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HOMOLE TUNNEL
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ABSTRAKT

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

ABSTRACT

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

uvop

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

INTRODUCTION

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

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

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

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

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

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

section of the motorway “D35 Ostrov — Vysoké Myto.” Due to its
technical complexity, the tunnel is being constructed as a separate
project. It will connect both parts of the motorway section into one
fully functional unit.
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Obr. 1 Situdcia stavby
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je navrhnuta v kategorii R 25,5/120 s rozsirenim stredného deliace-
ho pruhu z 3,0 m na 3,5 m.

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

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

ZMLUVNE PODMIENKY REALIZACIE TUNELA

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

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

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

Hlavnym tcelom PoZiadaviek Objednévatela vo vztahu k Dielu
je opisat:

e zdkladné (ale dostatocne Specifikované) ucelové, funkcéné Ci

vykonové poziadavky na Dielo,

e stavenisko tak, aby umoZznili Zhotovitelovi pripravit Navrh

Zhotovitela,

* dalSie poziadavky, ktoré s Navrhom Zhotovitela alebo pracami

na Diele priamo alebo nepriamo suvisia.

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

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

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

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

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

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

CONTRACTUAL CONDITIONS FOR TUNNEL
CONSTRUCTION

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

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

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

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

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

performance requirements for the Work;

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

prepare the Contractor’s Proposal;

e other requirements directly or indirectly related to the

Contractor’s Proposal or the execution of the Work.

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

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

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

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

Zmluvné podmienky Samargdovej knihy FIDIC tykajtce sa Spe-

cifik a rizik podzemnych prac tvoria nasledovné dokumenty:

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

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

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

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

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

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

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

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

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

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

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

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

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

mation from all phases of the geological investigation.

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

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

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

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

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

Table 1 GBR Criteria

Cri-
teri- | Description
on

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

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

klasifikacny parameter C — hibka skimanej horniny pod bazou

k; | pokryvnych ttvarov D

redukény parameter o — orientacie diskontinuit voci ose podzemného
diela

redukény parameter 3 — drsnost, tvar a vypli diskontinuit

redukény parameter y — pritoky podzemnej vody do diela

redukény parameter & — hydrostaticky tlak podzemnej vody

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

classification parameter A — compressive strength of rock fragments
c

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

K, | base of overburden formations

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

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

k, |geotypy k, |geotypes

k, | sklon vrstiev k, |layer inclination

k, |tektonicka porucha k, | tectonic fault

k; | tvorba nadvyrubov k. | overbreak formation

k, |spdsob rozpojovania k, | excavation method

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

GEOLOGICKE A HYDROLOGICKE POMERY

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

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

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

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

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

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

GEOTECHNICKY MONITORING (GTM) PRED RAZENIM
A POCAS RAZENIA

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

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

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

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

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

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

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

GEOLOGICAL AND HYDROLOGICAL CONDITIONS

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

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

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

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

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

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

GEOTECHNICAL MONITORING (GTM) BEFORE
AND DURING EXCAVATION

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

Due to the complexity of the engineering-geological conditions
of the project, GTM was divided into monitoring before excavation
and during excavation. Prior to excavation, measurements were
initiated on both existing and new inclinometer boreholes,
trigonometric measurements of the high-voltage pole and its
tilt, geodetic monitoring of the borehole heads, trigonometric
measurements at the western and eastern portals, and measurements
on dynamometers installed on anchors of the construction pit at the
western portal.



34. rocnik - €. /2025

Najvicsia obava bola z prechodu tunela popod dopravne vysoko
zatazenu cestu I/17, preto boli aj na ceste osadené trigonometrické
body. Pocas razenia tunela sa maximalne sadanie vozovky ustalilo
na hodnote 48 mm, ¢o bolo v ramci povoleného rozsahu a neboli ani
viditelné zmeny na vozovke, takZe doprava nebola Ziadnym sposo-
bom obmedzena (okrem zniZenia max. rychlosti) aj napriek tomu,
7e RSD predpokladalo obmedzenia dopravy.

TECHNICKE RIESENIE RAZENIA

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

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

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

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

Tuel

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

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

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

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

EXCAVATION DESIGN

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

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

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

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

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




Tuel

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

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

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

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

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

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

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

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

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

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

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

with two layers of reinforcement

tlakova injektaz celby

pfes manzetovou trubku

pressure grouting of the tunnel face
through a sleeve pipe

mikropilotovy destnik

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

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

sprayed concrete SB25 J2

pilozky @12/450
additional rebar reinforcement

0121450 S

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

IBOR32dl.4m
IBO R32 rods, length 4m

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

chemicka injektaz pfes samozavrtné svorniky
IBOR32dl.6 m

chemical grouting through self-drilling

IBO R32 rods, length 6m

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

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

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

Operational and technological
facilities will be constructed at both
portals.

pfihradovy rdm
lattice girder

10920

protiklenba ds = 200 mm

invert arch thickness = 200mm
stfikany beton SB25 J2

sprayed concrete SB25 J2

2x kari sit @6/150/150 mm

2x reinforcement mesh @6/150/150mm

EXCAVATION PROGRESS

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

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

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

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

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

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

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

PRIEBEH RAZENIA

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

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

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

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

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

Obr. 6 Geologia TT3
Fig. 6 Geology of TT3




TuNel

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

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

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

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

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

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

ZAVER

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

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

Ing. ANDRE] KORBA, andrej.korba @martias.sk,
Ing. BORIS CILLIK, boris.cillik@martias.sk, Marti a.s.
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For excavation in TT5a, TT5b,
and TT5bTI, the Soilmec ST 120
drilling rig was deployed. This
dual-boom drill rig, with a boom
length of 24m, was specifically
used for drilling 15m long
micropiles without joints, and
for drilling and installing face
anchors in cohessionless soils (see
Fig. 7). The micropile diameter
of 139.7mm was selected based
on geological conditions and the
required clearance for flushing
between the micropile wall and
the down-the-hole hammer. The
drill rig supports both water and
air flushing, with air flushing
being primarily used, minimizing
water usage and preserving
the strength properties of the
rock, which positively impacted
excavation stability.

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

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

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

CONCLUSION

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

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

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

[1] UHRIN M., KLEE L. Smaragdova kniha a zlaté zasady FIDIC. [online]. Casopis stavebnictvi., [cit. 2024-03-09]. Dostupné
z https://www.casopisstavebnictvi.cz/clanky-smaragdova-kniha-a-zlate-zasady-fidic.html.





