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Vézené Ctendrky a Ctendri,

prave si prohliZite druhé &islo Casopisu Tunel rocniku 2018, které md to $tésti a zdroven i vysadu, Ze je vydédvéno
pri prileZitosti kondni leto$ni kvétnové konference Tunely a podzemni stavby v Ziling.

Samotnd skute¢nost soubéhu vydani jednoho ¢isla ¢asopisu a kondni jednoho ro¢niku konference nenf zase az tak
vyjime¢nou uddlost{, vyjime¢nou udalosti je vSak jisté cesta, kterou za poslednich vice nez dvacet let slovenské pod-
zemnf stavitelstvi uslo.

Jeste konec minulého stoleti byl na Slovensku ve znameni teprve pocatku dlouhodobe planovaného a oéekavané-
ho boomu tunelovych staveb, ktery v té dob¢ hlavné reprezentovalo zahdjeni vystavby vlastné téméf solitérniho dél-
ni¢niho tunelu Branisko ndsledné dopInéného o tunel Horelica a prazkumné $toly tunelt Visnové a Ovéiarsko. Toto
obdobi mam stéle jesté v plné paméti, protoze tou dobou jsem mél moznost na Slovensku nékolik let pracovat
a iz téchto duvodu na tento ¢as rdd dodnes vzpomindm.

V dal§fm jiz prvnim desetileti tohoto stoleti pak uz byl na Slovensku zaznamendn mnohem vétsi rozmach vystavby tunelt, kdy byly dokon-
¢ené Ctyfi ddlniCni a jeden Zeleznicni tunel celkové délky cca 12 km. AvSak skute¢ny boom slovenské tunelafiny probihd a vrcholi pravé az
ted, tedy v soucasné dekadé, kdy byly do provozu uvedeny jiz dal$i Ctyfi ddlni¢ni tunely Sibenik, Polana, Sviéinovec a Povazsky Chlmec a do
konce roku 2020 to budou dal3{ tfi Ov&iarsko, Zilina a Viniové o celkové délce tunelli cca 24 km, z Zelezni¢nich tuneld jsou potom jesté ve
vystavbé tunely dva, a to Milochov a Diel.

Tim ovSem tato velkolepa jizda jisté nekonci, protoZe v priprave a planu je pro dalsi obdobi dalsi neméné obsazny balik zajimavych tune-
lovych projektu, o emZ se ndm, musfm fict, v nasf éeské kotliné muZe v tuto chvili zatim tak jenom zdat.

Samotny obsah konferenéniho ¢&isla Easopisu svymi ¢lanky naplnily zejména dvé na Slovensku etablované $pickové firmy Doprastav, a.s.
a AMBERG Engineering Slovakia, s.r.0., kde Doprastav, a.s. zde zastupuje rank firmy stavebni a AMBERG Engineering Slovakia, s r.o0. firmy
projekéné-inZenyrské.

Firma Doprastav, a.s. prostredmcmm svych autorti v prvnich dvou &lancich prezentuje komplikovanou vystavbu tunelu Zilina, kdy ten
prvni hovori o jeho vystavbé, tedy zejména o razbéch, a ten druhy pak o realizaci jeho zdpadniho portalu. Treti ¢léanek této firmy je pak véno-
vén problematice technologického vybaveni tunelt na dseku délnice D3 Svr¢inovec — Skalité.

Firma AMBERG Engineering Slovakia, s.r.0. vyuZila svuj prostor tak, Ze pro svij prvni Eldnek zvolila jisté velmi duleZité a zajimavé téma
smluvniho vztahu stavebniho dozoru a dodavatele pri vystavbé tunelovych staveb. Druhy a treti ¢ldnek potom vénovala pravé dal§im pripra-
vovanym délni¢nim tunelovym stavbam, kde tim prvnim je tunel Okruhliak spolu tvorici obchvat mésta PreSov a tim druhym je tunel Soroska
prochézejici oblasti Ndrodniho parku Slovensky kras.

Zdvérem mi jesté dovolte poprat vam pifjemnou spolecnost s nasim Casopisem a hodné Gspécht pii piiprave a realizaci dalsich tunelovych

SlEelh e Vil Sllorems - Gzproliy, BORIS SEBESTA, mistopredseda redakéni rady

Dear readers,

You are just viewing the second issue of our journal, TUNEL, in 2018. It is lucky and privileged that it is being published on the occasion
of this year’s conference on Tunnels and Underground Construction to be held in May.

Publishing one journal issue concurrently with the triennial conference is not so an exceptional event. The exceptional event is the long way
the Slovakian underground construction has passed during the course of the past more than 20 years.

The end of the past century was still the sign of the beginning of the long-time-planned and expected boom of tunnel construction projects,
which was represented at that time by the commencement of the construction of, as a matter of fact nearly solitary, motorway tunnel, the
Branisko, with the Horelica tunnel and the exploratory galleries for the Visnové and Ovciarisko tunnels joining them subsequently. I have got
this period of time still fully in my memory because I had the opportunity at that time to work in Slovakia for several years and, also for those
reasons, | like to recall it to this day.

In the subsequent decade, already the first decade of this century, much wider expansion of the construction of tunnels was recorded in Slovakia.
Four motorway tunnels and one rdilway tunnel at the aggregate length of ca 12km were finished. But the real boom in the Slovakian tunnel con-
struction industry is in full swing and is culminating just now, in the current decade, during which other four motorway tunnels, the Sibenik,
Polana, Svréinovec and Povazsky Chlmec, were opened to traffic and other three, the Ov&iarsko, Zilina and Visiové with the aggregate length
of ca 24km, will be inaugurated by the end of 2020; regarding railway tunnels, two tunnels, the Milochov and Diel, are under construction.

But this is certainly not the end of this magnificent ride because a no less extensive package of interesting tunnel construction projects is
under preparation for next periods of time. At the moment, we, in our Bohemian basin, can for the time being only dream of it.

The content of the conference issue of the journal itself was filled mainly by two top companies entrenched in Slovakia, Doprastav, a.s. and
AMBERG Engineering Slovakia, s.r.0., where Doprastav, a.s. represents here the rank of construction companies and AMBERG Engineering
Slovakia, s.r.0. represents engineering consultancy firms.

Doprastav, a.s. presents through its authors in the initial two papers the complicated construction of the Zilina tunnel. The first of them deals
with the construction of the tunnel mainly describing the tunnel excavation; the other one is dedicated to the realisation of the western portal
of the tunnel. The third paper submitted by this company is dedicated to the problems of the technical equipment of tunnels in the Svréinovec-
Skalité section of the D3 motorway.

The company of AMBERG Engineering Slovakia, s.r.o0. used it space by dedicating its first paper to the certainly very important and inter-
esting topic, the contractual relationship between the construction supervision and the contractor in the implementation of tunnel structures.
The second paper and third paper they devoted to other motorway tunnel structures under preparation, where the first one is the Okruhliak
tunnel, forming a part of the by-pass of the town of PreSov, and the second one is the Soroska tunnel passing across the area of the Slovak
Karst National Park.

To conclude, kindly allow me to wish you pleasant company with our journal and much success in the preparation and realisation of other
tunnel construction projects in the Slovak Republic. BORIS SEBESTA, Vice-Chairman of the Editorial Board




VAZENI CITATELIA CASOPISU TUNEL,

viacer{ z vds mozno beriete do rik toto ¢islo casopisu
na konferencii Tunely a podzemné stavby 2018. Cielom
tejto konferencie je informovat Sirokd odborni verejnost
o aktudlnom diani v segmente podzemnych stavieb. Je pre
nds ctou, Ze spolo¢nost’ Doprastav, a.s. mdzZe byt general-
nym partnerom tejto konferencie.

V roku 2018 oslavuje nasa spolo¢nost’65 rokov od svoj-
ho zaloZenia. Doprastav, a.s. si po cely ¢as drZal popredné
miesto na trhu, a aj dnes je v pozicii jednej z najvicSich
stavebnych firiem na Slovensku. Pocas svojej existencie vybudoval
mnoho usekov dialnic a ciest, mosty cez Dunaj ¢i Vah a viaceré mest-
ské estakady. Viaceré ocenenia ziskal aj za podzemné stavby, pozemné
&i priemyselné stavby a vodohospodarske diela. Co si cenime najviac,
je to, Ze mame predpoklady udrzat’si toto postavenie aj v budicnosti.

Stcastou ndro¢nych inZinierskych diel su aj podzemné stavby. Aj pri
ich vystavbe zanechal Doprastav vyraznd stopu. Z minulosti sd to
Rekonstrukcia tunela Telgdrt, Prieskumnd $tdlna Visnové, tunel Laliky
v Polsku a spolupdsobenie pri vystavbe tunelov Mrazovka, Panenska,
Hnévkov, trasy metra A a C ¢i komplexu Blanka v Prahe.

Po ,,slabych” rokoch, bez moznosti vyuzit' vlastné kapacity, sme
v poslednom obdob{ zaZivali boom vo vystavbe tunelov na Slovensku.
V roku 2017 bol dany do uzivania dsek D3 Svr¢inovec — Skalité,
s tunelmi Svrc¢inovec a Polana. Realizdciu tunela Polana zabezpecova-
la spolocnost’ Doprastav. Zlozité geologické pomery pri razeni tunela
dokonale preverili odbornu zdatnost a skiisenosti nasich pracovnikov.

V st¢asnom obdobi eSte prebieha realizicia tunelov Zilina
a Ovciarsko, ktoré sd stcastou useku D1 Hricovské Podhradie —
Lietavskd Lii¢ka. Predovietkym krat3f z nich, tunel Zilina, bol mimo-
riadne ndro¢ny z hladiska geologickych podmienok a prejavov horni-
nového masivu v priebehu razenia. Tieto vyustili aZ do mimoriadnych
udalosti, ktoré na urciti dobu prerusili raziace prace. Na zaklade navr-
hu prizvanych odbornikov bol upraveny spdsob razenia a prijaté také
opatrenia, ktoré viedli k dspeSnému prerazeniu oboch tunelovych rir
bez dalsich mimoriadnych udalosti. Vietci, ktorf sa do vystavby tohto
tunela zapojili, preukdzali svoje schopnosti v tychto mimoriadne
naro¢nych podmienkach.

Z dalsich stavieb, ktoré sd v sti¢asnosti na zaciatku vystavby, pripo-
menieme Modernizaciu Zeleznicnej trate Pichov — Povazska Tepld,
sticastou ktorej st dva tunely Diel a Milochov, ako aj stavbu tseku D1
PreSov zdpad — PreSov juh s tunelom PreSov. Priamu realizdciu tychto
tunelov zabezpecuju nasi partneri v zdruZeniach.

Vsetky uvedené tunely maju byt ukonéené v horizonte troch rokov,
teda v roku 2020. Je urcite legitimne nastolit’ otdzku, aké tunely budd
vo vystavbe po ich ukonéeni. MdZeme ocakavat pokraCovanie vystav-
by dalsich tsekov dialnic, rychlostnych ciest a Zeleznic? Viac argu-
mentov je proti, si to neschvdlend zdviznd koncepcia dobudovania
dopravnej siete, bez zdrojov na financovanie, bez stanovenych priorit,
ale so snahou uvolhit dlhovi brzdu. A o tuneloch, ktorych mimocho-
dom mame v priprave vela, budeme len pisat.

Aj ked si to nechceme priznat, v ¢ase zmluvne uzavretych operac-
nych programovych obdobi, stav dopravnej infraStruktiry na
Slovensku stdle nebude vyhovujici. Chybaji dseky dialnice D1, tseky
D3 na Kysuciach, tunel Karpaty na D4 a pomald priprava tsekov R2,
napr. s tunelom Soroska. Chybajice obchvaty miest, ¢i celkovo absen-
tujica kvalitnd dopravnd siet, bude bez eurdpskych penazi eSte naroc-
nejSou tlohou na zabezpecenie ich dobudovania.

Riesenie dopravnej infrastruktiry nie je jednoduché a nemame ho
len vo vlastnych rukdch. MoZem ale vyhldsit za nasu spolo¢nost'a za
celti dodévatelski sféru, Ze sme pripraveni na dalSie projekty,
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DEAR TUNEL JOURNAL READERS,

Many of you may be taking this journal issue in hand at the
conference Tunnels and underground construction 2018. The
objective of this conference is to inform the wide professional
public about the current events in the segment of underground
construction. It is an honour for us that Doprastav, a.s., is allowed
to be a general partner of this conference.

In 2018 our company celebrates 65 years since its founding.
Doprastav, a.s., has maintained a leading position in the market
and even today is in the position of one of the largest constructi-
on companies in Slovakia. During its existence it built many stretches of motor-
ways and roads, bridges over the Danube or Véh rivers and many urban viaducts.
It received a number of awards for underground structures, buildings and indu-
strial buildings and water management works. What we regard highest is the fact
that we have the prerequisites to maintain this position even in the future.

Underground construction projects are also parts of the demanding civil enginee-
ring workings. Doprastav, a.s., has left a significant trace even in them. From the his-
tory, they comprise the Telgart tunnel reconstruction, the Vistiové exploratory galle-
ry, the Laliky tunnel in Poland and collaboration on the Mrdzovka, Panenskd and
Hnévkov tunnels, metro lines A and C or the Blanka complex of tunnels in Prague.

After “weak” years without opportunity for using our own capacities, we have
been experiencing the tunnel construction boom in Slovakia in the recent period. In
2017, the Svr¢inovec — Skalité section of the D3 motorway with the Svr¢inovec and
Polana tunnels was opened to traffic. The construction of the Polana tunnel was ensu-
red by Doprastav a. s. The complicated geological conditions perfectly checked the
expertise and experience of our employees.

In the present period of time, the realisation of the Zilina and Ov&iarisko tun-
nels is underway. The tunnels are parts of the Hricovské Podhradie — Lietavskd
Liicka section of the D1 motorway. Especially the shorter of them, the Zilina tun-
nel, was exceptionally difficult in terms of geological conditions and manifestati-
ons of the ground massif during the course of the tunnel excavation. They led to
extraordinary events, which interrupted the tunnelling work for a certain period
of time. The tunnel excavation procedure was modified on the basis of proposals
of experts invited to the site and measurements were adopted which led to
successful breakthrough of both tunnel tubes without additional extraordinary
events. All people who engaged themselves in the construction of this tunnel
demonstrated their abilities in those exceptionally difficult conditions.

Of the other projects which are currently at the beginning of implementation, we
will remind you of the Modernisation of the Pichov — Povazskd Tepld railway line,
parts of which are the Diel and Milochov tunnels, as well as the construction of the
Presov West — Presov East section of the D1 motorway, containing the Presov tunnel.
The direct realisation of those tunnels is ensured by our partners in consortia.

All above-mentioned tunnels are to be finished within the horizon of three years,
which means in 2020. It is certainly legitimate to raise the question which tunnels will
be under construction after their completion. Can we expect the continuation of the
construction of other sections of motorways, fast highways and railways? More argu-
ments are contrary to this expectation, for example the unapproved binding concept
of the transport network development, without funding resources, without established
priorities, but with the effort to release the debt brake. And we will only write about
tunnels, which are, by the way, numerous at the planning stages.

Even though we are not willing to admit it, at the time of closed operational
programming periods of time, the condition of the transport infrastructure in
Slovakia will still not be satisfactory. Sections of the D1 motorway, sections of
the D3 motorway in the region of Kysuce, the Karpaty (Carpathians) tunnel on
the D4 motorway and the slow preparation of sections of the R2 fast highway
with, for example, the Soroska tunnel, are missing. The completion of missing
by-passes of towns or the generally absent good quality transport network wit-
hout European funds will be even a more difficult task.

The solution to the transport infrastructure is not simple and we do not have it only
in our own hand. But I can declare on behalf of our company and the entire sector of

; civil engineering contractors that we are prepared for other projects

ktoré pomozu zlepsit tento stav. A kedze chybajiice tseky na 74 which will help to improve this condition. And because the missing sec-
Slovensku st situované zvicsa do krdsnych hor a dolin, je C/ tions are located mostly in beautiful mountains and valleys, it is una-
nevyhnutné, aby v rdmci tychto projektov boli navrhnuté aj < voidable that even other interesting tunnel structures are to be designed
daliie zaujimavé tunelové stavby. Pri ich realizdcii nechceme, within the framework of those projects. We do not wish it and, I belie-
a verim, Ze ani nebudeme chybat. ve, will not be absent in their realisation.

ING. JAN ZAHRADNIK

obchodny riaditel Doprastav, a.s.
Commercial Director, Doprastav, a.s.
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VAZENI CITATELIA CASOPISU TUNEL,
MILI KOLEGOVIA,

je mi poteSenim a zdroven ctou, 7Ze vdm mdZem pri prileZitos-
ti 15. vyrocia zaloZenia AMBERG Engineering Slovakia,
s.r.0. predstavit' tito dynamicky sa rozvijajicu spolocnost.
Skupina AMBERG, ktord sa poctom zamestnancov radi z celo-
svetového hladiska skdr medzi skupiny menSie, ale svojou vyso-
kou odbornostbu, znalostami, skiisenostami a viac ako 50ro¢nou
tradiciou patri v odbornom svete medzi popredné a uzndvané
eurdpske skupiny firiem zdruZujice projektové a konzultacné
spolocnosti najmé z odboru podzemnych stavieb.

Firma AMBERG Engineering Slovakia, s.r.0. za¢inala v obdobi, ked bolo
potrebné napravat’ pokazené meno tuneldrov, v obdobi, ked slovo tuneldr
nebolo hrdym oznadenim profesie, ale skor nadévkou. Aj vdaka stile rastice-
mu dopytu v stavebnictve po odbornikoch nielen z oblasti podzemného stavi-
telstva, sa firma rozrdstla a dnes v nej pracuje viac ako 70 zamestnancov, ktor{
jednotlivych druhov stavieb.

Hoci naSe sesterské firmy sa Specializuji takmer vylu¢ne na projektovanie
a dozorovanie tunelov a inych podzemnych stavieb, zameranie AMBERG
Engineering na Slovensku je podstatne SirSie a pokryva celé spektrum, ¢i uz
pozemnych, alebo inZinierskych stavieb. V roku 2004 sme zacali dspeSne
pisat'nasu historiu v oblasti geotechnického a stavebného dozoru. Bolo to na
stavbe bratislavského tunela Sitina. Tento prvy dvojrirovy dialni¢ny tunel na
Slovensku bol tspesne odovzdany do uZivania v roku 2007. V sticasnosti je
spoloc¢nost AMBERG v dozorovan{ dopravnych a vodohospodarskych stavi-
eb lidrom na slovenskom trhu. Medzi najznamejSie stavby z dopravnej infrast-
ruktdry patri dialhica D1 Mengusovce — Janovce s tunelom Borik, Janovee —
Jablonov s tunelom Sibenik, dialhica D3 Hricovské Podhradie — Zilina
(Strézov), resp. modernizicia Zelezninej trate Trencianska Tepld — Belusa.
V sicasnosti je nasa dcérska spolocnost AE DOZORING, s.r.0. lidrom zdru-
Zenia na stavebny dozor dialhice D1 PreSov, zdpad — juh s tunelom PreSov.

Odbornost’ kvalita, vyuZivanie modernych technoldgii, dynamika prace — lep-
Sie sa azda ani nedd charakterizovat’ krédo firmy AMBERG Engineering
Slovakia, s.r.o., o om sved¢i aj mnozstvo uspesne zrealizovanych projektov.
O tom, Ze spolocnost’sa dynamicky rozvija, sved¢i aj ta skutocnost, Ze sme sa
v roku 2009 rozhodli plnohodnotne vstipit'na trh projekcie, ¢o sa ndm aj dspes-
ne podarilo. Spolo¢nost’ v sti¢asnosti tvoria dve divizie, a to Divizia projekcie
a inzinieringu a Divizia stavebného dozoru, pricom projekciu pokryva okrem
Bratislavy aj stredisko v Kogiciach, a pracoviskd v Ziline a v Banskej Bystrici.

Z projektov, ktoré sa momentédlne nachddzaji na stoloch nasich projektan-
tov, by som rad spomenul realiza¢nii dokumentaciu pre zhotovitela v zmysle
zmluvnych podmienok FIDIC, 7Itd kniha, dialnice D3 Cadca, Bukov —
Svréinovec, rozsirenie dialnice D1 pri Bratislave na osem pruhov, tunel
Soroska na rychlostnej ceste R2 a tunel Okruhliak na R4. V roku 2015 sme
odovzdali investorovi projektovi dokumentdciu najdlhSieho bulharského dial-
nu zo spektra dloh v podzemnom stavitelstve, sved¢i napriklad aj ta skutoc-
nost, ze sme vypracovali bezpecnostnd a rizikovd analyzu tunela Branisko.
Zasluznt a priekopnicku dlohu sme na seba prevzali tym, Ze sme vypracova-
li chybajice technické predpisy potrebné na bezproblémové projektovanie,
vystavbu a prevadzku tunelov na Slovensku.

Co dodat’ na zaver? Ako kazd4 spolo¢nost’ aj my pocitiijeme nedostatok

kvalifikovanych a pre tunely, ale nielen pre ne, zapalenych Iudi. Mozno je to
dané tym, Ze praca v projekcii alebo priamo na stavbe v pozicii dozoru nie je
jednoduchd. Naopak, je velmi zodpovednd a vyzaduje si celého cloveka. Som
rad, ze v spolocnosti AMBERG Engineering Slovakia,
$.I.0. pracuju prave takito Tudia. Za vsetko, ¢o sme spoloc-
ne za predchddzajicich 15 rokov dokézali, by som im rad
podakoval. Vdaka patri aj investorom a zhotovitelskym fir-
mdm, a to jednak za dobrd spoluprdcu, odborni pomoc,
ako aj za prejav ich dovery. Verim tomu, Ze blizka budic-
nost’spojend najmd s dobudovanim dopravnej infrastruktd-
1y, &i uz na Slovensku, alebo v Cechdch, prinesie nasej spo-
lo¢nosti dalgie zaujimavé projekty. Nech ndm pri ich riese-
ni tak ako v prvych 15 rokoch nasej existencie pomdha
sv. Barbora. Zdar Boh!

TuHel

DEAR TUNNEL JOURNAL READERS,
DEAR COLLEAGUES,

I am pleased and also honoured that I am allowed to introduce
AMBERG Engineering Slovakia,Ltd, to you on the occasion of the
15t anniversary of the foundation of this dynamically developing
company. AMBERG Group, ranking rather among globally smaller
groups in terms of the number of employees, belongs in the professio-
nal world among leading and recognised designing and consulting
European groups of companies first of all from the field of underg-
round construction thanks to its high expertise, knowledge, experience
and over 50-year tradition.

AMBERG Engineering Slovakia, Ltd. started to operate in a period when it was
necessary to remedy the spoiled name of tunnel constructors, in a period in which the
word tunneller was rather an invective instead of a proud designation of the professi-
on. Also thanks to the continually growing demand for civil engineering professionals
not only from the field of underground construction, the company grew and over 70
employees capable of solving the majority of problems associated with designing and
supervising of individual types of structures work for it.

Even though our sister companies are specialised nearly exclusively in designing and
supervising tunnels and other underground construction projects, the focus of AMBERG
Engineering in Slovakia is significantly wider, covering the whole range of construction
projects, whether buildings or civil engineering ones. In 2004, we successfully started to
write our history in the field of geotechnical and construction supervision. It was on the
construction site of the Sitina tunnel in Bratislava. This first twin-tube motorway tunnel
in Slovakia was successfully put into service in 2007. At the moment, AMBERG compa-
ny is the leader in supervising transport and water management construction projects on
the Slovakian market. Among the best known construction projects from the transport
infrastructure there are the Mengusovce — Janovce section of the D1 motorway with the
Bérik tunnel, the Janovce — Jablonov DI section with the Sibenik tunnel, the Hricovské
Podhradie — Zilina (StraZov) section of the D3 mororway, respectively the modernisation
of the Trencianska Tepld — Belusa railway track. At the moment, our doughter company,
AE DOZORING, s.1.0.,is the leader of the consortium for construction supervision of the
D1 motorway section West — South with the PreSov tunnel.

Expertise, quality, application of modern technologies, dynamics of work — it is
probably the best way of characterising the credo of AMBERG Engineering Slovakia,
s.r.0. The proof of it is, among others, the quantity of successfully realised projects.
The fact that the company has been dynamically developing is also proved by our
decision to full-fledgedly enter the designing market in 2009, which we successfully
managed. The company is currently formed by two divisions, namely the Designing
and engineering division and the Construction supervision division, where designing
activities are covered, apart from Bratislava, by a centre in KoSice and workplaces in
Zilina and Bansk4 Bystrica.

Regarding the designs lying at the moment on desks of our designers, I would like to
mention the detailed design (design of means and methods) in the meaning of the FIDIC
Yellow Book contractual conditions for the contractor for the Cadca, Bukov — Svr¢inovec
section of the D3 motorway, widening of the D1 motorway near Bratislava to eight traf-
fic lanes, the Soroska tunnel on the fast highway R2 and the Okruhliak tunnel on the R4.
In 2015, we handed the design for the longest Bulgarian motorway tunnel, the 15.5km
long Kresna tunnel over to the client. The fact that we can manage to solve the majority
of problems in the underground construction industry is proved, for example, by our safe-
ty and risk analysis for the Branisko tunnel. We took on a meritorious and pioneering task
by preparing the missing technical regulations necessary for trouble-free designing, con-
structing and operating tunnels in Slovakia.

What to say in conclusion? As any company, even we can feel the lack of qualified peo-
ple enthusiastic about tunnels and not only about them. The reason probably is that the
work in the field of designing or directly on site in the position of construction supervisi-
on is not simple. Just the opposite, it is very responsible and requires perfect people. [ am
happy that AMBERG Engineering Slovakia, s. r. 0. just employs such
people. I would like to thank them for everything we have jointly
managed to do over the past 15 years. Our thanks also belong to pro-
ject owners and contractors, both for good collaboration, professional
help, as well as for the manifestation of their trust. I have the confi-
dence that the close future, mainly associated with the completion of
the development of the transport infrastructure, whether in Slovakia or
Czechia, will bring other interesting projects for our company. Let
Saint Barbara help us with solving them in the same way as she did
during the initial 15 years of our existence. God speed you!

ING. MARTIN BAKOS, PhD.

konatel a generalny riaditel spoloénosti AMBERG Engineering Slovakia, s.r.o.
Executive Head and General Director of AMBERG Engineering Slovakia, s.r.o.
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TUNEL ZILINA, STAVBA KTORA PREVERILA ODBORNU
ZDATNOST ZHOTOVITELA
ZILINA TUNNEL, A PROJECT THAT TESTED CONTRACTOR'S
PROFESSIONAL CAPACITY

MICHAL FUCIK, IVETA SNAUKOVA

ABSTRAKT

Jednym z tunelov realizovanych na slovenskej dialnici D1 je tunel Zilina. Dikou ani metédou razenia nie Jje nicim vynimocny. Tunel
Zilina sa v3ak razil vo velmi zloZitom inZinierskogeologickom a hydrogeologickom prostredi, &im sa v kombindcii s nizkym nadloZim zara-
dil medzi najzloZitejSie tunelové stavby na Slovensku. Zastihnuté geologické prostredie sa ukdzalo komplikovanejSie, ako uvddzali pred-
poklady projektu. To si vyZadovalo neustdle modifikovanie postupu razenia, sposobu vystrojovania a predovsetkym zaistovania stability
Celby. Komplikovand geoldgia sa podpisala nielen na zmene podmienok razenia tunela, ale aj na realizdcii sekunddrneho ostenia. Cldnok
opisuje rozdiely medzi projektovanymi predpokladmi a skutocne zastihnutymi geotechnickymi podmienkami, dosledky tychto rozdielov pre

vystavbu tunela a sposob, akym sa s nimi zhotovitel' vyrovndva.

ABSTRACT

The Zilina tunnel is one of the tunnels realised on the Slovak motorway D1 . In terms of the length or the excavation method it is not at all
exceptional. Nevertheless, the Zilina tunnel was driven through a very complicated engineering geological and hydrogeological environment
and due to this fact and the low overburden is ranked among the most complicated tunnelling structures in Slovakia. The geological environ-
ment encountered turned out to be more complicated than the design assumptions predicted. It required permanent modifications of the tun-
nel excavation procedure, the excavation support and, mainly, adapting the system of securing the excavation face stability. The complicated
geology caused not only a change in the excavation conditions, but also the realisation of the secondary lining. The paper describes differen-
ces between the design assumptions and actually encountered geotechnical conditions, consequences of the differences on the tunnel con-

struction and the technique the contractor used to cope with them.

ovoD

V okoli mesta Zilina sa v neddvnej minulosti takmer sti¢asne
realizovalo a realizuje 6 tunelov. Na D1 — tunel Ovciarsko,
Zilina, Visfiové, na D3 — tunel Povazsky Chlmec, Svr¢inovec,
Polana. Menované tunely boli az na vynimku tunela Visnové
navrhované v podobnych geologickych podmienkach flySového
pdsma s takmer identickym technickym rieSenfm vzorového priec-
neho profilu tunela. TaktieZ zvolend metdda razenia tunelov
(Nov4 rakiska tunelovacia metéda) v podmienkach flySového
pdsma nebola ni¢im vynimo¢nym. Preto ni¢ nepoukazovalo na
to, 7e tunel Zilina by mal byt na realiziciu vyrazne naroénejsi
ako ostatné, sicasne budované tunely. Opak vSak bol pravdou
a vdaka zastihnutym, velmi komplikovanym inZinierskogeolo-
gickym pomerom, sa stal vyzvou pre projektanta a vyrazne pre-
veril odborni zdatnost’ zhotovitela.

Zakladné charakteristiky tunel Zilina:

kategoria tunela: 2T-8,0 [STN 73 7507]
navrhova rychlost: 99,6 km/h [STN 73 7507]
dizkové kategéria tunela: stredny [STN 73 7507]

dizka tunela: STR 684 m, z toho razena Cast 648,5 m
JTR 687 m, z toho razena Cast 657 m
prie¢ne prepojenia: dve, prechodné
objednavatel a buduci spravca: Narodna dialhi¢na spoloénost, a.s.
zhotovitel tunela: Doprastav, a.s. Bratislava,

Metrostav a.s.
projektant tunela: Basler & Hofmann Slovakia s.r.o.
zodpovedny projektant
dokumentécie realizécie

stavby (DRS):

Ing. Rébert Zwilling

INTRODUCTION

In the surroundings of the town of Zilina, 6 tunnels were rea-
lised in the recent past and are being realised concurrently,
namely the Ovciarisko, Zilina and Vistiové tunnels on the D1
motorway and the Povazsky Chlmec, Svr¢inovec and Polana on
the D3 motorway. The above-mentioned tunnels, with the
exception of the Visnové tunnel, were designed for similar geo-
logical conditions formed by a flysh zone, designed with
a nearly identical technical solution to the typical tunnel cross-
sections. The tunnel excavation method (the New Austrian
Tunnelling Method) in the conditions of the flysh zone was no-
thing exceptional. For that reason nothing indicated that the
realisation of the Zilina tunnel should be significantly more
complicated than the other concurrently built tunnels.
However, the opposite is true. Owing to the very complicated
engineering geological conditions it became a challenge for the
designer and significantly tested the expertise of the contractor.

Zilina tunnel basic characteristics:

tunnel category: 2T-8.0 [STN 73 7507]
design speed: 99.6km/h [STN 73 7507]
length category of the tunnel: medium [STN 73 7507]

NTT 684m; 648.5m of it mined
STT 687m, z 657m of it mined
Cross passages: two, passable for pedestrians
owner and future administrator: Narodna dialiéna spolo¢nost, a.s.
tunnel contractor: Doprastav, a.s. Bratislava,
Metrostav a.s.

Basler & Hofmann Slovakia s.r.o.

tunnel length:

tunnel designer:
designer responsible

for detailed design: Ing. Rdbert Zwilling
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INZINIERSKOGEOLOGICKE POMERY POSKYTNUTE
ZHOTOVITELOVI V SUTAZNYCH PODKLADOCH
A NAVRH RAZIACICH PRAC

Podla vysledkov inZinierskogeologického prieskumu
poskytnutych objedndvatefom pri sitazi, mal byt tunel Zilina
situovany v horninovom masive budovanom paleogénnym
sdvrstvim {lovcov a pieskovcov, s prevahou flovcov v celom
hodnotenom udseku. Od vychodného portdlu mala paleogén
prekryvat’ formdacia kvartérnych pokryvnych tdtvarov repre-
zentovanych terasovym a deluvidlnym komplexom. Kvartér
bol reprezentovany predovsetkym Strkom flovitym az Strkom
s primesou jemnozrnnej zeminy. Tato formdcia mala zasaho-
vat'do vzdialenosti cca 165 m od vychodného portalu do pro-
filu kaloty.

Zdéna zvetrania podla poskytnutych podkladov mala zasa-
hovat’ do hibky viac ako 10,0 m od povrchu paleogénneho
sdvrstvia. V tejto zéne zvetrdvanie degradovali poloskalné
horniny paleogénu na zeminy. To pri malej vySke nadloZia
tunela (5-28 m) znamenalo, Ze 48 % diiky tunela bude raze-
nych v zemindch. Vo zvysnej dizke, ktord mala byt situova-
nd v strednej Casti tunela, prebiehala zéna zvetrania tesne
nad klenbou kaloty.

Vysledky inzinierskogeologického prieskumu taktiez zdoku-
mentovali viaceré tektonické zony, ktorymi je horninové prost-
redie v trase tunela porusené. Predpokladalo sa, Ze tektonicky
porusené zony budu prestriedané v celom useku tunela, vyraz-
nejSie v jeho zdpadnej Casti.

Hladina podzemnej vody bola zadefinovand v celej trase
tunela nad projektovanou niveletou. Vo vSeobecnosti je ilovec
hodnoteny ako maélo priepustnd hornina, comu nasvedcoval aj
stanoveny koeficient filtracie kf < 10® ms™'. Stazené podmien-
ky razenia spdsobené podzemnou vodou bolo mozné ocakdvat’
na kontakte tektonickych portch, kde sa predpokladal vyskyt
sustrednych pritokov podzemnej vody.

Podla podkladov poskytnutych v sitazi sa javilo, Ze najvac-
$im problémom pri vystavbe tunela bude tlaciva, poddajna hor-
nina so vSetkymi jej dosledkami — vysokymi deformdciami
vyrubu, sadanim (zabaranim) celej stavby. Na zdklade toho boli
prijaté ndvrhové kritéria vystavby tunela a to:

¢ Pre zniZenie UcCinku tlacivosti horniny — ndvrh optimalne-
ho, priblizne kruhového tvaru vyrubu. Tvar vyrubu sa
menil s vySkou nadloZia. Vo vys$Som nadlozi (25-30 m)
bola spodnd klenba prehibenz’l ol,5m.

e Pre elimindciu vplyvov vyplyvajicich z geotechnickych
parametrov poddajnej horniny — iSlo predovsetkym o rychly
ndrast zataZenia na ostenie v krétkej vzdialenosti za celbou.

Této charakteristika sa uz pri ndvrhu javila vyznamnou pre
zaistenie stability primdrneho ostenia, a preto hlavnym navrho-
vym kritériom razenia tunela bolo ¢o najrychlejsSie uzatvaranie
profilu vyrubu spodnou klenbou.

Celd realizaciu vystavby tunela zhotovitel' v ponuke uvazo-
val s dovrchnym razenim zo zdpadného portdlu, ¢o bolo
dokladované predloZenym harmonogramom prac. Tomu bolo
prisposobené umiestnenie zariadenia staveniska, umiestnenie
a velkost’ depénie, plocha na uskladnenie materidlu, pocet
strojnych zostdv, ako aj pocet razi¢skych skupin. Doba
vystavby na prerazenie tunela bola v sttazi 395 dni od datu-
mu zacatia prac.

TuHel

INFORMATION ON ENGINEERING GEOLOGICAL
CONDITIONS PROVIDED TO THE CONTRACTOR
IN THE COMPETITION SOURCE DOCUMENTS
AND THE EXCAVATION WORKS DESIGN

According to the results of the engineering geological survey
provided by the project owner in the competition, the Zilina
tunnel was assumed to run through a rock massif formed by
Palaeogene layers of claystone and sandstone, with claystone
prevailing within the whole assessed tunnel section. From the
eastern portal, the Palacogene layers were to be overlaid by
a Quaternary formation of superficial deposits represented by
a terrace and deluvial complex. The quaternary formation was
represented first of all by clayey gravel up to gravel with fine-
grained soil admixture. This formation was expected to extend
to the top heading profile up to the distance of ca 165m from
the eastern portal.

According to the documents available, the weathering zone
was expected to extend to the depth over 10.0m from the sur-
face of the Palacogene formation. In this weathering zone
Palacogene weak rock degraded to soils. With respect to the
small height of the overburden (5-28m) it meant that 48% of
the tunnel length would be driven through soils. In the remai-
ning length of the tunnel, which was to be located in the midd-
le part of the tunnel, the weathering zone ran just above the top
heading vault.

The engineering geological survey results in addition docu-
mented several tectonic zones disturbing the ground environ-
ment on the tunnel route. It was assumed that the tectonic zones
would alternate throughout the tunnel section length, more
distinctly in its western part.

The water table was defined above the designed vertical
alignment throughout the tunnel route length. In general, clay-
stone is assessed as little permeable rock. Even the coefficient
of filtration, determined at kf < 10" ms-!, indicated this proper-
ty. The excavation conditions worsened due to ground water
could be expected on contact of tectonic faults, where the occur-
rence of concentrated inflows of ground water was assumed.

According to the source documents provided in the competi-
tion, it seemed that the largest problem during the tunnel con-
struction would lie in the squeezing and pliable rock with all its
consequences — large excavation deformations, settlement (sin-
king) of the whole structure. Based on this assumption, the fol-
lowing design criteria were adopted for the tunnel construction:

e For reducing the squeezing effect of the rock — the design

of optimal, approximately circular excavation geometry.
The excavation geometry varied with the overburden
height. For higher overburden (25-30m) the thickness of
the invert (the depth of the excavation bottom) was increa-
sed by 1.5m.

¢ For eliminating the effects following from the geotechnical

parameters of the pliable rock — it was first of all necessa-
ry to eliminate the rapid increase in the load acting on the
lining at a short distance from the excavation face.

This characteristic appeared to be significant for stabilising
the primary lining already during the work on the design. For
that reason the main design criterion for the tunnel excavation
was that the excavated profile was closed by invert as fast as
possible.

In its tender, the contractor considered uphill driving from
the western portal for the whole realisation of the tunnel con-
struction. It was documented by the submitted works schedule.




SKUTOCNE ZASTIHNUTE INZINIERSKOGEOLOGICKE
POMERY A UPRAVA POSTUPU RAZENIA

Hned po vyrazeni prvych metrov zo zdpadného portalu sa viak
predpoklady deklarované v zdveroch inZinierskogeologickej
spravy, ktord bola sucastou sutaznych podkladov, nepotvrdili.
Zhotovitel sa zacal potykat’ s nepriaznivymi geologickymi pod-
mienkami a ich prejavmi:
e Razenie prebiehalo v rozloZenych ilovcoch extrémne niz-
kej pevnosti R6. V zénach zvetrania bol {lovec zmeneny na
il vysokej plasticity, tuhej aZz pevnej konzistencie. Vysoka
plasticita horniny sa prejavovala nadmernymi deformacia-
mi vyrubu a zabdranim celého ostenia do horniny, ktoré
dosahovalo hodnotu az cca 200 mm.

¢ OkamZite po otvoreni vyrubu sa prejavovala vysokd nesta-
bilita vrchnej Casti kaloty. Tu tvoril Gplne zvetrany ilovec
az charakteru zemin, RQD = 0. Zvetrany ilovec sa choval
ako nesudrzny, mdlo ulahnuty, sypky materidl. Ne-
priaznivé t¢inky sypkého materidlu boli podporované pri-
tomnostou podzemnej vody, priCcom horninovy materidl
stracal pevnostné parametre.

Na razenie v rozloZenych plastickych flovcoch bol zhotovitel pri-
praveny, i ked takéto extrémne nizke pevnosti o¢akdvané neboli.

Co viak bolo neo¢akdvané a nedalo sa to vopred predpo-
kladat, bolo nadmerné vysypdvanie horninového materidlu
z Celby kaloty. Vysypdvanie horniny nijak nezodpovedalo
deklarovanému plastickému chovaniu horninového prostre-
dia. Hornina sa hlavne vo vrchnej Casti kaloty zacala chovat
ako sypky, nestdrzny materidl. Zabezpecenie kaloty kotvami
z betondrskej ocele, ako aj zaistenie klenby kaloty ihlami, sa
ukdzalo ako neucinne (obr. 1). Drobné dlomky zvetraného
flovca sa vysypavali medzi ihlami a ich vysypdvanie z Celby
znemoznovalo stabilizaény ndstrek strieckanym beténom.
Nastal problém s vrtmi pre ihly a kotvy, ktoré sa uz pocas
vitania zacali zavalovat’ a nebolo ich moZné pouZit' na inSta-
laciu vystrojovacich prvkov. Hlavné navrhové kritérium, kto-
rym bolo ¢o najrychlejSie uzatvdranie vyrubu za celbou, na
jednej strane znizovalo deformdcie vyrubu, ale na druhej
strane malo nepriaznivy dopad na stabilitu celby, pretoze
zvySovalo riziko jej zosunutia. Zastihnuté nepriaznivé pre-
javy horniny v okoli vyrubu postupovali velmi rychlo, a na-
priek operativnemu pristupu zhotovitela vyustili az do dvoch
mimoriadnych udalosti — zavalov.

B ol i SR ST b

Obr. 1 Vysypdvanie zeminy medzi ihlami v klenbe kaloty
Fig. 1 Spilling of soil between needles in the top heading vault
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The location of the site arrangement, location and size of the
tunnel muck stockpile, the area for material storage, the num-
ber of mechanical equipment sets as well as the number of tun-
nelling crews were adapted to it. The duration of the construc-
tion until the tunnel breakthrough was set in the competition for
395 days from the works commencement.

ACTUALLY ENCOUNTERED ENGINEERING GEOLOGICAL
CONDITIONS AND MODIFICATION OF EXCAVATION
PROCEDURE

Immediately after the completion of initial metres of exca-
vation from the western portal, the assumptions declared in the
conclusions of the engineering geological report which had
been part of the competition source documents were not con-
firmed. The contractor started to deal with the unfavourable
geological conditions and their manifestations:

e The tunnel excavation proceeded through decomposed
claystone with extremely low strength, R6. In weathering
zones the claystone was turned into high plasticity clay
with stiff to hard consistency. The high plasticity of ground
manifested itself by excessive deformations of the excava-
tion and sinking of the whole lining structure into the
ground reaching the value of up to 200mm.

e The high instability of the upper part of the top heading
manifested itself immediately after opening the excavati-
on. The top heading was formed by weathered claystone
nearly with the character soils, RQD = 0. The weathered
claystone behaved as an incohesive, little compacted,
loose material. The adverse effects of the incohesive
material were supported by the presence of ground water,
where the ground material was losing the strength-related
parameters.

The contractor was prepared for excavation through decom-
posed plastic claystone, even though such extremely low
strengths were not expected.

But what was unexpected and could not be expected in advan-
ce was the excessive spilling of ground material from the top
heading excavation face. The spilling of rock not at all corres-
ponded to the declared plastic behaviour of the ground environ-
ment. The ground, first of all in the upper part of the top hea-
ding, started to behave as a loose, incohesive material,. The sup-
port of the top heading excavation with anchors from concrete
reinforcement bars and stabilisation of the top heading vault
with needles turned out to be ineffective (see Fig. 1). Small frag-
ments of weathered claystone spilled down between the needles
and spilling from the excavation face made the application of
stabilising shotcrete impossible. A problem appeared regarding
boreholes for needles and anchors. They started to collapse
during the drilling operation and could not be used for the instal-
lation of the excavation support elements. The main design cri-
terion, closing the excavated space behind the excavation face
with primary lining as fast as possible, on the one hand reduced
the excavation deformations, but on the other hand, adversely
affected the excavation face stability because it increased the
risk of the collapsing face. The adverse manifestations of the
ground in the excavation surroundings encountered proceeded
very rapidly and, despite the operative attitude of the contractor,
resulted to two extraordinary events — excavation collapses.

Method of stabilising the collapse area

The first excavation collapse developed in January 2015 and
caused 6month suspension of work in the northern tunnel tube.
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Spbsob zabezpecenia
oblasti zavalu

Prvy zdval sa vyvinul v janu-
ari 2015 a spoOsobil zastavenie
prac v severnej tunelovej rire
na 6 mesiacov. Druhy zaval sa
stal v novembri 2015. V tomto
pripade préace na sanacii zavalu
prebiehali rychlejSie a razenie
pokracovalo po cca 2 mesia-
coch.

Pri¢inou kolapsu celby
tunela v oboch pripadoch bola
kombindcia  nepriaznivych
faktorov ako tektonické poru-
Senie masivu, zvicSujici sa
dosah udcinkov zvetrdvania,
degraddcia masivu a zvySend
pritomnost’ podzemnej vody.
Doplnkovym inZinierskogeo-
logickym prieskumom bol
potvrdeny hibkovy dosah
zOny stredného zvetrania ilov-
cov az do vrchnej Casti kaloty.
Vo vrchnej casti kaloty boli
dokumentované polohy silno
zvetranych, tektonicky poru-
Senych ilovcov, ktorych moc-

e
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zdroj: Basler&Hoff
Obr. 2 Zmdhanie mimoriadnej udalosti — opornd beténovd stena, 1 — vyplii zdvalu, beton min. pevnosti C12/15,

2 — zdval, 3 — betonovd opornd stena, A-N - vejdre tryskovej injektdze
Fig. 2 Coping with the extraordinary event — retaining concrete wall, 1 — collapse backfill, minimum strength
concrete C12/15, 2 — collapse, 3 — concrete retaining wall, A-N jet grouting fans

nost sa pri poslednej kalote
pred zdvalom zvécSila na cca 2,0 m. Na cca 13tej hodine bol
v okoli vrtu pre IBO ihlovanie zaznamenany sustredeny pritok
podzemnej vody. VyraznejSi sustredeny pritok podzemnych
vdd cez ilovcovy masiv bol dbésledkom rozvolnenej zény
v okoli tektonickej poruchy. V ddsledku vyraznejSieho zvetra-
vania doSlo k naslednému rozvolheniu porusenych ilovcov,
s Castym vypaddvanim dlomkov a tvorbou nadvylomu.
Posobenim pridenia a tlaku podzemnej vody a jej suféznymi
uc¢inkami doslo k ndslednej deStrukcii masivu.

Zaistenie horninového prostredia pod zdvalom bolo rieSe-
né podchytenim vypliového beténu a spevnenim zavalového
telesa pre ndslednd bezpecni obnovu razenia zavalenej tune-
lovej rury. Z technického hladiska bola vybrand a ndsledne
rozpracovand alternativa tryskovej injektdZe (TI) z povrchu
terénu. V prvom kroku bola na cele kaloty pred realizdciou
TI vybudovand beténova konStrukcia (opornd betdnova
stena), ktord stabilizovala Celo pri realizacii T1 z povrchu.
Opornd beténova stena taktieZ zamedzovala pripadnému
dniku tryskovej injektdZze do profilu razeného tunela.
Masivna beténova opora sa budovala beténovanim po eta-
Zach s odskokmi smerom k celbe (obr. 2). Druhym krokom
zabezpecCenia sanovanej oblasti bola TI. Na povrchu terénu
nad oblastou zdvalu sa vytvorila beténova pracovna plo§ina,
z ktorej sa nésledne vytvoril vejar stipov TI priemeru min.
800 mm (obr. 3). TI je navrhovand v pozdiinom smere
v dizke 8,0-10m, 4 0,65 m. V priecnom reze tunelom TI
vytvdra vejar v tvare pismena ,,A‘“. Takéto rieSenie prendsa
zatazenie vyplnového beténu kritera do bokov mimo tunela
a vytvori sa sandcia poruSenej zeminy v okoli a nad tunelovou
rdarou. Boc¢né stipy TI sd vystuZzené ocelovymi rdrami.
Realizovala sa metéda M1 tj. rozruSenie zeminy na jednotlivé

The second collapse happened in November 2015. In this case
the collapse removing operations proceeded faster and the
excavation operations continued after ca 2 months.

The collapse of the tunnel excavation face was in both cases
caused by a combination of unfavourable factors, such as tec-
tonic faulting of the massif, the increasing reach of weathering,
degradation of the massif and increased presence of ground
water. The depth range of the medium weathering zone of
claystone down to the upper part of the top heading was con-
firmed by supplementary engineering geological survey.
Layers of heavily weathered, tectonically faulted claystone
were documented in the upper part of the top heading. Their
thickness increased to ca 2.0m during the last top heading exca-
vation action before the collapse. Concentrated inflow of
ground water was recorded approximately in the surroundings
of the borehole for an IBO needle, at the 13 o’clock position.
The more significant concentrated inflow of ground water
through the claystone massif resulted from the occurrence of
a loose zone in the surroundings of the tectonic failure.
Subsequent loosening of the disturbed claystone, frequent spil-
ling of fragments and formation of overbreaks happened due to
more significant weathering. The subsequent destruction of the
massif was caused by the effect of the flow and pressure of
ground water and its piping effects.

The ground environment under the collapse was stabilised by
underpinning of the mass fill concrete and strengthening the
collapse body for subsequent safe restoration of the excavation
of the collapsed tunnel tube. The alternative of jet grouting (JG)
from the terrain surface was selected from the technical point
of view and was subsequently elaborated. In the first step,
a concrete structure (a retaining wall) was carried out at the top
heading front end before realising the jet grouting. It stabilised



Obr. 3 Tryskovd injektdz z povrchu terénu
Fig. 3 Jet grouting from the terrain surface

ulomky li¢om cementovej zmesi. Technologické centrum
pre TI sa umiestnilo do priestoru pred zdpadnym portdlom
tunela.

Pri druhom zavale sa na spevnenie vysypaného materidlu
a pre naslednui bezpecnd obnovu razenia zavalenej tunelovej
riry nepouzila TI z povrchu terénu, ale realizovala sa cemento-
vd injektdZ navitanim sklolaminatovych kotiev dl. 16 m z opor-
nej beténovej steny v tunelovej rire. Sklolamindtové kotvy sa
vitali pod ochranou mikropilétového ddzdnika.

Postup razenia po mimoriadnych udalostiach

Po mimoriadnych udalostiach sa prioritou pre zhotovitela
stalo zabezpecenie stability vyrubu a cCelby, bez ohladu na
finan¢nd ndro¢nost’ prijatych opatreni. RieSenia sa hladali na
zéklade odbornych diskusii na strane zhotovitela, projektan-
ta ako aj timu prizvanych odbornikov, ktorych ciefom bolo
ndjst spdsob dal§ieho postupu razenia. Vietky tri menované
skupiny sa zhodli na tom, Ze horninovy masiv sa chové inak,
ako je deklarované v sdtaznych podkladoch. Bolo konstato-
vané, Ze chovanie horninového prostredia, ako extrémne
plastického a zdroven nesddrzného, je dplne protichodné
a zodpovedd dvom typom hornin — nesidrznym a sidrznym.
Takéto vlastnosti horninového prostredia sa Standardne
nevyskytuji sdicasne. Pri razeni tunelov si celkom dobre
zvladnuté postupy razenia v sudrznych alebo nesudrznych
zemindch. Ale razenie tunela v horninovom prostredi, ktoré
ma prejavy sudrznych a nesudrznych zemin sicasne, bezné
nie je, a tak si vyZzadovalo vysoku ddvku teoretickych a prak-
tickych skusenosti s razenim v méikkych hornindch, ako aj
cit pre sledovanie a hlavne vyhodnotenie odozvy hornino-
vého prostredia na jednotlivé pracovné operdcie, podporené
znalostami geoldgie, geotechniky a dobrej orientdcie
v pozadovanych technologickych postupoch. Pre optimdlny
ndvrh dal§ieho postupu préc bol zrealizovny doplnkovy IG
prieskum.

I ked paleogénne stivrstvie nie je v zdsade nepriaznivé pre
vystavbu tunelov, zvetravanie zasahujice do velkych hibok,
tektonicky porusené z6ny a pritomnost podzemnej vody ho
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the front end during the realisation of the JG from the terrain
surface. The concrete retaining wall in addition prevented con-
tingent leaking of the jet grouting mixture into the mined tun-
nel profile. The massive retaining wall was carried out by cas-
ting concrete in stages, with recesses toward the excavation
face (see Fig. 2). The second step of the stabilisation of the area
being rehabilitated lied in the JG. A concrete working platform
was carried out on the terrain surface above the collapse area.
A fan of JG columns with the minimal diameter of 800mm was
subsequently carried out from the platform (see Fig. 3). The JG
columns 8.0-10m long, spaced at 0.65m intervals, are designed
in the longitudinal direction. In the tunnel cross-section, the JG
forms an A-shaped fan. Such the solution transmits the load
acting on the mass concrete filling the crater to the sides, out-
side the tunnel, and the disturbed ground in the surroundings
and above the tunnel tube is rehabilitated. The side JG columns
are reinforced with steel tubes.

The M1 method was realised, lying in the disintegration of
soil into individual fragments with a ray of cement mixture.
The technology centre for the JG was placed to the space in
front of the western portal of the tunnel.

During the second collapse, the spilled out material was not
reinforced and the collapsed tunnel tube excavation was not
subsequently safely restored by the application of the JG from
the terrain surface. Instead, cement grout was injected through
the 16m-long boreholes for glass fibre reinforced plastic
anchors drilled from the retaining wall in the tunnel tube. The
holes for the glass fibre reinforced plastic anchors were drilled
under the protection of canopy tube pre-support.

Tunnel excavation procedure after extraordinary events

After the extraordinary events, contractor’s priority lied in
securing the stability of the excavation and the excavation face,
irrespective of the financial demands of the measures adopted.
Solutions were sought on the basis of professional discussions
on the side of the contractor, designer and a team of invited
experts the objective of which was to find the method of further
excavation. All three above-mentioned groups agreed that the
ground massif behaved differently from the behaviour declared
in the competition documents. It was stated that the behaviour
of the extremely plastic and at the same time incohesive ground
environment was completely contradictory, corresponding to
two ground types — incohesive and cohesive. Such the proper-
ties of the ground environment are not encountered as a stan-
dard concurrently. On the one hand, procedures for excavating
tunnels through cohesive or incohesive soils are mastered rela-
tively well. On the other hand, driving tunnels through
a ground environment with manifestations of cohesive and
incohesive soils concurrently is not commonplace. It required
a high dose of theoretical and practical experience with tun-
nelling through soft ground and the sense of observing and,
first of all, the assessment of the ground environment respon-
se to individual work operations, supported by knowledge geo-
logy, geotechnics and good sense of orientation in the required
technology procedures. A supplementary EG survey was reali-
sed for preparation of the optimal proposal for further working
procedure.

Even though the Palacogene formation is not essentially
unfavourable for construction of tunnels, it is significantly
degraded by the weathering reaching great depths, tectonically
faulted zones and the presence of ground water. In the Zilina
tunnel area, all the three factors significantly contributed to the
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vyrazne degraduje. V oblasti tunela Zilina sa vietky tieto tri
Cinitele vyrazne podpisali na zmene kvality horninového
prostredia, ¢o potvrdil aj doplnkovy IG prieskum.
Désledkom  silného tektonického porusSenia horninového
masivu bol aj fakt, Ze sa ilovec, ktory je v podstate neprie-
pustny, zmenil na vysoko priepustnd horninu. Identifikovat
miesta nadmernych pritokov podzemnej vody, pripadne
zvodnené SoSovky, sa vSak ani doplnkovym prieskumom
nepodarilo.

Geotechnické charakteristiky horninového materidlu sa
v jednotlivych blokoch zdsadne nezmenili. Jedind zmenu
doznala v najmenej priaznivom kvdzihomogénnom bloku
kohézia, ktora bola nulova a na minimum sa znizil taktiez
uhol vnitorného trenia. Takéto vysledky potvrdzovalo aj
vysypdavanie horniny z ¢elby pred zavalom.

Vysledky doplnkového IG prieskumu poukdzali vSak na
zdsadnd zmenu dlZok kvazihomogénnych blokov v pozdii-
nom smere tunela. Najmenej priaznivé kvazihomogénne
bloky sa presunuli aj do oblasti s vys$Sim nadlozim, ¢o si
v dosledku vicsieho geostatického napitia vyziadalo zmenu
— zosilnenie primarneho ostenia.

Na zdklade poznatkov z chovania sa vyrubu a vysledkov
doplnkového IG prieskumu boli opatrenia zamerané na zlep-
Senie pevnostnych a deformacnych parametrov samotnej
horniny. Tieto opatrenia boli sistredené na horninové prost-
redie pred Celbou a na samotnu cCelbu.

Po mnohych odbornych diskusidach a skuSani rdéznych
opatreni priamo na stavbe sa ako najefektivnejSie ukazalo
pouzitie sklolaminatovych celbovych kotiev, ktoré boli
vsuvané do vrtov & 150 mm a nédsledne vyplnené cemento-
vou zilievkou. Celbu zabezpeovalo 70 ks sklolamindto-
vych kotiev diiky 16 m. Takymto spdsobom sa CiastoCne
podarilo spevnit horninovy material pred &elbou. Celbové
kotvy vsak stdle nedokdzali zamedzit vypaddvanie horniny
z klenby kaloty. P6vodne navrhovany IBO ddZdnik sa neo-
svedcil, preto bol nahradeny tlakovo injektovanym mikro-
pilétovym ddZdnikom. DdZdnik tvorilo 40 ks mikropil6t
diiky 12 m, injektovanych cementovou zmesou (obr. 4).
Odvodnenie tunela bolo zabezpeCované pomocou troch
horizontdlnych odvodnovacich vrtov diiky 40 m.
Odvodnovacie vrty boli vitané z celby s presahom
15-20 m.

Aby sa s narastajicou vySkou nadlozia zamedzilo defor-
mdacidm stien kaloty, bola realizovand v najtazsich vystrojo-
vacich triedach do¢asna spodna klenba kaloty. T4 sa po uza-
tvoreni celého vyrubu v blizkosti ¢elby dodato¢ne vyburala.

Realizdcia mikropilétového ddzdnika a celbovych kotiev
aj s vysokotlakou injektdZou prebiehala v Casovom intervale
9 dni. To vyrazne spomalovalo postup razenia tunela.
V severnej tunelovej rire bolo takymto spdsobom vyraze-
nych 133 m z celkovej diiky 648 m a v juznej tunelovej rire
76 m z celkovej diiky 657 m. Rychlost'razenia v tychto tse-
koch bola cca 14 m/mesiac. Vys$sie opisane zabezpecCovacie
opatrenia sa ukazali ako dc¢inné, vyziadali si vSak vyrazné
Casové zdrZanie.

Aby zhotovitel znizil ¢asovi stratu spdsobenud nepredpo-
kladatelnymi IG podmienkami, bola zmenend organizicia
razenia a razenie ndsledne prebiehalo aj z vychodného por-
talu tunela. Doba vystavby, aj napriek razeniu z oboch por-
talov, bola 731 dni od zacatia prac, ¢o predstavovalo pre-
dlZenie razenia tunela o 336 dni.

TuHel

change in the ground environment quality. This fact was even
confirmed by a supplementary survey. The fact that the clays-
tone, which is in essence impermeable, altered to highly per-
meable rock is also a consequence of the heavy tectonic faul-
ting of the rock massif. Unfortunately, the supplementary rese-
arch failed to identify the locations of excessive inflows of
ground water or water charged lenses.

Geotechnical characteristics of the ground material in indivi-
dual blocks did not fundamentally change. The only change
was in the cohesion in the least favourable quasi-homogeneous
block. It dropped to zero and even the angle of internal friction
decreased to a minimum. Such the results were in addition con-
firmed by spilling of ground from the excavation face before
the collapse.

The results of the supplementary EG survey indicated a fun-
damental change in the lengths of quasi-homogeneous blocks
in the longitudinal direction of the tunnel. The least favourable
quasi-homogeneous blocks shifted themselves even to higher
overburden areas. This process required a change (increasing)
in the thickness of the primary lining due to higher geostatic
stress.

Measures focused on improving the strength-related and
deformational parameters of the ground were proposed on the
basis of the new knowledge of the behaviour of the excavated
opening and the results of the supplementary EG survey. These
measures were concentrated on the ground environment ahead
of the excavation face and the excavation face itself.

After many professional discussions and testing various mea-
sures directly on site, the application of glass fibre reinforced
plastic anchors inserted into 150mm-diameter boreholes into
the excavation face and subsequently filled with cement grout
turned out to be most effective. The excavation face was stabi-
lised by 70 glass fibre reinforced plastic anchors 16m long. In
this way the ground material ahead of the excavation face was
partially reinforced. Nevertheless, the anchors installed ahead
of the excavation face still failed to prevent falling of the
ground from the top heading vault. The originally designed
IBO umbrella did not acquit itself. For that reason it was repla-
ced with pressure-grouted canopy tube pre-support. The pre-
support consisted of 40 pieces of 12m-long tubes grouted with
a cement mixture (see Fig. 4). The tunnel drainage was provi-
ded by three 40m long horizontal drainage boreholes. The

Obr. 4 Pohlad na mikropilétovy dazdnik a vitanie Gelbovych kotiev
Fig. 4 A view of the canopy tube pre-support and drilling for anchors into

excavation face




Obr. 5 Realizdcia spodnej klenby tunela
Fig. 5 Realisation of tunnel invert

SEKUNDARNE OSTENIE

Sekunddrne ostenie tunela bolo navrhnuté Zelezobeténové,
s minimdlnou hribkou 0,35 mm, so spodnou klenbou po celej
jeho dizke. Realizécia ostenia bola navrhnutd v dvoch eta-
pach — betondZ spodnej klenby a betondZ hornej klenby.
Dizka blokov je 12,5 m pre bezny profil tunela. Ostenie jed-
nej tunelovej riry je rozdelené na 57 blokov, z toho su 3
bloky hibené.

Vsetky bloky ostenia — hornd aj spodné klenba — si navrh-
nuté ako vystuzené. Typ vystuzenia pritom zavisi od geo-
technickych prametrov jednotlivych kvdzihomogénnych blo-
kov. Nepriaznivé inZinierskogeologické podmienky pri raze-
ni sa prejavili taktieZ pri ndvrhu a realizdcii sekunddrneho
ostenia. Rozdiely boli zrejmé predovSetkym v oblastiach, kde
boli pouzité vystrojovacie triedy s mikropilétovym déazdni-
kom.

V tychto dsekoch bola pouzitd prehibené spodnd klenba,
kde navysenie objemu beténu hlbokej spodnej klenby oproti
spodnej klenbe bolo 71,5 m3/blok (obr. 5). Sekundérne oste-
nie spodnej klenby je zo Zelezobetdnu triedy C25/30-XC3 —
C1 0,20 — Dmax 16 — S4. Objem beténu na jeden blok je cca
185 m3. Celkovy objem beténu spodnej klenby v razenej ¢asti
tunela je 10 014 m? na jednu tunelovi rdru.

Obr. 6 Pohlad na vystuz hornej klenby sekunddrneho ostenia
Fig. 6 A view of the reinforcement of the upper vault of the secondary
concrete lining
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drainage holes were drilled from the excavation face with
15-20m long overlaps.

A temporary top heading invert was carried out in the most
difficult excavation support classes so that deformations of the
top heading side walls due to the increasing overburden height
were prevented. After the whole excavation profile had been
closed, the concrete invert was subsequently broken out in the
vicinity of the excavation face.

The canopy tube pre-support and anchors into the excavati-
on face, including the high-pressure grouting, were carried out
within a 9-day interval of time. These operations significantly
reduced the advance rate of the tunnel excavation. In this way,
133m of the total length of 648m of the excavation were carri-
ed out in the northern tunnel tube and 76m of the total length
of 657m of the excavation were carried out in the southern tun-
nel tube. The excavation advance rate in these sections amoun-
ted to ca 14 per month. The above-mentioned supporting mea-
sures turned out to be effective, but they required a significant
time delay.

The organisation of the tunnel excavation operations was
changed and the work subsequently proceeded even from the
eastern portal so that the contractor reduced the time loss cau-
sed by the unpredictable EG conditions. The construction peri-
od was extended to 731 days from the beginning of the work
even despite the excavation operations proceeding from both
portals. It represented a delay of driving the tunnel by 336 days.

SECONDARY LINING

The secondary lining of the tunnel was designed as a reinfor-
ced concrete structure, minimally 0.35m thick, with an invert
installed throughout the tunnel length. The installation of the
lining was proposed to be carried out at two stages — concreting
of the invert and concreting of the upper vault. The concrete
casting blocks are 12.5m long for the common tunnel profile.
The lining of one tunnel tube is divided into 57 blocks; 3 of
them are cut-and-cover tunnel blocks.

Reinforced concrete is designed for all lining blocks — the
upper vault and the invert. The reinforcement type depends on
geotechnical parameters of individual quasi-homogeneous
blocks. The unfavourable engineering geological conditions
encountered during the tunnel excavation influenced even the
design and realisation of the secondary lining. Differences were
obvious mainly in the locations where the excavation support
classes with the canopy tube pre-support were applied.

Obr. 7 Pohlad na vystuZovanie priecneho prepojenia
Fig.7 A view of a cross passage being reinforced



27. rocnik - €. 2/2018

Obr. 8 Murovand stena priecneho prepojenia
Fig. 8 Masonry wall of the cross passage

Pri realizdcii hornej klenby sa zvyS$ilo oproti ndvrhu do
sitaze predovSetkym mnozZstvo vystuze. MnoZstvo vystuZe
v blokoch v oblasti s mikropildtovymi ddzdnikmi (tazké
bloky) (obr. 6) bolo cca 24 t/blok, pricom v ostanych tsekoch
bola hmotnost' vystuze hornej klenby cca 15 t/blok. To sa pre-
javilo aj na Case potrebnom na uloZenie ocelovej vystuZe jed-
ného bloku. Na zaciatku prac na hornej klenbe bol ¢as vystu-
Zovania jedného bloku cca 5 dni. Je vSak nutné poznamenat,
Ze do tohto obdobia patrilo aj vystuzovanie tazkych blokov.
Po zicviku posddky a po prechode do TahSich blokov sa
vystuZovanie jedného bloku skrétilo na cca 2,5 dna.

Sekunddrne ostenie hornej klenby sa realizovalo v celej
dizke zo Zelezobeténu C30/37-XF4, XC3. Samotna betonaz
prebiehala pomocou ocelovej samohybnej hydraulickej
formy. V zimnom a jarnom obdobf{ sa beténovalo v dennej aj
nocnej zmene. V letnych mesiacoch sa vSak beténovalo
s ohladom na tuhnutie a tvrdnutie beténu vyhradne v noc¢nej
zmene. Klenba sa v zimnom a jarnom obdobi oddebnovala po
11-13 hod, v letnom obdobi sa tento Cas skratil na 8-10 hod.
Vlastnd betondz hornej klenby bola organizovand zo zdpad-
ného portdlu. Celkova doba betondze kazdej tunelovej riry
bola cca 4 mesiace. BetondZ bloku ostenia sa realizovala cca
kazdy druhy den.

Préace na vystavbe sekunddrneho ostenia boli pdvodne pla-
nované len zo zdpadného portdlu tunela. Ako prva sa zacala
beténovat’ spodnd klenba v juZnej tunelovej rure. Price na
spodnej klenbe prebiehali v silade s harmonogramom préc.
K casovému sklzu vSak zacalo dochddzat’ pri ukladani ocelo-
vej vystuze hornej klenby. Prave toto vystuZovanie (obr. 7)
bolo na tuneli Zilina na kritickej ceste. Napriek tomu, Ze
Casova strata sposobend vystuzovanim tazkych blokov v juz-
nej tunelovej rire sa po ich prechode skratila, zhotovitel’ sa
rozhodol v severnej tunelovej rure pristipit’k vystavbe spod-
nej klenby z oboch portdlov tunela. Tak isto, aby sa urychlili
vystuZovacie prdace na hornej klenbe, boli v severnej tunelo-
vej rure pouzité dva voziky.

Po prijati tychto opatreni realizicia celého sekunddrneho
ostenia (vystuzovanie, hydroizolacie, betondZ — horna a spod-
nd klenba) tunela Zilina trvala 362 dni, o predstavuje navy-
Senie doby realizacie oproti sutazi o 115 dni.
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A deepened invert was used in those locations; the volume of
concrete increased by 71.5m? per block in those deep invert
sections, in comparison with the common invert (see Fig. 5).
The secondary lining of the tunnel invert is from concrete grade
C25/30-XC3 — C10.20 — Dyjyax 16 — S4. The volume of concre-
te per one block amounts to ca 185m?3. The total volume of the
invert structure in the mined part of the tunnel is 10,014m? per
one tunnel tube.

The amount of concrete reinforcement was increased in com-
parison with the final design (tender documents) during the rea-
lisation of the upper vault. The amount of concrete reinforce-
ment in the blocks in the area where canopy tube pre-support
was applied (heavy blocks) (see Fig. 6), was ca 24 tonnes per
block, whilst the weight of the upper vault concrete reinforce-
ment was ca 15 tonnes per block. It manifested itself in the
length of the time required for placing steel reinforcement for
one block. At the beginning of the work on the upper vault the
installation of reinforcement for one block took ca 5 days. But
it is necessary to note that this period comprised also the instal-
lation of steel reinforcement for the heavy blocks. After the
crews passed the learning curve and after the passage to lighter
blocks, the duration of the installation of concrete reinforce-
ment for one block was reduced to 2.5 days.

The secondary lining of the upper vault was realised throughout
the tunnel length using C30/37-XF4, XC3 reinforced concrete.
Concrete was cast behind steel hydraulic travelling formwork. In
winter and spring periods, concrete was cast in day and night
shifts. In the summer months, concrete was cast exclusively
during night shifts with respect to the setting and hardening pro-
cess. The upper vault formwork was stripped after 11-13 hours in
winter and spring periods; in the summer period, this time was
reduced to 8—10 hours. Concreting the upper vault itself was orga-
nised from the western portal. The overall duration of concreting
each tunnel tube amounted to ca 4 months. Concreting of one
lining block was carried out ca every other day.

The work on the construction of the secondary lining was ori-
ginally planned to proceed only from the western portal of the
tunnel. The invert concrete casting in the southern tunnel tube
was the initial operation. The work on the invert proceeded in
compliance with the works schedule. However, a delay started
to appear in the installation of steel reinforcement of the upper
vault. It was this installation of reinforcement (see Fig. 7) that
was on the critical path at the Zilina tunnel. Despite the fact that
the loss of time caused by the installation of concrete reinforce-
ment of the heavy blocks in the southern tunnel tube was redu-
ced after the passing them, the contractor decided to proceed to
carrying out the invert in the northern tunnel tube from both tun-
nel portals. Two reinforcement installation travelling scaffolds
were used in the northern tunnel tube so that the installation of
the upper vault concrete reinforcement was accelerated.

After the adoption of these measures, the realisation of the
whole secondary lining of the Zilina tunnel (installation of rein-
forcement, concreting the upper vault and invert) took 362
days, representing an increase in the construction realisation
time in comparison with the tender by 115 days.

NEW TECHNICAL CONSTRUCTION SOLUTION
TO ZILINA TUNNEL

Two cross passages passable for persons are parts of the
Zilina tunnel. The cross passages are separated from the tunnel
tubes by walls in starter stubs of the cross passages. In the




NOVE STAVEBNO-TECHNICKE RIESENIA
V TUNELI ZILINA

Stc¢astou tunela Zilina si dve prechodné priene prepojenia.
Prie¢ne prepojenia st od tunelovych rir oddelené v zarodkoch priec-
nych prepojeni stenami. V pdvodnom rieSen{ boli steny navrhnu-
té Standardne, z monolitického beténu do debnenia. Projektant
v Case projekénej pripravy prisiel s rieSenim vystavby stien pomo-
cou debniacich tvérnic, ktoré si vystuZené ocelovou vystuZou
(obr. 8). Takéto rieSenie bolo prvy krdt pouZzité na tuneloch
Povazsky Chlmec a Polana. Beténové tvarnice nahradzuji pouZzi-
tie tradicného debnenia. Vzhladom na zjednoduSenie prac, zhoto-
vitel' pouzitie debniacich tvarnic uvital. Takéto rieSenie bolo
nasledne pouzité aj na steny v zdruzenych vyklenkoch, ktoré
oddeluji SOS kabinu od ostatného priestoru.

Steny v zdrodkoch prie¢nych prepojeni su teda realizované
z debniacich tvarnic DT25-250 x 500 mm a v zdruZenych vyklen-
koch z beténovych debniacich tvdrnic DT20-200 x 500 mm.
Tvérnice st vystuZené pritovou vystuZou triedy B 500B a vypl-
nené beténom triedy C 25/30-F2, XC3. Tvdrnice si upevnéné
k osteniu prostrednictvom kotiev z betondrskej ocele. V mieste
osadenia stien sa navitali otvory, do ktorych sa kotvy vlepili. Na
kotvy sa ndsledne upevnila vystuZ samotnych stien. Findlna tpra-
va beténovej murovanej konstrukcie bude realizovand pomocou
schvilenej sanacnej hmoty pre beténové steny, ktora vytvori jed-
notny, trvanlivy a odolny povrch nendroény na ddrzbu, Cistenie
a osvetlenie.

Vzhladom na aktudlne platné TP 099 PoZiarna bezpecnost’cest-
nych tunelov musi byt'v prie¢nych prepojeniach umiestneny neza-
vodneny poZiarny vodovod. Preto v murovanych stendch priec-
nych prepojeni su navitané otvory pre potrubie suchovodu.

ZAVER

V Case pisania prispevku st prace na sekundarnom osteni tune-
la Zilina ukonéené. Je teda mozné opravnene konstatovat, Ze tunel
Zilina sa vdaka zastihnutej geoldgii zaradil medzi najnro¢nejsie
tunelové diela budované na Slovensku. Prace v takomto prostredi
si vyZadovali operativny pristup medzi zhotovitelom, projektan-
tom a stavebnym dozorom. Prioritou pre zhotovitela sa stalo bez-
pecne realizovanie raziacich prac a finan¢nd a ¢asovd ndro¢nost’
bola aj vdaka ustretovému pristupu skisenych zastupcov objedna-
vatela a stavebného dozoru druhoradd. Dékazom toho, Ze zhoto-
vitel' vSetky ndro¢né poziadavky splnil, je skutocnost, Ze razenie si
nevyziadalo Ziadne zranenia ani $kodu na strojnom zariadeni.

V stcasnosti (januar 2018) pokracuju prace na tuneli predovset-
kym na jeho predportdlovych objektoch. V tuneli sa kladie poZiar-
ny vodovod, obrubniky a Strbinové Zlaby. Prebieha sandcia oste-
nia pred natermi.
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original solution, the walls were designed in a standard way,
from concrete cast in situ. During the designing stage, the
designer came with a solution to building the walls using form-
work blocks reinforced with steel rods (see Fig. 8). Such the
solution was applied for the first time to the Povazsky Chlmec
and Polana tunnels. The concrete blocks replace the use of
a traditional formwork. With respect to the simplification of the
work, the contractor welcomed the use of the formwork blocks.
Such the solution was subsequently applied to walls in combi-
ned recesses separating the emergency call niches from the
other space.

The walls in the starter stubs of cross passages are built
from formwork blocks DT25-250 x 500mm and in the combi-
ned recesses they are from concrete formwork blocks
DT20-200 x 500mm. The blocks are reinforced with B 500B
grade steel rods and are filled with concrete grade C 25/30-F2,
XC3. The blocks are fixed to the tunnel lining with anchors
from steel concrete reinforcement. Holes were drilled into the
lining in the locations of the installation of the walls and the
anchors were glued into them. The reinforcement of the walls
was subsequently fixed to the anchors. The final treatment of
the concrete masonry structure will be carried out using a reha-
bilitation material approved for concrete walls, which will cre-
ate a unified, durable and resistant, low maintenance surface
demanding low lighting.

With respect to the currently valid specifications TP 099 Fire
safety in road tunnels, a dry fire main must be installed in cross
passages. For that reason holes are drilled through the masonry
walls of the cross passages for the passage of the dry fire main
pipeline.

CONCLUSION

At the time of writing this paper the work on the secondary
lining of the Zilina tunnel has already been completed. It is the-
refore justified to state that, owing to the geology encountered,
the Zilina tunnel has ranked among the most complicated tun-
nelling works carried out in Slovakia. Working in such an envi-
ronment required operative relationships among the contractor,
designer and construction supervision. Contractor’s priority
was to safely realise the tunnel excavation. The financial and
time consumption was non-essential, even thanks to the accom-
modating approach of experienced representatives of the pro-
ject owner and the construction supervision. The proof of the
fact that the contractor fulfilled all exacting requirements is the
fact the tunnel excavation has not claimed any injury or dama-
ge to the mechanical equipment.

At the moment (January 2018) the work on the tunnel conti-
nues first of all on the pre-portal structures. The fire main,
kerbs and slotted drain pipes are being installed. The lining sur-
face is being repaired before the application of coating.
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Ing. IVETA SNAUKOVA, PhD.,
iveta.snaukova@doprastav.sk,
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[1] Dialnica D1 Hri¢ovské Podhradie — Lietavskda Lucka, SO 447-00, SO 448-00, v stupni DSP, FTP, DSZS, DRS,
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REALIZACIA ZAPADNEHO PORTALU TUNELA ZILINA
REALISATION OF THE WESTERN PORTAL OF THE ZILINA TUNNEL

MICHAL FUCIK, IVETA SNAUKOVA

ABSTRAKT

Problémy s razenim tunela Zilina, ktoré spésobili nepredvidane ndrocné inZinierskogeologické (IG) podmienky, boli prezentované uz
viackrdt a sii vSeobecne zndme. Ndrocné IG pomery sa vsak prejavili aj na inych stavebnych objektoch sivisiacich s tunelom. Najvdicsi
vplyv nepriaznivej geoldgie sa okrem razenia tunela prejavil na jeho zdpadnom portdli a to priamym alebo nepriamym vplyvom. Priamy
vplyv nepriaznivej geologie si vyZiadal masivne zabezpecenie stavebnej jamy pre portdly, zmenu tvaru priecneho rezu hlbenych tunelov,
ako aj zmenu dimenzii ich ostenia. Nepriamo sa vplyv zmeny IG pomerov pri razeni tunela prejavil na stavebnych objektoch, ktoré si umi-

estnené na zdpadnom portdli, a to skrdtenim doby realizdcie prdc.

ABSTRACT

The problems with the excavation of the Zilina tunnel caused by unpredictably complicated engineering geological (EG) conditions have
already been presented several times and are generally known. But the exacting conditions were also reflected in other construction
objects associated with the tunnel. With the exception of the tunnel excavation, the biggest influence of the unfavourable geology mani-
fested itself directly or indirectly at the western portal of the tunnel. The direct influence of the unfavourable geology required massive
stabilisation of the construction pit for portals, a change in the geometry of the cross-section of cut-and-cover tunnels and a change in
dimensions of their lining. The indirect influence of the change in the EG conditions reflected itself in construction objects located at the

western portal in reduction of the time available for realisation of the works.

ovoD

Na zdpadnom portdli si vzhladom na jednostranny pozdiiny
sklon tunela situované vSetky povrchové vetvy odvodnenia
tunela — drendZne odvodnenie, odvodnenie vozovky. Spolu
s kdblovodom a poZziarnym vodovodom je na malej predporta-
lovej ploche umiestnené mnozstvo §acht a podzemnych vedeni.
Tym, Ze sa prace na tuneli prediiili, Casovy priestor na realizd-
ciu tychto objektov sa skratil a posunul do ro¢ného obdobia,
ktoré nie je na realizdciu zemnych a betondrskych prac vhodné
(december, janudr, februdr). V pdvodnom harmonograme prac,
ktory bol sti¢astou sttaze, boli prace na menovanych objektoch
planované v ¢asovej nadviznosti za sebou tak, aby nedochad-
zalo ku kolizii jednotlivych pracovnych operdcii. AvSak preto,
aby bolo mozné dodrzat zmluvny termin ukoncenia prdc na
cementobeténovom kryte vozovky, bolo nutné realizovat’ prace
na vSetkych predportdlovych objektoch sticasne. To si vyZiada-
lo zmenu organizdcie prac na portdloch a zna¢ni davku koor-
dina¢nych schopnosti zhotovitela.

INZINIERSKOGEOLOGICKE POMERY
NA ZAPADNOM PORTALI TUNELA ZILINA

Uzemie zdpadného portilu tunela Zilina je situované na plo-
chom pravom svahu udolia Bitarovského potoka. Okolie porta-
lu je situované na miernom, lokdlne mierne strmom severnom
svahu. Paleogénne suvrstvie {lovcov a pieskovcov, s prevahou
ilovcov v celom hodnotenom tseku prekryva formacia kvartér-
nych pokryvnych ttvarov reprezentovand terasovym a deluvi-
alnym komplexom vritane zosuvného komplexu, s aktivnym
pridovym zosuvom, so Smykovymi plochami do hibky 55 m
a bazdlnymi Smykovymi plochami v hibke 7,0 m.

Hladina podzemnej vody v tdzemi bola zistend v hibke 2.4 a7
19,2 m pod terénom a ustdlila sa v hibke 0,73 az 18,0 m.
Odvodnovanie terasy v oblasti zdpadného portélu skrytym pre-
stupom podzemnych vod do svahovych sedimentov sposobuje
jeho podmécanie a aktivizaciu zosuvu. Toto podmacanie je evi-
dentné na upéti svahu a vyrazné v zosuvnom tzemi, kde okrem

INTRODUCTION

With respect to the one-way longitudinal slope of the tun-
nel, all surface branches of the tunnel drainage — drainage of
the intermediate waterproofing layer, roadway drainage — are
situated at the western portal. A great number of manholes and
underground lines are located, together with the cable duct
and the fire main, within the small area in front of the portal.
Due to the extension of the duration of the work on the tunnel,
the space of time available for the realisation of these structu-
res was reduced and shifted to the season which is not appro-
priate for the realisation of earthwork and concrete casting
operations (December, January, February). In the original
works schedule which was part of the tendering process, the
work on the above-mentioned structures was planned in
a time sequence so that collisions of individual work operati-
ons were prevented. In reality, the work on all pre-portal
structures had to be carried out concurrently so that it was
possible to meet the contractual deadline for the completion
of the work on the concrete pavement of the roadway. It requi-
red a change in the organisation of work operations at the
portals and a considerable amount of contractor’s coordina-
tion skills.

ENGINEERING GEOLOGICAL CONDITIONS AT THE WESTERN
PORTAL OF ZILINA TUNNEL

The area of the western portal of the Zilina tunnel is located
on a flat slope of the Bitarovsky brook valley. The portal sur-
roundings are located on a moderate, locally moderately steep
northern slope. The Palaeogene formation of claystone and
sandstone with claystone prevailing within the whole section
being assessed is overlaid by a formation of Quaternary super-
ficial deposits represented by a terrace and deluvial complex,
including a landsliding complex, with an active flow-type
slide, with shear planes reaching up to the depth of 5.5m and

basal shear planes at the depth of 7.0m.



zamokrenia mozZno pozorovat’ vo svahu pod projektovanym
portidlom aj pramene.
V zosuvnom uzemi je realizovany cely zdrez pre portdl.

ZABEZPECENIE STAVEBNEJ JAMY
NA ZAPADNOM PORTALI

ZabezpeCenie stavebnej jamy na zdpadnom portdli si na
zéklade skutocne zastihnutych IG pomerov nevyziadalo Ziadne
zmeny v projektovej dokumentacii. Rozsah zabezpecenia bol
vSak vzhladom na jej velkost’rozsiahly. Rozsiahle zabezpecenie
vyvolala skuto¢nost’, Ze celd stavebnd jama je situovand v aktiv-
nom zosuve.

Sanacia zosuvu

Vzhladom na pritomnost’ zosuvného tzemia, v pravom, juz-
nom svahu nad portdlovym zdrezom, bolo nutné pred zacatim
vykopovych prac pritomny zosuv sanovat. Sandcia bola navrh-
nutd hibkovym odvodnenim predmetného tizemia. Odvodnenie
sa realizovalo v dvoch krokoch, na pravej strane svahu v smere
staniCenia dialnice:

e Pred zacatim vykopovych prac hladina podzemnej vody
bola zniZend drendznymi odvodnovacimi vrtmi. DrendZzne
odvodnovacie vrty boli vitané z dvoch pozicii. Z kazdej
pozicie bol navitany vejar 4 vrtov diiky 80-150 m.

e Pocas vykopovych prac — vitalo sa 12 ks horizontdlnych
odvodnovacich vrtov z laviciek a z pity portdlovej steny.
Tieto odvodnovacie vrty boli navrhnuté v pravej boc¢nej
stene zarubnej konStrukcie za i¢elom zniZenia presakujice;j
podzemnej vody a jej nepriaznivého tcinku na konStrukciu,
ako aj zniZenie vztlakovych vod v pite zosuvu. Vrty sd
dizky 50 m a 100 m.

Odvodnovacimi vrtmi sa podarilo narazit'na zvodnelé vrstvy,
ddkazom coho je neustdle vytekanie vody z vrtov.
Zabezpecenie stavebnej jamy

Po zniZeni hladiny podzemnej vody v zdujmovom uzemi
zacal zhotovitel' s vykopovymi pracami. Maximalna vyska sta-
vebnej jamy bola 12 m od nivelety. Pre zaistenie potrebnej sta-
bility portdlovej steny, ako aj bo¢nych svahov zarezu, bolo
potrebné zachytit' zemné tlaky. PretoZe sa zabezpecCovalo nesta-
bilné tzemie, zrealizovala sa zarubna konStrukcia — kotvena
pilétova stena z velkopriemerovych pilét v kombinacii s dlhy-
mi lanovymi kotvami a strieckanym beténom. I§lo o Zelezobeto-
nové piléty @ 900 mm, diiky 8,0-18,0 m od pracovnej trovne.
Osovd vzdialenost zvislo vitanych pil6t bola 1,3 m. Na pravej
strane sa pildtova stena postavila v dvoch tdrovniach. Pre lepSie
zabezpecCenie stability oboch urovni pilét sa medzi stuzujici
veniec spodnej steny a spodnou Castou hornej pilétovej steny
v odstupoch 3,0 m vybeténoval Zelezobeténovy prepojovaci
trdm (obr. 1). Aby sa zemina medzi pilétami nevysypdvala, prie-
stor medzi nimi sa zastriekaval strickanym beténom triedy
C16/20. Striekany beton bol vystuZeny KARI sietou. PretoZe aj
napriek zniZeniu hladiny podzemnej vody bolo moZzné oc¢akavat
v horninovom prostredi za pilétovou stenou priesaky prevazne
zrazkovej vody, osadil sa pred zastriekavanim zeminy medzi
piléty drendzny geokompozit. Za geokompozit sa ulozila flexi-
bilnd vertikdlna drenazna rdirka. Ta odvddza priesakové vody
spoza pildtovej steny. Takto bolo zabezpecené zniZenie hydro-
statického tlaku na konStrukciu.

Zrealizovand pilétovd stena bola ndsledne prekotvend dlhymi
lanovymi kotvami, ukotvenymi cez Zelezobetonové prahy.
Lanové kotvy zaistuji potrebnu stabilitu pilétovej steny a su
navrhnuté ako trvalé, s trvalou antikor6znou ochranou.
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The water table was determined in the area at the depth of
2.4 to 19.2m under the terrain surface and stabilised at a depth
of 0.73 to 18.0m. The process of draining the terrace in the
area of the western portal due to hidden transfer of ground
water into slope sediments causes wetting of the slope and
activation of the landslide. The wetting is evident at the slope
base and is conspicuous in the slide area, where it is even pos-
sible to observe springs apart from the wetting.

The entire cutting for the portal is being realised in the slide area.

STABILISATION OF THE CONSTRUCTION PIT
AT THE WESTERN PORTAL

The stabilisation of the construction pit at the western por-
tal required no changes in the design based on the actually
encountered EF conditions. With respect to the size of the pit,
the extent of the stabilisation operations was large. The exten-
sive stabilisation measures were adopted due to the fact that
the whole construction pit is located in an active slide area.
Landslide stabilisation

With respect to the presence of the slide area on the right-
hand, southern slope above the portal cutting, it was necessa-
ry to stabilise the landslide prior to commencing the excavati-
on operations. Deep drainage of the area in question was

Obr. 1 Prdce na prepojovacom trame medzi dvomi tiroviiami pilétovej steny
Fig. 1 Work on the interconnecting beam between the two levels of the pile wall
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V oblastiach celby juznej tune- |
lovej rury sa velkopriemerové — £

piloty nahradili mikropilétami

(obr. 2), ktoré sa vitali v osovej
vzdialenosti 600 mm. V oblasti L SR
medzi mikropil6tami sa nasledne -
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osadili zemné klince @ 22 mm, Ir
dizky 4,0 m (obr. 3). |
Pre zniZenie odkopovych prac
v péte zosuvu bola v oblasti lavej
tunelovej riry navrhnuta ochran-
nd Zelezobeténova klenba, v pra-
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xi znama pod nazvom ,,korytnac-
ka* (obr. 4). V priestore portdlu
pre razenie lavej tunelovej rury
sa vyhotovili Styri rady mikropi-
16t, dva rady na kazdej strane osi riry. Mikropiloty sluzili ako
zékladova konstrukcia korytnacky a ako paZenie pocCas razenia
lavej tunelovej riry. Osova vzdialenost’ mikropil6t bola 0,6 m.
Vonkajsie mikropiléty boli uklonené 13° od zvislice smerom
von z profilu. Mikropiléty sa ndsledne injektovali po celej
dizke po etdzach 0,5 m. Po dosiahnuti poZadovanej pevnosti
zélievky sa vyhotovila Zelezobeténova klenba z beténu C25/30
XA1, Dmax = 16 mm, hribky 500-700 mm. Dizka korytnacky
bola 12,5 m.

ZMENA TVARU A HRUBKY OSTENIA HLBENYCH TUNELOV
NA ZAPADNOM PORTALI

Projektovda dokumentdcia hibenych tunelov na zdpadnom
portdli musela byt oproti stitaznym podkladom zmenena.
Do6vodom zmeny bolo extrémne mikké, netinosné podloZie.

Ostenie hibenych tunelov bolo pdvodne navrhnuté ako
monolitické, Zelezobeténové, hribky minimdlne 0,45 m, ktoré
sa smerom k zdkladovej doske zvédcSovalo. Zdkladova doska
bola navrhnutd hribky minimdlne 0,8 m. Betén hornej klenby,
ako aj zakladovej dosky, bol z beténu triedy C30/37-XF4, XC3.

V dosledku skutocne zastihnutych geologickych podmienok
a vysledkov geotechnického monitoringu zdpadného portdlu
bola nutnd zmena hribky ostenia konStrukcie hornej klenby
a zmena zaloZenia hiben}’/ch tunelov z rovnej zdkladovej dosky
na prehibenﬁ spodnu klenbu.

Obr. 3 Osadzovanie zemnych klincov medzi mikropilotami nad celbou juZnej
tunelovej riiry

Fig. 3 Installation of soil nails between micropiles above the southern tun-
nel tube excavation face

zdroj: Basler&Hoffman source: Basler&Hoffman

Obr. 2 Vyrez z projektovej dokumentdcie — pohlad na zabezpecenii portdlovii stenu
Fig. 2 Cutout from design documentation — a view of stabilised portal wall

designed for the stabilisation purpose. The drainage was rea-
lised on the right-hand side of the slope (viewed in the direc-
tion of the motorway chainage) in two steps:

¢ The water table was lowered by drainage boreholes befo-
re the commencement of the excavation. The drainage
holes were drilled from two places. A fan of 4 pieces of
80-150m long holes was driven from each place.

e 12 horizontal drainage boreholes were carried out during
the excavation operations from benches and from the base
of the portal wall. The drainage holes were designed to be
drilled through the right-hand side wall of the revetment
structure with the objective to reduce the amount of see-
ping ground water and its adverse effect on the structure,
and to reduce the buoyancy effect of water at the foot of
the landslide. The boreholes are S0m and 100m long, res-
pectively.

The drainage boreholes encountered water-bearing layers.
The fact that water continually discharges from the boreholes
is the proof of it.

Construction pit stabilisation

After lowering the water table in the area of interest, the
contractor started to excavate the pit. The maximum height of
the pit was 12m from the grade line. It was necessary for secu-
ring the stability of the portal wall and the side slopes of the
cutting to resist the ground pressures. Because the instable
area was to be stabilised, a revetment structure was realised —
an anchored pile wall from large-diameter piles combined
with long cable anchors and sprayed concrete. The piles were
reinforced concrete structures 900mm in diameter, 8.0-18.0m
long (measured from the working level). The holes for the
piles were drilled vertically at centre-to-centre spacing of
1.3m. On the right-hand side, the pile wall was constructed at
two levels. A reinforced concrete connecting beam was carri-
ed out between the capping beam on the lower wall and the
bottom of the upper pile wall at 3.0m intervals (see Fig. 1). To
prevent spilling of soil between the piles, the space between
them was filled with shotcrete grade C16/20. The shotcrete
was reinforced with KARI welded mesh. Because it was pos-
sible to expect seeping of mostly precipitated water through
the ground environment behind the pile wall even despite the
lowering of the water table, a drainage geocomposite mem-
brane was installed between the piles before applying the
shotcrete. A flexible vertical drainage pipe was installed
behind the geocomposite. It will divert seeping water from the
back of the pile wall. In this way the hydrostatic pressure on

the structure was reduced.
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The completed pile wall was subsequently anchored with
long cable anchors passing through reinforced concrete
walers. The cable anchors ensure the required stability of the
pile wall. They are designed as permanent structures with
rust-preventive protection.

The large-diameter piles in the areas of the excavation face
of the southern tunnel tube were replaced with micropiles (see
Fig. 2), the holes for which were drilled at 600mm intervals.
Soil neils 22mm in dia and 4m long were subsequently instal-
led in the area between the micropiles (see Fig. 3).

A protective reinforced concrete vault, built using the met-
hod known in the practice as the “tortoise shell method”, was
designed for reducing the volume of excavation at the base of
the landslide (see Fig. 4). Four rows of micropiles were carri-
ed out in the area of the portal for the excavation of the left-
hand tunnel tube, two rows on either side of the tunnel tube
Obr. 4 Ochrannd Zelezobetonovd klenba ,,korytnacka* centre line. The micropiles were used as the foundation of the
Fig. 4 Protective reinforced concrete vault, “the tortoise shell” “tortoise shell” and as the bracing during the excavation of the
left-hand tunnel tube. The centre-to-centre spacing of the mic-
ropiles amounted to 0.6m. The outer micropiles were inclined
13° from vertical, off the profile. The micropiles were subse-

. . ) quently grouted throughout the length, in 0.5m stages. After
Zmena tvaru prie€ncho rezu nemala vplyv na Zas vystavby the required strength of the grout had been achieved, the

objektu. Zhotovitelovi sa vSak v dosledku vysSej spotreby 500-700mm thick vault was carried out using reinforced

materidlu zvySili finan¢né ndklady. Cenu zvysSila taktieZ sku- concrete grade C25/30 XA1, Dmax = 16mm. The length of the
to¢nost, Ze v pdvodnom harmonograme prac sa mali oba objek-

ty hiben}'/ch tunelov realizovat'v lete. Skuto¢na realizacia spod-

nych klenieb (obr. 5) sa posunula na zimné mesiace, kde sa CHANGES IN GEOMETRY AND THICKNESS OF CUT-
v zmysle technologického postupu museli prijat’ zimné opatre- | AND-COVER TUNNEL LINING AT THE WESTERN PORTAL

nia pre betondz.

Hribka ostenie tunela sa zvacSila na min. 0,60 m, a hribka
spodnej klenby sa zvécsila na 1,0 m. Trieda beténu sa nezme-
nila.

tortoise shell amounted to 12.5m.

The design documentation of the cut-and-cover tunnels at
the western portal had to be changed in comparison with the
competition source design. The reason for the change lied in
extremely soft, non-bearing sub-grade.

POKRACOVANIE STAVEBNYCH PRAC
PO PRERAZENI TUNELA

Prerazenim tunela a vystavbou sekunddrneho ostenia sa The lining of the cut-and-cover tunnels was originally
skoncili spolo¢né price pre zdruZenie Metrostav a.s. — designed as a cast-in-situ reinforced concrete structure, with
Doprastav, a.s. Prace pre Doprastav viak na tuneli Zilina pokra- the minimum thickness of 0.45m increasing toward the base
¢uju dalej, a to realizdciou ostatnych objektov na portiloch plate. The minimum thickness of 0.8m was designed for the
tunela. base plate. Concrete grade C30/37-XF4, XC3 was designed

Vychodny portal nie je po geologickej ani po stavebnej stran- for the upper vault as well as the base slab.
ke ndrolny. Napriek tomu, Ze aj tento portdl je situovany A change in the thickness of the upper vault lining structu-
v {lovcovo-pieskovcovom suvstvi, tektonické poruchy, ktoré sa re and a change in the foundation of the cut-and-cover tunne-
vyrazne prejavili na zdpadnom portdli, sa na vychodnom porta- Is from a flat foundation base to an increased-thickness invert

was necessary as a result of the actually encountered geologi-
cal conditions and the results of geotechnical monitoring of
the western portal.

The tunnel lining thickness grew to a minimum of 0.60m
and the invert thickness was increased to 1.0m. The concrete
grade remained unchanged.

The change in the cross-sectional geometry had no influen-
ce on the duration of the construction of the object. However,
contractor’s financial expenses increased due to higher con-
sumption of the material. The cost was increased also due to
the fact that, according to the original works schedule, both
cut-and-cover structures were to be realised in summer. The
actual realisation of the inverts (see Fig. 5) was shifted to the
winter season, where winter measures had to be adopted in the
sense of the technical specifications.

li neobjavili. Tak isto pritok podzemnej vody je len minimalny.
Zo stavebnych objektov, ktoré su situované na vychodnom por-
tali, je tu len ukoncenie potrubia drendZneho odvodnenia tune-
la (SO 454-00) a privodné potrubie poziarneho vodovodu

Vi B s e CONTINUATION OF CONSTRUCTION OPERATIONS
et S B | AFTER THE TUNNEL BREAKTHROUGH
Obr. 5 Pohld na spodnii klenbu hibeného tunela na zdpadnom portdli The tunnel breakthrough and completion of the secondary
Fig. 5 A view of the invert of the cut-and-cover tunnel at the western portal lining meant that the common work for the Metrostav a.s. —
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Obr. 6 Zdpadny portdl — pohlad na prebiehajiice prdce 03/2018
Fig. 6 Western portal — a view of the work underway, March 2018

(S0 457-00) z poziarnej nadrze. Vzhladom na organizéciu prac
v tuneli, ktord je zo zdpadného portdlu, realizacia stavebnych
prac na tychto objektoch nijak nie je ovplyvnend pracami pre-
biehajticimi v tunelovych rurach.

Komplikovanejsia situdcia je na zdpadnom portdli. Tu sa
nachddzaji stavebné objekty, pripadne ich casti, ktoré su bez-
prostredne ovplyvnené realizdciou tunela (obr. 6). Ide o:

e SO 441-00 Zapadny portdl — Konecné tpravy;

* SO 441-00 Zapadny portdl — Kdblové trasy;

¢ SO 444-00 Rozvodna NN;

e SO 454-00 Odvodnenie tunela drendZnym systémom;

e SO 455-00 Odvodnenie vozovky;

¢ SO 457-00 Rozvod poziarnej vody.

Vystavba ostatnych objektov

Po prerazeni oboch tunelovych rir zhotovitel' aktualizoval
harmonogram prac, v ktorom sa prejavil posun milhika ¢. 3 —
Kompletné prerazenie tunelovych rir. Aktualizovany harmono-
gram zohladnoval stiesnené pomery na portdli a uvazoval
s postupnou realizdciou ostatnych objektov, priCom price sa
mali uskutocnit’ v letnych, pripadne na zaciatku jesennych
mesiacov. Vychodiskovym bodom pre zaciatok prac bolo ukon-
¢enie vystavby sekunddrneho ostenia tunela. Zlozité IG pome-
ry sa vSak prejavili aj v prediienl’ doby vystavby sekunddrného
ostenia, ktord bola prekrocend o 114 dni. PretoZe organizicia
vystavby sekunddrneho ostenia bola vedena zo zdpadného por-
talu, nebolo mozné sdcasne betdénovat sekunddrne ostenie
a zdroven rozkopat predportdlovi plochu. A prave preto sa pre-
dizenie doby vystavby sekunddrneho ostenia nepriaznivo preja-
vilo na posune zaciatku vystavby ostatnych objektov. V cCase
pisania prispevku (janudr 2018) sa buduji vSetky stavebné
objekty na zdpadnom portali. Ich vystavba zacala takmer sticas-
ne (november 2017), ¢as na ich realizdciu sa skratil a vSetky
prace prebiehaji v zimnom obdobi.

Vzhladom na madlo tnosné podloZie projektant takmer vo
vSetkych vykopoch pre zdkladové pasy mirov a konstrukcif
Sacht poZzaduje overit' inosnost zdkladovej pddy statickou zata-
zovacou skuskou. Vykopy pre kablové Sachty siahaji do hibky
3,5 m pod korunu budicej vozovky. To si vyzaduje zabratie
znacnej plochy na vytvorenie zjazdov do vykopu pre mechani-
zaciu potrebnu ku statickej zatazovacej skuske. Aby sa prace
urychlili, zniZili sa naroky na plochu potrebnid na vytvorenie
zjazdov, a aby nedochéddzalo k ovplyvnovaniu préac na jednotli-
vych objektoch, zhotovitel zniZil dno celej predportdlovej plo-
chy ccao 1,0 m.

TuHel

Doprastav, a.s. consortium ended. But the work on the Zilina
tunnel for Doprastav, a.s., continues further by realising other
structures at the tunnel portal.

The eastern portal construction is not complicated in terms
of geology or construction engineering. Despite the fact that
this portal is also located in a claystone-sandstone formation,
the tectonic faults which significantly manifested themselves
at the western portal have not appeared at the eastern portal.
The ground water inflow is only minimal. Of the structures
located at the western portal, the only structures located here
comprise the ending of the drainage of the intermediate
waterproofing layer (construction object SO 454-00) and the
pipeline feeding the fire main (SO 457-00) from the fire pro-
tection reservoir. With respect to the organisation of work
operations in the tunnel proceeding from the western portal,
the realisation of construction work on these objects is not at
all influenced by operations in the tunnel tubes.

A more complicated situation exists at the western portal.
There are construction objects or their parts there which are
directly affected by the realisation of the tunnel (see Fig. 6).
They comprise the following objects:

¢ SO 441-00 Western portal — final works;

¢ SO 441-00 Western portal — Cable routes;

e SO 444-00 LV distribution substation;

e SO 454-00 Tunnel drainage through the drainage system;

¢ SO 455-00 Roadway drainage;

e SO 457-00 Fire water distribution.

Construction of the other objects

After breaking both tunnels through, the contractor updated
the works schedule, in which the milestone No. 3 — Complete
breakthrough of tunnel tubes — was reflected. The updated
schedule took the restrained conditions at the portal into con-
sideration and contemplated gradual realisation of the other
objects, with the work carried out in the summer period or at
the beginning of the autumn period. The starting point for the
works commencement was the completion of the construction
of the tunnel secondary lining. The complicated EG conditi-
ons projected themselves also in the extension of the time of
the construction of the secondary lining, which was exceeded
by 114 days. Because the secondary lining construction orga-
nisation was led from the western portal, it was not possible
to concrete the secondary lining concurrently with digging up
the pre-portal area surface. This was the reason why the
extension of the secondary lining construction period reflec-
ted itself in shifting the commencement of the work on the
other construction objects. At the time of writing this paper
(January 2018) all structures at the western portal are under
construction. The construction work on them commenced
nearly concurrently (November 2017), the time available for
the construction was reduced and all work operations continue
during the winter period.

With respect to the little bearing capacity of the sub-grade,
the designer requires that the load-bearing capacity of subsoil
be verified nearly in all trenches for continuous footing of
walls and excavation for manholes by static loading tests. The
excavation for cable manholes reaches the depth of 3.5m under
the roadway crown. It requires the occupation of large pieces
of land for the creation of ramps descending to the excavation
bottom, required for the equipment used for static loading
tests. With the aim of accelerating the work, the requirements
for the area needed for the creation of the ramps were reduced




Jednym z faktorov ovplyvnujicich priebeh vystavby je po-
Casie, ktoré vyznamne vplyva na logistiku prisunu materia-
lov a zabezpecCovanie strojného vybavenia. Vykopové prace
komplikuji pritoky podzemnej vody podporované dazdivym
pocasim. Rozbahnend hornina vyrazne znizuje kvalitu zdkla-
dovej Skary a ovplyvnuje vysledky zatazovacich skuSok.
Pritekajiica voda z vykopov musi byt neustdle odCerpavana.
Pocas beténovania zdkladovych pdsov a kablovych Sacht
naopak boli teploty pod bodom mrazu, a tak niektoré prace
boli kvoli nizkym teplotdm prerusené, pripadne boli prijaté
opatrenia pre prace v zimnom obdobi. Nepriaznivé pocasie
vyznamne menilo harmonogram stavby. Preto sa pri koordi-
novani stavebnych prac dosledne sleduje projektova doku-
mentdcia vSetkych objektov vo vztahu k aktudlnej Casovej
postupnosti ich vystavby. Cielom je, aby nedoslo k zbytoc-
nym prestojom, k vzajomnému podkopdvaniu Sachiet, plos-
nych zakladov pre miry a nespravnej postupnosti pokladky
potrubi a kdblovodov kriZujicich sa v réznych vyskovych
drovniach.

Najvicsi rozsah prac z geotechnického hladiska predstavoval
objekt SO 441-00 a objekt SO 455-00.

SO 441-00 Zapadny portal - konedné Upravy

Predmetna Cast’stavby bezprostredne nadvizuje na stabiliza-
ciu portdlu pre razenie a stien stavebnej jamy, ktoré sd zabez-
pecené pilétovymi stenami a zemnymi lanovymi kotvami.
Definitivne tpravy zapadného portdlu tunela Zilina si rieSené
pre obe tunelové rury pomocou stabilizaénych vystuZenych
ndsypov s gabiénovym obkladom. Stabilitu pity vystuZenych
ndsypov budd zabezpecovat oporné mury.

Po oboch strandch portdlu si navrhnuté Zelezobeténové
obkladové miury pilétovych stien. Obkladové miury su zalo-
7ené na zakladovych pasoch. Zelezobeténové oporné a obk-
ladové mury su navrhnuté z monolitického betonu liateho do
debnenia. Povrchova tprava pohladovej plochy mirov je tvo-
rend vzorom ,kyklopského muriva®“ vloZenim matrice do
debnenia.

S vystavbou objektu sa zacalo zaciatkom 11/2017. Vo vyko-
poch pre zdkladové pésy (obr. 7) sa vzhladom na netinosné pod-
lozie vykonavala pre kazdy dilatacny celok statickd zatazovacia

Obr. 7 Vykop pre zdkladové pdsy obkladovych a zdrubnych miirov, po pravej
strane zdkladovd konstrukcia pre rozvodnu NN

Fig. 7 Excavation for continuous footing of cladding and revetment walls,
foundation structure for the LV substation pictured right
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and the contractor lowered the bottom of the whole pre-portal
area by ca 1.0m to prevent affecting the work on individual
objects.

Weather is one of the factors influencing the course of con-
struction. It significantly influences material supply logistics
and providing mechanical equipment. Excavation operations
are complicated by inflows of ground water supported by
rainy weather. Muddy ground significantly lowers the quality
of foundation base and affects results of loading tests. Water
flowing to the excavation has to be continually pumped out.
On the contrary, temperatures were permanently under the ice
point during concreting the strip foundations and cable man-
holes. For that reason some work was interrupted because of
low temperatures or measures were adopted for the work per-
formed in winter season. The adverse weather significantly
changed the works schedule. For that reason the design docu-
mentation for all structures is consistently checked in relation
to the time-related sequence of their construction. The objec-
tive is to prevent unnecessary downtimes, undermining of
manholes and spread footings of walls by other lines, and
incorrect sequences of laying pipelines and cableways cros-
sing each other at various levels.

The largest extent of work in terms of geotechnics was
represented by object SO 441-00 and object SO 455-00.

SO 441-00 Western portal — final works

The construction part in question immediately follows the
stabilisation of the portal for tunnel excavation and the exca-
vation pit walls, which are stabilised with pile walls and cable
earth anchors. The final work on the Zilina tunnel western
portal is solved for both tunnel tubes by means of reinforced
earth stabilisation embankments with gabion cladding. The
stability of the base of the reinforced earth embankments will
be provided by retaining walls.

Reinforced concrete walls cladding the pile walls are designed
on both sides of the portal. The cladding walls are built on strip
foundations. Cast-in-situ concrete poured behind formwork is
designed for the reinforced concrete retaining and cladding walls.
The surface finish of the visible surface of the walls is formed by
inserting a “cyclopean pattern matrix” into the formwork.

The construction of the object commenced at the beginning
of November 2017. Static loading tests were conducted in
trenches for each expansion block of foundation strips (see
Fig. 7) with respect to the non load-bearing sub-grade.
Deformation parameters did not reach the values prescribed
by the design. For that reason the depth of the excavation had
to be increased. A gravel cushion from sharp-edged gravel
was subsequently carried out under the foundation strips. The
excavation operations were complicated by inflows of ground
water, which significantly decreased the quality of the foun-
dation base. Concreting of strip foundation for the cladding
and retaining walls was finished in the middle of December
2017. The wall construction fluency is influenced by techno-
logy breaks, which are necessary for the realisation of man-
holes in their vicinity.

SO 455-00 Roadway drainage

The subject of this object is even a part of pre-portal areas
where the sewerage situated outside tunnel tubes is solved. An
emergency retention basin on the sewerage is also designed. The
basin consists of two interconnected pre-cast reinforced concrete
basins. The overall volume of the basin amounts to 160m3. The
dimensions of the basin are 16.8m x 9.Im x 5.5m (I x w x h).
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skiska. Deformacné parametre nedosahovali projektom stano-
vené hodnoty, preto musel byt vykop prehiben)’/. Nasledne sa
pod zdklad vyhotovil Strkovy vankds z ostrohranného Strku.
Vykopové prace komplikovali pritoky podzemnej vody, ktoré
vyrazne znizovali kvalitu zdkladovej Skdry. Zakladové pdsy pre
obkladné aj oporné mury boli dobeténované v polovici decem-
bra 2017. Plynulost' vystavby murov je ovplyvnend technologic-
kymi prestavkami, ktoré st potrebné na realizaciu Sachiet v ich
blizkosti.

SO 455-00 Odvodnenie vozovky

Predmetom objektu je aj Cast predportalovych ploch, kde sa
rieSi kanalizdcia, ktord je situovand mimo tunelovych rir. Na
kanalizacii je navrhovana taktieZ havarijnd akumula¢na nadrz.
Nadrz pozostdava z dvoch navzdjom prepojenych zZelezobet6-
novych prefabrikovanych nddrzi. Celkovy objem nddrZe je
160 m3. Rozmery stavebnej jamy st 16,8 m x 9,1 m x 5,5 m
(vxs$xh).

Vzhladom na stiesnené pomery na portdli bol navrhnuty
sklon svahov pre stavebnd jamu 2:1. Po vypocte stability
svahu a posudeni vykopovej jamy bolo potrebné vSetky svahy
jamy spevnit’ klincovanim (obr. 8) zemnymi klincami @ 25
mm, v rastri 1,5 x 1,25 m, vrtmi min. 51 mm. Klince si vita-
né v sklone 20°. Diiky klincov su: prvé dva rady 6,0 m, treti
rad 4,0 a Stvrty rad, najblizsie k terénu, diiky 2,0 m. Svahy
vykopu st spevnené striekanym beténom C20/25, min. hrubky
150 mm a sietou KARI @ R8 x 150/150. V zmysle projektovej
dokumentdcie je na dne stavebnej jamy potrebné vykonat’ sta-
tickd zataZovaciu skusku. V Case pisania prispevku je vykop
stavebnej jamy v drovni prvého radu zemnych klincov. V pri-
pade nedostatoCnej Unosnosti zdkladovej Skdry bude tato
odkopana, nahradend kamenivom a statickd zatazZovacia skus-
ka sa zopakuje.

ZAVER

Cielom cldanku bolo pribliZit' pracu zhotovitela tunela
Zilina, ktord neskoncila ukon&enim vystavby sekundérneho
ostenia. Tunel je komplexné stavebné dielo, ktorého siicastou
su taktieZ objekty, ktoré ¢o do rozsahu prac nie si hlavnymi
pracovnymi Cinnostami. Realizdcia takychto objektov byva
Casto podcenovand ¢i uz z ¢asového hladiska, alebo z hladis-
ka potreby kvalifikovanych pracovnych sil. Poziadavky na
kvalitu a presnost’ realizovanych prac si v§ak vyZzaduji sku-
senych pracovnikov — geodetov, armovacov, betonarov atd.,
ako aj manazérsky zdatného vediceho stavby, ktory musi cit-
livo reagovat na aktudlnu situdciu na stavbe a na jej zdklade
operativne riadit postup jednotlivych pric.
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Obr. 8 Klincovany svah stavebnej jamy pre havarijnii akumulacnii nddrz
Fig. 8 Slope of construction pit for emergency retention basin stabilised
with nails

With respect to the restrained conditions at the portal, slo-
pes reposing at 2:1 were designed for the construction pit.
After the calculation of the slope stability and assessment of
the excavation pit it was necessary to reinforce all slopes of
the pit by nailing (see Fig. 8), soil nails @ 25mm installed at
1.5 x 1.25m grid, boreholes 51mm in diameter as a minimum.
Holes for nails are drilled at an angle to horizontal of 20°. The
following lengths of the nails were used: 6.0m in first two
tiers, 4.0m in the third tier and 2.0m in the tier closest to the
terrain surface. The slopes of the excavation pit are reinforced
with minimally 150mm thick layer of C20/25 grade shotcrete
and KARI welded mesh @ R8 x 150/150. According to the
design documents it is necessary to conduct a static loading
test on the construction pit bottom. At the time of writing this
paper the construction pit excavation is at the level of the first
tier of soil nails. In the case of insufficient loading capacity of
the foundation base the base will be dug out, replaced with
aggregates and the static loading test will be repeated.

CONCLUSION

The objective of the paper was to outline the work of the
contractor for the Zilina tunnel, which has not ended by the
completion of the secondary lining. The tunnel construction is
complex construction work parts of which are objects which
are not the main work activities in terms of the extent of work.
The realisation of such objects is often underestimated both
from the aspect of time or the aspect of the need for qualified
work forces. Nevertheless, requirements for quality and accu-
racy of the realised work require experienced workers — surve-
yors, steel fixers, concrete placers etc., as well as a manage-
rially competent construction manager, who has to sensitively
respond to current situation on site and operatively manage the
advance of individual work operations on its basis.

MICHAL FUCIK, michal fucik@doprastav.sk,
Ing. IVETA SNAUKOVA, PhD.,
iveta.snaukova@doprastav.sk,

Doprastav, a.s.
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TECHNOLOGICKE ZARIADENIA TUNELOV NA USEKU D3
SVRCINOVEC - SKALITE
TECHNOLOGY EQUIPMENT OF TUNNELS
IN THE SVRCINOVEC - SKALITE SECTION OF THE D3 MOTORWAY

MARTIN MACKO

ABSTRAKT

Skiisenosti s realizdciou technologickych zariadent v tuneloch boli a vidy budii vyznamnym prinosom do portfolia poznatkov realizu-
Jucich firiem ako aj odbornej verejnosti. Cielom tohto prispevku je podat Citatelom zdkladne informdcie o ndrocnom projekte a o reali-
zdcii technologie dialhi¢nych tunelov Svrcinovec a Polana na Kysuciach. V prispevku je podrobnejsie opisand technologia tunelov
Svré¢inovec a Polana z pohladu jej naprojektovania a ndslednej realizdcie.

ABSTRACT

Experience with the installation of technology equipment in tunnels have always been and will always be a significant contribution to the port-
Jolio of knowledge gathered by realising companies and the professional public. The objective of this paper is to provide readers with basic infor-
mation about the demanding design and the installation of the equipment of the Svrcinovec and Polana motorway tunnels in the region of Kysuce.
The paper contains a more detailed description of the technology equipment of the Svrcinovec and Polana tunnels from the design and subsequ-

ent realisation points of view.

UvoD

V severnej Casti Slovenska na Kysuciach v mieste rozmed-
zia troch Statov bol vybudovany novy dialni¢ny tdsek D3
Svréinovec — Skalité, ktory je dlhy viac ako 12 km, na ktorom
sa nachadzaji dva tunely a to tunel Svréinovec (435 m)
a tunel Polana (898 m). Tunely boli realizované v geologicky
ndro¢nom teréne a vybudované len s jednou rdrou s oboj-
smernou premavkou v pravom jazdnom pése dialnice D3.
V Tavom jazdnom pdse dialnice boli vybudované tnikové
$télne. Cielom ¢lanku je priblizit' pouzité technologické zaria-
denia vrdtane ich montdze (obr. 1). Dialni¢ny usek skracuje
motoristom Cas jazdy medzi Svréinovcom a $tatnou hranicou
s Polskou republikou oproti existujicej ceste 1/12 takmer
0 10 min. Tento usek dialhice vratane tunelov bol pre motori-
stov otvoreny 10. jina 2017.

NAPAJANIE TUNELOV ELEKTRICKOU ENERGIOU

Prevadzka technologickych zariadeni tunelov je zabezpece-
nd napajanim z dvoch nezavislych zdrojov elektrickej energie.
Prvym zdrojom je vzdus$na pripojka VN z distribucnej siete 22 kV
spolo¢nosti SSE-D, a.s. Kablova pripojka z tejto siete je
privedend do prevadzkovo-technologickych objektov (PTO)

Obr. 1 Priprava pre montdz kdblov v tuneli Poluna
Fig. 1 Preparation for the installation of cables in the Polana tunnel

INTRODUCTION

The new, over 12km long, Svr¢inovec — Skalité section of
the D3 motorway has been completed in the northern part of
Slovakia, in the region of Kysuce, in the location of the inter-
section of borderlines of three states. The section contains two
tunnels, the 435m long Svrcinovec tunnel and the 898m long
Polana tunnel. The tunnels were realised within a geological-
ly complicated terrain. The single-tube tunnels carrying the
bi-directional traffic flow were built only on the right-hand
carriageway of the D3 motorway. Escape galleries were built
on the left-hand carriageway of the motorway. The objective
of the paper is to outline the technology equipment used,
including its installation (see Fig. 1). In comparison with the
existing I/12 road, the motorway section reduces the driving
time between Svréinovec and the border with the Polish
Republic nearly by 10 minutes. This motorway section including
tunnels was opened to traffic on 10th June 2017.

ELECTRICAL POWER SUPPLY TO TUNNELS

The operation of technology equipment of tunnels is ensured
by supplying electrical power from two independent sources.

Obr. 2 Montdz rozvddzaca VN v rozvodni
Fig. 2 Installation of a HV switchboard in a substation
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R g ﬁ-
Obr. 3 Transformdtory 630 kVA umiestené v PTO
Fig. 3 Transformers 630kVA installed in the OTB

nachddzajicich sa na zdpadnych portdloch tunelov a zaudstena
do privodného pola 22 kV vzduchom izolovaného rozvadzaca
VN. Rozvadzace (obr. 2) obsahuji aj druhé rezervné privodné
pole, pole merania (iba na tuneli Polana) a dve vyvodové
polia na dvojicu suchych epoxidovych distribu¢nych transfor-
matorov (obr. 3) s automatickym zdskokom na NN strane.
Distribu¢né transformatory na tuneli Svré¢inovec maji vykon
250 kVA, na tuneli Polana 630 kVA. VSetky transformatory
maju prevody 22/0,42 kV.

V pripade straty napdjania z distribu¢nej siete je k dispozi-
cii na oboch tuneloch druhy nezavisly zdroj — dieselagregat
(obr. 4). Dieselagregaty su v kapotovanom vyhotoveni,
v zdvislosti od zataZenia poskytuji na jednu palivovd nadrz
minimdlne 8 hodin prevadzky. Pri dlh§om ako 10sekundovom
vypadku distribu¢nej siete su za priblizne 8—10 s nastartované
a pripojené v ostrovnej prevadzke do NN siete tunela. Po sta-
bilnom obnoveni napdjania v distribu¢nej sieti riadiaca jednot-
ka dieselagregitu bez vypadku premanipuluje napdjanie na
distribu¢nd siet’a dieselagregat sa po dochladeni vypne a uve-
die opit’ do pohotovostného stavu.

Na bezvypadkové zalohovanie napdjania Zivotne dolezitych
zariadeni (centrdlny riadiaci systém tunela [CRS], premenné
dopravné znadenie, kamerovy systém atd.) sliZi staticky zdroj
nepretrzitého napdjania ndhradného UPS s vykonom 80 kVA.
Na uchovanie energie sa vyuzivaji dve batériové polia, z kto-
rych kazdé obsahuje 33 sériovo zapojenych 12 V batérii.

Tab. 1 Energetickd bilancia tunelov Svré¢inovec a Polana

tunel Svréinovec  tunel Polana

inStalovany prikon (kW) 285,7 568,7
sucasny prikon (kW) 186 342
transformator (kVA) 250 630
UPS (kVA) 80 80

dieselagregat (kVA) 300 575

Rozvod elektrickej energie v oboch tuneloch je na urovni
nizkeho napitia. Okrem budov PTO na zdpadnych portdloch
tunelov su dolezité napéjacie uzly v priecnom prepojeni tune-
la Svr¢inovec a v elektrorozvodni v nidzovom zdlive ¢. 2
v tuneli Polana (obr. 5).

OSVETLENIE TUNELOV

Osvetlenie je najrozsiahlejSi technologicky celok. Zacina
osvetlenim dialnice pred portdlmi tunelov — pred kazdym por-
tdlom sa nachddza 5 osvetlovacich stoZiarov vysky 10 m, so
svietidlom s vysokotlakovou vybojkou 250 W osadenom na

Obr. 4 Dieselagregdt pre tunel Polana
Fig. 4 Diesel generating set for the Polana tunnel

The first of them is an overhead HV line leading from a 22kV
distribution network owned by the company of SSE-D,
a.s. The service cable line from this network is brought to ope-
rations-technology buildings (OTB) located at the western
portals of the tunnels. It is connected to the 22kV power inlet
block of an air-insulated HV switchboard. In addition, the
switchboards (see Fig. 2) contain other reserve inlet blocks,
a measurement block (only in the Polana tunnel) and two out-
let blocks to a pair of epoxy resin dry-type distribution trans-
formers (see Fig. 3) with automatic stand-by supply on the LV
side. The ratings of the distribution transformers for the
Svréinovec tunnel and Polana tunnel are 250kVA and
630k VA, respectively. The ratios of all of the transformers are
22/0.42 kV.

Second independent power source — a diesel generating set
(see Fig. 4), is available in case of loss of power supply from
the distribution network. Diesel generating sets are in a jac-
keted design; they allow for 8 hours of operation per one fuel
tank as a minimum, depending on the loading. In the case of
a distribution network failure longer than 10 seconds, they
are started and connected in the off-grid operation to the tun-
nel LV network in approximately 8—10 seconds. After stable
restoration of power supply in the distribution network, the
control unit of the diesel generating set switches the supply
over to the distribution network and, after cooling, the diesel
generating set is turned off and put again into the standby
regime.

A static 80kVA uninterruptible power supply unit (UPS) is
provided for backing up supplying power to vital equipment
components (the central tunnel management system, CMS,
variable traffic signs, the camera system, etc.). Two battery
arrays, each consisting of 33 pieces of 12V batteries conne-
cted in series, are used for the storage of energy.

Table 1 Energy balance of the Svrcinovec and Polana tunnels

Svréinovec tunnel Polana tunnel

installed power input (kW) 285.7 568.7
simultaneous power input (kW) 186 342
transformer (kVA) 250 630
UPS (kVA) 80 80

diesel generating set (kVA) 300 575



Obr. 5 Rozvddzace v rozvodni NN v niidzovom zdlive
Fig. 5 Switchboards in a LV substation located at an emergency lay-by

1,5 m dlhom vyloZniku. Osvetlenie v tuneli je tvorené takisto
svietidlami s vysokotlakovymi sodikovymi vybojkami.
Akomodacné osvetlenie sliZiace na adaptaciu zraku vodicov
na vjazde do tunelov (zo vSetkych portdlov) tvori ststava svieti-
diel s asymetrickymi reflektormi a vykonmi 400 W (80 ks), 250 W
(14 ks) a 150 W (16 ks). Svietidld maju moznost reguldcie vyko-
nu na 50 % a st rozdelené do 3 skupin. Takto vytvorend stistava
svietidiel akomodatného pdsma ma 6 regulaénych stupnov.
Reguldciu vykondva centrdlny riadiaci systém tunela na zdklade
udajov vonkajSieho jasomera (rozsah 0-6000 cd.m-2) a vnutorné-
ho jasomera (rozsah 0-500 cd.m-2). Okrem akomoda¢ného osvet-
lenia je v tuneli aj prejazdové osvetlenie tvorené svietidlami
s vysokotlakovymi sodikovymi vybojkami 250 W (obr. 6) a syme-
trickymi reflektormi. Svietidld si umiestnené po celej dizke tune-
la vo vzdialenostiach 19 m medzi sebou. Jedinou vynimkou su
nidzové zalivy v tuneli Polana, kde su svietidld zhustené a takis-
to samotné osvetlenie nidzovych zdlivov vyuZiva halogenidové
vybojky namiesto sodikovych — tie maju vyssiu teplotu chroma-
tickosti (3000 K oproti 1950 K) —ich ,,belSie* svetlo zniZuje optic-
ki monoténnost pri prejazde tunelom. Vsetky prejazdové svietid-
14 st napdjané zo zdlozZného zdroja UPS. Akomodacné a prejaz-
dové svietidld si umiestnené na samostatnych nosnych konstruk-
cidch mimo hlavnej kdblovej trasy v tuneli. Této trasa je vyhoto-
vend ako normova kablova trasa na trvald dodavku elektricke;j
energie pri poziari v stilade s STN 92 0205. Svietidld aj kdblova
trasa je v nerezovom vyhotoveni 1.4571 (316Ti).

V tuneli vyznamne prispieva k jeho bezpecnosti aj poZiarne
nudzové osvetlenie tnikovych ciest (obr. 7). Toto osvetlenie

Obr. 6 Prejazdové svietidlo 250 W so symetrickym reflektorom vo vrchole
klenby a akomodacné svietidld 400 W s asymetrickymi reflektormi (na kraji)
Fig. 6 Interior lighting fixture 250W with a symmetric reflector (on the cent-
re line) and accommodation luminaires 400W with asymmetric reflectors (at
tunnel entries) located at the top of the vault
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The power distribution systems are at the low voltage level
in both tunnels. Apart from the OTB buildings at the western
portals of the tunnels, power-supply nodes in the cross passa-
ge in the Svrcinovec tunnel and in the electrical substation
located at the emergency lay-by No. 2 in the Polana tunnel
(see Fig. 5) are also important.

TUNNEL LIGHTING

The lighting is the most extensive tunnel equipment com-
plex. It begins by the illumination of the motorway in front of
tunnel portals. There are 5 pieces of 10m-high lighting posts
there, carrying 250W high-pressure lamps installed on 1.5m
long cantilevers. The lighting inside the tunnel is also provi-
ded by luminaires with high-pressure sodium discharge
lamps. The accommodation lighting allowing for the adapta-
tion of driver’s sight at the entries to the tunnels (from all por-
tals) is formed by a system of luminaires with asymmetric ref-
lectors and wattages of 400W (80 pieces), 250W (14 pcs)
and 150W (16 pcs), respectively. The output of the luminaires
can be regulated down to 50%. They are divided into 3
groups. The system of the accommodation zone luminaires
created in the above-described way has got 6 regulation
degrees. The regulation is performed by the central tunnel
management system on the basis of the data provided by an
external luminance meter (0—6000cd.m-2 range) and an inter-
nal luminance meter (0-500 cd.m-2 range). Apart from the
accommodation lighting, there is the interior lighting installed
in the tunnel. It consists of 250W high-pressure sodium dis-
charge lamps (see Fig. 6) and symmetric reflectors. The lumi-
naires are installed at 19m intervals throughout the tunnel
length. The only exception is the illumination of emergency
lay-bys in the Polana tunnel, where the spacing of the lumi-
naires is reduced and metal-halide lamps are used instead of
sodium lamps. Their chromaticity temperature is higher
(3000K in contrast with 1950K). The whiter light of these
luminaires reduces the optical monotony during the passage
through the tunnel. All interior luminaires are fed from the
UPS. The accommodation luminaires and internal luminaires
are installed on independent support structures, off the main
cable route in the tunnel. This route is carried out as a stan-
dard cable route for permanent supplying electrical power
during a fire, in compliance with the STN 92 0205 standard.
The luminaires and the cable route are in stainless steel grade
1.4571 (316Ti).

The emergency fire lighting along escape routes (see Fig. 7)
significantly contributes to safety in the tunnels. This lighting
is formed by combined LED evacuation luminaires. The lumi-
naire combines a safety sign marking the closest emergency
exits and orientation point lighting the purpose of which is to
transilluminate smoke in the tunnel. The luminaire is installed
on the tunnel lining, at a height of approximately 1.2m above
the walkway. The escape galleries are illuminated with 52W
LED luminaires.

TUNNEL VENTILATION

The tunnel ventilation system is designed to cope with the
cases of reduced opacity inside the tunnel, increased concent-
ration of CO, smoke logging or an accident accompanied by
a fire and smoke.

With respect to the length of the Svr¢inovec tunnel tube,
the ventilation is without fans. It is provided by natural air
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Obr. 7 Osvetlenie tunela v niidzovom stave
Fig. 7 Tunnel illumination in the emergency state

je tvorené kombinovanym evakuacnym LED svietidlom.
Tvori ho bezpecnostna znacka oznacujica najblizsSie nidzové
vychody a orientatné bodové osvetlenie, ktorého tdlohou je
presvietit' zadymenie v tuneli. Svietidlo sa nachddza na osten{
tunela vo vyske priblizne 1,2 m. Unikové $tdlne tunelov si
osvetlené 52 W LED svietidlami.

VETRANIE TUNELOV

Pre pripady zniZenej opacity v tuneli, zvySenej koncentracie
CO, zadymenia alebo nehody s poziarom a dymom slizi na
vysporiadanie sa s tymito situdciami vetranie tunela.

Vetranie tunelovej rury tunela Svréinovec je vzhladom na
dizku tunela riesené bez ventildtorov, tj. prirodzenym pride-
nim od cestnej dopravy a meteorologickymi vplyvmi.
Vetranie udnikovej Stolne (vytvdranie pretlaku) je riesené
pomocou 4 ks pridovych ventilatorov (7,5 kW) pod stropom
Stolne, kde 2 ventildtory si umiestnené v zdpadnej Casti vstu-
pu do $tdlne (10 m a 90 m od vstupu) a zvySné 2 si umiest-
nené v rovnakych vzdialenostiach od vstupu do S$tdlne
z vychodného portdlu. Kazdy ventilator je riadeny frekvenc-
nym meni¢om. Unikova §tolfia je otvorend, bez pretlakovej
komory so vstupnou mreZou a mreZovymi dverami.

V tuneli Polana je na pozdiine vetranie tunelovej rdry insta-
lovanych 8 pridovych ventilatorov (4 dvojice vo vzdialenosti
priblizne 100 a 200 m od portdlov) vykonu 30 kW so static-
kym tahom 850 N. Ventilatory (obr. 8) su plne reverzibilné
a pre zabezpecenie plynulej reguldcie je pre kazdy ventilator
pouzity frekvencny menic. Plynuld reguldcia v obojsmernom
tuneli pri automatickom poZiarnom vetrani umoznuje dosiah-
nut’ cielovi hodnotu pridenia vzduchu (cca 1 m/s) do 120 s,
¢im spiﬁa poziadavky TP 049 (povodné znacenie TP
12/2011). Vetranie unikovej S$tolne je rieSené pretlakovymi
komorami na oboch portdloch. Ventildtory o vykone 7,5 kW
v pretlakovych komordch su riadené frekvenénym meni¢om.

POZIARNA SIGNALIZACIA, TUNELOVY ROZHLAS, RADIOVE
SPOJENIE, KAMEROVY SYSTEM, MERANIE FYZIKALNYCH
VELICIN, POZIARNY VODOVOD A DALSIA TECHNOLOGIA

Moderné tunely obsahuji mnozstvo technologickych zaria-
deni, ktoré sliZia na zabezpeCenie prevadzky tunela, ktord
obsluhuje, riadi a kontroluje CRS. Elektro-poZiarnu signaliza-
ciu (EPS) v tuneloch tvori opticky liniovy tepelny hlédsi¢ —
opticky kdbel, ktory sa tiahne v tuneli z budovy PTO v slucke
na koniec tunela a spét, priCom v pripade ohrevu v niektorom
mieste nad 60 °C hldsi poziar vo vopred nastavenej poZiarnej
zéne do CRS. Okrem toho si v tuneli inStalované aj opticko-
dymové a tlacidlové hlasice. Tunelovy rozhlas v tuneli dokaze

Obr. 8 Bo¢ny pohlad na ventildtory tunela Polana
Fig. 8 A side view of fans in the Polana tunnel

flow induced by the traffic and meteorological effects. The
ventilation of the escape gallery (creating a positive pressure)
is solved by means of 4 jet fans (7.5kW) installed under the
gallery roof, where 2 fans are located in the western part of
the gallery entrance (10m and 90m from the entrance) and the
remaining two are located at equal distances from the entran-
ce to the gallery from the eastern portal. Each fan is control-
led by a frequency converter. The escape gallery is open, with-
out any pressurisation chamber, with a grated entrance and
a gate barrier.

In the Polana tunnel, the longitudinal ventilation of the tun-
nel tube is provided by 8 pieces of 30kW jet fans (4 pairs
installed at the distance of about 100m and 200m from the
portals) with 850N static draught. The fans (see Fig. 8) are
fully reversible and a frequency convertor is used for each fan
so that fluent regulation is ensured. The fluent regulation in
the bi-directional traffic tunnel with an automatic fire ventila-
tion system allows reaching the target value of the air flow
rate (ca 1m/s) in 120 seconds, thus meeting the requirements
of the TP 049 specifications (original marking TP 12/2011).
The ventilation of the escape gallery is solved by pressurisa-
tion chambers at both portals. The 7.5kW fans in the pressuri-
sation chambers are controlled by frequency converters.

FIRE DETECTION SYSTEM, PUBLIC ADDRESS SYSTEM,
WIRELESS COMMUNICATION SYSTEM, CAMERA-
BASED SYSTEM, PHYSICAL VALUES MEASUREMENT
SYSTEM, FIRE MAIN SYSTEM AND OTHER TUNNEL
EQUIPMENT

Modern tunnels contain a lot of technology equipment
designed to secure the tunnel operation, which is served,
managed and checked by the CMS. The electrical fire alarm
and detection system in tunnels is formed by an optical line-
ar heat detector — an optical cable running along the tunnel
from the OTB building, looping at the tunnel end and running
back. When it is heated at some point to a temperature exce-
eding 60°C, it reports a fire within the preset fire zone to the
CMS. In addition, optical and break-glass manual smoke
alarms are installed in the tunnel. The public address system
in the tunnel is capable of announcing pre-recorded informa-
tion or directly operator’s instructions to 4 separate zones —
the tunnel tube, the western portal, the eastern portal and the
escape gallery. The radio communication system in the tun-
nels is provided by radiating cables (see Fig. 9). They ensu-
re walkie-talkie communications among rescue units, the
NDS (National Highway Company) operation, the signal for
4 FM stations (allowing playing of recorded messages or



Obr. 9 Montdz anténneho kdbla
Fig. 9 Installation of the antenna cable

samostatne hldsit' vopred nahraté spravy alebo priamo pokyny
od operatora do 4 samostatnych zén — tunelova rdra, zdpadny
portal, vychodny portdl a tnikova $tdlna. Radiové spojenie
v tuneloch tvori sdstava vyZarovacich kablov (obr. 9), ktoré
zabezpecuju komunikdciu vysielackami zachrannych zloziek,
prevadzky NDS, signdl pre 4 FM stanice (s moznostou prehra-
tia nahranych sprav alebo priamo pokynov od operitora do
autoradif v tuneli) a pokrytie GSM/LTE.

Kamerovy systém v tuneli so statickymi a oto¢nymi kame-
rami a video detekciou umoZnuje operdtorom priamy dohlad
nad dianim v tuneli. Meranie opacity a CO je integrované
v jednom pristroji, ktory je umiestneny na zaciatku tunela vzdy
niekolko metrov od portdlu. Tunely s takisto vybavené aj
dymovymi hlasi¢mi inStalovanymi priblizne kazdych 150 m
(Svr¢inovec 4 ks, Polana 7 ks). Tieto snimace informuji operd-
torov o zadymeni v tuneli, a v pripade tunela Polana sa podie-
laji na poskytovani informdcii pre reguldciu vetrania. Pre
reguldciu vetrania na tuneli Polana sliZi aj trojica meracov
rychlosti pridenia vzduchu (anemometrov). Na Svrcinovci je
jeden takyto pristroj v strede tunela, ktory ddva informdcie
o smere pridenia a predpokladaného Sirenia dymu. Dopravné
znacenie v tuneli tvoria premenné dopravné LED znacky a iné
podsvietené LED znacky (obr. 10). Sucastou je aj vodiace
osvetlenie na obrubnikoch tunela so stupnovitou reguldciou
intenzity svietenia a dvoma rezimami blikania, ktoré upozor-
nuji vodi€ov na zmenu situdcie v tuneli. PoZiarny vodovod
zabezpecuje v tuneli distribiciu vody pre pripad hasenia poZzia-
ru, ale aj pocas idrzby a umyvania tunela. Na Polane je vodo-
vod trvale zavodneny s ohrevom potrubia v celej dizke tunela,
na Svréinovci je vodovod realizovany ako suchovod s automa-
tizovanym zavodnenim tunela v pripade poZiaru.

ZAVER

Technologické zariadenia v tuneloch sa neustdle vyvijaju
a kopiruji najnovSie poznatky a skusenosti z technického
vyvoja a prevadzky tunelov. Tunely Svréinovec a Polana pat-
ria medzi moderné tunely, ktoré dosahuji poprednud eurépsku
droven z hladiska prevadzky, idrzby a bezpecnosti.

Ing. MARTIN MACKO, martin.macko@doprastav.sk,
Doprastav, a.s.

Recenzovali Reviewed: Ing. Sonia Masarovicovd,

Ing. Igor Jamnicky
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Obr. 10 Premenlivé dopravné znacenie na vychodnom portdli tunela
Svréinovec

Fig. 10 Variable message signs at the eastern portal of the Svréinovec
tunnel

transmitting operator’s instructions directly to car radios in
the tunnel) and the GSM/LTE coverage.

The camera-based system in the tunnel containing static and
swivelling cameras and the video detection system allows for
direct operator surveillance over events in the tunnel.
Measuring the opacity and CO is integrated in one instrument,
which is installed at the beginning of the tunnel, always seve-
ral metres from the portal. The tunnels are in addition equip-
ped with smoke detectors, which are installed approximately
every 150 metres (four pieces in the Svrinovec tunnel and
seven pieces in the Polana tunnel). These sensors inform the
operators about smoke logging in the tunnel and, in the case
of the Polana tunnel, participate in providing information for
the ventilation control. In addition, a triplet of air flow velo-
city meters (anemometers) is installed for the ventilation con-
trol purpose. In the Svréinovec tunnel, one instrument of this
type is installed on the tunnel centre line. It provides infor-
mation about the direction of air flow and the assumed sprea-
ding of smoke. The road signalling system comprises variab-
le LED traffic signs and other LED backlit signs (see Fig. 10).
Kerbside guidance lighting provided with stepped regulation
of the light and two blinking regimes, alerting drivers to chan-
ges in the situation in the tunnel, is also part of the system.
The fire main ensures the distribution of water in the tunnel in
case of fire suppression, but also during the tunnel mainte-
nance and washing. In the Polana tunnel, the fire main is per-
manently filled with water and the pipeline is heated through-
out the tunnel length. In the Svr¢inovec tunnel, the fire main
is dry, with automated filling with water in the case of a fire.

CONCLUSION

Tunnel equipment is continuously developing, copying the
newest knowledge and experience gained from the technical
development and operation of tunnels. The Svréinovec
and Polana tunnels belong among modern tunnels reaching
the top level in terms of operation, maintenance and safety.

Ing. MARTIN MACKO, martin.macko@doprastav.sk,
Doprastav, a.s.
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STAVEBNY DOZOR A DOZOROVANIE TUNELOV NA SLOVENSKU
PODLA ZMLUVNYCH PODMIENOK FIDIC

CONSTRUCTION SUPERVISION AND SUPERVISION OVER
TUNNELS IN SLOVAKIA ACCORDING
TO FIDIC CONTRACTUAL CONDITIONS

JOZEF CIZIK, MARTIN BAKOS

ABSTRAKT

V rdmci realizdcie projektov v stavebnictve, u nds najmd v dopravnej infrastruktiire budovanej s podporou Strukturdlnych fon-
dov EU, sa v priebehu poslednych desatroci ustdlila prax pouZivania Standardizovanych vzorovych zmliv, a to ¢i uZ na ndrod-
nej alebo na medzindrodnej virovni. Asi najzndmejsie na medzindrodnej tirovni siu Standardizované zmluvné podmienky vydané
FIDIC (Medzindrodnou federdciou konzultacnych inZinierov). Z toho pramenia aj niektoré charakteristiky vztahov medzi inves-
torom, zhotovitelom a stavebnym dozorom, ktoré tieto zmluvy zakladaju, a pre ktoré si zmluvné podmienky FIDIC na dodanie
stavebnych prdc preferované pred zmluvami o dielo vyplyvajiicich priamo z legislativy. Cielom prispevku je pribliZit proble-
matiku dozorovania dialni¢nych tunelov v Slovenskej republike, pricom prispevok vychddzal z 15rocnych skiisenosti a dosiah-
nutych poznatkov firmy Amberg Engineering Slovakia, s.r.o., ktord patri k poprednym spolocnostiam zaoberajiicim sa vykonom
stavebného dozoru doma aj v zahranici.

ABSTRACT

The use of standardised sample contracts has stabilised itself in Slovakia during recent decades within the framework of the
implementation of projects in the field of the construction industry, especially in the field of transport infrastructure being deve-
loped with the support of EU structural funds, no matter whether at the national or international level. Probably best known at
the international level are the standardised contractual conditions issued by FIDIC (the International Federation of Consulting
Engineers). Some characteristics of relationships among the project owner (client), contractor and client’s supervision (resident
engineer) stem from the conditions. These relationships are established on the basis of contracts and FIDIC contractual condi-
tions for supplying construction work are preferred to the contracts for work following directly from the legislation. The objec-
tive of this paper is to outline the problems of supervising the construction of motorway tunnels in the Slovak Republic. It is based
on 15-year experience and the knowledge gathered by the company of Amberg Engineering Slovakia, s. r. o., which belongs
among leading companies dealing with client’s supervision at home and abroad.

uvoD

Dozorovanie stavieb spolufinancovanych zo Strukturdlnych
fondov EU sa realizuje podla zmluvnych podmienok FIDIC. Na
Slovensku medzi investormi a subjektami poskytujicimi ¢innost’
stavebného dozoru absentuje pouZitie zmluvnych podmienok
FIDIC ,,Biela kniha®, tzv. vzorova zmluva o poskytovani sluzieb
medzi klientom a konzultantom. NajcastejSim typom pouZiva-
nych zmldv si zmluvy na poskytnutie sluZieb uzatvorenych podla
obchodného zdkonnika. Tieto zmluvy obsahuji poziadavky
a metodické pokyny pre vykon cinnosti stavebného dozoru.
Mnohé poziadavky z tychto zmldv, aj ked nepriamo, sa doty-
kaji zmluvnych podmienok FIDIC ,,Biela kniha®. Je len otdzkou
Casu, kedy si aj samotny investori zmluvny vztah so subjektami
poskytujicimi stavebny dozor Standardizuji pomocou zmluv-
nych podmienok FIDIC ,,Biela kniha*.

Zdakladnou vyhodou pri uplatiovani zmluvnych podmienok
FIDIC je skutocnost, Ze sa Standardizuji sttazné podmienky, ¢o
zjednoduSuje a zrychluje proces ziskavania financii na projekty
z eurépskych fondov a zjednodusuje sa pristup zahrani¢nych sub-
jektov na stavebny trh. Vysledkom toho je rozsirenie spektra
potencidlnych konkurentov, ¢o by sa malo odrazit na kvalite
poskytovanych sluzieb a na zniZeni cien uchddzacov o Cinnost’
stavebného dozoru.

Priprava vhodnej stratégie riadenia a jasny rozhodovaci proces
pripravy v rdmci kaZdého projektu sd podstatné veci pre tspeSné
pouzitie fondov danych k dispozicii z Eurdpskej unie, ako aj

vvvvv

INTRODUCTION

The supervision over construction projects co-funded from EU
structural funds is carried out in compliance with the FIDIC contrac-
tual conditions. In Slovakia, the use of the FIDIC agreement for con-
sulting services between the client and the consulting engineer, the
White Book, is absent. Contracts for services concluded according to
the Commercial Code are used most frequently. These contracts con-
tain requirements and methodical guidelines for the work of client’s
supervision engineers. Many requirements contained in the contracts
relate, even though indirectly, to the FIDIC “White Book™. It is only
the matter of time when project owners themselves standardise con-
tractual relationships with subjects providing client’s supervision ser-
vices using the FIDIC White Book contractual conditions.

The fact that the contractual conditions are being standardised is the
fundamental advantage in applying the FIDIC contractual conditions
since they simplify and accelerate the process of obtaining funding for
projects from European funds and simplify the access of foreign sub-
jects to the construction market. As a result, the spectrum of potential
competitors is expanded. It should be bounced back in the quality of
provided services and in reducing bid prices offered by candidates for
the consulting engineering services contract.

The preparation of an appropriate management strategy and the
clear decision-making process of the preparation within the frame-
work of each project are the things substantial for successful use of the
funds provided by the European Union and the loans made, for exam-

ple, by the European Investment Bank.



DRUHY A ROZDIELY V ZMLUVNYCH PODMIENKACH FIDIC

Zmluvné podmienky FIDIC su postavené na principe tzv. sku-
sené¢ho zhotovitela, o predpoklada dostatoné skiisenosti staveb-
nych firiem s riadenim zmluvy (préic, poZiadaviek, rizik, ndrokov,
atd.). Zakladnym znakom zmluvnych podmienok FIDIC je prin-
cip spravodlivého rozloZenia rizik medzi zmluvnymi stranami
(napr. riziko vysSej moci, riziko geologickych a hydrologickych
pomerov na stavenisku, riziko mimoriadne nepriaznivych klima-
tickych podmienok, ekonomické rizikd — napr. riziko poistenia,
valorizdcie atd’.).

Cela filozofia zmluvnych podmienok FIDIC vychéddza z roz-
delenia rizik medzi zmluvnymi stranami, z ktorych vyplyva
postavenie zhotovitela a investora vo vztahu k ich vzdjomnym
prdvam a povinnostiam zaloZenych na principe vyvaZenosti
a spravodlivosti. Spravodlivé rozloZenie rizik medzi investorom
a zhotovitefom vo vSeobecnosti znamend, Ze zodpovednost za
urcité riziko by mala byt na tej strane, ktord ma najlepSiu pozi-
ciu na jeho riadenie a kontrolu, ktord vie najlepSie predvidat
predmetné riziko (priprava vystavby), ktord dokdZze zabranit
vzniku rizika (realizdcia vystavby) a ktord riziko zapriCinila
(dosledky vystavby). NajcastejSie pouzivané zmluvnych podmie-
nok FIDIC su nasledovné:

e FIDIC Red Book (Cervené kniha, tzv. Postav);

* FIDIC Yellow Book (ZIté kniha, tzv. Vyprojektuj a postav);

e FIDIC Silver Book (Strieborna kniha, tzv. Vyprojektuj,

obstaraj a vyhotov);

e FIDIC Green Book (Zelena kniha, tzv. Skratena forma);

e FIDIC Gold Book (Zlata kniha, tzv. Vyprojektuj, vyhotov

a prevadzkuj);
e FIDIC White Book (Biela kniha, tzv. Vzorovd zmluva
o poskytovani sluZieb medzi klientom a konzultantom);

e FIDIC Blue-green Book (Modro-zelend kniha, tzv. Forma

zmluvy o bagrovacich a rekultiva¢nych pracach);

e FIDIC Podzhotovitelskd zmluva na vystavbu.

Na Slovensku su pre vystavbu tunelov najviac preferované
zmluvné podmienky FIDIC Cervend a ZIt4 kniha FIDIC, resp. ich
modifikécie. Hlavné rozdiely medzi tymito zmluvnymi podmien-
kami st uvedené v tab. 1.

Tab. 1 Rozdiely zmluvnych podmienok FIDIC Cervend a Zltd kniha
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TYPES OF FIDIC CONTRACTUAL CONDITIONS
AND DIFFERENCES BETWEEN THEM

FIDIC contractual conditions are based on the principle of the so-
called “experienced contractor”, which assumes sufficient experience
of construction companies with contract management (work, require-
ments, risks, etc.). The basic feature of the FIDIC contractual condi-
tions is the principle of fair distribution of risks among the parties to the
contract (for example, the risk of force majeure, the risk of geological
and hydrological conditions on site, the risk of exceptionally unfavou-
rable climatic conditions, economic risks — e.g. insurance risk, etc.).

The whole philosophy of the FIDIC contractual conditions is based
on the distribution of risks among parties to the contract, from which
the position of the contractor and project owner in the relation to their
mutual rights and obligations based on the principle of balance and
fairness follows. In general, the fair distribution of risks between the
project owner and the contractor means that the responsibility for
a certain risk should lie on the party which has the best position to
manage and check on it, which can best predict the risk in question
(construction pre-planning), which can prevent the risk (implementa-
tion of the construction) and which caused the risk (construction con-
sequences). The following FIDIC contractual conditions are used
most frequently:

¢ FIDIC Red Book (the so-called Construction);

e FIDIC Yellow Book (the so-called Design and Build contract);

* FIDIC Silver Book (the so-called EPC/Turnkey Projects);

e FIDIC Green Book (the so-called Short Form contract);

¢ FIDIC Gold Book (the so-called Design, Build and Operate form

contract);

e FIDIC White Book (the so-called Client/Consultant Model

Services Agreement);
e FIDIC Blue-green Book (the so-called Dredging-Reclamation-
Works form contract);

FIDIC Conditions of construction subcontract agreement.

In Slovakia, the FIDIC Red Book and FIDIC Yellow Book, respec-
tively their modifications, are most preferred for the construction of
tunnels. The main differences between the two contractual conditions
are presented in Table 1.

Table 1 Differences between FIDIC Red Book and FIDIC Yellow Book contractual conditions

parameter
parameter

Zlta kniha
Yellow Book

Cervena kniha
Red Book

rozdelenie rizik
risk distribution

viac na strane zhotovitela
more on contractor side

rozdelenie rovnomernejSie
more equal distribution

typ dokumentacie pre verejné obstaravanie
type of public procurement documentation

dokumentécia na
ponuku — investor
documents for tendering
— project owner

dokumentécia na
ponuku — investor
documents for tendering
— project owner

projekt pre realizaciu stavby zabezpecuje investor zhotovitel
detailed design is provided by project owner contractor
zaCiatok vystavby od datumu rozhodnutia o realizcii stavby investorom neskorsi skorsi
commencement of construction from the date of project owner’s later earlier

decision to carry out the construction

platby za prace
payment for the work done

vykaz vymer
bill of quantities

postup prac
work progress

flexibilita technického rieSenia mozna mozna
flexibility of technical solution possible possible
technické legislativa starSia aktudlna
technical legislation older current
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Pre spravne pouzitie v praxi je nevyhnutnd adaptdcia zmluv-
nych podmienok na konkrétny projekt a na konkrétne podmien-
ky prostrednictvom osobitnych podmienok (zvlastnych zmluv-
nych podmienok), vratane doplnenia tidajov v prilohe k ponuke
(priloha zmluvy o dielo). Prax dokazuje, Ze jednotlivi investori
tahaji v tomto pripade za krat$i koniec, ¢o je spdsobené nesku-
senostou a podcenenim viacerych dostupnych moznosti ipravy
zmluvnych podmienok a ich zostiladenim s platnou legislativou
(pravnym systémom). Takymto sposobom straca investor kon-
trolu nad riadenim rizik projektu.

Vo vSeobecnosti o vyhoddch a nevyhodach zmluvnych pod-
mienok podla Cervenej &i Zltej knihy FIDIC exaktne nemoZno
hovorit. Odpoved by mala zmysel, ak by bolo zndme, s akymi
inymi zmluvnymi podmienkami sa maji porovnavat, z pohladu
ktorej zmluvnej strany hodnotenie vychddza, a sicasne by bolo
potrebné poznat’ vietky délezité informdacie o projekte, na ktory
maju byt aplikované.

ROZDIELY MEDZI CERVENOU A ZLTOU KNIHOU FIDIC
PRI VYKONE KONTROLNEJ CINNOSTI STAVEBNEHO
DOZORU

Pred zaciatkom verejného obstardvania stavebného dozoru
cez verejné sitaZe bol stavebny dozor sucastou Struktiry inves-
tora. V neddvnej minulosti presli vSetci hlavni investori, ktor{
obstardvaju a realizuju inzinierske diela s finan¢nou podporou
zo Strukturdlnych fondov EU, na systém nezavislého externého
dozorovania stavieb.

Vyhodnost’ alebo nevyhodnost’ pouzitia ktoréhokolvek typu
zmluvnych podmienok, tj. akejkolvek farby knihy FIDIC, zdvisi
najmi od miery zloZitosti projektu, charakteru stavby a rozhodnu-
tia investora o miere vlastnej kontroly nad realizaciou projektu.

Stavebny dozor pri pouZiti zmluvnych podmienok Cervenej
a Zltej knihy FIDIC vykonava kontrolni &innost’ podla mecha-
nizmov, ktoré mu priamo vyplyvaji zo zmluvnych podmienok.
Hlavny rozdiel spociva v tom, kto je nositefom Specifikovanych
rizik. Od toho priamo zdvisi spdsob vykonu stavebného dozoru
na projekte. V ostatnych veciach je vykon stavebného dozoru
Standardny a takmer rovnaky pri pouZiti zmluvnych podmienok
oboch knih FIDIC (tab. 2). Okrem zmluvnych podmienok
FIDIC sa stavebny dozor riadi aj zmluvou o poskytnuti sluZieb
predloZenou investorom. Viackrat sa stdva to, Ze tieto zmluvné
podmienky st v niektorych Castiach v rozpore so zmluvnymi
podmienkami FIDIC, dokonca aj so samotnou legislativou
(napr. lehoty medzi obchodnym zdkonnikom a zmluvnymi pod-
mienkami FIDIC).

Stavebny dozor predovSetkym vykondva kontrolnd cinnost’
pred zacatim realizdcie diela, vystavby a odovzdania stavby
(diela ako celku alebo jeho casti) podla platnej legislativy.
Mnohokrét dochddza k omylu a nespravnym predstavdm za ¢o
vSetko je a nie je stavebny dozor zodpovedny. Samotnd sluzba,
ktord stavebny dozor poskytuje pre investora, md byt zaloZend
predovSetkym na korektnych zmluvnych, etickych vztahoch
a nepochybne spravodlivom rozdeleni prdvomoci a povinnosti,
ktoré sa neraz az neskor odrazia na fungovani celého projektu.
Nakoniec hlavnou dlohou stavebného dozoru je povinnost'chra-
nit' finan¢né prostriedky investora, ktoré sa rozhodol investovat
za ucelom ziskania kvalitného stavebného diela za primerant
cenu, bez vad a nedorobkov.

Medzi typické kompetencie stavebného dozoru patri:

¢ plnenie tloh pri kontrole projektovej dokumentacie;
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The adaptation of contractual conditions to a particular project and par-
ticular conditions through special conditions (Special Conditions of
Contract), including filling in the data in the annex to the bid (annex to
the works contract) is unavoidable for correct application to practice.
The practice proves that individual project owners lose out in this case
due to inexperience and underestimation of more accessible possibilities
of the modification of contractual conditions and bringing them into con-
sonance with the applicable legislation (the legal system). In this way, the
project owner loses control over the management of the project risks.

It is in general impossible to speak exactly about advantages and
disadvantages of contractual conditions according to the FIDIC Red
Book or Yellow Book. The answer would make sense if it is known
which other contractual conditions they are to be compared with, from
which contract party point of view the assessment is based on and, at
the same time, we would need to know all important information
about the project they are to be applied to.

DIFFERENCES BETWEEN THE FIDIC RED BOOK
AND YELLOW BOOK IN THE EXECUTION OF CONSULTING
ENGINEER'S SUPERVISION

Before the commencement of public procurement of construction
supervision services through public tenders, the construction supervi-
sion was part of project owner’s structure. In the recent past, all main
project owners procuring and realising civil engineering projects with
the financial support from EU structural funds moved to the indepen-
dent external construction supervision system.

The advantages or disadvantages of the application of any type of
contractual conditions, i.e. any FIDIC Book colour, depends most of
all on the degree of complexity of the project, the character of the con-
struction and project owner’s decisions about the degree of its own
supervision over the project implementation.

When the contractual conditions of the FIDIC Red Book and
Yellow Book are applied, the construction supervision is carried out
according the mechanisms directly following from the contractual
conditions. The main difference lies in who is the taker of the specifi-
ed risks. The way of the execution of construction supervision on the
project directly depends on it. In the other aspects, the execution of
construction supervision is a standard process, which is nearly identi-
cal when contractual conditions of the two FIDIC Books (Table 2) are
used. Apart from FIDIC contractual conditions, the construction
supervision follows the contract for consulting services submitted by
the project owner. It sometimes happens that in some parts these con-
tractual conditions contravene the FIDIC contractual conditions, even
the legislation itself (e.g. the terms in the Commercial Act are diffe-
rent than terms according to FIDIC contractual conditions).

Construction supervision performs its work first of all before the
commencement of the construction works, during the construction
and the handover to the client (the whole Works or their parts) accor-
ding to the applicable legislation. Misunderstanding and incorrect
ideas are frequently encountered regarding the things the construction
supervision is responsible for. The service itself which the constructi-
on supervision provides for the project owner is to be based first of all
on correct contractual and ethical relationships and, undoubtedly, on
fair distribution of authorities and obligations, which are often boun-
ced back later, in functioning of the entire project. The main task for
the construction supervision lies in the obligation to protect financial
means of the project owner he decided to invest to obtain a good qua-
lity construction work at a reasonable price, without snagging.

The following operations belong among typical competences of

construction supervision:

o fulfilling the tasks in checking design documents;




¢ kontrolovanie dodrziavania noriem, kvality a legislativy
(Statny stavebny dohlad, stavebny dennik, kolaudicia
a pod.);

e realizdcia zmenovych konan{ — udeluje nutné pokyny a riesi

ich nasledky;

e rieSenie otdzok upravy ceny a harmonogramu — ndkladovy

a Casovy dozor;

e certifikdcia platieb — meranie a ocenovanie, vratane zmien,

ndkladovy dozor;

¢ vyhodnocovanie narokov investora, zhotovitela a podzho-

tovitelov — vyhodnocuje riziko medzi stranou investora
a zhotovitela, urcuje hodnotu kompenzicie;

¢ interpreticia obsahu zmluvy;

¢ predchddzanie sporom — medidtor medzi uzivatelom, inves-

torom, projektantom, zhotovitefTom a podzhotovitelmi;

¢ koordindcia asistentov a tcastnikov vystavby;

* monitorovanie postupu prac a ndprava;

e potvrdzovanie vykonanej price, skuSok prebratim;

e vedenie zmluvnej koreSpondencie — komunikdcie medzi

ucastnikmi vystavby;

e potvrdzovanie referencii.

Predmetom ¢innosti stavebného dozoru je plnenie povinnosti
a vyuZivanie prdvomoci jemu stanovenych a definovanych
prostrednictvom zmluvy na poskytnutie sluzby a administraciu
zmluvy o dielo (vztah investor — zhotovitel).

Napriek tomu, Ze povinnosti pri vykondvani stavebného
dozoru podla Cervenej knihy, resp. Zltej knihy FIDIC moZno
charakterizovat’ vo vSeobecnosti za podobné, predsa existuju
Specifikd, ktoré sa vyznacuji tymito zdkladnymi znakmi a su
uvedené v tab. 2.

Z vlastnych skisenosti a dosiahnutych poznatkov pri vykone
kontrolnej ¢innosti je mozno vyslovit ndzor, Ze vicsia zodpo-
vednost’ stavebného dozoru je pri pouziti Zltej knihy FIDIC.
Stavebny dozor totiZ priamo riadi proces schvalovania projek-
tovej dokumentécie, z toho vyplyvajicich ndkladov, lehoty
vystavby, kvality vysledného diela a mé priamy vplyv na ovla-
danie a rozdelenie rizik medzi investorom a zhotovitelom.

NAROKY PRI POUZITI CERVENEJ A ZLTEJ KNIHY FIDIC

V kazdej redlnej vyrobe plati dobre znamy vztah medzi kva-
litou a cenou. Plati to aj pre akikolvek poskytovanu sluzbu sta-
vebnym dozorom, resp. pracu doddvanui zhotovitelom.

Tab. 2 Hlavné rozdiely pri vykone stavebného dozoru
Table 2 Main differences in the performance of construction supervision
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e checking compliance with standards, quality and legislation (the
State Building Supervision, construction diary, final inspection,
etc.);

realisation of change approval proceedings — gives necessary

instructions and solves their consequences;

solving the issues of the adjustment of the cost and schedule —
cost survey and time survey;

e payment certification — measuring and appraising, including
changes, cost supervision;

assessing claims of the project owner, contractor and sub-con-
tractors — assessing the risk between the project owner side and
contractor side, determining the value of compensation;
interpretation of the content of contract;

e dispute prevention — a mediator between the user, project owner
, designer, contractor and sub-contractors;

coordination of assistants and participants in the construction;
monitoring the work progress and remedys;

confirmation of the work done, tests by taking over;

e conducting contractual correspondence — communications

among parties to the construction contract;

* confirmation of references.

The subject of construction supervision activities is fulfilling the
obligations and using the authorities given to it and defined through
the service contract and administration of the works contract (relati-
onship between project owner and contractor).

Despite the fact that the obligations when performing construction
supervision according to the FIDIC Red Book and Yellow Book, res-
pectively, can be characterised in general as similar, specifics exist
which are distinguished by the fundamental marks presented in Table 2.

I dare express my opinion based on my own experience and know-
ledge gained from checking activities that the responsibility of con-
struction supervision is greater when the FIDIC Yellow Book is used.
The reason is that construction supervision directly checks on the
design document approval process, the costs following from it, con-
struction deadlines, the quality of the final works and directly affects
the control and distribution of risks between project owner and con-
tractor.

CLAIMS WHEN FIDIC RED BOOK OR YELLOW BOOK
IS USED

The well known relationship between quality and cost applies to
any real production. It is applicable even for service provided by

parameter Cervena kniha ZIta kniha
parameter Red Book Yellow Book
projektova dokumentacia neschvaluje schvaluje
design documents does not approve approves

vykaz vymer
bill of quantities

merany projekt
measured project

nemerany projekt
non-measured project

platba
payment

podla vykazu vymer
according to Bill of Quantities

podla postupu prac
according to work progress

kontrola kvality
quality checking

priebezna
continual

priebezna
continual

lehota vystavby
construction period

kratSia/harmonogram prac
shorter/construction schedule

dlhSia/harmonogram prac
longer/construction schedule

naroky
claims

véc¢Sia pravdepodobnost
higher likelihood

mensia pravdepodobnost
lower likelihood

vyvolané zmeny investora
precipitated changes in owner

vacsia pravdepodobnost
higher likelihood

menSia pravdepodobnost
lower likelihood
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Doneddvna sa pracovalo s predstavou verejnej sttaze zalozenej
vylucne na kritériu najniZ8ej ceny, a to s odvolanim sa na plat-
né normy a predpisy, a navySe sutazit mohol aj ten, kto ni¢ také
predtym neposkytoval a sluzby a doddvky prdc si mohol len
pokryt’ inym poskytovatelom. Priblizne takto to dodnes fungo-
valo vo verejnych sitaziach na velké dopravné stavby.
Existencia iba jediného kritéria, a to najnizSej ceny, ale samoz-
rejme za podmienky zabezpeCenia vysokej kvality predstavuje
Cistu tedriu a kladie zaklad a hlavny dovod vzniku narokov spo-
jenych s projektovou dokumentéciou.

Niroky, ktoré vyplyvaji z Cervenej knihy FIDIC, st pravde-
podobnejsie, nakolko projektovii dokumentaciu doddva investor
a zo skusenosti sa vie, Ze je Casto starSicho vydania. Nasledné
riziko z uplatnenia narokov z nepredvidatelnych fyzickych pod-
mienok (napr. geologickych nadvylomov, nevhodného podloZia,
atd.) je v tomto pripade prenesené na investora, ktory to zvykne
kompenzovat’ prostrednictvom vykazu vymer (zmena mnoz-
stva) a vyuziva fakt, Ze ide o tzv. merany projekt. Je to spdsob,
ked ndroky zhotovitelov prechddzaji do zmien.

71t kniha FIDIC, aj ked je cena zhotovitela vyssia neZ sicet
ndkladov na projektovanie a vlastnud realizdciu, pretoze riziko
zhotovitela obsiahnuté v ponukovej cene je vysSie, je prefero-
vand stdle viac. Vyskyt ndrokov spojenych s projektovanim
a mnoZzstevnym rizikom je pri jej aplikdcii v porovnani
s Cervenou knihou FIDIC menej pravdepodobny .

Naroky vyplyvajice z nepredvidatelnych fyzickych podmie-
nok (napr. geologickych nadvylomov, nevhodného podloZia,
atd.) sd v praxi velmi populdrne, aviak pri pouZiti Zltej knihy
FIDIC ich uplatnenie je pomerne obtazné, nakolko zhotovitel
striktne zodpovedd za vyhotovenie projektovej dokumentacie.
Z tohto pohladu je riziko vo védc¢sej miere vyplyvajice z tychto
prac prenesené na zhotovitela, ktory by si ho mal zahrnit do
ndkladov diela (nemerany projekt).

KONTROLA PROJEKTOVEJ DOKUMENTACIE PRI POUZITI
CERVENEJ A ZLTEJ KNIHY FIDIC

Na Slovensku sa do roku 2011 na dopravné projekty pouZziva-
li vo viagsine zmluvné podmienky vychidzajice z Cervenej
knihy FIDIC. To znamend, Zze za celd pripravu (inZiniering)
stavby, vratane spracovania projektovej dokumentdicie, ziskania
stavebnych povoleni a vysporiadania pozemkov plne zodpove-
dali investori. Toto rieSenie zacalo byt pre investorov nevyho-
vujuce a pri procese verejného obstaravania (¢asovo naro¢ného)
postupne zistili, Ze projektova dokumentdcia uZ nie je v sulade
s platnymi normami a stavebné povolenia vykazuji chyby. Ide
o0 jeden z dévodov, preto sa investori rozhodli prejst na Zlti
knihu FIDIC, podla ktorej dokumentdciu na realizaciu stavby
vypracuje zhotovitel, ak je to potrebné ziska k nej prislusné sta-
vebné povolenia a vysporiada pozemky (tab. 3).

Tymto zmendm sa prisposobil aj stavebny dozor na stavbe,
ktory sa pri FIDIC zmluvach aktivne podiela na procese kon-
troly projektovej dokumentdcie (tab. 4).

Cervend kniha FIDIC hovori, 7¢ doddvatefom projektovej
dokumentdcie je investor. Z toho vyplyva aj ¢innost stavebného
dozoru, od ktorého nie su pozadované zdsahy v rdmci procesu
spojenom s tvorbou projektovej dokumenticie. Prevazne sa
jedna o kontrolu nezrovnalosti, resp. detailov projektovej doku-
mentdcie priamo pocas realizdcie stavby. Riziko chyb vyplyva-
juce z projektovej dokumentdcie je sice na strane investora, ale
od stavebného dozoru sa vyZaduje stanovisko k zvySenym
ndkladom z toho vyplyvajicim.
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construction supervision and work supplied by a contractor, respec-
tively. Until recently, we worked with the concept of public compe-
tition based solely on the criterion of the lowest cost, referring to
applicable standards and regulations; in addition, competing was per-
mitted even to entities which had never before performed such acti-
vities and could cover the services and work by another provider.
Things worked roughly in this way until today in public competiti-
ons for large transport projects. The existence of only one criterion,
the lowest cost, of course under the condition that high quality repre-
sents a pure theory and lays foundation and is the main reason of the
origination of claims associated with design documents.

Claims following from the FIDIC Red Book are more likely becau-
se of the fact that design documents is provided by project owners and
it is known from experience that they are often older. The subsequent
risk of making claims due to unpredictable physical conditions (e.g.
geological overbreaks, unsuitable sub-grade, etc.) is in this case tran-
sferred to the project owner, who is used to compensate for the risk
through the bill of quantities (a change in amount) and uses the fact
that it is the case of a measured project. In this case contractors’
claims are transferred to changes.

The FIDIC Yellow Book is preferred more and more, despite the fact
that contractor’s bid cost is higher than the sum of the cost of desig-
ning and the realisation itself because contractor’s risk contained in the
bid cost is higher. The occurrence of claims associated with designing
and the quantitative risk in the case of its application of the FIDIC
Yellow Book is less likely in comparison with the FIDIC Red Book.

Claims following from unpredictable physical conditions (e.g. geo-
logical overbreaks, inadequate sub-base, etc.) are very popular in
practice, but when the FIDIC Yellow Book is used, making claims is
relatively difficult because the contractor is strictly responsible for the
preparation of the design documents. From this point of view, the risk
mostly following from this work is transferred to the contractor, who
should incorporate it into the cost of works (a non-measured project).

CHECKING ON DESIGN DOCUMENTATION WHEN
THE FIDIC RED AND YELLOW BOOK IS USED

In Slovakia, contractual conditions based on the FIDIC Red Book
were most frequently applied to transport projects until 2011. It means
that the whole preparation (engineering) of the construction, inclu-
ding the preparation of design documentation, obtaining construction
permits and obtaining land was fully the responsibility of project
owners. This solution started to be inconvenient for project owners.
They gradually found out during the (time consuming) public procu-
rement process that the design documentation no more complied with
applicable standards and the construction permits showed errors. This
is one of the reasons why project owners decided to switch to the
FIDIC Yellow Book, according to which the detailed design is prepa-
red by the contractor and, if necessary, the contractor obtains the res-
pective construction permits and provides land titles (Table 3).

The construction supervision on site, which actively participates in
the design documentation checking process in the cases of FIDIC
contracts (Table 4), also adapted itself to the changes.

The FIDIC Red Book stipulates that the design documentation is
provided by the project owner. The activities of construction supervi-
sion regarding the preparation of design documentation also follow
from this statement — no construction supervision intervention is requ-
ired. The activities mainly comprise checking on discrepancies and
details, respectively, in the design documentation directly during the
realisation of the construction. It is true that the risk of errors follo-
wing from the design documentation is on project owner’s side, but
construction supervision is required to provide the opinion on the in-

creased costs following from the risk.
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Tab. 3 Zabezpecenie projektovej dokumentdcie
Table 3 Provision of design documentation

typ projektovej dokumentécie Cervena kniha ZIta kniha
design documentation type Red Book Yellow Book
investor client | zhotovitel concractor | investor client | zhotovitel concractor
dokumentacia pre Uzemné rozhodnutie DUR - DUR -
zoning process documentation ZPD - ZPD -
tendrova dokumentacia — pre verejné obstaravanie D - D -
tendering documents — for public procurement TD - D
dokumentacia na Stavebné povolenie (zavisi od sitaznych podmienok) DSP - DSP -
building permit design FD - FD -
dokumentacia na realizaciu stavby DRS - - DRS
detailed design DD - - DD
dokumentacia na vykonanie prac - DVP - -
workshop documents - WD - -
dokumentdcia skuto¢ného vyhotovenia stavby - DSVS - DSVS
as-built design - ABD - ABD
Tab. 4 Kontrolnd ¢innost’projektovej dokumentdcie stavebnym dozorom
Table 4 Design documentation checking by construction supervision
parameter Cervena kniha ZIta kniha
parameter Red Book Yellow Book
harmonogram predkladania projektovej dokumentacie Ziadny pravidelny — ¢asovy
design documentation submission schedule none regular — time schedule

eliminacia rizik dokumentacie
elimination of documentation risks

len podas vystavby
only during construction

pocas celej platnosti zmluvy o dielo
throughout the duration of the contract

zmeny projektovej dokumentécie

na zaklade poziadavky investora

menej pravdepodobné

changes in design documentation based on project owner’s requirements less likely
predkladanie z ¢asového hladiska kompletné postupné
submissions in terms of time complete gradual
kontrola projektovej dokumentécie jednostupriova viacstupfiova
design documentation checking single-stage multistage

Stavebny dozor je tak pri Zltej knihe FIDIC zapojeny uZ do
samotného procesu tvorby projektovej dokumentacie, nad kto-
rou vykondava kontrolnu ¢innost. Priamo na stavbe cez klicové-
ho odbornika, ktory je ¢lenom timu stavebného dozoru, kontro-
luje plnenie vykonov projektanta podla predlozeného harmono-
gramu odovzddvania projektovych vystupov. Stavebny dozor
ndsledne v procese kontroly projektovej dokumentdcie zohrdva
rozhodujicu ulohu, ktord spociva v detailnom preskimani
spravnosti projektu predloZeného zhotovitelom. Riadi a priamo
kontroluje priebeh odsthlasovania stupnov DZSD a DRS pro-
jektovej dokumentdcie a tymto sa podiela priamo na kreovani
vysledného tvaru diela.

V zmluvnych podmienkach Zltej knihy FIDIC vykonava sta-
vebny dozor kontrolu projektovej dokumentécie, a to v celom
rozsahu, takZe uz v pripravnej fize moze Casto zdsadne ovplyv-
nit'ndklady projektu, lehotu vystavby a kvalitu vykonanych préc.

Riziko chyb, vyplyvajicich z projektovej dokumenticie, je
sice na strane zhotovitela, ale od investora sa vyzaduje priebez-
nd kontrola projektovych pridc a odsthlasenie Ciastkovych
vystupov projektovania. Stavebny dozor nemusi price merat
(menSia angaZovanost), taktieZ je tu mensi pomer klientskych
zmien a mnozstevné riziko nesie zhotovitel.

Dévodom pouZitia Zltej knihy oproti Cervenej su taktieZ prio-
rity investora:

e nechce sa podrobne angazovat na diele — nemd kompeten-
ciu, kapacity si dielo vyprojektovat;

When the FIDIC Yellow Book is used, construction supervision is
already involved in the design documentation creation process over
which it performs its checking activity. It checks on the work of the
designer directly on the construction site, through a pivotal professio-
nal who is a member of the construction supervision team, according
to the schedule for handing designing outputs over submitted to them.
Construction supervision subsequently plays the crucial role in the
process of checking design documentation, lying in detailed examina-
tion of correctness of the design submitted by the contractor. It con-
trols and directly checks on the course of approving the design for ten-
dering and detailed design degrees of design documentation and in
this way directly participates in the creation of the final shape of the
works.

According to the to the FIDIC Yellow Book contractual conditions,
construction supervision checks on the full scope of design documen-
tation, so it can principally affect the project cost, construction time
and quality of the work done.

It is true that the risk of errors following from design documentati-
on is on contractor’s side, but the project owner is required to carry
out continual checking on the designing work and approve partial out-
puts of the designing process. Construction supervision does not have
to measure the work (smaller engagement), the ratio of client precipi-
tated changes is smaller and the quantity risk is carried by the con-
tractor.

The reason for the application of the Yellow Book in comparison
with the Red Book lies also in project owner’s priorities:
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¢ nepotrebuje (nechce) merat' mnozstvo, riesit' zmeny spojené
s projektovanim;

e nechce riesit zodpovednost’ za vady z projektovej doku-

mentacie;

e rychlost’ — nemus{ sa sitazit’ projektant, rychlejsi zaciatok

realizacie;

e cena — vyS$Sia cenova istota, dodrZanie ponukovej ceny.

V podstate plati, Ze ak md investor kvalitne spracovanu pro-
jektovi dokumentdciu na stavbu s menej podstatnou vidzbou na
technologické stbory, ma platné stavebné povolenia a vysporia-
dané pozemky, modze vyuzit zmluvné podmienky podla
Cervenej knihy FIDIC. Pri takomto postupe si investor zacho-
vdva po cely ¢as plnid kontrolu nad stavbou.

Ak ide o stavbu s podstatnym podielom technologickych zari-
adeni ovplyvnujuicich rieSenie stavebnej Casti, na to je uréend
71t kniha FIDIC. Pri tejto alternative sa investor vzddva Zasti
kontroly nad rieSenim diela, ktoré podla formulovanych poZia-
daviek investora vyprojektuje a zrealizuje zhotovitel.

VYSTAVBA TUNELOV PRI POUZITI ZMLUVNYCH
PODMIENOK FIDIC

Zaciatok vystavby tunelov na Slovensku sa datuje do polovi-
ce devitdesiatych rokov minulého storocia a je spity s progra-
mom vystavby dialnic a rychlostnych ciest podla vzorovych
zmliv FIDIC. Doneddvna bolo zrealizovanych 8 dialhi¢nych
tunelov (tab. 5), z toho 4 tunely sd jednordrové. V sucasnej dobe
je rozostavanych 5 dialni¢nych tunelov (tab. 6), priCom vsetky
su dvojrirové.

Rovnako ako dozorovanie ciest, mostov a inych staveb-
nych konStrukcii, aj dozorovanie tunelov nesie svoje vlastné
Specifika.

Stavebny dozor na tuneloch dohliada, kontroluje a vyjadruje
sa ku vSetkym geologickym a geotechnickym problémom
vzniknutym na stavbe (vrdtane realizdacie a vysledkov vykona-
nych monitoringov realizovanych zhotovitelom stavby) pocas
24hodinovej realizdcie razenia tunela zhotovitefom stavby.

Tab. 5 Zrealizované dialhic¢né tunely na Slovensku
Table 5 Completed motorway tunnels in Slovakia

TuHel

* he does not wish to be engaged in the works in detail — he does

not have the competence and capacity to design the works;

* he does not need (does not wish) to measure quantities and solve

the changes associated with designing;

* he does not wish to solve problems of responsibility for defects

following from design documentation;

 the speed — the competition for selecting the designer is not

necessary, thus the realisation can commence sooner;

e the cost — higher certainty regarding the cost, keeping to the bid

price.

It applies in essence that if the project owner has got good quality
design documentation for a project with less substantial relation to
technology complexes, valid construction permits and settled land
ownership, he can use contractual conditions according to the FIDIC
Red Book. At this procedure the project owner keeps permanent full
control over the project.

If it is a project with a substantial proportion of technology com-
plexes affecting the design of the civil engineering part, it is the case
for the FIDIC Yellow Book. At this alternative the project owner relin-
quishes part of the control over the works design which will be carri-
ed out by the contractor, in compliance with requirements formulated
by the project owner.

CONSTRUCTION OF TUNNELS WHILE USING FIDIC
CONTRACTUAL CONDITIONS

The beginning of the development of tunnels in Slovakia is dated from
the middle of the 1960s and is connected with the programme of the
development of motorways and fast highways according to model FIDIC
contracts. Until recently, 8 motorway tunnels were realised (see Table 5),
4 of them are single-tube structures. Currently, 5 motorway tunnels are
under construction (see Table 6), all of them twin-tube structures.

Similarly to supervising roads, bridges and other civil engineering
structures, also supervising tunnels has got its own specifics.

Construction supervision over tunnels carries out surveillance and
checking and gives its opinion on geological and geotechnical

nazov tunela dizka (m) dialnica FIDIC zaciatok vystavby otvorenie
tunnel name length (m) motorway FIDIC construction start opening
Sitina* 1440 D2 Cervena kniha 27. 3. 2003 24. 6. 2007
Sitina* 1440 D2 Red Book 27/3/2003 24/6/2007
Borik* 995 D1 Cervena kniha 19. 6. 2016 5.12. 2009
Borik* 995 D1 Red Book 19/6/2016 5/12/2009
Sibenik* 588 D1 ZIta kniha 25.6.2012 30. 11. 2015
Sibenik* 588 D1 Yellow Book 25/6/2012 30/11/2015
Branisko 4 975 D1 Cervena kniha 1.4. 1996 29. 6. 2003
Branisko 4 975 D1 Red Book 1/4/1996 29/6/2003
Povazsky Chimec 2249 D3 ZIta kniha 17. 6. 2014 2.12. 2017
Povazsky Chimec 2 249 D3 Yellow Book 17/6/2014 2/12/2017
Horelica 605 D3 Cervena kniha 1.4.1998 29. 10. 2004
Horelica 605 D3 Red Book 1/4/1998 29/10/2004
Polana* 898 D3 ZIta kniha 25.10. 2013 10. 6. 2017
Polana* 898 D3 Yellow Book 25/10/2013 10/ 6/ 2017
Svréinovec* 420 D3 ZIta kniha 30. 10. 2013 10. 6. 2017
Svréinovec* 420 D3 Yellow Book 30/10/2013 10/6/2017

* Vykon cinnosti stavebného dozoru AMBERG Enginering Slovakia, s.r.o.
* Construction supervision carried out by AMBERG Enginering Slovakia, s.r.o.




Tab. 6 Dialhi¢né tunely vo vystavbe na Slovensku

Table 6 Motorway tunnels under construction in Slovakia
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nazov tunela dizka (m) dialnica FIDIC zaCiatok vystavby otvorenie (predpoklad)
tunnel name length (m) motorway FIDIC construction start opening (assumption)
Ovdiarsko* 2367 D1 Zlté kniha 20.2.2014 2019
Ovciarsko* 2 367 D1 Yellow Book 20/2/2014 2019
Zilina* 687 D1 ZIté kniha 20.2. 2014 2019
Zilina* 687 D1 Yellow Book 20/2/2014 2019
Visnove 7 520 D1 7Ita kniha 17.6. 2014 2020
Visiové 7 520 D1 Yellow Book 17/6/2014 2020
Cebrat 3620 D1 Zlta kniha 11.2. 2014 2024
Cebrat 3620 D1 Yellow Book 11/2/2014 2024
PreSov* 2244 D1 Cervena kniha 31.10. 2017 2021
PreSov* 2 244 D1 Red Book 31/10/2017 2021

*Vykon Cinnosti stavebného dozoru AMBERG Enginering Slovakia, s.r.o.

* Construction supervision carried out by AMBERG Enginering Slovakia, s.r.o.

V pripade nutnosti mdze navrhnit prerusenie postupu prac na
objekte, resp. jeho Casti alebo na diele v geologickom, hydroge-
ologickom prostredi v pripade nestladu s predpokladanymi
pomermi, ktoré by mali vplyv na bezpecnost, stabilitu objektu,
resp. jeho Casti alebo diela. Stavebny dozor v oblasti geotech-
nického monitoringu na tunely vykondva vyluc¢ne Specifickid
kontrolnd ¢innost pri:

e navrhu opatreni potrebnych pre optimalne podmienky

razenia;

¢ sanacnych opatreniach v geologicky ndro¢nych pomeroch
(nadvylom, tektonika, netinosné nadlozie);

« zatriedovani skalnych hornin a zemin podla prislusnych
noriem;

e zabezpeCovani stability vyrubu (klince, mikropilotovy
dazdnik, injektaz);

e posudzovani sadania prilahlych konStrukeif;

e meraniach a posudzovani deformdcii vyrubu — konver-
gencie, extenzometre, inklinometre, kizavé deformomet-
re, trigonometrické meranie, deformécie na povrchu nad
tunelom, niveldcia na povrchu terénu, trhliny na objek-
toch, tlak horniny na osteni tunela, seizmické a dynamic-
ké G¢inky, atd’;

e vyjadreniach k navrhnutym rieSeniam pri vzniku problé-
mov pri razenf;

e zucastnovani sa na pravidelnych a mimoriadnych poradéch
GTM (geotechnického monitoringu);

¢ posudzovani postupu razenia na zdklade aktudlnych vysled-
kov, inZinierskogeologickych a geotechnickych podmienok
(vratane vysledkov monitoringov realizovanych zhotovite-
Tom) a ostatnych pozadovanych monitoringov (napr. seiz-
micky monitoring, monitoring podzemnych vdd, odpado-
vych vod a zosuvov a pod.).

Stavebny dozor v oblasti geologického monitoringu pre tunel

vykondva najma Specifickd kontrolnd ¢innost’ zamerant na:

e vizudlnu obhliadku, kontrolu monitorovacieho systému
pred zacatim vystavby a poc€as nej vratane kontroly priebe-
hu a rozsahu vykonanych prac projektu geotechnického
monitoringu (pre dialhicu a pre tunely) a ostatnych pozado-
vanych monitoringov (napr. seizmicky monitoring, monito-
ring podzemnych vdd, odpadovych vdd a zosuvov a pod.);

¢ kontrolu merani priestorového priebehu diskontinuit, hus-
toty, priebeZznosti, drsnosti, otvorenosti, vyplne a stupna
zvetrania;

problems originating on the construction site (including the realisati-
on and results of monitoring events realised by the contractor) during
the round-the-clock excavation of the tunnel by the contractor.

In the case of necessity, construction supervision can propose sus-
pension of the works advance or their parts in the particular geologi-
cal and hydrogeological environment in the case of deviations from
the assumed conditions which would influence the safety or stability
of the structure or its parts or the whole works. In the field of geo-
technical monitoring, construction supervision performs exclusive
specific checking activities in:

* proposing measures required for optimising tunnelling condi-

tions;

e rehabilitation measures in geologically difficult conditions
(overbreaks, tectonics, non-bearing overhead);

e classification of rock and soils according to respective standards;

* securing excavation stability (nails, canopy tube pre-support,
grouting);

* assessing the settlement of adjacent structures;

e measuring and assessing excavation deformations — convergen-
ces, extensometers, inclinometers, sliding deformeters, trigono-
metric survey, deformations on surface above the tunnel, cracks
in buildings, ground pressure on tunnel lining, seismic and dyna-
mic effects, etc.;

e opinions on proposed solutions to tunnel excavation problems;

e participation in regular and extraordinary geotechnical monito-
ring (GTM) meetings;

* assessing excavation advance rates on the basis of current results,
engineering geological and geotechnical conditions (including
results of monitoring realised by the contractor) and other requi-
red monitoring operations (e.g. seismic monitoring, monitoring
of ground water, waste water and landslides etc.).

In the field of geological monitoring, construction supervision car-

ries out mainly specific checking activities focused on:

e visual observation, inspection of the monitoring system before
the commencement and during the course of construction inclu-
ding inspection of the course and scope of the work completed by
geotechnical monitoring of the motorway and tunnels and other
required monitoring activities (e.g. seismic monitoring, monito-
ring of ground water, waste water and landslides etc.);

e inspection of measurements of the spatial course of discontinuiti-
es, joint spacing, joint persistence, joint aperture, joint filling and
degree of weathering;
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¢ kontrolu hodnotenia kvality horninového masivu podla
vybranych klasifikdcif (napr. klasifika¢ny index RQD, kla-
sifikdcia Bienawski RMR, klasifikdcia podla Tesaie QTS)
a pod.;

e postdenie geologickych a hydrogeologickych podmienok
vratane pritokov vody, vrdtane vysledkov monitoringov
vykonanych zhotovitelom stavby;

¢ kontrolu hodnotenia predpokladanych inZinierskogeologic-
kych a hydrogeologickych pomerov z vysledkov prieskumu
(vriatane vysledkov monitoringov vykonanych zhotovite-
lom stavby) a ich porovnanie so skuto¢nostou pri vystavbe,
vypracovanie odporucani v pripade nestladu;

e kontrolu merani na zabudovanych monitorovacich objek-
toch a sanac¢nych prvkoch a ich vyhodnotenie;

e ndvrh a realizdciu kontrolnych skuSok zemin a skalnych
hornin pocas razenia, zatriedovani skalnych hornin a zemin
— kontrola predpokladanych vlastnosti horninového materi-
alu z prieskumu a vysledkov monitoringov vykonanych
zhotovitelom stavby a pri vystavbe;

¢ sledovanie zmien hladiny podzemnej vody a jej reZimu, ako
aj pritokov pocas razenia a zmien chemického zloZenia;

e vplyv vystavby na zmeny Zivotného prostredia vrdtane
zosuvov, sadania nadloZia a moZné ohrozenie zdrojov pod-
zemnej vody a povrchovych tokov;

e vyjadrenie sa k navrhnutym rieSeniam pri vzniku problé-
mov pri razenf;

¢ ziCastiovanie sa na pravidelnych a mimoriadnych pora-
déch;

e posudzovanie optimdlneho postupu razenia na zdklade
aktudlnych vysledkov, inZinierskogeologickych a geotech-
nickych podmienok, hydrogeologickych pomerov (vridtane
vysledkov realizovanych monitoringov).

Stavebny dozor pocas inStaldcie technologickych zariadeni
vykondva pravidelné denné obhliadky staveniska, kde su prace
realizované, a o tejto obhliadke vykondva zdznam do stavebné-
ho dennika. Pocas realizdcie stavebnych prac priebeZne kontro-
luje materidly a technologické zariadenia a prdce suvisiace s ich
zabudovanim v diele a priebeZne zabezpecuje, aby boli v sila-
de so Specifikdciami poslednych vydani slovenskych technic-
kych noriem (STN), eurépskych noriem (EN), ISO noriem,
technicko-kvalitativnymi podmienkami, technickymi Specifika-
ciami katalégovych listov a technickych predpisov, vzorovych
listov a nariadeni alebo inych vSeobecne zdvédznych predpisov.
Zicastnuje sa pripravy a vykondvania preberacich skisok tech-
nologickych zariadeni (kontrolnych, individudlnych, komplex-
nych, a pod.) v silade so zmluvnymi poZiadavkami.

V sucasnosti viaceré dialni¢né dseky s tunelmi zostdvaju za-
tial' iba v planoch vystavby. Na mnohych dsekoch prebieha iba
priprava administrativneho charakteru a projektova ¢innost’.

Pre ilustrdciu mozno uviest, Ze takmer pri vSetkych pripravo-
vanych dialni¢nych tuneloch sa uvazuje s cyklickou metédou
ich razenia (NRTM), a to okrem tunela Karpaty, pri ktorom za-
tial ako jedinom je predpoklad pouZitia kontinudlnej metddy
razenia pouZitim plnoprofilového raziaceho stroja (TBM).
Prevaznd vicSina dialni¢nych tunelov je uvaZovand, tak ako
tunel Borik (obr. 1), resp. tunel Sibenik (obr. 2), s dvomi tune-
lovymi rdrami s jednosmernou premdvkou. Niektoré z tunelov
na rychlostnych cestdch, napr. tunel SoroSka na R2 budu zatial
jednortrové s obojsmernou premdavkou.

V sucasnosti na Slovensku vystavba dialnic a rychlostnych
ciest aj s tunelmi ma prioritu. Po ich dobudovani sa zvysi
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e examination of ground mass quality assessment according to
selected classification systems (e.g. RQD Rock Quality
Designation, RMR Rock Mass Quality according to Bienawski,
QTS classification according to Tesar, etc.);

e assessment of geological and hydrogeological conditions inclu-
ding water inflows, including results of monitoring activities con-
ducted by the contractor;

 checking on the assessment of assumed engineering geological
and hydrogeological conditions determined on the basis of survey
results (including results of monitoring conducted by the con-
tractor) and comparing them with the reality encountered during
the construction, preparation of recommendations in the case of
a discrepancy;

e checking on measurements on built-in monitoring structures and
rehabilitation elements and assessing them;

e proposing and realising check tests of soils and rock during the
course of excavation, classification of rock and soils — examina-
tion of properties of ground materials assumed on the basis of the
survey and results of monitoring activities conducted by the con-
tractor and during the construction;

e observing changes in the water level and its regime, as well as
inflows during the tunnel excavation and changes in the chemical
composition;

e impact of the construction on environmental changes including
landslides, settlement of the overburden and potential endange-
ring of groundwater sources and surface streams;

e giving opinions on proposed solutions to problems originating
during tunnel excavation;

e participating in regular and extraordinary meetings;

e assessing optimum tunnel excavation process on the basis of cur-
rent results of the observation of engineering geological and geo-
technical conditions and hydrogeological conditions (including
results of realised monitoring operations).

When the tunnel equipment is being installed, the construction
supervision carries out daily visits to the construction site where the
installation proceeds and keeps records about the visits in the con-
struction diary. During the course of construction work it continually
checks on materials and technical equipment and the work associated
with their incorporation into the structure and continually ensures that
they comply with specifications of the latest issues of Slovakian tech-
nical standards, European standards, ISO standards, technical quality
specifications, technical specifications of catalog sheets and technical
regulations, standard sheets and ordinances or other generally binding
regulations. It participates in the preparation and performance of the
technical equipment acceptance tests (checking, individual, compre-
hensive tests, etc.) in compliance with contractual requirements.

Currently, several motorway sections comprising tunnels remain to
be only in construction plans. The administrative-character preparati-
on and designing are the only activities being conducted on many sec-
tions.

It is possible to state for illustration that the cyclical excavation
method (the NATM) is under consideration for nearly all motorway
tunnels under preparation, with the exception of the Karpaty (the
Carpathians) tunnel, which is the only tunnel for which the applica-
tion of the continual excavation method using a full-face tunnel
boring machine (TBM) is under consideration. The majority of
motorway tunnels are under consideration to be formed by two tun-
nel tubes carrying unidirectional traffic, identically with the Borik
tunnel (see Fig. 1) and the Sibenik tunnel (see Fig. 2). Some of the
tunnels on fast highways, for example the Soroska tunnel on the R2
road, will remain for the time being single-tube structures carrying

bi-directional traffic
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Obr. 1 Tunel Borik
Fig. 1 Borik tunnel

ekonomicko-hospoddrsky rozvoj Stdtu. Celkova dizka pripra-
vovanych tunelov, ktoré si v plane, bude predstavovat
pomerne rozsiahlu Struktiru, ¢o bude od investora, projek-
tantov, zhotovitelov, ale aj stavebnych dozorov vyZadovat
znaéné optimalizacéné, logistické, ekonomické a technické
znalosti a schopnosti.

S postupom realizdcie vystavby sa zlepSuje aj vykon staveb-
ného dozoru, ktory sa predovsetkym potrebuje stat’ mordlnou
osobnostou a tak raciondlne a pruzne reagovat na nové
vyzvy kladené od investorov.

ZAVER

Tento prispevok bol zamerany najmé na vykon stavebného
dozoru a vzory zmliv, pomocou ktorych sa riadia stavebné pro-
jekty v oblasti dopravnej infraStruktiry. TaktieZ bolo poukdzané
na niektoré ciastkové problémy alebo odliSnosti pri pouziti
Cervenej, resp. Zltej knihy FIDIC pri projektoch dialni¢nych
tunelov. Je nepochybné, Ze vzhladom na univerzdlnost a rozsi-
renie pouzivania zmluvnych podmienok FIDIC je ich aplikdcia
v ramci velkych a ndro¢nych infraStruktirnych projektov
nespornou vyhodou. Je potrebné si ale uvedomit, Ze bez ich
prispdsobenia pravnemu poriadku §tatu (Specifikdm prostredia)
a bez dosledného dodrzania zdkladnych principov tychto
zmluvnych podmienok, sa zvySuje pravdepodobnost’ vzniku
sporov v priebehu vystavby diela s dosledkami na termin jeho
ukoncenia, financny rozpocet a kvalitu diela.

Ing. JOZEF CIZIK, PhD., jcizik@amberg-sd.sk,
Ing. MARTIN BAKOS, PhD., mbakos@amberg.sk,
AMBERG Engineering Slovakia, s.r.o

Recenzovali Reviewed: Ing. Viktoria Chomovd,
Mgr. David HruSka
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Obr. 2 Tunel Sibenik
Fig. 2 Sibenik tunnel

The development of motorways and fast highways comrising tun-
nels is currently given priority in Slovakia. After their completion the
economic development of the state will grow. The total length of the
planned tunnels under preparation will represent a relatively extensi-
ve structure, which will require significant optimisation, logistic, eco-
nomic and technical knowledge and capabilities of project owners,
designers, contractors, but also construction supervision engineers.

The performance of construction supervision improves along with
the advance of the construction development. It first of all needs to
become a moral personality and rationally and flexibly respond to
new challenges placed on project owners.

CONCLUSION

This paper was mainly focused on the work of construction super-
vision and models of contracts according to which civil engineering
projects in the field of transport infrastructure are controlled. In addi-
tion, some partial problems or differences turned out in the applicati-
on of the FIDIC Red Book and the Yellow Book, respectively, to
motorway tunnel projects. It is unquestionable with respect to the uni-
versality and spreading of the use of the FIDIC contractual conditions,
that their application within the framework of large and demanding
infrastructural projects is an undisputable advantage. It is necessary to
realise that without their accommodation to the legal order of the res-
pective state (to specifics of the environment) and without rigorous
keeping to fundamental principles of the contractual conditions, the
probability of the origination of claims during the course of construc-
tion with consequences to its completion, financial budget and works
quality will increase.
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AMBERG Engineering Slovakia, s.r.o
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TUNEL OKRUHLIAK - TUNEL KTORY SPOJI SEVER A JUH SLOVENSKA
OKRUHLIAK TUNNEL - A TUNNEL WHICH WILL INTERCONNECT
THE NORTH AND SOUTH OF SLOVAKIA

JURAJ ORTUTA, VIKTOR TOTH

ABSTRAKT

Presov, mesto na vychode Slovenska, je tretie najvdicsie mesto na Slovensku a jeho ndzov sa v médidch dost casto spomina. Je to
z dovodu jeho zloZitej dopravnej situdcie vyplyvajiicej 7 nedostatocnej infrastruktiry. Presov sa nachddza na kriZovatke ciest 1/18
v smere na Poprad a Michalovce, 1/68 v smere na Stari Luboviiu, I/20 v smere na KoSice, I1/545 v smere na Bardejov a DI v viseku
Poprad — KoSice. A prdve tento uzol tvori kaZdodennii moru nielen miestnych obyvatelov, ale aj Soférov tranzitnej dopravy. Preto sa
uzZ dlhst cas tvori koncepcia na vyrieSenie problémov tohto vyznamného dopravného uzla. Jednou z jeho casti je aj rychlostnd cesta
R4 PreSov — severny obchvat s tunelom Okruhliak. Cldnok sa bude venovat struénému opisu stavebnych casti tohto diela.

ABSTRACT

Presov, a town in the east of Slovakia, is the third largest town of Slovakia and its name is quite frequently mentioned in the media.
The reason lies in the complicated traffic conditions following from insufficient infrastructure. PreSov is located at the intersection of
the 1/18 road heading toward Poprad and Michalovce, the 1/68 road heading toward Stard Lubovna, road 1/20 heading toward KoSice,
road 11/545 heading toward Bardejov and the D1 motorway in the Poprad — KoSice section. It is this node what poses the everyday
problem not only for local residents, but also for transit transport drivers. For that reason the concept solving the problems of this
important traffic junction has been worked on for quite a long time. The R4 fast highway section PreSov — the northern by-pass with
the Okruhliak tunnel — is one of its parts. The paper will dedicate itself to a brief description of construction parts of this project.

1. OvoD 1. INTRODUCTION
Tunel Okruhliak je astou navrhovanej rychlostnej cesty R4 The Okruhliak tunnel is part of the R4 fast expressway bet-
PreSov — severny obchvat, ktord je suicCastou severo-juzného ween PreSov and the northern by-pass, which is part of the

north-south transport connection through the fast highway in
the section starting at the border between the SR and the PR
— Vy$ny Komarnik — Milhost’and ending at the border betwe-
en the Slovak Republic and Hungary. The proposed section of
the R4 fast highway — the 14.68km long northern by-pass —
begins west of the town of PreSov by the connection to the D1
motorway at the Presov-West (Vydumanec) grade-separated

dopravného prepojenia rychlostnou cestou v useku Stdtna hra-
nica SR/PR — Vy$ny Komarnik — Milhost' — $tatna hranica
SR/MR. Rychlostnd cesta ma zabezpecit prepojenie medzi dial-
nicou D1 a rychlostnou cestou R4 KapuSany — Giraltovce. Aj
touto stavbou sa zabezpeci plynulé cestné spojenie od Statnej
hranice Slovenskd republika — Polsko cez VySny Komarnik az

po Statnu hranicu Slovensk4 republika — Madarsko cez Milhost. intersection and ends by the connection to the prospective
Na\’/rhovan}’/ usek rychlostnej cesty R4 — severny obchvat section of the R4 fast highway KapuSany — Giraltovce.
v dlzke 14,68 km sa zaCina na zdpade mesta PreSov napojenim The Okruhliak tunnel is located in a rural area and is solved in

the final design (for con-
struction permit) as a twin-
tube structure carrying uni-
directional traffic. The tun-
nel is located in the above-
mentioned section of the R4
motorway — northern by-
pass (see Fig. 1) at highway
chainage km 5.041 (entran-
ce from the western portal)
to chainage km 6.881 (exit
at the eastern portal).

k. 4. Fintice

2. GEOLOGICAL COMPO-
SITION OF THE AREA
OF INTEREST

The Okruhliak tunnel is
situated at Okruhliak hill

(390.7m a.s.l.), in its south-

western to south-eastern

=i it iy

Obr. 1 Ortofotomapa iiseku cesty R4 PreSov — severny obchvat — Tunel Okruhliak o .
Fig. 1 Orthophotography map of the PreSov — northern by-pass section of R4 highway — the Okruhliak tunnel part, which is characterised



na dialnicu D1 v mimouroviovej krizovatke PreSov zdpad
(Vydumanec) a kon¢i napojenim na vyhladovy tsek rychlostne;j
cesty R4 KapuSany — Giraltovce.

Tunel Okruhliak sa nachddza v extravildne a v dokumentacii
pre stavebné povolenie je rieSeny ako dvojrirovy s jednosmer-
nou premdvkou. Tunel je na spomenutom tseku rychlostnej
cesty R4 — severny obchvat (obr. 1) situovany od km 5,041
(vjazd zo zdpadného portdlu) aZz po km 6,881 (vyjazd na
vychodnom portéli).

2. GEOLOGICKA SKLADBA ZAUJMOVEHO UZEMIA

Tunel Okruhliak je situovany v masive Okruhliak (390,7 m n. m.)
v jeho juhozdpadnej az juhovychodnej Casti, ktory je reprezen-
tovany miernym, pahorkatinovym charakterom, roz¢lenenym
Sirokymi depresiami na vyrazné a priebezné chrbty orientova-
né v zdkladnom smere S—J az SSZ-JJV. Okrem diel¢ich chrb-
tov je masiv roz¢leneny rozne Sirokymi a rdzne orientovanymi
depresiami. Svahy hlbokych, eréznych ryh, ktoré roz¢lenuji
plochy reliéf Okruhliaka, si poruSené svahovymi deformécia-
mi. Svahovymi deformdciami je vyrazne poruSeny aj vychodny
okraj masivu v okoli osady Surdok.

V celom koridore tunela Okruhliak je horninovy masiv budo-
vany komplexom aleuriticko-pelitickych hornin, ktory repre-
zentuje sudvrstvie neogénnych hornin — spodny miocén, vek
egenburg. PodloZie neogénnych sedimentov tvoria vrstvy
paleogénu. Neogénne horniny sui v celom koridore prekryté
kvartérnymi sedimentami. Formécie kvartérnych sedimentov
su zastipené najmi litologickymi typmi zemin deluvidlneho
komplexu, ale okrajovo do koridoru zasahujui aj zeminy zosuv-
nej genézy — zosuvné delivia. Genéza kvartérnych zemin je
podmienend procesmi zvetrdvania, svahovej modeldcie, erdz-
nej a akumulacnej ¢innosti povrchovych tokov. Na celej ploche
masivu v koridore tunela nie su registrované vyvery podzemnej
vody. Ploché depresie vo vrcholovych Castiach a depresie v udo-
liach st zamokrené, s akumuldciou zrdzkovych vdd. Povrch
uzemia je dlhodobo zamokreny z dovodu nepriepustnosti povr-
chovej vrstvy ilov. Lokdlne silne rozptylené vyvery vod su
registrované v Ciastkovej depresii orientacie SZ-JV v JZ svahu
zépadne od Surdoku v rozsiahlom masive blokovych zosuvov.
Na zdklade podrobného inZinierskogeologického prieskumu
bola zistend hodnota objemového naptcania Bo = 0,1-3,6 %
(priemer 2,01 %).

Uzemie pred portdlmi, ako aj v trase tunela md charakter
lesov a lik. Nad tunelom ani v blizkosti portdlov sa nenachad-
za ziadna povrchovd zdstavba. Pri raziacich prdcach tunela
Okruhliak a jeho portdlovych Casti budud zasiahnuté rozloZené,
az silno zvetrané {lovce charakteru zemin triedy F2, F4 az F8,
G5 a hornin s velmi nizkou pevnostou R6 az RS, prevazne vSak
horniny slabo zvetrané a navetrané az zdravé, triedy R5-R3
(ilovce a prachovce) a R3 az R2 (pieskovce). V tseku celej
predpokladanej trasy boli zistené vyS$Sie objemové zmeny
v rozsahu naptcacich tlakov 0,977-1,620 MPa, a z vrtu vo
vychodnejsej Casti napuicaci tlak az 2,600-2,922 MPa.

3. ZAKLADNE UDAJE TUNELA OKRUHLIAK

Tunel Okruhliak, ako uz bolo vysSie uvedené, je rieSeny ako
dvojrirovy s jednosmernou premdvkou kategérie 2T-7.5.
Celkové dlzka lavej tunelovej rary (severnej) bude 1831,47 m
a pravej tunelovej riry (juznej) bude 1823,06 m. V zmysle STN
73 7507 je vyska prejazdného gabaritu navrhovana 4,80 m.
Sirka chodnikov je 1,00 m a svetld vyika nad chodnikmi je
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by a moderate hilly character, divided by wide depressions into
marked and continuous N-S to NNW-SSE oriented ridges.
Apart from the partial ridges, the massif is divided by depressi-
ons with various width and various orientation. Slopes of the
deep erosion trenches dividing the flat relief of the Okruhliak
are disrupted by slope deformations. Slope deformations signi-
ficantly affect even the eastern edge of the massif in the vicini-
ty of the village of Surdok

The ground massif in the whole Okruhliak tunnel corridor is
built up by a complex of aleuropelitic rocks represented by
Neogene rock layers — Early Miocene, Egenburgian stage. The
sub-grade of the Neogene sediments is formed by Palacogene
layers. The Neogene rocks are covered by Quaternary sedi-
ments throughout the corridor length. Formations of
Quaternary sediments are represented mainly by lithological
types of deluvial complex soils, but also land sliding genesis
soils — landslide deluviums — extending into the corridor edges.
The Quaternary soil genesis is conditioned by processes of
weathering, slope modelling, erosion and by deposition activi-
ties of surface streams. No ground water springs are registered
in the whole area of the massif in the tunnel corridor. Flat
depressions in the top parts and depressions in the valleys are
wet, with precipitation water depositing in them. Surface of the
territory is wet in the long term due to the impermeability of the
surface layer of clay. Local scattered water boils are registered
west of Surdok in a partial NW-SE oriented depression on the
SW slope, in an extensive massif of block slides. The value of
relative swelling Bo = 0.1-3.6% (average 2.01%) was determi-
ned on the basis of detailed engineering geological survey.

The area in front of the portals as well as along the tunnel
route has the character of woods and meadows. There is no
development on the terrain surface above the tunnel or the vici-
nity of the portals. Decomposed to heavily weathered claysto-
ne with the character of soils classified F2, F4 to F8, G5 and R6
to RS5, but predominantly rock moderately weathered and
slightly weathered to fresh, classes R5—R3 (claystone and silt-
stone) and R3 to R2 (sandstone) will be encountered during the
course of the excavation of the Okruhliak tunnel and its portal
parts. Higher volumetric changes within the range of swelling
pressures of 0.977-1.620MPa were determined throughout the
length of the whole assumed route and swelling pressure up to
2.600-2.922MPa were determined from a borehole in the more
eastern part.

3. BASIC DATA ON OKRUHLIAK TUNNEL

The Okruhliak tunnel, as mentioned above, is designed as
a twin-tube 2T-7.5 category structure carrying unidirectional
traffic. The total length of the left-hand (northern) tunnel tube
will amount to 1831.47m, whilst the right-hand (southern) tun-
nel tube will be 1823.06m long. In the sense of the STN 73
7507 standard, the height of the clearance profile is designed at
4.80m. The width of walkways is 1.00m and the net height
above walkway is designed at 2.20m. The invert is designed for
the entire length of the tunnel with respect to the risk of swel-
ling ground existing throughout the tunnel route length.

Cuttings into the ground environment will be 10.3—-16.4m
deep at the western portal and 12.6—-15.0m deep at the eastern
portal
Western portal

The stability of walls in the location of the mined tunnel stub
driven at a gradient of 3:1 will be provided by 6m long ground
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Obr. 2 Vizualizdcia zdpadného portdlu
Fig. 2 Visualisation of the western portal

navrhovand 2,20 m. Tunel je po celej svojej dizke aj s ohla-
dom na riziko napdcania hornin v jeho trase navrhnuty s proti-
klenbou.

Zarezy do horninového prostredia budid na zdpadnom portdli
vysoké 10,3-16,4 m, na vychodnom portdli 12,6—-15,0 m.
Zapadny portal

Stabilitu stien v mieste zdrodku razeného tunela v sklone 3:1
budi zabezpecovat’ horninové klince diiky 6,0 m a striekany
betén hribky 150 mm. V mieste razeného tunela budd horni-
nové klince rieSené IBO kotvami. Vo vyske cca 8,0 m od dna
stavebnej jamy bude na Celnej stene stavebnej jamy zriadend
stabiliza¢nd lavicka opatrend kotevnym Zelezobeténovym pra-
hom a Sestpramencovymi lanovymi kotvami diiky 18,0 m
s dizkou korefia 8,0 m. Vzdialenost kotiev bude 3,0 m. Bo¢né
steny zdpadného portdlu budd v oblasti hibeného tunela taktie?
v sklone 3:1 a budu stabilizované horninovymi klincami prie-
meru 32 mm, diiky 6,0 m. Kotevné prahy budi osadené vo
vySke cca 1,0 m a 5,0 m nad dnom stavebnej jamy.
Zelezobeténové prahy budi do horninového prostredia kotvené
horninovymi lanovymi kotvami diiky 18,0 m, resp. 15,0 m
v spodnej stabilizatnej lavicke. Vid vizualizdcia zdpadného
portalu (obr. 2).

Severny svah mozno rozdelit na dve cCasti. Prednd cast’
(v smere stanicenia) je bez kotvenia v sklone 1:1,75. Voci er6-
zii je chranend geokompozitom presypanym vrstvickou zemi-
ny. Zadna Cast,, ktord sa v rdmci kone¢nych terénnych a vege-
tanych uprav zasype, je kotvend. Zaistenie svahu nadvézuje na
zaistenie portdlu. Sklony svahov, lavic¢ky, vence, kotvy a klin-
ce su rovnaké ako na portdlovej stene.

JuZny svah v Casti pri portdli ma rovnaké zaistenie ako pri-
slichajica portdlova stena. Postupne sa jeho vyska zniZuje. Pri
zaciatku hibeného tunela sa zalamuje v smere kolmom na os
dialnice a vytvdra ploSinu pre technologicki centrdlu (TC). Je
v sklone 1:1,75, chrdneny je geokompozitom presypanym vrst-
vickou zeminy hr. 20 az 30 mm.

V portdlovej oblasti (obr. 3) sa bude nachddzat’ aj TC, aku-
mula¢nd havarijnd nddrz, protipozZiarna nadrz, kdblové trasy
a ostatné pridruzené stavebné objekty a technoldgie.
Vychodny portal

Stabilitu stien v mieste zdrodku razeného tunela v sklone
3:1 budu zabezpecovat' zemné klince diiky 6,0 m a striekany
betén hribky 150 mm. Stabiliza¢né lavicky Celnej portalovej
steny Sirky 1,0 m budd realizované po etaZiach vySky 2,6 m.

TuHel

nails and a 150mm thick layer of shotcrete. In the location of
the mined tunnel, the ground nails will be solved by IBO
anchors. A stabilisation berm with a reinforced concrete plinth
passed through by18m long six-strand cable anchors with roots
8.0m long will be carried out at the level of ca 8.0m above the
construction pit bottom. The anchors will be installed at 3.0m
intervals. The side walls of the western portal in the area of the
cut-and-cover tunnel are also at a gradient of 3:1. They will be
stabilised with 32mm-diameter, 6m long ground nails. The
anchoring plinths will be installed at the level of ca 1.0m and
5.0m, respectively, above the construction pit bottom. The rein-
forced concrete plinths will be anchored to the ground environ-
ment by 18m long ground cable anchors, respectively 15.0m
long at the lower stabilisation berm. See the visualisation of the
western portal (Fig. 2).

The northern slope can be divided into two parts. The front
part (viewed in the direction of the motorway chainage) is wit-
hout anchoring, reposing at 1:1.75. It is protected against ero-
sion by a geocompsite covered with a thin layer of soil. The
rear part, which will be backfilled within the framework of
final terrain finishes and horticultural works, is anchored. The
slope stabilisation links the stabilisation of the portal. Slope
gradients, berms, anchoring plinths, anchors and nails are iden-
tical with those on the portal wall.

The stabilisation system of the southern slope in the part at
the portal is the same as the system stabilising the portal wall.
Its height is gradually decreased. It breaks at the beginning of
the cut-and-cover tunnel in the direction perpendicular to the
motorway centre line and creates a platform for the technology
centre (TC). It reposes at 1:1.75 and is protected by a geocom-
posite covered with a thin layer (20-30mm thick) of soil.

In the portal area (see Fig. 3), there will also be located the
TC, the emergency retention basin, the fire protection basin,
cable runs and other associated construction objects and tech-
nologies.

Eastern portal

The stability of walls at the mined tunnel stub at a gradient of
3:1 will be secured by 6.0m long ground nails and a 150mm
thick layer of shotcrete. The 1.0m wide stabilisation berms on
the portal front wall will be realised at 2.6m high stages. The
ground nails in the place of the mined tunnel will be replaced
with IBO anchors. A stabilisation berm with a reinforced con-
crete anchoring plinth and 22m long six-strand cable anchors
with 8.0m long roots will be carried out at the level of 8.0m
above the construction pit bottom on the front wall of the con-
struction pit. The anchors will be spaced at 3.0m. The side
walls of the eastern portal in the area of the cut-and-cover tun-
nel will also repose at 3:1. They will be stabilised by 32mm-
diameter and 6.0m long ground nails. The stabilisation berms
will be carried out at 2.6m high stages. They will be provided
with reinforced concrete anchoring plinths and ground cable
anchors 20.0m, 18.0m and 15.0m long, respectively, on the
lower stabilisation berm. The root length remains constant at
8.0m. See the visualisation of the eastern portal (Fig. 4).

The southern slope can be divided into two parts. The rear
part (viewed in the direction of chainage). It is without ancho-
ring, reposing at 1:1.75. It is protected against erosion by geo-
composite covered with a thin layer of soil. The front part,
which will be backfilled within the framework of final terrain
finishes and horticultural works, is anchored. The slope stabili-
sation links the stabilisation of the portal. Slope gradients,
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berms, anchoring plinths, anchors and nails
are identical with those on the portal wall.

The stabilisation system for the northern
slope near the portal is identical with the sys-
tem applied to the adjacent portal wall. Its
height gradually decreases. It breaks at the
beginning of the cut-and-cover tunnel in the
direction perpendicular to the motorway
centre line and creates a platform for the
technology centre (TC). It reposes at 1:1.75
and is protected by geocomposite covered
with a thin layer (20-30mm thick) of soil.

The TC, an oil separator and other associa-
ted construction objects and technologies
will be carried out in the portal area (see
Fig. 5).
Cut-and-cover tunnels

The route of the cut-and-cover part of the
Okruhliak tunnel comprises two independent
routes of carriageways of the R4 fast high-
way, each for one tunnel tube. The distance
between centres of the cut-and-cover tunnels
in the west-east direction (the western part)
varies from 21.35m to 22.22m, whilst from

spevnené ¢elo portalovej
oblasti reinforced end of
the portal area

Obr. 3 Zdpadny portdl
Fig. 3 Western portal

V mieste razeného tunela budd horninové klince riesené IBO
kotvami. Vo vyske cca 8,0 m od dna stavebnej jamy bude na
Celnej stene stavebnej jamy zriadend stabilizatnd lavicka
opatrend kotevnym Zelezobeténovym prahom a Sestpramen-
covymi lanovymi kotvami diiky 220 m s dizkou korefia
8,0 m. Vzdialenost kotiev bude 3,0 m. Bo¢né steny vychod-
ného portdlu budd v oblasti hibeného tunela taktiez v sklone
3:1 stabilizované horninovymi klincami priemeru 32 mm
diiky 6,0 m. Stabilizacné lavicky budd taktieZ v etaZach
vySky 2,6 m. Budd opatrené Zelezobeténovymi kotevnymi
prahmi a horninovymi lanovymi kotvami diiky 20,0 m, 18,0
m, resp. 15,0 m v spodnej stabilizacnej lavicke. Dizka korefia
ostdva kon§tantnd 8,0 m. Vid vizualizdcia vychodného porté-
lu (obr. 4).

Juzny svah mozno rozdelit'na dve Casti. Zadnd Cast’(v smere sta-
nicenia) je bez kotvenia v sklone 1:1,75. Voci erdzii je chrdnend

Obr. 4 Vizualizdcia vychodného portdlu
Fig. 4 Visualisation of the eastern portal

the east-west direction (the eastern part) it
varies between 22.76 and 21.45m.

The structure of the cut-and-cover tunnel
tubes is formed by a vault structure and a base plate (see
Fig. 6). The minimum thickness of the vault structure is
450mm. The load-bearing structure design comprises an inter-
mediate drainage and protection layer, a waterproofing mem-
brane and a 50mm thick shotcrete protective layer. No recesses
are designed in the structure of the cut-and-cover tunnels. The
base plate is 11.75m wide and its thickness of 1.0m is constant.

Two-layer coating will be used as the surface finish of the
lining. The coating has to fulfil criterions for water resistance,
steam permeability and washability. The surface structure and
colouring with a medium degree of remission is designed. It
means that the surfaces will be neither reflexive, so that mirro-
ring of the surface is prevented, nor absorbent, so that the
excessive absorption of light is prevented. The colour range
will comprise various degrees of grey. The roadway and walk-
ways will have the natural colour of concrete. The side walls
will be light grey, the ceiling will be dark grey. Complementing
elements will be accentuated by respective signal colours.
Mined tunnel

The mined tunnel is formed by two independently driven tun-
nel tubes. The chainages of the beginning and end of the mined
tunnel tubes are determined by the interfaces between the
blocks of secondary lining and the vaulted structure of the cut-
and-cover tunnel at the portals for the mined tunnels. Part of
this construction is formed by recesses for SOS cabins with
hydrants, recesses for cleaning manholes and an emergency
lay-by.

The structure of the mined tunnel tubes consists of a double-
shell lining (primary and secondary) with an intermediate drai-
nage and protective layer and a waterproofing membrane (see
Fig. 7). The geometry of the structure is designed to suit the
cyclical excavation method. The tunnel excavation cross-secti-
on is divided into top heading, bench and invert. The primary
lining geometry forms a composed circular vault around the
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geokompozitom presypanym vrstvickou zeminy.
Prednd Cast, ktord sa v rdmci kone¢nych terén-
nych a vegetacnych uprav zasype, je kotvend.
Zaistenie svahu nadvizuje na zaistenie portdlu.
Sklony svahov, lavicky, vence, kotvy a klince su
rovnaké ako na portdlovej stene.

Severny svah v Casti pri portdli ma rovnaké zais-
tenie ako prislichajica portdlova stena. Postupne T
sa jeho vyska zniZuje. Pri zaCiatku hibeného tune-
la sa zalamuje v smere kolmom na os dialnice
a vytvdra ploSinu pre TC. Je v sklone 1:1,75, chra-
neny je geokompozitom presypanym vrstvickou
zeminy hr. 20 az 30 mm. ",

V portdlovej oblasti (obr. 5) sa bude nachadzat
aj TC, odlucovac ropnych latok a ostatné pridru-
Zené stavebné objekty a technoldgie.

Hibené tunely

Trasa hibenej Casti tunela Okruhliak je tvorend
dvomi nezdvislymi trasami jazdnych pdsov rych-
lostnej cesty R4, kazdy pre jednu tunelovd riru.
Vzdjomnd vzdialenost” osi hiben}’/ch tunelovych
rir je v smere zo zdpadu na vychod (zdpadna Cast)
od 21,35 m do 22,22 m, z vychodu na zdpad
(vychodna ¢ast) od 22,76 m do 21,45 m.

KonStrukcia hiben)’/ch tunelovych rir je tvore-
nd z klenbovej konstrukcie a zdkladovej dosky

- spevnené ¢elo
portalovej oblasti

reinforced end.of
the portal area

severny svah
northern slope

hibeny tunel
cut-and-cover tunnel

juzny svah I =
southern slope | !

(obr. 6). Minimdlna hribka klenbovej konStruk-
cie je 450 mm. Nosna klenbova konstrukcia je
navrhnutd s medzilahlou drendZnou, ochrannou
vrstvou, ploSnou hydroizoldciou a ochrannou
vrstvou zo striekaného beténu hribky 50 mm. V konStrukcii
hiben}’/ch tunelovych rdr nie sd navrhnuté Ziadne vyklenky.
Zéakladova doska ma $irku 11,75 m a konStantnd vysku 1,0 m.

Ako povrchovd tprava ostenia budd pouzité dvojvrstvové
ndtery, ktoré musia spiﬁat’ kritéria na vodoodolnost, paroprie-
pustnost a umyvatelnost. Navrhnutd je Struktdira povrchu
a farebnost so strednym stupfiom remisie, to znamend, Ze povr-
chy nebudi ani reflexné — aby nedoslo k zrkadleniu povrchu,

Obr. 5 Vychodny portdl
Fig. 5 Eastern portal

whole tunnel circumference. With respect to swelling pressu-
res, the invert is designed throughout the tunnel length.
Constant structural thickness of 200mm is designed for the pri-
mary lining. The primary lining in the emergency lay-by is
300mm thick.

Reinforced concrete is designed for the secondary lining.
A secondary lining block makes up one work and expansion unit.
The length of one expansion unit will be 12m at the internal sur-
face of the shorter side of the block. The minimum thickness of
the secondary lining in the vault

ochrannd vrstva hr. 50 mm
protective layer 50mm thick
ploSné hydroizolacia
waterproofing membrane
drenazna a ochrannd vrstva
drainage and protective layer

vrstvy vozovky min. 650 mm

roadway courses 650mm

podkladny betén C12/15 hr. 100 mm I
blinding concrete C12/15, 100mm thick

crown is designed at 350mm; the
minimum thickness of the secondary
lining at the base amounts to 550mm.

The tunnel tube lining is symmetri-

ypliiovy betén C12/15-X0 o AL . : :
mz;/sysp fill Zgncrete C12/15-X0 7 4 ; -‘-’!”0 A cal on both sides relative to the verti-
==t =t klenbové konstrukcia R L .
I @ vault structure cal tunnel axis. The axis is not tilted
Y (TR due to the transversal incline of the
1. prejazdny profil 7,5x4,8 m 3 . :
e prollel;.5x4.8m /0/ o roadway in horizontal curves. The
/1 f PRESOV PRESOV ) s invert of the load-bearing structure is
] i (™ I ¢ 3 . . . .
o ) e = i 2 symmetrical in relation to the vertical
ntidzovy chodnik. #1000 7500 | < 10001 |, B ;
emergency walkway % L : ,]l i tunnel axis.
] [ \ | o The calculation model was deve-
S 1 (32l .
— loped on the basis of the geometry
?‘ of the structure from 2D rod-work
I = elements. The general spatial prob-
drenazne potrubie DN200 - PVC - ﬂ \zékladové doska lem is reduced to a 2D problem,
drainage pipeline DN200 - PVC |[ base slab

|, 1900 ||, a5 I, 3566 L 1989 |
Fal A A A Fal
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where the thickness of the lining has
the character of a physical constant.
The structure (the invert and the cir-
cumference of the secondary lining)

630

Obr. 6 Vzorovy priecny rez hibeného tunela
Fig. 6 Typical cross-section of cut-and-cover tunnel

was supported with the linear sup-
port along the beam.
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ani absorb¢né — aby nedoslo k prilis-
nému pohlcovaniu svetla. Farebnd

L 4 < A " ) riméarne ostenie
§kdla bude pozostdvat' z roéznych g - o8 ,Srimary lining
stupniov Sedej. Vozovka a chodniky ) ! % ated dr;lrz)e;inr;aha; grcorimzrzg]c?avrstva
: ’ z - = +
budd mat’ prirodzeni farbu beténu. [ T H g— —————————— X /fdrainage and protective layer
Botné steny budii lo sedei farb ! prejazdny profi7,5x4,8 m i + waterproofing membrane
y budu svetlo Sedej farby, ' clearance profile 7.5x4.8m X . sekundérne ostenie secon
) / ) h " d: - "
strop tmavoSedej farby. Komple- /; rlL_J PRESOV || PRESOV ! i dary lining 5
PR . . . nidzow chodnik / : i_J ¥ S
tlzaicn’e I.)I'V.ky /budu .akcentoxlfane pri eme:igezn C\/yymlkw ;y 7% I {} 7500:1 {l 1000, nidzowy chodhik 8
slusnymi signdlnymi farbami. A1 71 i T 11 emergency walkway
Razeny tunel A S50 | W B
. . drenazne potrubie ¢ T2 #

Razeny tunel tvoria dve samostat- DN200 - PVC - drendzne potrubie DN200 - PVC
ne razené tunelové rdry. StaniCenia drainage pipeline - drainage pipeline DN200 - PVC 2

“: , DN200 - PVC N
zaCiatku a konca razenych tunelo- spodné klenba
vych rir sd dané rozhraniami blokov vrstvy vozovky min. 650 mm roadway courses min. 650mm nvert
sekunddrneho ostenia a klenbovei vypliiovy betdn C12/15-X0 mass fill concrete C12/15-X0

. N P B X J protiklenba Zelezobetdn reinforced concrete invert

konstrukcie hlbeného tunela pri por- | o
taloch na razenie tunela. Sucastou ,.I/1471,." 3750 ,.L 2560 ,.I/ ,!
tejto Casti stavby su aj vyklenky pre B 12151 |

SOS kabiny s hydrantmi, vyklenky

pre Cistiace Sachty a nddzovy zaliv.

KonStrukcia razenych tunelovych
rir je tvorend dvojvrstvovym oste-
nim (primdrnym a sekunddrnym) s medzilahlou drendZnou
a ochrannou vrstvou a ploSnou hydroizoldciou (obr. 7). Tvar
konStrukcie je navrhnuty pre cyklické razenie. Vyrub tunela je
Cleneny na kalotu, stupen a spodni klenbu. Primdrne ostenie
ma tvar zloZenej kruhovej klenby po celom obvode prie¢neho
rezu. V dosledku napucacich tlakov je spodna klenba navrhnu-
td po celej dizke tunela. Navrhnutd konstantna hribka primdr-
neho ostenia je 200 mm. KonStruk¢nd hribka primarneho oste-
nia v nidzovom zdlive je 300 mm.

Sekundérne ostenie razeného tunela je navrhnuté zo Zelezo-
beténu. Blok sekundarneho ostenia tvorf jeden pracovny a dila-
tacny celok. Dizka jedného dilatatného celku bude 12 m v lici
kratSej strany bloku. Sekundarne ostenie je navrhnuté minimal-
nej hribky 350 mm vo vrchole klenby, minimdlna hribka
sekunddrneho ostenia v pite je 550 mm.

Ostenie tunelovej rury je obojstranne symetrické k zvislej
tunelovej osi. Nedochddza k jej nakldnaniu vplyvom prie¢neho
sklonu vozovky v smerovych oblikoch. Spodna klenba nosnej
konStrukcie je symetrickd k zvislej tunelovej osi.

Vypoctovy model bol na zdklade geometrie konStrukcie
vytvoreny z 2D osovo-pritovych prvkov. VSeobecnd priestoro-
vd udloha je redukovand na 2D problém, kde hriibka ostenia ma
povahu fyzikdlnej konsStanty. KonStrukcia (spodnd klenba
a obvod sekunddrneho ostenia) bola podopreta liniovym podo-
pretim na prite.

Po celom obvode bola konStrukcia podopretd liniovymi pruz-
nymi podperami s pouZitim tuhostného parametra kz (modul
reakcie) a s vyli¢enim podoprenia v tahu v smere kolmom na os
jednotlivych prvkov. V mieste spodnej klenby, v smere norma-
ly, bola konStrukcia podoprend liniovymi pruznymi podperami.
Ostatné stavebné objekty tunela

Sucastou tunela je Sest’ prieCnych prepojeni medzi tunelovy-
mi rdrami, ktoré sliZia ako inikové cesty. PrieCne prepojenia 2
a 5 sliZia aj ako podruZné rozvodne NN. Prie¢ne prepojenia 1,
2, 3,5, 6 st navrhnuté ako priechodné a priecne prepojenie 4 je
navrhnuté ako prejazdné. Maximdlna vzdjomnd vzdialenost
dvoch priecnych prepojeni je 276 m.

DrendZzne odvodnenie razeného tunela, hibenich tunelovych
rir, prie¢nych prepojeni a obvodu technologickej centrdly riesi

Obr. 7 Vzorovy priecny rez razeného tunela
Fig. 7 Typical cross-section through mined tunnel

The structure was supported around the whole circumferen-
ce by linear elastic supports using the kz stiffness parameter
(the reaction modulus) with the tensile support in the directi-
on perpendicular to the axis of individual beams excluded. In
the location of the invert, in the normal direction, the structu-
re was supported with linear elastic supports.

Other tunnel construction objects

Six cross passages between the tunnel tubes are parts of the
tunnel. They are to be used as escape routes. Cross passages
No. 2 and 5 house secondary LV substations. Cross passages
No. 1, 2, 3, 5 and 6 are designed as structures passable for
pedestrians; cross passage No. 4 is designed as a passage for
vehicles. The maximum spacing of two cross passages is
276m.

The drainage of the mined tunnel, cut-and-cover tunnels,
cross passages and the circumference of the technology cent-
re is solved by construction lot 401-00.06. Seepage water
from the ground massif will be collected throughout the tun-
nel length, on both tunnel sides, by longitudinal DN 200 dra-
ins with inspection recesses for inspection manholes provided
at intervals of ca 70m. At the western portal, the longitudinal
drains will be connected to road gullies and drainage water
will be directed through sewerage to the fire protection reser-
voir. A filtration shaft designed before the sewerage is con-
nected to the reservoir. The fire protection reservoir is desig-
ned as a flow-through structure, with excessive water dischar-
ged into a road ditch.

In both tunnel tubes, surface water from the roadway will
be directed to a slotted drain pipe. Slotted drain pipes will
be installed on the right-hand side throughout the length of
the tunnel tubes. The left-hand tunnel tube is drained by the
transverse and longitudinal gradient of 1.08% to a 0.32m
wide slotted drain. The slotted drain is 1853.71m long. The
right-hand tunnel tube is drained by the transverse and lon-
gitudinal gradient of 1.09%, also to a 0.32m wide slotted
drain. The slotted drain is 1845.76m long. An inverted si-
phon is installed on the slotted drain at intervals of 50m. The
emergency retention basin is located at the lower tunnel portal
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Cast’ stavby 401-00.06. Priesakova voda z horninového masivu
bude po celej dizke tunela obojstranne zachytdvana pozdiiny-
mi drenaZzami DN 200, ktoré budi mat' kazdych cca 70 m Cisti-
ace vyklenky s Cistiacimi Sachtami. Na zdpadnom portdli budd
pozdiine drendze zaustené do ulicnych vpustov a drendzne
vody budi odvedené kanalizdciou do protipozZiarnej nadrze.
Pred napojenim do nddrZe je navrhnutd filtracnd Sachta.
ProtipoZiarna nadrZ je navrhnutd ako prieto¢nd, priCom preby-
to¢né vody su odvddzané do cestného rigola.

V oboch tunelovych rirach bude povrchova voda z vozov-
ky odvedens do $trbinového Zlabu. Strbinové Zlaby budi po
pravej strane v celej dlzke tunelovych rdr. Lavéa tunelovd rdra
je odvodnend pomocou priecneho a pozdiineho sklonu
1,08 % do Strbinového zlabu $irky 0,32 m. Dizka $trbinového
Zlabu je 1853,71 m. Prava tunelov4 rira je odvodnend pomo-
cou prie¢neho a pozdiineho sklonu 1,09 % do Strbinového
Zlabu taktiez $irky 0,32 m. Dlzka 3trbinového Zlabu je
1845,76 m. V Strbinovom Zlabe sa kazdych 50 m nachadza
sifén. Akumulacnd havarijnd nadrZ je umiestnend pri nizsie
poloZenom portdli tunela — zdpadnom. Zabezpecuje zachyte-
nie vod v pripade vyskytu silne zneCistenych vdd (napr.
z Cistenia tunela) alebo havarijnych kvapalin. Objem nadrze je
navrhnuty podla poziadavky TP 099, STN 73 5707 a je navy-
Seny v zmysle poZiadavky objedndvatela na 210 m’.
Akumulacnd havarijnd nadrz bude vybavend kontinudlnym
merac¢om vySky hladiny v nadrzi.

Stavebny objekt Vozovka a chodniky zahfnia vozovku v tune-
li a pred portdlmi tunela v dizke 24 m, konstrukciu nidzovych
chodnikov, vrdtane obrubnikov, Sachiet a ich poklopov.
Sucastou tejto Casti stavby sud aj kryty a vypliové konStrukcie
v priecnych prepojeniach.

Podla vypoctov a kritérii pre dané podmienky vyhovuje kon-
Strukcia vozovky s cementobeténovym krytom so skladbou
a dimenziami:

¢ cementobeténovy kryt C 30/37 — XF4 (PP) — Dmax32

260 mm STN EN7 206-1;
¢ asfaltovy betén pre hornd podkladnd vrstvu

40 mm STN EN 13108-1;
* infiltrany postrek katiénaktivny, emulzny

0.8 kg/m*> STN 73 6129;
e cementom stmelend vrstva

150 mm  STN 73 6124-1;
e nestmelend vrstva zo Strkodrviny

200 mm  STN 73 6126.

Uvedeny ndvrh bol urobeny na zdklade konStrukénych zdsad
a odpordcani v technickej smernici, ako aj najnovSich poznat-
kov z domdcej a zahrani¢nej praxe.

Tunel Okruhliak bude vybaveny poZiarnym vodovodom
v zmysle poziadaviek TP 099 Poziarna bezpecnost’ cestnych
tunelov a Nariadenia vlady ¢. 344/2006 o minimdlnych bez-
pecnostnych poziadavkach na tunely v cestnej sieti. Potrubie
poziarneho vodovodu sliZi na rozvod poziarnej vody v tuneli.
Poziarny vodovod bude mat’dve vetvy. Kazda vetva zabezpeci
dodavku poziarnej vody do jednotlivej tunelovej rury.
Vzhladom na plynuld doddvku poZiarnej vody do tunelovych
rur tvori systém vodovodu uzatvoreny okruh.

Ucelend Cast’ stavby Poziarny vodovod zahfnia nasledovné
Casti:

¢ nadrZ poziarnej vody;

e nasavacie potrubie do Cerpacej stanice;

o ATS;
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— the western portal. It secures water collection in the case of
occurrence of heavily polluted water (e.g. from tunnel wash-
ing) or fluids escaping in accidents. The volume of the reten-
tion basin is designed in accordance with the requirements of
the TP 099 specifications and the STN 73 5707 standard. It
is increased according to project owner’s requirement to
210m’. The emergency retention basin will be equipped with
a device continuously measuring the water surface level in
the basin.

The Roadway and Walkways construction lot comprises the
roadway in the tunnel and 24m long sections in front of tun-
nel portals, emergency walkway structures including kerbs,
manholes and their covers. Covers and infill structures in the
cross passages are also parts of this construction lot.

According to the calculations and criterions for the particu-
lar conditions, the cement concrete pavement with the follo-
wing composition and dimensions is satisfactory:

e cement concrete C 30/37 — XF4 (PP) — Dmax32

260mm  STN EN7 206-1;

* asphalt concrete for the upper sub-base
STN EN 13108-1;

e cation-active infiltration spray, emulsion

0.8kg/m> STN 73 6129;
e cement-bound layer 150mm  STN 73 6124-1;
e uncemented crushed gravel layer

200mm  STN 73 6126.

The above-mentioned design was carried out on the basis of
structural principles and recommendations contained in the
technical directive as well as the newest knowledge from the
domestic and foreign practice.

The Okruhliak tunnel will be equipped with a fire main in
the meaning of TP 099 specifications Fire safety in road tun-
nels and the Decree of the Government No. 344/2006 on mini-
mum safety requirements for tunnels in road network. The fire
main pipeline distributes fire water in the tunnel. The fire
main will have two branches. Each branch will supply fire
water into the respective tunnel tube. With respect to fluent
supplies of fire water into tunnel tubes, the water main system
forms a closed circuit.

The Fire Main self-contained part comprises the following
parts:

¢ fire water reservoir;

* suction pipeline to pumping station;

e automatic booster pump station;

e water pipeline installed in the walkways in both the right-
hand and left-hand tunnel tube and the water pipelines in
front of portals;

e other parts, valves and hydrants.

40mm

4. PROBLEMS OF EXCAVATION DESIGN
FOR SWELLING CLAY

It was necessary when the excavation support classes were
being designed for the Okruhliak tunnel to take into consi-
deration the problem of swelling of the surrounding clayey
ground environment. The tunnel will be driven through
swelling clay throughout its length. This fact required a spe-
cial approach of the designers to the tunnel cross-sectional
geometry and its structural assessment. Because of the swel-
ling pressures, the invert is designed for the whole length of
the tunnel. The primary lining design did not take the swel-
ling pressures into consideration. The pressures induced by




¢ vodovodné potrubie uloZené v chodniku pravej a lavej
tunelovej rary a prilahlé potrubie vodovodu pred portdlmi;
e ostatné Casti, armatiry a hydranty.

4. PROBLEMATIKA NAVRHU RAZBY
V NAPUCAVYCH [LOCH

Pri ndvrhu vystrojovacich tried tunela Okruhliak sa musel
brat'do dvahy problém napucania okolitého ilovitého hornino-
vého prostredia. Tunel bude v celej dizke razeny v napucavych
iloch, €o si vyZziadalo zvlaStny pristup projektantov k tvaru prie-
¢neho rezu tunela a k jeho statickému postdeniu. V dosledku
napucacich tlakov je spodnd klenba navrhnutd po celej dizke
tunela. Pri vypocte primarneho ostenia sa s tlakmi z napuicania
neuvazovalo. Rovnako sa neuvazovalo s tlakmi z napucania
okamzite po zabudovani vrchnej klenby a protiklenby sekun-
darneho ostenia. Nasledne po vytvrdnuti beténu (28 dni) sa
uvazovalo s postupnym ndrastom napucacich tlakov v jednotli-
vych vypoctovych fazach, a to na 20 %, 50 % a 100 % tlaku
zisteného v inZinierskogeologickom prieskume. To zodpovedd
postupnému zvySovaniu tlakov z naptcania hornin.

Na zaklade podrobného inzinierskogeologického prieskumu
bola zistend hodnota pomerného napicania Bo =0,1- 3,6 % (pri-
emer 2,01 %). Na 6smich vzorkach z troch vrtov boli zistené
objemové zmeny v rozsahu napucacich tlakov 0,977-1,620 MPa
a z vrtu vo vychodnejSej Casti tlak z napucania 2,600-2,922
MPa. Priemerné napucacie tlaky boli zistené v hodnote 1,0 MPa.

Tak isto je mozné oCakdvat v celej trase tunela pritomnost’
horninovej vody agresivnej na betén. Z toho ddvodu bola
v oboch tunelovych rdrach po celej dizke tunela:

¢ navrhnutd spodna klenba;

* sekunddrne ostenie je po celej dlzke navrhnuté Zelezobetnové;

¢ betén sekundédrneho ostenia je navrhnuty do mierne agre-

sivneho prostredia XAl;

¢ vitanie vrtov na osadenie kotiev na sucho.

Vzhladom na nizke pevnosti hornin sa navrhuje na rozpojo-
vanie hornin pouzit’ vyloznikova fréza. Len v useku pieskov-
cov, cca 90 m, bude nutné pouzit vrtno-trhacie prace.

5. ZAVER

Tunel Okruhliak je sucastou rychlostnej cesty R4, ktord
zabezpeci plynulé prepojenie tizemia od hranice s Polskom az
po hranicu s Madarskom. Okruhliak je tunelom, o ktorom
mozno povedat, ze spoji sever Slovenska s jeho juhom. Je
tunelom, ktory umozni vydychnut mestu s bohatou minulos-
tou a perspektivnou budicnostou. Nevynikd svojou dizkou,
ale svojim vyznamom. Ale zdroven je aj tunelom, ktory
v kone¢nom dbésledku spoji vychod Slovenska s jeho zdpad-
nou Castou.
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swelling immediately after the installation of the upper
vault and invert of the secondary lining were also left with-
out consideration. Subsequently, after the end of the harde-
ning process (28 days), continuous increase in the swelling
pressures was taken into account in individual calculation
phases, up to 20%, 50% and 100% of the pressure determi-
ned by the engineering geological survey. This corresponds
to gradual increasing of the pressure induced by the swel-
ling ground.

The relative swelling value Bo = 0.1-3.6% (average of
2.01%) was determined on the basis of detailed engineering
geological survey. Volumetric changes within the range of
swelling pressures of 0.977-1.620MPa were determined on
eight specimens from three boreholes, whilst the pressure of
2.600-2.922MPa induced by swelling was determined from
a borehole located in a more eastern part. The average swel-
ling pressure values of 1.0MPa were determined.

It is also possible to expect the presence of ground water
with a corrosive effect on concrete throughout the tunnel route
length. For that reason, the design requires the following mea-
sures to be applied to the whole tunnel length:

¢ jinstallation of the invert;

e installation of reinforced concrete secondary lining

throughout the tunnel length;

e secondary lining concrete to be designed for slightly

aggressive environment XAl;

e dry drilling for the installation of anchors.

With respect to the low strength of ground, a cutter boom is
proposed for ground disintegration. Drill-and-blast operations
will have to be used only in the ca 90m-long section formed

by sandstone.

5. CONCLUSION

The Okruhliak tunnel is part of the R4 fast highway, which
will secure the fluent linking of the territory starting from the
boundary with Poland and ending at the boundary with
Hungary. The Okruhliak is the tunnel about which we can say
that it will connect the north of Slovakia with its south. It is
the tunnel which will allow the town with rich history and
prospective future to breathe out. It does not come into the
fore thanks to its length, but thanks to its importance. But it is
at the same time the tunnel which will ultimately link the east
of Slovakia with its western part.
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TUNEL SOROSKA VO FAZE PRIPRAVY DOKUMENTACIE
NA STAVEBNE POVOLENIE
SOROSKA TUNNEL IN THE PHASE OF BUILDING PERMIT
DESIGN PREPARATION

PETER PALOCKO, MARTIN HLAVAC

ABSTRAKT

Jednym z doleZitych cielov Slovenskej republiky je napojenie dopravy na eurdpsku dialnicni siet. Rychlostnd cesta R2 v iviseku
RoZnava — Jablonov nad Turnou je navrhovand v silade s ,,Programom rozvoja dialni¢nej siete Slovenskej republiky . Predmetny
usek rychlostnej cesty R2 nie je siicastou europskych dopravnych koridorov TEM alebo TEN-T, ale je siicastou medzindrodnych ciest
E58 a E571 a je v siilade s iizemnym pldnom VUC KoSického samosprdvneho kraja. Navrhovany tunel Soroska sa nachddza v tiseku
medzi obcami Lipovnik a Jablonov nad Turniou. Prechddza pod horskym hrebeiiom Soroska s cestnym horskym priechodom
v nadmorskej vyske 540 m n. m. Toto tizemie je siicastou Ndarodného parku Slovensky kras.

ABSTRACT

One of important objectives of the Slovak Republic is to link the transportation to the European transport network. The R2 fast high-
way in the RoZnava — Jablonov nad Turrnou section is being designed in compliance with the Slovak Motorway Network Development
Program. The R2 fast highway section in question is not part of European transport corridors TEM or TEN-T, but it is part of inter-
state roads E58 and E571; it complies with the land-use plan for the KoSice higher territorial unit (self-governing region). The
Soroska tunnel being proposed is located in the section between the villages of Lipovnik and Jablonov nad Turnou. It passes under
the SoroSka mountain crest with a mountain road crossing the crest at the elevation of 540m a. s. . This territory is part of the
Slovensky kras National Park.

UvoD

Dopravnd situdcia vo vychodnej Casti juzného Slovenska je
znacne komplikovand. Preto je na tomto tzemi pldnovana
vystavba rychlostnej cesty R2. VicSina dsekov je eSte len vo
faze pripravy dokumentdcie na stavebné povolenie alebo tizem-
né rozhodnutie.

Horsky priechod masivom Soroska je jednym z hlavnych pro-
blematickych tsekov tejto cesty (obr. 1). Nedostatok dopravnej
infrastruktiry je zna¢nou prekdzkou pre dalf rozvoj regiénu.

INTRODUCTION

Traffic conditions in the eastern part of southern Slovakia are
very complicated. It is the reason why the development of the
R2 fast highway is planned for this territory. The majority of
sections have still been in the phase of preparation of documents
for issuance of construction permits (final designs) or for issu-
ance of zoning and planning decisions.

The mountain pass across the Soro$ka massif is one of the
main problematic sections of this road (see Fig. 1). The lack of
transport infrastructure is

e

a significant obstacle for
further development of the
region. This state could be
compared to the state in
which the D1 motorway
with the passage through
the Branisko massif was in
the first half of the 1990s.
The design documentati-
on for issuance of zoning
and planning decision for
this highway section was
processed in 2013 [2]. At
this stage, the Soroska tun-

nel was solved as a twin-
tube structure, category 2T-
8.0m. Based on the decisi-
on of the Ministry of
Transport and Develop-
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Obr. 1 Poloha tunela Soroska
Fig. 1 SoroSka tunnel location



Tento stav by sa dal prirovnat k stavu, v akom sa nachddzala
dialnica D1 s horskym priechodom cez masiv Branisko v prvej
polovici 90. rokov 20. storocia.

Dokumentédcia na izemné rozhodnutie pre tento usek dialnice
bola spracovand v roku 2013 [2]. V tomto stupni bol tunel
Soroska rieseny ako dvojrirovy, kategdrie 2T-8,0 m. Na zakla-
de rozhodnutia Ministerstva dopravy a vystavby SR je doku-
mentacia na stavebné povolenie spracovana pre jednordrovy
tunel kategérie T-8,0 s dnikovou $tdlnou. Celkova dizka tunela
je 4248 m.

Tunel okrem portalovych Casti bude budovany s medzistro-
pom. V rdmci bezpecnostno-stavebnych dprav je navrhnutych
17 prieCnych prepojeni vo vzdialenosti max. 250 m a 5 oboj-
strannych nddzovych zdlivov vo vzdialenosti max. 750 m.

Prevadzkové vetranie tunela Soroska je pozdiine S usmerne-
nim pridovymi ventilditormi umiestnenymi na strope tunela
s vyduchom cez portdly tunela SoroSka. Vetranie je navrhnuté
tak, aby podporovalo prirodzeny vzdus$ny prdd z vyskového
rozdielu portdlov a nevyrovnanej premavky.

V pripade poziaru v tuneli bude tunel odvetravany okrem por-
talov aj cez vetraciu Sachtu situovanu v cca 1/3 tunela (v smere
staniCenia) v blizkosti jestvujicej cesty 1/50 a jej horského prie-
chodu. Pri tomto type vetrania bude pouzity polopriecny systém
s odsdvanim cez medzistrop a vetraciu Sachtu.

Stcastou systému protipoZiarnej bezpecnosti bude v silade
s technologickymi podmienkami TP 099 stabilné hasiace zaria-
denie na bdze vodnej hmly. Ide o prvu aplikiciu takéhoto systé-
mu na Slovensku.

CHARAKTERISTIKA UZEMIA

Navrhovany dsek rychlostnej cesty R2 Roznava — Jablonov
nad Turnou bude po uvedeni do prevadzky samostatnym use-
kom, na ktory sa v budicnosti napoja iseky R2 Gombasek —
Roznava zo zdpadnej strany a Jablonov nad Turnou — Veldre
z vychodnej strany.

Uzemie navrhovaného tseku cesty R2 moZno z hladiska geo-
morfoldgie rozdelit’ na niekolko tdsekov:

« Usek od Roziavy po obec Lipovnik sa nachadza na mierne
zvlnenom Uzemi prevaZzne polnohospoddrsky vyuZivanom,
ktoré je rozdelené plytkymi tidoliami s vodnymi tokmi.

+ Usek medzi obcami Lipovnik a Jablonov nad Turfiou pre-
chadza horskym hrebenom Soroska s cestnym horskym prie-
chodom v nadmorskej vyske 540 m n. m. Toto uzemie je
sicastou Narodného parku Slovensky kras. Sklony svahov
dosahuju viac ako 15 % a tzemie je hodnotené ako horské
s funkciou chraneného tzemia NP Slovensky kras.

« Usek od obce Jablonov nad Turiiou v tidoli potoka Turfa je
charakterizovany ako mierne zvlnené tzemie predovset-
kym s plochami trvalych trdvnatych porastov.

DOPRAVNA PROGNOZA

Dopravnd prognéza bola spracovand v ramci $tidie realizova-
telnosti realizovanej spolo¢nostou Amberg v roku 2015 [3].

Model vyhladového dopravného zatazenia vychddza z met6-
dy stanovenia vyhladového dopravného zatazenia na zdklade
koeficientov rastu dopravy z roku 2013 pre jednotlivé druhy
komunikdcii.

Vystavbou rychlostnej cesty ddjde k prerozdeleniu dopravné-
ho zataZzenia medzi jestvujlicou cestnou sietou a navrhovanou
rychlostnou cestou, ¢o sa prejavi poklesom dopravného zataze-
nia cesty /50 o medzinarodnu tranzitnd a regiondlnu tranzitnd
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tube tunnel with an escape gallery. The total tunnel length
amounts to 4248m.

With the exception of portal parts, the tunnel structure will
have an intermediate deck. There are 17 cross passages spaced
at a maximum distance of 250m, and 5 double-sided emergency
lay-bys at maximum intervals of 750m designed within the fra-
mework of the structural safety measures.

The operating ventilation system of the Soroska tunnel is lon-
gitudinal with airflow-directing jet fans installed under the tun-
nel roof, exhausting through the Soroska tunnel portals. The
ventilation system is designed to support the natural air flow
given by the difference in the elevation of tunnel portals and by
uneven traffic flows.

In the case of a fire in the tunnel, smoke will be cleared from
the tunnel not only through portals, but also through a ventila-
tion shaft located at ca 1/3 of the tunnel length (in the directi-
on of the chainage) near the existing I/50 road and its passage
across the mountain ridge. When this ventilation type is exer-
cised, a semi-transverse system with extraction through the
space above the intermediate deck and the ventilation shaft will
be used.

A fixed fire-fighting system based on water mist will be part
of the fire-protection equipment, complying with TP 099 tech-
nical specifications. It is the first application of such the system
in Slovakia.

TERRITORY CHARACTERISTICS

After opening to traffic, the R2 fast highway Roznava —
Jablonov nad Turnou section being designed will become an
independent section, to which the R2 Gombasek — RozZnava
section will be connected from the west and the R2 Jablonov
nad Turnou — VCeldre section will be connected from the east
in the future.

The territory of the R2 highway section being designed can
be divided in terms of geomorphology into several sections:

e The section from RoZnava to the village of Lipovnik is
located in a moderately undulated, mostly agriculturally
exploited area, which is divided by shallow valleys and
streams.

¢ The section between the villages of Lipovnik and Jablonov
nad Turniou passes through the Soroska mountain ridge
with a mountain road crossing at the elevation of 540m
a. s. 1. This territory is part of the Slovensky kras National
Park. The slopes repose even at over 15% and the territory
is assessed as a mountainous territory with the function of
the conservation area of the Slovensky kras National Park.

e The territory of the section from the village of Jablonov
nad Turniou in the Turna Brook valley onward is characte-
rised as moderately undulated with permanent grassy
vegetation areas.

TRAFFIC PROGNOSIS

A traffic prognosis was carried out within the framework
of a feasibility study realised by the Amberg company in
2015 [3].

The model of prospective volume of traffic is based on the
determination method of prospective traffic volume for indivi-
dual types of roads based on coefficients of the increasing traf-
fic volume dated 2013.

By building the fast highway, the volume of traffic will be
redistributed between the existing road network and the fast
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Tab. 1 Vyhladové dopravné zataZenie iiseku RoZriava — Jablonov nad Turriou [3]

Roznava — Jablonov nad Turfiou

rok osobné automobily | nakladné automobily spolu
voz/24 hod voz/24 hod. voz/24 hod.
2020 7 550,00 1 655,00 9 205,00
2025 8 363,00 1 805,00 10 168,00
2030 9 235,00 1 955,00 11 190,00
2040 10 803,00 2 243,00 13 045,00

dopravu. Rychlostnd cesta na seba prevezme vicSiu cast
dopravného zataZenia jestvujicej cestnej siete, Co sa prejavi
prediienim obdobia kapacity cesty 1/50, zniZzenim negativnych
vplyvov dopravy na Zivotné prostredie, najmd na okraji
a v zastavanom uzemfi obci. Na zdklade tohto modelu bolo urce-
né predpokladané dopravné zatazenie zobrazené v tab. 1.

INZINIERSKOGEOLOGICKA CHARAKTERISTIKA UZEMIA

Uzemie pldnovaného tunela patri k najzaujimavejsim predsta-
vitelom planinového krasu na Slovensku. V jej masive sa nachad-
zaju skoro vSetky mozné krasové fenomény — jaskyne, priepasti,
zavrty, krasové jazierka, skalné ttvary, vyvieracky a iné.

K vyraznému kontaktu dvoch geologickych rozhrani dojde
zhruba v km 8,125-8,250, kde bude trasa prechadzat’ zo sins-
kych vépencovych vrstiev do wettersteinskych bridlic.

Dalsi problém v trase predstavuji krasové javy. Tieto boli
geofyzikalnym meranim (obr. 2) detegované v km 9,000-9,700.
Magnetotelurickou metédou CSAMT bolo odhalené aj hlboké
(cca 600 m) nizkoodporové pasmo, ktoré zasahuje tunel takmer
v 250 metrovom useku [6].

O vyskyte novych, nezmapovanych kaverien s vyskou 8-9 m
a naozaj velkych dutych priestorov (vyska okolo 23-25 m) su
informdcie z inZinierskogeologického prieskumu, ktory sa reali-
zuje (obr. 3). Prave tato nepredvidatelnost je spojend s nutnos-
tou pouzit' pomocné opatrenia na zaistenie vyrubu. V prvom
rade je potrebné zaistit’ bezpecnost pracovnikov a razenia pre-
ventivnymi opatreniami, medzi ktoré parf predstih razenia tni-
kovej stdlne a predvrty realizované z Celby. Nasledne, podla
rozsahu krasového javu, bude rozhodnuté, ¢i bude krasovy jav
vyplneny beténom (menSie kaverny), alebo bude od tunelovej
riry oddeleny ochrannou konStrukciou (stenou). V pripade roz-
siahlejsich krasovych javov a jaskyn je mozné uvazovat ich
spristupnenim pre potreby dalSieho speleologického prieskumu.

Z hladiska vyskytu podzemnych vod je Slovensky kras ojedi-
nelym prirodnym komplexom, ktory sa vyznacuje ich extrémnym
bohatstvom, priCom su vyznamné aj z vodohospoddrskeho hla-
diska. Z tohto dévodu je ¢ast'ndrodného parku a jeho ochranného
pasma vyhldsend za chrdnent oblast’ prirodzenej akumulécie vod.
Pridenie podzemnych vod v masive je pomerne zloZité.
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Table 1 Prospective traffic volume in the RoZnava — Jablonov nad Turriou
section [3]

Roznava - Jablonov nad Turrou

year cars per trucks vehicles
24 hours per 24 hours

together vehicles
per 24 hours

2020 7,550.00 1,655.00 9,205.00
2025 8,363.00 1,805.00 10,168.00
2030 9,235.00 1,955.00 11,190.00
2040 10,803.00 2,243.00 13,045.00

motorway being designed. It will be reflected by a drop in the
volume of traffic on the 1/50 road due to the missing proportion
of international transit traffic and regional transit traffic. The
fast highway will take over a major part of the traffic volume on
the existing road network, which in fact will manifest itself by
the extension of the sufficient capacity period duration on the
1/50 road and by reduced negative environmental impacts of
traffic, mainly on the outskirts of municipalities and inside
developed areas of municipalities. The anticipated traffic volu-
me presented in Table 1 was determined on the basis of this
model.

ENGINEERING GEOLOGICAL CHARACTERISTICS OF THE
TERRITORY

The territory of the planned tunnel belongs among the most
interesting representatives of plain-type karst in Slovakia. There
are nearly all possible karst phenomena in its massif — caves,
abysses, sinkholes, karst ponds, rock bodies, rises etc.

Significant contacts between two geological interfaces will be
encountered approximately at chainage km 8.125-8.250, where
the route will pass from Sinemurian limestone layers to
Wetterstein shales.

Another problem to be encountered on the route is represen-
ted by karst phenomena. They were detected by geophysical
survey at chainage km 9.000-9.700. The magnetoteluric method
CSAMT discovered even a deep (ca 5600m) low-resistance
zone affecting the tunnel within a nearly 250m long section [6].

Information about the occurrence of new, unmapped 8-9m
high caverns and really large hollows (about 23-25m high) is
provided by the engineering geological survey being underway
(see Fig. 3).

This unpredictability is associated with the necessity for app-
lying auxiliary measures to the excavation support. It is first of
all necessary to ensure safety of workers and the excavation by
preventative measures, among which there are driving a pilot
escape gallery and drilling probe holes ahead of the excavation
face. It will be subsequently decided on the basis of the extent
of the particular karst phenomenon whether the it will be filled

Obr. 2 Geofyzikdlne meranie v trase tunela

A — trasa tunela, B — nizkoodporové pdsmo naznacujiice pritomnost’krasovych javov

Fig. 2 Geophysical survey on the tunnel alignment

A - tunnel alignment, B — low-resistance zone indicating the presence of karst phenomena




Obr. 3 HruSovskd jaskyna zapisand v zozname UNESCO a odkryty krasovy zdvrt na kriovani tektonickych Struktir
Fig. 3 Hrusovskd cave inscribed on the UNESCO World Heritage List and an open sinkhole at the intersection of tectonic structures

Infiltrované vody si najprv zachovaju vertikdlny smer, ktory sa
neskor zmeni na horizontdlne pridenie. Zvlastnostou je sifondlne
pridenie. Rychlost’ pridenia krasovych véd je vyznamnou hydro-
geologickou charakteristikou. V ddsledku rychleho presakovania
sa voda hromadi vo vnitri karbonatového masivu, pricom oblast’
priesmyku Soroska predstavuje predpokladant oblast’ ich hydro-
geologického rozvodia.

STAVEBNE RIESENIE TUNELA

Portaly

Objekty portdlov tunela sd rozdelené na Cast hrubé terénne
dpravy a Cast’ kone¢né terénne tpravy. Hrubé terénne tpravy
tvori klincovany svah s dizkou klincov 6 m. Celkovi stabilitu
zaistju lanové kotvy diiky 16 m osadené v pite kazdej lavicky
vysky 3 a 6 m.

with concrete (smaller caverns) or will be separated from the
tunnel tube by a protective structure (a wall). In the case of
more extensive karst phenomena and caverns it is possible to
consider making them accessible for the needs of additional
speleological survey.

From the aspect of the occurrence of ground water, the
Slovensky kras is a unique natural complex distinguishing itself
by extreme wealth of ground water, which is important even from
the water management point of view. For that reason a part of the
national park and its protected zone has been declared a protected
area of natural accumulation of water. Flowing of ground water in
the massif is relatively complicated. In the beginning, infiltered
water maintains the vertical direction, which later changes to
a horizontal flow. A rarity of the groundwater is siphonal flowing.
The rate of the karstic water flow is an important hydrogeologi-

cal characteristic. Due to rapid infiltration,
water is accumulated inside the carbonate

plocha vetracieho kandlu 14,54 m?
ventilation duct cross-sectional area
of 14.54m?
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TUNNEL STRUCTURAL DESIGN

Portals

The tunnel portal construction works are
divided into general surface cutting and
final terrain trimming parts. The general
surface cutting forms a slope stabilised

2 with 6m long nails. The overall stability is
- ensured by 16m long cable anchors instal-
led at the base of each 3m respectively 6m
Strbinovy ab high bench.

*_slotted drain pipe
| - kéblovy kanél
cable duct

The final terrain trimming completes the
portal appearance during the course of the
works use. Shotcrete covered slopes will
be clad in 0.5m thick gabions.The cut-and-
cover tunnel section will be backfilled
----- with a non-reinforced material, with the
face sloping at 30°. The visible surface will
be covered with aggregates.

Ire main

drenazne potrubie
drainage pipeline

g
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Northern tunnel tube

Obr. 4 Vzorovy priecny rez tunelovou rirou
Fig. 4 Typical cross section through the tunnel tube

The construction of one (left-hand) T-8
category tunnel tube is planned in the
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Konecné terénne tpravy dotvdraji vzhlad portdlu pocas uzi-
vania diela. Svahy zo striekaného beténu budi obloZené gabio-
novym obkladom hribky 0,5 m. Spétny zasyp hibeného tunela
bude realizovany z nevystuZeného materidlu so sklonom cela
30°. Pohladova tprava bude kamenivo do betonu.

Severna tunelova rura

Vo faze spracovania dokumentdcie na stavebné povolenie sa
uvazuje s vystavbou jednej (lavej) tunelovej riry kategérie T-8
(obr. 4). V mieste pldanovanej pravej tunelovej rury je navrhnu-
td unikova $tolna. Tento ndvrh je v silade s navrhom celej rych-
lostnej cesty, ktord je naprojektovand s jednou tunelovou rirou
v favom jazdnom pdse.

Tunelovd rira bude mat Standardné usporiadanie so Sirkou
dnikovych chodnikov 1,0 m.

Pre potreby poZiarneho vetrania je navrhnuty v tuneli medzi-
strop. Prvych 200 m a poslednych 300 m v smere staniCenia je
navrhnutych bez medzistropu pre umiestnenie prudovych venti-
latorov. Geometria tunela je v tychto usekoch rovnaka ako
v Casti s medzistropom. Dévodom je pozadovana velkost’ pri-
dovych ventilatorov (priemer obezného kolesa 1,5 m), a z toho
vyplyvajica poZadovand stavebnd vyska 2,1 m.

V tuneli je navrhnutych 5 nddzovych zdlivov. VSetky st rie-
Sené ako obojstranné.

Razenie tunela a primarne ostenie

Vzhladom na velmi rozdielne geotechnické kategérie zastih-
nuté v trase tunela je navrhnutych 5 vystrojovacich tried. Tunel
bude razeny s protiklenbou (portdlové useky a miesta s najme-
nej kvalitnymi horninami v trase) aj bez protiklenby. Pre raze-
nie zdlivov, ktoré mimochodom reprezentuji 6 % diiky tunela,
si navrhnuté dve vystrojovacie triedy. Rozsah vystrojovacich
tried je determinovany znalostou horninového prostredia, ktora
vyplyva z inZinierskogeologického a hydrogeologického pries-
kumu. Vzhladom na topografiu tzemia je moZznost dal§ieho
geologického prieskumu z povrchu velmi limitovand. Preto sa
projektant zhoduje so zdvermi inZinierskogeologického pries-
kumu a sice odporucené vyuzitie inikovej $tdlne ako prieskum-
ného diela pred zaCatim raziacich prac v severnej tunelovej rare.
Unikova $télfa

V zmysle STN 73 7507 md dnikova $tolna sldzit ako dnikovy
koridor pre pesich. Na zdklade tejto poziadavky bol navrhnuty
gabarit rozmerov 2,0 x 2,4 m. Priestor je vyhovujici aj pre
obcasny pojazd obsluznej techniky. Ostenie §tdlne je navrhnuté
dvojplastové — primarne a sekundarne. Tym je zarucena stabili-
ta unikovej Stolne pocas celej Zivotnosti tunela.

Unikova §télfia ma samostatny systém odvedenia drenaznych
vdd, pretoZe je umiestnend nizsie ako lava tunelova rira.
PrieCne prepojenia

Na bezpec¢ny unik 0sob z tunela bude sliZzit’' 17 prie¢nych pre-
pojeni vo vzdjomnej vzdialenosti 250 m. Vzhladom na rieSenie
tunela s jednou tunelovou ridrou st vSetky priecne prepojenia
priechodné.

Vetracia Sachta

Vetracia Sachta (obr. 5) sliZi na odvod dymu z tunela pocas
poziaru alebo kongescie. Pocas bezného prevadzkového vetra-
nia nebude Sachta vyuZivand. Tym ddjde k minimalizdcii envi-
ronmentélnych dopadov, kedZe $achta je vydstend v chranenom
tdzemi NATURA 2000.

Sachta bude spojend s medzistropom tunelovej riry pomocou
horizontdlneho vetracieho prepojenia diiky 67,5 m.
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phase of processing documents for the issuance of construction
permit (final design) (see Fig. 4). An escape gallery is designed
to be driven in the location of the planned right-hand tunnel
tube. This design complies with the design of the whole fast
highway, which comprises one tunnel tube on the left-hand car-
riageway.

The tunnel tube arrangement will be standard, with escape
walkways 1.0m wide.

An intermediate deck is designed for the tunnel for the needs
of fire ventilation. The intermediate deck is not designed for the
initial 200m long section and the last 300m long section (in the
direction of tunnel chainage) to allow the installation of jet fans.
The tunnel geometry in these sections is identical with that
designed for the part with the intermediate deck. The reason lies
in the required size of the jet fans (the fan propeller diameter is
1.5m) and the required headroom following from it is 2.1m.

The total of 5 emergency lay-bys are proposed for the tunnel.
All of them are designed as double-sided structures.

Tunnel excavation and primary lining

There are 5 excavation support classes designed for the exca-
vation with respect to the very different categories to be encoun-
tered along the tunnel alignment. The tunnel invert will be car-
ried out (in the portal sections and in locations passing through
the lowest quality ground existing on the route); no invert will
be carried out in the other sections. Two excavation support
classes are designed for the excavation of emergency lay-bys,
which, by the way, represent 6% of the tunnel length. The scope
of the excavation support classes is determined by the knowled-
ge of the ground environment which follows from the enginee-
ring geological and hydrogeological survey. With respect to the
topography of the territory, the possibility of further geological
surveying is very limited. For that reason the design agrees with
the conclusions of the engineering geological survey that the
escape gallery is to be used as an exploration gallery prior to the
commencement of the excavation operations in the northern
tunnel tube.

Escape gallery

In the sense of the STN 73 7507 standard, the escape gallery
is to provide a corridor for the escape of pedestrians. The gaba-
rit dimensions of 2.0 x 2.4m were proposed on the basis of this
requirement. The space is sufficient even for occasional passa-
ge of service equipment. Double-shell lining (primary and
secondary) is designed for the gallery. In this way, the stability
of the escape gallery is secured throughout the tunnel life
length.

The escape gallery contains a separate system for evacuation
of drainage water because it is located lower than the left-hand
tunnel tube.

Cross passages

The safe escape of persons from the tunnel will be possible
through 17 cross passages spaced at 250m. With respect to the
tunnel design comprising only one tunnel tube, all cross passa-
ges are passable only for pedestrians.

Ventilation shaft

The ventilation shaft (see Fig. 5) is to be used for the removal
of smoke from the tunnel during a fire or congestion. The shaft
will not be used during the common operating ventilation ope-
ration. The environmental consequences will be minimised in
this way because the shaft outlet is located in the NATURA

2000 protected area.
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steel ladder ocelovy podiahovy rost a 67.5m long horizontal ventilation gallery.
priestor pre vedenia steel walking grate Basi i
space for utility lines e asic parameters:
svetly prierez prielezného y E;giteo{oﬁrlimjﬁ:; : qepth 239@
oddelenia 3,229 m? ladder 3 ¢ finished diameter 5.7m;
compartment net cross-sectio- o ~ : 2
nal area 3.220m2 i g e excavated cross se?ctlon?l area 3Qm .
— - The clear cross-section of the shaft con-
_ svetly prierez vetracieho . ) .
oddelenia 21,61 m? sists of two compartments — for ventilation
o I ey e and for cables. These parts are separated
— net cross-sectional area . - - e g
Ragsp 21.61m? from each other by a fireproof dividing
p % structure. The cable compartment is equip-
ped with ladders with dividing platforms
required for the installation of cables, their
- revision, maintenance and replacement, if
8 necessary. In this way, the need for elevated
rimarne ostenie strie- . . .
Ea'ny betén 026/25" work during these operations is excluded.
sekundarne ostenie Zelezobeton n;};gghn;grgémary Technology centres and
C30/37, hr. 150-300 mm secon- . exhaust structure
dary lining reinforced concrete . C20/25, 100mm thick . 12
€30/37, 150-300mm thick ochranna vrstva + plogné hydroizolécia Two technology centres at the portals and
protective layer + waterproofing membrane an exhaust structure above the ventilation
L 6200 L shaft are designed for the tunnel. The
! 4 design of the structures should ensure the
minimum life length of 50 years. All buil-

Obr. 5 Vzorovy priecny rez vetracou Sachtou
Fig. 5 Typical cross section through the ventilation shaft

Zékladné parametre su:

* hibka 239 m;

e svetly priemer 5,7 m;

e plocha vyrubu 30 m2.

Svetly prie¢ny rez Sachty pozostdva z dvoch oddeleni — vetra-
cieho a kablového. Tieto Casti si od seba oddelené poziarne
odolnou deliacou konstrukciou. Kdblové oddelenie je vybavené
rebrikmi s deliacimi ploSinami na inStaldciu kédblov, ich reviziu,
ddrZzbu a pripadnd vymenu. Tym sa vylucuje potreba vySkovych
prac pocas vykondvania tychto tkonov.

Technologické centraly a vydusny objekt

Pre tunel st navrhnuté dve technologické centrdly na portd-
loch a vyduSny objekt nad vetracou Sachtou. Objekty su navrh-
nuté tak, aby zodpovedali poziadavke Zivotnosti minimdlne 50
rokov. VSetky stavby st navrhnuté ako jednopodlazné murova-
né konstrukcie. V objektoch sa bude nachadzat vstupny priestor,
chodba, rozvodnia VN, ndhradny zdroj — rotaény UPS, NN roz-
vodna, rozvodna slabopridu, lokdlne pracovisko — priestor pre
miestne riadenie (technologické centrdly), sklad operdtora.
Technologicka ¢ast

V ramci technologickej Casti st najzaujimavejSie dva prevadz-
kové stbory, a to vetranie tunela a stabilné hasiace zariadenie.
Vetranie tunela

V zmysle technického predpisu TP 49 (TP 12/2011) platného
v Case navrhu vetrania patri tunel do kategdrie C. Vetraci systém
je navrhnuty s bodovym odsdvanim cez vetracie klapky.

Ocakdvana intenzita dopravy je relativne nizka a nedosahuje
takd droven, aby bolo potrebné dopiﬁanie Cerstvého vzduchu do
tunela. Najvhodnejsi vetraci systém pre tunel Soroska je kom-
bindcia pozdiineho vetrania s bodovym odsdvanim. Prvky vet-
racieho systému su nasledovné:

e vetraci kandl — bude vedeny po celej dizke tunela mimo

portdlovych dsekov (200 m na zdpadnom portdli a 300 m na
vychodnom portali);

dings are designed as single-storey mason-
ry structures. In the buildings there will be
an entrance space, a corridor, a HV substa-
tion, a standby power source — a rotational UPS, a LV distribu-
tion station, a low-current distribution station, a local workpla-
ce — space for local control (the technology centre) and opera-
tor’s storeroom.
Technology part

Two operating complexes are the most interesting within the
technology part, the tunnel ventilation system and the fixed fire-
fighting system.

Tunnel ventilation system

In the sense of the technical specification TP 49 (TP 12/2011)
valid at the time of designing the ventilation system, the tunnel
belongs into category C. The ventilation system design compri-
ses point extraction through ventilation dampers.

The anticipated traffic intensity is relatively low, not reaching
the level requiring supplies of clean air into the tunnel. A com-
bination of longitudinal ventilation with point extraction is the
ventilation system most suitable for the SoroSka tunnel. The
ventilation system comprises the following components:

e aventilation duct — it will run throughout the tunnel length,
with the exception of portal sections (200m long at the wes-
tern portal and 300m long at the eastern portal);

e ventilation dampers installed at intervals of 100m, with tri-
plets of dampers installed at the beginning and the end of
the section with the intermediate deck;

e axial fans — 5 couples of fans installed in the portal areas;

e a ventilation shaft with extraction fans at the surface
level.

The following operating principles (states) are designed for

the ventilation:

e natural ventilation;

e longitudinal ventilation;

 longitudinal ventilation with extraction in the central part
of the tunnel;

e emergency ventilation.
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e vetracie klapky inStalované vo vzdjomnej vzdialenosti
100 m, pricom trojica klapiek bude inStalovana na zaciatku
a konci dseku s medzistropom;

e pridové ventildtory — 5 dvojic ventilatorov instalovanych
v portdlovych oblastiach;

e vetracia Sachta s odsdvacimi ventildtormi na povrchu.

Pre vetranie su navrhnuté nasledovné principy (stavy) pre-
vadzky:

e prirodzené vetranie;

° pozdiine vetranie;

. pozdiine vetranie s odsavanim v strede tunela;

e nudzové vetranie.

Prirodzené vetranie bude vyuZzivané, ked bude intenzita
dopravy nizka a nevyvdzeny dopravny prid vytvori dostatocni
rychlost’ veterného pridu.

V pripade, Ze prirodzené vetranie nebude dostato¢ne Ucinné,
bude spustené niitené pozdiine vetranie. To bude napomdhat’
prirodzenému prideniu vetrov v smere dominujiceho doprav-
ného prudu. Vetraci kandl ani vetracia Sachta nebudd vyuzivané.

Vetranie s odsdvanim v strede tunela bude spustené pokial
nebude pozdiine vetranie dostato¢ne ucinné. Takyto stav nasta-
ne napriklad v pripade kongescie. Pri tomto stupni vetrania
budi v strede tunela otvorené vetracie klapky, znelisteny
vzduch bude odsdvany cez vetraci kandl a vetraciu Sachtu.
Z portalov bude tunel zdsobovany Cerstvym vzduchom.

Nudzové (poZziarne) vetranie mozno rozdelit’ do dvoch pripa-
dov.

Prvy pripad reprezentuje poZiar v Casti tunela s medzistro-
pom. V takomto pripade budd otvorené tri vetracie klapky
v blizkosti poziaru. Dym bude odsdvany cez vetraci kandl do
vetracej Sachty. Cisty vzduch bude vhanany pridovymi venti-
latormi z obidvoch portdlov.

Druhy pripad reprezentuje poZiar v blizkosti portdlov, kde nie
je inStalovany medzistrop. V takomto pripade nebude vyuZity
vetraci kandl, ale vetranie zabezpecia pridové ventildtory, ktoré
zabezpecia vytlacanie splodin horenia von smerom na portdl.
Vzhladom na dizku portdlovych tsekov bez medzistropu je
tento pripad vetrania menej pravdepodobny.

Stabilné hasiace zariadenie

Podla technického predpisu TP 099 ProtipoZziarna bezpecnost’
cestnych tunelov musi byt stabilné hasiace zariadenie (SHZ)
inStalované v jednordrovych tuneloch diiky nad 600 m.

KedZe v stcasnosti st na Slovensku minimélne skisenosti
s aplikdciou stabilnych hasiacich zariaden{ v tuneli, pri ndvrhu
sa vychddzalo zo zahrani¢nych aplikdcii a predpisov.

Stabilné hasiace zariadenia v tuneli je moZné podla typu hasi-
acich prostriedkov rozdelit'na tri typy:

e vodné;

¢ s vodnou hmlou;

* penové.

Pre tunel Soroska je navrhnuté stabilné hasiace zariadenie na
principe vodnej hmly.

Pri ndvrhu hasiaceho zariadenia sa vychddza z objemu pries-
toru, ktoré bude zariadenie pokryvat. Ndsledne je tento priestor
rozdeleny na samostatné hasiace useky. Takto bola tunelova
rura rozdelend na jednotlivé 25 m dlhé celky. V pripade nidzo-
vych zdlivov je dizka celkov skrdtend na 20 m, aby bol zacho-
vany objem haseného priestoru. V pripade vzniku poZiaru sa
aktivuju celkovo tri susedné celky. Obsluha tunela ma moznost’
upravit, ktoré celky budid aktivované podla skuto¢nej polohy
poZiaru.

TuHel

Natural ventilation will be use when traffic intensity is low
and the unbalanced traffic flow creates sufficient velocity of air.

In the case that the natural ventilation effect is not sufficient,
the forced longitudinal ventilation will be started. It will help
the natural air flow in the direction of the dominant traffic flow.
Neither the ventilation duct nor the ventilation shaft will not be
used.

The ventilation system with extraction of air in the central part
of the tunnel will be started when the efficiency of the longitudi-
nal ventilation is not sufficient. Such a state will happen, for
example, in the case of congestion. At this degree of ventilation,
ventilation dampers in the central part of the tunnel will be ope-
ned; polluted air will be extracted through the ventilation duct
and the ventilation shaft.

The emergency (fire) ventilation can be divided into the follo-
wing two cases:

The first case represents a fire in a part of the tunnel comprising
the intermediate deck. In such a case three ventilation dampers
will be opened in the vicinity of the fire. Smoke will be extracted
through the ventilation duct to the ventilation shaft. Clean air will
be blown in by jet fans from both portals.

The second case represents a fire near the portals, where the
intermediate deck is not installed. In such a case the ventilation
duct will not be used and the ventilation will be ensured by jet
fans, which will secure forcing the combustion products outsi-
de, toward the portal. With respect to the length of the portal
sections without intermediate decks, this case of ventilation is
less probable.

Fixed fire-fighting system

According to the technical specification TP 099 Fire safety in
road tunnels, a fixed fire-fighting system has to be installed in
road tunnels with the length exceeding 600m.

Since the experience with the application of fixed fire-figh-
ting systems to tunnels in Slovakia is currently minimal, the
design is based on foreign applications and regulations.

Fixed fire-fighting equipment in tunnels can be divided into
the following three types, depending on the types of extinguis-
hing agents:

* water,

e water mist;

e foam.

Fixed fire-fighting equipment based on the water mist prin-
ciple is designed for the SoroSka tunnel.

The fire-fighting equipment design is based on the volume of
the space to be covered by the equipment. This space is subse-
quently divided into independent fire suppression sections. In
this way, the tunnel tube was divided into individual 25m-long
sections. In the cases of emergency lay-bys the length of the
sections is reduced to 20m so that the volume of the space
where the fire is to be suppressed is maintained. In the case of
the origination of a fire, three neighbouring fire suppression
sections are activated. The tunnel operator can adapt the selec-
tion of the fire-fighting sections to be activated to the real fire
location.

The main components of the fixed fire fighting systems are as
follows:

» fire protection reservoir;

e pumping station;

e main distribution pipeline;

e the system of distribution and the valves in individual sec-

tions.




Hlavné prvky systému SHZ su:

e nddrZ poZiarnej vody;

e Cerpacia stanica,

¢ hlavné rozvodné potrubie;

¢ systém rozvodov a ventilov v jednotlivych sekcidch.

Nadrz poziarnej vody svojim objemom musi zabezpecit
dostatok hasiaceho média minimdlne na 60 minut prevadzky
SHZ. Tato nadrz nemdze byt spojend s nddrZou pre poZziarny
vodovod, pretoze poziadavky na vodu pre SHZ su podstatne
vy§Sie ako pre poZiarny vodovod. Tyka sa to najmi obsahu pev-
nych Castic a chemického zlozenia vody. Nadrz bude umiestne-
nd na povrchu, aby nebola nutnd inStaldcia poddvacich cerpadiel
pre hlavny Cerpaci systém. Takdto konfigurdcia je beZnd a ove-
rend pri tomto type SHZ na bdze vodnej hmly v netunelovych
aplikaciach.

Cerpacia stanica sa bude nachddzat'na zdpadnom portali tune-
la v technologickej centrdle. KedZe tento portél je umiestneny
vyssie, je mozné vyuzit' tlakovy spad v tunelovej rire, ktord ma
prakticky konstantny sklon 1,71 %. Cerpadld sdi navrhnuté
v konfigurdcii 2+1 (dve prevddzkové a jedno zdloZné).
Vzhladom na pomerne vysoké poziadavky na vykon st navrh-
nuté Cerpadla s dieselovym pohonom. To umozni optimalizaciu
ndvrhu zdloZného zdroja energie. Pri prevddzke tunela nebude
potrebné nakupovat’ zvySend kapacitu elektrickej energie, ktord
nebude vicSinou Casu vyuzitd.

Hlavné rozvodné potrubie prebieha po celej dizke tunela
a zdsobuje vodou jednotlivé sekcie. Je navrhnuté z nehrdzave-
jucej ocele. Svetly priemer potrubia je 168 mm. KedZe potrubie
nebolo mozné umiestnit’ do priestoru pod chodnikmi, je vedené
pod medzistropom. Proti premizaniu je chrdnené izoldciou
a vyhrievacim kdblom.

ZAVER

Tunel SoroSka bude vyznamnou investiciou a prinosom pre
dopravu na juZnom Slovensku. Pocas pripravy dokumentdcie na
stavebné povolenie doslo k vyznamnej zmene technického rie-
Senia a tunel je navrhnuty ako jednortrovy s obojsmernou pre-
vadzkou. Pokial bude takyto navrh dopracovany aj v dalsich
stupnoch investi¢nej pripravy, javi sa ako optimalne vyuZit tni-
kovu $tolnu ako prieskumné dielo, a pri jej razeni ziskat’ detail-
né informacie o krasovom prostredi horninového masivu
SoroSka.

Ing. PETER PALOCKO, PhD., ppalocko@amberg.sk,
Ing. MARTIN HLAVAC, mhlavac@amberg sk,
AMBERG Engineering Slovakia, s.r.o.

Recenzovali Reviewed: Ing. Sona Masarovicovd,
Ing. Miloslav Frankovsky
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The volume of the fire protection reservoir has to secure the
amount of the extinguishing agent sufficient for 60 minutes of
the fixed fire fighting (FFFS) system operation. This reservoir
cannot be connected with the reservoir for fire water because
the requirements for water for the fixed fire fighting system are
substantially higher than requirements for fire water. The main
difference lies in the content of solids and the chemical compo-
sition of water. The reservoir will be located at the surface level
so that the installation of feeding pumps for the main pumping
system is not required. Such a configuration is usual and verifi-
ed at this type of FFFS systems based on water mist in non-tun-
nel applications.

The pumping station will be located at the western portal of
the tunnel, in the technology centre. Since this portal is located
at a higher elevation, it is possible to exploit the hydraulic gra-
dient in the tunnel tube, which has got virtually constant gradi-
ent of 1.71%. The pumps are designed in 2+1 configuration
(two operating and one stand-by). With respect to relatively
high requirements for the pump rate, the design prescribes die-
sel propulsion pumps. It will allow for the optimisation of the
backup power source. It will not be necessary to purchase inc-
reased capacity of electrical energy during the tunnel operation,
which will not be exploited for most of the time.

The main distribution pipeline runs throughout the tunnel
length and supplies water to individual sections. Stainless steel
is designed for the pipeline. Net diameter of the pipeline is
168mm. Since it was not possible to place the pipeline into the
space under walkways, it is led under the intermediate deck. It
is protected against freezing by insulation and a trace heating
system.

CONCLUSION

The Soroska tunnel will be an important investment and con-
tribution for transport in southern Slovakia. A significant chan-
ge in the technical solution to the tunnel took place during the
preparation of documents for issuance of construction permit
(final design). The tunnel is designed as a single-tube structure
for bi-directional traffic. If this design is further elaborated even
in the other degrees of the investment project preparation, it
appears to be optimal to use the escape gallery as an explorato-
ry working and to gather detailed information about the karst
environment in the SoroSka ground massif during the course of
the gallery excavation.

Ing. PETER PALOCKO, PhD., ppalocko@amberg.sk,
Ing. MARTIN HLAVAC, mhlavac@amberg.sk,
AMBERG Engineering Slovakia, s.r.o.
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FOTOREPORTAZ Z VYSTAVBY TUNELU ZILINA
PICTURE REPORT FROM ZILINA TUNNEL

Obr. 1 Zaciatok razenia — zdpadny portdl
Fig. 1 Beginning of tunnel excavation — western portal

Obr. 3 Razenie tunela
Fig. 3 Tunnel excavation

Obr. 2 Zaciatok razenia — vychodny portdl
Fig. 2 Beginning of tunnel excavation — eastern portal

Obr. 4 Prerdzka juZnej tunelovej riiry
Fig. 4 Southern tunnel tube breakthrough

Obr. 5 Realizdcia hibeného tunela na vychodnom portdli
Fig. 5 Realisation of cut-and-cover tunnel at the eastern portal

Obr. 6 Sekunddrne ostenie tunela
Fig. 6 Tunnel secondary lining
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FOTOREPORTAZ Z VYSTAVBY TUNELA VISNOVE
PICTURE REPORT FROM THE CONSTRUCTION OF VISNOVE TUNNEL

FOTO PETR MITRENGA PHOTO COURTESY OF PETR MITRENCA

Obr. 2 Raziace a vystrojovacie prdce v tunelovych rirach prebiehajii od
Fig. 1 A view of the construction site at the western portal of the Visiiové tunnel oboch portdlov

Fig. 2 Tunnel excavation and installation of excavation support in tunnel

tubes proceeding from both portals

Obr. 3 Sekunddrne ostenie tunela v uiseku pred niidzovym zdlivom
Fig. 3 Secondary lining of the tunnel in the section before the emergency lay-by

Obr. 4 Vylstenie odvodniovacej $tolne na vychodnom portdli
Fig. 4 Drainage gallery mouth at the eastern portal

Obr. 5 Priprava betondZe spodnej klenby vetracieho kandlu v mieste vetracej
Sachty :
Fig. 5 Preparation for concreting the invert of the ventilation duct at the ven- Obr. 6 Realizdcia sekunddrneho ostenia vo vetracom kandli

tilation shaft Fig. 6 Installation of secondary lining in the ventilation duct
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InZenyring
DOPRAVNICH STAVEB

Od c¢ervna 2018 se s Vami tésime
na dalsi spolupraci na nové adrese:
Branicka 514/140, Praha 4 Branik. o

Vazeni obchodni partnefi,

soucasné se zmeénou vlastnika nasi
spolecnosti, ke které doslo v roce 2017,
si Vas dovoluji informovat o zméné sidla
nasi spolecnosti.

I nadale jsme pfipraveni poskytovat
nasim partnerum a zakaznikum kvalitni
odborné sluzby, které jsou zalozeny na
. dlouholeté praxi, odbornosti, zkusenosti
~a znalostech nasich zaméstnancu.

Ing. Michal Lec, generalni feditel

BARANDOVSKY MOST

www.idspraha.cz



D3 Zilina, Strazov - Zilina, Brodno
Tunel PovaZzsky Chlmec

Kontrolné meranie uéinkov vibracii vyvolanych trhacimi pracami na okolitu zastavbu

a objekty tunelovych rur, meranie bludnych prudov pre bezpeénost trhacich prac,
kontinualny monitoring seizmickych tcinkov od trhacich prac na dotknutu zastavbu,
pasportizacia a monitoring okolite] zastavby dotknutej vystavbou, monitoring sily v kotvach,
projekt seizmického monitoringu, vypocty a modelové skusky moznosti

trhacich prac v priestore prechodu tunelovych rnir popod vysokotlaky

privod vody do mesta Zilina.

WWWw.inset.com

GEOTECHNIKA A MONITORING / GEOLOGICKY A GEOFYZIKALNY PRIESKUM
DIAGNOSTIKA, MONITORING A SKUSANIE STAVEBNYCH KONSTRUKCIi
DIAGNOSTIKA A MONITORING ZIVOTNEHO PROSTREDIA / HYDROGEOLOGIA

GEODETICKE PRACE / INZINIERSKA CINNOST




www.vahostav-sk.sk

Tradicia, kvalita, inovativne postupy
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Sfdlo spolo&nosti Kore3ponden&nd adresa
VAHOSTAV-SK, a. s. Hlinska 40
Priemyselna 6 011 18 Zilina
AHOSTAVSK 821 09 Bratislava Tel.: +421 41517 1111
e-mail: info@vahostav-sk.sk
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Tunel Polana, dalnice D3, S

Kvalita, presnost a diislednost v kazdém detailu. Spoleéna koordinovana prace lidi
desitek oborti a profesi. Schopnost fesit naroéna zadani a odvaha hledat nova reseni.
Je tohle uméni? Mozna ne. Jen to dobie umime.

Metrostav a.s. Kozeluzska 2450/4 Praha 8 www.metrostav.cz
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United. Inspired.

Presvédcte se, co Epiroc muze pro Vas udélat

Spolecnost Epiroc je predni svétovy dodavatel zafizeni a sluZzeb pro tézebni pramysl,
stavebnictvi, infrastrukturu a ziskavani prirodnich zdroji. S vyuzZitim nejmodernéjsich
technologiii Epiroc vyviji a vyrdbi inovativni vrtné soupravy, zafizeni pro dilni
prumysl, hydraulické demoli¢ni stroje a poskytuje prvotridni servisni sluzby vcetné
dodavek nahradnich dild. Celosvétové spoletnost vznikla 1. ledna 2018 odStépenim
obchodni oblasti Technika pro tézbu a dobyvani a divize Hydraulické demoli¢ni
techniky ze spolecnosti Atlas Copco, a je zastoupena ve vice nez 150 zemich sveta.

Vice na www.epiroc.com




S NAMI

{(...y) ) urobite dieru do

- SVETA

I A R 0 S I DIALNIENO-ZELEZNICNY TUNEL VELKA FATRA NA USEKU DIALNICE D1 TURANY - HUBOVA

construction & consulting company PREDLZENY TUNEL CEBRAT NA USEKU DIALNICE D1 HUBOVA - IVACHNOVA

Vo :
p, N
0, 3

h”

MC-Injektazni systémy pro oblast tunelii

MC-Bauchemie je kompetentnim partnerem pro Vase projekty tunell. Vyuzijte komplexnich » Stabilizace zemin

systémovych feSeni pro vSechny oblasti v tunelech od samotné vystavby aZ po opravy. m Zat8siiovani zemin

Vlyuzijte nase dlouholeté zkuSenosti z rozsahlych mezinarodnich projektl - pro Vasi spoko- m Vypliiovani trhlin a dutin

jenost a jistotu, Ze jste pouZili optimalni produkty u konkrétniho projektu. = Plo$né zatésnéni a tésnéni spar

st

EXPERTISE
INJECTION

MC-Bauchemie s.r.o. - Primyslova zona Sever - Skandinavska 990 - 267 53 Zebrak - info@mc-bauchemie.cz - www.me-bauchemie.cz BE SURE. BUILD SURE.
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ASSOCIATION
INTERNATIONALE DES TUNNELS
ET DE L'ESPACE SOUTERRAIN

INTERNATIONAL TUNNELLING
A I T E S AND UNDERGROUND SPACE
ASSOCIATION

PODZEMNI
STAVEY

14. MEZINARODNI KONFERENCE

3.-5. 6. 2019 | PRAHA, CESKA REPUBLIKA

www.ps2019.cz | ps2019@guarant.cz

CESKA TUNELARSKA
ASOCIA
ITA-AITES

CZECH TUNMELLING
ASSOCIATION
ITA-AITES

ZE SVETA PODZEMNICH STAVEB THE WORLD OF UNDERGROUND CONSTRUCTIONS

TUNELY POD SUEZSKYM PRUPLAVEM
TUNNELS UNDER SUEZ CANAL

The Suez Canal has recently passed and is currently passing
through a period of several principal modifications. The Suez
Canal is an approximately 195 kilometres long artificial canal
connecting the Mediterranean Sea and the Red Sea. The length of
the cruise from Europe to Asia without navigating around Africa
has been reduced since 17th November 1869 by nearly 9000 kilo-
metres. A big disadvantage of the Suez Canal lied in the fact that
only unidirectional shipping traffic was possible with respect to its
insufficient width. The time of waiting at the entrances amounted
to a full 11 hours and only ships with a limited displacement ton-
nage and dimensions could sail along it. But, after a year-lasting
intense work, a parallel 35km long branch of the canal with 4
cross passages to the existing route was opened and the depth and
width of additional 37km of the canal were increased to 24 up to
30m and 225m, respectively. The time of waiting for entering the
canal was reduced to ca 3 hours after those modifications. Only
three transverse roads crossed the Suez Canal until recently — one
of them was a steel suspension bridge north of Ismailia near El-
Qantara. The El Ferdan railway swing bridge lost significance for
the connection with the Sinai Peninsula because it had not conti-
s the newly built parallel branch of the Suez Canal.
A 1.6km long Ahmed Hamdi road tunnel was opened to traffic in

nuation

1981 near the city of Suez. For that reason a plan to build identi-
cal twin-tube tunnels near Port Said (2x2.8km) and in Ismailia

8km) was proposed for
connecting the economically
little used Sinai Peninsula with
central Egypt. During 19 months
in 2015 to 2017 four Face
Pressure Control TBMs really
drove all four tunnel tubes. The
one hour journey from Port Said
to the Sinai Peninsula across the
bridge near El-Quantara will
change to the several minute
through the tunnel
across under the canal. All tun-

passage

nel tubes will be opened to traf-
fic at the end of June 2018, after
all finishing work is complete.

Suezsky pruplav, jedna z nevy-
znamnéjsich inZenyrskych, do-
pravnich a vodnich staveb 19. sto-
leti, prochdzi v poslednich letech

Obr. 1 Situace soucasného stavu
Suezského priplavu

Fig. 1 Map of the Suez

Canal current state
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ks 250 m G

Obr. 2 Schéma rozsirovini a prohlubovdni pruplavu
Fig. 2 Chart of enlarging the width and depth of the Suez Canal

Obr. 3 Paralelni vétve pruplavu s propojenim v km 54,5
Fig. 3 Parallel branches of the canal with the interconnection at km 54.5

i v soucasném obdobi nékolika zasadnimi dpravami, které vyrazne
ovliviuji jak lodni dopravu v kandlu, tak sit’pozemnich komunikaci
napri¢ kandlem.

Suezsky pruplav je umély kandl, ktery v délce zhruba 195 kilomet-
ra spojil Sttedozemni more a Rudé mote (obr. 1). Plavba lodi z Evropy
do Asie bez obeplouvani Afriky se od 17. listopadu 1869 zkrdtila
o téméf 9000 km. Pruplav nem4 Zddnd zdymadla, protoZe neni rozdil
mezi hladinami obou propojenych moii. Pruplav je rozdélen na sever-
ni a jizni ¢ast Velkym a Malym Horkym jezerem, pficemZ morskd voda
ze Stredozemniho i Rudého more te¢e volné do jezer, v nichz nahrazu-
je vodu, kterd se vyparila. Jezera také funguji jako vyrovndvaci nadrz
redukujici v praplavu ndsledky prilivovych prouda v obou morich.

Velkd nevyhoda Suezského pruplavu spocivala v tom, Ze lodni pro-
voz mohl byt pouze jednosmérny s ohledem na jeho nedostate¢nou $it-
ku, byt'asto upravovanou (obr. 2). Cekaci doba u viezdi byla plnych
11 hod a mohly jim proplouvat pouze lodi s omezenym vytlakem i roz-
méry. V srpnu roku 2015 v8ak byla po roce intenzivnich praci oteviena

Obr. 5 Mixshield Herrenknecht () 13,02m
Fig. 5 Mixshield Herrenknecht () 13.02m

Obr. 4 Silni¢ni most u El-Qantary
Fig. 4 Road bridge at El-Qantara

paralelni vétev praplavu v délce 35 km se 4 propojkami do stdvajict
trasy (obr. 3), dalsich 37 km pruplavu bylo prohloubeno na 24 a7 30 m
a rozsffeno na 225 m. Cekaci doba pro viezd do priplavu se sniZila po
téchto dpravéch na cca 3 hodiny, kapacita pruplavu se zvysila dvojnd-
sobn€ — ze 49 na 98 lodi denné a mohou jim proplouvat mohutné
nakladni lode $itky az 77 m, s vytlakem az 240 000 t.

Napii¢ Suezskym pruplavem vedly doneddvna pouze tfi pricné
komunikace. Severne od Ismailie u El-Qantary to byl silni¢n{ zavese-
ny most (obr. 4), umoznujici proplouvéani lodi s vyskou az 68 m.
Zelezniéni otoény most El Ferdan pobliZ Ismailie ztratil pro spojeni se
Sinaji na vyznamu, protoZe pres noveé vybudovanou paralelni vétev

The Aray

tummrinrs

Obr. 6 Prordzka druhé tunelové trouby u Port Saidu 14. 12. 2017
Fig. 6 The second tunnel tube breakthrough near Port Said on 14t
December 2017




27. rocnik - €. 2/2018

Suezského kandlu nemé pokracovéni. PobliZ jizniho konce praplavu,
u mésta Suez, byl v roce 1981 otevien 1,6 km dlouhy silni¢ni tunel
Ahmada Hamdiho.

Pro spojeni ekonomicky mélo vyuzivaného Sinajského poloostro-
va s centralnim Egyptem byl proto egyptskou vlddou navrZzen ambi-
ciozni pldn vybudovat v co nejkratSim Case stejné dvoutroubové
tunely u Port Saidu (2x 2,8 km) a v Ismailii (2x 4,8 km). Béhem 19
mésicu v letech 2015 az 2017 skute¢né vyrazily &tyfi plnoprofilové
Stity s tlakovou kontrolou ¢elby (Herrenknecht Mixshield ¢. S-958,
S-959, S-960 a S-961, vesmes @ 13,02 m — obr. 5) vSechny Ctyfi
tunelové trouby. Razba druhé tunelové trouby u Port Saidu byla slav-
nostné dokoncena 14. 12. 2017 (dosazeny rekordni vykon za tyden

¢inil 128 m) — obr. 6. Hodinov4 cesta z Port Saidu na Sinajsky polo-
ostrov pres most u El-Qantary se zméni na nékolik minut prujezdu
tunelem napii¢ pod pruplavem. Druhd tunelovd trouba v Ismailii byla
jako posledni prorazena 24. 12. 2017.

Po provedeni vSech dokonCovacich praci maji byt vSechny tunelo-
vé trouby otevreny na konci ¢ervna 2018. Vzhledem k obdivuhodnym
vykonim dosaZenym pfi modernizaci Suezského pruplavu i pfi razbé
tunelt pod pruplavem lze ocekdvat, Ze termin, ktery stanovil pifmo
egyptsky prezident Abdel Fatah al-Sisi, bude splnén. Tuto udélost
v nékterém dal§im ¢isle Tunelu rozhodné nenechdme bez povsimnuti.

prof. Ing. JIRI BARTAK, DrSc.

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES
TRADICNI SEMINAR ZPEVNOVANI, TESNENI A KOTVENT HORNINOVEHO MASIVU

A STAVEBNICH KONSTRUKCI V OSTRAVE

TRADITIONAL SEMINAR ON STRENGTHENING, SEALING AND ANCHORING OF GROUND MASSIF

AND BUILDING STRUCTURES IN OSTRAVA

The 23t international seminar on Reinforcement, sealing and
anchoring of rock massif and building structures was held in the pre-
mises of the VSB — Technical University of Ostrava on 15th-16th
February 2018. The seminar is traditionally co-organised by the
Department of geotechnics and underground construction of the
VSB-Technical University of Ostrava jointly with the company of
Minova Bohemia s.r.o. This professional event was held under the
auspices of the ITA-AITES Czech Tunnelling Association and the
Czech Mining Authority. This year’s seminar was attended by over
100 professionals from geotechnical firms, companies focused on
coal mining, representatives of the mining administration and from
the academic and research sphere, from the Czech Republic and
abroad. The future of geotechnical professions was represented at the
seminar also by students. The professional content of the 27 lectures
delivered at the seminar was variable.

Ve dnech 15-16. 2. 2018 se konal v prostorich VSB-Technické
univerzity Ostrava v poradi jiz 23. ro¢nik mezindrodniho seminare
Zpevniovdni, tésneni a kotveni horninového masivu a stavebnich kon-
strukci 2018, ktery tradi¢né spoluporadd katedra geotechniky a pod-
zemniho stavitelstvi Fakulty stavebni VSB-Technické univerzity
v Ostravé a firma Minova Bohemia s.r.0. Zastitu nad touto odbornou
akei prevzala jako kazdorotné Ceskd tuneldiska asociace a Cesky
bansky drad.

Leto$niho ro¢niku seminére se zdcastnilo pres 100 odborniku z fad
geotechnickych firem, firem s hornickym zaméfenim, zdstupct ban-
ské spravy i akademické a vyzkumné sféry, a to z Ceské republiky
i ze zahranic¢i, budoucnost geotechnickych obort pak zastupovali na
semindfi rovnéZ studenti. Odbornd ndpln celkem 27 prednesenych
prednések semindfe byla ruznoroda.

Firma Minova Bohemia s.r.o. prezentovala zkuSenosti s aplikaci
injektdze pro zesileni prordzky ve sloji na Dole Lazy. Kolektiv auto-
ra z firem OKD, a.s., Karvind Doly a Minova Bohemia s.r.0. i v dal-
§im prispevku informoval o Uspésné a prinosné aplikaci polyureta-
novych injektazi v obtiznych dulnich podminkach pro hospodarné
a bezpetné vydobyti uhelnych zésob v podminkéch hlubinnych dolu
na Karvinsku. Sortiment modermniho pramyslového potrubi pro vyu-
Ziti v podzemnim stavitelstvi a hlubinnych dolech s nebezpecim
vybuchu metanu a vybuchu uhelného prachu predstavil spole¢ny
prispévek kolektivu autort z firmy Minova Bohemia s.r.o. a polské
firmy ELPLAST. Dosavadni{ zkuSenosti s dspéSnym pouZitifm samo-
statné svornikové vyztuze v podminkidch OKR byly obsahem pfis-
pévku Ing. Korbela z firmy OKD, a.s. Dalsim prispévkem z oblasti

hornického stavitelstvi byl piispévek autori z firmy Minova
Bohemia sro. a OKD, as. zaméreny na specifikaci vlastnosti
a vyhod nového produktu na bazi cementovych hmot pro vystavbu
dulnich uzaviracich hrazi, sou¢dsti piispévku byla rovnéZ prezenta-
ce prvni praktické aplikace této nové hmoty v podminkach OKD.

Ukoncenim t€Zby na uranovém loZisku Roznd (dne 27. 4. 2017
byl vytéZen z loZiska posledni viiz s uranovou rudou), véetn€ moz-
nosti dalStho vyuZiti ¢asti uranového dolu Roznd pro vybudovani
podzemniho vyzkumného pracoviste Bukov, se zabyval prispévek
pracovniku stdtniho podniku Diamo.

Firma SG-GeoinZenyring s.r.o. ve svém prispévku predstavila
netradi¢ni dpravu podloZi tvoreného dualni hluSinou postiZenou
intenzivnimi termickymi procesy s cilem umoznit vystavbu vyrobn{
a administrativni budovy na tomto upraveném podloZi.

Utastniky semindfe jisté zaujal i piispévek autori z firmy
Metrostav a.s. vénovany zkuSenostem z vystavby tunelu Joberg
v ledovcové moréné, ktery byl jako prvni tunel v Norsku realizovan
Novou rakouskou tunelovaci metodou.

Vyuziti zavrtavacich injekénich jehel RS1L pfi razbé slovenského
tunelu Polana pak bylo prezentovdno v prispévku Ing. Kocndra
(Minova Bohemia s.r.0., organizacni slozka ve Slovenské republice).

Praktickym zkuSenostem s vyuZitim injektdZnich materidld pii
sanacnich pracich na podzemnich stavbach byl vénovan prispévek
Ing. Laciny a Ing. Wetterové z firmy AMBERG Engineering Brno, a.s.

Prispévek autort z firmy METROPROJEKT Praha a.s. predstavil
specifikaci, cile a vysledky rozsahlého injektazniho pokusu s vyuzi-
tim PUR pryskyfic realizovaného v souvislosti s budouci vystavbou
stanice metra Pankric D.

Prispévek autort z firem Subterra a.s. a HOCHTIEF CZ a. s. byl
zaméfen na problematiku specifik a odpovidajicich zpasobu vystav-
by kolektoru Hldvkuv most, budovaného ve sloZitych geotechnic-
kych podminkdch pod vodnim tokem, v blizkosti povrchovych
a podzemnich objektu.

Ing. Luka z firmy Minova Bohemia s.r.o. predstavil postup a apli-
kované sanacni konstrukéni prvky zajisténi skalnich svahu v ddoli
feky Vltavy. Prispévek z téZe firmy pak prezentoval typy kotevnich
systému a mikropilot MAI SDA pouZitych pii rekonstrukei prelivu
a skluzu vodniho dila Sance na fece Ostravici.

Alun Thomas (Minova, Dansko) predstavil specifika a prednosti
svorniki GFRP (Glass Fibre Reinforced Plastic rockbolts) a prikla-
dy jejich vyuziti v praxi. Inspirativni byl rovnéz dalsi prispévek
tohoto odbornika vénovany problematice navrhu permanentniho

osténi tunelu ze stifkaného betonu.



Zpusoby a aspekty numerickych vypo&tu pro hodnoceni stability
svahu a zejména G¢inku prijatych komplexnich sana¢nich stabilizad-
nich opatieni v obtiZznych geologickych podminkach byly prezentova-
ny v prispévku autort firmy AMBERG Engineering Slovakia s.r.0.

Vyuziti a piinos modernich bezpilotnich systému (dront) v oblas-
ti geotechniky a vybrané ukazky aplikaci této moderni technologie
v oblasti pasportizace svahu a skalnich stén, pro vypocet objemu
sanované horniny a monitoring vyvéri podzemni vody prezentoval
zastupce firmy STRIX InZenyring spol. s r.o.

VyuZzitim nizkoviskézni, polymery zesilené hydrostrukturni prys-
kyfice na akryldtové bazi s kratkou, nastavitelnou reakéni dobou pri
tésnéni dilataéniho spoje jezu Lhotka se zabyval prispévek zdstupca
realizaéni firmy CIPOS Ostrava a.s. a dodavatelské firmy injektazni
hmoty MC- Bauchemie s.r.o.

Nedilnou soucdsti semindfe byly i prispévky pracovniku akade-
mické sféry, které dokumentuji velmi t€sné propojeni ¢innosti pra-
covniku vysokych kol s praxi. Problematikou stavebnich jam a pod-
zemnich prostor v oblastech s vysokou hladinou podzemni vody
a lokalizaci relativné nepropustnych neogennich vrstev v nevelké
hloubce pod povrchem se detailné zabyval ve svém prispeévku
prof. Hulla ze Slovenské technické univerzity v Bratislave, pri¢emz
rovnéZ ilustroval mozZnosti a technologii Uspesné vystavby v téchto

TUNELARSKE ODPOLEDNE 1/2018
TUNNEL AFTERNOON 1/2018

The first Tunnel Afternoon in 2018 was held already for the third time
on the theme of historic underground workings. It was presented by Mr.
Ladislav Lahoda, for whom the underground has been a lifetime hobby.
He described underground structures in the territory of Prague, for
example, Carmelite catacombs, crypts, Baroque casemates, cellars,
abandoned mines and underground quarries, historic sewers, deep
wells, shelters and underground factories from World War II, etc. The
lecturer captivated the audiences by interesting stories about VySehrad,
Prague Castle, Hvézda deer park, Prosek, Hloubétin, Rudolph’s gallery
and many other more or less known Prague locations.

Prvni Tunelafské odpoledne roku 2018 se konalo 7. brezna v Centru
vzdélavani Skupiny Metrostav. Pro velky zdjem z minulych let se jeho
ndplni jiz potreti stala historickd podzemni dila. Stejné jako v pred-
chozich roénicich pripravil téma pan Ladislav Lahoda, pro kterého je
podzemi jeho celoZivotnim konickem.

V tomto Tuneldfském odpoledni se predndsejici vénoval podzem-
nim objektim pouze na tizemi Prahy, které je z tohoto hlediska velmi
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podminkéch na prikladu nékolika vyznamnych bratislavskych sta-
veb. Prof. TurCek ze stejného univerzitniho pracoviste prednesl
v rdmci semindfe, mimo jiné, prispévek vénovany rekonstrukei his-
torické budovy v Bratislavé, a to zejména z pohledu podchytédvani
obvodovych stén budovy proudovou injektazi.

Kolegové ze Slezské univerzity v Gliwicich prezentovali vysled-
ky vyzkumu zaméreného na zlepSovéni vlastnosti uhelné bridlice
misenim s popilkem z fluidizagnich kotla pro vyuZiti takto ziskané-
ho smésného materidlu v dopravnim stavitelstvi a vysledky labora-
tornich zkousek zaméfenych na vyhodnoceni vlivu vlhkosti na
zménu mechanickych parametra granuldrnich materidla. Spolecné
s firmou BETOTECH pak polsti kolegové pripravili prispévek
o moznostech vyuziti odpadniho materidlu v dopravnim stavitelstvi
v kontextu poZadavku evropskych norem.

23. ro¢nik semindfe byl uspéS$ny jak po strance odborné, tak
i z hlediska spoleenského setkéni jeho tcastniku, a dokumentoval
potiebu téchto odbornych setkdvani.

doc. RNDr. EVA HRUBESOVA, Ph.D.,
eva.hrubesova@vsb.cz,
Fakulta stavebni VSB-TU Ostrava

bohaté. Vice nez dvé a pul hodiny promital fotografie ze zajimavych
mist, na kterd se nékdy muZe Cloveék dostat i jako turista, jind jsou
nepiistupnd bud z divodu utajenf, nebo jsou uZ i zasypand & jinak
zlikvidovand. Pritomni lidé se meli moznost doveédét fadu informaci
o historickych objektech, ale i téch, jejichz vystavba probéhla pomér-
né neddvno. Jmenujme napt. Karmelitinské katakomby, krypty, barok-
ni kasematy, sklepent, staré doly a podzemni lomy, historickou kanali-
zaci, hluboké studny, kryty i podzemni tovéarny z 2. svétové valky atd.
Pan Lahoda zaujal posluchade zajimavymi piibéhy o VySehrad€,
Prazském hradu, Obore Hvézda, Proseku, Hloubétiné, Rudolfové Stole
a mnoha dalsich vice ¢i méné znamych mistech v Praze.

Celkem se tohoto Tuneldfského odpoledne ztcastnilo pres 70 lidi. Vice
informaci o této tematice Ize vyhledat na internetovych strankdch CMA
— spolecnosti pro vyzkum historického podzemi www.podzemi-cma.cz.

Ing. MARKETA PRUSKOVA, Ph.D.,
CzTA ITA-AITES

AKTUALITY Z PODZEMNICH STAVEB V CESKE A SLOVENSKE REPUBLICE
CURRENT NEWS FROM THE CZECH AND SLOVAK UNDERGROUND CONSTRUCTION

CESKA REPUBLIKA
MODERNIZACE TRATI ROKYCANY - PLZEN

Po ukonceni razeb obou trub i propojek ejpovickych tunelt jsou
na stavbé prvni mésice roku 2018 ve znameni betondrskych a dal-
Sich dokoncovacich praci.

V jiznim tunelu se osazuji kabelovody, kabelové Sachty a poZarni
suchovody, které pak po etapach vystavby prekryvaji betonové chod-
niky. V sousednim severnim tunelu se zase pracuje na vybaveni jeho
dna, coZ zahrnuje instalaci vystrojovacich prvku, jako jsou odvodio-
vaci potrubi, Sachty a pricné svody. Na takto vybavené dno se zde
potom vybetonuje deska tloustky 40 cm.

V propojkdch potupné probihaji ¢innosti smérujici k ziskani sta-
vebni pfipravenosti pro dodavatele technologické ¢asti dila.

Stavba také tispésné pokracuje i na svych portdlovych ¢astech,
kde na té rokycanské stran¢ byl jiz vybetonovan vlastni tunelovy

THE CZECH REPUBLIC

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

After the completion of the excavation of both tubes and cross
passages of the Ejpovice tunnels, the initial months of the year 2018
are in token of concrete casting operations and other finishing work.

Cableways, cable manholes and dry fire mains are being
installed in the southern tunnel tube. They are subsequently
covered in construction stages with concrete walkways. In the
neighbouring northern tunnel tube, the work on the equipment of
the bottom, comprising the installation of equipment elements,
such as drainage pipelines, manholes and transverse water col-
lecting pipelines proceeds. A 40cm thick concrete slab is subse-
quently cast on it.
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poslednich ¢asti tunelovaciho stroje jména Viktorie, které jiz také
byly ndsledné kompletné odvezeny, a to za déelem jeho dal§tho
vyuziti.

Celkove lze tedy konstatovat, Ze celd stavba je v souladu s plat-
nym harmonogramem stavby a tspésne spéje ke svému cili, tedy
svému zprovoznéni.

Ing. BORIS SEBESTA, boris.sebesta@metrostav.cz,
Metrostay a.s.

KOLEKTOR HLAVKUV MOST

Stavbu provadi sdruZeni firem Subterra a.s. a HOCHTIEF CZ
a. s. Zadavatelem je Magistrdt hl. m. Prahy. Blize se jednd
o novostavbu kolektoru razeného (s pouZzitim trhacich praci
a mechanického rozpojovéni) i hloubeného (s kruhovym profi-
lem hloubeni do 8 m), s technickymi a kabelovymi komorami
a odbo¢nou vétvi na Stvanickém ostrové. Novy kolektor bude
propojen se stavajicimi kolektory na nabrezi L. Svobody (NLS),
resp. na severnim predmosti Hldvkova mostu (SPHM). Celkova
délka razenych tseku (hlavnf trasa a komory) je cca 416 m, sou-
hrnnd hloubka ¢tyr Sachet je priblizné 130 m.

Rok 2017 byl na této stavbé charakteristicky razbami na vSech
objektech. Jako prvni se v lednu razila technickd komora TK103,
v tnoru hlavni kolektorovd trasa a na konci bfezna technickd
komora TK101. Postupné se razby na hlavni kolektorové trase pro-
vddély na tfech Celbdch soucasné a byly kompletné dokonceny
30.9.2017. Nésledovalo vycisténi protikleneb a profilace primar-
niho osténi. Soucasné se provadela instalace organizovanych
svodu, injektdZe primdrniho osténi a montéZe mezilehlych izolaci.

V fijnu 2017 byly zahdjeny prace na definitivnim ostén{
v useku hlavni trasy mezi Sachtami J101 a J102 a poté také klen-
by. Pro betondz kleneb byla nasazena plné¢ hydraulicka elektric-
ky posuvnd ocelové forma délky 8 m. Souasné byla instalovdna
mezilehld izolace v trase pod ostrovem Stvanice a v $achté J104.
Dal§im betonovanym tsekem byla trasa mezi Sachtou J102
a komorou TK103 ve dné i v klenbé. V soucasné dobé (polovina
brezna 2018) jsou témer dokonéeny betondze kolektorovych tras.
Sachta J104 je pred dokongenim a provadi se také izolace na
Sachté J102. Déle je kompletné nainstalovdna vyztuz klenby
komory TK101 a montuje se bednici forma. Dokoncuji se prace
na definitivnich konstrukcich napojeni na stdvajici kolektory
NLS a SPHM.

Z dalsich praci bylo namontovdno plynové potrubi DN500
cca v poloviné délky kolektorovych tras. Zahdjeny jsou
i prdce na montazi kolejové dopravy s kolejemi S18 v pod-
laze kolektoru na trase mezi Sachtami J101 a J102. Pro tuto
trasu jsou také vyrobeny ocelové konstrukce, které se budou
montovat v soubéhu za kolejovou dopravou. Nésledovat
budou price na objektech a provoznich souborech pro zajis-
téni provozu kolektoru. Kone¢ny termin predani stavby je
31.10. 2018.

Ing. VACLAV DOHNALEK, vdohnalek@subterra.cz,
Subterra a.s.,

Ing. RADEK KOZUBIK, radek.kozubik@hochtief.cz,
HOCHTIEF CZ a. s.

SLOVENSKA REPUBLIKA
TUNELY NA DIALNICNEJ SIETI

Tunel Svréinovec

Tunel Svréinovec je jednortirovy tunel diiky 420 m nachad-
zajici sa na tuseku dialnice D3 Svréinovec — Skalité.
Zhotovitelom dialni¢ného tuseku bolo ZdruZenie firiem
Vidhostav-SK, a. s., Doprastav, a.s., Strabag, s. 1. 0. a Metrostav
a.s. SubeZne s hlavnou tunelovou ridrou je prerazend tdnikova

TuHel

Activities heading toward the completion of civil works required
by the contractor for tunnel equipment continue in cross passages.

The construction work also successfully proceeds at the portal
parts. Concreting of the tunnel portal on the Rokycany side has
been finished and the disassembly of the last parts of the Viktorie
TBM was finished on the Plzen side in January and February. The
components were subsequently completely transported from the
site to be used further.

It is therefore generally stated that the whole construction com-
plies with the valid construction schedule and is successfully hea-
ding towards its objective to be brought into service.

Ing. BORIS S'EBESTA, boris.sebesta@metrostav.cz,
Metrostay a.s.

HLAVKUV BRIDGE UTILITY TUNNEL

The construction is carried out by a consortium consisting of
Subterra a.s. and HOCHTIEF CZ a. s. The Prague City Hall is the
employer. In more detail, it is a new construction of a utility tun-
nel, mined (using the blasting technique and mechanical disinte-
gration) as well as cut-and-cover (with a circular cross-section,
with the excavation depth of up to 8m), with technical and cable
chambers and a branch on Stvanice Island. The new utility tunnel
will be interconnected with utility tunnels existing on the
Ludvika Svobody embankment, respectively on the northern
bridge head of the Hldvkav Bridge. The aggregate length of the
mined sections (the main route and chambers) amounts to ca
416m; the aggregate depth of the four shafts amounts approxi-
mately to 130m.

The year 2017 was characterised on this construction site by
underground excavation operations at all objects. As the first one,
it was the technical chamber TK103 in January, followed by the
main route in February and technical chamber TK101 at the end
of March. The excavation on the main utility tunnel route started
gradually to be carried out concurrently on three headings. It was
completely finished on 30th September 2017. Subsequently the
inverts were cleaned and the primary lining was profiled. The
organised water collection system was installed, primary linings
were grouted and intermediate waterproofing layers were instal-
led concurrently.

The work on the final lining in the main route section betwe-
en shafts J101 and J102 commenced in October 2017. The work
on the vaults followed. Fully hydraulic, electrically movable,
8m long steel formwork was used for concreting of the vaults.
At the same time the intermediate waterproofing system was
installed on the route under Stvanice Island and in shaft J104.
The next concrete casting section was the route between shaft
J102 and technical chamber TK103, where the bottom and
vaults were carried out. At the moment (the middle of March
2018) concreting of utility tunnel routes has nearly been
finished. Shaft J104 is before completion and waterproofing is
being installed on shaft J102. Further on, complete reinforce-
ment of the chamber TK101 vault was installed and the form-
work is being assembled. The work on definitive structures of
the connection to existing utility tunnels on the Ludvika
Svobody embankment and on the northern bridge head of the
Hldvkuv Bridge are under completion.

Of the other work, the DN500 gas pipeline installation has
been finished along approximately a half of the length of the uti-
lity tunnel routes. The assembly of the track haulage system with
S18 rails embedded in the utility tunnel floor between shafts J101
and J102 has also commenced. The steel structures required for
this route have also been produced. They will be installed con-
currently behind the track haulage. The work on objects and ope-
rating units required for the utility tunnel operation will follow.




Obr. 1 Tunel Poluna — vychodny portdl
Fig. 1 Polana tunnel — eastern portal

§tolna. Tunel bol dany do predCasného uzivania 10. 6. 2017
v rdmci spojazdnenia dseku D3 Svréinovec — Skalité v polo-
vicnom profile s jednou tunelovou rirou.
Tunel Polana

Tunel Polana je jednortrovy tunel diiky 898 m nachddzaji-
ci sa na useku dialnice D3 Svréinovec — Skalité (obr. 1).
Zhotovitelom dialni¢ného tseku bolo ZdruZenie firiem
Vidhostav-SK, a. s., Doprastav, a.s., Strabag, s. 1. 0. a Metrostav
a.s. Subezne s hlavnou tunelovou rirou je prerazend unikova
§tolna. Tunel bol dany do predCasného uzivania 10. 6. 2017
(obr. 2) v rdmci spojazdnenia tseku D3 Svrc¢inovec — Skalité
v polovi¢nom profile s jednou tunelovou rirou (obr. 3).
Tunel Zilina

Tunel Zilina je 687 m dlhy dvojrirovy tunel na tiseku D1
Hri¢ovské Podhradie — Lietavskd Licka. Zhotovitelom dia-
Inicného dseku je ZdruZenie firiem Doprastav, a.s., Strabag,
s. 1. 0., Vahostav-SK, a. s. a Metrostav a.s. S razenim tunela
sa zacalo 5. 11.2014. Na oboch tunelovych rdrach je ukonce-
né sekundarne ostenie tunela tak na razenej, ako aj na hibenej
cCasti, a taktieZ aj na priecnych prepojeniach.

V stcasnom obdobf sa realizuji hlavne dokoncovacie prace
v oboch tunelovych rirach — ukladanie obrubnikov, montadz
Strbinovych Zlabov, odvodnenie tunela, odvodnenie vozovky
(obr. 4). Na predportdlovych udsekoch sa vykonavajui préce,
ktoré sd nevyhnutné pre realizdciu zemnej pldne a stavebnu
pripravenost’ na zaciatok betondZe cementobeténového krytu
vozovky (obr. 5). Sd to hlavne kablové Sachty a kdblovody,
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Obr. 2 Slavnostné odovzdanie stavby D3 Svréinovec — Skalité do uZivania za
ucasti ministra dopravy Arpdda Erseka

Fig. 2 Ceremonial opening of the Svréinovec — Skalité section of the D3
motorway to traffic in the presence of Arpdd Ersek, the Minister of Transport

The final deadline for handing the construction over to the
employer is 315t October 2018.

Ing. VACLAV DOHNALEK, vdohnalek @subterra.cz,

Subterra a.s.,

Ing. RADEK KOZUBIK, radek.kozubik@hochtief.cz,

HOCHTIEF CZ a. s.

THE SLOVAK REPUBLIC
TUNNELS ON MOTORWAY NETWORK

svréinovec tunnel

The Svréinovec tunnel is a 420m long single-tube tunnel located
on the Svrc¢inovec — Skalité section of the D3 motorway. The con-
tractor is a consortium consisting of Vdhostav-SK, a. s., Doprastav,
a. s., Strabag, s. 1. 0. and Metrostav, a.s. An escape gallery was dri-
ven in parallel with the main tunnel tube. The tunnel was opened for
early use on 10th June 2017 within the framework of the opening of
the Svrcinovec — Skalité section of the D3 motorway to traffic.
Traffic passes through one tunnel tube, in a half of the profile.
Polana tunnel

The Polana tunnel is an 898m long single-tube structure located
on the Svrc¢inovec — Skalité section of the D3 motorway (see Fig. 1).
The contractor for this motorway section is a consortium consis-
ting of Vdhostav-SK, a. s., Doprastav, a. s., Strabag, s. r. 0. and
Metrostav a.s. An escape gallery was driven in parallel with the
main tunnel tube. The tunnel was opened for early use on 10th June

Obr. 3 Tunel Poluna — cestny tunel
Fig. 3 Polana tunnel - road tunnel

Obr. 4 Tunel Zilina — dokonéovacie prdce
Fig. 4 Zilina tunnel - finishing work
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Obr. 5 Tunel Zilina — zdpadny portdl (JTR)
Fig. 5 Zilina tunnel — western portal (STT)

poziarny vodovod, osadenie havarijnej nddrZe pre odvodnenie
vozovky tunela, zdklady obkladovych mirov definitivnej
Upravy portdla, rozbieha sa aj montdz technologického vyba-
venia tunela v JTR.

Tunel Ovéiarsko

Tunel Ov¢iarsko je dvojrirovy tunel budovany v rdmci stav-
by D1 Hricovské Podhradie — Lietavskd Lucka. Zhotovitelom
dialni¢ného dseku je Zdruzenie firiem Doprastav, a.s., Strabag,
s. 1. 0., Vahostav-SK, a. s. a Metrostav a.s. Severna tunelova
rira md dizku 2360 m juzna tunelovd rdra ma dizku 2367 m.
Betondz sekunddrneho ostenia STR bola ukoncend v oktdbri
2017 (obr. 6). Betonaz sekundarneho ostenia JTR bola ukon-
¢end v decembri 2017.

Zaroven je zrealizované kompletné sekundarne ostenie na
vSetkych 6smich prie¢nych prepojeniach medzi STR a JTR
(obr. 7, 8).

Momentdlne prebiehaji dokonCovacie prace na vnutornych
konStrukciach STR a JTR — ukladanie obrubnikov, Strbino-
vych zlabov, oprdvky povrchov, ndtery stien a vrchlika.
SubeZne sa realizuju prace na inzinierskych sietach a budo-
vach v predportdlovych castiach ZP a VP. Ide hlavne o kablo-
vé Sachty, kdblovody, poZiarny vodovod, havarijnd nadrz, pre-
vadzkové budovy, kanalizdciu poZiarneho vodovodu a prace
na definitivnych dpravdch ZP a VP (obkladové a oporné
mury).

Be. MIROSLAV ZACIK, Doprastav, a.s.

Obr. 7 Tunel Ovciarsko — sekunddrne ostenie
Fig. 7 Ovciarsko tunnel — secondary lining

Obr. 6 Tunel Ovéiarsko — sekunddrne ostenie
Fig. 6 Ovciarsko tunnel — secondary lining

2017 (see Fig. 2) within the framework of the opening of the
Svréinovec — Skalité section of the D3 motorway to traffic. Traffic
passes through one tunnel tube, in a half of the profile (see Fig. 3).
Zilina tunnel

The Zilina tunnel is a 687m long double-tube structure in the
Hricovské Podhradie — Lietavskd Lucka section of the D1 motorway.
The contractor for the motorway section is a consortium consisting
of Vahostav-SK, a. s., Doprastav, a. s., Strabag, s. r. 0. and Metrostav
a.s. The tunnel excavation operations started on 5th November 2014.
The secondary tunnel lining is complete in both tunnel tubes, both
mined and cut-and-cover ones, and in cross passages.

At the moment, finishing work — placing kerbs, installation of slot-
ted drain pipes, tunnel drainage, roadway pavement drainage (see Fig.
4) — is being realised first of all. In the pre-portal sections, operations
necessary for the realisation of the formation level and for the comple-
tion of civil works required for the commencement of concreting the
roadway pavement (see Fig. 5) are underway. They comprise mainly
cable manholes and cableways, the fire main, installation of emergen-
cy tank for the drainage of the tunnel roadway pavement, foundations
for cladding walls for the final works on the portal. The installation of
the technology equipment of the tunnel is also starting in the STT.
ovciarsko tunnel

The Ov¢iarsko tunnel is a double-tube structure constructed wit-
hin the framework of the construction of the Hricovské Podhradie
— Lietavska Licka section of the D1 motorway. The contractor for
this motorway section is a consortium consisting of Doprastav,

Obr. 8 Tunel Ovciarsko — zdpadny portdl (JTR)
Fig. 8 Ovciarsko tunnel — western portal (STT)




Tunel Visiiové

Najdlhsi slovensky tunel Visnové je stcastou dseku dialni-
ce D1 Lietavskd Lii¢ka — Visnové — Dubna Skala s celkovou
dizkou 13,5 km, ktory je vedeny juzne od krajského mesta
Zilina. Tunel diiky priblizne 7.5 km je budovany v plnom pro-
file s dvomi tunelovymi ridrami. Zhotovitelom dialhi¢ného
useku je zdruZenie firiem Salini Impregilo S.p.A a Diha,
a.s. Specifikom tunela Vidfiové, v porovnani s ostatnymi
tunelmi vo vystavbe, je stavebne ndroc¢nejsi systém vetrania
s vetracou Sachtou a odsdavanim dymu v pripade poziaru
v dvoch oblastiach, cez Sachtu a cez vetraci kanal v tuneli nad
medzistropom v dseku pri vychodnom portdli. Tunel by mal
byt stavebne aj technologicky ukonceny a otvoreny spolu
s dialni¢nym dsekom v roku 2020.

Razenie tunela Visnové sa zacalo v aprili v roku 2015 raze-
nim severnej tunelovej rdry od zdpadného portdlu. Price na
prvych dsekoch severnej tunelovej riry boli eSte vykondvané
Novou rakuskou tunelovacou metédou, kym materidlové
a strojné zabezpecenie umoznilo zhotovitelovi prejst' na meto-
du razenia ADECO-RS. Od augusta 2015 uz zacali prace meto-
dou ADECO-RS a v nasledovnych mesiacoch postupne nabie-
hali na Styroch celbdch tunelovych rir od oboch portdlov, ako
aj na dvoch Celbach novych dsekov odvodnovacej $tolne. Po
35 mesiacoch razenia je od zdpadného portdlu na konci februé-
ra 2018 vyrazenych 2780 m severnej tunelovej riry a 2576 m
juzZnej tunelovej riry. Od vychodného portdlu je v celkovo pria-
znivejSich geologickych podmienkach vyrazenych 3628 m
severnej tunelovej riry a 3591 m juznej tunelovej riry. Spolu
je teda vyrazenych 12 576 m, Co predstavuje takmer 85 %
diiky razenych tunelovych rir. Do ukoncenia razenia tunelo-
vych rir eSte zostava prerazit’ 2310 m. V sibehu s razenim pre-
bieha tieZ betondz sekunddrneho ostenia od oboch portdlov,
pricom je na konci februdra 2018 ukoncenych celkom 5186 km
hornej klenby, ¢o je takmer 35 % diiky tunelovych rur.

Paralelne s razenim tunelovych rir prebieha aj razenie priec-
nych prepojeni. V tuneli je navrhnutych celkom 29 prepojeni
troch réznych typov, najmensi profil je ureny pre unikajice
osoby, stredny umoznuje prijazd zdsahovych jednotiek a zdro-
ven umiestnenie miestnosti s technologickym vybavenim
a v najvicsom profile je, okrem toho, navrhnuté umiestnenie
trafostanic. Na konci februdra 2018 bolo prerazenych alebo
v Stadiu razenia celkom 23 prie¢nych prepojeni. Pokracuje
tieZ vystavba vetracej Sachty betondZami sekundarneho oste-
nia, ked je hotovych 94 m ostenia, a betondZami sekudarneho
ostenia vetracieho kandlu spdjajiceho Sachtu a tunelové rury.

Ing. MILOSLAV FRANKOVSKY , Terraprojekt, a.s.

TUNELY NA MODERNIZOVANEJ ZELEZNICNEJ TRATI

Tunel Diel

Prechddza masivom vrchu Diel, ktory tvori centrdlnu Cast’
meandru Vahu v oblasti Nosickej priehrady. Tunel je navrh-
nuty o dizke 1082 metrov. Razenie tunela prebieha v masive
popod kipele Nimnica. Zapadny portdl je situovany na okraji
obce Nimnica, vychodny portdl bude zrealizovany v tzemi
lesa nad cestou druhej triedy 11/507, ktord vedie z Pichova do
Povazskej Bystrice po pravom brehu priehrady. Tunel Diel
bude mat’ dnikovd S$tolnu, ktord bude ustit’ do priestoru
vychodného portélu tunela.

Price na samotnom zdpadnom portdli tunela si docasne
ukoncené. Pokraovat budd az po zhotoveni tunelovej riry.
Zéapadny portdl je momentédlne zdkladnou pre prace prebie-
hajice v tunelovej rire. Postup razenia tunela prebieha kon-
tinudlne. Vyrazi sa urcity dsek v kalote, ndsledne sa doberie
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a. s., Strabag, s. r. 0., Vadhostav-SK, a. s. and Metrostav a.s. The
northern tunnel tube is 2360m long, whilst the southern tunnel tube
is 2367m long. Concreting of the secondary lining in the NTT was
finished in October 2017 (see Fig. 6). Concreting of the secondary
lining in the STT was finished in December 2017.

At the same time, the complete secondary lining has been finis-
hed in all eight cross passages between the NTT and STT (see
Figures 7, 8).

At the moment, finishing work operations are underway on
internal structures in the NTT and STT — installation of kerbs, slot-
ted drain pipes, repairs of surfaces, painting of walls and the tun-
nel crown. The work on utility networks and buildings in the pre-
portal parts of the WP and EP is carried out in parallel. It mainly
comprises cable manholes, cableways, a fire main, emergency
tank, service buildings, fire main sewerage, and final construction
work on the WP and EP (cladding walls and retaining walls).

Bc. MIROSLAV ZAéIK, Doprastav, a.s.

Visiiové tunnel

The longest Slovakian tunnel, the Visnové, with the total length
of 13.5km, is part of the Lietavskd Licka — Visnové — Dubnd Skala
section of the D1 motorway. It runs south of the county town of
Zilina. The approximately 7.5km long tunnel is built in the full
profile, with two tunnel tubes. The contractor for the motorway
section is a consortium consisting of ~ Salini Impregilo S.p.A and
Duha, a. s. A specific feature of the Visnové tunnel in comparison
with the other tunnels under construction is a ventilation system
more demanding in terms of the construction, with a ventilation
shaft and a system of extraction of smoke in the case of a fire, from
two areas, through a shaft and a ventilation duct in the tunnel loca-
ted above the intermediate deck in the section at the eastern portal.
The tunnel should be finished from the civils and equipment
aspects in 2020, together with the motorway section.

The excavation of the Visnové tunnel started in April 2015 by dri-
ving the northern tunnel tube from the western portal. The work on
the initial sections of the northern tunnel tube was carried out using
the New Austrian Tunnelling Method until the material and mecha-
nical sources allowed the contractor to switch to the ADECO-RS
method. The excavation using the ADECO-RS method started from
August 2015 and its use gradually spread in the subsequent months
to four headings in the tunnel tubes from both portals and two hea-
dings in new sections of the drainage gallery. After the 35 months
lasting tunnel excavation, 2780m and 2576m of the northern tunnel
tube and southern tunnel tube, respectively, have been finished by
the end of February. From the eastern portal, the excavation of
3628m of the northern tunnel tube and 359 1m of the southern tunnel
tube, passing through generally more favourable geological conditi-
ons, has been finished. It means that 12,576m of the excavation has
been completed in total, which represents nearly 85% of the length
of the mined tunnel tubes. A length of 2310m of the tunnel tubes
remains to be excavated. Concreting of the secondary lining proce-
eds from both portals, concurrently with the tunnel excavation. As of
the end of February 2018, 5186m of the upper vault lining, which
represent nearly 35% of the length of the tunnel tubes, have been
completed.

Driving of the cross passages proceeds in parallel with the exca-
vation of the tunnel tubes. There are 29 cross passages of three dif-
ferent types in total designed for the tunnel. The smallest cross-sec-
tion is designed for escaping persons, the medium-size cross pas-
sage allows for the arrival of intervention units and for placing
a room for housing the tunnel equipment; in the largest profile,
a transformer stations will be installed in addition to the above-
mentioned equipment. As of the end of February 2018, 23 cross
passages have been completely excavated or are at the excavation
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Obr. 9 Tunel Diel, ¢elba tvorend ilovcami
Fig. 9 Diel tunnel, excavation face formed by claystone

stupen a dno. V stcasnosti uz prebieha len trhavinové raze-
nie, v ¢ase tejto aktuality vo vystrojovacej triede ¢. 3 na dizku
zaberu do max. 3,0 metra. Kazdym dnom sa o¢akdva prechod
do triedy 2, ¢o podmienuje prechod z ilovcov do pieskovcov.
K dédtumu 27. 2. 2018 bolo vyrazenych 384 metrov tunela
a po stranke geoldgie sa profil tunela nachddzal v zdravom
ilovci triedy R3 (obr. 9).

Na vychodnom portdli pokracuje vystavba pristupovej
komunikdcie zdvere¢nymi droviami gabiénového oporného
muru, do vozovky sa kladie systém odvodnenia pre samotny
tunel a portalovu Cast), beténuje sa atika pre umiestnenie zvo-
didla zabradlia. Prebiehaji vytyCovacie prace pre zahdjenie
vykopovych prac samotnych portdlovych jam (obr. 10).
Tunel Milochov

Na preklenutie dpétia vrchu Stavnd, juzne od miestnej Casti
Horny Milochov — mestskej ¢asti Milochov mesta Povazska
Bystrica, je navrhnuty novy tunel Milochov. Projektovana
dizka tunela je 1861 metrov. Tunel bude mat jednu tnikovu
$t6lnu, ktora bude vydstovat' v obci Milochov.

Raziace priace zo zdpadného portdlu tunela sa dspeSne roz-
behli. Razi sa pod ochranou mikropilétového dédzdnika na
delenu Celbu (kalotu, stupen, dno). K datumu 27. 2. 2018 bolo
vyrazenych 39,5 metra a geologicku skladbu tvorili zvetrané
a tektonicky porusené flovce s blokmi zvetranych pieskovcov,

Obr. 10 Pristupovd komunikdcia na vychodny portdl tunela Diel
Fig. 10 Access road to the eastern portal of the Diel tunnel

stage. The construction of the ventilation shaft also continues by
concreting the secondary lining (94m of the lining have been finis-
hed), and concreting the secondary lining of the ventilation duct
interconnecting the shaft and the tunnel tubes.

Ing. MILOSLAV FRANKOVSKY , Terraprojekt, a.s.

TUNNELS ON THE MODERNISED RAILWAY LINE

Diel tunnel

It passes through the Diel hill massif, forming the central part of
a meander of the river Vdh in the area of the Nosice dam. The
design length of the tunnel amounts to 1082 metres. The tunnel
excavation proceeds through the massif under Nimnica Spa. The
western portal is located on the outskirts of the village of Nimnica,
whilst the eastern portal will be realised in a forested area above
the II/507 secondary road leading from Pidchov to Povazska
Bystrica along the right bank of the dam reservoir. The Diel tunnel
will have an escape gallery, which will have its mouth in the area
of the eastern portal of the tunnel.

The work on the western portal itself is temporarily suspended. It
will continue only after the completion of the tunnel tube. The wes-
tern portal is currently a base for the work being carried out in the tun-
nel tube. The tunnel excavation proceeds continually. A certain
stretch of the top heading is excavated and the excavation of the
bench and bottom follows. The excavation is currently being carried
out using explosives; at the time of preparing these current news the
excavation passes through excavation support class No. 3 with the
advance length up to 3.0m as the maximum. Every day we expect the
transition to class No. 2, which is conditioned by the transition from
claystone to sandstone. As of 27th February 2018, 384 metres of the
tunnel excavation have been completed and, in terms of geology, our
work has been passing through fresh claystone class R3 (see Fig. 9).

At the eastern portal, the construction of the access road conti-
nues by installation of final levels of the gabion retaining wall, the
system of the drainage for the tunnel itself and the portal part, the
attic for the installation of a safety barrier (guard rail) is being
concreted. Marking out for commencing the excavation of the por-
tal pits proceeds (see Fig. 10).

Milochov tunnel

A new tunnel, the Milochov, is designed to cross the foot of
Stavna hill, south of the local part named Horny Milochov — the
Milochov municipal district of the town of Povazskd Bystrica. The
design length of the tunnel amounts to 1861 metres. The tunnel
will have one escape gallery surfacing in the municipality of
Milochov.

The tunnel excavation from the western portal has successfully star-
ted. The excavation sequence comprises top heading, bench and bot-
tom. The canopy tube pre-support protects the excavation. As of 27th
February 2018, 39.5 metres of the excavation has been finished. The
geological structure was formed by weathered and tectonically faulted
claystone with blocks of weathered sandstone, which are being gradu-
ally replaced with large blocks of fresh sandstone (see Figures 11 and
12). At the eastern portal, the consolidation jet grouting has been fini-
shed, the front wall was stabilised by installing the second tier of the
canopy tubes, complementary drainage holes were drilled into the
massif ahead of the excavation face to lower the expected water table
level, the massif was further stabilised by a system of glass fibre rein-
forced plastic anchors (see Fig. 13). Based on design change docu-
ments, the production of four-rod lattice girders for the divided exca-
vation face commenced. The excavation sequence will be divided into
four parts, two in the top heading and two in the bench combined with
the bottom. The commencement of the tunnel excavation is assumed

to take place in the second half of March 2018.



Obr. 11 Tunel Milochov, ¢elba tvorend striedanymi vrstvami ilovcov a pies-
kovcov

Fig. 11 Milochov tunnel, excavation face formed by alternating layers of
claystone and sandstone

ktoré od vrchu postupne vytlacaji velké bloky zdravych pies-
kovcov (obr. 11, 12).

Na vychodnom portéli bola dokoncend realizdcia spevnenia
podloZia tryskovou injektdZou, prebehli zabezpecovacie prace
celnej steny zhotovenim druhého radu mikropilétového dazd-
nika, do masivu za Celbou sa vyvitali dodato¢né odvodnova-
cie vrty na zniZenie ocCakdvanej hladiny podzemnej vody,
masiv sa dalej cely spevnil ststavou sklolaminitovych kotiev
(obr. 13). Na zdklade zmenovej dokumenticie sa zacalo
s vyrobou Stvorpritovych priehradovych nosnikov pre delend
Celbu. Celba bude rozdelena na Ctyri Casti, dve v kalote a dve
v zdruzZenom stupni a dne. So zaciatkom razenia sa uvazuje
v druhej polovici marca 2018.

Celu stavbu realizuje zdruzenie Nimnica zloZené zo spoloc-
nosti Doprastav — TSS Grade — SUBTERRA — EZ Praha.
Tunel Diel realizuje spolo¢nost TUBAU, a.s. a tunel
Milochov spolo¢nost’ Subterra a.s. Generdlnym projektantom
pre investora Zeleznice Slovenskej republiky je spolo¢nost
REMING CONSULT ass.

Ing. Jdn KusSnir, REMING CONSULT a.s.
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Obr. 12 Tunel Milochov, geologicky zdkres vyrazenej celby
Fig. 12 Milochov tunnel, geological drawing of the excavation face

Fig. 13 Milochovy tunnel, eastern portal

The entire construction is realised by the Nimnica consortium
consisting of Doprastav — TSS Grade — SUBTERRA — EZ Praha.
The Diel tunnel is realised by TUBAU, a. s., whilst Subterra a. s.,
carries out the Milochov tunnel. The general designer for
Zeleznice Slovenskej Republiky (Slovak Railways) is REMING
CONSULT a. s.

Ing. Jan Kusnir, REMING CONSULT a. s.

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY ZA OCEANEM

PICTURE POSTCARDS WITH TUNNELS BEHIND THE OCEAN

We are adding other six structures in the current part of the series
of picture postcards showing tunnels. This time we will look over
“the big puddle”, first of all to the USA, but also for a minute to
Canada. Three of the picture cards outline railway tunnels; one of
them does no more exist for three quarters of a century and another
one was decommissioned relatively recently as a technical monu-
ment. Other two picture postcards show tunnels for motor vehicles
and the last one returns to one of the most extensive urban underg-
round railways in the world.

V dnesnim dilu seridlu o pohlednicich s tunely priddvame dalsich
Sest objektu. Tentokrdt se podivdme za ,,velkou louZi“, predev§im
do USA, ale na skok i do Kanady. Tti z pohlednic priblizuji tunely

Zelezni¢ni, z nichZ jeden jiz % stoleti jako takovy neexistuje a dals{
z nich byl relativné neddvno, jako technickd pamadtka, vyrazen
z provozu. Dalsi dvé pohlednice zobrazuji tunely pro motorova
vozidla a posledni se vraci k jedné z nejrozsdhlejsich méstskych
podzemnich drah na sveété.

ZELEZNICNI TUNEL RATON

Ratonsky prusmyk (Ratén Pass) leZzi na hranici Colorada
a Nového Mexika, ve vySce 2 888 m n. m. Jde o historicky vyznam-
ny orientacni bod na tzv. cest¢ Santa Fe (stejnojmenné mésto lezi
cca 160 km severovychodné). Vyznam mista je od r. 1960 ocenén
oznacenim ,,Ndrodnf{ historickd pamatka USA“.
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RATON TUNNFLE AFTWEEN TRINIDAD, COLORADD AND HATON, NFW MEFTICE

Obr. I Tunely Raton — mezi Trinidadem, Colorado a Ratonen, Nové Mexiko.
Kolorovand fotografie ze sady pohlednicového leporela ,,Nové Mexiko
podél cesty Santa Fe“. Published by Fred Harvey. 1933. [sbirka autorii]
Na pohlednici jsou severni portdly tunelu Raton. Jde soucasné o hranici
stdtii Nové Mexiko a Colorado.

Fig. I Raton tunnels — between Trinidad, Colorado and Raton, New Mexico.
Coloured photo from a set of a folding picture-book “New Mexico along the
Santa Fe road” . Published by Fred Harvey. 1933. [authors’ collection]
There are northern portals of the Raton tunnel in the picture postcard. They
at the same time are parts of the border between the states of New Mexico
and Colorado.

Prismykem prochdzi silnice Interstate 25 a Zeleznice. Ta byla vybu-
dovand spolecnosti AT&SF (Atchinson, Topeka a Santa Fe). Nejvyssi
misto trati prekondva vrcholovym tunelem, ktery lezi cely v Novém
Mexiku, kdyZ jeho severni portal vydstije jen par metru od hranice
s Coloradem. Dnes se jednd o dvé tunelové trouby. Prvni z nich ma
délku 2 041 m a byla budovdna ve velmi svizelnych podminkdch
v 1. 1878-1879. Sklony prilehlé trati ¢ini az 3,5 %, podélny sklon
vlastniho tunelu potom 1,9 %. Pozdéji pribyla druhd tunelova trouba,
dlouhd, pfi podélném sklonu 0,158 %, jiZ jen 849.5 m — obr. 1.

Pavodné velmi intenzivni Zelezni¢ni doprava tunelem je dnes
minulosti. V soucasnosti jim projizdi jiZ jen nékolik vlaki Amtrac
denné. [1, 2]

ZELEZNICNI TUNEL GLENWOOD

Tunel mezi Laurelem a Glenwoodem vystavéla spolenost
Southern Pacific Railroad mezi lety 1878-1880, a to v pohorfi St.
Cruz, cca 100 km jizné od San Francisca. Nachdzel se na vétvi
Zeleznice St. Cruz — Los Gatos, zfizené predevsim pro svoz dreva
a pro potreby ovocnérstvi. Tunel oznaceny jako €. 3 (z celkovych
osmi) byl dlouhy 1 524 m, s Gispornym prufezem zaklenutého obdél-
nika o $itce 4,88 m a vysce 6,1 m.

Pavodné pracovni tdbor Laurel pii severovychodnim portélu tune-
lu (obr. 2) vyrostl s Zeleznici na mésto, posléze nicméné upadl na
pouhou Zelezni¢ni zastavku (1920) a dnes je povaZovén za ,,mesto
duchu“. Po boufi na konci zimy r. 1940 byla znacnd &dst trati posti-
Zena sesuvy a ficenim. Potfebné opravy byly vyhodnoceny jako nee-
konomické, celd Zeleznice byla po 60 letech provozu uzaviena a jeji
zatizeni vzapéti zlikvidovana. Pritom byl Glenwood tunel u Laurelu,
se zachovanim jeho portdld, pomoci trhavin zavalen. [3]

ZELEZNICNI TUNEL ST. CLAIR

Hrani¢ni reka St. Clair (sv. Kldry) propojuje mensi stejnojmenné
jezero s jezerem Huronskym. Podle ndzvu reky, kterou podchézeji,
jsou pojmenovany dva Zelezni¢ni tunely mezi Sarnii v Ontariu,
Kanada a Port Huron v Michiganu, USA.

Star3i z téchto tunelu (obr. 3) je vibec prvnim podvodnim tune-
lem vybudovanym v Severni Americe. Je jednokolejny, o délce
1836 m (pri Sifce reky cca 700 m). Stavba byla realizovéna

Obr. 2 3281 — Tunel u Laurelu, Santa Cruz Mts. California.

Pub by Souvenir publishing Co. San Francisco. Kolorovand fotografie. 1937.
[sbirka autorii]

Na pohlednici je severovychodni portdl tunelu ¢. 3 s prvnimi dievénymi objek-
ty méstecka Laurel. Pivodni, rovnéz dievéné portdly byly po zemétieseni
v 1. 1906 (které mimo jiné znicilo i S. F.) nahrazeny betonovymi. Zajimavym pri-
sluSenstvim trati je predsazeny gabarit pro kontrolu povoleného priijezdného
profilu viakové soupravy.

Fig. 2 3281 — Tunnel at Laurel, Santa Cruz Mts. California.

Pub by Souvenir publishing Co. San Francisco. Coloured photo. 1937. [aut-
hors* collection]

The picture postcard presents the north-eastern portal of tunnel No. 3 with first
buildings of the little town of Laurel. The original portals, also wooden, were
replaced with concrete portals after the earthquake in 1906 (which, among others,
destroyed also San Francisco). The pre-portal gabarit for checking on the allowed
clearance profile of a train set is an interesting accessory of the rail track.

s nasazenim raziciho §titu @ 6,05 m, pri celkovych nédkladech
2,7 mil. US $. Provoz v tunelu probihal od r. 1891 az do jeho uza-
vieni v 1. 1995. Od r. 1993 je objekt zafazen mezi ,,Ndrodn{ his-
torické pamatky USA*.

V pocitku Zelezni¢ni dopravy v tunelu byla nasazena dobové
standardni parni trakce. Tu nahradila, s ohledem na bezpecnost, jiz

&t, Clair Tunnel
SARNIA, Canada

Obr. 3 Tunel St. Clair. Sarnie, Kanada. Kolorovand fotografie. 1904. [sbir-
ka autorii]

Vyhled z tunelu do jeho jihovychodniho vyiisténi v Kanade. V horni cdsti pro-
filu je velmi dobFe patrnd vyztuZ provedend z litinovych tubingii. Pohlednice
Jje adresovand do Zbiroha v Cechdch a odesilatel na jeji licové strané sdélu-
Jje s piivabnou gramatikou a se srdecnymi pozdravy: ., Mily rodice. Jenom mili
pres Feku a jsme v Canadé. To patii jiZ Anglii. Je to zvldsini pocit, kdyz je pod
Jinou viddou.*

Fig. 3 The St. Clair tunnel. Sarnia, Canada. Coloured photo. 1904. [aut-
hors’ collection]

A view from the tunnel through the south-eastern tunnel mouth in Canada.
The excavation support with cast-iron lining segments is well visible in the
upper part of the profile. The picture postcard is addressed to Zbiroh in
Bohemia and the sender informs with charming grammar and with cordial
greetings: “Dear parents. It is only one mile over the river and we will be in
Canada. It already belongs to England. It is a special feeling when it is under
a different government.”
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Obr. 4 Tunely na ulici Figueroa, Los Angeles, Kalifornie.

Zaddtek ddlnice Arroyo Seco, soucdst superddlnice v Los Angeles. Tunely
prochdzeji na cesté do Pasadeny pres krdsny Elysian Park. ®By H.
S. Crocker Co., Inc., Los Angeles, Calif. 1963. [authors‘ collection]

Vsech osm portdlii je provedeno prakticky shodné ve stylu Art Deco, na kaz-
dém z nich je v zdklenku umistén stylizovany znak mésta. Na pohlednici je
severni portdl nejsevernéjsiho z tunelii, s dobFe patrnym priihledem do dvou
navazujicich tunelii. Portdly jsou casto pouZivanym motivem umeleckého
dekoru béznych i pamétnich predmeéni.

Fig. 4 Figueroa Street Tunnels, Los Angeles, California.

The beginning of the Arroyo Seco Parkway, part of Los Angeles” super-high-
ways with tunnels through beautiful Elysian Park on their way to Pasadena.
®By H. S. Crocker Co., Inc., Los Angeles, Calif. 1963. [authors collection] PR M s o .

Allyeighr portals are built virtually idintically in the Art Deco style; a stylised nf silnice &. 110, spojujicf centrum L. A. s Highland Parkem
emblem of the city is installed on the discharging arch of each of them. The pic- a Pasadenou.

ture postcard shows the northern portal of the northernmost of the tunnels, with Severni tri tunely (s dl. 123, 40 a 141 m) byly otevf‘eny 1. 11.
a well visible through-view down the two linking tunnels. The portals are a fre- 1931, &tvrty a nejdel$f na jihu (o dl. 230 m) potom v r. 1935. Pii
quently used motif of artistic decor of common and commemorative objects.

Obr. 5 Novy tunel pres hory Allegheny. Plastichrome® by Colourpicture Boston,
Mass. 02130. Dist. By Penn News Co. Johnstown, Pa. Cca 1980(?). [sbirka autorii]
Pennsylvdnskd mytnd silnice umoznuje nepretrzity a vysokorychlostni provoz
po Ctyipruhové komunikaci a Setfi tak, pFi rychlé jizdé, projeté kilometry.
Na pohlednici jsou zobrazeny zdpadni portdly tunelu.

Fig. 5 New Allegheny Mountain Tunnel. Plastichrome® by Colourpicture
Boston, Mass. 02130. Dist. By Penn News Co. Johnstown, Pa. Ca 1980(?).
[authors* collection]

Pennsylvania Turnpike, allows continuous, high speed traffic saving turnpi-
ke users miles of difficult driving.

The picture postcard shows the western portals of the tunnel.

r. 1908 trakce elektrickd a od r. 1959 dieselové lokomotivy. Prvni | | Hudson Terminal and Tubes, LA
Zelezniéni tunel pod fekou St. Clair postupné prestdval ve 2. pol New York City. IS0 .

. . / o | <)
XX. stol. vyhovovat svym nedostate¢nym prijezdnim profilem 9{&&, &ppu'1’fﬂg'mﬂ i\ }éfa‘%b
voziim s pfepravnimi kontejnery. Proto byl soubézné s nim vysta- | | g welfaic, Mg{, =TVt %’J?f 1 j
veén pomoci §titu EPB @ 8,38 m druhy tunel St. Clair. Ten byl otev- ; -
feny 5. 5. 1995. Je rovnéZ jednokolejny a ma délku 1 868 m. [4]

MESTSKE TUNELY NA ULICI FIGUEROA V L. A.

Na ulici Figueroa (L. A., Kalifornie) po sobé nasleduji ¢tyfi tune-
ly, které prekonavaji vyrazné hiebeny Elysian Parku. Puvodné se
jednalo o zkratku méstské komunikace v L. A. Ta sledovala velmi
slozity vyvoj méstské silni¢ni sité, kdyz od r. 1981 jde o soucast stat-

Obr. 6 Hudsonsky termindl a tunely, New York City The American Art
Publishing Co. New York City. 1915. [sbirka autorit]

Hudsonské termindlové budovy dvojcat se nachdzeji na ulici Church Street mezi
ulicemi Cortland a Fulton. Spolecné tvo¥i nejvétii kanceldfskou budovu na svété.
Jejich hmotnost je odhadovina na 200 000 tun, spocivaji na zdkladové kazetové
skiini ptidorysnych rozmérii 400 x 178 stop (122 x 54 m) a hloubky 75 az 98 stop
(23 az 30 m). Maji 22 podlazi s vyskou 375 stop (114 m), s kanceldiskymi prosto-
rami pro 20 000 lidi. Dvojité tunelové trouby vstupuji do podzemi z Jersey City.
Pohlednice byla odesldna do Cech v obdobi 1. Svétové vdlky. Odesilatel popisu-
je jeji okénka v piivabné dobové cestiné (viz odshora dolii):

- Drdha podzemi vedoiici pod Méstem, a velkoii Fekoii v Novém Yorkii

- Feka vétsi nez Dunaj

- tunele pod méstem a pod Fekou

Fig. 6 Hudson terminal and tubes, New York City

The Hudson Terminal Buildings on Church Street, between Cortland and Fulton
Streets, are twin structures and together form the largest office building in the
world. The weight is estimated at 200,000 tons, resting on a cofferdam 400 x 178
feet, 75 to 98 feet deep. It is 22 stories 375 feet high and has office room for
20.000 people. Twin tubes enter the basement from Jersey City.

The American Art Publishing Co. New York City. 1915. [authors* collection]

The picture postcard was posted to Bohemia in the period of time of World War 1. The
sender describes its windows in charming period Czech language (see top down):

- Underground railway running under the City and the Big River in New York

- A river bigger than the Danube

- Tunnels under the city and under the river
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otevieni mély po dvou jizdnich pruzich pro kazdy smér a nyni jiz
zru$eny chodnik §. 1,5 m pro pesi. Dnes jsou tunely zjednosmérne-
né (obr. 4). Svétly rozmér tunelt je uddvan §. 14 m a v. 8,6 m. Na
svou dobu byly velmi modernim prvkem vystrojeni pasy z reflex-
nich dlazdic osazené ve sténach.

Standardni automobilové doprava v tunelech se v soucasné dobé
vyznacuje trvale velmi vysokym zatizenim. [5]

TUNEL ALLEGHENY

Pohlednice s vychodnimi portaly tunelu Allegheny byla jiz uve-
fejnéna v Casopisu Tunel €. 3/2015. Pro stru¢né zopakovani: Tunely
Allegheny, délky 1 850 m, se nachdzeji na tzv. Pennsylvanské trase
prechézejici stejnojmenné pohoti. Zapadni tunel byl stavén v letech
1938-1940, s jednim jizdnim pruhem pro kazdy smer. Velké zvyse-
ni provozu si posléze vyzadalo v r. 1965 otevreni druhého, vychod-
niho, tunelu. SoubéZné s tim byl star$i z tunelt opraven. V kazdém
sméru maji dnes tunelové trouby po dvou jizdnich pruzich — obr. 5.
V 1. 1987-1988 byly tunely zdsadné rekonstruovany. [6, 7]

HUDSONSKY TERMINAL A TUNELY PODZEMNi DRAHY
VN.Y.CITY

Dvé pohlednice zobrazujici podzemni drahu pod rekou Hudson
v N.Y. jiz byly uvedeny v Casopisu Tunel ¢. 1/2015. Pro pfipome-
nuti: Hudsonské tunely podzemni dréhy jsou dve trouby pro vlaky
dopravniho systému PATH (Port Authority Trans-Hudson),
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obsluhujiciho sidelni aglomeraci N. Y. Pfedstavuji historicky prvni
ne-lodni spojeni mezi Manhattanem a Jersey City. Prvni pokus
o vystavbu tunelt byl zahdjen v listopadu 1874. Prace probihaly
razenim za podpory pretlaku vzduchu, nicméné bez $titu. V Cer-
venci 1880 doslo k pratrZi, pii které zahynulo 20 pracovniku; 1882
stavebni spole¢nost zkrachovala a rozestavény tunel byl zaplaven
vodou. Stavba byla posléze ukoncena az v r. 1906, to uz s nasaze-
nim razictho S§titu. Jde o dva tubusy dlouhé cca 5 950 stop
(1 814 m), s ocelolitinovymi prstenci vnéj$tho pruméru 16 stop
a7 palcu (5,1 m). V roce 1978 byly tunely prohldseny za ,,Narodni
kulturni pamétku inZenyrského stavitelstvi®.

Hudsonsky termindl (obr. 6) predstavovaly dva 22podlazni kan-
celarské mrakodrapy provozované v 1. 1909-1971. V r. 1972 byly
ob¢ veZe zbofeny a nahrazeny objekty World Trade Center — tzv.
Twins, posléze zni¢enymi bezprecedentnim teroristickym ttokem
11. zari 2001. [8, 9]

doc. Ing. Viadislav HORAK, CSc.,
Ing. Richard SVOBODA, Ph.D.,
Ing. Martin ZAVACKY

Podeékovdni: Prispévek byl vypracovdn s financni pomoci EU ,,OP
Vyzkum a vyvoj pro inovace“, projekt reg. ¢. CZ.1.05/2.1.00/03.0097,
v rdmci cCinnosti regiondlniho centra AdMasS ,, Pokrocilé stavebni
materidly, konstrukce a technologie* a programu Centra kompetence
Technologické agentury Ceské republiky (TACR) v rdmci projektu
Centrum pro efektivni a udrZitelnou dopravni infrastrukturu (CESTI),
Cislo projektu TE01020168.

[1] Raton Pass [online]. [cit. 2018-02-21]. Dostupné na internetu

<https://en.wikipedia.org/wiki/Raton_Pass>

[2] The Santa Fe's Raton Pass [online]. [cit. 2018-02-21]. Dostupné na internetu

<https://www.american-rails.com/raton.html>

[3] Glenwood Tunnel [online]. [cit. 2018-02-21]. Dostupné na internetu
<http://www.santacruztrains.com/2013/04/glenwood-tunnel .html>
[4] St. Clair Tunnel [online]. [cit. 2018-02-21]. Dostupné na internetu

<https://en.wikipedia.org/wiki/St._Clair_Tunnel>

[5] Figueroa Street Tunnels [online]. [cit. 2018-02-21]. Dostupné na internetu

<https://en.wikipedia.org/wiki/Figueroa_Street_Tunnels

[6] Allegheny Mountain Tunnel [online]. [cit. 2018-02-21]. Dostupné na internetu
<http://en.wikipedia.org/wiki/Allegheny_Mountain_Tunnel>

[7] Allegheny Tunnel Transportation Improvement Project [online]. [cit. 2018-02-21]. Dostupné na internetu
<https://www.patpconstruction.com/allegtunn/description.html>

[8] Uptown Hudson Tubes [online]. [cit. 2018-02-21]. Dostupné na internetu

<http://en.wikipedia.org/wiki/Uptown_Hudson_Tubes>

[9] Hudson Terminal [online]. [cit. 2018-02-21]. Dostupné na internetu

<https://en.wikipedia.org/wiki/Hudson_Terminal>

VYROCI / ANNIVERSARIES

ING. JIRI SMOLIK OSMDESATNIKEM
ING. JIRI SMOLIK OCTOGENARIAN

Uctyhodnych osmdesat let
dobéhlo Jirku Smolika ve stavu
neutuchajici Zivotni i odborné
aktivity, coz ostatné bylo pri-
znacéné pro jeho témér Sedesatile-
té pusobeni v Ceské tuneldrské
komunité. Kolega Franczyk pred
peti lety uvedl fadu vyznamnych
projektu, na jejichZ pripravé
i realizaci se Ing. Smolik ve spo-
leCnosti VDUP a nasledné ve

The respectable age of eighty caught up with Jirka Smolik in
the condition of sustained life and professional activity, which is
characteristic for the nearly sixty years of his work in the Czech
tunnelling community. Five years ago, his colleague, Mr.
Franczyk, mentioned a number of significant projects which
Ing. Smolik had participated in the field of planning and realisa-
tion in the company of VDUP and, subsequently, in the company
of Subterra nearly continuously for fifty years. Again, I cannot
forget to commemorate the most important projects, domestic
ones, namely the Zelivka water supply tunnel, cable tunnels and
other utility tunnels in Prague, underground sewage treatment




spole¢nosti Subterra podilel, a to nepretrzité témér padesat
let. Ani tentokrat nemohu nepripomenout ty nejvyznamnej-
§i projekty domiéci — vodovodni privadée Zelivka, kabelové
tunely a kolektory v Praze, podzemni Cistirny odpadnich
vod v Peci pod Snézkou a v Lokti nad Ohfi, tunely na vod-
nim dile Slezkd Harta, preCerpdvaci elektrarna Dlouhé
Strané, i zahraniéni — razba tunela ve §panélskych uhelnych
dolech, silni¢éni tunel Anweiler a zZelezni¢ni tunely
Niederhausen a Ingolstadt-Norimberk v Némecku, silni¢ni
tunel Plasina v Chorvatsku, kolektory v Bratislave.

Pro jeho inZenyrskou ¢innost bylo typické urcité technické
vizionarstvi, prosazovani novych technologii a technickych
feSeni v podzemnim stavitelstvi. Byl stadlym propagatorem
vyvoje a nasazeni plnoprofilovych tunelovacich stroju, mik-
rotunelovani, stiikaného drdtkobetonu. AngaZoval se v pro-
blematice podpovrchového urbanismu, umisténi a vystavbeé
podzemniho zdsobniku plynu, ve vét§im uplatnéni tunelu pfi
navrhovani novych pozemnich komunikaci, pri trasovani
modernizovanych Zelezni¢nich koridoru i ndvrzich na vede-
ni vysokorychlostnich Zelezni¢nich trati.

Vedle této ryze inZenyrské Cinnosti se Jifi Smolik mohl,
diky velkorysému pochopeni své materské firmy Subterra,
velmi aktivné v€novat po dvacet let i dal§im ¢innostem tzce
souvisejicim s oborem podzemniho stavitelstvi.

Od roku 1992 je individudlnim ¢lenem CzTA, byl ¢lenem
pripravného vyboru Svétového tuneldrského kongresu WTC
2007 v Praze, pravidelné je lenem pripravnych vyboru kon-
ference Podzemni stavby Praha, vCetné v soucasnosti pripra-
vované konference v roce 2019, uritou dobu pusobil
i v redakéni radé Tunelu. Jeho dlouholetd aktivita byla v roce
2013 ocenéna udélenim Pamétni medaile CzTA ITA-AITES.

Ing. Smolik je ¢lenem Rady Ceské silni¢ni spole¢nosti
a od roku 1995 organizuje velmi aktivné ¢innost tunelové
sekce CSS. Jeho zdsluhou byla je§té pred vytvofenim
Integrovaného zachranného sboru zahdjena vyznamna spolu-
price tunelové sekce CSS s Hasi¢skym zichrannym sborem
a Policii CR, coZ bylo nésledné vyuZito v roce 2003 pfi zavi-
déni evropské smérnice pro bezpe€nost v silni¢nich tunelech
do CSN a smérnic Ministerstva dopravy. Radu let se podilel
na Cinnosti spole¢nosti PIARC a ITA COSUF véetné organi-
zace fady jedndni téchto spolecnosti v Praze. Pfi zasedani
ITA COSUF v roce 2014 v ramci spoluprace CzTA a CSS
padesat ddastniku navstivilo rozestavény tunelovy komplex
Blanka. Nelze opominout ani jeho pusobeni v redak&ni radé
Casopisu Silni¢ni obzor s trvalou snahou o uverejnovani
¢lanku s tematikou podzemniho stavitelstvi.

Zdalo by se, ze vzhledem k mnoZzstvi odbornych aktivit
nemohl mit Jifi Smolik v Zivoté jiZ na nic jiného Cas. Opak
je vSak pravdou. Siroké kulturni zdjmy, sportovni aktivity
a péce o rodinné zdzemi jsou nedilnou soucdsti jeho ¢inoro-
dého Zivota. Za vSechny ¢leny CzTA si u prilezitosti jeho
vyznamného Zivotniho jubilea dovoluji priteli Jirkovi
Smolikovi podékovat za jeho pfinosy pro obor podzemniho
stavitelstvi i za ¢innost ve prospéch nasi asociace, a zejména
vyslovit prdni, aby vSechny jeho aktivity trvaly ve zdravi
a pohodé jesté radu dal$ich let.

prof. Ing. JIRI BARTAK, DrSc.
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plants in Pec pod SnéZkou and in Loket nad Ohfi, tunnels at the
Slezskd Harta waterworks, the Dlouhé Strdné pumped storage
scheme, and foreign projects, namely tunnels in Spanish coal
mines, the Anweiler road tunnel and the Niederhausen and
Ingolstadt-Nuremberg railway tunnels in Germany, the Plasina
road tunnel in Croatia and utility tunnels in Bratislava.

Technical visionary thinking and promoting new technologies
and technical solutions in the field of underground construction
were typical for his engineering work. He was a permanent pro-
moter of the development and application of tunnel boring
machines (TBMs), microtunneling or steel fibre reinforced
sprayed concrete. He engaged in problems of underground
urbanism, the selection of location and construction of an
underground gas store, greater use of tunnels in designing new
roads, in designing alignments of modernised railway corridors
and in proposing alignments of high-speed railway lines

Owing to the benevolent understanding provided by Subterra,
his parent company, he could very actively dedicate himself for
twenty years even to other activities closely associated with the
underground construction industry in addition to the purely engi-
neering activities.

He has been an individual member of the CzTA since 1992, he
was a member of the steering committee of the World Tunnel
Congress WTC 2007 in Prague, he is regularly a member of ste-
ering committees of the conference Underground Construction
Prague, including the conference to be held in 2019, which is
currently under preparation, and worked for some time in the
Editorial Board of TUNEL journal. His longstanding activity
was recognised by the commemorative medal awarded to him by
the ITA-AITES CzTA.

Ing. Smolik is a member of the Czech Road Society Board and
has been very actively organising the activities of the tunnelling
section of the CRS. It was his merit that the important collabo-
ration of the tunnelling section of the CRS with the Fire Rescue
Service and the Police of the Czech Republic had commenced
even before the Integrated Rescue System was established. It
was subsequently used in 2003 when the European Directive on
Tunnel Safety was being implemented into CSN standards and
directives of the Ministry of Transport were being issued. He
participated for many years in the activities of the PIARC and
ITA COSUF societies, including numerous meetings of those
societies in Prague. Fifty attendees of the ITA COSUF meeting
in 2014, held within the framework of the collaboration of the
CzTA and the CRS, visited the Blanka complex of tunnels under
construction. Nor can his work in the Editorial Board of the
Silniéni Obzor journal, where he made permanent effort at pub-
lishing papers on underground construction, be neglected.

It would seem that Jifi Smolik could not have time in his life
for anything else with respect to the quantity of professional
activities. But the opposite is true. Wide cultural interests, sports
activities and caring of the family background are an inseparab-
le part of his active life. I would like to thank Jifi Smolik on
behalf of all members of the CzTA on the occasion of his impor-
tant anniversary for his contribution to the field of underground
construction and for his work for the benefit of our association
and, in particular, express my wishes that all his activities conti-
nue in good health and well-being for many years to come.

Prof. Ing. JIRI BARTAK, DrSc.
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