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Vézeni Ctenati Casopisu Tunel,

tentokrat si Vam dovolujeme ptedloZzit ¢islo ¢asopisu Tunel plné projektl jistym zplsobem atypickych. Roz-
manitost projektll je z mého pohledu na nasi tunelarské praci to nejkrasnéjsi, a pravé ¢lanky v tomto Cisle jsou
ukézkou toho, Ze nase tunelarska prace je vSechno, jenom ne jednotvarna a nudna. S nastupem novych materiali,
lepsich technologii vystavby a 3D projektovani si toho investofi chtéji vice dovolit. Projekty se tak plni sloZitymi
feSenimi v naro¢nych geologickych podminkach.

Tunel P&tidomi v Ceskych Budéjovicich v sobé& skryva silni¢ni dvoutubusovy tunel se dvéma podzemnimi kru-
hovymi kfiZovatkami a tfemi vyjezdovymi rampami, realizovany ve stavebni jamé v prostedi zvodnélych sedi-
mentl. Kiizi kolejisté sefadovaciho a osobniho nadrazi a bylo tak nutné fesit sloZité podminky budouci vystavby
s ohledem na vyluky jednotlivych koleji.

InZenyrsko-geologicky prizkum pro tunel Zidiv rybnik zase ukazuje, jak jsou informace o zakladové pidé kli¢ovym podkladem
k posouzenim variant, byt se smutnym zavérem pro tunelafe, nahradit tunel zafezem. Kvalitu a rozsah inZenyrskogeologického pruzku-
mu tedy neni radno podcenovat.

Dva Clanky se vénuji vystavbé kolektoru Hangar G pro Letisté Vaclava Havla. Jeden z pohledu technického dozoru, druhy z pohledu
projektanta, detailnéji zaméfeny na razenou ¢ast kolektoru. Vyzvou projektu byla zejména razba s nizkym nadlozi 4-6 m ve zvétralych
slinovcich a kvarternich pokryvech pod provozovanou ulici K Letisti a inZenyrskymi sitémi. VSe za plného provozu letiSté.

......

2,8 km castecné pod termindly a kfiZujici vzletovou a pfistavaci drdhu snad jednou bude ukazkou dobré tunelafské prace.
Poslednim tématem jsou vyzkumné aktivity masivu pro hlubinné ulozisté radioaktivniho odpadu.
Tak Vam pfeji pfijemné Cteni.
Ing. PETR MAKASEK, Ph.D.,
¢len redakéni rady casopisu Tunel

Dear readers of the Tunel journal,

this time, we took the liberty of bringing forward this edition of the Tunel journal, full of projects, each atypical in its own way.
The variety of projects is, from my perspective, the most beautiful part of our tunnelling work, and specifically, articles in this edition
are a display of the fact that our tunnelling work is everything, just not one-sided and boring. With the arrival of new materials, better
construction technologies, and 3D designing, the contract owners want to be more daring. Designs are therefore accomplished by
complex solutions in complicated geological conditions.

The Pétidomi tunnel in Ceské Bud&jovice contains a road twin-tube tunnel with two underground roundabout intersections and three
exit ramps, implemented in a construction pit in a location of sediment aquifers. It crosses the trackage of a switchyard and passenger
railway station, and therefore, it was necessary to deal with the difficult conditions of the future construction regarding traffic closures
of individual tracks.

The engineering-geology survey for the Zidiiv rybnik tunnel then displays how information about foundation soil is a key basis for
assessing variants, albeit with a sad outcome for tunnellers, to replace the tunnel with a cut. It is therefore not good to underestimate
the quality and extent of an engineering-geology survey.

Two articles are dedicated to the construction of the Hangédr G utility tunnel for the Vaclav Havel airport. One from the perspective
of technical supervision, the second from the view of the designer, focused in detail on the excavated section of the utility tunnel.
A challenge for the designer was primarily the excavation with shallow overburden of 4—-6m in weathered marlstones and Quaternary
covers under the in-operation K Leti$ti Street and engineering networks. All of that during full airport operation.

We will remain at the airport with an article about the Hostivice tunnel on the Prague — Prague airport — Kladno railway loop. The
2.8km long tunnel, partially beneath terminals and crossing a runway, will one day hopefully be a display of good tunnelling work.

The last topic is the rock massif exploration activities for a radioactive waste deep geological repository.

So, I wish you a pleasant read.

Ing. PETR MAKASEK, Ph.D.,
member of the Tunel journal editorial board




VAZENE KOLEGYNE A KOLEGOVE,
CTENARI CASOPISU TUNEL,

dostava se vam do rukou nové ¢islo Casopisu Tunel,
které vychazi v pro ni§ obor mimotfadném obdobi.
V leto$nim roce slavime sto let pisobeni spole¢nosti
SG Geotechnika a.s. Pravé toto stoleti nepferusené tra-
dice, sbéru dat a rozvoje inZenyrské geologie ndm dnes
strukturnich i strategickych vyzev. Maloktera domaéci
organizace se mize pochlubit tim, Ze stdla u zrodu tak
obrovského mnozstvi klicovych infrastrukturnich dél. VétSina vel-
kych podzemnich ¢i dopravnich staveb — od historicky prvnich
hloubenych usekti prazského metra az po soucasny komplexni
monitoring trasy D nebo pfipravu ambiciézniho projektu Beroun-
ského tunelu — se neobesla bez preciznich podkladi a odborného
dohledu, které SG Geotechnika pfinasi jiz od roku 1926.

Pfi pohledu na uplynulé stoleti je ziejmé, Ze bezpecné pod-
zemni stavitelstvi nelze budovat na zelené louce, ale na pevnych
zakladech ovéfenych dat, trpélivého terénniho prizkumu, a $pic-
kové geomechanické laboratofe. Pravé synergie mezi historickou
zkuSenosti a nejmodernéjsimi technologiemi, jako je tfeba 3D
numerické modelovani nebo laserové skenovani, posouva hrani-
ce naseho oboru neustale vpred. Moji kolegové vas v tomto Cisle
seznami se tfemi zajimavymi projekty.

Prvnim z nich jsou vyzkumné aktivity v ramci prizkumu hor-
ninového masivu pro hlubinné uloZzisté radioaktivniho odpadu.
Tento unikatni projekt celonarodniho vyznamu vyzaduje predikci
chovani hornin v horizontu tisicileti. Bez spolehlivé geomechanic-
ké laboratote, geologické a geotechnické interpretace a pokrocilé-
ho modelovani masivu, které SG Geotechnika rozviji jiz od roku
1926, by pfiprava takto komplexniho a bezpe¢ného dila nebyla
moZzna.

Od hlubinné budoucnosti se v dal§im ¢lanku pfendsime k mo-
dernizaci nasi Zelezni¢ni sité. Podrobné vas seznamime s vysledky
inzenyrskogeologického prizkumu pro tunel Zidiv rybnik na trati

Tteti ¢lanek se vénuje specifické méstské podzemni infrastruk-
tufe, a to vystavbé tunelového kolektoru na LetiSti Vaclava Hav-
la Praha. Realizace liniovych podzemnich d€l v mezinarodnim
letiStnim aredlu s sebou nese extrémni naroky na geotechnicky
monitoring, minimalizaci sedani povrchu a bezpecnost za plného
provozu.

Stoleté jubileum SG Geotechniky je oslavou nejen jedné aspésné
firmy, ale celého naSeho tunelarského oboru, ktery denné dokazu-
je, Ze umi bezpecné zkrotit i ty nejsloZitéjsi geologické podminky.

Pfeji vam podnétné a inspirativni ¢teni
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DEAR COLLEAGUES,
READERS OF THE TUNEL JOURNAL,

you are getting your hands on the new edition of the
TUNEL journal, which is coming out at an unprecedented
time for our field. This year, we are celebrating one
hundred years of the company SG Geotechnika a.s.
Exactly this century of uninterrupted tradition, data
collection, and engineering geology development gives
us a solid foundation today for the implementation of the
most challenging infrastructure and strategic challenges.
Hardly any domestic organisations can flaunt that they stood at the
birth of such a huge number of key infrastructural projects. The vast
majority of large underground or transportation structures from
the historically first cut-and-cover sections of the Prague metro up
to the complex monitoring of the D line today or the preparation of
the ambitious Beroun tunnel project would not make do without
precise data and expert supervision, which the SG Geotechnica
company has already been providing since 1926.

When looking at the passing century, it is clear that safe
underground construction can not be built on a greenfield, but
on solid foundations of open data, patient field survey, and a top-
class geomechanical laboratory. Precisely, the synergy between
historical experience and cutting-edge technologies such as 3D
numerical modelling or laser scanning pushes boundaries of
our field constantly ahead. In this edition, my colleagues will
familiarise you with three interesting projects.

The first one talks about exploratory activities within the rock
massif survey for a deep geological repository for radioactive
waste. This unique project of national importance requests a
prediction of rock behaviour within the next millennia. Without
a reliable geomechanical laboratory, geological and geotechnical
interpretation, and advanced massif modelling, which SG
Geotechnica has been developing since 1926, the preparation of
such a complex and safe structure would not be possible.

In the next article, we then move on from the distant future to
the modernisation of our railway network. We will familiarise you
in detail with the results of the engineering-geology survey for the
Zidav rybnik tunnel on the TEP Velké Mezifi¢i — Kiizanov/Vlkov
railway line.

The third article is dedicated to specific urban underground
infrastructure, more precisely, the construction of a utility tunnel at
the Vaclav Havel Airport in Prague. The implementation of linear
underground structures on the compound of an international airport
brings along extreme requirements for geotechnical monitoring,
minimising surface settlement, and safety during full operation.

The centennial anniversary of SG Geotechnica is a celebration
not only of one successful company, but also of our entire tunnelling
field that proves daily that it can safely tame
even the most difficult geological conditions.

I wish you a though-provoking and
inspiring read

MGR. LUCIE BOHATKOVA

obchodni Feditelka SG Geotechnika a.s.
Sales director SG Geotechnika a.s.
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VAZENI PRATELE PODZEMNICH STAVEB,

jsem velmi rad, Ze vds mohu oslovit v dobg, kdy slavime
10. vyroci od zalozeni nasi spolecnosti. MiZe se zdat, Ze se
v Zivoté projek¢ni kancelarfe jednd o kratké Casové obdobi, ale
cesta, kterou jsme usli, je z mého pohledu velmi vyznamna.
Firmu zakladala izka skupina inZenyra, ktefi se rozhodli vy-
tvorit moderni projekéni kanceldi postavenou na pratelskych
osobnich vztazich ddvajicich zaméstnanciim pocit vzajemného
respektu, moznost osobniho ristu a pocit soundlezitosti. To se
nam myslim i pies rychly nar@st poctu zaméstnanct a vytvare-

DEAR FRIENDS OF UNDERGROUND
CONSTRUCTION,

I am very pleased that I can address you at a time when we
celebrate the 10" anniversary of founding our company. It can
seem like a short period of time in the life of a design office, but the
path that we have walked is, from my perspective, very important.
The company was founded by a close group of engineers who
decided to create a modern design office built on friendly personal
relationships that give the employees a feeling of mutual respect,
the possibility of personal growth, and a sense of belonging
together. I believe we are doing well in that regard, despite the

/.

ni dalSich pobocek po celé republice i na Slovensku daif. Jsme rapid growth of the number of employees and the creation of other
zam&feni pfedeviim na infrastrukturni projekty, ale soustfedime se i na branches across the entire Czech Republic and Slovakia. We are focused mainly
vystavbu pro soukromé developery, konzultacni ¢innost pro investorské on infrastructure projects, but we also concentrate on construction for private
organizace i stavebni firmy. Kromé prazské kancelare mame dnes pobocky developers, consulting activities for contract owner organisations, and even
v dalgich sedmi méstech. V Bratislavé jsme zaloZili firmu SAGASTA SK.  construction companies. Today, besides our Prague branch, we have branches

Podafilo se vytvofit persondlné silna oddgleni silni¢nich a Zelezni¢nich 1N seven other cities. We founded the SAGASTA SK company in Bratislava.
We managed to create strongly staffed departments of road and railway
structures, hydraulic structures, underground construction, and architecture. We
provide designs related to sustainability and the environment. The engineering
department is an integral part of our company as well.

More than five years ago, we complemented our team with the department

staveb, vodnich staveb, pozemnich staveb a architektury, zajistujeme pro-
jekty tykajici se udrzitelnosti a Zivotniho prostiedi, a nezbytnou soucasti je
oddéleni inZenyringu.

Pred vice nez péti lety jsme nas tym doplnili o oddéleni podzemnich

staveb. Jadro tvofi zkuSeni inZenyfi, ktefi maji za sebou fadu realizacnich for underground construction. The core is formed by experienced engineers
projektd délni¢nich i Zelezni¢nich tuneld. Skupinu rozsifujeme o mla- who have worked on many implementation designs for motorway and railway
dé inZenyry, kteii mohou Cerpat zkuSenosti od starSich kolegl a zdroveni tunnels. The group also includes young engineers, who can gain experience
pfinéseji potiebnou energii a pozitivni pfistup k vyuZivani novych tech- from their older colleagues, and contribute with their positive approach to the
nologii. Vysledkem je fada precizné zpracovanych projektd od studii az use of new technologies. The result is an array of precisely elaborated designs

from studies to active participation during the construction of tunnels according

K vyznamnym tunelovym zakdzkam z posledni doby patii projekty tunelt to our in.lplf.:mentation documentation. . . -
- voxe PO - . . PRV The significant tunnel contracts recently include the designs of the Opevnéni

Opevnéni a Pofi¢i na déalnici D11, logisticky i technicky velmi naro¢ny oo L. .
and Pofici tunnels on the D11 motorway, the logistically and technically very

stln}cm Funel Izetldoml’ 130d nddrazim v Ceskych ,Bu.dfa’JOVICICh .Cl pr.ova- demanding Pétidomi road tunnel underneath the railway station in Ceské
déci projekt prizkumné stoly pro tunel Luka na dalnici D3. Projektujeme Budg&jovice, and the work design of the exploratory gallery for the Luka tunnel

po aktivni tcast pfi vystavbé tunell podle nasi realizatni dokumentace.

Ctyfi tunely na vysokorychlostnich tratich, zabyvime se ale i rekonstruk- on the D3 motorway. We are currently designing four tunnels on high-speed rail
ci historickych Zelezni¢nich tuneld. Podle nasich projektd byly dsp&Sné lines, but we also pursue reconstructions of historic railway tunnels. Four tunnels
rekonstruovany Ctyfi tunely na tratovém useku Tanvald—Kofenov nebo on the Tanvald — Kofenov railway section have been successfully reconstructed,
kompletné zrekonstruovan Dolnolu¢ansky tunel. Pfipravuje se rekonstruk- and the Dolnoluc¢ansky tunnel has been completely reconstructed, according to

ce Libeiiského tunelu pod Bilou Skalou v Praze. Technicky niro¢ny byl our designs. The reconstruction of the Liben tunnel underneath Bila Skala in
Prague is being prepared. A real technical challenge was the implementation
design for the excavated “Hangar G” utility tunnel underneath the Vaclav Havel
Airport Prague. At the same location, we are designing the Hostivice railway
tunnel, which is a part of the so-called airport railway loop.

Innovations also belong to our scope of interest. This includes the idea of
. - using underground structures for drawing geothermal energy, which is unique
pro RSD CR a Dopravni podnik hlavniho mésta Prahy mdme za sebou in the local context. Besides studies for RSD CR and Prague Public Transit
vypracovéni zaddvaci dokumentace pro zisk geotermdlni energie z raZené Company, we have finished elaborating the tender documentation for gaining

i realiza¢ni projekt razeného kolektoru Hangar G pod Letistém Véclava
Havla. Ve stejné lokalité projektujeme Hostivicky Zeleznicni tunel, ktery je
soucasti tzv. zaokruhovani letiSte.

Nasi doménou jsou i inovace. K nim patfi u nas unikatni myslenka vy-
uziti podzemnich staveb pro Cerpani geotermdlni energie. Kromé studii

stanice Nové Dvory na lince metra D. Ve spolupraci s akademickou sfé- geothermal energy from the excavated Nové Dvory station on the metro D line.
rou VSB-TU Ostrava se nim podafilo ziskat vyznamny grant s nazvem In cooperation with the academic sphere represented by VSB-TU Ostrava, we
,.Vymeniky tepla implementované v konstrukcnich prvcich podzemnich sta- managed to obtain a significant grant called “Vyméniky tepla implementované
veb“. Z podobné kategorie je napt. i vypracovéni datovych sad pro aplikaci v konstrukcnich prvcich podzemnich staveb®. A similar category of projects

includes, for example, preparing data sets for the application of BIM for road
and motorway tunnels, which we are preparing for RSD. Our tunnelling team
is sought after by construction companies even in the case of designs where the
technical solution can be optimised, which typically includes PPP projects or
projects carried out according to the conditions of the Yellow or the Emerald

BIM pro silni¢ni a dalni¢ni tunely, které zpracovavame pro RSD. Nas§ tu-
nelafsky tym je stavebnimi firmami vyhledavan i v pfipadé projektu, kde
je mozné optimalizovat technické feSeni, coz jsou typicky PPP projekty
nebo projekty provadéné podle zasad Zluté nebo smaragdové knihy FIDIC.

Aktivné jsme se zapojili i do ¢innosti Ceské tuneldiské asociace. Mame FIDIC Book.

zastupce v predsednictvu i redak¢ni radé Casopisu Tunel. Po stfibrném We also actively participate in the activities of the Czech Tunnelling

sponzorstvi mezinarodni konference Podzemni stavby Praha 2023 jsme se Association. We have representatives on the executive board and the editorial

v leto§nim roce stali jejimi zlatymi partnery. board of the Tunel journal. Following our silver sponsorship of the international
Ohlédnu-li se na zavér za uplynulymi deseti lety, nejvétsi radost mi conference Underground Construction Prague 2023, we became their gold

partners this year.

To conclude, looking back at the previous ten years, I do not get the greatest
joy only from completed designs, structures, or won contracts, but mainly
from the opportunity to cooperate with the people who
have also decided to walk this path. I would like to thank
3 all my colleagues for their expertise, commitment, and
t C__,_,—I’" = mutual trust, our clients for the opportunity, and our

- partners for co-operation. I believe that it is

precisely the combination of the unification

_ of experience, the courage to search for new

ING. JIRI CURDA solutions, and the respect towards others will

= . even further be the backbone of all that we
Jednatel spolecnosti SAGASTA s..0. create together in the SAGASTA company.
Managing Director of the SAGASTA s.r.0. company

nedélaji jen dokoncené projekty, stavby nebo ziskané zakazky. Nejvétsi
hodnotou pro mé jsou lidé, se kterymi jsem mél moznost touto cestou jit.
Dékuji vSem kolegiim za jejich odbornost, nasazeni a vzajemnou davéru,
naSim klientim za piilezitosti a partneriim za korektni f_ﬂ_,..-ﬁ-"’
spolupraci. Vefim, Ze pravé spojeni zkuSenosti, odvahy / H’_(" =

hledat nova feseni a respektu k lidem bude i nadale za-
kladem vSeho, co ve spolecnosti SAGASTA

spolecné vytvaiime.
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TEP VE.I.KE MEZIRICI — KRIZANOV, INiENV@SKQGEOI.OG’ICKf
PRUZKUM PROJEKTOVANEHO TUNELU ZIDUV RYBNIK
VELKE MEZIRICI — KRIZANOV RAIL LINE, ENGINEERING
GEOLOGICAL INVESTIGATION OF THE PROPOSED ZIDUV RYBNIK
TUNNEL

JAKUB ONDRACEK

ABSTRAKT

Tento cldnek popisuje zdkladni informace tykajici se predbéZného inZenyrskogeologického priizkumu planovaného tunelu Zidiiv rybnik,
ktery se mél stdt soucdsti nového beziivratového spojeni na Zeleznicni trase Velké Mezirici — KriZanov — Vlkov. V rdmci stavby vysokorych-
lostni trati RS 1 z Prahy do Brna, v useku Velkd BiteS — Brno (Vysocina I) bylo zaddno provéreni moZnosti vyuZiti vysokorychlostni trati
pro provoz primych osobnich vlakii Velké Mezirici — Brno, vcetné napojeni obchvatem u Velké BiteSe. V rdmci technicko-ekonomického
posouzeni je tak nutno pro vozbu téchto vlakit navrhnout nové beziivratové spojeni, které umozni primou jizdu smér Brno bez zajizdeni do
KriZanova. Na zdkladé predbéZného inZenyrskogeologického priizkumu doslo k ekonomickému a technickému posouzeni vystavby tunelu
a porovndni varianty tunel vs. zdrez, a také k optimalizaci celé trasy nového beziivratového spojeni. Ovéreni inZenyrskogeologickych
a hydrogeologickych pomérii zdjmového vizemi bylo provedeno s vyuZitim priizkumnych vrtii a geofyzikdlniho priizkumu (multielektrodovd
metoda ERT a mélkd refrakcni seismika MRS).

ABSTRACT

This paper presents the basic information related to the preliminary ground investigation of the proposed Ziditv Rybnik Tunnel, which
was intended to form part of a new direct rail connection on the Velké Mezirici — KriZanov — Vikov railway line. As part of the RS 1
high-speed rail project between Prague and Brno, specifically within the Velkd BiteS — Brno (Vysocina I) section, an assessment was
commissioned to determine the feasibility of using the high-speed railway for direct passenger train services between Velké Mezirici and
Brno, including a bypass connection near Velkd Bites. Within the framework of the technical and economic assessment, it was therefore
necessary to design a new direct connection that would enable trains to travel directly towards Brno without reversing or detouring
through KriZanov. Based on the preliminary ground investigation, an economic and technical evaluation of tunnel construction was
carried out, including a comparison of the tunnel and open-cut alternatives, as well as optimization of the entire alignment of the new
direct connection. Verification of the ground and hydrogeological conditions within the area of interest was performed using exploratory
boreholes and geophysical surveys, including Electrical Resistivity Tomography (ERT) and Multi-channel Refraction Seismics (MRS).

ZAKLADNI UDAJE O PROJEKTU

Tunel Zidv rybnik je planovan jako sou¢dst nového beziivrato-
vého spojeni na Zeleznicni trase Velké Mezifici — KtiZanov — Vlkov
(obr. 1). Pfedbézny inZenyrskogeologicky prizkum zamySleného
tunelu byl proveden na jafe roku 2025 na zdklad€ projektu praci

BASIC PROJECT INFORMATION

The Zidiiv Rybnik Tunnel is planned as part of a new direct rail
connection on the Velké Mezifici — Kiizanov — Vlkov railway line
(Fig. 1). The preliminary ground investigation of the proposed tunnel
was carried out in the spring of 2025 on the basis of an investigation
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Obr. 1 Situace irsich vztahii
Fig. 1 General location map
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Obr. 2 Vzorovy pricny ez zamysleného tunelu Ziditv rybnik
Fig. 2 Typical cross-section of the proposed Zidiiv Rybnik tunnel

vypracovaného spole¢nosti SUDOP PRAHA a.s., objednatelem
projektu byla Spréava Zeleznic s.o., Stavebni sprava vysokorychlost-
nich trati. V soucasné dobé& je projekt ve stupni dokumentace pro
povoleni zaméru.

Diky tomuto novému spojeni by mélo dojit k pfimému vyuZiti
vlakovych spojt bez zajizdéni do Kfizanova a rychlejSimu propoje-
ni dané oblasti s Brnem. Vzhledem k vySkovému feSeni stavajicich
navazujicich tsekt a geomorfologii dot¢eného izemi beztvratové-
ho spojeni se jevil vhodny névrh jednokolejného hloubeného tune-
Iu, nového mostniho objektu, zafezll a naspd. Projekt tunelu pocital
s minimalni délkou 275 m a maximalni délkou 350 m, se stoupanim
14,6 %o a rychlosti 100 km/h. Celkova délka tunelu by zavisela na
vybudovéni zarezu a sjezdu k portdlu na zakladé pozarniho bez-
pecnostniho feSeni. V aktudlnim vySkovém feSeni spojky je niveleta
vedena v hloubce cca 10 m pod urovni terénu, coZ by znamenalo
nadloZi priblizn€ 6 m. Tunel byl proto koncipovany jako hloubeny

jihozapadni portal
southwest portal

Obr. 3 Umisténi jihozdpadniho portdlu
Fig. 3 Location of the south-western portal

programme prepared by SUDOP PRAHA a.s. The project was
commissioned by Sprava Zeleznic, State Organisation, High-Speed
Rail Construction Administration. At present, the project is at the
Project Development Permit Documentation stage.

The new connection is intended to enable direct train services
without routing through KfiZanov, thereby providing faster
connections between the area and Brno. Considering the vertical
alignment of the existing connecting railway sections and the
geomorphological conditions of the affected area, a solution
comprising a single-track cut-and-cover tunnel, a new bridge
structure, cuttings, and embankments appeared to be appropriate.

The tunnel design envisaged a minimum length of 275m and
a maximum length of 350m, with a gradient of 14.6%o and a design
speed of 100km/h. The final tunnel length would depend on the fire
safety design requirements for the portal excavation cut and service
road access arrangements.

In the current vertical alignment of the
connection, the track level is approximately 10m
below the existing ground surface, resulting in
an overburden of about 6m. Consequently, the
tunnel was conceived as a cut-and-cover structure
constructed in an open excavation supported by soil
nailing, with a monolithic reinforced-concrete arch
lining (Fig. 2).

As part of the site investigation program,
five cored boreholes were drilled, including
one hydrogeological monitoring  borehole
permanently equipped for long-term ground-
water level observations. In addition, geophysical
investigations along the tunnel alignment were
carried out using ERT and MRS methods.

GEOGRAPHICAL AND
GEOMORPHOLOGICAL CONDITIONS

The proposed direct rail connection will
traverse undulating terrain characterized by gentle
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v otevieném vykopu zajisténém hiebikovanim s monolitickou Zele-
zobetonovou klenbou (obr. 2).

V ramci prizkumnych praci bylo provedeno pét jadrovych vrtd,
véetné jednoho trvale vystrojeného hydrogeologického vrtu pro
dlouhodobé sledovani hladiny podzemni vody, v trase tunelu byl
rovnéZ proveden geofyzikalni prizkum metodami ERT a MRS.

GEOGRAFICKE A GEOMORFOLOGICKE POMERY

Bezuvratova spojka bude prochéazet ve zvlnéném terénu, s mir-
nym severovychodnim a strméj$imi jihozdpadnimi svahy. Primérna
nadmorskd vySka je 550 m n. m. Trasa nové spojky nejprve pieko-
néava udoli, kde dojde k oddé€leni od stavajici trati ¢islo 257 Stude-
nec—Kfizanov, pficemz lesni terén mirné klesa z nadmotské vysky
547 m n. m. smérem k severovychodu do nejnize poloZeného mis-
ta v oblasti bezejmenného potoka (540 m n. m.). Udoli je tvofeno
loukami, mokfinami s obcasnymi vychozy skalnich hornin. Poté se
reliéf zveda po jihozépadnich svazich, kde je umistén portal tunelu
(obr. 3). K vyusténi tunelu by doslo pfiblizné po 350 m severovy-
chodnim smérem v zéfezu stavajici Zeleznicni trati ¢islo 250 Kfiza-
nov—VIkov (obr. 4).

severovychodni portal
northeastern portal

Obr. 4 Umisteéni severovychodniho portdlu
Fig. 4 Location of the north-eastern portal

GEOLOGICKE A HYDROGEOLOGICKE POMERY

Predpokladané geologické a hydrogeologické podminky

Z regiondlné geologického hlediska ndleZi zdjmové tizemi do Ces-
kého masivu budovaného horninami svrchniho proterozoika a spod-
niho paleozoika spadajicimi do moldanubické oblasti. V trase stavby
se vyskytuji metamorfované horniny tvorené pararulami az migma-
tity a ortorulami az migmatity gfohlské skupiny. Gfohlska jednotka
je strukturné nejvyssi jednotkou, vyznacuje se velkou litologickou
heterogenitou. S popisovanymi metamorfity byvaji casto sdruZena
menSi télesa pfeménénych ultrabazickych hornin plastového charak-
teru, tvorena peridotity, eklogity a skarny. Stavba této jednotky na
vychodnim okraji moldanubika je jiz spjata s jeho nasouvanim na
brunovistulické predpoli béhem spodniho karbonu [1].

Metamorfity, které vytvareji hydrogeologicky masiv, maji inten-
zivni obéh podzemni vody v pfipovrchové z6né rozvolnéni a roz-
pukéani hornin, zahrnujici zvétralinovy plast. Tato zéna dosahuje

zpravidla do hloubek prvnich desitek metr(i. Hladina podzemni vody
v krystaliniku byva volna a probiha viceméné konformné s povrchem
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northeastern slopes and steeper southwestern slopes. The average
elevation of the area is approximately 550m above sea level. The
alignment first crosses a valley where it branches off from the
existing Railway Line No. 257 Studenec—KftiZanov. The forested
terrain gradually descends from an elevation of approximately 547m
a.s.l. towards the northeast to the lowest point at an unnamed stream
(approximately 540m a.s.l.). The valley consists of meadows and
wetlands with occasional bedrock outcrops. The terrain then rises
along the southwestern slopes, where the tunnel portal is located
(Fig. 3).

The tunnel would emerge approximately 350m further to
the northeast within a cut of the existing Railway Line No. 250
Kftizanov—Vlkov (Fig. 4).

GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS

Anticipated Geological and Hydrogeological Conditions

From aregional geological perspective, the area of interest belongs
to the Bohemian Massif, composed of Upper Proterozoic and
Lower Paleozoic rocks of the Moldanubian Zone. Along the route,
metamorphic rocks occur in the form of paragneisses to migmatites
and orthogneisses to migmatites of the Gfohl Unit.
The Gfohl Unit represents the structurally prevailing
unit and is characterized by significant lithological
heterogeneity. These metamorphic rocks are commonly
associated with smaller bodies of metamorphosed
mantle-derived ultrabasic rocks, including peridotites,
eclogites, and skarns. The geological structure of this
unit on the eastern margin of the Moldanubian Zone is
related to its thrusting over the Brunovistulian foreland
during the Lower Carboniferous period [1].

The metamorphic rocks constituting the hydro-
geological massif exhibit intensive groundwater
circulation within the near-surface zone of weathering
and rock fracturing, including the weathered mantle.
This zone typically extends to depths of several tens
of metres. Groundwater in crystalline rocks generally
occurs under unconfined conditions and follows
the topography of the terrain. Crystalline rocks are
characterized primarily by fracture permeability,
which is supplemented by intergranular permeability
only within the weathered zone. Permeability
decreases with depth.

In general, groundwater occurrence within the near-
surface zone depends on the character and thickness of the weathered
material, terrain morphology, and precipitation. Groundwater
occurrence in the deeper fractured zone depends mainly on the
intensity of fracturing, the degree of fracture opening, and the nature
of fracture infilling. Owing to the proposed vertical alignment, the
planned railway infrastructure is expected to intersect deeper water-
bearing zones of the crystalline rock mass at the tunnel location.

Geological and Hydrogeological Conditions Encountered
During Investigation

Based on the investigation boreholes and petrographic analyses
of rock samples collected during the investigation, the Ziddv
Rybnik Tunnel will be excavated predominantly within fine-grained
sillimanite-biotite paragneisses exhibiting various degrees of
weathering and strength.

The recovered rock samples are grey, light grey-white, and dark
brown-black in colour. They possess a massive and compact fabric
with a planar-parallel structure, granular-schistose to granular-
banded texture, and lepidogranoblastic structure. The planar-parallel
fabric (foliation) is defined by the preferred orientation of biotite
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(terénu. Krystalinické horniny jsou charakteristické puklinovou
propustnosti, kterd je pouze v pdsmu zvétralin kombinovana s pro-
pustnosti prilinovou. S hloubkou klesd propustnost horninového
prostiedi. Obecné zavisi zvodnéni piipovrchové zény na charakteru
zvétralin a jejich tloustce, morfologii a mnozstvi srazek. Zvodné-
ni hlubsi rozpukané zony zavisi predev§im na intenzit€ rozpukani
a rozevieni puklin a charakteru jejich vyplné. Stavba komunikace,
vzhledem k navrzenému feseni nivelety, pravdépodobné v misté tu-
nelu zasahne do zony s hlubsim zvodnélym prostfedim krystalinika.

Skutecné zastizené geologické a hydrogeologické
podminky

Na zakladé provedenych inZenyrskogeologickych vrtd a petro-
grafickych zkous$ek hornin zastiZenych béhem prizkumu bude tunel
Zidtv rybnik prochézet drobnozrnnymi sillimanit-biotitickymi pa-
rarulami rizného stupné zvétrani a pevnosti. Odebrané vzorky hor-
nin maji Sedou, svétle Sedobilou a hnédocernou barvu. Jsou masivni
a kompaktni stavby s plosné paralelni stavbou, se zrnito-Supinatou
az zrnito-plastevnatou texturou a lepidogranoblastickou strukturou.
Plosné paralelni stavba (foliace) je podminénd pfednostnim uspo-
fadanim Supinek biotitd, sillimanitu a pribéhem kfemen-Zivcového
agregatu (leukokratni zony). Foliace je prevazné rovinnd, vyjimecné
drobné vraskovand. Plochy metamorfni foliace jsou zdrsnélé, vice ¢i
méné zvInéné, potazené témér souvislymi povlaky oxidi-hydroxidi
Fe a Mn. Pouze pii mikroskopickém studiu byla u odebranych vzor-
ki patrné slaba mikrodeformacni struktura, zapri¢inéna tektonoklas-
tickymi tlakovymi deformacemi.

Povrchovou vrstvu zajmové oblasti tvofi humézni a organické ze-
miny charakteru hlinitého pisku tfidy S4 (SM) o mocnosti do 0,2 m.
Kvartérni sedimenty nebyly zastizeny. Vrstva eluvidlnich zcela
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and sillimanite flakes and by the arrangement of quartz-feldspar
aggregates (leucocratic bands). The foliation is generally planar and
only exceptionally exhibits minor folding. Foliation surfaces are
rough, more or less undulating, and coated with nearly continuous
iron and manganese oxide-hydroxide films. Microscopically, the
samples display only weak micro-deformational structures resulting
from tectonoclastic compressional deformation.

The surface layer of the investigated area consists of humic and
organic soils classified as clayey sand S4 (SM) with a thickness of
up to 0.2m. No Quaternary sediments were encountered. A layer of
completely weathered eluvial rock material, represented by clayey
and silty sands of classes S4 (SM) and S5 (SC), was identified to
depths of approximately 1.5m below ground level.

Borehole J828 encountered very weak rock of strength class RS
down to a depth of 13.8m below ground level. Between depths of
13.8m and 22.0m, rocks of strength class R4 were encountered.
This section corresponds to a tectonic fault zone, which was also
confirmed by the geophysical investigations.

In the remaining boreholes, slightly weathered paragneisses of
strength class R4 were encountered below the eluvial zone to depths
of approximately 8.5m below ground level, underlain by fresh
to slightly weathered paragneisses of strength classes R3 and R2
extending to depths of 22m below ground level.

Based on groundwater samples collected from borehole HJ82S,
the groundwater environment was classified as non-aggressive to
concrete, not reaching even aggressivity class XAl [2]. However,
with respect to steel corrosion, the groundwater falls into Class IV
(very high water aggressivity) [3].

The southwestern portal of the proposed tunnel was located at
chainage 0.630km of the new alignment. At this location, the tunnel
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zvétralych skalnich hornin charakteru hlinitych a jilovitych piska
tfidy S4 (SM) a S5 (SC) byla ovéfena do hloubky cca 1,5 m pod
terénem. Vrtem J828 byly zjiStény horniny velmi nizkého stupné
pevnosti (tfidy R5) aZ do hloubky 13,8 m pod terénem. Déle v tomto
vrtu byly aZ do hloubky 22 m pod terénem zastiZeny horniny tfidy
pevnosti R4. Zde se jedna o tektonickou poruchovou z6nu, ktera byla
potvrzena i geofyzikdlnim prizkumem. V ostatnich vrtech byly pod
vrstvou eluvii zachyceny mirné zvétralé pararuly tfidy pevnosti R4
jen do hloubek 8,5 m pod terénem a nasledné zdravé az navétralé pa-
raruly tfidy pevnosti R3 a R2 do hloubky 22 m pod terénem. Zvodné-
1€ horninové prostiedi na zékladé odbéru vzorku vody z vrtu HJ825
spada do neagresivniho chemického prostiedi na beton a nedosahuje
ani stupné agresivity XAl [2] a z hlediska agresivity na ocel spada
do stupné IV (velmi vysoka agresivita vody) [3].

Jihozapadni portdl navrhovaného tunelu byl projektem umistén do
stani¢eni km 0,630 nové trasy, zde by prochézel zdravymi pararu-
lami (geotyp P3) tfidy pevnosti R2 (obr. 5), které v pfistropi tune-
Iu prechézeji do mirné zvétralych pararul pevnosti R4 (geotyp P2).
Tento geologicky sled hornin (obr. 6) pokracuje azZ do staniCeni
km 0,870, kde dochdzi k ndhlému sniZeni pevnosti, které je ddno po-
ruchovou zénou. Od stani¢eni km 0,870 do 0,930 by hloubeni tunelu
prochézelo siln€ zvétralymi pararulami tfidy pevnosti RS (geotyp
P1). Ve stanic¢eni km 0,930 bylo navrZeno vyusténi tunelu a napojeni
na stavajici ZelezniCni trat KfiZzanov—Vlkov. V téchto mistech konci
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Obr. 6 Jddro vrtu J827 zastihujici pararuly v riizném stupni poruseni
Fig. 6 Core from borehole J827 showing paragneisses with varying degrees of
weathering and disturbance

poruchové zoéna tvofend horninami velmi nizké pevnosti a hornino-
vy masiv je znovu tvofen pararulami zdravymi aZ navétralymi tfidy
pevnosti R3 a R2 (geotyp P3). Postup hloubeni tunelu bude rovnéz
ovliviiovat hladina podzemni vody, ktera kolisa v hloubkéch 1,8 az
6,0 m pod terénem, tedy pfiblizZné na Grovni predpokladaného stropu
tunelu.

TEKTONIKA

V lokalit¢ se nenachdzi vyraznéjs$i zlomové struktury. Celko-
vé v regionu prevlada tektonika sméru SSV-JJZ (napf. vicatinsky
zlom a velkomezifi¢sky zlom). Z vysledku prizkumu je zfejmé, Ze
geologie lokality je spiSe homogenni s riznym zvétranim horniny.
Béhem geofyzikdlniho prizkumu byly z tvarl izoseist seismické-
ho fezu a z vysledki geoelektrického fezu interpretovany mozné
tektonické poruchy. Jedna se o mista ve stani¢eni cca km 0,570,
km 0,330, km 0,700, km 0,790, km 0,830, km 0,890 a km 0,970.

Posledni mozna porucha je interpretovand pouze z tvaru izotach
v seismickém fezu, protoze v téchto mistech jsou data realizovaného
geoelektrického fezu ovlivnéna vodicem telematiky CD. Geofyzikou
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would pass through sound paragneisses (Geotype P3) of strength
class R2 (Fig. 5), transitioning near the tunnel crown into slightly
weathered paragneisses of strength class R4 (Geotype P2).

This geological sequence (Fig. 6) continues up to chainage
0.870km, where a sudden reduction in rock strength occurs due
to the presence of the fault zone. Between chainages 0.870km
and 0.930km, the tunnel excavation would pass through heavily
weathered paragneisses of strength class R5 (Geotype P1).

The proposed tunnel portal and connection to the existing
KfiZzanov—VIkov railway line were located at chainage 0.930km. At
this location, the fault zone composed of very weak rock terminates,
and the rock mass again consists of fresh to slightly weathered
paragneisses of strength classes R3 and R2 (Geotype P3).

Tunnel excavation would also be significantly influenced by
groundwater conditions. The groundwater table fluctuates between
depths of approximately 1.8m and 6.0m below ground level,
corresponding roughly to the anticipated level of the tunnel crown.

TECTONICS

No major fault structures have been identified within the site area.
On a regional scale, the prevailing tectonic trend is NNE-SSW,
represented by structures such as the Vlcatin Fault and the Velké

The 1nvest1gati0n results indicate that the geology of the site is
relatively homogeneous, with variability primarily related to the
degree of rock weathering. During the geophysical survey, potential
tectonic disturbances were interpreted from the configuration
of seismic isoseism contours and the results of the geoelectrical
profiles. These potential fault zones were identified at approximately
chainages 0.570km, 0.330km, 0.700km, 0.790km, 0.830km,
0.890km, and 0.970km.

The last of these interpreted structures was identified solely from
the pattern of velocity contours in the seismic profile because the
geo-electrical data in this area were affected by a Czech Railways
(CD) telecommunication cable. In the exploratory boreholes,
the tectonic discontinuities inferred from the geophysical survey
consistently manifested themselves as zones of deeper bedrock
weathering.

The Joint Roughness Coefficient (JRC) is a parameter describing
the roughness of rock discontinuities and is essential for evaluating
various engineering geological aspects of rock mass behaviour.

The following discontinuity systems were documented:
Discontinuity system corresponding to the orientation of foliation
planes (dip 20°-35°). These surfaces are accompanied by limonite
coatings and exhibit rough, undulating surfaces with JRC = 4-6,
locally 6-8. Discontinuity system dipping 40°—60°, locally coated
with limonite and occasionally chlorite. These discontinuities
are generally rough, undulating, and open by 0.5 to 2.5mm, with
JRC =4-6. Subvertical discontinuity system dipping 70°-85°. These
fractures are frequently healed by quartz or calcite veins up to 10mm
thick, although locally they remain open by 0.5 to 2.5mm. The
discontinuity surfaces are rough and undulating, locally planar, with
JRC =4-6 and locally 8-10.

Where diamond core drilling was employed, the Rock Quality
Designation (RQD) index was evaluated from the recovered drill
core.

From chainage 0.000km to approximately 0.360km, the rock
quality is predominantly fair (RQD 50-75%) to very good (RQD
90-100%). The rock mass consists mainly of paragneisses exhibiting
varying degrees of folding, and the quality of the rock mass is
strongly dependent on the intensity of this folding.

From approximately 0.360km onward, the rock mass transitions
into paragneisses interbedded with layers of migmatite. In this
section, the RQD values are significantly lower, with rock quality



35. rocnik - €. 3/2026

predpokladané tektonické poruchy se v prizkumnych vrtech projevi-
ly vZdy jako oblasti s hlubSim zvétranim skalniho podkladu.

JRC (Joint Roughness Coefficient) je koeficient drsnosti diskon-
tinuit. Jedna se o parametr, ktery je kli¢ovy pro hodnoceni riznych
inZenyrskogeologickych aspektll chovani horninového masivu. Zdo-
kumentovany byly nasledujici systémy puklin: Systém diskontinuit
shodny se smérem a sklonem folia¢nich ploch (sklon 20° az 35°),
tyto plochy jsou doprovazeny povlaky limonitu s drsnou a zvinénou
plochou, JRC = 4-6, misty 6-8. Systém diskontinuit ve sklonu 40°
az 60°, misty s povlaky limonitu, ojedinéle s povlaky chloritu, pre-
vazné se jedna o pukliny drsné, zvinéné a oteviené 0,5 az 2,5 mm,
JRC = 4-6. Systém subvertikdlnich diskontinuit ve sklonu 70° az
85°, jde o pukliny Casto vyhojené kiemenem ¢i kalcitem o mocnosti
az 10 mm, misty oteviené 0,5 aZ 2,5 mm, pukliny jsou drsné a zvIné-
né, misty rovinné, JRC = 4-6, misty §-10.

Tam, kde bylo béhem prizkumnych praci pouzito jadrového vr-
tani diamantovymi korunkami, byl na vrtném jadru hodnocen index
kvality horniny RQD (Rock Quality Designation). Od staniceni
km 0,000 cca do 0,360 je kvalita horniny pievazné pfijatelna (RQD
50-75 %) az velmi dobra (RQD 90-100 %). Skalni masiv je zde
zastoupen pararulami, které jsou predevsim provrasnéné, a tak kva-
lita skalniho masivu siln€ zavisi na stupni jejich provrasnéni. Zhruba
od staniceni 0,360 prechézi skalni masiv do pararul, které se stiida-
ji s polohami migmatitu. Index kvality jadra je zde podstatné niZzsi,
zastizena byla hornina pfedev§im velmi Spatnd (RQD 0-25 %) aZ
Spatna (RQD 25-50 %), misty prijatelnd (RQD 50-75 %) az dobra
(RQD 75-90 %). Z vysledki geofyzikalniho prizkumu jsou zde pa-
trné zastizeny predpokladané tektonické linie, které snizuji kvalitu
skalniho masivu. O celé trase nelze fici, Ze by s rostouci hloubkou
rostla i kvalita skalniho masivu, celé studované tizemd je siln€ pozna-
mendno zvétranim skalniho masivu, jeZ negativn€ ovliviiuje kvalitu
horninového podloZi.

GEOFYZIKALNI MERENI

Geoelektricky prizkum metodou elektrické odporové
tomografie

Elektricka odporova tomografie (ERT) je kombinaci odporového
profilovani a odporového sondovéani. Méfenim se ziskaji informace
o rozlozeni mérnych odport jak ve vertikdlnim, tak i v horizontalnim
sméru. Metodou ERT byl zméten profil GF1 o délce 600 m (obr. 7).
Profil byl méfen 16 geoelektrickymi kabely (tzv. sekcemi) po osmi
elektrodach a automatickou geoelektrickou aparaturou ARES II. Ro-
zestup mezi elektrodami byl zvolen 5 m. Naméfena data byla zpra-
covéana pomoci softwaru Res2DInv a v softwaru Surfer byl vykreslen
vertikalni geoelektricky fez mérnych elektrickych odport. Vysledky
meéfeni predstavuji obraz geologického prostiedi odvozeného z od-
porovych vlastnosti hornin.

Meérné elektrické odpory, které zde byly zaznamenany, jsou nizké
az stfedni a pohybuji se v rozmezi od prvnich desitek Q-m do cca
1 000 Q-m. Geoelektricky fez od stani¢eni km 0,504 do staniceni
cca km 0,830 je znacné heterogenni napii¢ hloubkovym rozsahem.
Pfi povrchu v dseku staniceni cca km 0,690 — km 0,790 je patrna
vyraznd relativné vysokoodporova poloha s hodnotami mérnych el.
odporti od 500 Q-m do 1 000 Q-m. Jedna se zfejmé o polohu mirné
zvétralych az zdravych pararul, kterd je uloZena mélce pod povr-
chem, a kterd byla posléze potvrzena vrtnym priazkumem. Od sta-
niceni cca km 0,830 do stani¢eni km 0,930 je patrnd nizkoodporova
poloha napfic¢ celym fezem do hloubky, ktera je zfejmé tvorena silné
az zcela zvétralymi pararulami, jeZ jsou od hloubky 8 m zvodnélé.
Od staniceni cca km 0,930 do konce profilu byla naméfena data silné
ovlivnéna vlivem vedeni vodice telematiky Ceskych drah a nelze je
interpretovat.
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predominantly classified as very poor (RQD 0-25%) to poor (RQD
25-50%), and only locally as fair (RQD 50-75%) to good (RQD
75-90%).

The geophysical survey results suggest that several of the
interpreted tectonic lineaments that occur in this section contribute
to the reduced quality of the rock mass. Across the entire tunnel
alignment, it cannot be concluded that rock mass quality improves
with increasing depth. Rather, the entire investigated area is
significantly affected by rock weathering, which has a detrimental
impact on the quality of the rock foundation.

GEOPHYSICAL INVESTIGATIONS

Geoelectrical Survey Using Electrical Resistivity
Tomography

Electrical Resistivity Tomography (ERT) combines the principles
of resistivity profiling and resistivity sounding. The method provides
information on the distribution of electrical resistivity both vertically
and horizontally. An ERT survey was performed along profile GF1
with a total length of 600m (Fig. 7).

The survey was carried out using 16 geoelectrical cables
(sections), each comprising eight electrodes, together with an ARES
II automatic resistivity system. The electrode spacing was set at 5 m.
The measured data were processed using Res2DInv software, while
the vertical geoelectrical section of apparent electrical resistivity
was plotted using Surfer software. The results provide an image of
the geological environment derived from the electrical resistivity
properties of the subsurface materials.

The measured resistivity values were generally low to moderate,
ranging from several tens of £2m to approximately 1,000€2m.

The geoelectrical section between chainages 0.504km and 0.830km
exhibits considerable heterogeneity throughout the investigated
depth range. Near the ground surface between approximately
0.690km and 0.790km, a prominent relatively high-resistivity zone
is visible, characterized by resistivity values ranging from 500Qm
to 1,000Q2m. This zone most likely represents slightly weathered
to fresh paragneiss occurring at shallow depth beneath the surface,
which was subsequently confirmed by borehole investigations.

Between approximately 0.830km and 0.930km, a low-resistivity
zone extending through the entire investigated depth range is
evident. This zone is interpreted as strongly to completely weathered
paragneiss, which becomes groundwater-saturated below a depth of
approximately 8m.

From approximately 0.930km to the end of the profile, the
measured data were significantly affected by the influence of the
Czech Railways telecommunication cable and could therefore not
be reliably interpreted.

Seismic Investigation Using Multi-Channel Refraction
Seismics

The Multi-channel Refraction Seismics (MRS) method is well
suited for assessing the condition of the rock mass and its overburden.
The method is based on recording the travel times of induced seismic
waves at distant measurement points.

An MRS survey was carried out along profile GF1, again with
a total length of 600m (Fig. 7). The survey was performed using
a Geometrics Geode seismic system and two multi-core seismic
cables equipped with 48 geophones. The spacing between geophones
was Sm. Seismic energy was generated by repeated impacts of
a seismic hammer on a steel plate at 20m intervals along the profile.

The seismic section revealed a near-surface layer characterized by
relatively low seismic velocities ranging from approximately 340m/s
to 710m/s. This layer corresponds to strongly weathered paragneiss.

Beneath this layer, a continuous seismic interface was identified.
This interface generally represents the top of the underlying rock
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Obr. 7 Geoelektricky rez ERT a seismicky rez MRS
Fig. 7 ERT geoelectrical section and MRS seismic section

Seismicky prizkum metodou mélké refrakéni seismiky

Metoda MRS je vhodna pro sledovani stavu horninového masi-
vu a jeho pokryvu. Metoda je zaloZena na registraci doby ptichodu
vybuzeného seismického signélu ve vzdalenych bodech. Metodou
MRS byl zméren profil GF1 o délce 600 m (obr. 7). Mélka refrakcni
seismika byla provedena seismickou aparaturou Geode firmy Geo-
metrics a dvéma mnohaZilnymi seismickymi kabely, na kterych bylo
instalovano 48 geofoni. Vzdalenost mezi geofony byla 5 m. Seis-
micka vIna byla buzena pomoci tdert seismického kladiva do kovo-
vé podlozky s krokem 20 m po profilu.

Na seismickém fezu byla od povrchu do hloubky naméfena vrstva
sniZzenych seismickych rychlosti cca 340 m/s az 710 m/s. Tato vrst-
va odpovida siln€ zvétralé pararule. Pod touto vrstvou byl vykreslen
souvisly reliéf seismického rozhrani. Toto rozhrani obvykle charak-
terizuje pribéh podloznich hornin s niz§im stupném zvétrani. Na
seismickém fezu profilu GF1 se seismické rozhrani projevilo v hloub-
kéch od 1,2 m do 8,9 m pod povrchem. Pod seismickym rozhranim
déle do hloubky je vykresleno horninové prostredi, které je charakte-
rizované izotachami, které jsou obrazem pevnosti hornin a miry jejich
poruseni. V zasadé plati, Ze ¢im vy$si rychlosti, tim pevnéj$i horniny.
V celé délce profilu v Z-V sméru jsou patrné subhorizontdlné vede-
né izoseisty s hodnotami seismickych rychlosti od cca 1 000 m/s do
cca 3 200 m/s do hloubky cca 13 az 16 m. MuZe se jednat o para-
ruly v rizném stupni poruseni nebo zvétrani — od slabé porusenych
nebo navétralych az po slabé zvétralé nebo zdravé. Dale do hloubky
izoseisty vytvaii polouzaviené az uzavfené struktury s hodnotami
seismickych rychlosti do cca 4 700 m/s misty aZ 5 200 m/s. Jednd
se o rychlosti, které obvykle charakterizuji slabé zvétralé az zdravé
horniny, v tomto piipad€ slabé zvétralé az zdravé migmatity. Z tvaru
izotach seismického fezu a z vysledki geoelektrického fezu byly in-
terpretovany mozné tektonické poruchy. Od staniceni cca km 0,930

mass with a lower degree of weathering. Along profile GF1, the
seismic interface occurs at depths ranging from 1.2m to 8.9m below
ground level.

Below the seismic interface, the deeper rock environment is
represented by velocity contours (isovelocities), which reflect rock
strength and the degree of rock mass disturbance. In principle, higher
seismic velocities correspond to stronger and less disturbed rock.

Throughout the profile from west to east, subhorizontal seismic
velocity contours were observed with values ranging from
approximately 1,000m/s to 3,200m/s at depths of up to approximately
13—-16m below ground level. These velocities are interpreted
as paragneisses exhibiting varying degrees of weathering and
disturbance, ranging from slightly disturbed or slightly weathered
rock to moderately weathered material.

At greater depths, the velocity contours form semi-closed to
closed structures with seismic velocities reaching approximately
4,700m/s and locally up to 5,200m/s. Such velocities are typically
characteristic of slightly weathered to fresh rock, interpreted in this
case as slightly weathered to fresh migmatites.

Potential tectonic discontinuities were interpreted based on the
geometry of the seismic velocity contours and in conjunction with
the results of the geoelectrical survey.

As in the ERT investigation, data recorded from approximately
0.930km to the end of the profile were significantly affected by
interference from the Czech Railways telecommunication cable and
could not be meaningfully interpreted.

ROUTE OPTIMIZATION

Based on the recommendations of the ground investigation, the
client required an economic and technical assessment of tunnel
construction, a comparison of the tunnel underground excavation
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smér Kfizanov

smér Velké Mezifici

Obr. 8 Situace navrhovanych tras
Fig. 8 Layout of the proposed route alternatives

do konce profilu byla naméfend data siln€ ovlivnéna vlivem vedeni
vodice telematiky Ceskych drah a nelze je interpretovat.

OPTIMALIZACE TRASY
Na zakladé doporuceni inZenyrskogeologického prizkumu poza-
doval objednatel projektu ekonomické a technické posouzeni vystav-
by tunelu, porovnani varianty tunel vs. zafez a navrh optimalizace
celé trasy nového bezivratového spojeni. Hloubeni tunelu by probi-
halo prevazné ve skalnich horninach pevnostech R4 az R2, s trhacimi
pracemi pro pfiblizn€ 70 % rozpojovanych hornin. Z technického fe-
Seni objektu se jevilo jako problematické nizké nadlozi tunelu a po-
ruchova zéna s velmi nizkou pevnosti (horniny s tifidou pevnosti RS).
Pii ekonomickém porovnéni dospéli projektanti k rozhodnuti pro vy-
budovani zafezu, ktery se jevi jako méné nékladny na provoz a tdrz-
bu, a proto piepracovali projekt, ktery pocita se smérovym posunutim
nivelety trati priblizné 35 m severnim smérem po svahu; snizil se
irozdil vy$ky mezi niveletou koleje a terénem primérné o 2 azZ 3 m.
Navrhova rychlost se zvysila na 110 km/h. Nova trasa Zeleznicni tra-
t&, pocitajici se zafezem, je zakreslena zelenou linkou na obr. 8.
ZAVER
InZenyrskogeologicky priizkum pro zamysleny tunel Zidiv rybnik
se ukazal jako klicovy podklad pro ndvrh, optimalizaci i ekonomické
hodnoceni stavebniho projektu, poskytl dileZité informace o sloZeni,
vlastnostech a chovéani horninového prostredi. Na zakladé komplex-
niho vyhodnoceni inZenyrskogeologickych podminek, technickych
rizik (nizké nadlozi, poruchova zéna, podzemni voda) a ekonomic-
kého porovnani variant bylo rozhodnuto upustit od tunelového feseni
a nahradit jej variantou otevieného zarezu s trasovym posunem. Toto
feSeni se ukazalo jako technicky jednodussi a ekonomicky vyhod-
né&jsi.
Mgr. JAKUB ONDRACEK, jakub.ondracek@geotechnika.cz,
Geotechnika a.s.

Recenzoval Reviewed by: doc. Ing. Viadislav Hordk, CSc.
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versus open-cut excavation alternatives, and a proposal for optimizing
the alignment of the new direct rail connection.

Tunnel excavation would have been carried out predominantly in
rock masses of strength classes R4 to R2, with drilling and blasting
required for approximately 70% of the excavated material. From
the technical point of view, the main concerns were the limited
tunnel overburden and the presence of a fault zone containing very
weak rock (strength class RS).

Following an economic comparison of the alternatives, the
designers concluded that an open cut would be preferable, as it would
result in lower operating and maintenance costs. Consequently, the
design was revised, involving a horizontal shift of the rail alignment
by approximately 35m northward along the hillside. At the same
time, the difference in elevation between the track grade line and the
existing ground surface was reduced by approximately 2 to 3m on
average. The design speed was increased to 110km/h.

The revised railway alignment incorporating the open cut is
shown by the green line in Fig. 8.

CONCLUSION

The engineering geological investigation of the proposed Zidiv
Rybnik Tunnel proved to be a key input for the design, optimization,
and economic evaluation of the project. The investigation provided
essential information regarding the composition, properties, and
behaviour of the geological environment.

Based on a comprehensive evaluation of the engineering geological
conditions, technical risks (including low overburden, the fault zone,
and groundwater conditions), and the economic comparison of
alternatives, it was decided to abandon the tunnel option and replace
it with an open-cut solution incorporating a modified alignment.

This alternative proved to be both technically simpler and more
economically advantageous than the originally proposed tunnel
solution.

Mgr. JAKUB ONDRACEK, jakub.ondracek@geotechnika.cz,
Geotechnika a.s.
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VYZKUMNE AKTIVITY V RAMCI PRUZKUMU HORNINOVEHO
MASIVU PRO HLUBINNE ULOZISTE RADIOAKTIVNIHO ODPADU
RESEARCH ACTIVITIES WITHIN THE INVESTIGATION OF THE ROCK
MASS FOR A DEEP GEOLOGICAL REPOSITORY OF RADIOACTIVE
WASTE

KAREL SOSNA, JIRl ZARUBA

ABSTRAKT

Cldnek shrnuje dlouhodobé vyzkumné aktivity spolecnosti SG Geotechnika a.s. zamérené na charakterizaci horninového masivu a in-
Zenyrskych bariér v souvislosti s pripravou hlubinného iiloZisté radioaktivniho odpadu v Ceské republice. Hlubinné iiloZisté je uvaZovdno
v hloubce priblizné 500 m v prostredi krystalinickych hornin a jeho bezpecnost je zaloZena na kombinaci prirozenych a inZenyrskych bariér,
zejména horninového masivu, ocelovych kontejnerit a bentonitového tésnéni. Vyzkum probihd kontinudlné od 90. let 20. stoleti a zahrnuje
Jjak laboratorni experimenty, tak rozsdhlé terénni a in situ prdce. Popsdny jsou klicové projekty zamétené na hydrodynamické a migracni
vilastnosti puklinovych systémii, porovitost a mechanické vlastnosti granitoidnich hornin a na vliv tepelného namdhdni horninového masi-
vu. Vyiznamnd pozornost je vénovdna experimentiim realizovanym v podzemni laboratori Josef, kde byly studovdny teplomi, hydraulické,
mechanické a chemické procesy (THMC coupling) souvisejici s ohtevem hornin a chovdnim bentonitu pri teplotdch do 95 °C. Dalsi cdst
vyzkumu se soustvedi na podzemni vyzkumné pracovisté PVP Bukov, kde probihala detailni geologickd, geotechnickd a hydrogeologickd
charakterizace horninového prostredi v hloubkdch az 1200 m. Vysledky vyzkumu prispivaji k upresnéni parametrii horninového prostredi,
k ovérovdni metodik priizkumu, monitoringu a k posouzeni dlouhodobé bezpecnosti hlubinného ukldddni radioaktivniho odpadu v podmin-
kdch Ceské republiky.

ABSTRACT

The article summarizes the long-term research activities of SG Geotechnika a.s. focused on the characterization of the rock mass and
engineered barriers in connection with the preparation of a deep geological repository for radioactive waste in the Czech Republic. The
repository is envisaged at a depth of approximately 500m within crystalline rock formations, and its safety is based on a combination of
natural and engineered barriers, particularly the rock mass, steel containers, and bentonite sealing. The research has been conducted
continuously since the 1990s and includes both laboratory experiments and extensive field and in situ work. Key projects are described,
focusing on the hydrodynamic and migration properties of fracture systems, porosity and mechanical properties of granitoid rocks, and the
effects of thermal loading on the rock mass. Significant attention is given to experiments carried out in the Josef underground laboratory,
where thermal, hydraulic, mechanical, and chemical processes (THMC coupling) associated with rock heating and bentonite behavior at
temperatures up to 95°C were studied. Another part of the research is concentrated at the Bukov Underground Research Facility (URF
Bukov), where detailed geological, geotechnical, and hydrogeological characterization of the rock environment was conducted at depths of
up to 1200m. The research results contribute to refining the parameters of the rock environment, validating investigation and monitoring
methodologies, and assessing the long-term safety of deep geological disposal of radioactive waste under the conditions of the Czech
Republic.

uvob

Hlubinné tlozisté vysokoaktivnich radioaktivnich odpadii a vy-
hotelého jaderného paliva ma slouzit k jejich bezpe¢nému uloZeni
po dobu statisicti azZ milionu let, coZ je ¢asovy usek o nékolik fada
delsi, nezZ je Zivotnost jakéhokoliv dosud postaveného inZenyrského
dila. Ceské tilozisté bude budovano v hloubce 500 m pod povrchem
v prostiedi krystalinickych hornin. Radioaktivni materil bude ulo-
Zen v ocelovych kontejnerech a mezi horninou a kontejnerem bude
tésnéni z bobtnavého jilu — bentonitu. Vzhledem k tomu, Ze jaderné
elektrarny Dukovany a Temelin vyprodukuji béhem svého provozu
zhruba 3500 t radioaktivniho odpadu, bude podzemni ¢ast ulozisté
zaujimat plochu cca 4,4 km?. Aktudlné se vyhoielé jaderné pali-
vo skladuje v aredlech obou jadernych elektraren v tzv. meziskla-
dech, kde se chladi na teplotu mensi nez 100 °C (coZ je podminka
jeho umisténi do podzemi). V Ceské republice by se mélo tloZiste
zprovoznit v roce 2050. Doba jeho provozu se odhaduje na zhruba
100 let, nasledné bude postupné uzavirano systémem zétek a vy-
plni.

INTRODUCTION

A deep geological repository for high-level radioactive waste
and spent nuclear fuel is intended to ensure their safe disposal over
hundreds of thousands to millions of years time spans that exceed
the lifetime of any engineering structure constructed to date by
several orders of magnitude. The Czech repository is planned to
be constructed at a depth of 500m below the surface in crystalline
rock formations. The radioactive material will be stored in steel
containers, and a seal made of swelling clay bentonite will be
placed between the rock and the container.

Given that the Dukovany and Temelin nuclear power plants will
produce approximately 3,500 tonnes of radioactive waste during
their operation, the underground part of the repository will cover
an area of about 4.4km?2. At present, spent nuclear fuel is stored at
both nuclear power plants in interim storage facilities, where it is
cooled to a temperature below 100°C (which is a requirement for
its placement underground). In the Czech Republic, the repository
is expected to become operational in 2050. Its operational lifetime
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V soucasnosti probiha vybér findlni lokality pro bezpecné ulo-
Zeni radioaktivniho odpadu. Mezi kritérii hodnoceni jsou mimo
jiné dostate¢né velikost a mald proménlivost horninového bloku,
pomalé proudéni podzemni vody a seismickd stabilita. Vybér lo-
kality postupuje z predchozich fazi povrchovych a geofyzikalnich
prizkumu k prizkumu vrtnému, vcetné hydrogeologickych praci
a stanoveni orientace hlavnich napéti v masivu. Nasledné bude na
findlni lokalité béhem stavby vyraZena tzv. konfirmac¢ni laboratof,
kde budou ovéteny vlastnosti horninového masivu a systému inZe-
nyrskych bariér, tj. kontejnerti a bentonitu.

Vyzkumné aktivity spolecnosti SG Geotechnika a.s. tykajici se
problematiky hlubinného ukladani radioaktivnich odpadt sahaji
do devadesatych let dvacatého stoleti. V té dobé se razil podzemni
kavernovy zasobnik plynu Pfibram-Héje. Pfi této pfilezitosti bylo
uvazovano, Ze by se vyuzila infrastruktura dolu a ¢ast podzemi
v blizkosti Sachty €. 16 by slouzila jako tzv. genericka laboratof,
tj. slouzila by pro vyvoj metodik charakterizace hornin, vyhodno-
ceni dlouhodobé bezpec¢nosti a demonstrace planovanych techno-
logii a materiall bez vazby na finédlni lokalitu hlubinného tloZiste.
Hlavnim diivodem realizace byla jeji pristupnost a litologie, kterd
odpovida konceptu uklddani radioaktivniho odpadu [1]. Od roku
2004 bylo ve spolecnosti SG Geotechnika a.s. feSeno minimalné
deset vyzkumnych projektt, které se tykaly zminéné problematiky.
Predkladany ¢lanek také mimo jiné shrnuje nékteré poznatky, které
jiz byly v pfedchozich ¢islech ¢asopisu Tunel publikovény, viz se-
znam literatury na konci ¢lanku.

POVRCHOVY PRUZKUM

V ramci projektu ,,Metody a ndstroje hodnoceni vlivu inZenyr-
skych barier na vzddlené interakce v prostredi hlubinného uloZis-
te*, realizovaného v letech 2004 az 2009, byla posouzena schopnost
predikovat vliv aplikovanych inZenyrskych bariér na migracni

is estimated at approximately 100 years, after which it will be
progressively closed using a system of plugs and backfills.

Currently, the selection of the final site for the safe disposal of
radioactive waste is underway. The evaluation criteria include,
among other factors, sufficient size and low variability of the
rock mass, slow groundwater flow, and seismic stability. The site
selection process is progressing from earlier stages of surface and
geophysical investigations to drilling investigations, including
hydrogeological works and determination of the orientation of
the principal stresses within the rock mass. Subsequently, a so-
called confirmation laboratory will be excavated at the final site
during construction, where the properties of the rock mass and the
engineered barrier system i.e., containers and bentonite will be
verified.

The research activities of SG Geotechnika a.s. related to deep
geological disposal of radioactive waste date back to the 1990s.
At that time, the Pribram-H4je underground gas storage cavern
was being excavated. On that occasion, it was considered to use
the mine infrastructure and part of the underground space near
Shaft No. 16 as a so-called generic laboratory. This laboratory
would serve for the development of rock characterization
methodologies, evaluation of long-term safety, and demonstration
of planned technologies and materials, without direct linkage to
the final repository site. The main reasons for its implementation
were its accessibility and lithology, which correspond to the
concept of radioactive waste disposal [1]. Since 2004, at least
ten research projects related to this topic have been carried out
within SG Geotechnika a.s. The present article also summarizes
some findings that have already been published in previous issues
of the journal Tunel; see the list of references at the end of the
article.

Obr. 1 Schéma cross-hole testu s fluoresceinem na lokalité Panské Dubenky
Fig. 1 Diagram of a cross-hole test with fluorescein at the Panské Dubenky site
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parametry zvodnélych puklinovych systémt pomoci numerického
modelovani. V rdmci laboratorniho vyzkumu byla testovana téle-
sa s jednou jednozna¢né definovanou puklinou. Hydrodynamické
a migracni testy probihaly za podminek staciondrniho proudéni pfi
konstantnim hydraulickém gradientu v nasyceném prostredi. Kaz-
dy vzorek byl testovdn minimalné pro tfi rozdilné hydraulické gra-
dienty. Vystupem hydrodynamickych testi byly objemové pritoky
vzorkem. Pro migracni testy byly jako konzervativni stopovaci lat-
ky zvoleny roztoky chloridu sodného a Na-fluoresceinu. Detekce
stopovacich latek probihaly méfenim elektrické konduktivity, resp.
intenzity zafeni stopovace v modrém svétle. Vystupem byly prini-
kové kiivky stopovacl. Terénni vyzkum probihal v kamenolomu
Panské Dubenky, ktery ma jednoduchy puklinovy systém, jehoz
znalost byla nezbytnd k realizaci vSech terénnich méfeni a expe-
rimentl. Celkem bylo na lokalité realizovano Ctrnact vrtd hlubo-
kych maximaln€ 9,0 m, které poskytly informace o puklinové siti.
V ramci terénnich praci byly provedeny tii sady cross-hole testl
(C-H testy) provadénych na dvoji-
cich vrta (obr. 1). Tyto testy slouZzily
ke kalibraci parametra stfedniho ro-
zevieni puklin puklinové sité¢ v ma-
tematickém modelu [2].

Na vySe zminény projekt plynu-
le navazal projekt ,,Vyzkum vlivu
mezizrnné propustnosti granitii na
bezpecnost hlubinného ukldddni do
geologickych formact a vyvoj meto-
diky a mérici aparatury* uskutec-
nény v letech 2009 az 2013. Cilem
tohoto projetu byla podrobna cha-
rakterizace jedendcti granitoidnich
plutontl a masivt v ramci Ceské re-
publiky. Projekt zahrnoval realizaci
jedendcti vrtd hlubokych pfiiblizné
100 m. Ve vrtech probihal podrob-
ny strukturné geologicky, karotazni,
hydrogeologicky a geotechnicky
vyzkum. Vrtnd jadra z téchto vrtl
a vrtnd jadra archivni z pfedchozich
prizkumnych praci byla detailné
testovana vSemi v té dob& zndmymi
metodami petrofyziky, mechaniky
hornin a geochemie. Z vysledki
laboratornich zkousek vyplyva, Ze
zasadni vliv na propustnost, difu-
zi, pevnost i pruznost horninové
matrice ma jeji pérovitost (obr. 2).
Hodnoty dynamickych modull
pruznosti, stanovenych na labora-
tornich vzorcich ultrazvukovym
prozafovanim, byly o 18 % vyssi
neZ hodnoty moduli stanovenych
staticky zatéZovanim v jednoosém
tlaku (obr. 3). Rozdily modult pruz-
nosti a pretvarnosti méfenych in
situ a na laboratornich vzorcich ze
stejné hloubky byly zplisobeny mé-
fitkovym efektem a pfitomnosti in
situ diskontinuit. Pfitomnost in situ
diskontinuit indikoval i vétsi rozdil
modull pruznosti a pretvarnosti in
situ, ktery byl zptsoben nevratnou

Obr. 2 Porovy prostor zrna draselného Zivce z lokality Panské Duben-
ky zachyceny konfokdlnim mikroskopem

Fig. 2 Pore space of a potassium feldspar grain from the Panské Du-
benky site captured by a confocal microscope

Obr. 3 Stanoveni modulu pruZnosti béhem jednoosého stlacovdni po-
moci odporovych tenzometri a ultrazvukového prozarovdani

Fig. 3 Determination of the elastic modulus during uniaxial compres-
sion using strain gauges and ultrasonic testing
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SURFACE INVESTIGATION

Within the project “Methods and Tools for Assessing the Influence
of Engineered Barriers on Remote Interactions in the Environment of
a Deep Geological Repository”, carried out between 2004 and 2009,
the ability to predict the influence of applied engineered barriers on
the migration parameters of water-bearing fracture systems using
numerical modelling was evaluated.

As part of the laboratory research, specimens containing
a single, clearly defined fracture were tested. Hydrodynamic and
migration tests were conducted under conditions of steady-state
flow at a constant hydraulic gradient in a saturated environment.
Each specimen was tested under at least three different hydraulic
gradients. The outputs of the hydrodynamic tests were volumetric
flow rates through the samples.

For migration tests, solutions of sodium chloride and sodium
fluorescein were selected as conservative tracers. Detection
of tracers was carried out by
measuring electrical conductivity
and, respectively, fluo-
rescence intensity under blue light.
The outputs were tracer penetration
curves.

Field research was conducted in
the Panské Dubenky quarry, which
features a simple fracture system
whose characterization was essential
for the implementation of all field
measurements and  experiments.
A total of fourteen boreholes, with
depths of up to 9.0m, were drilled
at the site, providing information
on the fracture network. Within the
fieldwork, three sets of cross-hole
tests (C-H tests) were performed
on pairs of boreholes (Fig. 1).
These tests were used to calibrate
the parameters of the mean fracture
aperture within the fracture network
in the mathematical model [2].

The above-mentioned project was
followed by the project “Investigation
of the Influence of Intergranular
Permeability of Granites on the

tracer

Safety of Deep Geological Disposal
and Development of Methodology
and Measuring Apparatus”, con-
ducted from 2009 to 2013. The
aim of this project was the detailed
characterization of eleven granitoid
plutons and massifs within the Czech
Republic. The project included the
drilling of eleven boreholes, each
approximately 100m deep.

Detailed structural geological,
geophysical logging, hydrogeo-

logical, and geotechnical in-
vestigations were carried out in the
boreholes. Drill cores from these
boreholes, along with archived
cores from previous investigations,
were thoroughly tested using all
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plastickou deformaci vzniklou béhem zatéZovani a odlehcovani pri
zkouSce uniaxidlnim (Goodmanovym) lisem in situ. Vysledky obou
projektd jsou mimo jiné podrobnéji diskutovany ve ¢lanku [3].

PODZEMNI LABORATOR JOSEF

Projekt ,,Vyzkum termdlni zdtéZe hornin — perspektivy podzem-
niho skladovdni tepelné energie* probihal v letech 2011 az 2014
v prostfedi podzemni laboratofe Josef, coz je byvald prizkumna
Stola, jejiz razba souvisela s geologickym prizkumem zlatonos-
nych lozisek Celina a Mokrsko. Projekt se zabyval problematikou
ukladani tepelné energie v prostfedi granitickych hornin pfi relativ-
né nizkych teplotach (cca 90 °C). Vzhledem k teplotdm a horninam,
které jsou uvazovany v okoli kontejneru s vyhotelym radioaktivnim
palivem, byly vysledky projektu aplikovatelné i v oboru problema-
tiky hlubinného ukladani radioaktivnich odpadt. Spolehlivé zpra-
covani zvoleného tématu vyZadovalo podrobné studium teplotnich,
hydrodynamickych, mechanickych a chemickych procesit (THMC
coupling), které pii zahfivani granitoidii probihaly. Hlavni experi-
ment sestdval ze Sirokoprofilového horizontalniho vrtu simulujici-
ho vrt uklddaci a okolo rozmisténych vrtli monitorovacich. V ramci
experimentu byly méfeny pomoci teplomérti, méfeni napéti a pre-
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methods available at the time in petrophysics, rock mechanics, and
geochemistry.

The results of laboratory testing indicate that porosity of the
rock matrix has a fundamental influence on permeability, diffusion,
strength, and elasticity of the rocks (Fig. 2). The values of dynamic
elastic moduli determined on laboratory samples by ultrasonic
testing were approximately 18% higher than those obtained from
static loading under uniaxial compression (Fig. 3).

Differences between elastic and deformation moduli measured
in situ and on laboratory samples taken from the same depth were
attributed to scale effects and the presence of in situ discontinuities.
The presence of in situ discontinuities was also indicated by larger
differences between elastic and deformation moduli measured
in situ, caused by irreversible plastic deformation occurring
during loading and unloading in uniaxial (Goodman jack) testing
in situ.

The results of both projects are discussed in more detail in [3].

JOSEF UNDERGROUND LABORATORY

The project “Investigation of Thermal Loading of Rock — Prospects
Jfor Underground Thermal Energy Storage” was carried out between
2011 and 2014 in the environment of the Josef Underground
Laboratory, which is a former exploration adit
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associated with geological surveys of the Celina and
e Mokrsko gold-bearing deposits.
VG-2-15° The project addressed the issue of storing thermal
¥g§ . energy in granitic rock environments at relatively
VG2 —75° low temperatures (approximately 90°C). Given the
VG2 -75° temperatures and rock types expected in the vicinity
{2&",’}3{&9 of containers with spent nuclear fuel, the results of
:gmgtis—oe;@’ this project were also applicable to the field of deep
teplota —75° geological disposal of radioactive waste.
temp -75° Reliable treatment of the topic required detailed
}%ﬁmg study of thermal, hydrodynamic, mechanical, and
chlazeni chemical processes (THMC coupling) occurring
cooling during the heating of granitoids. The main experiment

consisted of a large-diameter horizontal borehole

simulating a disposal borehole, surrounded by

Obr. 4 Zmény napéti horninového masivu duisledkem tepelného namdhdni
Fig. 4 Changes in rock mass stress as a result of thermal loading

tvoreni, piezometra a seismoakustickych sond odezvy horninového
masivu na zahfivani a chlazeni. Vyznamny byl vliv tepelného na-
mahani na zmény napéti v horniné. Po zahdjeni ohfevu vystoupala
napéti registrovand jednoosymi snimaci ve vrtu vzdileném 0,24 m
od vrtu s topidlem az na hodnotu 4 600 kPa (obr. 4). Zmény napéti
byly vratné, pficemZ velmi rychle reagovaly na intenzitu vytdpéni
horninového masivu. Zmény napéti byly registrovany az do vzdale-
nosti cca 4 m od topidla. Podrobnéji je experiment popséan v [4, 5].

Projekt ,,Vyzkum stability bentonitu v in situ podminkdch pri
teplotdch do 95 °C* byl ve §tole Josef realizovan v letech 2012
az 2015. Cilem vyzkumu bylo vyhodnoceni a srovnani vybranych
interaktivnich procest in situ v realném prostiedi. Monitorovany
byly geochemické, fyzikdlné-chemické a mineralogické proce-
sy indukované v granitovém prostfedi odpovidajicim horninové-
mu prostiedi tlozisté a bentonitovému tésnéni korespondujicimu
s materidlem inZenyrské bariéry vyvolané dlouhodobym ptisobe-
nim teplot az 95 °C. Vybrany bentonit byl charakterizovan pomoci
mechanicko-fyzikdlnich a geochemickych laboratornich metod.
Monitoring modelu bentonitového t€snéni byl uskute¢nén mére-
nim jeho teplot a bobtnacich tlaki, a dale tlaku na kontaktu horniny
s télesem bentonitu a v horniné samotné v bezprostiednim okoli

monitoring boreholes.
Within the experiment, the responses of the rock
mass to heating and cooling were measured using
thermometers, stress and strain measurements, piezometers, and
seismoacoustic sensors. A significant effect of thermal loading on
stress changes in the rock was observed. After the start of heating,
stresses recorded by uniaxial sensors in a borehole located 0.24m
from the heater borehole increased to up to 4,600kPa (Fig. 4).
These stress changes were reversible and responded very rapidly
to the intensity of heating of the rock mass. Changes in stress were
detected at distances of up to approximately 4m from the heater.
A more detailed description of the experiment is provided in [4, 5].

The project “Investigation of Bentonite Stability under In Situ
Conditions at Temperatures up to 95°C” was carried out in the
Josef adit between 2012 and 2015. The aim of the research was to
evaluate and compare selected interactive processes under real in situ
conditions.

Geochemical, physico-chemical, and mineralogical processes
induced in a granitic environment representing the repository host
rock, and in bentonite sealing corresponding to the engineered barrier
material, were monitored under long-term exposure to temperatures
up to 95°C.

The selected bentonite was characterized using mechanical,
physical, and geochemical laboratory methods. Monitoring of the
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bentonite sealing model included
measurements of its temperature
and swelling pressures, as well as
pressure at the contact between
the rock and the bentonite body
and within the surrounding rock
mass near the heater. In addition,
geoelectrical, ground-penetrating
radar, hydrodynamic, and hydro-
chemical monitoring ~ were
performed.

The project “Grouting, Drilling
and Sealing Works for the
EPSP Experiment Implemented
within the International DOPAS
Project”, carried out between
2013 and 2014, focused on the
construction of an experimental
plug for a deep geological
repository, separating already
filled spaces (disposal tunnels)
from unfilled ones.
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Obr. 5 Rez horninovym prosti'edim a detail multipakrového systému véetné vriné kolony zahrnujici optickou a akustic-

kou karotdz a geologicky popis vrtii

Fig. 5 Section through the rock environment and detail of the multipacker system, including the drill string with optical

and acoustic logging and geological description of boreholes

topidla. Déle byl realizovan geoelektricky, georadarovy, hydrody-
namicky a hydrochemicky monitoring.

Projekt ,,InjektdZ, vriné a utésriovaci prdce pro experiment EPSP
realizovany v rdmci mezindrodniho projektu DOPAS®, uskute¢né-
ny v letech 2013 aZ 2014, byl zaméfen na vystavbu experimentdlni
zatky hlubinného tlozisté oddé€lujici jiz zaplnéné prostory (dlozné
tunely) od prostor nezaplnénych. Se stavbou zéatky ve skute¢ném
méfitku déle souvisely prace tykajici se instrumentace souvisejici-
ho geotechnického monitoringu a posouzeni ucinnosti jeji injekta-
Ze pomoci vodnich tlakovych zkousek.

Cilem projektu ,,Prenos hodnot migracnich PArametrii grani-
tickych hornin z Mlkroméritka do REdIného méFitka horninové-
ho masivu®, realizovaného v letech 2014 az 2017, bylo stanovit
miru reprodukovatelnosti vystupli laboratorniho studia transport-
nich procest stopovacl v porovnani s vysledky experimentu vét-
Siho méfitka (v fadu dm) a nasledné ji implementovat do realnych
podminek granitickych hornin (experiment in situ) a do modeld,
vyhodnocujicich migraci radionuklidi do horniny. Pro popis horni-
nového prostiedi a vytvofeni modelu pérového prostoru horninové
matrice byla mimo jiné pouzita metoda identifikace Cetnosti, pro-
pojenosti a velikosti pért v horninovych vzorcich pomoci kombi-
nace aplikace fluorescen¢ni pryskyfice a konfokalniho mikroskopu
[6]. DalSim z vystupl projektu bylo zavedeni metodiky pouziti
radioaktivnich stopovacti v horninovém prostfedi jako pilotniho
experimentu tohoto typu v CR. V roce 2017 byly ve dvojici vrti
v intervalech s otevienou puklinou vyhodnoceny dvé stopovaci
zkousky s tritiem. Multipakrové systémy byly dale pouZity k mo-
nitoringu tlaku podzemni vody (obr. 5). Podrobnéjsi popis experi-
mentu realizovaného ve Stole Josef je uveden v [7].

PODZEMNI VYZKUMNE PRACOVISTE BUKOV

Projekt ,,Ziskdni dat z hlubokych horizontit dolu RozZnd*, rea-
lizovany v letech 2017 aZ 2020, byl zaméfen na ziskani unikéat-
nich prostorovych geologickych, geotechnickych, geochemickych
a transportnich dat z hloubkové trovné cca 500-1200 m pod

The construction of the full-
scale plug also involved work
related to instrumentation for
associated geotechnical
toring and assessment of the effectiveness of its grouting using

moni-

water pressure tests.

The aim of the project “Transfer of Migration Parameter Values
of Granitic Rocks from Micro-scale to Real-scale Rock Mass”
(2014-2017) was to determine the degree of reproducibility
of outputs from laboratory studies of tracer transport processes
compared to the results of larger-scale experiments (on the order
of decimetres), and subsequently to implement these findings into
real conditions of granitic rocks (in situ experiments) and into
models evaluating radionuclide migration into the rock.

For describing the rock environment and creating a model of
the pore space of the rock matrix, a method for identifying the
frequency, connectivity, and size of pores in rock samples was
used, combining the application of fluorescent resin and confocal
microscopy [6].

Another outcome of the project was the introduction of
a methodology for the use of radioactive tracers in the rock
environment, representing a pilot experiment of this type in the
Czech Republic. In 2017, two tracer tests using tritium were
evaluated in a pair of boreholes within intervals containing open
fractures. Multipacker systems were further used to monitor
groundwater pressure (Fig. 5). A more detailed description of the
experiment carried out in the Josef adit is provided in [7].

BUKOV UNDERGROUND RESEARCH FACILITY

The project “Acquisition of Data from Deep Levels of the Roznd
Mine”, carried out between 2017 and 2020, focused on obtaining
unique spatial geological, geotechnical, geochemical, and transport
data from depths of approximately 500-1200m below the surface
(i.e., from the 12% to 24™ levels) of the former RoZn4 uranium mine.

In order to evaluate the influence of a major tectonic structure
on its surroundings necessary for the purposes of site selection and
safety assessment of a deep geological repository a comprehensive
set of laboratory and in situ investigations was carried out within the
project.
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povrchem (tj. z 12.—24. patra) byvalého uranového dolu Rozna. Za
ucelem vyhodnoceni vlivu vyznamné tektonické struktury na jeji
okoli, potfebné pro ucely lokalizace a hodnoceni bezpecnosti loka-
lity hlubinného uloZi$té, byl v ramci projektu realizovan komplex
laboratornich a in situ praci. Laboratorni stanoveni fyzikalnich,
technologickych, pevnostnich a pretvarnych vlastnosti hornin bylo
provedeno na vzorcich, které byly testovany ve tfech zakladnich
smérech vii€i texturnim prvkiim horniny — ve sméru kolmém k me-
tamorfni foliaci, ve sméru rovnobéZném s metamorfni foliaci a ve
sméru kosém vici metamorfni foliaci. Z vysledki laboratorniho
stanoveni vlastnosti hornin neni patrna zavislost studovanych pa-
rametr na hloubce. Vzorky, které byly zatéZovany paralelné s fo-
liaci, mély v tomto pfipad€ vyssi pevnost v prostém tlaku a modul
pretvarnosti nez vzorky zatéZzované kolmo na foliaci. Heterogenita
studovanych migmatitizovanych pararul je vyraznéjsi nez vliv zlo-
mové struktury.

Projekt ,,Vyzkum puklinové konektivity v PVP Bukov* realizo-
vany v letech 2019 az 2024 byl zaméren na vyzkumné-vyvojové
prace vedouci k ziskani informaci o rychlosti a charakteru toku
podzemni vody, konektivité puklinovych siti a v obecné roviné
pak na metodiku a zpracovani geologickych a hydrogeologickych
DEN (Discrete Fracture Network) modeld. Monitoring tlaku pod-
zemni vody v PVP Bukov byl zajistén pomoci multipakrového
systému slozeného ze Ctyf prvkd, tlakovych prichodek a trubek.
Tlakové prichodky obsahujici Ctyfi vyvody zajistily v testované
etdZzi moZnost soucasné méfit tlak podzemni vody a vzorkovat
vodu ze dvou riznych mist, pfipadné jednou trubickou tlakovat
a druhou nasdvat a umoznit tak cirkulaci vody. Posledni vyvod
slouzil k tlakovani dalSiho pakru. V této konfiguraci lze jednotli-
vé pakry tlakovat samostatné. U vrti byly instalovany kontrolni
a ovladaci panely multipakrovych systémd, které obsahovaly za-
konceni tlakovych rozvodi z prvki. Tlakovani pakrt bylo zajistée-
no vodou pomoci expanznich nadob (obr. 6).

V letech 2023 az 2025 byl realizovan projekt ,,Hydrogeologicky
monitoring podzemnich, povrchovych a diilnich vod v PVP Bu-
kov I“. Hydrogeologicky monitoring navazoval na vysledky pied-
chozich projekti od roku 2014, pfedev§im na vysledky komplexni
geologické charakterizace prostord PVP Bukov ukoncené v roce
2017 a nasledného pétiletého reZimniho monitoringu podzemnich,

Obr. 6 Kontrolni a ovlddaci panely multipakrii ve vrtech v PVP Bukov I

Fig. 6 Control and operating panels of multipacker systems in boreholes at Bukov URF 1

TufHel

Laboratory determination of physical, technological, strength,
and deformation properties of rocks was performed on samples
tested in three principal orientations relative to the rock fabric:
perpendicular to the metamorphic foliation, parallel to the foliation,
and oblique to the foliation.

The laboratory results do not indicate a dependence of the
studied parameters on depth. Samples loaded parallel to the
foliation exhibited higher uniaxial compressive strength and
deformation modulus compared to samples loaded perpendicular
to the foliation. The heterogeneity of the studied migmatitized
paragneisses was found to be more pronounced than the influence
of the fault structure.

The project “Investigation of Fracture Connectivity at the Bukov
URF™, carried out between 2019 and 2024, focused on research
and development activities aimed at acquiring information on the
velocity and character of groundwater flow, connectivity of fracture
networks, and, in general, on methodologies for the development
and processing of geological and hydrogeological DFN (Discrete
Fracture Network) models.

Groundwater pressure monitoring at the Bukov URF was ensured
using a multipacker system consisting of four elements, pressure
feedthroughs, and tubing.

The pressure feedthroughs, equipped with four outlets, allowed
simultaneous measurement of groundwater pressure and sampling
of water from two different locations within the tested level.
Alternatively, one tube could be used for pressurization and another
for suction, enabling water circulation. The last outlet was used for
pressurizing another packer.

In this configuration, individual packers could be pressurized
independently. Control and operating panels of the multipacker
systems were installed at the boreholes, containing the terminations
of the pressure distribution lines from the system elements.
Pressurization of the packers was achieved using water supplied
via expansion vessels (Fig. 6).

In 2023-2025, the project “Hydrogeological Monitoring of
Groundwater, Surface Water and Mine Water at the Bukov URF I’
was carried out.

The hydrogeological monitoring followed on from the results
of previous projects since 2014, particularly the comprehensive
geological characterization of the Bukov URF area
completed in 2017 and the subsequent five-year
regime monitoring of groundwater, surface water, and
mine water completed in 2023.

The objective of the hydrogeological monitoring,
both at the surface (above the Bukov URF I area) and
underground (within Bukov URF I and other locations
at the 12 level of the RoZn4 I mine at a depth of around
500 m below ground), was to obtain information on the
nature of shallow and deep groundwater circulation, as
well as their qualitative and quantitative parameters in
time and space.

The evaluation of the regime monitoring made
it possible to assess the interrelationships between
different types of water and supplemented the existing
knowledge on the characterization of their origin, flow,
and accumulation.

The objective of the project “Geological and
Geotechnical — Characterization — of the Rock
Environment — Bukov URF II”’, carried out between
2021 and 2025, was the collection, storage, and

interpretation of data in the form of a 3D model, with
emphasis on developing classification procedures
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povrchovych a dtlnich vod ukoncené-
ho v roce 2023. Cilem hydrogeologic-
kého monitoringu jak na povrchu (nad
prostorem PVP Bukov 1), tak v podze-
mi (v PVP Bukov I a dalSich mistech
na 12. patfe dolu Rozna I v hloubce
okolo 500 m pod povrchem), bylo zis-
kat informace o charakteru podzem-
nich vod mélkého i hlubokého obéhu,
o jejich kvalitativnich a kvantitativ-
nich parametrech v Case a prostoru.
Vyhodnoceni reZimniho monitoringu
umoznilo posouzeni vzdjemnych va-
zeb jednotlivych typl vod a doplnilo
dosud ziskané znalosti o charakteri-
zaci prostiedi jejich vzniku, proudéni
a akumulaci.

Cilem projektu ,,Geologickd a geo-
technickd charakterizace horninového

for rock environments suitable for
the construction of a deep geological

repository.
The project included geological and
geotechnical documentation, petro-

graphic, mineralogical, and structural
geological analyses, hydrogeological
characterization, determination of the
physical and mechanical properties of
rocks both in situ and in the laboratory,
geophysical measurements, monitoring
of seismic from blasting
operations, and analysis of the EDZ
(Excavation Damaged Zone).

The newly constructed Bukov URF IT
facility consists of six parallel galleries
with lengths of 95, 90, and 75m. These
galleries are interconnected by four
ventilation drifts. In selected galleries,

effects

smér razby
direction of excavation

prostredi — PVP Bukov II* realizova-
ného v letech 2021 aZ 2025 byl sbér,
uloZeni a interpretace dat ve formé
3D modelu, s akcentem na ziskani po-
stupti klasifikace horninového prostfedi vhodnych pii budovani
hlubinného tuloZzisté. Jeho plnéni zahrnovalo geologickou a geo-
technickou dokumentaci, petrografické, mineralogické a struktur-
né-geologické analyzy, hydrogeologické charakterizace, stanoveni
fyzikalné-mechanickych vlastnosti hornin in situ a v laboratofi,
geofyzikalni méfeni, monitorovani seismickych efektt trhacich
praci a analyzu EDZ (z6na poruseni). Prostory nového PVP Bu-
kov II tvori Sest paralelnich chodeb o délkach 95, 90 a 75 m. Tyto
chodby jsou propojené ¢tyfmi vétracimi chodbami. Ve vybranych
chodbéch vzniklo souhrnné 14 desetimetrovych slepych zkuSeb-
nich komor pro budouci experimenty. V pritbéhu razby chodeb pro
PVP Bukov II byla provddéna standardni geotechnickd dokumen-
tace horninového masivu pro jednotlivé zdbéry. Vystupem této do-
kumentace bylo vyhodnoceni ve tfech indexovych klasifika¢nich
systémech. Tyto indexové klasifikacni systémy byvaji tradi¢né
soucasti geotechnického monitoringu podzemnich staveb a jako
informace o kvalité¢ horninového masivu slouzi pro zhodnoceni
stability dulniho dila, pfipadné pro prognézu chovani budoucich
zabéra razeného dila. V pfipadé feSeného PVP Bukov II bylo na-
vic paralelnim cilem zjistit moznosti uziti indexovych klasifikac-
nich systémi, ¢i jejich ¢asti, pro potfeby vyhodnoceni vhodnosti
dutlniho dila pro dlouhodobé uloZeni radioaktivniho odpadu. Geo-
detickd ¢ast dokumentace celeb byla provddéna metodou digitdlni
fotogrammetrie (obr. 7). Zaméfeni skute¢ného stavu nové vyra-
Zenych prostor PVP Bukov II bylo provedeno pomoci technolo-
gie laserového skenovani. Vyuziti fotogrammetrie a laserscanu
pomohlo pii geotechnické dokumentaci Celeb k podrobnéjSimu
vyhodnoceni strukturné geologickych fenomént. Podrobnéji je
projekt popsan v [8].

v PVP Bukov I

Bukov URF I1

PRUZKUM LOKALIT

Na lokalitdch vybranych pro findlni dloZi$té radioaktivniho od-
padu se pracovnici spolecnosti SG Geotechnika a.s. podileli na
tiech projektech.

V ramci projektu ,,Provedeni geologickych a dalsich praci pro
hodnocent a ziizeni vybeéru lokalit pro umisténi hlubinného uloZis-
teé* realizovaného v letech 2002 az 2005 byly provedeny geologic-
ké prace pro ovéfeni homogenity horninovych masivi zkoumanych

Obr. 7 Fotogrammetricky model nové vyrazZeného prostoru

Fig. 7 Photogrammetric model of a newly excavated space at

a total of 14 blind test chambers, each
10m long, were created for future
experiments.

During the excavation of the Bukov
UREF II galleries, standard geotechnical documentation of the rock
mass was carried out for individual excavation rounds. The outputs of
this documentation were evaluations using three index classification
systems. These systems are traditionally part of geotechnical
monitoring of underground structures and serve as indicators of rock
mass quality, used to assess the stability of underground workings
and to predict the behaviour of future excavation rounds.

In the case of Bukov URF II, an additional parallel objective was
to assess the applicability of index classification systems, or their
components, for evaluating the suitability of underground openings
for long-term radioactive waste disposal.

The geodetic documentation of tunnel faces was carried out using
digital photogrammetry (Fig. 7). Surveying of the as-built state of
newly excavated spaces at Bukov URF II was performed using laser
scanning technology. The use of photogrammetry and laser scanning
improved the level of detail in the geotechnical documentation of
tunnel faces, particularly in the evaluation of structural geological
features.

A more detailed description of the project is provided in [8].

SITE INVESTIGATIONS

At sites selected for the final repository of radioactive waste,
employees of SG Geotechnika a.s. participated in three projects.

Within the project “Execution of Geological and Other Works for
the Evaluation and Narrowing Down of Sites for the Siting of a
Deep Geological Repository” carried out between 2002 and 2005,
geological work was performed to verify the homogeneity of rock
masses at the investigated locations Lodhéfov, BudiSov, Blatno,
Bozejovice-Vlksice, Pacejov-nadrazi, and Rohozna. In addition,
geographic information systems (GIS) for the individual site
projects were developed and operated.

The project “Assessment of Geological and Other Information
Jrom Selected Parts of the Czech Moldanubian Zone in Terms of
Potential Suitability for the Siting of a Deep Geological Repository
in the ETE-south Polygon™ was carried out between 2016 and 2018.
Based on the results of geological research and mapping (geology,
hydrogeology, hydrology, geophysics, and engineering geology),
as well as other relevant information, the potential suitability of
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lokalit Lodhéfov, BudiSov,
Blatno, BoZejovice-Vlksice,
Pacejov-nadraZi a Rohozna.
Déle byly vybudovany a pro-
vozovany geografické infor-
macni systémy (GIS) pro-
jekta lokalit.

Projekt ,,Zhodnoceni geo-
logickych a dalsich informa-
ci vybranych cdsti ceského
moldanubika 7 hlediska po-
tencidlni  vhodnosti  pro
umisténi hlubinného uloZis-
té v polygonu ETE-jih* byl
realizovan v letech 2016 az
2018. Na zédkladé vysled-
ki geologického vyzku-
mu a mapovani (geologie,
hydrogeologie, hydrologie,
geofyzika a inZenyrska geo-
logie) a dalSich relevantnich informaci byla posouzena potencial-
ni vhodnost horninového masivu ve vymezeném tzemi ceského
moldanubika. V rdmci projektu probéhlo sestaveni 3D geologic-
kych modelt, zhodnoceni existujicich stfetd zdjml a vymezeni
potencidlné vhodného horninového bloku a priizkumného tdzemi
pro zvlastni zasahy do zemské kiiry. Soucdsti projektu bylo rovnéz
vytvofeni centrdlniho datového skladu, ddle zpracovani PfedbéZzné
studie proveditelnosti s variantnim feSenim umisténi HU, Studie
EIA (pracovni) a Zadosti o stanoveni priizkumného tGzemi pro
zvlastni zasahy do zemské kiry (PU ZZZK).

Cilem projektu ,,Geofyzikdlni prdace pro popis geologické stav-
by potencidlnich lokalit HU v CR* realizovaného na lokalitach
ETE-jih (Janoch) a Cihadlo v letech 2017 aZ 2019 bylo provede-
ni geofyzikalnich praci (obr. 8), jeZ nasledné, v kombinaci s daty
zjisténymi studiem povrchové geologie, geochemie, geomechani-
ky, slouZily k tvorbé geologického a hydraulického 3D modelu,
zjiSténi homogenity horninového prostfedi a kvantifikaci jeho
k¥ehkého poruseni.

ZAVER

Béhem poslednich 30 let se vyzkum a vyvoj spolecnosti
SG Geotechnika a.s., tykajici se hlubinného uklddani radioaktiv-
niho odpadu, zaméfil hlavné na charakterizaci a popis vhodného
horninového masivu, a to jak na vybiranych lokalitach, tak v pro-
stfedi podzemnich laboratofi, a rovnéZ inZenyrské bariéry tvorené
bentonitem. Pérovy prostor horniny tvofeny mikrotrhlinami byl
detailné popsan pomoci nové vyvinuté kombinace metod tvore-
nymi impregnaci fluorescencni pryskyfici a uzitim konfokalniho
skenovaciho mikroskopu. Laboratorné byly pouZity standardni
metody mechaniky hornin a zemin a didle metody nestandardni,
jmenovit€ stanoveni tepelné vodivosti a teplotni roztaznosti, kte-
ré jsou dulezité pfi ukladani za zvySenych teplot. Terénni zku-
Sebnictvi bylo nejvice zastoupeno stanovenim modulu pruznosti
pomoci uniaxidlniho (Goodmanova) lisu. Kromé toho byly vrty
detailné popsdany metodami karotaZnimi. Jako nejucinnéjsi se
ukazaly metody optické a akustické karotdZe a metoda fedéni,
ktera identifikuje pfitoky podzemni vody. Podzemni voda, jako
jediné dynamické médium v planovaném ulozisti bezpe¢ném po
dobu o nékolik fada delsi, nez je béZna Zivotnost inZenyrskych
staveb, byla studovdna hydrodynamickymi a transportnimi testy.
Nejvhodné&jsimi metodami byly vodni tlakové zkousky, spocivaji-

Obr. 8 Provddeéni gravimetrie na lokalité¢ Janoch u Temelina
Fig. 8 Gravimetric survey at the Janoch site near Temelin
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the rock mass within the
defined area of the Czech

Moldanubian Zone was

evaluated.
Within this project, 3D
geological models were

developed, existing land-use
conflicts were assessed, and a
potentially suitable rock and
exploration area for special
interventions into the Earth’s
crust were delineated. The
project also included the
creation of a central data
repository, preparation of
a preliminary feasibility
study ~ with  alternative
repository siting options,
a working Environmental
Impact Assessment (EIA)
study, and an application for designation of an exploration area for
special interventions into the Earth’s crust.

The objective of the project “Geophysical Works for the
Description of Geological Structure of Potential Repository Sites
in the Czech Republic”, carried out at the ETE-south (Janoch) and
Cihadlo sites between 2017 and 2019, was to perform geophysical
investigations (Fig. 8). These were subsequently combined with data
obtained from surface geology, geochemistry, and geomechanics
studies to develop geological and hydraulic 3D models, assess
the homogeneity of the rock environment, and quantify its brittle
deformation.

foto J. Nedvéd photo by J. Nedvéd

CONCLUSION

Over the past 30 years, the research and development activities
of SG Geotechnika a.s. related to deep geological disposal of
radioactive waste have focused primarily on the characterization
and description of suitable rock masses both at candidate sites
and within underground laboratory environments as well as on
engineered barriers composed of bentonite.

The pore space of the rock, formed by microfractures, was
described in detail using a newly developed combination of
methods involving impregnation with fluorescent resin and the use
of a confocal scanning microscope.

In laboratory conditions, standard methods of rock and soil
mechanics were applied, along with non-standard methods,
particularly the determination of thermal conductivity and thermal
expansion, which are important for disposal under elevated
temperatures.

Field testing was dominated by the determination of the elastic
modulus using a uniaxial (Goodman) jack. In addition, boreholes
were described in detail using logging methods. The most effective
proved to be optical and acoustic logging, as well as the dilution
method, which identifies inflows of groundwater.

Groundwater, as the only dynamic medium in the planned
repository designed to remain safe over periods several orders of
magnitude longer than the lifetime of typical engineering structures
was studied using hydrodynamic and transport tests. The most
suitable methods were water pressure tests, consisting first in
identifying conductive structures within boreholes using a double
packer, followed by instrumentation of the boreholes using triple or

quadruple packer systems.
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ci nejprve v nalezeni vhodnych vodivych struktur ve vrtu pomo-
ci dvojitého pakru a naslednym osazenim vrtii pomoci troj- nebo
Ctyfnasobnych pakrd. V roce 2017 byla v podzemni laboratofi

Josef pomoci multipakrti realizovana stopovaci zkouska s radio- within hydrogeological monitoring programs conducted
aktivnim stopovacem, a to tritiem. Geochemicky byly podzemni | boreholes drilled both from the surface and underground.

vody charakterizovany v rdmci hydrogeologickych monitoringl
ve vrtech realizovanych jak z povrchu, tak v podzemi. Mezi nej-
vyznamnéjsi metody geotechnického monitoringu patfilo méfeni

zmén napéti horninového masivu, vyvolaného jeho zahiivanim, pressure in boreholes using piezometers.

pomoci stressmetertt a méfeni pérového tlaku podzemni vody ve
vrtech pomoci piezometrti. Na planovanych lokalitach tlozisté ra-
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In 2017, a tracer test using a radioactive tracer tritium was
carried out in the Josef underground laboratory using multipacker
systems. Groundwater was also geochemically characterized

in

Among the most important geotechnical monitoring methods
were measurements of stress changes in the rock mass induced
by heating (using stressmeters) and measurements of pore water

At the planned repository sites, extensive geotechnical and
geophysical investigations were carried out, including reflection

dioaktivniho odpadu byl realizovan rozsahly geotechnicky a geo- and refraction seismics, electrical resistivity tomography,

fyzikalni prizkum zahrnujici zejména metody reflexni a refrakcni
seismiky, elektrické odporové tomografie, magnetometrie, gravi-
metrie a dipdlové odporové profilace, které jsou predev§im vhod-

né pro mapovani tektonickych poruch, litologickych rozhrani characteristics of the rock mass.

a hloubky zvétrani, respektive celkové charakteristiky horninové-
ho masivu. Na tlozisti Richard byly dale Gspésné vyuzity metody
georadaru a dipélového elektromagnetického profilovani, které

maji mél¢i dosah. Pomoci nich byly napf. zjiStény zavalené vétraci | example to identify buried ventilation shafts.

kominy.

magnetometry, gravimetry, and dipole resistivity profiling. These
methods are particularly suitable for mapping tectonic faults,
lithological boundaries, the depth of weathering, and the overall

At the Richard repository, additional methods such as ground-
penetrating radar and dipole electromagnetic profiling having

shallower penetration depth were successfully applied, for

At present, SG Geotechnika a.s. is cooperating with the

V soucasnosti spolupracuje spolec¢nost SG Geotechnika a.s. se | Radioactive Waste Repository Authority on two projects:

Spréavou ulozist radioaktivnich odpadt na dvou projektech, a to
~Monitoring porovych tlakii vody v PVP Bukov II*, ktery je reali-
zovan od roku 2024 a zcela novém ,,Geofyzikdlni prdce pro popis
geologické stavby potencidlnich lokalit HU v rdmci geologicko-
-priizkumnych praci na lokalitdach Horka, Hrddek, Brezovy potok | potok and Janoch Sites.
a Janoch*.
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VYSTAVBA KOLEKTORU HANGAR G NA LETISTI VACLAVA HAVLA
PRAHA Z POHLEDU TECHNICKEHO DOZORU
HANGAR G UTILITY TUNNEL CONSTRUCTION AT THE VACLAV
HAVEL AIRPORT PRAGUE FROM THE PERSPECTIVE OF TECHNICAL
SUPERVISION

RADEK BERNARD, IVO KOHOUSEK

ABSTRAKT

Samotny projekt resi efektivni a optimdlni uloZeni kabelové a potrubni infrastruktury v souvislosti s velkym poctem pldnovanych projektit
sprdvce aredlu letisté v Praze. Vystavba kabelového kolektoru Hangdr G (ddle HG) a napojené trafostanice TS20 predstavuje strategickou
podzemni infrastrukturu pro rozvoj prazského letiste. Kolektor o celkové délce nepatrné presahujici 600 m kombinuje raZeny tisek realizovany
Novou rakouskou tunelovaci metodou (NRTM) s hloubenou cdsti v oteviené stavebni jamé, s cilem efektivné a bezpecné vést potrebné kabely
a potrubi pri plném provozu letisté. Soucdsti stavby je také zmiriovand trafostanice TS20, zajistujici energetické napojeni technologické infra-
struktury. Cldnek popisuje geologické a geotechnické podminky, technologicky postup vystavby, bezpecnostni opatieni a koordinaci podchodu
pod komunikacemi a inZenyrskymi sitémi z pohledu zdstupcii technického dozoru stavby (TDS). Nejvétsi vyzvou bylo minimalizovat rizika pri
razbé s nizkym nadloZim (4,2—6 m) ve zvétralych slinovcich. Optimalizace postupu razby, ipravy sekunddrniho osténi a hloubené cdsti pri-
nesla casovou a financni isporu. Geotechnicky monitoring potvrdil bezpecnost a stabilitu konstrukce v pritbéhu vystavby. Realizace projektu
doklddd vhodnost kombinace raZené a hloubené technologie pri zachovdni provozni bezpecnosti a minimdlnich dopadii na okoli. V ramci
projektu se investor rozhodl nasadit metodu BIM (informacni modelovdni/management staveb) jiz od fdaze projektové pripravy, véetné samotné
realizace vystavby kolektoru a trafostanice.

ABSTRACT

The design itself addresses the effective and optimal placement of cable and pipeline infrastructure in relation to a plethora of projects
planned by the Prague airport compound administrator. The construction of the Hangdr G cable utility tunnel (hereinafter HG) and connected
TS20 substation represents strategic underground infrastructure for the development of the Prague airport. The utility tunnel with a total
length slightly surpassing 600m combines an excavated section built using the New Austrian tunnelling method (NATM) and a cut-and-cover
part in an open construction pit with the goal of effectively and safely routing necessary cables and pipes during full airport operation. A part
of the construction is also the aforementioned TS20 substation, which provides power to the technological infrastructure. The article describes
geological and geotechnical conditions, technological construction process, safety measures, and the coordination of the crossing beneath
roads and engineering networks from the viewpoint of representatives of the technical construction site supervision (TDS). The biggest challenge
was the reduction of risk during excavation with a small overburden height (4.2—6m) in weathered marlite. Excavation process optimisation,
secondary lining adjustments, and cut-and-cover sections brought time and financial savings. Geotechnical monitoring confirmed the safety
and stability of the structure throughout construction. The realisation of the project supports the suitability of a combination of excavated
and cut-and-cover technologies while maintaining operational safety and minimising the impact on the surrounding area. For this project,
the contract owner decided to deploy the BIM method (information modelling/construction management) already from the phase of design
preparation, including the implementation of the utility tunnel and substation itself.

1. UVOD 1. INTRODUCTION

Na konci listopadu roku 2024 byla podepsana smlouva mezi ob-
jednatelem a hlavnim dodavatelem stavby kolektoru Hangar G a tra-
fostanice TS20, jejimZ cilem je zlepSeni budouci infrastruktury na
nejvétsim letisti v CR. Neprodleng, v prosinci téhoz roku, byly za-
héajeny archeologické a piipravné prace pro vystavbu tak, aby mohla
byt tato ¢ast kolektoru uvedena do provozu na konci léta roku 2026.

Objednatelem projektu je stitem vlastnénd organizace Letis-
té Praha, a.s., hlavnim zhotovitelem stavby je Metrostav CZ s.r.o.,
generdlnim dodavatelem projektové dokumentace je projekéni
spolecnost INGUTIS, spol. s r.o. Pfi vystavbé razené Casti v ram-
ci Cinnosti provadéné hornickym zptsobem (CPHZ) provadi
¢innost banského projektanta spolecnost SAGASTA s.r.o. Tech-
nicky dozor stavby zajistuje sdruzeni firem SGS Czech Repub-
lic, s.r.o. (lidr sdruZeni), SG Geotechnika, a.s., Pragoprojekt, a.s.
a INFRAM, a.s. Je rovnéZ vhodné doplnit, Ze hlavni realiza¢ni Cin-
nosti pfi vystavbé kolektoru HG a trafostanice TS20 provadi ndsledu-
jici poddodavatelé: veskeré armovaci a betondr'ské prace v hloubené

By the end of November 2024, a contract was signed between the
contract owner and leading contractor for the Hangér G utility tunnel
and TS20 substation, with the aim of improving future infrastructure
at the largest airport in the Czech Republic. Immediately, in
December of the same year, archaeological and preparatory work
began for the construction so that this section of the utility tunnel
could be put into operation by the end of summer 2026.

The contract owner of the project is the state-owned organisation
Letisté Praha, a.s., with the leading contractor being Metrostav
CZ s.r.o., and the general contractor for design documentation
is the design company INGUTIS, spol. s r.o. Throughout
the construction of the excavated section as part of activities
conducted in a mining-like way (CPHZ), the mine designer role
is filled by the company SAGASTA s.r.o. Technical supervision
of the construction is secured by an association of the following
companies: SFS Czech Republic, s.r.o. (association leader),
SG Geotechnika, a.s., Pragoprojekt, a.s., and INFRAM, a.s. It
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casti realizuje HOCHTIEF CZ, a.s., veskeré zemni prace zajistuje
BIGGEST s.r.0. a razby kolektoru, véetné vybudovani sekundarniho
osténi kolektoru, provadi stavebni firma POHL cz, a.s.

1.1 Strucné feseni projektu, jeho ticel a diivody

Uvodem je vhodné zminit, Ze vlastnik praZského letité v soucas-
nosti pripravuje velké mnozstvi projektd v ramci jeho dopravniho
rozvoje. Nové budovany kolektor v aredlu mezinarodniho letisté
v Praze by mél v budoucnu slouZit jako strategicka podzemni trasa
pro vedeni technické infrastruktury mezi termindly T1 a T2 a ve-
douci po uplném dokonceni az k termindlu T3. Jakmile bude cely
kolektor s napojenou samostatnou velkokapacitni trafostanici TS20
dokoncen, bude mozné v budoucnu minimalizovat zasahy do povr-
chti letiSté, zajistit podminky pro tdrzbu a rozvoj technologii a v ne-
posledni fad€ zvysit provozni spolehlivost a bezpecnost napéjeni
hangérovych objektl. Projekt kolektoru je investorem rozvrZen do
nékolika etap. V soucasnosti se dokoncuje prvni tsek o délce pribliz-
né 600 m, pricemz nékdy na konci soucasné dekady se predpoklada
jeho pokracovani smérem k termindlu T3, tj. ddle na jihovychod od
Sachty S11.

Tento prispévek pojedndva o vystavbé nové trasy kolektoru ,,Stav-
by 1 — Hangér G — kolektor™, kterd navazuje na jiz provozovanou tra-
su,,Kolektor HT'S-Terminél — 2. etapa“ v napojeni na stavajici Sachtu
S6. Na opac¢né strané dojde prostfednictvim budované Sachty S11
(v blizkosti zpevnéné plochy budouciho Hangaru G) k propojeni se
,.Stavbou 2 — Kolektor Sever-Jih*, vedouci smérem k zminiovanému
termindlu T3. Stavbou kolektoru tak bude propojen hlavni patetni
tah inzenyrskych siti mezi severni a jizni Casti aredlu letisté Praha
Ruzyné (od T1 a T2 k T3). Vystavba probih4 za plného provozu leti-
Sté. Obr. 1 ukazuje celkovy pohled z dronu na hloubenou ¢ast i TS20.

Obr. 1 Celkovy pohled z dronu na vystavbu hloubené cdsti kolektoru
Fig. I Drone overview of the cut-and-cover utility tunnel section construction
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is also necessary to mention that the main implementation work
throughout the construction of the HG utility tunnel and TS20
substation is being carried out by the following subcontractors: all
rebar assembly and concrete work in the cut-and-cover section is
being realised by HOCHTIEF CZ, a.s., all earthwork is secured
by BIGGEST s.r.0., and utility tunnel excavation, including the
construction of the utility tunnel secondary lining, is being carried
out by the POHL cz, a.s. construction company.

1.1 Brief project solution, its purpose, and reasoning

To begin, it is appropriate to mention that today, the owner of the
Prague airport is preparing a large number of projects as part of its
transportation development. The newly constructed utility tunnel at
the international airport compound in Prague should, in the future,
serve as a strategic underground route for the routing of technical
infrastructure between terminals T1 and T2, and after a complete
finish up to the T3 terminal. As soon as the entire utility tunnel
connected to the high-capacity TS20 substation itself is finished, it
will be possible to minimise infringements to the airport surfaces in
the future, to secure conditions for maintenance and development of
technologies, and finally to increase operational reliability and safety
of the power supply for hangar structures. The utility tunnel project
is divided by the contract owner into multiple phases. Currently, the
first section is being completed with a length of approximately 600m,
whilst somewhere towards the end of this decade, its continuation
towards the T3 terminal is expected, i.e., further southeast from the
S11 shaft.

This contribution talks about the construction of the new utility
tunnel route “Stavba 1 — Hangar G — kolektor”, which follows up on
the already in operation route ,,Kolektor HTS-Terminal — 2. etapa“
by the connection to the current S6 shaft. On the other side, thanks

zdroj: dron objednatele source: drone of the contract owner
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K Letisti

ulice
K Leti

NAVRH DESIGN

trasa kolektoru (stavba 1 — hloubend ¢ast) utility tunnel route (structure 1 — cut-and-cover section)
trasa kolektoru (stavba 1 - razena ¢ast) utility tunnel route (structure 1 — excavated section)

trasa kolektoru (stavba 2 — hloubend €ast) utility tunnel route (structure 2 — cut-and-cover section)
trasa kolektoru (stavba 2 - razena ¢ast) utility tunnel route (structure 2 — excavated section)
protipozérni pficka fire partition

Unikovy poklop 900 x 900 900x900 escape hatch

montazni poklop 1400 x 1000 1400x1400 assembly hatch

vzduchotechnicky objekt podzemni — miiz underground ventilation structure — grate

nasavani vzduchu do kolektoru air suction into the utility tunnel

vydech vzduchu z kolektoru (ventilator) air exhaust from the utility tunnel (ventilator)

podzemni objekt — rozvadé¢ EZS underground structure — EZS distribution board

podlahové odvodriovaci Zlabky floor drainage grooves

N
X
\\\f::;xurﬂ

pficné odvodrovaci prvky, pfevod vody pod protipozamimi prickami

transverse drainage elements, water transfer underneath fire partitions
svisly pfevod odvodnéni mezi irovnémi Sachet vertical drainage transfer between shaft levels
Cerpaci jimka pumping sump

kanaliza¢ni vytlacny fad sewerage pressure main
kanaliza¢ni pfipojka kolektoru sewerage utility tunnel connection

STAVAJICI STAV, JINE PROJEKTY CURRENT STATUS, OTHER PROJECTS
stavajici kolektory current utility tunnels

hangar G G hangar

estakada flyover

paralelni draha parallel runway

Obr. 2 Situace stavby kolektoru
Fig. 2 Layout plan of the utility tunnel construction

Soucasnd etapa vystavby kolektoru HG a TS20 je tedy situovana
na severovychodnim okraji zastavby celého komplexu letisté v jeho
ochranném pasmu a napojuje se na jiz stavajici kolektor u HTS
(hlavni trafostanice) v Sachté S6. Cast stavby je umisténa ve verejné
pristupném prostoru letisté u ulice K Letisti. Zde v misté napojeni
na stavajici kolektor je budovéina technicka komora (TK7), kterd je
napojena na razenou ¢ast kolektoru HG. Po necelych 300 m ptechézi
trasa v nové hloubené Sachté §9 do hloubené &asti kolektoru, jenz
koné&i v nové vybudované Sachté S11, odkud bude cely kolektor pies
propojovaci chodbu spojen s novou trafostanici TS20. Cely koncept
projektu a propojeni se stavajici infrastrukturou ukazuje situace na
obr. 2. Hloubena ¢ast kolektoru byla zahdjena v nevefejném prosto-
ru letisté (zona SRA — Security Restricted Area), av§ak v pribéhu
stavby byla z diivodu bezpecnostnich pravidel letist€¢ ze zony SRA
docasn¢ vynata.

2. PROJEKCNI RESENI A GEOLOGICKE PODMINKY
STAVBY

2.1 PFiprava projektu a zmény vedouci k optimalizaci
Feseni
Kolektor HG je budovdn dvéma rozdilnymi metodami. Prvni
¢ast je realizovana jako razend pomoci NRTM, a to z divodu kii-
Zeni nékolika inZenyrskych siti, jejichZ preloZeni by bylo technic-
ky i provozné komplikované (plyn, vodovod, kanalizace apod.), a

vov

rovnéz z diivodu kiiZeni frekventované letistni vefejné komunikace,
ktera obsluhuje komplex terminalti T1 a T2. Druha ¢ast kolektoru je
provadéna jako hloubend v oteviené svahované stavebni jamé, kde
byla konstrukce kolektoru zaloZena na zakladové desce a posléze

zasypana. Razeny kolektor mé vnitini rozméry sekundarniho osténi

zdroj: [1] source: [1]

to the under-construction S11 shaft (near a paved surface of the
future G hangar), a link will be made to the ,,Stavba 2 — Kolektor
Sever—Jih“, leading towards the already mentioned T3 terminal. By
way of constructing the utility tunnel, the main backbone route of
engineering networks will be connected between the northern and
southern parts of the Prague Ruzyné airport compound (from T1
and T2 towards T3). The construction is underway alongside full
operational of the airport. Fig. 1 portrays a drone view of the entire
cut-and-cover section and even the TS20.

The current phase of HG and TS20 utility tunnel construction is
therefore situated by the northeastern edge of the built-up area of
the entire airport compound in its protection area and connects to
the current utility tunnel by the HTS (main substation) in the S6
shaft. A section of the structure is placed in a publicly accessible
airport area at the K Letisti street. Here, where the connection with
the present utility tunnel is made, a technical chamber (TK?7) is
being built, which is connected to the excavated section of the HG
utility tunnel. After just under 300m, the route transitions to the cut-
and-cover section in the newly excavated S9 shaft, subsequently
terminating in the newly built S11 shaft, from which the entire
utility tunnel will be connected to the new TS20 substation through
a connecting corridor. The entire project concept and connection
to current infrastructure is showed on a layout plan in Fig. 2. The
cut-and-cover section of the utility tunnel started in a non-public
area of the airport (SRA zone — Security Restricted Area), although
throughout construction it was temporarily removed from the SRA
zone due to safety rules of the airport.
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4,25 x 4,10 m. Vnitini rozméry hloubeného kolektoru mezi Sachtami
S9-S11 jsou 4,25 x 3,6 m.

Pri zahdjeni vykopovych praci (v 02/2025), a po vyhodnoceni
vsech dostupnych informaci o geotechnickych podminkach v trase
kolektoru, predstavil hlavni dodavatel stavby optimalizaci projektu
pro realizaci razeb v primarnim i sekundarnim osténi, obdobné pak
i optimalizaci postupu vystavby kolektoru z povrchu. V obou pii-
padech se jednalo o zjednodusSeni postupu vystavby oproti zadavaci
dokumentaci. Vyznamnym piinosem uvedenych zmén byly Casové
a finan¢ni tspory. V prvnim piipadé se jednalo jednak o optimalizaci
postupu razby a realizaci primarniho osténi, dale navrh dodavatele

vev oz

obsahoval optimalizaci tvaru pficného fezu kolektoru a s nim sou-
visejicich dimenzi sekundédrniho osténi. Nejvyznamnéjsi zménou
razené Casti kolektoru byla optimalizace pticného fezu, kterd umoz-
nila vypustit vertikalni ¢lenéni kaloty a docasnou protiklenbu kaloty.
Dile byly upraveny vyztuzné rdmy priméarniho osténi ze Ctyfpruto-
vych na tfiprutové, véetné zmenseni tloustky pruti ramu. Optimali-
zovany navrh razeb obsahoval i zménu kotveni a paZeni Celby, které
bylo déle odlehceno v souladu s principy observacni metody i pfi
samotné razb€. V neposledni fade€ byl pro realizaci oproti pivodnimu
navrhu odstranén planovany prizkumny horizontalni vrt délky 20 m
(vSe detailné popséano v prispévku baiiského projektanta v tomto Cis-
le Tunelu).

Cilem optimalizace tvaru pricného fezu kolektoru a tloustky jeho
osténi bylo zmenseni teoretické plochy vyrubu a dosaZeni pfiznivej-
Siho tvaru primarniho osténi, ktery 1épe vzdoruje zemnimu tlaku,
zvySuje stabilitu dila pfi razb€ a sniZuje tak riziko vzniku mimorad-
né udalosti.

Optimalizovany tvar umoZiuje pfiznivéjsi namahéani konstrukce
a snizuje riziko vzniku trhlin v sekundarnim osténi, které kromé nos-
né funkce zajistuje i hydroizolace kolektoru. Trhliny, které je mozné
sanovat pouze na lici osténi, mohou mit vzhledem k riziku koroze
vyztuZe negativni vliv nejen na vodotésnost, ale predev§im na Zi-
votnost nosné konstrukce, kterd je pozadovana 100 let. Minimalni
hodnoty tloustky primarniho a sekundéarniho osténi se oproti zadava-
ci dokumentaci nezménily. Pro nézornost je na obr. 3 ukdzén rozdil
mezi optimalizovanym pfi¢nym fezem raZeného kolektoru a navr-
hem v zadavaci dokumentaci.

2.2 ZastiZzené geologické a hydrogeologické poméry

2.2.1 Predpoklad inZenyrskogeologickych pomérii stavby
Na geologické stavbé zdjmového tizemi se podileji predevsim se-
dimenty kiidy, spocivajici na horninach star§iho paleozoika (povrch
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2. DESIGN SOLUTION AND GEOLOGICAL CONDITIONS
OF THE CONSTRUCTION SITE

2.1 Design preparation and changes leading
to an optimised solution

The HG utility tunnel is being built by two different methods.
The first section is being excavated using NATM for the reason
of crossing multiple engineering networks, the rerouting of which
would be technically and even operationally complicated (gas, water
main, sewerage, etc.), and likewise due to the crossing of a busy
airport public road that serves the T1 and T2 terminal compounds.
The second utility tunnel part is cut-and-cover in an open sloped
construction pit, where the utility tunnel structure was concreted on
a foundation slab and subsequently backfilled. The excavated utility
tunnel has inner secondary lining dimensions of 4.25x4.10m. The
inner dimensions of the cut-and-cover utility tunnel between shafts
S9-S11 are 4.25x3.6m.

While commencing earthwork (in 02/2025) and after evaluating
all available information regarding geotechnical conditions in the
utility tunnel route, the main construction contractor presented
design optimisation for excavation and construction of primary
and even secondary lining, likewise the optimisation of the utility
tunnel construction process from the surface. Both cases represented
a simplification of construction processes in comparison to tender
documentation. An important benefit of the mentioned changes was
time and financial savings. First and foremost, it consisted of not
only optimising the course of excavation and the construction of
primary lining, but also the proposal of the contractor included the
optimisation of the cross-section shape of the utility tunnel, and with
that, the dimension of secondary lining. The most significant change
of the excavated section of the utility tunnel was the optimisation
of the cross section, which made it possible to leave out vertical
excavation sequencing of the top heading and a temporary top
heading invert. Then, reinforcement lattice girders for the primary
lining were altered, from four-bar to three-bar, including thinner
lattice girder bars. The optimised excavation design also included a
change in spiling and support of the face, which was then reduced in
correlation to the principles of the observational method, even during
the excavation itself. Finally, a planned exploratory horizontal bore
with a length of 20m was removed in comparison to the original
design (all is described in detail in a contribution from the mine
designer in this edition of the Tunel journal).
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Obr. 3 PFi¢ny Fez raZenym kolektorem, vlevo piivodni ndvrh, vpravo optimalizované FeSeni
Fig. 3 Cross section of the excavated utility tunnel, on the left the original design, on the right the optimised solution
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bridlic ordoviku v hloubce 30 az 43 m pod terénem). V nadlozi kii-
dovych hornin jsou kvartérni sedimenty, prevazné sprase a spraso-
vé hliny. Kiidové horniny jsou zastoupeny vrstvami cenomanskych
a turonskych sedimentti. V rdmci cenomanské sedimentace se jedna
nejprve o perucké vrstvy (predevsim jilovce) a nadloZni korycanské
vrstvy marinniho pivodu (piskovce). Nasledné pocatkem spodniho
turonu doslo k sedimentaci spongilitickych slinovct (opuk) bélohor-
ského souvrstvi. Turonské slinovce tvori povrch skalniho podlozi
v celém zajmovém tzemi. Jejich baze se nachazi v hloubce mezi
19 az 28 m pod terénem a jejich povrch mezi 1,0 az 8,0 m pod teré-
nem (prevazné okolo 5 m). Hladina podzemni vody je mirné napjata
a nachdzi se v hloubce cca 22 az 28 m pod terénem. Severni oblast
tizemi (cca ¢4st mezi $achtami S9 a TK7) je odvodiiovana ve sméru
SSV do tidoli Unétického potoka.

2.2.2 Zastiené geotechnické podminky pri raZbé kolektoru

Razba probihala prevazné v prostiedi kiidovych piscitych slinov-
cll — opuk, pfi povrchu siln€ zvétralych. Hornina byla hnédobézové
az svétle zluté barvy, mirné az silné zvétrala (stupen zvétrani W3-
W4), misty navétrala (stupen zvétrani W2). Horninovy masiv byl sil-
né rozpukany s deskovitou, misty az blokovitou odlucnosti. Zietelné
byly tfi na sebe kolmé systémy diskontinuit s primérnou rozteci
200-600 mm. Plochy vrstevnatosti V1 mély subhorizontalni pribéh

Obr. 4 Nezajisténd celba kaloty z rizné zvétralych slinovcii pfi razbé od Sachty
S8 k TK7

Fig. 4 Unsecured top heading face with variously weathered marls during ex-
cavation from 88 shaft towards TK7

Obr. 5 Nezajisténd celba vyrubu kaloty ze spraSovych hlin a rozloZenych sli-
novcii pobli TK7

Fig. 5 Unsecured top heading excavation face with marlstone loess soils and
decayed marls near TK7
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The aim of the optimisation of the utility tunnel cross-section
and thickness of its lining was to decrease the size of the theoretical
excavation area and reach a more advantageous shape of primary
lining, which better resists earth pressure, increases stability of
the work during excavation, and therefore decreases the risk of
a developing emergency event.

The optimised shape enables more favourable structure loading
and decreases the risk of cracks forming in the secondary lining,
which also secures water tightness of the utility tunnel on top of
its load-bearing function. Cracks that can only be rehabilitated on
the front face of the lining can have a negative impact due to the
risk of rebar corrosion, not only on water tightness, but primarily
on the service life of the load-bearing structure, which is 100 years.
Minimal values for primary and secondary lining thicknesses did
not change in comparison to tender documentation. For illustrative
purposes, the difference between the optimised cross-section of the
excavated utility tunnel and the proposal in the tender documentation
is pictured in Fig. 3.

2.2 Encountered geological and hydrogeological
conditions

2.2.1 Expected engineering-geology conditions of the
construction site

The rock of the Upper Proterozoic and Early Palaeozoic (surface
of Ordovician shales at a depth of 30 to 43m below surface) makes
up the geological structure of the location of interest, along with
Cretaceous sediments, and then Quaternary deposits. Cretaceous
rock is represented by layers of Cenomanian and Turonian sediments.
Within Cenomanian sedimentation, first there are Perucké layers
(primarily claystones) and the superstratum Korycany layers of
a marine origin (sandstones). Then, at the beginning of the Lower
Turonian, the sedimentation of spongolite marl (opoka) of the Bila
Hora formation occurred. Turonian marlstone forms the bedrock
surface in the entire area of interest. Their base is found at a depth
between 19 and 28m below terrain, and their surface between 1.0
and 8.0m below terrain (mostly around 5Sm). The groundwater level
is slightly confined and is located at a depth of approximately 22 to
28m below terrain. The northern part of the area (ca. section between
shafts S9 and TK?7) is drained in the NNE direction into the Unétice
brook valley.

2.2.2 Geotechnical conditions encountered during utility tunnel
excavation

The excavation took place primarily in an environment of
Cretaceous sandy marlstone — opoka, which was highly weathered
at the surface. The rock was brown, beige to light yellow in colour,
moderately to highly weathered (weathering grade W3-W4),
locally slightly weathered (weathering grade W2). The rock massif
was highly broken with platy and locally even blocky jointing.
Three perpendicular systems of discontinuities were distinct,
with an average distance of 200-600mm. V1 bedding planes had
a subhorizontal course with an angle of 0-25°. P1 fissures were
inclined towards NE-SW at an angle of 60—75° and P2 fissures were
inclined towards E at an angle of 60-70°. The fissures were filled
by brown sandy clay, which originated in the overburden layers
of loess loam. The rock had a very low to low strength of R5-R4.
The excavation was fairly stable, although in places where the route
bends, significant rockfall occurred in the vault. However, this did
not repeat itself in the straight excavation section, where the rate of
healthy to weathered rock once again increased (Fig. 4).

Starting at chainage km 141.7 (TM 15.6) between shafts S8 and
TK7, completely weathered marlstone was encountered at the ceiling
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s velikosti sklonu 0-25°. Pukliny P1 byly uklonény k SV-JZ pod
dhlem 60-75° a pukliny P2 byly uklonény k V pod thlem 60-
70°. Vypln puklin byla tvofena hnédym piscitym jilem, jehoZ pivod
pochézi z nadloznich vrstev sprasovych hlin. Hornina byla velmi
nizké az nizké pevnosti R5—R4. Vyrub byl vcelku stabilni, avsak
v zalomeni trasy dochézelo v kaloté k vyraznym opadim v klenbé.
Ty se naopak neopakovaly v rovném dseku razby, kde se pomér zdra-
vé vici zvétralé horningé opét zvysil (obr. 4).

Od stani¢eni km 141,7 (TM 15,6) mezi $achtami S8 a TK7 byl
v pristropi kaloty zastiZen zcela zvétraly slinovec (stupeni zvétrani
WS5) charakteru jilu, s hojnymi tlomky matecni horniny velikosti
3 az 15 cm. V pribéhu razby a priblizovani se k Sachté TK7 byl do-
kumentovéan zvysujici se podil zcela zvétralé horniny aZ charakteru
zeminy ve vrchni ¢asti kaloty. Konkrétné se nakonec jednalo o sprase
a sprasové hliny charakteru jilu se stfedni plasticitou (F6 CI), hnédé
az okrové barvy. Podil takto charakterizovaného materidlu na konci
razby C¢inil v maximu aZ zhruba 2/3 vyrubu (obr. 5). Vyrub byl zavlh-
1y, soustfedéné pritoky podzemni vody nebyly zjistény. Profil vyrubu
kaloty byl v pripadé potieby z divodu stability a bezpecnosti téZen
postupné na tii az Ctyfi dil¢i vyruby. Vyrub byl docasné stabilni [6].

2.3 Realizovany geotechnicky monitoring

Geotechnicky monitoring (ddle jen GTM) byl navrZen a realizo-
véan v souladu s principy observac¢ni metody NRTM s cilem pribéz-
né ovérovat predpoklady projektové dokumentace, sledovat chovani
horninového masivu a vc€as identifikovat pfipadné nepfiznivé jevy
spojené s nizkym nadloZim raZené ¢asti kolektoru. Zvlastni diraz
byl kladen na minimalizaci vlivli razby na povrchova zafizeni letisté
a na kiiZené inZenyrské sité.

Kontrolni sledovéni pii razbé zahrnovalo zejména:

¢ sledovani konvergenci priméarniho osténi;

* inZenyrskogeologickou dokumentaci Celby a vizudlni kontrolu

osténi;

* méfeni deformaci povrchu terénu;

¢ sledovani seddni ovlivnénych konstrukci (véetné Sachet) a ko-

munikaci;

e méfeni sil na kotvach v hloubenych Sachtich dynamometry.

Na obr. 6 je uvedena ilustracni situace GTM mapového rozhrani
(GIS) z Informacniho systému monitoringu (ISM), ktery byl na tom-
to projektu vyuzit poskytovatelem GTM. Jednotlivd méreni probi-
hala v pravidelnych intervalech, které byly zpresiiovany v zavislosti
na aktudlnim vyztuZeni vyrubu a vzdalenosti celby od sledovaného
profilu. Namétené hodnoty byly pribézné vyhodnocovany a porov-
navany s pfedem stanovenymi meznimi hodnotami. V Zadném pri-
padé nebyly zaznamenany hodnoty, které by vyzadovaly aktivaci
havarijnich scénéit. Jelikoz zastizené prostiedi rizné zvétralych sli-
novcu az sprasi bez zastizenych piitokt vody bylo ve vétsin€ pripada
docasné stabilni, pfi interakci mezi v§emi zicastnénymi partnery do-
chézelo pfi razbé k odlehCovani vyztuze primarniho osténi, piipadné
k mirnému prodlouZeni zabéru na celbé.

Velka pozornost byla vénovana rizikovym mistim, kterd Citala
podchod razbou pod vefejnou komunikaci, a pfedevsim dvojnasobny
podchod kaloty pod vysokotlakym a stfedotlakym plynovym potru-
bim, které bylo lokalizovano v misté, kde nadlozi ¢inilo necelych
5 m. V téchto mistech nebylo samoziejmé aplikovano odlehcené vy-
ztuZeni navrZzené béhem razeb baiskym projektantem.

Vysledky monitoringu potvrdily spravnost zvoleného technolo-
gického postupu i optimalizovaného navrhu primarniho a sekundar-
niho osténi. Chovani horninového masivu i podzemni konstrukce
odpovidalo pfedpokladiim a deformace zlstaly v mezich pfipust-
nych hodnot, coz umoZnilo plynulé pokracovani razeb bez nut-
nosti dodatecnych sanacnich opatfeni. Vysledky geotechnického
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of the top heading (weathering grade W5) with characteristics of
clay and plentiful rock shards of sizes from 3 to 15cm. Throughout
excavation and the approach towards shaft TK7, an increasing share
of completely weathered rock almost with characteristics of soil was
documented in the upper part of the top heading. In the end, those
were loess and loess loams with characteristics of clay and medium
plasticity (F6 CI), brown to ochre in colour. The ratio of such
characterised material formed at most roughly 2/3 of the excavation
by the end of excavations (Fig. 5). The excavation was moist, and
concentrated groundwater inflows were not discovered. If necessary,
due to stability, the top heading excavation profile was excavated
gradually with three to four partial excavations. The excavation was
temporarily stable [6].

2.3 Conducted geotechnical monitoring

Geotechnical monitoring (hereinafter GTM) was designed and
carried out in harmony with the principles of the NATM observation
method, the aim being to continually verify assumptions made by
design documentation, to monitor the behaviour of the rock massif,
and to quickly identify potential unfavourable occurrences linked to
the shallow overburden of the excavated section of the utility tunnel.
Special emphasis was put on minimising the impact of excavation on
surface airport facilities and crossing engineering networks.

Verification monitoring during excavation mainly included:

* primary lining convergence monitoring;

 engineering geology face documentation and visual lining

checks;

e surface deformations measuring;

* settlement of impacted structures (including shafts) and roads

observation;

e forces on anchors in cut-and-cover shafts measured using

a dynamometer.

Fig. 6 depicts an illustrative GTM map interface (GIS) layout plan
from the Monitoring Information System (ISM), which was utilised
for this project by the supplier of the GTM. Individual measurements
took place in regular intervals that were refined in relation to current
excavation reinforcement and the distance of the face from the
observed profile. Measured values were continually evaluated and
compared to previously determined limit values (trigger levels).
Values that would require the activation of emergency scenarios
were never recorded. Since the encountered environment of
differently weathered siltstones to loess without water inflows was,
in most cases, temporarily stable, it allowed for the primary lining
reinforcement to lighten up or to slightly increase the advance length
at the face during interactions between all participating partners.

Great emphasis was placed on risky areas that included an
excavation located underneath a public road and primarily a double
crossing of the top heading underneath a high-pressure and medium-
pressure gas pipeline, which was in a place where the overburden
reached barely Sm. Of course, the lighter reinforcement designed by
the mine designer throughout construction was not utilised in these
areas.

Monitoring results confirmed the rightness of the chosen techno-
logical approach and even the optimised design for primary and
secondary lining. The behaviour of the rock massif and underground
structure corresponded to assumptions, and deformations remained
within bounds of reasonable values, which facilitated smooth
continuation of the excavation without the need for additional
rehabilitation measures. Geotechnical monitoring results were also
key for decision-making in terms of the extent of primary lining
optimisation during excavation, and finally, they were used as a basis
for finalising the design of the utility tunnel secondary lining.
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Obr. 6 Uspordddni prvki GTM v ISM SIISEL (GIS)
Fig. 6 GTM components layout in ISM SIISEL (GIS)

monitoringu byly zaroven klicovym podkladem pro rozhodovani
o rozsahu optimalizaci primarniho osténi béhem razby a v nepo-
sledni fadé slouzily jako podklad pro finalizaci navrhu sekundarniho
osténi kolektoru.

2.4 Identifikace rizik

Identifikovana rizika byla v pribéhu piipravy i realizace stav-
by prubézné vyhodnocovéina a fizena prostiednictvim kombinace
technickych, organizacnich a bezpecnostnich opatieni. Klicovym
prvkem bylo uplatnéni principl observa¢ni metody pii razbg, které
umoznilo operativné reagovat na skuteCné zastizené geotechnické
podminky, zejména v tsecich s nizkym nadlozim a vyskytem zcela
zvétralych (rozloZenych) slinovcl a sprasi. Zvysend pozornost byla
vénovana raZenym usektim pod frekventovanou letistni komunikaci
a v blizkosti strategickych inZenyrskych siti, kde byla pfijata opatieni
sméfujici k omezeni deformaci horninového masivu a minimaliza-
ci vlivll na povrch. Rizika spojend s logistikou a pohybem techniky
v aredlu letist€ byla eliminovédna dislednou koordinaci se zastupci
investora a provozovatele letiSté, jasnym vymezenim pohybovych
tras a rezimovymi opatfenimi v zénich SRA a NON SRA. U hlou-
bené ¢asti kolektoru byla stabilita docasné svahované stavebni jamy
zajiSténa souborem opatfeni, jako napf. vhodnou geometrii svahd,
prubéznou kontrolou jejich stavu a prizplisobovanim postupu vy-
stavby aktudlnim geotechnickym podminkam.

Komplexni pfistup k identifikaci a fizeni rizik byl jednim z rozho-
dujicich faktord, které umoznily realizaci razené ¢asti kolektoru bez
mimoiadnych udalosti a pfi zachovani plného provozu letiSte.

3. REALIZACE RAZENEHO KOLEKTORU

3.1 Postup razené casti v€etné pripravy
Razena cast dosahuje délky 299 m, zbyla cast kolektoru (mezi
S9 a S11) je budovana v oteviené hloubené stavebni jamé. RaZe-

nou ¢ast, zahdjenou v ¢ervnu 2025, ohranicuji budované Sachty TK7

zdroj: https://siisel.cz/Project/Edit/55#gis-map source: https://siisel.cz/Project/Edit/55#gis-map

2.4 Risk identification

Identified risks were continually evaluated and managed
throughout preparation and construction by way of a combination
of technical, organisational, and safety measures. A key element was
the utilization of observation method principles during excavation,
enabling operative reactions to actually encountered geotechnical
conditions, primarily in sections with low overburden height and
occurrences of completely weathered (decayed) marlstones and
loess. Special attention was given to excavated sections below a busy
airport road and in the vicinity of strategic engineering networks.
Here, measures were put into place, leading to limited deformations
of the rock massif and minimising the influence on the surface. Risks
tied to logistics and machinery movement at the airport compound
were eliminated by thorough coordination with representatives of
the contract owner and airport administrator, clear laying out of
movement routes, and regime measures in SRA and NON SRA zones.
As for the cut-and-cover section, the stability of the temporarily
sloped construction pit was secured by an array of measures, such
as suitable slope geometry, continuous verification of its state, and
adapting the construction process to current geotechnical conditions.

A complex approach to risk identification and management was
one of the deciding factors that enabled the implementation of the
excavated utility tunnel section without unexpected incidents and
while maintaining full airport operation.

3. IMPLEMENTATION OF THE EXCAVATED UTILITY
TUNNEL

3.1 Excavated section procedures including preparation
The excavated section has a length of 299m; the remaining utility
tunnel section (between S9 and S11) is being built in an open
trenched construction pit. The excavated section, initiated in June of
2025, is separated by under-construction shafts TK7 (connected to
$6) and S9. The most widely used conventional excavation method
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(napojena na S6) a §9. Pro razbu byla navrZena v CR nejvice po-
uzivand konvencni razba (NRTM) s mechanickym rozpojovanim
a vystavbou primarniho a sekundarniho osténi. Na zékladé principt
observacni metody (resp. skutecné zastizenych geotechnickych vlast-
nosti hornin a zemin) byly upfesiiovany predpokladané rozsahy navr-
Zené tfidy NRTM. Razba byla ¢lenéna horizontalné na kalotu a opéfi
se spodni klenbou. Primarni osténi bylo navrZeno ze stiikaného be-
tonu, KARI siti a pfihradovych ramt v osovych vzdalenostech od-
povidajicich skutecné zastizenym geologickym podminkdm. Razeny
profil tunelu o plose zhruba 30 m? je podkovovitého tvaru se spodni
klenbou a ma rozméry 5,9 x 5,8 m. Sekundarni osténi kolektoru je
navrzeno z vodostavebniho betonu a bylo provadéno pomoci pojizd-
ného bednéni v blocich o délce 10 m. RaZena ¢ast kolektoru prochédzi
pod nadloZim necelych 6 m, pii napojeni do TK7 se nadlozi vlivem
sklonu kolektoru sniZuje a dosahuje zhruba 4 m, cozZ s sebou pfindselo
riznd rizika pfi vystavbé. Prordzka raZzené ¢asti v kaloté mezi Sachta-
mi S9 a S8 se uskute¢nila v prvni dek4dé mésice fijna 2025. Nasledné
dokonceni raZeb kaloty prordzkou do TK7 bylo realizovano o zhruba
meésic pozdéji, v listopadu 2025. Nasledné bylo zahajeno budovani
sekundarniho osténi dle aktualizovaného projektu.

Pro uspésné zahdjeni razeb musely byt nejprve vyhloubeny a za-
jistény projektované Sachty S8 a S9 s hloubkou piesahujici dno
kolektoru. Nakonec, z diivodu komplikovanych ptelozek vSech inZe-
nyrskych siti, byla realizovana technickd komora TK7, v misté napo-
jeni na dfive vybudovanou ¢4st kolektoru (3achta $6). Vsechny tyto
nové budované Sachty byly docasné zajiStény pomoci zdporovych
stén s ocelovymi pfeviazkami, dfevénym paZenim a lanovymi kot-
vami ve tfech trovnich. Jako prvni byla zajisténa Sachta v pristupné
Casti stavby (mimo SRA), aby zde mohla byt zac¢atkem Cervna 2025
zahdjena razba smérem k TK7. Posléze se dokoncila v doCasné kon-
strukci Sachta S9, aby i zde v ervenci roku 2025 mohly byt zah4-
jeny razby dalSi osadkou dodavatele. Podzemni prace byly na vSech
vyrubech provadény v casovém reZimu 24/7, aby celba postupovala
dle realizacni dokumentace plynule a bylo mozné vyuZit vyhody
NRTM. A7 v fijnovém terminu byla vzhledem ke zmifiovanym kom-
plikacim zajisténa TK7, ktera byla prave vcas pripravena pro spojeni

Wae Ll G e R
Obr. 7 Postup zajistovdni hloubené Sachty TK7
Fig. 7 Technique of securing the cut-and-cover TK7 shaft
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in the Czech Republic (NATM) was proposed for the excavation
with mechanised rock breaking and primary and secondary lining
construction. Based on observational method principles (i.e., actually
encountered geotechnical properties of rock and soil), the expected
range of the designed NATM class was specified. The excavation
was divided horizontally into a top heading and a bench with an
invert. Primary lining was designed as sprayed concrete with KARI
wire mesh and lattice girders with axial spacing corresponding to
the actually encountered geological conditions. The profile of the
excavated tunnel with an area of approximately 30m? is horseshoe-
shaped with a lower invert and has dimensions of 5.9x5.8m.
Secondary lining of the utility tunnel is designed from hydraulic-
construction concrete and was executed in 10m long blocks using
a formwork traveller. The excavated section of the utility tunnel
crosses beneath an overburden of less than 6m. By the connection
to the TK7, the overburden decreases due to the angle of the utility
tunnel and reaches approximately 4m, which created various risks
during construction. The breakthrough of the excavated top heading
between shafts S9 and S8 took place in the first decade of the month
of October 2025. Then, the completion of the top heading excavation
took place roughly a month later in November 2025 by way of
a breakthrough into the TK7 shaft. Subsequently, secondary lining
construction began according to the updated design.

Before successfully commencing excavations, designed shafts S8
and S9 with a depth exceeding the invert of the utility tunnel had
to be excavated and secured. Due to complicated relocations of all
engineering networks, in the end, the TK7 technical chamber was
implemented, where it connects to the previously built utility tunnel
section (S6 shaft). All these newly built shafts were temporarily
secured using soldier piles with steel waling, wooden bracing, and
cable anchors on three levels. The first one secured was a shaft in
the accessible part of the construction (excluded from the SRA),
so excavation towards the TK7 could start here by the beginning of
June 2025. Subsequently, the S9 shaft was finished in a temporary
structure, so even here, another crew of the contractor could begin
excavation in July of 2025. Underground work on all excavations
carried on continuously 24/7, so that the face would advance
smoothly according to the implementation
documentation, and so that NATM advantages
could be used. Due to the previously mentioned
complications, it was not until the October
deadline came that the TK7 was secured, and
it was prepared for the connection with the
excavated utility tunnel just in time. Fig. 7
depicts the process of TK7 shaft construction
and securing.

An important aspect of successful imple-
mentation was close cooperation between
the contractor, mine designer, and technical
supervisor of the contract owner. Owing to the
operative evaluation of actually encountered
conditions, it was possible to flexibly adjust
technological excavation procedures whilst
maintaining the safety of the structure and the
surrounding area.

3.2 Continuous activities of TDS
members
For this project, a team of experts —
technical supervisors were contracted by the
contract owner, each one having particular
necessary specialities. That included primarily
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s razenym kolektorem. Obr. 7 uvadi postup budovéni a zajistovani
Sachty TK7.

Vyznamnym faktorem uspésné realizace byla tizkd spoluprice
mezi zhotovitelem, baiskym projektantem a technickym dozorem
investora. Diky operativnimu vyhodnocovani skutecné zastiZenych
podminek bylo mozné flexibilné upravovat technologické postupy
razby pri zachovani bezpecnosti dila i okolniho prostiedi.

3.2 Prubézna cinnost €lenti TDS

Pro tento projekt byl investorem zasmluvnén tym odborniki —
technickych dozort v jednotlivych potfebnych specializacich. Jedna-
lo se predevsim o kontrolu kvality betonovych konstrukci, spravného
postupu pii budovani elektrickych instalaci (slaboproud a silno-
proud), ekonomickou kontrolu b&hem vystavby, statické posuzovani
navrzenych konstrukci, geotechnicka posouzeni vS§ech povrchovych
geotechnickych konstrukci nebo koordinace s BIM modely. Clenem
tymu technickych dozori byl rovnéz specialista na podzemni stav-
by, jenz dozoroval raZzenou ¢ast, ktera byla realizovana pod dozorem
batiské legislativy (CPHZ). Soucsti takto strukturovaného tymu
dozort byl i koordinator BOZP na stavenisti dle platnych predpist.
Vzhledem k tomu, Ze cely tento projekt byl navrZen a realizovin
v prostfedi informacniho modelovéni staveb, byl i specialista — BIM
manazer zahrnut do tymu TDS.

Pii razbé byl tymem TDS nastaven kontrolni postup tak, aby
byly pribézné zachyceny vSechny cykly zmifiované metody pfi
nepretrzitém provozu a samoziejmé aby byla kontrolovana kvalita
a bezpecnost provadénych praci i kvalita materiald, véetné aplikace
stifkanych betont. Objednatelem byla jesté pred zahdjenim stavby
pripravena cloudova platforma spolec¢ného datového prostiedi (CDE)
,-~Autodesk Construction Cloud* (ACC) urcena pro sdileni dokumen-
tl, fizeni ukold, odstraiovani vad a kontrolu verzi projektové doku-
mentace a modelt béhem vystavby. Pracovnici TDS dale vyuZivali
pti své praci elektronicky stavebni denik, kde byly ukladany veskeré
zaznamy z jejich kontrol a z ¢innosti dodavatele. Jednotlivi ¢lenové
supervize kontrolovali a odsouhlasovali postupné dil¢i kroky a etapy
vystavby, aby projekt pokracoval bez prostoji a v potiebné kvalité.
Zaroven byli tito ¢lenové dilleZitym ¢lankem pifi posuzovani zmén
nastalych z riznych potfeb vystavby.

Vedle bézné kontroly kvality materidlG a provadéni konstrukci
zajistoval tym TDS také pribézné sledovani geotechnickych a kon-
strukCnich parametrt, vyhodnocoval vysledky geotechnického mo-
nitoringu, vyjadfoval se k dpravdm postupu razby a koordinoval
¢innosti vSech tcastniki stavby, véetné poddodavatelid. TDS rovnéz
kontroloval dodrzovéani legislativnich a bezpecnostnich predpist
(rovnéZ v ramci CPHZ), véetné kontrolniho schvalovani odlehée-
ného primarniho i sekundarniho osténi kolektoru. Klicova byla role
pri operativni komunikaci mezi banskym projektantem, zastupcem
investora a zhotovitelem, coz umoznilo flexibilni reakce na skute¢né
zastizené geotechnické podminky, minimalizovalo rizika a zajistilo
plynuly postup vystavby razené Casti kolektoru.

3.3 Pristup BIM

Jednim z hlavnich cilt vyuziti metody BIM bylo vytvofeni projek-
tového informa¢niho modelu, jehoZ nedilnou soucésti jsou digitalni
modely stavby — BIM modely (obsahujici 3D geometrii a pfipoje-
né alfanumerické informace). Komunikace mezi vSemi ucastniky
projektu probihala fizenym zptsobem pomoci spole¢ného datové-
ho prostfedi ACC, které zajiStovalo presny tok informaci a rychly
pfistup k aktudlnim, tedy platnym podkladim. DalSim cilem bylo
dosazeni efektivni koordinace jednotlivych profesi, fizeni zmén
vznikajicich v pribéhu vystavby a vytvoreni kvalitniho podkladu
pro budouci spravu a provoz kolektoru. BIM modely byly vyuZiva-
ny zejména jako koordinacni néstroje pri feSeni kolizi s existujicimi
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quality control of concrete structures, correct procedures while
constructing electrical installations (low and high voltage current),
economic control throughout construction, structural analysis of
designed structures, geotechnical assessment of all above-surface
geotechnical structures, and coordination with BIM models. Also,
a member of the team of technical supervisors was a specialist in
underground construction, who supervised the excavated section that
was implemented under the supervision of mine legislation (CPHZ).
A part of this structured team of supervisors was also the safety
coordinator at the construction site, according to valid legislation.
Given that this entire project was designed and implemented inside
the building information modelling environment, even a specialist
BIM manager was included in the TDS team.

The control process throughout excavations was set by the TDS
such that all cycles of the aforementioned method would be constantly
recorded during around-the-clock operation, and naturally, such
that the quality and safety of executed work and material quality,
including the application of sprayed concrete, would be checked.
Even before construction began, the contract owner prepared a cloud
platform for a common data environment (CDE) called “Autodesk
Construction Cloud” (ACC), meant for document sharing, task
management, fault removal, and design documentation and model
version verification throughout construction. TDS employees then
utilised an electronic site diary for their work, where all checks
made by them and activities of the contractor were stored. Individual
supervision members checked and permitted partial steps and stages
of construction, such that the project would continue without idle
times and at the required quality. These members also played an
important part in assessing changes that arose due to various needs
of the construction.

Besides common checks of material and built structures quality,
the TDS team also secured continuous monitoring of geotechnical
and structural parameters, evaluated geotechnical monitoring
results, commented on changes in excavation procedures, and
coordinated activities of all participants of the construction,
including subcontractors. The TDS likewise kept an eye on
adherence to legislation and safety regulations (likewise as part
of CPHZ), including review approvals of the lightened primary
and secondary lining of the utility tunnel. A key role was during
operative communication between the mine designer, contract owner
representative, and contractor, which facilitated flexible reactions to
actually encountered geotechnical conditions, risk reduction, and
secured a smooth course of construction of the excavated section of
the utility tunnel.

3.3 BIM approach

One of the main goals of using the BIM method was creating
a design information model with its inseparable element being
digital construction models — BIM models (containing 3D geometry
and connected alphanumeric information). Communication between
all project participants got underway in a controlled manner using
the ACC common data environment, which secured a precise flow
of information and fast access to current, therefore valid materials.
Another goal was reaching effective coordination of individual
occupations, managing changes emerging throughout construction,
and creating a high-quality foundation for future management and
operation of the utility tunnel. BIM models were used mainly as
a coordination tool while solving collisions with existing engineering
networks and while optimising the design of utility tunnel structures
in relation to actually encountered geotechnical conditions. Over the
course of implementing the excavated section, authorised design
documentation changes were continuously projected into BIM
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inzenyrskymi sit€émi a pfi optimalizaci navrhu konstrukci kolek-
toru v ndvaznosti na skuteCné zastizené geotechnické podminky.
V prubéehu realizace razené Casti byly do BIM modelil pribézné pro-
mitany schvalené zmény projektové dokumentace, vyvolané aplika-
ci observa¢ni metody NRTM, zejména tpravy tvaru pricného fezu
kolektoru, dimenzi osténi a samotnych postupl razby. Diky tomu
bylo mozné udrZet jednotny a aktudlni prehled o technickém feSeni
stavby pro vSechny zicastnéné strany. Vyznamnym piinosem BIM
pristupu byla také podpora ¢innosti TDS (specialista na BIM), ktery
mél k dispozici aktudlni digitdlni model stavby, vCetné niavaznosti
na jednotlivé konstruk¢ni a technologické celky. BIM modely tak
slouzily jako doplikovy néstroj pii kontrole souladu realizace s pro-
jektovou dokumentaci, pfi posuzovini zménovych fizeni a pii koor-
dinaci navaznosti jednotlivych stavebnich etap, zejména v prostredi
aktivniho letisté s omezenymi moznostmi zasaht do provozu. V ne-
posledni fadé byly BIM modely pfipravovany s ohledem na budouci
fazi provozu a spravy kolektoru. Nyni dokonCované digitalni modely
budou obsahovat strukturovana data o konstruk¢nich prvcich, tech-
nologickych zafizenich a trasdch inZenyrskych siti. Tato data budou
po dokonceni stavby slouzit provozovateli letist¢ jako podklad pro
planovani udrzby, revizi a dal§iho rozvoje technické infrastruktury.
Uplatnéni BIM pfistupu tak pfedstavuje dilezity krok k dlouhodobé
udrzitelnosti a provozni efektivité podzemnich staveb v aredlu letiste.

4. ZAVER

Projekt kolektoru Hangéru G a trafostanice TS20 predstavuje
priklad uspésné realizace podzemni stavby v extrémné naro¢nych
podminkéch provozovaného letisté. Kombinace hloubené a razené
technologie, pouZiti metody NRTM a disledna koordinace vsech
ucastnikii umoznily dosazeni vysoké technické urovné stavby pii
zachovani plynulosti letiStniho provozu.

Realizace kolektoru HG potvrdila, Ze i pii velmi nizkém nadlozi
budované podzemni konstrukce a v prostfedi mezindrodniho letis-
té lze s vyuzitim observacni metody NRTM a dasledného geotech-
nického monitoringu dosahnout bezpecné a ekonomicky efektivni
vystavby. Ziskané zkuSenosti jsou prenositelné i na dalSi podzemni
stavby obdobného charakteru nejen v oblasti letiStni infrastruktury,
ale také v podobném urbanizovaném prostiedi s vysokymi provoz-
nimi naroky.
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models, caused by the application of the NATM observation method,
mainly modification of the cross-section shape of the utility tunnel,
lining dimensions, and excavation processes themselves. Thanks to
that, it was possible to maintain a united and current overview of the
technical construction solution for all participants. A significantbenefit
of the BIM approach was also the support of TDS activities (BIM
specialist), who had the current construction digital model available,
including continuity of individual structural and technological
units. BIM models, therefore, served as a supplementary tool
while verifying that the implementation is in harmony with design
documentation, while assessing modification proceedings, and
while coordinating the continuity of individual construction phases,
mainly around an active airport with limited options for operational
restrictions. Lastly, BIM models were prepared with future utility
tunnel operation and management phases in mind. Digital models
finished at this point in time will contain structured data regarding
structural elements, technological devices, and engineering network
routes. This data will serve the airport manager as a foundation for
planning maintenance, revisions, and other technical infrastructure
development after construction is completed. The utilisation of the
BIM approach, therefore, represents an important step towards long-
term sustainability and operational effectiveness of underground
structures on the airport compound.

4. CONCLUSION

The Hangér G and TS20 substation utility tunnel project repre-
sents an example of successful implementation of an underground
structure in extremely demanding conditions of an operational
airport. A combination of cut-and-cover and excavated technologies,
the usage of the NATM method, and thorough coordination of
all participants made it possible to reach a high technical level of
construction while preserving smooth airport operation.

The implementation of the HG utility tunnel confirmed that even
with a very small overburden height of the built underground structure
and in the environment of an international airport, it is possible
to use the NATM observation method and thorough geotechnical
monitoring to achieve a safe and economically efficient construction.
Gathered experience is transferable even onto other underground
structures with similar characteristics, not only in the field of airport
infrastructure but also in a similar urbanised environment with high
operational demands.

Ing. RADEK BERNARD, Ph.D,
radek.bernard@geotechnika.cz,

Ing. IVO KOHOUSEK, ivo.kohousek@geotechnika.cz,
SG Geotechnika a.s.

[1] SOCHUREK, J. a SVEC, D. Staticky vypocet, Svahovand jamy trasy §9 aZ $11: DPS — Dokumentace pro provadéni stavby. Praha:
Ingutis, spol. s r.o., 03/2025.

[1] BALAZ, M. a MARIK, L. Trasy raZené — projekt zpracovany bdriskym projektantem — RaZba a primdrni osténi, Technickd zprdva,
oddil 0200, DPS — Dokumentace pro provadéni stavby, Sagasta s.r.o., Praha, 04/2025.

[2] BERNARD, R. Fotoreportdz z vystavby kabelového kolektoru HG na LetiSti Vaclava Havla v Praze. Tunel. 2025, roc¢. 34, ¢. 4,
s. 44-45.ISSN 1211-0728.

[3] CESKA AGENTURA PRO STANDARDIZACI. Soubor norem CSN EN ISO 19650. Organizace a digitalizace informaci o stav-
bdch a inZenyrskych dilech véetné informacniho modelovdni staveb (BIM) — Rizeni informaci pomoci BIM. Praha: Cesk4 agentura
pro standardizaci, 2019-2023.

[4] KOSTOHRYZ, O. Projekt geotechnického monitoringu, TZ. Stavby pro energetickou infrastrukturu Stavba 1 — Hangdr G —
Kolektor 228000 — Kolektor HG. GeoTec — GS, a.s., Praha 05/2025.

[5S] KOSTOHRYZ, O. Zdveérecnd zprdva GTM. Stavby pro energetickou infrastrukturu Stavba 1 — Hangdr G — Kolektor 228000 —
Kolektor HG. GeoTec — GS, a.s., Praha 06/2026.




35. rocnik - €. 3/2026 TuoHel

HOSTIVICKY ZELEZNICNI TUNEL NA LETISTI VACLAVA HAVLA
PRAHA
HOSTIVICE RAILWAY TUNNEL AT THE VACLAV HAVEL AIRPORT
PRAGUE

JAKUB VLADIK

ABSTRAKT

Hostivicky Zeleznicni tunel je klicovou soucdsti planovaného projektu Zaokruhovdni Zeleznicniho spojeni Letisté Praha do trati Praha —
Letisté Viclava Havla — Kladno. Tunelovd stavba o délce 2800 m je situovdna cdstecné pod termindly prazského letisté a v situaci kiiZuje
vzletovou a pristdvaci drahu RWY 12/30, pricem? propojuje podpovrchovou stanici Praha — Letisté Viclava Havla s modernizovanou
trati Praha—Kladno. V dobé zpracovdni c¢ldnku je projekt Hostivického tunelu na pocdtku projekcnich praci dokumentace pro povolent
zdmeéru, zatimco navazujici lisek se stanici letisté md jiZ vydané povoleni zdméru (stavebni povoleni). Ndvrh hloubeného tunelu je zdsadné
ovlivnén provozem mezindrodniho letisté a souvisejicimi bezpecnostnimi, technickymi a organizacnimi omezenimi. Netypické konstrukcni
reSent vychdzi 7 komplikovaného kolejového uspordddni. Klicovou vyzvou je vystavba pod plné provozovanym letistém pri zachovdni jeho
funkce. Cldnek se zaméfuje na identifikaci hlavnich rizik a porovndni variant feseni, pricemZ za zdsadni faktory iispéchu projektu oznacuje
koordinaci investorii a spravnou volbu technologie vystavby v misté kriZeni s RWY 12/30. Firma SAGASTA je zpracovatelem projektu Hos-
tivického tunelu a koordindtorem rizikové analyzy a poZdrné bezpecnostniho reSeni pro cely tunelovy komplex, ktery tvori tunel Aviatickd,
podzemni Zeleznicni stanice Letisté Viclava Havla a Hostivicky tunel.

ABSTRACT

The Hostivice railway tunnel is a key component of the planned project called the Railway loop of the Prague airport connection
to the Praha — Vdclav Havel Airport Prague — Kladno railway line. The tunnel structure with a length of 2,800m is partially situated
underneath terminals of the Prague airport, and it crosses the RWY 12/30 runway, while connecting the underground station Praha —
Viclav Havel Airport with the modernised Praha—Kladno railway line. At the time of preparing this article, the Hostivice tunnel project
is at the beginning of design work on the documentation for a planning permission, while the following section with the airport station
already has a planning permission (building permit). The design of the cut-and-cover tunnel is fundamentally affected by international
airport operations and related security, technical, and organisational restrictions. The atypical construction solution originates from the
complicated track layout. A key challenge is construction beneath a fully operational airport while preserving its function. The article
Jfocuses on the identification of main risks and the comparison of solution variants, while it determines the chief factors for the success of
the project to be the coordination of contract owners and the correct construction technology choice at the location of crossing the RWY
12/30. The SAGASTA company is the author of the Hostivice tunnel design and the coordinator of risk analysis and the fire safety solution
for the entire tunnel complex that is formed by the Aviatickd tunnel, the underground railway station Viclav Havel Airport, and the Hostivice
tunnel.

1 OBECNE INFORMACE, SIRSI VZTAHY A VAZBY
NA OKOLNI STAVBY

Hostivicky Zelezni¢ni tunel pfedstavuje jednu ze tfi podzem-
nich staveb tvoficich souvisly tunelovy komplex v oblasti leti-
§t&, ktery je soucdsti Zelezni¢niho spojeni mezi centrem Prahy
(Masarykovym nadrazim) a LetiStém Vaclava Havla Praha. Ve
sméru od zastivky Praha-Veleslavin tento komplex zahrnuje
tunel Aviatickd délky 520 m, podzemni Zelezni¢ni stanici Pra-
ha — Letist¢ Vaclava Havla délky 280 m a navazujici Hostivicky
tunel o délce 2 800 m. Celkova délka tunelového komplexu tak
dosahuje 3 600 m. Spole¢nym cilem celého feSeni je vytvore-
ni kapacitniho, provozné spolehlivého a plné prijezdného Ze-
lezni¢niho systému dopravné obsluhujiciho leti§t€ i navazujici
uzemi [1].

Projek¢ni zamér rozsiteni prazského letisté, které se dlouhodobé
pfibliZuje hranici své provozni kapacity, zahrnuje zvétSeni Termi-
nalu 2, upravy odstavnych ploch a vystavbu nové paralelni ranve-
je. Tyto investice budou probihat soubézné s pripravou Zelezni¢ni
infrastruktury a vytvareji sloZité koordina¢ni rozhrani mezi dvéma

1 GENERAL INFORMATION, BROADER CONTEXT,
AND TIES TO SURROUNDING STRUCTURES

The Hostivice railway tunnel represents one of three
underground structures forming a continuous tunnel complex at
the airport, together forming a part of the railway link between
the Prague centre (Masaryk railway station) and the Vaclav Havel
Airport in Prague. In the direction from the Praha-Veleslavin stop,
this complex includes the Aviatickd tunnel at a length of 520m,
the underground Prague — Véiclav Havel Airport railway station
with a length of 280m, and the adjacent 2,800m long Hostivice
tunnel. The total length of the tunnel complex, therefore, reaches
3,600m. A common goal of the entire solution is to create a high-
capacity, operationally reliable, and fully passable railway
system that would serve the airport and the surrounding area
transportation-wise [1].

The project goal of enlarging the Prague airport, which has
been nearing the limit of its operational capacity for a long time
now, includes the extension of Terminal 2, modifications of
apron areas, and the construction of a new parallel runway. These




Obr. 1 Schéma staveb tvoricich tunelovy komplex
Fig. 1 Diagram of structures forming the tunnel complex

vyznamnymi investory, tj. Spravou Zeleznic a LetiStém Praha, a.s.
Jejich stavby jsou pfitom prostorové i funkéné tzce provazany
a v nékterych mistech se nachazeji ve vzdjemné kolizi. Schéma
tunelového komplexu pod letistém se zaclenénim do stavajicich
objektt letisté, pojezdovou drahou TWY L a ranveji RWY 12/30
je zobrazeno na obr. 1. Vyjezdovy portél s podchodem pod dalni-
ci D6 je zobrazen na obr. 2.

Zasadnim rizikovym faktorem je ¢asova ndvaznost moderniza-
ce letisté, kterd ma byt dokoncena kolem roku 2033, a dokonceni
podzemni Zelezni¢ni stanice s predstihovou ¢asti Hostivického

Obr. 2 Schéma vyjezdového portdlu u ddlnice D6
Fig. 2 Diagram of the exit portal at the D6 motorway
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Hostivicky tunel | - [ ZST Praha - Leti&té V. Havla |
dl. 2800 m | dl.280 m
Hostivice tunnel, Prague - V. Havel Airport
: railway station,
280m long

investments will happen simultaneously with the preparation
of railway infrastructure and create a difficult co-ordinational
boundary between two important contract owners, specifically
Sprava Zeleznic and LetiSté¢ Praha, a.s. Their structures are
closely related spatially and functionally and, in some places,
collide. A diagram of the tunnel complex beneath the airport
and its integration into current airport structures, TWY L
taxiway, and RWY 12/30 runway is shown in Fig. 1. The exit
portal with an underpass beneath the D6 motorway is depicted in
Fig. 2.

Hostivicky tunel
dl. 2800 m
Hostivice tunnel,
2,800m long
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tunelu v perimetru letisté, coz je podmin- ‘
kou pro zahdjeni navazujicich praci na |

povrchu tzemi [2]. V dobé zpracovani
¢lanku byly jednotlivé casti tunelového ‘ﬁ

T
komplexu v rozdilnych stupnich pfipravy. — fﬂ;:

Tunel Aviaticka a stanice Praha — Letisté | |
Viéclava Havla se nachazi na drovni schva- o !
lené dokumentace pro povoleni zadméru,
Hostivicky tunel je na pocatku faze po-

voleni zaméru [3]. S ohledem na slozitost
casovych i konstruk¢nich vazeb byla zaha-

jena komplexni rizikova analyza nahliZe-
jici na celé Zelezni¢ni zaokruhovani jako

na jeden celek, v souladu s pristupy uplat-

flovanymi i u dalSich podobnych projekti

7300

800,

8900

Sprévy Zeleznic. Obr. 3 Vzorovy p¥icny Fez jednokolejného tunelu
Fig. 3 Typical cross-section of the single-track

1.1 Technické FeSeni a okrajové tunnel
podminky jeho navrhu

Hostivicky tunel délky 2 800 m tvorfi zavérecnou ¢dst tunelové-
ho komplexu pod prazskym leti§tém. Jeho dva vyjezdové portily

Zeleznic.

was started,

Tuel

A fundamental risk factor is the time
continuity of airport modernisation, which
is supposed to be finished around 2033,
and the completion of the underground
railway station with an in-advance part
of the Hostivice tunnel within the airport
perimeter, which is a condition for starting
subsequent work on the surface [2]. When
preparing this article, individual parts of
the tunnel complex were in various stages
of preparation. The Aviaticka tunnel and
Prague — Véclav Havel Airport railway
station have documentation for an intent
permit approved, while the Hostivice
tunnel is at the beginning of the intent
permit phase [3]. With regard to time and
structural difficulty, acomplex risk analysis
taking into consideration

the entire railway loop as one, in line
with approaches used even for other similar projects of Sprava
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Obr. 4 Vzorovy pricny rez tfikolejného tunelu
Fig. 4 Typical cross-section of the three-track tunnel

7500

7300
8900

IS —- i
1 1 1 %T S
800, 6850 65 6850 65 6850 800,
A A 7 A
i 23450 5
7 l

oo 2w

Obr. 5 Vzorovy pricny rez trojtraktu pro kusou kolej
Fig. 5 Typical cross-section of the three-span for the dead-end track

1.1 Technical solution
and boundary

conditions of its design

The Hostivice tunnel,

with

a length of 2,800m, forms the
final part of the tunnel complex
beneath the Prague airport. Its two
exit portals are located beyond
the D6 motorway in the currently

pursued variant, with the tunnel
passing just underneath it. A route
branching with a railroad switch
is inside the tunnel before the exit
portal in the direction towards
Jene¢, which facilitates a double-
track turn for trains towards Jene$
and a single-track turn towards

Hostivice.

From a construction view, it
is an extraordinarily difficult
underground structure with its
arrangement affected by a whole
array of boundary conditions,
not only from the side of Sprava
zeleznic, but also LetiSté Praha,
a.s. The directional and vertical
solutions that take into account
all boundary conditions require
the leading of the route in a tunnel
with a number of different types
of cross sections and unorthodox
transition areas between them,
which are utilised along the
route of the tunnel in relation
to the layout of the tracks and

operational functions of each

section.

In the direction of chainage,
two single-track tunnels (Fig. 3)
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Obr. 6 Vzorovy pricny fez dvoukolejného tunelu se stiedni sténou
Fig. 6 Typical cross-section of the double-track tunnel with a centre wall

se v aktualné sledované varianté nachazi za dalnici D6, kterou
tunel mélce podchdzi. Pfed vyjezdovym portidlem smérem na Je-
nec se v tunelu nachazi vétveni trasy s vyhybkou, kterd umoZziiuje
dvoukolejné odboceni vlaki smérem Jenec a jednokolejné odbo-
¢eni ve sméru na Hostivice.

Z konstruk¢niho hlediska se jednd o mimoradné sloZitou pod-
zemni konstrukci, jejiz usporadini je ovlivnéno celou radou
okrajovych podminek jak ze strany Spravy Zeleznic, tak i Leti-
$té Praha, a.s. Smérové i vyskové fesSeni zohlediiujici vSechny
okrajové podminky vyZaduje vedeni trasy v tunelu s mnozstvim
raznych typt pfiénych fezl a atypickych prechodovych oblasti
mezi nimi, které jsou podél trasy tunelu pouZity v zdvislosti na
dispozi¢nim feSeni koleji a provoznich funkcich jednotlivych
usekd.

Ve sméru stani¢eni navazuji na technologickou ¢ast podzemni
stanice dva jednokolejné tunely (obr. 3), které jsou zadsténé do
tifkolejného tunelu urceného pro umisténi vyhybky s moZnosti
odboceni do kusé koleje pro vlaky, které ve stanici svou jizdu
kon¢i a vraci se zpét. Trikolejny tunel se svétlym rozpétim cca
22 m (obr. 4) pfechéazi do trojtraktu, jehoZ pribézné bocni tu-
nely jsou tratové a do stfedniho tunelu je zatsténa kusa kolej
(obr. 5). Na konci kusé koleje je stfedni trakt zaslepen sténou
a tratové tunely pokracuji dal jako dva jednokolejné tunely. Ty
se pudorysné sbihaji az ptejdou do rdmové konstrukce dvoukolej-
ného tunelu se stfedni st€nou (obr. 6). Tento typ konstrukce tvori
veétsi Cast délky tunelu. Pred kiiZenim s dalnici D6 je vloZena
vyhybka a rdmova konstrukce pfechdzi z dvoukolejného tunelu
se stiedni sténou do postupné se rozsitujici tfikolejné Casti, ze
které dal pokracuje dvoukolejny tunel bez stfedni st€ny smé-
rem na JeneC (obr. 7) a jednokolejny tunel odbocujici na Hos-
tivice. Hostivicky i JeneCsky portdl jsou situovany za kiiZenim
s dalnici D6.

Zasadnim pozadavkem Spravy Zeleznic bylo umisténi kusé ko-
leje bezprostfedné za stanici Praha — LetiSté Vaclava Havla. Tento
provozni koncept zajiStuje vysokou kapacitu spojeni, ale zaroven
prinasi fadu technickych problémd, které vyplyvaji z umisténi
vyhybek a vedeni tfi koleji v tunelu bez délicich stén.

Dalsi klic¢ovou okrajovou podminkou je provozni poZadavek
prazského letisté na nepfetrzité zachovani moznosti pohybu letadel
mezi severni a jizni Casti letiSt€ v pribéhu vystavby. Smérové

NN

vedeni tunelu kiizi dvé dalezité letiStni komunikace — pojezdovou

Obr. 7 Vzorovy pri¢ny fez dvoukolejného tunelu
Fig. 7 Typical cross-section of the double-track tunnel

connect to the technological section of the underground station,
which leads into a three-track tunnel meant for the placement of
a railroad switch with an option to turn to a dead-end track for
trains that terminate their journey in the station and then return. The
three-track tunnel with a clear span of ca. 22m (Fig. 4) transitions
into a three-span with lateral continuous track tunnels, and the
dead-end track leads into the middle tunnel (Fig. 5). At the end of
the dead-end track, the middle span is sealed off with a wall, and
track tunnels carry further on as two single-track tunnels. These
converge horizontally until they transition into a frame structure
of a double-track tunnel with a centre wall (Fig. 6). This type of
structure forms the larger part of the tunnel. Before crossing the
D6 motorway, a railroad switch is placed, and the frame structure
transitions from the double-track tunnel with a centre wall to
a gradually widening three-track section, from which a double-
track tunnel without a centre wall then continues towards Jenec
(Fig. 7), and a single-track tunnel turns towards Hostivice. The
Hostivice and Jenec portals are situated beyond the crossing with
the D6 motorway.

A fundamental requirement of Sprava Zeleznic was the placement
of a dead-end track directly after the Prague — Vaclav Havel Airport
railway station. This operational concept secures high capacity of
the connection but also brings along many technical problems that
arise from the placement of railroad switches and the routing of
three tracks in a tunnel without separating walls.

Another key boundary condition is an operational requirement
of the Prague airport for uninterrupted aircraft movement
between the northern and southern parts of the airport throughout
construction. The directional routing of the tunnel crosses two
important airport roads — the TWY L taxiway near the current
Terminal 2 and the RWY 12/30 runway. The requirement of
the airport determines that at least one of these two routes must
remain operational throughout the entire construction and that no
construction activity can take place within its protection zone.

The mentioned operational restrictions project radically onto
the construction phasing plan. The tunnel is divided along its
length into multiple technologically and structurally different
sections that must be implemented in a precisely defined time and
spatial succession. Although phasing does not apply only to the
implementation itself, but also to the design proposal. Individual
tunnel sections are being prepared by multiple design offices,
which once again puts higher demands on coordination.
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Tab. 1 Prehled a rozdéleni rizik projektu Hostivického tunelu

Kategorie rizik

Hlavni rizikové faktory

Tuel

Dopad

Projektova a koncepéni

tunelovy komplex rozdélen do samostatné feSenych staveb
¢ rozdilné navrhové pfistupy v navazuijicich dsecich

nekonzistentni feSeni rizikovych analyz
zvy$ena koordinacni naroénost v navazuijicich stupnich
dokumentace

Koordinaéni

¢ absence hlavniho koordinatora
* soubéh se stavbami rozifeni letisté
* chybéjici pozadavek na BIM v rané fazi projektu

kolize a nesoulady v dokumentaci a navaznosti konstrukci,
hydroizolaci a inZenyrskych siti

Technicka a konstrukéni

o velkd variabilita pficnych fezl

* nejvetsi svetlé rozpéti pfes 22 m

* podchod pod vzletovou a pfistavaci drahou RWY 12/30
s nadlozim zhruba 10 m

zvySené naroky na dimenzovani docasnych i trvalych
konstrukei

Geotechnicka a realizacni

nizké nadlozi pro razbu (10-12 m) pod vzletovou a pfistavaci
drahou RWY 12/30

* nadlozi z jili (F6) a jilovitych Stérkd (G5-G4)

¢ podloZi z kvalitn&jSich piskovcl a slinovel (R4-R3)

* pozadavky nadzemniho objektu meteorologické stanice
na vibrace, hluénost a prasnost

omezeni volby technologie
nutnost prelozeni meteorologické stanice
opatfeni proti hluénosti, prasnosti a Sifeni vibraci

Provozni a ¢asova

* kolize harmonogrami Spravy Zeleznic a Letisté Praha
* zaostavani projektové pfipravy Hostivického tunelu

Tab. 1 Overview and classification of risks of the Hostivice tunnel project

Risk category

Primary risk factors

zpozdéni projekénich praci mize odsunout stavbu
Hostivického tunelu v harmonogramu za modernizaci
Termindlu 2

Impact

Design and conceptual

o tunnel complex divided into individually addressed structures
o different design approaches in connected sections

inconsistent solutions of risk analysis
increased coordination difficulty in following documentation
levels

Coordination

* absence of a chief coordinator
* concurrence with airport expansion constructions
* missing requirement for BIM in the early design phase

collisions and discrepancies in the documentation
and in the continuity of structures, waterproofing,
and engineering networks

Technical and structural

* large variability of cross-sections
* biggest clear span of more than 22m

o crossing under the RWY 12/30 runway with an overburden
of approximately 10m

increased requirements for dimensions of temporary
and permanent structures

Geotechnical and imple-
mentation

* |low overburden for excavation (10-12 m) underneath
the RWY 12/30 runway

* overburden consisting of clays (F6) and clayey gravels
(G5-G4)

o overburden consisting of higher-quality sandstones
and marlstones (R4-R3)

o the surface meteorological station has requirements
for vibrations, noise, and dust formation

limited choice of technologies

the need to relocate the meteorological station
measures against noise, dust formation, and vibration
propagation

Operational and time

¢ collision of Sprava Zeleznic and Letisté Praha schedules
o the Hostivice tunnel design preparation is falling behind

delays of design work can postpone the construction
of the Hostivice tunnel in the schedule behind Terminal 2

drahu TWY L v blizkosti sou¢asného Terminalu 2 a vzletovou
a pristavaci drahu RWY 12/30. PoZadavek letiSté stanovuje, Ze po
celou dobu vystavby musi alespon jedna z téchto dvou komuni-
kaci zGstat v provozu a v jejim ochranném pasmu nesmi probihat
Zadna stavebni ¢innost.

Uvedené provozni omezeni se zdsadnim zptisobem promita do
navrhu etapizace vystavby. Tunel je po své délce rozdélen na né-
kolik technologicky a konstrukéné odlisnych tsekd, které musi
byt realizovany v presné definované Casové a prostorové posloup-
nosti. Etapizace se pfitom netyka pouze samotné realizace, ale
i projekéniho névrhu. Jednotlivé useky tunelu zpracovava nékolik
projek¢nich kancelari, coz opét klade vyssi naroky na koordinaci.

1.2 Typy rizik a jejich rozdéleni
Rizika spojend s ndvrhem Hostivického tunelu je tfeba po-
suzovat komplexné. Jednotlivé rizikové faktory jsou vzajemné

modernisation

1.2 Types of risks and their classification

It is necessary to assess the risks associated with the design of
the Hostivice tunnel comprehensively. Individual risk factors are
interconnected and often accumulate in places where structural,
operational, and organisational phases make contact. In the case
of the Hostivice tunnel, the situation is then complicated by the
fact that a section of the tunnel is located within the perimeter
of an international airport and that more contract owners are
involved in the preparation, each having different priorities.

For the purpose of risk analysis, risks are divided into multiple
basic categories, which take into consideration not only phases
of design preparation and the structural design itself, but also the
course of construction and securing operational safety (Tab. 1).

The first group is formed by design and conceptual risks. Risks
emerging from the construction assignment itself, its division
into sections, and the chosen method of design preparation
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provazany a Casto se kumuluji v mistech styku konstrukénich,
provoznich a organizacnich etap. Situaci v pripadé Hostivické-
ho tunelu ddle komplikuje skutecnost, Ze ¢ast tunelu lezi uvnitf
perimetru mezindrodniho leti§té a do pfipravy je zapojeno vice
investord s rozdilnymi prioritami.

Pro ucely analyzy rizik jsou rizika rozdélena do nékolika za-
kladnich kategorii, které zohlediuji jak fazi projektové piipravy
a vlastni navrh konstrukce, tak postup vystavby a zajisténi bez-
pecnosti provozu (tab. 1).

Prvni skupinu tvofi projektova a koncep¢ni rizika. Do této ka-
tegorie patfi rizika vyplyvajici ze samotného zadani stavby, jejiho
Clenéni na useky a zvoleného zplisobu fizeni projektové pripravy.
Hostivicky tunel je jednou ze tfi ¢asti tunelového komplexu, ktery
byl od pocatku rozdélen do n€kolika samostatné feSenych staveb.
Tento zptsob projekcni pripravy ma vyhodu v rozdéleni projekc-
nich praci do mensich celki, coz sniZuje naroky na kapacitu jed-
notlivych projekénich kancelafi i financovani projektt, soucasné
vSak prinasi zvysSené naroky na koordinaci a vytvari riziko nekon-
zistentnich navrhovych pfistupli v na sebe navazujicich tsecich.
Specifickym problémem, ktery rovnéz vyplyva z dilciho feSeni
tunelového komplexu, je zpracovani rizikové analyzy a pozarné
bezpecnostniho feseni pro jednotlivé stavby a nikoli pro tunelo-
vy komplex jako celek. To vede k situaci, Ze nejsou zohlednény
nékteré rizikové scénare, které mohou ovlivnit i stavebni feSeni
jednotlivych useku.

Na projektova rizika bezprostfedné navazuje druha skupina —
koordinacni rizika. Ta jsou spojena zejména s vazbami na okol-
ni stavby a koordinaci jednotlivych ¢asti tunelového komplexu.
V piipadé Hostivického tunelu se nejednd pouze o stavby Zelez-
ni¢niho tunelového komplexu, ale také stavby letisté, ke kterym
patii pojezdova draha, vzletova a pfistavaci draha, silnicni tunel
pro obsluhu letisté, stavby rozsifeni Terminalu 2, meteorologic-
ké stanice a kiiZeni Zelezni¢niho tunelu s ddlnici D6. Vzhledem
k vySkovému vedeni trasy Zeleznice a reliéfu tzemi neni moz-
né tunel a jeho predportilové useky vedené v zafezu gravitacné
odvodnit. Proto je soucasti projektu Hostivického tunelu i ndvrh
razené odvodnovaci Stoly, kterd odvadi vodu od vyjezdového por-
talu smérem do Dobrovizského potoka.

V piipadé Zelezni¢niho zaokruhovani pod letistém byly jed-
notlivé useky zpracovavany rGznymi projekénimi tymy bez
jednoznacné definovaného hlavniho koordindtora se znalos-
ti technického feSeni jednotlivych casti tunelového komplexu
a prehledem nad celym tzemim. Praktickym dusledkem tohoto
stavu byly naprtiklad rozdilné Sitky sluzebnich chodnikii mezi
Hostivickym tunelem a podzemni Zelezni¢ni stanici s dopadem
do §itkového uspofddani a navaznost nosnych konstrukci. V ra-
nych fazich projek¢ni ptipravy Hostivického tunelu navic nebyl
stanoven poZadavek na zpracovani dokumentace v reZimu BIM,
coz déle zvysilo riziko vzniku kolizi a nesouladtl v navazujicich
stupnich projektové dokumentace.

Ke treti skupin€ rizik patii technicka a konstruk¢ni rizika, kte-
rd se vztahuji pfimo k ndvrhu nosnych konstrukci tunelu. Hos-
tivicky tunel se vyznacuje znacnou variabilitou pficnych fezi
a pritomnosti atypickych konstrukénich feSeni, zejména v oblasti
kusé koleje, kde dva jednokolejné tunely vychazejici ze stanice
prechézeji v oblasti umisténi vyhybky do ramové konstrukce
o svétlém rozpéti profilu cca 22,0 m, aby nasledné pokracova-
ly do trojtraktu, kde je do stfedniho traktu zavedena kusa kolej
a bo¢ni trakty jsou tratovymi tunely. Konstrukce svymi rozméry
klade vysoké naroky na dimenzovani z hlediska meznich stavii
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management all belong here. The Hostivice tunnel is one of three
parts of a tunnel complex that was, from the beginning, divided
into multiple individually addressed structures. This method of
design preparation has an advantage in dividing design work into
smaller parts, which decreases the demand for the capacity of
individual design offices and design financing. Although at the
same time, it carries increased demands for coordination and
creates a risk of inconsistent design approaches in connecting
sections. A specific problem that also arises from the partial
solution of the tunnel complex is the elaboration of a risk analysis
and fire safety solution for individual structures and not for the
tunnel complex as a whole. That leads to a situation where some
risk scenarios that can affect even the construction solution of
individual sections are not factored in.

Following right after design risks is the second group —
coordination risks. Those are tied mainly to the relations with
other structures and the coordination of individual parts of the
tunnel complex. In the case of the Hostivice tunnel, it does
not include only structures of the railway tunnel complex, but
also airport structures that include the taxiway, runway, road
tunnel for airport service, Terminal 2 enlargement structures,
meteorological station, and the crossing of the railway tunnel with
the D6 motorway. Due to the vertical alignment of the railway
route and the relief of the area, it is not possible to gravitationally
drain the tunnel and its sections leading up to the portals that are
routed in an earth cut. That is why the Hostivice tunnel design
also includes a design of an excavated drainage gallery that drains
water from the exit portal towards the Dobroviz brook.

In the case of the railway loop beneath the airport, individual
sections were elaborated by different design teams without
a clearly defined main coordinator with knowledge of the
technical solutions of individual sections of the tunnel complex
and general knowledge of the entire area. A practical outcome of
this state was, for example, different widths of service pavements
in the Hostivice tunnel and in the underground railway station,
with an impact on the width layout and continuity of load-bearing
structures. On top of that, the requirement for documentation
preparation in the BIM mode was not defined in the early
phases of design preparation of the Hostivice tunnel, which then
increased the risk of emerging collisions and inconsistencies in
subsequent levels of design documentation.

The third group of risks includes technical and structural risks
that apply directly to the design of load-bearing structures of the
tunnel. The Hostivice tunnel is unique for a significant variability
of cross-sections and the presence of atypical structural solutions.
Those occur mainly around the dead-end track where two single-
track tunnels exit the station and near the railroad switches
transition into a frame structure with a clear span of roughly 22.0m.
They then continue into a three-span tunnel, where the dead-end
track is located in the middle span, and the lateral spans are track
tunnels. The structure puts high demand on the dimensions due
to its size from the viewpoint of ultimate and serviceability limit
states, since it is not possible to design partitioning walls between
tracks in the area of the railroad switches (Fig. 4).

Important risks are likewise tied to the choice of waterproofing
methods, protection against the effects of stray currents, and the
solution of transitions between individual structure types.

Technical risks also include geotechnical and implementation
risks. Those arise from uncertainties of the geological environment
and from limitations given by the location of the structure being
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unosnosti i pouzitelnosti, jelikoZ v oblasti vyhybek neni mozné
navrhnout mezi kolejemi délici stény (obr. 4).

Vyznamnd rizika jsou spojena rovnéZ s volbou koncepce hyd-
roizolace, ochranou proti u¢inkim bludnych proudu a s feSenim
pfechodil mezi jednotlivymi konstrukénimi typy.

Soucasti technickych rizik jsou rovnéz geotechnicka a realizac-
ni rizika. Ta vyplyvaji z nejistot geologického prostiedi a z ome-
zeni danych polohou stavby v aredlu letisté. Prestoze geotechnicka
rizika jsou nedilnou soucasti kazdé podzemni stavby, v tomto
pfipadé jsou umocnéna poZadavky na minimalizaci deformaci
povrchu a na omezeni stavebni ¢innosti v ochrannych pasmech
letiSté. Realizacni rizika jsou dzce svazana s volbou technologie
vystavby, s nutnosti pfedstihovych opatfeni a s mimotadné pris-
nymi pozadavky na pfipustné vibrace, hlu¢nost, prasnost a ome-
zeni viditelnosti v oblasti meteorologické stanice, ktera zajistuje
potiebné informace pro zajisténi bezpec¢nosti letového provozu.

Posledni kategorii jsou provozni a Casova rizika. Tato skupi-
na rizik zahrnuje pozadavky spoleCnosti Letisté Praha, a.s. na
minimalizaci doby vystavby v perimetru leti§t€ a zdrovenl dodr-
Zeni velmi pfisnych limitd pripustnych deformaci a rovinatosti
povrchu pifi obnové vzletové a pristavaci drahy [4]. Zasadnim
rizikovym faktorem je rovnéZ kolize harmonogramil obou inves-
tord. Zatimco modernizace leti§t¢ ma pevné stanoveny casovy
ramec, projektova priprava Hostivického tunelu v dob& zpraco-
vani Clanku zaostdva za ostatnimi ¢astmi tunelového komplexu.
Tato Casova disproporce predstavuje jeden z velkych rizikovych
faktort.

2 KOORDINACE PROJEKTU A POSTUPU VYSTAVBY

2.1 Rizikova analyza

Jednim z nejslozitéjSich projekcnich problémi soucasné faze
pripravy je koordinace rizikové analyzy a pozarné bezpecnostni-
ho feSeni tunelového komplexu jako celku. Vzhledem k tomu, Ze
jednotlivé Casti tunelového komplexu byly v predchozich stup-
nich projektové dokumentace zpracovavany samostatné, bylo
stejnym zplsobem pfistupovano i k jejich rizikovym analyzam.
Hostivicky tunel je z hlediska projekéni pfipravy zpracovan jako
posledni, a pravé pfi jeho projektovani se ukdzalo, Ze pfi dodr-
Zeni normou pozadovanych rozméri na sebe konstrukce tuneld
nenavazuji. Nové pripravovana rizikova analyza feSi tunelovy
komplex jako celek a bude podkladem pro vypracovani pozarné
bezpecnostniho feSeni. Po dohodé€ s investorem i zastupci HZS
bylo dohodnuto, Ze koordinaci rizikové analyzy a poZirng€ bez-
pecnostniho feSeni bude povéfena firma SAGASTA s.r.o. s tim,
Ze snahou je v maximalni moZné mife nezasahovat do konstrukeci
stanice, kterd ma jiz vydané stavebni povoleni. Snaha nezasaho-
vat do stavajiciho konstrukéniho feSeni a pozarné bezpecnostniho
feSeni té€ch Casti tunelového komplexu, pro néZ jiz bylo vydano
stavebni povoleni, je omezujici a tuto podminku se nemusi poda-
fit beze zbytku splnit. V rdmci nové komplexni rizikové analy-
zy byla zfizena pracovni skupina, kterd ma za ukol identifikovat
a spravné klasifikovat vSechna rizika. Vysledkem analyzy bude
soubor opatieni, ktery bude zajistovat bezpecny a efektivni pro-
voz celého tunelového komplexu.

2.2 Podchod pod pojezdovou drahou TWY L a ranveji
RWY 12/30

Podchod zZelezni¢ni trati pod pojezdovou drahou a vzletovou
a pristdvaci drahou RWY 12/30 predstavuje z hlediska navrhu
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inside the airport complex. Despite the fact that geotechnical risks
are an integral part of every underground structure, in this case,
they are amplified due to requirements to minimise deformations
of the surface and to limit construction activities inside the
protected zones of the airport. Implementation risks are closely
related to the choice of construction technology, to the need for
in-advance measures, and to an exceptionally strict requirement
for acceptable vibrations, noise, dust formation, and visibility
reduction in the area of the meteorological station that gathers
necessary information for securing safe aircraft operation.

The last category includes operational and time risks. This
group of risks includes the requirements of the Letisté Praha,
a.s. company for the utmost reduction of construction length in
the perimeter of the airport while concurrently abiding by very
strict limits for acceptable deformations and a level surface while
restoring the runway [4]. A fundamental risk factor is also the
collision of the schedules of both contract owners. While the
modernisation of the airport has a fixed time frame, the design
preparation of the Hostivice tunnel trails behind other parts of the
tunnel complex at the time of preparing this article. This time,
disproportion represents one of the large risk factors.

2 COORDINATION OF THE PROJECT
AND CONSTRUCTION PROCESS

2.1 Risk analysis

One of the most difficult design problems of the current
preparation phase is the coordination of the risk analysis and
fire safety solution of the tunnel complex as a whole. Because
individual sections of the tunnel complex were prepared separately
in previous stages of preparation, the same approach was used even
for their risk analysis. The Hostivice tunnel was prepared last in
terms of design, and exactly during its design it became apparent
that while abiding by the dimensions required by the norm, the
tunnel structures do not connect to each other. The newly prepared
risk analysis addresses the tunnel complex as a whole and will be
the foundation for the preparation of the fire safety solution. After
an agreement with the contract owner and HZS representatives, it
was decided that the coordination of the risk analysis and fire safety
solution would be assigned to SAGASTA s.r.o., and that effort
would be made to not interfere with the structure of the station
as much as possible, since it already has a building permit. The
effort not to interfere with the current structural solution and the
fire safety solution of those parts of the tunnel complex that already
have a building permit is limiting and it might not be possible to
accomplish this condition in its entirety. A new working group
was formed within the new complex risk analysis with the goal of
identifying and correctly classifying all risks. The outcome of the
analysis will be a set of measures that will secure safe and effective
operation of the entire tunnel complex.

2.2 Passing under the TWY L taxiway and RWY 12/30
runway
The passing of the railway route underneath the taxiway and
RWY 12/30 runway poses the most critical part of the Hostivice
tunnel from the perspective of design and implementation. It is
a section where technical, operational, and organisational risks
accumulate and where exceptionally strict requirements from
the side of the airport operator are put, significantly limiting
construction implementation technology.
Basic limiting factors include mainly these requirements:
* maintaining continuity of operation between the northern
and southern parts of the airport;
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i realizace nejkritictéjsi cast Hostivického tunelu. Jedna se o tsek,
na kterém se kumuluji technickd, provozni i organiza¢ni rizika
a na ktery jsou zéaroven kladeny mimotadné pifisné pozadavky ze
strany provozovatele letisté, které vyrazné omezujici technologii
provadéni stavby.

Mezi zakladni limitujici faktory patii zejména pozadavky na:

e zachovani kontinuity provozu mezi severni a jizni ¢asti letis-

té;

* minimalizaci technické seismicity na objekty a technické vy-

baveni letiSte;

e omezeni prasnosti a zajiSténi dobré viditelnosti;

* omezeni deformaci a dodrZeni rovinatosti povrchu pojezdové

drahy a ranveje;
e maximalni urychleni praci v perimetru letiSte.
S ohledem na tyto pfisné podminky bylo provérovano nékolik
technologickych postupli vystavby podchodu ranveje a pojezdo-
vé drahy. Jednalo se o variantu hloubeného tunelu, raZzeni pomo-
ci NRTM i TBM a razbu pod zastropenim. Nasazeni konkrétni
tunelovaci metody vyvoldvalo pozadavky na zmény smérového
i vySkového vedeni trasy i jednotlivych koleji. Omezeni vyvolana
situovanim Hostivického tunelu v tzemi letisté a jeho napojenim
na stdvajici trat i podzemni stanici nékteré varianty technologie
provadéni tunelt trasy ihned vyloucilo.
Jako vysledna technologie provadéni byl zvolen hloubeny tu-
nel. K tomuto feSeni bylo pfistoupeno z nékolika divoda.
a) Z geotechnického hlediska je nadloZi tunelu v misté kfizeni
s ranveji jen 10,0 aZ 12,0 m a je tvofeno zejména jily (F6)
a jilovitymi Stérky (G5-G4).

b) Zména technologie vystavby z hloubené na razenou varian-
tu jak pomoci NRTM, tak TBM by si vyzadala smérové
i vyskové tpravy nivelety (zahloubeni nivelety a oddaleni
jednokolejnych tunelt), coz by vyrazné zkomplikovalo na-
pojeni tunelu na podzemni Zelezni¢ni stanici.

¢) Dalsim faktorem byl ¢asovy tlak na projek¢ni prace.

Nejvyznamnéj$im problémem soucasné hloubené varianty zii-
stava délka vystavby v perimetru letisté. Doba realizace hloubené
varianty v tseku pod vzletovou a pfistavaci drahou RWY 12/30 je
v soucasnosti stanovena pfiblizné€ na dva roky a ¢tyfi mésice, pfi-
¢emz tento Cas vychazi z objemt odvozenych ze zjednoduseného
3D modelu a rychlosti provadéni predpokladanych stavebnich
praci v danych geotechnickych podminkach. Oba investofi pritom
vyvijeji tlak na maximalni zkrdceni doby vystavby jak s ohledem
na ndvaznost vystavby jednotlivych ¢asti tunelového komplexu
a navaznych staveb letiste, tak doby preruseni jeho provozu.

Z toho dlivodu je v dobé zpracovani ¢lanku provérovana v misté
kfiZeni s ranveji nebo dalnici D6 varianta razby pod zastropenim.
Jedna se o predstihové opatieni, které by pfi zachovani stavaji-
ci geometrické polohy koleje mohlo postup urychlit a zkratit jak
vyluku ranveje, tak omezeni provozu na délnici D6. Podminkou
je vSak ovéfeni proveditelnosti pfisluSnych technologii, zejména
hloubeni podzemnich nebo pilotovych stén v danych geotech-
nickych podminkéch, nebot pod zdkladovou spédrou tunelu se
nachdzeji piskovce a slinovce pevnostnich tfid R4 aZ R3. Geo-
technické podminky v oblasti leti§té byly ovéfené nejen vrtnym
prizkumem, ale také jizZ v prostoru letist¢ dokoncenou razbou
kolektoru, o jehoz vystavbé pojednava dalsi ¢lanek tohoto Cisla
casopisu Tunel — Kolektor Hangar G pro Letis§té Vaclava Havla
Praha — technické feSeni a zkuSenosti z vystavby [5].

Hloubena varianta byla zvolena i s ohledem na minimaliza-
ci vySe investi¢nich nakladd spojenych s vystavbou. V pripadé
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* minimising the impact of technical seismicity on structures

and technical equipment of the airport;

e limiting dust formation and securing good visibility;

* limiting deformations and keeping a flat surface of the

taxiway and runway;

e maximum expedition of work in the perimeter of the airport.

With regard to these strict conditions, multiple technological
construction processes were evaluated for the crossing of the
runway and taxiway. In question was a variant of a cut-and-cover
tunnel, excavation using NATM and even TBM, and excavation
underneath a ceiling. The deployment of a specific tunnelling
method brought about requirements for a change in directional
and vertical alignment of the route and individual tracks. The
restrictions caused by the placement of the Hostivice tunnel in the
area of the airport and its connection to the current railway and
underground station immediately ruled out some technological
variants of tunnel implementation.

As the final implementation technology, a cut-and-cover tunnel
was selected. This solution was accepted due to multiple reasons.

a) From a geotechnical standpoint, the tunnel overburden at

the crossing with the runway is only 10.0 to 12.0m and is
formed mainly by clays (F6) and clayey gravels (G5-G4).

b) The change of construction technology from cut-and-

cover to an excavated variant, be it NATM or TBM, would
necessitate a directional and vertical change of the grade
line (deepening of the grade line and putting the single-
track tunnels further apart), which would significantly
complicate the linking of the tunnels to the underground
railway station.

¢) Another factor was the time pressure put on design work.

The most significant problem of the current cut-and-cover
variant remains the time of excavation in the perimeter of the
airport. Implementation time of the cut-and-cover variant in the
section underneath the RWY 12/30 runway is currently established
at approximately two years and four months, while this amount
of time is based on the volumes derived from simplified 3D
models and the speed of implementing expected construction
work in the given geotechnical conditions. At the same time, both
contract owners put maximum pressure on the biggest possible
construction time shortening not only in regard to the continuity
of individual parts of the tunnel complex and airport structures,
but also the length of its interrupted service.

That is why, at the time of preparing this article, a variant of
excavation underneath a ceiling is being verified at the location of
the crossing with the runway or the D6 motorway. It is a measure
done in advance that maintains the current geometrical track
location, and that could speed up the process and shorten the
runway traffic closure as well as traffic restrictions on the D6
motorway. Although a condition is the verification of the feasibility
of relevant technologies, mainly the excavation of underground
or pile walls in the given geotechnical conditions, since there
are sandstones and marlstones with strength classes of R4 to R3
underneath the foundation surface of the tunnel. Geotechnical
conditions in the area of the airport were verified not only by
a drilling survey, but also by an already finished excavation of
a utility tunnel at the airport, about the construction of which
another article of this edition of the Tunel journal is concerned,
called Hangar G Utility Tunnel for Vaclav Havel Airport Prague —
Technical Solution and Construction Experience [5].
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pouZziti metody razby pod zastropenim nebo pifi pouziti jinych
predstihovych opatfeni pro zlepSeni podminek vystavby lze oce-
kavat jejich navySeni. Casové zavislé naklady spojené s omeze-
nim provozu délnice D6 nebo vylukami v provozu letisté zatim
vycisleny nebyly.

3 ZAVER

Hostivicky tunel predstavuje z hlediska technického néavrhu,
logistiky, a pfedev§im Casového harmonogramu vystavby jednu
z nejnaroc¢néjSich soucasti tunelového komplexu pod prazskym
letistém. Slozitost projektu nevyplyva pouze z technickych para-
metrll stavby, ale predev§im z kombinace vzdjemné provazanych
geotechnickych, koordina¢nich, provoznich i ¢asovych rizik, kte-
rd se v prostoru letisté kumuluji.

Za klicové Casti souCasné faze piipravy lze oznacit dvé oblasti.
Prvni z nich je zpracovani komplexni rizikova analyzy, kterd po-
hliZi na tunelovy komplex jako na jeden celek, ktery je tfeba sta-
vebné i Casové provazat s okolnimi navazujicimi stavbami letisté.
Pfijata opatieni k minimalizaci rizik by navic méla v maximalnim
rozsahu akceptovat jiz vydané povoleni zdméru (stavebni povole-
ni) tunelu Aviatickd a Zelezni¢ni stanice Praha — LetiSté Vaclava
Havla, a to tak, aby nedoslo ke zdrZeni v pfipravé téchto staveb
a tim i posunu zahdjeni stavebnich praci.

Druhou klicovou oblasti je volba technologie a etapizace vy-
stavby podchodu pod ranveji RWY 12/30, ale i v misté kiiZeni
s dalnici D6. Zvolena varianta hloubeného tunelu spliiuje geo-
technické a projekéni poZadavky, avSak rozhodnuti o vysledné
technologii nebude urceno pouze identifikaci rizik nebo tlakem
na zkraceni doby vystavby. Zasadnim kritériem v rozhodovéani
o postupu vystavby bude predevsim schopnost spravné definovat
a minimalizovat rizika a zajistit, Ze v bezprostfedni blizkosti pro-
vozovaného mezindrodniho letiSt€¢ bude zvolené feSeni technic-
ky proveditelné po celou dobu realizace a bude spliiovat narocné
okrajové podminky.

Spole¢nym jmenovatelem tspésného zvladnuti projektu i vy-
stavby v podminkidch Casového tlaku je bezchybna koordina-
ce praci a schopnost vSech zucastnénych subjektii operativné
prijimat rozhodnuti i akceptovat kompromisni navrhy. Neméné
dialezita je potom také akceptace nepfenaSeni odpovédnosti za
systémova rizika na pozdéjsi faze pripravy.

Ing. JAKUB VLADIK,
Jjakub.vladik@sagasta.cz,
SAGASTA s.r.o.
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The cut-and-cover variant was also chosen with regard to
minimising investment costs associated with construction. When
excavating underneath a ceiling or using other measures done in
advance to enhance conditions for the construction, it is possible
to expect an increase in cost. Time-related costs due to limited
traffic on the D6 motorway or traffic closures of airport operations
have not yet been quantified.

3 CONCLUSION

The Hostivice tunnel presents one of the most challenging
parts of the tunnel complex underneath the Prague airport
from the viewpoint of technical design, logistics, and primarily
construction schedule. The difficulty of the design does not arise
only from technical parameters of the structure, but mainly from
a combination of intertwined geotechnical, co-ordinational,
operational, and time risks that accumulate at the airport.

It is possible to designate two key areas of the current preparation
phase. The first one is the preparation of a complex risk analysis that
takes into account the tunnel complex as a whole, which is possible
to link to surrounding related airport structures, construction-wise
and time-wise. Adopted measures for risk mitigation should also
accept the already issued intent permissions (building permits)
of the Aviatickd tunnel and the Prague — Véclav Havel Airport
railway station to the fullest extent possible so that a delay in the
preparation of these structures would not occur, and therefore, even
a delay in the commencement of construction work.

The second key area is the choice of technology and phasing
of the RWY 12/30 runway underpass construction and of the
crossing with the D6 motorway as well. The chosen variant
of the cut-and-cover tunnel satisfies geotechnical and design
requirements, although a decision regarding the final technology
will not be made based only on identifying risks or on the pressure
to decrease construction duration. A fundamental criterion in
the decision for the construction process will be primarily the
ability to correctly define and minimise risk and to ensure that the
chosen solution will be technically feasible throughout the entire
implementation in close proximity to the international airport and
that it will meet all challenging boundary conditions.

A common denominator of successfully mastering the design
and construction under time pressure is a faultless coordination
of work and the ability of all participating subjects to flexibly
adopt decisions and accept compromise suggestions. Also vital
is to accept not passing on the responsibility for systemic risk to
later preparation phases.

Ing. JAKUB VLADIK, jakub.vladik @sagasta.cz,
SAGASTA s.r.o.
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KOLEKTOR HANGAR G PRO LETISTE VACLAVA HAVLA PRAHA
~ TECHNICKE RESENI A ZKUSENOSTI Z VYSTAVBY
HANGAR G UTILITY TUNNEL FOR VACLAV HAVEL AIRPORT
PRAGUE - TECHNICAL SOLUTION AND CONSTRUCTION
EXPERIENCE

MARTIN BALAZ, VLADIMIR PRAJZLER

ABSTRAKT

Cldnek je vénovdn zpracovdni realizacni dokumentace a ovéveni predpokladii projektu pri realizaci raZeného viseku kolektoru pro Letisté
Viclava Havla Praha, ktery je souldsti akce ,,Stavba 1-Hangdr G-kolektor“. RaZeny tunel délky 298 m byl provddeén podle zdsad Nové
rakouské tunelovaci metody (NRTM). Profil kolektoru svou plochou 29,3 m? prevySuje napriklad profil jednokolejného tratového tunelu
prazského metra. Tunel byl raZen s nadlozim pouze 4 az 6 m. Provddeéni razeb obndselo celou fadu technickych vyzev a rizik. Mezi tyto
vyzvy patrila zejména razba s nizkym nadloZim v zemindch pod frekventovanou hlavni komunikaci a vyznamnymi inZenyrskymi sitémi,
predevsim vysokotlakym a stredotlakym plynovym potrubim. V rdmci realizacni dokumentace byla provedena rozsdhld optimalizace tech-
nického fesSeni ze zaddvaci dokumentace stavby (ZDS), kterd zahrnovala tipravu tvaru pricného rezu kolektoru, zpiisob clenéni vyrubu,
zajisténi stability vyrubu i Celby a uptesnéni detailii pro zajisténi vodonepropustnosti sekunddrniho osténi bez pouZiti mezilehlé hydroizo-
lace. Provedené tipravy projektové dokumentace umoznily vyznamné tispory investicnich ndkladit a usnadnéni vystavby. Ddle je c¢ldnek
vénovdn ziskanym zkuSenostem z vlastni realizace tunelu z pohledu projektanta pri aplikaci observacni metody ve sloZitych geotechnickych
podminkdch razby s nizkym nadloZim, p¥i které byly provddeény dalsi optimalizace zajisténi vyrubu.

ABSTRACT

This paper focuses on the preparation of the detailed design and the verification of the project assumptions during the construction of the
mined section of a utility tunnel serving Vdclav Havel Airport Prague, which forms part of the project “Construction Section 1 — Hangar
G Utility Tunnel.” The mined tunnel section, with a total length of 298m, was excavated in accordance with the principles of the New
Austrian Tunnelling Method (NATM). With a cross-sectional area of 29.3m?, the utility tunnel profile exceeds that of a typical single-track
Prague Metro tunnel. The tunnel was excavated under an overburden of only 4 to 6m. The tunnelling works involved numerous technical
challenges and risks. These challenges were primarily associated with shallow-cover excavation in soils beneath a heavily trafficked main
roadway and in close proximity to major utility networks, particularly high-pressure and medium-pressure gas pipelines. As part of the
detailed design phase, extensive optimization of the technical solution originally proposed Tender Design Documentation was carried out.
The optimization included modifications to the utility tunnel cross-sectional shape, excavation sequencing, measures to ensure excavation
and face stability, and refinement of details for achieving the watertightness of the secondary lining without the use of an intermediate
waterproofing membrane. The implemented design modifications resulted in significant savings in investment costs and facilitated the
construction process. Furthermore, the paper presents lessons learned from the tunnel construction phase from the designer’s perspective,
particularly regarding the application of the observational method in complex geotechnical conditions involving shallow-cover tunnelling,
during which additional optimizations of excavation support measures were introduced.

uvob

Razeny usek kolektoru pro Letisté Vaclava Havla Praha je soucasti
akce ,,Stavba 1-Hangar G- kolektor. Tato akce zahrnuje kromé raze-
ného tseku také usek hloubeny, ktery neni predmétem tohoto ¢lanku.
Aktudlné provadénd stavba navazuje na stavajici kolektorové trasy
letisté a spolu s planovanymi useky bude slouZit k propojeni jeho pa-
tefnich inzenyrskych siti. Projek¢ni prace na realiza¢ni dokumentaci
razeného tunelu byly zahdjeny v prosinci 2024. Razba tunelu probi-
hala v obdobi od kvétna do listopadu 2025. Nasledné navazaly prace
na sekundarnim osténi, které byly dokonceny na konci tinora 2026.

Investorem akce je LetiSt¢ Praha, a.s. RaZeny usek kolektoru
provadi firma POHL cz, a.s., pro hlavniho dodavatele celé stavby
Metrostav CZ, s.r.o. Technicky dozor investora pfi realizaci razenych
usekl ¢innosti provadénych hornickym zptisobem na stavbé zajistuje
spolec¢nost SG Geotechnika, a.s. Hlavnim projektantem celé stavby
je Ingutis, spol. s.r.o. [1], autorem realizacni dokumentace raZzeného
tunelu je projek¢ni spolec¢nost Sagasta, s.r.o. [2].

INTRODUCTION

The mined section of the utility tunnel for Vaclav Havel Airport
Prague forms part of the project “Construction Section 1 — Hangar
G Utility Tunnel.” In addition to the mined section, the project also
includes a cut-and-cover section, which is not discussed in this paper.
The currently implemented project connects to the airport’s existing
utility tunnel network and, together with planned future sections,
will provide an integrated backbone system for the airport’s utility
infrastructure.

Design work on the detailed design documentation for the mined
tunnel commenced in December 2024. Tunnel excavation was carried
out between May and November 2025, followed by construction of
the secondary lining, which was completed at the end of February
2026.

The project owner is Prague Airport, a.s. The mined section of
the utility tunnel is being constructed by POHL cz, a.s. on behalf
of the main contractor for the entire project, Metrostav CZ, s.r.o.
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Obr. 1 Situace razeného useku kolektoru
Fig. 1 Layout of mined section of the utility tunnel

Profil raZeného kolektoru s plochou vyrubu 29,3 m? je podkovo-
vitého tvaru se spodni klenbou. Razba tunelu byla provadéna s hori-
zontaln€ ¢lenénym vyrubem na kalotu a opéfi podle zdsad NRTM.
Sekundarni osténi je navrZzeno z betonu odolného proti priisakim
vody bez pouziti hydroizolace.

RazZeny usek kolektorové trasy s délkou 298 m navazuje na hlou-
bené Sachty S09 a TK7, piiblizné v poloviné je tento tsek rozdélen
Sachtou S08. Tunel je v celé délce veden v piimé se dvéma lomy bez
zaobleni osy (obr. 1).

Niveleta tunelu v celém tseku stoupd s ohledem na vyskové na-
pojeni na stavajici Sachtu S06 (obr. 2). Od zacatku razby (TM 0)
v Sachté S09 niveleta stoupd ve sklonu 0,6 % k $achté S08, v dalsim
tiseku razby od S08 niveleta stoupa ve sklonu 2,5 % ke komote TK7,
vyskové lomy nejsou zaobleny. Razba tunelu probihala na dvou ne-
zdvislych pracovistich ze Sachet S09 a S08.

V nadlozi tunelu, které Cini pouhé 4 az 6 m, se nachazi velké
mnozstvi inZzenyrskych siti. Trasu kfiZuji dva plynovody, tii kana-
lizace, propustek a celd fada kabelli sd€lovaciho a silového vedeni.
Paralelné s tunelem vedou dva vodovody a neprovozovany horko-
vod. Z hlediska citlivosti na deformacni projevy razby jsou kritické
predevsim plynovody (vysokotlaky a stfedotlaky). Dalsi dileZitou
konstrukei na povrchu nad razenym profilem je provozovana ulice
K Letisti s frekventovanou autobusovou a trolejbusovou dopravou.
Piitomnost téchto objekti, které nebylo mozné prelozit, byla divo-
dem pro volbu technologie razeni s nizkym nadloZim namisto tech-
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nicky jednodussi a méné rizikové metody hloubeni.
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Construction supervision on behalf of the owner for the mined
sections carried out using mining methods is provided by SG
Geotechnika, a.s. The lead designer of the overall project is Ingutis,
spol. s r.0. [1], while the detailed design documentation for the mined
tunnel was prepared by Sagasta, s.r.o. [2].

The mined utility tunnel has a horseshoe-shaped profile with an
invert and an excavation area of 29.3m?2. Excavation was performed
using a horizontally divided excavation sequence consisting of the top
heading and bench according to the principles of the New Austrian
Tunnelling Method (NATM). The secondary lining was designed as
a watertight concrete structure without the use of a waterproofing
membrane.

The mined section of the utility tunnel, with a total length of 298m,
connects shafts S09 and TK7, and is divided approximately at its
midpoint by shaft SO8. Along its entire length, the tunnel alignment
is straight, incorporating two angular breaks without horizontal
curvature (Fig. 1).

The tunnel gradient rises continuously throughout the section in
order to achieve the required elevation connection to the existing
shaft S06 (Fig. 2). From the start of excavation (TM 0) at shaft S09,
the tunnel invert rises at a gradient of 0.6% toward shaft S08. Beyond
S08, the gradient increases to 2.5% toward the TK7 chamber. Vertical
breaks in the alignment are not rounded. Excavation was carried
out simultaneously from two independent working faces accessed
through shafts S09 and S08.
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Obr. 2 Podélny profil razeného tseku kolektoru
Fig. 2 Longitudinal section of the mined utility tunnel
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GEOTECHNICKE PODMINKY

Pred zahdjenim projek¢nich praci na realiza¢ni dokumentaci mél
projektant k dispozici vysledky geotechnického prizkumu, ktery
zpracovala firma Chemcomex, a.s., v roce 2019. V oblasti raZeného
aseku kolektoru délky necelych 300 m bylo k dispozici celkem pét
jadrovych vrti hloubky 5 az 12 m.

Kvartérni pokryv mocnosti piiblizné 6 m tvori navazky, spraSové
hliny tfidy F6-F5 a sprase tfidy F6, dile deluvidlni jily a piscité jily
s ulomky tfidy F8 az F4.

Horniny skalniho podkladu tvoii pis€ité slinovce rizného stupné
zvétravani a rozpukéni. Pfi povrchu skalniho podloZi se vyskytuji
siln€ zvétralé pisCité slinovce, s intenzivnim rozpukanim, zatfidé-
ni R6-R5. Hloubéji se nachazeji piscité slinovce zvétralé, rozpukané
s pfevazné otevienymi puklinami s jilovitou vyplni, tfidy R5-R4.
Vrstvy slinovcil s deskovitou odlu¢nosti jsou uloZeny prakticky vo-
dorovné. Mocnost téchto slinovcovych desek je proménnd a pohybu-
je se v hodnotéch jednotek decimetrti.

V predmétném useku je mocnost nadlozi kolektoru mezi 6 m
(u Sachty S09) aZz 4 m (u Sachty TK7), po&va podzemniho dila

Obr. 3 Celba kaloty tvorend piscitymi slinovci s deskovitou odluc¢nosti (TM 66)

Fig. 3 Top heading face formed by sandy marlstones with slab-like bedding (TM 66)

S

Fig. 4 Top heading face formed by sandy clay (TM 264)

Obr. 4 Celba kaloty tvorend jilovitymi zeminami s piscitou primési (TM 264)
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Within the shallow overburden of only 4 to 6 m, a large number
of utility services are located above the tunnel. The tunnel route
crosses two gas pipelines, three sewer lines, a culvert, and numerous
communication and power cables. In addition, two water mains and
an out-of-service district-heating pipeline run parallel to the tunnel.
From the perspective of sensitivity to excavation-induced ground
movements, the most critical structures were the high-pressure and
medium-pressure gas pipelines.

Another key surface structure situated directly above the tunnel
alignment is the operational K Letisti Street, which carries heavy
bus and trolleybus traffic. The presence of these facilities, which
could not be relocated, was a major factor in selecting a shallow-
cover tunnelling solution rather than the technically simpler and
less risky cut-and-cover construction method.

GEOTECHNICAL CONDITIONS

Prior to the commencement of detailed design work, the designer
had access to the results of a geotechnical investigation carried out
by Chemcomex, a.s. in 2019. Within the approximately
300m long mined section of the utility tunnel, a total of
five cored boreholes with depths ranging from 5 to 12m
were available.

The Quaternary overburden, approximately 6 m thick,
consists of fill materials, loess clays of classes F6-F5,
loess of class F6, and deluvial clays and sandy clays with
rock fragments classified as F8 to F4.

The bedrock is formed by sandy marlstones exhibiting
varying degrees of weathering and fracturing. Near the
top of the bedrock, highly weathered sandy marlstones
with intense fracturing (classes R6-R5) are present.
At greater depths, the rock mass consists of weathered
fractured sandy marlstones with predominantly open
joints filled with clay, classified as R5—R4. The marlstone
strata exhibit a pronounced slab-like bedding and are
deposited in an almost horizontal orientation. The
thickness of individual marlstone slabs is variable and
generally ranges within several decimetres.

Along the section under consideration, the tunnel
overburden decreases from approximately 6m near
shaft S09 to 4m near shaft TK7, while the tunnel invert
is located at depths of approximately 12 to 10m below
ground surface. Under these conditions, the tunnel
profile in the vicinity of shaft S09 is situated within
weathered marlstones and partly within highly weathered
marlstones (Fig. 3), whereas the entire overburden above
the tunnel consists of Quaternary deposits.

In the direction of chainage, i.e., toward shaft S08,
the tunnel gradient rises and the utility tunnel profile
progressively extends into the Quaternary cover deposits.
From shaft S08 toward shaft TK7, part of the tunnel
crown is located within the Quaternary deposits. In the
vicinity of shaft TK7, almost the entire top heading
section is excavated in the Quaternary cover materials
(Fig. 4). Throughout the entire top heading length,
however, footing of the top heading remains located
within the bedrock formations.

A continuous groundwater table is situated appro-
ximately 10 to 16m below the tunnel invert and therefore
has no significant influence on the tunnel excavation.
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zasahuje do hloubek 12 az 10 m pod povrchem terénu. Za téchto
podminek je v blizkosti Sachty S09 profil tunelu umistén ve zvétra-
lych slinovcich, ¢astecné i silné zvétralych slinovcich (obr. 3), pfi-
tom je celd vyska nadlozi tvorend kvartérnimi pokryvy. Ve sméru
staniceni, tj. smérem k Sachté S08, niveleta dila stoupd a kolektor
postupné zasahuje Casti svého profilu do kvartérnich pokryvi. Od
Sachty SO8 smérem k Sachté TK7 je ¢ast kaloty vedena v kvartérnim
pokryvu. V blizkosti Sachty TK7 je prakticky cela plocha kaloty ra-
Zena v kvartérnich pokryvech (obr. 4). Pata kaloty se v celém tseku
razby nachazi vzdy v materidlech skalniho podlozi.

Spojita hladina podzemni vody se nachdzi piiblizné 10 az 16 m
pode dnem tunelu a nijak ho tedy neovliviiuje.

OPTIMALIZACE TVARU PRICNEHO REZU

Vychozi bod realizacni dokumentace spocival v optimalizaci
tvaru pricného fezu kolektoru (obr. 5). Névrh optimalizace pricné-
ho fezu vychézi z vlivu tvaru vyrubu na statické funkce primarniho
a sekundarniho osténi. Tvar vyrubu ma vliv na provadéni a stabilitu
primdrniho osténi pii razbé, lépe vzdoruje zemnimu tlaku a zvySu-
je stabilitu dila pfi razbé. Tvar sekundarniho osténi je pfizpisoben
hlavné vedeni poZadovanych siti v kolektoru.

V pripadé sekundarniho osténi optimalizace souvisi s prizplso-
benim dimenzi konstrukce pfedpoklddanému zatiZeni. Jednalo se
predevsim o plynulé zvétSeni tloustky osténi smérem od vrcholu
klenby k jeho bokiim. Dale byl v novém navrhu zesilen prifez v mis-
té napojeni bokd osténi na spodni klenbu, kde lze ocekavat zvysené
namahani ohybovymi momenty a posouvajici silou. Cilem optima-
lizace bylo zajisténi priznivéjsitho namédhani konstrukce a sniZeni ri-
zika vzniku trhlin v sekundarnim osténi, nebof osténi kromé nosné
funkce zajistuje i vodotésnost kolektoru. Vznik trhlin, které je mozné
sanovat pouze na lici osténi, miZe mit vzhledem k riziku koroze vy-
ztuZe negativni vliv nejen na vodotésnost, ale predev§im na Zivotnost
nosné konstrukce.

Vnitini svétlé rozméry sekundarniho osténi byly navrZzeny s ohle-
dem na poZzadované prichozi prostory a mnoZzstvi vedeni inZenyr-
skych siti s kabelovymi lavkami. Svétla $itka kolektoru je 4,25 m
a svétla vyska je 4,10 m.

Tuel

CROSS-SECTION OPTIMIZATION

The starting point for the detailed design documentation was the
optimization of the utility tunnel cross-section (Fig. 5). The proposed
optimization was based on the influence of excavation geometry on
the structural performance of both the primary and secondary linings.
The shape of the excavation affects the construction process and
stability of the primary lining during tunnelling, provides improved
resistance to ground pressure, and enhances overall excavation
stability. The geometry of the secondary lining was primarily adapted
to accommodate the required utility services within the utility
tunnel.

In the case of the secondary lining, the optimization was related
to adapting the structural dimensions to the anticipated loading
conditions. The principal modification consisted of a gradual
increase in lining thickness from the crown toward the sidewalls. In
addition, the cross-section was strengthened at the junction between
the sidewalls and the invert, where increased stresses due to bending
moments and shear forces were expected. The objective of the
optimization was to achieve a more favourable structural response
and reduce the risk of cracking in the secondary lining, since the
lining serves not only a load-bearing function but also provides the
watertightness of the utility tunnel.

The formation of cracks, which can be repaired only from the
exposed inner surface of the lining, could adversely affect not only
watertightness but, more importantly, the durability of the structure
because of the potential risk of reinforcement corrosion.

The internal dimensions of the secondary lining were designed
with regard to the required access clearances and the number of
utility installations and cable support systems. The clear width of the
utility tunnel is 4.25m, and the clear height is 4.10m.

All modifications to the geometry of both the primary and
secondary linings were thoroughly verified by structural analyses
using the software packages GEO-MKP (FINE spol. s r.o.) and
SCIA Engineer (Allplan Cesko s.r.0.).

For comprehensive project coordination and future asset
management, a BIM digital model was prepared by the lead designer,
Ingutis, spol. s r.o.

VSechny zmény tvaru primar-
niho i sekundarniho osténi byly

21 ks jehel IBO @25 mm, dI. 4 m,

v kazdém 2. z4béru stfikany beton tl. 300 mm

podrobné ovéfeny statickymi vy-
pocty v programech GEO-MKP
(FINE spol. s r.o.) a SCIA Engi-

6 ks Celbovych ty¢i IBO @32 mm, dl. 8 m
v kazdém 4. zabéru

21 pes of spiles @25mm, Igth. 4m, in every 2" round

6 pcs of face anchors @32mm, Igth. 8m
in every 4" round

neer (Allplan Cesko s.r.0.).

Pro komplexni koordinaci ce-
1ého projektu a budouci spravu
objektu byl hlavnim projektantem
stavby (Ingutis, spol. s r.0.) pripra-
ven digitdlni model BIM.

3 ks paznice UNION dl. 1,6 m
3 pes of UNION face laging Igth. 1.6m

RAZBA A PRIMARNI OSTENI

4 ks radialnich svornikl
IBO @25 mm, dl. 4,0 m

4 pes of radial rock
bolts @25mm, Igth. 4.0m

Plvodni navrh

V ZDS (jejiz soucasti byl i pro-
jekt dokumentace pro povoleni
stavby) byl vyrub ¢lenén na kalotu
a opéri, pricemz vyrub kaloty byl
dale vertikdln€ rozdélen na dalsi
dva dil¢i vyruby. Ve vykresové
dokumentaci ZDS byla navrZena L

rozsifeni paty kaloty
min. 400 mm

elephant foot
min. 400mm

2x sit 8/100x8/100 mm
pfihradovy rém 4 ks @28 mm
sprayed concrete thk. 300mm
2x wire mesh 8/100x8/100mm
lattice girder 4@28mm

AT At
s |
(Yol
(3]
{ kalota ‘ | D_/
| top heading | 3
[ : [
| . |
| opéH |
. bench ;
AT At

lic sekundarniho osténi

jenom jedna technologicka tfida.

4" inner surface of secondary lining

Zatimco po obvodu kolekto-
ru bylo navrZeno primarni osténi

Obr. 5 Optimalizovany ndvrh technologické tridy vyrubu
Fig. 5 Optimised design of the support class
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tloustky 300 mm se dvéma vrstvami siti 10/100 x 10/100 mm a ob-
délnikovymi piihradovymi ramy se Sesti nosnymi pruty, bok dil¢iho
vyrubu kaloty zajiStovala v prostfedi zemin pouze vrstva stitkaného
betonu tloustky 70 mm s jednou siti 10/100 x 10/100 mm. V ka-
lot¢ byla navrZena relativné plochd spodni klenba ze stiikaného
betonu tloustky 200 mm vyztuzend dvéma vrstvami siti 10/100 x
10/100 mm. Celba kaloty (tj. oba dil¢i vyruby) byla zajisténa 15 ks
sklolaminatovych ty¢i (svorniktl) délky 8 m, Celba opéfi 5 ks stej-
nych typt ty¢i. PoZadované minimalni prekryti celbovych tyci bylo
2 m, v mist& prekryti byla tedy Celba o ploSe vyrubu necelych 30 m?
zajisténa celkem 40 ks sklolaminatovych ty¢i. V prvnim dil¢im vy-
rubu kaloty byly pro stabilizaci vyrubu pouzity 3 ks ocelovych jehel
o délce 6 m, po vyraZeni druhého dil¢iho vyrubu kaloty bylo doplné-
no dalSich 6 ks jehel do celkového poctu 9 ks. Pozadovany prekryv
jehel byl 2 m.

Novy navrh

Novy staticky priznivéjsi tvar pricného fezu umoznil spolecné
s dal$imi Gpravami navrhu zruSeni vertikdlniho ¢lenéni vyrubu ka-
loty a spodni klenby kaloty. Odstranéni téchto prvka bylo klicové
pro optimalizaci technologického postupu praci, nasazeni vykon-
nych strojii pro razbu, odvoz rubaniny a nastfik primarniho osténi.
Rychlost razby mé v piipadé nepfiznivych geotechnickych pomé-
i s nizkym nadloZim zasadni vyznam — redukuje rozvoj deforma-
ci razeného dila. Jednim z hlavnich cili optimalizace navrhu razeb
bylo umoznit zhotoviteli relativné rychlé zajisténi stability vyrubu
primarnim osténim po provedeni zdbéru. Ze statického hlediska neni
optimédlni ani spojovani vyztuznych prihradovych rdma v nejvice
namahaném prifezu ve vrcholu klenby, coz by pivodné navrzené
vertikalni ¢lenéni vyrubu kaloty vyZzadovalo.

V novém navrhu byla funkce spodni klenby kaloty nahrazena
kombinaci kotveni boku a rozsifenou patou kaloty. Radialni svorni-
ky IBO délky 4 m v poctu 4 ks na zabér byly navrzeny pro omezeni
vodorovnych deformaci. Smyslem rozsifené paty je redukovat seda-
ni kaloty jako celku. Vyhodou rozsiteni paty kaloty oproti docasné
spodni klenbé je priznivéjsi pisobeni pfi nasledné razbé opéti. Vy-
bourdni docasné spodni klenby vnasi nové neZddouci naméhéni do
jiz vyzralého betonového osténi kaloty.

Dalsi zasadni dpravou navrhu byla zména systému kotveni a paze-
ni Celby. Toto opatieni bylo navrZzeno pro omezeni rizika spojeného
s jeji nestabilitou. V pripad€ ztraty stability celby hrozi nekontrolo-
vatelné zvétSeni délky zabéru a nasledné prolomeni nadlozi. Predpo-
kladanému mechanismu poruseni stability Celby je nutné vzdorovat
kotevnimi prvky s vysokou pevnosti ve stfihu. Z tohoto dtivodu byla
provedena nahrada sklolaminatovych ty¢i na celbé ocelovymi svor-
niky IBO délky 8 m (min. pfekryv 4 m) aktivovanymi cementovou
maltou, s paZenim Celby pomoci paznic UNION. Vnéjsi zavit kotev-
nich ty¢i IBO zaroven umoZziuje dotahovani paznic UNION a jejich
aktivaci po provedeni kazdého zabéru. V novém navrhu jsou sklo-
laminatové tyce v poctu 20 ks nahrazeny ocelovymi svorniky IBO
v poctu 6 ks.

Pro stabilizaci vyrubu bylo navrzeno pfedstihové opatfeni pro-
stfednictvim ocelovych jehel. V novém ndvrhu jsou nahrazeny jehly
@ 25 mm délky 6 m v poctu 9 ks stejnym typem jehel o délce 4 m
v poctu 21 ks. Prekryv jehel v podélném sméru je 2 m a oproti pl-
vodnimu navrhu se neméni. Dlivodem této tipravy byla snaha o mi-
nimalizaci nadvyrubti s ohledem na délku zabéru a thel vrtani jehel.

Veskeré vrtani pro kotveni bylo v daném geotechnickém prostiedi
provadéno bez vodniho vyplachu. Pouziti vodniho vyplachu by zptiso-
bilo degradaci horninového masivu a zhorsilo podminky pro dalsi raz-
bu. Z tohoto diivodu byly také zruseny horizontalni jadrové predvrty,
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EXCAVATION AND PRIMARY LINING

Original Design

In the Tender Design Documentation, which also included the
design submitted for construction permitting, the excavation was
divided into a top heading and bench, with the heading excavation
further subdivided vertically into two partial excavation sequences.
Only a single excavation support class was specified in the tender
design drawings.

While the perimeter of the utility tunnel was designed with
a 300mm thick primary lining reinforced with two layers of welded
wire mesh (10/100 x 10/100mm) and rectangular lattice girders with
six load-bearing bars, the sidewall of the partial heading excavation
in soil conditions was supported only by a 70mm thick layer of
shotcrete reinforced with a single layer of 10/100 x 10/100mm
welded mesh.

A relatively flat temporary invert of the top heading heading was
designed using 200mm thick shotcrete, reinforced with two layers of
10/100 x 10/100mm welded mesh.

The top heading face (i.e., both partial heading excavations) was
supported by 15 glass-fibre reinforced polymer (GFRP) face bolts
with a length of 8m, while the bench face was supported by 5 bolts
of the same type. A minimum overlap length of 2m was specified
between successive installations. Consequently, within the overlap
zone, the excavation face, with a cross-sectional area of almost 30m?2,
was reinforced by a total of 40 GFRP face bolts.

For excavation stabilization, three steel spiles of 6m length were
installed in the first partial heading excavation. After completion of
the second partial heading excavation, an additional six spiles were
installed, resulting in a total of nine spiles. The required overlap
length between spiles was 2m.

Revised Desigh

The new, structurally more favourable cross-sectional shape,
together with other design modifications, made it possible to eliminate
both the vertical subdivision of the top heading excavation and the
temporary invert of the top heading. The removal of these elements
was crucial for optimizing the construction process and enabling the
use of high-performance equipment for excavation, muck removal,
and shotcrete application. In unfavourable geotechnical conditions
with shallow cover, the rate of advance is of fundamental importance,
as it reduces the development of deformations above the excavation.
One of the principal objectives of the excavation design optimization
was therefore to allow the contractor to achieve rapid stabilization
of the excavation by means of the primary lining immediately after
each excavation round. From a structural perspective, splicing
lattice girders at the crown, where internal forces are greatest, is
also undesirable; however, this would have been necessary under the
originally proposed vertical subdivision of the top heading excavation.

In the revised design, the function of the temporary heading
invert was replaced by a combination of sidewall anchoring and an
elephant foot of the top heading. Four 4 m long IBO radial rock bolts
were installed per excavation round to limit horizontal deformations.
The purpose of the elephant foot was to reduce overall settlement
of the top heading. Compared with a temporary invert, the elephant
foot also provides a more favourable structural response during
subsequent bench excavation. The demolition of a temporary invert
introduces additional undesirable stresses into the already hardened
shotcrete lining of the top heading.

Another major modification involved the face support and
anchoring system. This measure was introduced to reduce the risk
associated with potential face instability. Loss of face stability
could result in uncontrolled extension of the excavation round and,



35. rocnik - €. 3/2026

zakladni informace o pomérech v predpoli razby byly priabézné zis-
kavény z geotechnického sledovani pfi vrtani pro Celbové tyce.

Dalsi vyznamnou optimalizaci byla dprava piihradovych ramu
a siti. V predchozim stupni dokumentace byly navrZzeny obdélniko-
vé prifezy ramu se 6 pruty @ 32 mm. Na zakladé nového staticky
pfiznivéjsiho tvaru pficného fezu tunelu a upresnéni zatiZeni byly
navrZeny subtiln&ji ramy se 4 pruty @ 28 mm, pti¢emz trojihelniko-
vého prifezu je dosaZeno umisténim spodnich prutii vedle sebe. To
umoznuje snadnéjsi pristup pro vrtani jehel s minimalnim odklonem
od obrysu vyrubu. Vyztuzné sité primarniho osténi byly odlehceny
z typu 10/100 x 10/100 mm na typ 8/100 x 8/100 mm. Navrh subtil-
né&jsich ramu a siti je vhodny také z hlediska manipulace a montaze
v tunelu.

Priibéh razby

Razba tunelu probihala dle zdsad NRTM. Vzhledem k nizkému
nadlozi, velikosti vyrubu a prostfedi zemin byla navrZena jen jedna
technologickd tfida vyrubu pro cely dsek razby, ktera postihovala
nejnepriznivéjsi oekavané podminky. Observac¢ni metodu bylo pro-
to v danych pomérech mozné vyuZit pouze v omezeném rozsahu.

Prvni rozrazka tunelu probéhla z tirovné dna Sachty SO8 ve smé-
ru TK7, materidl z prvniho zébéru razby kaloty slouZzil k vytvoreni
rampy do kaloty pro razbu dalSich zabéra. Veskera doprava strojd,
materidlu a rubaniny probihala v Sachté pomoci jefadbu RDK 300.
V zévislosti na konkrétnim technologickém kroku razby bylo zpo-
Catku nutné veskeré stroje opakované vytahovat a spoustét (obr. 6).
Tento zdlouhavy proces omezoval rychlost razby az do doby, kdy
byl v podzemi vytvoren dostatecny prostor pro odstaveni celé strojni
sestavy.

V tvodnim useku razby byl vyrub kaloty provadén postupné na tfi
Casti, vzdy byla odstranéna pouze jedna paZnice. Po demontazi paz-
nice v piisluSné Casti Celby nésledovalo rozpojovani tunelbagrem,
stabiliza¢ni néstiik stfikanym betonem, nakonec opé&tovné osazeni
a aktivace paznice pfitaZzenim ke zkrdcené dvojici Celbovych tyci
IBO. K instalaci vnéjsich siti a pfihradovych rdmi bylo mozné pti
tomto postupu pristoupit azZ po kompletnim provedeni vSech tfi Casti
vyrubu kaloty, coZ bylo Casové relativné narocné.

Obr. 6 RozrdZka ze Sachty S08
Fig. 6 Excavation opening from the shaft S08
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ultimately, sinkhole in the overburden. The anticipated face failure
mechanism requires support elements with high shear resistance. For
this reason, the original glass-fibre reinforced bolts were replaced by
8m long self-drilling steel IBO anchors, installed with a minimum
overlap of 4m and activated by cement grout, while the excavation
face was supported using UNION face lagging. The external thread
of the IBO anchor bars also allows the UNION face lagging to be
tightened and activated after each excavation round. In the revised
design, the original arrangement of 20 glass-fibre bolts was replaced
by only 6 steel IBO anchors, providing significantly greater support
capacity.

For excavation stabilization, a pre-support system using steel spiles
was adopted. In the revised design, the original nine 6m long spiles
of 25mm diameter were replaced by twentyone spiles of the same
diameter but only 4m in length. The longitudinal overlap remained
unchanged at 2m. The purpose of this modification was to minimize
overbreak in relation to the excavation round length and the drilling
angle of the spiles.

All drilling operations associated with rock bolting were carried
out without water flushing in the prevailing geotechnical conditions.
The use of water flushing would have caused degradation of the
ground and deterioration of excavation conditions. For the same
reason, the originally proposed horizontal core probe drilling ahead
of the face was eliminated. Instead, key information regarding
ground conditions ahead of the excavation was continuously
obtained through geotechnical observations during drilling for the
face support anchors.

A further important optimization concerned the lattice girders
and welded wire mesh reinforcement. In the previous design stage,
rectangular lattice girders incorporating six ?32mm bars had been
specified. Based on the revised, structurally more efficient tunnel
geometry and a refined assessment of loading conditions, lighter
lattice girders consisting of four #28mm bars were designed. A
triangular girder configuration was achieved by placing the lower
bars side by side. This arrangement provides improved access for
spiles drilling with only minimal deviation from the excavation
profile.

The reinforcement mesh of the primary lining was also optimized,
being reduced from 10/100 x 10/100mm mesh
to 8/100 x 8/100mm mesh. The use of lighter
lattice girders and mesh reinforcement also
proved advantageous from the standpoint of
handling and installation in the tunnel.

Excavation Progress

The tunnel was excavated in accordance with
the principles of the New Austrian Tunnelling
Method (NATM). Owing to the shallow
overburden, the relatively large excavation
cross-section, and the predominance of soil
conditions, only a single excavation support
class was designed for the entire tunnel length,
covering the most adverse anticipated ground
conditions. Consequently, the application of
the observation method was possible only to
a limited extent.

The first excavation round commenced
from the bottom of shaft SO8 in the direction
of TK7. Material excavated from the initial
top-heading round was used to construct an

access ramp for subsequent excavation works.

All transportation of equipment, materials, and
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Béhem razby probihalo podrobné sledovani chovani horninové-
ho masivu, zejména ve fazi rozpojovani kaloty pomoci tunelbagru.
Toto sledovani, ze kterého byly pravideln€ pofizovany videozazna-
my, poskytovalo spolecné s vysledky geotechnického monitoringu
komplexni predstavu o stabilitnich pomérech celby, obnazeného lice
vyrubu a primérniho osténi. Na zakladé¢ ziskanych zkusSenosti s kon-
krétnimi poméry pro razbu bylo pristoupeno k postupné redukci vy-
ztuznych prvki a zjednoduseni postupu provadéni.

S ohledem na relativné pfiznivé chovani horninového masivu pfi
razb¢ byl upraven postup provadéni kaloty pouze na jednu fazi a vy-
pustén pozadavek na systémové osazovani paznic UNION na Celbg.
Tyto paZnice zlstaly stdle pripravené na stavbé a byly osazovany
pouze v pripadé zastiZzeni lokalnich nestabilit Celby v pristropi. Dale
byl zredukovéin pocet Celbovych zajistovacich ty¢i z 6 ks na 2 ks
v kazdém ctvrtém zabéru. Provadény byly pouze dvé Celbové tyce
v pristropi, na které bylo mozné v pfipadé potieby osadit paznici
UNION. Vypustény byly také radialni svorniky a mirné prodlouZena
maximalni pfipustna délka zédbéru. Realizovana délka zabéru byla
vzdy prizpusobena konkrétnim podminkam na cCelbé a pohybovala
semezi 0,7ma 1,1 m.

Jako zasadni, pro razbu priznivé faktory, Ize oznacit predevsim vo-
dorovné uloZeni slinovcovych desek a soudrznost jilovitych zemin.
Béhem razby nebyly zastizeny zZadné piscCité cocky s vodou.

V prabéhu razeb byly vyzkousSeny riizné postupy rozpojovani Cel-
by kaloty a typy nastroji osazené na tunelbagrech (napt. Takeuchi
TB370). V ptipadé stabilngjsich pomérii byla Celba kaloty rozebira-
na pomoci impaktoru, a to od spodni ¢asti smérem nahoru pro snad-
néjsi odlamovani slinovcovych desek. V prostedi zemin s nejnizs§im
nadloZim byl naopak volen opatrnéjsi postup odebirani materidlu
smérem odshora do bokll s ponechanim celbového klinu; rozpojo-
véani v tomto prostiedi probihalo napiiklad dvojzubem. Celbovy klin
zlepSoval stabilitni poméry béhem prace tunelbagru a pribézného
odvazeni rubaniny pomoci nakladact (obr. 7). Pfi zavérecné profilaci
vyrubu vSak musel byt klin vZdy odstranén, protoZe omezoval pro-
stor pro kvalitni provedeni stfikaného betonu, zejména pii zastfiku
smérem od Celby pro vyplnéni piipadnych dutin na rubu osténi.

Rozpojovéani opéfi probihalo vZdy v prostiedi slinovcovych de-
sek, v této fazi byla jiz k dispozici vyska celého tunelu, a proto bylo
mozné vyuzit vykonnégjsi tunelbagr, napt. CAT 308C CR (obr. 8).
V pozadi je vidét také Celba kaloty, na které jsou zastaveny prace

Obr. 7 Razba kaloty (TM 264)
Fig. 7 Top heading excavation (TM 264)
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excavated spoil through the shaft was performed using an RDK 300
crane. Depending on the particular stage of the excavation process,
all equipment initially had to be repeatedly lowered into and lifted
out of the shaft (Fig. 6). This time-consuming procedure limited the
excavation rate until sufficient underground space became available
for parking the complete excavation equipment set underground.

At the beginning of the excavation works, the top heading face
was excavated in three successive sections, with only one face
board removed at a time. After removal of the face board from the
relevant section, excavation was carried out using a tunnel excavator,
followed by the application of stabilizing shotcrete. The face board
was then reinstalled and activated by tightening it against a shortened
pair of IBO face anchors. Under this procedure, the installation of
the external reinforcement mesh and lattice girders could only
commence after all three sections of the top heading had been
excavated, making the process relatively time-consuming.

Throughout the excavation works, detailed observations of
ground behaviour were carried out, particularly during excavation
of the top heading using tunnel excavators. The observations, which
were regularly documented by video recordings, together with
the results of geotechnical monitoring, provided a comprehensive
understanding of the stability conditions of the excavation face, the
exposed excavation perimeter, and the primary lining.

Based on the experience gained under the actual excavation
conditions, the support system was progressively simplified and the
amount of reinforcement reduced.

Due to the relatively favourable behaviour of the ground during
excavation, the top heading excavation procedure was modified to
a single-stage operation, and the requirement for the systematic
installation of UNION face boards was removed. The face boards
remained available on site and were installed only where local face
instability developed near the crown. The number of face support
anchors was also reduced from six anchors to two anchors in every
fourth excavation round. Only two face anchors at the crown were
maintained, providing attachment points for UNION face boards
whenever required.

The radial rock bolts were also omitted, and the maximum
permissible excavation round length was slightly increased. The
actual round length was always adjusted to the prevailing face
conditions and ranged between 0.7m and 1.1m.

The most significant factors contributing to favourable
excavation conditions were the sub-horizontal bedding of
the marlstone slabs and the cohesive nature of the clayey
soils. No water-bearing sand lenses were encountered
during excavation.

During the tunnelling works, different excavation
techniques and excavator tools (for example, on
a Takeuchi TB370) were tested. Under more stable ground
conditions, the top heading face was excavated using
a hydraulic impact hammer, progressing from the bottom
upward to facilitate breakage of the marlstone slabs. In
soil conditions beneath the shallowest overburden, a more
cautious approach was adopted, removing material from
the top downward toward the sides while leaving a face
wedge in place. In such conditions, excavation was carried
out using, for example, a double ripper tooth.

The face wedge enhanced stability during excavator
operations and the continuous removal of excavated
material using loaders (Fig. 7). During final profiling of the
excavation, however, the wedge always had to be removed
because it restricted access for the proper application of
shotcrete, particularly when spraying from the face toward
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z diivodu razby opéfi, Celba je zajiSténa aktivovanymi paz-
nicemi UNION.

Prorazka do Sachty TK7 probéhla dne 8. 11. 2025
(obr. 9).

Razba ze Sachty S09 smérem k SO8, pod provozovanou
ulici K Letisti, probihala se zkracenou délkou zabéru na
0,8 m v délce cca 10 m, s aktivnim pazZenim Celby. V dal-
$im postupu raZeb byla uplatnéna obdobna tGsporna opat-
feni popsan4 vyse na dseku razeb z SO8 do TK7.

Tmavé skvrny na primarnim osténi na obr. 10 nejsou
prusaky, ale mista po Cerstvém néstiiku betonu, ktery byl
proveden v ramci profilace.

Postupy razeb byly pravidelné diskutovany a upiesiio-
vany na kontrolnich dnech monitoringu, které probihaly
jednou za 14 dni. Pomoci observa¢ni metody bylo mozné
reagovat na zastiZzenou geologii a skute¢né chovéni hor-
ninového masivu. Nékde bylo nutné vystrojovaci prvky
pridat, jinde je bylo mozné ubrat. To vSe v ramci jediné
technologické tfidy vyrubu navrzené pro nejhorsi predpo-
kladané geotechnické podminky.

Geotechnicky monitoring a vyhodnoceni jeho vysledkii

V ramci provadéni tunelu probihal komplexni geotechnicky moni-
toring, ktery zajiStovala spolecnost GeoTec GS, a.s. Monitoring pro-
bihal na povrchu i v tunelu, jednalo se o geotechnickou pasportizaci
Celeb v kazdém zabéru, geodetické méfeni deformaci primarniho
osténi a poklesové kotliny na povrchu. Vysledky monitoringu byly
prubézné porovnavany s predpoklady projektu.

Hloubeni Sachet a dokumentovani ¢eleb béhem razby potvrdilo
geologickou skladbu horninového masivu predikovanou prizku-
mem. Povrch skalniho podloZi se nachazi v hloubce pfiblizné 6 m
pod terénem.

Obr. 9 Prordzka do Sachty TK7
Fig. 9 Break-through into the shaft TK7

Obr. 8 Razba jdadra (TM 35)
Fig. 8 Bench excavation (TM 35)

the previously excavated section to fill potential voids behind the
lining.

Bench excavation was always carried out within the marlstone
strata. At this stage, the full tunnel height was available, making
it possible to use larger and more powerful excavation equipment,
such as a CAT 308C CR tunnel excavator (Fig. 8). Also visible
in the background is the top heading face, where excavation had
been temporarily suspended during bench excavation; the face was
secured using activated UNION face boards.

Breakthrough into shaft TK7 was achieved on 8 November 2025
(Fig. 9).

Excavation from shaft S09 toward SO8, beneath the operational
K Letisti Street, was carried out using a reduced excavation round
length of 0.8m over a distance of approximately 10m, combined with
active face support. Beyond this section, excavation proceeded using
similar cost-saving optimization measures to those successfully
implemented on the section from SO8 to TK7.

The dark patches visible on the primary lining in Fig. 10 are not
water leakages, but areas of freshly applied shotcrete used during
excavation profile trimming.

Excavation procedures were regularly reviewed and refined
during monitoring review meetings, held every two weeks. Through
application of the observational method, it was possible to adapt
support measures to the encountered geological conditions and the
actual behaviour of the ground mass. In some locations, additional
support elements were required, while in others support could be
reduced. All such modifications were implemented within the
framework of a single excavation support class, originally designed
for the most adverse anticipated geotechnical conditions.

Geotechnical Monitoring and Evaluation of Results

A comprehensive geotechnical monitoring programme was
implemented during tunnel construction and carried out by
GeoTec GS, a.s. Monitoring was performed both at the surface
and underground and comprised geological face mapping for
every excavation round, geodetic measurements of primary lining
deformations, and surface settlement monitoring. The monitoring
results were continuously compared with the design assumptions.

The excavation of the shafts and the geological documentation

of tunnel faces during construction confirmed the geological
conditions predicted by the site investigation. The bedrock surface
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Obr. 10 Primdrni osténi po profilaci
Fig. 10 Primary lining after profile trimming

Meéreni poklesti na povrchu terénu probihalo vzhledem k niz-
kému nadloZzi tunelu nad celym razenym usekem. Nivelacni body
byly usporadany v profilech po 20 m orientovanych kolmo na po-
délnou osu kolektoru. Tyto pficné profily slouzily pro stanoveni
Sirky a tvaru poklesové kotliny. Pro ziskani komplexnich informa-
ci byly v oblasti provozované komunikace, kiiZzeni s plynovody
a v zavérecném udseku razby s nejnizsim nadloZim doplnény body
pro stanoveni podélné poklesové kotliny. Métené poklesy povrchu
se pohybovaly v zavislosti na konkrétni vysSce nadlozi a pomé-
rech na Celbé v hodnotach do 20 mm. Negativnim faktorem, ktery
Castecné ovliviioval velikost deformaci, byl pohyb tézké stavebni
mechanizace nad razenym profilem. V ptipadé profilu s nejniz§im
nadlozim byly s ohledem na provadéni praci v okoli Sachty TK7
k dispozici pouze body pfimo nad tunelem. Namétrené poklesy te-
rénu odpovidaly pfedpokladiim projektu.

Dalsi sadu meéfeni, jejichz vysledky bylo mozné porovnat
s predpoklady projektu, predstavovaly deformace primarniho
osténi. Tato méfeni probihala v tunelu v profilech po 10 m, v kaz-
dém profilu byly umistény tii body v kaloté a dva body v opéfi.
Dulezitym aspektem pfi hodnoceni téchto vysledki byl okamzik
osazeni geodetickych bodu (zrcatek). Osazeni probihalo z tech-
nologickych divodl zpravidla az pfi montazi vnitfnich siti, coz
odpovidalo vzdalenosti pfiblizné 2 aZ 3 m za celbou. Tento typ
méteni proto poskytuje pouze omezenou informaci o celkovych
hodnotach deformaci. Vetsi ¢ast deformaci masivu probéhla pred
nultym méfenim a rozhodujici byl predevsim trend pribéhu vy-
sledkti. Méfené deformace primarniho osténi v tunelu zpravidla
nepiesahovaly 10 mm.

Ve vsech profilech spolehlivé dochazelo k ustdleni méfenych hod-
not a vysledky se pohybovaly v rozsahu ocekdvanych deformaci.
V pribéhu realizace nebyl piekrocen zadny predem stanoveny va-
rovny stav.

Technickou vyzvou byla razba v misté kiiZeni s provozovanymi
plynovody (vysokotlaky a stfedotlaky). Pfed razbou v daném use-
ku byly provedeny kopané sondy pro ovéfeni prostorové polohy
a stavu plynovodnich potrubi. Na zakladé diagnostiky byly stano-
veny hodnoty varovnych stavll pro pfipustné poklesy potrubi vy-
volané razbou tunelu. V rdmci ochrany vysokotlakého plynovodu
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was encountered at a depth of approximately
6m below ground level.

Due to the shallow tunnel cover, surface
settlement monitoring was conducted along
the entire mined tunnel section. Monitoring
points were arranged in transverse profiles
at 20m intervals, oriented perpendicular to
the utility tunnel alignment. These cross-
sections were used to determine the width
and shape of the settlement trough. To
obtain more comprehensive information,
additional monitoring points were installed
for longitudinal settlement measurements in
the areas of the operational roadway, the gas
pipeline crossings, and the final section of
the tunnel where the overburden was at its
minimum.

Measured surface settlements varied accor-
ding to the local cover depth and excavation
face conditions, reaching values of up to
20mm. One adverse factor that partially
influenced the magnitude of measured
deformations was the movement of heavy
construction equipment above the tunnel
alignment. In the section with the lowest overburden, only monitoring
points located directly above the tunnel were available because of
construction activities in the vicinity of shaft TK7. The measured
ground settlements were in good agreement with the design
predictions.

Another set of measurements that could be directly compared
with the design assumptions consisted of primary lining deformation
monitoring. These measurements were performed at 10m intervals
along the tunnel. Each monitoring section contained three survey
points in the top heading and two points in the bench area.

An important aspect in the interpretation of these results was the
timing of the installation of the geodetic targets (reflectors). For
technological reasons, installation generally took place only during
the placement of the inner reinforcement mesh, corresponding to
a distance of approximately 2 to 3m behind the excavation face.
Consequently, this monitoring method provided only limited
information regarding the total deformation magnitude, because
a substantial proportion of ground deformation had already occurred
before the initial measurement. Therefore, the observed deformation
trend was considered more significant than the absolute measured
values. Measured primary lining deformations generally did not
exceed 10mm.

In all monitored sections, the measured values reliably stabilized
over time and remained within the range of expected deformations.
No predefined warning threshold was exceeded during construction.

A particular technical challenge was the excavation at the
crossings with the operational high-pressure and medium-pressure
gas pipelines. Prior to tunnel excavation in these areas, trial pits were
excavated to verify the exact position and condition of the pipelines.
Based on the results of this investigation, warning thresholds
for permissible pipeline settlements induced by tunnelling were
established.

To protect the high-pressure gas pipeline from the effects of
tunnelling, its protective casing was exposed in advance, allowing
daily precise leveling measurements to be carried out until all ground
movements had stabilized. In addition, a system of pipe-support
hangers was prepared on site to compensate for any excessive
settlements that might have occurred as a result of tunnel excavation.
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pred ucinky razby byla v predstihu obnaZena jeho chranicka, na
které pak probihalo nivela¢ni méfeni kazdy den aZ do ustaleni de-
formaci. Pro kompenzaci pfipadnych nadmérnych poklesi zpiiso-
benych razbou byl na stavbé pripraven systém zavést na potrubi.

SEKUNDARNI OSTENI

Sekundarni osténi je navrzeno jako vyztuZené monolitické, se
spodni klenbou oddélenou pracovni sparou od horni klenby betono-
vané do posuvného bednéni. Maximélni délka bloku betondZe byla
v souladu s predpisy [3, 4] prodlouZena z 8 m na 10 m oproti pied-
chozimu stupni dokumentace. Diivodem zmény navrhu byla snaha
o minimalizaci poctu pracovnich spar mezi bloky, a tim sniZeni ri-
zika prasaka.

Tloustka osténi horni klenby je 300 mm ve vrcholu klenby a smé-
rem do boku se rozsifuje. Vzhledem k poZzadované vodonepropust-
nosti sekunddrniho osténi, bez moZnosti gravitacniho odvedeni
podzemni vody drendZemi, je navrzen uzavieny tlakovy systém,
ktery vyzaduje profil tunelu se spodni klenbou. Vodonepropustnost
osténi je zajisténa pouzitim betonu odolného proti prisakiim s tésné-
nim pracovnich a dilatacnich spar.

Pro zajisténi vodotésnosti spar mezi bloky betonaze byly oproti
ZDS uzity vnitini t€snici pasy (obr. 11) se systémem injektdznich
hadicek z divodu lepSiho probetonovani. Tento systém umoZiuje
injektaz vSech pracovnich spar po betonazi.

Navrh sekundédrniho osténi z betonu odolného proti prisakim
bez pouziti mezilehlé izolace obnasi celou fadu specifik. Jedna se
zejména o prisnéjsi kritéria na pripustnou Sitku trhlin a maximalni
povoleny prisak vody betonem. Tyto pozadavky se promitaji do
navrhu betonové smési, pii kterém je sledovdno omezeni nega-
tivnich Gcinkll hydratacniho tepla a smrsfovani. Ddle je navrZen
vyS§i stupenl vyztuZeni konstrukce s ohledem na omezeni Sitky
trhlin, pfi¢emz je duleZité v ndvrhu dodrZet dostatecnou svétlou
vzdalenost prutd vyztuze pro umoznéni kvalitniho probetonova-
ni. Z hlediska odolnosti Zelezobetonu proti prusakiim je zasadni
omezit Sitku pribéZznych trhlin. Trhliny mohou vznikat naptiklad
od rozdilného smrstovani konstrukci spodni a horni klenby, které
jsou betonovany v rizném case. Z tohoto diivodu byla navrZzena
zesilena podélnd vyztuz v oblasti boki horni klenby.

Dalsim dulezitym aspektem z hlediska
omezeni §ifky trhlin je pfisnéjSi pfipustna
odchylka od teoretické tloustky osténi, kte-
ra je dle predpisu [3] definovdna hodnotou
max. 100 mm. Z tohoto divodu bylo pied
realizaci sekundarniho osténi provedeno
v nékolika fazich laserové skenovéni lice
primarniho osténi a jeho profilace.

Mezi konstrukcemi primarniho a sekun-
darniho osténi je vloZena separacni fodlie
pro sniZeni tfeni (obr. 12). Aplikace této f6-
lie vyznamné omezuje tahova napéti v oste-
ni od teplotnich zmén a smrstovani betonu,
coZ v kone¢ném dusledku vede ke sniZeni
rizika vzniku trhlin. Separacni félie dale
zamezuje odvadéni vody z betonu sekun-
darniho osténi do zralého strikaného betonu
primérniho osténi. Tato fdlie je instalovana
po celém obvodu osténi s prekrytim mezi
dil¢imi pasy bez vzdjemného svarovani.

Vyztuz sekundérniho osténi byla na-
vrzena jako kombinace svafovanych siti
a priloZek z prutové vyztuze v nejvice na-
méhanych prifezech. Vyztuz je navrZena

Obr. 11 Vyztuz dna sekunddrniho osténi a instalace vnitinich tésnicich pdsu
Fig. 11 Reinforcement of the secondary lining invert and instalation of internal waterstops

TuNel

SECONDARY LINING

The secondary lining was designed as a reinforced cast-in-place
concrete structure, with the invert separated from the upper arch
by a construction joint. The upper arch was cast using a travelling
formwork system. In accordance with the applicable regulations
[3, 4], the maximum concreting block length was increased from
8m to 10m compared to the previous design stage. The reason for
this modification was to minimize the number of construction joints
between blocks and thereby reduce the risk of water leakage.

The thickness of the upper arch lining is 300mm at the crown,
increasing gradually toward the sidewalls. Because the secondary
lining was required to be watertight without the possibility of
draining groundwater through a conventional drainage system, a
closed pressure-resistant system was adopted, necessitating a tunnel
profile with an invert. Watertightness is achieved through the use of
water-resistant concrete combined with sealing of all construction
and expansion joints.

To ensure the watertightness of joints between concrete blocks,
the originally specified external waterstops were replaced by internal
waterstops (Fig. 11) combined with a system of injection hoses to
improve concrete placement and compaction around the sealing
elements. This system allows all construction joints to be pressure-
grouted after concreting if necessary.

The design of a water-resistant concrete lining without an
intermediate waterproofing membrane involves a number of specific
requirements. These include stricter criteria for the permissible crack
width and for the maximum allowable water permeability of the
concrete. Such requirements significantly influence the concrete mix
design, in which particular attention is paid to limiting the adverse
effects of hydration heat and shrinkage.

The structure was therefore designed with a higher reinforcement
ratio to control crack widths. At the same time, adequate clear
spacing between reinforcing bars had to be maintained to ensure
proper concrete placement and compaction. From the perspective of
watertight reinforced concrete design, limiting the width of through-
cracks is of fundamental importance. Cracks may develop, for
example, as a result of differential shrinkage between the invert and
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Obr. 12 Separacni folie a montdZ vyztuze horni klenby z pojizdné plosiny

Fig. 12 Separation membrane and assembling of the vault reinforcement from a mobile platform

jako samonosna s pithradovymi ramy, k jejichZ stykovani jsou po-
uzité lanové spojky.

Vzhledem k tomu, Ze betondZe probihaly v zimnim obdobi, byly
v ramci realizace zajistény podminky, aby nedochézelo k prudkému
ochlazovéni betonu. Jednalo se o opatieni pti dopravé betonové sme-
si, jejiho uloZeni do bedniciho vozu a zajisténi poZadované teploty
pri betonazi v tunelu. Portaly kolektoru v Sachtich byly uzavieny,
aby bylo omezeno proudéni chladného vzduchu a v tunelu probiha-
lo vyhiivani. Po odbednéni bylo provadéno osetfovani betonu rov-
nomérnym zvlh¢ovanim a pouzitim ochranného néstiiku. Po dobu
osetfovani byla sledovana teplota betonu a okolniho prostiedi s cilem
omezeni teplotniho rozdilu mezi povrchem a jadrem konstrukce.

Montéaz vyztuZe a betondZ do posuvného bednéni komplikova-
ly stisnéné prostorové podminky (obr. 13). Dalsi komplikaci pfi

Obr. 13 Bednici viz sekunddrniho osténi
Fig. 13 Travelling formwork for the secondary lining
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the upper arch, which are concreted at different
times. For this reason, additional longitudinal
reinforcement was provided in the sidewall
regions of the upper arch.

Another important aspect of crack-
width control was the application of stricter
construction tolerances regarding lining
thickness. According to the applicable
specification [3], the maximum permitted
deviation from the theoretical lining thickness
is 100mm. To verify compliance, the intrados
of the primary lining was subjected to laser
scanning and profiling in several stages prior
to construction of the secondary lining.

A slip membrane (separation foil) was
installed between the primary and secondary
linings to reduce friction (Fig. 12). The use
of this membrane significantly reduces tensile
stresses induced by temperature changes and
concrete shrinkage, thereby lowering the risk
of cracking. The membrane also prevents
moisture migration from the fresh secondary
lining concrete into the mature shotcrete of the
primary lining. The membrane was installed
continuously around the entire lining perimeter, with overlapping
sheets but without welding of the joints.

The reinforcement of the secondary lining was designed as
a combination of welded wire mesh and additional bar reinforcement
in the most heavily loaded sections. The reinforcement cage was
designed as a self-supporting system incorporating lattice girders,
with cable couplers used for splicing reinforcement elements.

As concreting was carried out during the winter period, special
measures were implemented to prevent rapid cooling of the concrete.
These measures included temperature control during transportation
of the concrete mix, placement into the travelling formwork, and
maintenance of the required concrete temperature during casting
operations within the tunnel.

The utility tunnel portals at the shafts were closed to limit the
inflow of cold air, and heating was provided
within the tunnel. After formwork removal, the
concrete was cured by uniform moistening and
the application of curing compounds. During
the curing period, both concrete and ambient
temperatures were monitored to minimize
temperature differentials between the surface
and the core of the structure.

The installation of reinforcement and
concreting using travelling formwork were
complicated by the restricted space conditions
within the tunnel (Fig.13). Additional
challenges arose from the need to construct
non-standard concreting blocks at the two
horizontal alignment directional breaks of the
utility tunnel (sections L9 and L.10).

A particularly interesting feature of the
construction process was the method used for
delivering concrete into the tunnel. Concrete
was supplied through large-diameter boreholes
drilled through the shallow tunnel overburden.
These boreholes had been prepared in advance
using a drilling rig during the installation of the
soldier pile wall system for shaft TK7.
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realizaci predstavovaly atypické bloky betonaze ve dvou smérovych
lomech kolektoru (L9 a L10). Zajimavosti je také zpisob dopravy
betonové smési do tunelu, kterd probihala prostfednictvim velkopro-
filovych vrtl skrz nizké nadloZi tunelu. Tyto pfedem pfipravené vrty
byly provedeny vrtnou soupravou jiz v dobé provadéni zapor pro
Sachtu TK7.

CTYRI DOPORUCENI OVERENA PRI PROVADENI RAZEB

1. Profil prutd trojihelnikovych piihradovych ramt: Prirezova
plocha dvou prut na zakladné by se méla rovnat priafezové
plose jednoho prutu ve vrcholu vzhledem k pribéhu ohybo-
vych momentl kolem stfednice osténi. U béZnych rami to je
napt. 2 x 14 + 20, 2 x 18 + 25,2 x 20 + 28 nebo 2 x 22 + 32
(optimalizovéno pro tloustky stiikaného betonu 150, 200, 250
a 300 mm). V pfipadé projektu ,,Kolektor hangar G* jsou pfi-
hradové ramy tvoteny dvéma pruty @ 28 mm v zékladné a dvé-
ma vzajemné svafenymi pruty @ 28 mm ve vrcholu. Tim bylo
dosazeno stejné plochy vyztuZe u obou povrchil osténi a zaro-
veni dodrZen trojtihelnikovy tvar rimu, ktery je vyhodnéjsi pro
vrtani jehel skrz rimy neZ napt. obdélnik s pruty v rozich.

2. Orientace rami: Casty pfedmét diskuze byv4, zda je vyhod-
né&j$i umistit vrchol trojihelnikového rdmu do hory nebo k lici
osténi. Dle zkuSenosti horniki-tunelara, ktefi na této stavbé
provadeli razby, je vyhodnéjsi umistit zakladnu trojihelniko-
vého ramu vzdy k vyrubu, protoZe po zastiikani prvni vrstvou
stitkaného betonu je ram stabilni a pfi vrtani jehel uz se nemi-
Ze hybat. Graficky bylo ovéfeno, Ze obé polohy orientace ramu
nemaji vliv na dhel vrtani jehel.

3. Vyztuzné sit¢ KARI se pokladaji vZdy nosnymi pruty, tj.
v pfi¢ném sméru, v prvni vrstvé k vyrubu a naopak ve druhé
vrstvé k lici primérniho osténi pro dosazeni optimalni statické
vysky. To je tfeba dlisledné dodrzovat a kontrolovat!

4. Svorniky HUS, SN nebo IBO? HUS jsou do zemin naprosto
nevhodné, jsou vyhodné jen pro rychlou a snadnou instalaci
a okamzitou aktivaci, piisobi pouze v tahu. SN jsou pracné,
ale vhodné, pokud nehrozi zavaleni vrtu. Svorniky IBO jsou
do poloskalnich hornin nebo zemin ideélni, @ 25 mm svou
unosnosti sice zajistuje spolehlivé vyrub ve vertikdlnim i hori-
zontdlnim sméru, ale je piili§ meékky, takZe pfi vrtani ,,plave”,
tézko se drzi smér. Doporuceni: v obtiznych geotechnickych
podminkach pouzivat IBO @ 32 mm!

ZAVER

V pribéhu zpracovani realiza¢ni dokumentace raZzeného kolekto-
ru pro Letisté Vaiclava Havla Praha doslo v porovnani s pfedchozim
stupném dokumentace k celé fad¢ optimalizaci technického fesent,
které mély pfiznivy dopad na provadéni primdrniho i sekundarniho
osténi. Tyto zmény umoznily vyznamné dspory investi¢nich naklada
i usnadnéni provadéni, které bylo dileZité pro napnuty harmono-
gram celé stavby.

Vystavba kolektoru probihd bez vétSich problémi a komplikaci.
RaZzba tunelu a betondz sekundédrniho osténi je tspéSné dokoncena,
momentalné probihd montaz kabelovych lavek a vnitiniho vybaveni
kolektoru — obr. 14 (05/2026).

Mimoréadné naro¢né poméry pro provadéni predstavovala zejména
razba kaloty v prostiedi zemin s minimalnim nadlozim 4 m. Tech-
nickou vyzvou byla razba pod vyznamnou a vysoce frekventovanou
komunikaci ,,K Letisti*. Tato hlavni silnice je dlleZita predev§im pro
hromadnou dopravu mezi stanici Nadrazi Veleslavin a Letistém Vac-
lava Havla Praha, kterou v relativné kratkych intervalech zajiStuji
tézké elektrické trolejbusy s baterii. DalSim zvI4sté rizikovym use-
kem byla razba pod provozovanymi plynovody, které zasobuji letisté
a nachazeji se necelé 3 m nad vrcholem vyrubu.

Tuel

FOUR RECOMMENDATIONS VERIFIED DURING
EXCAVATION

1. Profile of triangular lattice girder bars: The cross-sectional
area of the two bars at the base of a triangular lattice girder
should be equal to the cross-sectional area of the single bar at
the apex, reflecting the distribution of bending moments about
the lining centreline. For standard girders, this corresponds, for
example, to configurations of 2 x 14 + 20,2 x 18 + 25,2 x 20 +
28, or 2 x 22 + 32 (optimized for shotcrete thicknesses of 150,
200, 250, and 300mm, respectively). In the Hangar G Utility
Tunnel project, the lattice girders consisted of two @28mm
bars at the base and two mutually welded @28mm bars at the
apex. This arrangement provided the same reinforcement area
at both lining surfaces while maintaining the triangular girder
geometry, which is more suitable for drilling spiles through
the girders than, for example, a rectangular frame with bars
located at the corners.

2. Girder orientation: A frequent subject of discussion is whether
it is preferable to orient the apex of a triangular girder towards
the ground or towards the intrados of the lining. According to
the experience of the miners and tunnelling crews involved in
excavation on this project, it is more advantageous to position
the base of the triangular girder towards the excavation
perimeter. Once covered by the first layer of shotcrete, the
girder becomes stable and can no longer move during spiles
drilling. Graphical verification confirmed that neither girder
orientation has any influence on the achievable spiles drilling
angle.

3. KARI welded wire mesh should always be installed with the
main load-bearing bars oriented transversely to the tunnel
axis. To achieve the optimum structural depth, the main bars
should face the excavation in the first reinforcement layer and,
conversely, the intrados of the primary lining in the second
reinforcement layer. This requirement should be strictly
observed and carefully checked during construction.

4. Hydraulic rockbolts (HUS), Store-Norfors rockbolts (SN)
or self-drilling rockbolts (IBO)? HUS bolts are completely
unsuitable for soils. Their only advantages are rapid and simple
installation and immediate activation; however, they work
solely in tension. SN bolts are labour-intensive to install but
are suitable in cases where there is no risk of borehole collapse.
IBO bolts are ideal for weak rock and soil conditions. Although
?25mm IBO bolts have sufficient capacity to reliably support
the excavation in both the vertical and horizontal directions, but
too flexible. As a result, they tend to “deviate” during drilling,
making directional control difficult. Recommendation: Under
difficult geotechnical conditions, @32mm IBO bolts should be
used.

CONCLUSION

During the preparation of the detailed design documentation for
the mined utility tunnel at Viclav Havel Airport Prague, numerous
optimizations of the technical solution were implemented compared
to the previous design stage. These modifications had a positive
impact on the construction of both the primary and secondary
linings. They resulted in significant savings in investment costs and
facilitated construction activities, which was particularly important
for maintaining the demanding schedule of the overall project.

The construction of the utility tunnel has proceeded without
any major problems or complications. Tunnel excavation and
construction of the secondary lining have been successfully
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completed. Installation of cable trays
and the internal equipment of the
utility tunnel is currently underway
(Fig. 14, 05/2026).

The most demanding construction
conditions were encountered during
excavation of the top heading in soil
with a minimum overburden of only
4m. A particular technical challenge
was tunnelling beneath the major and
heavily trafficked K LetiSti Street.
This roadway is especially important
for public transport between Nadrazi
Veleslavin Station and Viclav Havel
Airport Prague, short
intervals by heavy battery-powered
electric trolleybuses. Another par-
ticularly critical section was the
excavation beneath operational gas
pipelines supplying the airport,
located less than 3m above the crown
of the excavation.

served at

foto Ing. Radek Bernard, Ph.D. photo Ing. Radek Bernard, Ph.D .

Obr. 14 Instalované kabelové ldvky v dokonceném kolektoru
Fig. 14 Installed cable trays in the completed utility tunnel

V ramci provadéni tunelu probihalo pravidelné vyhodnocovani vy-
sledki geotechnického monitoringu. Na zakladé skute¢ného chovani
horninového masivu béhem razby bylo i v téchto komplikovanych
podminkéch provedeno odlehceni zajisténi stability vyrubu v soula-
du s principy observacni metody, coZ mélo za nasledek dalsi Gspory.

Sekundérni osténi je navrZzeno bez mezilehlé hydroizolace, coz
je v pripadé tuzemskych raZzenych tuneli neobvyklé. Vyhoda to-
hoto systému spociva ve snadné identifikaci mist pfipadnych pra-
sakll a mozZnosti jejich sanace. Naopak v piipadé pouZziti mezilehlé
hydroizolace nemusi misto jejiho poSkozeni odpovidat viditelnym
prasakiim uvnitf tunelu, z tohoto diivodu je sanace téchto poruch
pomérné obtizna.

Veskeré uvedené optimalizace a zmény navrhu bylo moZzZné projed-
nat a zrealizovat pouze diky vstficnému piistupu vSech kompetent-
nich uc€astnikd vystavby. Za vynikajici prace v podzemi a tspésny
pribéh vlastni razby v mimorddn€ ndrocnych podminkach patii
uznani pfedev§im zkusenym tunelaitim ze spolec¢nosti POHL cz, a.s.
Podékovani déle patfi zastupcim investora stavby (LetiSté Praha, a.s.),
technického dozoru podzemnich praci (SG Geotechnika, a.s.), zho-
tovitele (Metrostav CZ, s.r.o., POHL cz, a.s.) i hlavniho projektanta
(Ingutis, spol. s.r.0.).

Ing. MARTIN BALAZ, martin.balaz@sagasta.cz,
Ing. VLADIMIR PRAJZLER, viadimir.prajzler@sagasta.cz,
Sagasta s.r.o.
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SILNIENI TUNEL PETIDOMI V CESKYCH BUDEJOVICICH,
GEOTECHNICKA, LOGISTICKA A DALSI USKALI TECHNICKEHO
NAVRHU MESTSKEHO TUNELU
PETIDOMI ROAD TUNNEL IN CESKE BUDEJOVICE, GEOTECHNICAL,
LOGISTICAL, AND OTHER PITFALLS OF THE TECHNICAL DEISGN
FOR AN URBAN TUNNEL

LIBOR MARIK

ABSTRAKT

Cldnek popisuje ndvrh technického feSeni atypického méstského dvoutubusového silnicniho tunelu se dvéma podzemnimi okruZnimi
kriZovatkami v oblasti portdli, ktery je, vzhledem k poZadavkiim na obsluZnost iizemi, geotechnické podminky, etapizaci vystavby spo-
Jenou s vylukami provozu na sefadovacim nddraZi i vazbami na stdavajici méstskou zdstavbu, ve vSech smérech mimorddné ndrocnym
projektem. Stavebni jdma pro vystavbu tunelu v prostiedi zvodnélych sedimentii kiiZuje jedno z nejvétsich sefadovacich nddrazi v Ceské
republice, ddle koleje navazujici na osobni nddraZi mezindrodniho vyznamu a v misté podzemnich kriZovatek zasahuje do tésné blizkosti
méstské zdstavby. To vyZaduje zvlddnout sloZitou etapizaci vystavby v souladu s poZadavky drdznich prepravcii i minimalizaci negativnich
vlivii vystavby na funkci mésta. Konstrukce tunelu, ktery je zdroveri Zeleznicnim mostem, je navrZena z betonu odolného proti prisakiim.
Vyznamnou roli pri ndvrhu tunelu hraje i vztlak podzemni vody. Technologické vybaveni tunelu, a s nim souvisejici stavebni vpravy, musi
umoznit pripadné prodlouZent tunelu do ulice Nddrazni s cilem dopravniho zklidnéni prostoru pred nddrazni budovou. Zahdjeni vystavby
se ocekdvd v roce 2027.

ABSTRACT

The article describes the technical solution of an atypical urban twin-tube road tunnel with two underground roundabouts near the
portals. Considering the requirements for serviceability of the area, geotechnical conditions, construction phasing tied to traffic closures
of the switchyard, and ties to the current urban development, the tunnel is an exceptionally challenging project in all respects. The
construction pit for tunnel excavation in an area of water-bearing sediments crosses one of the largest switchyards in the Czech Republic,
then tracks that connect to a passenger railway station of international importance, and it runs in close proximity to an urban development
near the underground intersections. That requires mastering difficult construction phasing in concord with the requirements of railway
carriers and minimisation of the negative impacts of the construction on the functionality of the city. The structure of the tunnel, which is
also a railway bridge, is designed with concrete resistant to seepage. Groundwater buoyancy also plays an important role during tunnel
design. The technological equipment of the tunnel and related construction adjustments must enable a prospective elongation of the tunnel
to Nddrazni Street with the aim of calming traffic in the space in front of the railway station building. Construction commencement is
expected in 2027.

1. UVoD

Zeleznice rozdéluje Ceské Budéjovice v severo-jiznim sméru
a vytvari v méstské zastavbé bariéru, kterd komplikuje propojeni
vychodni a zdpadni Casti mésta. Snad pravé proto vznikla v roce
2001 mySlenka propojit silniénim tunelem pod nadrazim ctvrti
Pétidomi a Suché Vrbné s centrem mésta. Tehdy se jeSté jednalo
o pfimy podjezd v pokracovani ulice Primyslové, na stran¢ centra
mésta zadstény do ulice Dobrovodska v jeho vychodni ¢asti. Od té
doby doslo ve vyvoji technického feSeni k celé fadé tprav a zmén
[1]. K vyznamnému urychleni celého procesu doslo v roce 2021,
kdy JihoCesky kraj inicioval vznik studie proveditelnosti s cilem
nalezeni optimdlni varianty trasy tunelu jak z hlediska dopravné-
-urbanistického, tak z hlediska technologického postupu vystavby.

Stanice Ceské Budgjovice je hlavnim osobnim nadrazim v regio-
nu a pro nakladni dopravu slouZi sefadovaci nadraZzi jako dilezita
vlakotvorna stanice. Vysledkem studie proveditelnosti dokoncené
v zafi 2022 byla varianta, kterou projek¢ni kancelatr SAGASTA s.r.o.
nasledné rozpracovala do podrobnosti dokumentace pro vydani
spole¢ného povoleni (DUSP), v rdmci které tunel ziskal mist-
ni nazev Pétidomi. Tunel je soucasti projektu Prelozka silnice

1. INTRODUCTION

The railway divides Ceské Bud&ovice in the north-south
direction and creates a barrier within the developed area, which
complicates the connection of the eastern and western parts of the
city. Maybe for this reason, an idea was born in 2001 to connect
the Pétidomi and Suché Vrbné city districts to the city centre with
a road tunnel underneath the railway station. Back then, it was
still a direct underpass as a continuation of Primyslova Street, on
the city centre side, leading in its eastern part into Dobrovodska
Street. Since then, a whole array of modifications and changes
have occurred in the development of the technical solution [1]. An
important acceleration of the entire process occurred in 2021 when
the South Bohemian Region initiated the formation of a feasibility
study with the goal to find an optimal variant for the tunnel route
not only regarding transportation-city planning needs but also from
the view of technological construction course of action.

The Ceské Bud&jovice station is the main passenger railway
station in the region, and the switchyard serves as an important train
forming station for freight transport. The result of the feasibility
study, which was finished in September 2022, was a variant that




Tuel

II/156 a II/157, 3. etapa, Podjezd pod Zelezni¢nim nadraZim,
Ceské Budgjovice. O rozsahu projektu vypovida pocet témgr
90 stavebnich objekti, pfiCemz objekt tunelu je dile ¢lenén na
30 stavebnich podobjektl a 17 provoznich soubort. Kromé névr-
hu konstrukce tunelu ve sloZitych geotechnickych podminkach,
jehoZ soucésti jsou i dvé podzemni kiiZovatky a rampy vedouci
z téchto kfiZovatek na povrch izemi, bylo nutné vyfesit i etapizaci
vystavby, a to zejména s ohledem na minimalizaci vyluk osobni-
ho i sefadovaciho nadrazi, napojeni na stavajici a nove upravené
mistni komunikace i vytvoreni podminek pro zaji$téni bezpec¢nosti
provozu.

2. GEOTECHNICKE PODMINKY

Geotechnické a hydrogeologické podminky pro vystavbu hlou-
beného tunelu v dané lokalité hraji pfi navrhu technického fese-
ni 1 harmonogramu vystavby zasadni roli. Podkladem pro navrh
technického fesSeni je podrobny geotechnicky prizkum v dané
lokalité [2]. Z regiondlné-geologického hlediska zasahuje uzemi
do Zlivské panve a ¢asti Ceskobudéjovické panve. Ceskobudéjo-
vicka pénev je tvorena kiidovymi horninami klikovského souvrst-
vi s mocnymi vrstvami kiidovych jilovcu, prachovci a piskovcei,
ojedinéle i slepenct. Jejich vyskyt je v okoli zdjmového uzemi za-
padnim smérem vazan na tzv. rudolfovsky zlom. Svrchnoktidové
uloZeniny v celé oblasti jihoCeskych panvi vznikly v fi¢nim, fi¢né-
-jezernim aZ jezernim prostiedi s cyklickym usazovanim, kde se
material v kazdém cyklu postupné zjemtiuje od hrubych piskovct
u dna souvrstvi az po jemné jily u tehdejsi hladiny sedimentacni
panve. V nadloZi kiidovych sedimentl jsou terciérni neogenni se-
dimenty.

Obr. 1 Kvartérni sedimenty ve vrtu J103
Fig. 1 Quaternary sediments in borehole J103

Foto TESIA Photo TESIA
Obr. 2 Prechod do neogennich sedimentii ve vrtu J103
Fig. 2 Transition into Neogene sediments in borehole J103
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the SAGASTA s.r.o. design office then evolved into detailed
documentation for the release of a combined permit (DUSP), within
which the tunnel then received the local name Pétidomi. The tunnel
is a part of the project “PreloZka silnice 11/156 a 1I/157, 3. Etapa,
Podjezd pod Zelezni¢nim nadrazim, Ceské Budgjovice”. Nearly
90 building structures attest to the extent of the project, while
the tunnel structure is then divided into 30 building substructures
and 17 operating procedure sets. Besides the design of the tunnel
structure in complicated geotechnical conditions, which also
includes two underground intersections and ramps leading from
these intersections onto the surface, it was also necessary to solve
construction phasing mainly to minimise traffic closures of the
passenger railway station and switchyard, the link to the current
and newly modified local roads, and the creation of conditions for
securing safe operations.

2. GEOTECHNICAL CONDITIONS

Geotechnical and hydrogeological conditions for the construction
of a cut-and-cover tunnel in the given location play a key role in
the design of the technical solution and construction schedule.
The basis for the design of the technical solution is an in-depth
geotechnical survey in the given area [2]. From a regional geology
standpoint, the region extends into the Zlivsko basin and a part of
the Ceské Budé&jovice basin. The Ceské Budgjovice basin is formed
by Cretaceous rock of the Klikov formation with huge layers of
Cretaceous claystones, siltstones, and sandstones, rarely even
conglomerates. Their occurrence around the area of interest in the
western direction is tied to the so-called Rudolf fault. The Upper
Cretaceous deposits in the entire area of the South Bohemian basins
came into existence in an alluvial, alluvial-lacustrine to lacustrine
environment with cyclic settling, where in each cycle, the material
gets gradually finer from coarse sandstones at the bottom of the
formation to fine clays at the then surface of the sedimentation
basin. In the overburden of the Cretaceous sediments, Tertiary
Neogene sediments are located.

The characteristics of Quaternary and Neogene sediments are
key to the construction of a cut-and-cover tunnel in a construction
pit roughly 15m below the terrain. The rock is located near the
foundation joint of the tunnel, and the sheet piles are rigidly
fixed into it, securing the stability and water tightness of the pit
floor. Quaternary sediments are represented mainly by fluvial
and diluvial-fluvial types. Occurring less frequently in the area
of interest are aeolian to aeolian-diluvial sediments, locally even
diluvial sediments. Nival fluvial sediments with loamy-sandy
characteristics are located at the current surface of the terrain and
usually reach a thickness of 2 to 3m. Terrace fluvial sediments are
distinctive by their sandy-gravelly to gravelly-sandy contents with
thicknesses from the first few meters to over ten meters.

In most of the 15 core bores, underneath a layer of anthro-
pogenetic backfill, Quaternary soils are represented that have the
characteristics of sands and gravels with a subtly varying content
of a finely grained component. The layer of sands with a finely
grained ingredient and loamy sands reaches a thickness of 2 to
6m. A layer of gravel with a finely grained ingredient is found
beneath this layer. Geological conditions of the layer of Quaternary
sediments near the “West” underground intersection are depicted
well on a photo of a core from the J103 core borehole in Fig. 1.

Deeper probes with a depth of 15 to 20m encountered practically
impermeable Neogene clays with permeability around 10”7m/s and
lower at a depth of 9 to 11m beneath the terrain, the thickness of
which is estimated to be about the first few dozen meters. These
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Pro vystavbu hloubeného tunelu ve stavebni jame cca 15 m pod
povrchem uzemi jsou rozhodujici vlastnosti kvarternich a neo-
gennich sedimentq, které se nachazeji v blizkosti zdkladové spary
tunelu a do kterych jsou vetknuté Sté€tovnice zajistujici stabilitu
a vodotésnost dna jamy. Kvartérni sedimenty jsou zastoupeny ze-
jména fluvidlnimi a deluviofluvidlnimi typy, méné Casto se pak
v zdjmovém uzemi vyskytuji eolické az eolickodeluvidlni sedi-
menty, lokdlné az deluvidlni sedimenty. U stdvajiciho povrchu
terénu se vyskytuji nivni fluvidlni sedimenty hlinitopiscitého cha-
rakteru dosahujici mocnosti zpravidla 2 az 3 m. Terasové fluvidlni
sedimenty jsou charakteristické svym piscito-Stérkovitym az Stér-
kovito-pis¢itym sloZenim s mocnosti od prvnich jednotek metri
az pres deset metra.

Ve vétsiné z 15 jadrovych vrti byly pod vrstvou antropogennich
navédzek nejcastéji zastoupené kvarterni zeminy charakteru pis-
ku a $térkd s lehce proménlivym obsahem jemnozrnného podilu.
Vrstva piskll s jemnozrnnou piimési a hlinitych piskl dosahuje
mocnosti 2 az 6 m. Pod touto vrstvou se nachdzi vrstva Stérki
s jemnozrnnou primési. Geologické poméry vrstvy kvarternich
sedimentll v oblasti podzemni kfiZovatky ,,Zapad* dobte ilustruje
fotografie vrtného jadra z jadrového vrtu J103 na obr. 1.

Hlubsi sondy o hloubce 15 aZ 20 m zastihly v hloubce 9 aZ 11 m
pod turovni povrchu tzemi prakticky nepropustné neogenni jily
s propustnosti v ¥ddu 107 m/s a niZ8i, jejichZ mocnost se odhaduje
na prvni desitky metrt. Jedna se o jily pevné konzistence, na kon-
taktu s nadloZnimi $térky konzistence tuhé az pevné, s vysokou
az velmi vysokou plasticitou. Tyto polohy nepropustnych jild, do
kterych spodni deska tunelu zasahuje pouze ¢astecné, tvori pii do-
statecné hloubce vetknuti Stétovnic vhodné prostfedi pro zajisténi
vodotésnosti dna stavebni jamy. Pfechod mezi kvarternimi a neo-
gennimi sedimenty ukazuje fotografie vrtného jadra ze stejného
jadrového vrtu J103 na obr. 2.

Z hydrologického hlediska patii zdjmové uzemi k pravobiez-
nimu povodi feky Vltavy a je soucasti hydrogeologického rajo-
nu Budégjovicka panev. Volnd aZ mirné napjatd hladina podzemni
vody je vazéna na prulinové propustné pisky a piscité Stérky s koe-
ficientem propustnosti k = 3,41 x 10* m/s. Jeji ustdlena hladina
se pohybuje v hloubce mezi 1,2 m aZ 3,7 m pod terénem. Toto
zvodnéni je v hydraulické spojitosti s vodnimi toky feky Vltavy
a MalSe. Vztlakova sila podzemni vody proto vzhledem k velké-
mu objemu podzemni konstrukce tvoii nezanedbatelny zatéZovaci
stav, ktery je pti ndvrhu technického feseni nutno zohlednit.

3. POPIS KONSTRUKCNIHO RESENI

Tunel Pétidomi je dvoutroubovy, smérové rozdéleny silni¢ni
tunel délky 397 m, provadény ve stavebni jamé. V projektované
varianté [3] ma tunel tfi portdly s mistnim oznacenim podle ulic,
do kterych rampami vyustuje. Délka tunelu je tak stanovena jako
nejdelsi vzdalenost mezi portdly méfend v severni tunelové troubé
od portalu U Lavky k portdlu Manesova. Dalsi vzdéalenosti mezi
portély jsou kratsi, pficemz nejkratsi je vzdalenost 297 m méfena
v jizni tunelové troubé mezi portdly Méanesova a U Lavky. Vyska
prijezdného prifezu je 4,2 m a je navrZena s ohledem na snahu
o umisténi nivelety vozovky co nejniZe pod povrchem terénu. Dl-
vodem je sniZeni objemu zemnich praci a sniZeni vztlaku podzem-
ni vody. Dalsim divodem je zkraceni vjezdovych a vyjezdovych
ramp, které na povrchu tizemi navazuji na mistni komunikace. Tu-
nel §itkové kategorie je T-7,5 je v oblasti pod kolejistém smérové
rozdé€leny. Soucésti tunelu jsou dvé podzemni kfizovatky ,,Zapad‘
a ,,Vychod“ s celkem tfemi ndjezdovymi a vyjezdovymi rampami

Tuel

are clays with solid consistency, and where they contact the
overburden gravel firm to solid, with high to very high plasticity.
These attitudes of impermeable clays, into which the lower tunnel
slab intrudes only partially, form a suitable environment for
securing watertightness of the construction pit floor when coupled
with a sufficient depth of interlocking pile embedment. A transition
between Quaternary and Neogene sediments is shown in a photo of
a core bore from the same J103 core borehole in Fig. 2.

From a hydrological standpoint, the area of interest belongs
to the right bank of the Vltava River drainage basin and is a part
of the hydrogeological district Budéjovice basin. Free to slightly
confined groundwater surface is tied to interstitially permeable
sands and sandy gravels with a coefficient of permeability k = 3,41
x 10*m/s. Its stabilised surface fluctuates at a depth of 1.2m to
3.7m below terrain. This aquifer is in hydraulic continuity with the
water streams of the VItava and MalSe rivers. Buoyancy forces of
groundwater therefore form a non-negligible loading state due to
the large volume of the underground structure, and it is necessary to
take that into consideration while designing the technical solution.

3. STRUCTURAL SOLUTION DESCRIPTION

The Pétidomi tunnel is a twin-tube, directionally separated road
tunnel 397m in length, implemented inside a construction pit. The
tunnel has three portals in the designed variant [3], named after
local names of streets, into which they lead by way of ramps.
The length of the tunnel is determined by the longest distance
between portals measured in the northern tunnel tube from the
U Lavky portal towards the Ménesova portal. Other distances
between portals are shorter, whilst the shortest distance is 297m
measured in the southern tunnel tube between the Manesova and U
Lavky portals. The height of the kinematic envelope is 4.2m and is
designed with regard to an attempt to place the roadway alignment
as shallow as possible. The reason is the decrease in the volume
of earthwork and the decreasing groundwater buoyancy. Another
reason is the shortening of entrance and exit ramps that connect to
local roads on the surface of the area. The tunnel with a T-7,5 width
geometry category is directionally separated in the area below the
tracks. The tunnel also includes two underground intersections,
“West” and “East”, with a total of three entrance and exit ramps
onto the surface. Exit from the tunnel in the east is secured by two
ramps onto the streets Dobrovodskd and U Lavky. In the west, one
ramp leads to Manesova Street. To secure transportation services
in the area and a link to current roads, the ramps reach an angle of
up to 8%. Longitudinally, the tunnel alignment descends from the
“East” underground intersection towards the west, first at a slope of
4.0% and subsequently 0.7% up to chainage km 0.065 181, where
there is a point of vertical intersection. From this point onward, the
route ascends at a slope of 2.5% towards the “West” underground
intersection. Placement of the tunnel inside the urban area is shown
in Fig. 3.

“U” shaped reinforced concrete ramps have a varying height of
lateral walls. The location of the portal is defined by the start of the
ramp ceilings. The tunnel goes underneath the rails of a switchyard
and a section of the gridiron of the Ceské Budg&jovice passenger
railway station. From the viewpoint of norm CSN 73 7507, the
500m long tunnel is designated as short, which defines safety
requirements for its construction and technological equipment.

All structures are carried out in an open construction pit secured
by watertight interlocking pile walls anchored at multiple levels
using prestressed cable anchors. The interlocking piles go through
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Obr. 3 Umisténi tunelu v intravildnu mésta
Fig. 3 Tunnel placement in the urban development

na povrch tzemi. Vyusténi tunelu na vychodé zajistuji dvé rampy
do ulic Dobrovodska a U Lavky. Na zapadé vyustuje jedna rampa
do ulice Ménesova. Pro zajiSténi obsluZnosti izemi a napojeni na
stavajici komunikace dosahuji sklony ramp az 8 %. V podélném
sméru klesa niveleta tunelu od podzemni kiiZovatky ,,Vychod*
smérem k zdpadu nejprve ve sklonu 4,0 % a nésledné 0,7 % az
do staniceni km 0,065 181, kde se nachazi vyskovy lom. Z tohoto
bodu pak trasa stoupd ve sklonu 2,5 % k podzemni kiiZovatce ,,Za-
pad®. Umisténi tunelu v intravilanu mésta ukazuje obr. 3.

Zelezobetonové rampy tvaru ,,U* maji promé&nnou vysku bog-
nich stén. Polohu portdli urcuje zacatek zastropeni ramp. Tunel
podchézi koleje sefadovaciho nadrazi a Cast zhlavi osobniho na-
drazi Ceské Budgjovice. Ve smyslu normy CSN 73 7507 je tunel
délky 500 m oznaCovan jako kratky, coz urcuje bezpecnostni po-
Zadavky na jeho stavebni a technologické vybaveni.

Vsechny konstrukce jsou provadéné v oteviené stavebni jamé
zajisténé vodotésnymi Stétovnicovymi sténami kotvenymi v néko-
lika Grovnich pfedpjatymi lanovymi kotvami. St&tovnice prochdzi
zvodnélymi kvarternimi sedimenty a jsou v jejich podloZi vetknu-
ty do nepropustnych neogennich jili. Pfed hloubenim stavebni
jamy je nutné z prostoru ohranic¢eného Stétovnicemi vycerpat pod-
zemni vodu.

Tunelové osténi tvoii Zelezobetonovy uzavieny rdm z betonu
tfidy C 30/37 XF4 XC3 XD3 XA?2 se stfedni sténou oddélujici tu-
nelové trouby. Zakladova deska je navrZzena v tloustce 1 500 mm,
obvodové stény v tloustce 1 000 mm, stfedni délici sténa ma
tloustku 1 200 mm, stropni deska tloustky 1 000 mm je lokaln¢ ze-
silena Zebry na tloustku 1 500 mm. Zakladova deska presahuje rub
obvodovych stén o 1 500 mm. Takto vznikl4 konzola slouZi pro
pritizeni konstrukce zdsypovym materidlem a piispiva ke zvyseni
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Quaternary sediment aquifers and are rigidly fixed in their
bedrock into impermeable Neogene clays. Before trenching of the
construction pit, it is necessary to pump groundwater from the area
outlined by interlocking piles.

The tunnel lining is formed by an enclosed reinforced concrete
frame made of concrete classes C 30/37 XF4 XC3 XD3 XA2 with
a centre wall dividing the tunnel tubes. The foundation slab is
designed as 1,500mm thick, perimeter walls 1,000mm thick, and
the centre dividing wall has a thickness of 1,200mm. The ceiling
slab has a thickness of 1,000mm and is locally reinforced by ribs
to a thickness of 1,500mm. The foundation slab goes beyond the
reverse side of the perimeter walls by 1,500mm. This creates
a cantilever that serves to weigh down the structure with backfill
material and contributes to the increase in resistance of the tunnel
against surfacing. Clearance width of the tunnel tubes is 9,800mm,
and the clearance height is maximum 5,750mm. A typical cross-
section of the tunnel is depicted in Fig. 4.

In the section of the tunnel beneath the railway station, the tunnel
structure with a standard-shaped cross-section will be carried out
in phases, formed by concreting blocks with a maximum length
of 10m. Individual blocks will be mutually divided by oblique
construction joints. The angle and location of construction and
dilatation joints correlate with the location of rails in the tunnel
overburden, since the tunnel forms an integrated bridge for the
railway. For this reason, the effort of the designer with regard to the
structural impact of the structure is to prevent the crossing of rails
with construction or dilatation joints between concreting blocks of
the tunnel lining. The structures of underground intersections and
run-ups to the ramps have atypical sizes and dimensions and will
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vrstva vypliiového betonu Stérbinovy Zlab
beton C12/15-X0 crevice gutter
layer of infill concrete
C12/15-X0 concrete nouzovy chodnik
ladova desk emergency pavement
zakladova deska
beton C30/37-XC2, XA2
foundation slab gggg%ﬁ’g
C30/37-XC2, XA2 concrete
osténi tunelu izolace proti bludnym proudiim
beton C30/37-XC2, XD3, XF4, XA2 insulation against stray currents
tunnel lining sténa: PVC/PE fdlie tl. 1 mm
C30/37-XC2, XD3, XF4, XA2 concrete wall: 1 mm thick PVC/PE film

Obr. 4 Vzorovy pricny rez tunelu pod kolejistém
Fig. 4 Typical cross-section of the tunnel beneath the trackage

odporu tunelu proti vyplavani. Svétla Sitka tunelovych trub je
9 800 mm, svétla vyska je max. 5 750 mm. Vzorovy pficny fez
tunelu zndzortuje obr. 4.

V useku tunelu pod nddrazim se standardnim tvarem pii¢ného
profilu bude konstrukce tunelu provadéna po etapiach tvorenych
betondznimi bloky o maximéalni délce 10 m. Jednotlivé bloky bu-
dou vzajemné& oddéleny Sikmymi pracovnimi sparami. Sikmost
a poloha pracovnich a dilatacnich spar koresponduje s polohou
koleji v nadloZi tunelu, nebot pro Zeleznici je tunel integrovanym
Zelezni¢nim mostem. Proto je snahou projektanta s ohledem na
statické plsobeni konstrukce zamezit kiiZeni koleje s pracovni
nebo dilata¢ni sparou mezi bloky betoniZe tunelového osténi.
Konstrukce podzemnich kfiZovatek a nab&éhti do ramp jsou atypic-
kych rozméra i dimenzi a budou vyzadovat v ptipadé vyztuzovani
i betonaze pouziti specidlnich postupd.

Tloustka nosnych konstrukci neklesd pod jeden metr, vystav-
ba tunelu bude probihat v etapach, které minimalizuji negativ-
ni dopad vystavby na provoz nadrazi i méstskou infrastrukturu.
Cela rada slozitych detaild, spojenych s postupem vystavby, by
byla v pripadé pouziti hydroizolacni félie zdrojem rizik a obtiz-

né opravitelnych vad tlakového hydroizolac¢niho systému. Proto

require the use of special procedures in the case of reinforcing and
concreting.

The thickness of load-bearing structures does not fall below one
metre. The construction of the tunnel will take place in phases
that will minimise the negative impact of the construction on the
operation of the railway station and city infrastructure. A whole
array of complicated details tied to construction procedures would
be a source of risks and hardly repairable defects in the case of
utilising waterproofing films of a pressurised waterproofing
system. That is why the water tightness of the tunnel and ramps
is secured by the concrete of the massive structures, resistant to
water seepage, in combination with the sealing of joints between
concreting blocks with waterstops. It is possible to renew their
tightness if seepages occur using a safety system that secures
the possibility to grout local seepage. The structure will be
insulated against stray currents using an electrical insulating layer
from bitumen meltable strips without requirements for water
tightness.

The evaluation of groundwater buoyancy only counts in
structures that will not be removed throughout the service life
of the tunnel, as part of, for example, reconstructions or repairs.
Hydrostatic pressure also affects the sides of the ramps, which




35. rocnik - €. 3/2026

Obr. 5 Pohled na portdl U Ldvky a rampu do podzemni kiiZovatky
Fig. 5 A view of the U Ldvky portal and ramp into the underground intersection

je vodonepropustnost tunelu i ramp zajiSténa betonem masivnich
konstrukci, odolnym proti prisakiim vody v kombinaci s t€snénim
spar mezi bloky betondze vnitinimi tésnicimi pasy. Jejich tésnost
je mozné v pifipadé prisakli obnovit pomoci pojistného systé-
mu zajistujiciho moZnost zainjektovani lokalnich prasaki. Jako
ochrana proti u¢inkiim bludnych proudt bude konstrukce zaizolo-
véana elektroizolacni vrstvou z asfaltovych natavovacich past, bez
pozadavki na vodotésnost.

Do posouzeni na vztlak podzemni vody jsou zapocteny kon-
strukce tunelu, které nebudou po dobu jeho Zivotnosti, napf.
v ramci rekonstrukce nebo oprav, odstranény. Hydrostaticky tlak
pusobi i na boky ramp, které staticky ptisobi jako konzoly. Proto
jsou v nejhlub$im misté st€ény ramp v horni ¢asti rozepfené tramy.
Vedlejsi funkci tohoto statického opatieni je zlepSeni svételné po-
hody fidice pfi vyjezdu nebo vjezdu do tunelu. Zaclenéni tunelové

structurally work as cantilevers.
That is why there are strutting
beams at the top of the ramp walls
at the deepest point. A secondary
function of this structural measure
is to improve the lighting comfort
of drivers during tunnel exit and
entry. Integration of the tunnel
ramp in the area of the “East”
intersection into U Livky Street
with strutting of the structure
by concrete beams is shown in
Fig. 5.
Inner equipment of the
construction part of the tunnel
includes fire water piping with
hydrants, pavements,
cable ducts, cable shafts including
fire-resistant covers, SOS cabin
niches, and last but not least,
roadway structure with drainage
by way of slotted gutters fitted with self-extinguishing pieces
restricting flame propagation. A tunnel cross passage is designed
in the centre wall covered by a fire closure. The other two walk-
through openings in the centre wall are before intersections “East”
and “West” that also contain fire hydrants used for extinguishing
fires in the northern and southern tunnel tubes. An emergency exit
with a stairway shaft is designed in the southern tunnel tube around
the area of the “West” underground intersection. A component of
the emergency structure is a combined shaft allowing a connection
of the operation-technological structure on the surface with
technological equipment of the tunnel and the routing of cables
and fire water piping from the fire reservoir. A collection sump is
located beneath the emergency structure, gathering water drained
from the roadway surface. The source of water is firstly rainwater
flowing into the tunnel from the ramps, then technological water

service

podzemni kfizovatka ,,Vychod“
underground intersection “East”

podzemni kfizovatka ,,Zapad“
underground intersection “West”

Nadrazni

Obr. 6 Model hlavnich nosnych konstrukci tunelu a ramp
Fig. 6 A model of main load-bearing structures of the tunnel and ramps
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rampy Vv oblasti kfiZovatky ,,Vychod* do ulice U Lavky, s rozepre-
nim konstrukce betonovymi trdmy, ukazuje obr. 5.

K vnitinimu vybaveni stavebni Casti tunelu patii pozarni vodo-
vod s hydranty, sluZebni chodniky, kabelovody, kabelové Sachty
véetné pozarné odolnych poklopi, vyklenky SOS kabin a v nepo-
sledni fadé konstrukce vozovky s odvodnénim pomoci Stérbino-
vych Zlabt vybavenych samozhasecimi kusy zabraiujicimi Sifeni
plamene. Ve stfedni sténé je navrZena tunelova propojka krytd
poZarnim uzavérem. Dalsi dva prichozi otvory ve stfedni sténé
jsou pred kiiZzovatkami ,,Vychod* i ,,Zapad*, ve kterych jsou si-
tuované pozarni hydranty slouzici pro haseni jak v severni, tak
jizni tunelové troubé. V oblasti podzemni kiiZovatky ,,Zapad* je
v jizni tunelové troubé navrzen unikovy vychod se schodistovou
Sachtou. Soucasti inikového objektu je sdruzena Sachta umoZiiu-
jici propojeni provozné-technologického objektu na povrchu uze-
mi s technologickym vybavenim tunelu a vedeni kabelt i potrubi
pozéarniho vodovodu od poZarni nadrZe. Pod inikovym objektem
se nachdzi sbérnd jimka pro vodu odvadénou z povrchu vozovky.
Zdrojem vody je jednak deStova voda stékajici do tunelu z ramp,
déle technologicka voda z myti tunelu, pfipadné voda z poZarni-
ho zasahu. Z jimky je voda pfecerpavana vytlatnym potrubim do
jimky znecisténych vod, s moznosti odvezeni cisternami do Cis-
tirny odpadnich vod. Do této jimky je voda precerpavana pouze
v pripadé myti tunelu, provadéni pozarniho zasahu nebo nehody
s unikem Skodlivych kapalin. Desfova voda je odvadéna pfimo do
méstské kanalizace.

Projektovani tunelu a kontrola navaznosti jeho konstrukci na
okolni zastavbu vyzaduje pouZiti obsahlého 3D modelu, ktery za-
hrnuje prvky zajisténi stavebnich jam, vedeni kabelovodi a inZe-
nyrskych siti, vnitiniho vybaveni tunelu, objekty méstské zastavby
i umisténi koleji. Model je podkladem pro zpracovani projektu
v reZimu BIM. Po vyrazném zjednoduSeni modelu, v&etné odstra-
néni stropni desky, je mozné na obr. 6 nahlédnout do jeho ttrob
a pochopit jak nosny systém tunelu, tak i dopravni propojeni Ctvrti
Suché Vrbné na strané podzemni kiiZovatky ,,Vychod* s centrem
mésta na strané podzemni kfizovatky ,,Zapad®.

4. ETAPIZACE VYSTAVBY

Vzhledem k dopadiim vystavby na Zivot mésta i kiiZeni staveb-
ni jamy s kolejistém sefadovaciho a osobniho nadrazi bylo nutné
vénovat mimoradnou pozornost optimalizaci etapizace vystavby
a sestaveni jejtho harmonogramu. Néavrh postupu vystavby a vSech
souvisejicich ¢innosti, pfi dodrZeni pfipustnych délek vyluk jed-
notlivych koleji osobniho i sefadovaciho nadrazi v jednotlivych
etapach vystavby, patfil vedle ndvrhu technického fesSeni tunelu
k nejnaro¢néjsim fazim projektu [4].

V etapach vystavby podzemnich kfizovatek a ramp, které nevy-
Zaduji vyluku Zelezni¢nich koleji, bude provadéna piiprava tzemi,
demolice, prelozky inZenyrskych siti mimo prostor stavebni jamy
a vykopy stavebni jamy pro podzemni kfiZovatky, vcetné staveb-
nich ramp na droven dna tunelu. Pfi ndvrhu etapizace vystavby
bylo nutné zohlednit i omezenou kapacitu mezideponii v blizkosti
stavby a odvoz vykopku na trvalé deponie mimo mésto.

Prace v kolejisti s nutnou vylukou konkrétnich skupin koleji
probihd ve tfech etapdch. Prvni za¢ind z prostoru podzemni kiiZo-
vatky ,,Vychod®. Po dokonceni prvni etapy se stavba presune do
prostoru podzemni kiiZovatky ,,Zapad“. Zajisténi provozu osob-
niho nadrazi vyZaduje nad stavebni jamu instalovat dvé mostni
provizoria a koleje postupné prekladat. Treti etapa vystavby se
neobejde bez ¢aste¢ného odvozu vytéZené zeminy po Zeleznici.
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from tunnel washing, or eventually water from firefighting. Water
is then overpumped from the sump via rising piping into a sump for
polluted water, with an option of transport by cisterns into a water
treatment plant. Water is overpumped into this sump only when
washing the tunnel, firefighting, or when a crash causes a spill
of hazardous liquids. Rainwater is drained directly into the city
sewerage.

Tunnel design and verification of connections of its structures
to the surrounding built-up area requires the usage of an in-depth
3D model that includes elements of construction pits securing,
cable ducts, and engineering networks routing, inner tunnel
equipment, urban structures, and rail placement. The model
is a foundation for design preparation in the BIM regime. After
a substantial simplification of the model, including the removal of
the ceiling slab, it is possible to take a look inside it in Fig. 6 and to
understand not only the load-bearing system of the tunnel, but also
the transportation connection of quarters Suché Vrbné on the side
of the “East” underround intersection and city centre on the side of
the “West” underground intersection.

4. CONSTRUCTION PHASING

Considering the impact of the construction on city life and the
crossing of the construction pit with the trackage of the switchyard
and passenger railway station, it was necessary to dedicate
extraordinary attention to the optimisation of construction phasing
and forming its time schedule. The most challenging design phase,
besides designing the technical solution of the tunnel, was the
design of excavation processes and all related activities while
abiding by permissible traffic closure lengths of individual tracks
of the passenger railway station and switchyard in each phase [4].

Other activities will be carried out during phases of constructing
underground intersections and ramps that do not require traffic
closures of rails, mainly area preparation, demolitions, engineering
networks relocations away from the area of the construction pit,
and construction pit excavation for underground intersections,
including construction ramps down to the level of the tunnel floor.
While designing construction phasing, it was necessary to take into
consideration the limited capacity of nearby temporary storage
sites and the disposal of excavated material to permanent storage
outside of the city.

Work inside the trackage with a necessary traffic closure of
a specific set of tracks takes place in three phases. The first one
begins from the area of the “East” underground intersection. After
finishing the first phase, the construction site relocates to the area
of the “West” underground intersection. Securing the operation
of the passenger railway station requires installing two temporary
bridges above the construction pit and progressively relocating the
tracks. The third phase of construction will not do without a partial
removal of excavated soil by rail.

Each phase includes the disassembly of track panels and power
catenaries, the removal of trackwork, a pre-excavation for the
installation interlocking pile walls along the entire circumference
of the partial construction pit, pumping out of groundwater,
earthwork, anchoring of interlocking pile walls, construction of
the load-bearing tunnel structure itself, its backfill, and before
commencing work on the next phase the restoration of railway
operation in the section of the previous phase.

Before commencing trenching of the construction pit, it will first
be necessary to lower the groundwater level by pumping from wells
such that the temporary construction pit bottom will be sufficiently
high above the pumped level and that the bottom will not become
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V kazdé z etap je provadéna demontdZ kolejovych poli a trakc-
niho vedeni, odstranéni Zelezni¢niho svrSku, pfedvykop pro in-
stalaci Sté€tovnicovych stén po celém obvodu diléi stavebni jamy,
vycerpani podzemni vody, zemni prace a kotveni Stétovnicovych
stén, vystavba vlastni nosné konstrukce tunelu, jeji zasyp a pred
zahdjenim praci na dalsi etap€ obnoveni Zelezni¢niho provozu
v diseku predchozi etapy.

Pred zahdjenim hloubeni stavebni jamy bude nejprve nutné
pomoci studni sniZit Cerpanim hladinu podzemni vody tak, aby
docasné dno stavebni jamy bylo v dostate¢né vySce nad Cerpa-
nou hladinou a nedochazelo k rozbfidani dna. Pfed dosazenim dna
stavebni jamy musi byt hladina vody sniZena aZ na trovei nepro-
pustného podloZzi tvotfeného neogennimi jily. Pfi postupném od-
téZovani stavebni jamy budou Stétové stény kotveny pies ocelové
prevazky predpjatymi lanovymi kotvami. V kaZdé etapé vystavby
je nutné zajistit navaznost Stétovych stén. Dokud nedojde k vy-
betonovani celého tubusu tunelu, véetné podzemnich ktiZzovatek
i ramp, a k zaplnéni prostoru stavebni jamy popilkocementovou
suspenzi, je nutné zachovat vodotésnost jak dil¢ich etap, tak sta-
vebni jamy jako celku. V opa¢ném pripadé by doslo k zatopeni
jiZ hotovych ¢asti tunelu. Bez zaplnéni prostoru mezi $tétovnico-
vymi sténami a tunelem suspenzi by vlivem vztlaku hrozilo rizi-
ko vyplavani konstrukce. Popilkocementova suspenze je volena
zejména s ohledem na nutnost vyplnéni stisnéného prostoru mezi
Sté€tovnicemi a tubusem tunelu, minimalizaci sedani pod kolejis-
tém a rychlé obnoveni provozu na povrchu tzemi.

V misté budouciho prodlouZeni tunelu do ulice Nadrazni je na-
vrzena Celni sténa, kterd je vodonepropustné spojena s osténim
tunelu a je navrZzena tak, aby po jejim vybourani nebyla naruSe-
na staticka funkce jiZ provozovaného tunelu, tj. staticky netvofi
podporu stropni desky ani bo¢nich stén tunelu. Planovana celkova
doba vystavby je cca 2 200 dna.

5. ZAJISTENiI BEZPECNOSTI PROVOZU

V ramci navrhu opatfeni pro zajisténi bezpecnosti provozu bylo
zpracovano pozarné¢ bezpecCnostni feSeni stavby [5], operativné
taktickd studie [6] prokazujici moZnost provedeni pozarniho za-
sahu a v souladu s natizenim vlady ¢. 264/2009 Sb. i bezpe¢nostni
dokumentace s analyzou rizik [7], zohlediujici zékladni zhod-
noceni havarijnich scénari se zahrnutim konstruk&nich faktort
a podminek provozu, které maji vliv na jeho bezpecnost. Hod-
nocenim prosly nejslozitéjsi rizikové situace spojené zejména
s kvalitativnim vyhodnocenim mozZnosti pfepravy nebezpecnych
ndkladd. Vzhledem ke sloZitosti podzemniho objektu byla riziko-
va analyza vypracovédna i piesto, Ze je predpisy vyzadovana az
u tuneld delSich nez 500 m. Hlavnim diivodem pro toto rozhodnuti
byla skute¢nost, Ze tunel obsahuje dvé podzemni kfiZovatky, coz
neni obvyklé, a Ze navrhované feseni tunelu nesmi podle poza-
davkl zaddvaci dokumentace znemoZznit uvazované prodlouZeni
tunelu do ulice Nadrazni s délkou presahujici 500 m v tzv. ,,dlou-
hé* varianté. I kdyZ v dobé projektovani nebyla upfesnéna poloha
portdlu Nadrazni, mohla by délka tunelu po prodlouZeni dosaho-
vat az 725 m. Pro analyzu byly zvoleny normativni i kvantitativni
metody s vyhodnocenim bezpecnostni kategorie tunelu, specifika-
ci bezpecnostnich stavebnich tprav i technologického vybaveni,
zhodnocenim havarijnich scénaiti a pouZzitim kvantitativniho oce-
novani rizik QRAM (Quantitative Risk Assessment Model) vyvi-
nutého organizaci PIARC (Permanent International Association of
Road Congresses) ve spolupraci s OECD.
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slushy. Before reaching the bottom, the groundwater level must be
lowered to the level of impermeable bedrock formed by Neogene
clays. Throughout progressive excavating of the construction pit,
the interlocking pile walls will be anchored through steel walers by
prestressed cable anchors. It is necessary to secure the continuity
of underground walls in each phase of construction. Until the
entire tunnel tube, including underground intersections and
ramps, is concreted and the space of the construction pit is filled
by a fly ash cement suspension, it is necessary to maintain water
impermeability not only of partial phases, but also the construction
pit. Were it the other way around, already finished tunnel sections
would flood. Not filling the space between the interlocking pile
walls and the tunnel with the suspension would risk surfacing of
the structure due to buoyancy. The fly ash cement suspension is
selected mainly with regard to the need to fill a crammed space
between the interlocking pile walls and the tunnel tube, the
minimisation of settlement underneath the trackage, and the quick
restoration of operations on the surface.

A frontal wall is designed in place of the future tunnel elongation
into Nadrazni Street that has a water-tight connection with the
tunnel lining and is designed such that the structural function of
the already in-operation tunnel would not be disrupted after its
demolition, i.e., that it does not form a structural support of the
ceiling slab or lateral tunnel walls. The expected duration of the
construction is ca. 2,200 days.

5. SECURING TRAFFIC SAFETY

As part of the design of measures for securing traffic safety
a building fire safety plan [5] was prepared, along with an
operative-tactical study [6] demonstrating the possibility to
carry out a firefighting response in accordance with Government
Regulation No. 264/2009 Sb., and safety documentation with
risk analysis [7], which takes into account basic evaluation of
emergency scenarios while considering structural factors and
traffic conditions that have an impact on its safety. The most
difficult risk situations related mainly to qualitative assessment
of possible hazardous goods transport went through the rating. In
regard to the complexity of the underground structure, risk analysis
was prepared despite the fact that legislation only requires it for
tunnels longer than 500m. The principal reason for this decision
was the fact that the tunnel contains two underground intersections,
which is not commonplace, and that according to the requirements
of the tender documentation, the designed tunnel solution must not
thwart the considered elongation of the tunnel to Nadrazni Street,
therefore surpassing a length of 500m in the so-called “long”
variant. Even though at the time of designing the location of the
Nadrazni portal was not specified, the length of the tunnel could
reach 725m after elongation. Normative and quantitative methods
were chosen for the analysis, including tunnel safety category
assessment, specification of safety construction modifications and
technological equipment, and evaluation of emergency scenarios.
On top of that, quantitative risk assessment QRAM (Quantitative
Risk Assessment Model) was used, developed by the organisation
PIARC (Permanent International Association of Road Congresses)
in cooperation with OECD.

For the extent of safety and technological equipment of a tunnel,
fundamental data is not only the length and number of driving
lanes, but also traffic intensity and traffic flow composition, which
is necessary to express with the quantity of equivalent vehicles. The
calculation was based on a traffic model elaborated prospectively
for 2056, while for the southern and northern tunnel tubes not
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Pro rozsah bezpec¢nostniho a technologického vybaveni tunelu je
kromé délky a poctu jizdnich pruht podstatnym tdajem intenzita
dopravy a skladba dopravniho proudu, kterou je nutno vyjadfit po-
¢tem ekvivalentnich vozidel. Pro vypocet se vychazelo z doprav-
niho modelu zpracovaného pro vyhled do roku 2056, pricemz byla
pro jizni a severni tunelovou troubu posuzovéna jak kratka varianta
uréena k realizaci, tak i dlouhd varianta s vyhledovym zahloube-
nim tunelu do ulice Nadrazni. Pro kritkou variantu se ve vyhledu
predpoklada 6 634 ekvivalentnich vozidel v severni tunelové trou-
bé (STT) a 5 746 ekvivalentnich vozidel v jizni tunelové troubé
(JTT). V pripadé prodlouzeni tunelu do ulice Nadrazni by se jedna-
10 09943 (STT), resp. 9 926 (JTT) ekvivalentnich vozidel.

Na zakladé délky tunelu a idajich o pfedpokladanych dopravnich
datech byl tunel v kratké varianté zatazen do bezpecnostni kate-
gorie TC, ve dlouhé varianté do bezpecnostni kategorie TA. S tim
souvisi doporucené a povinné vybaveni tunelu technologickym
vybavenim podle pozadavki predpisu TP98. Vzhledem k moz-
nosti prodlouzeni tunelu do ulice Nadrazni bylo pro technologické
vybaveni, a zejména pro pouziti nuceného vétrani v dlouhé vari-
anté, nutné dimenzovat kabelové trasy nebo uvazovat s moznosti
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Obr. 7 Prijezd do podzemni kiiZovatky ,,Vychod*
Fig. 7 Entrance into the “East” underground intersection

Fig. 8 A view into Nddrazni Street with the Mdnesova portal

TuNel

only the short version meant for implementation was assessed, but
also the long variant with a prospective extension of the tunnel to
Nadrazni Street. A total of 6,634 equivalent vehicles is expected
prospectively for the short variant in the northern tunnel tube
(NTT), and 5,746 equivalent vehicles in the southern tunnel tube
(STT). As for the elongation of the tunnel to Nadrazni Street, 9,943
(NTT) and 9,926 (STT) equivalent vehicles are in question.

On the basis of tunnel length and expected traffic data, the tunnel
was classified as safety category TC in the short variant and TA in
the long variant. That is related to the recommended and mandatory
tunnel technological equipment according to the requirements of
the TP98 regulation. Because of the option to elongate the tunnel
into Nadrazni Street, it was necessary to design cable routes
for technological equipment and mainly for the use of forced
ventilation, or to consider the option of connecting a fire water
main in the long variant. All of that using measures that would
minimise traffic restrictions in the already in-operation tunnel.

The following boundary conditions are expected for tunnel
operation:

e one-way traffic as standard with two driving lanes in each
tunnel tube;

* wo-way traffic on ramps, and
in the case of the long variant,
in the tunnel underneath
NédrazZni Street;

e speed limit during standard
operation 50km/h;

e traffic control and surveillance
from a controller centre with
permanent staffing;

e entrance ban for vehicles with
dangerous goods (ADR) and
city public transport buses.

Chosen for the risk scenario
based on evaluating the tunnel
arrangement and all boundary
conditions was a crash of a light
lorry and a bus in the area of
the northern tunnel tube in front
of the entrance into the “West”
intersection. As a consequence
of the crash, emergency exit
routes in the area of the “West”
(Manesova) tunnel intersection
can not be used by escaping
individuals. The tunnel is fitted
with  CCTV and
vehicle detection, along with
smoke detectors. The control
system sets off an alarm with the
subsequent closing of the tunnel
by way of interchangeable traffic
signage at the entrance portals of
both tunnel tubes. Vehicles that
entered the southern tunnel tube
before closing exit it, and the
southern tunnel tube is therefore
left empty.

A fundamental criterion for
securing safety after the inception
of an emergency incident is the
evacuation of people and time for

stationary
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napojeni poZarniho vodovodu. To vSe s opatfenimi, kterd by mini-
malizovala omezeni provozu v jiZ provozovaném tunelu.
Pro provozovani tunelu se predpoklddaji nasledujici okrajové
podminky:
e standardné jednosmérny provoz se dvéma jizdnimi pruhy
v kazdé tunelové troubg;

e obousmérny provoz na rampach a v ptipadé dlouhé varianty
v tunelu pod ulici Nadrazni;

* nejvyssi povolend rychlost pfi
50 km/hod;

e fizeni provozu a dohled nad dopravou dispecerskym pracovi-
Stém se stalou obsluhou;

 zdkaz vjezdu vozidel s nebezpe¢nym nakladem (ADR) a auto-

bustit MHD.

Na zdkladé vyhodnoceni dispozice tunelu a vSech okrajovych
podminek byla pro rizikovy scénafr zvolena havarie lehkého na-
kladniho vozidla a autobusu v oblasti severni tunelové trouby pied
vjezdem do kfizovatky ,,Zapad“. V disledku nehody neni mozné
pro tnik osob vyuzit inikové cesty v prostoru tunelové kfizovatky
»Zapad® (Manesova). Tunel je vybaven videodohledem s detekci
stojiciho vozidla a koute. Ridici systém vyvol4 alarm s naslednym
uzavienim tunelu prostfednictvim proménného dopravniho znace-
ni na vjezdovych portalech obou tunelovych trub. Vozidla, kterad
pred uzavienim vjela do jizni tunelové trouby, ji opusti a jizni tu-
nelova trouba tak zlstane prazdna.

Zasadnim kritériem pro zajisténi bezpecnosti po vzniku mimo-
fadné udélosti je evakuace osob a doba tniku do bezpecné oblasti.
Na zédkladé obecné platnych metodik byla pro progndzu dopravni
zatéze v roce 2056, a pro uvedeny rizikovy scéndf, vypoctena pro
kratkou i dlouhou variantu tunelu teoretickd délka kolony, stano-
ven pocet a typ vozidel v koloné a pocet osob, které se musi z tu-
nelu evakuovat. V pfipadé kratké varianty se predpoklada délka
kolony 243 m, resp. 307 m s mezerou mezi vozidly 1 m. V tomto
pripadé v koloné uvizne 48 vozidel a celkem 121 osob.

V pripadé dlouhé varianty tu-
nelu dosahne délka kolony 351,
resp. 461 m, bude ji tvorit 74 vozi-
del se 172 osobami. Pro rychlost
uniku se predpoklada konzerva-
tivni hodnota 0,5 m/s. Na zéakla-
dé vypoctu délky unikovych cest
a poctu evakuovanych osob po-
sledni osoba prejde do druhé tu-
nelové trouby do 146 sekund po
zahdjeni evakuace. Zdsah prvo-
sledovych jednotek Hasi¢ského
zachranného sboru se predpokla-
da do 6 az 8 minut. V dobé jejich
prijezdu jiz bude pravdépodobné
sebezachrana osob dokoncena.

K zajisténi bezpecnosti pro-
vozu slouzi stavebni upravy
a technologické vybaveni tunelu.
Jednotlivé prvky technologické-
ho vybaveni tunelu jsou napojené
na fidici systém a dale do cent-
ralnitho dispecCinku, ze kterého
je mozné déni v tunelu vzdalené
sledovat a ridit.

Obecné lzefici, Ze v pripad¢ krat-
kych tuneld hraje sebezachrana
prchajicich  osob  zdsadni roli

standardnim provozu

35. rocnik - €. 3/2026

an escape to a safe area. Based on generally valid methods, the
theoretical length of a traffic jam was calculated for prospective
traffic volume in the year 2056, for the given risk scenario, and for
the short and long tunnel variant. Besides length, the number and
type of vehicles and people who must evacuate in the traffic jam
were determined. In the case of the short variant, a 243m traffic
jam is expected, or 307m with a 1m gap between vehicles. In this
case, 48 vehicles will be left stranded in the traffic jam along with
a total of 121 people.

In the case of the long tunnel variant, the traffic jam length will
reach 351m and 461m, respectively. It will be formed by 74 vehicles
and 172 people. A conservative value of 0.5m/s is assumed as
the escape speed. On the basis of a calculation of the lengths of
emergency routes and the number of evacuating people, the last
person crosses over to the other tunnel tube in under 146 seconds
after evacuation begins. The response of the first responders of
the fire department is expected in 6 to 8 minutes. At the time of
their arrival, the self-rescue of people will most likely already be
finished.

To secure traffic safety, construction modifications and techno-
logical equipment of the tunnel are used. Individual elements of the
technological equipment of the tunnel are connected to a control
system and then to the central control room, from which it is
possible to remotely observe and control occurrences in the tunnel.

It is possible to generally state that in the case of short tunnels,
self-rescue of fleeing people plays a fundamental role, and they
are usually able to reach a safe area even before the arrival of first
responders. Therefore, knowledge of behaviour in the tunnel in
the case of an emergency event is important. The entrance along a
ramp from U Lavky Street into the “East” underground intersection
from the perspective of the driver is shown in Fig. 7. A view from
the Ménesova ramp into Nadrazni Street with an overall layout of
the passenger and switchyard railway station and a new pedestrian
bridge is depicted in Fig. 8.
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Obr. 9 Rozsah bombardovdni v bieznu 1945
Fig. 9 Extent of bombing in March of 1945
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Obr. 10 Celkovy pohled na dokoncenou stavbu od jihu
Fig. 10 An overview of the finished structure from the south

a zpravidla se jim podafi dosdhnout bezpecné oblasti jesté pred
piijezdem sloZek IZS. DileZita je proto znalost chovani v tunelu
v pripadé mimotadné udélosti. Vjezd po rampé z ulice U Lavky do
podzemni kiiZovatky ,,Vychod* z pohledu fidice ukazuje obr. 7.
Pohled od rampy Méanesova do ulice NadraZzni s celkovou dis-
pozici osobniho i sefadovaciho nadrazi a novou lavkou pro pési
znazornuje obr. 8.

6. DALSI KOMPLIKACE Z HLEDISKA NAVRHU
| PROVADENI

Geotechnické podminky, sloZitost podzemnich konstrukei, tés-
na vazba na méstskou zastavbu a komplikace spojené s vylukami
osobniho i sefadovaciho nadrazi nejsou jedinymi okolnostmi, kte-
ré komplikuji navrh technického feSeni a provadéni této narocné
inZenyrské stavby. Bohuzel se do celého procesu promitaji i ne-
blahé dopady konce druhé svétové valky a bombardovani nadrazi
v jejim zavéru. Podle dochovanych fotografickych materidli, i na
zaklad€ pruzkumu v jinych Castech mésta, nelze v dané lokalité
vyloucit vyskyt nevybuchlych leteckych pum. Hloubka zaboreni
pumy zavisi na nékolika faktorech. Jedna se predevs§im o vysku, ze
které probihda bombardovéni, a o vlastnosti prostiedi, do kterého
puma dopadd. Standardni hloubka se v lokalité nadrazi pohybuje
do 3,5 m. Vzhledem ke dvéma bombardovacim vlndm nelze vy-
loucit shozeni pumy do kraterii z prvniho naletu a hloubka se tak
miZe zvySit na cca 5 m pod stavajicim povrchem. Proto je soucasti
projektové dokumentace i pyrotechnicky prizkum [8], ze kterého
vyplyvaji nasledujici informace.

K prvnimu néletu doslo 23. 3. 1945 a uskutecnilo jej Sest ame-
rickych bombardéri B-24 Liberator s nakladem 10 aZ 12 kusi
pum, které zasdhly ob€ vytopny a montovnu hlavniho nadrazi. Ke
druhému néletu planovanému jiz cilené na prostor nadrazi doslo
hned nasledujici den a bylo pfi ném svrzeno 3 238 kust pfevazné
leh¢ich trhavych pum o véze 100 liber. Bombardovani probihalo

6. FURTHER COMPLICATIONS FROM THE VIEW
OF DESIGN AND IMPLEMENTATION

Geotechnical conditions, complexity of underground structures,
close ties to urban development, and complications related to
traffic closures of the passenger railway station and switchyard
are not the only circumstances that complicate the design of
the technical solution and implementation of this challenging
engineering structure. Unfortunately, the detrimental impact of
the Second World War and the bombing of the railway station
toward its end carries over to the entire process. According to
preserved photographic material and on the basis of explorations
in other parts of the city, it is impossible to rule out the presence of
undetonated aircraft bombs in the given area. The depth to which
a bomb buries itself depends on multiple factors. It is mainly the
altitude at which the bombing takes place and the properties of the
area that the bomb impacts. Standard depth in the location of the
railway station reaches up to 3.5m. Considering that two waves
of bombing took place, it is not possible to exclude that bombs
were dropped into craters from the first air raid, and the depth can
therefore increase to ca. Sm beneath the current surface. That is
why a part of the design documentation is also an explosives survey
[8], from which the following information arises.

The first air raid occurred on 23/03/1945, and it was carried out
by six American B-24 Liberator bombers with a payload of 10 to 12
bombs, which struck both locomotive sheds and an assembly line of
the railway station. The second air raid that was now purposefully
targeting the area of the railway station took place immediately
the following day, and it included the dropping of 3,238 mostly
lighter explosive bombs with a weight of 100 pounds. The bombing
was executed from an altitude of 6,500m during perfect visibility
and without the use of anti-air defence, so the railway station was
hit with great accuracy. The direction and the areal scale of the
bombing corresponded to a strip of the future construction site.
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z vysky 6 500 m za dokonalé viditelnosti a bez pouziti protivzdus-
né obrany, takZe bylo nadraZi zasaZeno s velkou piesnosti. Smér
i ploSny rozsah bombardovani odpovidal pasu budouciho staveni-
Sté. Kratery po bombardovani v misté planovaného tunelu ukazuje
dobové fotografie na obr. 9.

Detekce nevybuchlych leteckych pum je zaloZena na identifikaci
kovovych pfedmétti v zemnim prostfedi. Proto nebude v kolejisti
mozné provést pyrotechnicky priizkum pfed snesenim kolejovych
poli a trak¢niho vedeni. Nésledné bude proveden pyrotechnicky
prizkum z povrchu tGzemi. Druhou etapu pyrotechnického pra-
zkumu bude nutné provést z predvykopu pred zaraZenim Stétov-
nic, nebot jejich materiél jiz bude pfi hledani pasobit rusive.

7. ZAVER

Projekt tunelu Pétidomi je jak po strance technického navrhu
ve slozitych geotechnickych podminkach, tak po strance techno-
logického postupu vystavby a navrhu jednotlivych etap vystavby
mimoradné naro¢ny. Dopravni feSeni tunelu s podzemnimi kfizZo-
vatkami nema v Ceské republice obdoby, a i v ramci Evropy se
jedna spise o vyjimecnou konstrukci. To vyZaduje od projektantt
vSech profesi mimorddné nasazeni i vysokou odbornou trover.
V soucasné dobé se ocekava pravomocné vydani stavebniho po-
voleni, na jehoZ termin je navazany termin dokonceni dokumenta-
ce PDPS a nésledné vypsdni soutéZe na vybér zhotovitele. Podle
predpokladi by méla cela stavba zacit v roce 2027. To je priblizné
¢tvrt stoleti od prvni verze projektu tunelu pod nadrazim. Predpo-
kladana doba vystavby je Sest let, tunel je projektovan na Zivotnost
100 let. Uspés$na realizace predpoklada od viech tcastnikél vy-
stavby nadstandardni nasazeni. Stavba takového rozsahu v intravi-
lanu mésta bude vyZadovat od projektanta, zhotovitele i investora
schopnost reagovat na skute¢né zastizené podminky, od obyvatel
i navstévnikl mésta pak predevsim trpélivost a toleranci. Po do-
konceni stavby dojde k propojeni vychodni a zdpadni Casti mésta
se viemi vyhodami, které to obyvatelim mésta Ceské Budg&jovice
pfinese (viz obr. 10). Pro projekéni tym firmy SAGASTA s.r.o.
bude tunel Pétidomi dal%i vyznamnou dopravni stavbou. Uplnou
predstavu o pripravované stavbé poskytuje video, které je dostup-
né na YouTube po naéteni QR kodu na obr. 10.

Ing. LIBOR MARIK, libor.marik@sagasta.cz,
SAGASTA s.r.o.

Recenzovala Reviewed by: doc. RNDr. Eva HrubeSovd, Ph.D.
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Craters left after the bombing in place of the planned tunnel are
depicted on a historic photograph in Fig. 9.

The detection of undetonated aircraft bombs is based on the
identification of metal objects in the soil environment. That is
why it will not be possible to carry out an explosions survey in
the trackage before removing rail panels and electric catenaries.
Then, the explosives survey will be carried out from the surface.
The second phase of the explosives survey will have to be executed
from a pre-excavation before driving the interlocking piles, since
the material will already cause interference during the exploration.

7. CONCLUSION

The Pétidomi tunnel design is exceptionally difficult not only due
to the technical design in challenging geotechnical conditions, but
also due to technological construction procedures and the design of
individual construction phases. The transportation solution of the
tunnel with underground intersections is unparalleled in the Czech
Republic, and even within Europe, it is more of an extraordinary
structure. That requires outstanding commitment and a high
professional level from designers of all professions. Currently,
a legally effective construction permit is being anticipated,
with its deadline tied to the deadline for PDPS documentation
completion and then for the announcement of the tender for the
selection of a contractor. According to expectations, the entire
construction should commence in 2027. That is approximately
a quarter of a century since the first version of the design for
a tunnel underneath the railway station. The expected duration of
construction is six years, and the tunnel is designed for a service life
of 100 years. A successful implementation expects above-standard
commitment from all construction participants. A construction of
such extent inside the built-up area in the city will demand that
the designer, contractor, and contract owner have the capability
of reacting to actually encountered conditions, and then from
citizens and visitors of the city, primarily patience and tolerance.
After completing the construction, the eastern and western parts
of the city will be connected, and it will bring all the benefits for
the residents of Ceské Budg&jovice (see Fig. 10). For the design
team of the SAGASTA s.r.o. company, the Pétidomi tunnel will be
another significant transportation structure. A complete idea about
the prepared structure is provided by a video that is available on
YouTube after scanning a QR code in Fig. 10.

Ing. LIBOR MARIK, libor.marik@sagasta.cz,
SAGASTA s.r.o.
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FOTOREPORTAZ Z VYSTAVBY DRUHEHO RAZENEHO
TRAMVAJOVEHO TUNELU V BRNE — TUNEL KAMECHY
PICTURE REPORT FROM THE CONSTRUCTION OF THE SECOND
EXCAVATED TRAM TUNNEL IN BRNO — THE KAMECHY TUNNEL

zdroj archiv AE Brno source AE Brno archive
Obr. 1 VyraZend kalota tunelu
Fig. 1 Excavated top heading of the tunnel

zdroj: MARTI a.s. source: MARTI a.s.
Obr. 3 Provizorni portdl Zebétin pripraveny k slavnostni prordZce
Fig. 3 Zebétin temporary portal prepared for a ceremonial breakthrough

s

zdroj archiv AE Brno source AE Brno archive
Obr. 5 Provizorni portdl a stavebni jama hloubeného iiseku Zebétin po dokon-
Ceni razeb
Fig. 5 Temporary portal and construction pit for the cut-and-cover Zebétin
section after completing excavation

zdroj archiv AE Brno source AE Brno archive
Obr. 2 VyraZeny tunel v plném profilu
Fig. 2 Excavated tunnel in its full profile

zdryjrchiv AE Brno source AE Brno archive
Obr. 4 Jizni portdl Bystrc, montdZ vyztuze zdakladovych pasti hloubeného tunelu
Fig. 4 Bystrc southern portal, assembly of rebar for strip footing of the cut-
-and-cover tunnel

zdroj archiv AE Brno source AE Brno archive
Obr. 6 Montdz formy pro betondZ sekunddrniho osténi
Fig. 6 Assembly of formwork for the concreting of secondary lining
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ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

NORSKE KRALOVSTVi REALIZUJE VYZNAMNY PODZEMNi PROJEKT
THE KINGDOM OF NORWAY IS IMPLEMENTING AN IMPORTANT UNDERGROUND PROJECT

P podet tunell
number of tunnels

Obr. 1 Silnicni tunely v Norsku — pocet 1 524, délka 1 557 km
Fig. I Road tunnels in Norway — total of 1,524, length 1,557km

This well-deserved characteristic is confirmed by an extraordinary

Norsko je, kromé jinych prednosti, vyznamnou tunelai-
skou velmoci. Tuto opravnénou charakteristiku potvrzuje
mimofddné mnozstvi podzemnich staveb dopravnich, ze-
jména silni¢nich (obr. 1), vodohospodéiskych, komunalnich
i obCanskych. Pro ilustraci pfipomeiime dvé asi nejznaméjsi
norské podzemni stavby — Laerdahl, nejdelsi silnic¢ni tunel na
svéte z roku 2000 (25,8 km), a hokejovy stadion Gjgvik, ktery
byl vybudovéan v podzemi pro zimni olympijské hry konané
v Lillehammeru v roce 1994.

V soucasné dobé je v Norsku v realizaci dalsi pozoruhodny
projekt—silni¢ni tunel Rogfast v blizkosti mésta Stavanger na ji-
hozapadnim pobiezi zemé (obr. 2). Tunel je ze znacné Casti raZzen
pod mofem, a to v hloubce dosahujici mistn€ témér 400 metrt.
Po dokonceni bude Rogfast nejhlubSim a s celkovou délkou
26,7 km také nejdelsim podmotskym tunelem na sveéte.

Je vhodné konstatovat, Ze norské tunelarstvi 1 v sou¢asnos-
ti drzi prvenstvi v délce podmorskych tunelil, nebof v roce
2019 by otevien vychodné od Stavangeru tunel Ryfast dlouhy
14,3 km. Ten se nachazi jihovychodn€ od budovaného tunelu
Rogfast, pfi ¢emZ oba tunely jsou soucésti ambiciézniho planu
zcela odstranit z norské narodni silnice E39 na zapadnim po-
brezi mezi Kristiansandem a Trondheimem nutné trajekty na
hlubokych fjordech. Trasa dalnice mezi témito mésty dlouha
1 100 km by sice zlistala téméf stejné dlouha (rozdil je pouhych
50 km), avSak 21 hodin potrebnych na cestu v soucasnosti by
se zkrétilo na polovinu. Pétina z 5,6 milionu obyvatel Norska
Zije na jihozapadé zemé kolem mést Stavanger a Bergen. Uze-
mi je oznac¢ovéno jako ,,zlaté pobiezi®, protoZe se zde nachdzi
ropny, lososovy a vodni primysl. Dopravni propojeni pobiezni
silnici E39 je klicovym tématem a norskd vlada ma velky z4-
jem na odstranéni zavislosti na trajektech u silni¢ni dopravy.

(obr. 3); mirné za polovinou jeho délky je projektovana velka pod-

Norway is, besides other merits, an important tunnelling power. Tunel Rogfast je situovdn mezi lokalitami Harestad a Lauplant

number of underground structures, including transportation,
mainly road, hydraulic, municipal,

zemni kfizovatka u ostrova Kvitsgy, kterd umozni vjezd a vyjezd

do/z tunelu pro tento ostrov a primé

and even civil. To illustrate, let us Norsko napojeni na povrchovou silni¢ni sit.
remember two probably most well- =2 Norway Ve spodni casti obr. 3 je znazornén
known Norwegian underground podélny fez tunelem, z né&jZ jsou
structures — .Laerdahl, the longest patrné vyrazng prevladajici tseky
road tunnel in the world frorp the Bergir vedené pod mofem oproti ¢dstem tu-
year 2000 (25.8km), and the Gjovik _ o ésvédsko nelt budovanych pod pevninou. Ma-
hockey stadium, Whl.Ch was bu1_1t rammen, @ weden it e gty el e
underground for the Winter Olympic oo 53 .
. : 7 % v krajnich ¢astech tuneld.
Games held in Lillehammer in 1994. 2 Ao 2
.. Rogfast ma dvé tunelové trouby
Today, another noteworthy project is e
7 : E39 Rogfast s mezilehlym pilifem Sitky 15 m. Oba
being implemented in Norway — the tunnel - 1t arand g e BTt
R ) . e tunely maji vozovku se dvéma jizdni-
ogfast road tunnel near the city of Gathanberg oruhy. od s pruh b
Stavanger on the southwestern coast . mt pr}J y, odstavnymi pru 3: poo ,09
of the country. A large part of the [ﬂ! strandch (obr. 4) a bezpecnostnimi
tunnel is excavated under the sea, ) Aslborg propOJ.kaml mez°1 oberpa trouba}va
at a depth locally reaching almost D[e)ra\:g:ﬁ Propogk},/ PO pruchogi. gsouvprovvafie-
400 metres. After completion, the ny kazdych %SO‘m, pricemz kazdych
Rogfast tunnel will be the deepest, Copantagen o 1,5 km musi byt rejahzovana d(?sta-
and with a total length of 26.7km, tecné velkd propojka pro vozidla,
also the longest submarine tunnel in  Qpr. 2 Podmosky tunel Rogfast na silnici E39 umoziiujici béhem vystavby opti-
the world. Fig. 2 Rogfast submarine tunnel on the E39 road malni dopravu materidlli, zarizeni
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Obr. 3 Situace a podélny rez tunelem Rogfast
Fig. 3 Layout plan and longitudinal section of the Rogfast tunnel

a zaméstnancll. Razba vSech v projektu navrZzenych podzemnich | nu, s piipadnymi vyztuznymi oblouky, sekundarni osténi je Zelezo-
objektl, s vyjimkou jedné pristupové a dvou vétracich Sachet, se | betonové.

provadi metodou ,.dril & blast®, kterd je ve skandindvskych zemich Rozséhlost projektu se odrdzi i v ekonomickych a ekologickych
obvyklym postupem provadéni razeb. Vyrubni profil kazdého zébéru | udajich. Odhadované ndklady na Rogfast presahuji 20 miliard nor-
je skenovan laserem, coZ umoziuje priibézné porovnani s velikosti skych korun (tj, cca 40 miliard korun) a jsou financovany castecné
profilu projektovaného. Primarni osténi je ze stfikaného dritkobeto- | stdtem, ¢astecné z mytného, které bude v pribéhu let vybirano od
uZivateld. Za velmi podstatny piinos ekolo-
gicky je pokladano vyrazné sniZeni emisi CO,
diky eliminaci dieselovych trajekti a podstat-
nému zkraceni Casu jizdy nakladnich a osobni
automobila. Norsko, které je jiz nyni lidrem
v zavadéni elektromobill, usiluje o to, aby
tento naro¢ny projekt podmotského tunelu
podpoftil dalsi rozvoj nizkoemisni dopravy.
Prvni pfipravné prace zacaly jiz pted fadou let,
béhem kterych projekt prosel nékolika revize-
mi, zménami dodavatelll a Gpravami rozpoctu.
Norsky silni¢ni urad (Statens vegvesen) oceka-
vé otevieni tunelu Rogfast pro dopravu, zatim
ponékud neurcité, v pribéhu pristiho desetileti.
Nérocna vystavba tohoto unikatniho podmor-
ského tunelu nepochybné znovu provéfi vyni-
kajici uroven norského tunelového inZenyrstvi.

Zpracovano s podkladem scoop-it ITA-AITES
N° 140.

Obr. 4 Ideovd vizualizace jedné trouby tunelu Rogfast .
Fig. 4 Visualisastion of one tunnel tube of the Rogfast tunnel prof. Ing. JIRT BARTAK, DrSc.
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NEWS FROM TUNNELLING CONFERENCES

SVETOVY TUNELARSKY KONGRES WTC 2026 V MONTREALU
WORLD TUNNEL CONGRESS WTC 2026 IN MONTREAL

Obr. 1 Uvitaci recepce WTC 2026 v Montrealu
Fig. 1 WTC 2026 welcoming reception in Montréal

The 52" Tunnel Congress took place this year in Montréal,
Canada. It was opened by a side programme on Friday, 15/05/2026,
which was a training class for young tunnelling engineers under the
auspices of ITA-AITES. From Sunday morning on 17/05/2026, the
first ITA-AITES General Assembly of participating countries took
place, and in the afternoon hours, individual Working Groups began
their activities. In the evening on Sunday, a traditional welcoming
reception for congress participants was held. On Monday morning,
18/05/2026, the 52" WTC officially started with an opening
ceremony by the chairman of the Executive Council and the ITA-
AITES president (Andrea Pigorini), who was elected last year. After
opening speakers who were complemented by a cultural and social
programme, keynote lectures followed, given by multiple experienced
specialists, and then the technical/expert lectures trailed,
given by presenting participants in five selected sections.
These took place from Monday afternoon to Wednesday
afternoon. Within all three days, it was possible to watch
a plethora of high-quality and interesting presentations
on underground construction in the entire world. At the
request of top ITA-AITES representatives, a minor change
in the structure of Working Groups occurred in comparison
to last year. On Wednesday afternoon, 20/05/2026, the
2" TTA-AITES General Assembly took place, where
the organising country for the 2029 WTC was chosen —
Austria (Vienna). In the evening of the same day, a Gala
dinner was organised for congress participants inside
the congress palace. Technical excursions to selected
underground constructions took place the following day.
Next year, the WTC will be held in Europe, in Antwerp,
Belgium, specifically from 23/04 to 29/04/2027.

Letosni 52. tunelarsky kongres se konal v kanadském
Montrealu. Svétovy tuneldisky kongres byl vedlejsim
programem prakticky odstartovan v pétek dne 15. 5. 2026
v dopolednich hodinich. Jednalo se o tréninkovy kurs
pro mladé tunelové inZenyry pod zastitou ITA-AITES,
ktery byl organizovan v prubéhu vikendu. Od nedélniho

dopoledne 17. 5. 2026 se jiz konalo prvni Gene-
ralni zasedani ucastnickych zemi ITA-AITES
a v odpolednich hodinach zahdjily svoji ¢innost
jednotlivé pracovni skupiny, které mély vyhrazeny
jak Cas, tak i prostory kongresového palace rovnéz
na pondé€lni odpoledne. Po rtizné naro¢ném pro-
gramu téchto Working Groups byla organizatory
kongresu v nedéli vecer poraddna uvitaci recep-
ce pro Ucastniky kongresu, kde se v prostorach
montrealského kongresového centra seslo stovky
tunelarskych inzenyrt (obr. 1).

V pondéli rano dne 18. 5. 2026 byl 52. WTC
oficidlné zahajen oteviracim ceremonidlem pred-
sedou organiza¢niho vyboru a loni zvolenym
prezidentem ITA-AITES (Andrea Pigorini). Po
uvitacich fecnicich doplnénych kulturné spole-
¢enskym programem ndsledovaly vyzvané prednasky (tzv. Keynote
Lectures) nékolika zkusenych odbornikl a na né jiz navazaly tech-
nické/odborné prednasky presentujicich ucastnikti v péti vybranych
sekcich, které probihaly od pondélniho odpoledne az do stfedecniho
odpoledne. V ramci vSech tfi dnil bylo moZné shlédnout velké mnoz-
stvi velmi kvalitnich a zajimavych prezentaci z podzemniho stavi-
telstvi z celého svéta. Autortiv prispévek o supervizi razenych stanic
nové linky metra v Torontu byl organiza¢nim vyborem pfijat k oralni
prezentaci, jakoZto jedinému ceskému inZenyrovi.

Réd bych v tomto kratkém prispévku zminil i skutecnost, Ze na po-
Zadavek vrcholnych predstaviteld ITA-AITES dochézi od lotiského
roku (WTC 2025 Stockholm) k nepatrné zméné ve struktufe pracov-
nich skupin, aby vynaloZena prace dobrovolnikil nebyla zdvojovana.

Palais
des congrés
de Montréal

Obr. 2 Clenové WG17
Fig. 2 WG17 members
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Obr. 3 Predstaveni publikace ,,Mitigation of major safety risks specific to long
and deep tunnel construction*

Fig. 3 Presenting the publication ,,Mitigation of major safety risks specific to
long and deep tunnel construction‘

Pracovni skupina WG17, jejimZ jsem ¢lenem, byla pouze piejmeno-
véna (obr. 2). V loniském roce tato skupina s novym nazvem ,,Tun-
nelling in extreme conditions® dokoncila findlni koncept publikace
.Mitigation of major safety risks specific to long and deep tunnel
construction®. V prvnim Ctvrtleti roku 2026 probéhla revize od zain-
teresovanych odbornikii ITA-AITES. Jejich feedback byl velmi pozi-
tivni a par poznamek/doporuceni se do Reportu s ozna¢enim No. 42
zapracovalo tak, aby mohla byt zmifiovana publikace prezentovana
a vydana pii WTC 2026 v Montrealu. Pfedstaveni jiZ patého Repor-
tu pod touto pracovni skupinou probéhlo v tutery dne 19. 5. 2026
v dopolednich hodinach (obr. 3) a pozitivni ohlas tcastnika v séile
1 na kongresu byl zaslouZenou odménou vSem, kdo se podileli na
vzniku této nové publikace. Jakoukoliv publikaci, resp. Report pod
ITA-AITES lze bezplatné stahnout a prostudovat na oficialnim webu
organizace: https://about.ita-aites.org/publications/wg-publications.

TuNel

Ve stfedu odpoledne dne 20. 5. 2026 probéhlo druhé Generalni
zasedani ITA-AITES v rdmci tohoto kongresu, kde byla zvolena
poradatelskd zemé WTC 2029 — Rakousko (Videti). Po doznéni po-
slednich technickych prezentaci a ukonceni Generdlniho zasedani
byla tyZ den vecer v kongresovém paldci organizovana Gala vecere
pro ucastniky kongresu. Nasledujici den jesté probéhly technické ex-
kurze po zajiSténych stavbach podzemniho stavitelstvi. Posléze se
vSichni tcastnici kongresu rozjeli do svych domovi, aby se velka
¢ast z nich zase seSla v priStim roce, tentokrate v Evropé v belgic-
kych Antverpach, na 53. Svétovém kongresu, ktery se bude konat ve
dnech od 23. 4. do 29. 4. 2027.

Jeste jedno téma, které rezonovalo kuloary i pfednaskovymi séaly
kongresového palace v Montrealu, bych nechtél opomenout. Je to
predevsim potfeba zapojeni mladych tuneléia z celého svéta do riz-
nych aktivit pod ITA-AITES tak, aby odchézejici odbornici byli po-
stupné a prirozené nahrazovani mladymi inZenyry. Proto i ja touto
formou apeluji na feditele a vedouci Ceskych a slovenskych organi-
zaci v naSem oboru, aby se snazili u¢inné zapojit naSe mladé inzeny-
ry do aktivni Gcasti a vzdélavani na téchto setkavanich tunelarskych
odborniki z celého svéta.

Zavérem autor piispévku strucné konstatuje, Ze letoSniho Svéto-
vého tuneldiského kongresu v Montrealu se za Ceskou tuneldiskou
asociaci (CzTA ITA-AITES, z. s.) zucastnili pouze tii zastupci
(pfedseda Ing. I. Hrdina, zastupce WG19 Ing. K. Rossler a zastupce
WG17 Ing. R. Bernard). Tato skromna tcast samoziejmé souvisela
s finalizaci pfiprav na mezindrodni tunelafskou konferenci PS 2026
v Praze, ktera se konala hned nésledujici tyden, a také pravdépodob-
né s mistem kondni na severoamerickém kontinenté. Autor tohoto
prispévku povazuje trovenl letoSniho Svétového tuneldiského kon-
gresu za velmi piinosnou a samotnou ucast za inspirujici. Zdar Buh!

Ing. RADEK BERNARD, Ph.D., SG Geotechnika a.s.

ZHODNOCENI KONFERENCE PODZEMNI STAVBY PRAHA 2026
UNDERGROUND CONSTRUCTION PRAGUE 2026 CONFERENCE ASSESMENT

The 16" year of the Underground Construction Prague
international conference took place on the premise of the Clarion
hotel from the 25" to the 27" of May 2026. It is the largest Czech
tunnelling conference that is organised periodically every three
years. A total of 783 participants registered for the conference
(651 delegates from 25 countries and 132 representatives from
66 partner companies). The attendance was the highest when
compared to previous years. The share of foreign participants this
year was 32%.

The conference was actively attended by many renowned foreign
experts who, besides other things, became involved in an open
session focused on the topic “Planning, design, and construction
of underground structures for High-Speed Rail (HSR)”. The
current president of the International Tunnelling Association ITA-
AITES Andrea Pigorini of Italy also lectured and discussed at the
conference. A total of 74 oral presentations was given (including
4 keynote lectures, 10 invited lectures in sections and 10 invited
lectures in the open session). A total of 21 electronic posters was
presented throughout the conference. Classic poster stands were
replaced by modern electric e-totems, displaying all received
posters in a digital form. 125 contributions were published in
the proceedings. Contributions were not required for the keynote
lectures and lectures in the open session.

Details about the conference including the electronic proceedings
and photographs can be found on www.pspraha.cz. The electronic
proceedings enable the access to all contributions, but also to
submitted posters and presentations from the open session.

Ve dnech 25.-27. kvétna 2026 probehl v prostorach hotelu Clarion
16. ro¢nik mezinarodni konference Podzemni stavby Praha. Jedna se
o nejvetsi Ceskou tunelarskou konferenci, kterd je pravidelné pota-
dana kazdé tfi roky. Celkem bylo na konferenci zaregistrovano 783
ucastnikl (651 delegati z 25 zemi a 132 zastupct ze 66 partnerskych
spole¢nosti), v porovnani s minulymi ro¢niky byla leto$ni ticast nej-
vys§i. Podil zahrani¢nich tcastnika tvofil letos 32 %.

Konference se aktivné zicastnilo mnoho renomovanych zahranic-
nich odborniki, ktefi se mimo jiné zapojili do panelové diskuze za-
mérené na téma ,,Projektova pfiprava a vystavba podzemnich staveb
na vysokorychlostnich tratich“. Na konferenci také pfednasel a dis-
kutoval soucasny prezident mezinarodni tunelarské asociace ITA-
-AITES Andrea Pigorini z Italie. Celkem bylo pfedneseno 74 dstnich
prezentaci (véetné 4 tivodnich, 10 vyzvanych v sekcich a 10 vyzva-
nych v panelové diskuzi). Behem konference bylo prezentovino
21 elektronickych postert. Klasické posterové stojany byly nahra-
zeny modernimi elektronickymi e-totemy zobrazujicimi vSechny

prijaté postery v digitdlni podobé. Ve sborniku bylo publikovano
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Obr. 1 Recepce v Rezidenci primdtora hl. m. Prahy

Fig. I Reception at the Residence of the Mayor of Prague

Obr. 2 Zahdjeni konference v hotelu Clarion
Fig. 2 Conference opening at the Clarion hotel

Obr. 3 Uvodni prezentace reditele RSD CR Ing. Radka Mdtla
Fig. 3 Keynote lecture of the RSD CR Director General Ing. Radek Mdtl
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125 prispévkl. Pro tvodni prednasky (Key-
note lectures) a pro prednasky v panelové dis-
kuzi nebyly piispévky vyzadovany.
Podrobné udaje o konferenci véetné elek-
tronického sborniku a fotografii 1ze nalézt na
www.pspraha.cz. Elektronicky sbornik umoz-
nuje pristup ke vSem prispévkam, ale také pri-
stup k odevzdanym posterim a k prezentacim
z panelové diskuze.
V nedéli 24. 5. 2026 vecer se uskutecnila
recepce v Rezidenci primatora hl. m. Prahy,
které se zucastnilo 108 pozvanych hostti. Na
dané recepci privital hosty ndméstek prazské-
ho primatora pro dopravu Mgr. Ing. Jaromir
Beranek (obr. 1).
Konference byla zahajena v pondé-
Ii 25. kvétna 2026 v 9:00 kratkym videem
predstavujicim vizualizace pfipravovanych
podzemnich staveb. V rdmci zahdjeni konfe-
rence prednesli projevy doc. Ing. Alexandr
Butovi¢, Ph.D., (pfedseda ptipravného vybo-
ru konference) a Ing. Ivan Hrdina (pfedseda
CzTA) — obr. 2.
Po zahdjeni konference byly pfedneseny
néasledujici dvodni prednasky (Keynote
Lectures):
« Ing. Radek Matl (generdlni feditel RSD,
CR): Pripravované a realizované tunely
na dalni¢ni siti v CR — obr. 3

* MSc. Michal Fronék (Sprava Zeleznic,
CR): Berounsky tunel — kvalitni Zeleznic-
ni spojeni do zédpadni Evropy
e Ing. Petr Provaznik (Sprava Zeleznic,
CR): Krusnohorsky tunel — klicova &ast
nového Zzelezni¢niho spojeni Dresden—
Praha

e Dr. Alun Thomas (Déansko): Optimalizace
navrhu pro usporu uhliku na novych tra-
sach metra v Kodani

V ramci pondé€lni obédové pauzy probéh-
la moderovana posterova sekce (obr. 4), kte-
rd predstavila dynamiCtéjsi a interaktivnéjsi
zpusob prezentace odbornych vysledkii. Po
obédové pauze probihaly ve dvou salech tstni
prezentace v jednotlivych sekcich. Pfi jedna-
nich v sekcich bylo predneseno nésledujicich
10 vyzvanych predndsek od renomovanych
zahrani¢nich fe¢nikd:

Sekce 1: Konvenc¢né razené tunely

* AndreaPigorini (prezidentITA, Itdlie): Ital-

ska vysokorychlostni Zeleznice: 1 000 km
skrz a pod mésty a horami — navrh pro
dalsich 1 000 km smérem na jih Italie

* Dr. Angelos Gakis (Rakousko): M¢lka

konvencni razba pod provozovanou dal-
nici s 21 jizdnimi pruhy

Sekce 2: Mechanizované razené tunely

* Dr. Vojtech Gall (USA): Navrh a vystavba

mestskych tunelt skrz pilotové zaklady:
pripadové studie a aplikace — Program
Gateway v New Yorku, tsek Manhattan
PIB
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* Prof.BaiYun(Cina):A-TBM
tunelovani v Ciné
Sekce 3: Ostatni podzemni
stavby, ulozisté, rekonstrukce
a historie
e Prof. Shahab Yasrebi (Kana-
da/fran): Inovativni meto-
da ,,Top-Down* pii vystav-
bé podzemniho parkovisté
Niayesh a jeho integrace
s tunelem Niayesh, Teheran
Sekce 4: Geotechnicky pri-
zkum a monitoring
e Prof. Dietmar Adam (Ra-

kousko): Dlouhodobd méte-  Obr. 4 Prezentace u e-totemu v ramci posterové sekce
ni energetickych geostruk-  Fig. 4 Presentation at the e-totem within the poster section

tur ve stanici metra Tabor-

strafle ve Vidni
Sekce 5: BIM, numerické
modelovani, vyzkum, vyvoj
a udrzitelnost
e Nasri Munfah (USA): Roz-
voj podzemniho prostoru
jako katalyzator ristu mést
Sekce 6: Vybaveni, bezpec-
nost provozu a idrzba
¢ Prof. Robert Galler (Rakous-
ko): Experimentalni vyz-
kum tepelné ucinnosti Zaru-
vzdorné omitky pro aplika-
ce v tunelech
Sekce 7: Rizika, smluvni
vztahy a financovani
e Nasri Munfah (USA): Deset
doporuceni pro predchazeni
sporim na vicesmluvnich
podzemnich projektech
e Haldun Kahyaoglu (Spa-
nélsko): Pareto efektivita
vs. nestrannost a objektivita
ve stavebnich smlouvich
pro tunely
Spolecensky  vecer  pro
vSechny registrované ucastni-
ky, doprovodné osoby, sponzo-
ry a vystavovatele se tradicné
uskutecnil v historickém aredlu
Bievnovského klastera (obr. 5

a 6) v pondgli 25. kvétna 2026, Fig. 5 Social evening on the grounds of the Bievnov Monastery

této recepce se zucastnilo cca
600 osob. Spolecensky vecer byl zahdjen vystoupenim klasické
hudby v podéani sopranistky Karoliny CingroSové a harfenistky
Zbyiiky Solcové (obr. 7). Mimo jiné byla hostim zpfistupnéna
krypta baziliky sv. Markéty, kterou si mohli prohlédnout za asis-
tence kvalifikovaného priivodce. Velky zajem vzbudil fotokoutek,
kde si hosté mohli nechat vytvorit tematické fotografie za pomoci
umélé inteligence nebo si poridit tradi¢ni zabavné snimky s rekvi-
zitami. Své priznivce si ziskala rovnéZ cimbalova muzika, jejiz vy-
stoupeni probihalo v suterénu klastera.

V ttery 26. kvétna 2026 dopoledne se konala panelova disku-
se (obr. 8) zaméfena na téma ,,Projektova priprava a vystavba
podzemnich staveb na vysokorychlostnich tratich“. Panelovou

TuNel

diskusi moderovali Ing. Karel
Réssler, Ph.D., a Dr.-Ing. Zde-
nék Zizka (oba CR). V ramci
panelové diskuse zaznély nasle-
dujici ustni prezentace diskutu-
jicich:

* Andrea Pigorini (prezident
ITA, vedouci projektovani
infrastruktury, FS Engi-
neering, Itdlie): Italska vy-
sokorychlostni  Zeleznice:
1 000 km skrz a pod mésty
a horami — navrh pro dalSich
1 000 km smérem na jih Ita-
lie

e Dr. Monika Mitew-Cza-
jewska (Ustav silnic a mos-
ta, VarSavskda technicka
univerzita, Polsko): Tunely
vysokorychlostni Zeleznic-
ni sit¢ v Polsku — prehled
avyzvy

¢ Florian Diernhofer (vedouci
tymu pro bezpecnost v tu-
nelech, ILF Consulting En-
gineers GmbH, Rakousko):
Zdokonalené vybaveni, pro-
vozni bezpecnost a uUdrzba
pro Zelezni¢ni tunel Koralm

e Heinz Ehrbar (nezavisly
konzultant, Heinz Ehrbar
Partner LLC, Svycarsko):
Vybér nejvhodnéjsiho orga-
niza¢niho modelu pro dlou-
hé tunely

e Prof. José-Miguel Galera
(generalni feditel, SYSTRA
Subterra, Spanélsko): Geo-
technické vyzvy pfi navrhu
a vystavbé tunelll vysoko-
rychlostni Zeleznice — pri-
padové studie

e Gerhard Harer (vedouci
centrdlni koordinace BBT,
OBB-Infrastruktur AG, Ra-
kousko): Aspekty ovliv-
fujici  redlnou  provozni
dostupnost dlouhych Zelez-
ni¢nich tuneld

Martin Knights (nezavisly konzultant, Martin Knights Consul-
ting Ltd, Velké Britanie): Klicové smluvni prvky projektu UK

High Speed 2, faze 1

Ing. Jifi Merta (odborny poradce feditele stavebni spravy VRT,
Sprava Zeleznic, CR): Technick4 a provozni koncepce vysoko-

rychlostnich trati v CR

Raimundo Jose Saiz Perez (vedouci globdlniho rozvoje,
ACCIONA Construction, Spanélsko): Inovativni inZenyrska
reSeni geotechnickych a hydrogeologickych vyzev ve staveb-
nim oddilu 1 tunelt Pajares na trati Le6n — Asturie VRT

Patrick Senn (seniorni projektovy manazer/expert, Amberg
Engineering AG, Svycarsko): Pouceni z hlavnich alpskych




Obr. 6 Terezidnsky sdl v prostordch Brevnovského kldstera
Fig. 6 The Terezie hall on the grounds of the Brevnov Monastery

Obr. 8 Recnici a moderdtori panelové diskuse
Fig. 8 Speakers and chairs of the open session
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Zelezni¢nich tuneldl — projektova per-
spektiva ndvrhu, rizik a spoluprace

Uterni odpoledni program konference za-
héjil Andrea Pigorini z Itilie, soucasny
prezident mezinarodni tunelai'ské asociace
ITA-AITES pro obdobi 2025-2028, ktery
prezentoval aktivity této organizace (obr. 9).
Nasledné probéhlo vyhldseni interaktivni hry
a soutéZe, hlasovani probihalo pomoci kon-
ferencni aplikace. Vitézem soutéZe o nejlep-
§i poster se stal Ing. Peter DaniSovi¢, PhD.,
z Zilinské univerzity v Zilinég.

Ve stfedu 27. kvétna 2026 probéhly nasle-
dujici technické exkurze:

Exkurze A — Trasa D prazského metra —
realizace useku Pankrac—Olbrachtova (120
0sob)

Exkurze B — Hlavni dopravni fidici astied-
na Hlavniho mésta Prahy (40 osob)

Exkurze C — Rudolfova Stola + stard Cistir-
na odpadnich vod (20 osob)

Exkurze D — Realizace tunelti na D11 a na
obchvatu Nachoda (20 osob)

Exkurze E — Razba prizkumné Stoly tunelu
Kamenna Vrata na D3 (obr. 10) + historicky
dul Pept (20 osob)

Exkurze F — Vystavba kolektoru HG na le-
tisti Vaclava Havla v Praze (20 osob)

Exkurze G — Ulozisté radioaktivnich odpa-
dt Richard (16 osob)

Obdobné jako pri minulé konferenci bylo
ucastnikim umoznéno stazeni mobilni ap-
likace do telefonu, kterd pfinasela radu
dalezitych informaci. Registrace probihala
samoobsluznym syst¢émem pomoci nacte-
ni QR ko6du, které byly ucastnikim zaslany
s predstihem. Pro ucastniky konference byl
zfizen pristup k videonahravkam prezentaci.

S konferenci letos poprvé asistovala orga-
nizani agentura AIM Group Prague s.r.o.,
ktera navrhla fadu novinek. Poprvé bylo pro
tlumoceni vyuzito feSeni zaloZené na plat-
formé Zoom, kdy ucastnici pfijimali zvuk
prostiednictvim vlastnich mobilnich telefo-
ni a sluchdtek. Tento model vedl ke sniZeni
ndkladii na technické vybaveni a soucasné
umoznil zachovat vysoky komfort uZivateld.

Vzhledem k velmi vysokému poctu dcast-
nikl byly vybrané prednasky prenaseny také
do dvou dalsich salt. Toto feSeni pomohlo
navysit kapacitu konference a soucasné na-
bidlo klidnéjsi prostfedi pro tcastniky, ktefi
si chtéli béhem programu pofizovat pozndm-
ky nebo pracovat. Pro potieby delegatli byly
nové zfizeny samostatné prostory urcené
pro individualni praci, neformalni schuiz-
ky nebo odpocinek mezi jednotlivymi blo-
ky programu. Partnerské spoleCnosti mély
k dispozici vyhrazeny prostor pro obchod-
ni jedndni a soukromé schiizky. Tato sluzba
byla partnery aktivné vyuzivdna a pfispéla
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k posileni obchodniho a networkin-
gového rozméru konference.

Ucastnici méli moZnost zapo-
jit se prostfednictvim konferenc-
ni aplikace do soutéZe o hodnotné
ceny (iPad, wellness pobyt a pobyt
v hotelu Clarion). Interaktivni hra
byla zaloZena na névstévé deseti
stanovist zapojenych vystavovateld,
kde méli za tkol zjistit odpovéd na
soutézni otazku piipravenou danym
partnerem. Dle dostupné zpétné
vazby byla hra hodnocena velmi
kladné.

Konferenci podporilo 5 plati-
novych, 8 zlatych a 24 stfibrnych
partnerti, pricemz dalSi spolec-

ITA-AITES

Association ITA-AITES

TuNel

nosti vyuzily nékterou z menSich
partnerskych moZznosti nebo si ob-
jednaly samostatny vystavni pro-
stor. Celkem konferenci podporilo
66 partnerd, coz byla dosud nej-
vyssi podpora v historii konferen-
ce. Soucasti vystavy bylo celkem
49 stankl raznych velikosti.
Obecné konference probéhla bez
vétsich obtizi dle predpokladaného
scénare, pripravny vybor obdrzel
fadu kladnych ohlast z Ceské re-
publiky i ze zahrani¢i. Po konfe-
renci bylo ucastnikim umoZnéno

Obr. 9 Andrea Pigorini — prezident mezindrodni tuneldrské asociace

Fig. 9 Andrea Pigorini — the president of the International Tunnelling

vyplnéni dotazniku spokojenos-
ti. Obecné byly dojmy ucastnikil
z konference velmi pozitivni, vy-
hrady byly spiSe drobnéjsi a nebyl
v nich Zadny vyraznéjsi trend (zad-
né pripominka ¢i doporuceni nebyly
uvedeny Castéji).

Touto cestou bych rad podé-
koval vSem ucastnikim konfe-
rence, zejména pak vSem clenim
pripravného vyboru a védecké ra-
dy, autortm pfispévki, fecnikim
a partnerum konference. TéSim se,
Ze se sejdeme v obdobném ptipad-
né jesté vyssim poctu na konferenci
Podzemni stavby Praha 2029.

za pripravny vybor

a védeckou radu

prof. Ing. MATOUS
HILAR, Ph.D.,
predseda védecké rady
konference PS 2026

Obr. 10 Exkurze do priizkumné §toly tunelu Kamennd Vrata na D3
Fig. 10 Tour of the Kamennd Vrata exploratory gallery on the D3

ZPRAVA Z PRUBEHU TUNELARSKEHO ODPOLEDNE 1/2026 NA TEMA POZARNI

BEZPECNOST TUNELU

REPORT ON TUNNELLING AFTERNOON 1/2026 ON THE TOPIC OF FIRE SAFETY

IN TUNNELS

On the 25" of March 2026, the traditional tunnelling afternoon
took place, this time focused on fire safety in tunnels, the issue of
preparing risk analysis, the option of modelling a fire in a tunnel,
the execution of government fire oversight, and findings of our
colleagues from the fire brigade (HZS) from practice while
giving statements regarding design documentation of tunnels
and firefighting when an emergency incident occurs. Finding
a technically and economically acceptable consensus between the
designer and contract owner on one side and HZS representatives
on the other often tends to be difficult; it makes obtaining
a positive statement to the proposed documentation complex and
thereby even complicates deadlines of its preparation. The issue
of securing fire safety in tunnels was heard previously at the
tunnelling afternoon back in 2009. Back then, other speakers apart
from lecturers from the Czech Republic made an appearance,

such as the fire counsellor of the city of Vienna, Peter Frank, who
spoke about securing fire safety in Austrian railway tunnels, or
Urs J. Weder from Switzerland, whose professional specialisation
is fire trains designated for an intervention inside railway tunnels.
The programme of the tunnelling afternoon this year was put
together exclusively from lectures of Czech experts, although
it was very varied topic-wise. The lecturers of the tunnelling
afternoon this year represented not only the academic sphere, but
also the area of prevention and repression.

Dne 25. bfezna 2026 se konalo tradi¢ni tuneldiské odpoledne,
tentokrat zamérené na pozarni bezpecnost tuneld, problematiku
zpracovani rizikové analyzy, moznosti modelovani poZaru v tunelu,
vykon statniho poZarniho dozoru a poznatky kolegi z hasic¢ského
zachranného sboru (HZS) z praxe pfi vyjadfovani k projektové
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dokumentaci tuneld i provadéni poZarniho zdsahu pfi vzniku mi- Posledni prednédsku ze spise legislativniho a teoretického bloku
moradné udalosti. pfed prestavkou vénoval pan doc. Ing. Petr Kucera, Ph.D., z Fa-

Nalezeni technicky i ekonomicky pfijatelného konsenzu mezi | kulty bezpecnostniho inZenyrstvi VSB TU Ostrava problematice
projektantem a investorem na jedné strané a zastupci HZS na | modelovani pozéaru v tunelovych stavbach. Podrobnéji se zaméfril
strané druhé byva mnohdy slozité, komplikuje ziskani kladné- na dva zakladni typy pozarnich model. Zénové modely, které tu-
ho stanoviska k predkladané dokumentaci, a tim i terminy jejiho nel rozdéluji na tseky, v nichZ pocitaji primérnou teplotu, vrstvu
zpracovani. Problematika zajisténi pozarni bezpecnosti v tunelech | koufe a koncentraci plynti, a CFD modely (Computational Fluid
na tunelarském odpoledni zaznéla naposledy v roce 2009, tj. pied | Dynamics), které simuluji Sifeni koute pomoci trojrozmérné vy-

vice nez étvrt stoletim. Tehdy na ném kromé prednasejicich z Ces- pocetni sité. Cdst predndsky byla vénovana zaji§téni relevantnich
ké republiky vystoupil napt. pozarni rada mésta Vidné Peter Frank, vstupnich parametri pro matematické modely (podminky vzniku
ktery hovofil o zajiSténi pozarni bezpecnosti Zelezni¢nich tune- | poZaru, jeho tepelny vykon v uzavieném prostoru, vliv vétrani

1d v Rakousku, nebo Urs J. Weder ze Svycarska, jehoZ profesni a klimatickych podminek pifed portaly, Sifeni toxickych zplodin
specializaci jsou pozarni vlaky urcené pro zdsah v Zelezni¢nich atd.), vlastnimu zpracovéani pozarniho scénare a ukazkdm vyhod-
tunelech. Program leto$niho Tuneldfského odpoledne byl sestaven noceni pomoci 2D/3D vizualizace, pomoci tabulek nebo grafi.
vyluéné z prednasek ceskych odbornikd, tematicky byl vSak velmi Velmi zajimavé byly komentare ke konkrétnim pripadovym stu-
pestry. Prednésejici letoSniho Tunelarského odpoledne zastupovali diim pro déalni¢ni raZeny tunel Klimkovice s klenbovou konstruk-
jak akademickou sféru, tak oblast prevence i represe. ci osténi, model §ifeni koure v silni¢nim tunelu s obdélnikovou
S prvni prednaskou na téma ,,Role HZS — skutecnost a oce- ramovou konstrukci osténi a piiklad feSeni termindlu podzemni
kavani vystoupil feditel odboru prevence pan plk. Ing, Michal vlakové stanice. Prestdvka byla jako vzdy vénovana neformalnim
Valouch z generélniho feditelstvi HZS CR. Zaméfil se na vykon | diskusim.
statniho pozarniho dozoru z hlediska pravniho ramce, role DESu Téma prvni pfednaSky po prestdvce, kterou si pfipravila pani
jako specidlniho stavebniho ufadu, pozice AsBo (Assessment | kpt. Bc. Tereza Ripperova z HZS Jihoceského kraje, bylo zajima-
Body) pfi posuzovani procesu fizeni rizik nebo na problematiku | vé hlavné pro projektanty tuneld, §lo o ,Hlavni problémy branici
kvality predpisové zakladny v Ceské republice a dopadi tohoto vydani kladného stanoviska®. Obecné diivody byly dokumentova-

stavu na splnéni pozadavkil na zajisténi pozarni bezpecnosti v tu- né na prikladech konkrétnich tuneli a tykaly se pfedevsim nejed-
nelech. Ve své prednasce zminil i vznikajici dokument, ktery by notnosti predloZené dokumentace, nedostatecnému vyhodnoceni
mél unifikovat pfistup ke zpracovani Pozarné bezpecnostniho fe- feSené problematiky z hlediska déleni do pozarnich useku, defi-
Seni stavby tunelll na vysokorychlostnich tratich. novani pozadavkd na pozarni odolnost stavebnich konstrukei,

Tuto predndsku velmi podrobné doplnila pani kpt. Ing. Andrea | zajiSténi radiokomunikace pti zasahu, dostatecného vybaveni
Lichtenbergova rovnéZ z generalniho feditelstvi HZS CR, kterd se stavby pozdrn€ bezpeCnostnim zafizenim apod. K neméné za-

na odboru prevence vénuje pfimé legislativné-technické a meto- vaznym divodim patii i nemoznost ovéfeni v projektu tvrzenych
dické agendg. Jeji prednaska s nazvem ,,Ceské a evropské pravni skutecnosti.

predpisy a normy, trendy a moznosti zmén* poskytla uceleny pre- Prvni pfednaska mjr. Ing. Lukése Fouska z HZS Stfedoceského
hled o statnich organech a organizacich i profesnich organizacich, kraje se tykala konkrétniho stavu prijezdovych komunikaci k tu-
které jsou problematikou zajisténi pozarni bezpecCnosti tunell nelovym portdliim a néstupnich ploch tuneld na IV. Zelezni¢nim
dotéené. V dalsi Casti prednasky se jiz vénovala konkrétnim Ces- koridoru. PrednaSka byla doplnéna celou fadou fotografii, které
kym i evropskym predpistim, které definuji poZadavky na zajisténi dokumentuji Spatny stav povrchu komunikaci i néstupnich ploch,
bezpecnosti v tunelech. V zavéru predndsky se zaméfila na poza- | jejich nedostateCnou udrzbu, mnohdy po vice nez 10 letech od
davky evropského predpisu Natfizeni Komise (EU) ¢. 1303/2014 | uvedeni do provozu. Na zdkladé vyhodnoceni problémt s dostup-
o technické specifikaci pro interoperabilitu tykajici se ,,bezpec- nosti portald pro techniku byly na novéjSich tunelech provede-

nosti v ZelezniCnich tunelech® Zelezni¢niho systému Evropské ny dpravy, které vedly ke zlepSeni situace. Z fotografii bylo také
unii (TSI SRT), vykladu nékterych jeho pasdZzi a problematice ziejmé, Ze v nékterych piipadech neptiznivé konfigurace terénu

evakuace osob v pfipadé pozaru v tunelu. Okrajové byly zminé- | je velmi obtizné zajistit idedlni podminky pro pfistupové komu-
ny i divody vydavani nesouhlasnych stanovisek k technickému nikace i nastupni plochy a je tfeba hledat feSeni napf. CasteCnym
feSeni projektové dokumentace tunell a zdsady poZarni bezpec- zapanelovanim Stérkového loze nebo jeho zpevnéni pomoci prys-
nosti a pozarniho zdsahu pro projektovani tunell na vysokorych- kyfice. Ve druhé prednasce se autor zaméfil na konstrukéni feSent,

lostnich tratich. Jednd se o predpis, ktery je velmi diskutovany, | poZadavky poZirni bezpecnosti a podminky pro provedeni poZar-
a jeho vznik a zejména odsouhlaseni vzbuzuje velkd ocekavani niho zasahu na projektovanych raZenych i hloubenych tunelech

i obavy. na dalnici D3. Pfedmétem komentait k technickému feseni byly
Prednaska pana Ing. Ivana Vukusice, Ph.D., z Vyzkumného opét prijezdové komunikace a sdruzené plochy pro IZS i udrzbu
ustavu Zelezni¢niho si kladla za cil objasnit ucastnikim Tunelar- tuneld, ale i problematika zasobovéani pozarni vodou, dojezdu jed-

ského odpoledne problematiku analyzy rizik, pojem ,spolecnd | notek pozarni ochrany, rozsahu bezpecnostni dokumentace nebo
bezpecnostni metoda (CSM)* jednotného evropského postupu pro | pozéarné bezpecnostniho feseni. Koordinaci projekcnich praci bylo
hodnoceni a fizeni rizik, jaké jsou tkoly jednotlivych subjektu pti dosaZeno jednotného technického feseni tunelil i provozné techno-
hodnoceni rizik, dile problematiku identifikace nebezpeci, feseni logickych objekta. Prednaska poskytla komplexni prehled o vSech

komplexnich rizikovych scénart a zbytkového, spolecensky tinos- planovanych tunelech na této vyznamné délnici.

ného rizika. Z pfednasky vyplyva, Ze usmérnéni rizika neni zavislé Dalsi prednéska, kterou si pfipravil mjr. Ing. Jan Ondruch z ge-
pouze na pfijatych stavebné technickych opatfenich na strané kon- neralniho feditelstvi HZS CR, rozsifila portfolio feSenych témat
struk¢niho feSeni tuneld, ale i na stanoveni provoznich pravidel, 0 ,,Podminky pro provadéni zasahu v dalni¢nich a Zelezni¢nich tu-
pouZzivani odpovidajicich vozidel, zajisténi udrzby atd. nelech®. V ramci prednasky byly definovany specifické podminky
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pozéru v tunelovych stavbach, ke kterym patfi mald viditelnost
spojena se silnym zakoufenim, stisnény prostor, pfekondvini vel-
kych vzdalenosti, komplikované zajiSténi komunikace mezi zasa-
hujicimi, vysoka teplota a u Zelezni¢nich tunell i trakéni vedeni.
Pfitomni byli sezndmeni se standardni vybavou poZzarniho auta,
rozméry poZzarni techniky, pro kterou je nutné zajistit odpovida-
jici parametry piijezdovych komunikaci i nastupnich ploch. Viha
vybavy hasice pfi zdsahu se pohybuje kolem 50 kg, coz vyzaduje
fyzickou zdatnost. Vybaveni omezuje dobu ochrany pii zdsahu na
cca 40 minut. Pfednaska poskytla ucastnikiim zajimavé informa-
ce, se kterymi se béZné nesetkavaji a které vedou k lepSimu pocho-
peni pozadavki na vytvoreni podminek pro pozarni zasah.
Posledni prednéskou, kterou si pripravil por. Mgr. Jan Havrda
z prazského HZS, se Gicastnici prenesli do feSeni konkrétni mimo-
fadné udalosti pozaru kamionu v Lochkovském tunelu. Na tomto
pripadu byl ukdzan Casovy snimek zdsahu od jeho ohlaseni az po
dokonceni, popis nakladu kamionu i pri¢ina zahoteni, konkrétni

Tuel

vybaveni zasahujicich jednotek, rozhodovaci proces velitele zésa-
hu i okrajové podminky v tunelové troubé, na které bylo nutné pfi
zasahu reagovat. V zavéru prednasky byla vyhodnocena pozitiva
a negativa zasahu.

Vs8em prednasejicim patii velky dik za precizni pfipravu pred-
nasek i zajem o problematiku tunelti. Tunelarského odpoledne se
osobné ucastnilo 54 osob, online je sledovalo 79 ucastnikd, coz
svédCi o atraktivité zvoleného tématu pro nasi tunelafskou ve-
fejnost. Vzhledem k mnoZstvi prfednasek byl prostor na diskusi
omezeny, ale véfime, Ze Tuneldrfské odpoledne splnilo svij tucel
na propojeni dvou odliSnych profesi, jejichz vzdjemné porozu-
méni je jedinou cestou k nalezeni kompromisniho feSeni, které
nebude na ukor zajiSténi bezpecnosti, ani zbytecného navyso-
vani investi¢nich ndkladdi. Organizacn€ prubéh technické casti
odpoledne zajistoval Ing. Libor Matik z firmy SAGASTA s.r.o.

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

PRAZSKE GEOTECHNICKE DNY 2026 — GEOTECHNICKE PORUCHY JAKO ZDROJ POUCENI

PRO BEZPECNEJSi STAVBY

PRAGUE GEOTECHNICAL DAYS 2026 — GEOTECHNICAL FAILURES AS A SOURCE

OF LESSONS FOR SAFER CONSTRUCTION

The thirty-second year of the Prague Geotechnical Days 2026
conference was dedicated to the topic of geotechnical failures
and accidents. Experts from universities, research institutions,
and even design practice presented examples of failures of
geotechnical structures around the world and discussed their
causes, implications, and options for prevention. A part of the
two-day gathering of experts in geotechnics and underground
construction was also the ceremonial awarding of the Quido
Zaruba award.

Dvaatficaty rocnik mezinarodni konference Prazské geotechnic-
ké dny 2026 byl vénovan tématu geotechnickych poruch a hava-
rii. Odbornici z univerzit, vyzkumnych instituci i projekéni praxe
predstavili pfiklady selhdni geotechnickych konstrukei z celého
svéta a diskutovali jejich priciny, disledky i moznosti prevence.
Soucésti dvoudenniho setkani odbornikil v geotechnice a podzem-
nim stavitelstvi bylo i tradi¢ni slavnostni pfedani ceny akademika
Quido Zaruby.

Rostouci rozsah podzemnich staveb, vystavba v komplikova-
nych geologickych podminkach i projevy klimatickych zmén zvy-
Suji naroky na spravny geotechnicky navrh, monitoring a fizeni
rizik. Jak zazn€lo napfi¢ prednaskami, vétSina geotechnickych
havérii nevznika v disledku jediné chyby, ale kombinaci nepfi-
znivych okolnosti, nedostate¢nych informaci a pfipadnym podce-
nénim rizik.

Geotechnické poruchy a havarie pohledem
mezinarodnich experti

Profesor Christian Moormann z Universitit Stuttgart otevrel
konferenci analyzou kolapsu hluboké stavebni jamy v prostredi
ovlivnéném podzemni vodou a zdiraznil vyznam systematické-
ho fizeni geotechnickych rizik pii podzemni vystavbé. Na zkuse-
nosti z Ceskych tunelovych staveb navézal profesor Matou$ Hilar
z CVUT a spoleénosti 3G Consulting Engineers. Ve své pfednasce
shrnul poznatky ziskané pfi feSeni poruch a neoCekavanych situaci
bé&hem razeb Ceskych tunelli, mimo jiné na Zelezni¢nich tunelech
Bfezno a Jablunkov a na tunelovém komplexu Blanka.

Dr. Mandy Korff z TU Delft a Deltares ptredstavila ptiklady po-
ruch nabreznich a opé€rnych zdi v Nizozemsku. Ukazala, Ze starnu-
ti konstrukei, nedostatek historickych informaci a vlivy podzemni
vody vyZaduji stile sofistikovanéjsi monitorovaci a diagnostické
metody. Problematice zemétfesenim vyvolané ztraty pevnosti ze-
min se vénovala Dr. Stavroula Kontoe z University of Patras, kte-
rd prezentovala zkuSenosti z pripadovych studii ztekuceni zemin
a jejich dopadt na infrastrukturu.

Profesor Toannis Anastasopoulos z ETH Ziirich se zaméfil na
poruchy pobieznich ochrannych staveb béhem tsunami a na po-
Skozeni mostnich konstrukei v disledku hloubkové eroze pfti po-
vodnich. Dr. Luca Piciullo z NGI Norway predstavil statistické
vyhodnoceni historickych havarii odkali§t a mechanismy, které
k témto zdvaznym udalostem vedou. Téma postupného rozvoje
poruch pak uzaviel profesor Federico Agliardi z University of
Milano-Bicocca, ktery prezentoval vysledky monitoringu a nume-
rického modelovani rozsahlych alpskych skalnich svaht postiZe-
nych pomalymi deformacemi.

Obr. 1 Cena akademika Quido Zdruby pro mladé inZenyrské geology a geo-
techniky

Fig. 1 Quido Zdruba Award for young engineering geologists and geotechnical
enginners
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Obr. 2 Oceneéni v kategorii praktické aplikace — Mgr. Petr Stohr
Fig. 2 Award in the category of pratical aplication — Mgr. Petr Stohr

kategoriich, za védu a vyzkum a za praktické aplikace.
Mgr. Bianca Georgina Severini byla ocenéna za praci
Opakovatelnost a reprodukovatelnost vybranych labo-
ratornich zkousek mechaniky zemin v Kategorii véda
a vyzkum. V kategorii praktické aplikace byl ocenén
Mgr. Petr Stohr za praci 1/27 ZiZelice obchvat a pie-
mosténi — dopliikovy geotechnicky priizkum (obr. 2).
32. Prazska geotechnicka prednaska

a odborny workshop

ZavrSenim prvniho dne byla 32. Prazskd geotech-

nickd prednaska profesora Alexandera Puzrina z ETH
Ziirich (obr. 3). Ve své prednadSce Progresivni poru-
Sovdni v zemindch, snéhu a odkalistich — pripadové

studie a analytickd reSeni ukézal, Ze mnoho katastro-
fickych geotechnickych udalosti mize vznikat dlou-
hodobym rozvojem lokdlnich poruch, které mohou

Obr. 3 PredndSka profesora Alexandera Puzrina z ETH Ziirich
Fig. 3 Lecture by professor Alexander Puzrin of ETH Ziirich

Cena akademika Quido Zaruby

KaZdoro¢ni soucasti konference je slavnostni udéleni Ceny
akademika Quido Zaruby pro mladé inZenyrské geology a geo-
techniky (obr. 1). V letoSnim ro¢niku byla cena udélena ve dvou

byt pfi vhodném monitoringu rozpozndny jiZ v ranych
fazich. Poreferoval také o moZnostech opozdéného
vlivu zemétfeseni nebo extrémnich povétrnostnich
podminek na aktivaci lavin v podminkach svaht, kte-
ré mohou nastat i mimo typickd pasma lavinovych
nebezpedi.

Na tuto problematiku navézal druhy den odborny
workshop zaméfeny na geomechaniku poruch. Na pfi-
kladech kolapst vybranych konstrukei z celého svéta
predstavil mechanismy jejich vzniku i vliv nerovno-
mérného sedani, poklesii nebo regiondlni subsidence.

Detailni monitoring, kvalitni geotechnicky pru-
zkum a vyuZziti modernich numerickych modelt dnes
predstavuji klicové nastroje pro v€asnou identifikaci
rizik. RovnéZ analyza minulych havarii zistdva nena-
budoucich staveb. Geotechnické poruchy tak nebyly
prezentovany pouze jako kolaps ¢i selhdni, ale pre-
devsim jako cennd pfilezitost k ziskdvani zkuSenosti
a dalSimu rozvoji oboru.

Mgr. SARKA DVORAKOVA,
Mgr. KLARA LA TORRE,
SG Geotechnika a.s.

PRVNI ROCNIK KONFERENCE GEOTECHNIKA A MODELOVANI
FIRST YEAR OF THE GEOTECHNICS AND MODELLING CONFERENCE

On the 3" of June in Brno, the IDEA StatiCa company organised
the first year of the Geotechnics and Modelling conference. The
conference programme was focused on practical uses of the finite
element method for simulating tasks in the field of geotechnics
and underground construction. The event was attended by around
100 listeners.

Dne 3. Cervna 2026 uspotfadala v Brné firma IDEA StatiCa
1. ro¢nik konference Geotechnika a modelovani. Program kon-
ference byl zaméfen na praktické vyuziti metody konecnych
prvka pri simulaci dloh z oblasti geotechniky a podzemniho sta-

vitelstvi. Pfednasejicimi byli zastupci VUT Brno, VSB — Tech-
nické univerzity Ostrava, Zilinské univerzity v Ziliné a dale firem
GEOSTAR spol. sr.0., METROPROJEKT Prahaa.s.aV-CON s.t.0.

Jednotlivé prednaskové bloky byly zaméfeny na problematiku
urovné geotechnickych prizkumt ve vztahu k matematickému
modelovéani geotechnickych tloh, na volbu materidlovych mode-
It v numerickych simulacich, nejcastéjsi chyby pii numerickém
modelovani, moznosti a vyhody simulaci napétodeformacniho
a stabilitniho stavu svahovych téles, zkuSenosti s vyuZitim soft-
ware MIDAS GTS NX pii projektovani trasy metra D, paZené
stavebni jamy a 3D numerickou analyzu zékladii vystavenych dy-
namickému zatiZzeni. Na zavér konference probéhla prinosna dis-
kuse k pfednesenym prispévkiim i tématim s nimi souvisejicich.
Vsech cca 100 tcastnik hodnotilo prinos této odborné akce velmi
kladné.

doc. RNDr. EVA HRUBESOVA, Ph.D.
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ROBOTIKA V PODZEMI 2026
ROBOTICS IN UNDERGROUND 2026

On the 11" of June 2026, the third year of the Robotics in
Underground — Innovation Day workshop took place on the
premises of the Josef Underground Laboratory at the Slapy
reservoir (www.stolajosef.cz). The workshop was organised by
the Faculty of Civil Engineering and the National Centre for Civil
Engineering 4.0 of the Czech Technical University in Prague in
cooperation with industry and academic partners. A unique set of
technological demonstrations was presented, focused on robotics,
automation, and digitalisation of underground construction. Visitors
familiarised with cutting-edge autonomous systems of the future,
tested in real conditions of the Josef Underground Laboratory,
which is run by the Centre of Experimental Geotechnics of the
Faculty of Civil Engineering CTU in Prague. The event was
attended by hundreds of experts from different institutions. As
part of the workshop, a university student science conference took
place, focused on the topic of underground structures and robotics,
as well as a high school competition called “Robotics in the Open”.
The patronage of the event was assumed by the Central Bohemian
Region and the Czech Ministry of Industry and Trade.

Obr. 1 Jedna 7 mozZnosti automatizovaného monitoringu — vyuZiti tzv. robopsii
Fig. 1 One of the possibilites of automated monitoring — the usage of so called robodogs

Tteti rocnik workshopu Robotika v podzemi — Innovation Day
probéhl 11. 6. 2026 v aredlu Podzemni laboratofe Josef u Slapské
prehrady (www.stolajosef.cz). Workshop organizovala Fakulta sta-
vebni a Narodni centrum stavebnictvi 4.0 Ceského vysokého uceni
technického v Praze ve spolupréci s primyslovymi a akademic-
kymi partnery. Byl predstaven unikatni soubor technologickych
demonstraci zamétfenych na robotiku, automatizaci a digitalizaci
podzemnich staveb (obr. 1, 2).

Navstévnici se sezndmili se Spickovymi autonomnimi systémy
budoucnosti testovanymi v realnych podminkach Podzemni labo-
ratofe Josef, kterou provozuje Centrum experimentdlni geotech-
niky Fakulty stavebni CVUT v Praze. Akce se Gcastnily stovky
odborniki z riznych instituci.

V ramci workshopu probéhla také vysokoskolskd studentska vé-
decka konference zamérend na téma pozemnich a podzemnich sta-
veb a robotiky a rovnéz stfedoskolska soutéz ,,Robotika naostro*.
Zastitu nad akci prevzaly StiedoCesky kraj a Ministerstvo primys-
lu a obchodu Ceské republiky.

Tuel

Na Ceském vysokém uceni technickém v Praze probiha vyzkum
v oblasti robotiky jiz nékolik let. Ve spolupraci s Podzemni labo-
ratofi Josef se vyzkum a vyvoj zaméfuji nejen na robotizaci zdé-
ni, vyvoj a testovani robotizované zdici jednotky, ale také na dalsi
oblasti, mezi néZ patii vyuZziti robotickych systému v podzemnim
prostredi.

Robotika v podzemi pfedstavuje z pohledu budouciho rozvoje
Siroké spektrum moznosti vyuziti, napiiklad pfi manipulaci s ne-
bezpecnymi materidly, vystavbeé specifickych konstrukci, diagnos-
tice stavebnich objekti ¢i vyhledavani osob béhem mimotadnych
udalosti. Mezi jeji hlavni pfinosy patii vysoka presnost a kvalita
provadénych cinnosti, zvySeni produktivity prace, vyssi drovei
bezpecnosti, omezeni chybovosti a efektivni dokumentace a mo-
nitoring procesd.

Podzemni laboratot Josef jako externi pracovisté¢ Fakulty sta-
vebni CVUT proto predstavuje idealni prostor pro testovani robott
a robotickych technologii v redlném prostiedi. Cilem akce zlistava,
stejné jako v predchozich rocnicich, predstavit aktualni projekty
iesené na CVUT v Praze i v dalSich institucich. V prib&hu akce
byly prezentovany soucasné moznosti a po-
tencial robotickych a automatizacnich tech-
nologii. Konkrétné byly prezentovany napf.
teleoperace (dalkové fizeni) stroje v podze-
mi, autonomni nakladac¢, autonomni dronové
systémy pro monitoring ¢i univerzitni projekt
JULBOT, ktery propojuje rizné ¢innosti sou-
visejici s podzemnimi stavbami.

Jednim z cili bylo inspirovat odbornou
1 8ir$i vefejnost k dalsi spolupraci, kterd nepo-
chybné povede k vét§imu vyuzivani automati-
zace, robotiky a chytré infrastruktury v praxi.

Je nezbytné, aby se obdobné projekty reali-
zovaly i na izemi Ceské republiky, a zaroven
je velmi vhodné, aby do nich byli zapojovani
studenti — tak, jako tomu bylo i pfi této akci.

vedouci Centra experimentdlni
geotechniky

Obr. 2 Ukdzka moznosti vyuZiti robotické ruky od spolecnosti Kuka ve specia-
lizovanych podzemnich stavbdch

Fig. 2 A showcase of possible uses of a robotic arm from the Kuka company in
specialised underground constructions
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AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTIONS

CESKA REPUBLIKA
METRO D — NOVA LINKA PRAZSKEHO METRA

Jiz tradicni rubriku Aktualit s informacemi z probihajici stavby
metra D dnes snad ani nelze zahdjit jinou novinkou, nez Ze se ob-
¢ané nasi metropole ale i celé CR dne 19. 6. 2026 kone¢né dockali
Slavnostniho zahajeni vystavby dalSi etapy této stavby. Za ucasti
vedoucich zastupcli vedeni hl. m. Prahy, tradi méstskych ¢asti,
Dopravniho podniku hl. m. Prahy, projektanta, dodavatele geomo-
nitoringu i zhotovitele byl symbolickym poklepanim na budouci
soucdst obloZeni stanice Nové Dvory zahajen novy usek stavby Ol-
brachtova (mimo) — Nové Dvory vcéetné tratovych tunelti smérem
z Pisnice (obr. 1, 2, 3).

Celd nové zahdjena etapa predstavuje realizaci tratového tseku
ze stanice Olbrachtova na stanici Nadrazi Kr¢ v délce cca 0,9 km,

Obr. 1 Momentka ze slavnostniho zahdjeni — poklepdni
Fig. 1 Snapshot from the ceremonial commencement — tapping

atypickou stanici Nadrazi Kr¢
umisténou na povrchu a z ¢asti na
mostni konstrukci, déle trafovy
asek s délkou cca 1 km ke stanici
Nemocnice Kr¢, hloubenou stani-
ci Nemocnice Kr¢, dile tunelovy
usek s délkou cca 1,2 km do stanice
Nové Dvory, raZzenou stanici Nové
Dvory s odstavnym tunelem a po-
sledni tunelovy dsek k budoucimu
Depu Pisnice v délce cca 3,8 km.
Vybranym zhotovitelem této za-
hijené casti stavby je seskupeni
nékolika stavebnich spolecnosti
se spoleCnym nazvem ,,Sdruzeni
Metro 1.D druha c¢ast®, jejichz ve-
doucim ucastnikem je spolecnost
Subterra a.s. a dalSimi spolecniky
jsou Hochtief CZ a.s., Hochtief

Infrastructure GmbH a BeMo Tun-

nelling GmbH. Dle pldnovaného

THE CZECH REPUBLIC
METRO D — NEW LINE OF THE PRAGUE METRO

The traditional news column with information about the ongoing
metro D construction can not start today with anything other than
the fact that on 19/06/2026, citizens of our capital and of the entire
Czech Republic have finally lived to see the ceremonial construction
commencement of another phase of this structure. With leading
representatives of the capital city of Prague, municipal district
offices, Prague Public Transit Company, designer, geo monitoring
contractors, and implementation contractors all present, the new
construction section Olbrachtova (outer) — Nové Dvory, including
track tunnels in the direction from Pisnice, was symbolically
launched by tapping a piece of future cladding of the Nové Dvory
station (Figs. 1, 2, 3).

The entire newly
phase represents the implemen-

launched

tation of a track section from
the Olbrachtova station to the
Néadrazi Kr¢ station at a length
of ca. 0.9km, an atypical station
Néadrazi Kr¢ that is
on the surface and partly on
a bridge structure, then a ca.
lkm long track section towards

located

the Nemocnice Kr¢ station, the
Nemocnice Kr¢ cut-and-cover
station, then a tunnel section
with a length of ca. 1.2km to the
Nové Dvory station, an excavated
station Nové Dvory with a siding
tunnel, and a last tunnel section
towards the future Depo Pisnice
at a length of ca. 3.8km.

Obr. 2 Momentka ze slavnostniho zahdjeni — vystavend technika
Fig. 2 Snapshot from the ceremonial commencement — machinery on display
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harmonogramu stavby a pokud nenastanou
zadné neocekavané komplikace, by se mohli
cestujici svést celym usekem z Pankrace aZ na
Nové Dvory jiz koncem roku 2032. Na zbyva-
jici zatim dosud v trase nerealizované stanice
Libus, Pisnice a Depo Pisnice objednatel Do-
pravni podnik hl. m. Prahy jiZ pfipravuje vybé-
rova fizeni na jejich zhotovitele.

Pres tyto radostné zpravy vSak nesmime
zapominat ani na informace o probihajici sta-
vebni Cinnosti prvniho useku Pankrac-Ol-
brachtova, kde jiz doslo k uplnému dokonceni
vSech razeb. Dale zde tak postupuji prace na
definitivnich osténich, betonovych konstruk-
cich, podkladovych betonech pro kolejovy svr-
Sek a na dalSich souvisejicich castech stavby
(obr. 4, 5).

Mimo samotnou realizaci probiha dale také
pfiprava zbyvajici ¢ésti trasy 1.D3, kde je tésn&  Fig. 3 A view of land preparation for the Nové Dvory construction site

The selected contractor of this launched
construction section is a group of many
construction companies with a collective
name “SdruZeni Metro I.D druha ¢ast®,
whose leading member is the Subterra
a.s. company, and other members are
Hochtief CZ a.s., Hochtief Infrastructure
GmbH, and BeMo Tunnelling GmbH.
According to the planned construction
schedule, and if no unexpected
complications occur, passengers could
ride the entire section from Pankrac
to Nové Dvory already by the end of
2032. For the remaining stations, up to
now not implemented within the route,
specifically Libu§, Pisnice, and Depo
Pisnice, the contract owner, Prague
Public Transit Company, is already

Obr. 4 Definitivni osténi eskaldtorového tunelu stanice Olbrachtova preparing competitive tendering for their
Fig. 4 Definitive lining of the Olbrachtova station escalator tunnel contractor.

pred dokoncenim piiprava projek-
tové dokumentace pro nasledné
legislativni projednani severniho
useku ze stanice Pankrdc smérem
k Namésti Miru.

Zavérem po doslova nalozi
dobrych zprav nezbyva neZ jen
poprat vSem ucastnikiim vystav-
by obou etap metra I.D hodné
Stésti a stavarského zdaru, aby
planovany termin dokonceni
a stanoveny harmonogramem
stavby byly fyzicky naplnény
zprovoznénim nové linky praz-
ského metra i s cestujicimi, a pro-
to a zato — Zdat' Buih!

Ing. BORIS SEBESTA,
borissebesta61@gmail.com,
Ing. MICHAL SERAK,
serak@idspraha.cz  Fig. 5 A look into the excavated Pankrdc D station




TuNel

TUNEL DOLNi RADECHOVA

Tunel Dolni Radechovad je realizovan v rdmci stavby 1/33 Na-
chod — obchvat. Objednatelem je RSD s.p., zhotovitelem tunelu
jsou Marti a.s. a EUROVIA CZ, a.s. Projektantem RDS jsou spo-
le¢nosti SATRA spol. s r.0. a 4roads s.r.o. Tunel Dolni Radechova
je 363 m dlouhy obousmérny silni¢ni tunel, ktery ma dva raZe-
né useky a tfi hloubené useky. Stfedni usek tunelu prechézi pres
pri¢né udoli, a proto je z diivodu nizkého nadloZi tunel realizovan
v oteviené stavebni jamé.

V dobé zpracovani tohoto prispévku uplynulo pfiblizné osm
mesict (16. 10. 2025) od zahdjeni razby tunelu. V soucasnosti je

definitivnim osténi tunelu. V ramci pfipravy realizacni dokumen-
tace je feSena zejména problematika portalovych ¢asti, predevsim
na definitivnim portalu Dolni Radechova.

V razenych castech tunelu jsou zrealizovany zdkladové pasy,
boc¢ni tunelova drendz v¢. Cisticich Sachet, témér je dokonce-
na také deStnikova hydroizolace tunelu. Pokracuje se ve va-
zani vyztuze kleneb (obr. 6) a betonazich blokt horni klenby

-

Obr. 6 Montdzni ploSina vyztuze horni klenby, tunel Radechovd
Fig. 6 Assembly platform for upper vault rebar, the Radechovd tunnel

Obr. 7 Bednici viz horni klenby, tunel Radechovd
Fig. 7 Formwork traveller for the upper vault, the Radechovd tunnel
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Despite this cheerful news, we can not forget information about
the ongoing construction activities on the first section, Pankrac —
Olbrachtova, where all excavations have been completed entirely.
Work that is moving ahead here includes definitive lining, concrete
structures, blinding concrete for trackwork, and other related
sections of the construction (Figs. 4, 5).

Besides implementation itself, the preparation of the remaining
route section I.D3 is ongoing, where the design documentation for
further legislative hearings regarding the northern section from the
Pankréc station towards Namésti Miru is close to being completed.

To conclude after literally a load of good news, all that is left is
to wish all participants of the construction of both metro [.D phases
good luck, construction success, and for the planned completion
deadline and defined construction schedule to be physically
fulfilled by putting the new line of the Prague metro in operation,
even with passengers. And on that note — Godspeed!

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

THE DOLNi RADECHOVA
TUNNEL

The Dolni Radechova tunnel is
being implemented within the “I/33
Nachod — obchvat” structure. The
contract owner is RSD S.p., the
contractor of the tunnel is Marti
a.s., and EUROVIA CZ, a.s. The
designers of the implementation
documentation are  companies
SATRA spol. s r.o. and 4roads s.r.o.
The Dolni Radechova tunnel is a
363m long two-way road tunnel
that has two excavated sections
and three cut-and-cover sections.
The middle section of the tunnel
crosses a transverse valley, and the
tunnel here is implemented in an
open construction pit due to low
overburden height.

At the time of preparing this article,
approximately eight months have
passed (16/10/2025) since the start
of tunnel excavation. Currently, the
tunnel is broken through in its entire
length, and only implementation
work on definitive lining of the
tunnel is being done. As part of
implementation documentation
preparation, mainly the issue of
portal sections is being addressed,
primarily at the Dolni Radechova
definitive portal.

Strip  foundation  has
implemented in the
section, along with lateral tunnel
drainage incl. cleaning shafts,
and the umbrella-type tunnel
waterproofing is almost complete.

been
excavated
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definitivniho osténi (obr. 7). V poloviné Cervna 2026 bylo pro-
vedeno zaliti posledni vrstvy popilkobetonu za faleSnym primar-
nim osténim ve stfedni stavebni jamé, ¢imz byla ukoncena jedna
z kliovych etap pro realizaci hloubeného tunelu v jeho stfedni
Casti.

Ing. PAVEL BURES,
pavel.bures @satra.cz,
SATRA spol. s r.o.

TUNEL OPEVNENI

V ramci realizace dalni¢niho projektu D11 1109 Trutnov — Stat-
ni hranice CR/PL dynamicky postupuji stavebni price na tunelu
Opevnéni i Pofic¢i. Klicovym milnikem aktudlniho obdobf je bliZici
se prorazka levé tunelové trouby (LTT) tunelu Opevnéni (obr. 8
az 10), kde k 22. Cervnu 2026 zbyva do dokonceni raZeb piiblizné
50 metra z celkové projektované délky 444 metrii. V pravé tune-
lové troubé (PTT) bylo k témuZ datu Gspésné vyrazeno 320 metrd
véetné tunelové propojky.

Paralelné s cyklickou razbou se v LTT rozbéhly i navazujici tech-
nologické etapy. Ty zahrnuji pfedevSim betondz zakladovych past,
pokladku podélnych drenaZi, profilaci vyrubu a naslednou syste-
matickou instalaci hydroizola¢niho souvrstvi.

Obr. 8 Jizni portdl tunelu Opevneéni
Fig. 8 Southern portal of the Opevnéni tunnel

Tuel

The assembly of rebar in the vault (Fig. 6) and the concreting

of secondary lining vault blocks (Fig. 7) are ongoing. Halfway

through June 2026, the filling of the last layer of fly ash concrete

behind the false primary lining in the middle construction pit

was carried out, which terminated one of the key stages for cut-

and-cover tunnel implementation in the middle section of the
tunnel.

Ing. PAVEL BURES,

pavel.bures @satra.cz,

SATRA spol. s r.o.

THE OPEVNENI TUNNEL

As part of the implementation of a motorway project called “D11
1109 Trutnov — Stéatni Hranice CR/PL”, work on the Opevnéni and
Pori¢i tunnel is ongoing dynamically. A key milestone of the present
time is the approaching breakthrough of the left tunnel tube (LTT)
of the Opevnéni tunnel (Figs. 8 to 10), where only approximately
50 metres of the entire designed length of 444 metres remain until
completing excavations as of 22" of June 2026. On the same day,
in the right tunnel tube (RTT), a total of 320 metres and the cross
passage were successfully excavated.

Parallel with the cyclical excavation in the LTT, even subsequent
technological stages got underway. Those include mainly the

Jfoto: Ing. Michal Sklendr, msklenar@subterra.cz photo: Ing. Michal Sklendr, msklenar@subterra.cz




Obr. 9 Usti propojky v levé tunelové troubé, tunel Opevnéni
Fig. 9 Adit of the cross passage in the left tunnel tube, the Opevnéni tunnel

foto: Ing. Michal Sklend¥, msklenar@subterra.cz photo: Ing. Michal Sklendr, msklenar@subterra.cz
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concreting of strip foundations, laying
drainage, profiling of the
excavation, and subsequent systematic
installation of waterproofing layers.

The first vault of the secondary lining
was successfully concreted as part of the
implementation of definitive structures.
Intense rebar assembly in the first upper
vault is ongoing in the following cut-and-
cover sections of the Opevnéni tunnel.

Concurrently with the
underground on the Opevnéni structure,
construction personnel are also focused
on the excavation and complex securing of
the construction pit of the southern Pofici
tunnel portal. This process is coordinated
with the goal of smoothly transferring all
excavation personnel and machinery to
the Porici tunnel right after completing
excavation of the Opevnéni tunnel.

of lateral

main work

Ing. JAN FALTYNEK,

Ph.D., MBA, FEng.,
Jfaltynek@subterra.cz,
Subterra a.s. — divize 1

TUNNELS ON THE DO 511
CONSTRUCTION

Two cut-and-cover tunnels are located
on the
structure of the Prague DO 511 ring road,
section D1 — Béchovice, specifically the
Dubec¢ tunnel and the Na Vysoké tunnel.
The contract owner is RSD s.p., the
contractor for the tunnel is EUROVIA
CZ, a.s. and PORR a.s. The designer of
the implementation documentation is
the SATRA spol. s r.o. company. The
construction was officially started on
16/12/2024, physical work began not until
the first half of 2025.

The Dubec¢ tunnel is ca. 270m long,
a classic cut-and-cover tunnel in an

currently under-construction

foto: Ing. Michal Sklend¥, msklenar@subterra.cz photo: Ing. Michal Sklendr, msklenar@subterra.cz

Obr. 10 Umistovdni rozbusek v levé tunelové troubé tunelu Opevnéni
Fig. 10 Placing detonators in the left tunnel tube in the Opevnéni tunnel

V ramci provadéni definitivnich konstrukei byla aspésné vybe-
tonovana prvni klenba sekundarniho osténi. V navazujicich hlou-
benych tsecich tunelu Opevnéni v soucasnosti intenzivné probiha
armovani prvni horni klenby.

Soubézné s hlavnimi pracemi v podzemi na objektu Opevnéni se
stavebni kapacity soustfedi rovnéZ na odtéZovani a komplexni za-
jistovani stavebni jdmy jiZniho portdlu tunelu Pofici. Tento postup
je koordinovén s cilem plynulého transferu veskerych razicskych

kapacit a mechanizace na tunel Pofi¢i bezprostredné po dokonceni
razeb na tunelu Opevnéni.

Ing. JAN FALTYNEK, Ph.D., MBA, FEng.,
Jfaltynek@subterra.cz, Subterra a.s. — divize 1

open construction pit that is secured by

sprayed concrete, nailing, and sloping

(Fig. 11). The tunnel consists of two
standalone three-lane vault tubes founded on strip footing, one
for each driving direction (LTT 266.75m, RTT 270.80m), with a
shared middle wall. Three sections of pile foundations have been
completed as of today. Due to encountered different geotechnical
conditions at the construction site in comparison to the expectation
of the exploration, a change in the founding is being prepared for
the subsequent section.

The Na Vysoké tunnel is ca. 391m long, a classic cut-and-cover
tunnel in an open construction pit secured by sloping, sprayed
concrete, and nailing. The tunnel consists of two standalone four-
lane vault tubes (except for a section underneath a railway, Fig. 12)
founded on strip footing, one for each driving direction (LTT
391.58m, RTT 384.95m), with a shared middle wall. Two atypical
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TuNel

TUNELY NA STAVBE
DO 511

Na pravé realizované stav-
bé Prazského okruhu DO 511
usek D1 — Béchovice se na-
chazeji dva hloubené tunely,
tunel Dube¢ a tunel Na Vyso-
ké. Objednatelem je RSD s.p.,
zhotovitelem tunelu jsou a EU-
ROVIA CZ, a.s. a PORR a.s.
Projektantem RDS je spolec-
nost SATRA spol. s r.o. Stavba
byla oficidlné zahijena 16. 12.
2024, fyzicky byly prace zaha-
jeny az v prubéhu 1. pololeti
2025.

Tunel Dubec je cca 270 m
dlouhy, klasicky hloubeny tu-
nel do oteviené stavebni jamy
zajisténé stiikanym betonem,
hfebikovanim a vysvahova-

nim (obr. 11). Tunel sestava ze  Qbr. 11 Stavebni jama tunelu Dube¢

dvou samostatnych tfipruho-
vych klenbovych tubusi, jeden

Fig. 11 Dubec tunnel construction pit

pro kazdy jizdni smér (LTT
266,75 m, PTT 270,80 m), se
spolecnou stfedni sténou, za- -

loZenych na zikladovych pa- i

sech. Aktualné jsou dokonceny
tfi sekce zaloZeni na pilotach.
Vlivem zastizeni rozdilnych
geotechnickych podminek na
stavbé oproti predpokladim
prizkumu se zpracovava zmeé- 1A

na zaloZeni v navazujicim use- . =
ku.

Tunel Na Vysoké je cca
391 m dlouhy, klasicky hlou-
beny tunel do oteviené sta-
vebni jamy svahovanim, resp.
stifkanym betonem a hrebi-
kovanim. Tunel sestiva ze
dvou samostatnych Ctyfpru-
hovych klenbovych tubust
(s vyjimkou sekci pod Zelez-
nici, obr. 12), jeden pro kazdy
jizdni smér (LTT 391,58 m,
PTT 384,95 m), se spolecnou
stfedni sténou, zaloZenych na
zakladovych pasech. Aktudlné jsou dokonceny dvé atypické sekce
pod drdhou v rozsahu zdkladové pasy, stény a strop. Déle byly
provedeny nasledné dvé sekce bocnich stén a zdkladl navazuji-
cich dvou klenbovych sekci. Zpétna prelozka drahy se predpoklé-

da v 09-10/2026.

Ing. PAVEL SOUREK, pavel.sourek@satra.cz,
SATRA spol. s r.o.

Obr. 12 Vystavba tunelu Na Vysoké — sekce pod drdhou
Fig. 12 Na Vysoké tunnel construction - section underneath the railway

sections underneath the railway have been completed as of now,
more precisely their strip foundation, walls, and ceiling. Then, two
connecting parts of lateral walls and foundations of the following
two vault sections have been completed. Reversing the railway
diversion is expected in 09—10/2026.

Ing. PAVEL SOUREK, pavel.sourek@satra.cz,
SATRA spol. s r.o.
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SLOVENSKA REPUBLIKA

TUNELY NA ZELEZNICNE)J SIETI

Tunel Spani Haj

Modernizéicia Zelezni¢nej infrastruktiry vybranych trati ZSR spo-
¢iva v prestavbe existujicej Zelezni¢nej dopravnej cesty za tcelom
zlepSenia jej technickej vybavenosti a pouzitelnosti zabudovanim
modernych a progresivnych prvkov, a tym zlepSenia jej parametrov.

Dvojkolajny Zelezni¢ny tunel Spani H4j s dizkou 711 m je sticas-
tou stavby ,,Modernizécia Zeleznicnej trate Zilina — Kogice, tsek tra-
te Poprad-Tatry (mimo) — Krompachy*. Trasa tunela je vedena pod
juhoz4dpadnymi svahmi kopca Spani H4j, v Tavostrannych svahoch
Ganovského potoka, zapadne od obce Vydrnik.

Tunelovi riira je rozdelena na tseky budované razenim a hibenim.
Razena cCast tunela bola realizovana v zmysle zasad Novej rakuskej
tunelovacej metédy s pouZitim mechanického rozpojovania pomo-
cou tunelbagra v priportilovych oblastiach. Dizka razenej Casti tu-
nela je 672 m. Hibené dseky budi budované v otvorenej stavebnej
jame na portaloch a nasledne zasypané. Dizka hibenej Casti je 36 m
od vychodného portdlu a 3 m od zédpadného portalu, celkovo 39 m.

Aktudlny stav vystavby tunela je v poslednom jinovom tyZdni
roku 2026 nasledovny: Potom, ¢o bol tunel vo februari tohto roku
prerazeny, boli nasledne dorazené aj useky stupnia a protiklenby.
Aktudlne prebiehaju prace na profilacii primarneho ostenia v tseku
blokov ¢. 30 az 56.

Staré banské dielo ,,$tdlna €. 13, ktoré bolo identifikované pribliz-
ne 50 m od zédpadného portalu, bolo dspesne sanované schvilenou
injektaZnou zmesou.

Naplno sa rozbehli aj price na sekundarnom osteni. Hibeny tu-
nel na vychodnom portéli je zabetonovany a realizuje sa pokladka
hydroizola¢ného stvrstvia z vonkajSej strany (obr. 13). Aktudlne je
zrealizované hydroizolacné suvrstvie v razenej Casti po blok ¢. 25
z celkového poctu 60 blokov. Zaroven prebiehaju prace na armo-
vani hornej klenby (obr. 14), momentdlne po blok ¢. 23, a taktieZ
sa realizuje betonaz hornej klenby sekundarneho ostenia, aktudlne
po blok ¢. 17.

Obr. 13 Klenba hlbeného tiseku tunela Spani Hdj
Fig. 13 Vault of the cut-and-cover section of the Spani Hdj tunnel
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SLOVAK REPUBLIC

RAILWAY TUNNELS

Spani Haj Tunnel

The modernization of selected sections of the ZSR (Railways
of the Slovak Republic) railway infrastructure involves the
reconstruction of the existing railway corridor with the objective
of improving its technical equipment and operational performance
through the incorporation of modern and advanced technologies,
thereby enhancing its overall parameters.

The double-track Spani H4j railway tunnel, with a length of
711m, forms part of the project “Modernization of the Zilina—
Kosice railway line, Poprad-Tatry (not included) — Krompachy
section.” The tunnel alignment passes beneath the southwestern
slopes of Spani H4j Hill, on the left bank slopes of the Ganovsky
Stream, west of the village of Vydrnik.

The tunnel tube is divided into sections constructed by
conventional underground excavation method and by cut-and-
cover construction. The conventionally driven tunnel section was
excavated in accordance with the principles of the New Austrian
Tunnelling Method (NATM), using a tunnel excavator in the portal
areas. The length of the driven tunnel section is 672m.

The cut-and-cover sections are being constructed within open
excavation pits at the portals and will subsequently be backfilled.
The cut-and-cover section is 36m long at the eastern portal and 3m
long at the western portal, giving a total length of 39m.

The status of tunnel construction during the last week of June
2026 is as follows:

Following tunnel breakthrough in February of this year, the
bench and invert sections were subsequently completed. At pre-
sent, profiling works on the primary lining are underway between
blocks No. 30 and No. 56.

The abandoned mine working “Adit No. 13”, identified approxi-
mately 50m from the western portal, has been successfully
stabilized using the approved
grouting mixture.

Work on the secondary lining
has also progressed to full scale.
The cut-and-cover section at the
eastern portal has been concreted,
and installation of the external
waterproofing system is currently
underway (Fig. 13). To date, the
waterproofing system has been
completed in the driven tunnel
section up to Block No. 25 out of
a total of 60 blocks.

Atthe same time, reinforcement
of the tunnel vault is in progress
(Fig. 14), currently up to Block
No. 23, while concrete casting of
the secondary lining tunnel vault
has been completed up to Block
No. 17.

A total of ten invert arches have
been constructed, and foundation
strips have been completed up to
Block No. 30. Leveling concrete
beneath the foundation strips has
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Obr. 14 Armovanie hornej klenby sekunddrneho ostenia v tuneli Spani Hdj

Fig. 14 Reinforcement of the tunnel vault of the secondary lining in the Spani Hdj tunnel

St vybudované spodné klenby v pocte 10 kusov a zdkladové pasy
po blok ¢. 30. Podkladové betdny pod zékladové pasy su pripravené
po blok ¢. 48. Bocna drendz je zrealizovana po blok ¢. 25.

V stcasnej dobe prebieha priprava na realizaciu chodnikov a kab-
lovych tras v tuneli a taktiez na realizaciu stredovej drendZe a vypl-
novych betéonov pod pevni jazdnu drahu.

Ing. MARTIN SMOLKA, Skanska SK a. s.

been prepared up to Block No. 48. The side drainage system has
been completed up to Block No. 25.

Preparations are currently underway for the construction of the
tunnel walkways and cable ducts, as well as for the installation of
the central drainage system and the fill concrete beneath the slab
track structure.

Ing. MARTIN SMOLKA Skanska SK a.s.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY NA TAURSKE ZELEZNICI
PICTURE POSTCARDS WITH TUNNELS ON THE TAUERN RAILWAY

Alpine countries — Austria, Switzerland, Italy... are rightfully
considered to be one of the birthplaces of tunnelling. The reason is
simple — railways routed in the mountains had to overcome large
natural obstacles, and that was possible only using bridges and
tunnels. Although positions of Czech and Slovak tunnellers were
naturally closer primarily with the Austrian countries, with which
they had a long coexistence as a single country. And exactly here,
in the country of southern neighbours of the Czech Republic,
one of the noteworthy mountain railways has been in service for
over 100 years — the Tauern Railway. Two picture postcards with
Tauern tunnels were introduced already 12 years ago in the TU-
NEL journal edition 4/2014. The current episode of this “series”
brings eight more picture postcards with tunnels on this railway.
Their importance does not lie only in their historical value, but
also in the fact that they portray tunnels shortly after their con-
struction and in operation. An interesting and large medal handed
out on the occasion of the Tauern peak tunnel breakthrough be-
longs to the history of the presented railway.

Za jednu z kolébek tunelarstvi jsou pravem povazovany alpské
zemé — Rakousko, Svycarsko, Itilie... Diivod je jednoduchy — Ze-

leznice vedend do hor musela pfekonavat velké pfirodni prekdzky,
a to bylo mozné jen pomoci mostl a tunelli. Profesni pozici tu-
nelara ceskych a slovenskych pritom byly pfirozené blizké pre-
devsim rakouské zemé, se kterymi je spojovala dlouhd existence
ve spoleéném soustati. A pravé u jiznich sousedt Ceské republiky
je jiz pres 100 let provozovéna jedna z pozoruhodnych horskych
Zeleznic — Taurskd drdha. Dvé pohlednice s jejimi tunely byly
predstaveny jiZ pfed dlouhymi 12 lety v ¢asopisu TUNEL 4/2014.
Aktuélni pokracovani ,,seridlu® nyni prinasi dalSich osm pohled-
nic s tunely na této draze. Jejich vyznam nespociva pouze v histo-
rické hodnoté, ale rovnéZ v tom, Ze zachycuji tunely v dobé krétce
po jejich vystavbé a v provozu. K historii prezentované Zeleznice
nalezi pridavek interesantni velké medaile vydané u prileZitosti
proraZeni Taurského vrcholového tunelu.

Vysoké Taury (Hohe Tauern) predstavuji geografickou osu
Vychodnich Alp s cca 120 km dlouhym hlavnim hfebenem, vy-
sokym témér 3 800 m n. m. Vetsi Cast pohoii se nachdzi v Ra-
kousku a vedle Otztalskych Alp zde leZi také nejvyssi rakouské
hory [1]. Horsky masiv pfekondva severojizné jedna z nejdile-
zitéjSich, nejzajimavéjSich a nejmalebnéjSich horskych Zeleznic
v Evropé¢ — 79 km dlouha Taurskd draha (Tauernbahn). Spojuje
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Tauerniunngl (8520 m lang). Nordportali

Obr. 1 Tauerntunnel (8520 m lang). Nordportal. [Taursky tunel (dlouhy
8520 m). Severni portdl.] Kolorovand fotografie. Ferd. V. Kleinmayr, Klagen-
furt. Nr. 626/2. 1914 [sbirka autorii].
Fig. 1 Tauerntunnel (8520 m lang). Nordportal. [Tauern tunnel (8,520m long).
Northern portal.] Colourised photograph. Ferd. V. Kleinmayr, Klagenfurt.
Nr. 626/2. 1914 [authors’ collection].

Schwarzach — St. Veit v Salzbursku se Spittal an der Drau v Koruta-
nech. Vyznam ma rovnéz regiondlni a vedle toho zajistuje turistickou
dopravu do tidoli Gastein. Radi se k nejvys&im evropskym tratim
normalniho rozchodu; v samotném Rakousku je tfeti nejvyssi.

Rakousko-Uhersko dlouho postradalo po otevieni Suezského
praplavu (1869) spojeni svého hlavniho pristavu Terstu s Vidni
a s doly a Zelezdrnami na severu monarchie. AZ v roce 1901 bylo
rozhodnuto postavit tzv. Nové alpské drahy (Neue Alpenbahnen).
Slo o Karavanskou drihu (Karawanken Bahn) z Villachu do Je-
senice, pokracujici do Terstu ptes Julské Alpy Bohinjskou dra-
hou (Wocheiner Bahn) a o Zelezni¢ni trat z Linze pfes Pyhrnsky
z téchto Novych drah byla Taurska Zeleznice, predstavujici statni
alternativu k soukromé draze Semmeringské.

Taurska draha prekondva na severni strané prevyseni 636 m, na
jihu 682 m. Nejvyssi bod trati (1226 m n. m.) je v Taurském tunelu
(po otevieni 8 550 m, od roku 2004 8371 m). Vedle tohoto vr-
cholového provozovala Zeleznice puvodné dalSich 17 tuneld, které
mely v dobé jejiho zahdjeni celkovou délku 6408 m. Vrcholovy
tunel byl postaveny jako dvoukolejny, coz v dobé vystavby ne-
bylo zdaleka samoziejmé, prilehlé dseky na severu a jihu zustaly
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Obr. 2 Tauerntunnel (8520 m lang). Siidportal. [Taursky tunel (dlouhy 8520
m). Jizni portdl.] Kolorovand fotografie. Ferd. V. Kleinmayr, Klagenfurt.
Nr. 611/12. 1913 [sbirka autorii].

Fig. 2 Tauerntunnel (8520 m lang). Siidportal. [Tauern tunnel (8,520m long).
Southern portal.] Colourised photograph. Ferd. V. Kleinmayr, Klagenfurt.
Nr. 611/12. 1913 [authors’ collection].

jednokolejné. Na Taurském vrcholovém tunelu byly prace zahdje-
né v roce 1901, na Severni rampé ze Schwarzach-St. Veit v roce
1902. Prvni tsek trati ke stanici Bad Gastein byl otevieny 20. 9.
1905, jizni najezd do Spittal an der Drau byl budovany od roku
1906. Dokoncenou trat slavnostné otevrel cisar FrantiSek Josef I.
dne 5. 7. 1909 [2].

Mezi lety 1933-35 byla Taurskd draha elektrifikovana. Od roku
1969 bylo zahdjeno, po témér 40 letech pripravy, zdvoukolejnova-
ni jednotlivych tsekt. Byly s tim zfizeny zcela nové pasaze trati,
viadukty a tunely. Trasa byla upravovéana tak, aby bylo mozné,
vedle dopravni zitéze, také zvysit rychlost az na 130 km/hod.
Upravy probéhly za plného provozu v péti fizich a pfisly na cca
0,5 mld. €. Casti vyrazeného Zelezni¢niho télesa mezi Mallnitz
a Obervellach byly pfitom upraveny na turistickou stezku. Dnes
je na trati (vedle pivodniho vrcholového Taurského) sice jiz jen
12 tuneld, jejich celkova délka vSak vzrostla na 9972 m; z nich
dominuje na jizni ramp€ Novy Kaponig (dl. 5096 m).

Taursky tunel

Dvojkolejny vrcholovy tunel Taurské Zeleznice se nachazi mezi
stanicemi Bockstein v Salzburgsku (sever, 1172,80 m n. m. —
obr. 1) a Mallnitz v Korutanech (jih, 1219,00 m n. m. — obr. 2 a 3).
Prochéazi pfimo pod hfebenem Vysokych Taur (2790 m n. m.).
Stavbu tunelu, ptivodné dlouhého 8 550,60 m, realizovala moder-
ni rakouskou metodou firma Briider Redlich & Berger. Zahéjeno
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Obr. 3 Tauernbahn — Tauerntunnel (8550 m lg.) bei Mallnitz (1185 m). [Taur-
skd drdha — Taursky tunel (dlouhy 8550 m) u Mallnitz (1185 m n. m.).] Stengel
& Co., G.m.b.H., Dresden. 1911 [sbirka autorii].

Pohlednice byla 16. 7. 1924 odesldna do Prahy-Bubence p. MUDr. Josefu
Poldckovi.

Fig. 3 Tauernbahn — Tauerntunnel (8550 m Ig.) bei Mallnitz (1185 m). [Tauern
railway — Tauern tunnel (8,550m long) at Mallnitz (1,185m asl).] Stengel & Co.,
G.m.b.H., Dresden. 1911 [authors’ collection].

The picture postcard was sent on 16/07/1924 to Prague-Bubenec to Mr. MUDr.
Josef Poldcek.

Obr. 4 Pameétni medaile vydand u prileZitosti proraZeni Taurského vrcholového
tunelu. Bronz, @ 100 mm, 258 g [soukromd sbirka].

Avers: Miiza, v levé ruce md kruZitko, v pravé snitku vaviinu. V pozadi scé-
na setkdni razi¢i, na pocévé datum prordzky: 21. JULI 1907. Opis: DURCH-
SCHLAG DES TAUERN-TUNNELS (PRORAZKA TAURSKEHO TUNELU).
Signatura E. Hellmer (pozn.: Edmund Ritter von Hellmer, *1850 Videri
—11935 Videri, rakousky sochar ve stylech historismu a secese [6]).

Revers: Ndpis: ZUR / ERINNERUNG AN / DEN DURCHSCHLAG / DES
TAUERN TUNNELS / JULI 1907 / K K EISENBAHNBAUDIREKTION /
BAUUNTERNEHMUNG BRUDER / REDLICH u. BERGER. (NA PA-
MATKU PRORAZENI TAURSKEHO TUNELU / CERVENEC 1907 / C K
REDITELSTVI ZELEZNICNI VYSTAVBY / STAVEBNI FIRMA BRATRI /
REDLICHOVE a BERGER).

Fig. 4 Commemorative medal issued on the occasion of Tauern peak tunnel
breakthrough. Bronze, @ 100mm, 258g [private collection].

Avers: Muse, she has a pair of compasses in her left hand and a branchlet of
laurels in her right. In the background a scene with a meeting of tunnellers,
on the invert the date of the breakthrough: 21. JULI 1907. Transcription:
DURCHSCHLAG DES TAUERN-TUNNELS (BREAKTROUGH OF THE
TAUERN TUNNEL). Signatura E. Hellmer (note: Edmund Ritter von Hell-
mer, *1850 Vienna —71935 Vienna, Austrian sculptor with historicism and se-
cession styles [6]).

Revers: Writing: ZUR / ERINNERUNG AN / DEN DURCHSCHLAG / DES
TAUERN TUNNELS / JULI 1907 / K K EISENBAHNBAUDIREKTION /
BAUUNTERNEHMUNG BRUDER / REDLICH u. BERGER. (IN MEMORY
OF TAUERN TUNNEL BREAKTHROUGH / JULY 1907 / C K RAILWAY
CONSTRUCTION DIRECTORATE / CONSTRUCTION COMPANY BRO-
THERS / REDLICH AND BERGER).

bylo na severu 6. 7. 1901, prorazka pfipadla na 21. 7. 1907, do-
konceni tunelu 23. 1. 1909, lokomotivy projizdély od 26. 2 1909.
Roku 2004 byly ve vrcholovém tunelu zavr$eny nékolik let trvajici
préce pro zvySeni bezpec¢nosti provozu. Severni isek u Bocksteinu
byl ¢asteCné napfimeny, coz tunel zkritilo o 179 m na dneSnich

Tuel

8371 m. Stary portdl byl opraven a zachovan pfi nové trase jako
technicky pamatnik Zelezni¢niho inZenyrstvi. Dalsi faze rekon-
strukce, jiz v Gplné uzavirce od 18. 11. 2024 do 13. 7. 2025, se
tykaly nejen tunelové klenby (29. 12. 2024 se ji u severniho por-
talu zfitilo cca 15 m), ale také kolejové drahy, trolejovych vedeni
a dalsiho tunelového vybaveni. Nésledujici uzavirka tunelu je na-
planovand v prvni polovin€ roku 2027 a ma trvat pét mésicu.

Zajimavosti:

e Prakticky totozné plvodni portily nesly na fimse napis:
,FRANCISCO JOSEPHO 1. IMP. MCMIX* (FII. CISAR
1909) — obr. 1 a 2. Nad nédpisem je rakouska cisarskd koruna
podlozZena vaviinovou ratolesti.

e K prilezitosti prorazky Taurského tunelu 21. 7. 1907 byla zho-
tovena velkd medaile — obr. 4.

* Jiz od roku 1920 jsou specidlnimi vozy tunelem pfepravovany
automobily, motocykly a jizdni kola. Prijezd trva cca 12 mi-
nut.

e Na stanicich drdhy Mallnitz-Obervellach a Bockstein jsou
pripraveny zvlastni zdchranné vlaky k zasahu v pfipadé mi-
motadnych udélosti v tunelech ¢i na trati.

e Za neobvyklost obecni heraldiky lze povazovat stylizovany
portdl tunelu ve znaku obce Mallnitz na jiZznim vstupu [1, 2,
3, 4].

Pozn.: Délka Taurského vrcholového tunelu je v popisech po-
hlednic na obr. 1 a 2 dana hodnotou 8520 m, kdyZ obvykle se
uvadi 8550 m. Rozdil miZe byt zpisobeny tim, Ze v rakousko-
-uherskych Zeleznicnich statistikach se nékdy rozliSovala:

* Bauliinge (stavebni délka),

e Linge zwischen den Portalen (délka mezi portdly);

e Nutzlinge (provozni délka).

Horni tunel Kaponig

Stavba Horniho tunelu Kaponig, dlouhého 236,05 m, byla na
JjiZni vétvi drahy dokoncena 18. 2. 1908. Uddlost byla slavné ozna-
mené padesati odstfely dynamitu. Po devadesati letech existence
byl tunel v roce 1999 vyrazeny z provozu, spolu s pfilehlym, 95 m
dlouhym, viaduktem Laskitzer. Na obr. 5 je zapadni portal tunelu
smérem od byvalé stanice Kaponig. Dnes je vlevo od néj vystup
unikové Stoly Nového tunelu Kaponig, ktery je s 5096 m v soucas-
nosti druhym nejdel$im tunelem celé Taurské drahy.

Obr. 5 Tauernbahn. Laskitzer-Viadukt mit oberem Kapponigtunnel. [Taurskd
drdha. Viadukt Laskitzer s Hornim tunelem Kaponig.] Kolorovand fotogra-
fie. Purger & Co., Miinchen — Photochromiekarte. No. 9663. Po 1918 [sbirka
autorii].

Fig. 5 Tauernbahn. Laskitzer-Viadukt mit oberem Kapponigtunnel. [Tauern
railway. Laskitzer viaduct with the Upper Kaponig tunnel.] Colourised pho-
tograph. Purger & Co., Miinchen — Photochromiekarte. No. 9663. Po 1918
[authors’ collection].
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Obr. 6 Tauerbahn - Kapponig-Viadukt [Taurskd drdha — Viadukt Kapo-
nig.] Kolorovand fotografie. Purger & Co. Miinchen. Photochromierkarte.
No. 9664. 1919 [sbirka autorii].

Fig. 6 Tauerbahn — Kapponig-Viadukt [Tauern railway — Kaponig viaduct.]
Colourised photograph. Purger & Co. Miinchen. Photochromierkarte.
No. 9664. 1919 [authors’ collection].

Obr. 7 Tauernbahn. Pfaffenberg-Zwenberg-Viadukt (Kdarnten). [Taurskd drd-
ha. Viadukt Pfaffenberg-Zwenberg (Korutany).] Kolorovand fotografie. Pur-
ger & Co., Miinchen. Photochrom II. No. 9667. Okolo 1920. [sbirka autorit]
[7].

Fig. 7 Tauernbahn. Pfaffenberg-Zwenberg-Viadukt (Kdarnten). [Tauern rai-
Iway. Pfaffenberg-Zwenberg Viaduct (Carinthia).] Colourised photograph.
Purger & Co., Miinchen. Photochrom II. No. 9667. Around 1920. [authors’
collection] [7].

Obr. 8 Tauernbahn: Ober- und Unterfalkenstein. [Taurskd drdha: Hor-
ni a Dolni Falkenstein.] Kolorovand fotografie. Verlag Caspar & Poltnig,
Vaillach. P 123. 1910 [sbirka autorii].

Fig. 8 Tauernbahn: Ober- und Unterfalkenstein. [Tauern railway: Upper
and Lower Falkenstein.] Colourised photograph. Verlag Caspar & Poltnig,
Vaillach. P 123. 1910 [authors’ collection].
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Obr. 9 Von der Tauernbahn. Ruine Ober-Falkenstein mit der Kreuzeckgruppe.
[Z Taurské drdhy. Zricenina Horniho Falkensteinu se skupinou Kreuzeck.]
Kolorovand fotografie. Verlag Gutenberghaus Klagenfurt. No. 1366. 1910
[sbirka autorii].

Stejné jako na obr. 8 je vedle hradni zriceniny zretelné vidét zachovand kaple
sv. Jana.

Obr. 9 Von der Tauernbahn. Ruine Ober-Falkenstein mit der Kreuzeckgruppe.
[From the Tauern railway. Upper Falkenstein ruins with the Kreuzeck range.]
Colourised photograph. Verlag Gutenberghaus Klagenfurt. No. 1366. 1910
[authors’ collection].

As in Fig. 8, the preserved St. Jan chapel is clearly visible next to the castle ruins.

Obr. 10 Tauernbahn. Litzldorf-Viadukt. [Taurskd drdha. Viadukt Litzldorf.] Auf-
nahme und Verlag Franz Knollmiiller, Graz. Nr. 759/9. 1926 [sbirka autori].
Fig. 10 Tauernbahn. Litzldorf-Viadukt. [Tauern railway. Litzldorf viaduct.]
Aufnahme und Verlag Franz Knollmiiller, Graz. Nr. 759/9. 1926 [authors’
collection].



35. rocnik - €. 3/2026

Na obr. 6 je vychodni portdl Horniho tunelu Kaponig, a to od
byvalé stanice Penk. Hlavnim motivem pohlednice je viadukt Ka-
poniggraben (dl. 105 m). Ten byl vyfazeny z provozu rovnéz roku
1999. (Pozn.: Dnes je pro lokalitu pouZivdn ndzev Kaponig misto
starsi formy Kapponig) [5].

Tunel Zwenberg

Na obr. 7 je severni portal tunelu Zwenberg pii pohledu od byva-
1€ stanice Kaponig. Tunel byl dlouhy 391 m a stejn€ jako viadukt
Pfaffenberg-Zwenberg (v ptvodni délce 149 m) je od roku 1971
vyfazeny z provozu [5].

Tunel Falkenstein
Dnes c¢aste¢nd zficenina hradu Falkenstein ndleZi k nejstarSim
stavbam tohoto typu v Korutanech. Hrad je pisemné pfipominany jiZ

LITERATURA / REFERENCES

TuNel

k roku 1164. Taurska Zeleznice prochazela ptimo pod hradni vyspou
jednokolejnym tunelem dlouhym 67 m. Provoz tohoto tunelu byl
ukonceny 13. 7. 1974. Na obr. 8 je jeho zapadni portdl s malebnym
nddrazickem. Obr. 9 zobrazuje skélu s hradem a vychodnim portd-
lem tunelu. V pozadi snimku se rysuje horska skupina Kreuzeck [5].

Horni tunel Litzldorf
Na obr. 10 je jihovychodni portdl Horniho Litzldorfského tu-
nelu, od byvalé stanice Kolbnitz. Tunel, dlouhy 84 m, byl v roce
1984 vyrazeny z provozu, stejné jako stejnojmenny 82 m dlouhy

viadukt Litzldorf [5].
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ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORTS
www.ita-aites.cz

VALNE SHROMAZDENI CZTA ITA-AITES
GENERAL ASSEMBLY CZTA ITA-AITES

The General Assembly of the Czech Tunnelling Association
ITA-AITES was held on June 10", 2026, with Ing. Ivan Hrdina,
Chairman of the CzTA, presiding. Unorthodoxly, in order to
accommodate the tight schedule of one of the contestants, the
Assembly started by sharing the results of the student contest
for the best diploma thesis. The first place was achieved by Ing.
Ondrej Kryl, the second place belonged to Ing. Christian Genzer,
and Ing. Max Dresler took the third. The traditional awarding of
the CzZTA commemorative medals followed right after. This time,
it was awarded to Ing. AleS Zapletal, DrSc., although the medal
was handed to him at a different time due to illness. The second
medal of this year was awarded to Ing. Jan Skrabek. Then, Ing.
Ivan Hrdina informed about the activities of the association since
the previous General Assembly. Another topic on the agenda
was the economic report, which was presented by Ing. Markéta
Pruskova, Ph.D. In 2025, the association reached a very positive
result. Doc. Ing. Alexandr Butovi¢, Ph.D., summarised the first
results of the UC Prague 2026 conference that just took place. The

information is published as a standalone contribution in this edition
of the Tunel journal. Ing. Markéta Pruskové, Ph.D., familiarised
the attendants with planned activities of the association for 2026.
Then, doc. RNDr. Eva HrubeSova, Ph.D., disclosed the current
state of the CzZTA Working Groups. The last section of the General
Assembly included two expert lectures. The first speaker was
Petr Pospisil, M.Sc. EUR ING, CEng, who prepared a lecture on
the topic of Operational safety of tunnels. The second one was
Ing. Radek Bernard, Ph.D., who familiarised the attendants with
the recently organised WTC 2026 and also described the current
activities of ITA-AITES Working Groups.

Valné shroméazdéni Ceské tunelaiské asociace ITA-AITES se
konalo ve stiedu 10. ¢ervna 2026 v hotelu OlSanka, Taboritska 23,
Praha 3. Jednani zahdjil a fidil pfedseda CzTA Ing. Ivan Hrdina.

Neobvykle jako prvni bod prob€hlo vyhodnoceni studentské
soutéze o nejlepsi diplomovou préci z oboru podzemni stavitel-
stvi za rok 2025 a to z ditvodu Casové tisné jednoho z ocenénych.
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Obr. 1, 2 a 3 Ocenéni studenti zleva Ing. Ondrej Kryl, Ing. Christian Genzer, Ing. Max Dresler
Fig. 1, 2 and 3 Award winning students Ing. Ondrej Kryl, Ing. Christian Genzer and Ing. Max Dresler

Komise, ktera ma soutéz ve své kompetenci, rozhodla nasleduji-
cim zptisobem. Prvni misto ziskal Ing. Ondiej Kryl (FSv CVUT),
jeho prace nesla ndzev Odezva horniny na mechanické a teplotni
zmény Vv in-situ modelu uklddaciho vrtu hlubinného ulozisté. Dru-
hé misto patfilo Ing. Christianu Genzerovi (FAST VUT) s nazvem
diplomové prace Podzemni gardZe pod brnénskym Petrovem. Na
tfetim mist& se umistil Ing. Max Dresler (FSv CVUT) s tématem
Komparativni analyza metod razby hlubinného ulozisté radioak-
tivnich odpadi v Ceské republice: Mechanizovana versus kon-
vencni technologie. Ocenéni predala studentiim mistopredsedkyné
CzTA doc. RND. Eva Hrubesova, Ph.D. (obr. 1-3).

Nasledovalo predavani pamétnich me-
daili CzTA, které byly tentokrat udéleny
Ing. AleSi Zapletalovi, DrSc., za celoZi-
votni pfinos v oblasti statiky osténi cyk-
licky i kontinudlné razenych podzemnich
staveb. Kvuli nemoci mu byla predina
v nahradnim terminu (obr. 4). Druha me-
daile byla v tomto roce udélena Ing. Janu
Skrabkovi za dlouhodobou aktivni tGéast
na realizaci tunelovych staveb, spojenou se
zavadénim novych technologii a systema-
tickou vychovou mladé generace tunelari
(obr. 5).

V zapéti Ing. Ivan Hrdina informoval ¢le-
ny CzTA o ¢innosti asociace od konani mi-
nulého valného shromazdéni. Mezi né patii
napfiklad porddani Tuneldfskych odpoled-
ni, ktera se stale konaji prezen¢né i on-line.
Dalsi vyznamnou cinnosti je vydavani Ca-
sopisu Tunel, ktery vychdzi ¢tyfikrat v roce.

Nasledujicim bodem jednani byla zprava o hospodareni, kterou
prednesla Ing. Markéta PruSkovd, Ph.D. V roce 2025 doséhla aso-
ciace velmi pfiznivého vysledku, kdy jeji hospodafeni skoncilo
vyrazné nizsi ztratou, nez predpokladal navrh rozpoctu. Poté byli
pfitomni sezndmeni s ndvrhem rozpoctu asociace na rok 2026.
Vy§§iztrata je navrZena z divodu zahéjeni ptipravy publikace Pod-
zemni stavby v Ceské republice, ktera by méla byt pokradovanim
knihy vydané u prileZitosti poradani WTC 2007. Je planovéno jeji
zafazeni mezi konferen¢ni materialy pro PS 2029. Druhou novou
polozku tvori naklady na vydani publikace o medailich a dalSich
upominkovych predmétech s tematikou podzemnich staveb, kterou

Ale§ Zapletal, DrSc.

foto Radim Mana photo Radim Mana
Obr. 4 Preddvdni pamétnich medaili CzTA — Ing.

Fig. 4 Presentation of CzTA commemorative
medals to Ing. Ales Zapletal, DrSc.

pfipravil doc. Ing. Vladislav Hordk, CSc. Jeji konkrétni podoba je
zatim v jednani.

Doc. Ing. Alexandr Butovi¢, Ph.D., referoval o pravé probéhlé
konferenci Podzemni stavby Praha 2026, které se vénuje samo-
statny prispévek v tomto vydani Casopisu Tunel.

Ing. Markéta Pruskova, Ph.D., obeznamila pfitomné s planem
¢innosti asociace na rok 2026. Bude pokracovat pfiprava ¢asopisu
Tunel a potfadani Tunelafskych odpoledni. Poté vystoupila doc.
RNDr. Eva HrubeSova, Ph.D., se sdélenim o soucasném stavu
pracovnich skupin CzTA, bohuZel pouze nékteré z nich vykazuji
aktivni ¢innost.

foto Ing. Libor Maiik photo Ing. Libor Marik
Obr. 5 Preddvdni pamétnich medaili CzTA — Ing.
Jan Skrdbek

Fig. 5 Presentation of CzTA commemorative
medals to Ing. Jan Skrdbek

Letosni zasedani bylo tradi¢né zakonceno odbornou prednas-
kou, resp. letos se jednalo o dvé témata. Nejdiive Petr Pospisil,
M.Sc. EUR ING, CEng, (Tunguard International s.r.o.) pfipravil
téma Provozni bezpec¢nost tunelti. Nasledovala prednaska Ing.
Radka Bernarda, Ph.D. (SG Geotechnika, a.s.), o pravé probéhlém
WTC a ¢innosti pracovnich skupin pfi ITA-AITES.

Vsem pritomnym podekoval Ing. Ivan Hrdina za aktivni ucast
a podporu asociace a popral klidné 1éto.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz, generdlni sekretdi CzTA



UNDERGROUND
CONSTRUCTION

Conference Underground Constructions Prague 2026 in photographs

ITA-AITES

CZECHTUNNELLING
ASSOCIATION
ITA-AITES

Tésime se na vas v roce 2029! CESKATUNEL AR @
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Projektujeme

budoucnhost o) o)

na pevnych 100+ 1000+
zakladech G klienti projektt

« Komplexni sluzby od zaméru projektu az po realizacni dokumentaci

« Konzulta¢ni ¢innost pro investory — vypracovani odbornych posudkd,
supervize projektové dokumentace

* Konzultacni ¢innost pro zhotovitele — optimalizace technického
reseni ve fazi nabidky i realizace

* Vyuziti geotermalni energie z podzemnich staveb

« Aktivni pristup k tvorbé smérnic, norem
a technickych predpist

 Odpovédny pristup odbornik(l se zkusenostmi
z domacich i zahraniénich projekt(

Zabyvame se navrhy a rekonstrukcemi
silni€énich, dalni¢nich i zelezni¢nich tuneld,

vcetné vysokorychlostnich trati a geotechnickych rfeSeni.

Pridejte se k nam!

Jsme tym odbornik{ s mezinarodni praxi a zdzemim v deviti méstech v CR

i na Slovensku. Presto, ze nas je uz pres 220, zakladame si na neformalnim
pracovnim prostredi s rodinnou atmosférou. Mladsim koleglim nabizime
propracovany systém zaskoleni a predavani zkuSenosti od seniornich
zameéstnancu. Vyuzijte moznosti podilet se na vyznamnych infrastrukturnich
projektech, které budou slouzit i dalSim generacim.

info@sagasta.cz





