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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 staff




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 tspeSnom ukon-
Ceni akreditacného procesu podla poZiadaviek EN ISO/

IEC 17025:2017 ziskali Osvedcenie o akreditdcii ¢.
S-427 pre skuaSobné laboratérium na vykon fyzikalnych
skasok betonu.

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 doprav-

nii situdciu v Ndchode a jeho okoli. Tunel je navrhnuty ako jednoriirovy obojsmerny tunel s celkovou dlzkou 363 m. Cldnok pribliZuje

zdkladné informdcie o technickom rieseni, geologickych podmienkach, pouZitej technoldgii 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

AT F
/8
: Nachod

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 nachddza pri Cesko-polskej hranici,
dlhodobo zapasi s nadmernou dopravnou zéitaZou, ktora nega-
tivne ovplyviiuje kvalitu Zivota obyvatelov i plynulost dopravy.
Medzinarodnd cesta prvej triedy 1/33, spajajica Hradec Kralové
s polskym mestom Kudowa-Zdrdj, je dolezitou dopravnou tepnou,
avSak jej trasa cez centrum Ndachoda spdsobuje dopravné zapchy,
hlu¢nost a zvySenu emisnu zataz.

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

Objedndvatelom stavby je Reditelstvi silnic a dalnic s. p. a zho-
tovitelom je ,,Spole¢nost obchvat Nachoda®, ktora zdruzuje firmy:
EUROVIA CZ a.s., Stavby mostt a.s., Marti a.s. a EUROVIA SK,
a.s. Spolo¢nost Marti a.s. je zhotovitelom stavebnej Casti tunela

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 délnic s. p.), and the contractor is
the “Nachod Bypass Joint Venture,” which includes the companies:
EUROVIA CZ as.,
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.

Stavby mostll a.s., Marti a.s., and

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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Dolni Radechova, spolo¢nost EUROVIA CZ, a.s. je zhotovitelom
technologickej Casti tunela.

Dokumentaciu na vykonanie stavby (PDPS) vypracovala spo-
lo¢nost ,,Spole¢nost RSD BIM MAX 2020 — SAS4RP* s ve-
dicim spoloénikom SATRA, spol. s.r.o a spolocnikmi 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.0., Valbek, spol.
s 1.0., and Pontex spol. s r.0. 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

va rura tak bude rozdelena na dva razené a tri
hibené dseky (obr. 2). US
V zmysle CSN 73 7507 Projektovéni tu- sz
nell pozemnich komunikaci je tunel Dolni - - -
) ) S PORH - — — V5 — — — — —sUr | - — =S5 — — A - ({PB
Radechova zaradeny medzi kratke tunely. ) —) —) €
Tunelova rura je rozdelena na l'lseky budo- | dizka tunela v zmysle CSN 73 7507 length of the tunnel according to CSN 73 7507 |
<. I

vané razenim a hlbenim a bude prevadzko- se3m

vand obojsmerne s navrhovanou rychlostou | b | RT—Cast1 part1 T | RT - cast2 part2 | Hr |
. . A . . 21,28 m 166, 07 m 39,33 m 13531 m 24,64 m

70 km/h. Celkova dlzka tunelovej rury je

363 m.

Stcastou tunela je tnikova $tolia s diz-
kou pribliine 44 m, umiestnend zhruba U$ Unikov? ?télha escape ggllery PDR portéI’DoIm’ Ragechové Dolni Radechové portal
. L SuU stredny Usek central section RT razeny tunel mined tunnel
uprostred dlzky tunelovej riry kolmo na tu- HT  hibeny tunel cut-and-cover tunnel PB portal Babi Babi portal
nelovd raru. Monolitickd konStrukcia $tol-

ne (napojenie na hibeny tunel) ma dizku
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

Dizka razenych tisekov tunela Length of mined sections (part 1/ part 2) 166.07m / 135.31m

(Gast 1/ cast 2)

166,07 m /135,31 m

Dizka hibenych tsekov tunela, portal Dolni
Radechova / stredny usek / portal Babi

21,28 m/39,33m/
24,64 m

Length of cut-and-cover sections
(Dolni Radechova portal / central section /
Babi portal)

21.28m/39.33m/
24.64m

is premenlivy o . variable
PozdIZny sklon 0d 0,07 % do 3,95 % Longitudinal gradient from 0.07% to 3.95%
s jednostrannym one-sided camber:
s klopenim 2,5-3 % Cross slope 2.5-3%;
iy a4 s obojstrannym two-sided camber: 2.5%
klopenim 2,5 % 1 piece,
. 1 ks, Escape gallery perpendicular
Unikova stolna kolma na tunelovd riru o tunnel tube
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
nadvizuje priblizne 13,6 m dlha unikova cesta v zareze. Steny
zarezu budd 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 Radechova sd uve-
dené v tab. 1.

GEOLOGICKE A HYDROGEOLOGICKE PODMIENKY
TUNELA DOLNI RADECHOVA

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

Kvartérny pokryv je najvyznamnej$i v dseku strednej jamy
(obr. 3), kde je zaznamenand najvicsia mocnost kvartérnych ze-
min, ktord dosahuje a7 5,2 m. Tento usek je charakterizovany mor-
fologickym zniZenim terénu, tzn. men$im idolim, ktoré umoznilo
vznik hrub$ej vrstvy kvartérnych sedimentov. Kvartér tvori nie-
kolko vrstiev geologickych formacii. Prvd vrstva — humdzna
pokryvka — je zloZené predovSetkym z hnedych premenlivo pie-
so¢natych 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 moZe 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-

rd 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.

GEOLOGICCAL 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 ¢elby, 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

stavebni jama
construction pit

délka tunelu 363,00 m

1. Gsek razeb 164,30 m tunnel length 363.00m

first excavation section 164.30m

niveleta
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plivodni terén

original terraig

19690
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number of the quasi-homogeneous tunnel section

Cislo kvazihomogenniho Useku tunelu |

litologické charakteristika
lithological characteristics
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NATM tunnelling class according to the project

hloubeny Usek tunelu
cut-and-cover section
of the tunnel

hlinto/jilovito-piscité pokryvné zeminy, nize permskeé piskovce a slepence
clayey/silty-sandy cover soils, below Permian sandstones and conglomerates
Q2a, Q4, P1a, P3, P5

permskeé arkézovité piskovce a slepence
Permian arkosic sandstones and conglomerates

P5, P4 (misty P3)
P5, P4 (sporadically P3)

e

T2 TT3 T2

TT3

br. 4 Geologicky pozdlZny profil tunela
ig. 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

Technologicka trieda

Cast 1 - usek medzi portalom Dolni
Radechova a strednym tisekom

Cast 2 - usek medzi strednym tsekom
a portalom Babi

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 a7 1,9 m, bez
obmedzenia dizky odstupu stupiia od kaloty).

KonStrukcia primarneho ostenia pozostiva 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

2. Usek razeb 133,00 m
second excavation section 133.00m
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construction pit

plvodni terén
original terrain
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sandy soils, Permian arkosic sandstones and conglomerates

piscité zeminy, permské arkézovité piskovce a slepence

permské arkézovité piskovce a slepence
Permian arkosic sandstones and conglomerates

hlinto/jilovito-piscité pokryvné zeminy, nize permské piskovce a slepence
clayey/silty-sandy cover soils, below Permian sandstones and conglomerates

kalota misty Q4, P1a; jinak P2, P3 (pocva P5)

top heading sporadically Q4, P1a, othervise P2, P3 (invert P5) P2,P3, P4, PS

Q2a, P1b, Q6a, P2, P3, P4, P5

hloubeny Usek tunelu I

U k cut-and-cover section of the tunnel

TT4P T3

hloubeny tsek tunelu
cut-and-cover section
of the tunnel

T4 TT3

TT4P ‘TPS




TuouMHel 34. rocnik - €. 4/2025

\ Drilling rigs Atlas Copco E2C

| will be deployed for drilling blast

\ ihly SN, pr. 25 mm, dl. 4 m, 4 400 mm / holes as well as for installing
SN negdles, @ 25mm, lepgth 4m, spacing 400mm

support elements (anchors, spiles,

micropile umbrellas). Excavated

11250

AA

rock will be removed using front-
end wheel loaders and dumpers,
which will transport the muck to
designated disposal sites. After

kalota
top heading

tunnel axis
5027

disintegration and removal, the

reinforcement phase follows, i.e.,
- construction of the primary lining.
* niveleta £0,000 . Sprayed concrete will be appl‘led
elevation profile +0.000 m using MEYCO Potenza spraying
™ equipment, with a theoretical
\ output of 20m3 of sprayed concrete
IBO kotvy, dI. 6 m, podla potfeby _J per hour.

IBO anchors, length 6m, as needed An overview of the excavation
Obr. 5 Postup razenia a ndvrh vystrojenia TT 3 (priecny rez) ?qulpment for tunnel construction
Fig. 5 Excavation procedure and support design for TT 3 (cross-section) is provided in Table 3.

kotva SN dl. 4 m priehradovy ocelovy nosnik ARCUS striekany beton hr. 250 mm priehradovy ocelovy nosnik ARCUS

h=176 mm
ARCUS steel lattice girder beam,
height 176mm

h=130mm
ARCUS steel lattice girder beam,
height 130mm

SN anchor, length 4m sprayed concrete, thickness 250mm

——t

top he‘ading | | | | | | | |

l\ll\ll\ll/iq_J_

¥

" 44 Pl =
| | stuped | 5(\(;&2“\ A /L - | niveleta £0,000
=0 ‘ ‘ bench J- 9=== ‘ ‘ elevation profile £0.000
—~ — - —- — = = =T L [ — JRE—
= o
il \ -t \ \ \
T ‘ L ‘ dno | L ‘ striekany beté ¢
y betén 10 % celby hr. 50 mm
T bottom sprayed concrete on 10% of face,
thickness 50mm
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, najmi v TT 4P, bude rozpojovanie hornin pod mikropil6-
tovym dazdnikom prebiehat mechanicky.

Na vrtanie vyvrtov pre naloZe trhavin, ale aj pre aplikaciu zabez-
pecovacich prvkov (kotiev, ihiel, mikropilétového daZdnika) buda
nasadené vrtné vozy Atlas Copco E2C. Odtazba rozpojenej horni-
ny bude realizovana ¢elnymi kolesovymi naklada¢mi a dumprami,
ktoré rubaninu vyvezi na uréené miesto. Po rozpojeni a odtazeni
nasleduje faza vystuZovania, resp. budovania primarneho ostenia.
Striekany betén bude aplikovany pomocou striekacich zariadeni
MEYCO Potenza s teoretickym vykonom 20 m?* striekaného bet6-
nu/h. Prehlad strojno-technického vybavenia pre razenie tunela je
uvedeny v tab. 3.

Vzhladom na kratku 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 realizécii
bude podielat 14 technickych pracovnikov, 26 tuneldrov a pod-
pornych pracovnikov, 11 pracovnikov strojnej a elektro udrzby,
subdodavatelia na geodetické merania a geotechnicky monitoring
(obstaravany objedndvatelom RSD s.p.).

SEKUNDARNE OSTENIE

Definitivnu nosnu konStrukciu razeného tunela tvori sekundéarne
ostenie pozostavajuce z dvoch zdkladnych Casti — zo zakladovych
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

34. rocnik - €. 4/2025

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+A1 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. Tomds Ebermann, Ph.D.h
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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
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 — §tdtna hranica CR/Polsko a D11 Praha — Hradec Krélové
— $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 naro¢nost 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

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 DI,
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 Bec¢vou — Ostrava — Czech/Polish border) and the D11
motorway (Prague — Hradec Krilové — Czech/Polish border),
forming a link of international significance.

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

hloubeny tsek 70 m
cut and cover section 70m

hloubeny tsek 110 m
cut and cover section 110m

N =

<4mmm

legenda legend
tseky tryskové injektaze z povrchu predpokladané referencnim projektem RSD

jet grouting sections from the surface as anticipated by the reference project of RSD

hloubeny tsek 50 m
cut and cover section 50m

Obr. 1 Situdcia stavby
Fig. 1 Construction site layout
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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 hiben4 ¢ast 180 m a razend 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 pre-
kroCenie kritéria k, (hodnotenie QTS), kde sa hodnoty pre toto kri-
térium pre vSetky TT pohybovali od 32-64 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 asekoch 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
(o)

cla{jssification 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.

34. rocnik - €. 4/2025

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 z4pade, razenymi tisekmi troch
kvazihomogénnych blokov o dizkach I. KHC 145 m, II. KHC 190
m aIIl. KHC 115 m s hibenym tisekom na vychodnom portli s diz-
kou 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 48 mm, 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
rury od cesty po vychodny portdl sa z dovodu predpokladu velmi
nepriaznivej geoldgie planovala konsolidacia 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 injektaZze mikropilotového
dazdnika (MPD), tlakovej cementovej alebo chemickej injektaze
predpolia celby kaloty, chemickych tlakovych injektazi nad MPD
a zaistenia Celby 16 m dlhymi kotvami IBO 32 mm.

Zaciatok razenia bol zo zapadného portalu v technologicke;j trie-
de TT4P pod mikropilétovym dazdnikom dizky 15 m s priemerom
mikropilét 89 mm, v pocte 31 ks, dizka zaberu 1,25 m, striekany
bet6n 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-
nena nova trieda TT2 s ponechanim vystrojovacich prvkov z TT3 so
zaberom dizky 1,75 m a s pouZitim trhacich prac. V KHC II v lavej
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 nastipanim dizky 10 m so zdberom 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 @8/150/150 mm.

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

Vsetky sanacné opatrenia boli navrhované pre nepriaznivé geolo-
gické a hydrogeologické pomery v nadvéznosti na razenie pod ko-
munikaciou 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 @32 mm, 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 mesh @6/150/150mm,

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

o
sprayed concrete SB25 J2 XN
additional ret?a:lrkr)éil:]);o?gezr{;sg ”l, ::""?""‘A/' ' %
01250 R
vyztuz sloni nohy V. [ kalota
“elephant foot” reinforcement _ &7 \\\§\
kari sit @6/150/150 mm 2

reinforcement mesh @6/150/150mm 2%
N7z

IBOR32dl.4m
IBO R32 rods, length 4m

2x kari sit @6/150/150 mm

chemicka injektaz pfes samozavrtné tyce
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

pfihradovy rdm
lattice girder

2x reinforcement mesh f
@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,
105 m long, beneath which the tunnel
section will be excavated.

Operational and technological
facilities will be constructed at both
portals.

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 diz-
ky 4 m v poéte 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 vyrazend v celej dizke a v pravej tunelovej riire bolo potreb-
né dorazit 120 m. Priebeh razenia potvrdil lepSie parametre hor-
niny s vySSim zastipenim geotypov K4 a K5 (horniny pevnostnej
triedy R3 az R2) v kalote a potrebu nasadenia trhacich prac (obr.
6). Doplnila sa nové trieda vyrubu TT2. Hornina sa vyznacovala
velkou blokovitostou a tvorbou nadvylomov. Na tito skutocnost sa
zareagovalo skratenim zaberov, osadzovanim vécSieho 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 celé-
ho tseku D35 Ostrov — Vysoké Myto prispeje k zlepSeniu a odlah-
¢eniu dopravnej situécie v regione 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
groundwater inflows have not

anticipated

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.
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