
level (weathered to sound Permian sandstones, conglomerates,
and siltstones), reinforced concrete strip foundations made
of C 30/37 XA2 are designed along the entire tunnel length.
These strip foundations are 1500mm wide and 750mm
high.

Together with the construction of the strip foundations, the
tunnel drainage system will be implemented. The design includes
lateral drains behind the lining and a central collector.

Before reinforcing the upper vaults, an intermediate sheet

waterproofing membrane will be installed between the primary
and secondary linings.
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Tab. 4 Skladba konstrukcie vozovky v tuneli Dolni Radechovd
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Table 4 Pavement structure composition in the Dolni Radechovd tunnel

Konstrukéna vrstva I;I/:g?vv Norma Structural Layer Thli-:lz:;ss Standard
Asfaltovy koberec mastixovy - . Stone mastic asphalt with pre-coated CSN EN 13108-5,
modifilgovany s posypom predobalenym 40 mm C%I\éﬁ ’\7131 212? ° aggregate, SMA 11S PMB 45/80-65 Uiy CSN 73 6121
kam.enlvo,m, ik e PMI,B L Bonding spray of polymer-modified GSN EN 13808
Spojovaci postrek z polymérom ' GSN EN 13808 cationic asphalt emulsion, 0.35kg/m2, = &s '
modifikovanej kationaktivnej asfaltovej - ESN 736129 PS-CP N736129
i 2 - =
Cinibio 0 s k g/, va (,:P Modified asphalt concrete for base layers, CSN EN 13108-1,
Asfaltovy betén pre lozné vrstvy 80 mm CSN EN 13108-1 ACL 225 PMB 25/55-60 80mm GSN 73 6121
Spoac Pt pobmécon 18— | Bodng e of pomermodies PoE—
e . , - : ,
modifikovanej kationaktivnej asfaltovej - g e o SESIEICITE BETL A2 T SN 736129
emulzie 0,35 kg/m?, PS-CP =
Asfaltovd zmesg s vysokvm modulom CSN EN 13108-1 High-stiffness asphalt mix, VMT 22 TSA 90 CSN EN 13108-1,
tuhost, VMT 22 TSA 20/30 omm | &SN 736140 20/30 M| CsN736140
Postrek infiltraény z kationaktivnej NEN 1 Infiliration spray of cationic asphalt CSN EN 13808,
asfaltovej emulzie 0,6 kg/m? s posypom — CCSSN i 6312%8 ‘29;2“'3'0% 8|-(6|;9/212|;'\|”tcf; HDK aggregate - BSN 73 6129
HDK fr. 2/4 (3,0 kg/m?), PI-C mm (3.0kg/m?), PI- i
i . : CSN 73 6126-1, i i CSN 73 6126-1,
Mechanicky spevnené kamenivo, 200mm | GSNEN 13285 (’\)/}ggrl]arglcél)\ly l\sllt;ﬁ"'led aggregate, 200mm | CSNEN 13285,
fr.0/32 GA, MZK CSN EN 3242+4A1 z CSN EN 3242+A1
min CSN 73 6126-1, ) min CSN 73 6126-1,
Strkodrva, fr. 0/32 GB, SDA 150 X ,CSN EN 13285, Crushed stone base, 0/32mm GB, SDA 150 m'm _CSN EN 13285,
MM | ESN EN 3242+Af CSN EN 3242+Af
min. min.
Celkom 560 mm Total 560mm B

Vzhladom na ocakdavané geologické prostredie na trovni za-
kladovej Skary (zvetrané aZz zdravé permské pieskovce, zlepence
a prachovce) st v celej dizke tunela ako zdkladové konstrukcie
navrhnuté zdkladové pésy zo Zelezobetonu C 30/37 XA2. Za-
kladové pasy st Siroké 1500 mm a vysoké 750 mm. Spolu s vy-
stavbou zdkladovych pasov sa za¢ne realizovat drendZny systém
tunela, ktorého navrh pozostava z postrannych drendzi za rubom
ostenia a stredového zberaca.

Pred armovanim hornych klenieb sa poloZi medzilahla féliova
izolacia medzi primarnym a sekundarnym ostenim.

Horné klenby sekundérneho ostenia st navrhnuté zo Zelezobeto-
nu triedy C35/45 XF4, XA2 XD3. Beton je vystuzeny betonarskou
ocelou B500B a zviranymi sietami @ 8/150/150 mm. Standardna
diZka bloku je 12,5 m. Minimalna hribka sekundarneho ostenia je
400 mm, u pitiek sa zvicSuje aZz na 600 mm (obr. 7).

Sekundarne ostenie sa vzhladom na to, Ze ide o kratky jedno-
rurovy tunel, zacne realizovat po prerazeni druhej Casti tunela.
S pracami na betondZi sa zac¢ne, rovnako ako pri razeni, od portalu
Dolni Radechova smerom na stredny tsek. Tam sa vynecha hibe-
ny usek a debniaci voz bude pokracovat az na portdl Babi. Nosna
konstrukcia ostenia v hibenych tisekoch tunela (iseky na oboch
portéloch a taktiez v strednej jame) md rovnaky svetly profil ako
pri razenom tuneli. Oproti razenej Casti je vSak minimalna hribka
ostenia 600 mm, pri zakladoch sa zvi¢iuje az na 1300 mm. Hibené
useky sa zacnu realizovat po ukonceni betondZe hornych klenieb
v razenej Casti. Najprv sa zrealizuje isek na portali Babi, ndsledne

Tab. 5 UvaZované mnoZstvd nosnych materidlov a vytaZenej horniny

Material i engﬁg;ﬁa Mnozstvo
Vlyrazena hornina z razenia m® 31843
Hornina z vykopov portalov m3 55 059
Striekany beton m® 5275
Zaistovacie prvky — kotvy, ihly ks 3 626
Mikropildty m 2805
Ocel t 1317
Beton m3 7105

The upper vaults of the secondary lining are designed using
reinforced concrete of class C35/45 XF4, XA2, XD3. The concrete
is reinforced with B500B reinforcing steel and welded meshes
@ 8/150/150mm. The standard block length is 12.5 meters. The
minimum thickness of the secondary lining is 400mm, increasing
to 600mm at the springlines (see Fig. 7).

Since this is a short single-tube tunnel, the secondary lining will
be constructed after breakthrough of the second tunnel section.
Concrete works will begin just like the excavation from the Dolni
Radechova portal heading toward the central section. The cut-and-
cover section in the middle will be skipped, and the formwork
carriage will continue toward the Bab{ portal.

The load-bearing structure of the lining in the cut-and-cover
sections (at both portals and in the central trench) has the same
clear profile as the mined tunnel. However, compared to the mined
section, the minimum lining thickness is increased to 600mm, and
at the foundations it reaches up to 1300mm.

The cut-and-cover sections will be constructed after completion of
the upper vault concreting in the mined section. The sequence will
begin at the Babi portal, followed by the central section, and finally
the Dolni Radechova portal. The same formwork carriage used in the
mined section will be employed, onto which reinforcement will be
tied and then enclosed with counter-formwork.

For the construction of the concrete vaults, Marti a.s. will use
a set of specialized carriages (repair, reinforcement, and formwork
units), which the company owns.

Table 5 Estimated quantities of structural materials and excavated rock

Material Unit Quantity
Excavated rock from tunneling m3 31,843
Rock from portal excavations m? 55,059
Sprayed concrete m? 5,275
Support elements — anchors, spiles pcs 3,626
Micropiles m 2,805
Steel t 1,317
Concrete m? 7,105
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v strede tunela a nakoniec na portdli Dolni Radechova. Pre ich
realizaciu bude pouzity ten isty debniaci voz ako pri razenej Casti,
na ktory sa vyviaze vystuZ a nasledne sa zaklopi protidebnenim.

Na zhotovenie beténovych klenieb spolo¢nost Marti a.s. pouZi-
je zostavu Specidlnych vozov (vyspravkovy, armovaci, debniaci),
ktoré ma vo vlastnictve.

OSTATNE STAVEBNE OBJEKTY

Stcasne s postupom betonaze sekundarneho ostenia Zhotovitel
zacne s osddzanim obrubnikov a §trbinovych Zlabov. Tieto prvky
st sucastou odvodnenia vozovky a samotnej vozovky. Vybudova-
nie tychto konstrukcii vytvori priestor pre ukladanie a naslednu
betonaz kablovych chraniciek a zdroven vznikne kandl pre potru-
bie poziarneho suchovodu. PoZiarny suchovod zabezpeci vodu na
hasenie a v pripade poZiaru bude aktivovany (naplneny) vodou
z poZziarnej nadrZe na pozadovany pretlak do 240 s od obdrZania
signdlu z poZziarneho hlasica. Na hasenie musi byt zabezpecena
dodavka vody v mnozstve 30 1/s po dobu najmenej 60 minut. Po-
Ziarna nadrZ s objemom 117 m? je sucastou suterénu prevadzkovo
technologického objektu.

Vozovka v tuneli Dolni Radechova je totozna s prilahlou vo-
zovkou hlavnej trasy obchvatu Nachoda (SO 102). Konstrukcia je
navrhnuta v silade s TP 170 v zloZeni podla tab. 4.

VytaZena hornina z razenia tunela Dolni Radechova bude vyva-
Zana na medzidep6niu v blizkosti portalu Dolni Radechova, kde
sa predrvi a pouzije do konStrukénych vrstiev nasypovych telies.
UvaZované mnoZstvd nosnych materidlov na vystavbu tunela, ako
aj objem vytazenej horniny, si uvedené v tab. 5.

ORGANIZACIA VYSTAVBY

Tunel Dolni Radechova pozostava zo stavebnej a technologicke;j
Casti. Stavebnu Cast tvori 23 stavebnych objektov a technologicku
Cast 15 prevadzkovych stiborov. Razenie tunela sa bude realizovat
dovrchne z portdlu Dolni Radechova (obr. 8). Vzhladom na to, Ze
razend Cast pozostava z dvoch relativne kratkych Casti, a taktiez
na technickud a ¢asovi narocnost vystavby jamy v strednom tseku

L O e Y
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OTHER CONSTRUCTION STRUCTURES

Simultaneously with the progress of secondary lining concreting,
the contractor will begin installing curbs and slot drains. These
elements are part of the road drainage system and the pavement
itself. The construction of these components will create space for
the placement and subsequent concreting of cable ducts, and will
also form a channel for the fire dry riser pipeline.

The fire dry riser will provide water for firefighting and, in
the event of a fire, will be activated (filled) with water from the
fire reservoir to the required pressure within 240 seconds of
receiving a signal from the fire detector. For effective firefighting,
a water supply of 30 liters per second must be ensured for at least
60 minutes. The fire reservoir, with a volume of 117m3, is located
in the basement of the operations and technological facility.

The pavement in the Dolni Radechova Tunnel is identical to the
adjacent pavement of the main bypass route of Nachod (SO 102).
The structure is designed in accordance with TP 170 and consists
of the layers listed in Table 4.

The excavated rock from the Dolni Radechova Tunnel will
be transported to a temporary depot near the Dolni Radechova
portal, where it will be crushed and reused in the structural layers
of embankment bodies. The estimated quantities of structural
materials for tunnel construction, as well as the volume of
excavated rock, are listed in Table 5.

CONSTRUCTION ORGANIZATION

The Dolni Radechovd Tunnel consists of a structural and
a technological part. The structural part includes 23 construction
objects, while the technological part comprises 15 operational
systems. Tunnel excavation will be carried out uphill from the
Dolni Radechova portal (see Fig. 8). Given that the mined section
consists of two relatively short segments and considering the
technical and time demands of constructing the central trench,
the central excavation pit will be built first. This will be followed
by the construction of the excavation pit at the Dolni Radechova

Obr. 8 Pohlad na trasu tunela (v popredi portdl Dolni Radechovd, ndsledne stredny isek v blizkosti cintorina)
Fig. 8 View of the tunnel route (foreground: Dolni Radechovd portal, followed by the central section near the cemetery)
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sa ako prva zacne budovat prave stavebna jama v strednom useku.
Nasledne sa bude pokraCovat s vystavbou stavebnej jamy — portél
Dolni Radechovi a ako posledna sa vybuduje jama na portéli Babi.
Vsetky tri jamy st naplanované tak, aby boli pripravené v dostatoc-
nom ¢asovom predstihu, aby nedoslo k obmedzeniu raziacich prac.

Po vybudovani stavebnej jamy na portali Dolni Radechova sa
pristipi k samotnému razeniu tunela. Pocas razenia prvej ¢asti tune-
la sa budd dokoncovat prace na zaisteni strednej jamy a budu pre-
biehat prace na vystavbe stavebnej jamy — portal Babi. Po prerazeni
prvej Casti tunela sa demontuje vedenie lutiiového tahu a presunie sa
ventilator, ktory je sicastou separatneho vetrania, do strednej jamy.
To umoZni, aby sa v prvej prerazenej Casti mohlo pristipit k praicam
na profilacii primarneho ostenia a po ustdleni konvergencii k reali-
zacii zékladovych pasov sekunddrneho ostenia. Po prerazeni dru-
hej Casti tunela tak bude v prvej Casti tunela pripravené pracovisko
pre realizaciu drenazneho odvodnenia a hydroizola¢ného suvrstvia,
ktoré predchadzaju realizicii sekunddrneho ostenia. Nésledne sa
osadia Strbinové Zlaby a obrubniky. Vznikne priestor pre uloZenie
poZiarneho suchovodu a kdblovych chraniciek. Po ukonceni uvede-
nych prac bude mozné realizovat samotné chodniky, vozovku, nater
ostenia, budovu prevadzkovo technologického objektu, ako aj kéb-
lovody na oboch strandch tunela. Po vystavbe objektov stavebnej
Casti, ale aj v subehu s ich vystavbou, sa zacne s technologickou
casfou tunela Dolni Radechova.

Prevadzkovo technologicky objekt predstavuje pozemnu stavbu
na zdruZenej ploche pri portdli Dolni Radechovd. Ide o jednopod-
lazny, Zelezobetonovy presypany objekt s plochou strechou ob-
diZnikového podorysu s rozmermi 14,7 x 5,8 m. V objekte bude
umiestnené technologické vybavenie potrebné pre prevadzku tune-
la (napr. velin, slabopriidova rozvodiia, rozvodiia nizkeho napiitia,
UPS, dieselagregat, Cerpacia stanica, GSM zariadenia). Pod objek-
tom bude taktieZ umiestnena poZiarna nadrz.

ZAVER

Tunel Dolni Radechova sice patri medzi kratSie tunely, no aj
napriek tomu predstavuje pre Zhotovitela technicky naro¢nu stav-
bu. Technickym problémom je najmé skuto¢nost, Ze nad vSetkymi
stavebnymi jamami sa nachddzaji vedenia vysokého a velmi vy-
sokého napitia, o komplikuje nasadzovanie zdvihacej techniky
a mechanizicie s vdcSou vyskou.

Portél Dolni Radechovd sa nachddza v tesnej blizkosti priemy-
selného aredlu, ktory bude pocas vystavby v plnej prevadzke. Tr-
hacie price preto bude nutné vykonavat tak, aby ich seizmické
ucinky boli minimélne a neovplyvnili okolité objekty. Stavebna
jama v strednom useku zase susedi s cintorinom, ¢o si vyZaduje
citlivy pristup a prispdsobenie pracovnych postupov s dérazom na
reSpektovanie pietneho charakteru miesta.

V cCase pisania ¢lanku sa zacalo s vystavbou stavebnej jamy
na strednom useku. Zhotovitel veri, Ze vdaka profesiondlnemu
pristupu vsetkych zucastnenych stran sa podari toto dielo zreali-
zovat v planovanom termine (03/2028) a v pozadovanej kvalite.

Ing. MICHAL MARICAK,
michal. maricak @martias.sk,
Marti a.s.

Recenzoval Reviewed: Ing. Tomd§ Ebermann, Ph.D.
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portal, and finally, the pit at the Babi portal. All three pits are
scheduled to be completed well in advance to avoid any delays in
tunneling operations.

Once the excavation pit at the Dolni Radechova portal is
completed, tunneling will begin. During excavation of the first
tunnel section, work will continue on securing the central pit
and constructing the Babi portal pit. After breakthrough of the
first tunnel section, the ducting system will be dismantled and
the ventilation fan part of the separate ventilation system will
be relocated to the central pit. This will allow profiling of the
primary lining in the first section and, after convergence stabilizes,
construction of the secondary lining’s foundation strips.

Following breakthrough of the second tunnel section, the first
section will be ready for installation of the drainage system and
waterproofing layers, which precede the secondary lining. Slot
drains and curbs will then be installed, creating space for the
fire dry riser and cable ducts. Once these works are completed,
sidewalks, pavement, tunnel lining coating, the operations and
technical building, and cable routes on both sides of the tunnel can
be constructed.

After completion of the structural components, and in parallel
with their construction, the technology installation in the Dolni
Radechova Tunnel will begin.

The operations and technological building are a surface structure
located on a shared site near the Dolni Radechova portal. It is
a single-storey, reinforced concrete, cut and cover structure with
a flat roof and a rectangular footprint measuring 14.7 x 5.8 meters.
The building will house the tunnel’s operational technology (e.g.,
control room, low-voltage switchgear, UPS, diesel generator,
pumping station, GSM equipment). A fire water reservoir will also
be located beneath the building.

CONCLUSION

Although the Dolni Radechova Tunnel is classified as a short
tunnel, it nonetheless presents a technically demanding challenge
for the contractor. One of the main technical issues is the presence
of high-voltage and very high-voltage power lines above all
excavation pits, which complicates the deployment of lifting
equipment and taller machinery.

The Dolni Radechova portal is located in close proximity to
an industrial complex that will remain fully operational during
construction. Blasting operations will therefore need to be carried
out in such a way that seismic effects are minimized and do not
impact surrounding structures. The central excavation pit borders
a cemetery, requiring a sensitive approach and adaptation of work
procedures with respect for the solemn nature of the site.

At the time of writing, construction of the central excavation
pit has commenced. The contractor is confident that, thanks to the
professional approach of all involved parties, the project will be
completed within the planned timeframe (March 2028) and to the
required quality standards.

Ing. MICHAL MARICAK,
michal.maricak @martias.sk,
Marti a.s.

[1] Spole¢nost RSD BIM MAX 2020 — SAS4RP Dokumentace pro provedeni Stavby (PDPS) , Dostupné z https://tenderarena.cz/
dodavatel/seznam-profilu-zadavatelu/detail/Z0003026/zakazka/711131.
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TUNEL HOMOLE
HOMOLE TUNNEL
ANDREJ KORBA, BORIS CILLIK
ABSTRAKT

Tento cldnok informuje o zdkladnych technickych a zmluvnych podmienkach vystavby tunela Homole, ktory je budovany v nepriaznivych
geologickych podmienkach a s pouZitim zmluvnych podmienok Smaragdovej knihy FIDIC. KedZe v Case pripravy ¢ldnku raziace prdce
a samotnd vystavba este nie sii ukoncené, nebolo mozné poskytniit podrobnejsie informdcie, ktoré sii predmetom rieSenia hlavne vo vztahu
k zmluvnym podmienkam medzi Investorom a Zhotovitelom. Po ukonceni vystavby, uzavreti vSetkych zmluvnych podmienok a odovzdani
tunela do pouZivania bude mozné presnejsie vyhodnotit prvé pouZitie Smaragdovej knihy FIDIC pri vystavbe tunela v CR.

ABSTRACT

This article provides information on the basic technical and contractual conditions for the construction of the Homole Tunnel, which
is being built under unfavorable geological conditions and using the contractual terms of the FIDIC Emerald Book. Since the excavation
work and the construction itself were not yet completed at the time of writing, it was not possible to provide more detailed information,
which is mainly related to the contractual conditions between the Investor and the Contractor. After the completion of construction, the
closure of all contractual matters, and the commissioning of the tunnel, it will be possible to more accurately evaluate the first use of the
FIDIC Emerald Book in tunnel construction in the Czech Republic.

uvop

Dialnica D35 je stcastou dialni¢nej a cestnej siete Ceskej repub-
liky. V ramci tejto siete plni D35 funkciu takzvanej druhej severnej
spojnice medzi Cechami a Moravou, ktora je paralelna s dialnicou

INTRODUCTION

The D35 motorway is part of the highway and road network
of the Czech Republic. Within this network, the D35 serves as
the so-called second northern connection between Bohemia and
Moravia, running parallel to the D1 motorway and enabling traffic
redistribution and the transfer of part of the traffic from the D1,
specifically in the section between Olomouc and Hradec Kralové.
The D35 is also important for ensuring regional connectivity in
Northern Bohemia and Moravia, and in relation to the D1 motorway
(Lipnik nad Becvou — Ostrava — Czech/Polish border) and the D11
motorway (Prague — Hradec Kralové — Czech/Polish border),
forming a link of international significance.

The construction of the Homole Tunnel is part of the future 7km

D1 a umoziuje prerozdelenie dopravy a prevzatie Casti dopravy
z dialnice D1, v tseku medzi Olomoucom a Hradcom Krélové. D35
je dolezita aj pre zabezpecenie regiondlnych vztahov v Severnych
Cechach a na Morave a vo vztahu k dialnici D1 Lipnik nad Be&vou
— Ostrava — §tatna hranica CR/Polsko a D11 Praha — Hradec Kralové
— $tatna hranica CR/Polsko ako spojnica medzinarodného vyznamu.

Vystavba tunela Homole je sti¢astou budiceho 7 km tseku dial-
nice ,,D35 Ostrov — Vysoké Myto*. Jeho vystavba sa vzhladom na

technicku narocnost realizuje samostatne. Tunel zabezpeci prepoje-
nie oboch Casti dialni¢ného tdseku do jedného plne funkéného celku.

Tunel sa nachadza severovychodne od obce Vraclav, kde dialnica
D35 prechddza pod hrebetiom Vraclavi s vichom Homole. Dialnica

section of the motorway “D35 Ostrov — Vysoké Myto.” Due to its
technical complexity, the tunnel is being constructed as a separate
project. It will connect both parts of the motorway section into one
fully functional unit.
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cut and cover section 70m
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je navrhnuta v kategorii R 25,5/120 s rozsirenim stredného deliace-
ho pruhu z 3,0 m na 3,5 m.

Objednavatelom stavby je Reditelstvi silnic a ddlnic s. p., (RDS),
zhotovitelom je zdruZenie ,,Spolecnost pro realizaci D35 Ostrov
— Vysoké Myto, tunel Homole* — EUROVIA CZ a.s.; Marti a.s.;
EUROVIA SK, a.s., projektantom tunela je Amberg Engineering
Slovakia, s.r.o., projektantom razenej ¢asti je spolo¢nost AMBERG
Engineering Brno, a.s. Razenie tunela realizuje spolo¢nost
Marti a.s.

Tunel pozostava z dvoch jednosmernych tunelovych riir s dizkou
Tavej tunelovej riry 525 m (z toho hibena ast 180 m a razen4 Cast
345 m) a pravej tunelovej riry 569 m (z toho hibend cast 120 m
arazena Cast 449 m) (obr. 1). Vritane tunelovych tsekov je celkova
diZka stavby 795 m. Oba tunely budd spojené jednym prie¢nym pre-
pojenim s dizkou 17,5 m. Vyska nadloZia v razenom tseku tunela
sa pohybuje od 8,5 do 24 m nad Tavym tunelom a od 7 do 19 m
nad pravym tunelom. Razenie tunela je navrhnuté metédou NRTM
so strojnym rozpojovanim. Projekt razenej Casti tunela je realizo-
vany podla zmluvnych podmienok s pouZitim Zltej knihy FIDIC
s vybranymi prvkami zo Smaragdovej knihy.

ZMLUVNE PODMIENKY REALIZACIE TUNELA

Vzhladom na geologicki narocnost v mieste budovaného diela sa
objednavatel stavby RSD rozhodol pre vystavbu v reZime Design &
Build, tj. naprojektuj a postav, kde vSeobecné zmluvné podmienky
tvori ZIta kniha FIDIC, osobitné zmluvné podmienky st Osobitné
podmienky RSD k Zltej knihe rozsirené o ustanovenia tykajiice sa
Specifik a rizik podzemnych préc, vratane rizik zédkladovej pddy,
prevzaté zo Smaragdovej knihy FIDIC. Vybrané Casti vystavby
tunela (vykop stavebnych jam, razenie tunela atd.) sa realizuji na
zaklade konkrétneho reZimu merania vykonu, zatial ¢o ostatné Casti
(komunikacie, technoldgia atd.) su definované pausalnou cenou.

Takyto reZim sa v Ceskej republike vyuZiva pri podzemnych stav-
bach vobec po prvykrat!

Metdda Design-Build v zdsade znamend, Ze Dielo je Objedna-
vatelom Specifikované menej podrobne (najmi pokial ide o spd-
sob jeho vykonania), je opisané najmi z hladiska poziadaviek na
ucel, funkciu alebo vykon. Podrobnu $pecifikaciu Diela vypracuje
(navrhne) Zhotovitel. Objednévatel tak vytvara priestor pre inven-
ciu, schopnosti a preukdzanie relevantnych skusenosti Zhotovitela.
V z4ujme C¢o najlepSieho vyuZitia tejto moZnosti sa od Zhotovitela
oCakdva aktivna ucast. Len tak bude Zhotovitel schopny ndjst naj-
efektivnejsi spdsob realizacie Diela.

Hlavnym tcelom PoZiadaviek Objednévatela vo vztahu k Dielu
je opisat:

e zdkladné (ale dostatocne Specifikované) ucelové, funkcéné Ci

vykonové poziadavky na Dielo,

e stavenisko tak, aby umoZznili Zhotovitelovi pripravit Navrh

Zhotovitela,

* dalSie poziadavky, ktoré s Navrhom Zhotovitela alebo pracami

na Diele priamo alebo nepriamo suvisia.

Zhotovitel na zéklade Poziadaviek Objednavatela vypracuje po-
nuku, navrh Zhotovitela a nasledne Dielo naprojektuje, zrealizuje
a bude prevadzkovat v rezime pred¢asného uzivania po dobu jed-
ného roka.

Hlavné poZiadavky pre ndvrh alternativneho rieSenia RSD stano-
vilo nasledovne:

e zmena technického rieSenia resp. projektu, ktora by vied-

la k nesplneniu podmienok stanoviska ,,EIA®, alebo by bola
v rozpore s Uzemnym rozhodnutim, nie je pripustna (napr.
zmena polohy docasnych portdlov, rozsahu razenych a hibe-
nych tunelov apod.);
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The tunnel is located northeast of the village of Vraclav, where the
D35 motorway passes beneath the Vraclav ridge with the Homole
peak. The motorway is designed in category R 25.5/120, with the
central dividing strip widened from 3.0m to 3.5m.

The client for the project is Reditelstvi silnic a dalnic s. p. (RSD),
and the contractor is the Joint Venture “Spolecnost pro realizaci D35
Ostrov — Vysoké Myto, tunel Homole” — EUROVIA CZ a.s.; Marti
a.s.; EUROVIA SK, a.s. The tunnel designer is Amberg Engineering
Slovakia, s.r.o., and the designer of the mined section is AMBERG
Engineering Brno, a.s. The excavation of the tunnel is being carried
out by Marti a.s.

The tunnel consists of two one-way tubes, with the left tunnel tube
measuring 525m (including 180m cut-and-cover and 345m mined
section), and the right tunnel tube measuring 569m (including 120m
cut-and-cover and 449m mined section) (see Fig. 1). Including the
tunnel sections, the total length of the construction is 795m. The two
tunnels will be connected by a single cross passage with a length
of 17.5m. The overburden in the mined section ranges from 8.5 to
24m above the left tunnel and from 7 to 19m above the right tunnel.
The tunnel excavation is designed using the NATM method with
mechanical disintegration of rock. The design of the mined section
is carried out under contractual conditions using the FIDIC Yellow
Book with selected elements from the FIDIC Emerald Book.

CONTRACTUAL CONDITIONS FOR TUNNEL
CONSTRUCTION

Due to the geological complexity at the site of the structure, the
client RSD decided to implement the project under the Design &
Build regime, where the general contractual conditions are based
on the FIDIC Yellow Book, and the special conditions are the RSD
Special Conditions to the Yellow Book, extended with provisions
addressing the specifics and risks of underground works, including
subsoil risks, adopted from the FIDIC Emerald Book. Selected parts
of the tunnel construction (e.g., excavation of construction pits,
tunnel excavation, etc.) are carried out under a specific performance
measurement regime, while other parts (e.g., roadways, technology,
etc.) are defined by a lump-sum price.

This regime is being used for underground construction in the
Czech Republic for the very first time!

The Design-Build method essentially means that the Work is
specified by the Client in less detail (especially regarding the method
of execution), and is described mainly in terms of its purpose, function,
or performance requirements. The detailed specification of the Work
is prepared (designed) by the Contractor. This gives the Contractor
space for innovation, expertise, and demonstration of relevant
experience. To make the most of this opportunity, active participation
from the Contractor is expected. Only then will the Contractor be able
to find the most efficient way to carry out the Work.

The main purpose of the Client’s Requirements in relation to the
Work is to describe:

* the basic (but sufficiently specified) purpose, functional, or

performance requirements for the Work;

e the construction site in a way that enables the Contractor to

prepare the Contractor’s Proposal;

e other requirements directly or indirectly related to the

Contractor’s Proposal or the execution of the Work.

Based on the Client’s Requirements, the Contractor prepares
a bid, the Contractor’s Proposal, and subsequently designs,
constructs, and operates the Work under early use conditions for
a period of one year.

RSD has defined the main requirements for the design of
alternative solutions as follows:
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¢ zmena smerového a vyskového vedenia tunela a prilahlych po-
vrchovych tsekov dialnice nie je pripustna;

¢ zmena kategorie tunela (T-8.0) nie je povolena:

— vodiace pruhy 2 x 0,50 m;
— jazdné pruhy 2 x 3,50 m;
— svetld vysSka tunela 4,8 m.

Zmluvné podmienky Samargdovej knihy FIDIC tykajtce sa Spe-

cifik a rizik podzemnych prac tvoria nasledovné dokumenty:

* GDR - Geotechnical Data Report — subor informdcii zo vset-
kych faz geologického prieskumu;

* GBR - Geotechnical Baseline Report — zmluvny technicky
dokument opisujici podmienky zdkladovej pody, s ktorymi
sa mozno stretnit pocas vykonavania prac, GBR obsahuje po-
pisy, udaje, informécie a varovania tykajice sa ocakdvanych
geotechnickych podmienok a spravania sa zédkladovej pddy
a je jedinym interpretacnym dokumentom;

e smerné plany — predstavuju prehlad Casu straveného dielcimi
¢innostami pocas realizdcie predmetu Diela ako napr. denny
vykon (postup razieb) v jednotlivych vyrubovych triedach
apod.;

¢ harmonogram dokoncenia — predstavuje zoznam milnikov vy-
branych Objedndvatelom na realiziciu predmetu diela, ktoré
Zhotovitel dokon¢il.

GBR nastavuje 7 klacovych kritérii k, az k, pre vietky ocaka-
vané technologické triedy (TT). Tie boli stanovené od TT3 azZ po
TT5b. Kazdé kritérium m4 svoj rozsah a prekrocenie tohto rozsahu
mimo predpokladané hodnoty vedie k potrebe implementovat urcité
opatrenia a umoZziiuje to povazovat tito pracu za dodatocnu pracu
v ramci zmluvy.

Ako priklad zo samotného razenia tunela je mozné uviest prekro-
Cenie kritéria k, (hodnotenie QTS), kde sa hodnoty pre toto krité-
rium pre vSetky TT pohybovali od 32 do 64 bodov. V skutocnosti
sa v niektorych usekoch razby vyhodnotilo toto kritérium na viac
ako 64 bodov (najvyssia stanovend hodnota bola 66 bodov). Zaro-
vefi sa v tych istych dasekoch vyhodnotilo aj kritérium k, (spdsob
rozpojovania) na rozpojovanie pomocou trhacich pric. Oproti tomu
sa v ramci stanoveného GBR predpokladalo len strojné rozpojova-
nie.

Tieto skutocnosti viedli k vyskytu novej technologickej triedy
TT2, ktora je povaZzovand v zmysle zmluvnych podmienok za na-
viac prace a teda narok.

Tab. 1 Kritéria GBR
Kri-
téri- | Popis
um
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* any change to the technical solution or design that would result
in non-compliance with the “EIA” statement or conflict with
the “Land Use Decision” is not permitted (e.g., changes in the
location of temporary portals, extent of mined and cut-and-
cover tunnel sections, etc.);

 changes to the horizontal and vertical alignment of the tunnel
and adjacent surface sections of the motorway are not permitted;

* changes to the tunnel category (T-8.0) are not allowed:

— guiding lanes: 2 x 0.50m;
— driving lanes: 2 x 3.50m;
— tunnel clearance height: 4.8m.

The contractual framework from the FIDIC Emerald Book
addressing the specifics and risks of underground construction
consists of the following documents:

* GDR - Geotechnical Data Report: A compilation of infor-

mation from all phases of the geological investigation.

* GBR - Geotechnical Baseline Report: A contractual technical
document describing the subsoil conditions that may be
encountered during the execution of the works. The GBR
includes descriptions, data, information, and warnings regarding
expected geotechnical conditions and subsoil behavior, and
serves as the sole interpretative document.

* Guidance Schedules: These provide an overview of time
spent on partial activities during the execution of the Work,
such as daily performance (excavation progress) in individual
excavation classes, etc.

e Completion Schedule: A list of milestones selected by the
Client for the execution of the Work, which the Contractor has
completed.

The GBR sets out seven key criteria (k, to k,) for all expected
Technological Classes (TT), defined from TT3 to TT5Sb. Each
criterion has a defined range, and exceeding this range beyond the
expected values requires the implementation of specific measures
and allows the work to be considered additional work under the
contract.

An example from the tunnel excavation itself is the exceeding of
criterion k, (QTS assessment), where the expected values for all TT
ranged from 32 to 64 points. In reality, in some excavation sections,
this criterion was assessed at more than 64 points (the highest
recorded value was 66 points). At the same time, in those same
sections, criterion k, (excavation method) was assessed as requiring

Table 1 GBR Criteria

Cri-
teri- | Description
on

pocet bodov podfa klasifikacie QTS (Tesar O., 1990)

klasifikaény parameter A — pevnost Glomkov horniny v prostom tlaku
c
kldasifikaény parameter B — priemerna roztec diskontinuit

klasifikacny parameter C — hibka skimanej horniny pod bazou

k; | pokryvnych ttvarov D

redukény parameter o — orientacie diskontinuit voci ose podzemného
diela

redukény parameter 3 — drsnost, tvar a vypli diskontinuit

redukény parameter y — pritoky podzemnej vody do diela

redukény parameter & — hydrostaticky tlak podzemnej vody

number of points according to QTS classification (Tesaf O., 1990)

classification parameter A — compressive strength of rock fragments
c

clglssification parameter B — average spacing of discontinuities
classification parameter C — depth of investigated rock below the

K, | base of overburden formations

reduction parameter o. — orientation of discontinuities relative to the
axis of the underground structure

reduction parameter 3 — roughness, shape, and infill of discontinuities
reduction parameter yy — groundwater inflows into the structure
reduction parameter 6 — hydrostatic pressure of groundwater

k, |geotypy k, |geotypes

k, | sklon vrstiev k, |layer inclination

k, |tektonicka porucha k, | tectonic fault

k; | tvorba nadvyrubov k. | overbreak formation

k, |spdsob rozpojovania k, | excavation method

k, |deformacie primarneho ostenia k, |deformations of primary lining
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Smerné plany definuju jasne stanovené rychlosti postupu v jed-
notlivych technologickych triedach razenia s danou dizkou zaberu,
technologickymi prestavkami, ako aj ¢asovy dopad na jednotlivé
operacie prekracujice mnoZstvo nad ramec projektu [1].

GEOLOGICKE A HYDROLOGICKE POMERY

Oblast tunela Homole z geologického hladiska spada do zaujmo-
vého tzemia nachadzajiiceho sa na vychodnom okraji Ceskej krie-
dovej panvy, v tzv. orlicko-Zdarskom facidlnom vyvoji kriedy.

Podla planovaného smeru a vysky tunel prechiadza cez hrebeti
Vraclavsky chrbat a narazi na geneticky rozmanité Stvrtohorné
pddne vrstvy a predkvartérne podloZzie, ktoré v skimanej oblasti
pozostavaju z variabilnych kriedovych piescitych sliefiovcov a pra-
chovcov s miestnym vyskytom ilovitych vapencov. Stabilna hladina
podzemnej vody (HPV) sa nachidza po celej dizke trasy nad tune-
lom a podzemna voda nemé agresivny vplyv na betdn.

Uzemie je tvorené premenlivymi kriedovymi sedimentmi, pre-
menlivo piesCitymi prachovcami, slielovcami a vapnitymi flovcami
sivej farby.

Tunel bol rozdeleny z geologického hladiska do tzv. kvazihomo-
génnych celkov s podobnou geoldgiou. Razenu Cast lavej tunelovej
rary tvoria dva kvazihomogénne celky (KHC) a razenu Cast pravej
tunelovej riry tvoria tri kvazihomogénne celky.

Pred zacCiatkom raziacich prac bol Zhotovitelom realizovany do-
dato¢ny geologicky prieskum v oblasti pravej tunelove;j riry, ktorym
sa upresnil stav horniny v trase tunela. Jeho stcastou bola realizicia
Styroch prieskumnych vrtov, kazdy s dizkou 30 m, v miestach, kde
nebolo moZzné predtym realizovat tieto vrty kvoli vedeniu vysokého
napitia, ktoré bolo pred odovzdanim stavby Zhotovitelovi preloZe-
né. Dodatocny geologicky prieskum potvrdil nepriaznivé geologic-
ké pomery v oblasti pravej tunelovej rury KHC I a II a priaznivejSie
geologické podmienky v KHC III.

Hydrologické pomery v trase sa v lavej aj pravej tunelovej rire
predpokladali ako nepriaznivé, s vydatnostou puklinovej vody 20 az
22 1/s. Vydatnost sa v skutocnosti pohybovala v rozmedzi do 4 I/s
a v okoli tunela klesla hladina podzemnej vody od 4 do 8 metrov
oproti stavu pred razenim tunelov.

GEOTECHNICKY MONITORING (GTM) PRED RAZENIM
A POCAS RAZENIA

Cast geotechnického monitorovania zabezpeCuje Objedndvatel
(merania, ktoré ovplyviiuji stanovenie kluc¢ovych kritérii GBR a Zi-
votnost tunela), zvysnu Cast zabezpecuje Zhotovitel.

Vzhladom na zlozitost inZiniersko-geologickych pomerov stavby
sa GTM rozdelil na meranie pred razenim a pocas razenia. Pred
razenim bolo zacaté meranie na existujicich aj novych inklino-
metrickych vrtoch, trigonometrické meranie stoZiaru VN a jeho
ndklonu, geodetické sledovanie zahlavia inklinometrickych vrtov,
trigonometrické meranie bodov na zdpadnom a vychodnom portali,
meranie na dynamometroch osadenych na kotvach stavebnej jamy
zapadného portalu.

Pred zacatim razenia a pocas neho boli na povrchu v trase tunelov
osadené Styri geodetické profily s meranim sadania bodov na povr-
chu a tri extenzometrické profily. Pre meranie poklesu na ceste /17
bolo osadenych Sest bodov pre trigonometrické meranie.

V tuneloch boli navrhnuté pit- a sedembodové konvergencné pro-
fily na monitorovanie vyvoja deformacii ostenia. Na meranie nama-
hania primarneho ostenia boli navrhnuté tri tenzometrické profily.

Od zaciatku pric na zdpadnom portali prebieha meranie stavu
hladin podzemnej vody v hydrovrtoch.
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blasting, whereas the GBR had assumed mechanical excavation
only.

These circumstances led to the emergence of a new technological
class TT2, which is considered additional work under the contractual
conditions and thus qualifies as a claim.

The guidance schedules clearly define the excavation progress
rates in each technological class, including the length of excavation
rounds, technological breaks, and the time impact of operations
exceeding the quantities planned in the project [1].

GEOLOGICAL AND HYDROLOGICAL CONDITIONS

From a geological perspective, the area of the Homole Tunnel lies
on the eastern edge of the Czech Cretaceous Basin, within the so-
called Orlicko-Zdarské facies development of the Cretaceous.

According to the planned alignment and elevation, the tunnel
crosses the Vraclav Ridge and encounters genetically diverse
Quaternary soil layers and pre-Quaternary bedrock. In the studied
area, the bedrock consists of variable Cretaceous sandy marlstones
and siltstones, with local occurrences of clayey limestones. The
stable groundwater level (GWL) is located above the tunnel along
its entire length, and the groundwater does not have an aggressive
effect on concrete.

The area is composed of variable Cretaceous sediments, including
sandy siltstones, marlstones, and calcareous claystones of grey
color.

Geologically, the tunnel was divided into so-called quasi-
homogeneous units (QHU) with similar geological characteristics.
The mined section of the left tunnel tube consists of two QHUs,
while the mined section of the right tunnel tube consists of three
QHUs.

Before the start of excavation works, the Contractor carried out
an additional geological survey in the area of the right tunnel tube
to refine the rock conditions along the tunnel route. This included
four exploratory boreholes, each 30 meters long, drilled in locations
where previous drilling was not possible due to high-voltage
lines, which were relocated before the site was handed over to the
Contractor. The additional geological survey confirmed unfavorable
geological conditions in QHU I and II of the right tunnel tube and
more favorable conditions in QHU III.

Hydrological conditions along the tunnel route were initially
expected to be unfavorable in both the left and right tunnel tubes,
with estimated fracture water yields of 20 to 22 liters per second. In
reality, the yield ranged up to 4 liters per second, and the groundwater
level around the tunnel dropped by 4 to 8 meters compared to the
pre-excavation state.

GEOTECHNICAL MONITORING (GTM) BEFORE
AND DURING EXCAVATION

Part of the geotechnical monitoring is provided by the Client
(measurements affecting the determination of key GBR criteria and
tunnel durability), while the remaining part is carried out by the
Contractor.

Due to the complexity of the engineering-geological conditions
of the project, GTM was divided into monitoring before excavation
and during excavation. Prior to excavation, measurements were
initiated on both existing and new inclinometer boreholes,
trigonometric measurements of the high-voltage pole and its
tilt, geodetic monitoring of the borehole heads, trigonometric
measurements at the western and eastern portals, and measurements
on dynamometers installed on anchors of the construction pit at the
western portal.
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Najvicsia obava bola z prechodu tunela popod dopravne vysoko
zatazenu cestu I/17, preto boli aj na ceste osadené trigonometrické
body. Pocas razenia tunela sa maximalne sadanie vozovky ustalilo
na hodnote 48 mm, ¢o bolo v ramci povoleného rozsahu a neboli ani
viditelné zmeny na vozovke, takZe doprava nebola Ziadnym sposo-
bom obmedzena (okrem zniZenia max. rychlosti) aj napriek tomu,
7e RSD predpokladalo obmedzenia dopravy.

TECHNICKE RIESENIE RAZENIA

Razenie bolo planované zo stavebnej jamy na zapadnom portali.
Lavi tunelov4 riira dlha 525 m je tvorena 70 m hibenym tunelom na
zdpade, razenymi tisekmi dvoch kvazihomogénnych celkov o diz-
kach I. KHC 190 m a IT. KHC 155 m a hibenym tisekom na vychod-
nom portali s dizkou 110 m hibenym pod korytnackou (dodatoéna
zmena dodévatela v ramci spracovania RDS). Pravy tunel s dizkou
570 m tvori 70 m hibeného tunela na zipade, razenymi dsekmi
troch kvazihomogénnych blokov o dizkach I. KHC 145 m, II. KHC
190 m a III. KHC 115 m s hibenym tdsekom na vychodnom portali
s dizkou 50 m.

Razenie NRTM je v celej dizke ¢lenené horizontdlne na kalotu
a stupenl. V TTS sa predpokladala razba s protiklenbou.

Oproti referencnej dokumentécii sa zhotovitel rozhodol pre dve
zasadné zmeny technického rieSenia. Navrhol jedno priecne prepo-
jenie medzi tunelovymi rurami (obr. 2), ktoré bolo situované pria-
mo pod cestou I/17. Toto nové riesenie spliialo platné bezpeénostné
normy. V referenc¢nej dokumentécii boli navrhnuté dve priecne pre-
pojenia, ale len z dovodu, aby prepojenie nebolo situované priamo
pod cestou. Pri samotnej razbe prie¢neho prepojenia sa vplyvom
vhodne navrhnutej technoldgie razenia tieto obavy nenaplnili a ne-
boli prekrocené stanovené konvergencie v tomto Gseku.

Obr. 2 Prerazenie priecneho prepojenia tunelov
Fig. 2 Breakthrough of the tunnel cross passage

Tuel

Before and during excavation, four geodetic profiles were
installed on the surface along the tunnel route to measure surface
settlement, along with three extensometer profiles. For monitoring
settlement on road 1/17, six points were installed for trigonometric
measurement.

Inside the tunnels, five-point and seven-point convergence profiles
were designed to monitor deformation of the tunnel lining. For
measuring stress in the primary lining, three tensometric profiles
were proposed.

Since the beginning of work at the western portal, groundwater
level measurements have been conducted in hydrogeological
boreholes.

The greatest concern was the tunnel’s passage beneath the heavily
trafficked road I/17, which is why trigonometric points were also
installed on the road. During tunnel excavation, the maximum road
settlement stabilized at 48mm, which was within the permitted
range. No visible changes occurred on the road surface, and traffic
was not restricted in any way (except for a reduction in maximum
speed), despite initial expectations by RSD that traffic limitations
would be necessary.

EXCAVATION DESIGN

Excavation was planned from the construction pit at the western
portal. The left tunnel tube, 525m long, consists of a 70m cut-
and-cover section at the west, mined sections through two quasi-
homogeneous units with lengths of 190m (QHU I) and 155m
(QHU II), and a 110m section at the eastern portal executed by
”door frame” method (a later design change by the Contractor
during the RDS phase). The right tunnel tube, 570m long, consists
of a 70m cut-and-cover section at the west, mined sections through
three QHUs with lengths of 145m (QHU I), 190m (QHU II), and
115m (QHU III), and a 50m cut-and-cover section at the eastern
portal.

Excavation using the NATM method is horizontally divided into
top heading and bench throughout its length. In Technological Class
TTS5, excavation with an invert arch was anticipated.

Compared to the reference documentation, the Contractor
proposed two major changes to the technical solution. Contractor
proposed a single cross passage between the tunnel tubes (see
Fig. 2), located directly beneath road I/17. This new solution
met all applicable safety standards. The reference documentation
had proposed two cross passages, primarily to avoid placing one
directly under the road. However, during the actual excavation of
the cross passage, thanks to a well-designed excavation technology,
these concerns were not realized, and the specified convergence
limits were not exceeded in this section.

In the area above the tunnel beneath road I/17 and along the
axis of the left tunnel tube from the road to the eastern portal, jet
grouting consolidation of the tunnel overburden from the surface
was originally planned due to anticipated unfavorable geology. The
Contractor decided to replace this with support measures carried
out from the tunnel face, including cement pressure injection using
amicropile umbrella (MPD), cement or chemical pressure injection
ahead of the top heading face, chemical pressure injections above
the MPD, face stabilization using 16m long IBO anchors (332mm).

Excavation began from the western portal in Technological
Class TT4P, under a 15m long micropile umbrella with micropiles
of 89mm diameter, 31 pieces, excavation round length of 1.25m,
200mm thick shotcrete with two layers of reinforcement mesh
?6/150/150mm, and radial anchoring using IBO anchors @32mm,
4m long.




Tuel

V mieste nad tunelom pod cestou I/17 a v osi Tavej tunelovej
riry od cesty po vychodny portal sa z dévodu predpokladu velmi
nepriaznivej geologie planovala konsoliddcia nadloZia tunela trys-
kovou injektdZou z povrchu. Toto rieSenie sa Zhotovitel rozhodol
nahradit sana¢nymi opatreniami realizovanymi z Celby tunela, ktoré
spocivali z pouZitia cementovej tlakovej injektdZe mikropilotového
dézdnika (MPD), tlakovej cementovej alebo chemickej injektdze
predpolia celby kaloty, chemickych tlakovych injektazi nad MPD
a zaistenia Celby 16 m dlhymi kotvami IBO 32 mm.

Zaciatok razenia bol zo zdpadného portalu v technologicke;j trie-
de TT4P pod mikropilétovym ddZdnikom dizky 15 m s priemerom
mikropilét 89 mm, v pocte 31 ks, dizka zaberu 1,25 m, striekany
beton hrabky 200 mm s dvoma vrstvami Kari sieti @6/150/150 mm,
radialne kotvenie s IBO 32 mm dizky 4 m.

Po 10 m razenia sa pokracovalo v TT3 so zabezpecenim vyrubu
ako v TT4 s diZkou zaberu 1,5 m a vynechanim druhej vrstvy kari
sieti. Ako uz bolo vyssie spomenuté, pri razeni boli zastihnuté priaz-
nivejSie geologické podmienky v zmysle kritérii GBR a bola dopl-
nend novd trieda TT2 s ponechanim vystrojovacich prvkov z TT3 so
zaberom dizky 1,75 m a s pouzitim trhacich prac. V. KHC II v Tavej
a pravej tunelovej rure, kde sa predpokladali nepriaznivé geologic-
ké podmienky, ako vysSie pritoky podzemnej vody, vyskyty nesu-
drznych zemin zaroven pri nizkom nadloZi, boli navrhnuté TT5a,
5b, 5bTI s razenim pod mikropilétovym dazdnikom @139,7 mm
dizky 15m, v poéte 35 ks realizovanych z kaplniek, vytvorenych
postupnym nastidpanim dizky 10 m so zaberom 1 m. Vystrojovacie
prvky tvori 350 mm striekaného beténu s dvoma vrstvami kari sieti
?6/150/150 mm a doplnené o sanané opatrenia spomenuté vys-
Sie (obr. 3). V pripade potreby v pite kaloty bola navrhnuta ,,slonia
noha“ s kotvenim IBO 32 mm dizky 4 m pre zhorSené geologické
podmienky. V TT5aTI je navrhnutd kari siet @38/150/150 mm.

Zaistenie vyrubu a Celby kaloty bolo realizované stabilizacnym
striekanym beténom hribky 10 cm s kari siefou pre kazdy zaber.

VSetky sana¢né opatrenia boli navrhované pre nepriaznivé geolo-
gické a hydrogeologické pomery v nadvéznosti na razenie pod ko-
munikéciou I/17 a nizkym nadloZim tunela. Z tohto hladiska bol
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After 10 meters of excavation, work continued in Technological
Class TT3, using the same excavation support system as in TT4,
with an excavation round length of 1.5m, but omitting the second
layer of reinforcement mesh. As previously mentioned, more
favorable geological conditions were encountered during excavation
according to GBR criteria, leading to the introduction of a new class
TT2, which retained the support elements from TT3, used 1.75m
excavation rounds, and employed blasting methods.

In QHU II of both the left and right tunnel tubes, where
unfavorable geological conditions were expected such as high
groundwater inflows, occurrences of cohessionless soils, and low
overburden TT5a, TT5b, and TTSbTI were proposed. Excavation
was carried out under a micropile umbrella @139.7mm, 15m
long, with 35 micropiles, installed from niches created by gradual
ascent over 10m, with 1m excavation rounds. Support elements
included 350mm of shotcrete with two layers of reinforcement
mesh @6/150/150mm, supplemented by the previously mentioned
support measures (see Fig. 3).

In cases of deteriorated geological conditions at the base of the
top heading, an “elephant foot” support was proposed, anchored
with IBO @32mm, 4m long. In TT5aTI, reinforcement mesh
?8/150/150mm was specified.

Excavation face and top heading stabilization was carried out
using 10cm thick shotcrete with reinforcement mesh for each round.

All support measures were designed to address unfavorable
geological and hydrogeological conditions, particularly in relation
to excavation beneath road 1/17 and the low overburden of the
tunnel. Accordingly, the technological procedure was designed with
a requirement for rapid closure of the top heading and tunnel invert,
maintaining a distance between top heading and invert of 4 to 10m.

In the presence of less stable and weaker rock, a top heading
invert arch was proposed, consisting of 200mm shotcrete and two
layers of reinforcement mesh.

For the third quasi-homogeneous unit in the right tunnel tube, TT4J
was proposed, with: 1.25m excavation rounds, 200mm shotcrete

with two layers of reinforcement

tlakova injektaz celby

pfes manzetovou trubku

pressure grouting of the tunnel face
through a sleeve pipe

mikropilotovy destnik

@139,7/5/ dl. 15 m
umbrella of micropiles
@139.7/5/ length 15m

primarni osténi ds = 350 mm
primary lining thickness = 350mm
stfikany beton SB25 J2

sprayed concrete SB25 J2

pilozky @12/450
additional rebar reinforcement

0121450 S

vyztuz sloni nohy lkalota | -
“elephant foot” reinforcement o A to e
Kari sit @6/150/150 mm ST J’ Foaa
reinforcement mesh @6/150/150mm R ea mgr :

IBOR32dl.4m
IBO R32 rods, length 4m

2x kari sit @6/150/150 mm
2x reinforcement mesh
@6/150/150mm

chemicka injektaz pfes samozavrtné svorniky
IBOR32dl.6 m

chemical grouting through self-drilling

IBO R32 rods, length 6m

2x kari sit @8/150/150 mm
2x reinforcement mesh @8/150/150mm

mesh @6/150/150mm, IBO bolts
@32mm, 4m long, 10 pieces per
round, IBO spiles@32mm, 8m long,
45 pieces every third round (see
Fig. 4 and 5).

At both the western and eastern
portals, construction pits are secured
with piled walls and cable anchors.
To reduce the depth of the portal pit
and thereby reduce excavation work
and reinforcement volume (e.g.,
fewer anchored walings) a “door
frame” structure will be created in
the left tunnel at the eastern portal,
105m long, beneath which the tunnel
section will be excavated.

Operational and technological
facilities will be constructed at both
portals.

pfihradovy rdm
lattice girder

10920

protiklenba ds = 200 mm

invert arch thickness = 200mm
stfikany beton SB25 J2

sprayed concrete SB25 J2

2x kari sit @6/150/150 mm

2x reinforcement mesh @6/150/150mm

EXCAVATION PROGRESS

Excavation began on November
22, 2024, in the left tunnel tube, in

Obr. 3 Priecny rez v TT5bTI a pozdlziny rez
Fig. 3 Cross-section in TT5bTI and longitudinal section

accordance with the schedule. At the
time of writing this article, the left
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Obr. 4 Injektdz kaloty v TT5a
Fig. 4 Top heading grouting in TT5a

tvoreny i technologicky postup s poziadavkou na rychle zatvaranie
kaloty a dna tunela s odstupom kaloty od dna 4 azZ 10 m.

Pri zastihnuti menej pevnych a nestabilnych hornin je navrhnuta
protiklenba kaloty s 200 mm striekaného betonu a dvoma vrstvami
kari sieti.

Pre treti kvazihomogénny celok v pravej tunelovej rire je navr-
hnutd TT4J s dizkou zaberu 1,25 m, 200 mm strickaného beténu
s dvoma kari sietami ©6/150/150 mm, svornikmi IBO @#32 mm
dizky 4 m v pocte 10 ks na zdber a ihly IBO @32 mm dizky 8 m
v pocte 45 ks kazdy treti zaber (obr. 4 a 5).

Na zdpadnom a vychodnom portéli st stavebné jamy zaistené pi-
16tovymi stenami s lanovymi kotvami. Za ti¢elom zniZenia hibky
portilovej jamy a tym zniZenia vykopovych prac a zniZenia objemu
vystuzenia stavebnej jamy (napr. zniZenie poctu kotevnych prahov)
na vychodnom portdli sa v Tavom tuneli vytvori tzv. korytnacka
v diZke 105 m, pod ktorou sa dany tsek vyrazi. Na oboch portéloch
budt vybudované prevadzkové technologické objekty.

PRIEBEH RAZENIA

Razenie bolo zacaté 22. 11. 2024 v lavej tunelovej rure podla
harmonogramu. V Case pripravy tohto ¢lanku bola lava tunelova
rira vyrazena v celej diZke a v pravej tunelovej riire bolo potrebné
dorazit 120 m. Priebeh razenia potvrdil lepSie parametre horniny
s vyS§im zastiipenim geotypov K4 a K5 (horniny pevnostnej triedy
R3 az R2) v kalote a potrebu nasadenia trhacich prac (obr. 6). Do-
plnila sa novd trieda vyrubu TT2. Hornina sa vyznacovala velkou
blokovitostou a tvorbou nadvylomov. Na tito skutoc¢nost sa za-
reagovalo skratenim zaberov, osadzovanim vicSieho poctu ihiel
v kazdom zabere a osadzovanim celbovych kotiev. V zéne portich
bol vyrazny prechod geotypov K2 (horniny pevnostnej triedy R5)

Obr. 5 Razenie kaloty v TT5a
Fig. 5 Top heading excavation in TT5a

tunnel tube had been fully excavated, and 120 meters remained to be
excavated in the right tunnel tube.

The excavation progress confirmed better rock parameters, with
a higher presence of geotypes K4 and K5 (rock strength classes
R3 to R2) in the top heading, and the need to use blasting methods
(see Fig. 6). A new excavation class TT2 was added. The rock was
characterized by high blockiness and overbreak formation. This was
addressed by shortening excavation rounds, installing more IBO
spiles per round, and using face anchors.

In fault zones, there was a significant transition between geotypes
K2 (rock strength class R5) and K4, where the top heading roof was
unstable, while solid rock was present at the tunnel invert level.

Obr. 6 Geologia TT3
Fig. 6 Geology of TT3




TuNel

a K4, kde strop kaloty bol nesta-
bilny a na trovni dna sa nacha-
dzali pevné horniny.

Pre razenie v TT5a, 5b, SbTI
bol nasadeny vftaci stroj Soil-
mec ST 120. Tento dvojlafetovy
vitaci voz s dizkou lafety 24 m
sa nasadil Specidlne na vitanie
mikropilét s kusovou dizkou
mikropildty 15 m bez spoja a na
vitanie a osadzovanie ¢elbovych
kotiev v nesudrznych horninach
(obr. 7). Priemer mikropiloty
139,7 mm sa volil v nadviznosti
na geol6giu a potrebny priestor
pre vyplach medzi stenou mik-
ropiléty a ponornym kladivom.
Vrtny stroj umoZziiuje vitanie na
vodny aj vzduchovy vyplach.
VyuZzival sa hlavne vzduchovy
vyplach s minimdlnym mnoZz-
stvom vody, ¢o malo za nasle-
dok, Ze sa zachovévali pevnostné
vlastnosti hornin, ¢o malo pozi-
tivny vplyv na stabilitu vyrubu.

Razenie kaloty prebiehalo
v slieniovcoch, ilovcoch a kvar-
térnych zemindch v strope tu-
nela.

Pri razeni sa zatial nepotvrdili
predpokladané pritoky podzem-
nej vody. Puklinova voda v ho-
rizontoch s vydatnosfou do 2,5 1/s postupne prechddzala zo stropu
kaloty aZz do dna v druhom KHC oboch tunelovych rtr.

Pocas razenia neboli zaznamenané vyznamnejSie konvergencie
v tuneli, alebo sadanie na povrchu. Maximalne zaznamenané sada-
nie bolo na povrchu 86 mm v lesnom poraste a konvergencie v tu-
neli 62 mm.

Obr. 7 Soilmec ST 120 — spevriovanie horninového prostredia
Fig. 7 Soilmec ST 120 - rock mass stabilization

ZAVER

Prace na razeni tunela Homole budi prebiehat do oktébra 2025.
Dokoncenie a uvedenie celého diela do skiSobnej prevadzky je pla-
nované na december 2026. Tunel Homole vratane dokoncenia celého
uiseku D35 Ostrov — Vysoké Myto prispeje k zlepSeniu a odlahce-
niu dopravnej situdcie v regiéne a celkovému dokonceniu dialnice
D35.

Vystavba s vyuZitim podmienok vystavby podla Smaragdovej
knihy FIDIC sa v CR a SR realizuje vobec po prvykrat a praktické
skiisenosti s touto vystavbou budii neocenitelné pre planovanie bu-
ducich tunelovych projektov ¢i uz v cestnej alebo Zelezni¢nej infra-
Struktire v Cechach a moZno aj na Slovensku.

Ing. ANDRE] KORBA, andrej.korba @martias.sk,
Ing. BORIS CILLIK, boris.cillik@martias.sk, Marti a.s.

Recenzoval Reviewed: Ing. Petr Makdsek, Ph.D.
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For excavation in TT5a, TT5b,
and TT5bTI, the Soilmec ST 120
drilling rig was deployed. This
dual-boom drill rig, with a boom
length of 24m, was specifically
used for drilling 15m long
micropiles without joints, and
for drilling and installing face
anchors in cohessionless soils (see
Fig. 7). The micropile diameter
of 139.7mm was selected based
on geological conditions and the
required clearance for flushing
between the micropile wall and
the down-the-hole hammer. The
drill rig supports both water and
air flushing, with air flushing
being primarily used, minimizing
water usage and preserving
the strength properties of the
rock, which positively impacted
excavation stability.

Excavation of the top heading
was carried out in marlstones,
claystones, and Quaternary soils
at the tunnel crown.

So far, the anticipated ground-
water inflows have not been
confirmed. Fracture water with
a yield of up to 2.5L/s gradually
migrated from the top heading to the invert in the second QHU of
both tunnel tubes.

During excavation, no significant tunnel convergence or surface
settlement was recorded. The maximum surface settlement was
86mm in forested terrain, and tunnel convergence reached 62mm.

CONCLUSION

Excavation work on the Homole Tunnel is scheduled to continue
until October 2025. Completion and commissioning of the entire
structure for trial operation is planned for December 2026. The
Homole Tunnel, along with the completion of the entire D35 Ostrov
— Vysoké Myto section, will contribute to improving and relieving
traffic conditions in the region and to the overall completion of the
D35 motorway.

Construction using the FIDIC Emerald Book contractual
conditions is being implemented for the very first time in the Czech
Republic. Practical experience gained from this project will be
invaluable for planning future tunnel projects, whether in road or
railway infrastructure, in the Czech Republic and possibly also in
Slovakia.

Ing. ANDRE] KORBA, andrej.korba @martias.sk,
Ing. BORIS CILLIK, boris.cillik@martias.sk, Marti a.s.

[1] UHRIN M., KLEE L. Smaragdova kniha a zlaté zasady FIDIC. [online]. Casopis stavebnictvi., [cit. 2024-03-09]. Dostupné
z https://www.casopisstavebnictvi.cz/clanky-smaragdova-kniha-a-zlate-zasady-fidic.html.
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CEMENTOBETONOVE VOZOVKY V TUNELOCH — TECHNICKE
A PREVADZKOVE ASPEKTY NAVRHU

CEMENT CONCRETE PAVEMENTS IN TUNNELS - TECHNICAL
AND OPERATIONAL DESIGN ASPECTS

ANDREA ZUZULOVA

ABSTRAKT

Cementobetonové vozovky predstavujii spolahlivé a trvdcne rieSenie v ndrocnych podmienkach tunelovych stavieb. Ndavrh konStrukcie
vozovky musi zohladiiovat mechanické, environmentdlne a ekonomické poZiadavky, zahriiujiice stavebné ndklady (vrdtané projekcnej ¢in-
nosti), ndklady na budiicu stavebnii lidrzbu a zabezpecenie prevddzky. Prispevok sa zameriava na Specifikd ndvrhu a poZiadavky vystavby
a prevddzky cementobetonovych vozoviek v tunelovych tisekoch cestnej infrastruktiiry. Analyzované sii vyhody ako dlhd Zivotnost, vysokd
inosnost, znizené ndklady na vidrZbu a zdroveri su popisané moZné rizikd suvisiace s bezpecnostnymi poZiadavkami v tuneloch.

ABSTRACT

Cement concrete pavements represent a reliable and durable solution under the demanding conditions of tunnel construction. The
pavement design must take into account mechanical, environmental, and economic requirements, including construction costs (including
design activities), future maintenance costs, and operational safety. This paper focuses on the specific aspects of design, as well as the
construction and operational requirements of cement concrete pavements in tunnel sections of road infrastructure. It analyzes advantages
such as long service life, high load-bearing capacity, and reduced maintenance costs, while also describing potential risks related to safety

requirements in tunnels.

POZIADAVKY NA VOZOVKY V CESTNYCH TUNELOCH

V tuneloch ako v $pecifickych dopravnych objektoch sa kladu vy-
soké naroky na konstrukciu vozovky. Pri vybere vozovky sa Casto
porovnavaju dva typy konsStrukcii, a to asfaltobeténové a cemen-
tobeténové. Oba typy maju svoje vyhody a nevyhody, ktoré je po-
trebné vzdy zvazit s ohladom na okrajové podmienky. Vyber medzi
asfaltovou a beténovou vozovkou by mal byt zaloZeny na Specific-
kych poziadavkach projektu, klimatickych podmienkach, doprav-
nom zataZeni, planovanej dobe Zivotnosti, moznosti tdrzby a oprav
a dostupnosti finanénych zdrojov.

Na vozovku je potrebné sa pozerat v kontexte celého jej Zivotné-
ho cyklu. Preto je potrebné implementovat postupy s vyznamnym
akcentom na trvalo udrZatelnd vystavbu a najmé spravu. Udrzatel-
nost je jednym z kltucovych kritérii pre konStrukciu vozoviek. Nend-
ro¢nd udrzba, vysoka spolahlivost, dobré Zivotnost a aj nehorlavost
a netoxicita prispievajui k bezpecnosti v tuneloch ako aj k celkovej
udrzatelnosti cestnej siete. Optimédlna volba by mala byt zaloZena
na dokladnej analyze prevadzkovych podmienok a finan¢nych moz-
nosti pocas celej Zivotnosti vozovky. Tieto Specifické poziadavky na
kvalitu a vlastnosti vozoviek v tuneloch urcuji nirodné a eurépske
normy a technické predpisy. Vo viacerych krajinach, vratane Ne-
mecka, Rakiiska, Belgicka, Franctizska alebo Svédska, su tieto po-
Ziadavky velmi prisne nastavené, vzhladom na mozné vysSie rizika
bezpecnosti v tuneloch.

Aby bola zaistena bezpecnost a spolahliva dopravna dostupnost,
je pre vozovku v tuneli nutny dobry navrh a vhodny vyber materia-
lov. Navrh vozovky musi prihliadat na mechanické, environmental-
ne a ekonomické poziadavky, zahfiajice stavebné naklady (vratane
projekcnej Cinnosti), ndklady na budicu stavebnu udrzbu a zabez-
pecenie prevadzky (tab.1) [1].

Preto je potrebné pri navrhu vozovky v tuneloch jasne formulo-
vat vSetky poziadavky. Z hladiska prevadzkovej sposobilosti st to
najmi [2]:

* rovnost v prie¢nom aj pozdiznom smere;

* drsnost a odolnost proti vyhladzovaniu povrchu.

REQUIREMENTS FOR PAVEMENTS IN ROAD TUNNELS

Tunnels, as specific types of transport structures, place high
demands on pavement construction. When selecting the pavement
type, two main construction types are often compared: asphalt
concrete and cement concrete. Both have their advantages and
disadvantages, which must always be considered in light of the
boundary conditions. The choice between asphalt and concrete
pavement should be based on the specific project requirements,
conditions, traffic load, planned service life,
maintenance and repair options, and the availability of financial

climatic

resources.

Pavement should be viewed in the context of its entire life cycle.
Therefore, it is necessary to implement procedures with a strong
emphasis on sustainable construction and especially on sustainable
management. Sustainability is one of the key criteria for pavement
construction. Low maintenance requirements, high reliability,
good durability, as well as non-flammability and non-toxicity
contribute to tunnel safety and the overall sustainability of the
road network. The optimal choice should be based on a thorough
analysis of operational conditions and financial possibilities
throughout the pavement’s life cycle.

These specific requirements for the quality and properties of
tunnel pavements are defined by national and European standards
and technical regulations. In several countries, including Germany,
Austria, Belgium, France, and Sweden, these requirements
are set very strictly due to the potentially higher safety risks in
tunnels.

To ensure safety and reliable traffic accessibility, a good
design and appropriate material selection are essential for tunnel
pavements. The pavement design must consider mechanical,
environmental, and economic requirements, including construction
costs (including design activities), future maintenance costs, and
operational safety (see Table 1) [1].
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Tab.1 Porovnanie vlastnosti krytu vozovky
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Table 1 Comparison of pavement cover properties

Viastnost : Kr¥t vozovky : Property Pavement cover
cementobetonovy asfaltovy cement concrete asphalt concrete
Zivotnost 30-40 rokov 8-10 rokov Service life 30-40 years 8-10 years
Odolnost voci teplotdm vysoka nizka Temperature resistance high low
Poziarna odolnost vysoka nizka Fire resistance high low
Udrzba minimalna pravidelna Maintenance minimal regular
Komfort jazdy tvrdSi povrch vy$Si komfort Driving comfort harder surface higher comfort

Z hladiska prevadzkovej vykonnosti je to mechanicka ucinnost
(tinosnost). Dalsie poZiadavky na tunelové vozovky z hladiska ne-
Standardnych podmienok su:

e dlha Zivotnost (navrhové obdobie);

¢ malé naroky na udrzbu a dlhé cykly obnovy (tvarova stilost);

e svetelnd odrazivost povrchu (menSia energetickd narocnost);

e kryt vozovky z nehorlavého a netoxického materidlu.

Tieto poziadavky vyplynuli najmi z dopravnych nehdd s nasled-
nymi poZiarmi v stredne dlhych a dlhych tuneloch, pri ktorych sa
prejavili negativne vlastnosti asfaltovych zmesi (prenos horenia
po povrchu vozovky), energetickd narocnost na prevadzku tune-
la (osvetlenie a vetranie) a bilancie nakladov na obnovu vozoviek
(opravy a obnova v stiesnenych podmienkach). Vyber typu kon-

Strukcie vozovky je podmieneny aj dalSimi faktormi a nielen pro-
tipoZiarnymi:

e pritomnost a podiel ndkladnej dopravy;

* moznost prepravy nebezpecnych veci;

* moznosti alternativne;j trasy pri odstaveni tunela pri opravach.

N

Obr. 1 Tunel PovaZsky Chlmec s CB krytom vozovky
Fig. 1 Povazsky Chlmec tunnel with cement concrete pavement

Therefore, it is necessary to clearly define all requirements
when designing pavement in tunnels. From the perspective of
operational suitability, the key aspects are [2]:

 roughness in both transverse and longitudinal directions;

* surface roughness and resistance to polishing.

From the perspective of operational performance, mechanical
Additional
requirements for tunnel pavements, considering non-standard
conditions, include:

* long service life (design period);

* low maintenance needs and long renewal cycles (shape

stability);

* surface light reflectivity (lower energy demand);

efficiency (load-bearing capacity) is essential.

* pavement cover made of non-flammable and non-toxic

material.

These requirements have mainly arisen from traffic accidents
followed by fires in medium and long tunnels, where the negative
properties of asphalt mixtures became apparent (e.g., fire
propagation along the pavement cover), the high energy demands
of tunnel operation (lighting and ventilation), and the cost balance
of pavement renewal (repairs and reconstruction in confined
conditions).

The choice of pavement structure type is also influenced by
other factors beyond fire resistance, such as:

* the presence and proportion of heavy traffic;

* the possibility of transporting hazardous materials;

* the availability of alternative routes during tunnel closures for

maintenance.

Based on these requirements, cement concrete pavement is
preferred especially in cases of high-intensity heavy truck traffic
due to its long service life, brightness, durability of skid-resistant
surfaces, and minimal repair needs over its lifespan.

In many countries (e.g., Czech Republic, Austria, Germany,
Belgium, Slovenia, etc.), for tunnels longer than 1km, only cement
concrete pavement is permitted from a safety perspective.

Currently, all operational tunnels in Slovakia are equipped with
cement concrete pavement (see Fig. 1, Fig. 2), with the exception
of the oldest tunnel, Stratend (opened in 1972, 325m long), which
has an asphalt pavement.

ADVANTAGES OF CEMENT CONCRETE PAVEMENT

Cement concrete pavements are one of the key types of
pavement structures, particularly suitable for demanding
operational conditions where minimal maintenance is required
in environments with limited accessibility and operational risks
especially where good evacuation and rescue options are needed
in case of fire. This is a rigid pavement type, where the main
load-bearing function is concentrated in the surface layer, which
distributes the load to the underlying layers.
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Na zdklade tychto poziadaviek je prefero-
vand vozovka s cementobeténovym krytom,
najmé pri vysokej intenzite tazkej nakladnej
dopravy, z hladiska Zivotnosti, jej svetlosti
a trvanlivosti protiSmykovej ipravy a v nepo-
slednom rade minimdlnymi opravami pocas
Zivotnosti. TaktieZ v mnohych krajinach (Ces-
ko, Rakisko, Nemecko, Belgicko, Slovinsko,
atd.) pri dizke tunela nad 1 km je moZné z hla-
diska bezpecnosti navrhntt iba cementobetd-
novua vozovku. V sucasnosti je na Slovensku
vo vSetkych prevadzkovanych tuneloch iba
cementobeténova vozovka (obr. 1, obr. 2),
s vynimkou najstarSieho tunela Stratend (rok
uvedenia do prevadzky 1972, di7ka 325 m, as-
faltova vozovka).

VYHODY CEMENTOBETONOVE)J
VOZOVKY

Cementobeténové vozovKky predstavuju je-
den z klicovych typov konstrukcii vozoviek,
ktoré maju uplatnenie najmé v narocnych prevadzkovych podmien-
kach, kde sa vyZaduje minimalna udrzba v prostredi s obmedzenou
pristupnostou a previdzkovym rizikom, najmd moZnostou dobrej
evakudcie a zachrany v pripade vzniku poZiaru. Je to tuhy typ kon-
Strukcie vozovky, kde sa hlavna nosna funkcia sustreduje do krytu,
ktory roznésa zatazenie do podkladovych vrstiev. Typickymi vlast-
nostami cementobeténového krytu su:

e modul pruznosti beténu: 37 500 MPa;

e pevnost v tahu pri ohybe: > 4,5 MPa;

¢ hribka CB dosky v tuneloch: 24-30 cm.

Zivotny cyklus stavby bude mat zasadny vplyv na Cerpanie kapi-
tdlovych ndkladov pre spravcu komunikéacie, ako aj na ekonomické
a spolocenské naroky spojené s prevadzkou stavby. Kazda oprava
si vyZaduje obmedzenie dopravy. V stucasnosti je mozné, ako na
asfaltobetonovych, tak aj na cementobetonovych vozovkéch, robit
opravy rychlo, ale Ziadna z nich nie je finan¢ne nendro¢né. Taktiez
kazda oprava je v metodike hodnotenia aktudlneho stavu vozovky
zadefinovana ako porucha. Preto ¢im menej oprav, tym lepsia pre-
vadzkyschopnost vozovky. Asfaltovy kryt vozovky ma Zivotnost
iba 8—10 rokov. Zivotnost 25 rokov je Zivotnost podkladu asfaltovej
vozovky, nie krytu. Cementobetonovy kryt vozovky mé Zivotnost
rovnaku ako je Zivotnost celej vozovky, teda 30 rokov.

Obr. 2 Tunel Sibenik s CB krytom vozovky
Fig. 2 Sibenik tunnel with cement concrete pavement

Typical properties of cement concrete pavement include:

* modulus of elasticity of concrete: 37,500MPa;

e flexural tensile strength: > 4.5MPa;

* thickness of concrete slab in tunnels: 24-30cm.

The life cycle of the structure has a significant impact on capital
expenditure for the road operator, as well as on the economic and
social demands associated with the operation of the infrastructure.
Every repair requires traffic restrictions. Today, repairs can be
carried out relatively quickly on both asphalt and cement concrete
pavements, but neither is inexpensive. Moreover, every repair
is classified as a defect by the pavement condition assessment
methodology. Therefore, the fewer the repairs, the better the
operational performance of the pavement.

Asphalt pavement has a service life of only 8-10 years. The
often-quoted 25-year lifespan refers to the base layer of the
asphalt pavement, not the cover. Cement concrete pavement,
on the other hand, has a service life equal to that of the entire
pavement structure about 30 years.

Asphalt concrete pavements are about 15-20% less demanding
in terms of technology and cost during construction compared to
cement concrete. However, from an operational cost perspective,
they are more expensive due to the need for at least 2 to 3 cover
replacements during their service

I rekonstrukcia I
reconstruction
vystavba vystavba €
construction ' l construction l

€ life, each requiring traffic clo-
sures (see Fig. 3).
rekonstrukcia
reconstruction

€

v1d l

cementobetonova vozovka
cement concrete pavement

Zivotnost 30 rokov
service life 30 years

asfaltova vozovka
asphalt pavement

Zivotnost 30 rokov
service life 30 years

. ok

Obr. 3 Zivotny cyklus oprdv (investicii) cementobeténovej a asfaltovej vozovky

Fig. 3 Life cycle of repairs (investments) for cement concrete and asphalt pavements

TECHNICAL CONDITIONS
DETERMINING PAVEMENT
DESIGN

The design, construction, ope-
ration, management, and main-
tenance of roads are governed
not only by the relevant standards
from the STN and STN EN
systems but also by technical
regulations approved by the
Ministry of Transport of the
Slovak Republic.
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Asfaltobetonové vozovky st pri realizacii technologicky a finan-
¢ne menej naro¢né asi o 15-20 % v porovnani s cementobetono-
vymi. Z hladiska prevadzkovych nédkladov s finan¢ne narocnejsie
s nutnou uzaverou dopravy pri vymene krytu minimélne 2 az 3 krat
pocas Zivotnosti (obr. 3).

TECHNICKE PODMIENKY ROZHODUJUCE PRE NAVRH
VOZOVKY

Navrhovanie, realizicia, prevadzka, sprava a udrzba pozemnych
komunikécii sa okrem dotknutych noriem zo stustavy STN a STN
EN riadi aj technickymi predpismi rezortu, schvalenymi Minister-
stvom dopravy SR.

Technické podmienky TP 033 ,,Navrhovanie netuhych a polo-
tuhych vozoviek“ [2] a TP 098 ,,Navrhovanie cementobetonovych
vozoviek na cestnych komunikdcidch* [3] obsahuji zasady navrhu
konstrukéného usporiadania vozovky a postup pri posudzovani di-
menzii vrstiev a celej vozovky s uvazenim zataZenia od cestnych
vozidiel, inosnosti podloZia, vodného a teplotného reZzimu vozovky,
ako aj klimatickych podmienok. Zékladné kritérid, pomocou kto-
rych sa posudzujui konstrukcie vozoviek, su diferencované podla
velkosti dopravného zataZenia, priCom sa reSpektuju Standardné
a neStandardné vplyvy a podmienky v mieste stavby.

Pri procese rozhodovania v otdzke vyberu druhu krytu vozovky
su spracované technické podmienky TP 034 , Metodika stanove-
nia financnych kritérii na vyber hornej stavby vozoviek v cestnom
stavitelstve “[5], ktoré urCuju systematicky postup vyberu vozovky
na zdklade objektivnych kvantifikovatelnych ukazovatelov a kri-
térii definovanych aktudlnou troviiou poznania v oblasti technic-
kych, ekonomickych a ekologickych faktorov vystavby a prevadzky
cestnych komunikécii. Technické podmienky urcuji postup kom-
plexného technicko-ekonomického posudzovania a porovnavania
vozoviek podla materidlovo-konstrukénych charakteristik ich krytu.
Postup zahfna:

¢ definovanie primarnych kritérii pre vyber vozovky s cemento-

beténovym krytom;

e metddu a postup nakladovej analyzy Zivotného cyklu vozoviek

s roznym typom krytu a metédu pre vypocet ekonomickych
indikatorov a ich spolahlivosti;

e metddu postdenia sekunddrnych vplyvov a metédu pre vypo-

Cet ich zavaznosti a spolahlivosti;

e metddu pre konecny vyber typu krytu vozovky podla dosiahnu-

tych vysledkov a ich spolahlivosti.

V TP 034 je nazorne spracované komplexné technicko-ekonomic-
ké posudenie dvoch variantov a to asfaltovej a cementobetonove;j
vozovky. Hodnotenie je urobené dvomi spdsobmi, na zaklade pri-
marnych kritérii a z hladiska sekundarnych vplyvov.

Primarne kritéria umoZiiuju vybrat vozovku s cementobetono-
vym krytom bez dal§ieho posudzovania v pripade, ak ide sa o cestny
kych nakladnych vozidiel. Vyber preferovaného typu krytu vozovky
bol urobeny na zdklade nakladovej analyzy Zivotného cyklu stavby
(LCCA - Life cycle cost analysis).

Vyber preferovaného typu krytu vozovky z hladiska sekundar-
nych vplyvov (PSV) je bodovym hodnotenim. Vozovka s cemento-
beténovym krytom je preferovana najmaé pri vysokej intenzite tazkej
néakladnej dopravy, z hladiska Zivotnosti, jej svetlosti a trvanlivosti
protiSmykovej ipravy.

Ak preferovany variant nebol vybrany na zédklade primarnych kri-
térii, LCCA a PSV poskytujt dostatok objektivnych indikatorov pre
vyber preferovaného variantu, kedze LCCA a PSV st do istej miery
zaloZené na podobnych vstupoch (investi¢né naklady, naklady na
udrzbu a rehabiliticie, objem dopravy, Zivotnost vozovky atd.).
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Technical specifications TP 033 “Design of flexible and
semi-rigid pavements” [2] and TP 098
concrete pavements on roadways” [3] contain principles for the
structural design of pavements and procedures for assessing the
dimensions of layers and the entire pavement structure, taking
into account traffic loads, subgrade bearing capacity, water
and temperature regimes, and climatic conditions. The basic
criteria used to assess pavement structures are differentiated
according to traffic load intensity, while also respecting standard
and non-standard influences and conditions at the construction
site.

In the decision-making process regarding the choice of pavement
cover type, specification TP 034 “Methodology
for determining financial criteria for selecting pavement
superstructures in road construction” [5] provides a systematic
approach to pavement selection based on objective, quantifiable
indicators and criteria defined by the current level of knowledge
in technical, economic, and environmental aspects of road
construction and operation.

These technical specifications define the procedure for
comprehensive technical-economic assessment and comparison
of pavements based on the material and structural characteristics
of their cover. The procedure includes:

e defining primary criteria for selecting cement concrete

pavement;

* method and procedure for life-cycle cost analysis of pavements
with different cover types, and the method for calculating
economic indicators and their reliability;

* method for assessing secondary impacts and calculating their
significance and reliability;

* method for final selection of pavement cover type based on
the achieved results and their reliability.

TP 034 presents a clear and comprehensive technical-economic
assessment of two pavement variants: asphalt and cement concrete.
The evaluation is carried out in two ways based on primary criteria
and secondary impacts.

The primary criteria allow for the selection of cement concrete
pavement without further assessment if the road section has
an average daily traffic volume exceeding 3,000 heavy goods
vehicles. The preferred pavement type is selected based on a Life
Cycle Cost Analysis (LCCA).

The selection based on secondary impacts (PSV) is done
through a scoring system. Cement concrete pavement is preferred
especially in cases of high heavy vehicle traffic, due to its long
service life, surface brightness, and durability of skid resistance.

If the preferred variant is not selected based on primary criteria,
the LCCA and PSV provide sufficient objective indicators for
choosing the preferred option, as both are to some extent based on
similar inputs (investment costs, maintenance and rehabilitation
costs, traffic volume, pavement lifespan, etc.).

The Life Cycle Cost Analysis (LCCA) helps identify the
preferred pavement type in terms of maximizing the efficiency
of public spending (value for money). The Life Cycle Analysis
(LCA) is the first step of LCCA and involves predicting the loss
of functional performance (operational suitability and efficiency)
of the pavement and planning rehabilitations that continuously
extend its service life.

The methodology in TP 034 is applied to a case study comparing
an asphalt pavement designed for Nc = 27.48 x 10° standard axle
passes. To maintain a 30-year service life for the asphalt pavement

“Design of cement

technical
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Nékladova analyza Zivotného cyklu stavby (LCCA) umoziiu-
je identifikovat preferovany variant realizdcie typu krytu vozovky
z hladiska maximalizacie efektivnosti verejnych zdrojov (hodnota
za peniaze). LCA (Life Cycle Analysis) je prvym krokom LCCA
a spoCiva v predikcii straty funkcnej sposobilosti (prevadzkovej
sposobilosti a prevadzkovej vykonnosti) vozovky a planovani reha-
bilitacii, ktoré kontinudlne predlZuju Zivotnost vozovky.

Metodika je aplikovand v TP 034 na priklade asfaltovej vozovky na-
dimenzovanej na poCet prejazdov navrhovej napravy Nc = 27,48 . 10,
Aby bolo mozZné zachovat Zivotnost asfaltovej vozovky (AC) na 30
rokov, je potrebna ddsledna aplikdcia udrzby a dve rehabiliticie (vy-
mena asfaltového krytu) v priebehu Zivotného cyklu (obr. 4). Analyza
zivotného cyklu stavby LCA bola spracovana na zaklade vystupov
programu HDM-4 (Highway Development and Management) [7].

Metodika bola tiez aplikovana na nevystuZend cementobetonovi
vozovku (JPCP) s klznymi ocelovymi tfiimi s po¢tom prejazdov nd-
vrhovej napravy N = 31,93 . 10°. Pocas Zivotného cyklu st nutné
iba opravy sanacnou hmotou a vymena zalievok Skar, kryt ostava
pocas celej Zivotnosti vozovky (obr. 5).

Vyssie uvedené typy vozoviek (asfaltobeténovej a cementobe-
ténovej) na dialnici boli umiestnené v tuneli, ¢o predstavuje ne-
Standardné podmienky. Z hladiska LCCA st prepocitané dané typy
konstrukcii vozoviek a z ich porovnania je preferovany variant
cementobeténovej vozovky. Cistd stc¢asna hodnota zniZenia na-
kladov Zivotného cyklu pri vybere cementobeténovej vozovky je
31 374 028 mil. € (obr. 6). Vniitorné vynosové percento je 53,49 %.

Technické podmienky TP 115 ,, Osvetlenie cestnych tunelov*
[6] definuju zasady a poZiadavky pre osvetlenie tunela. Pri potrebe
osvetlenia cestného tunela sa rozliSuje kratky tunel alebo dlhy tunel.
Poziadavky na osvetlenie dlhych a kratkych tunelov sa liSia podla
schopnosti prichadzajicich vodicov vidiet cez tunel zo vzdialenosti
rovnajucej sa celkovej brzdnej drahe pred vstupnym portdlom. V TP
sa odporuca, aby sa pri vjazde obmedzili svetlé povrchy a povrch vo-
zovky pred portdlmi by mal byt ¢im tmavsi (vyuZitie tiefiu) a povrch
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(AC), consistent maintenance and two rehabilitations (replacement
of the asphalt cover) are required during its life cycle (see Fig. 4).
The Life Cycle Analysis (LCA) was conducted using outputs from
the HDM-4 (Highway Development and Management) program
[7].

The methodology was also applied to an unreinforced cement
concrete pavement (JPCP) with sliding steel dowels, designed
for Nc = 31.93 x 10° axle passes. Over its life cycle, only minor
repairs with patching material and joint sealant replacements are
needed, while the pavement cover remains intact throughout its
entire service life (see Fig. 5).

Both pavement types (asphalt and cement concrete) were
considered in a tunnel environment, which represents non-
standard conditions. From the LCCA perspective, the recalculated
pavement structures show a preference for cement concrete
pavement. The net present value (NPV) of life cycle cost savings
when choosing cement concrete pavement is €31,374,028 million
(see Fig. 6), with an internal rate of return (IRR) of 53.49%.

Technical specification TP 115 “Lighting of Road Tunnels”
[6] defines the principles and requirements for tunnel lighting.
It distinguishes between short and long tunnels, with lighting
requirements based on the driver’s ability to see through the
tunnel from a distance equal to the total braking distance before
the entrance portal. TP 115 recommends limiting bright surfaces
at the tunnel entrance, using darker pavement before the portal
(to benefit from shading), and light-colored pavement inside the
tunnel.

This highlights a key advantage of cement concrete, which is
naturally light in color, has favorable optical surface properties,
improves visibility, and reduces energy consumption for tunnel
lighting.

TP 024 “Pavement Management System” [4] is a tool for
effective budget allocation in pavement management, including
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Obr. 4 Vyvoj premennych parametrov vozovky v priebehu Zivotného cyklu — Variant AC (TP 034)
Fig. 4 Development of variable pavement parameters over the life cycle — AC Variant (TP 034)
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Obr. 5 Vyvoj premennych parametrov vozovky v priebehu Zivotného cyklu — Variant CB (TP 034)
Fig. 5 Development of variable pavement parameters over the life cycle — CB Variant (TP 034)

vozovky vo vnitri tunela md byt svetly. Z uvedeného vyplyva, Ze
cementobeton je prirodzene svetlej farby a md priaznivé optické
vlastnosti povrchu, lepSiu viditelnost a vyZaduje menej energii na
verejné osvetlenie.

Technické podmienky TP 024 ,, Systém hospoddrenia s vozovkami
[4] st nastrojom na efektivne delenie rozpoctu pri sprave vozoviek,

maintenance, repair, and reconstruction. The system ensures
efficient use of financial resources by road administrators.
It provides information on the operational suitability and
performance parameters of road pavements, taking into account
technical, traffic, and economic factors, and defines the processes
for maintenance and repair.

IDSV = 30.61

Tabulka 36 — Hodnotenie spolahlivosti vysledku LCCA
Table 36 - Reliability assessment of LCCA results

Z hladiska LCCA je preferovany Variant 2 - cementobeténova vozovka, JPCP
From the perspective of LCCA (Life-Cycle Cost Analysis), Variant 2
- cement concrete pavement, JPCP is preferred
Cista sti¢asna hodnota znizenia nékladov Zivotného cyklu pfi vybere Variantu 2 je 31 374,028 mil. €
The net present value of life-cycle cost savings when choosing Variant 2 is €31,374.028 million
Vnutorné vynosové percento pfi vybere Variantu 2 je 53,49 %
The internal rate of return for Variant 2 is 53.49%
Tabulka 35 — Postidenie sekundarnych vplyvov
Table 35 — Assessment of secondary impacts
Vozovky Vozovky s cemento-
Sekundérne vplyvy s asfaltovym krytom betonovym krytom
Secondary impacts Pavements Pavements with
with asphalt cover | cement concrete cover
geotechnické a hydrogeologické pomery
1a and gical condi 0 0
stabilné podloZie stable subgrade
2 stredné intenzity tazkej nakladnej dopravy 2 1
medium intensity of heavy freight traffic
5 ie v tuneloch use in tunnels 0 0
| Skusenosti s vystavbou a Gdrzbou cesty 2 4
with road ion and
7 na i azanych zo 1 3
from raw materials imported from abroad
8 | Zivotnost vozovky pavement service life 1 4
% ¢asova a technologicka narocnost oprav lokalnich 2 1
time and technological demands of local repairs
9b | v stvislych tsekov in continuous sections 3 1
10 nezavislost vystavby a oprav kontrukcie na meteorologickych vplyvov 2 1
independence of construction and repairs from weather conditions
1 moznost recyklacie pfi rekontrukcii vozovky 0 0
possibility of recycling during pavement reconstruction
12 | komfort jazdy ride comfort 0 0
13 protismykové vlastnosti povrchu po uvedeni do prevadzky 2 1
skid resistance of the cover after
14 |trvanlivost protiSmykovej dpravy povrchu 1 3
durability of skid-resistant surface treatment
15 | svetlost povrchu vozovky pavement cover 1 3
16 hluénost povrchu na novo budovanych pozemnych komunikaciach 3 2
noise level of the cover on newly built roads
172 dopad na Zivotné prostredie v stvislosti s vystavbou 0 0
i impact related to i
17b | pocas Zivotnosti impact during service life 1 3
bodova hodnota postdenia sekundarnych vplyvov CBHSV,, CBHSV,,
point score for secondary impact assessment 21 24

- ; Spolahios! vslecku LOCA
e, 5] (GSHEN, | SHNZC,,) 100, (%] Rolabity of |COA esuls
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Tabulka 37 — Hodnotenie spolahlivosti vysledku LPSV
Table 37 - Reliability assessment of LPSV results

Zavaznost a spolahlivost vysledku PSV

Isv Severity and reliability of PSV results
_ vysokd
30-40 o

Tabulka 38 — Vyber variantu typu krytu vozovky
Table 38 - Selection of pavement cover type variant

" . PR " ” Vyber variantu typu krytu vozovky
Spolahlivost vysledku LCCA Zavaznost a spo spolahlivost vysledku PSV "
Reliability of LCCA results Severity and reliability of PSV results Selection of variant of pavement
cover type
velmi nizka
very low
nizka
low yb dla z& LCCAaPSV
A . 3 vyber podla zéverov a
Vﬁoﬁa gr'j':eﬁ?: selection based on LCCA and PSV
g d or conclusions
vysoka
high
velmi vysoka
very high

je vybrany Variant 2 - vozovka s cementobetonovym krytom, JP.CP
the selected variant 2 is the p with cement cover, JP.CP

Obr. 6 Postdenie sekunddrnych vplyvov pre vozovky na dialnici v tuneli (TP 034)

Fig. 6 Assessment of secondary impacts for highway pavements in a tunnel (TP 034)
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so zahrnutim udrzby, opravy a rekonstrukcie vozovky. Systém za-
bezpecuje efektivne Cerpanie finan¢nych prostriedkov pre spravcov
komunikécii. Obsahuje informécie o parametroch prevadzkovej spo-
sobilosti a prevadzkovej vykonnosti cestnej vozovky pri zohladneni
technickych, dopravnych a ekonomickych Cinitelov a urcuje proces
udrzby a oprav. Preto je dolezité uz v navrhu konstrukcie vozovky
zapracovat aj hladisko analyzy nikladov Zivotného cyklu spojenych
so spravou vozoviek pocas celej Zivotnosti a tiez triedu dopravného
zataZenia a pocet prejazdov navrhovych ndprav pocas celej Zivotnos-
ti vozovky.

Moznost pouZitia asfaltovych zmesi do tunela umoziuje dodatok
k technicko-kvalitativnych podmienkam TKP 26, podloZeny roz-
borovou tdlohu (RU) ,, Analyza moZnosti pouZitia asfaltovych zme-
si v cestnych tuneloch z hladiska ich protipoZiarnej bezpecnosti*
[8]. Cielom RU bolo preukazat moZnost pouZitia asfaltovych zmesi
v cestnych tuneloch bez zniZenia ich bezpecnosti z hladiska poziar-
nej ochrany. Rozborova tloha poukazuje na to, Ze horenie asfaltu je
mimoriadne komplikovany fyzikalno-chemicky dej, pri ktorom po-
stupne dochéadza k zahrievaniu, rozkladu, vznieteniu a spalovaniu,
za vzniku dymu, ako nésledok nedokonalého spalovania jednotli-
vych zloZiek asfaltu. Ale nevylucuje jeho horenie. Horenie asfaltu
rozdeluje do troch faz v zévislosti od zvysenia teploty.

Rozborovi tloha riesi iba jedno hladisko, a to horlavost asfaltu
(asfaltovych zmesi), nezaoberd sa komplexne hladiskom mechani-
ky a navrhovania vozoviek. Nie je moZné iba na zaklade horlavosti
asfaltu stanovit vhodnost pouZitia daného typu krytu do tunelov. RU
nerieSi ani ekonomicku efektivnost, preto tvrdenie o zniZeni finan-
¢nych nékladov je nepodloZené a mylné.

ZAVER

Cementobetonové vozovky v tuneloch predstavuji spolahli-
vé, trviacne a udrzatelné rieSenie pre moderné dopravné projekty
s vysokou Zivotnosfou, pevnostou a odolnostou voci extrémnym
podmienkam. Ich vyuZitie ma opodstatnenie najmi v tunelovych
usekoch, kde st prevadzkové, bezpecnostné a tidrzbové poZiadavky
mimoriadne prisne.

K navrhu konStrukcii vozoviek treba pristupovat systémovo
a komplexne. Preto je dolezité uz pri navrhu vozovky zapracovat aj
hladisko analyzy nakladov Zivotného cyklu spojenych so spravou
vozoviek pocas celej Zivotnosti. V platnych predpisoch a normach
je nastaveny systém zabezpecujuci efektivne Cerpanie financnych
prostriedkov pre spravcov komunikacii, ktorym je potrebné sa riadit.

Prispevok vznikol s podporou projektu VEGA 1/0463/24 ,,Imple-
mentdcia inovativnych rieSeni a technologii v systémovom pristupe
navrhovania vozoviek*.

doc. Ing. ANDREA ZUZULOVA, PhD.,
andrea.zuzulova@stuba.sk,
STU v Bratislave, Stavebnd fakulta

Recenzoval Reviewed: Ing. Miloslav Frankovsky
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Therefore, it is important to incorporate life cycle cost analysis
into the pavement design phase, considering the entire lifespan of
the pavement, the traffic load class, and the number of standard
axle passes over its lifetime.

The possibility of using asphalt mixtures in tunnels is addressed
in an addendum to the technical-quality conditions TKP 26,
supported by the analytical study (RU) “Analysis of the Possibility
of Using Asphalt Mixtures in Road Tunnels from the Perspective
of Fire Safety” [8]. The aim of this study was to demonstrate that
asphalt mixtures can be used in road tunnels without compromising
fire safety.

The study points out that asphalt combustion is a highly
complex physico-chemical process, involving gradual heating,
decomposition, ignition, and burning, accompanied by smoke due
to incomplete combustion of asphalt components. However, it does
not rule out the possibility of asphalt burning. The combustion
process is divided into three phases, depending on the temperature
increase.

Importantly, the study addresses only the flammability of
asphalt (and asphalt mixtures) and does not comprehensively
consider pavement mechanics or structural design. Therefore, it
is not sufficient to determine the suitability of asphalt pavement
in tunnels based solely on flammability. The study also does
not evaluate economic efficiency, making any claims about cost
savings are unsupported and misleading.

CONCLUSION

Cement concrete pavements in tunnels represent a reliable,
durable, and sustainable solution for modern transport projects,
offering high service life, strength, and resistance to extreme
conditions. Their use is particularly justified in tunnel sections,
where operational, safety, and maintenance requirements are
exceptionally strict.

Pavement structure design must be approached systematically
and comprehensively. Therefore, it is essential to incorporate
life cycle cost analysis already at the design stage, considering
the full lifespan of the pavement. Existing regulations and
standards provide a framework that ensures the efficient use of
financial resources by road administrators and should be followed
accordingly.

This paper was developed with the support of the VEGA
project 1/0463/24: “Implementation of Innovative Solutions and
Technologies in a Systemic Approach to Pavement Design.”

doc. Ing. ANDREA ZUZULOVA, PhD.,
andrea.zuzulova@stuba.sk,
STU v Bratislave, Stavebnd fakulta
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NAVRH, KONSTRUKCE A PROVOZ MOBILNIHO BEDNENI PRO
HLOUBENE TUNELY
DESIGN, STRUCTURE, AND OPERATION OF MOBILE FORMWORK
FOR CUT-AND-COVER TUNNELS

PETR BORTLIK

ABSTRAKT

Tento cldnek popisuje vyvoj, ndvrh a realizaci mobilniho bednéni pro hloubeny tunel v rdmci rekonstrukce dopravni infrastruktury.
Bednéni bylo navrZeno jako zcela novy prvek (,,z Cistého stolu*) s cilem vyrazné urychlit vystavbu a zdroveri splnit specifické poZadav-
ky zadavatele. Hlavnim cilem ndvrhu bylo minimalizovat potrebu rucni manipulace, zvysit efektivitu prdace a umoznit snadny presun
zarizeni mezi jednotlivymi tiseky tunelu bez nutnosti demontdze. Po dokonceni ndvrhu ndsledovala vyroba, funkcni zkousky a uvedeni
zarizeni do provozu. V rdmci provozniho ovéreni byla potvrzena tinosnost jednotlivych prvkit v souladu se statickym vypoctem. Soucdsti
projektu byla také montdZ zarizeni primo na misté instalace a jeho presun do druhého tunelového tubusu. Cely proces — od ndvrhu
pres vyrobu az po instalaci — byl realizovdn v casovém horizontu priblizné 8—10 mésicii, coZ predstavuje mimorddné rychlou realizaci
vzhledem k rozsahu a technické ndrocnosti zarizent.

ABSTRACT

This article describes the development, design, and realisation of mobile formwork for a cut-and-cover tunnel within the reconstruction
of transportation infrastructure. The formwork was designed as an entirely new component (“a blank canvas”) with the goal of
significantly improving the speed of construction and also to meet the specific requirements of the client. The main goal of the design
was to minimise the need for manual manipulation, increase work effectiveness, and facilitate easy relocation of the device between
individual sections of the tunnel without the need for disassembly. Following the completion of the design, the fabrication, functional
tests, and launching of the device ensued. Within operational verifications, the load-bearing capacity of individual elements was
confirmed to correlate with the static design. Also, a part of the project was the assembly of the device directly at the site of installation
and its relocation into the second tunnel tube. The entire process — from design, through fabrication to assembly — was realised in a time
frame of approximately 8—10 months, which represents an exceptionally fast realisation regarding the extent and technical nature of

the device.

uvoD

V poslednich letech dochazi v oblasti podzemniho stavitel-
stvi k vyraznému posunu smérem k vyssi efektivité, bezpecnosti
a technologické flexibilité. Zvlasté v méstském prostiedi, kde je
vystavba Casto omezena prostorem, ¢asem a prisnymi bezpec-
nostnimi predpisy, je nezbytné hledat inovativni feSeni, kterd
umozni zrychleni stavebnich procesti bez kompromist v oblasti
kvality a provozni spolehlivosti.

Jednim z takovych projekti je vyvoj mobilniho bednéni pro
hloubeny tunel v norském Oslu, ktery je soucasti rozsdhlé mo-
dernizace dopravni tepny E18. Jedna se o tunel dlouhy 460 m
s dvéma tunelovymi tubusy v kazdém sméru se ¢tyfmi jizdnimi
pruhy. Zadéni, které obdrZela spole¢nost OSTROJ a.s., predsta-
vovalo komplexni technickou vyzvu — navrhnout zafizeni, které
bude plné prizptisobeno specifickym podminkdm stavby, umozni
rychlou a bezpecnou betonéz stén i stropu v jednom kroku a zaro-
ven bude snadno premistitelné bez nutnosti demontédze.

Projekt byl od pocatku koncipovan jako vyvoj ,,z Cistého sto-
Iu®, bez pouziti existujicich systémovych feseni. To umoZnilo
navrhnout zatfizeni pfesné podle potieb zdkaznika, ale zaroven
kladlo vysoké naroky na konstruk¢éni kreativitu, vypoctovou pres-
nost a disledné testovani. Vysledkem je mobilni bednici systém
s vyskovou variabilitou v rozsahu 6-8 m, Sifkovou roztazitelnos-
ti a celkovymi pudorysnymi rozméry jednoho bloku 20 x 20 m,

INTRODUCTION

In recent years, a distinct shift towards higher efficiency, safety,
and technological flexibility has been happening in the field of
underground construction. Especially in urban areas, where
construction is often constricted by space, time, and stringent safety
regulations, it is vital to seek innovative solutions that facilitate the
acceleration of construction processes without compromises in the
areas of quality and operational reliability.

One of these projects is the development of a mobile formwork
system for a cut-and-cover tunnel in Oslo, Norway, which is a part
of an in-depth modernisation of the E18 arterial road. In question
is a 460m long tunnel with two tunnel tubes and four driving lanes
in each direction. The assignment received by the OSTROJ a.s.
Company posed a complex technical challenge — design a device
that will be fully adapted to specific conditions of the construction,
it will allow fast, safe concreting of the walls and even ceiling in
one step, and simultaneously it will be easily movable without the
need for disassembly.

The project was conceived from the get-go as a “blank
canvas” design without using existing system solutions. That
made it possible to design a device to precisely fit the needs of
the customer. However, it also made demands on construction
creativity, computing accuracy, and thorough testing. The result
is a mobile formwork system with vertical variability in the range
of 6-8m, lateral extendibility, and overall ground plan dimensions
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ktery byl navrZzen s dirazem na minimalizaci ru¢ni manipulace
a optimalizaci pracovnich procesu.

VesSkerd projektovd dokumentace tunelu byla zpracovdvdna
v prostfedi 3D modelovani s online pfistupem pro vSechny zu-
Castnéné strany. Tento pfistup umoznil pribézné sledovani vyvo-
je navrhu technologického zafizeni a operativnich reakci na jeho
zmény. Vyznamné tak prispél ke zvySeni efektivity projektovych
¢innosti a ke zlepSeni komunikace mezi projektantem a investo-
rem.

Tento ¢lanek popisuje cely proces navrhu, vypoctového ovéreni
a provozniho testovani zafizeni. Diraz je kladen na problémy,
které bylo nutné prekonat, a na inovativni piistupy, které umoz-
nily realizaci zafizeni v rekordné kritkém case. Projekt je pfi-
kladem dspéSného propojeni tradi¢nich technologii s modernimi
pozadavky na efektivitu a bezpecnost v oblasti vystavby hloube-
nych tuneld.

KDYZ SE TECHNIKA POTKA S INSPIRACI Z PODZEMI -
NAVRH KONSTRUKCE

V ramci navrhu mobilniho bednéni pro hloubeny tunel v Oslu
bylo zvoleno konstrukéné promyslené a zaroven praktické fesent,
které vychazelo z poZadavkil na snadnou manipulaci, provozni
flexibilitu a bezpecnost. Zakladni koncepce spocivala v rozdéleni
bednéni na dva samostatné dily, které pri betonadzi funguji jako je-
den celek. Toto rozhodnuti bylo u¢inéno na zdklad€ technickych
a logistickych omezeni — konstrukce o pudorysnych rozmérech
20 x 20 m by jako jeden celek nebyla efektivné manipulovatelna
ani prepravitelna.

Po definovani zédkladni koncepce nasledovala konstrukcni
faze, kterd se zaméfila na navrh nosné struktury a jeji podepreni.
Vzhledem k délce zafizeni bylo nutné navrhnout podpérny sys-
tém, ktery by minimalizoval potfebu ruc¢ni price a zarovei zajistil
dostatecnou stabilitu. Inspirace byla pfevzata z dilniho pramyslu,
konkrétn€ z technologie hydraulickych stojek, které OSTRO]J a.s.
vyrabi jiz po n€kolik desetileti. Tyto prvky byly adaptovany pro
pouZiti v bednicim systému, coZ predstavovalo inovativni pristup
v oblasti tunelového stavitelstvi. Na zdkladé vypoctt bylo stano-

veno, Ze pro cely systém bude zapotiebi 88 hydraulickych podpér.
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of one block of 20 x 20m, which was designed with the aim of
minimising manual manipulation and optimising work processes.

The entire project documentation for the tunnel was made in a 3D
modelling environment with online access to all the parties involved.
This access allowed continuous monitoring of the developing
design of the technological device and operational reactions to
its changes. Therefore, it significantly contributed to the increase
in effectiveness of project activities and to the improvement of
communication between the designer and the customer.

This article describes the entire design process, calculation
verification, and operation testing of the device. Emphasis is
put on problems that needed to be overcome, and on innovative
approaches, which facilitated the realisation of the device in
record time. The project is a case of a successful connection of
traditional technologies with modern requirements for efficiency
and safety in the area of cut-and-cover tunnel construction.

WHEN TECHNOLOGY MEETS INSPIRATION FROM THE
UNDERGROUND - STRUCTURE DESIGN

The chosen design for mobile formwork for a cut-and-cover
tunnel in Oslo was a structurally elaborate as well as practical
solution, which was based on the requirements for easy
manipulation, operational flexibility, and safety. The fundamental
conception resides in the separation of the formwork into two
standalone parts, which work as one unit during concreting.
This decision was made on the basis of technical and logistical
constraints — the structure with ground plan dimensions of 20 x 20m
would not be effectively controllable or movable as a whole.

After defining the basic conception, the construction phase
followed, which focused on the design of the load-bearing
structure and its support. Regarding the length of the device, it was
necessary to design a supporting system that would minimise the
need for manual labour, together with securing sufficient stability.
Inspiration was borrowed from the mining industry, specifically
from the technology of hydraulic struts, which OSTRO]J a.s. has
already been producing for decades. These components were
adapted for use in the formwork system, which represented an
innovative approach in the area of tunnel construction. Determined
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Obr. 1 Ndvrhovy koncept bednéni
Fig. 1 Formwork design concept




Tuel

34. rocnik - €. 4/2025

Obr. 2 3D model zarizeni
Fig. 2 3D model of the device

Zatizeni bylo navrZeno s vySkovou variabilitou v rozsahu
6-8 m, kterou zajistuji hydraulické vélce. Sitkov4 roztaZitelnost
byla realizovdna pomoci vysuvnych stropnic podle mechanizo-
vanych vyztuzi b&Zné pouZivanych v diilnim prostredi v Ceské
republice, Polsku a na Slovensku. Tato konstrukcni flexibilita
umoziuje prizplisobeni zafizeni riznym geometriim tunelového
profilu.

on the basis of a calculation was, that for the entire system,
88 hydraulic struts will be needed.

The device was designed with a vertical variability ranging
from 6 to 8m, which is provided by hydraulic cylinders. Width
extendibility was realised thanks to girders telescoping along
powered roof supports commonly used in the mining environment

Dal$im technickym ofiskem bylo
C: Betonovani

Total Deformation

Type: Total Deformation
Uinit: mm
Time: 15

7,5875 Max
6,125

zavéSeni sténového bednéni, ne-
bot zédkaznik pozadoval mozZnost
souCasné betondze stén i stropu,
coz neni bé€Znym standardem. Po
sérii konzultaci bylo zvoleno feSe-
ni kombinujici systémové bednéni
ovladané hydraulickymi vélci. Toto

feSeni je konstrukéné jednoduché, 525
avSak vykazuje niz8i tuhost, coz 4,375
bylo zohlednéno v navrhu a vypoc- 33
< . 2,625

tech bednéni. S

Pohon zafizeni zajisfuje hydrau- 0875
licky agregat vybaveny bezpecnost- 0 Min
nimi prvky a moZnosti vzdaleného
monitorovani a programovani. Za-
fizeni bylo navrZeno tak, aby bylo
plné funkéni i v zimnich podmin-

. v . o S5e+03
kéach, coz bylo nezbytné vzhledem T

2.5e+03 T.5e+03

k lokalité stavby.

Te+04 (mm)

Vysledkem konstruk¢niho navrhu
je mobilni bednéni tvoiené dvéma

Obr. 3 Max. deformace pri betonovdni — 8 mm
Fig. 3 Max. deformation during concreting — 8mm
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samostatnymi voziky pohybujicimi se po kolejich (obr. 1 a 2).
Cely systém byl navrzen v souladu s platnymi evropskymi nor-
mami a standardy, proSel analyzami rizik a byl doplnén o veske-
rou potfebnou dokumentaci pro vydani ES prohlaSeni o shodé.
Soucésti dodavky je také navod k pouziti, seznam néhradnich dila
a kompletni vykresova dokumentace.

VYPOCTOVE RESENI BEDNENI

S ohledem na rozsah a komplexnost navrzeného zafizeni bylo
rozhodnuto provést dva nezavislé vypocty, které by vzdjemné
overily spravnost navrhu a poskytly relevantni vysledky odpo-
vidajici redlnému provozu. Prvnim krokem byl klasicky staticky
posudek, ktery slouzil jako zakladni ovéfeni tinosnosti a stability
konstrukce. Druhym, paralelné vedenym pfistupem, byla nume-
rickd simulace pomoci metody kone¢nych prvka (MKP) v pro-
gramu ANSYS (obr. 3), kterd umoznila detailni analyzu napéti
a deformaci v jednotlivych ¢astech konstrukce.

Vypoctova faze byla mimofadné niro¢nd jak z hlediska vypo-
Cetniho Casu, tak i volby vhodné velikosti vypocetnich elementi.
Kvili k velkému mnoZstvi konstrukénich prvkd bylo nezbytné
optimalizovat sit tak, aby vysledky nebyly zkresleny, ale zaroven
bylo mozné je ziskat v rozumném case.

Vzhledem k umisténi zafizeni v méstském hloubeném tunelu
bylo nutné zohlednit komplexni zatéZovaci stavy. Kromé vlast-
ni tihy konstrukce a zatiZeni Cerstvym betonem (cca 1200 tun)
bylo nutné uvazovat také zatiZzeni od armatury (cca 100 tun), za-
tizeni vétrem a snéhem, které jsou v dané lokalité¢ vyznamné,
a dale provozni zatiZeni vznikajici pfi manipulaci a presunu za-
fizeni. VSechny tyto hodnoty byly dile ndsobeny bezpecnostnim
koeficientem 1,5, coz vedlo k velmi vysokym navrhovym hod-
notam.

Cilem vypoctové Casti bylo zis-
kat vysledky, které se budou sho-
dovat v obou metodach vypoctu
a potvrdi tak spravnost navrhu. Po
zadani vSech okrajovych podminek
a zatézovacich stavl byly vysled-
ky napéti a deformaci v obou vypo-
Ctech témér totozné, coz potvrdilo
spravnost modelu i vstupnich para-
metri.

Zvlastni pozornost byla véno-
vana zatizeni podpérnych stojek
v maximalné vysunutém stavu, ne-
bot pravé zde je konstrukce nejvice
nachylna ke ztrate stability. Vysled-
ky vypoctl umoznily pfesné dimen-
zovani také téchto prvki a ovéfeni
jejich bezpecnosti.

Zatfizeni nebylo dimenzovéano
pouze na statické zatiZzeni b&hem
betondze, ale také na stabilitu pri
presunu a pii provozu ve vyskovych
urovnich 6 a 8 m. V téchto pripa-
dech bylo nutné zohlednit boc¢ni
zatizeni vétrem pusobici na velké
plochy sténového bednéni, které by
mohlo ovlivnit stabilitu celého sys-
tému.

TuNel

in the Czech Republic, Poland, and Slovakia. This design flexibility
enables the device to adapt to different tunnel profile geometries.

Another technical challenge was the suspension of wall
formwork, since the customer required an option of concurrent
concreting of the walls and the ceiling, which is not common
practice. After a series of consultations, a solution combining
system formwork controlled by hydraulic cylinders was chosen.
This solution is simple construction-wise, although it shows
lower stiffness, which was taken into account in the design and
calculations of the formwork.

Propulsion of the device is provided by a hydraulic generator
fitted with safety components and the option of remote monitoring
and programming. The device was designed so that it would be
fully functional even in winter conditions, which was indispensable
in regard to the location of the construction site.

The result of the construction design is a mobile formwork
system made up of two standalone carts moving on rails (Fig. 1
and 2). The entire system was designed in accordance with valid
European norms and standards. It passed risk analysis and was
supplemented by all the necessary documentation for the release
of a CE Conformity Declaration. The delivery also contains
a user manual, a list of spare parts, and the complete drawing
documentation.

FORMWORK COMPUTATIONAL SOLUTION

Regarding the extent and complexity of the designed device,
it was decided to carry out two independent calculations, which
would reciprocally verify the correctness of the design and
provide relevant results correlating to actual use. The first step was
a classic static analysis, which served as a fundamental verification
of the load-bearing capacity and stability of the structure. Second,

Fig. 4 Buckling test of a pedestal cylinder and tightness test




(U S——CI .

= k. A Cama ¥ : b .'- i -
Obr. 5 Kontrolni montdz a funkéni zkousky v OSTROJ a.s.
Fig. 5 Inspection assembly and functional tests at OSTROJ] a.s.

FUNKCNI ZKOUSKY ZARIZENIi

Pred samotnym uvedenim zafizeni do provozu byla provedena
fada funk¢nich a zatézovych zkousSek, jejichZ cilem bylo ovéfit
konstrukéni ndvrh, provozni spolehlivost a bezpecnost jednotli-
vych komponent. Zvlastni pozornost byla vénovana podpérnym
stojkam, které byly testovany na vzpér v maximalné vysunutém
stavu. Tato zkouska byla klicova pro ovéreni jejich nadimenzova-
ni vzhledem k ocekdvanému zatizeni (obr. 4).

Dalsi zkouSky se zaméfily na pokles pfi maximalnim zatiZe-
ni po dobu ustaveni zafizeni a na tésnost systému. Tyto parametry
jsou zasadni pro zajisténi dlouhodobé funkcnosti a bezpecnosti
zafizeni v provozu (obr. 4).

ZkuSebni montaz zafizeni (obr. 5) probihala ve dvou fazich.
V prvni fazi byla zkompletovana jedna polovina bednéni, nasledné
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a parallel run approach was
a numerical simulation using the
Finite Element Method (FEM) in
the ANSYS program (Fig. 3), which
facilitated detailed analysis of
stress and deformation in individual
sections of the structure.

The computation phase was
exceptionally demanding not only
from the viewpoint of computing
time, but also due to the choice of
appropriate of computing
elements. Regarding the large
amount of structural elements, it
was necessary to optimise the mesh
such that the results would not be
distorted, but simultaneously, that
the calculations would be carried

sizes

out in a reasonable time.

Given that the
located in an urban cut-and-cover
tunnel, it was necessary to take
into consideration complex load
states. Besides the dead load of the
structure and loading by fresh concrete (ca 1200 tons), it was also
vital to take into account reinforcement loads (ca 100 tons), wind
and snow loads, which are significant in the area, and then live
loads that arise during the manipulation and moving of the device.
All of these values were then multiplied by a factor of safety of
1.5, which led to very high design values.

The goal of the computational part was to gather results that
would correlate in both of the calculation methods and would
therefore confirm the correctness of the design. After inputting all of
the boundary conditions and load states, the results of stresses and
deformations in both calculations were nearly identical, confirming
the correctness of the model and even the input parameters.

Extra attention was given to loads of supporting struts in the
maximally extended state, since exactly here the structure is

device was

Obr. 6 Zarizeni pri betondZi tunelu Hovik v rdmci projektu modernizace silnice E18 v norském Oslu
Fig. 6 The device during concreting of the Hgvik tunnel within the E18 road modernisation project in Norwegian Oslo
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Obr. 7 Zafizeni pFi betondZi ve vy$ce 8 metrii — tunel Hpvik v rdmci projektu modernizace silnice E18 v norském
Oslu
Fig. 7 The device during concreting at a height of 8 metres — the Hgvik tunnel within the E18 road modernisation
project in Norwegian Oslo

demontovédna a nahrazena druhou polovinou. Tento postup byl
zvolen z divodu prostorovych omezeni v montaZzni hale, které
neumoznovaly kompletni sestaveni celého systému najednou. Po
kazdé montaZzi byla provedena komplexni funk¢ni zkouska, zahr-
nujici ovéfeni vSech klicovych funkci — pojezdu, zvedani, stabi-
lity a ovladani.

Cely proces montdze probihal za pifisného dohledu technické-
ho tymu, ktery kontroloval, aby nedoslo k zaméné jednotlivych
dilt, dale presnost spoji a kompatibilitu komponent. Zatizeni
bylo nésledné rozloZeno na transportni celky, které byly navrzeny
tak, aby vyhovovaly rozmérovym a hmotnostnim limitim pro ka-
mionovou dopravu. Po prepravé byly jednotlivé Casti pripraveny
k findlni montdZi pfimo na stavenisti.

UVEDENI DO PROVOZU A OVERENI V REALNYCH
PODMINKACH

Po prepravé jednotlivych ¢asti zafizeni na staveniSt€ v Oslu
probéhla findlni montdZ dle pfedem stanoveného technologic-
kého postupu. Vzhledem k piisnym bezpecnostnim standardiim
platnym v severskych zemich, a zejména v Norsku, byla kladena
mimoradna pozornost na kazdy detail montaZze, manipulace i na-
sledného provozu. Rada pozadavkii byla feena jiz v pifpravné
fazi projektu tak, aby byl zajistén (plny) soulad s mistnimi pred-
pisy a oCekavanimi investora.

Nez mohlo byt zafizeni uvedeno do provozu, bylo nutné ab-
solvovat tfi klicové kroky, které predstavuji nezbytnou podminku
pro legéalni a bezpe¢ny provoz bedniciho systému:

¢ kontrola vykresové dokumentace;

e ovefeni statického vypoctu;

e fyzicka kontrola na mist¢ montaZze, zda zafizeni odpovida

schvalené dokumentaci a kontrola provozni dokumentace.

VSechny tyto kroky byly kontrolovidny nezavislou tfeti stra-
nou a po jejich uspésném absolvovani bylo zafizeni uvedeno do

s 2

provozu (obr. 6). Prvni betondZni blok byl podroben peclivému

most prone to loss of stability. The
calculation results enabled precise
design even of these elements and the
verification of their safety.

The device was designed not only
for static loads during concreting but
also for stability during relocation and
during operations in 6 and 8-metre
vertical levels. In these scenarios, it
was necessary to take into account
lateral wind loads acting on large
areas of the formwork wall, which
could have affected the stability of the
entire system.

DEVICE FUNCTIONAL TESTS

Before putting the device into
operation, a range of functional and
stress tests were carried out, their goal
being to confirm the structural design,
operational reliability, and safety of
individual components. Particular
attention was given to the supporting
struts, which were tested for buckling
in the maximally extended state. This
test was pivotal for the verification of
their design regarding the expected loads (Fig. 4).

Further tests focused on the deflection during maximum loading
throughout device stabilisation and on the tightness of the system.
These parameters are essential for long-term functionality and
safety of the device in operation (Fig. 4).

Trial assembly of the device (Fig. 5) was carried out in two
stages. In the first stage, one half of the formwork was completed,
subsequently dismantled, and replaced by the second half. This
procedure was chosen due to spatial constraints in the assembly
hall, which did not enable a complete assembly of the entire system
all at the same time. After each assembly, a complex functional
test was carried out, including verification of all key functions —
travelling, hoisting, stability, and controls.

The entire assembly process took place under strict supervision
of the technical team, which checked that a mix-up of individual
parts would not occur, then the precision of joints, and
compatibility of components. The device was then taken apart
into transport units, which were designed so that they would meet
dimensional and mass limits for lorry transport. After transport,
individual parts were prepared for final assembly directly on the
construction site.

COMMISSIONING AND VERIFYING IN REAL
CONDITIONS

After transporting individual parts of the device to the
construction site in Oslo, final assembly took place according
to a previously determined technological procedure. In regard to
strict safety standards valid in Nordic countries, and in particular
in Norway, extraordinary attention was given to each assembly
detail, manipulation, and even ensuing operation. A plethora of
requirements was addressed already in the preparation phase of
the project to secure (complete) concord with local regulations
and investor expectations.

Before the device could be put in service, three key steps that
pose an essential requirement for legal and safe operation of
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the formwork system needed to be
completed:

* drawing documentation checks;

* stress analysis verification;

e physical field inspection to
determine whether the device
corresponds to the approved
documentation and operation
documentation checks.

All of these steps were verified
by an independent third party, and
after their successful completion,
the device was put into service
(Fig. 6). The first concreting block
was subject to thorough monitoring
with the goal of checking, whether

the actual behaviour of the
structure corresponds to calculated
assumptions. Extra attention was

dedicated to loads of the supporting
struts and deflection of the structure.

Obr. 8 Prijezd bedniciho zafizeni pod mostem — pri¢ny pFesun zafizeni — v pozadi tunel Hovik v rdmci projektu
modernizace silnice E18 v norském Oslu
Fig. 8 Passing of the formwork device beneath a bridge — transverse relocation of the device — in the background,
the Hovik tunnel within the E18 road modernisation project in Norwegian Oslo

sledovani s cilem ovéfit, zda skute¢né chovani konstrukce odpo-
vida vypocétovym piedpokladim. Zvlastni pozornost byla véno-
véana zatiZeni podpérnych stojek a prihybu konstrukce. Vysledky
byly velmi uspokojivé — rozdil mezi vypoctem (8 mm — obr. 3)
a skutecnosti (5 mm) Cinil pouhé 3 mm, coZ je na délce 20 m
zcela zanedbatelna odchylka. I zatizeni podpér odpovidalo pred-
pokladanym hodnotdm, ¢imz byl ndvrh jednozna¢né potvrzen.

Jednim z vyznamnych technickych tdkolt byla realizace efek-
tivniho presunu zafizeni mezi jednotlivymi betonovacimi po-
zicemi. Presun byl realizovdan dvojici pracovnikd a zahrnoval
odbednéni, transport a pfesné ustaveni zafizeni v nové pozici.
Tento proces se podarilo standardizovat tak, Ze doba od odbedné-
ni po ustaveni zafizeni do nové pracovni polohy ¢inila ptiblizné
8 hodin. Tento ¢asovy ramec byl dosazen diky dusledné koordi-
naci ¢innosti, optimalizaci pracovnich postupd a plnému vyuzi-
ti moZnosti stroje. Pri pfesunu zafizeni neni potieba lidské sily
a vSe se déje pomoci hydraulického systému bez dalSi pomocné
mechanizace.

V nasledujicich fazich projektu bylo zafizeni podrobeno dal-
Simu ovéreni — tentokrat pfi betondzi o 2 m vySe, tzn. ve vysce
8 m (obr. 7). I v tomto pripadé byla konstrukce zkontrolovana
a vysledky opét potvrdily shodu mezi vypoctem a skutecnosti.
Zatizeni tak prokédzalo svou variabilitu, stabilitu a provozni spo-
lehlivost i pfi zménénych podminkach.

PRESUN ZARIZENi DO DRUHEHO TUNELOVEHO TUBUSU

Vzhledem k celkové hmotnosti zafizeni, kterd Cini pfibliz-
n¢ 300 tun, bylo nezbytné jiz v rané fazi ndvrhu zohlednit také
zpusob jeho presunu mezi jednotlivymi tunelovymi tubusy. Za-
dani investora znélo na prvni pohled jednoduse — po dokonceni
betondZe v prvni tunelové troubé mélo zafizeni projet zpét tune-

lem, nasledné byt pfi¢né presunuto pod mostni konstrukci a poté
najet do pripraveného druhého tunelového tubusu. V praxi vSak

Results were highly satisfactory —
the variance between the calculation
(8mm — Fig. 3) and reality (S5mm)
added up to only 3mm, which is an
entirely inconsequential deviation at a length of 20m. Even the
loading of struts corresponded to assumed values, thereby unequi-
vocally confirming the design.

One of the significant technical tasks was the realisation of an
effective relocation of the device between individual concreting
positions. The relocation was realised by a couple of workers and
it included formwork striking, transportation, and precise setup
of the device in a new position. It was managed to standardise
this process such that the time from striking to device set up in
a new working location added up to approximately 8 hours. This
timeframe was achieved thanks to a thorough coordination of
operations, optimisation of working procedures, and utilising the
full potential of the machine. During relocations of the device,
human strength is not needed, and everything happens thanks to
a hydraulic system without the need for further supplementary
mechanisation.

In further phases of the project, the device was put through
additional verifications — this time during concreting 2 metres
higher, i.e. at a height of 8m (Fig. 7). Even in this instance,
the structure was checked and the results once again validated
an agreement between the calculation and reality. The device
therefore proved its variability, stability, and operational reliability
even during altered conditions.

DEVICE RELOCATION INTO A SECOND TUNNEL TUBE

Given the fact that the total weight of the device amounts to
approximately 300 tons, it was necessary to take into account the
means of its transport between individual tunnel tubes already in
the early phases of the design. The task of the investor looked
simple at first glance — after completing concreting in the first
tunnel tube, the device was supposed to travel backwards through
the tunnel, transversely move beneath a bridge structure, and
finally drive into the prepared second tunnel tube. However,
in practice, this assignment posed a significantly complicated
logistical and technical operation.
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tento ukol predstavoval znacné sloZitou logistickou a technickou
operaci.

Pred samotnym pfesunem bylo nutné zpracovat detailni projekt
pfesunu zafizeni, ktery zohledfioval nejen prostorové moZnosti
staveniSté, ale také aktualni dopravni situaci v okoli, statické pa-
rametry mostni konstrukce a bezpecnostni opatteni. Béhem pfi-
pravy arealizace presunu projektanti celili nékolika komplikacim,
které bylo nutné fesit operativné pfimo na misté.

Nejvétsi vyzvou bylo prijezdné misto pod mostem, kde byla
mezi horni ¢asti zafizeni a spodni hranou mostni konstrukce me-
zera pouze cca 10 mm (obr. 8). Vzhledem k této minimalni vili
a omezenému manipulacnimu prostoru v okoli nebylo mozné za-
fizeni vyraznéji posouvat ¢i vySkoveé upravovat — cely manévr tak
probihal doslova s milimetrovou piesnosti.

Samotny presun trval pfiblizn€ tii dny. Celkem bylo s obéma
zafizenimi ujeto cca 1,2 km (dohromady tfi pracovnici, z divodu
posunu koleji). Pfesun zahrnoval nejen piejezd, ale také nasled-
né dokoncovaci montdZe a ustaveni zafizeni v nové poloze. Diky
dakladné priprave, presné koordinaci a zkuSenostem realiza¢niho
tymu probéhl cely proces bez komplikaci a v souladu s harmono-
gramem stavby.

Vyhody oproti systémovému bednéni:

* rychlost pracovniho cyklu (1 blok);

¢ jednoduchost obsluhy;

e vyrazn€ mensi potfeba pracovniki;

* mensi naroky na strojni mechanizaci;

e kvalita povrchu betonu — ocelovd obalka;

¢ eliminace nutnosti vymeény preklizky po nékolika betonova-

cich cyklech;

e odbourdni nakladd na opravu a ¢i$téni bednéni.

ZAVER

Projekt vyvoje a realizace mobilniho bednéni pro hloubeny
tunel v Oslu predstavuje priklad dspé€Sného spojeni inZenyrské
kreativity, technické preciznosti a schopnosti pfizplsobit se spe-
cifickym pozadavkiim narocného stavebniho prostfedi. Od poca-
te¢niho navrhu ,,z ¢istého stolu* az po uvedeni zafizeni do provozu
a jeho nasledny presun do druhého tunelového tubusu byl cely
proces veden s dirazem na bezpecnost, efektivitu a provozni spo-
lehlivost.

Zatizeni bylo navrzeno jako plné variabilni systém s mozZnosti
vyskového a sitkového nastaveni a snadného presunu bez nutnos-
ti demontaze. Statické posouzeni provedené dvéma nezavislymi
metodami potvrdilo spravnost ndvrhu a umoznilo presné dimen-
zovani vSech klicovych prvka.

Funk¢ni zkousky a provozni ovéreni pak prokazaly, Ze zafizeni
spliiuje nejen technické, ale i provozni a bezpecnostni pozadavky
v plném rozsahu.

Uspé&sné zvladnuti tohoto projektu potvrzuje, Ze i v oblasti tu-
nelového stavitelstvi je mozné hledat nova, efektivni a inovativni
feSeni, kterd pfinaseji pfidanou hodnotu jak z hlediska casu, tak
i ndkladli a bezpecnosti. Mobilni bednéni vyvinuté spolecnosti
OSTROJ a.s. tak mlze slouZit jako inspirace pro dalsi projekty
v oblasti podzemnich staveb nejen v ¢eskych zemich, ale i v Sir-
§im evropském kontextu.

Ing. PETR BORTLIK, Ph.D.,
petr.bortlik@ostroj.cz, OSTROJ a.s.

Recenzoval Reviewed by: Ing. Miroslav Lipka
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Before the relocation itself, a detailed project needed to be
created for the relocation of the device, which took into account
not only the spatial capabilities of the construction site but also
the current traffic situation in the area, static parameters of the
bridge structure, and safety measures. During preparations and
realisation of the relocation, the designers were confronted by
several complications, which had to be dealt with operatively
directly on site.

The greatest challenge was the clearance area beneath the
bridge, with a gap of only ca 10mm (Fig. 8) between the upper
section of the device and the lower edge of the bridge structure.
Due to this minimal clearance and limited manipulation space in
the area, it was not possible to substantially move or vertically
adjust the device — the entire manoeuvre therefore went on with
literally millimetre precision.

The relocation itself took approximately three days. In total,
with both devices, approximately 1.2km was travelled (altogether
three workers due to the moving of rails). The relocation included
not only the crossing but also the subsequent finishing of
assembly and setting the device up in a new position. Thanks to
thorough preparation, precise coordination, and experience of the
implementation team, the entire process was carried out without
complications and in conformity with the time schedule of the
construction site.

Benefits compared to system formwork:

 speed of the work cycle (1 block);

e ease of use;

* significantly smaller need for workers;

* lesser requirements for machine mechanisation;

* concrete surface quality — steel skin;

 eliminated the need to replace plywood after multiple

concreting cycles;

* axed costs for formwork repair and cleaning.

CONCLUSION

The project for the development and implementation of mobile
formwork for a cut-and-cover tunnel in Oslo represents an example
of a successful connection of engineering creativity, technical
precision, and the ability to adapt to the specific requirements of
a demanding construction environment. From the initial “blank
canvas” design to commissioning of the device and its subsequent
relocation into the second tunnel tube, the entire process was led
with an emphasis on safety, efficiency, and operational reliability.

The device was designed as a fully variable system with an
option of vertical and lateral adjustment and easy relocation
without the need for disassembly. Structural analysis carried out
by two independent methods verified the correctness of the design
and facilitated precise dimensioning of all key elements.

Functional tests and operational checks then proved that the
device adheres not only to technical, but also operational and
safety requirements to the highest degree.

Successfully handling this project confirms that even in the
field of tunnel construction, it is possible to seek new, effective,
and innovative solutions that bring added value not only from the
viewpoint of time, but also costs, and safety. Mobile formwork
developed by the OSTROJ a.s. Company therefore can serve
as an inspiration for other projects in the area of underground
constructions not only in the Czech Republic, but also in a broader
European context.

Ing. PETR BORTLIK, Ph.D.,
petr.bortlik@ostroj.cz, OSTRO] a.s.
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OVLIVNENI KONSTRUKCE METRA C RAZBOU PRUZKUMNYCH STOL
PRO STAVBU I.D METRA
IMPACT OF THE EXCAVATION OF EXPLORATORY GALLERIES
FOR THE CONSTRUCTION OF METRO 1.D ON THE STRUCTURE
OF METRO C

MARTIN VINTER, VOJTECH ANDERLE

ABSTRAKT

V letech 2019-2022 byl v lokalité prazské Pankrdce provdden Dopliikovy geologicky priizkum pro vystavbu trasy 1.D metra. Hloubeni
a razby ¢tyr podzemnich priizkumnych dél probihaly v méstské oblasti s riiznou hustotou zdstavby. Dvé z nich se razily v prostoru budouct
stanice Pankrdc primo pod rusnou kriZovatkou, dvéma kolektorovymi tunely, vyznamnymi potrubnimi sitémi a zejména primo pod inten-
zivné provozovanym tisekem trasy C prazského metra. VIiv poklesu hladiny podzemni vody, spojeny se zahdjenim priizkumnych praci, na
pokles sledovanych konstrukci metra, jeho postupnd stabilizace a ndsledny protismerny pohyb, tedy zdvih tunelii, byly podrobné sledovdny
a pribéezné vyhodnocovdny diky systému automatického méteni deformaci na dilatacich a ndklonii. Nedilnou a podstatnou soucdsti kom-
plexu provddeéni razeb a monitoringu byla pravidelnd ovétovaci geodetickd métent, prohlidky provddené zhotovitelem geotechnického mo-
nitoringu a kompletni vyména informaci s provozovatelem metra, véetné vyuZivdani jeho provoznich prohlidek, méteni a zkousek. V priibéhu
priizkumnych praci oba tratové tunely v ovlivnéném tiseku prochdzely postupné riiznymi stavy namdhdni, na které reagovaly deformacemi
a poruchami. S postupné ziskdvanou zkuSenosti o chovdni konstrukci byl systém monitoringu modifikovdn a dopliiovdn tak, aby nepriznivé
projevy byly kontrolovdny a eliminovdny na pripustnou miru.

ABSTRACT

A supplementary geological survey was conducted for the construction of the Metro Line I.D in the Pankrdc area of Prague from
2019 to 2022. The trenching and excavation of four underground exploratory works were carried out in an urban area with a differing
development density. Two of them were excavated in an area of the future Pankrdc station directly underneath a busy intersection, two
utility tunnels, important pipelines, and mainly directly underneath an intensively operated section of Line C of the Prague Metro. The
impact of a decreasing groundwater level, connected with the onset of exploratory works, on the sinking of monitored structures of the
Metro, and its gradual stabilisation, and following countervailing motion, which means the lifting of tunnels, was thoroughly monitored
and progressively evaluated thanks to a system automatically measured deformations within dilatations, and inclinations. Integral and
Sfundamental components of the excavations and monitoring complex included regular verification geodetic measurements, inspections
carried out by the supplier of geotechnical monitoring, and an all-encompassing exchange of information with the metro operator, including
utilisation of their operating inspections, measurements, and tests. Both the track tunnels in the affected section went through gradually
changing states of stress over the course of exploratory works, to which they reacted with deformations and faults. With progressively
gathered experience about the behaviour of the structure, the monitoring system was modified and supplemented such that unfavourable
effects were examined and reduced to an acceptable rate.

1. UvVoD

V Cervnu roku 2019 zacal v §irsi lokalité prazské Pankrace Do-
pliitkovy geologicky prizkum pro vystavbu trasy I.D metra s pld-
novanym ukoncenim v 1ét€ 2021. Naplni tohoto projektu bylo
hloubeni Ctyr Sachet, na které ve tfech pripadech navazaly razby
prizkumnych $tol, z nichZ vétSina bude ¢i jiz byla vyuZita pro
budouci trasu metra D, respektive prestupni chodbu mezi stanice-
mi Pankréc C a Pankrdc D. Hlavnim cilem bylo roz$ifeni znalosti
o horninovém prostiedi a vlivu ¢innosti provadénych hornickym
zplsobem na prilehlé tizemi a objekty, detekce rizik a posouze-
ni nastroju k jejich fizeni. Provedeni prizkumu takového rozsahu
v zastavéné oblasti této méstské ¢asti vyZzadovalo maximdlni pfi-
pravenost nejen ze strany dodavatele prizkumnych praci, ale i ze
strany dodavatele geotechnického monitoringu (didle GTM).

Pribézné poznatky doplitkového geologického priizkumu a vy-
sledky GTM vedly k rozsifeni prizkumnych praci a prodlouzeni
terminu ukonceni v beznu roku 2022.

1. INTRODUCTION

In June 2019, a supplementary geological survey for the
construction of the Metro Line I.D began in the wider area of
Pankrac, Prague, with completion planned for the summer of 2021.
The content of this project was the excavation of four shafts, which
were followed in three instances by excavations of exploratory
galleries from which the majority will be or already were utilised
for the future Metro Line D, or rather an interchange corridor
between the Pankrac C and Pankrdc D stations. The main goal
was to broaden the knowledge of the rock environment, and the
impact of activities carried out in a mining-like way on the adjacent
area and objects, risk detection, and to assess the tools for their
management. The execution of a survey of such extent in a densely
built-up area of this city district required maximum preparedness
not only on the side of the supplier of exploratory works, but also
on the side of the supplier of geotechnical monitoring (hereinafter
GTM).
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2. PRUZKUMNE OBJEKTY

Ukol byl rozdélen na Ctyfi prizkumna dila, PAD1b, PADA4,
VO-OL a OL1 umisténa podél osy budouci trasy D, tedy ulice Na
Strzi v useku mezi magistrdlou 5. kvétna a ulici Antala Staska.
V tomto textu jsou zmifiovana jen prizkumna dila PAD4 a VO-OL
s pfimym vlivem na konstrukce trasy C prazského metra.

Objekt PADA4, ktery sestava ze Sachty a prizkumné Stoly, se na-
chazi v oblasti kfiZovatky ulic Na Strzi, Na Pankréci a Bud&jovic-
ké. Vlastni Sachta md pramér 8,6 m a je téméf 30 m hluboka. Na
ni navdzala priblizné 117 m dlouha prizkumna Stola, sloZena ze
Ctyf typu pricnych profili, pidorysné vedend do tvaru ,,S%, kterd
bude po dobudovani v ramci vystavby slouZit jako soucast pre-
stupni chodby mezi stanicemi Pankrac C a Pankrac D [1]. Kromé
prizkumnych praci provedenych ze Sachty a Stoly byly z tohoto
objektu provedeny rozsahlé injektdZe za tcelem zlepSeni geo-
technickych vlastnosti horninového masivu pfed aktivni celbou,
v jejim okoli, ve sméru budouci stanice, ke §toldam VO-OL a pod
trafové tunely trasy C. Razba prizkumné Stoly PAD4 probihala
v prostiedi kosovského souvrstvi (paleozoikum — ordovik) [2].
kosti ulice Na Strzi, konkrétn€ mezi ulicemi Neveklovska a Pa-
covska. Ze Sachty o priméru 21 m a hloubce pfes 36 m vychazela
severnim smérem prizkumna Stola o délce pres 322 m. Ta byla vy-
razena v trase budouciho tratového tunelu metra D a nyni je jeho
soucasti. Profil této priizkumné Stoly mél po celé délce 10 roz-
dilnych typu, liSicich se dle budouciho ucelu velikosti i tvarem
[3]. Padorysné tato prizkumna Stola sméfovala az pod kfiZovat-
ku ulic Na Strzi, Na Pankraci a Budéjovicka a podchézela vyse
zminény prizkumny objekt PAD4. Z geologického hlediska byla
Stola razena v proménlivém prostiedi, nebot postupné prochéze-
la nejprve ordovickymi horninami (bohdaleckym, kralodvorskym
a kosovskym souvrstvim) a ndsledné silurskymi horninami (liten-
skym souvrstvim) [4]. I z této Stoly byly v posledni fazi provadény

TufHel

Continuous knowledge from the supplementary geological
survey and GTM results led to an expansion of exploratory works
and the prolonging of the completion deadline in March 2022.

2. EXPLORATORY OBJECTS

The task was divided into four exploratory works, PADIb,
PAD4, VO-OL, and OL1, located along the axis of the future Line
D, which means Na Strzi Street in the section between the 5. kvétna
arterial road, and Antala Staska Street. This text only mentions the
PAD4 and VO-OL exploratory works that have a direct impact on
Line C of the Prague Metro.

The PAD4 object, which consists of a shaft and an exploratory
gallery, is located in the area of an intersection of streets Na Strzi,
Na Pankraci, and Bud&jovicka. The shaft itself has a diameter of
8.6m and is almost 30m deep. It is followed by an approximately
117m long exploratory gallery made up of four types of cross
profiles, made as an “S” shape in plan view, which will serve
within the construction as a part of the interchange corridor
between the Pankrdc C and Panrkéc D stations after its completion
[1]. Excluding exploratory works carried out from the shaft and
gallery, extensive grouting was carried out from this object with
the intent to improve geotechnical conditions of the rock mass in
front of the active face, in its vicinity, and in the direction of the
future station, towards VO-OL shafts, and underneath Line C track
tunnels. The excavation of the PAD4 exploratory gallery took
place in an environment of the Kosov series of strata (Ordovician,
Paleozoic) [2].

The VO-OL exploratory object has a shaft located more
southwards near Na Strzi Street, more precisely between streets
Neveklovskd and Pacovskd. An exploratory gallery more than
322m long extended in a northern direction from a shaft with
a diameter of 21m and a depth of more than 36m. It was excavated

along the route of the future
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it is a part of it. The profile of
this exploratory gallery had 10
different types along its entire
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| the future purpose by size and
— even shape [3]. This exploratory
gallery reached in plan view up
to beneath the intersection of
streets Na Strzi, Na Pankraci,
and Budé&jovickd, and it passed
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of strata) and then Silurian rocks
(Liten series of strata) [4]. Even
from this gallery, the grouting
under Line C was carried out in
the last phase. A slight impact of
Metro C tunnels manifested itself

Obr. 1 Situace prizkumnych §tol PAD4 a VO-OL a sledovanych tratovych iisekit metra C
Fig. 1 Layout plan of the PAD4 and VO-OL exploratory galleries and monitored Metro C track sections

from the face.

even during pressure grouting
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injektdzZe pod trasu C. Mirné ovlivnéni tuneltt Metra C se projevilo
i pfi tlakovych injektaZich z Celby.

Na celkové naro¢nosti projektu se, kromé komplikované geolo-
gické stavby, podilela také hustota okolni zastavby, Citajici nejen
nadzemni obytné a administrativni objekty, ale také vyznamné
podzemni konstrukce a inZenyrské sité. Jako nejvice rizikové bylo
mozné z hlediska bezpec¢nosti a samotného ovlivnéni provozované
linky metra bezpochyby povaZovat oblast kiiZeni priazkumnych
Stol s trasou C, kde se smérové protinaji podzemni dila ve tfech
vyskovych urovnich (obr. 1), pficemZ nejvyse vedené jsou stavaji-
ci trafové tunely metra C. Pod touto trasou probihala nejprve raz-
ba Stoly PAD4 a nésledné razba Stoly VO-OL. Primdrnim tkolem
GTM zde bylo ziskdni vSech potiebnych informaci a bezprostied-
niho pristupu k nim, pro umoZnéni okamzité reakce na nepftizni-
vé vlivy prizkumnych ¢innosti, s cilem vyloucit vSechna provoz
ohrozujici rizika [5, 6].

3. MERICI LINKA V TUNELECH METRA C

Aby bylo mozné reagovat na nepfiznivé jevy bez prodleni, byla
mefici linka zaloZena na metodikach méteni probihajicich v rezi-
mu s automatickym sbérem dat (dale ASD), s rychlym pifenosem
a zpracovanim dat do centrdlniho pocitace a s nidslednym bezpro-
sttednim vlozenim do webového Informacniho Systému Moni-
toringu ,,ISM Sahure®. V automatickém reZimu byly sledovany
zmény néklont v podélnych a pii¢nych fezech konstrukci a cho-
vani dilatacnich celkd hloubené ¢asti rozpletll tunelli mezi stanici
Pankrac C a mezistani¢nimi tunely. Cely sledovany usek trasy C
se sklada z casti zhotovenych riznymi technologiemi, a to z jiz
zminéné dilatované monolitické konstrukce pfiléhajici ke stanici
Pankrac C, zbudované ve hloubené jame a na ni navazuji mezista-
ni¢ni razené tunely kruhového prifezu vystrojené tubingy z lité
oceli (obr. 2) [7].

yvow

Meéfeni piicnych ndklont bylo realizovdno snimaci uspofdda-
nymi do méficich profild s péti aZ osmi snimaci, vzdjemné vzda-
lenymi zhruba 5 nebo 10 m. Ke kaZzdému pricnému profilu byl
pridruZzen nejméné jeden snimac¢ podélného sklonu. VSechny byly
prostfednictvim kabeldZe propojeny s fidicim pocitacem, umisté-
nym v zazemi stanice Pankrac C.

Obr. 2 Instalace ndklonomérnych snimacii v razené cdsti tratového tunelu metra C
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Apart from the complicated geological arrangement, even
the density of the surrounding built-up area was involved in
the overall difficulty of the project, comprising not only above-
-ground residential and administrative objects but also important
subsurface structures and engineering utilities. As the most
risky from the viewpoint of safety and impact on the operated
metro line itself, it was possible to consider without a shadow of
a doubt the area of intersecting exploratory galleries with Line
C, where underground works intersect directionally in three
vertical levels (Fig. 1), whilst the uppermost are the current Metro
C track tunnels. The excavation of the PAD4 gallery was carried
out beneath this route first, followed by the excavation of the
VO-OL gallery. The primary task of GTM here was to gather all the
necessary information and provide immediate access to facilitate
an instant reaction to adverse effects of exploratory activities, with
a goal to exclude all risks jeopardising the operations [5,6].

3. MEASURING SERVICE IN METRO C TUNNELS

So that it would be possible to react to unfavourable effects
without delay, the measuring service was based on a methodology
of measurements taking place in a mode with automatic data
collection (hereinafter ASD), with fast data transfer and processing
in a central computer, and with a subsequent immediate input
into a web Information Monitoring System “ISM Sahure”. In the
automatic regime, changes in inclinations in the longitudinal and
transverse sections of structures and the behaviour of dilatation
groups of the cut-and-cover tunnel junction section between the
Pankrac C station and interstation tunnels were monitored. The
entire observed section of Line C consists of parts constructed
with different technologies, being the aforementioned dilated
monolithic structure adjoining the Pankric C station constructed
in a cut-and-cover pit, and connected interstation excavated
tunnels with a circular cross-section equipped by segments from
cast steel (Fig. 2) [7].

The measuring of transverse inclines was realised with sensors
arranged into measuring profiles with five to eight sensors, mutually
distanced roughly 5 or 10m. At least one longitudinal incline sensor
was associated with each of the
transverse profiles. All of them
were connected using cables to a
management computer located in
the utility rooms of the Pankrac C
station.

Dilatation joints in the cut-and-
cover section of the monitored
Metro C tunnels were spaced
out approximately 25m. They
were typically equipped with
arranged along both
sides of the tunnels, on the
floor, and ceiling, and with an
orientation for the monitoring
of mutual position changes of
neighbouring parts (monolithic
dilatation units) in the horizontal
and even vertical direction. The

Sensors

number and location of sensors in
a profile were given by particular
conditions in each place.

Fig. 2 Installation of inclinometer sensors in the excavated part of the Metro C track tunnel
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Dilatacni spary v hloubené casti sledovanych tunelt metra C
byly vzdaleny ptiblizné 25 m. Byly typicky osazeny snimaci roz-
misténymi po obou stranach tunelii, u podlahy a stropu a s orien-
taci pro sledovani vzajemnych zmén pozic sousedicich partii (mo-
nolitickych dilata¢nich celkll) ve vodorovném i svislém sméru.
Pocet a umisténi snimaci v profilu bylo dano konkrétnimi pod-
minkami v kaZzdém misté.

Vysledky ASD méfeni byly pribézné zpiistupfiovany vysSe zmi-
nénym systémem ISM Sahure. Intervaly odecti méfenych dat
byly nastavovany s ohledem na miru ovlivnéni a podobné byl, dle
aktudlni potieby, mé&nén i interval jejich publikovani. Pfi provadé-
ni prizkumnych ¢innosti s vysokou mirou ovlivnéni prostiedi byla
data automatického monitoringu poskytovana realizacni firmé¢ on-
-line, pfimo z fidiciho pocitace na pracovisté stavby, s pfenosem
informaci do podzemi. Takovy nadstandardni pfistup, jenZ nebyl
pfed zahdjenim prizkumnych praci predpokldddn, umoZiioval
zhotoviteli raZeb reagovat na nepiiznivé odezvy vuci sledovanym
konstrukcim okamzité bez prodlevy. Tato moZnost byla vyuZzivana
opakované, zejména pfi provadéni injektdZnich praci pod tubusy
trasy metra C.

Kromé priubézného automatického méteni byla v metru C pro-
vadéna cyklicka geodetickd méfeni konvergenci prostfednictvim
méfeni prostorovych soufadnic a sledovani sedani tunelt metodou
pfesné nivelace. Geodetickd 3D konvergen¢ni méfeni byla pro-
vadéna v tydennim aZ mési¢nim intervalu podle miry ovlivnéni,
s pfipojenim na pevné body mimo oveéfovanou oblast vlivu pri-
zkumnych praci. Podobné byly fizeny i délka a rozsah aktudlné
meéreného tseku v dané etapé. Geometricka nivelace ze stfedu
byla provddéna v nékolikamési¢nim intervalu, v celkové délce cca
300 m a vzdy v celém useku, ktery byl na pocatku zvolen tak, aby
ovétoval skutecny rozsah poklesové kotliny v trase metra C.

Na zakladé pasportizace a dalSich dostupnych informaci o sle-
dovanych konstrukcich byly vypracovany znalecké posudky, je-
jichz obsahem bylo, mimo jiné, stanoveni varovnych stavil pro
vSechny sledované typy deformacnich projevi na téchto konstruk-
cich a jejich pribézné hodnoceni. Na zaklad¢ postupné ziskava-
nych informaci pak bylo posuzovéni vysledki modifikovano.

Vsechna méfeni GTM byla dile doplnéna pravidelnymi mist-
nimi prohlidkami, pfi kterych se porovnaval aktudlni stavebné
technicky stav tunell se stavem zaznamenanym pfi pasportizaci,
pfipadné se stavem zaznamenanym
pfi pfedchozi prohlidce.

Sledovani tratovych tunelti met-

Tuel

The results of ASD measurements were continuously made
available through the aforementioned ISM Sahure system.
Reading intervals of measured data were set with regard to the rate
of interference, and likewise, the interval of their publishing was
altered according to current need. When performing exploratory
activities with a high rate of environment interference, automatic
monitoring data was provided to the realisation firm online,
directly from the management computer to the construction site,
with information transfer to the underground. Such an above-
standard approach, which was not expected before commencing
exploratory works, enabled the excavations contractor to respond
to adverse reactions in relation to monitored structures instantly
without delay. This option was made use of repeatedly, particularly
while executing grouting works underneath Metro Line C
tubes.

Apart from continuous automatic measuring, cyclic geodetic
convergence measuring was carried out in the Metro C, using
spatial coordinates measuring and tunnel settlement monitoring
with the precise levelling method. Geodetic 3D convergence
measuring was carried out at a weekly to monthly interval
according to the rate of interference, with connections to fixed
points beyond the verified area influenced by exploratory works.
The length and extent of the currently measured section in a given
stage were managed similarly. Geometric levelling from the centre
was carried out at intervals of several months, at a total length of
roughly 300m and always in an entire section, which was selected
at the start in such a way that it would check the actual extent of
the settlement trough on the Metro C route.

On the basis of a condition survey and other available
information about the monitored structures, expert reports were
prepared, containing, besides other things, determining warning
states for all the tracked types of deformation manifestation on
these structures and their continuous assessment. The assessment
of results was then modified on the basis of gradually gathered
information.

All the GTM measurements were further complemented by
periodical local inspections, during which the current construction
technical state of the tunnels was compared to the state recorded

Tab. 1 Exploratory works beneath Metro Line C

ra C bylo, kromé zminénych metodik Ph;se
méfeni, poskytovanych komplet-  inter- | Exploration activity Commencement | Termination
né dodavatelem GTM, dopliiovdano feren-
meéfenimi a kontrolami zajiStova- £
nymi sprivcem a provozovatelem 1 [ PAD4 shatt sinking 23.10.2019 07.01.2020
objektu (Dopravni podnik hl. m. 5 _llfélgg :ﬁzl%r\e(zgzr} gf?llzrr); excavation — TYP1, TYP2 left part, 13.01.2020 13.07.2020
Prahy, a.s.). VSechny vysledky, je- P
jich interpretace a navrhy opatfeni 3 | grouting works PAD4 — 1% part 14.07.2020 19.11.2020
byly pfevdm‘étem Vzé}'emné Komuni- 4 zﬁ‘(lj)fll' \?ézkr)ir;;itoga%allery excavation — TYP2 right part 20.11.2020 93.02.2021
kace a tésné spoluprace. -
5 | grouting works PAD4 — 2 part 23.02.2021 22.03.2021
4. MONITORING BEHEM 6 | PAD4 geotechnical side stub excavation 22.03.2021 07.05.2021
PRUZKUMNYCH PRACI 7 | VO-OL exploration gallery excavation 13.08.2020 18.4.2021
Po celou dobu priizkumu byly 8 | grouting works from PAD4 — 31 part 26.07.2021 24.8.2021
trafové tunely metra C ovliviiové- 9 [ PAD4 exploration gallery enlargement in areas TYP3 and TYP4 31.08.2021 07.12.2021
ny mnoZstvim &initeld. Pro udely 10 | grouting works from VO-OL — 1% part 15.07.2021 23.07.2021
tohoto textu jsou jednotlivd ovliv- 1 VOd-(_)IE eXﬁIoratiotn galllery enlargement in areas o. v. 4.5m 24.07.2021 30.09.2021
néni zjednodusené popsana v tab. 1 and interchange tunne
(8, 9]. 12 | grouting works from VO-OL — 2" part 01.10.2021 18.10.2021




Tuel

34. rocnik - €. 4/2025

Tab. 1 Prizkumné prdce pod trasou metra C during the condition survey,
Faze | . o _ alternatively to a state recorded
(:,‘vé"r:’i' Cinnost priizkumu Zahajeni Ukonceni during the previous inspection.

— Besides the mentioned methods of

1 |hloubeni Sachty PAD4 23.10.2019 07.01.2020 . .

z - AR — measuring, completely supplied by
2 rTangg g?élgﬂg\?;ggt PAD4 ~TYP1, TYF2 leva Cast, 13.01. 2020 13.07.2020 the GTM contractor, the monitoring
3 |injektézni préce PAD4 — 1. Sast 14.07.2020 | 19.11.2020 ‘C)Zm“’{zg‘;mgd “;‘Ck rr:z;‘?;':m;”nt
4 ;a%sizrgé{;lgn%gesftoly PADA -T2 prava cast 20.11.2020 23.02. 2021 and fhecks providgd by the manager
5 |injektazni prace PAD4 - 2. Gast 23.02. 2021 22 03.2021 and operator of the object (Prague
6 |razba geotechnické rozrazky PAD4 22.03.2021 07. 05. 2021 Public Transit Company). All the
7 | razba priizkumné Stoly VO-OL 13.08. 2020 18.4.2021 results, their interpretation, and
8 |injektdzni prace z PAD4 - 3. &ast 26.07.2021 24.8.2021 proposals of measures were the
9 | rozsifeni prizkumné Stoly PAD4 v oblastech TYP3 a TYP4 31.08. 2021 07.12. 2021 topic of mutua-l communication and
10 | injektaZni préce z VO-OL - 1. ¢ést 15.07. 2021 23.07. 2021 close cooperation.
1 ;orz)?ércehrgdp;\tljgﬁgmi Ie‘l,Jton VO-OL v oblastech 0.v.4,5 m 24 07,2021 30.09. 2021 4. MONITORING DURING
12| injektézni préce z VO-OL - 2. &st 01.10.2021 | 18.10.2021 EXPLORATORY WORKS

Hloubeni $achty a razby priizkumné stoly PAD4
(faze ovlivhéni 1 a 2)

Pfi hloubeni Sachty, ale predevsim pfii razbé prazkumné Stoly,
se geologické prostfedi kosovského souvrstvi projevilo jako vy-
znamné propustné. Zvlasté se jednalo o rozpukané polohy kie-
mennych piskovci, které se stfidaly s polohami jilovitych bridlic.
Po celou dobu razicich praci v této etap€ bylo Cerpano nezane-
dbatelné mnoZstvi podzemni vody, coZ mélo vyznamny vliv na
pokles jeji hladiny (HPV) (obr. 3) a zprostfedkované na sedani
sledovanych tratovych tunelii (obr. 4). Pozvolna narlstajici de-
formace byla dobfe pozorovatelna piedevsim z méfeni podélnych
naklont a z konvergen¢nich méfeni. Jako nejvice rizikové se dle
predpokladl stalo misto styku raZené a hloubené ¢asti tratovych
tuneld.

Vysledky monitoringu byly s vysokou cetnosti komplexné vy-
hodnocovéany a formou komentovanych grafti zasilany vSem od-
povédnym pracovnikim zucastnénych subjektd projektu, vcetné
provozovatele tunelt metra. Ten svymi méfe-

Throughout the entire duration

of exploration, the Metro C track

tunnels were affected by a number of factors. The individual

interferences are described in a simplified way in the Tab. 1 for the
purposes of this text [8, 9].

Shaft sinking and PAD4 exploration gallery excavation
(phase of interference 1 and 2)

During the sinking of the shaft, but primarily during the
excavation of the exploratory gallery, the geological environment
of the Kosov series of strata proved to be substantially permeable.
In particular, broken up attitudes of quartz sandstones, that
alternated with attitudes of clayey slates. Over the entire duration
of excavation works in this phase a not negligible amount of
groundwater was pumped, which had a significant impact on the
reduction of its surface (groundwater table, GWT) (Fig. 3), and
indirectly on the settlement of monitored track tunnels (Fig. 4).
Gradually increasing deformation was easily observable primarily
from measurements of longitudinal inclines and from convergence

nimi pravidelné ovéroval mimo jiné sjizdnost
trati, kterd byla stéZejnim ukazatelem pro po- 250
kracovani prizkumnych praci. =

Injektazni prace ze Stoly PAD4
- 1. ¢ast (faze ovlivnéni 3) 1

Po dokonceni prvni casti razicich praci
pfiSly na fadu prace injektdzni. Jejich uce-
lem bylo pfedevSim zlepSit geotechnické
vlastnosti horninového masivu v nejbliz§im
okoli Stoly PAD4 a preventivné tim omezit
nezadouci deformace stavajicich tunelti me-
tra C predpoklddanymi vlivy budouci vy-
stavby nové linky metra D. Vliv injektaZi na -
konstrukce tunelt byl vyznamny, jak dobfe
ilustruje zdvih na grafickém zobrazeni pro
chovani podélného profilu levého tratového
tunelu (LTT) (obr. 5) a rovnéZ tak zmény pri-
mo méfenych podélnych naklond, predevsim

[m]

229

v LTT (Obr. 6, 7) -.‘. N\ -._" 0,._‘ W ".i#." "\ -_‘1 ;.1‘ \-_\' .“ .'\:. :_,\ 0, T T R T Y -} b 0}“11'\ 1.__‘

Na obou grafech nerovnomérného seddni
podélného profilu LTT je zjevnd koncentra-

ce deformaci do mista odpovidajiciho poloze

styku raZené a hloubené casti.

.éoeo

<0
<>

‘éo%,

Obr. 3 Pokles hladiny podzemni vody ve vrtu HG264
Fig. 3 Fall of groundwater level in the HG264 borehole
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TufHel

measurements. According to assumptions,

the location of contact of the excavated and
~— 01.10.2019 cut-and-cover track tunnel section became
== 25.06.2020 the riskiest place.
___1.V§1:000 o
2.VS 1:750 The monitoring results were frequently
~ 3.VS1:600 analysed in-depth and, by way of annotated
) graphs, sent to all of the responsible
VS varovny stav .. . ..
VS warning state workers of the participating entities of the

project. That included the operator of the
metro tunnels, who, with his measurements
regularly checked, besides other things, the
negotiability of the track, which was a pivotal
metric for the continuation of exploratory
works.

Grouting works from the PAD4 gallery
= 15t part (phase of interference 3)
After completing the first part of the
excavation works, it was the turn of the
grouting works. Their main objective was
to improve geotechnical properties of the
rock mass in the closest vicinity of the
PAD4 gallery, and to preventively limit
undesirable deformations of the current

Obr. 4 Nerovnomeérné seddni LTT vlivem poklesu HPV
Fig. 4 Uneven settlement of the LTT due to the fall of GWT

Vliv injektaZnich praci na tunely metra C byl v§emi ucastniky
projektu vniman jako zavazny, proto bylo komplexni vyhodno-
covani vysledkd monitoringu v tomto obdobi provadéno s denni
Cetnosti. Diky pravidelnému ovéfovani sjizdnosti trati provozova-

Metro C tunnels due to expected effects of
the future construction of the new Metro
Line D. The impact of grouting on tunnel
structures was substantial, which is well-illustrated by the elevation
on the graphical depiction of behaviour of the longitudinal profile
of the left track tunnel (LTT) (Fig. 5), and likewise the changes
of directly measured longitudinal inclines, mainly in the LTT

(Fig. 6, 7).

The concentration of deformations into a place correlating with
the location of the connection between the excavated and cut-and-
cover sections is evident on both the graphs of uneven settlement
of the LTT longitudinal profile.

The impact of grouting works on the Metro C tunnels was
perceived as serious by all participants of
the project, hence; the complex evaluation

telem tuneld bylo mozné injektdzni prace tspé€sné dokoncit, coz
mélo pfiznivy vliv na v§echny navazujici prace.

Navazujici razby a injektazni prace (faze ovlivnéni 4 az 7)

Po dokonceni prvni faze injektdZnich praci bylo horninové

prostedi v okoli tratovych tuneltt metra C priznivé stabilizovano

30 of monitoring results was carried out daily
== 03.06.2020 during this period. Thanks to regular checks
T 21.12.2020 of track negotiability by the operator of the
=== 1.V5 1:000 tunnels, it was possible to successfully finish

LT ~--2.V§1:750 ti Ks. which had itive i ¢
——— 3.VS 1:600 grouting works, which had a positive impac

on all subsequent works.

VS varovny stav

2y VS warning state Following excavations and grouting

works (phases of interference 4 to 7)

The rock mass in the environs of Metro

[mm]

C track tunnels was favourably stabilised
after completing the first phase of grouting
works, and the following excavations of the
PAD4 and VO-OL galleries and subsequent
grouting works no longer had any significant
adverse impact on the deformations. During
this period (meaning after completing the
subsequent excavations and grouting), on
almost all of the observed methodologies, the
tracked oscillation of deformation values was

-50 0 50 100

around the values reached after finalising the
1% part of the grouting works.

Obr. 5 Vyvoj nerovnomérného seddni LTT po injektdZich z priizkumné §toly PAD4, 1. &dst
Fig. 5 Development of uneven settlement of the LTT after grouting from the PAD4 exploratory gallery,
1¥ part
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Obr. 6 Zmény podélného ndklonu v LTT (barevné ndklony jednotlivych snimacii, graf rozdélen do oblasti dle fdazi ovlivnéni (¢islo), pripadné bez ovlivnéni (-)
Fig. 6 Changes of the longitudinal incline in the LTT (coloured inclines of individual sensors, graph divided into areas by phases of interference (number),

eventually without interference (-)

-20 r
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Obr. 7 Vyskové posuny vSech geodetickych 3D bodii v LTT (barevné posuny jednotlivych bodu, graf rozdélen do oblasti dle fdazi ovlivnéni (&islo), pripadné bez

ovlivnéni (-)

Fig. 7 Vertical shifts of all 3D geodesy points in the LTT (coloured shifts of individual points, graph divided into areas by phases of interference (number), even-

tually without interference (-)

a navazujici razby $tol PAD4 a VO-OL a nésledné injektaZzni prace
uZ na deformace nemély vyznamny nepfiznivy vliv. V tomto ob-
dobi (tedy po dokonceni navazujicich razeb a injektazi) byla témér
na vSech sledovanych metodikach pozorovana oscilace hodnot de-
formaci okolo hodnot dosazenych po dokonceni injektaZnich praci
1. ¢asti.

Rozsifeni prizkumnych stol PAD4 a VO-OL a dopliujici
injektaze (faze ovlivhéni 8-12)

Razby rozsifeni prizkumnych $tol a dopliiujici injektdze, kte-
ré probihaly ve druhé poloviné roku 2021, nemély na deformace
tratovych tunelli metra C zdsadni vliv. Nejvyznamnéjsi z té€chto
¢innosti z hlediska ovlivnéni metra C byly injektaZe provadéné
z ¢elby prizkumné Stoly VO-OL.

K textu jsou pfilozeny grafy prikladd reakci na prizkum LTT
metra C. Reakce druhého tubusu byly podobné, posunuté v Case,
dle postupu razeb. Celkové 1ze konstatovat, Ze ovlivnéni pravého
tratového tunelu (PTT) bylo vesmés o néco mirné;jsi.

5. ZAVER

Razba prizkumnych Stol PAD4 a VO-OL v lokalité¢ prazské
Pankrace byla z hlediska geotechnického monitoringu zajimavou
vyzvou, kterd vyZadovala dobrou a intenzivni pfipravu a samo-
zfejmé efektivni realizaci.

Samotny monitoring provozovanych tratovych tunelti metra C
hral v tomto projektu dalezitou roli, kterou, diky kvalitnimu navrhu

PAD4 and VO-OL exploratory galleries enlargement
and supplementary grouting (phase of interference
8-12)

The excavations for the enlargement of exploratory galleries
and supplementary grouting, which took place in the second half
of 2021, did not have a significant impact on the deformations
of Metro C track tunnels. The most important aspect of these
activities in terms of interfering with Metro C was the grouting
carried out from the face of the VO-OL exploratory gallery.

The text is accompanied by graphs with examples of responses
of the Metro C LTT to the exploration. The responses of the second
tube were similar, shifted in time according to the advancement
of the excavations. In general, it is possible to note that the
interference of the right tunnel tube (RTT) was mostly somewhat
milder.

5. CONCLUSION

The excavation of PAD4 and VO-OL exploration galleries in
the area of Pankrac, Prague, was, from a geotechnical monitoring
standpoint, an interesting challenge, which required good and
intensive preparation and, naturally, effective realisation.

The monitoring of the operated Metro C track tunnels itself
played a key role in this project, which was successfully fulfilled
over the entire duration thanks to a high-quality plan and realisation.
The deployment of automatic monitoring components into the
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a provadéni, po celou dobu tspésné plnil. Nasazeni prvka auto-
matického monitoringu do méfici linky bylo béhem prizkum-
nych praci zcela kli¢ové, nebot umoziiovalo nepretrzité sledovat
vyvoj méfenych veli¢in a s volitelnou Cetnosti je vyhodnocovat.
Za predpokladu vyuZiti pouze cyklickych metod méfeni by neby-
lo mozné zachytit nepiiznivé trendy deformaci dostate¢né rych-
le a reagovat na n¢ v€as vhodnymi opatfenimi. Dalsi nevyhodou
pouziti pouze cyklickych metod méfeni je v tomto ptfipadé moz-
nost jejich provadéni pouze v dobé tratové vyluky provozované
linky.

Béhem necelych tfi let trvani tohoto projektu byly tratové tunely
metra C postupné vystavovany riznym druhtim namahani, které se
diky uzké spolupréci vSech ucastnikti dopliikového prizkumu da-
filo vyhodnocovat a G¢inn€ upravovat postupy stavebné-priazkum-
nych ¢innosti. Vyznamnym vysledkem této spolupréce je fakt, Ze
po celou dobu trvani projektu nebyl narusen ani pribéh prazkum-
nych praci, ani pravidelny provoz metra C.

Dulezitym vysledkem z prubézného a zavérecného hodnoceni
trasy C byl upraveny zpisob posuzovani varovnych stavli pro na-
vazujici fazi, tj. pro vystavbu nové trasy metra D v iseku Pankrac—
Olbrachtova. Ten spocival v posuzovani dil¢ich zmén od zahdjeni
vystavby trasy metra D k nové stanovenym zpfisnénym varovnym
staviim, a déale k posuzovani celkovych deformaci od zahdjeni
doplikového prizkumu podle aktualizovanych pivodnich varov-
nych stavu.

V soucasné dobé jiz byla dokonCena vétSina razeb prvni Casti
metra D, tj. pfi vystavbé metra [.D1a (Gsek Pankrdc—Olbrachto-
va), nyni jsou dokoncovany razby jednolodni stanice Pankrac D.
Velmi narocné razby nové trasy metra D dosud nemély zasadnéjsi
negativni vliv na provoz trasy metra C i diky podrobné ptipravé
prizkumnych praci a jejich uspésnému provedeni.

Ing. MARTIN VINTER,
vinter.martin @inset.com,
Ing. VOJTECH ANDERLE,
anderle.vojtech@inset.com,
INSET s.r.o.

Recenzoval Reviewed by: Ing. Radek Bernard, Ph.D.

LITERATURA / REFERENCES
(1]
Monitoring, Metroprojekt. 2017.
(2]
ro¢. 2020, ¢. 4, s. 14-21.
(3]
— Monitoring, Metroprojekt. 2017.
(4]
VO-OL a OL1. TUNEL, ro¢. 2020, ¢. 4, s. 44-53.
(5]

TuNel

measuring service during the exploratory works was absolutely
key, since it enabled continuous tracking of the development of
measured quantities and to evaluate them with optional frequency.
Assuming that only cyclic measurement methods were utilised, it
would not be possible to detect unfavourable deformation trends
with sufficient speed, and to react to them in a timely manner with
appropriate measures. Another disadvantage of using only cyclic
measurement methods is that, in this case, it is only possible to
execute them during a track closure of the operated line.

During less than three years of this project, the Metro C track
tunnels were gradually subjected to various types of stress,
which, thanks to the close cooperation of all the participants of
the supplementary exploration, were successfully evaluated and
effectively altered by the procedures of construction-exploration
activities. An important result of this cooperation is the fact that
not only the progress of exploratory works or the regular Metro C
operations were not disrupted over the entire duration of the project.

An important result of the interim and final evaluation of Line C
was an adjusted method of assessing warning states for the following
phase, i.e., for the construction of the new Metro Line D in the
Pankrac — Olbrachtova section. It consisted of assessing partial
changes since the start of construction of Metro D in compliance
with the newly established stricter warning states, and further
assessing total deformations from the onset of the supplementary
exploration according to updated original warning states.

The majority of excavations of the first part of Metro D have
already been completed at the present time, i.e., the construction
of Metro I.Dla (Pankrac — Olbrachtova section), with the
excavations of the single-vault Pankrac D station being finalised.
The highly demanding excavations of the new Metro D route have
not yet had any significant negative impact on the operation of the
Metro C route, even thanks to thorough preparation and successful
completion of exploratory works.

Ing. MARTIN VINTER,
vinter.martin@inset.com,
Ing. VOJTECH ANDERLE,
anderle.vojtech@inset.com,
INSET s.r.o.

HORAK, Lubomir. Dokumentace pro ohldseni, Usek PAD4 — Monitoring raZeného dila, Doplitkovy geologicky priizkum ID1a —
ANDEL, Viclav; FILIP, Miroslav a IVOR, Stefan. Geologicky priizkum trasy I.D metra v Praze, tisek PAD4. TUNEL. 2020,
HORAK, Lubomir. Dokumentace pro ohldSeni, Usek VO-OL — Monitoring raZeného dila, Doplitkovy geologicky priizkum IDla
TLAMSA, Jifi; ONYSKO, Radek a ZEMANEK, Jan. Metro I.D — soucasny stav geologickych priizkumnych praci na tsecich

SPOLECNOST GTM TRASY 1.D METRA. Realizacni projekt geomonitoringu — PAD4, Komplexni geotechnicky monitoring pro

geologicky priizkum stavby VYSTAVBA TRASY 1.D METRA. 2020.

(6]

SPOLECNOST GTM TRASY 1.D METRA. Realizacni projekt geomonitoringu — VO-OL, Komplexni geotechnicky monitoring

pro geologicky priizkum stavby VYSTAVBA TRASY 1.D METRA. 2020.

(7]

SPOLECNOST PASPORTY PRO METRO I.D. INSET-GeoTec. Pasportizace objektii dotéenych GP — T1-T4, Komplexni geo-

technicky monitoring pro geologicky priizkum stavby VYSTAVBA TRASY I.D METRA. 2019

(8]

SPOLECNOST GTM TRASY 1.D METRA. Zdvérecnd zprdva komplexniho geomonitoringu — PAD4, Komplexni geotechnicky

monitoring pro geologicky priizkum stavby VYSTAVBA TRASY I.D METRA. 2021.

(9]

SPOLECNOST GTM TRASY 1.D METRA. Realizacni projekt geomonitoringu — VO-OL, Komplexni geotechnicky monitoring

pro geologicky priizkum stavby VYSTAVBA TRASY 1.D METRA. 2020.




TuNel

34. rotnik - €. 3/2025

FOTOREPORTAZ Z VYSTAVBY KABELOVEHO KOLEKTORU HG
NA LETISTI VACLAVA HAVLA V PRAZE - ¢ast 1
PICTURE REPORT FROM THE CONSTRUCTION OF THE HG UTILITY
TUNNEL AT THE VACLAV HAVEL AIRPORT IN PRAGUE - part 1

FOTO ING. RADEK BERNARD, PH.D., A DRON OBJEDNATELE
PHOTO ING. RADEK BERNARD, PH.D., AND A DRONE OF THE CLIENT

Obr. 1 Pohled z dronu na hloubenou Cdst vystavby kolektoru od Sachty S11
k $9705/25

Fig. 1 A drone view of the cut-and-cover section of the utility tunnel construc-
tion from the S11 shaft to the S9 shaft from 05/25

e | - -l =k s e L B i
Obr. 3 Pohled do Sachty S8 po dobudovdni jeji do¢asné konstrukce a odvrta-
ného destniku

Fig. 3 A view into the S8 shaft after constructing its provisional structure and

drilled umbrella

Obr. 5 Zahdjeni razby tunelu ze Sachty S8 smérem k Sachté $9
Fig. 5 Commencement of tunnel excavation from the S8 shaft towards the $9
shaft

Obr. 2 PoZehndni kolektorového tunelu, jeho razi¢iim a osazeni svaté Barbory
pred Sachtou S9

Fig. 2 Blessing of the utility tunnel, its workers, and the mounting of Saint
Barbara in front of the S9 shaft

Obr. 4 Prvni metry kolektorového tunelu ze Sachty S8 k Sachté / technické
komore TK7 v kaloté vyraZeny

Fig. 4 First metres of the utility tunnel from the $8 shaft towards the TK7 shaft
/ technical chamber excavated in the top heading

Obr. 6 Piprava na razbu kolektorového tunelu od Sachty 89 k Sachté $8 7 06/25
Fig. 6 Preparations for utility tunnel excavation from the S9 shaft towards the
S8 shaft from 06/25
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FOTOREPORTAZ Z VYSTAVBY KABELOVEHO KOLEKTORU HG
NA LETISTI VACLAVA HAVLA V PRAZE - ¢ast 2
PICTURE REPORT FROM THE CONSTRUCTION OF THE HG UTILITY
TUNNEL AT THE VACLAV HAVEL AIRPORT IN PRAGUE - part 2

FOTO ING. RADEK BERNARD, PH.D., A DRON OBJEDNATELE
PHOTO ING. RADEK BERNARD, PH.D., AND A DRONE OF THE CLIENT

Obr. 7 Nezajisténé éelo kaloty rizné zvétralych slinoveii ze Sachty S8 k tech-
nické komore TK7 z 07/25

Fig. 7 Unsecured top heading face in differently weathered marlstones from
the S8 shaft to TK7 technical chamber from 07/25
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Obr. 8 Svisld doprava materidlu i rubaniny v Sachté S8 zajisténa mobilnim
Jjerdbem RDK

Fig. 8 Vertical material and spoil transport in the S8 shaft secured by an RDK
mobile crane

Obr. 9 Razba opéii kolektorového tunelu ze Sachty S8 k Sachté / technické
komore TK7

Fig. 9 Excavation of the bench of the utility tunnel from the S8 shaft towards
the TK7 shaft / technical chamber
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Obr. 11 Celo vyrubu silné zvétralych aZ rozloZenych slinovcii ze Sachty S8

k technické komore TK7 7 09/25

Fig. 11 The excavation face with strongly weathered to disintegrated marl-

stones from S8 shaft to TK7 technical chamber from 09/25

Obr. 10 Pohled na vyraZenou cdst tunelu s provedenym primdrnim osténim
a KVG body

Fig. 10 A view of the excavated section of the tunnel with completed primary
lining and reflective convergence points

i

Obr. 12 Pohled z dronu na vybudovanou cdst kolektoru v hloubeném dseku od

Sachty 89 z 09/25

Fig. 12 A drone view of an already built part of the utility tunnel in the cut-
-and-cover section from shaft S9 from 09/25
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FOTOREPORTAZ ZE ZAHAJENI RAZBY PRUZKUMNE STOLY
PRO TUNEL KAMENNA VRATA NA D3
PICTURE REPORT FROM THE COMMENCEMENT OF EXCAVATIONS
OF THE EXPLORATORY GALLERY FOR THE KAMENNA VRATA
TUNNEL ON THE D3

FOTO ARCHIV METROSTAV TBR A.S. A 3G CONSULTING ENGINEERS S.R.O.
PHOTO ARCHIVE METROSTAV TBR A.S. AND 3G CONSULTING ENGINEERS S.R.O.

Obr. 1 Hloubeni portdlové jamy priizkumné $toly Obr. 2 Svéceni sosky sv. Barbory dne 29. 8. 2025
Fig. 1 Trenching of the portal pit of the exploratory gallery Fig. 2 The blessing of the St. Barbara statue on 29/8/2025

Obr. 3 Portdlovd jama zajisténd stiikanym betonem Obr. 4 Pohled do stisnéného prostoru priizkumné §toly
Fig. 3 Portal pit secured by sprayed concrete Fig. 4 A view of the confined space of the exploratory gallery

Fig. 5 Assembly of a reinforcing frame and a first layer of mesh for the lining Fig. 6 Tunnel excavator cleaning up the face of the gallery after a passing bay
of the gallery
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Jsme stavebni firma s eskym a mezinarodnim know-how. Realizujeme technologicky naro¢né projekty
v oblasti pozemniho i dopravniho stavitelstvi. Na ¢esky a slovensky trh pfinaSime nejmodernég;si
technologické postupy v oblastech vystavby, inzenyringu i novych smluvnich modell. Zaméfujeme se
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

PRORAZKA PRUZKUMNE STOLY BRENNERSKEHO BAZOVEHO TUNELU
BREAKTHROUGH OF THE BRENNER BASE TUNNEL EXPLORATORY GALLERY

On Thursday, September 18™,
2025, at 14:53, an underground
connection between Austria and Italy
was made by way of a breakthrough
of an exploratory gallery for the
Brenner base railway tunnel. The
exploratory gallery is led parallel
to the track tunnels at a length of
ca. 55km. Of those, approximately
42km were excavated by tunnelling
machines Clio, Giinter, and Serena.

Conventional tunnelling methods

were utilised for the remaining
13km. Position-wise, the gallery is
situated between the track tunnels,
and it is located ca. 10 to 12m below
them vertically. The excavation of
the exploratory gallery was initiated
on the Italian side on 28/4/2008
from the Aicha portal, which is
located before the southern portal

. 3 3 . .. zdroj BBT-SE (www.bbt-se.com) source BBT-SE (www.bbt-se.com)
of the Brenner base tunnel itself in . 7 Ruzba prozkumne stoky pomoci TBM

Franzenfeste. On the Austrian side, Fig. I Exploratory gallery excavation by a TBM
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the commencement of excavations of the exploratory gallery began
on 4/12/2009. The portal was situated in the Sill River valley in
the Innsbruck area. The breakthrough of the exploratory gallery,
which took place at an estimated depth of 1420m beneath the peak
of Geigenspitze Mountain and roughly 2km from the Brenner Pass
as the crow flies, was not only a major tunnelling milestone, but also
a political event attended by representatives of Austria, Italy, and
even the European Union, which was involved in the financing of
this transport structure of multinational importance.

Ve ctvrtek 18. zari 2025 ve 14:53 doSlo prordzkou prizkumné
Stoly Zelezni¢niho Brennerského bazového tunelu k podzemnimu
propojeni Rakouska a Italie. Prizkumna S$tola je vedena paralelné
s trafovymi tunely v délce cca 55 km. Zhruba 42 km z této délky
vyrazily tunelovaci stroje Clio, Giinter a Serena. Zbyvajicich cca
13 km bylo vyrazeno konven¢nimi tunelovacimi metodami. Polo-
hové je Stola situovana uprostied mezi tratovymi tunely, vySkove se
nachazi cca 10 az 12 m pod nimi. Kromé zji$téni geotechnickych
podminek ve stopé Brennerského bazového tunelu hraje v pribé-
hu vystavby vyznamnou roli i z hlediska dopravy materidlu nebo

Obr. 2 PrordZka v konvencné raZeném tseku
Fig. 2 Breakthrough in the conventionally excavated section

odvodnéni. Po uvedeni tunelu do provozu bude
slouzit jako servisni Stola a v pripadé nehody
i jako unikova cesta, nebot je v misté tunelovych
propojek s nimi spojena. Vzhledem k poloze pru-
zkumné $toly hluboko pod povrchem bude vyuZi-
véana i jako zdroj geotermadlni energie z drendzni
vody. Tato energie bude vyuZivdna pro topeni
a chlazeni objektt v blizkosti portélu Innsbruck.
Razba prizkumné Stoly byla zahdjena na italské
strané 28. 4. 2008 z portalu Aicha, ktery se nachazi
jesté pred jiznim portalem vlastniho Brennerské-
ho bazového tunelu ve Franzensfeste. Prizkumna
Stola Aicha méla délku 10,5 km a byla razena tu-
nelovacim strojem o prameéru vyrubu 6,3 m. Razba
probihala 919 dnt a k proraZce doslo 3. 11. 2010.
Na rakouské strané doslo k zahajeni razby pru-

zdroj BBT-SE (www.bbt-se.com) source BBT-SE (www.bbt-se.com)
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probihala az do 11. 12. 2013. Dalsi usek prizkumné Stoly Ahren-
tal-Pfons délky 17 km byl na rakouské strané raZeny od 26. 9. 2015
otevienym tunelovacim strojem o celkové délce 200 m a o priméru
vyrubu 8 m (obr. 1). Razba dalsiho tseku prizkumné $toly byla na
rakouskeé strané z pracovisté Wolf zahijena 29. 3. 2019 tunelovacim
strojem Serena. Ten po 3,5 letech a cca 14,2 km dosahl v hloubce
1450 m pod povrchem statni hranice mezi Rakouskem a Italii.

I kdyZ od zahdjeni razby prizkumné $toly v dubnu 2008 do jeji
prorazky v zéii 2025 uplynulo vice nez 17 let, nelze toto obdobi
oznacit jako dobu razby, protoZe byla razena po usecich a zahéjeni
razeb téchto dil¢ich useki bylo podminéno pfipravou a vystavbou
celé fady dalSich doprovodnych pristupovych Stol a tuneld, vétra-
cich Sachet, tunelii na dopravu rubaniny k deponiim rubaniny apod.
V souvislosti s Brennerskym bazovym tunelem se mluvi o jeho
délce 55 km, resp. po spojeni s Inntaltunelem 64 km. Celkova dél-
ka raZenych podzemnich dél souvisejicich s jeho vystavbou vsak
bude dosahovat cca 230 km. Z této délky je jiz 204 km vyraZeno
a v priStim roce by mély byt razby tpln€ dokonceny. Uvedeni tu-
nelu do provozu se predpokladd v roce 2032. Vznikne tak klico-
vy prvek Zelezni¢niho spojeni mezi Mnichovem a Veronou, ktery
umozni prijezd nakladnich vlaka tunelem rych-
losti az 160 km/h a osobnich vlaka rychlosti az
250 km/h.

Prordzka prazkumné Stoly, ke které doslo
v hloubce 1 420 m priblizné pod vrcholem hory
Geigenspitze a asi 2 km vzduSnou carou od
Brennerského prismyku (obr. 2), byla nejen vy-
raznym tunelafskym milnikem, ale i politickou
udalosti za ucasti zastupci Rakouska, Itlie i Ev-
ropské unie, ktera se na financovani této dopravni
stavby nadnarodniho vyznamu podili. Cervené
tlacitko k symbolickému odpalu posledniho za-
béru pruzkumné Stoly soucasné stiskli (zleva)
rakousky ministr dopravy Peter Hanke, EU komi-
saf pro dopravu a cestovni ruch Apostolos Tzizti-
kostas, italska premiérka Giorgia Meloni, rakous-
ky spolkovy kancléf Christian Stocker a italsky
ministr dopravy Tatteo Salvini (obr. 3).

Ing. LIBOR MARIK, SAGASTA s.r.0.

zkumné Stoly o délce 5,4 km dne 4. 12. 2009. Portal
byl umistén do tudoli feky Sill v oblasti Innsbrucku

a konvenéni razba s plochou vyrubu 26 m? zde

zdroj BBT-SE (www.bbt-se.com) source BBT-SE (www.bbt-se.com)

Obr. 3 Symbolicky odpal posledniho zdbéru prizkumné Stoly
Fig. 3 Symbolic blasting of the last round of the exploratory gallery
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TUNELY FREJUS VE SVETLE MEDAILI

TuNel

THE FREJUS TUNNELS IN THE LIGHT OF MEDALS
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also why significant attention is
given to these socially necessary,
technically and time-wise high- is plotted
profile, and expensive works on all

levels of realisation. Besides deserved (but often even undeserved)
publicity, they include, as with other fields of human activity,
commemorative or merit medals, plaques, and badges. Occasional
coins can be found, and today, many advertisement items. They
are a reminder of a construction commencement, a breakthrough,
the start of operations, an anniversary, the contractors or investors,
or records... Presented in the following text is a bundle of tiny
sculptures for extraordinary underground structures, which are
the Fréjus railway and road tunnels. Both tunnels facilitate the
connection of Piemont (Susa Valley) in northern Italy with Savoy
in France (by extension, Turin with Lyon). They are named
Fréjus after a pass (2,542m asl) and a peak (2,932m asl), which
are located in the western section of the Alpine Mont Cenis
massif.

zdroj 1, upraveno source I, edited

Obr. 1 Zeleznic¢ni a silni¢ni tunel Fréjus, je zakreslend i pribliznd trasa budouciho bdzového tunelu Mont d” Ambin
Fig. I The Fréjus railway and road tunnels, even the approximate route of the future Mont d” Ambin base tunnel

Od pradavna, ale o to vic od pocatku pramyslové revoluce, se
lidska pospolitost neobejde bez podzemnich staveb. Potiebuje je
hospodafstvi, pfedevSim doprava, energetika a logistika, jsou ne-
zbytné pro urbanismus, vefejnou hygienu, bezpecnost, ekologii
etc. Pritom navrhovani, realizace a provoz podzemnich staveb je
vzhledem k fadé ekonomickych, technickych i obecné rizikovych
faktord ¢innosti velmi ndro¢nou. Proto také byva t€émto spolecen-
sky potfebnym, technicky a casové exponovanym a nakladnym di-
lim vénovana na vSech drovnich realizace zna¢na pozornost. Vedle
zaslouzené (ale mnohdy i nezaslouzené) publicity jsou to, obdobné
jako v dalSich oborech lidské ¢innosti, pamétni ¢i zasluzné medai-
le, plakety a odznaky, vyskytuji se prileZitostné mince a dnes také
rizné reklamni pfedméty. Pfipomina se tim zahdjeni stavby, pro-
razky, zahajeni provozu, vyroci, zhotovitelé a investofi, rekordy...

Ny

Obr. 2 Medaile. Zlaceny bronz (zlacent je silné setiené), @ 61 mm, 105 g [sou-
kromd sbirka].

Avers: Horskd krajina s portdlem tunelu, do kterého vedou dvé koleje, nad por-
tdlem archandél s hldsnou trubkou.

Revers: Text: AGOSTO 1857 / IL PARLAMENTO SUBALPINO / DECRETAVA /
DICEMBREI1870/L" ULTIMA ESPLODEVA (Srpen 1857 Podalpsky parlament
v prosinci 1870 vyhlasuje odpdlent posledni ndloZe).

Fig. 2 Medal. Gilded bronze (the gilding is heavily scratched off), @61mm,
105g [private collection].

Obverse: Mountain landscape with a tunnel portal into which two tracks lead,
above the portal is an archangel with a speaking trumpet.

Reverse: Text: AGOSTO 1857 / IL PARLAMENTO SUBALPINO / DECRETAVA
/ DICEMBREI1870/L" ULTIMA ESPLODEVA (August 1857 the Subalpine Par-
liament announces the blasting of the final explosive charge in December 1870).

Obr. 3 Medaile. Zlaceny bronz, () 62 mm, 85 g [soukromd sbirka].

Avers: Horskd krajina s portdlem tunelu, do kterého vedou dvé koleje, nad portd-
lem archandél s hldsnou trubkou. Signatury medailéra a vyrobce.

Revers: Pracovni scéna s razici a vrtacim vozem v tunelu. Opis: TRAFORO DEL
MONTE CENISIO MDCCCLVII - MDCCCLXX (Tunel Mont Cenis 1857—-1870).
Fig. 3 Medal. Gilded bronze, #62mm, 85g [private collection].

Obverse: Mountain landscape with a tunnel portal into which two tracks lead,
above the portal is an archangel with a speaking trumpet. Signatures of the
medallist and the manufacturer.

Reverse: Work scene with miners and a drilling rig in the tunnel. Transcript:
TRAFORO DEL MONTE CENISIO MDCCCLVII — MDCCCLXX (Mont Cenis
tunnel 1857-1870).
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Obr. 4 Medaile. Patinovany bronz, @ 33 mm, 25 g, kulové ousko [soukromd
shirka].

Avers: Text: LE / SOSIETA ITALIANA / DI / MUTUO SOCCORSO E BENEFI-
CENZA / INAUGURANDOSI / IL TRAFORO DELLE ALPI/ADDI 17. SETT. /
1871 (Italskd spolecnost vzdjemné pomoci a charity slavnostné oteviela Alpsky
tunel 17. zdri 1871).

Revers: Text: IL / COMITATO / PROMOTORE FRA LE SOCIETA / TORINESI
ALLE CONSORELLE D" ITALIA /AD "/ IMPERITURA MEMORIA / DONAVA
(Podpiirny vybor Turinskych spolecnosti sesterskym spolecnostem Itdlie na véc-
nou pamdtku).

Fig. 4 Medal. Patina bronze, ()33mm, 25g, spherical eyelet [private collection].
Obverse: Text: LE/ SOSIETA ITALIANA / DI/ MUTUO SOCCORSO E BENEF-
ICENZA / INAUGURANDOSI / IL TRAFORO DELLE ALPI /ADDI 17. SETT.
/ 1871 (The Italian company for mutual aid and charity has ceremoniously
opened the Alpine tunnel on the 17" of September 1871).

Reverse: Text: IL/ COMITATO / PROMOTORE FRA LE SOCIETA / TORINESI
ALLE CONSORELLE D" ITALIA/AD"/ IMPERITURA MEMORIA / DONAVA
(The Supporting committee of the societies of Turin to the sisterly societies of
Italy for an eternal memory).

V nasledujicim textu je predstaven konvolut drobnych plastik ke
dvéma vyjimecnym podzemnim stavbam, kterymi jsou Zeleznicni
a silni¢ni tunely Fréjus. Oba tunely umoziuji spojeni Piemontu
(tdoli Susa) v Severni Italii se Savojskem ve Francii (potaZzmo
Turinu s Lyonem) — obr. 1. Jméno Fréjus nesou po prismyku
(2 542 m n. m.) a vrcholu (2 932 m n. m.), které se nachéazeji v za-

padni ¢asti alpského masivu Mont Cenis.

1. ZELEZNICNI TUNEL FREJUS (MONT CENIS)

Dvoukolejny Zelezni¢ni tunel Fréjus, podle ndzvu masivu dfi-
ve znamy také jako Mont Cenis, spojuje méstecka Bardonecchia
v Italii a Modane ve Francii. Stavba tohoto jednotubusového tu-
nelu byla ve své dobé zcela mimorddnym inZenyrskym cinem,

Obr. 6 Medaile. Stiibro prip. patinovany bronz, @ 40 mm, 28 g (Ag), 23 g
(bronz) [soukromd sbirka].

Avers: Dva razi¢i obsluhuji vicelafetovy pneumaticky vrtaci viiz.

Revers Text. CENTENARIO / TRAFORO DELLE ALPI / BARDONECCHIA /
MODANE / 1857 1957 (Stoleti Alpsky tunel Bardonecchia Modane 1857 1957).
Fig. 6 Medal. Silver, eventually patina bronze, 940mm, 28g (Ag), 23g (bronz)
[private collection].

Obverse: Two miners operate a pneumatic twin-boom drilling rig.

Reverse Text. CENTENARIO / TRAFORO DELLE ALPI / BARDONECCHIA /
MODANE / 1857 1957 (A century of the Bardonecchia Modane Alpine tunnel
1857 1957).

Obr. 5 Medaile. Patinovany bronz, @ 71 mm, 170 g [soukromd sbirka].

Avers: Horskd krajina s portdlem tunelu, do kterého vedou dvé koleje. Po stra-
ndch postavy mytické Galie a Itdlie poddvajici si ruce nad portdlem. Nahore
opis: TRAFORO DELLE ALPI MONTE CENISIO (Alpsky tunel Mont Cenis).
Pod portdlem signatura vyrobce a text: INCOMINCIATO IL 14 NOVEMBRE
1857/ COMPIUTO IN 25 DICEMELE 1870 (Zapocato 14. listopadu 1857, do-
konceno 25. prosince 1870).

Revers: Opis: LA SOCIETA® FERROVIARIA DELL" ALTA ITALIA AGLI AU-
TORI INGEGNERI ED ESECUTORI DEL TRAFORO (Severoitalskd Zeleznicni
spolecnost projektantiim, inZenyrim a staviteliim tunelu). Stredovy medailon:
RICORDO / DELLE/FESTE / D" INAUGURAZIONE / 1871 (Vzpominka na
oslavy inaugurace 1871).

Fig. 5 Medal. Patina bronze, @71mm, 170g [private collection].

Obverse: Mountain landscape with a tunnel portal, into which two tracks lead.
By the sides, figures of mythic Gaul and Italy shaking hands above the portal.
Above a transcript: TRAFORO DELLE ALPI MONTE CENISIO (Mont Cenis
Alpine tunnel). Beneath the portal a signature of the manufacturer and a text:
INCOMINCIATO IL 14 NOVEMBRE 1857 / COMPIUTO IN 25 DICEMELE
1870 (Started on the 14™ of November 1857, finished on the 25" of December
1870).

Reverse: Transcript: LA SOCIETA” FERROVIARIA DELL" ALTA ITALIA AGLI
AUTORI INGEGNERI ED ESECUTORI DEL TRAFORO (The Northern Italy
railway company to the designers, engineers, and builders of the tunnel). Middle
medallion: RICORDO/DELLE/FESTE/D“ INAUGURAZIONE/ 1871 (Amemory
of inauguration celebrations 1871).

Obr. 7 Medaile/privések. Postiibieny(?) bronz (stiibfeni? silné setfené),
46 x 29 mm, 15 g, ploché ouSko [soukromd sbirkal].

Avers: Horskd krajina s portdlem tunelu, do kterého vedou dvé koleje, nad portd-
lem ndzev obce s jeji nadmorskou vyskou: BARDONECCHIA m. 1312, v portdlu
znak obce.

Revers: Opis (francouzsky a italsky): CENTENAIRE DU FREJUS — CENTE-
NARIO DEL FREJUS (Sté vyroci Frejus), nahore ndzev obce s jeji nadmorskou
vySkou: MODANE alt. 1057, v poli: 18—-19 SEPTEMBRE / 1971, dole: znak
obce.

Fig. 7 Medal/pendant. Silver-plated (?) bronze (silver-plating? heavily
scratched off), 46 x 29mm, 15g, flat eyelet [private collection)].

Obverse: Mountain landscape with a tunnel portal, into which two tracks lead,
above the portal the name of a town and its height above mean sea level: BAR-
DONECCHIA m. 1312, in the portal a coat of arms of the town.

Reverse: Transcript (French and Italian): CENTENAIRE DU FREJUS — CEN-
TENARIO DEL FREJUS (hundredth anniversary of Frejus), at the top the name
of a town and its height above mean sea level: MODANE alt. 1057, in the field:
18-19 SEPTEMBRE / 1971, below: coat of arms of the town.



. 4/2025

*H'l CENTENARIO %
\/J) DEL FREJUS
\\Wl';-f:ﬁa—za SETTEMBREZ
Wty 1271 )

U

Obr. 8 Jednostrannd plaketa v etuji. Kov, 100 x 140 mm [soukromd sbirka].
Nahore zcela shodny motiv jako na obr. 7 — méstecka Bardonecchia a Modane,
pod tim text mezi vaviinovou a dubovou ratolesti: CENTENARIO / DEL FREJUS
/18-19 SETTEMBRE / 1971 (Sto let Frejusu, 18.—19. zdri 1971).

Fig. 8 One-sided plaque in a casket. Metal, 100 x 140mm [private collection].
Atop a completely identical motive as on Fig. 7 — small towns of Bardonecchia
and Modane, below a text in the middle of laurel oak branches: CENTENARIO
/ DEL FREJUS / 18-19 SETTEMBRE / 1971 (One hundred years of Frejus,
18.—19. September 1971).

Obr. 9 Medaile. Patinovany bronz, @ 70 mm, 162 g [soukromd sbirka].

Avers: Horskd krajina s portdlem tunelu, do kterého vedou dvé koleje. Po stra-
ndch postavy mytické Galie a Itdlie poddvajict si ruce nad portdlem. Nahore
opis: TRAFORO DELLE ALPI MONTE CENISIO (Alpsky tunel Mont Cenis).
Pod portdlem signatura vyrobce a text: INCOMINCIATO IL 14 NOVEMBRE
1857/ COMPIUTO IN 25 DICEMELE 1870 (Zapocato 14. listopadu 1857, do-
konceno 25. prosince 1870).

Revers: Opis: NEL SUO X ANNO 1963-73 LA SEGUSIUM RICORDA
L INESAUSTA VITALITA DEL FREJUS NEI SECOLI (V desdtém roce 196373
si Segusium pripomind nevycerpanou vitalitu Frejusu v béhu stoleti).

Fig. 9 Medal. Patina bronze, @70mm, 162g [private collection].

Obverse: Mountain landscape with a tunnel portal, into which two tracks lead.
By the sides, figures of mythic Gaul and Italy shaking hands above the portal.
Above a transcript: TRAFORO DELLE ALPI MONTE CENISIO (Mont Cenis
Alpine tunnel). Beneath the portal a signature of the manufacturer and a text:
INCOMINCIATO IL 14 NOVEMBRE 1857 / COMPIUTO IN 25 DICEMELE
1870 (Started 14. November 1857, finished 25. December 1870).

Reverse: Transcript: NEL SUO X ANNO 1963-73 LA SEGUSIUM RICORDA
L INESAUSTA VITALITA DEL FREJUS NEI SECOLI (In the tenth year 1963-73,
Segusium remembers the unused vitality of Frejus over the course of the century).

Tuel

a také proto byval, vzhledem ke své vyjimecnosti, Casto zvany jen
,,Alpsky*‘. Svou pivodné navrzenou délkou 12,8 km byl totiZ viibec
prvnim skutecné dlouhym tunelem v Alpach. Pro pfedstavu: byl 2x
delsi nez tehdy jakykoliv dalsi tunel a byl také viibec prvnim dlou-
hym Zelezni¢nim tunelem raZenym z obou portalii soucasné. Stavba
byla zahdjend v srpnu 1857 z Bardonecchia a v prosinci téhoZ roku
z Modane. Oba vstupy se v té dobé nachézely v Sardinsko-piemont-
ském kralovstvi, coz zménil 1860 Turinsky mir a predani Savojska
Francii. Francouzsti a italti razici se setkali az za dlouhych 14 let,
a to 25. 12. 1870, s odchylkami horizontdlné 0,4 m a vertikdlné
0,6 m. Pro dopravu byl tunel otevieny 17. 9. 1871. Prace byla pu-
vodné planovana dokonce na 25 let a nékteré odhady §ly az ke 40 ro-
kim. Stavba vedend vynikajicim savojskym inZenyrem Germainem
Sommeilerem vsak byla dokoncena vyrazné dfiv, a to diky fade tech-
nickych inovaci. Pfedevsim to bylo nasazeni pneumatickych vrtacek
(3,5 mil. vrtd, spotfebovan 1 mil. kg stfelného prachu), elektricky od-
palovanych néloZi, nuceného vétrani a v poslednich letech vystavby
také pouziti dynamitu. Na tehdejsi poméry bylo iZasnym pokrokem
zfizeni tabort pro délniky, s ubytovnami, Sskolami, nemocnicemi. ..
Krétce po uvedeni do provozu, byl v roce 1881 tunel protazeny na
soucasnych 13,7 km. A nedavno (2010) probéhla reprofilace pro pie-
pravu kontejnerovych vozidel po Zeleznici, jako soucast Autoroute
Ferroviaire Alpine. Tunel Fréjus tak zGstdva dulezitym prvkem Ze-
lezni¢niho spojeni Rima s Pafizi pres Turin a Chambéry [2]. Jestlize
se jednalo v dobé dokonceni (1870) o viibec nejdelsi tunel na svéte,
dnes se objekt nachézi v poradi svétovych Zeleznicnich tuneld podle
délky az v poloviné druhé stovky, na 169. misté [3].

Kuriozita: Pri prvni zkuSebni jizdé vlaku s parni trakci zemfreli
ze tficlenné lokomotivni Cety dva lidé na otravu koufovymi plyny
a zbyvajici muz dojel do cile velmi silné pfiotraveny. Disledkem
byl navrh na zfizeni provozniho vétrani tunelu [4].

V soukromé sbirce se nachazi konvolut artefakta ke ,,starému‘
Zelezni¢nimu tunelu Fréjus (Mont Cenis). Jsou to, vzato chrono-
logicky:

1.1a1.2 Velké medaile se shodnym motivem na lici. Obé me-

daile byly velmi pravdépodobné vydany k prorazce tunelu
v roku 1870, na rubu prvni z nich je vyslovné uvedeno ozna-
meni o ,,odpéaleni posledni ndloze“. Druha z medaili ma na
rubu redlnou pracovni scénu z tunelu, s vicelafetovym pneu-
matickym vrtacim vozem. Honosnost obou medaili zdtraz-
nuje zlaceni — obr. 2 a 3.

Obr. 10 Jeton. Patinovand mosaz, @ 30,5 mm, 11 g, provrtany pro zavéSeni,
velmi ohlazeny [soukromd sbirkal].

Avers: Krajina s Zelezni¢nim portdlem, do kterého vedou dvé koleje.

Revers: Text kurzivou: Mont Cenis / Overcoat / Design letter / patent / granted /
October 21*'/ 1884. (Patent na ndvrh kabdtu Mont Cenis udélen 21. rijna 1884.)
Fig. 10 Token. Patina brass, #30.5mm, 11g, drilled through for hanging, very
smoothened [private collection].

Obverse: Landscape with a tunnel portal, into which two tracks lead.

Reverse: A text in italics: Mont Cenis / Overcoat / Design letter / patent / granted
/ October 21°'/ 1884. (Patent for the design of a Mont Cenis coat granted on the
21" of October 1884.)
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1.3 Malé nositelnd medaile, vydand a udélovana k otevfeni tu-
nelu v roce 1871. Editorem medaile byla ,,Italska spole¢nost
vzdjemné pomoci a charity” — obr. 4. Zavés se nedocho-
val; obvykle §lo o stuzku ¢i Siirku v barvach italské triko-
16ry.

1.4 Velka medaile k otevfeni tunelu v roce 1871, se symboly spo-
lupracujici Itdlie a Francie na lici. Pfipomind dlouhou stavbu
tunelu. Na rubu je podékovéni Zelezni¢ni spole¢nosti v§em
pracovnikiim na stavbe, ve stfedovém medailonu je zahdjeni
provozu v tunelu 1871 — obr. 5. Jsou zndmy kusy, které maji
v tomto medailonu osobni vénovéni zaslouZilym pracovni-
kim.

1.5 Nenositelnd medaile z roku 1957 ke 100. vyroci zahdjeni
stavby tunelu. Tunel je zde pojmenovany jako ,,Alpsky*. Na
lici se opakuje motiv z polozky 1.2, s vicelafetovym vrtacim
vozem — obr. 6.

1.6 Mal4 nositelnd medaile/piivések a velka jednostrannd plake-
ta, oboji z roku 1971. Oba pfedméty pfipominaji 100. vyroci
dokonceni tunelu z pohledu sidel na vstupech do tunelu, més-
tecek Bardonecchia v Itdlii a Modane ve Francii — obr. 7 a 8.

1.7 Velka medaile z roku 1970, s licem shodnym s medaili 1.4.
Text na rubu pfipomind 100. vyro¢i dokonceni tunelu. Sou-
Casné zmifluje 10. vyroc¢i zaloZeni spolec¢nosti Segusium —
obr. 9. (Pozn.: Segusium — Spolecnost pro vyzkum a studium
tidoli Susa v Severni Itdlii — je neziskovou organizact zaloZe-
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nou 7. 12. 1963. Hlavnim zdmérem sdruZeni je propagovat
a chrdnit dédictvi a krajinu vidoli Susa, jako i okolnich oblasti,
a to podporou vyzkumu historie, jazyka a mistniho folkloru.
Vyddvd kaZdorocné casopis stejného jména [5].)

1.8 Maly jeton, dodatecné provrtany, tedy nositelny. Predmét,
ktery systémové do predchozi série nezapadd. Pochézi z roku
1884, 13 let po otevieni tunelu pro provoz. Text na jetonu
udava, ze 21. 10. 1884 byl ud€len patent na pansky kabat
Mont Cenis — obr. 10. Kym byl jeton vyrazeny a kym byl
noSeny (je provrtany a znacné opotiebovany, tzn. noSe-
ny byl velmi dlouho), zistane patrné zahadou. Zrejmé je
to, Ze tunel byl tak popularni, Ze vstoupil také do panské
mody.

Obrazkem ¢. 10 konci prezentace medaili k Zelezni¢nimu tune-
lu Fréjus (Mont Cenis). Vzhledem k velkému mnozZstvi obrazki,
a z toho vyplyvajici délky clanku, budou dalsi medaile k délnic-
nimu tunelu Fréjus predstaveny v nésledujicim cisle casopisu
TUNEL 1/2026.

The presentation of medals for the Fréjus railway tunnel (Mont
Cenis) ends with picture Nr 10. Due to a large quantity of pictures
and the subsequent length of the article, other medals for the Fréjus
motorway tunnel will be presented in the following edition of the
TUNEL journal 1/2026.

doc. Ing. VLADISLAV HORAK, CSc.
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ZPRAVY Z TUNELARSKYCH KONFERENCI

NEWS FROM TUNNELLING CONFERENCES

TUNELARSKE ODPOLEDNE 2/2025 - PROVOZOVANI TUNELU A ZPETNA VAZBA Z PRAXE
TUNELLING AFTERNOON 2/2025 - OPERATION OF TUNNELS AND FEEDBACK FROM

PRACTICE

The second tunnelling afternoon of 2025 took place on the 1%
of October on the premises of the company Metrostav, and it was
focused on the problems of tunnel operations — a phase of the life
cycle that tends to be less presented in comparison to the design
and the construction, nevertheless, it has a pivotal impact on the
lifespan and the reliability of tunnel structures.

Druhé Tunelarské odpoledne roku 2025 se konalo 1. fijna v pro-
storach spolecnosti Metrostav a bylo zaméfeno na problematiku
provozovani tunelll — fazi Zivotniho cyklu, kterd byva v porovnani
s navrhovdnim a vystavbou méné prezentovana, presto ma zasadni
vliv na Zivotnost a spolehlivost tunelovych staveb.

Cilem setkani bylo sdileni zkuSenosti z idrzby a ze zjisténi hlav-
nich prohlidek provozovanych tunelll a zdiraznéni vyznamu zpét-

né vazby do navrhovéni a vystavby. Po zahdjeni Ing. Ivanem Hr-
dinou prednesl tivodni pfispévek Ing. Ladislav Stefan, ktery shrnul
pfedpisovy rdmec provozovani a idrzby silni¢nich a Zelezni¢nich
tuneltl a zdiraznil, jak se postupné promital a naddle promita do
feSeni tunell technicky vyvoj a poznani z jejich provozu.

V prvnim bloku pfednaSky pfinesly konkrétni zkuSenosti z jed-
notlivych tunelt, které maji provedenu tlakovou uzavienou hyd-
roizolaci proti podzemni vodé¢. Ing. Jifi Horut (Sprava Zeleznic,
Ostrava) a Ing. Viclav Suchy (Sprava Zeleznic, Plzen) predstavili
poznatky z provozu Zelezni¢nich tunelli Jablunkovského a Ejpovic-
kého. Ing. Vlastimil Hordk (Amberg Engineering Brno) a Ing. La-
dislav Stefan se vénovali dalni¢nimu tunelu Klimkovice z pohledu
projektanta a prohlidkare. Ing. Ales Lebl (ConSalt) a Ing. Ladislav
Stefan pak popsali potiebnou dokumentaci k uvedeni silni¢nich
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tunelti do provozu na prikladu tu-
nelu Pohtirka na délnici D3.

Druhy blok byl zaméfen na
dalni¢ni tunely. Martin Berez-
név (RSD CR) predstavil fize-
ni a udrzbu tuneltl na prazském
okruhu DO z pohledu provozova-
tele. Ing. Michal Hnilicka (Mott
MacDonald CZ), Ing. Libor
Marik (Sagasta) a Ing. Ladislav
Stefan doplnili pohled prohlidka-
i a projektantd na stejné tunely
prazského okruhu DO0. Zavérecny
prispévek Ing. Libora Matika se
tykal pasportizace osténi a sou-
vislosti zivotniho cyklu tunela.

Diskuze po kazdém prispévku
potvrdila, Ze provozni faze je da-
lezitym zdrojem poznatkd pro rozvoj navrhovych i realiza¢nich po-
stupt. Tunelarské odpoledne 2/2025 tak nabidlo prehled o aktual-
nim stavu provozovani tunell a potvrdilo, Ze systematicka zpétna
vazba z praxe je nezbytnou soucdsti dal$iho rozvoje podzemniho
stavitelstvi.

Obr. 1 Ing. Viastimil Hordk pri prezentaci predndsky k provozu ddlnicniho tunelu Klimkovice
Fig. 1 Ing. Vlastimil Hordk presenting a lecture on the operation of the Klimkovice motorway tunnel

Tuneléarského odpoledne se zicastnilo okolo 50 posluchacii a on-
-line jej sledoval obdobny pocet osob.

Ing. LADISLAV STEFAN,
ladislav@stefan-isg.cz

30. NARODNi KONFERENCE O BEZVYKOPOVYCH TECHNOLOGIICH
30™ NATIONAL CONFERENCE ON TRENCHLESS TECHNOLOGIES

The 30" NoDig National conference on trenchless technologies
took place on the 16" and 17" September 2025. In almost 20
lectures and an introductory panel discussion, the attending
experts presented their knowledge and experience from
construction projects. Doc. Raclavsky from FS in Brno presided
at the round table, a tradition initiated in the previous year;
other attendees were representatives from design and realisation
companies, and even RSD s.p., and SZ s.o. The conference was
attended by representatives from the Czech Republic, Slovakia,
and even Polish, English, and German companies active in the
field of trenchless technologies. The following can be classified
as very interesting: a lecture about mechanised MTM excavation
— a utility tunnel with a length just under 100m beneath a railway
station in Kolin from representatives of the Metrostav  TBR
Company, then a lecture about the construction of a rainwater and
sewerage system at the Praha-Bubny station from representatives
of the OHLA ZS Company, or a lecture with a great echo in
the audience from Mr. Dusan Havel from CBU concerned with
trenchless technologies from the perspective of upper supervision
of the National Bureau of Mines. A lecture about the realisation of
microtunneling (MTM) at a length of over 300m in a very attractive
environment near the main takeoff and landing runway of the
Prague Vaclav Havel airport was presented by a representative of the
Subterra a.s. Company. The conference was attended by a total of
280 people.

Ve dnech 16 a 17. zaii 2025 se, jako kaZzdy rok v tomto obdobi,
konala Narodni konference o bezvykopovych technologiich No-
Dig, letos jubilejni tficata. Prestoze bylo dlouholetou tradici této
konference, 7e se pokaZdé konala na jiném misté v Ceské republi-
ce, rozhodlo se na predsednictvu spolecnosti ve spolupraci s nové
vybranym organizatorem téchto konferenci pro zménu, a tak se
v létech 2023 a 2024 konala v jihoceském mésté Tabor a letos
v krasném prostredi hotelu Galant jithomoravského Mikulova, a da
se predpokladat, Ze se sem napfesrok vriti. Ze oblibenost této kon-

ference roste, svédci i pocet ucastniki, ktery se v poslednich letech
neustéle zvétSuje a letos dosahl poctu 280 osob.

V téméf 20 prednaskdch a tvodni, takika dvé hodiny trvajici
panelové diskusi, prezentovali pritomni odbornici své poznatky
a zkuSenosti z realizace staveb. Konferenci zahéjila starostka mésta
Mikulov pani Jitka Sobotkova, ktera podékovala organizatortim, Ze
si vybrali mésto Mikulov, a popfdla Gcastnikiim prijemny pobyt
v tomto méste.

Kulatému stolu, jehoZ tradice byla zahdjena v lonském roce,
predsedal opét doc. Raclavsky z FS v Brné, dalSimi tcastniky této
panelové diskuse byli zastupci projekénich a realizacnich firem
aiRSD s.p. a SZ s.0. Kromé ti¢astniki z Ceské republiky a Sloven-
ska se konference zucastnili i zastupci polskych, anglickych a né-
meckych firem ptsobicich v oboru bezvykopovych technologiich.

K velmi zajimavym lze zaradit pfednasku o mechanizované raz-
bé MTM — kabelovodu o délce necelych 100 m pod Zelezni¢nim
nadrazim v Koliné od zastupct spolecnosti Metrostav TBR, déle
prispévek o vystavbé deStové a splaskové kanalizace ve stanici
Praha-Bubny predneseny zdstupcem spolecnosti OHLA ZS nebo
piednasku s velkou odezvou v publiku pana Dugana Havla z CBU
tykajici se bezvykopovych technologii z pohledu vrchniho dozoru
statni banské spravy. Prednasku o realizaci mikrotunelingu (MTM)
v délce pres 300 m ve velmi atraktivnim prostfedi u hlavni vzletové
a pristavaci drahy prazského letist¢ Vaclava Havla prezentoval za-
stupce spolecnosti Subterra a.s.

Pro ucastniky konference a pripadné jejich doprovod byl také
pripraven volnocasovy program at jiz §lo o tradi¢ni golfovy turnaj
konany den pfed zahidjenim konference, anebo komentované pro-
hlidky mésta Mikulov konané po prednéaskach pred spolecenskym
vecerem v prvni den konference.

Nezbyva neZ podékovat v§em organizatorim a Gcastnikiim, Ze se
podileli na dalSim, jubilejnim, ro¢niku konference NoDig.

Ing. JAN FRANTL, jfrantl@subterra.cz,
mistopredseda CzNoDig
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA

METRO D — NOVA LINKA
PRAZSKEHO METRA

Rok 2025 je ve vystavbé linky Metra D
mimo jiné vyznamny také tim, Ze se primo
dotknul vlastnich uZivatelli prazského metra,
protoZe v ndvaznosti na pokracovani praci pri
napojeni trasy D a C metra ve stanici Pan-
krac je od 6. 1. 2025 do zacatku roku 2026
vyloucena stanice metra Pankrac C z provozu
celé vylouc¢ené obdobi zde kromé samotného
propojovani probihaji prace i na modernizaci
stanice (obr. 1).

Rok 2025 je ovSem také vyznamny tim, Ze
v celém tuseku stavby Pankrac—Olbrachtova
jsou jiz plné dokonceny anebo vrcholi razby
vSech tunelil a objektl. Stanice Pankrac je jiz
pomérovano veli¢inou vaZzeného pruméru vy-
razenaccaz 80 % svého plného objemu. Dnesni
razby probihaji jiz pouze na kaloté stfedniho
vyrubu stanice (obr. 2) a obratovych koleji,
ostatni pozice a objekty jsou pak jiz vyrazeny ze 100 % a v mnoha
pripadech dokonce dokonceny i v provedeni definitivni obezdivky
(obr. 3). Stanice Olbrachtova je na tom v parité¢ hodnoceni stejného
kritéria dokonce jesté 1épe, protoze z tohoto pohledu je dokoncena
jiZ 2 98 % a zbyva zde dorazit pouze poslednich par metri techno-
logického tunelu. Z diivodu masivniho dokonceni a dokoncovani
vSech raZeb celého tiseku se proto pfipravuje i repasportizace vSech
povrchovych objektli ovlivnéné zéstavby pro pripadnou identifikaci
a dokumentaci pribé¢hu moznych zmén.

Ostatni dseky stavby Metra D se ve vyvoji pfipravy k realiza-
ci potom pohybuji jak na horské drize, to znamena n€kdy nahoru
a pak zase rychle dolu, no posudte sami. V posledni aktualité jsme
se lou¢ili s tim, Ze U¥ad pro ochranu hospodaiské soutéze (UOHS)
v ramci Rozkladu zrusil vybér Zhotovitele a Objednatel musi znovu
posoudit nabidky. Ovsem dnes po svém novém rozhodnuti UOHS
pravomocné vyloucil jednoho z uchazec, a to
sdruZeni firem vedenych spolecnosti PORR,
¢imZ potvrdil dfivéjsi rozhodnuti Objedna-
tele a ten tak mohl pokraCovat v procesu za-
déavaciho fizeni na Zhotovitele druhého use-
ku Metra D od stanice Olbrachtova po Nové
Dvory. Pfi zohlednéni posledniho rozhodnuti
UOHS tak opétovné vybral nejvyhodn&;jsi na-
bidku, kterou podalo sdruzeni firem vedenych
spolecnosti Subterra. Po uplynuti zdkonnych
lhiit dle zakona o zaddvani vefejnych zakdzek
tak bude mozné uzavfit smlouvu s vybranym
Zhotovitelem. AvSak dnes pii dal§im kole nasi
jizdy na horské draze, na zakladé rozhodnuti
Krajského soudu v Brné, bylo vydano pred-
bézné opatieni, které tento postup neumoziu-
je. To znamend, Ze naSe zatim nekonecnd jizda
bude asi bohuZzel pokracovat dal, a to bez zna-

Obr. 2 Razba stiedniho dilu kaloty stanice
Fig. 2 Excavation of the top heading central section of the station

Obr. 1 Modernizace stanice Pankrdc C
Fig. 1 Modernisation of the Pankrdc C station

THE CZECH REPUBLIC
METRO D — NEW LINE OF PRAGUE METRO

The year of 2025 is significant within the construction of the
Metro D line, besides other things, since it has directly impacted
the users of the Prague Metro themselves, because in relation to
the continuing work for the connection of lines D and C of the
metro at the Pankrac station, from 6/1/2025 to the beginning of
the year 2026, the Pankrac C station is excluded from operations
with passengers and trains only drive through. Apart from the
connection, even work on the modernisation of the station has been
underway for the entire duration of the excluded period (Fig. 1).

Though the year 2025 is also relevant for the fact that in the entire
Pankrac—Olbrachtova section of the construction, excavations
of all tunnels and objects have been fully completed or are




34. rotnik - €. 4/2025

Projekt Metra D ovSem mysli i na svou dalsi budoucnost, kdyz
napfiklad Rada hlavniho mésta Prahy schvalila vyhlaseni architek-
tonické soutéZe pro stanice Namésti Miru a Namésti Bratii Synkd,
anebo kdyz ulozila Objednateli zajistit zpracovani Studie provedi-

Obr. 3 Pohled na cdst technologického tunelu v provedeni definitivni obezdivky
Fig. 3 A view of a part of the technological tunnel with complete definitive lining

telnosti trasy Metra II. D v tseku Namésti Miru — Namésti Republi-
ky. Na zavér tedy miZzeme s prihlédnutim k vyse uvedenému fict, Ze
dnesni aktuality maji, opét pomérovano veli¢inou vaZzeného prame-
ru, tak 75 % miru radosti, protoZze dobré zpravy pievazuji, a proto
drzme projektu Metro D palce i nadale anebo jesté vic — Zdat Bah!

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

REKONSTRUKCE DOLNOLUCANSKEHO TUNELU
NA TRATI LIBEREC HARRACHOV

Dolnolucansky tunel lezi na trati z Jablonce nad Nisou do Tanval-
du, ktera byla uvedena do provozu v roce 1894. Po cca 130 letech
Spréva Zeleznic (SZ) rozhodla o jeho rekonstrukci, kterou realizuje
spolecnost Subterra a.s. divize 1.

Jak jsme jiz psali v minulém cisle ¢asopisu, tunel, jehoz rekon-
strukci ma spolecnost Subterra na starosti, prochazi celkovou sanaci,
kterd ma predev§im zlepsit prostorovou prichodnost, dile obnovit
hydroizola¢ni a drendZni funkci nového sekunderu. V ramci této ob-
novy budou samoziejmé zfizeny nové trasy silovych a sdélovacich
kabelt vcetné jejich reviznich Sachet. Dale budou obnoveny stie-
dové a bo¢ni drendze a zdchranné a Cistici vyklenky tunelu. Velkou
vyzvou této celkové obnovy tunelu je i znovuzajisténi stability jak
ptiportalovych tseki tunelu (obr. 4), tak hlavné jeho vlastnich por-
tall, jejichz stav vykazoval pokrocilou degradaci.

Také jsme Vas informovali, Ze v poloviné Cervence byla hotova
razba tunelu a podkladni betony. V dalSim obdobi byly dokonceny
préce na propustcich a provedeny vlastni hydroizolace. Realizované
predstitky na obou portalech tunelu byly pred betonazi sekundarniho
osténi stabilizovany betonem. Dale byly zhotoveny Zelezobetonové
zakladové pasy a provedeno devét postupll na betondzi sekundar-
niho osténi kleneb vcetné nik pro osvétleni tunelu a zachrannych
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culminating. Using a weighted average, roughly 80% of the entire
volume of the Pankrac station has been excavated. Excavations
currently under way are only for the top heading of the central
excavation sequence (Fig. 2) and for the dead-end rail track, while
other positions and objects have
been fully excavated and in many
cases even the definitive lining
was completed (Fig. 3). By using
the same metric, the Olbrachtova
station is doing even better, since
from this point of view it has
been completed already at 98%
and only a couple remaining
metres of a technological tunnel
are left to be excavated. Due to
the large-scale finishing and
finalising of all the excavations
of the entire section, even the
repassportization of all above-
surface objects of the impacted
development is being prepared,
for the eventual identification
and documentation of the course
of possible changes.

Meanwhile, other sections
of Metro D construction have
been on a roller coaster ride in
the phase of preparation for the
realisation, meaning sometimes
up and then quickly down again. Well, see for yourself. In the
previous piece, we signed off with the Office for the Protection of
Competition (UOHS) cancelling the selection for the Contractor
within the challenge of the result, and the Contract owner has to
assess the bids yet again. Except that today, after its new decision,
UOHS rightfully disqualified one of the participants, precisely the
consortium of companies led by the PORR Company, therefore
confirming the previous decision of the Contract owner, and
they then could continue in the process of the procurement
procedure for the Contractor of the second section of Metro D
from the Olbrachtova station up to Nové Dvory. After taking into
consideration the last decision of UOHS, they once again chose
the most favourable bid, which was submitted by a consortium
of companies led by the Subterra Company. After the statutory
periods according to the law for the submission of public contracts
have passed, it will once again be possible to sign the contract
with the chosen Contractor. However, today, during yet another
lap of our roller coaster ride, a preliminary measure was put
out by the regional court in Brno, which prevents this process
from happening. This means that our current endless ride will
unfortunately continue further, and without the knowledge of the
remaining laps.

However, the project for Metro D also keeps in mind its
future, when, for example, the Prague City Council approved an
architectural competition for stations Namésti Miru and Namésti
Bratfi Synkii. Or when it tasked the Contract owner to secure
the preparation of a Feasibility study for Metro Line II. D in the
Néamésti Miru — Namésti Republiky section. In the end, when
taking the above-mentioned into consideration, it is possible to
state that the news today has a 75% rate of joy, since positive news
prevails. Therefore, we continue to keep our fingers crossed for the
Metro D project or even more — Godspeed!

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




Obr. 4 Priportdlovy usek u vyjezdového portdlu
Fig. 4 Portal area near the exit portal

Obr. 5 Dokoncend betond? sekunddrniho osténi, pohled smér Liberec
Fig. 5 Completed secondary lining concreting, view in the direction of Liberec
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RECONSTRUCTION OF THE DOLNOLUCANSKY
TUNNEL ON THE LIBEREC HARRACHOV ROUTE

The Dolnoluc¢ansky tunnel is situated on the route from Jablonec
nad Nisou to Tanvald, which was put into operation in the year
1894. After approximately 130 years, Sprava Zeleznic (SZ)
decided to reconstruct it, which is being carried out by Division 1
of the Subterra a.s. Company.

As we already wrote in the previous edition of the journal, the
tunnel, the reconstruction of which is in the hands of Subterra,
is undergoing an overhaul, which is mainly supposed to improve
spatial passing space, and then restore the waterproofing and
drainage function of the new final lining. Naturally, within this
reconstruction, new power and communication cables will be
established, including their inspection shafts. Central and lateral
drainages, safety recesses, and cleaning recesses will all then be
restored. A large challenge of this complete restoration is even
the re-securing of the stability of tunnel portal sections (Fig. 4),
and mainly the portals themselves, whose state evinced advanced
degradation.

We have also informed you that excavation of the tunnel and
concrete beds was completed at the halfway point of July. In the
following period of time, work on the culverts was finished, and
the waterproofing itself was carried out. The realised forepoles
on both tunnel portals were stabilised by concrete before the
concreting of the secondary lining. Then, reinforced concrete strip
footings were completed, and nine concreting cycles of secondary
lining arches were carried out, including niches for tunnel lighting
and safety recesses. The secondary lining of the portal sections
was concreted from C25/30-XC1, XF1, and XF3 cast-in-place

Obr. 6 Vjezdovy portdl
Fig. 6 Entrance portal
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vyklenkt. Sekundarni osténi bylo betonovano z monolitického be-
tonu C25/30-XC1,XF1 a XF3 na portalovych tsecich. V dob€ psani
prispévku, tj. ke konci zafi, je jiZ dokonceno definitivni osténi tune-
Iu véetné drenazniho systému a osvétleni tunelu.

Pro cely projektovy tym se jednalo o velmi komplikované pro-
stfedi, které bylo ddano zna¢né stisnénymi podminkami predevsim
souvisejicimi s montdZzi tunelové formy.

Klasickd tunelova forma by se do stisnénych pfiportilovych
usekll nevesla, a proto byla zvolena atypicka forma, jejiz montaz
a posun byly vSak daleko komplikovanéjsi a narocnéjsi, a to jak
z hlediska pracnosti a nutného ¢asu, tak naptiklad i pro dopravu be-
tonové smési, kterd probihala po velmi tzké pristupové cesté a pou-
ze v ,,couvacim® reZimu (obr. 5 a 6).

Do ukoncenti stavby v fijnu 2025 zbyva dokoncit kamennou obe-
zdivku portala a ¢ast elektroinstalace tunelu.

Ing. KAREL FLEMR, kflemr@subterra.cz,
Ing. JAN FRANTL, jfrantl@subterra.cz, Subterra a.s.

VYSTAVBA KOLEKTORU HG A TS20 NA LETISTI
VACLAVA HAVLA V PRAZE

Na konci listopadu roku 2024 byla podepsana smlouva mezi
objednatelem a hlavnim dodavatelem stavby kolektoru Hangar G
a Trafostanice TS20 pro zlepSeni budouci infrastruktury na na-
Sem nejvétsim letiSti. Neprodlené v prosinci téhoz roku byly za-
hajeny prace archeologl a pfipravné price pro vystavbu tohoto
projektu.

Objednatelem je stitem vlastnéna organizace Letisté Praha, a.s.,
hlavnim dodavatelem stavby je Metrostav DIZ s.r.0., generdlnim
dodavatelem projektové dokumentace je projekéni spolecnost
Ingutis, spol. s r.0. Pi vystavbé razené ¢asti v ramci CPHZ provadi
¢innost banského projektanta spolecnost Sagasta s.r.o. Technic-
ky dozor investora zajiStuje sdruZeni firem SGS Czech Repub-
lic, s.r.o. (lidr sdruZeni), SG Geotechnika, a.s., Pragoprojekt, a.s.
a Infram a.s. JeSt€ doplnim, Ze hlavni realizacni ¢innosti pii vy-
stavbé kolektoru HG a trafostanice TS20 provddi nasledujici
poddodavatelé. VeSkeré armovaci a betonarské prace v hloubené
¢asti realizuje HOCHTIEF CZ, a.s., veskeré zemni prace zajisStuje
Biggest s.r.o. a razby kolektoru vcetné vybudovani definitivniho
osténi kolektoru provadi stavebni firma POHL cz, a.s.

Samotny projekt fesi efektivni a optimélni uloZeni kabelové
a potrubni infrastruktury z divodu velkého poctu planovanych
projektli pro budouciho uZivatele na letiSti v Praze. Soucasny
projekt bude napojen na koncovou Sachtu stavajiciho kolektoru
v Sacht& S6 u hlavni trafostanice (HTS) pomoci technické komo-
ry (TK7) a propojovaciho krcku. Celkovd trasa kolektoru vede
po okraji aredlu leti§t€ mimo hustou zéastavbu v severovychodni
oblasti a pokraCuje pobliz hangaru F smérem k termindlu jih
(Termindl 3). Trasa je situovédna tak, aby nebyla v kolizi s mis-
tem vyhrazenym pro budouci vystavbu hangaru G. Sachty véetné
technické komory TK7 jsou navrZeny jako hloubené se zaporo-
vym paZenim a vicetroviiovym kotvenim pomoci lanovych kotev
skrze skryté prevazky. Definitivni osténi Sachet je z monolitického
betonu vyztuzeného vazanou vyztuzi.

Nové budovanad cast kolektoru mirné presahuje 600 m a je
prakticky rozdélena na dvé poloviny. RaZena ¢ast dosahuje délky
299 m a zbytek délky kolektoru je budovan v oteviené hloubené

TuNel

concrete. At the time of writing, i.e., by the end of September,
the definitive lining of the tunnel has been completed, including
a drainage system and tunnel lighting.

It was a highly complicated environment for the entire design
team due to substantially cramped conditions related mainly to the
assembly of tunnel formwork.

Classic tunnel formwork would not fit into the cramped portal
sections; therefore, atypical formwork was chosen, but its assembly
and relocation were far more complicated and demanding not only
from the view of laboriousness and necessary time, but also for
example due to the transport of the concrete mixture, which took
place along a very narrow access path, and only in the “reverse”
mode (Fig. 5 and 6).

After concluding the construction in October 2025, only the
completion of the stone lining of the portal and a part of the tunnel
wiring remains.

Ing. KAREL FLEMR, kflemr@subterra.cz,
Ing. JAN FRANTL, jfrantl@subterra.cz, Subterra a.s.

HG AND TS20 UTILITY TUNNEL CONSTRUCTION
AT THE VACLAV HAVEL AIRPORT IN PRAGUE

At the end of November 2024, a contract was signed between
the client and the main contractor for the construction of Hangar G
and Substation TS20 utility tunnel for the improvement of future
infrastructure at our largest airport. Without delay, in December
of the same year, the work of archaeologists and preparatory work
for the construction of this project began.

The contract owner is a state-owned organisation, LetiSté
Praha, a.s., the main contractor for the construction is Metrostav
DIZ s.r.o., the general provider of design documentation is the
design company Ingutis, spol. s.r.o. The function of mine designer
during the construction of the excavated part, within activities
carried out in a mining-like way, is the company Sagasta s.r.o.
Technical supervision of the client is secured by a consortium
of companies: SGS Czech Republic, s.r.o. (consortium leader),
SG Geotechnika, a.s., Pragoprojekt, a.s., and Infram a.s. I have to
add that the main realisation activities during the construction of the
HG and TS20 substation utility tunnel are being carried out by the
following subcontractors. All the reinforcing and concreting works
in the cut-and-cover section are realised by HOCHTIEF CZ, a.s.,
all earthwork is secured by Biggest s.r.0., and excavation of the
utility tunnel, including the construction of the definitive lining
of the utility tunnel, is being carried out by the POHL cz, a.s.
Company.

The project itself is solving the effective and optimal laying of
cable and pipeline infrastructure due to a large number of planned
projects for future users of the airport in Prague. The current
project will be connected to a termination shaft of the existing
utility tunnel in shaft S6 by the main substation (HTS), by means
of the technical chamber (TK7), and a connection neck. The entire
route of the utility tunnel runs by the side of the airport compound
away from the dense development in the north-eastern area and
carries on near hangar F towards Terminal South (Terminal 3). The
route is situated such that it will not collide with a place reserved
for the construction of the future hangar G. Shafts, including the
TK?7 technical chamber, are designed as cut-and-cover with soldier

piles and multi-level anchoring by means of cable bolts through
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Obr. 7 Pohled na zahdjeni raZeb ze Sachty 89 7 éervence 2025
Fig. 7 A view at the commencement of excavations from the S9 shaft from
July 2025

stavebni jamé. Razenou ¢ast zahdajenou v ¢ervnu 2025 ohranicCuji
budované Sachty TK7 a S9 (obr. 7). Od §9 az po Sachtu S11 je
budovan kolektor ve svahované hloubené &asti. Sachta 11 je v se-
verovychodni Casti stavby propojena krckem s noveé budovanou
TS20. Kompletni projekt byl na navrh dodavatele optimalizovan
jak v postupu razby v primarnim osténi, tak i v sekundarnim osténi.
Rovnéz doslo ke zméné vystavby kolektoru ve smyslu do¢asného
zajisténi hloubené ¢4sti (zména z vertikalniho zaporového pazeni
na svahovanou c¢ast), takze celkové doslo k nemalym finan¢nim
usporam pro investora a k optimalizaci ¢asového harmonogramu.

Pro razbu byla navrZzena u nds nejvice pouzivana konvencni
mechanizovana razba (NRTM) s vystavbou provizorniho a defini-
tivniho osténi. Na zaklad€ observacni metody (resp. skute¢né za-
stizenych geologickych pomérl) jsou uptesnovany predpokladané
rozsahy navrzené tiidy NRTM. Razba je ¢lenéna horizontaln€ na
kalotu a opéfi se spodni klenbou. Provizorni osténi je navrzeno
ze stiikaného betonu, KARI siti a ptfihradovych ramil v osovych
vzdalenostech odpovidajicich skute¢né zastizenym geologickym
podminkdm. RaZeny profil tunelu ma rozméry 5,9 x 5,8 m. Defi-
nitivni konstrukce kolektoru je navrzena z vodostavebniho betonu
a bude provadéna pomoci pojizdného bednéni v blocich po 10 m.
Razena ¢ast kolektoru prochazi pod nadlozim necelych 6 m, pfi
napojeni do TK7 se nadloZi sklonem kolektoru sniZuje a ¢ini ne-
celych 5 m.

Geologickou stavbu lokality tvofi jilovité zeminy kvartérniho
pokryvu (sprase), které s postupujici hloubkou prechazeji do roz-
lozenych az navétralych kiidovych slinovctl (opuka). V raZené
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Fig. 8 The first breakthrough of the tunnel between shafts §9 and $8 from
8/10/ 2025

hidden reinforcement rings. Definitive lining of the shafts is made
of cast-in-situ concrete reinforced by tie-up reinforcement.

The newly constructed section of the utility tunnel slightly
surpasses 600m and is practically divided into two halves. The
excavated part reaches a length of 299m, and the rest of the
length is constructed in an open cut-and-cover construction pit.
The excavated part, initiated in June 2025, is surrounded by
constructed shafts TK7 and S9 (Fig. 7). From shaft S9 up to shaft
S11, the utility tunnel is constructed in a sloped cut-and-cover
section. Shaft 11 is connected through a neck with the newly
under construction TS20. The entire project was optimised due to
a proposal of the contractor not only in the course of excavation
under primary lining, but also secondary lining. Likewise, the
change of construction of the utility tunnel happened in the sense
of temporarily securing the cut-and-cover section (mainly from
vertical soldier piles to a sloped section), so in total, considerable
financial savings for the client and optimisation of the time
schedule occurred.

Proposed for the excavation was the most commonly used
conventional mechanised excavation method here (NATM) with
construction of temporary and definitive lining. On the basis of
an observational method (or rather, actually discovered geological
conditions), the expected ranges of the proposed NATM class are
specified. The excavation is divided horizontally into a top heading
and a bench with an invert. Temporary lining is designed from
shotcrete, KARI reinforcing mesh, and lattice girders with axial
distances correlating to actually discovered geological conditions.
The excavated profile of the tunnel has dimensions of 5.9x5.8m.
The definitive construction of the utility tunnel is designed from
hydraulic-construction concrete, and it will be carried out by means
of a formwork traveller with 10m long blocks. The excavated part
of the utility tunnel passes under an overburden of less than 6m by
the connection into the TK7; the overburden decreases due to the
angle of the utility tunnel and amounts to just under 5Sm.

The geological structure of the location is formed by clayey
soils of the Quaternary cover (loess) that change into disintegrated
to weathered Cretaceous marlstones (fine calcareous sandstone)
with advancing depth. In the excavated section, slightly weathered
(in some places weathered) to decomposed marlstones with
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¢asti byly doposud zastiZeny mirné zvétralé (misty navétralé) az
rozloZené slinovce s pfiznivou docasnou stabilitou pred vybudo-
vanim primarniho osténi.

Prorazka razené Casti v kaloté mezi achtou S9 a S8 se uskuted-
nila v prvni dekadé mésice fijna (obr. 8). Nasledné dokonceni ra-
Zeb prorazkou do TK7 je predpokladano na konci listopadu 2025.

Ing. RADEK BERNARD, Ph.D.,
Radek.Bernard@geotechnika.cz,
SG Geotechnika a.s.

,1/42 BRNO, VMO VINOHRADY - PRUZKUMNA
STOLA"

Od fijna 2024 probihaji prace na podrobném inZenyrskogeolo-
gickém prizkumu pro navrh budouciho tunelu Vinohrady formou
razby prizkumné Stoly. Celkovd délka prizkumné Stoly umisté-
né v budouci levé tunelové troubé je 980 m. Investorem stavby
je Reditelstvi silnic a dalnic, zhotovitelem sdruZeni »Spolecnost
Tunel VMO Vinohrady — GTP* sloZené z firem GEOtest (vedouci
tcastnik), OHLA ZS, FIRESTA-Fiser, Metrostav TBR a INSET.
Projektantem realizacni dokumentace je AMBERG Engineering
Brno.

Od 1. 6. 2025 probiha razba prizkumné Stoly s doprovodnym
geotechnickym prizkumem a geotechnickym monitoringem. Pra-
covisté v podzemi je pfistupné a obsluhované prostiednictvim
25 m hluboké té€Zni Sachty svétlého priméru 9,0 m. K 30. 9. 2025
je vyrazeno nérazisté délky 13 m dovrchné smérem k budoucimu
LiSeriskému portélu a prizkumna Stola délky 60 m tpadné smé-
rem k Tomkovu namésti. Profil prizkumné §toly o velikosti 33 m?
tvoii stfedni ¢ast kaloty budouciho tunelu a tuhé vyztuzné prvky
jsou pfipraveny pro napojeni dal§ich budoucich dil¢ich vyrubi.
Vyrazeno a primarnim osténim zajisténo je rovnéZ prvni rozsireni
na kalotu budouciho tunelu Sifky 15 m (tfi jizdni pruhy) a dél-
ky 25 m (obr. 9). Rozsifeni slouzi jednak pro ovéfeni navrzeného
technického feSeni razby a vyztuZeni vcetné dopadu na povrch,
jednak vytvari nezbytny prostor pro umisténi a manipulaci mate-
ridlu a strojni sestavy v podzemi.

Obr. 9 Rozsireni prizkumné $toly na profil kaloty budouciho tunelu
Fig. 9 Exploratory gallery enlargement into the top heading profile of the future tunnel

Tuel

favourable temporary stability before the construction of the
primary lining have been discovered up to now.

The breakthrough of the excavated section in the top-heading
between shafts S9 and S8 took place in the first ten-day period
of October (Fig. 8). Subsequent completion of excavations with
a breakthrough into TK7 is expected at the end of November 2025.

Ing. RADEK BERNARD, Ph.D.,
Radek.Bernard@geotechnika.cz,
SG Geotechnika a.s.

“l/42 BRNO, VINOHRADY VMO - EXPLORATORY
GALLERY"

Since October 2024, work on an in-depth engineering geology
survey for the design of the future Vinohrady tunnel has been
ongoing in the form of an exploratory gallery excavation. The
entire length of the exploratory gallery situated in the future left
tunnel tube is 980m. The contract owner of the project is the
Directorate of Roads and Motorways of the Czech Republic. The
contractor is a consortium “Spolecnost Tunel VMO Vinohrady —
GTP” consisting of the following companies: GEOtest (leading
participant), OHLA 7S, FIRESTA-Fiser, Metrostav TBR, and
INSET. The designer of construction documentation is AMBERG
Engineering Brno.

The excavation of the exploratory gallery with an accompanying
geotechnical survey and geotechnical monitoring has been in
motion since 1/6/2025. The workplace in the underground is
accessible and operated by way of a 25m deep hoisting shaft with
a clear diameter of 9.0m Excavated by 30/9/2025 was an uphill-
driven 13m long winding area towards the future LiSel portal
and a downhill-driven 60m exploratory gallery in the direction
of Tomek Square. The cross-section of the exploratory gallery of
33m? forms the middle part of the top heading of the future tunnel
and rigid reinforcing elements are prepared for the connection
of further future excavation sequences. Also excavated and with
primary lining secured is the first enlargement into the top heading
of the future tunnel with a width of 15m (three driving lanes) and
a length of 25m (Fig. 9). On one hand, the enlargement serves
for the verification of the designed
technical solution of the excavation,
reinforcing, and the impact on the
surface, and on the other, it creates
the necessary space to place and
handle materials and machinery in
the underground.

In the initial ca. 30 metres of the
excavation, Quaternary sediments
were reached in the upper section of
the profile of the exploratory gallery
in the form of sands and gravels
without the presence of groundwater.
Afterward, an attitude of the Brno
massif in the form of weakly to
heavily granitoids
ascended into the entire profile
relatively quickly. In non-cohesive
soils, it was not feasible to open
the entire excavation at once, but

weathered
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V tvodnich cca 30 metrech razby byly v horni ¢asti profilu Stoly
zastizeny kvartérni sedimenty v podobé piscitych jili a ve zbyvajici
¢asti profilu nesoudrzné zeminy v podobé piski a Stérkt bez pfi-
tomnosti podzemni vody. Nasledné pomérné rychle do celého
profilu nastoupala poloha brnénského masivu v podobé¢ slabé az
silné zvétralych granitoidii. V nesoudrZznych zeminich nebylo
mozné z divodu nestability Celby otevirat cely vyrub najednou,
ale v horizontalnim ¢lenéni aZz na tfi dil¢i vyruby. Méfené defor-
mace osténi dosahuji predpokladanych hodnot do 10 mm ve Sto-
le a do 40 mm v kaloté. Obdobné se chova poklesova kotlina na
povrchu s maximédlnim poklesem 30 mm. Kromé konvergencnich
a nivelacnich méteni je provadén geologicky a geotechnicky sled,
méfeni hydrogeologickd, inklinometrickd, ndklonomérna a pas-
portizace a kontrolni prohlidky nadzemnich objekta.

Ing. TOMAS JUST, JustT@ohla-zs.cz,
OHLA 78, a.s.

SLOVENSKA REPUBLIKA

TUNELY NA DIALNICNEJ SIETI

Tunel Okruhliak

Tunel Okruhliak je stiCastou navrhovanej rychlostnej cesty R4
PreSov — severny obchvat II. etapa km (4,3—14,5), ktora je sticastou
severojuzného dopravného prepojenia rychlostnou cestou v dseku
Statna hranica SR/Polsko — VySny Komdrnik — Milhost — Stitna
hranica SR/Madarsko. Zhotovitelom 10,2 km dlhej trasy severného
obchvatu PreSova je ZdruZenie ,,R4 severny obchvat PreSova IL
etapa“ na Cele so spolo¢nostou Eurovia SK. Dalsfmi ¢lenmi zdru-
Zenia su spoloc¢nosti Eurovia CS, SMS, VAHOSTAV a Marti a.s.

Prace na tuneli Okruhliak prebiehali v oktobri 2025 sticasne z vy-
chodného aj zapadného portilu v nepretrzitom rezZime 24 hodin,
7 dni v tyzdni. Na stavbe sa momentalne podiela 180 tunelarov
a technikov, ktori koordinuji naro¢né ¢innosti spojené s razenim
a budovanim primarneho ostrenia ako aj technickou pripravou dal-
Sich prac na tuneli.

Na zapadnom portéli boli dokoncené zakladové dosky hibe-
nych Casti tunela a intenzivne sa pokraCuje v pracach na Zele-
zobeténovych spodnych klenbach vratane zékladovych pasov
sekunddrneho ostenia. Zelezobeténové spodné klenby je potreb-
né realizovat takmer v celej dlzke tunela, a preto ich realizicia
na pracovisku medzi prieCnymi prepojeniami v jednej tunelovej
rure sa strieda s dopravou do celieb druhou tunelovou rirou vy-
uZivajtc pre technologicku dopravu prejazdné prieCne prepojenia.
Paralelne prebieha aj realizacia rubového drenazneho odvodnenia,
ktoré bude zabezpecovat efektivne odvadzanie horninovych vod
z tunela.

Doteraz boli prerazené tri prieCne prepojenia a v sucasnosti pre-
bieha razenie nidzového zdlivu v pravej tunelovej rare. V lavej
tunelovej rure je primarne ostenie nidzového zalivu ukoncené.

Pocas razenia sa ukazalo, Ze skuto¢ny stav geologického pro-
stredia doteraz vyrazenych dsekov tunelovych rur sa 1iSi od po-
vodnych predpokladov, ¢o potvrdzuji aj vyrazne nizSie hodnoty
bodov klasifikicie RMR. Vyskytuji sa tu vyrazne premocené
z6ny, tektonicky rozdrvené vrstvy a nepredvidatelné striedanie
pevnych a rozvolnenych materidlov, o si vyZaduje Casté prispd-

sobovanie a zmeny vyrubovych tried a vystuZovacich prvkov.
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in a horizontal sequencing into up to three excavation sequences.
Measured deformations of the lining reach the expected values of
less than 10mm in the gallery and below 40mm in the top heading.
The settlement trough of the surface acts similarly with a maximal
drop of 30mm. Apart from convergence and levelling measuring,
a geological and geotechnical succession, hydrogeological,
inclinometer, and tiltmeter measuring are all being carried
out, likewise passportisation and inspections of above-ground
objects.

Ing. TOMAS JUST, JustT@ohla-zs.cz,
OHILA 78, a.s.

SLOVAK REPUBLIC

TUNNELS ON MOTORWAY NETWORK

Okruhliak tunnel

The Okruhliak Tunnel is part of the proposed R4 expressway
PreSov — northern bypass, stage II (km 4.3-14.5), which forms
part of the north—south transport corridor connecting the Slovak—
Polish border (Vy$ny Komarnik) with Milhost and the Slovak—
Hungarian border. The contractor for the 10.2km long section of
the northern bypass of PreSov is the consortium “R4 Northern
Bypass of PreSov — Stage 11, led by Eurovia SK. Other members
of the consortium include Eurovia CS, SMS, VAHOSTAV, and
Marti a.s.

In October 2025, work on the Okruhliak Tunnel was carried
out simultaneously from both the eastern and western portals
in a continuous 24/7 regime. Currently, 180 tunnel workers
and technicians are involved in the construction, coordinating
demanding activities related to excavation and the construction of
the primary lining, as well as preparing for further technical work
on the tunnel.

At the western portal, the foundation slabs of the cut-and-cover
sections have been completed, and work is intensively progressing
on the reinforced concrete invert arches, including the foundation
strips of the secondary lining. These reinforced concrete invert
arches need to be constructed along almost the entire length of the
tunnel. Therefore, their construction between the cross passages
in one tunnel tube alternates with transport to the tunnel face in
the other tube, using passable cross passages for technological
transport. In parallel, backside drainage systems are being
installed to ensure efficient removal of groundwater from the
tunnel.

So far, three cross passages have been excavated, and excavation
of an emergency bay in the right tunnel tube is currently underway.
In the left tunnel tube, the primary lining of the emergency bay has
been completed.

During excavation, it became evident that the actual geological
conditions of the excavated tunnel sections differ from the
original assumptions, as confirmed by significantly lower RMR
classification rating. The area features highly water-saturated
zones, tectonically fractured layers, and unpredictable alternation
of solid and loose materials, requiring frequent adjustments to
excavation classes and support elements.
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Pocas prac je realizovany trvaly monitoring deformacii a tlako-
vych pomerov, pricom technoldgia a statické zabezpecenie ostenia
sa priamo prisposobujui aktudlnemu geotechnickému stavu.

TUNELY NA ZELEZNICNEJ SIETI

Tunel Spani Haj

Modernizicia Zelezni¢nej infrastruktiry (vybranych trati ZSR)
spociva v prestavbe existujicej Zeleznicnej dopravnej cesty, za
ucelom zlepSenia jej technickej vybavenosti a pouZitelnosti, zabu-
dovanim modernych a progresivnych prvkov a tym zlepsenia jej
parametrov.

V ramci stavby: ,,Modernizacia Zelezni¢nej trate Zilina — Kosice,
usek trate Poprad Tatry (mimo) — Krompachy* sa aktudlne realizuje
stavebny objekt SO 09-33-06 TUNEL SPANI HAJ — Razeny Zelez-

Obr. 10 Prdce v Celbe tunela Spani Hdj — aplikdcia striekaného betonu

Fig. 10 Work at the face of the Spani Hdj tunnel — application of sprayed concrete

ni¢ny dvojkolajny tunel v staniceni (os kolaje
¢. 1) nzkm 186,443 000 az nzkm 187,154 000
s celkovou stavebnou dizkou 711,00 m.

Trasa dvojkolajného Zelezni¢ného tune-
la Spani H4j je osadena pod juhozdpadnymi
svahmi kopca Spani H4j, v Tavostrannych sva-
hoch Génovského potoka, zapadne od obce
Vydrnik. Osova vzdialenost kolaji v tuneli je
navrhnutd B = 4,20 m a prechodovy prierez
typ ,,C* s nadstavcom pre elektrifikované trate.
Trafova rychlost po modernizacii Zelezni¢nej
trate je uvazovana 160 km/h, (vyhladova rych-
lost 200 km/h pre mozZnost jazdy jednotiek
s vykyvnymi skrifiami).

Prace na objekte tunela sa zacali 18. 6. 2025.
Aktudlny stav k 1. 10. 2025 je nasledovny,
bol vyrazeny tsek kaloty v dizke 259,56 m
a v stupni usek 108,41 m na pravej strane
2 92,94 m na lavej strane.

Tunelovd rura je rozdelend na useky budo-
vané razenim a hibenim. Hibené tseky budi

TuNel

Throughout the works, continuous monitoring of deformations
and loading conditions is being carried out, with the technology
and structural support of the lining being directly adapted to the
current geotechnical conditions.

TUNNELS ON THE RAILWAY NETWORK

Spani Haj Tunnel

The modernization of railway infrastructure (selected ZSR lines)
involves the reconstruction of existing railway routes to improve
their technical equipment and usability by incorporating modern
and progressive elements, thereby enhancing their parameters.

As part of the project: “Modernization of the railway line
Zilina — Kogice, section Poprad Tatry (excluding) — Krompachy”,
construction is currently underway on the structure SO 09-33-
06 SPANI HAJ TUNNEL — a mined double-track
railway tunnel located between km 186.443 000
and km 187.154 000 (track axis no. 1), with a total
construction length of 711.00 meters.

The alignment of the double-track Spani H4j Tunnel
is situated beneath the southwestern slopes of the
Spani Haj hill, on the left-hand slopes of the Ganovsky
stream, west of the village of Vydrnik. The track axis
spacing in the tunnel is designed to be 4.20 meters, with
a “C” type transitional profile including an extension
for electrified lines. After modernization, the line
speed is planned to be 160km/h, with a prospective
speed of 200km/h to allow for tilting train units.

Construction work on the tunnel began on June 18,
2025. As of October 1, 2025, the following progress
has been made: the calotte section has been excavated
to a length of 259.56 meters, with 108.41 meters
completed on the right side and 92.94 meters on the
left side.

The tunnel tube is divided into sections constructed
by mining and cut-and-cover methods. The cut-and-
cover sections will be built in open construction pits at
the portals and subsequently backfilled. The length of

Obr. 11 Vitacie prdce v stupni tunela Spani Hdj
Fig. 11 Drilling operations in the bench section of the Spani Hdj tunnel
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budované v otvorenej stavebnej jame na portiloch a nasledne zasy-
pané. Dizka hibenej ¢asti je 36 m od vychodného portilu a 3 m od
zapadného portalu, celkovo 39 m. Povrch zasypov bude rekultivo-
vany zatravnenim a vhodnou vysadbou krikov a drevin, aby charak-
ter prirodného prostredia ostal zachovany.

Razena Cast tunela je realizovana v zmysle zasad Novej rakuskej
tunelovacej metédy (NRTM) s pouZitim mechanického rozpojova-
nia pomocou tunelbagra v priportdlovych oblastiach. Po zarazeni sa
tunelovej rary do kompaktnejsieho horninového masivu sa aktualne
realizuje rozpojovanie horniny pomocou trhavin. Dizka razenej &as-
ti tunela bude 672 m (obr. 10 a 11).

Ing. ROBERT ZWILLING, Marti, a.s.,
Ing. MILOSLAV FRANKOVSKY,
Slovenskd tuneldrska asocidcia,

Ing. MARTIN SMOLKA, Skanska, a.s.
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the cut-and-cover section is 36 meters from the eastern portal and
3 meters from the western portal, totaling 39 meters. The surface
of the backfill will be revegetated with grass and suitable shrubs
and trees to preserve the natural character of the environment.

The mined section of the tunnel is being constructed according
to the principles of the New Austrian Tunneling Method (NATM),
using mechanical excavation with a tunnel excavator in the portal
areas. After reaching more compact rock mass, blasting techniques
are currently being used for excavation. The length of the mined
section will be 672 meters (Fig. 10 and 11).

Ing. ROBERT ZWILLING, Marti, a.s.,
Ing. MILOSLAV FRANKOVSKY,
Slovenskd tuneldrska asocidcia,

Ing. MARTIN SMOLKA, Skanska, a.s.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

UPLYNULO 200 LET OD NAROZENI CESKEHO GEOLOGA JANA KREJCIHO y
200 YEARS HAVE PASSED SINCE THE BIRTH OF CZECH GEOLOGIST JAN KREJCI

Jan Krej¢i, narozeny
28. tnora 1825 v Klato-
vech, byl vyznamny cesky
geolog, pedagog, pub-
licista a politik (obr. 1).
Po ukonceni gymnézia
v Praze studoval na Praz-
ském  polytechnickém
institutu (pozd&jsi CVUT)

Jan Krej¢i, born on the 28" of February 1825 in Klatovy, was
an important Czech geologist, educator, journalist, and politician
(Fig. 1). After concluding his grammar school studies in Prague
he studied mineralogy and chemistry (1844—1848) at the Prague
Polytechnic Institute (future CTU), where he acted as a supply
(deputy professor) since the year 1850. Concurrently, he mapped
the geological and natural science conditions in the vicinity of
Prague, about which he wrote an array of articles for expert journals.
Then he published many textbooks about geology and mineralogy,

GEOLOGICHA MAPA OKOLI PRAZSKEHO
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GEOLOGISCHE HARTE DER UMGEBUNGEN VON PRAG
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Obr. 1 Vyznamny cCesky geolog Jan Krejci =

Fig. 1 Significant Czech geologist Jan Krejci

mineralogii a chemii (1844-1848),
kde od roku 1850 puisobil jako suplent
(zéstupce profesora). Soucasné mapo-
val geologické a pfirodovédné pomeéry I
v okoli Prahy, o nichZ napsal fadu ¢lan-
ki do odbornych casopisi. Nasled-
né publikoval fadu ucebnic geologie
a mineralogie, mineralogické pftirucky
a geologické mapy (obr. 2).

Roku 1860 napsal prvni ¢eskou uceb-
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nici geologie, jejiz doplnéné revidované e ——
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vydani vyslo znovu v roce 1877 pod

autor Lysippos — Vlastni dilo own scan, Volné dilo author Lysippos — own scan, public domain

nazvem Geologie cili nauka o tvarech
zemskych se zvldStnim ohledem na

Obr. 2 Geologickd mapa prazského okoli
Fig. 2 Geology map of the Prague area
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Obr. 3a Pivodni umisténi pamétni desky Jana Krejéiho
Fig. 3a Original location of the commemorative plaque of Jan Krejci

Obr. 4a, b Soucasnd pamétni deska Jana Krejciho na vySehradskych hradbdch
Fig. 4a ,b Current commemorative plaque of Jan Krejci on the VySehrad walls

krajiny Ceskoslovanské. Jako prvni ve svém oboru vydal své dila
v Ceském jazyce, takZe je pravem povazovan za otce Ceské geologie
a patfi mezi predni ceské pfirodovédce 19. stoleti.

Roku 1863 se habilitoval na Prazském polytechnickém institutu, od
roku 1864 naném pusobil jakofadny profesoravroce 1867 sestal prv-
nim rektorem Ceské polytechniky. Od roku 1882 doroku 1887 () byl
profesorem geologie na Ceské univerzité (po rozd&leni Karlovy
univerzity na némeckou a ¢eskou ¢ést).

V roce 1888 byla pfimo na vySehradskou skalu, bohuZel v misté
budouciho VySehradského tunelu, instalovana prvni pamétni deska
Jana Krejciho. Ta vSak po patnicti letech musela byt odstranéna,
nebot v roce 1903 byla zahdjena vystavba tunelu. Po jejim dokon-
¢eni v roce 1905 byla do zarubni zdi u severniho portalu VySehrad-
ského tunelu zasazena druha, mnohem reprezentativnéjsi bronzova
pamétni deska, kterd misto zdobila dlouhych cca 85 let. Brzy po
roce 1989 byla vSak ukradena zlodéji kovi, takZe ptivodni misto
zlstava prazdné a jiz fadu let chatra (obr. 3a, b). Nicméné bylo na-
lezeno nové dustojné misto u horniho konce schodisté vedouciho
na Vysehrad z ulice Na LibusSince, a to na vnéjsi strané zapadnich
vySehradskych hradeb. Zde byla po nékolika letech umisténa treti
pamétni deska, tentokrat presna replika predchozi pamétni desky,
provedend z pokovené umélé hmoty (obr. 4a, b).

Je skutecnosti, Ze na tomto misté je pamétni deska geologa Jana
Krejc¢iho pro mnohé navstévniky Vysehradu podstatné dostupnéjsi

foto J. Bartik photo J. Bartik

foto J. Bartik photo J. Bartdik

foto J. Bartik photo J. Bartdik
Obr. 3b Spatny stav piivodniho umisténi pamétni
desky Jana Krejciho
Fig. 3b Poor state of the original location of the
commemorative plaque of Jan Krejcéi

mineralogy handbooks, and geology maps
(Fig. 2).

He wrote the first Czech geology textbook
in the year 1860, which was later published
again as a revised and complete edition in
the year 1877, carrying the name Geologie
¢ili nauka o tvarech zemskych se zvldstnim
ohledem na krajiny Ceskoslovanské. As the
first in his field, he published his works in the
Czech language; therefore, he is rightfully
regarded as the father of Czech geology
and ranks among the leading Czech natural
scientists of the 19" century.

In 1863, he habilitated himself at the Prague
Polytechnic Institute, where he was active as a regular professor
from 1882, and he became the first rector of the Czech Polytechnic
in 1867. He was a professor of geology at the Czech University
(after the separation of Charles University into a German and
Czech part) from 1882 to 1887 ().

In the year 1888, unfortunately, at the location of the future
VySehrad tunnel, the first commemorative plaque of Jan Krej¢i
was installed directly onto the VySehrad cliff. However, it had to
be removed after fifteen years, since the construction of the tunnel
was initiated in 1903. After its completion in 1905, a second, by far
more representative bronze commemorative plaque was embedded
into the protection wall by the northern portal of the VysSehrad
tunnel, which decorated the place for ca. 85 years. Although it
was stolen by metal thieves a short while after 1989, the original
place now remains empty and has been decaying for already a few
years (Fig. 3a, b). Nevertheless, a new respectable place was found
near the upper end of a staircase leading to VysSehrad from Na
LibuSince Street, more precisely on the outer side of the western
Vysehrad walls. Here, after a few years, the third commemorative
plaque was placed, this time a precise replica of the previous
commemorative made
(Fig. 4a, b).

It is a fact that at this location, the commemorative plaque of

plaque, from metal-coated plastic

Jan Krejci is for many visitors of VySehrad substantially more
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nez na predchozim dopravné velmi vytizeném misté u portalu Vy-
Sehradského tunelu.
prof. Ing. JIRI BARTAK, DrSc.

LITERATURA / REFERENCES
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accessible than at the previous, very traffic-heavy place by the
portal of the VySehrad tunnel.
prof. Ing. JIRT BARTAK, DrSc.

[1] https://cs.wikipedia.org/wiki/Jan_Krej%C4%8D%C3%AD_(geolog)

POHLEDNICE S TUNELY NA BALKANE II

PICTURE POSTCARDS WITH TUNNELS IN THE BALKANS I

In the 2/2024 TUNEL journal, 11 picture postcards with
tunnels on the Balkan Peninsula were already mentioned — in
Bosnia, Serbia, and Croatia. Concurrently, picture postcards with
tunnels located in this part of Europe have a common trait: they
continue to be attractive. The Balkans are actually represented
by a wide variety of geographical and socio-political types; their
arrangement is even deceiving. A significant part of the area here
is formed by mountain ranges. In no other part of Europe can such
picturesque landscape in such a small area be found. In a hilly
space full of natural contrasts, it is necessary, and at the same
time highly difficult, to build roads. If a governor of a territory
decides to build a new railway or road or to modernise a current
one, it only means one thing: to build bridges and to build tunnels,
a great deal of bridges and tunnels. In this instalment of the series,
another 11 picture postcards are presented, with tunnels in Bosnia,
Serbia, North Macedonia, and Romania. Apart from three of them,
all are railway tunnels, to which even an extraordinary gallery can
be added.

V casopisu TUNEL 2/2024 jiz bylo uvedeno 11 pohlednic s tu-
nely na Balkdnském poloostrové — v Bosné, Srbsku a Chorvatsku.
Pohlednice s tunely nachazejicimi se v této ¢asti Evropy pfitom
maji spolecny rys v tom, Ze jsou stile atraktivni. Balkdn se totiz
vyznacuje pestrym zastoupenim zemépisnych a spolecensko-po-
litickych typt, a to v uspofadani aZ matoucim. Vyznamnou Cast
uzemi zde tvoii pohoii. V Zadné dalsi ¢asti Evropy se nenachézi
tak malebna krajina na tak malém tzemi [1]. V ¢lenitém prostoru,
plném piirodnich kontrastll, je potfebné, ale pfitom velmi obtizné,
budovat komunikace. Rozhodne-li se spravce uzemi postavit no-
vou Zeleznici nebo silnici ¢i modernizovat stavajici, znamena to
jediné: stavét mosty a stavét tunely, velmi mnoho mostl a tuneld.
V tomto dile seridlu je predstaveno dalSich 11 pohlednic s tune-
ly v Bosné, Srbsku, Severni Makedonii a v Rumunsku. AZ na tfi
znich jsou to tunely Zelezni¢ni, ke kterym Ize zaradit i mimotadnou
galerii.

BOSNA

Sarajevo - tunel Babin zub (Stary rakousky tunel)

R-U obsadilo Bosnu 29. 7. 1878 a kratce nato, v roce 1884, do
Sarajeva pfichazi R-U obc¢an, narodnosti vSak Ital, Josef Da Riva.
Usadil se v misté, kde se ficka MoSc¢anica vléva do reky Miljac-
ky. Zbohatl na obchodu se stavebnim materidlem a poté (1890)
zalozil zdejsi prvni vinafstvi a obchod s vinem. K prosperujici re-
stauraci pridal koupali$té na fece Miljacka, a tak vzniklo necelého

0,5 km vychodné od Starého mésta nejoblibenéjsi vyletni misto
Sarajevant. Po smrti zakladatele byla lokalita na jeho pamatku

pojmenovana ,,Promendda Dariva“. V délce témér 3 km vede po
severnim biehu feky az ke Kozijom cuprije (Kozimu mostu) ze
16. stol. Jsou zde kamenné lavicky, mista pro grilovdni a rovnéz

1808 Die Madel dor Kleopatra bel Sarajevo
Verlag Albert Thier, Saraleva

Obr. 1 1808 Kleopatrina jehla (ném. Nadel der Kleopatra) u Sarajeva. Koloro-
vand fotografie. Verlag Albert Thier, Sarajevo. 1897 [sbirka autorii].

Karion Dariva v Sarajevu zahajuje vysoké vdpencové bradlo. Skalni véz, zndmou
Bosrianiim jako Babin zub, pojmenovali zde usazeni Rakusané , Kleopatiina
Jehla*“. Méla svym tvarem pripominat staroegyptské obelisky. V pozadi je videét
vychodni portdl krdtkého pristupového ,,Starého rakouského tunelu ™.

Fig. 1 1808 Cleopatra’s needle (German Nadel der Kleopatra) near Sarajevo.
Colourised photograph. Verlag Albert Thier, Sarajevo. 1897 [authors’ collec-
tion].

Dariva Canyon in Sarajevo begins with a high limestone klippe. A rock tower,
known to Bosnians as Hag'’s tooth, was named “Cleopatra’s needle” by Aus-
trians who settled here. Its shape was supposed to remind one of Old Egyptian
obelisks. The eastern portal of a short access “Old Austrian tunnel” is visible
in the background.



34. rotnik - €. 4/2025

fada lezeckych tras. V kanonu hlubokém az 90 m neni misto pro
automobily a dnes nad pésimi prevlddaji cyklisté. Od mésta se
vstupuje do promenady kratkym tunelem pochdzejicim z konce
XIX. stol. Tunel dlouhy jen okolo 20 m je pojmenovany podle
vyrazné vapencové jehly Babin zub, ale znamy je také jako Stary
rakousky tunel — obr. 1. Jeho zvlaStnosti, pfi Sifce okolo 3 m, jsou
dvé bocni klenuté niky, ve kterych se nachazeji prodejni kramky.
Nad timto starym tunelem je od roku 2022 vedena silnice M-18
tunelem Vratnik, dlouhym 216 m [2].

Tunely na Bosenské vychodni draze

DalSich Sest pohlednic s tunely této Zeleznice se zde pripoju-
je ke Ctyfem jiz prezentovanym (jedna byla v TUNELu 1/2021
a dalsi tfi v TUNELu 2/2024). S nimi byla uvedena také stru¢nd
historie této mimoradné zajimavé Zeleznice. Ale pro pfipomenuti:

[eue Haknatreeke

Obr. 2 Novd Zeleznicni trat. Simon Kattan Papierhandlung Sarajevo. Okolo
1902 [sbirka autorii].

Jizni portdl tunelu ¢. 1 v Bistriku u Sarajeva. Na portdlové rimse je deska s de-
dikaci cisari Frantisku Josefovi I.

Fig. 2 New railway route. Simon Kattan Papierhandlung Sarajevo. Around
1902 [authors’ collection].

Southern portal of the Nr I tunnel in Bistrik near Sarajevo. On the portal ledge,
there is a plaque dedicated to Emperor Franz Joseph .

Obr. 3 Zeleznic¢ni trat Sarajevo — Vychodni hranice: Soutéska Miljacka. Ko-
lorovand fotografie. C.S. 953. Kunstverlag Cappon, Sarajevo. 1914 [sbirka
autorii].

Na pohlednici se nachdzi v dramatické krasové krajiné, s nejvyssi pravdépodob-
nosti, vstup Zeleznice do soutésky reky Miljacka, severnim portdlem tunelu ¢. 5.
Fig. 3 Railway route Sarajevo — Eastern border: Miljacka defile. Colourised
photograph. C.S. 953. Kunstverlag Cappon, Sarajevo. 1914 [authors’ collec-
tion].

On the picture postcard in a dramatic karst landscape, there is most likely a rail-
way entrance into the Miljacka River defile, through the Nr 5 northern portal.

Tuel

Strategickd Bosenskd vychodni drdha (ném. Bosnische Ost-
bahn, srbochorvatsky Bocancka mcrouyna >xepesnuna/Bosanska
isto¢na Zeljeznica) byla trat rozchodu 760 mm ze Sarajeva do
Uvacu (137,6 km), s odbockou z Mostu nad Drini do VardiSte
(29,1 km). Vybudovaly ji od srpna 1902 do 1éta 1906, a také zpo-
¢atku i provozovaly, Bosensko-hercegovské statni drahy (BHStB).
V krajné slozitém terénu bylo nutné postavit, vedle mimoradné-
ho mnozstvi dalSich objektl, také 99 tunelt a galerii. Ty nesly
prubézné cislovani (s vyjimkou tunelu ¢. 1 — viz déle). Naklady
dosahly na tehdejsi dobu fantastickych 75 mil. korun rakouské
mény (450 000 korun za kilometr!). Po roce 1918 byla Zeleznice
zaClenénd do Jugoslavskych statnich drah (JDZ/JZ), které v roce
1929 Vychodni drahu prodlouzily o 4,5 km z Uvacu pres dnesni
srbskou hranici do Priboje. Jakkoliv méla draha pro tuto zaosta-
lou ¢ast Bosny kulturné-technicky a vojensky vyznam, ekonomic-
ka oCekavani s ni spojend se nikdy nenaplnila. Béhem vice nez
70 let svého fungovéani podnik neustile zépasil s nizkymi financ-
nimi vykony. A to byl také divod ukonceni provozu v roce 1978
[3,4,5].

Obr. 4 1784 Jeden z tunelii na trati Sarajevo—Pale. Kolorovand fotografie. Ver-
lag Albert Thier, Sarajevo.1912 [sbirka autorit].

Na pohlednici je vyjezd z jiZniho portdlu tunelu ¢. 6 do bezprostredné ndsleduji-
ctho krdtkého tunelu ¢. 7.

Fig. 4 1784 One of the tunnels on the Sarajevo—Pale route. Colourised photo-
graph. Verlag Albert Thier, Sarajevo.1912 [authors’ collection].

On the picture postcard, there is the exit of the Nr 6 southern tunnel portal into
an immediately following short Nr 7 tunnel.
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Tunel ¢. 1 (tunel Frantiska Josefa I1.) v Bystriku u Sarajeva

Kratce po vyjezdu ze stanice Sarajevo se trat stacela k vycho-
du, pfekonala feku Miljacku a tunelem €. 1, proraZenym v délce
144 m vrchem Trebevice, dorazila v km 6,5 do stanice Bistrik
(obr. 2). Tunel byl dokonceny v roce 1904 a jako jediny na celé
Zeleznici mél vedle ¢isla i jméno, a to pfimo po panovnikovi.
Se zrusenim Zeleznice byl tento podzemni objekt stavebné roz-
Sifeny a stal se soucdsti komunikace M-5 — silni¢niho obchvatu
Sarajeva.

Tunely ¢. 5, 6 a 7 v soutésce Miljacka

Reka Miljacka (srbsky Mumpairka) je dlouhd 35,9 km. Prameni
vychodné od Sarajeva, pod vrchy Jahorina, nedaleko Pale a vznika
soutokem fek Miljacka Mokranjska (pfitékajiciz Mokra) aMiljacka

Bahm Sarajevo-Osigrenze,
Pracadadilé zwischen
Medici und Uslipraca.

Obr. 5 Drdha Sarajevo — Vychodni hranice, defilé reky Praci mezi Mesici
a Ustipraca. Kolorovand fotografie. J. Studnicka & Co., Sarajevo. — Graph.
Kunstanstalt M. Schulz. Prag. 1910 [sbirka autorii].

Pohlednice aZ edukativnim zpiisobem ukazuje vedeni drdZniho télesa v kompli-
kovanych terénnich podminkdch. Zde je prekdazkou trasy vizké a hluboce zariznu-
té koryto teky Praci a v popredi je to sutovy kuZel rozsdhlého skalniho zriceni.
V centrdlni cdsti pohlednice jsou videt jihovychodni (vjezdové) portdly tunelit
¢ 49 a ¢ 50.

Fig. 5 Sarajevo — Eastern border railway, Praci River defile between Mesici
and Ustipraca. Colourised photograph. J. Studnicka & Co., Sarajevo. — Graph.
Kunstanstalt M. Schulz. Prag. 1910 [authors’ collection].

The picture postcard educatively depicts the routing of the track bed in compli-
cated terrain conditions. The route obstacles here are a narrow and deep-cut
Praci River bed and, in the forefront, a cone of debris from an extensive rockfall.
In the middle part of the picture postcard, the south-eastern (entrance) portals
of the Nr 49 and Nr 50 tunnels can be seen.
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Paljanska (pfitékajici z Pale). TeCe do Sarajeva, kde tvori hlavni
osu mésta. Asi 8,5 km nad metropoli protéka krasovou soutéskou.
Pro Zeleznici sledujici feku zde musely byt prorazeny tunely ¢. 5
(obr. 3), ¢. 6 a . 7 (obr. 4). Nejdelsi z nich byl tunel ¢. 5 (138 m),
tunel ¢. 6 mél 110 m a tunel ¢. 7 byla jen 12 m dlouha skalni brana.

Tunely ¢. 49 a ¢. 50 v soutésce Praca mezi Mesici a Ustipraca

Od km 45 az po km 137,6 sledovala dréha feku Pracu, zafiznu-
tou v hluboké stejnojmenné soutésce. Na tomto tseku muselo byt
vzhledem ke svizelnym prirodnim pomérim postaveno 66 tunela!
Zhruba uprostred této vétve, za stanici Mesic¢i-Rogatica a mostem
pres feku, prekonavala trat rozsahlé sutové téleso, za kterym nasle-
dovaly tunely ¢. 49 (dlouhy 47 m) a ¢. 50 (délky 256 m) — obr. 5.
Tunely ¢. 65 a C. 1 za mostem pres i'eku Drinu

Témet po 100 km (presné na km 98,8), za stanici Mededa, sta-
la Zeleznice pted fekou Drinou. Prekrocila ji pfihradovym mos-
tem, se 130 m v Bosné a Hercegovin€ dobov€ nejdelSim. Trat
za mostem pokracovala na jih do Priboje a odbocnou vétvi po

Obr. 6 Most pres Drinu proti dvéma tuneliim. Kolorovand fotografie. C.8.1047
Cappon's Postkarten. 1913 [sbirka autorit].

Na pohlednici je bezprostredné za mostem zdvojeny portdl: vievo tunelu ¢&. 1,
kterym zacind vétev drdhy do Vardiste, a vpravo tunelu ¢. 65 vétve Zeleznice
na Uvac. Pohlednici odeslal 8. 7. 1913 Josef W. své sestrenici ,,spanilomysiné
slecné Marence Hlavdckové“ na adresu: ,,u pana Krejc¢iho ¢. 23 Turany u Brna,
Morava“.

Fig. 6 A bridge across the Drina opposite two tunnels. Colourised photograph.
C.8.1047 Cappon‘s Postkarten. 1913 [authors’ collection].

On the picture postcard, immediately after the bridge, there is a double portal:
on the left of the Nr I tunnel, with which the railway branch to Vardiste begins,
and on the right of the Nr 65 tunnel of the railway branch to Uvac. Josef W.
sent the picture postcard on the 8/7/1913 to his cousin “to the charming Miss
Marenka Hlavdckovd” to the address “at Mr Krejci Nr 23 Turany u Brna,
Morava”.

pravém biehu Driny do ViSegradu na severovychod a déle udo-
lim feky Rzav ke konecné pohranicni stanici Vardisté (po prvni
svétové valce s napojenim na srbskou uzkorozchodnou sit). Zaji-
mavym prvkem rozdéleni trati byl tunelovy dvouportal zahajujici
obé vétve. Na Uvac Sel 242 m dlouhy tunel ¢. 65 a do Vardis-
té to byl tunel €. 1, se svymi 536 m druhy nejdel$i na celé trati
— obr. 6.
Tunely ¢. 3, 4 a 5 na odbocce do Vardiste

Na odbocce z Mostu nad Drini do Vardiste (obr. 6), dlouhé
29,1 km, bylo prorazeno 15 tuneld, nové ¢islovanych 1 az 15. Je-
jich délka byla od 12 do 536 m (sumdrné 2 182 m). Na obr. 7 je
prihled tfemi kratkymi tunely ¢. 3 (12 m), ¢. 4 (20,7 m) a €. 5
(45,3 m).
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Obr. 7 Zeleznice Sarajevo — Vychodni hranice. Tunely 3, 4, 5. Kolorovand fo-
tografie. C.S.958. 1913 [sbirka autorii].

Prithled tunely. Vlevo je reka Drina. Pohlednice byla adresovand Antoninu Pro-
chdzkovi, ticetnimu diistojnikovi Domobraneckého pésiho pluku ¢. 14 v Brné.
Fig. 7 Sarajevo — Eastern border railway. Tunnels 3, 4, 5. Colourised photo-
graph. C.S.958. 1913 [authors’ collection].

A view through the tunnels. To the left is the Drina River. The picture postcard
was addressed to Antonin Prochdzka, accounting officer of the 14" militia infan-
try regiment in Brno.

Tunel na silnici z Jajce do Banja Luky

Meésta Jajce a Banja Luka v zédpadni Bosné a Hercegoviné spo-
juje prastara silnice, ktera je dnes oznacena E661 (M16). Sleduje
tok feky Vrbas a je na ni nejméné sedm, prevazné kratsich, tunela.
Prvni z nich se nachézi asi 8,5 km severné od Jajce a ma délku
okolo 110 m. Vede silnici skrze skalu vystupujici strmé za mostem

pfes feku Vrbas (obr. 8) [6].

SRBSKO

Zeleznicni tunel DZep (Djep, Dep)

Jednokolejnd, dnes elektrizovana, Zelezni¢ni trat Ni§—Sko-
pje (makedonsky JKenmesmmuka mnpyra Hwmr-Ckomje, srbsky
JKenesunuka npyra Hum-Ckomee) spojuje Srbsko se Sever-
ni Makedonii. Byla vybudovand po dokonceni hlavniho spojeni
mezi Bélehradem a Nisi v 80. letech 19. stoleti ve stopé antickych
a stifedoveékych obchodnich cest do Soluné. Dobové §lo o spoje-
ni Srbského kralovstvi s Osmanskou fisi, dlouhé na srbské strané

Obr. 8 Silnice mezi Jajce a Banja Luka. Verlag Martin Grof Grand Hotel,
Jaice. Cca 1910 [sbirka autorii].

Od vychodniho portdlu silnicniho tunelu si to smérem k Jajce vykracuje Bosridk
v mistnim kroji s charakteristickym fezem na hlavé.

Fig. 8 Road between Jajce and Banja Luka. Verlag Martin Grof Grand Hotel,
Jaice. Cca 1910 [authors’ collection].

A Bosnian in a local folk costume with a characteristic feze on his head is march-
ing from the eastern portal of the road tunnel in the direction of Jajce.

151 km. Na jihovychodé& predstavovala vyznamnou prekdzku stav-
bé Grdelicka soutéska (Ipmemmuka xmmcypa / Grdelicka klisura)
s fekou JiZni Moravou (Jy>kaa Mopasa). Nachazi se zde fada mos-
th a tuneld a dnes i bezprostfedni soubéh s dalnici Al.

V soutésce, cca 10 km severné od mésta Vladi¢in Han
(Braguuun Xan), se naléza Zeleznini zastivka Dzep (Djep,
Dep). Po ni by také logicky mél byt pojmenovany tunel na obr. 9.
V cause tohoto tunelu vSak standardni technicka logika nefun-
guje. Jednak v Srbsku Zeleznicni tunely vétSinou jen cisluji, ale
predev§im se dnes pobliz obce ¢i zastavky Dzep podle mapy
nejenze zZadny tunel nenachézi, ale dokonce v misté neni ani Zadny
kopec. Nejblizsi tunel je aZ o nékolik km jiznéji, mezi Zeleznicni
zastavkou Momin Kamen (Momun kamen) a 7Zst. Vladic¢in Han. Je
pravdépodobné, Ze objekt z pohlednice na obr. 9 jiZ neexistuje.

Na vSech pohlednicich s tunelem DzZep, které jsou na internetu
dostupné, je totiz kromé tunelu také kamenolom. U jedné dokonce
popis uvadi stejny nazev zastavky i lomu — Momin Kamen. TéZba
kamene pro Zeleznici zde méla pocétek jiz roku 1883 a kamen byl
pouzivany (mimo jiné) na stavbu traté¢ NiS—Skoplje—Gevegelija—
Solun. Uvedeny lom tidajné funguje dodnes a mezi nim a Zeleznici
je nyni navic vybudovana dalnice. Je tak pravdépodobné, Ze kopec
s lomem byl za 1 a Y stoleti t€Zby postupné€ rozebrany a s nim
zmizel také tunel.

Pokud jde o jeho technické parametry, tak na jedné z pohlednic
na internetu je vidét temeno kopce naznacujici, Ze prekdzka nebyla
prili§ vysoka ani dlouhd. A pokud je skvrna v ploSe tunelu (obr. 9)
onim svétlem na konci, naznacuje to kratky tunel, nejvyse v fadu
desitek m. Z obrazku je ziejmé, Ze tunel byl jednokolejny; doba
jeho sneseni vSak zlistava pro Ceské badatele neznama... [6, 7].

(SEVERNI) MAKEDONIE

Mackensentiv tunel a Zzeleznicni galerie v Demir Kapija
Demir Kapija (Temnp Kannja) je méstecko v Severni Make-
donii u hranic s Reckem. LeZi v udoli Tikves$, na soutoku fek
Bosavica a Vardar, jihovychodné od hlavniho mésta Skop-
je. Vedou tudy od pradavna hlavni dopravni tahy Balkédnu.
Dnes je to trat Severomakedonské Zeleznice a jedna ze zdsad-
nich makedonskych pozemnich komunikaci — dalnice A1-E75
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Obr. 9 Tunel Djep. ??. 1900 [sbirka autorii].

Levé 1iboct kopce nad tunelem je lom. Nechybi ani cesta pro dopravu kamenit
k Zeleznicni trati, podél které jsou kamenné prvky také rozloZeny. Zajimavd je
také drezina na kolejich a v pozadi, v vidoli, most.

Fig. 9 Djep tunnel. ??. 1900 [authors’ collection)].

The left hillside above the tunnel is a quarry. Missing is not even a path for the
transport of stone to a railway, alongside which rock elements are also spread
out. Another curiosity also is a draisine on tracks and in the background, in
a valley, a bridge.

(Budapest-Bélehrad—Skopje—Soluii). Reka Vardar zde prorazila
vapencovy masiv uzkou a kratkou soutéskou. Charakter mista po-
tvrzuje jeho nazev, pochazejici z tureckého Demir Kap1 (Zelezna
brana) — obr. 10.
Mackenseniiv tunel

Demirkapijska soutéska méla za 1. svétové valky zasadni roli
v logistice Soluiiské fronty. Pro posileni stavajici Zeleznice byla
proto pres masiv ziizend lanovka. KdyZ nepostacovala ani ta, byl
vyrazeny silni¢ni tunel. Ten byl pojmenovany po pruském polnim
marSalovi Augustu von Mackensenovi (¥1849 11945), veliteli ar-
mad Centralnich mocnosti. Pfi dokonceni tunelu v roce 1916 byl
nad vstupem vytesdn napis, viceméné zachovany: WILHELM II.
DEUTSCHER KAISER KONIG VON PREUSSEN DEPAHL SEI-
NEN SOLDATEN DIESE STRASSE ZU BAUTEN 1916 (Vilém II.,
némecky cisar a krdl Pruska, naridil svym vojdkiim v roce 1916 po-
stavit tuto cestu). Malo se jiz vi, Ze po 1. svétové valce nechali (vi-
té€zni) Francouzi pod tento napis umistit dal$i, na pamatku marsala
Francie Francheta d‘Esperey (¥1856 11942), velitele dohodovych
vojsk na zdejsi fronté: LE GENERAL FRANCHET D’ ESPEREY
COMANDANT EN CHEF DES ARMEES ALLIEES D’ ORIENT
ORDONNA A SES TROUPES DE CHASSER LES BOCHES 1918
(Generdl Franchet d‘Esperey, vrchni velitel spojeneckych armdd na
vychode, naridil v roce 1918 svym jednotkdm, aby Némce vyhnaly).
Tento napis vSak za 2. svétové valky Némci odstranili.

Mackensentiv tunel byl opustén a dnes je, podle vSeho, uzavie-
ny a nepruchodny. Nejsou k nému na internetu dohledatelné Zadné
béZné parametry (Sitka, vySka, délka). SoubéZzné s timto tunelem
byl pozdéji zfizeny dalsi. Podle mapy je dlouhy okolo 75 m, ma
minimalisticky prifez a je nevyzdény. Néhrada starého vojenské-
ho tunelu mohla byt vyldmana v roce 1964, a to soubézné s tehdy
zfizenym tunelem na silnici Al. Ten se nachazi ve vyssi poloze, ma
délku 540 + 320 m, a i kdyz je jeho technicky stav velmi $patny, sta-
le slouZi mistni dopravé. V roce 2013 byly kone¢né na nové dalnici
Al otevieny dva dvoupruhové tunely délky 1,25 km [6, 8, 9, 11].

Zeleznicni galerie
V levé stran¢ pohlednice na obr. 10 se nad Zeleznicni trati na-
chazi zajimava konstrukce, kterd vSak neni tunelem, nybrz jde

Obr. 10 Mackensenuy tunel u Demir-Kapu. ? 1918 [sbirka autorii].

Pohled do soutésky od zdpadu, reku Vardar lze tusit zcela vlevo. Tmavd plo-
cha vpravo je pivodni vstup do Mackensenova silnicniho tunelu. Konstruk-
ce, do které vedou koleje, je tunelovou galerii. Pristup do starého vojenského
tunelu je dnes zaslepeny a tésné vlevo od néj se nachdzi provozovany tunel
(z roku 1964?). Ndpis nad vstupem do Mackensenova tunelu se prekvapivé
dochoval.

Fig. 10 Mackensen tunnel by Demir-Kapu. ? 1918 [authors’ collection].

A view into the defile from the west, the Vardar River can be expected com-
pletely to the left. The dark area on the right is the original entrance into
the Mackensen road tunnel. The structure, into which the tracks lead, is
a tunnel gallery. The entrance into an old military tunnel is sealed today,
and close to its left, an operational tunnel is located (from the year 1964?).
Writing above the entrance to the Mackensen tunnel has surprisingly been
preserved.

Obr. 11 Vstup Zeleznice do soutésky Demir Kapija [10].

Jde o zdpadni vstup. Tii mohutnd Zebra vyzdénd z kamennych desek maji ochra-
nou, ale patrné i statickou funkci. Vlevo nejsou vidét okna galerie oteviend
k rece Vardar.

Fig. 11 Entrance of the railway into the Demir Kapija defile [10].

This is the western entrance. Three massive ribs from stone slabs have a protec-
tive, but apparently even a static function. To the left, the windows of the gallery
that open towards the Vardar River can not be seen.
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o neobvyklou tunelovou galerii. Sestdvala ze (tfi?) mohutnych
Zeber vyzdénych z kamennych desek a chranicich koleje pred
padajicimi kameny. Lépe nez pohlednice na obr. 10 ilustruje ori-
ginalitu konstrukce obr. 11 mimotadné prejaty z internetu [10].
Pozoruhodné galerie vSak ¢asem (valecnymi udédlostmi, zemétre-
senim?) vzala za své. Byla nahrazend nevzhlednym (okolo 50 m
dlouhym, betonovym?) tunelem.

RUMUNSKO

Tunel Busteni

AZ pocatkem 70. let XIX. stoleti se vlady Uher a Rumunska do-
hodly na vystavbé prvnich dvou pteshrani¢nich Zeleznic¢nich trati.
31.5. 1874 byla podepsana imluva o spojeni mést Brasov a Ploies-
ti Zelezni¢ni trati v tidoli Prahova. Ta méla prekrocit stitni hranici
na sever od rumunského mésta Predeal a na jih od R-U vesnice
Timisu de Sus. V Rumunsku byla stavba drahy provazena skan-
dalem s koncesi a bankrotem firmy angli¢ana Crawleyho. Stavbu
pfevzala francouzska spolecnost Léon Guilloux a Gergershon-
-Bandenson. Dne 10. 6. 1879 byly otevieny useky Ploiesti—
Campina a Sinaia—Predeal-Brasov. Po prvni svétové valce se cela
Zeleznice ocitla v Rumunsku.

Pocatkem roku 1940 byly zahdjeny prace na rozsifeni o dru-
hou kolej, dokonc¢ené mezi BraSovem a BukureSti v 60. letech
XX. stol., a trat byla také elektrifikovand. Byly s tim zruSené tfi
kratké tunely v Prahové udoli (u Posada Mare, u Posada Mica
a u Busteni). Jednokolejny tunel Busteni (obr. 12) je dlouhy
132 m a nachdzi se na trati Rumunskych Zeleznic ¢. 300 u stej-
nojmenného méstecka. Byl otevieny v roce 1879, z provozu jej
vyradili v roce 1939 a nékteré zdroje uvadéji, Ze jeho polovina
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Obr. 12 Pozdrav z Rumunska (Salutdri din Romania). Tunel Busteni (Tunelul
de la Busteni). 612 Editura: Ad. Maier & D. Stern, Bucuresci, Pasagiul Vila-
cros 3. 1907 [sbirka autorii].

Jizni portdl. Skrze krdtky tunel v primé bylo dobre vidét ono ,,svétlo na konci*.
Viiz s volskym zdaprahem je skvélym kontrastem k Zeleznici.

Fig. 12 Greetings from Romania (Salutdri din Romdnia). Busteni tunnel (Tu-
nelul de la Busteni). 612 Editura: Ad. Maier & D. Stern, Bucuresci, Pasagiul
Vilacros 3. 1907 [authors’ collection].

Southern portal. Through a short straight tunnel, it was possible to see well the
“light at the end”. An oxcart is a perfect contrast to the railway.

slouzila jako zazemi Zelezni¢nim délnikiim, ¢i dokonce jako

jejich ubytovna (sic!). Je dodnes zachovany, vstupy do néj jsou vSak
uzaviené [12, 13].
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Stastnd jizda v Novém roce. Historickd tlacend pohlednice se sera-
finem ve vagonku vyjiZdéjicim z tunelu. Byla odesland do DrdZdan
1. 12. 1917! Tzn. uprostied 1. svétové vdlky...

., Happy ride in the New Year. Historic printed postcard with a sera-
phim in a small carriage coming out of the tunnel. It was sent to Dres-
den on December 1, 1917! That is, in the middle of World War I...
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