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Mili Citatelia,

presne po roku sa k vdm mdZem prihovarat'ako dal3f ¢len slovenského zastipenia STA v redakénej rade ¢asopisu Tunel. Nie
je ndhodou, Ze som tiito moznost'a doveru od redakcnej rady dostal. Toto Cislo, ktoré teraz drzite v rukdch, je totiz Specialne
tvorené tak, aby ste ho mohli dostat ako ,,predjedlo* pred pripravovanou konferenciou, alebo ako zakusok pocas konferencie
,Tunely a podzemné stavby 2015 v Ziline. Skupinka nadsencov tunelovych stavieb na Slovensku za podpory Slovenskej tune-
larskej asocidcie oprésila spomienky na konferenciu z roku 2004 ,,Vyznam tunelov v doprave® vo Vysokych Tatrdch. Zacali
sme si postupne plnit’sen o zapocati novej tradicie ,,tuneldrskych* konferencii na Slovensku. Tesi ma, Ze moZem poznat’ Ces-
kych kolegov, ktor{ uz takuto tradiciu doma vytvorili konferenciou ,,Podzemn{ stavby Praha“, a velmi nés tesi, Ze m6Zeme ako
vit'takd konferenciu, aby sme sa kvalitou pribliZili k tej prazskej. Tieto slové st pisané v Gase, ked prebiehajii pripravy, vy ich
Citate v Case konferencie. Pevne verim, Ze konferencia sa ndm podari.

Nie ndhodou sa vam v tomto &isle Gasopisu predstavujii dve slovenské spolo¢nosti. Prvou je spolo¢nost TuCon, a. s., zo Zili-
ny, ktord sa moze na Slovensku pochvadlit'postavenim dialhi¢ného tunela Bérik. Druhou je spolo¢nost Doprastav, a. s., Bratislava, ktord sa v sicasnosti podi-
ela na vystavbe viacerych dialhi¢nych tunelov v okoli Ziliny.

V ¢lankoch spolo¢nosti TuCon nds ich odbornici zobert na prehliadku nddhernej vysokohorskej alpskej stavby — precerpdvacej priehrady Nant de Drance
vo Svajciarsku, kde okrem geoldgie ich trépilo aj zimné poCasie. Zozndmia nds s vystavbou najdlhsieho podmorského cestného tunela Solbakk v Nérsku,
ktory motoristom skréti cestu zo 70 na necelych 15 kilometrov. Dvesto km od poldrneho kruhu, v arktickom pdsme, na zdpade Grénska nds zblizia
s vystavbou podzemnej vodne;j elektrarne Ilulissat.

Odbornici z Doprastavu nds dostant blizsie do nasich kon¢in a podelia sa snami so skisenostami z razenia tunelov Laliki v Polsku a Polana na Kysuciach,
oba v prostredi karpatského flysu. V dvoch nasledujticich ¢lankoch nds informujii o aktualnych stavbéch tunelov Ovéiarsko a Zilina na dialnici D1 v tiseku
Hricovské Podhradie — Lietavska Liicka.

Profesor F. Klepsatel, CSc. prispel k mozaike slovenskych ¢lankov hodnotnym prispevkom o vystavbe dopravnych tunelov, ktoré boli postavené na
Slovensku do roku 1970 a prostrednictvom dobovych technickych obrazkov ndm umoznil nahliadnut'do zaujimavosti starého tuneldrskeho remesla.

Najblizsie polozenym dialhi¢nym tunelom k Ziline bude Povazsky Chlmec, ktory sa momentdlne razi aZ zo §iestich Celieb, no viac nam prezradi dvojica
autorov vo svojich dvoch rdznych ¢lankoch.

No nesmieme zabudniit’ ani na dalsie odborné prispevky kolegov tuneldrov. Z geologického hladiska je zaujimavy Clénok z Koralmske;j Zeleznice kde sa
na tuneli dlhom 32,9 km razenom pomocou TBM opisuje geologicky monitoring. Zaspominame si aj na vystavbu predlZenia trasy A prazského metra, a na
zéver nechybaju zaujimavé informécie zo sveta podzemnych stavieb.

Pred rokom kolegyfia Viktéria Chomova vo svojom tivodniku pisala ako sa o¢akdva so zatatim vystavby siedmich tunelov v okoli Ziliny. Dnes
s poteSenim moZeme konétatogat’, Ze v tychto dnoch prebieha vystavba na tuneloch Ov&iarsko, Polana, Svréinovec, (Vjebrat’, Zilina, Povazsky Chlmec
a Visiiové a finalizuje sa tunel Sibenik. A dovolim si predpovedat, Ze takéto obdobie tuneldrskeho rozkvetu uZ u nds nebude. Tak si ho spolocne priatelia
tuneldri zo Slovenska i Ciech uZivajme. Zdar Boh. Ing. JAN KUSNIR, &len redakénej rady

Dear readers,

Exactly after a year, I can address you as another member of the Slovakian representation of the STA in the Editorial Board of TUNEL journal. It is not an
accident that I was given this opportunity and confidence of the Editorial Board. The issue you are just holding in hand has been prepared in a special way,
so that you could receive it as an “appetiser” before the conference being prepared, or as a dessert during the conference “Tunnels and Underground
Construction 2015” to be held in Zilina. A group of enthusiasts for tunnel construction in Slovakia, with the support provided by the Slovak Tunnelling
Association, dusted the memories of the conference in 2004 “Tunnels Importance in Transportation” held in the High Tatras. We have gradually started to see
the dream about the beginning of a new tradition of “tunnelling” conferences in Slovakia coming true. I am pleased that we can get acquainted with Czech
colleagues who have already developed such the domestic tradition by organising the conference “Underground Construction Prague “. We are very pleased
that we, as the steering committee, can continue the tradition of seeking inspiration and gathering advice. It would be good if also we, in Slovakia, managed
to prepare such a conference the quality of which would approximate the Prague one. These words are being written at the time when the preparation is under-
way and you are reading them at the time of the conference. I have complete confidence that our conference will be a success.

It is not by accident that two Slovakian companies introduce themselves in this journal issue. The first one, Zilina-based TuCon, a. s., can boast of building
the Borik motorway tunnel. The other one is Doprastav, a. s., Bratislava, which currently participates in the construction of several motorway tunnels in the
Zilina surroundings.

In the papers submitted by TuCon, its employees will take us to a visit a beautiful alpine structure — the Nant de Drance pumped storage scheme in
Switzerland, where, apart from geology, they were troubled by winter weather. They will acquaint us with the construction of the longest undersea road tun-
nel Solbakk in Norway, which will cut the length of the way for motorists from 70 to less than 15 kilometres. Two hundred km from the Polar Circle, in the
Arctic Zone, in the west of Greenland, they will familiarise us with the construction of the Ilulissat underground hydropower station.

Professionals from Doprastav, a. s., will get us closer to our parts and will share with us their experience from driving the Laliki tunnel in Poland and the
Polana tunnel in the region of Kysuca, both in the environment of the Carpathian flysch. In two successive papers they inform us about current tunnel con-
struction projects, tunnels Ov&iarsko and Zilina on the D1 motorway, in the Hri¢ovské Podhradie — Lietavskd Liicka section.

Professor F. Klepsatel, CSc. Has contributed to the mosaic of Slovakian papers by a valuable paper on the development of transport tunnels which were
constructed in Slovakia until 1970 and allowed us to look through technical period pictures into interesting details of the old tunnelling craft.

The motorway tunnel located closest to Zilina will be the Povazsky Chlmec, which is at the moment being driven by up to six headings. More will be reve-
aled to you by the pair of authors in the two various papers of theirs.

But we must not forget other technical papers prepared by colleague tunnellers. The paper on the Koralm railway, where geological monitoring participa-
tes in the construction of the 32.9km long, TBM-driven tunnel, is interesting from the aspect of geology. We will also bring back to our minds the extension
of the Prague metro Line A. Interesting information from the world of underground construction is not missing at the end.

A year ago, my colleague, Viktdéria Chomovd, in her editorial wrote about the expectations regarding the commencement of the construction of seven
tunnels in the surroundings of Zilina. I can with pleasure state today that currently the construction of the Ovéiarsko, Polana, Svréinovec, Cebrat, Zilina,
Povazsky Chlmec and Vistiové tunnels is underway and the Sibenik tunnel is being finalised. And I will dare to predict that such a period of tunnel con-

struction blooming will never ever exist again in our country. So, my friends, tunnellers from Slovakia and Czechia, let us enjoy it. God speed you.
Ing. JAN KUSNIR, Member of Editorial Board




VAZENI CITATELIA CASOPISU TUNEL,

s radostou vyuzivam moznost prihovorit’ sa vam
prostrednictvom ndSho odborného Casopisu Tunel
prave v Case, ked sa hovori o tuneloch na Slo-
vensku ovela CastejSie, ako sme boli zvyknuti kedy-
kolvek v minulosti.

Konecne sme sa dockali toho Ze mame v tomto
stavebnom segmente dostatok priace. Zda sa, Ze
teraz sa musime vyrovnat s opaénym extrémom,
a to s prili§ velkym poctom tunelov budovanych
v tom istom case. N4§ maly slovensky trh nie je na takéto
mnozstvo prace kapacitne postaveny, hlavne ¢o sa tyka odbor-
ného a skiiseného persondlu nielen na strane zhotovitela, ale aj
na strane objedndvatela. S nedostatkom skdsenych a kva-
litnych pracovnikov sa musime vSetci vyrovnat. Zhotovitelia
sa dostdvaji do situdcie, ked uZ je tazko ndjst odbornikov,
a preto sa musime okamzite zamerat' na vychovu mladych ludi,
ktorf maji o tento druh price zdujem. NasSa spolo¢nost’sa tak
intenzivne venuje vychove mladych Tudi, ¢i uz pre pozicie
technikov alebo robotnikov. N4jst’ vhodnych Tudi, ktori maju
zaujem o tito pracu a vychovat'z nich dobrych odbornikov, nie
je lahka tdloha. Treba s tym vSak zacat ¢o najskor. V opaénom
pripade sa budeme pozerat’ ako nase dlho ocakdvané stavby
tunelov pridu stavat Iudia zo zahrani¢ia. Samozrejme, ani to
nie je ni¢ nezvycajné, ale po dlhych rokoch ¢akania sme si to
asi vSetci predstavovali trochu inak. Musim vSak skon§tatovat,
Ze aj napriek vSetkym problémom z mnozZstva prace je tdto
situdcia ovela lepSia ako pred rokmi, ked sme museli odchdd-
zat’za pracou do zahranicia.

ViaZeni Citatelia, dnes mdme jedinecnu prileZitost ukdzat, ze
naSi robotnici a technici si minimdlne rovnako dobri ako
odbornici v inych krajinach, pre ktoré nie je ni¢ nezvycajné
budovat desiatky kilometrov tunelov ro¢ne. Mnohé slovenské
spoloc¢nosti roky podnikaji v zahranici a teraz je ten spravny
Cas pouzit’ skusenosti z cudziny aj na domdcich stavbach.
Musim vSak otvorene povedat, Ze nie je jednoduché opustit’
trhy, ktoré nds tuneldrov roky Zivili, ked sme na Slovensku
nemali dostatok projektov.

Myslim, ze zodpovedni politici by sa mali vazne zamysliet
nad tym, Co sa deje dnes na stavebnom trhu a vdzne sa pripra-
vili na obdobie o tri $tyri roky neskor, ked bude vic§ina tune-
lov na D1 a D3 dobudovanych, aby sme potom znovu nemu-
seli hifne odchddzat’ do krajin, kde sa pldnuje rozloZenie pro-
jektov a prace pre stavebné spolo¢nosti dlhodobo a nie len na
jedno dve volebné obdobia. Osobne som skuto¢ne rad, Ze sme
sa redlne dockali vystavby tunelov, nakoniec je jedno, kto ich
postavi, len nech ich mdme a ddfam, Ze sa vSetci doZijeme
v dobrom zdravi aj dlho slubovaného prepojenia dialnicou D1
z Bratislavy do Kosic.

Na zdver by som chcel vyslovit prianie, aby dal3ie roky boli
plné kvalitne pripravenych projektov, z ktorych budi mat’
radost’nie len vSetci stavbari, ale hlavne samotni uZzivatelia.
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DEAR TUNEL JOURNAL READERS,

I am delighted to be given the opportunity to address
you through our technical journal, TUNEL, at the time
when tunnels in Slovakia are spoken about more frequ-
ently than we were used to anytime in the past.

Finally the time came when we have enough work in
this segment of construction industry. It seems that now
we have to cope with the opposite extreme, which is the
too big number of tunnels built at the same time. The
capacity of our small Slovakian market is not prepared
for such an amount of work, first and foremost as far as professional
and experienced personnel are concerned, not only on the side of
contractors but also on the side of the project owner. We all have to
cope with the lack of experienced and good quality workers.
Contractors are getting to the situation where it is difficult to find
professionals and it is therefore necessary to immediately focus on
education of young people who are interested in this kind of work.
Our company devotes itself to the education of young people, both
for the positions of technicians and for workers. Finding proper peo-
ple interested in this work and educate them to become good profes-
sionals is not a simple task. But it is necessary to start with it as soon
as possible. Otherwise we will see how people from abroad will
come to implement our long awaited tunnelling projects. Of course,
it is nothing unusual, but after long years of waiting we all imagined
things to be a little bit different. But I must state that even despite all
problems following from the quantity of work, this situation is much
better than several years ago, when we had to leave for working
abroad.

Dear readers, today we have a unique opportunity to show that our
workers and technicians are minimally equally good as professionals
in foreign countries, for whom it is nothing unusual to construct
annually tens of kilometres of tunnels. Many Slovakian companies
have done business abroad for many years and now it is the correct
time to use the experience from abroad even on our domestic con-
struction sites. But I must frankly say that it is not simple to abandon
markets which have fed us, tunnellers, for many years when we did
not have enough projects in Slovakia.

I suppose that responsible politicians should seriously think about
the current situation on the construction market and earnestly prepa-
re themselves for the time after three or four years when the majori-
ty of tunnels on the D1 and D3 motorways are finished so that we do
not have to leave in droves to the countries where the distribution of
tunnels and jobs for construction companies is planned in the long
term, not only for one or two terms. Personally, I am really happy
that we have lived to see the development of tunnels in reality.
Eventually, it does not matter who will build them. Let us have them
and I believe that we all will live to see in good health even the long
promised interconnection between Bratislava and KoSice by the D1
motorway.

To conclude, I would like to express my wish for the years to come
to be filled with projects prepared in good quality, which will give
delight not only to all builders but, first of all, to the users themsel-
ves.

Joued i/

ING. JOZEF HRIC

predseda predstavenstva a generalny riaditel TuCon, a. s.
Chairman of Board of Directors and General Director, TuCon, a. s.
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VAZENI CITATELIA!

Je pre mna poteSenim, Ze sa k Vam, Citatefom Casopisu
Tunel, mdZem v mene spolocnosti Doprastav opdtovne priho-
vorit. V roku 2013 som mal rovnakd mozZnost pri prileZitosti
konania 2. medzindrodnej konferencie Podzemné stavby
Praha 2013. Vtedy sa mdj prihovor niesol v znameni obdv
a neistoty nad dal§fm osudom rezortu stavebnictva, nakolko
panoval hlboky utlm stavebnej produkcie nielen na
Slovensku, ale aj v Ceskej republike. Dnes Vs oslovujem
v tplne odliSnej atmosfére v porovnani s tou, ktord vlddla
v danom obdobi. Dovolte mi v§ak aspon par mySlienkami sa
k tomu obdobiu vratit.

Nepripominali by sme si obdobie rokov 2011 az 2013 charakterizované
absoltitnym nedostatkom dopytu verejnych investicii, ak by sme dosledky
tohto obdobia, ktoré méZeme nazvat obdobim nezmyselnej cenovej vojny
s uplatiiovanim jediného kritéria — najniz$ej ceny — Zial, nepocitovali vSetci
dodnes. Medidlne prezentované finanéné dspory z verejnych sttazi isekov
dialhic posluzili len ako néstroj dokazovania ,,svojej* pravdy a vzdjomného
obvinovania sa. Realitou zostane, Ze sa ohlasované tspory na stavbach
nikdy nevytvorili. K tomu je potrebné pripocitat’aj stratu dovery bankovych
institdcii, Casti odbornej, ale hlavne laickej verejnosti, ktord hladi na nds —
domdce stavebné firmy — vyslovene negativne. Podnikanie v stavebnictve sa
v ostatnych rokoch stalo velmi rizikové, pricom bolo charakteristické aj
zna¢nym tbytkom vysoko kvalifikovanych odbornikov, ktorf sa do odvetvia
uz nikdy nevrdtia. A to aj napriek krdsnym dielam, ktoré stavebné firmy, pre-
vazne slovenské a Ceské, na naSom tizemi v minulosti zhotovili.

Na tomto mieste mozno pripomentit, Ze na rozdiel od viacerych Ceskych
kolegov, ktori v prihovoroch ¢asopisu v uplynulych dvoch rokoch spomina-
li pretrvédvajiice krizové obdobie s minimom prac, tento pocit patri minulos-
ti. Co sa tyka rozsiahlych dopravnych projektov, dnes je situicia tiplne ind
ako v predchddzajticich rokoch. Na Slovensku je tohto ¢asu rozostavany his-
133 km. Samotny rozsah realizovanych dsekov eSte zndsobuje fakt, Ze na
tychto usekoch su razené tunely v celkovej dlzke 16,7 km. Obdobie,
v ktorom sme Ceskym kolegom mohli ,,zdvidiet predlZenie trasy metra
A &i vystavbu tunela Blanka v Prahe, je aspon na chvilu odvrétené.

Napriek uvedenym miernym obavdm mozno s poteSenim konstatovat, ze
po mnohych rokoch nedostato¢ného vyuzitia tuneldrskych kapacit
a hladania efektivnejSieho vyuZitia odborného Iudského potencidlu, spoloc-
nost’Doprastav sa mohla pustit'do realizdcie zaujimavych a ndroc¢nych tune-
lov. O to viac, Ze s to tunely, ktoré budd stcastou dialninej siete, ktord
zlepsi dopravnd infraStruktiiru prave v tych oblastiach na Slovensku, ktoré
st extrémne zatazené dopravou. Zvladnutie realizdcie tychto diel je pre
nasich Tudi vyzvou, kde budd mdct’ uplatnit’ svoje doteraz nadobudnuté
vedomosti ¢i zruénosti a zdroven je Skolou, kde ziskaji nové poznatky pri
rieseni problémov tak rozsiahlej vystavby.

Toto Cislo Casopisu Tunel vychddza prave v ¢ase konania medzindrodnej
konferencie Tunely a podzemné stavby Zilina 2015. Ocefiujem, Ze spolog-
nost' Doprastav dostdva moZnost prezentovat’ sa prostrednictvom viacerych
odbornych prispevkov v tomto Casopise. Tie st venované problémom, rie-
Senych pri realizécii objektov podzemnych stavieb v rdmci dialni¢nych tse-
kov D1 Hri¢ovské Podhradie — Lietavskd Liicka (tunel Ovéiarsko, tunel Zili-
na) a D3 Svr¢inovec — Skalité (tunel Polana). Verim, Ze tieto prispevky
a hlavne poznatky z nich ¢erpané budi vhodnym zdrojom cennych infor-
mécif pre ich dalSie vyuZitie v tuneldrskej praxi a urdite prispejd ku kvalit-
nej trovni tohto ¢asopisu.

Zaverom chcem podotknit, Ze kazdy tunel je jedine¢nym stavebnym die-
lom, realizovanym v konkrétnych hydrogeologickych podmienkach
a v pretvarajicom sa prirodnom prostredi. Z tohto dovodu nds ich priprava
a realizacia bude vzdy fascinovat.

TuHel

DEAR READERS!

Itis a pleasure for me to be again allowed to address you, the rea-
ders of TUNEL journal, on behalf of Doprastav a.s. I had the same
opportunity in 2013, on the occasion of the / 2t international confe-
rence Underground Construction Prague 2013. At that time my spe-
ech was marked by fears and uncertainty about the future fate of the
construction industry because there was a deep downturn in the con-
struction production not only in Slovakia, but also in the Czech
Republic. Today I am addressing you in an atmosphere which is
completely different from the atmosphere reigning in the given peri-
od of time. Nevertheless, allow me to return to this period at least by
several ideas.

We would not reminisce about the 2011 — 2013 period of time, which was charac-
terised by the absolute lack of demand for public procurement, if, unfortunately, all of
us did not feel till now the consequences of this period, which we can term a period
of senseless price war with the lowest price applied as the only criterion. The finan-
cial savings from public tenders for motorway sections which were presented in
media were used only as a tool for proving one’s true and mutual blaming. It will
remain a reality that the savings announced on construction sites were never created.
In addition, it is necessary to take into account the loss of credibility of banking insti-
tutions, the loss of the confidence of a part of the professional and, first of all, the lay
public, which looks at us — domestic construction companies — utterly negatively.
Doing business in construction industry became highly risky during the following
years. It was even characterised by a significant reduction of the number of highly
qualified professionals, who will never again return to the industry, despite the beau-
tiful projects implemented in Slovakia in the past mostly by Slovak and Czech con-
struction firms.

At this point it is worth recalling that, in contrast with many Czech professio-
nals who, speaking in this journal, recalled the enduring critical period with
aminimum jobs believing that this feeling belonged to the past. As far as big traf-
fic-related projects are concerned, the current situation completely differs from
the situation in the past years. The historically largest number of motorway sec-
tions and express highways — over 133km in total — are currently under con-
struction in Slovakia. The extent of the sections being realised is even multipli-
ed by the fact that there are mined tunnels in these sections at the aggregated
length of 16.7km. The period of time during which we could “envy” our Czech
colleagues the metro line A extension or the development of the Blanka complex
of tunnels in Prague has been averted, at least for a while.

Despite the above-mentioned moderate fears it is possible to state with plea-
sure that, after the years of insufficiently used tunnelling capacities and searching
for more effective use of the professional human potential, Doprastav a. s. could
get down to the implementation of interesting and demanding tunnel constructi-
on projects. Even more so because the tunnels will be parts of the motorway net-
work which will improve the transportation infrastructure specifically in the
areas in Slovakia which are extremely burdened with traffic. Coping with the rea-
lisation of these projects is a challenge for our people where they will be able to
apply the experience or skills they have gathered till now. At the same time, it is
a school where they will gain new knowledge regarding solving problems during
such the extensive motorway development.

This TUNEL journal issue is being published just at the time of holding the inter-
national conference Tunnels and Underground construction Zilina 2015. 1 appreciate
that Doprastav a. s. has got the opportunity to present itself in this journal through
technical papers. They are dedicated to problems solved during the realisation of the
underground structures within the framework of the Hri¢ovské Podhradie — Lietavskd
Licka section of the D1 motorway (the Ov¢iarsko tunnel, the Zilina tunnel) and the
Svrcinovec — Skalité section of the D3 motorway (the Polana tunnel). I believe that
these papers and, first of all, the knowledge drawn from them, will become a suitable
source of information precious for its further use in the tunnel construction practice
and certainly will contribute to the good quality level of this journal.

To conclude, I want to note that each tunnel is a unique construction work rea-
lised under particular hydrogeological conditions and in
a changing natural environment. For that reason their prepa-
ration and realisation will always fascinate us.

ING. JURAJ ANDROVIC

predseda predstavenstva a generalny riaditel Doprastav, a.s.
Chairman of the Board of Directors and General Director of Doprastav, a. s.
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PODZEMNA PRECERPAVACIA VODNA ELEKTRAREN
NANT DE DRANCE - SVAJCIARSKO

UNDERGROUND PUMPED STORAGE SCHEME
NANT DE DRANCE - SWITZERLAND

MARTIN MAGDOLEN, IVAN KVASSAY

ABSTRAKT

Na hranici Franciizka a Svajciarska, na vizemi §vajéiarskeho kanténu Wallis a nedaleko turisticky zndmeho franciizskeho stredis-
ka Chamonix, boli v roku 2008 zacaté stavebné prdce na vystavbe podzemnej precerpdvacej hydroelektrdrne Nant de Drance.
Elektrdren sa buduje v skalnom masive a bude vyuZivat hydroenergeticky potencidl dvoch existujiicich priehrad Emosson a Vieux-
Emosson. Prdce si realizované v nadmorskej vyske od cca 1800 m n. m. do 2200 m n. m. VSetky podzemné objekty boli realizované
pomocou vrtno-trhacich prdc, okrem pristupového tunela z vidolia, ktory bol razeny tunelovacim strojom (TBM). Kaverna podzemnej
strojovne ( dfzvky 195 m, Sirky 32 m, vysky 52 m), realizovand v deviatich vyskovych etapdch, patri v siicasnosti medzi najvdcsie kaver-
ny svojho druhu v Eurdpe. VSetky raziace prdce z povodného projektu si ukoncené a zrealizované. Na zdklade poZiadavky investora
a doplnenia projektu TuCon momentdlne razi tzv. vstupny tunel ZK12 do priehradného jazera Vieux-Emosson.

ABSTRACT

The construction work on the Nant de Drance underground pumped storage plant commenced on the border between France and
Switzerland, in the territory of Swiss canton Wallis and near Chamonix, the French centre well known to tourists, in 2008. The power
generation plant is built in a rock massif and will use the hydropower potential of two existing dams, Emosson and Vieux-Emosson.
The works are realised at the altitude ranging from ca 1800m a.s.l. to 2200m a.s 1. All underground structures were carried out using
the drill-and-blast technique, with the exception of the access tunnel, which was driven from the valley using a tunnel boring machine
(TBM). The underground turbine hall cavern (195m long, 32m wide, 52m high), which was realised in nine stages of height, currently
belongs among the largest caverns of its kind in Europe. All underground excavation operations have been finished. The so-called ZK12
entrance tunnel to the Vieux-Emosson dam reservoir is currently being driven on the basis of project owner’s requirement and a supp-
lement to the TuCon design.

uvoD

PreCerpédvacia vodnd elektraren Nant de Drance je spoloc-
nym projektom ,,Zdruzenia Nant de Drance AG", ktoré zalo-
zili §vajCiarska energeticka spolocnost’ Alpiq AG, $vajCiarska
Zelezni¢nd spolo¢nost’ SBB, spolo¢nost IWB a energeticka
spolo¢nost FMV z kanténu Wallis. Najvicsiu Cast stavebnych
prac realizuje zdruZenie GMI Marti-Implenia.

Elektraren by mala dodavat’ elektricki energiu do siete od
roku 2017.

OPIS PROJEKTU

Z hist6rie pripravy projektu

Zaciatkom roku 2000 bola spolo¢nost’ AF-Consult Switzer-
land AG poZziadand o vypracovanie Stidie realizovatelnosti
a v auguste 2008 bolo udelené stavebné povolenie pre vystav-
bu elektrdrne s planovanym vykonom 600 MW. V roku 2009
zdruZenie prehodnotilo jestvujici projekt a rozhodlo
o zvySeni vykonu elektrarne na 900 MW. Po dlhych rokova-
niach sa podarilo v roku 2010 dosiahnut schvélenie zvySenia
kapacity na 900 MW (zmeneny projekt Nant de Drance+), ¢o
si okrem ostatnych sivisiacich problémov vyziadalo navySe-
nie priehradného muru hornej nddrze o 23 m. Celkové ndkla-
dy sa odhadovali na 1,8 mld. CHF.
Okrajové podmienky

Hydroelektrareni bude vyuZzivat vyskovy rozdiel 350 m
a kratku vzdialenost medzi dvomi existujicimi priechradami
(obr. 1), nachadzajiicimi sa na juhozdpade Svajliarska v po-
hrani¢nej oblasti s Francizskom, v horskom masive Aiguilles
Rouges medzi mestami Martigny (CH) a Chamonix (FR).

INTRODUCTION

The Nant de Drance pumped storage scheme is a joint pro-
ject of the “Nant de Drance AG consortium”, which was foun-
ded by Alpiq AG, a Swiss electric energy provider, SBB Swiss
Federal Railways , Industrielle Werke Basel (IWB) and FMW
energy company based in the canton of Wallis. The largest part
of the construction work is being realised by the GMI Marti-
Implenia consortium.

The power plant should supply electrical energy to the net-
work from 2017.

Obr. 1 Existujiice akumulacné nddrZe Vieux-Emosson (viuvo dole) a Emos-
son (vpravo hore)

Fig. 1 Existing Vieux-Emosson accumulation reservoirs (left bottom) and
Emosson (right top)
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Vodna elektrarein Emosson SA

Vyroba ,,zelenej* energie v tomto regidne prebieha :
uz od roku 1926. V rokoch 1952-1955 bola ukoncena ! o o
vystavba priehradného miru horného jazera Vieux- 4#- - ) \
Emosson, ktorého hladina pri maximédlnom naplneni | . == ,:B o ""_.“-\ ALY
dosahuje vysku 2205 m n. m. Po dohode medzi -
Franctizskom a Svajéiarskom v rokoch 1967-1975
bola vybudovana priehrada Emosson, ktorej maximal-
na hladina dosahuje nadmorskd vysku 1930 m n. m.
Vybudovanim novej priehrady Emosson doSlo
k zatopeniu starej priehrady Barberine a zvySeniu
retenéného objemu nadrze na 210 mil. m3. V si-
Casnosti je voda z nadrzi Vieux-Emosson a Emosson
vyuZivand dvakrat. Prividzac¢mi je vedend do elekt-

MIN, WSP. PSW

rdarne Vallorcine (FR) v nadmorskej vySke 1125 m T 113000 m 0.4
n. m. a nasledne je z tejto elektrarne dal§im potrubim
odvddzand do centrdly La Batiaz v meste Martigny

(CH) v nadmorskej vySke 462 m n. m. Legenda / Legend:
GGOlégia 1 - nédrz Vieux Emosson (s max. hladinou vzdutia 2225,0 m n.m. a minimalnou hladinou vzdutia
2180,0 m n.m) / Vieux Emosson reservoirs (the maximum backwater level of 2225.0m a.s.l. and the
Najvidcsia Cast’ stavebnych prdc sa realizuje minimum backwater level of 2180.0m a.s.l.)

v horskom masive Aiguilles Rouges tvorenom prevaz- 2 - tlakova vertlkaln'a saghta / vertical pressure shaft ‘ ,
3 - kaverny pre zariadenia pre produkciu 900 MW / caverns for equipment producing 900MW

ne granitom, ortorulami a metamorfovanym kremen- 4 - pristupovy tunel od nédrze Emosson / access tunnel from Emosson reservoir
com. Celkovo je horsky masiv pre vykon vrtno-trha- 5 - tlakové $tdIne na strane spodnej vody (na strane nadrze Emosson) / downstream pressure galleries (on

cich prdc charakterizovany dobrymi az velmi dobrymi the Emosson reservoir side)
A 6 — hlavny pristupovy tunel / the main access tunnel
vlastnostami.

7 - n&drz Emosson (s max. hladinou vzdutia 1930,0 m n.m. a minimélnou hladinou vzdutia 1830,0 m n.m.)
Emosson reservoir (with the maximum backwater level of 1930.0m a.s.I. and minimum backwater level

PROJEKT NANT DE DRANCE + (900 MW) of 1830.0m as.l.)

Hlavnymi objektmi podzemnej elektrdrne Nant de  Obr.2 Schéma podzemného systému elektrdrne Nant de Drance
Drance st okrem kaverny aj strojovne a privédzaée Fig. 2 A scheme of the underground system of the Nant de Drance power plant

vody dimenzované na prietok 180 m?/s (obr. 2).
Elektrdren tvoria nasledovné objekty (obr. 3): PROJECT DESCRIPTION

e horné existujice akumulacné jazero Vieux-Emosson, From the project preparation history

s prichradnym mirom navySenym o 23 m: At the beginning of 2000, AF-Consult Switzerland AG was
— gravitatné priehrada vySky 65 m (po navyseni); requested to develop the feasibility study and the building per-
— kapacita hornej nidrze sa po navySeni priehradného mit for the development of a power plant with the planned out-
miru zdvojndsobila z pévodnych 13,8 mil. m? na objem put of 600MW was issued in August 2008. In 2009, the con-
24,6 mil. m3; sortium reassessed the existing project and decided on an inc-
e systém privddzaCov vody na hornom toku elektrdrne | rease in the power plant output to 9O0MW. After lengthy nego-
s prietokom 180 m3/s tvoria: tiations, the approval to increasing the capacity to 900MW (the
— 2 vtokové resp. vytokové objekty prierezu 16x11 m; modified Nant de Drance+ project) was successfully achieved,
— 2 tlakové privadzace vody diiky 278 m, v pozdiinom which fact, apart from other related problems, claimed an inc-
spade 9,5 %, priemer 7,7 m; rease in the dam wall of the upper dam reservoir by 23m. The
— 2 vertikdlne Sachty vySky 442 m, priemer 7 m; total costs were estimated to each CHF 1.8 billion.
— 2 sady /pancierovych rdr v oblasti pity vertikdlnych Boundary conditions
Sdcht, dlzka 55 m, priemer 5.5 m, pozdlZzny sklon 2 %; The hydropower plant will take advantage of a height diffe-
— 2 pancierové rozplety na tri turbiny, dlzka 30 m, prie- rence of 350m and the short distance between two existing dams
mer 3,2 m; ) located in the south-west of Switzerland (see Fig. 1), in an area
* kaverna strojovne (dlzka 195 m, Sirka 32 m, vySka 52 m): bordering with France, in the Aiguilles Rouges mountain range,
~ kubatidra vylomu 238 000 m?; between the towns of Martigny (CH) and Chamonix (FR).
— 6 Francisovych turbin — kazdd s vykonom 150 MW, Emosson SA hydropower plant

— 12 gulovych uzdaverov nad a pod turbinami;

e privdadzace vody na spodnom toku podzemnej elektrdrne
pozostavaju z nasledovnych Casti:
— 2 pancierové redukcie z troch turbin: dizka 45 m, prie-

The generation of “green” energy in this region has been
underway since 1926. In 1952-1955, the construction of the
dam wall of the Vieux-Emosson upper reservoir, the elevation
of the surface of which reaches 2205m a.s.l. at maximum fil-

mer 3,7 m; ; ling, was finished. The Emosson dam was built in 1967-1975,

— 2 pancierové riry dlzka 30 m, priemer 5.5 m; after the conclusion of an agreement between France and
— 2 vytokové tlakové Stolne dlzka 1170 m, priemer 7,7 m, | Switzerland. Its maximum surface elevation reaches 1930m

v pozdlZnom stdpani 9.5 az 12,5 %; a.s.]. As a result of the development of the new Emosson dam,

—2 vytokové, resp. vtokové objekty, priecny prierez the old Barberine dam got inundated and the retention volume
25x11 m; of the reservoir grew to 210 million m3. Currently, water from

* spodna existujica akumula¢nd niddrz Emosson: the Vieux-Emosson and Emosson reservoirs is used twice. It
— klenbova priehrada vysky 180 m; flows through headrace tunnels to the Vallorcine power plant
— uzitocny obsah nadrze 210 mil. m3. (FR) at the altitude of 1125m a.s.l. and, subsequently, is diverted
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Startovacie kaverny na razenie vertikalnych $acht (DSV 123, DSV 456)

DSV 123

tlakové §tlne — vertikalne Sachty DSV 123 a DSV 456
pressure galleries — vertical shafts DSV 123 and DSV 456

DSV 456

pristup od nadrze Emosson
access to Emosson reservoir

starting caverns for the excavation of vertical shafts (DSV 123, DSV 456)

spojenie: pristup od nadrze Emosson - Startovacie
kaverny vertikalnych Sacht

connection: access from Emosson reservoir —
starting caverns for vertical shafts

spojenie: hlavny pristupovy tunel

- pristup od nadrze Emosson
connection: the main access tunnel
— access from Emosson reservoir

from this power plant through anot-
her pipeline to La Batiaz centre at
the town of Martigny (CH) at the
elevation of 462m a.s.l.

Geology

The largest proportion of the con-
struction work is carried out in the
Aiguilles Rouges mountain range
area, which is mostly formed by
granite, ortogneiss and metamor-
phosed quartzite. In general, the
mountain massif is characterised by
properties good to very good for the
application of the drill-and-blast
method.

NANT DE DRANCE + (900MW)
DESIGN

Apart from the cavern, the main
structures of the Nant de Drance
underground power plant are also
the turbine rooms and headrace tun-
nels, which are designed for the
flow rate of 180m?/s (see Fig. 2).

The power plant is formed by the
following objects (see Fig. 3):

e the existing upper accumulati-
on reservoir Vieux-Emosson
with the dam wall height incre-
ased by 23m:

— gravity dam 65m high (after
increasing the height);

hlavny pristupovy

tunel
the main access
tunnel

Obr. 3 Priestorovd vizualizdcia podzemného systému §tolni a kaverien elektrdrne Nant de Drance
Fig. 3 Spatial visualisation of the underground system of galleries and caverns of the Nant de Drance power

plant

K zhotoveniu hlavnych objektov podzemnej elektrarne
z dévodu logistiky a dodrZania terminu vystavby bolo potreb-
né naprojektovat’ a zrealizovat’tri pristupové §tdlne:

e hlavny pristupovy tunel (ZTH) ku kaverne strojovne
z hlavného ddolia z dedinky Chételard celkovej diiky
5600 m, razeny pomocou TBM v stidpani cca 11 %, prie-
mer 9,45 m;

e dva pristupové tunely (ZTE a ZTVE) zo zdpadného pri-
stupu (portdlu) do systému S$toIni a kaverien:

— tunel ZTE diiky 2150 m, na svojom konci udsti do hlav-
ného pristupového tunela ZTH;

— tunel ZTVE celkovej diiky 1730 m, na ktory sa napdja
tunel ZSVE diiky 388 m s dstim pod pitou hradze hor-
nej nadrze, slizi ako pristupovy a logisticky tunel .
k hornému jazeru Vieux-Emosson.

Dal$imi logistickymi objektmi projektu su:

« trafokaverna: dizka 146 m, Sirka 18 m, vyska 15 m;

¢ trvald deponia vyribaného materidlu pri zdpadnom porta- o
li s objemom 1 600 000 m3;

e docCasnd depdnia vytazeného horninového materidlu,
ktory sa neskor podrvil a pouZil na vyrobu beténu potreb-
ného hlavne na navySenie hradze horného jazera Vieux
Emosson v celkovom objeme 38 300 m3.

REALIZACIA PRAC

Portal Illavného pristupového tunela
Vv Le Chatelard .

Portdl v dedinke Le Chatelard bol vybudovany na jar
a v lete 2009. Jeho technické rieSenie klddlo vysoké naroky na

— the upper reservoir capacity
got doubled from original
13.8 million m? to the volume
of 24.6 million m? after incre-
asing the dam wall height;

the system of headrace tunnels upstream of the power

plant with the flow rate capacity of 180m>/s consists of:

— 2 intake structures (respectively outlet structures) with
the cross-sections of 16x11m;

— 2 headrace tunnels, each 275m long, on the longitudinal
gradient of 9.5%, 7.7m in diameter;

— 2 vertical shafts, each 442m high, 7m in diameter;

— 2 sets of armoured tubes in the area of the bottom of the
vertical shafts, 55m long, 5.5m in diameter, on longitu-
dinal gradient of 2%;

— 2 armoured bifurcations leading to three turbines, 30m
long, 3.2m in diameter;

the turbine hall cavern (195m long, 32m wide, 52m high):

— excavated volume of 238,000m?3;

— 6 Francis turbines —150MW output each;

— 12 ball valves above and under turbines;

the headrace tunnels downstream of the underground

power plant, consisting of the following parts:

— 2 armoured adaptors from three turbines: 45m long,
3.7m in diameter;

— 2 armoured tubes 30m long, 5.5m in diameter;

— 2 outlet pressure galleries each 1170m long, 7.7m in dia-
meter, on a rising longitudinal gradient ranging from 9.5
to 12.5%;

— 2 intake structures (respectively outlet structures) with
the cross-sections of 25x11m;

the lower, existing, Emosson accumulation reservoir:

- arch dam, 180m high;

- live storage capacity of 210 million m3.
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projektantov i realizdtorov, kedZe kalota tunela prechadzala
v hibke len 3 m pod Zelezni¢nou tratou Martigny — Chamonix,
a bez vyluky Zelezni¢nej dopravy (obr. 4).

Geologické prostredie tvori svahovd sutina, ktord od zaciat-
ku prac nebola dostatocne preskiimand. Na zdklade zrealizo-
vaného destruktivneho vrtu bola mocnost’ nespevneného hor-
ninového prostredia odhadnutd na 25-30 m.

Zaistenie portdlu pozostdvalo zo Zelezobeténového trdmu,
ukotveného bezprostredne pod kolajami trate tromi radmi
masivnych beténovych platni a predpiatymi 25-35 m dlhymi
kotvami, medzi ktorymi bola nespevnend hornina stabilizova-
nd eSte 9 m dlhymi pasivnymi kotvami. Hlavny prvok zaiste-
nia vyrubu na portdli bol rdrovy ddzdnik diiky 18 m, oprety
v prednej Casti o ocelové obliky HEB 200, ktoré boli kotvené
do skalného masivu.

Nésledne bol v pieskovcoch a bridliciach konvenénym
sposobom vyrazeny 110 m dlhy Startovaci tunel pre nasadenie
TBM stroja. Poloha Zelezni¢nych kolaji nachddzajicich sa
v tesnej blizkosti portdlu bola denne kontrolovand geodetic-
kymi meraniami. Kontrolné body a vertikdlne inklinometre
s automatickym prenosom dédt umoznovali nepretrzitd Zelez-
ni¢nu prevddzku. Celkové namerané sadnutie kolaji 35 mm si
vyziadalo dpravu iba ich jednorazovym podbitim.

Hlavny pristupovy tunel
Jednym z variantov doddvatela prac bolo nasadenie plno-
profilového raziaceho stroja (TBM). Hlavnymi dévodmi pri
rozhodovani o tomto variante vystavby boli: vys$si vykon pri
razeni, moznost’prejst cez poruchové zény bez otrasov spdso-
bovanych konvenénymi metédami, nasadenie pdsového
dopravnika sliZiaceho aj v budicnosti na vyvoz ribaniny
z dal§ich kaverien a §tdln{ budovanych konvencne, a menej
pras$né prostredie, a teda lepSie pracovné podmienky pre pra-
covnikov.
Udaje a vybava otvoreného TBM do pouzitého pri razeni
v tvrdych horninéch su:
e dodavatel Herrenknecht (prevzatie a tuprava Marti
Technik);

e priemer S$titu 9,45 m;

¢ vrtnd hlava je vybavena 55 kusmi jednoduchych valivych
dlat ¢ 430 mm, v rozpone 90 mm;

e posuvnd sila 18 000 kN;

e pohon vrtnej hlavy: 10x350 kW s reguldciou otdcok;

e otdcky vrtnej hlavy: 0—6 RpM;

e transport ribaniny pomocou pasového dopravnika;

o celkova dizka TBM s privesom je 142 m;

¢ celkova hmotnost stroja je 1450 t.

! .
Obr. 5 Ndrocnd idriba a spristupriovanie vonkajSich komunikdcii po zim-
nych mesiacoch
Fig.5 Demanding maintenance and opening of external roads to traffic after
winter months

w < w - - : -
Obr. 4 Portdl Le Chatelard a zariadenie staveniska, pristupovy tunel ZTH
razeny popod Zelezni¢ni trat’

Fig. 4 Le Chadtelard portal and site arrangement, the ZTH tunnel driven
under railway track

It was necessary for the reasons of logistics and meeting the
deadline for the construction of the main structures of the
underground power plant to design and carry out three access
galleries:

e the 5600m long, 9.45m-diameter ZTH main access tunnel
to the turbine hall cavern from the main valley from the
small village of Chatelard, driven on a rising gradient of
11%, using a TBM;

e two access tunnels (ZTE and ZTVE) from the western ent-
rance (portal) to the system of galleries and caverns:
—the 2150m long ZTE tunnel, linking at its end to the

ZTH main access tunnel;

—the ZTVE tunnel with the total length of 1730m, to
which the 388m long ZSVE tunnel with its mouth under
the toe of the upper reservoir dam connects, serves as an
access and logistic tunnel to the Vieux-Emosson upper
reservoir.

There are the following other logistics structures of the pro-
ject:

 the cavern for transformers: 146m long, 18m wide, 15m
high;

e a permanent muck stockpile at the western portal for the
volume of 1,600,000m3;

e a temporary stockpile for the muck which was later crus-
hed to be used for the production of concrete required
mainly for increasing the height of the dam of the upper
Vieux Emosson reservoir with the total volume of
38,300m3.

WORKS REALISATION

The portal of the main access tunnel
at Le Chatelard

The portal at the small village of Le Chatelard was built in
the spring and summer of 2009. The technical solution placed
heavy demands both on designers and constructors because of
the fact that the tunnel top heading passed at the depth of
a mere 3m under the Martigny — Chamonix railway track and
closing of the line to traffic was not permitted (see Fig. 4).

The geological environment is formed by slope debris,
which has not been sufficiently surveyed since the beginning
of the work. The thickness of the non-stabilised ground envi-
ronment was estimated at 25-30m on the basis of a completed
destructive borehole.

The portal support consisted of a reinforced concrete beam
anchored immediately under the track rails by means of three
rows of massive concrete plates and 25-35m long pre-tensio-
ned anchors; the non-stabilised ground between the anchors



Obr. 6 Montaz technologie betondrky
Fig. 6 Installation of the batching plant technology

Montdz TBM stroja zacala v auguste 2009 zostavenim pri-
vesu na kolajniciach. Samotnd montdiz TBM prebehla od
polovice oktébra do konca novembra. Pracovnici zacali raze-
nie hlavného pristupového tunela v janudri roku 2010
a ukondili ho 22. augusta 2012 v strojovej kaverne KMA.

Vykony razenia sa v réznych geologickych zénach menili.
V granitoch bol dosiahnuty priemerny vykon 15 m/den, v rule
20 m/den, v metamorfovanych kvarcitoch az 25-35 m/den
a v tychto geologickych podmienkach bol v oktébri 2011 aj
dosiahnuty Spickovy mesacny vykon 727 m. Prieskumnymi
vrtmi boli pred hlavou TBM indikované silno zhorSené horni-
nové pomery. Na zdklade tychto poznatkov bolo rozhodnuté
speviovat’ horninu pred hlavou TBM injektdzou, ktord bola
vykondvana cez zvySeny pocet vrtov (spravidla bolo vitanych
60 vrtov pre kazdy ddzdnik). Na injektdZ sa pouZivala mikro-
cementové injekénd zmes.

Téato vynitend zmena technoldgie vSak viedla k podstat-
nému spomaleniu razenia strojom TBM, ¢o ndsledne zapriCi-
nilo v roku 2011 zimné preruSenie prdac na Stdlnach
a kaverndch budovanych konven¢ne zo zdpadného portdlu,
ktoré boli pristupné len po vonkajSich komunikdcidch, ohro-
zovanych padajicimi lavinami (obr. 5).

Povodny plan vyvadzat vytaZeny materidl uZ hotovym
hlavnym pristupovym tunelom ZTH cez drvi¢ a pdsovy
dopravnik naruSilo spomalenie prac v tuneli ZTH natolko,
7e to viedlo k nutnosti ndjst’a vytvorit’ alternativnu depéniu
vyrubového materidlu. Hlavny pristupovy tunel ZTH bol
ukonceny 22. augusta 2012 a ndslednd prerdzka s konvenc-
ne razenym systémom §tolni 6. septembra vytvorila predpo-
klady na kontinudlny priebeh stavebnych prac, neobmedzo-
vany zimnymi klimatickymi vplyvmi. V trase ZTH tunela,
cca 250 m od jeho konca, sa konvenénym spdsobom vyrazi-
la kaverna KBA, ktord bola vyuzitd na demontdz raziaceho
stroja TBM.

Nasledne bola v kaverne zriadend betonaren — z toho plynie
aj nazov kaverny, skr. KBA (z nemeckého Kaverne—Beto-
nanlage) (obr. 6). Produkcia beténovych zmesi zacala v oktd-
bri 2013.

Vtokovo-vytokové objekty

Podla pévodného predpokladu mala byt prichrada Emosson
celd sezénu 2011 vypustend, ¢o by umoznilo vyrazit prvé
metre tlakovych §téIni a vybudovat Zelezobeténové vtokovo-
vytokové objekty. Uplné vypustenie priehrady na potrebné
obdobie vystavby by vSak malo za nasledok vypadok produk-
cie elektrickej energie jestvujucich elektrarni. Funkcénost
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was in addition stabilised by 9m long passive anchors. The
main element of the excavation support were 18m long cano-
py tubes, resting at the front end part on HEB 200 steel arches,
which were anchored to the rock massif.

Subsequently, a 110m long tunnel for launching the TBM
was conventionally driven through sandstone and shale. The
position of the railway track located in the close vicinity of the
portal was daily inspected by surveyors. Control points and
vertical inclinometers with automatic data transmission further
allowed for uninterrupted railway operation. The total settle-
ment of the tracks of 35mm required only one-time packing.

The main access tunnel

One of the variants offered by the contractor was the appli-
cation of a tunnel boring machine (TBM). There were the fol-
lowing main reasons when the decision on this variant was
being made: the higher excavation advance rate, the possibili-
ty of passing through fault zones without vibration caused by
conventional methods, the application of a belt conveyor to be
used even in the future for the transport of muck from other
caverns and galleries carried out using conventional methods
and less dusty environment, thus better working conditions for
workers.

The data on and the equipment of the open-mode TBM app-
lied to the excavation through hard rock:

 supplier: Herrenknecht (take-over and modification: Marti

Technik);

¢ shield diameter: 9.45m;

e cutterhead equipped with 55 simple disk cutters

¢ 430mm, spaced at 90mm;

e thrust force: 18,000kN;

* cutterhead drive: 10x350kW with the regulation of the rate

of revolutions;

e rate of cutterhead revolutions: 0—-6RpM;

e transport of muck: on a belt conveyor;

e aggregated length of the TBM with trailing gear: 142m;

¢ total weight of the machine: 1450t.

The TBM assembly commenced in August 2009 by the
installation of the trailing gear on the rails. The assembly of
the TBM itself lasted from the half of October to the end of
November. Workers started to drive the main access tunnel in
January 2010 and finished it on the 22" August 2012 in the
KMA turbine hall cavern.

The excavation advance rates varied depending on the parti-
cular geological zones. The average daily advance rates achie-
ved in granites and metamorphosed quartzite amounted to
15m/day and 20m/day, respectively. The peak monthly advan-
ce rate of 727m was achieved in these geological conditions in
October 2011. Exploratory boreholes indicated seriously wor-
sened ground conditions ahead of the cutterhead. The decision
to reinforce the ground ahead of the cutterhead by injecting
grout into it and increasing the number of drillholes (60 holes
were usually drilled for each canopy) was made on the basis of
this knowledge. Microfine cement mixture was used for the
grouting.

This enforced change in the technology resulted in
a substantial reduction of the TBM excavation advance rate
and, subsequently, in the winter of 2011, caused the suspensi-
on of the conventional excavation of galleries and caverns car-
ried out from the western portal, which were accessible only
along external roads and were therefore threatened by falling
avalanches (see Fig. 5).

The original plan to transport the muck out already through
the finished ZTH main access tunnel via the crusher and the belt
conveyor was upset so much that it led to the necessity for fin-
ding and developing an alternative area for dumping the muck.
The ZTH main access tunnel was finished on the 22" August
2012 and the subsequent breakthrough to the conventionally
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Obr. 7 Vystavba vtokovo-vytokového objektu
Fig. 7 Construction of an inlet-outlet structure

systému je postavend na tom, Ze sa prichrada naplni od aprila
do septembra vodou z topiaceho sa snehu a zraZkovou vodou.
Keby k naplneniu priehrady v tomto obdobi nedoslo, nebola
by moZznd dodlezitd produkcia elektrickej energie v zimnych
mesiacoch, s nasledkom vyraznych finan¢nych strat pre uzi-
vatela. Preto zo strany investorov vysla poziadavka na etapi-
zaciu vystavby tychto objektov na viac rokov a obmedzenie
pric na intervaly od zaCiatku marca do konca mdja. Vtedy
by bolo mozné priehradu od jina eSte dostatone naplnit’,
aby nedoSlo k vypadku produkcie elektrickej energie. Tato
zmena mala zdvaZzny dosah na priebeh vystavby a celd orga-
nizdciu prac.

Na jar roku 2009 bol vykonany prieskum podloZia pre opti-
malizdciu umiestnenia vtokovo-vytokovych objektov. V roku
2010 bola vybudovand pristupova cesta a stavebna ploSina,
potrebna pre vykon pric v priehrade Emosson, vritane pred-
zarezu pre vtokovo-vytokové objekty. Na jar roku 2011 bolo
zalaté razenie pociatonych 50 m oboch tlakovych $tdlni
a betondz zdkladu vtokovo-vytokovych objektov. V lete toho
istého roku bol zhotoveny prvy Zelezobeténovy vtokovo-
vytokovy objekt na vyssie poloZenej ploSine, ktora sa nachad-
zala v nadmorskej vyske 1917 m n. m., a bola preto zaplavo-
vana aZz pri dosiahnuti maximdlnej hladiny v priehrade
(obr. 7). Zostaval tak dostatok Casu na debniace, armovacie
a betondrske prace rdmového objektu s pddorysnymi rozmer-
mi 22x25 m a vyskou 11 m, ¢o zodpovedd objemu 6000 m?.
Koncom septembra 2011 dosiahla hladina priehrady potrebnu
vySku, objekt bol zaplaveny pomocou vzduchového vankisSa
a plavajiceho ponténu preplaveného po jazere na miesto ulo-
Zenia, a nasledne potopeného na vybudovanu Zelezobeténovu
dosku. Na jar roku 2012 bolo vybeténované vniitorné ostenie
klenby a dna tlakovej S§tolne, prechodovy tsek medzi dstim
$tdlne a rimovym vtokovo-vytokovym objektom. Podobnym
postupom bol v tom istom roku postaveny a naplaveny aj
druhy objekt (obr. 8).

Pristupové tunely razené od portalu Emosson

Raziace prdce na pristupovych tuneloch boli zacaté
v polovici augusta v roku 2009. Kaverna rozvetvenia tunelov
a razenie oboch §tolni ZTE a ZTVE pokracovalo do konca
novembra 2009. V roku 2010 bolo mozné vykondvat' prace od
zaciatku aprila do konca novembra, priCom bolo vyrazenych
1558 m stdpajicej Stdlne ZTVE a 1342 m klesajicej ZTE.
V roku 2011 boli obe pristupové Stolne dokoncené.
Z Kklesajuicej Stdlne ZTE bol vyrazeny v roku 2011 tunel
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Obr. 8 Jar 2013, oba vtokovo-vytokové objekty naplavené a uloZené na
pripravenych betonovych prahoch, hladina vody v jazere Emosson je vypu-
stend na minimum
Fig. 8 Spring of 2013, both inlet-outlet structures floated and placed on
prepared concrete sills; Emosson reservoir surface level at the minimum

driven system of galleries on the 6th September created condi-
tions for the continual course of construction operations unli-
mited by winter climatic effects. The KBA cavern was excava-
ted conventionally on the ZTA tunnel route, approximately
250m from its end. It was used for dismantling the TBM.

A batching plant was subsequently established in the cavern,
which is the explanation for the abbreviation of the tunnel
name, KBA (from German Kaverne—Betonanlage) (see Fig. 6).
The production of concrete mixtures commenced in October
2013.

Intake-Outlet structures

According to the original assumption, the Emosson dam
reservoir was to be empty for the whole winter season, which
would have allowed for excavating initial metres of the pres-
sure galleries and building reinforced concrete intake-outlet
structures. However, complete emptying of the dam reservoir
for the required period would have resulted into a break in the
production of electric energy by existing power plants. The
functionality of the system is based on the fact that the dam
reservoir is filled from April to September with water from
thawing snow and stormwater. If the reservoir was not filled
during this period, the important production of electric energy
during winter months would not be possible, which would lead
to significant financial losses for the user. For that reason,
a requirement came from investors for staging the constructi-
on of these objects for more years and restraining the operati-
ons to the intervals from the beginning of March to the end of
May. At that time it would still be possible to fill the reservoir
from June sufficiently so that no stopping of the production of
power was necessary. This change significantly affected the
course of the construction works and the entire works organi-
sation.

A survey for the purpose of the optimisation of the place for
the intake-outlet structures was conducted in the spring of
2009. In 2010, an access road and a construction platform
required for the execution of the work on the Emosson dam,
including a pre-cut for the intake-outlet structures, were carri-
ed out. In the spring of 2011, the excavation of the initial 50m
of both pressure galleries and the casting concrete for founda-
tions of the intake-outlet structures commenced. In the sum-
mer of the same year, the first reinforced concrete intake-out-
let structure was completed on the higher located platform,
which lied at the altitude of 1917m a.s.]l. and was therefore
inundated only later, when the maximum level of water surfa-
ce in the reservoir had been reached (see Fig. 7). In this way,




Obr. 9 Prerdzka pristupovej Stolne ZSVE 5. jiila 2011 lc pdte hornej hrddze
Vieux-Emosson, pracovny kolektiv firmy TuCon, a. s., Zilina

Fig.9 Breakthrough of the ZSVE access gallvery to the Vieux-Emosson upper
dam toe on the 5™ July 2011; TuCon, a. s., Zilina working team

BDSO-2 a kaverna BKOW nedaleko tdstia dvoch vertikal-
nych Sdcht, pristupové tunely k strojovej kaverne ZSK
a BKMA a kalota strojovej kaverny KMA. V hornych pries-
toroch sa pokracovalo razenim pristupovej §tolne k pite hor-
nej hradze Vieux-Emosson ZSVE, a jej prerdazka dna 5. jila
2011 bola prvym velkym ¢asovym milnikom stavby (obr. 9).
Tato Stolna bola vyuzivand pre materidlovd logistiku beto-
ndrne, postavenej pre spominané navySenie prichradného
muru hornej nadrze.
e ZTE — pristupovy tunel od nddrZze Emosson k hlavnému
pristupovému tunelu;
o ZTVE - pristupovy tunel od nddrZze Emosson k nadrZi
Vieux Emosson;
e BDSO-2 - stavebny pristup (§tolna) k pdtdm vertikalnych
Sacht;
¢ BKOW - stavebnd kaverna na strane ,,hornej vody* (pred
turbinami) pre montdZ ocelovych tlakovych prividzacov
na jednotlivé turbiny;
¢ BKMA - stavebny pristup ($t6lna) do kaverny KMA;
¢ KMA - kaverna hlavnej strojovne.

Kaverny KDSV a KSO

Vyrub kaverien bol ¢leneny na kalotu a dve drovne lavice,
pricom primarne zaistenie vyrubu bolo vykonané striekanym
beténom a kotvami Swellex. Nésledne boli zabudovéavané dal-
Sie vrstvy strieckaného beténu vystuZené ocelovymi sietami
a vyrub sa definitivne zaistil 6 m a 8 m dlhymi maltovanymi
kotvami priemeru 32 mm.

Kaverny KDSV 123 a KDSV 456 slizili ako Startovacie
kaverny pre razenie dvoch cca 440 m dlhych vertikdlnych
Sacht.

V kaZzdej kaverne bola vybudovanad jedna vertikdlna Sachta
(obr. 10). Systémom ,raise drilling” s priemerom korunky
381 mm sa najskdr vyvital pilotny vrt na dno Sachty. Spitne,
smerom zdola nahor, sa vrt rozs8iril korunkou s priemerom
2440 mm a nasledne, zhora nadol, sa vrtno-trhacimi pracami
vonkaj$i priemer rozsiril na 8,2 m. Maximdlna dizka zéberu
pri rozsirovani dosiahla 2,5 m. Prace na vertikalnych Sachtach
boli zacaté v juni 2012.

Strojova kaverna KMA

Razenie strojovej kaverny klddlo vzhladom k jej vzdiale-
nosti od portdlov vysoké ndroky na pldnovanie, logistiku
a bezpecnost. Raziace prace prebiehali v deviatich etapach
(tzn. v 9 vySkovych trovniach) od kaloty smerom dolu.
Celkové dizka kaverny je 195 m, vyska 52 m, §irka 32 m.
Profil kaloty bol ¢leneny na tri Casti (obr. 11), priCom stredna
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sufficient time was left for the installation of formwork, then
placement of concrete reinforcement and casting concrete for
the framework structure with the ground plan dimensions of
22x25m and the height of 11m, corresponding to the volume of
6000m3. At the end of September 2011, the water surface in
the dam reservoir reached the required level; the structure was
transported by means of an air cushion and a floating pontoon
across the reservoir to the placement location, where the pon-
toon was sunk and settled on the completed reinforced concre-
te slab. In the spring of 2012, concrete was cast for the inner
lining of the vault and bottom of the pressure gallery and the
transition section between the gallery mouth and the intake-
outlet framework structure. A similar procedure was applied
during the same year to the construction of the second structu-
re and floating it to its place (see Fig. 8).

Access tunnels driven from the Emosson portal

Tunnelling work on the access tunnels commenced in the

middle of February 2009. The tunnel bifurcation cavern with
the overburden only 15m high was carried out without more
significant difficulties and the excavation of both galleries
(ZTE and ZTVE) continued until the end of November 2009.
In 2010, it was possible to carry out work operations from the
beginning of April to the end of November; 1558m of the
ZTVE gallery and 1342m of the ZTE gallery were driven on
rising and down gradients, respectively. Both access galleries
were finished in 2011. The excavation of the BDSO-2 tunnel
and the BKOW cavern from the descending ZTE gallery near
the mouths of two vertical shafts, the access tunnels to the
ZSK turbine hall cavern, the BKMA and the top heading of the
KMA turbine hall cavern was finished in 2011. In the upper
spaces, the excavation of the access gallery to the toe of the
upper dam Vieux-Emosson ZSVE continued; this gallery bre-
akthrough on the 5th July 2011 was the first big milestone of
the project (see Fig. 9). This gallery was used for the material
logistics of the concrete batching plant, which was established
for the purpose of the above-mentioned increasing the height
of the dam wall of the upper reservoir.

e ZTE —the access tunnel from the Emosson reservoir to the
main access tunnel;

e ZTVE - the access tunnel from the Emosson reservoir to
the Vieux Emosson reservoir;

¢ BDSO-2 — construction access (gallery) to the bottoms of
vertical shafts;

e BKOW - construction cavern on the upstream side (befo-
re turbines) for the installation of steel penstock tubes lea-
ding to individual turbines;

¢ BKMA - construction access (gallery) to the KMA
cavern;

e KMA — main turbine hall cavern.

KDSV and KSO caverns

The excavation of the caverns was divided into the top hea-
ding and two bench levels; the primary excavation support was
carried out using shotcrete and Swellex rock bolts. Other lay-
ers of shotcrete reinforced with welded mesh were applied
subsequently. The excavation was definitely stabilised by 6m
and 8m long fully grouted rock bolts 32mm in diameter.

The KDSV 123 and KDSV 456 caverns were used as starting
caverns for the excavation of two ca 440m long vertical shafts.

One vertical shaft was carried out in each cavern (see Fig.
10). The raise-boring system was used. First, a pilot hole was
carried out with a 38mm-diameter bit down to the shaft bot-
tom. The borehole diameter was reamed back with a 2440mm
diameter head and, subsequently, the outer diameter was enlar-
ged to 8.2m from the top by means of the drill-and-blast tech-
nique. The maximum length of one excavation round during
the enlarging operations reached 2.5m. The work on the verti-
cal shafts commenced in June 2012.
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Legenda / Legend:

1 - portalovy Zeriav — portal crane

2 - dopravnikovy navijk — conveyor winch

3 - kragajuce rypadlo — walking excavator

4 - Zeriavova draha/most — crane
track/bridge

5 — pracovna ploSina — working platform

6 — Sachtovy poklop - shaft cover

7 - ploinovy navijak — platform winch
8 - konétrukcia pre hibenie
shaft sinking structure
9 - strojné zariadenie pre hibenie $achty
shaft sinking mechanical equipment
10 - navijak pre dopravu ludi/nidzovy
vychod — persons transporting winch

Obr. 10 Schéma pracovnych ploSin — razenie vertikdlnych Sdacht
Fig. 10 Chart of working platforms — excavation of vertical shafts

Cast, takzvana pilotna §t6liia, mala plochu vyrubu 83 m?
a bo¢né rozsirenia s plochou vyrubu 44 m2. Tie boli razené
s rozostupom do max. 25 m medzi sebou.

Primdrne zaistenie kaloty tvorila vrstva strieckaného beténu
hr. 20 cm, vystuZeného jednou vrstvou ocelovych sieti
a maltovanymi kotvami diiky 6 m a priemeru 32 mm v rastri
1,5x1.,5 m.

Sekunddrne ostenie hornej klenby kaverny (obr. 12) pozosta-
valo zo Zelezobeténovych rebier, uloZenych na Zelezobetono-
vych dloznych prahoch, sliZiacich zaroven ako opora stavebnej
Zeriavovej drahy. Prahy boli kotvené 20 m dlhymi predpédtymi
kotvami v drovni prvej lavice kaverny.

Raziace prace v strojovej kaverne KMA boli ukoncené 7. 4.
2014 aod 1. 5. 2014 zacala montdZ technolégie.

Logistika

Logistika zohrdvala vzhladom ku komplexnosti stavby kli¢o-
vu tlohu. Podzemnd betondren s dvomi mieSacimi jednotkami,
umiestnena v kaverne KBA, dodavala kontinudlne beton na
zaistovanie vyrubu razenych priestorov a pre betondze konst-
rukcii osteni. Vzhladom na potrebné velké mnoZstvo beténu
bola rozhodujicim technologickym zariadenim pre plynuly
postup stavebnych prdc. Aby sa minimalizoval pocet naklad-
nych dut v tuneli, bol na zdsobovanie betondrne kamenivom
vyuZzity pasovy dopravnik, ktory zostal namontovany po vyra-
zeni hlavného pristupového tunela. Kapacita dopravnika bola
3000 t denne a kamenivo bolo ndsledne uskladnené v silach pri
betondrni.

Okrem kameniva boli z Le Chatelard cez hlavny pristupovy
tunel ZTH transportované k centrdlnej podzemnej betonarni aj
ostatné suroviny na vyrobu betonu: cement, popolcek, prisa-
dy, primesi a ocelové vldkna pre striekané betdny.

Betén sa vyrdbal v dvoch oddelenych mieSacich jednotkdch
a od betondrne bol dopravovany na miesto zabudovania domi-
eSavacmi; pre objekty v blizkosti betonarky bol transportova-
ny ocelovym betondrskym potrubim.

Popri zasobovani betonarne musel byt rovnako zabezpece-
ny odvoz vyrubového materidlu, pasovy dopravnik sa preto
vyuzival striedavo na obe ¢innosti.

Obr. 11 Raziace a zaistbvacie prdce kaloty strojovej kaverny KMA
Fig. 11 Excavation and installation of support in the KMA turbine hall
cavern top heading

KMA turbine hall cavern

The excavation of the turbine hall placed increased demands
on planning, logistics and safety with respect to its distance
from portals. The work was divided into nine stages (i.e. 9 ben-
ches), down from the top heading. The cavern is 195m long,
52m high and 32m wide. The top heading profile was divided
into three parts (see Fig. 11), with the excavated cross-sectio-
nal area of the central part (the so-called pilot gallery) of 83m?
and the lateral widening cross-sectional areas of 44m?. They
were driven with the maximum distance of 25m between them.

The primary support of the top heading consisted of a 20cm
thick layer of shotcrete reinforced with one layer of steel mesh
and fully grouted rock bolts 32mm in diameter, spaced at
1.5x1.5m.

The secondary lining of the cavern upper vault (see Fig. 12)
consisted of reinforced concrete ribs placed on reinforced
concrete bearing sills serving at the same time as the support
for the construction crane track. The sills were anchored by
20m long pre-tensioned anchors at the level of the first cavern
excavation bench.

The excavation work in the KMA turbine hall was finished
on the 07/04/2014 and the installation of equipment started
from 01/05/2014.

Logistics

Logistics played the crucial role with respect to the project
complexness. The underground concrete batching plant with
two mixing units, which was located in the KBA cavern, con-
tinually supplied concrete for supporting the excavation of
mined spaces and for casting the concrete of the lining struc-
tures. With respect to the large volume of concrete which was
necessary, this technological equipment was critical for the
fluent progress of construction work. A belt conveyor was used
for supplying aggregates to the batching plant with the aim of
minimising the number of trucks in the tunnel. It remained in
place after the completion of the excavation of the main access
tunnel. The capacity of the conveyor was 3000t per day and the
aggregates were subsequently stored in silos at the batching
plant.

Apart from aggregates, even other materials for the produc-
tion of concrete (cement, fly ash, additives, admixtures and
steel fibres) were transported from Le Chatelard to the bat-
ching plant through the ZTH main access tunnel.

Concrete was produced in two separate mixing units and was
transported to the placement point by mixer trucks. Concrete
for structures located in the vicinity of the batching plant was
transported through steel concrete casting pipes.




Obr. 12 Debnenie sekunddrneho ostenia kaloty kaverny KMA
Fig. 12 Formwork for the secondary lining of the KMA cavern top heading

Pre organizaciu logistiky bola zriadend centrdla s pracov-
nikmi detailne obozndmenymi s celou stavbou. Ti rozhodova-
li nielen o distribtcii beténu a stavebého materidlu na jednot-
livé staveniskd, ale aj o povolovani vstupu vozidiel do tunelo-
vého komplexu, a zodpovedali za ich bezpecny pohyb
v podzemnych priestoroch.

NavySenie priechradného miru Vieux-Emosson o 23 m sa
realizovalo v letnych mesiacoch v rokoch 2013 a 2014, a bolo
nan potrebnych cca 62 000 m3 beténu. Vyziadalo si vybudo-
vanie osobitného zariadenia staveniska a samostatnej betondr-
ne. Jej zdsobovanie podliehalo tiez logistickej centrdle, a bolo
zabezpecované cez tri hlavné logistické Stolne (ZTH, ZTE
a ZTVE), ndkladnymi automobilmi (obr. 13).

ZAVER

Projekt Nant de Drance je jednym z priekopnikov v zacatej
epoche vystavby velkych alpskych vodnych precerpavacich
elektrarni, ktoré sd budidcnostou v produkcii elektrickej ener-
gie. Spolu s rozvijajicimi sa technolégiami, vyuZivajicimi
dal3ie obnovitelné zdroje energie, ukazuje smerovanie §vajci-
arskej energetickej politiky.

Vdaka prici tunelirov mozu byt tak gigantické stavebné
projekty, sliZiace aj budidcim generdcidm, vykondvané
s minimalnym vplyvom na Zivotné prostredie, a bez vic¢Sieho
vizudlneho zdsahu do okolitej prirody.

Ing. MARTIN MAGDOLEN, martin.magdolen@tucon. sk,
Ing. IVAN KVASSAY, ivan.kvassay@tucon.sk,

TuCon,a. s.

Recenzovali: Ing. Jan KuSnir, Ing. Jdn Snopko
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Obr. 13 Zariadenie staveniska pod pdtou hrddze Vieux-Emosson, ktorej opor-
ny miir sa navySuje o 23 m
Fig. 13 Site arrangement under the toe of the Vieux-Emosson dam, with the
dam wall height being increased by 23m

In addition to supplying materials to the batching plant, it
was necessary to secure the removal of muck. The belt conve-
yor was therefore used alternately for both activities.

A central office manned with workers acquainted in detail
with the whole construction was established for the organisati-
on of the logistics. They decided not only on the distribution of
concrete and building materials to individual construction
sites, but also on permitting the access of vehicles into the
complex of tunnels. They were responsible for the safe move-
ment of the vehicles in the underground spaces.

Increasing the Vieux-Emosson dam wall height by 23m was
realised during summer months of 2013 and 2014. About
62,000m? of concrete were required for it. It claimed the deve-
lopment of a special construction site and an independent bat-
ching plant. Supplying materials to it was also controlled by the
logistics central office. It was provided through three main logis-
tics galleries (ZTH, ZTE and ZTVE), by trucks (see Fig. 13).

CONCLUSION

The Nant de Drance project is one of the pioneers in the
beginning epoch of the development of large Alpine pumped
storage plants, which are the future in the generation of elec-
tric energy. Together with the developing technologies using
other renewable sources of energy, it indicates the trend of the
Swiss energy policy.

Such gigantic construction projects serving even the future
generations, implemented with a minimum environmental impact
and without any significant visual intervention in the surrounding
landscape, can be realised owing to the work of tunnellers.

Ing. MARTIN MAGDOLEN, martin.magdolen@tucon sk,
Ing. IVAN KVASSAY, ivan.kvassay@tucon.sk,
TuCon, a. s.
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PODMORSKY CESTNY TUNEL SOLBAKK, NORSKO
SOLBAKK UNDERSEA TUNNEL, NORWAY

JURAJ ANTOLIK, MARTIN MAGDOLEN

ABSTRAKT

V prvej polovici roku 2013 boli zacaté prdce na vystavbe doposial’ najdlhsieho podmorského cestného tunela na svete. Tunel
Solbakk je siucastou ambiciozneho a ndrocného projektu Ryfast, ktory pozostdva z dvoch podmorskych cestnych tunelov (tunel
Solbakk, tunel Hundvdg). Predpokladané ukoncenie prdc je na prelome rokov 2018 a 2019 a ndklady na cely projekt by mali do-
siahnut'iirover: 6,199 mld. norskych koriin (cca 753 mil. eur), pricom 90 % ndkladov pokryje myto a 10 % vlddne zdroje. Vdaka tomu-
to projektu bude zabezpecené dopravné spojenie medzi mestom Stavanger, ktoré je oznacované ako hlavné ropné mesto Norska,
a malym mesteckom Tau. V siicasnosti su prepojené trajektovou dopravou alebo cestou dlhou 70 km, ktord obchddza zdliv v Severnom
mori. Tunel Solbakk bude dlhy 14,3 km. Vystavba je vzhladom na geologické podmienky realizovand vrtno-trhacimi prdcami, ktoré
vykondvajui zamestnanci spolocnosti TuCon. Najhlbsi bod tunela sa nachddza 290 m pod hladinou mora. Trasa povedie popod malym
ostrovom Hidle, kde je napldnovand vystavba ventilacnej Sachty hlbokej viac ako 300 m. Ocakdvand intenzita dopravy po vybudo-
vani je 4000 dut denne a 8000 dut za den v roku 2035. Prdve tieto parametre robia z tunela Solbakk najhlbsi a zdroven najdlhsi pod-
morsky cestny tunel nielen v Norsku, ale aj na celom svete.

ABSTRACT

The work on the till now world’s longest undersea road tunnel commenced in the first half of 2013. The Solbakk tunnel is part of the
Rykfast project, which is a project consisting of two undersea road tunnels (the Solbakk and the Hundvdg). The planned deadline for
the works is the turn of 2018-2019; the cost of the entire project should amount to NOK 6.199 billion (approximately 753 million Euro),
with 90% of the cost covered by the toll and 10% by governmental sources. Owing to this project, the transport connection will be pro-
vided between the towns of Stavanger, which is branded Norway'’s crude oil capital, and the small town of Tau. At the moment they are
interconnected by a ferry transport system or by a 70km long road leading around a North Sea bay. The Solbakk tunnel will be 14.3km
long. With respect to the geological conditions, the construction is being carried out by employees of TuCon, a.s., using the drill and
blast method. The lowest point of the tunnel is found 290m under the sea level. The alignment will lead under a small island, Hilde,
where a ventilation shaft over 300m deep will be constructed. The expected traffic flow rate after the completion and in 2035 amounts
t0 4000 and 8000 vehicles per day, respectively. These parameters mean that the Solbakk tunnel will be the deepest and at the same time
the longest undersea road tunnel not only in Norway, but even in the whole world.

OPIS PROJEKTU

Norske mesto Stavanger s 320 tisic obyvatelmi je tretou naj-
vic¢Sou metropolitnou oblastou v Norsku. Vzhladom na to, Ze
mesto Stavanger ma obmedzené moznosti v oblasti obcCian-
skej vystavby, pristipil investor k vybudovaniu dopravného
prepojenia s mestom Tau (obr. 1), ktoré disponuje dostatkom
priestoru na nové byty a suvisiacu infrastruktiru. To si vyZzZa-
duje kratke a nepretrzité dostupné spojenie pre novych oby-
vatelov mesta Tau, ktorf pracuji v Stavangeri (obr. 2).

Firma Norconsult ukoncila projek¢né prace na jar 2012 a na
jesen 2012 sa zaCal vyber na zhotovitela stavby pre projekt
Ryfast. Vyberové konanie vyhralo zdruZenie stavebnych spo-
lo¢nosti — nérskej AF Gruppen a SvajcCiarskej Marti Contractors,
ktord ma na vystavbe zastipenie firmami Marti Contractors Ltd,
TIAV hf, Marti Norge, a. s. a TuCon, a. s. zo Ziliny. Projekt Ryfast
je tvoreny dvomi cestnymi tunelmi — Solbakk a Hundvag.
Obidva pozostavaji z dvoch tunelovych rir, ktoré maji dva
jazdné pruhy. Kazdych 250 metrov sa striedavo v dvoch tunelo-
vych rirach rozsiruje profil kvoli bezpecnostnym zdlivom pre
nidzové zastavenie vozidiel (obr. 3). V tychto miestach je tni-
kova chodba, ktora priecne prepdja oba tunely, dlhd 9 metrov.

Solbakk je dlhy 14,3 km a po dokonceni spoji trajektovy
pristav v meste Tau (obr. 4) s ostrovom Hundvag. O¢akdvand
intenzita dopravy po vybudovani je 4000 4ut denne a 8000 dut
za den v roku 2035. Najhlbs{ bod tunela sa nachadza 290 m
pod hladinou mora. Trasa povedie pod malym ostrovom
Hidle, kde je napldnovand vystavba ventilacnej Sachty vyso-
kej viac ako 300 m. Prdve tieto parametre robia z tunela
Solbakk najhlbsi a zdroven najdlh§i podmorsky cestny tunel
nielen v Norsku, ale aj na celom svete.

PROJECT DESCRIPTION

The Norwegian city of Stavanger with the resident populati-
on of 320 thousand is the third metropolitan area in Norway.
With respect to the fact that the capacity of the city of

SOLBAKK £ iy
qunmer, Y T

Obr. 1 Prvy zdber pri zacati razenia tunela pri meste Tau
Fig. 1 Initial round of the excavation of the tunnel near the town of Tau
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Fig. 2 Ryfast Project — longitudinal section and map of the planned underground connection

Obr. 3 Niidzové zdlivy s priecnym prepojenim, N - SOS vyklenek
Fig. 3 Emergency stopping bays with cross passages, N - SOS niche

Druhym, krat§im tunelom s dizkou 5,5 km je Hundvag,
ktory sa pripdja k Solbakku na rovnomennom ostrove
Hundvég. Odtial vedie jeho trasa do Stavangeru, kde sa napa-
ja na cestny tunel Eiganes, ktory je stucastou dialnice E39.
Odhadovana intenzita dopravy po dokonceni celého projektu
v roku 2019 je 10 000 dut denne a 25 000 dut za den v roku
2035. Najhlbsie miesto tohto tunelu sa nachddza 95 m pod
hladinou mora.

PROCES VYSTAVBY

Vystavba je vzhladom na geologické podmienky realizova-
nd vrtno-trhacimi pracami, ktoré vykondvaji zamestnanci
spolo¢nosti TuCon. Geoldgia tunela sa sklada z dvoch celkov;
na vychodnej strane ju tvori tvrda rula a pribliZne v polovici
tunela smerom na zdpad sud obsiahnuté miksie fylity. Na dodr-
zanie kvality dohliada nérsky Statny orgdn Statens vegvesen,
ktory ur€uje vyrubové triedy a s tym sdvisiace zaistenie tune-
lov (rozmiestnenie a dlZka kotiev a hribka strieckaného bet6-
nu). Cely tunel je rozdeleny na Styri vyrubové triedy (Tab. 1),
kde v triede 1 a7 3 je dlZka zdberu 5 m a vo vyrubovej triede
4 je dlzka zdberu 3 m. V sucasnosti zamestnanci spolo¢nosti
TuCon od mesta Solbakk vyrazili viac ako 3,5 km v tunelovej
rire B (vlavo) a viac ako 3,4 km v tunelovej rire A (vpravo).

Jednym z krokov v cyklickom procese razenia je inStalacia
skalnych kotiev. Na stavbe maji slovenski odbornici

zdroj/source www.tuneltalk.com

Stavanger in the field of community ameniti-
es is limited, the investor decided to develop
transport connection with the town of Tau
(Fig. 1), which has got sufficient space for
new dwellings and the infrastructure associa-
ted with them. This solution requires a short
and uninterrupted connection for the new
residents of the town of Tau who work
in Stavanger (Fig. 2).

The company of Norconsult finished the work
on the design in spring 2012 and the Ryfast pro-
ject contractor procurement started in autumn
2012. The competition was won by a consortium
of construction companies consisting of
Norway-based AG Gruppen and Switzerland-
based Marti Contractors, which is represented by Marti
Contractors Ltd, IAV hf, Marti Norge, a. s. and Zilina-based
TuCon, a. s. The Ryfast project is formed by two road tunnels - the
Solbakk a the Hundvag. Each of them consists of two double-lane
tunnel tubes. The tunnel cross-section is enlarged every 250 met-
res alternately in one and the other tunnel tube for the purpose of
emergency stopping bays (Fig. 3). There are 9 metre long cross
passages in these locations, allowing for the escape.

The Solbakk tunnel is 14.3km long and, after completion, it
will connect the ferry harbour in the town of Tau (see Fig. 4)
with the island of Hundvag. The anticipated traffic flow rates
after the completion and in 2035 are 4000 vehicles per day and
8000 vehicles per day, respectively. The deepest tunnel point is
located 290m under the sea surface. The route will lead under
Hilde, a small island, where the construction of an over 300m
high ventilation shaft is planned. These parameters make the
Solbakk tunnel the deepest and at the same time longest under-
sea road tunnel not only in Norway but also in the world.

The other, shorter, tunnel is the 5.5km long Hundvag, which is
connected to the Solbakk tunnel on the island of the same name,
Hundvég. From this place, its route leads to Stavanger, where it
connects to the Eiganes road tunnel, which is part of the E39
motorway. The estimated traffic flow rates after the completion
of the entire project in 2019 and in 2035 are 10,000 and 25,000
vehicles per day, respectively. The deepest point is located 95m
under the sea surface.
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Tab. 1 Rozdelenie vyrubovych tried
Table 1 Distribution of excavation support classes

vyrubova trieda SK1 SK2 SK3 SK4
excavation support class SK1 SK2 SK3 SK4
aktualny percentualny pomer vyrazenych dizok vyrubovych tried tunela 1% 38 % 56 % 5%
current percentage of the lengths completed in particular excavation support classes 1% 38% 56% 5%
dizka zaberu 5m 5m 5m 3m
excavation round length 5m 5m 5m 3m
hrubka striekaného beténu 8cm 8cm 10 cm 15.cm
shotcrete thickness 8cm 8cm 10cm 15cm
dizky kotiev 3m 3m 3m 4m
lengths of rockbolts 3m 3m 3m 4m

k dispozicii najmodernejsie vitacie sipravy — dve vicsie troj- CONSTRUCTION PROCESS
lafetové — Sandvik DT1131i a dve menSie — dvojlafetové
Sandvik DT921i. V oboch tunelovych rirach sa pouzivaju
dve sdpravy — jedna velkd a jedna mald. VSetky Styri vitacie
stroje st vybavené systémom iSURE, pre monitorovanie vita-
cich prac (obr. 5). Systém poskytuje Specifické riadenie
a vedenie jednotlivych vitacich a trhacich prac pre zabezpe-
Cenie optimdlne nizkych ndkladov a plynulého postupu raze-
nia. Systém sa skladd zo Styroch modulov. Zo zdkladného
(iISURE Tunnel), ktory obsahuje dokumenty projektu. Typ
konstrukcie teoretického profilu je mozné vykonat’ manudlne,
alebo sa vyberie zo Standardnych profilov v pamiiti, pripadne
je mozne nacitat’ profily vo formate DXF. Druhy modul
(iISURE Report) poskytuje skuto¢né informdcie vsetkych faz
procesu prdve prebiehajiceho vitania. Treti modul (iISURE
Analysis) vykondva zber dat pri vitani a nasledne analyzuje

With respect to the geological conditions, the construction is
realised using the drill and blast technique, by TuCon employ-
ees. The tunnel geology consists of two blocks; on the eastern
side it is formed by hard gneiss, whilst softer phylite is appro-
ximately in the middle of the tunnel and further toward the
west. The observance of quality requirements is supervised by
the Norwegian state authority, the Statens vegvesen. It deter-
mines the excavation support classes and the support associa-
ted with them (the spacing and lengths of rock bolts and the
thickness of shotcrete layers). The entire tunnel is divided into
four excavation support classes (see Table 1), where the exca-
vation round length of 5m is prescribed for classes 1 — 3,
whilst the length of 3m is prescribed for class 4. Till now,
TuCon employees completed the excavation of over 3.5km of

Struktdru a vlastnosti horniny. Modul dokéZe z vyzbieranych tunn;l mb? B (on the left side) and 3.4km of tunnel tube A (on
dat vytvorit' vizualizdciu povrchu skaly v redlnom ¢ase v 3D. the right side). ) . ) )
Vitaci modul (iISURE Bolting) umoZfiuje pouzitie jedného One of the steps in the cyclical excavation process is the
stroja na vitanie viacerych otvorov sticasne. Na zdklade zis- installation of rock bolts. Slovak professionals have state-of
kanych informdcii na tychto 3tyroch moduloch je mozné | the-art drilling rigs available at the site — a pair of bigger
monitorovat zmeny v kvalite horniny, ktoré stvisia Sandvik DT113li triple-boom sets and two smaller Sandvik
s rychlostou penetrdcie, zru¢nostou a vykonnostou vitacov, DT92li twin-boom sets. Two sets, one big and one small, are
alebo aktudlny stav vrtnej sdpravy (napr. spotreba vrtného used in each tunnel tube. All of the four drilling sets are equ-
ndradia). ipped with the iSURE system for the monitoring of the drilling
Vrty pre skalné kotvy st realizované dvomi va¢§imi vitaci- and blasting operations (see Fig. 5). The system provides spe-
mi sipravami. Uchytenie kotiev v skalnom masive je zabez- cific management and guidance for individual drilling and
pecené v prvom momente mechanicky — rozperkou, ktord sa blasting operations for ensuring optimally low costs and fluent
po dotiahnuti matice na konci kotvy rozopne do horniny advancing of the excavation. The system consists of four
(kotvy si okamzite inosné). Neskdr, az za vrtnym strojom, modules. The basic module (iISURE Tunnel) contains the
kvoli urychleniu prdc na Celbe, sa kotvy injektuji maltou, design documents. The type of the theoretical cross-section
tzn., Ze sa vyplni cela dlzka vrtu, v ktorom je kotva osadend. structure can be set manually or is selected from standard

Potom je zatazenie prendSané aj trenim medzi vytvrdnutou
maltou a stenou vyvrtu (horninou). Tieto kotvy sa nazyvaju

Foto/Photo TuCon

o . adrojlsource www.tuneltalk.com Obr. 5 Pohlad z vrtného vozu pri automatickom vitani Celby
Obr. 4 Vizualizdcia budiiceho portdlu pri meste Tau Fig. 5 A view from the drill rig during automatic drilling into the excavation

Fig. 4 Visualisation of the future tunnel portal near the town of Tau face




kombinované kotvy (CT bolts), pretoZe sa vyuziva kombind-
cia prenosu zatazenia najskor rozperkou a potom kombindci-
ou prenosu cez rozopnutd rozperku a trenim na povrchu
vyvrtu a vypliovej malty. InStaldcia kotiev je vykondvana
z pohyblivej ploSiny, ktorou si opatrené vysSie spominané
vitacie stipravy. Potom sa pristupuje k vitaniu dier pre ndlo-
Ze a ich ndsledné plnenie. Vrty sa realizujd taktiez trojlafeto-
vymi vitacimi strojmi. V tomto kroku je potrebnd pritomnost’
skiseného operatora, ktory po ukotveni stroja spusti automa-
tické vrtanie dier a dokdZze vrtat’sicasne s tromi lafetami, ¢im
sa dosiahne urychlenie procesu vystavby. Po dokonceni sa do
jednotlivych dier nain$taluji rozbusky podla vrtného planu
a kazdy vrt je ndsledne vyplneny vybuSnou emulziou (plni-
vom) (obr. 6). Na trhacie prace sa pouzivaju neelektrické roz-
busky typu Nonel, ktoré sa spoja bleskovicou a td je odpale-
né elektrickou rozbuskou z bezpecnej vzdialenosti, €o je oby-
¢ajne najbliZSia prerdzka (inikova spojovacia chodba). Ked
sa rozbu§ky pripoja na bleskovicu a dodrZia sa bezpecnostné
opatrenia sudvisiace s kontrolou tunela, strelmajster odpali
Celbu, a za pdr sekiind sa uvolni niekolko sto m3 horniny. Po
odpale zacne vetranie v oboch tuneloch pracovat'na 100 %.
Je to spdsobené vibracnym senzorom, ktory da po explézii
signdl ventildtoru o zmene vykonu. Oba ventildtory s umi-
estnené pred portdlmi tunelov. Vibra¢ny senzor je osadeny
spolu s dal§fmi dvomi senzormi, monitorujicimi kvalitu
vzduchu na transformadtore, ktory je najbliZSie k celbe, a je
z neho napdjand vrtnd sdprava. Vzdy, ked stipne koncentra-
cia oxidu uholnatého a oxidu dusi¢itého nad nepripustnd hra-
nicu, zvysi sa vykon ventildtorov, ¢im stipne objem Cerstvé-
ho vzduchu v tuneloch. Tento systém reguluje kvalitu vzdu-
chu automaticky, bez akéhokolvek zdsahu. Informadcie
o stave ovzduSia v podzemi a aktudlnom stave cirkuldcie
vzduchu su bezdr6tovo prendasané do pocitata. Sucastou
systému je aj monitoring poZiarnych alarmov a monitoring
pohybu pracovnikov v podzemdi, pretoZe kazdy zamestnanec
pracujici v podzemi md prideleny vlastny Cip, cez ktory je
monitorovany, aby sa v pripade mimoriadnej udalosti (poZi-
ar, zaval) vedelo zistit, ¢i niekto zo zamestnancov po evaku-
acii eSte zostal v tuneli, alebo nie.

Po ustdleni koncentrdcie spominanych plynov na normal-
nych hodnotdch nasleduje odtazba uvolnenej horniny. T4 je
realizovand pomocou Siestich modernych kolesovych nakla-
dacov (5 x Volvo L250G + 1 x Volvo L350F), ktoré odvézaja
rdbaninu na medziskladku, alebo sd na dopravu pouzité klbo-
vé dampre (3 x Volvo A35G + 2 x Volvo A30G). Pre plnenie
drvic¢a materidlom z medziskladky je postacujici jeden mensi
naklada¢ L250G. Celustovy drvi¢ s vykonom 350 t/h md
samostatny pdasovy podvozok, aby mohol nasledovat razenie
k poslednej prerazenej spojovacej chodbe, a tym obmedzit
vzdialenost’ od ¢elby maximdlne na 250 m (obr. 7). Pouzitie
pasového dopravnika na transport ribaniny umoznuje odlah-
Cenie dopravnych ciest a umoZnuje realizaciu paralelnych
¢innosti v procese vystavby tunela. Rozdrvend hornina sa
dalej transportuje pasovym dopravnikom pred portdl a sype
sa priamo do mora (obr. 8). Tymto spdsobom sa umelo rozsi-
ruje breh ndsypu, na ktorom bude po dokoncenfi stavby kru-
hovy objazd a dve dvojpruhové cestné komunikacie. Pasovy
dopravnik je schopny presunit’ 500 t/h rychlostou 3 m/s.
Maximdlna pldnovand dlZka pasového dopravnika z tunela je
7770 m, mimo tunela 470 m, a pldvajice otocné rameno
pasového dopravnika na ponténe je dlhé 37 m.

Na mori, v okoli novovznikajiceho brehu, je umiestnend
zéabrana zo sieti. Jej funkciou je ochrana pred Sirenim odpadu,
ktory je obsiahnuty vo vytaZenej rubanine. Ide predovsetkym
o plastové zvysky rozbusiek (detonacné trubicky). Thned po
spristupneni Celbovej Casti sa zaCina s obtrhavanim povrchu
horniny kvoli odstrdneniu nestabilnych skalnych blokov.
Najskor je realizované mechanické obtrhavanie pomocou
pasového rypadla s hydraulickym kladivom. Potom nasleduje
ru¢né obtrhdvanie vykondvané z pohyblivej plosiny pomocou
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Obr. 6 Plnenie vyvrtov emulznou trhavinou
Fig. 6 Filling blast holes with emulsion explosive

cross-sections loaded in the memory, or it is possible to retrie-
ve the cross-sections in DXF format. The second module
(iSURE Report) provides current information from all phases
of the just running drilling process. The third module (iISURE
Analysis) carries out the collection of data during the course of
drilling and, subsequently, analyses the rock structure and pro-
perties. The module is capable of creating the 3D visualisation
of the excavated opening surface on the basis of the collected
data in real time. The drilling module (iSURE Bolting) allows
for the application of one set to drilling of more holes simulta-
neously. The changes in rock quality associated with the pene-
tration rate, the skill and performance of drilling crews or the
current condition of the drilling rig (e.g. drilling tools) can be
monitored on the basis of the information obtained from the
above-mentioned four modules.

Holes for rock bolts are drilled using the two smaller drilling
rigs. In the beginning, rock bolts are stabilised in the rock mass
by means of a dowel, which expands against the rock after the
nut at the bolt end is tightened (the load-bearing capacity of the
bolts is immediately activated). Later, behind the drilling rig,
the bolts are encapsulated by grout injected along the entire
length of the hole in which the bolt is installed, with the aim of
accelerating the work at the heading. After that, the load is car-
ried even by friction between the hardened grout and the drill-
hole wall (the rock). These rock bolts are denominated combi-
ned bolts (CT bolts) because they are based on the combinati-
on of transferring load first of all by the dowel and then on the
combination of the transfer through the expanded dowel and
the friction between the hole wall surface and the filling grout.
The rock bolts are installed from movable platforms, which are
mounted on the above-mentioned drilling rigs. Subsequently,
blast holes are carried out to be charged. The holes are also car-
ried out using the triple-boom drilling rigs. In this step, the pre-
sence of an experienced operator is necessary. After the ancho-
ring of the drilling rig is finished, the operator must start the
automatic process of drilling the holes simultaneously by three
booms to accelerate the construction process. After the comple-
tion, detonators are installed in individual blastholes according
to the drilling pattern and each hole is subsequently filled with
emulsion explosive (the filling) (see Fig. 6). NONEL-type non-
electric detonators are used for the blasting operations. They are
interconnected by a detonating fuse, which is subsequently
fired by a non-electric detonator from a safe distance, usually
from the closest cross passage. When the detonators are con-
nected to the detonating fuse and the safety measure relating
to the tunnel inspection is adhered to, the shot firer fires the
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Obr. 7 Pohlud na drvic s pasovym dopravnikom umiestneny v tunelovej riire B
Fig. 7 A view of the crusher with the belt conveyor installed in tunnel tube B

obtrhavacich tyc¢i, na konci opatrenych ocelovymi dlatami. Po
dplnom ocisteni sa profil kontroluje z dovodu dodrzania sta-
novenych rozmerov. Technici overuji presnost pomocou totdl-
nej stanice Leica a skenera. DalSim krokom je zaistenie pri-
marneho ostenia tunela. To tvori striekany betén vystuzeny
vldknami (nad hladinou mora ocelovymi, pod hladinou mora
plastovymi), ktory je aplikovany mokrym spdsobom (obr. 9).
Znamena to, Ze do striekacky sa pumpuje pripraveny hotovy
betdn, do ktorého sa priddva urychlovac tuhnutia, a pomocou
stlac¢eného vzduchu sa aplikuje na ostenie. Vo vSetkych Casti-
ach tunelov je pravidelne vykondvana kontrola kvality strieka-
ného beténu. Overuje sa hribka vrstvy, jeho pevnost’a spojenie
s horninou. Kontrola je realizovand pomocou jadrovych vrtov
a ,,boom testu” (oklepavanie povrchu striekaného beténu kla-
divkom, alebo ocelovou tycou, za ticelom zistenia kvality pri-
Inavosti striekaného beténu na povrch vylomu. Zistuje sa, ¢i st
duté miesta medzi strieckanym beténom a horninou).

V extrémne nevhodnych geologickych podmienkach sa pre
stabilitu horninového masivu pouZivaju aj ocelové obliky, ktoré
st do horninového masivu pripevnené pomocou samozavrtnych
skalnych kotiev. Ndsledne prichddza na rad priprava Celby na
dalSie vitanie, ¢o predstavuje ofistenie dna od pripadnej uvo-
Inenej horniny alebo striekaného beténu. Po ocisteni ¢elby po
kazdych 15 metroch nasleduje vitanie Styroch prieskumnych
vrtov dlhych 25 m priemeru 54 mm. Potom sa monitoruje mnoz-
stvo pritoku vody z tychto otvorov. Podla jej mnoZstva sa
vyhodnocuje dal§i postup. V pripade Ziadneho alebo minimal-
neho pritoku pokracuje cyklicky proces razenia tunela. Ak je

FotolPhoto TuCon
Obr. 8 Pohlud na vysypnii pldvajiicu éast’pdsového dopravnika
Fig. 8 A view of the discharging floating part of the belt conveyor

charges in the excavation face. They disintegrate several hund-
reds of m3 of rock in an instant. After the blast, the ventilation
starts to work at 100% in both tunnel tubes. It is initiated by
a vibration sensor, which gives signal to the fan to change the
output. Both fans are located in front of the tunnel portals.
The vibration sensor is installed, jointly with other two sen-
sors monitoring the quality of air, on the transformer which is
closest to the excavation face and which feeds the drilling set.
The output of the fans is increased always when the content of
carbon monoxide and nitrogen dioxide exceeds the permitted
level, the output of fans increases, thus the volume of fresh air
in the tunnels grows. This system regulates the quality of air
automatically, without any intervention. The information
about the condition of the tunnel atmosphere and the current
state of the air circulation is transferred wireless to the com-
puter. The monitoring of fire alarms and monitoring of the
movement of workers in the underground is part of the sys-
tem. Each employee working in the underground is assigned
his or her own chip through which they are monitored so that
it is possible to determine in the case of an emergency (a fire,
a tunnel collapse) whether an employee working in the
underground remained in the tunnel after the evacuation.

When the concentration of the above-mentioned gases sta-
bilises at normal levels, the disintegrated rock is loaded. The
loading is carried out using six modern wheeled loaders (5 x
Volvo L250G + 1 x Volvo L350F), which move the muck to
an intermediate stockpile, or articulated dumpers are used for
the transport (3 x Volvo A35G + 2 x Volvo A30G). One smal-
ler loader L250G is sufficient for feeding the material from
the intermediate stockpile to a crusher. The jaw crusher with
the output of 350t/h has an independent tracked undercarriage
so that it can follow the excavation in the last completed cross
passage, thus to maximally restrict the distance from the exca-
vation face to 250m (see Fig. 7). The use of a belt conveyor
for moving the muck allows for relieving the transport routes
and allows parallel activities in the tunnel construction pro-
cess to be carried out. The crushed rock is further transported
on the belt conveyor to the portal, from which it is poured
directly to the sea (see Fig. 8). In this way, the bank of the
embankment on which a roundabout and two double-lane
roads will be built after the works completion will be artifici-
ally widened. The belt conveyor is capable of moving muck at
the rate of 500t/h at the velocity of 3m/s. The maximum plan-
ned length of the belt conveyor through the tunnel and beyond
the tunnel amounts to 7700m and 470m, respectively; the
rotary arm of the belt conveyor floating on a pontoon is 37m
long.

A barrier formed by nets is installed in the sea, in the vici-
nity of the newly originating bank. Its function is to prevent
the spreading of the spoil which is contained in the muck
being deposited, first and foremost the plastic remains of
detonators (detonation tubes). The rock surface scaling opera-
tion commences immediately after the heading is accessible
with the aim of removing instable blocks of rock.
Subsequently, mechanical scaling is carried out using
a tracked excavator with a hydraulic hammer. Then manual
scaling carried out from a movable platform follows, using
scaling rods with steel chisels fixed to their ends. When the
scaling operation is completely finished, the profile is chec-
ked so that the prescribed dimensions are adhered to.
Technicians verify the accuracy by means of a Leica total sta-
tion theodolite and a scanner. The installation of the tunnel
primary lining follows. It is formed by fibre reinforced shotc-
rete (steel fibres above the sea surface and plastic wires
underneath). The wet spraying process is applied (see Fig. 9).
It means that pre-prepared wet concrete is pumped to the
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Obr. 9 Oplachnutie vyrubu vodou a ndsledné striekanie vldiknobetonu
Fig. 9 Sprinkling the excavation with water and subsequent application of
fibre-reinforced shotcrete

.....

vSetkych Styroch vrtov je viac ako 5 1 za min., je nutné pristipit
k injektdzi horninového prostredia. Najskor sa vyvitaji injek-
tazne vrty dlhé 25 m priemeru 54 mm pomocou dvojlafetovej
vrtnej sipravy. Do nich sa osadia ty€e s obturdtormi a cez ne je
tlatend do okolitého horninového prostredia injektdZna zmes na
bdze cementu pod tlakom 80 barov. Injektdzny tlak stanovuje
investor. Injektdz sposobi vytlacenie vody z horniny a vyplnenie
volnych priestorov a puklin. VSetky vitacie parametre su auto-
maticky zaznamendvané. Injektovanie je vykondvané automa-
tickou injektdZnou stpravou so Styrmi Cerpacimi linkami pre
sibeznu injektdZ. Systém uklada a vyhodnocuje vSetky potreb-
né informdcie (napr. mnozstvo pouZzitej zmesi pre jednotlivé
vrty). Tymto spdsobom vznikne po zatuhnuti nad budicim die-
lom nepriepustny ddzdnik.

ZAVER

Realizdcia tohto technicky ndro¢ného diela v hornindch
pod hladinou mora kladie vysoké ndroky na dobrud organiza-
ciu prac a na vyber i nasadenie skisenych a kvalifikovanych
pracovnikov.

Spolo¢nost’ TuCon pdsobi v Nérsku od roku 2011, odkedy
sa spolupodiela na vystavbe Zelezni¢ného tunela Snekkestad.
Po Grénsku a Islande je tak Nérsko daliou severskou kraji-
nou, kde sa spolo¢nost TuCon presadzuje.

Ing. JURAJ ANTOLIK, juraj.antolik@tucon.sk,
Ing. MARTIN MAGDOLEN,
martin.magdolen@tucon.sk, TuCon, a. s.

Recenzovali: Ing. Miloslav Frankovsky,
Ing. Martin Tomecek
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spraying machine, where setting accelerator is added to it and
the mixture is pneumatically applied to the exposed rock sur-
face. The shotcrete quality is regularly checked in all parts of
the tunnels. The checking covers the thickness of the shotcre-
te layer, the strength and the bond to substrate. The checks are
carried out by rotary coring and by a “boom test” (tapping on
the shotcrete surface with a hammer or a steel rod to determi-
ne the bond of the shotcrete to the excavated opening surfa-
ce). The objective is to determine whether there are voids bet-
ween the shotcrete and the rock surface).

In extremely unsuitable geological conditions, steel arches
are used to ensure the rock mass stability. They are fixed to
the rock by self-drilling rock bolts. Subsequently there is the
turn of the preparation of the heading for the new drilling
operation, which means clearing contingent rock debris or
shotcrete away from the bottom. After the heading is clear,
25m long and 54mm-diameter probe holes are drilled every
15 metres. Then the rate of water inflow from these holes is
monitored. The next process is assessed taking into conside-
ration this rate. If the inflow rate is zero or minimal, the cyc-
lical tunnel excavation continues. If the rate of the inflow
from one borehole exceeds 2 litres per minute, or the sum-
mary of inflows from all four boreholes exceeds 5 litres per
minute, it is necessary to proceed to the ground mass grou-
ting. In the first step, 25m long and 54mm-diameter grouting
holes are carried out using the twin-boom drill rig. Rods with
packers are inserted into them and the cement-based mixture
is pressed through them into the surrounding ground mass
under the pressure of 80bar. The grouting pressure is deter-
mined by the client. The grout expels water from the ground
and fills voids and fissures. All drilling parameters are auto-
matically recorded. The grouting is carried out using an auto-
matic grouting set with four pumping lines allowing for
simultaneous grouting. The system stores and assesses all the
information necessary (e.g. the amount of the mixture appli-
ed to individual grouting holes). In this way, an impermeable
canopy originates over the future structure after the grout
sets.

CONCLUSION

The realisation of this technically complicated structure in
rocks under the sea surface puts high demands on good orga-
nisation of work and the selection of experienced and qualifi-
ed workers.

The company of TuCon has operated in Norway since 2011,
from the time when it started to participate in the constructi-
on of the Snekkestad railway tunnel. Norway is the next
Nordic country after Greenland and Iceland where TuCon
gains ground.

Ing. JURAJ ANTOLIK, juraj.antolik@tucon sk,
Ing. MARTIN MAGDOLEN,
martin.magdolen@tucon.sk, TuCon, a. s.
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VYSTAVBA PODZEMNEJ VODNEJ ELEKTRARNE ILULISSAT - GRONSKO
DEVELOPMENT OF ILULISSAT HYDROPPOWER STATION - GREENLAND

IGOR HARACH

ABSTRAKT

Vystavba podzemnej vodnej elektrdrne Ilulissat v Gronsku bola zacatd v roku 2009 a ukoncend v roku 2014. Nachddza sa na zdpa-
de Gronska v arktickom pdsme, 200 km severne od poldrneho kruhu. Vykon elektrdrne je 22,5 MW a od 31. 10. 2012 zdsobuje elek-
trickou energiou mesto llulissat, ktoré doposial’ vyuZivalo na vyrobu elektrickej energie fosilne palivd. Elektrdren vyuZiva vodu
z dvoch jazier (Paakitsup a Akuliarusersua), ktoré vznikli z topiacich sa ladovcov. Od mesta Ilulissat je vzdialend 60 kilometrov.
Prenos elektrickej energie zabezpeluje nadzemné aj podzemné vedenie vysokého napiitia. Podzemnd elektrdren, privddzacie
a odtokové tunely si umiestnené v trvalo zamrznutej hornine. Geologicky dominuje v danej oblasti predkambrickd rula. Razenie sa
vykondvalo vrtno-trhacimi prdcami, pomocou Norskej tunelovacej metody. Technicky najndrocnejSou castou prdc bolo razenie komo-
ry strojovne, ktord je vysokd 23,4 m, dlhd 34,8 m a Sirokd 13,6 m. Jednym z faktorov, ktoré ovplyviiovali priebeh vystavby podzemnej
vodnej elektrdrne, boli ndrocné klimatické podmienky a zdroven aj taZko dostupnd geografickd poloha stavby.

ABSTRACT

The development of the Illulissat hydropower station in Greenland commenced and was completed in 2009 and 2014, respectively.
It is located in the west of Greenland, in the Artic zone, 200km north of the Arctic Circle. The power plant output amounts to 22.5MW.
It supplies the town of Ilujissa, which till the facility commissioning used fossil fuels for power generation, with electric power since
3157 October 2012. The power plant uses water from two lakes (Paakitsup and Akuliarusersua), which originated from melting glaci-
ers. Its distance from Ilulissat is 60 kilometres. The transition of electric energy is secured both by overhead and underground high-
voltage lines. The underground power plant, headrace and tailrace tunnels are found in permanently frozen ground. Regarding geo-
logy, Pre-Cambrian gneiss dominated in the particular region. The Norwegian Tunnelling Method is applied, using the drill-and-blast
technique. The technically most complicated part of the works was the excavation of the powerhouse, which is 23 4m high, 34.8m long
and 136m wide. Among the factors which influenced the course of the construction of the underground hydropower station there were
demanding climatic conditions and the difficult-to-assess location.

ovoD

2 175 600 km?. Len 15 percent tizemia, priblizne o velkosti
Britskych ostrovov, je trvale bez ladu. ZvySok tizemia pokry-
va Iad dosahujiici miestami hribku az 3000 m. Tento ladovec,
pokryvajici priblizne 1,8 mil. km?, je po Antarktickom Ia-
Tudi, z toho 48 000 Inuitov. Uradnym jazykom je grénéina.

Pre pokrytie vlastnej spotreby elektrickej energie, ¢o predsta-
vuje cca 232 mil. kWh, vyuZiva Grénsko fosilne palivad a vodné
zdroje, a to v pomere 59 % nafta a 41 % vodné zdroje.

Prva vodnd elektraren bola postavend v Grénsku v roku
1993 nedaleko fjordu Bukse, juzne od hlavného mesta Nuuk.
Menovity vykon elektrarne je 30 MW, pricom energia je
doddvana vysokonapitovym vedenim cez dva fjordy. Cez
fjord Ameralik ma toto liniové vedenie najvicSie rozpitie
medzi dvoma stoziarmi (az 5376 m).

Po vodnej elektrarni v Qorlortosuaqu, ktord ma vykon 7,5 MW
(v prevadzke je od roku 2006) a v Sisimiute s vykonom 15 MW
(v prevadzke je od roku 2009), je vodna elektraren Ilulissat tre-
tim projektom gronskej energetickej spolo¢nosti Verkis.

CHARAKTERISTIKA A ZAKLADNE UDAJE STAVBY

Vodnd elektraren Ilulissat leZi na zdpade Grénska
v arktickom pdsme, 200 km na sever od poldrneho kruhu, na
69. stupni severnej Sirky (obr. 2).

INTRODUCTION

Greenland with its
area of 2,175,600km?
is the largest island in
the world (see Fig. 1).
Only 15% of the area,
roughly equal to the
size of British Is-
lands, are permanent-
ly unglaciated. The re-
maining part is cove-
red with ice. Its thick-
ness locally reaches
up to 3000m. This gla-
cier, covering roughly
1.8 million km?, is the
second largest in the
world after the An-
tarctic glacier. The is-
land is inhabited by
a mere 56,000 people;
out of this number,
there are 48,000 Inu-
its there. Greenlandic
is the official langua-
ge there.

KALAALLIT NUNAAT

Granland

R — —_—
L

1:10 mio
-

Obr. 1 Mapa Gronska
Fig. 1 Greenland map
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jazero 233
lake 233

jazero 187
lake 187

prepojovaci tunel

interconnecting tunnel hlavné vpust

main Inlet

hlavny vodny privadzac

headrace tunnel

Obr. 2 Schematicky rez vodnou elektrdrniou v Paakitsoq
Fig. 2 Schematic section through the hydropower station in Paakitsoq

Elektrdren ma instalovany vykon 22,5 MW. Elektrickou
energiou, ktord vyrobi pomocou troch 7,5 MW Francisovych
turbin, zdsobuje mesto Ilulissat (obr. 3), kde Zije 4500 oby-
vatelov. Zariadenie nahradilo doterajSie naftové generatory,
takZze mesto uz nezavisi od doddvok pohonnych hmot na
vyrobu elektriny.

Vodnd elektrdren je vzdialend 60 kilometrov severovy-
chodne od Ilulissatu v lokalite Disko Bay — Paakitsoq (obr.
4). Vyuziva vodu dvoch jazier Paakitsup a Akuliarusersua
pochédzajicu z topiacich sa ladovcov. Podzemn4 elektrdren,
privadzacie a odtokové tunely st umiestnené v trvalo zamrz-
nutej hornine. Elektrickd energiu do mesta Ilulissat prendsa
50kilometrové nadzemné aj podzemné vedenie vysokého
napitia.

Podzemné objekty tvoria (obr. 2):

e odtokovy tunel — 1873 m;

e vstupny servisny tunel — 646 m;

e podzemnd strojoviia — 6846 m°;

e hlavny vodny privddza¢ — 1470 m;

e hlavna vpust'— 593 m;

e prepojovaci tunel medzi jazerami 233 a 187 — 1510 m;

o celkovd dizka tunelov — 6093 m.

GEOLOGICKA STAVBA

Geologicky dominuje v danej oblasti predkambricka rula.
Hornina je relativne hrubozrnna, extrémne tvrda a masivna.
Kremen je vrdsovite usadeny do max. hribky 0,5 m a biotit
tvaruje malé zlomové plochy v rule. ZvySeny horninovy tlak
v niektorych Castiach horninoveho masivu spésoboval pro-
blémy pri razeni tunela. Problémové zény sa vyskytovali spo-
radicky v oblasti, ktord obsahovala zlomy.

dialkové elektrické vedenie do llulissatu — 50 km
long distance power line to llulissat - 50km

portalovéa budova
portal building
vstupny servisny tunel

entrance tunnel for services

e

podzemna strojovia
underground turbine hall

odtokovy tunel
tailrace tunnel

Greenland uses fossil fuels to cover its own power con-
sumption, amounting to ca 232 million kWh (54% oil and
41% water resources).

The first hydropower scheme was developed in Greenland
in 1993, near Bukse fjord, south of the capital, Nuuk. The
nominal output of the power plant is 30MW and the power is
supplied through high-tension lines across two fjords. The
largest span between two electricity pylons of up to 5376m is
across Ameralik fjord.

The Ilulissat hydropower plant is the third project realised
by Greenland-based power generation company Verkis, after
the 7.5MW Qorlortosuaqu hydropower scheme (operating
since 2006) and the 15MW Sisimiute plant (operating since
2009).

CONSTRUCTION CHARACTERISTICS
AND BASIC DATA

The Ilulissat hydropower scheme is located in the west of
Greenland, 200km north of the Arctic Circle; it is situated on
the 69th degree of north latitude (see Fig. 2).

The installed capacity of the power plant is 22.5MW. It
supplies the town of ITluissat (see Fig. 3), the population of
which reaches 4500, with electric power generated by means
of three 7.5MW Francis turbines. The facility has replaced
the until then used oil generators, which means that the town
no more depends on supplies of fuels required for the power
generation.

The hydroelectric generating station is located at the
distance of 60 kilometres north-east from Ilulissat, in the
Disko Bay — Paakitsoq location (see Fig. 4). It uses water
from two lakes, Paakitsup and Akuliarusersua, originating
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Obr. 3 Mesto Ilulissat
Fig. 3 The town of Ilulissat

TECHNOLOGIA, TECHNICKE PODMIENKY
A VYKONY NA STAVBE

Razenie sa vykondvalo vrtno-trhacimi prdcami, pomocou
Nérskej tunelovacej metédy (NTM). S NRTM — Novou
rakidskou tunelovacou metédou — ma mnoho spolo¢ného,
avSak v skuto¢nosti sa od nej principidlne 1i8i. Rozdiel spoci-
va v hodnoteni geoldgie (Q-systém), v spésobe vystuZovania
vyrazeného diela a v spdsobe izoldcie diela proti priesakom
vody.

Vybavenie pre zaistenie vylomu:

¢ striekand beténovd zmes s ocelovymi alebo plastickymi

vlaknami;

¢ skalné kotvy CT, SN dl. 2—4 m.

Vo vsetkych Castiach tunelov sa pouZzivali tepelne izolova-
né, vyhrievané, plastové vodovodné riry s priemerom
63 mm, 75 mm a 110 mm.

Samotné razenie pozostdvalo z navftania vyvrtov
s priemerom vrtnej korunky 48-51 mm v dizke do 4 m.
Vitanie pomocou poloautomatického systému TML umoz-
novalo presné vitanie profilov podla vopred pripravenej vrt-
nej schémy pre vSetky razené objekty stavby. Tym sa mini-
malizovali neZiaduce nadvylomy a systém umoZznoval aj
spatnd kontrolu obsluhy vrtného stroja. Na rozpojovanie
horniny sa pouzivala sypkd trhavina DAP, ktord sa mieSala
v pomere 3.5 | nafty ku

TuHel

from melting glaciers. The underground power plant and the
headrace and tailrace tunnels are found in permanently frozen
ground. Electric power is transmitted to Illulisat through
50km long underground and overhead high-tension lines.

There are the following underground structures there (see
Fig. 2):

¢ the tailrace tunel — 1873m;

¢ the access tunnel — 646m;

* the underground powerhouse — 6846m?;

e the headrace tunnel — 1470m;

¢ the intake 187 tunnel — 593m;

e the tunnel interconnecting the lakes 233 and

187-1510m;
¢ the aggregated length of the tunnels — 6093m.

GEOLOGICAL STRUCTURE

Regarding geology, Pre-Cambrian gneiss dominates in the
particular region. The rock is relatively coarse-grained, extre-
mely hard and massive. Quartz accumulates in bands up to
0.5m thick and biotite forms small fault surfaces in gneiss.
The increased ground pressure caused problems during the
tunnel excavation in some parts of the ground massif.
Problematic zones were sporadically encountered in the area
containing faults.

TECHNOLOGY, TECHNICAL CONDITIONS
AND CONSTRUCTION PERFORMANCE

The excavation was carried out using the Norwegian
Tunnelling Method (NTM) with the application of the drill-
and-blast technique. It has a lot of things common with the
NATM - the New Austrian Tunnelling Method, but in reality
principally differs from it. The difference lies in the assess-
ment of geology (Q-system), in the method of supporting the
excavated opening and in the technique of protecting the
works against water seepage.

Equipment for the excavation support:

» shotcrete reinforced with steel or plastic fibres;
¢ CT rockbolts, SN 2-4m long.

50 kg dusi¢nanu amonného
a pomocou nabijacieho
voza sa ndsledne zafikava-
la do vyvrtov. V tsekoch
s pritokmi vody sa pouZziva-
la plastickd trhavina typu
Eurodyn Magnasplit s roz-
busSkami Nonel, iniciova-
nymi pomocou zdpalnice
na mieste odpalu. V obry-
sovych vyvrtoch sa pouzi-
vala 80g bleskovica. Pre-
vazna Cast tunelovych
objektov bola razend v trie-
de vylomu I. a II, kde sa
zaistenie vylomu vykona-
valo sporadicky v sulade

S projektovou dokumentaciou  Obr. 4 Umiestnenie stavby v Paakitsoq

Fig. 4 Location of the construction site at Paakitsoq




Obr. 5 Razenie odtokového tunela
Fig. 5 Driving the Tailrace Tunnel

stavby, podla ktorej sa v triede vylomu III. a IV. zaistenie
realizovalo systémovo. PoCas razenia sa venovala skuto¢ne
mimoriadna  pozornost  kvalitnému  mechanickému
a ru¢nému zacisteniu Celby po trhacich pracach. Sdstavnym
zahrievanim trvale zamrznutej horniny pocas vyrobného
procesu dochddzalo k jej zvetravaniu. Z hladiska bezpecnos-
ti bolo nevyhnutné opakované spitné ru¢né zacistenie kritic-
kych dsekov podla potreby. Kazdych 200 m tunela bol vybu-
dovany otacaci vyklenok velkosti 400 m® pre potrebu odtaz-
by a dopravy v tuneli.
Odtokovy tunel

Zacal sa razit's trojclennou pracovnou skupinou ako prvy,
a zaroven najdlhsi tunel stavby, celkovej diiky 1873 m
v profile 17,2 m? (obr. 5). Razenie prebiehalo od oktdbra
2011 do augusta 2012. Patria sem aj odtokové chodby
z podzemnej strojovne elektrdrne, v premenlivom profile od
17,2 m? do 79 mz, dlhé 38,5 m. Odtokovy tunel bol razeny
v smere proti pridu vytekajicej vody z turbin elektrarne,
z toho 300 m upadne so sklonom 10 % a 500 m dovrchne so
sklonom 0,2 %. Zostavajica Cast tunela bola razena tpadne
v smere po pride, z toho 250 m so sklonom 10 % a 680 m so
sklonom 0,2 %. Dno tunela pri jeho dsti do mora je umiest-
nené cca 4 m pod jeho hladinou. V tejto Casti sa nachddza aj
pristupovy tunel s profilom 17,2 m2, dlhy 60 m. Bol pouZity
tzv. ,,Water mist* systém, ktory nainStalovala firma Atlas
Copco na vrtny voz. Je to vitanie s 10% spotrebou tlakovej
vody oproti beZne pouZivanému mnoZzstvu.
Vstupny servisny tunel

Bol razeny upadne so sklonom 10 % od septembra 2010
ako druhy objekt stavby (obr. 6). Jeho hlavnu Cast’tvori tunel
diiky 4199 m v profile 30 m?. Tento tunel je prepojeny
dvoma tunelovymi rdrami do odtokového tunela diiky
68,19 m a do hlavného vodného privadzaca diiky 91,5 m, oba
v profile 19,8 m?. Dal3im objektom tejto &asti je transformdtoro-
vé stanica v profile 82,5 m? a kablovy a spojovaci tunel
v profile 18,5 m2, spolu v dizke 46,5 m. Sucastou vstupného
servisného tunela st dva obsluzné vyklenky v profile 49,7 m?
a 15 m? celkovej diiky 20 m. Vsetky uvedené Casti boli ukon-
¢ené v juni 2011.
Podzemna strojovia

Komora strojovne je vysokd 23,5 m, dlhd 34,8 m a Sirokd
13,6 m. Razenie komory zacalo v novembri 2010 a bolo tech-
nicky dost'ndro¢nou ¢astou prac (obr. 7). Dovody boli viaceré:
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Thermally insulated, heated, plastic water pipelines 63mm,
75mm and 110mm in diameter were used in all parts of the
tunnels.

The excavation itself consisted of the drilling of up to 4m
long holes using 48—51mm bits. The drilling using the semi-
automatic TML system allowed for precise drilling into the
excavation face according to drilling patterns pre-prepared
for all mined structures of the project. In this way, undesired
overbreaks were minimised. The system even allowed for
backchecking on the drilling rig operator. The DAP explosi-
ve powder was used for the rock disintegration. It was mixed
in the proportion of 3.5 litres of fuel oil to 50kg of ammoni-
um nitrate and subsequently was blown into the blast holes
by means of a charging truck. Eurodyn Magnasplit plastic
explosive was used in sections with water inflows. NONEL
detonators were initiated by means of a detonating fuse at the
firing point. The 80g blasting fuse was applied to contour
holes. The majority of the tunnel structures were driven
through rock excavation classes I and II, where excavation
support was carried out only sporadically, in accordance with
the design documents, according to which the support was
installed systematically only in excavation classes III and IV.
Really extraordinary attention was devoted during the course
of the excavation to the high quality mechanical and manual
scaling of the heading after blasting. As a result of the syste-
matic heating of the permanently frozen rock during the pro-
duction process, the rock suffered from weathering. Because
of safety reasons it was unavoidable to manually clear the cri-
tical sections repeatedly, as required. Turning bays (400m?)
were carried out every 200m of the tunnel length for the
needs of the loading and transport of muck in the tunnel.

Tailrace tunnel

It was the first and at the same time the longest tunnel to
start to excavate. Its total length and excavated cross-sectio-
nal area amounted to 1873m and 17.2m?, respectively (see
Fig. 5). The excavation was carried out from October 2011 to
August 2012. Draft tubes from the underground power plant,
35.5m long each, with the cross-sectional areas varying from
17.2m? to 7.9m?, belonged among the workings. The tailrace
tunnel was driven in the direction against the flow of water
discharging from the power plant; 300m of its length were
driven uphill at the gradient of 0.2%. The remaining part was
driven downstream on down gradients of 10% and 0.2%
along the lengths of 250m and 680m, respectively. The tun-
nel bottom at its discharge to the sea is located ca 4m under
the sea surface. The 60m long access tunnel with the profile
of 17.2m? is also located in this part. The so-called ,,Water
mist system was installed by Atlas Copco on the drill rig.
Owing to this system, the consumption of pressurised water
for drilling is reduced to 10% in comparison with the com-
mon consumption.

Access tunnel

It was driven down a 10% grade from September 2010 as
the second structure of the project (see Fig. 6). The main part
of it is formed by a 419.9m long tunnel with the cross-secti-
onal area of 30m?. This tunnel is interconnected by two tun-
nel tubes with the 68.19m long tailrace tunnel and the 91.5m
long headrace tunnel; the cross-sectional area of both tunne-
Is is 19.8m>. Another structure of this part is the transformer
station with the cross-sectional area of 82.5m? and the
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Obr. 6 Vitanie vyvrtov vo vstupnom servisnom tuneli
Fig. 6 Drilling in the access tunnel

povolend minimdlna tolerancia odchylenia sa od predpisané-
ho vylomu, clenitost dna s jeho premenlivou vyskou
a lokdlne geologické poruchy s nevyhodnym smerovanim
uloZenia horninovej masy. Prdce boli rozdelené na dve etapy.
V prvej etape sa razila vrchnd Cast’ komory v oblikovom
tvare, ukoncend v spodnej Casti oboch strdn nosnou hranou
Zeriavovej drahy. V tejto Casti bola pouzitd ,,Metoda hladké-
ho vylomu“, navitanim obrysovych dier s max. odstupom
15-20 cm s pouzitim 80g bleskovice. Zaistenie vrchnej Casti
komory bolo realizované striekanou beténovou zmesou
s plastickymi vldknami a zabudovanim systematickych 4 m
dlhych skalnych CT kotiev. Na previazanie Zeriavovej drdhy
boli zabudované v uvedenom mieste 6 m dlhé skalné SN
kotvy pod presnym uhlom. Druhd etapa pozostdvala z razenia
spodnej Casti komory metddou ,,Prespliting™. Po obvode stro-
jovne sa navitali vyvrty s odstupom 20 cm a pocas odpalu
bola tdto Cast horniny rozpojend v ¢asovom predstihu oproti
zvySku rozpojovanych hornin. Celkovo bolo potrebnych 77
dni do ukoncenia vrtno-trhacich prac v tejto Casti projektu.
Na pracovisku boli striedavo, podla typu prdave prebiehaji-
cich prac, nasadzovani 2 az 4 pracovnici.
Hlavny vodny privadzac

Dizka tunela je 1470 m s profilom 17,2 m?. Raziace price
prebiehali v obdobi od marca 2011 do médja 2012. Tunel bol
razeny dovrchne, v smere proti pridu vtekajicej vody
do turbin elektrarne, z toho 570 m so sklonom 1,3 %, 500 m so
sklonom 7 % a 400 m so sklonom 16 %. Aj v tomto tuneli st
v danom pripade situované pritokové chodby do podzemnej
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18.5m? profile cable tunnel and a connecting tunnel, at the
aggregated length of 46.5m. Two service recesses with the
profile of 49.7m? and 15.7m?, respectively, and at the aggre-
gated length of 20m are parts of the access tunnel. All of the
above-mentioned parts were finished in June 2011.

Powerhouse

The powerhouse chamber is 23.5m high, 34.8m long and
13.6m wide. The excavation of the chamber commenced in
November 2010 and was a technically quite demanding part
of the works (see Fig. 7). There were the following reasons:
the minimum tolerance permitted for the deviation from the
prescribed excavation contour, the dissected bottom with its
variable height and local geological faults with unfavourable
trends of the rock bedding. The work was divided into two
stages. The curved-shape upper part of the chamber, which
was terminated in the lower part of both sides by a load-bea-
ring edge of a crane track, was driven during the first stage.
In this part, the Smooth Blasting Method was applied, with
contour holes drilled at the maximum spacing of 15-20cm,
using an 80g detonating fuse. The support of the upper part
of the chamber was provided by shotcrete reinforced with
plastic fibres and systematic 4m long CT rock bolts. The
crane track was tied with 6m long SN rock bolts installed at
a precise angle. The second stage consisted of the excavation
of the lower part of the chamber, using the “Pre-spliting tech-
nique. Holes were drilled at 20cm spacing around the
powerhouse cavern contour and the rock was disintegrated in
advance of the remaining proportion of the rock to be disin-
tegrated. The completion of the drill-and-blast operations
required for this part of the project claimed the total of 77
days. Two to four workers, depending on the type of the work
just underway, were alternately deployed at the workplace.

Headrace tunnel

The cross-sectional area of the 1470m-long tunnel amounts
to 17.2m”. The headrace tunnel was driven in the direction

against the flow of water flowing to the powerhouse turbines;
570m of its length were driven uphill at the gradient of 1.3%,
500m on the gradient of 7% and 400m on the gradient of
16%. Even in the case of this tunnel, the gradient of the 50m-
long, 17.2m? to 6.7m? cross-sectional area penstocks leading
to the underground powerhouse varies. Up to 14m of these

Obr. 7 Druhd etapa razenia podzemnej strojovne
Fig. 7 The second stage of the underground powerhouse excavation




Obr. 8 Ruéné vitanie vyvrtov hlavného vodného privdadzaca
Fig. 8 Manual drilling of holes in the headrace tunnel

strojovne elektrarne, s premenlivym profilom od 17,2 m? do
6,7 m?,dlhé 50 m. A% 14 m tychto tunelovych rir bolo vyra-
zenych ruénym vitanim vyvrtov pomocou hydro-pneuma-
tického vrtného stroja (obr. 8). Po trase si umiestnené tri
zachytné Sachty, budované vzdy po celej Sirke tunela.
Priblizne polovica tunela bola razend spolu s nezdvislou
proticelbou v Casti podzemnej strojovne, alebo odtokového
tunela s nasadenim S$tvorClennej, neskor len trojClennej
osddky. Poslednych 200 m razenia boli vykondvané predvr-
ty, a v pripade potreby aj injektdz, ako u nasledujiceho
tunela.
Hlavna vpust

Islo o technicky najndrocnejSiu Cast’ diela (obr. 9), kde sa
pouzila tzv. Nérska metdéda prerdzky jazera. Pristupovym
tunelom s profilom 17,2 m?, dlhym 497 m sa pribliZilo pod
hladinu jazera s oznacenim 187 m n. m., kde vySkovy rozdi-
el od dna tunela po okraj hladiny jazera bol 55 m. Od zaciat-
ku razenia pod hladinou vody sa vrtali Styri 24 m prieskum-
né vrty, nasledne osemndst’ 16 m dlhych injektaZnych vrtov,
ktoré boli pod predpisanym tlakom zaplnené cementovou
zmesou. Otvdralo sa tromi skratenymi 2,5 m zdbermi a tento
proces sa cyklicky opakoval. Potom bola smerom k stredu
jazera vyrazend kaverna pre hlavny uzaver vody diiky
14,8 m v objeme 880 m? rozpojenej horniny.

Obr. 9 Zaistbvanie portdlu hlavnej vpuste
Fig. 9 Stabilisation of the intake 187 tunnel portal
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tunnel tubes were driven using a hydro-pneumatic hand-held
drill (see Fig. 8). Three rocktraps, which were always carried
out across the whole tunnel width, are distributed along the
route. Approximately a half of the tunnel was driven concur-
rently with the independent counter-heading in the area of the
powerhouse or the tailrace tunnel, using crews of four and
later only three. The last 200m long section was carried out
by means of pre-drilled holes and, if necessary, grouting, as
in the case of the following tunnel.

Intake 187 tunnel

It was the technically most complicated part of the project
(see Fig. 9), where the so-called Norwegian Method of brea-
king through to the lake was applied. The excavation got to
the vicinity of the lake surface through the access tunnel with
the cross-sectional area of 17.2m? and the length of 497m,
marked as the 187m a.s.l., where the difference in altitudes of
the tunnel bottom and the lake surface edge was 55m. At the
beginning of driving the tunnel under the water surface, four
24m-long probe holes were bored. Subsequently, eighteen
16m long probe holes were carried out and filled with cement
mixture at the prescribed pressure. The tunnel was opened by
three excavation rounds with the length reduced to 2.5m
each. This process was cyclically repeated. The following
steps toward the lake centre followed:

The cavern for the main water valve with the length of
14.8m and the disintegrated rock volume of 880m> was exca-
vated.

Two interconnecting tunnels were driven at the end of the
cavern, perpendicularly to its axis (see Fig. 10). The cross-
sectional area of each of them amounts to 17.2m?. The right-
hand one is 11.7m long, whilst the length of the left-hand one
is 8.6m.

A 16.2m deep shaft with the dimensions of 3x3m was exca-
vated at the end of the right-hand interconnecting tunnel. It
connected the main water supply — the headrace tunnel — with
the intake tunnel.

The last part, the intake cavern with the volume of 6700 m,
was driven from the left-hand interconnecting tunnel. It is
19.2m high, 45.2m long and 14m wide in the lower half of
the profile. The roof is arched. It is supported with shotcrete
and sporadic 3m long CT rock bolts. The sidewalls are sup-
ported in the lower half systematically with similar rock
bolts. Holes for the final blasting were drilled around a 6.6m
diameter circular contour at the highest point of the cavern.
The length of the drillholes made to the hard rock ranged
from 1.5m to 7.5m.

Power supplies to the town of Ilulissat commenced on the
31st October 2012, after Norwegian specialists successfully
broke through the lake bottom covered with an up to 12m
thick layer of sediments on the 30th September.

CLIMATIC CONDITIONS

As a neighbour of the North Pole, Greenland has the Arctic
climate, despite the fact that there are significant differences
from the north to the south and from the coast to the inland.
It is in general possible to say that the climate is very dry and,
as a result, the felt air temperatures are completely different
from the majority of other places in the world. Temperatures
ranging from 10-15°C appear to be very hot, whilst -10°C is
an equivalent to a pleasant temperature. The lowest tempera-
ture during the construction period reached -38°C. The sun
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Na konci kaverny sa kolmo na jej os vyrazili dva prepojo-
vacie tunely (obr. 10) v profile 17,2 m?. Pravy ma dizku
11,7 m a lavy 8,6 m.

Na konci pravého prepojovacieho tunela bola vyrazena
Sachta do hibky 16,2 m s rozmermi 3x3 m, ktord spojila hlav-
ny vodny privddzac s vpustou.

Z Tavého prepojovacieho tunela bola razend posledna Cast,
kaverna vpuste s objemom 6700 m>. Je vysokd 19,2 m, dlhd
45,2 m a §irokd 14 m v spodnej polovici kaverny. Strop je
oblikovity, zaisteny strieckanou beténovou zmesou a spo-
radickymi 3 m skalnymi CT kotvami. Bo¢né ostenie je zai-
stené v spodnej polovici systematicky podobnymi skalnymi
kotvami. V najvy$Som mieste kaverny boli navitané vyvrty
s obrysom Vv tvare kruhu priemeru 6,6 m pre findlny odpal.
Dizka vyvrtov v pevnej hornine bola od 1,5 m do 7,5 m.

Dna 30. 9. 2012 po vydarenom prvom odpale na svete
s prerazenim tunela cez dno jazera s hribkou sedimentov do
12 m, realizovanom $pecialistami z Norska, bola dna 31. 10.
2012 spustend dodédvka elektrickej energie do mesta
lulissat.

KLIMATICKE PODMIENKY

Ako sused severného pélu méa Grénsko arktické podnebie,
aj ked st tu velké rozdiely od severu k juhu, a od pobreZia do
vnitrozemia. VSeobecne mozno povedat, ze klima je velmi
suchd a v dosledku toho sa tu teploty pocituji dplne odlisne,
ako vo vicSine inych miest na svete. Teploty 10-15 °C sa
javia ako velmi teplé, zatial o —10 °C je ekvivalent na pri-
jemnd teplotu. NajnizSia teplota v priebehu vystavby bola do
—38 °C. V Ilulissate slnko nikdy nezapada od 25. mdja do 25.
jula a absolitna tma pocas poldrnej noci trvd 4 tyzdne, kedy
slnko vobec nevychddza nad obzor. Poldrna Ziara sa objavuje
po cely rok.

ZAVER

Jednym z faktorov ovplyvnujicich priebeh vystavby bolo
pocasie a poloha stavby. Tie boli rozhodujicimi pre logisti-
ku osob, materidlov a strojnych vybaveni. Jedind moZnd
doprava bola lodnd a leteckd. Nepriaznivé poCasie vyznam-
ne menilo ¢asovy harmonogram stavby. Tieto faktory mali
samozrejme aj vplyv na celkovi psychiku pracovnikov,
preto bolo potrebné zabezpeclit pre nich nadStandardni sta-
rostlivost, ¢i uz islo o kvalitnd stravu formou bufetu, alebo
poskytnutie Sirokej Skdly moZnosti vyzitia sa v osobnom
volne — internet, sauna, vonkajs$i teply mini bazén, mald
posilnovna, sitazné spolocenské hry, biliard a TV miestnos-
ti s domédcim kinom.

IGOR HARACH, igor.harach@tucon.sk,
TuCon, a. s.

Recenzovali: Ing. Jozef Frankovsky,
Ing. Branislav Neuschl
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Obr. 10 Nabijanie vyvrtov v Celbe prepojovacieho tunela
Fig. 10 Charging the blast holes in the interconnecting tunnel face

never sets from the 25th May to the 25th July, whilst the abso-
lute darkness during the polar night lasts for 4 weeks, when
the sun never at all rises over the horizon. The northern lights
appear throughout the year.

CONCLUSION

Among the factors affecting the course of the construction
were the weather and the location of the site. They were cru-
cial for the logistics of people, materials and mechanical equ-
ipment. The only possible transport was by shipping and air
traffic. The unfavourable weather significantly changed the
works schedule. Of course, these factors even influenced the
overall psyche of workers. It was therefore necessary to pro-
vide them with extraordinary care not only as far as the high
quality meals served in the buffet were concerned, but also
with respect to the wide range of the of options for enjoyment
during the personal leisure time — the Internet, a sauna, an
outer warm-water mini pool, a small bodybuilding gym, com-
petitive social games, billiard and TV rooms with a home
cinema.
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TuCon, a. s.
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SKUSENOSTI S RAZENIM TUNELOV POLANA A LALIKI
V KARPATSKOM FLYSI

EXPERIENCE WITH THE EXCAVATION OF POLANA
AND LALIKI TUNNELS IN CARPATHIAN FLYSCH

MIROSLAV ZACIK, VLADIMIR DURSA ML.

ABSTRAKT

V priestore trojmedzia, kde sa stretdvaji hranice troch Stdtov — Slovensko, Ceskd republika a Polsko — sa dlhodobo pracuje na prepojeni
cestnej siete, ktord bude splnat parametre dialnic, pripadne rychlostnych ciest. Na Slovensku ide o dialhicu D3 od lemy po Stdtnu hranicu
s Polskom a ndsledné napojenia na rychlostni komunikdciu S-69 Bielsko-Biata — Zywiec — Zwardor, a smerom na Ceskii republiku na pld-
novanti rychlostnii cestu R5. Dotknuté iizemie je tvorené flySovym pohorim, ktoré je typické striedanim iflovcov a pieskovcov. Budovanie cest-
nej siete v tomto geologickom prostredi je ndrocné na pripravu a projekciu, ale urcite vo velkej miere ovplyviuje aj samotnii realizdciu.
Obzvldst pri razeni tunelov v takychto komplikovanych geologickych podmienkach sa preveri skiisenost zhotovitela v tom, ako sa vie vyrov-
nat's problémami, ktoré sa pocas vystavby mozu, &i uz oéakdvane alebo neocakdvane, prihodit. Cldnok pribliZi a hodnoti vplyv flySového
pdsma na priebeh realizdcie tunelov Laliki (Polsko, uvedeny do prevddzky zaciatkom marca 2010) a Polana (Slovensko, v realizdcii), dalej
aké vznikli problémy a aké sa prijali opatrenia, aby sa ¢o najviac eliminovali prestoje a dodrzali terminy vystavby.

ABSTRACT

In the region of Trojmezi, a triangle where borders of three states, Slovakia, the Czech Republic and Poland meet, the work on linking the
road network is underway already for a long time. The objective is to develop a network which will meet the parameters of motorways or
express highways. In Slovakia, it concerns the D3 motorway from Zilina to the state border with Poland and the subsequent connection to
the Bielsko-Biata — Zywiec — Zwardon S-69 express highway and, in the direction of the Czech Republic, to the planned RS express high-
way. The affected area is formed by a flysch mountain range, which is typical by the alternation of claystone and sandstone. The develop-
ment of a road network in this geological environment is demanding as far as the planning and designing processes are concerned, but it
certainly to a significant degree affects the realisation itself. It is especially during the excavation of tunnels in such complicated geologi-
cal conditions that contractor’s experience in coping with problems which can be expectedly or unexpectedly encountered during the works
is tested. The paper gives readers an idea and assessment of the influence of the flysch zone on the course of the realisation of the Laliki
tunnel (Poland, opened to traffic at the beginning of March 2010) and the Polana tunnel (Slovakia, under construction), as well as the pro-
blems which originated and solutions adopted to eliminate the downtimes as much as possible and meet the construction deadlines.

Zakladné technické udaje stavieb Basic technical data on the projects
tunel Laliki tunel Polana Laliki tunnel Polana tunnel
(Polsko) (Slovensko) (Poland) (Slovakia)
typ tunela jednorurovy, jednorurovy, tunnel type single-tube, single-tube,
obojsmerny obojsmerny bidirectional bidirectional
metdda razenia NRTM NRTM tunnelling method NATM NATM
dizka cestného tunela 678 m 887,78 m road tunnel length 678m 887.78m
Z toho razena cast 630 m 860,60 m of this the mined part 630m 860.60m
z toho hibend Sast 48 m 375m of this the cut-and-cover part 48m 37.5m
dizka dnikovej $téine 678,49 m 900,25 m escape gallery length 678.49m 900.25m
Z toho razena cast 630,49 m 866,12 m of this the mined part 630.49m 866.12m
z toho hibend éast 48 m 34,12 m of this the cut-and-cover part 48m 34.12m
§irka jazdnych pruhov 2x35m 2x4m width of traffic lanes 2 x3.5m 2 X4m
vySka priechodného prierezu 47 m 48m clearance profile height 4.7m 4.8m
pocet prepojovacich chodieb 4 3 number of cross passages 4 3
max. vy$ka nadlozia 31m 732m max. overburden height 31m 73.2m
CHARAKTERISTIKA GEOLOGICKEHO PROSTREDIA GEOLOGICAL ENVIRONMENT CHARACTERISTICS
Uzemie, v ktorom st budované oba tunely, patria do von- The region in which the two tunnels are built belongs to the
kajsich Zdpadnych Karpat (obr. 1). VonkajSie flySové pasmo External West Carpathians (see Fig. 1). The external flysch zone if
tvoria prevazne prikrovy, tvorené turbiditnymi morskymi mostly formed by napes consisting of turbid marine sediments in
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sedimentami, v ktorych sa striedaji prevazne
pieskovce a ilovce, v menSej miere aj zle-
pence, tzv. flys. Ide o komplikovant tekto-
nicky vyrazne poruSend oblast. Pasmo
povodne tvorilo sibor viacerych sedimentac- |12 /)" A
nych paniev, ktoré boli v neustalom tektonic- [ R0
kom pohybe. Z hladiska tektonickej stavby | % \F
mo7no celé tzemie charakterizovat’ ako | @ °
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Tektonické poruSenie sa prejavuje predovset-
kym vyraznym zbridli¢natenim, budinaZou,
pritomnostou plavajicich blokov pieskovca
a prevrasnenim flovcov a v neposlednom
rade tiez zvySenymi pritokmi podzemnej
vody.

V tuneli Laliki maji prevahu tenkodo-
skovité az doskovité suvrstvia, vépnité
ilovce sivej aZ tmavosivej farby s lavicami
jemno az strednozrnnych sivych az svetlo-
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sivych pieskovcov s glaukonitom. Mies-
tami sd v nich pritomné polohy tenkodo-
skovitych az laminovanych {lovcov tma-
vohnedej az sivohnedej farby s ¢riepkovitym rozpadom. V se-
verozdpadnej Casti Gzemia vystupujd niekolko metrov mocné
polohy pestrych laminovanych flovcov Cervenej a sivo zelenka-
stej farby s ojedinelymi lavicami, resp. blokmi jemno az stred-
nozrnnych svetlosivych pieskovcov. Uvedené pestré ilovce su
velimi nachylné na zvetrdvanie pri ktorom prechddzaji do Cer-
venych ilov. Vysledny pozdiiny inZinierskogeologicky rez
v osi tunela Laliki spolu s opisom jednotlivych geologickych
vrstiev je uvedeny na obr. 2.

Pre tunel Polana bol spracovany geologicky prieskum, ktory pred-
pokladal, Ze dzemie dialnice je tvorené vsetinskymi vrstvami. Tieto
vrstvy sa vyznacuji prevahou hrubych vrstiev lastirnatoodlu¢nych
flovcov s lavicami jemno az strednozrnnych pieskovcov s glau-
konitom. Pieskovce maji zvidcsa sklovity lom, pri baze si mnohé
lavice hrubozrnné. Zastipenie jednotlivych facii v profile vrstiev na
roznych miestach a v roznych Struktirach je variabilné. Severne od
Cadce a Turzovky prevladajii v stvrstvi hnedozelené, tenko lamino-
vané az tenko doskovité, zriedkavo hrubo doskovité vapnité ilovce
mocnosti 0,5-12 m. V stvrstvi si zastipené aj svetlosivé
a zelenohnedé, silno vapnité tvrdé flovce s lastirnatym rozpadom vo
vrstvach hribky 0,4-2,5 m. Vo vrstvach flovcov sa vyskytuji vrst-
vitky jemnozrnnych aZ siltovitych, laminovanych pieskovcov
s muskovitom na plochach laminacie. Casto prechddzaji do siltovi-
tych flovcov. Pieskovce st dvoch typov:

Obr. 1 Lokalizdcia tunelov v geologickej mape CSSR, rok vydania
Fig. 1 Locations of the tunnels in the geological map of the CSSR, published in 1967, scale 1:500 000

which sandstone alternates with claystone, to a smaller extent also
conglomerates, the so-called flysch. It is a complicated, tectonically
significantly disturbed area. The zone was originally formed by
several sedimentation basins, which were in a permanent tectonic
movement. The whole region can be characterised from the aspect
of the tectonic structure as significantly faulted, which fact is main-
ly associated with the vicinity of an overthrust between the Magura
and Pre-Magura unit. The tectonic disturbance manifests itself first
of all by substantial schistosity, badinage, presence of floating blocks
of sandstone and folding of claystone and, at last but not least, inc-
reased rates of groundwater inflows.

Thinly platy to platy strata of grey to dark grey calcareous clays-
tone with plates of fine- to medium-grained grey to lightly grey
sandstone with glauconite prevail in the Laliki tunnel. Locally also
layers of dark brown to grey-brown thinly plated to laminated quar-
rying claystone are present in them. Several metre thick interbeds of
red and grey-greenish mottled laminated claystone with isolated
beds or blocks of fine-grained sandstone extend in the north-western
part of the area. The above-mentioned mottled claystone is very
prone to weathering, during which it passes into red clay. The resul-
tant longitudinal engineering geological section on the Laliki tunnel
centre line and the description of individual geological layers are
presented in Fig. 2.

Kvartér / Quaternary

|:| necleneny (sute + hliny) / unscreened (debris + kams)

Paleogén / Palaeogene

I:l striedanie flovcov a pieskovcov / alternation of claystone and sandstone

[: pieskovec (masivny, tenkodoskovity) / sandstone (massive, thinly tabular)

:| laminované ilovce tmavohnedé / laminated claystone, dark brown

I:] laminované flovce pestré / laminated claystone, mottled

juzny portal )
southern portal e /

2, \\ 87 &

severny portal
northern portal

VO 7,7 s

Obr. 2 Pozdfiny inZinierskogeologicky rez v osi tunela Laliki

zdrojlsource Dr. Tomds Moléan, GEOFOS, s. r. o.

Fig. 2 Longitudinal engineering geological section on the Laliki tunnel centre line
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predpokladané vrstvy flovca
anticipated claystone layers

anticipated sandstone layers

predpokladané vrstvy pieskovca -

Obr. 3 Pozdfiny inZinierskogeologicky rez tunela Poluna
Fig. 3 Longitudinal engineering geological section through thePolina tunnel

Prevladaji modrosivé, menej zelenosivé, drobno az strednozrnné
pieskovce s vapnitym a kremitym tmelom s glaukonitickymi zrniec-
kami. Tvoria doskovité polohy hribky 0,35-0,9 m, lokdlne az 6 m.
jemnozrnné variety si kremenno-vapnité. Vrstvy sd pozitivne gra-
dacne zvrstvené.

Kremenno-drobové, modrosivé, stredne aZ jemnozrnné pieskov-
ce. V sdvrstvi je celkovy pomer pieskovcov a flovcov mensi ako 1
(0,2-0,6).

Vyssie spominané predkvartérne litologické typy na povrch tze-
mia vystupuju ojedinele, prevazne sd prekryté kvartérnymi sedi-
mentmi, ktoré maji na dzemi dialhice pomerne nevyrazni genéznu
a typologicku pestrost. Predpokladany inZinierskogeologicky rez
tunela Polana je zndzorneny na obr. 3.

GEOTECHNICKY MONITORING

Ako uZ byva Standardom, aj na tychto stavbach prebiehal geo-
technicky monitoring podla vopred pripraveného projektu, a jeho
vysledky boli k dispozicii vSetkym zainteresovanym strandm. Na
zdklade tychto vysledkov mohli ziCastneni operativne reagovat
a v mnohych pripadoch nastavit’ postup razenia podla momentalne;j
geologickej situdcie. T4 sa v tomto prostredi meni pomaly kazdym
zaberom, preto interpreticia a aplikacia vysledkov si vyZziadali den-
nodenné konzulticie medzi geolégmi, zhotovitefTom a stavebnym
dozorom. To nésledne prispelo k prijatiu opatreni na zvySenie bez-
pecnosti a optimalizaciu pracovnych postupov.

Cinnosti monitorovania, ktoré boli vykondvané polas razenia
tunela:

— meranie deformdcii na povrchu, vyvoj poklesovej kotliny

v priecnom smere a sledovanie deformdcii portdlovych stien
pomocou stabilizovanych nivela¢nych bodov na povrchu terénu;

fotolphoto courtesy Miroslay Zdcik

Obr. 4 Celba kaloty cestného tunela Laliki
Fig. 4 Excavation face of the Laliki road tunnel

zdrojlsource Mgr. M. Kubi§, Ph.D., GEOFOS, s.r.o.

The geological survey which was carried out for the Polana tunnel
assumed that the motorway area is formed by the Vsetin series of
layers. These layers are characterised by the prevalence of thick lay-
ers of shelly-jointing claystone with beds of fine- to medium-grained
sandstone with glauconite. The sandstone mostly exhibit glassy frac-
ture; numerous beds are coarse-grained at the base. The representati-
on of individual facies in the profile of the layers in various locations
and various structures is variable. North of Cadec and Turzovka s
brown-green, thinly laminated to thinly platy, rarely thickly platy cal-
careous claystone layers 0.5-12m thick prevail. Light-grey and
green-brown, heavily calcareous hard claystone with shelly jointing
in 0.4-2.5m thick layers are also present in the series of layers. Thin
layers of fine-grained to silty claystone, laminated sandstone with
muscovite exist on lamination surfaces. They often pass into silty
claystone. There are the following sandstone types there:

Blue-grey sandstone prevails, the presence of green-grey, fine- to
medium-grained sandstone with calcareous and quartzose cement
containing small glauconitic grains is smaller. It forms tabular inter-
beds 0.35-0.9m thick. Fine-grained variants are quartziferous-calca-
reous. The layers are positively grady-bedded.

Quartziferous-greywacky, blue-grey, medium- to fine-grained
sandstone. The proportion of sandstone and claystone in the series of
layers is smaller than 1 (0.2-0.6).

The above-mentioned pre-Quaternary lithological types rise to the
surface only rarely. They are mostly overlain by Quaternary sedi-
ments, the genesis and typological variety of which is relatively dull
in the motorway area. The assumed engineering geological section
through the Polana tunnel is presented in Fig. 3.

GEOTECHNICAL MONITORING

As it is usually a standard, geotechnical monitoring was carried out
according to a pre-prepared design even on these structures. Its
results were available to all interested parties. On the basis of these
results, the involved persons could respond operatively and, in many
cases, set the excavation procedure according to the momentary geo-
logical situation. This situation changes nearly every excavation
round in this environment. For that reason the interpretation and
application of results required daily consulting among geologists, the
contractor and client’s supervision. This system subsequently contri-
buted to the adoption of measures designed for increasing the safety
and optimising the work processes.

The following monitoring activities were performed during the
course of the tunnel excavation:

— measurements of surface deformations, the development of the
settlement trough in the lateral direction and monitoring of
deformations of portal walls using levelling points stabilised on
the terrain surface;

— measurements of excavation deformations;

— measurements of deformations in the zone affected by the exca-
vation and monitoring of the slope stability — inclinometer mea-
surements in boreholes;
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Tab. 1 Oznacenie a diiky Jednotlivych kvazihomogénnych blokov — tunel Laliki

TuHel

Table 1 Marking and lengths of individual quasi-homogeneous blocks — Laliki tunnel

¢islo bloku / block number 1 2 3 4 5 6 7 8 9 10 11
dizka useku (m) 63,0 68,0 29,0 38,6 12,2 20,4 10,0 11,2 4,2 18,1 2,3
section length (m) 63.0 68.0 29.0 38.6 12.2 20.4 10.0 11.2 4.2 18.1 2.3
¢islo bloku / block number 12 13 14 15 16 17 18 19 20 21
dizka useku (m) 68,4 149,0 8,3 37,2 61,3 2,9 6,9 3,0 8,8 2,6
section length (m) 68.4 149.0 8.3 37.2 61.3 29 6.9 3.0 8.8 2.6

— meranie deformacii vyrubu;

— meranie deformdcii v zéne vplyvu vyrubu a sledovanie stabili-
ty svahu — inklinometrické merania vo vrtoch;

— meranie stupna rozvolnenia horniny v okoli vyrubu — extenzo-
metrické merania z povrchu,

— meranie napdti na kontakte horniny a primdrneho ostenia
s pouzitim tlakomernych krabic;

— meranie napéti v beténe primarneho ostenia;

— inzinierskogeologicke sledovanie razenia, vratané hydromoni-
toringu;

— systematickd kontrola a dozor v priebehu razenia;

— sledovanie skuto¢ného vyrubu a nadvylomov.

TUNEL LALIKI

Portaly tunela Laliki

Juzny a severny portdl tunela je budovany komplexom paleogén-
nych hornin patriacich do flySového pasma, ktoré su reprezentované
stvrstvim {loveov a pieskovcov, a tieto si prekryté kvartérnymi
sedimentmi charakteru deluvidlnych hlinitokamenitych suti a hlin
[1]. Vykopovy materidl bolo potrebné roztriedit'do tried taZitelhosti.

Z hladiska hydrogeolégie mozno portdly hodnotit’ ako vlhké,
miestami s vyraznym zamokrenim, pripadne sustredenymi pritokmi,
ktoré boli viazané na kontakt pieskovcov a ilovcov, resp. na tekto-
nicky vyraznejSie porusené zony.

Pocas realizdcie severného portdlu na zaciatku razenia tunela
praskla portdlova stena a vznikla pomerne velkd deformdcia vyraze-
nej kaloty. Celd Cast’ portdlu si vyziadala dodatocné zabezpelenie
a po zastabilizovani sa pokracovalo v razeni tunela. Aj napriek tymto
problémom zhotovitel splnil stanoveny termin ukoncenia stavby.

V zmysle polskych noriem bol vykopovy materidl zatriedovany
do troch tried:

fotolphoto courtesy Matus Mikolaj
Obr. 5 Vznik geologického nadvylomu v tuneli Polana
Fig. 5 Development of a geological overbreak in Polana tunnel

— measurements of the degree of loosening the ground in the excava-
tion surroundings — extensometer measurements from the surface;

— measurements of stress on the ground — primary lining contact
using pressure cells;

— measurements of stresses in the primary lining concrete;

— engineering geological monitoring of the tunnel excavation, inc-
luding hydromonitoring;

— systematic inspection and supervision during the excavation;

— monitoring of the actually excavated opening and overbreaks.

LALIKI TUNNEL

Laliki tunnel portals

The southern and northern tunnel portals are built up by a complex
of Palacogene ground types belonging to the flysch zone, which are
represented by claystone and sandstone series of layers. These series
are overlain by Quternary sediments with the character of deluvial
loamy-stony debris and loams [1]. It was necessary to distribute the
material to be excavated into excavation classes.

From the hydrogeological point of view, the portals can be
assessed as wet, locally with significant waterlogging or con-
centrated inflows bound to the sandstone-claystone contact or
tectonically more disturbed zones.

The portal wall cracked during the realisation of the northern
portal at the beginning of the excavation and a relatively big
deformation of the completed part of the top heading excavation
developed. The entire part of the portal required additional sup-
port. The tunnel excavation continued after the slope got stabili-
sed. Despite these problems the contractor met the contractual
term of the works completion.

The material was categorised according to Polish standards
into three classes:

— cohesive soils;

— incohesive soils;

— coherent rock.

Laliki road tunnel

The tunnel excavation started in 3/2008. Uphill (from south to
north) on the longitudinal gradient of 4%, with 528m of the tunnel
excavated in the chainage counter- direction, and downhill (from
north to south), with 48m driven in the chainage direction. The
ground massif in the entire tunnel tube section is formed by
a complex of Palaeogene rock belonging to the flysch zone, which is
characterised by the alternation of claystone and sandstone series of
layers with the bedding ranging from laminated (claystone) to mas-
sive (sandstone) and the varying degree of weathering. On the surfa-
ce, this rock is overlain by Quaternary sediments, mainly deluvial
clay and stony-clayey debris, which tend to sliding [1].

The tunnel tube area was divided on the basis of continual docu-
mentation of completed excavation rounds into several sections —
quasi-homogeneous blocks. When we determined them, we built on
the factors which influenced the excavation procedure and method
and the massif stability most of all. The total of 21 blocks were
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— sudrzné zeminy; specified. Individual quasi-homogeneous blocks changed during the
— nesudrzné zeminy; course of the tunnel excavation (the marking and lengths of indivi-
— skalné horniny. dual quasi-homogeneous blocks are presented in Table 1). Some

blocks were not significantly faulted (the tectonic zones were relati-
vely narrow and sporadic), on the other hand, some of them were in
a significantly tectonically disturbed area, which fact manifested
itself by the narrow spacing of discontinuities, the schistosity of
claystone and groundwater inflows. All of these faulting manifesta-
tions caused the instability of the excavation, the increased volume

Cestny tunel Laliki

Zaciatok razenia hlavnej tunelovej rdry bol 3/2008. Razilo sa
dovrchne (z juhu na sever) s pozdiinym sklonom 4 %, kde
v protismere staniCenia sa vyrazilo 582 m a dpadne (zo severu na
juh), kde v smere staniCenia sa vyrazilo 48 m. Horninovy masiv

v celom tseku tunelovej riry je tvoreny komplexom paleogénnych of overbreaks and reduced excavation advance rates. Canopy tube
hornin patriacich do flySového pasma, pre ktoré je charakteristické pre-support was applied to 10 blocks of the total number of 21 quasi-
striedanie suvrstvi illovcov a pieskovcov s vrstevnatostou od lamino- homogeneous blocks. A view of the Laliki tunnel excavation face is
vanej (flovce) az po masivnu (pieskovce) a rézny stupen zvetrania. presented in Fig. 4.
Na povrchu st tieto horniny prekryté kvartérnymi sedimentami, a to During the course of the construction realisation, 5 types of tunnel
prevazne deluvidlnymi flmi a kamenitoilovitymi sutami, ktoré maji | excavation support classes were proposed and the 4s class was added
tendenciu zostvat'sa [1]. to be used during the excavation under the protection provided by the
Na zdklade priebeZnej dokumentdcie vyrazenych zdberov bola canopy tube pre-support, carried out as a supplementary element for
oblast tunelovej riry rozclenend na niekolko tsekov — kvazihomo- securing the excavation designed to increase the stability of the
génnych blokov. Pri ich urCovani sa vychddzalo z faktorov, ktoré ground massif. The other support classes were changed in compari-
mali najvicsi vplyv na postup a spdsob razenia a stabilitu masivu. son with the previous design in terms of technological possibilities
Celkovo bolo vy¢lenenych 21 blokov. Jednotlivé kvazihomogénne and were modified during the course of the excavation taking into
bloky sa pocas razenia tunela menili (oznalenie a diiky jednotlivych consideration the actually encountered geological situation on the
kvazihomogénnych blokov st uvedené v tab. 1). Niektoré neboli tunnel route.
vyrazne tektonicky poruSené (tektonické zény boli pomerne tzke Escape gallery
a ojedinelé), ale niektoré zas boli v znaCne tektonicky porusenej The escape gallery was divided into 14 quasi-homogeneous
oblasti, Co sa prejavovalo vysokou hustotou diskontinuit, zbridli¢na- blocks. Together with the main (road) tunnel, the quasi-homogene-
tenim flovcov a pritokmi podzemnej vody. VSetky tieto prejavy ous blocks were changed during the course of the gallery excavati-
poruenia spdsobovali nestabilitu vyrubu, zvySenie objemu nadvy- | on. Some of them were not significantly tectonically disturbed, but
lomov a spomalenie razenia. Z celkového poCtu 21 kvdzihomogén- some of them were in a significantly tectonically disturbed area. 4
nych blokov bol v 10 blokoch pouzity mikropilétovy dédZdnik. excavation support classes were proposed for the realisation of the
Pohlad na celbu tunela Laliki je na obr. 4. primary lining, but even an additional class was proposed in which
Pri realizécii stavby bolo na razenie tunela navrhnutych 5 typov the protection by means of canopy tube pre-support consisting of
vystrojovacich tried a doplnend dalSia vystrojovacia trieda 4s, ktord three tiers of self-drilling rock bolts was required. This excavation
bola pouzitd pri razeni pod ochranou mikropilétovych ddzdnikov, support class was not eventually applied during the course of the
ako doplnkovy prvok na zabezpecenie vyrubu, kvdli zvyseniu stabi- escape gallery excavation.

lity masivu. Ostatné vystrojovacie triedy boli upravené oproti pred-
chadzajiicemu projektu z hladiska technologickych moznosti,a boli | POLANA TUNNEL
modifikované pocas razenia, s ohladom na skutocne zastihnuti geo- Mined tunnel

logicka situdci la. o .
ogicku situaciu na trase tunela The commencement of driving the tunnel itself was preceded by

Un!ko"é $tolia the designing stage because this motorway section was managed in

Unikové §tolna bola roz¢lenend na 14 kvazihomogénnych blokov. compliance with the FIDIC “Yellow Book™. In this stage, the con-
Tak ako v hlavnom (cestnom) tuneli aj v dnikovej $tdlni sa kvaziho- tractor tried to use the experience they gathered, among other pro-
mogénne bloky pocas razenia menili. Niektoré neboli vyrazne tekto- jects, during the excavation of the Laliki tunnel, but first of all the
nicky porusené, ale niektoré boli v znacne tektonicky porusenej excavation of the exploratory gallery carried out from the western

Tab. 2 Rozdelenie vystrojovacich tried podla hodnotenia RMR bodov — tunel Poluna
Table 2 Distribution of excavation support classes according to the RMR indexes — Polana tunnel

oznadenie VT — bezny profil 4/2,56 5/3,57 5/4,52 6/7,29 6/8,39 6/8,83* 7/11,84 714,24

ESC marking — common profile 4/2.56 5/3.57 5/4.52 6/7.29 6/8.39 6/8.83* 7/11.84 7114.24

oznacenie VT- nudzovy zéliv 5/2,98 5/4,30 6/6,36 6/7,28 7/10,56

ESC marking — emergency

stopping bay (ESB) profile 5/2.98 5/4.30 6/6.36 6/7.28 7/10.56

hodnotenie RMR min.45 min.40 35-40 31-34 28-30 24-27 20-24 <20

RMR rating min.45 min.40 35-40 31-34 28-30 24-27 20-24 <20

predpoklad rozdelenia VT (m) 30 m 150,5 m 218,4 m 97,5m 134,0 m *doplne- 45,0 m 52 m

(+11,6m | (+10,0m | (+31,6 m | (+30,0 m na VT (+20,0 m (+30,0 m

NZ) NZ) NZ) NZ) NZ) portaly)

assumption of the ESC 30m 150.5m 218.4m 97.5m 134.0m “added 45.0m 52m

distribution (m) (+11.6m (+10.0m | (+31.6m (+30.0m ESC (+20.0m (+30.0m
ESB) ESB) ESB) ESB) ESB) portals)
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oblasti. Pre realizaciu primdrneho ostenia boli navrhnuté 4 vystrojo-
vacie triedy, ale bola pridan4 aj dalSia vystrojovacia trieda, v ktorej sa
pocitalo s ochranou pod mikropilétovym ddZzdnikom vytvorenim
troch radov samozdvrtnych svornikov. Tdto vystrojovacia trieda sa
nakoniec pocCas razenia unikovej Stolne nepouZzila.

TUNEL POLANA

Razeny tunel
Zaciatku razenia samotného tunela predchddzala projektovd pri-
prava, kedZe tento dialni¢ny tsek sa riadil podla zmluvnych podmi-

enok ,,Zltej knihy* FIDIC. V tejto faze sa zhotovitel’ snazil vyuzit

skusenosti, ktoré ziskal aj pri razeni tunela Laliki, ale hlavne pries-
kumnej Stolne, ktord bola vyrazend od zdpadného portdlu v dizke
300 m. Spracovanim podkladov sa pripravil projekt, ktory pre icely
razenia obsahoval viacero alternativ, aby sa ¢o najefektivnejsie vyu-
zilo horninové prostredie. Naprojektovalo sa 7 vystrojovacich tried
pre Standardny profil a dalSich 5 vystrojovacich tried pre nidzovy
zaliv. Oznacenie zodpovedd TP 06-1/2006 a koreSponduje
s rozhranim bodov RMR od 45 az < 20, ktoré sa predpokladali na
zaklade IG prieskumu.

Po zacati razenia zo zdpadného portdlu sa zistilo, Ze geotechnic-
ké podmienky skutocné zastihnuté v tuneli st odliSné od predpo-
kladanych (celkovy rozdiel oproti predpokladu bude spracovany po
vyrazeni tunela). To malo za nasledok, Ze razenie prebiehalo vo

Tab. 3 Uprava vystrojenia tinikovej §tolne — tunel Polina
Table 3 Changes in the escape gallery excavation support — Polana tunnel

TuHel

portal at the length of 300m. A design was prepared by processing
the source documents, which contained several alternatives aimed to
achieving the as effective as possible use of the ground environment.

7 excavation support classes were designed for the standard profi-
le and other 5 support classes for the emergency stopping bay. The
designation complies with the TP 06-1/2006 specification and cor-
responds to the interface of RMR indexes ranging from 45 up to <
20, which were anticipated on the basis of the EG survey.

It was found out after the beginning of the tunnelling from the
western portal that the geotechnical conditions actually encountered
in the tunnel differed from the anticipated conditions (the overall
deviation from the assumption will be analysed after the completion
of the tunnel excavation). As a result, the excavation was carried out
in excavation support classes which were on the one side effective
for securing the stability of the ground environment but, on the other
hand, were highly time intensive. After the completion of the top
heading excavation, the bench and bottom were closed at a short
distance behind. Five 9m long self-drilling spiles were installed for
the vault support in each excavation round. The values of RMR inde-
xes did not exceed 20 and the monthly excavation advance was ca
20m in the case of the full profile excavation with invert.

Nor the stability of the excavation face, which had to be immedi-
ately regularly stabilised during the process of its opening by app-
lying shotcrete to it, was ideal in this environment. Geological
overbreaks developed regularly. The volume of the largest of them

VT 4 VT 5 VT 6 VT 7 VT 4-V VT 5-V VT 6-V
ESC 4 ESC 5 ESC 6 ESC7 ESC 4-V ESC 5-V ESC 6-V
SN kotvy SN kotvy SN kotvy IBO kotvy SN kotvy SN kotvy IBO kotvy
2m-5ks 2m-6ks 25m-7ks 3m-5ks 2m-6ks 2,5m—-8ks 3m-8ks
Ihly 3 m Ihly 3 m Ihly 3 m Ihly 9 m lhly 3 m Ihly 3 m Ihly 3 m
- 10 ks - 12 ks - 12 ks - 12 ks - 12 ks — 18 ks - 18 ks
= 1xKARI 1xKARI 2xKARI 2xKARI 1xKARI 2xKARI 2xKARI
En siete 6x150 siete 6x150 siete 6x150 siete 8x150 siete 6x150 siete 6x150 siete 8x150
E SB hr. SB hr. 140 mm SB hr. SB hr. B hr. SB hr. SB hr.
p 120 mm BTX 160 mm 180 mm S140 mm 160 mm 180 mm
<§ BTX BTX BTX BTX BTX BTX
2 SN anchors SN anchors SN anchors IBO anchors SN anchors SN anchors IBO anchors
2m — 5pcs 2m — 6pcs 2.5m - 7pcs 3m — 5pcs 2m — 6pcs 2.5m - 8pcs 3m - 8pcs
Spiles 3m Spiles 3m Spiles 3m Spiles 9m Spiles 3m Spiles 3m Spiles 3m
—10 pcs - 12 pcs —-12 pcs -12 pcs - 12 pcs - 18 pcs - 18 pcs
1xKARI 1xKARI 2xKARI 2xKARI 1xKARI 2xKARI 2xKARI
mesh 6x150 mesh 6x150 mesh 6x150 mesh 8x150 mesh 6x150 mesh 6x150 mesh 8x150
SC th. SC th. SC th. SC th. SC th. SC th. SC th.
120mm 140mm 160mm 180mm 140mm 160mm 180mm
BTX BTX BTX BTX BTX BTX BTX
Ihly 4 m Ihly 3 m Ihly 3 m Ihly 9 m
- 10 ks - 12 ks - 12 ks - 12 ks
1xKARI 1xKARI 2xKARI 2xKARI
siete 6x150 siete 6x150 siete 8x150 siete 8x150
SB hr. SB hr. SB hr. SB hr.
3 140 mm 160 mm 180 mm 200 mm
= BTX BTX BTX BTX
5 spiles 4m spiles 3m spiles 3m spiles 9m
= - 10 pcs -12pcs -12pcs -12pcs
1xKARI 1xKARI 2xKARI 2xKARI
mesh 6x150 mesh 6x150 mesh 8x150 mesh 8x150
SC th. SC th. SC th. SC th.
140mm 160mm 180mm 200mm
BTX BTX BTX BTX
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Obr. 6 Vektory deformdcii stolne JMP 81, 83 a 84 — tunel Polana

zdrojlsource: www.barab.eu

Fig. 6 Vector of the gallery deformations, measurement profiles 81, 83 and 84 — Polana tunnel

vystrojovacich triedach, ktoré boli i¢inné na zabezpecenie stability
horninového prostredia, ale zdroven boli ¢asovo naro¢né. Po vyra-
zeni kaloty sa s malym odstupom ihned prechddzalo k uzatvdraniu
stupna a dna, a pre zabezpeCenie klenby sa pouzivali 9 m dlhé
samozavrtavacie ihly R51 v kazdom piatom zdbere. Hodnota RMR
bodov nepresiahla hodnotu 20 a mesa¢ny razi¢sky postup bol cca
20 m v plnom profile s protiklenbou.

V tomto prostredi nebola idedlna ani stabilita Celby, ktord sa muse-
la pravidelne pocas otvdrania okamzite stabilizovat’ ochrannym
nastrekom zo striekaného beténu. Pravidelne vznikali aj geologické
nadvylomy z nich najvi&si mal 50 m3 (obr. 5). Aj ten sa podarilo sta-
bilizovat’ ochrannym néstrekom po tenkych vistvach a postupnom
vytvoreni plomby z KARI sieti a strickaného beténu. Na zdver sa
problematické miesto prikotvilo samozavrtnymi svornikmi.

Komplikovany zaciatok razenia prindtil zhotovitela upravit pro-
jekéné rieSenie, ktoré sa opieralo o sledovanie konvergencnych
merani. Ako vhodné rieSenie sa ukdzalo dopit' dal§iu vystrojovaciu
triedu 6/8,83 (projek¢éné oznacenie 6/3), ktoré vzniklo kombindciou
VT 6/2 a VT 7/2. Ponechala sa hribka ostenia a ddZdnik zo samo-
zavitavacich ihiel R51 (kazdy 4. zdber) v pripade potreby, ale zaro-
ven sa prediiila dizka zdberu na 13 m a odstup kaloty od stupna
mohol nardst'na pociatoénych 50 m, a dal§fm vyvojom pri stabilizo-
vanom osteni na 120 m. Tieto dpravy pomohli zrychlit’ postup raze-
nia, najlepsi vykon sa pribliZil k 100 m kaloty za mesiac, a zdroven
umoznili pracovat’na razeni stupna.

Unikova $tolia

Razenie Stdlne zacalo po tUprave portdlu, pricom sa vyburalo
z povodnej prieskumnej $tdlne 11 m a zhotovili sa nové kotevné
prahy. Napriek tomu, Ze sa pokracovalo v pdvodne;j trase, a profil
Stélne ostal zachovany, muselo sa taktieZ pripravit' nové projekéné
rieSenie uz ako docasnej unikovej Stolne pre pravd tunelovi riru,
vratane 2 rozsireni, ktoré pocas raziacich prac sliZia ako vyhybna.
Medzi tunelom a §tolnou sa vyrazia 3 prie¢ne prepojenia s rovnakym
profilom ako §télna.

Tak ako v hlavnom tuneli, aj v $tdlni musel zhotovitel po Case
upravit projekéné rieSenie. Zmena bola potrebnd z dévodu technol6-
gie vitania radidlnych kotiev, ked sa v malom profile zvolenou vrt-
nou sdpravou, pri zmendch vrstevnatosti, nie vzZdy podarilo spravne
navitat’ kotvy dostato¢ne kolmo na sklon vrstiev, a tym sa stdvali
menej Uc¢inné. Z pdvodného ndvrhu 4 vystrojovacich tried pre bezny
profil a 3 vystrojovacie triedy pre vyhybnu sa vypustili radidlne
kotvy a boli nahradené hrubsim ostenim a zmenou KARI sieti.

amounted to 50m> (see Fig. 5). Even this overbreak was success-
fully stabilised by spraying series of thin protective layers and gra-
dually filling the cavity with shotcrete reinforced with KARI wel-
ded mesh. At the end, the problematic place was anchored to the
rock with self-drilling rock bolts.

The complicated beginning of the tunnel excavation forced the
contractor to modify the design on the basis of the monitoring of
convergence measurements. Adding another excavation support
class 6/8.83 (design marking 6/3), which originated by combining
the VT 6/2 and VT 7.2, turned out to be suitable. The lining thick-
ness and the canopy pre-support from self-drilling spiles R51 (in
every fourth excavation round) remained, but the advance round
length was increased to 1.3m and the distance of the top heading
from the bench face could grow to initial 50m and, during the sub-
sequent development with the lining stabilised, it could grow up to
120m. These modifications helped to accelerate the top heading
monthly excavation advance rate to 100m and, at the same time,
allowed for excavating the bench.

Escape gallery

The excavation of the gallery commenced after the completion of
the work on the portal, during which 11m of the original exploration
gallery was broken out and new anchoring walers were carried out.
In spite of the fact that the original alignment design was further fol-
lowed and the gallery profile remained unchanged, it was also neces-
sary to prepare a new design solution for the gallery acting as
a temporary escape gallery for the right-hand tunnel tube, including
2 sections with enlarged width designed for the passing bays during
the course of the gallery excavation. The tunnel and the gallery will
be interconnected by 3 cross passages with the cross-sections identi-
cal with the cross-section of the gallery.

As in the main tunnel, it was also necessary for the contractor after
some time to modify the gallery design solution. The modification
was required with respect to the equipment for drilling holes for radi-
al anchors, because, in the small gallery profile, the selected drilling
set was not able to drill holes for anchors sufficiently perpendicular-
ly to the trends of the layers in the cases of changes in the bedding
trend. The anchors therefore became less effective. The radial
anchors were left out of the original design comprising 4 excavation
support classes for a common profile and 3 classes for the passing
bays and were replaced with a thicker lining and a change in the
KARI mesh.

The gallery construction proceeded taking into consideration the
assumed sudden changes in geology and substantial water inflows.
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Vystavba §tolne pokracovala podla predpokladanych nédhlych
zmien geoldgie a taktiez s vyraznymi pritokmi vody. VaznejSie pro-
blémy nastali aZ pri priblizeni k vychodnému portdlu cca
150 m, ked pri razeni vo vystrojovacej triede 5 doposial bezné kon-
vergencné hodnoty merani zacali vykazovat' velké horizontdlne
odchylky (obr. 6). ISlo a nesymetrické deformdcie, ktoré sa prejavili
iba na lavej strane v smere stani¢enia. Namerané hodnoty na 694 m
Stdlne — JMP 81 v priebehu 3 dni dosiahli hranicu 61 mm. Pristtpilo
sa k sandcii problémového miesta, pricom sa po oboch bokoch §tdl-
ne navrtali desiatky trojmetrovych IBO kotiev v horizontdlnom
smere. Dal3ie meranie bezprostredne po injektdZi preukazalo narast
o dal3ich cca 60 mm a dosiahlo hodnotu 125 mm. Tymto opatrenim,
ked kotvy boli uZ zaktivované, sa profil podarilo stabilizovat,
a dalSie meranie dosiahlo maximalne 6 mm za 3 dni a ustdlilo sa na
hodnote 140 mm.

Bol predpoklad, Ze vzniknutd situdcia bola iba lokdlna a tak sa
pokracovalo Standardnym spdsobom dalej. Ked7e aj dalsie profily
dosiahli neZelané hodnoty a mali podobnu tendenciu vykazovat pri-
ecne deformdcie, ako napriklad na 750 m — JMP 83, pristipilo sa
k dalsfm opatreniam, ktoré tento problém eliminovali. Do vystrojo-
vacej triedy 5 sa pridala druha vrstva sieti, a v pripade dosiahnutia
varovného stavu sa uzatvoril profil protiklenbou. Zaistit’stabilizova-
nie deformdcii sa podarilo uz pri dalSom konvergen¢nom profile
JMP 84 (staniCenie 796 m), kde sa namerali vysledné hodnoty
12 mm.

ZAVER - SKUSENOSTI ZO STAVBY

Nepriaznivé geologické podmienky a bliZiace sa terminy vystav-
by si vyniitili aj na tychto stavbdch akceleracné opatrenia, ako napri-
klad dpravy projektu a zaCatie protirazby, ktoré sa v pripravnej faze
nepredpokladali. V tomto smere maji oba tunely Cosi spolocné, ale
urcite sa ndjdu aj nejaké rozdiely. Aby sa na tuneli Laliki eliminova-
li konvergencie, v zistenych geologickych podmienkach sa tunel
razil na plny profil, to znamend s minimdlnymi odstupmi medzi
kalotou, lavicou a dnom. Na tuneli Polana sa naopak naskytla moz-
kych hodnét konvergencii. Aj to mdZe byt jedno zo Specifik razenia
tunelov v takomto geologicky premennom prostredi.

Razenie cestného tunela Laliki sa zacalo 10. 3. 2008 a prerazeny
bol 3. 5.2009 (spolu 420 dni). Vystavba tunela Polana momentdlne
prebieha a za necely rok sa podarilo vyrazit' tri Stvrtiny
z 860metrového tunela. Vzhladom na skuto¢nost, Ze vystavba tune-
lov prebieha aj v karpatskom flySovom pédsme, geologické podmi-
enky zaruCene preveria skisenosti zhotovitela a ako sa
s neo¢akdvanymi problémami dokdZe vysporiadat.

Bc. MIROSLAV ZAC'IK, miroslav.zacik@doprastav.sk,

Ing. VLADIMIR DVURSA, dursa@doprastav.sk,
DOPRASTAV, a. s.

Recenzovali: RNDr. Antonin Matejcek,
doc. Ing. Matous Hilar, Ph.D.
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More serious problems appeared later, when the excavation dot clo-
ser to the eastern portal, to the distance of ca 150m, where the till that
time common measured convergence values when driving through
the excavation support class rock5 started to exhibit great horizontal
deviations (see Fig. 6). The deformations were asymmetric and they
appeared only on the left side in the direction of chainage. The valu-
es measured at gallery chainage m 646 — measurement profile 81
reached the limit of 61mm during 3 days. The stabilisation of the
problematic locations started by drilling tens of horizontal holes
along both sides of the gallery for 3m long IBO anchors. Other mea-
surements conducted immediately after grouting proved another inc-
rease by ca 60mm and the deformation value reached 125mm.
Owing to this measure we managed to stabilise the profile and sub-
sequently measured values reached the maximum of 6mm per 3 days
and settled at the value of 140mm.

There was an assumption that the originated situation was only
local. For that reason the excavation continued using the standard
procedure. When even other profiles reached undesired values and
exhibited a similar tendency toward exhibiting lateral deformations,
such as for example those at the 750m chainage — measurement pro-
file 83, other measures were implemented, which eliminated this
problem. Second layer of welded mesh was added to the excavation
support class 5 and, in the case of reaching a warning state, the pro-
file was to be closed by invert. The stabilisation of deformations was
achieved already at the next convergence measurement profile 84
(chainage m 796), where resultant values of 12mm were measured.

CONCLUSION - EXPERIENCE FROM THE CONSTRUCTION

The unfavourable geological conditions and approaching con-
struction deadlines required even at these construction sites accele-
ration measures, such as for example modifications of the design and
opening of a counter-heading, which were not expected during the
planning phase. In this sense, the two tunnels have something in
common, but some differences will certainly also be found. With the
aim of eliminating convergences on the Laliki tunnel in the identifi-
ed geological conditions, the tunnel was driven full-face, which
means with minimum distances between the top heading, bench and
bottom headings. In contrast, on the Polana tunnel, the opportunity
for increasing the distance of the top heading without reaching criti-
cal values of convergences arose. Even this fact may be one of the
specific features of driving tunnels through such a geologically vari-
able environment.

The excavation of the Laliki road tunnel commenced on
10/03/2008 and the work was finished on 03/05/2009 (420 days in
total). The construction work on the Polana tunnel is currently under-
way and 75% of the 860m long tunnel were excavated during less
than a year. Taking into consideration the fact that the construction
of the tunnels is carried out even through the Carpathian flysch zone,
the geological conditions will certainly put contractor’s experience
and how they will be able to cope with unexpected problems to
a test.

Bc. MIROSLAV ZAC‘IK, miroslav.zacik@doprastav.sk,
Ing. VLADIMIR DURSA, dursa@doprastav.sk,
DOPRASTAV, a. s.
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TUNEL OVCIARSKO - SUCAST DOPRAVNEHO UZLA ZILINA
NA DIALNICI D1

OVCIARSKO TUNNEL - PART OF THE ZILINA TRAFFIC JUNCTION
ON D1 MOTORWAY

JOZEF BARTOS, MARTIN CVOLICA

ABSTRAKT

Sicastou vystavby dialnice D1 Hricovské Podhradie — Lietavskd Liicka vedenej juine od mesta Zilina je aj tunel Oviarsko s dvomi
tunelovymi rirami. V predoslom obdobi bolo realizovanych niekolko etdp inZinierskogeologického prieskumu, v rdamci ktorého bola
vyrazend prieskumnd $tolna Ovciarsko v predpokladanej osi severnej tunelovej riiry. Pocas pripravnych prdc projektu verejno-siikrom-
ného partnerstva (PPP) v obdobi 2009-2010 boli vybudované niektoré objekty, napr. pristupové cesty, preloZka potoka, boli zaistené sta-
vebné jamy obidvoch portdlov z vychodu i zdpadu. V siicasnosti sa realizujii prdce na stavebnej casti tunela. Uvedenie tunela do pre-
vddzky sa predpokladd v roku 2018.

ABSTRACT

The Ovciarisko twin-tube tunnel is part of the development of the Hricovské Podhradie — Lietavskd Liicka section of the DI motor-
way, running south of the town of Zilina. Several stages of the engineering geological survey were realised during the preceding peri-
od. The Ovciarisko exploratory gallery was driven on the assumed axis of the northern tunnel tube within the framework of this survey.
Some structures, e.g. access roads, a diversion of a stream, the excavation and support of construction pits for both portals (eastern and
western), were carried out during the course of the preparatory work on the public-private project (PPP) during the 2009-2010 period.

Currently, the work on the civil engineering part of the tunnel is underway. Opening the tunnel to traffic is expected in 2018.

1 ZAKLADNE UDAJE

D1 HriCovské Podhradie — Lietavska Lucka
Narodna dialhi¢na spolo¢nost;, a. s.,
Mlynské Nivy 45, 821 09 Bratislava
Dopravoprojekt, a. s., Komindrska 24,
Bratislava 832 03

Basler & Hofmann Slovakia, s. r. 0.,
Panenska 13, 811 03 Bratislava
Zhotovitel: ,.Zdruzenie Ovciarsko*

Clenovia zdruZenia: Doprastav, a. s. Bratislava — veduci ¢len
VAHOSTAV - SK, a. s. Zilina
STRABAG s. r. 0. Bratislava

Metrostav a. s. Praha

Doprastav,a. s. Bratislava, Drienova 27,
826 56 Bratislava

Uranpres, s. 1. 0., Predov, Capajevova 29,
080 01 PreSov

1/2014

1/2018

Nézov stavby:
Objedndvatel

Hlavny projektant:

Projektant tunela:

Zhotovitel tunela:
Podzhotovitel*

Zaciatok vystavby:
Ukoncenie stavby:

Celkova dizka juZnej tunelovej riry je v osi 2367 m, dizka
razenej Casti 2320 m. Trasa je vedend v dvoch protismernych
oblikoch s minimalnym polomerom 739 m. Od zdpadného por-
talu trasa stipa v sklone 1,70 %. Celkova dizka severnej tunelo-

vej rury je v osi 2360 m, dizka razenej Casti 2300 m. Trasa je opit’

vedend v dvoch protismernych oblikoch s minimédlnym polome-
rom 777,5 m a stipa v sklone 1,68 %.

Navrhovany tunel je kategérie 2T — 8,0 s jednosmernou pre-
mavkou. Ndvrhovd rychlost’je 100 km/h, respektive 90 km/h za
zhorSenych poveternostnych podmienok.

Stcastou tunela st tri prejazdné prieCne prepojenia prierezu
3,5x3,6 m a pit priechodnych prie¢nych prepojeni prierezu
2,0x2.4 m, sliziace ako chranené tinikové cesty. Nad tunelom ani
v blizkosti portdlov sa nenachddza Ziadna zdstavba.

1 BASIC DATA

Project name:
Project owner:

D1 Hricovské Podhradie — Lietavska Lucka
Nérodna dialni¢nd spolo¢nost;, a. s.,
Mlynské Nivy 45, 821 09 Bratislava
Main designer: Dopravoprojekt, a. s., Komindrska 24,
Bratislava 832 03
Tunnel designer: Basler & Hofmann Slovakia, s. r. o.,
Panenska 13, 811 03 Bratislava
Contractor: .Zdruzenie Ovciarsko® consortium
Consortium members:
Doprastav, a. s. Bratislava — leading member
VAHOSTAV - SK, a. s. Zilina
STRABAG s. r. 0. Bratislava
Metrostav a. s. Praha
Contractor for tunnel construction: Doprastav,a. s. Bratislava,
Drienova 27, 826 56 Bratislava
Sub-contractor: Uranpres, s. r. 0., PreSov, Capajevova 29,
080 01 Presov
Construction commencement: 1/2014
Construction completion: 1/2018

The total length of the southern tunnel tube on the axis is 2367m,
the mined part is 2320m long. The route is on two reverse curves
with the minimum radius of 739m. The alignment rises from the
western portal on a 1.70% gradient. The total length of the northern
tunnel tube on the axis is 2360m, the mined part is 2300m long. The
alignment is again on two reverse curves, with the minimum radius
of 777.5m and rises on a 1.68% gradient.

The tunnel being proposed is of the 2T — 8.0 category with unidi-
rectional traffic. The design speed is 100km/h, respectively 90km/h
under worsened weather conditions.

Parts of the tunnel are three cross passages passable for vehicles
with the 3.5x3.6m cross-sections and five cross passages passable
for pedestrians with the 2.0x2.4m cross-sections, serving as protec-
ted escape routes. No buildings are above the tunnel or in the vicini-
ty of the portals.
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Obr. 1 Smerové vedenie trasy tunela
Fig. 1 Horizontal alignment of the tunnel

2 INZINIERSKOGEOLOGICKE POMERY

21 Geologicka skladba masivu, tektonické pomery
a svahové poruchy

Tunelom Ovciarsko prekondva dialhica D1 masiv bradlového
pasma a zdpadny okraj paleogénnej vyplne Zilinskej kotliny v masive
Vieska. Orientdcia trasy tunela podla svetovych strn je v osi zdpad —
vychod, podla ktorej sa rozliSuji oznaCenia portdlov tunela
a tunelovych rtr.

Hominovy masiv tunela Ov¢iarsko je tvoreny a zastipeny dvomi
zakladnymi tektonickymi jednotkami:

Maninskou jednotkou — zastipenou flySovym stvrstvim obalu bra-
dlového pdsma, ktory je tvoreny sivrstvim slienov, slienitych bridlic,
vépnitych flovcov, pieskovcov, piesCitych vapencov. Horniny su tek-
tonicky porusené.

Vnitrokarpatskym paleogénom, ktory je zastipeny flySovym
stvrstvim paleogénneho komplexu.

2.2 Hydrogeologické pomery

Z hydrogeologického hladiska v tuneli, razenom zo zdpadného por-
talu, nie sd vyrazné pritoky podzemnej vody. Voda prenikajica do
tunela zdvisi len od mnoZstva zrdZok na povrchu.

Nepriaznivé hydrogeologické pomery st v oblasti vychodného por-
tdlu. V zosuvnych sedimentoch je kumulovand podzemnd voda
s napdtou hladinou, ktord negativne ovplyvnuje inZinierskogeologické
vlastnosti hornin. Situdciu Ciastocne zlepSuje uz vyrazend prieskumnd
Stolna, ktord je situovand v mieste severnej tunelovej riry a plni tak
drendZnu funkciu, gravitatne odvadza vodu smerom na ZP, kde sa
priebezne odCerpdva. Pri zacati razenia juZnej tunelovej riry
z vychodného portdlu nastala porucha portalovej steny uz realizovane;j

Obr. 2 Realizdcia odvodiiovacich vrtov — vychodny portdl tunela Ovéiarsko
Fig. 2 Realisation of drainage boreholes — the eastern portal of the
Ovdiarisko tunnel

2 ENGINEERING GEOLOGICAL CONDITIONS

21 The geological structure of the massif,
tectonic conditions and slope failures

The D1 motorway overcomes the detached mass of an overt-
hrust sheet and the western edge of the Palacogene fill of the
Zilina Basin in the Vie$ka mountain range through the
Ovciarisko tunnel. The tunnel orientation to the cardinals is on
the west-east axis; the marking of tunnel portals and tunnel tubes
is distinguished according to it.

The mountain range of the Ov¢iarisko tunnel is formed and
represented by two basic fault units:

The Manin unit — represented by flysch series of layers of the
detached mass of the overthrust sheet envelope formed by series
of layers of calcareous clay, marl slate, calcareous claystone, sand-
stone and sandy limestone. The ground is tectonically faulted.

The Inner Carpathian Palaeogene, which is represented by
flysch series of layers of the Palacogene complex.

2.2 Hydrogeological conditions

From the hydrogeological point of view, there are no signifi-
cant groundwater flows into the tunnel driven from the western
portal. Water penetrating to the tunnel solely depends on the
amount of precipitation on the surface.

Adverse hydrogeological conditions exist in the area of the
eastern portal. Confined groundwater is accumulated in landsli-
de sediments. It negatively influences the engineering geological
properties of ground. The situation is partially improved by the
already completed exploratory gallery, which is situated in the
location of the northern tunnel tube, thus fulfilling the function
of drainage and evacuating water in a gravity way toward the
WTP, where it is continually pumped out. The portal wall of the
already completed construction pit failed at the beginning of the

Obr. 3 Vrtno-trhacie prdce
Fig. 3 Drill-and-blast operations




Obr. 4 Mechanické profilovanie tunelbagrom
Fig. 4 Mechanical contour profiling using a tunnel excavator

stavebnej jamy. Projektant navrhol doplnit’ vybudovany odvodnovaci
systém dal§fmi horizontdlnymi, odvodfiovacimi vrtmi do masivu juZne
od juznej tunelovej riry v zavodnenych zdénach (6 ks Sikmych odvod-
novacich vrtov).

3 PROJEKTOVE RIESENIE TUNELA

Tunel je razeny metédou NRTM so zabezpecenim dvoma vrstvami
osteni — primdrne ostenie zo strieckaného beténu a sekunddrne ostenie
70 Zelezobetonu. Medzi primarnym a sekunddrnym ostenim je vytvo-
rend medzilahld hydroizolacnd vrstva tvorend geotextiliou a hy-
droizola¢nou féliou.

Razenie tunela sa vykondva z oboch portdlov, zo zdpadného
dovrchnym spdsobom a z vychodného portalu tpadne. Razenie tune-
la je navrhnuté s horizontdlnym ¢lenenim vyrubu na kalotu, stupen
a dno, resp. protiklenbu. Vylomové préce sa realizuji podla typu hor-
ninového prostredia mechanickym rozpojovanim horniny pomocou
tunelbagra alebo vrtno-trhacimi pracami.

Objekt tunela je zlozeny z dvoch tunelovych rur, ktoré si prepoje-
né 6smimi prieCnymi prepojeniami. Z toho su tri prejazdné a pat pri-
echodnych chodieb.

3.1 Primarne ostenie tunela

V prvej faze je budované primdrne ostenie tunela a prie¢nych pre-
pojeni. V projektovej dokumentacii pre zhotovitela stavby je na raze-
nie cestného tunela navrhnutych 16 typov vystrojovacich tried a na
uvod razenia z portdlu vystrojovacia trieda VT 7MP. Oproti tendrovej
dokumenticii bola doplnend vystrojovacia trieda VT4/1, VT4/2 na
razenie v najlepsich geotechnickych podmienkach: v zlepencoch,
pieskovcoch a vdpencoch. Pre portdlovi oblast’ vychodného portélu,
na zaciatky razenia a do poruchovych z6n boli navrhnuté vystrojova-
cie triedy VT8/1, VT8/2 a VT8 MP. Na razenie prepojovacich chodi-
eb je navrhnutych pit vystrojovacich tried.

Na opitovné vytvorenie stability horninového masivu, ktory je
poruseny razenim su pouzivané tieto prvky:

e striekany beton — trieda C 25/30, s ndrastom pevnosti v oblasti J2;

e KARI vystuzné siete ocelové zvdrané 6x6/150x150, 8x8

/150x150 a 8x8 /100x100 mm, trieda ocele vystuznych sieti je B
500 B;

e priechradové ocelové obliky st navrhnuté pre primdrne ostenie
kaloty a stupna;
horninové kotvy, svorniky, ihly a mikropiloty:
hydraulicky upinaci svornik HUS 3 m, 4 m — 150 kN;

— SN kotevnd ty¢ — 28 mm dizka 3,4,6 m - 250 kN, B500B;
samozdvrtné IBO kotvy R32 a dizka 4,6,8 m—280kN;
samozavrtné ihly 4 m — R32,9 m — R51;

24. rocnik - €. 3/2015

excavation of the southern tunnel tube. The designer proposed
that the existing drainage system be supplemented by additional
horizontal drainage holes bored to the massif south of the sout-
hern tunnel tube in the water-bearing zones (6 inclined drainage
boreholes).

3 TUNNEL DESIGN SOLUTION

The tunnel is being driven using the NATM, with the excava-
tion support consisting of two lining layers — the primary lining
from shotcrete and the secondary lining from reinforced concre-
te. The intermediate waterproofing layer between the two liners
is formed by geotextile and a plastic waterproofing membrane.

The tunnel is driven from both portals; uphill from the western
portal and downhill from the eastern portal. The so-called “hori-
zontal” excavation sequence design consists of the top heading,
bench and bottom, respectively invert. The excavation operati-
ons are organised depending on the type of the ground environ-
ment, either by mechanical disintegration by means of a tunnel
excavator or using the drill-and-blast technique.

The tunnel consists of two tunnel tubes interconnected by eight
cross passages. Three of them are passable for vehicles and five
are passable for pedestrians.

3.1 Primary tunnel lining
At the first stage, the primary lining of the tunnel and cross
passages are carried out. In the final design, 16 excavation sup-
port classes are proposed for the excavation of the road tunnel
whilst the VT 7MP class is designed for the beginning of the
excavation from the portal. In comparison to the tender docu-
ments, excavation support classes VT4/1 and VT4/2 were added
for the excavation in the best geotechnical conditions, i.e.
through conglomerates, sandstone and limestone. Excavation
support classes VT8/1, VT8/2 and VT8MP were proposed for the
portal area of the eastern portal, the excavation beginnings and
the fault zones. Five excavation support classes are designed for
the excavation of cross passages.
The following elements are used for restoring the ground mass
stability disturbed by the excavation:
e shotcrete — C 25/30 grade, with the strength gain on the J2
curve;
¢ KARI reinforcing welded mesh 6x6 /150x150, 8x8
/150x150 and 8x8/100x100 mm, steel grade B 500 B;
o steel reinforcement arches are designed for the top heading
and bench primary lining;

Obr. 5 Razenie severnej tunelovej riiry s prieskumnou §téliiou v profile
tunela

Fig. 5 Excavation of the northern tunnel tube containing the exploratory
gallery within the tunnel profile
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Tab. 1 Tabulka vystrojovacich tried pre jednotlivé ¢asti profilu podla TP 06-1/2005 e ground anchors, rock bolts, spiles and micropiles:

Tale 1 Excavation support classes for individual parts of the cross-section according to — hydraulically expanded rock bolts 3m and 4m
TP 06-1/2005 specifications long — 150kN;

— fully grouted SN anchors — @#28mm, the length

vystrojovacia trieda kalota stupen dno
excavation support class top heading bench bottom of 3, 4 ar.‘d 6m — 250kN, B500B;
— self-drilling IBO anchors R32; 4, 6 and 8m long
VT 5/1 5/1,40 5/1,51 1/1 — 280kN;
VT 5/2 5/2,89 5/2,20 2/4 — self-drilling spiles 4m long — R32, 9m long — R51
— glassfibre reinforced plastic anchors @28mm,
VT 6/1 6/4,85 6/359 5/4 %m Tong, FL24/10 IS%kN;
VT 6/2 6/6,62 6/4,54 5/4 — steel spiles - @28mm, 4m long;
VT 6/3 6/8,54 6/4,80 5/4 — self-drilling spiles 4m and 9m long;
VT 6/4 6/10,41 6 /5,46 5/4 — canopy tube pre-support from grouted steel tubes
VT 6/5 6/11,70 6/5,46 5/4 9] ll4/t6.3, 1t8m 1ong;th - .
— cement grout — strength o a, cemen .
VT 71 7/1246 716,77 6/4 R £
VT 712 7/14,83 7/12,35 6/4
VT 7/3 7/11,88 716,27 6/4 The tunnel cross-section is divided horizontally into
VT 5/1 —=NZ 5/2,63 5/1,36 4/4 top heading, bench and bottom, respectively invert.
VT 6/1 - NZ 6/3,95 6/2,94 5/4 Individual excavation support classes for the top hea-
ding, bench and bottom, respectively invert, are desig-
= 6/529 6/3,16 5/4 ned on the basis of the interpretation of the survey,
VT 6/3 - NZ 6/7,04 6/337 5/4 where geotechnical sections G1 through to G3 were
VT 6/4 - NZ 6/8,66 6/4,32 5/4 determined; class GO was determined for the portal
VT 7-=NZ 7/14,40 7/6,03 6/4 area. If necessary, the excavation procedures can be

adapted to the changing conditions, which fact depends
on actual engineering geological and geotechnical con-
ditions directly at the excavation face.

3.2 Geotechnical monitoring during tunnel excavation

sklolaminatové kotvy @28/ mm diikyS m, FL.24/10 — 150 kN;
ihly — ocelové @28} mm, dlzka 4 m;
— ihly samozdvrtné dlzky 4 a 9 m;

— ochranny dézdnik z injektovanych ocefovych riir; Geotechnical monitoring proceeds during the course of the
@114/6 3, dizka 18 m; tunnel excavation. The following monitoring activities are per-
— cementovd zdlievka pevnost’ 25 MPa, cement R32,5 alebo AM 25, | formed during the tunnel excavation:
* Western portal and eastern portal:
Profil tunela je horizontdlne deleny na kalotu, stupen a dno, resp. — measurement of deformations of portal slopes — 3D mea-
spodnt klenbu. Jednotlivé triedy vyrubu pre kalotu, stupen a dno, surement of deformations;
resp. spodnd klenbu st navrhnuté na zdklade interpreticie vysledkov — measurement of stress in anchors;
prieskumu, kde boli vyclenené geotechnické tseky Gl az G3, pre — automatic surveying system on the eastern portal face;
portalovi oblast'GO. V pripade potreby sa mozZu postupy razenia pris- — supervision of warning states (value A, the eastern portal);
posobit' meniacim sa podmienkam, ¢o zdleZ{ na skutoénych inZinier- — inclinometer measurements — observation of sub-surface
skogeologickych a geotechnickych pomerov priamo na Celbe. displacements;
3.2 Geotechnicky monitoring po¢as razenia tunela — inclinometer deformation measurements — observation of

sub-surface displacements; the borehole is concurrently

Polas razenia tunela prebieha geotechnicky monitoring. Cinnosti o o
measured by means of an inclinometer probe and a sliding

monitorovania, ktoré si vykondvané pocas razenia tunela, su tieto:
e Zapadny portal a vychodny portal:

— meranie deformécif portdlovych svahov — 3D meranie defor-
macif;

— meranie napétia v kotvach;

— automaticky geodeticky monitoring ¢ela vychodného portdlu;

— kontrola varovnych stavov (hodnota A, vychodny portal);

— inklinometrické merania — sledovanie podpovrchovych posunov;

— inklino-deformetrické merania — sledovanie podpovrchovych
posunov, vrt je sticasne merany pomocou inklinometrickej
sondy a posuvného deformetra;

— geodetické merania inklinometrov a inklinodeformetrov — pre
sledovanie polohovych zmien.

Severna a juzna tunelova rira:

konvergencné merania;

— extenzometrické meranie;

— meranie napétia na kontakte hornina — primarne ostenie;

— meranie napitia v primdrnom ostent;

— meranie odtoku zo $tdlne — meranie vydatnosti vytokov vod

Obr. 6 Vitanie mikropilotového ddzdnika v severnej tunelovej riire (vychod-

z prieskumne;j Stolne; ny portdl)
— odber vzoriek vod zo $tdlne, recipientu a fyzikalno-chemické Fig. 6 Drilling for the micropile umbrella (canopy tube pre-support) in the
rozbory; northern tunnel tube (the eastern portal)
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Obr. 7 Vzorovy priecny rez razeného tunela
Fig. 7 Typical cross section through the mined tunnel

— inzinierskogeologické sledovanie razenia, vratane hydromoni-
toringu, systematickej kontroly a dozoru v priebehu razenia.

Rozmiestnenie a pocet meracich profilov a bodov je navrhnuty
podla predpokladanych inZinierskogeologickych pomerov.

Na zéklade vysledkov geotechnického monitoringu (GTM) sa pri-
marne ostenie optimalizuje, prehodnocuje sa pouzitie jednotlivych
vystrojovacich tried a v pripade potreby sa vykondvaji opatrenia na
zvysenie bezpeCnosti pocas razenia tunela. K distribucii dat je vyuZzi-
vany systém BARAB s on-line pristupom, kde sa zhromazdujd ddta
tak z ru¢nych merani, ako aj automaticky nameranych. Automatické
meranie sa vyuZiva hlavne pri sledovani pohybov na portdlovych
jamdach. Vyhodnotené vysledky GTM sa prezentuji na pravidelnych
geotechnickych poraddch. O délezitych opatreniach a zmendch
v razeni rozhoduje Rada monitoringu (RAMO).

3.3 Sekundame ostenie tunela

Sekundédrne ostenie tunela je navrhnuté Zelezobeténové z beténu
C30/37-XF4, XC3 (do vzduialenosti 150 m od portdlov) a C25/30-
XF2, XC3 (vnutorny usek tunela) s hribkou ostenia 0,3 m beténova-
ného do posuvného debnenia. Dizka blokov je navrhnutd 12,5 m pre
bezny profil tunela a aj pre profil jednostranného zalivu.

Ostenie je vystuZené ocelovymi sietami, pritovou vystuZou
a pomocnymi priehradovymi nosnikmi na realizdciu vystuze jednotli-
vych blokov sekundarneho ostenia. Pouzita ocel je triedy B 500 B na
vSetku vystuz sekunddrneho ostenia. Minimdlne krytie vystuze zo
strany vnutra tunela je 50 mm.

Sekunddrne ostenie tunela je mozné realizovat’az po ustdleni kon-
vergencii primdrneho ostenia v zmysle TKP 26 Tunely.

3.4 Hydroizolacia tunela

Systém ostenia tunelovej rury je navrhnuty ako sendvi¢ova konst-
rukcia pozostdvajica z primdrneho a sekunddrneho ostenia. Medzi

deformation meter;
— survey measurements by inclinometers and inclinodefor-
meters — for the observation of positional changes.
Northern and southern tunnel tubes:

convergence measurement;

extensometer measurement;

measurement of stress on the ground - primary lining con-
tact;

measurement of stress in primary lining;

measurement of water discharge from the gallery — mea-
surement of the yield of water outflow from the explora-
tory gallery;

collection of water samples from the gallery and the reci-
pient and physical-chemical analyses;

engineering geological monitoring of the excavation, inc-
lusive of hydromonitoring, systematic checking and
supervision during the excavation.

The locations and the number of measurement stations and
points is designed according to the anticipated engineering geo-
logical conditions.

The results of the geotechnical monitoring (GTM) are used as
a basis for optimising the primary support, reassessing the appli-
cation of individual excavation support classes and, if necessary,
implementing the measures designed to improve the safety
during the tunnel excavation. The BARAB system, in which data
is gathered both from hand and automatic measurements is used
on-line for the data distribution. Automatic measurements are
used first and foremost for the monitoring of movements at por-
tal pits. The assessed GTM results are presented in regular geo-
technical meetings. Decisions on important measures and chan-
ges in the excavation are made by the Monitoring Board.
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Obr. 8 Zaistbvanie celby IBO kotvami
Fig. 8 Supporting the excavation face with IBO anchors

tieto dve ostenia je vloZend drendZna a izolacnd vrstva pozostdvajica
z geotextilie min. gramaZe 900 g/m? a plosnej hydroizoldcie hribky
min. 2 mm.

Tunel je navrhnuty s ddZdnikovou izol4ciou. Spodnd klenba nie je
zaizolovand. Hydroizoldcia, resp. jej drendZna vrstva, odvadza horni-
novu vodu do postrannej drendze DN 200 mm. Z Cistiacich vyklenkov
je drendZna voda zvedend do kanalizatného zberaCa nachddzajiceho
sa v favom jazdnom pruhu.

3.5 Chodniky, kabelovody a zvodidia v tuneli

Na vedenie napdjacich a ovlddacich kablov k technologickému
vybaveniu tunela je vytvoreny kablovy zlab pod chodnikom. Samotny
chodnik sa vytvori poloZenim prefabrikovanych Zelezobeténovych
dosiek diiky Imyv pozdiinom smere. Dosky budu uloZené jednak na
prefabrikovanych obrubnikoch, resp. Strbinovych Zlaboch a ozube
v sekundarnom osteni tunela. Navrchu sa tieto dosky zaleju liatym
asfaltom v hribke 2 cm.

4 ZAVER

V projekte pre doddvatela stavby bola tendrova projektova doku-
mentdcia doplnend a rozpracovand. Pri spracovdvani dokumentacie sa
prihliadalo aj na technologické moZnosti doddvatela stavby.
V niektorych pripadoch bolo potrebné prepracovat technolégiu vystav-
by a zmenit'technické Specifikdcie stavby stanovené v tendrovom pro-
jekte. Realizdciou v predpokladanom termine uvedenia tunela do pre-
vadzky v prvom $tvrtroku roku 2018 sa stane tunel Ov¢iarsko sucastou
dopravného uzla na dialnici D1 a podstatne prispeje k zlepSeniu doprav-
nej situdcie nielen Ziliny, ale hlavne tranzitnej doprave v tejto oblasti.

Ing. JOZEF BARTOS, jozef.bartos@doprastav.sk,
Ing. MARTIN CVOLIGA, martin.cvoliga@doprastav.sk,
Doprastav, a. s.

Recenzovali: Ing. Jan Korejcik, Ing. Robert Zwilling
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3.3 Secondary tunnel lining

The secondary tunnel lining is designed as a 0.3m thick reinforced
concrete structure from C30/37-XF4, XC3 concrete (up to the
distance of 150m from portals) and C25/30-XF2, XC3 concrete (in
the internal tunnel section). Concrete is to be cast behind a movable
formwork. The length of the expansion blocks of 12.5m is designed
for both the common tunnel profile and the profile of the one-sided
lay-by.

The lining is reinforced with steel mesh, bar reinforcement and
auxiliary lattice girders used for the realisation of the reinforcement
of individual blocks of the secondary lining. BS00B-grade steel is
used for all reinforcement of the secondary lining. The installation of
the secondary lining is possible only after the primary lining conver-
gences stabilise in the meaning of the TKP 26 Tunnels technical spe-
cifications.

3.4 Tunnel waterproofing

The tunnel tube lining system is designed as a sandwich structure
consisting of a primary lining and secondary lining. A drainage and
waterproofing layer consisting of min. 900g/m? geotextile min. and
min. 2mm thick waterproofing membrane is inserted between the
two liners.

The umbrella-type waterproofing system is designed for the tun-
nel. The invert is not provided with waterproofing. The waterproo-
fing or, better put, its drainage layer, evacuates groundwater to the
DN 200mm side drainage system. Drainage water is directed from
cleaning niches to a collector sewer located under the left-hand traf-
fic lane.

3.5 Walkways, cableways and crash barriers inside the tunnel

A cable trough is created under the walkway for leading power
supply cables and control cables to the tunnel equipment. The walk-
way itself will be created by placing 1m long pre-cast reinforced
concrete slabs longitudinally. The slabs will be placed on pre-cast
kerbs, respectively slotted drainage troughs, and a dent in the tunnel
secondary lining. A 2cm thick layer of asphalt will be poured on
these slabs.

4 CONCLUSION

The tender documents were supplemented and elaborated in the
final design for the contractor. When the documentation was being
carried out, even the technical capacities of the contractor were taken
into consideration. It was necessary in some cases to rework the con-
struction technology and change technical specifications defined in
the design for tendering. After the completion of the works in the
assumed term in the first quarter of 2018, the Ov¢iarisko tunnel will
become part of the traffic junction on the D1 motorway and will sig-
nificantly contribute to the improvement of the traffic situation not
only of Zilina but, first of all, the transit transport in this area.

Ing. JOZEF BARTOS, jozef.bartos@doprastav.sk,
Ing. MARTIN CVOLIGA, martin.cvoliga@doprastav.sk,
Doprastav, a. s.
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TUNEL ZILINA - PROJEKTOVANIE, VYSTAVBA
A GEOTECHNICKY MONITORING

ZILINA TUNNEL - DESIGN, CONSTRUCTION
AND GEOTECHNICAL MONITORING

MARTIN VALKO, MICHAL FUCIK, ANDREJ KORBA, ROBERT ZWILLING,
OTA JANDEJSEK

ABSTRAKT

Prispevok opisuje stavbu tunela Zilina, ktory je suicastou vystavby dialnice D1 Hricovské Podhradie — Lietavskd Licka. Tunel
Zilina je navrhnuty v kategérii 2T 8,0/100 v celkovej dizke tunelovych rir 1371 m (severnd riira 684 m, juind rira 687 m).
Sticastou tunela su dve priechodné priecne prepojenia, sliZiace ako chrdnené vinikové cesty. V tunelovych rirach sa uvazuje s jed-
nosmernou premdvkou. V pripade uzatvorenia jednej tunelovej riry bude ndhradnd doprava vedend po existujiicej obchddzkovej
komunikdcii v pévodnej trase cesty 1/18. Tunel Zilina je tunelom I. kategérie podla TP 11/2011 ProtipoZiarna bezpecnost cestnych
tunelov s povolenim prepravy nebezpecnych veci. V jednotlivych castiach prispevku sii opisané zdkladné vseobecné informdcie o
tuneli Zilina, jeho projekéné rieSenie, geotechnicky monitoring, technoldgia a postup vystavby vzhladom na ndrocné geologické
podmienky. Prdve zastihnuté geologické podmienky si vyZaduji operativny pristup zhotovitela, projektanta, geoléga a geotechni-
ka k optimdlnemu rieSeniu primdrneho ostenia a zniZenia rozvolnovania horninového masivu.

ABSTRACT

The paper describes the construction of the Zilina tunnel, which is part of the development of the DI Hricovské Podhradie —
Lietavskd Liicka motorway project. The 2T 8,0/100 category is designed for the Zilina tunnel with the aggregated length of 1371m
(northern tube 684m, southern tube 687m. Two cross passages serving as protected escape routes are parts of the tunnel.
Unidirectional traffic is planned for the tunnel tubes. In the case of closing one of the tunnel tubes, the transport replacement will
be led along the existing diversion route along the original I/18 road. The Zilina tunnel is rated as category I according to TP
11/2011 Fire Safety in Road Tunnels specification, where transport of dangerous load is permitted. Basic general information on
the Zilina tunnel, its design solution, geotechnical monitoring, construction technology and procedures with respect to complica-
ted geological conditions is contained in individual parts of the paper. The geological conditions require the operative approach
of the project owner, contractor, designer, geologist and geotechnician to the optimum solution for the primary lining and the

reduction of the ground mass loosening.

UvoD

Dialnica D1 v tseku Hri¢ovské Podhradie — Lietavska Lucka je
si¢astou dialnice D1 hranica CR/SR a hranica SR/UR. Tito je
sticastou medzindrodného tahu E-50 (PariZ — Norimberg — Praha —
Brno — Tren¢in — Zilina — Koice — Uzhorod). Z hladiska vniitro-
Statneho vyznamu je stucastou vnutrostatnej dialni¢nej siete, ktord
spolu s vymedzenymi tahmi z vybranej siete bude tvorit’ zakladni
kostru na tizemi SR.

Predmetny dsek dialhice sa nachddza na tzemi velkého tzemné-
ho celku Zilinského samospravneho kraja, v okrese Zilina.
V stcasnosti sa cely dopravny objem cestnej premavky
v predmetnom dopravnom tseku realizuje po ceste 1/18 a 1/64 pri-
C¢om cesta I/18 v tomto useku uz teraz patri k najzataZenejSim
dopravnym tepndm Slovenska vedend intravilinom obce Dolny
Hri¢ov a mestom Zilina.

Utelom stavby je prepojit’ tisek Vrtizer — Hri¢ovské Podhradie
a dialnicu D3 s vychodnymi okresmi Zilinského kraja a vychodnym
Slovenskom. Vybudovanim tohto dseku, ako i celého dialhicného
tahu D1 sa skvalitnia podmienky pre medzinarodni a vnitrostatnu
dopravu, vytvori sa kvalitnejSie dopravné spojenie do vSetkych
kidtov Slovenska a prispeje k vytvoreniu lepSich Zivotnych podmie-
nok pre Dolny Hri¢ov a hlavne Zilinu. DéleZitou a naro¢nou Eastou
tohto tseku je aj tunel Zilina.

ZAKLADNE UDAJE

Navrhovany tunel Zilina (obr. 1) je kategorie 2T — 8 podla STN
73 7507 s jednosmernou premdvkou. Dlzkovo je kategorizovany

INTRODUCTION

The D1 motorway in the Hricovské Podhradie — Lietavska Licka
section is part of the D1 motorway between the Slovak border with
the Czech Republic and the border between the Slovak Republic and
the Ukrainian Republic. It is part of the international route E-50 (Paris
— Nuremberg — Prague — Brno — Trenéin — Zilina — Kogice — Uzh-
horod). From the domestic importance point of view, it is part of the
domestic motorway network, which, together with specified routes
from the selected network, will form the basic skeleton in the Slovak
Republic.

The motorway section in question is located in the area of the large
territorial unit of the autonomous region of Zilina, in the district of
Zilina. Currently the whole volume of road traffic in the particular
transport section is realised along the 1/18 and 1/64 roads, with the I/18
road until now belonging among the most trafficked transport tho-
roughways in Slovakia, running through the urban area of the muni-
cipality of Dolny Hri¢ov and the town of Zilina.

The purpose of the project is to interconnect the Vrtizer — Hricovské
Podhradie section and the D3 motorway with eastern districts of the
region of Zilina and eastern Slovakia. By developing this section as
well as the entire D1 motorway route, the conditions for international
and domestic transport will be improved, higher quality transport con-
nection will be created to all corners of Slovakia and better living con-
ditions for Dolny Hricov and, in the first place, the town of Zilina will
be contributed to. The Zilina tunnel is an important and difficult part
of this section.
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Obr. 1 Iv’édorys tunela Zilina
Fig. 1 Zilina tunnel layout

tunel podla normy STN 73 7507 stredne dlhy. Navrhova rychlost’bola
oproti zaddvacej dokumentdcii upravend podla poziadaviek objedna-
vatela na 99,6 km/h. Smerové vedenie v tunelovych rirach bolo upra-
vené prispdsobenim a vloZenim novych polomerov a dpravou priec-
neho sklonu z hodnoty 4 % na hodnotu 4,96 %. Pri navrhu bolo prih-
liadané na zabery a na nadviznosti na iné Casti stavieb.

Stcastou tunela st dve priechodné priecne prepojenia, sliZiace
ako chrdnené tinikové cesty. Geometria prieCnych prepojeni je dand
priechodnym prierezom v zmysle [STN 73 7507].

Uzemie pred portalmi, ako aj v trase tunela ma charakter polno-
hospodérskej pody, lesov a lik. Nad tunelom ani v blizkosti porta-
lov sa nenachadza Ziadna povrchové zastavba.

Stavebnikom a zdroven budticim sprdvcom tunela je Narodnd
dialni¢nd spolocnost;, a. s. Bratislava (NDS a. s.).

Zhotovitelom stavby D1 Hri¢ovské Podhradie — Lietavska Licka
je ,,Zdruzenie Ovciarsko* s vediicim ¢lenom Doprastav, a. s. a clenmi
Vihostav — SK, a. s., Strabag s. r. 0. a Metrostav a. s.

Priamym zhotovitefom tunela Zilina je spolo¢nost Doprastav,
a. s. Bratislava a Metrostav a. s. Praha.

Stavebny dozor je vykondvany pracovnikmi NDS a. s.

GEOLOGICKE A GEOTECHNICKE POMERY

Geologicka skiadba masivu, tektonické pomery
a svahové pohyby

Horninovy masiv je budovany paleogénnym stvrstvim ilovcov
a pieskovcov, s prevahou flovcov v celom hodnotenom dseku. Od
vychodného portdlu (VP) je prekryty formdciou kvartérnych
pokryvnych tdtvarov reprezentovanych terasovym a deluvidlnym
komplexom. Kvartérny terasovy komplex je zastipeny terasovymi
flmi a Strkmi s polohami piesku.

Medzi najvyznamnejSie geodynamické procesy, ktoré si vyvinu-
té v koridore tunela Zilina patria svahové pohyby, zvetrdvanie, er6-
zia a objemové zmeny. Zastipenie zosuvného deldvia je vyvinuté
v okoli zdpadného portélu, ktoré v§ak nezasahuje bezprostredne do
portdlovej Casti tunela, ale v jeho vychodnej okrajovej Casti bude
realizovany zdrez. Zvetrdvanie velmi vyrazne degradovalo polos-
kalné horniny paleogénneho komplexu na zeminy. Z6na zvetrania
zasahuje do hibky az viac ako 10 m od povrchu paleogénneho pod-
loZia. VyraznejSie vplyvy zvetrdvanie si najméd v masivoch poru-
Senych tektonikou, resp. so zastipenim ilovcov s vyraznym obsa-
hom nestabilnych flovych minerdlov.

BASIC DATA

The Zilina tunnel being proposed (see Fig. 1) is of the 2T— § cate-
gory according to the STN 73 7507 standard, with unidirectional traf-
fic. As far as the length is concerned, the tunnel is categorised accor-
ding to STN 73 7507 standard as medium long. The design speed was
changed in comparison with the tender documents in compliance
with project owner’s requirements to 99.6km/h. The horizontal align-
ment in the tunnel tubes was changed by incorporating new radii and
modifying the lateral gradient from the value of 4% to the value of
4.96%. The use of land for construction and relations to other parts
of structures were taken into consideration when the design was
being prepared.

Two cross passages passable for pedestrians, serving as protected
rescue routes, are parts of the tunnel. The geometry of the cross pas-
sages is defined by the clearance profile in the meaning of [STN 73
7507] standard.

The area in front of the portals and along the tunnel route has the
character of farmland, forests and meadows. Existing buildings are
located neither above the tunnel nor in the vicinity of the portals.

The builder and at the same time the future tunnel administrator is
Nérodn4 dialni¢nd spolo¢nost), a. s. Bratislava (NDS a. s.).

The contractor for the D1 Hri¢ovské Podhradie — Lietavska Liicka
project is the ,,ZdruZenie Ovciarsko* consortium with Doprastav,
a.s. as the leader and Vdhostav — SK, a. s., Strabag s. r. 0. and
Metrostav a. s. as members.

The direct contractor for the Zilina tunnel construction is
Doprastav, a. s. Bratislava together with Metrostav a. s. Praha.

Client’s supervision is carried out by employees of NDS a. s.

GEOLOGICKAL AND GEOTECHNICAL CONDITIONS

Geological structure of the massif, tectonic conditions
and slope movements

The ground massif is formed by series of Palacogene claystone and
sandstone strata with the prevalence of claystone throughout the
length of the section being assessed. From the eastern portal (EP) it is
overlain by a formation of Quaternary cover represented by a terrace
and deluvial complex. The Quaternary terrace complex is represented
by terrace clay and gravel with sandy interbeds.

Among the most important geodynamical processes developed in
the Zilina tunnel corridor, there are slope movements, weathering,
erosion and volumetric changes. A representation of the sliding-prone
deluvium is developed in the surroundings of the western portal, but




Hydrogeologické pomery

Hladina podzemnej vody je v celej trase tunela nad projektova-
nou niveletou a md mierny vztlakovy charakter. Hladina podzemne;j
vody v tzemi bola zistend v hibke 2.4 m aZ 19,2 m a ustdlila sa
v hibke 0,73 m a7 18 m. Terasy v oblasti zdpadného portalu su skry-
tym prestupom podzemnych vod do svahovych sedimentov
a sposobujui podmécanie a aktivizaciu zosuvu v km 33,580-33,668.
Toto podmaécanie je evidentné na tpiti svahu a vyrazné v zosuvnom
uzemi, kde okrem zamokrenia je moZné pozorovat’ pramene VO
svahu pod projektovanym portdlom.

Geotechnické hodnotenie a rozdelenie masivu
do geotechnickych typov

Oblast’ zapadného portédlu je poznacend blizkostou potencidlneho
prudového zosuvu, ktory je v sicasnosti stabilizovany, ale intenzivne
podmdcany. Zosuvny materidl predstavuje il so strednou aZ vysokou
plasticitou, s totdlnou nasytenostou a prevazne tuhou az tuho-mikkou
konzistenciou (F6/CI, F8/CH). Vysoké vztlaky a lokdlny vyskyt orga-
nickych l4tok si vyZiadaji sandciu predmetného tseku (predpoklada-
ny nasyp) formou realizdcie systému subhorizontdlnych odvodnova-
cich vrtov s nevyhnutnou vymenou a definitivnou tpravou podloZia
(Strkopieskové rebrd, resp. dprava kamennou rovnaninou). Podlozie
tvoria silne zvetrané az rozloZené flovce charakteru zemin, prevaZne
extrémne nizkej pevnosti R-6. V zéne zvetrania je zmeneny flovec
na il vysokej plasticity (F8/CH), tuhej aZ pevnej konzistencie. Na roz-
hrani kvartéru a podloznych hornin paleogénu — zvetranych {lovcov
je potrebné ocakdvat’ zvysené pritoky podzemnej vody.

Oblast’ vychodného portdlu md v profile razenia obdobné geo-
technické vlastnosti ako na zdpadnom portali, avSak vyskyt nesu-
drznych terasovych §trkov a pieskov v nadklenbovej &asti ihned od
zaCiatku razenia vytvara podmienky nestability stropu. Nepriaznivy
puklinovy systém po svahu na kontakte s paleogénnym podlozim
hrozi vydatnymi pritokmi vody.

Horninovy masiv v celej dizke bol rozdeleny na zakladné kvazi-
homogénne tseky s charakteristickymi geotechnickymi parametra-
mi —,,Geotechnické typy*: G1, G2 a G3.

Tektonicky poruSené flovce st vyrazne mylonitizované a maji
dlomky zvicSa 1-2 cm, ojedinele do 8 cm. Intenzivne poruSené
flovce sd prevrdsnené, s vyhladenymi plochami a milo vyraznou
tenkodoskovitou vrstevnatostou.

TECHNICKE RIESENIE A REALIZACIA

Technické rieSenie tunela je navrhnuté tak, aby zodpovedalo
poziadavke na Zivotnost' min. 100 rokov (sekunddrne ostenie tune-
la). TaktieZ je navrhnuté tak, aby tunelové rury a tnikové cesty
z hladiska bezpecnosti a riadenia prevadzky zodpovedali poziadav-
kam platnych predpisov. Cely tunel je projektovany na dialni¢nd
dopravu, s dvomi priechodnymi prepojeniami.

Pri navrhu razby tunela Zilina sa uvazovalo nasadenie dovrchného
razenia zo zdpadného portdlu (obr. 2), ktoré prebieha v sticasnej dobe.
Predpokladané zlozité geologické podmienky opisané v predchdd-
zajlcej Casti sa potvrdili uz pri realizécii samotného portalu. V mieste
realiz4cie uZ pred zacatim prac boli viditelné trhliny v teréne sposo-
bené zosuvnym pdsmom a intenzivne pramene a vytoky vody.
Projektant zvyraznil nutnost zrealizovania odvodnovacich vrtov dlzky
100 m uZ v rdmci pripravnych prac. Postupnd realizdcia prac pouka-
zuje, Ze v tejto geoldgii je voda sustredend v poCetnych poruchovych
zénach a tieto vrty posobia len lokdlne. Aj ked z jedného vrtu teGie
voda neustéle od jeho navitania, susedny vrt situovany cca o 2 m
vedla je suchy. Uvedend skuto¢nost’ sa prejavila aj pri vitani velko-
priemerovych pil6t, ked hned pri vitani prvej pilty bola narazend
vztlakové voda v hibke 8 m a v priebehu 15 mindt jej hladina sttipla
0 4 m. Susednd piléta vzdialend 2,5 m bola takmer bez vody.
Realizdcia portdlovej Casti zacala zaistenim terénu zrealizovanim
stien z vitanych velkopriemerovych pilét dlzky 10-16 m vo vrchnej
Casti zmonolitnenych spriahajicim vencom. Naroc¢nost’ geoldgie sa
opit'prejavila pri zemnych pracach ked uz pri odkopani 2 m terénu sa
prejavili pohyby pilotovych stien, ¢o sa prejavilo na dilatdciach
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it does not immediately extend to the tunnel portal part; nevertheless,
an open trench will be realised in its western periphery. The
Palacogene semi-rock complex was very significantly degraded to
soils by weathering. The weathering zone reaches the depth even over
10m under the surface of the Palacogene bed. More significant
impacts of weathering are mainly in tectonically disturbed massifs or
in massifs where claystone with a significant content of instable clay-
ey materials is present.
Hydrogeological conditions

The water table is above the designed vertical alignment throug-
hout the tunnel route and has a moderately uplifting character. The
water table in the area was identified at the depth ranging from
24m to 19.2m and settled at the depth ranging from 0.73m to
18m. Terraces in the area of the western portal act as the hidden
transmission of groundwater to slope sediments and cause wetting
and activation of a landslide at km 33.580-33.668. This wetting is
evident at the slope foot and is pronounced in the landslide area,
where it is possible to observe not only wetting but even springs
in the slope above the designed portal.

Geotechnical assessment and division
of the massif into geotechnical types

The area of the western portal is affected by the vicinity of
a potential flow landslide, which is currently stabilised, even if
intensely wetted. The landslide material comprises clay with
medium to high plasticity, total saturation and mostly stiff to stiff-
soft consistency (F6/CI, F8/CH). High buoyancy forces and the
local occurrence of organic matters call for the stabilisation of the
section in question (a planned embankment) by a system of sub-
horizontal boreholes and the unavoidable exchange and final
improvement of the sub-grade (gravel-sand ribs or hand-placed
rubble). The sub-base is formed by heavily weathered to decom-
posed claystone with the character of soil and mostly extremely
low strength R-6. In the weathering zone, the claystone is altered
to high-plasticity clay (F8/CH) with stiff to hard consistency. At
the interface between the Quaternary and the decomposed under-
lying Palaeogene rock — weathered claystone, it is necessary to
expect increased rates of groundwater inflows.

The geotechnical properties of the area of the eastern portal are
similar to those at the western portal, but the incoherent terrace
gravels and sands occurring just from the beginning of the exca-
vation create conditions for the roof instability. The unfavourable
down-the-slope fissure system on the contact with the Palacogene
sub-bed threatens with abundant water inflows.

The ground massif is divided throughout its length into basic
quasi-homogeneous sections with characteristic geotechnical
parameters — ,,Geotechnical types“: G1, G2 and G3.

The tectonically disturbed claystone is markedly mylonitised
and contains shards, mostly 1-2cm, sporadically up to 8cm. The
intensely disturbed claystone is re-folded, slickensided and little
distinct, thinly tabular bedding.

TECHNICAL SOLUTION AND REALISATION

The technical solution to the tunnel is designed to correspond to
the requirement for the minimum life length of 100 years (the
secondary tunnel lining). In addition, the design for the tunnel
tubes and escape routes ensures that they will comply with requi-
rements of applicable regulations regarding the safety and traffic
control. The whole tunnel is designed for motorway traffic and
contains two Cross passages.

When the Zilina tunnel was being designed, it was assumed that
the tunnel would be driven uphill from the western portal (see Fig.
2), which is currently underway. The anticipated complicated geo-
logical conditions described in the previous part were confirmed
as early as during the realisation of the portal itself. Cracks in the
terrain surface, which are caused by the landside zone and intense
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Obr. 2 Pohlad na zdpadny portdl
Fig. 2 A view of the western portal

spriahajicich vencov. Osvedcila sa tizka spolupraca zhotovitela, pro-
jektanta a stavebného dozora, ked v kratkej dobe bolo nutné navrhn-
ut, odsthlasit’ a zrealizovat’ dodato¢né zmonolitnenie spriahajicich
vencov. Postupnym zniZovanim terénu a kotvenim pilétovych stien
pomocou lanovych kotiev a kotevnych prahov, za neustdleho merania
a pozorovania pohybov stien aj okolitého terénu bol zrealizovany
zdpadny portdl aZ do Grovne razenia, v ktorej vzhladom na geoldgiu
bola zrealizovand spevnend plocha z vrstvy hutnenej Strkodrvy
a beténovej plochy spevnenej KARI sietou. Pred samotnym zacatim
razenia sa vykonali potrebné opatrenia — ochranny mikropilétovy
dazdnik 114/6.3 dlzky 20 m s razenim v dizke 15 m na juZnej tunelo-
vej rire a korytnacka v dizke 12,5 m na severnej tunelovej rire ako
stcast’ objektu 441-00 — zapadny portal. Po prejdeni tohto tseku raze-
nie pokraCovalo pod ochranou jedného radu samozédvrtnych ihiel
dlzky 9 m. Dalej razenie pokratovala vo vystrojovacej triede VT 7.2
a v sicasnosti vo VT 7.5. Na vychodnom portdli bude potrebné pred
zarazenim vybudovat'ochranny ddzdnik 114/6,3 dlzky 20 m s razenim
v dizke 15 m. Postupy a Clenenie razenia st zndzornené v schémach
razenia. Budovanie tunela sa realizuje cyklickym spdsobom razenia
s horizontdlnym ¢lenenim vyrubu na kalotu, stupen a dno, resp. spod-
nu klenbu. Pricom s ohladom na predpokladané inZinierskogeologic-
ké pomery sa uvazuje primdrne s rozpojovanim hornin a s razenim
pomocou tunelbagra.

Pri razeni v oboch portdlovych oblastiach je potrebné ¢o najskor
uzatvorit' ostenie (dokon¢it’spodnt klenbu), aby sa predislo velkym
deformdcidm nadloZia.

Postup razenia tunela

Razenie prebieha dovrchnym spdsobom od zdpadného portalu.
Minimdlna vzdialenost Celieb severnej a juznej tunelovej riry je
stanovend projektantom na trojndsobok profilu tunela, tj. 40 m.

Profil tunela je horizontalne deleny na kalotu, stupen a dno, resp.
spodnd klenbu. Kazdd z tychto Casti sa vyrazi samostatne. Hned po
vyrazeni kazdej jednotlivej Casti zdberu sa musi osadit’ vystroj pri-
mérneho ostenia podla navrhnutej triedy vyrubu. Celba po vyrube
sa nesmie nechat'nevystrojend. Dodato¢ne s dostato¢nym odstupom
od Celby sa budu razit' budice Cistiace vyklenky, zdruzené vyklen-
ky a zdrodky priecnych prepojeni. Minimdlna vzdialenost’ na ich
razenie je od uzavretého ostenia tunela 25 m. Deformdcie ostenia
musia byt ustdlené. Medzi jednotlivymi cyklami, ktoré musia byt’
vzdy kompletne ukoncené, sa mozu vykonat  doplfiujice Cinnosti,
ako predlzenle elektrickej energie, tlakovej vody a vzduchu, venti-
lacie, odvodnovacich rigolov, rampy pre transport ribaniny a i. Dno
sa vybuduje podla vykresovej dokumentdcie pre prislusnd triedu
razenia. Spodnd klenba zo striekaného beténu a ocelovych vystuz-
nych sieti musi byt chrdnena pred poskodenim dostato¢nou vrstvou
vhodného zdsypového materidlu. Ako docasny zdsypovy materidl
moZe byt pouzity aj vhodny vyrubovy materidl. V sucasnosti
vzhladom na zastihnutd geoldgiu prebieha razenie tunela vo VT

TuHel

water outflows, were visible in the location of the realisation even
before the commencement of the works. The designer put stress
on the necessity of realising 100m long drainage boreholes alrea-
dy in the phase of enabling works. The gradual realisation of the
works proves that water in this geology is concentrated in nume-
rous fault zones and these boreholes are effective only locally. It
is possible that even if water flows from one borehole continu-
ously from the borehole completion, a neighbouring borehole ca
2m apart is dry. This reality manifested itself even when holes for
large-diameter piles were being bored, where water buoyancy was
encountered at the depth of 8m and the water table rose by 15m
during 15 minutes. The neighbouring pile at the distance of 2.5m
was virtually without water. The work on the portal part commen-
ced by stabilising the terrain by large-profile bored piles 10—16m
long, which were tied together at the top by a capping piece. The
demanding character of the geology again manifested itself during
earthmoving operations when movements of the pile walls appea-
red already when the terrain had been excavated to the depth of
2m. It became visible on expansion joints in the capping pieces.
Close cooperation among the contractor, designer and client’s
supervision acquitted itself when it was necessary in a short time
to design, have approved and realised supplementary making the
capping beams tying the pies together fully continuous. The wes-
tern portal was carried out up to the level of the tunnel excavation
by gradual lowering of the terrain and anchoring the pile walls by
cable anchors and walers, under continual measurements and
observation of movements of the walls and the terrain in the vici-
nity. With respect to the geology, a hard surfaced area was reali-
sed at this level consisting of a layer of compacted crushed gravel
and a concrete layer reinforced with KARI welded mesh. The fol-
lowing necessary measures were implemented prior to the com-
mencement of the tunnel excavation: protective 20m long canopy
pre-support consisting of 114/6.3mm tubes for the excavation sec-
tion length of 15m, applied to the southern tunnel tube, and the
“tortoise shell” along the length of 12.5m applied to the northern
tunnel tube as parts of the construction object 441-00 — Western
Portal. After the completion of this section excavation, the work
continued under the protection of one tier of 9m long self-drilling
spiles. Then the excavation continued through ESC 7.2 excavati-
on support class ground and it currently proceeds through ESC 7.5
class ground. It will be necessary at the eastern portal to build
canopy tube pre-support formed by 20m long, 114/6.3mm tubes
for a 15m long excavation section prior to the opening of the tun-
nel excavation. The excavation procedures and the excavation
sequence are presented in the excavation charts. The tunnel exca-
vation is realised using a cyclical system, with the excavation
sequence consisting of top heading, bench and bottom, respecti-
vely invert (the so-called “horizontal excavation sequence”). With
respect to the anticipated engineering geological conditions,
a tunnel excavator is planned for the primary disintegration of
ground and excavation of the tunnel.

It is necessary during the course of tunnelling in both portal
areas to close the lining block (to complete the invert) as quickly
as possible so that large deformations of the overhead are pre-
vented.

Tunnel excavation procedure

The tunnel is being driven uphill from the western portal. The
minimum distance between the headings in both the northern and
southern tunnel tube is determined by the designer as three times
the tunnel profile, i.e. 40m.

The tunnel profile is horizontally divided into top heading,
bench and bottom, respectively invert. Each of these parts is
excavated separately. The primary support corresponding to the
excavation support class specified by the design has to be instal-
led immediately after the completion of the excavation of each
particular part of the cross-section. The heading must not be left
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striekany beton kalota ds = 0,30 m
top heading shotcrete 0.30m thick
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Obr. 3 Vzorovy priecny rez primdrneho ostenia
Fig. 3 Typical cross section through the primary lining

7.5, ktord bola dodato¢ne navrhnutd projektantom a zahftia kombi-
ndciu vystrojovacich prvkov opisanych v dal3ej casti. Ide o razenie
v postupnych krokoch, pricom dlzka jedného zédberu je stanovena
na 0,8—1 m. Vzdy pred zacatim razenia dalSieho cyklu je potrebné
zabezpecit nadloZie tunela, o prebieha pomocou injektovanych
samozdavrtnych IBO kotiev & 51 dlzky 9 m, umiestnenych
v kazdom druhom zdbere tj. cca kaZzdé 2 m. Potom je moZné odta-
Zit horninu na prvy zédber dlzky I m. Samotné odtazovanie je
vzhladom na nesudrznost horniny a vyrazné pritoky vody potreb-
né realizovat’ ¢iastocnym vyrubom Celby s okamzitym stabilizova-
nim striekanym beténom. Po odtaZeni a zastabilizovan{ celej Celby
kaloty prebieha osadenie vystuZe a vystuznych oblikovych ocelo-
vych nosnikov a ich zastabilizovanie striekanym beténom, zreali-
zovanie radidlnych samozavrtnych kotiev & 32 mm. Nasledne je
mozné zrealizovat’ dal§i 1m postup, z ktorého je opiitovne vitany
ddzdnik zo samozdvrtnych IBO kotiev. Zaistenie stability Celby
v stcasnosti prebieha pomocou 60 ks kotiev dlzky 16 m prekotvo-
vanych kazdych 8 m. Vitanie Celbovych kotiev je realizované
pomocou Spirdlového vrtdka so stcasnou stabilizdciou stien vrtu
proti zavalovaniu cementovym vyplachom. Do vyvitaného otvoru
vyplneného injektdZnou cementovou zmesou je osadend sklolami-
natovd kotva dlzky 16 m. Nasledne je otvor zaslepeny a do-
injektovany. Uvedeny spOsob zaistovania Celby je naro¢ny na rea-
lizdciu vzhladom na pouZitd technoldgiu a nutnost dalSieho stroj-
ného vybavenia, a aj ¢asovi ndro¢nost’ na jej zrealizovanie, ale
zatial' sa v uvedenej geoldgii prejavuje ako ucinny.
Triedy razenia a vystrojenie primarneho ostenia

Pri cyklickom razeni sa horninovy masiv zatriedil podla TP 06-
1/2006 do vystrojovacich tried. Tento technicky predpis zaddva
sposob urcenia ako aj zatriedenia a tried razenia do prehladnej mati-
ce. Pre samotné urcenie ¢isla triedy vyrubu platia dve samostatné
kritéria, ktoré su charakteristické prvym a druhym urCujicim C&fs-
lom. Prvé urcujice &islo zohladnuje dizku zdberu (vyrubu)
a horizontdlne delenie razeného profilu. Druhé urcujice ¢islo je pri-
amo zdvislé na mnozstve a druhu vystroja primdrneho ostenia.
Profil tunela je horizontdlne deleny na kalotu, stupen a dno, resp.
spodnu klenbu. Jednotlivé triedy vyrubu pre kalotu, stupen a dno,

unsupported when the excavation round is finished. Drainage cle-
aning recesses, combined recesses and germs of cross passages
will be excavated subsequently. The minimum distance for their
excavation is 25m behind the last closed lining block (ring).
Lining deformations have to be stabilised. Supplementary activi-
ties, such as extending power lines, pressure water and air lines
and ventilation ducts, ventilation, drainage ditches, the ramp for
transport of muck etc., can be performed between individual
excavation cycles, which have always to be completed. The bot-
tom will be carried out in accordance with the design documen-
tation for the respective excavation support class. The invert from
shotcrete and welded mesh has to be protected against damage by
a sufficiently thick layer of suitable backfill material. Suitable
muck can also be used for temporary backfilling. At the moment,
with respect to the encountered geology, ECC 7.5 is applied to
the tunnel excavation. This class was additionally proposed by
the designer; it comprises a combination of support elements
described in the next chapter. It is a sequence of steps with the
excavation round length set at 0.8—1m. Stabilising the tunnel
overburden with 9.0m long, S1mm-diameter self-drilling IBO
anchors is necessary prior to starting the next excavation cycle.
The anchors are installed in every other round, i.e. every 2m.
Only then is it possible to excavate ground in the first 1m long
excavation round. With respect to the rock incoherence and sig-
nificant water inflows, the excavation face must be divided into
two parts and the excavated opening must be immediately stabi-
lised with shotcrete. After the muck from the whole top heading
is removed and the face is stabilised, shotcrete reinforcement
and reinforcing lattice girders are installed and stabilised with
shotcrete and radial self-drilling IBO anchors @ 32mm.
Currently, the excavation face is supported with 60 GRP anchors
16m long installed every 8m. Holes for the anchors are drilled
into the excavation face by means spiral borers with concurrent
stabilisation of borehole walls against collapsing by cement
flush. Glassfibre reinforced plastic anchor 16m long are inserted
into boreholes filled with cement injection grout. The hole is
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resp. spodnt klenbu. V pripade potreby sa mézu prispdsobit menia-
cim sa podmienkam. Lubovolnd kombindcia tried razenia je mozn4,
zdleZi na skuto¢nych inZinierskogeologickych a geotechnickych
pomeroch priamo na ¢elbe. Pred kaZzdym zdberom sa priamo na stav-
be po dohode medzi stavebnym dozorom investora a stavbyvedicim
z dodévatelskej firmy urci trieda vyrubu.

Tabulka 1 Prehlad vystrojovacich tried podla TP 06-1/2006

vystrojovacia kalota stupen dno
trieda

VT 5 5/4,42 5/3,44 4/4
VT 6/1 6/737 6/10,14 5/4
VT 6/2 6/7,94 6/10,14 5/4
VT 711 7/15,30 7/13,:25 6/4
VT 7/2 7/17,61 7/13,25 6/4
VT 7/3 7/16,84 7/13,63 6/4
VT 7/4 7/16,84 7/13,64 6/4
VT 7 MP 7/14,36 7/13,25 6/4

Prvky vystrojenia primarneho ostenia

Zaistenie vyrubu a jeho vystrojenie (obr. 3) st prostriedky na
zabezpecenie stability vyrubu a na vytvorenie odporu zataZeniu
horninovym tlakom priamo na hrane vyrubu.

Striekany betén na primdrne ostenie je Standardne navrhnuty trie-
dy C25/30-X0-CI11,0-Dmax8 J2. Z ddvodu castych nepriaznivych
geologickych podmienok a pritokov vody je potrebné v takychto use-
koch pouzivat'beton z hladiska ndrastu pevnosti v triede J3. Z dévodu
hribky primdrneho ostenia (podla konkrétnej vystrojovacej triedy)
25-35 cm je potrebné betén nandSat’ v dvoch vrstvdch. Ocelova
vystuz striekaného betdnu je navrhnutd zo zvdranych ocelovych sieti
8x8/150x150 mm ocele triedy B500B. Siete st ulozené v jednej alebo
dvoch vrstvach vzdy podla prislusnej vystrojovacej triedy. K pritom
sieti sa v radidlnom smere pripeviuje pridavnd pritovd vystuz
& 10 mm z betondrskej ocele B5S00B, podla prislusnej vystrojovacej
triedy. Pre primdrne ostenie kaloty, stupna a dna sd navrhnuté obld-
kové ocelové nosniky z ocele triedy BSOOB podla prislusnej vystro-
jovacej triedy. Nosniky v dne nemaju statickd funkciu, ale si pouZi-
vané z dovodu dodrzania tvaru protiklenby. V kalote st nosniky osa-
dené v kazdom zdbere, v stupni v kazdom druhom zdbere kaloty
a v dne v kazdom Stvrtom zédbere kaloty. Na bezny profil tunela je pre
vystrojovacie triedy navrhnuté systematické kotvenie horninovymi
kotvami podla prislusnych geologickych podmienok a vystrojovacich
tried. V miestach s mierne tektonicky narusenou skalnou horninou si
navrhnuté maltované kotvy dlzky 4 m. Vzhladom na v sticasnej

e e =
Obr. 4 Realizdcia IBO ddZdnika
Fig. 4 Realisation of the IBO anchor canopy pre-support
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subsequently blinded and grouting is completed. It is true that the
above-mentioned method of stabilising the excavation face is
demanding as far as the realisation is concerned, with respect to
the technology used and the necessity of additional mechanical
equipment, but also the time intensity of its realisation, but for the
time being it seems to be effective in the particular geology.

Excavation classes and primary support

The ground mass was categorised during the cyclical excavati-
on into excavation support classes according to TP 06-1/2006 spe-
cifications. This technological regulation presents the method of
the determination and categorisation into classes in a synoptic
matrix. Two independent criteria apply to the determination of the
excavation support class number itself. They are characterised by
the first and second determining number. The first determining
number takes the excavation round length and the horizontal divi-
sion of the profile into consideration. The second determining
number is directly dependent on the amount and type of the pri-
mary lining support. The tunnel profile is divided horizontally into
top heading, bench and bottom, respectively invert. Individual
excavation classes for the top heading, bench and bottom, respec-
tively invert. If necessary, they can be adapted to changing condi-
tions. Any combination of the excavation classes is possible. It
depends on actual geological and geotechnical conditions existing
directly at the excavation face. The excavation support class is
determined before each excavation round directly on site, after the
client’s supervision and contractor’s site agent come to agreement.

Tab. 1 Overview of ESCs according to TP 06-1/2006

excavation support  top heading bench bottom
class

ESC5 5/4.42 5/3.44 4/4
ESC 6/1 6/7.37 6/10.14 5/4
ESC 6/2 6/7.94 6/10.14 5/4
ESC 71 7/15.30 7/13.25 6/4
ESC 7/2 7117.61 7/13.25 6/4
ESC 7/3 7/16.84 7/13.63 6/4
ESC 7/4 7/16.84 7/13.64 6/4
ESC 7 EC 7/14.36 7/13.25 6/4

* EC - extraordinary conditions

Primary support elements

The excavation stabilisation and support (see Fig. 3) are means
of the stabilisation of the excavation and creation of resistance
against the ground pressure immediately at the excavation edge.

Primary lining shotcrete grade C25/30-X0-CI1,0-Dmax8 J2 is
designed as a standard. In the frequently unfavourable geological
and water inflow conditions, concrete has to be designed with the
early strength gain on J3 curve. Because of the primary lining
thickness of 25 — 30cm (depending on the excavation support
class), shotcrete has to be applied in two layers. Steel reinforce-
ment of shotcrete is designed to consist of 8x8 /150x150 mm wel-
ded mesh, steel grade BSOOB. Mesh is placed in one or two lay-
ers, always depending on the excavation support class.
Supplementary reinforcing rods & 10mm from steel grade B500B
are fixed to the mesh in the radial direction (depending on the
excavation support class). Lattice girders from steel grade BSO0B
are designed (depending on the excavation support class) for the
top heading, bench and bottom primary lining. The girders at the
bottom have no structural function; they are used because of main-
taining the invert geometry. In the top heading, the girders are




Obr. 5 Pohlud na masivne zakotvenie celby
Fig. 5 A view of the massive anchoring of the excavation face

dobe zastihnuti geoldgiu si pouZivané samozdvrtné kotvy
@& 32 mm dlzky 4 az 8 m. Na zabezpecCenie Celby je vyuzivand pred-
hanana vystuz osadend v korune kaloty pred samotnym vyrubom
dalsieho zdberu. Pre cyklické razenie tunela je navrhnutd predhdiia-
nd vystroj tvorend ocelovymi ihlami alebo samozavrtnymi ihlami
@ 32 mm dizky 4 m alebo @ 51 mm dizky 9 m. V terajsich geolo-
gickych podmienkach st vyuZzivané samozdvrtné ihly & 51 mm
dlzky 9 m (obr. 4), ktoré si vitané v kazdom druhom zabere kaloty.
V pripade nestabilnych geologickych podmienok je navrhnuté kot-
venie Cela vyrubu pomocou zvizku pritov z betondrskej ocele
B500B 3x & 16 mm alebo 2x & 20 mm. Nakolko v stcasne zastih-
nutej geoldgii nie je mozné uvedeny ndvrh vyuzit, je realizované
zabezpelenie pomocou samozdvrtnych kotiev & 32 mm
a maltovanych sklolamindtovych kotiev dlzky podla zastihnutej
geoldgie 8 az 16 m (obr. 5). Na zainjektovanie kotiev a zlepSenie
horninového prostredia st pouZivane injektdzne malty z cementu
alebo Specidlne injektdZne malty.

Po zrealizovani primdrneho ostenia a dosiahnut{ maximdlnych
rychlosti narastu deformécie je mozné pokracovat’ v profilacii pri-
mdrneho ostenia tunela, budovania hydroizola¢ného systému
a realizdcie sekunddrneho ostenia tunela.

MONITORING

Vzhladom na ndro¢nost predpovede geotechnického spravania je pri
vystavbe stavebnych jam ako aj tunelovych rir pouZitd pozorovacia
metdda vystavby. Na jej pouZitie je nevyhnutné vykondvanie geotech-
nického monitoringu (GTM). Geotechnicky monitoring je nepostrada-
telnou sicastou NRTM, ktord je observacnou metédou vystavby tune-
lov. Metdda spo€iva v priebeznom sledovani priebehu vystavby, ked
spdsob razenia a zabezpeCenia vyrubu, resp. hlbenie portdlovych jam
sa upravuji na zdklade skuto¢ného spravania sa interakcie horninovy
masiv — primdrne ostenie, resp. konStrukcie zaistenia svahov.

Geotechnicky monitoring zahfna inStaldciu meracich miest,
vykondvanie meranf a sledovani, zber nameranych dat a poznatkov,
ich vyhodnotenie a nasledny rozhodovaci proces vychddzajici
z definicie varovnych stavov a opatreni v rovine technickej, tech-
nologickej a bezpecnostnej. Na tcely zberu nameranych hodnét,
ich centrdlnu evidenciu, archivaciu a na pripravu podkladov na
vyhodnocovanie a tvorbu vystupnych dat, bola zriadena kanceldria
geomonitoringu. Vsetky namerané data s ukladané do informac-
ného databdazového systému BARAB, ku ktorému majd pristup
zdstupcovia jednotlivych ucastnikov vystavby.

Analyza geotechnickych rizik je zdkladom ndvrhu programu
monitoringu. Rizikd v etape vystavby tunelovych rir a portdlovych
objektov mdzu byt predpokladané na zaklade prognézy geologicko-
tektonickej stavby masivu, hydrogeologickych pomerov, mineralo-
gicko-litologického zlozenia hornin a progndzy geotechnickych
pomerov z vykonanych geologickych prieskumov. Masiv je na
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installed in each excavation round, while in the bench they are in
every other excavation round and in the bottom in every fourth
round, joining the respective girders from the top heading.
Systematic anchoring using rock bolts is designed with the quan-
tity per running meter depending on the respective geological
conditions and excavation support classes. Grouted anchors 4m
long are designed for locations with the rock mass moderately
tectonically disturbed. Self-drilling anchors & 32mm, 4 to 8m
long are used. Pre-support installed in the top heading crown
prior to the excavation of the next round is used for stabilising
the excavation face. Pre-support formed by steel spiles or self-
drilling spiles @ 32mm, 4m long or & 51mm, 9m long are used
for the cyclical excavation. Self-drilling spiles & 51mm, 9m
long are used in the current geological conditions (see Fig. 4).
They are installed in every other round of the top heading exca-
vation with respect to the current geological conditions. In the
case of instable geological conditions, bundles of B500B steel
reinforcement bars 3x & 16mm or 2x & 20mm are designed for
anchoring the excavation face instable geological conditions.
Since this design cannot be applied in the geology, the support is
carried out using self-drilling anchors & 32mm and grouted
glassfibre reinforced plastic anchors with the lengths ranging
from 8m to 16m, depending on the geology encountered (see
Fig. 5). Cementitious injection grouts or special injection grouts
are used for grouting the anchors and improving the ground
environment.

When the primary lining is completed and the maximum defor-
mation growth rate is reached, it is possible to continue in profi-
ling the tunnel primary lining, installing the waterproofing system
and realising the secondary tunnel lining.

MONITORING

With respect to the demanding character of forecasting geologi-
cal behaviour, an observational method of construction is applied
to the execution of construction pits and tunnel tubes.
Geotechnical monitoring (GTM) is necessary for the application.
Geotechnical monitoring is an indispensable part of the NATM,
which is a tunnel construction observational method. This method
lies in the continual monitoring of the construction process, with
modifying the excavation procedure and excavation support of the
tunnel, respectively excavation of portal pits, on the basis of the
actual behaviour of the ground mass—primary lining, respectively
the slope stabilisation structure, interaction.

Geotechnical monitoring comprises the installation of measure-
ment points, execution of measurements and monitoring, collecti-
on of measured data and findings, their assessment and the subse-
quent decision-making process based on the definition of warning
states and measures in the fields of technique, technology and
safety. A geomonitoring office was established for the purposes of
the collection of measured values, central recording and filing and
the preparation of source documents for assessing and developing
output data. All measured data is stored in the BARAB informati-
on database system, which is accessible for representatives of
individual parties to the construction.

The analysis of geotechnical risks is the basis for the monitoring
programme design. Risks in the stage of constructing tunnel tubes
and portal structures can be assumed on the basis of a prognosis
of the geological-tectonic structure of the massif, hydrogeological
conditions, mineralogical-lithological composition of rock mass
and a prognosis of geotechnical conditions based on completed
geological surveys. The massif is divided on the basis of the crite-
ria into quasi-homogeneous blocks with specified geotechnical
sections.
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prejazdny prierez
clearance profile

boény priestor pre DZ
sidewall space for traffic signalling

tlakové potrubie pre pozarnu vodu
pressure fire main

filtratny Strk
filtration gravel

=

drendz medzilahlej izolacie,

DN 200 SN 8

intermediate waterproofing layer drainage,
DN 200 SN 8

spodnd klenba C25/30-XA1
invert C25/30-XA1

primarne ostenie / primary lining

geotextilia 900 g/m2 / 900 g/m? geotextile

plosnd izolcia z PE alebo PVC 2 mm
PE or PVC 2mm thick waterproofing membrane

vnitorné ostenie beton STN 206-1 C30/37-XF4, XC3 (SK)
| inner lining concrete STN 206-1 C30/37-XF4, XC3 (SK)

liaty asfalt MA4, hr. 20 mm
poured asphalt MA4, 20mm thick

pref. zakrytova doska hr. 120 mm, C30/37
pre-cast cover slab 120mm thick, C30/37

technologickd Cast
technological part

cementobetdnova dvojvrstvova vozovka s podkladnymi vrstvami
concrete double-layer roadway with sub-base layers

Obr. 6 Vzorovy priecny rez sekunddrneho ostenia
Fig. 6 Typical cross section through the secondary lining

zdklade kritérif roz¢leneny na kvdzi homogénne dseky s vyclene-
nymi geotechnickymi dsekmi.
Program geotechnického monitoringu je navrhnuty z tychto
dovodov:
¢ kontrola stability svahov stavebnych jam;
* kontrola stability portdlovych objektov;
e kontrola stability vyrubu;
¢ kontrola namahania prvkov ostenia;
¢ zaistenie bezpecnosti pracovnikov a mechanizmov;
e rozpoznanie ekonomickych rezerv (hospoddrnost vystavby);
e stanovenie geometrickych tolerancii na zdklade sledovania
deformadcii vyrubu.
Program geotechnického monitoringu pozostdva z:
¢ geotechnickej dokumentacie;
* meracieho programu,
e interpretdcie merani a rozhodovania vyplyvajiceho z posu-
denia varovnych stavov.

ZAVER

Priebeh pric zrealizovanych v Case pisania Cldnku potvrdzuje
a dokonca aj zvySuje obavy z predpokladanych nepriaznivych geologic-
kych podmienok, ktoré sa uz pri navrhovani tunela javili ako narocné.

Doterajs$i postup prdc v zastihnutej geoldgii a na zdklade geo-
technickych meranf si vyZzaduje operativny pristup zhotovitela, pro-
jektanta, geoldga a geotechnika k dspesnému a bezpecnému postu-
pu pric.
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The geotechnical monitoring programme is proposed for the
following reasons:

¢ checking on the stability of slopes of construction pits;

¢ checking on the stability of portal structures;

 checking on the stability of excavated openings;

¢ checking on stresses in the tunnel excavation support ele-
ments;

e ensuring safety of workers and mechanical equipment;

¢ identifying economic reserves (construction economy);

e setting geometrical tolerances on the basis of monitoring the
excavation deformations.

The geotechnical monitoring program consists of:

¢ geotechnical documentation;

e programme of measurement;

e the interpretation of measurements and making decisions fol-
lowing from the assessment of warning states.

CONCLUSION

The course of the work completed until the moment of writing
this paper confirms and even increases the fears of anticipated
unfavourable geological conditions, which appeared to be compli-
cated already when the tunnel design was being worked on.

The current progress of the works in the geology encountered
and the results of geotechnical measurements require the operati-
ve approach of the contractor, designer, geologist and geotechni-
cian, if the works are to be successful and safe.
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VYSTAVBA TUNELOV NA SLOVENSKU KLASICKYMI METODAMI

DEVELOPMENT OF TUNNELS IN SLOVAKIA USING CLASSICAL
CONSTRUCTION METHODS

FRANTISEK KLEPSATEL, JANA CHABRONOVA

ABSTRAKT

Tento prispevok sa zamerd na vystavbu dopravnych tunelov, ktoré boli postavené do roku 1966, resp. 1970, ked'sa skoncila jedna etapa
vystavby klasickych tunelov na Slovensku. Tdto etapa vystavby tunelov je rozdelend do troch obdobi, ktoré vyplynuli z historického hla-
diska: obdobie Rakiisko-Uhorska, obdobie prvej Ceskoslovenskej republiky a obdobie druhej svetovej vojny a po jej skonceni az do roku
1960, resp. 1970. Vicsinou sa stavali Zeleznicné tunely, pretoZe vyvoj automobilizmu zacal neskor. Cestné tunely boli v tomto obdobi na
Slovensku vybudované len dva a dalSie dva zostdvajii len ako technickd pamiatka.

ABSTRACT

This paper focuses on the development of the transport tunnels that were built before 1966, or 1970, when one stage of the construc-
tion of classical tunnels in Slovakia ended. This stage is divided into three periods following from the historical perspective: the Austro-
Hungarian period, the First Czechoslovak Republic period and the period of World War Il and after its end, until 1960, or 1970 res-
pectively. Railway tunnels were built most frequently because of the fact that the development of motoring commenced later. There were

only two road tunnels built in Slovakia during this period and other two remain as technical monuments.

1. UVOD

Uz v staroveku v Eurépe vznikali obchodné cesty severo-juz-
ného smeru, spdjajice Stredozemné a Baltické more. V smere
na sever ich vyuZivali najmé na dopravu pazirika, zbrani, jem-
nych latok a neskdr na dopravu bronzovych vyrobkov, opacne
zas na koZuSiny, vlnu a jantdr. Jantdrovd cesta smerovala cez
tdzemie Slovenska. Tieto cesty mali charakter presekaného usli-
apaného chodnika. Na tychto obchodnych trasdch postupne
vyrastali mestd, ktoré z obchodu bohatli. Skuto¢né cesty so
spevnenym povrchom budovali na svojom tzemi len Rimania,
a to hlavne zo strategickych dévodov, na presun svojich 1égii.
Za vlady cisdra Augusta v 1. storo¢i pred naSim letopoctom
bolo vybudovanych 16 cestnych tunelov, z ktorych najdlhsi bol
Grotta di Posillipo s dizkou 770 m. Vsetky tunely boli razené
v mikkych vulkanickych hornindch.

Rozpadom Rimskej riSe vystavba tunelov zanikla. Zacali sa
postupne budovat po viac ako 1000 rokoch az zaciatkom novo-
veku. V tomto obdobf{ sa na prepravu ndkladu vyuzivala hlavne
lodnd doprava. Na Slovensku sa najviac vyuzivali rieky Dunaj
a Vah, v menSom rozsahu aj Kysuca, Orava, Hron, Sland, Ipel,
Hornad, Nitra, Tisa a iné.

Nastupom priemyselnej revolicie tento stav sa stal neudrZa-
telny. Bohaté Staty najmid Francizsko, Nemecko, Belgicko
a Velka Britania zacali svoje ,,vodné cesty* vylepSovat’ prepo-
jovanim splavnych riek plavebnymi kandlmi. Na ich trasich sa
uz od poslednej tretiny 17. storoCia zacali budovat plavebné
tunely, z ktorych najvyznamnejsie mali dizku a7 niekolko kilo-
metrov. Prvy vyznamny prieplavny tunel bol tunel Du Malpas
s dizkou 157 m a $irkou 6,7-8,2 m, ktory bol sucastou priepla-
vu Canal du Midi. Prieplav Canal du Midi bol vybudovany vo
Francuizsku v rokoch 1666—1681 Pierreom Riquetom spéjajuci
Atlantik a Stredozemné more. Vystavbou tohto tunela zacala
éra klasickych tunelov.

Na Slovensku v tom Case nebol zaujem o vyraznejSie zlepso-
vanie vodnych ciest. UZ zaciatkom 19. storocia existovalo na
Slovensku cca 1000 km poStovych, obchodnych a tzv. obycaj-
nych ciest, z ktorych neceld tretina mala upraveny povrch.
Najdlh$ia trasa viedla z Viedne cez Bratislavu, Sered,

1. INTRODUCTION

The process of developing north-south heading trade routes
connecting the Mediterranean Sea with the Baltic Sea existed
already in the Antiquity. In the direction towards the north they
were used mostly for the transport of flint, arms, fine fabrics
and, later, for the transport of bronze wares, whilst furs, wool
and amber were transported in the opposite direction. The so-
called Amber Transport Route led across the Slovakian territo-
ry. These routes had the character of trampled walkways.
Towns enlarging their wealth from the trade gradually grew on
these routes. Real hard-surfaced roads were built only by
Romans in their territories, mainly for strategic reasons, to
allow for the movement of their legions. Sixteen road tunnels
were built during the reign of the Emperor Augustus in the 1st
century BC, with the 770m long Grotta di Possilipo tunnel
being the longest of them. All of the tunnels were driven
through soft volcanic rock.

The process of building tunnels ceased as a result of the
disintegration of the Roman Empire. Building tunnels gradual-
ly started after over 1000 years, at the beginning of the modern
era. In this period, loads were transported mainly by ships. In
Slovakia, the Danube and the Vih were the most frequently
used rivers; the Kysuca, Orava, Hron, Sland, Ipel, Hornad,
Nitra, Tisa and other rivers were used to a smaller extent.

This state became unsustainable with the onset of the indu-
strial revolution. Rich states, such as France, Germany,
Belgium and Great Britain, started to improve their waterways
by interconnecting navigable rivers by shipping canals. As
early as the last third of the 17th century, they started to deve-
lop navigational tunnels on their routes, the most important of
which were up to several kilometres long. The first important
tunnel passable for ships was the 157m long and 6.7-8.2m
wide Du Malpas tunnel, which was part of the Canal du Midi.
The Canal du Midi was developed in France during the period
between 1666—1681 by Pierre Riquet to connect the Atlantic
Ocean with the Mediterranean Sea. The era of classical tunne-
Is commenced by the development of this tunnel.

At that time, no interest was devoted to more significant
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Obr. 1 a) Stanica konskej Zeleznice v Bratislave b) vozeri konskej Zeleznice
Fig. 1 a) Horse railway station in Bratislava, b) horse railway carriage

Budapest, Debrecin do Sibiu vtedajSieho Sedmohradska.
Lokalne sa zacinala vo viacerych eurépskych krajinach pouZzi-
vat’,.,konska“ Zeleznica, kde najprv na drevenych, neskdr na lia-
tinovych kolajniciach dopravovali cestujicich v uzavretych
voznoch. Napriek inovédcidm v poStovej doprave vystavbu ciest
v Uhorsku napokon predstihla vystavba Zeleznic. Od roku 1846
na Slovensku takito Zeleznicu prevddzkovala Bratislavsko —
Trnavska Zelezni¢na spolocnost’ na trati z Bratislavy cez Jur,
Pezinok a Trnavu do Serede (obr. 1). Koniec konskej Zeleznice
nastal v 60. rokoch 19. storocia.

NajstarSi doposial pouZivany cestny tunel v Eurépe dlhy
131 m je pod hradnym vrchom Monchberg v Salzburgu. Bol
razeny v rokoch 1765 az 1774 v tvrdych jemnozrnnych pies-
kovcoch.

Len madlo nezainteresovanych ludi vie, Ze na Slovensku
v Kremnickych vrchoch je pravdepodobne najstar$i tunel
strednej Eurépy — Gorgelyho (Gorgeiho) tunel, ktory vSak
nevyhovuje poziadavkdm na moderné cestné tunely. Je situo-
vany v hrebenovej Casti Kremnickych vrchov v nadmorskej
vyske asi 1150 m, nedaleko turisticko-lyZiarského strediska
Skalka, na starej banickej ceste. T4to cesta sa pouzivala hlavne
na prepravu farebnych kovov (med a striebro) zo Spanej doliny
do Kremnice. Tunel slizil aj na prechod pitnikov z Turca
a horného Ponitria do putnickej lokality Staré hory. Tunel pod-
chadza v dlzke cca 20 m skalnaty hreben v terénnej depresii poz-
diz poruchovej zény v zvetranych andezitoch. Bol vyrazeny
v 16. storo¢i v ¢ase najvicsieho rozvoja tazby v obdobi posob-
nosti Thurzovsko — Fuggerovskych taZiarov (obr. 2). Vyrub bol
zabezpeceny len vydrevou, ktord ¢asom dosliZila, a tak doSlo
k zavalu pri zdpadnom portdli v dizke 7 m. Na tunel sa zabud-
lo. Rozmery svetlého prierezu vyhovovali len na dopravu
ndkladnych povozov.

Vela historickych osobnosti preslo tymto tunelom, napr. cisar-
sky general Schlick z Banskej Bystrice do Bojnic 20. novembra
1703, buddci rakudsko-uhorski cisari Jozef II. s bratom
Leopoldom pri ich ndvSteve v roku 1764. V janudri 1849 ustu-
povala cez tunel z Kremnice do Banskej Bystrice armada plu-
kovnika Aulicha pod vedenim generdla Artira Gorgeiho, po kto-
rom ziskal aj svoj ndzov. Pocas Slovenského narodného povsta-
nia v roku 1944 prevazali cez tunel zlaty poklad zo Stitnej min-
covne v Kremnici do Néarodnej banky v Banskej Bystrici. Od
roku 1955 bol tunel zasypany. Z iniciativy banskobystrickych
turistov bol tunel po roku 1996 vycisteny a zabezpeceny ocelo-
vymi korytkovymi oblikmi. VySka prierezu je premenlivd
v rozmedzi 2 az 4 m. V stcasnosti slizi uz len ako atrakcia a je
technickou pamiatkou.

improving waterways in Slovakia. Roughly 1000km of mail,
trade and so-called common roads existed in Slovakia as
early as the beginning of the 19th century; nearly one third of
them had a hard surface. The longest route led from Vienna
via Bratislava, Sered, Budapest and Debrecen to Sibiu in the
historical region of Transylvania. Horse railways, where pas-
sengers were transported in enclosed carriages, in the begin-
ning running on wooden rails and later on cast-iron rails,
started to be locally used in several European countries.
Despite innovations in mail transport, the development of
roads in Hungary was eventually overtaken by the develop-
ment of railways. Such a railway was operated in Slovakia
from 1848 by the Bratislava — Trnava railway company on
the track leading from Bratislava via Jur, Pezinok and Trnava
to Sered (see Fig. 1). The end of the horse railways took place
in the 1860s.

?_!1- ,‘\ L

Obr. 2 Gorgelyho tunel
Fig. 2 Gorgely tunnel
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Sk R . g The oldest road tunnel still used in Europe is the
U-.u:-r—-blﬂmi:l--fi' A L SO 131m long tunnel under the Ménchberg castle hill in
i : ' : Salzburg. It was driven through hard fine-grained
sandstone during the 1765-1774 period.

Only few uninvolved people know that the probab-
ly oldest tunnel in Central Europe, the Gorgely tunnel,
exists in Slovakia, in the Kremnica Mountains; unfor-
tunately, the tunnel does not meet requirements for
modern road tunnels. It is located in the crest part of
the Kremnica Mountains, at the altitude of about
1150m, near the Skalka tourist and skiing centre, on
an old mining road. This road was used mainly for the
transport of non-ferrous metals (copper and silver)
from gpania Dolina to Kremnica. The tunnel was in
addition used by pilgrims for passing from Turiec and
the upper part of the region of Nitra to the pilgrimage
Obr. 3 Schéma rakiiskej metddy locality of Stard Hora. The tunnel passes at the length
Fig. 3 Chart of the Austrian method of ca 20m under a hard rock crest in a terrain depres-
sion, along a fault zone, through weathered andesite.
It was driven in the 16th century, in the period of the
greatest development of mining, in the period of
Thurso — Fugger miners (see Fig. 2). The excavation
was supported only with timbering, which served its
time and, eventually, a 7m long section collapsed
at the western portal. The tunnel was forgotten. The
net profile dimensions were sufficient only for freight
carts.

Many historical figures passed through this tunnel,
for example imperial general Schlick passed from
Banskd Bystrica to Bojnice on the 20th November
1703 or the future Austro-Hungarian emperors Joseph
IT with his brother Leopold passed it during their visit
in 1764. In January 1849, the army of colonel Aulich
led by general Arthur Gorgey, after which the tunnel
obtained its name, retreated through the tunnel from
Kremnica to Banska Bystrica. During the Slovak
National Uprising in 1944, the golden treasure was
transported from the State Mint in Kremnica to the
National Bank in Banska Kremnica. In 1955, the

obr 1 a-hy-Tunel T, Masaryka (H, 3Eubna -Handova) , Dostropni
zdlom v netlakove Zasti s pouditim vijdtevy sprahy.

Obr. 4 Schéma dostropného zdlomu Bralského tunela
Fig. 4 Chart of the heading to top of arch in the Bralo tunnel

2. KLASICKE ZELEZNICNE PSRRI | 4
TUNELY NA SLOVENSKU D et
Prvy Zelezni¢ny tunel pre parnd
trakciu v Eurépe bol postaveny
v rokoch 1826 aZz 1832 pri meste
Leicester (Velka Britdnia) praktic-
ky stibeZne s vyrobou prvej parnej
lokomotivy Rockett vyndlezcu G.
Stephensona. V dalsom desatrodi
19. storocia sa v technicky vyspe-
Iych Stidtoch zacala intenzivna .
vystavba Zeleznic a tym aj Zelez- e : s i gL L S e
ni¢nych tunelov. : E ; =
Vseobecne sa za klasické, histo-
rické oznacuju tunely, pri vystavbe
ktorych sa na docasné zabezpece-
nie vyrubu pouzivala vydreva. Na
Slovensku mala monopolné posta-
venie z klasickych tunelovacich
metdd tzv. Moderna (modifikova-
nd) rakdska tunelovacia metdda A
(obr. 3) s jej modifikdciami, napr.  opy. 5 Schéma anglickej metédy
dostropnym zalomom, ktory bol  Fig.5 Chart of the English Method




24. rocnik - €. 3/2015

pokusne pouzity na Bralskom
tuneli v dsekoch s netlacivou hor-
ninou (obr. 4). Z dal$ich metéd,
nasadenych na vystavbu tunelov,
bola anglickd metdda pouzita len
na prvej rure Bratislavského tune-
la (obr. 5). Na Bujanovskom tune-
li sa tiez vyskusSala podchycova-
cia (belgickd) tunelovacia metéda
(obr. 6). Pri rakidskej metdde sa
vyrub prierezu tunela zacina
spodnou, tzv. smerovou §tdlnou,
z ktorej sa vyrub roz§iruje na plny
prierez po pracovnych pdsoch,
obvykle dizky 8 m. Touto §toliiou
sa vykonal podrobny geotechnic-
ky prieskum; dalej sa vyuZzivala
na dopravu, kontrolu smerového
vedenia a otvorenie viacerych
Celieb (obr. 8 az 10). Nakladanie

i Figes HinebacherTunael.

Provisorischer Aushau.
Bedgishes i,.llr.n_ + ]q:l

a odvoz rozpojenej horniny obvy-
kle prebiehal uzkorozchodnou
kolajovou dopravou. K realizacii
definitivneho zabezpecenia vyru-
bu (masivneho murovaného ostenia) sa pristupovalo azZ po
dokonceni vyrubu v jednom alebo viacerych pdsoch. Pri pod-
chycovacej metdde sa vykondvali vyrubové priace a ndsledne
murovanie klenby, ktord sa potom striedavo podchytdvala
s murovanim masivnych opdr.
PouZzivanie klasickych metéd bolo u nds ukoncené rokom
1960, aj ked dokoncovacie prace dvoch tunelov — RuZbagského
a Milavského — sa pretiahli az za tento termin. Do roku 1960 sa
na Slovensku postavilo 80 tunelov (z toho 7 dvojkolajnych)
celkovej diiky cca 47 km, z ktorych je uZz niekolko vyradenych
z prevadzky. Obdobie, v ktorom boli tieto tunely vybudované,
je mozné rozdelit' do troch ¢asovych dsekov:
1. Rakisko-uhorskd monarchia — roky 1848 az 1912 (vybu-
dovanych 21 tunelov, tab. 1),

2. prvé Ceskoslovenska republika, roky 1925 a7 1938 (vybu-
dovanych 29 tunelov, tab. 2),

3. roky 1939 az 1966, roky 2. svetovej vojny (Slovensky Stat)
a povojnové obdobie (postavenych 30 tunelov, tab. 3).

Od roku 1966 do 2010, ked sa zacala vystavba tunela
Turecky vrch, na Slovensku nebol vybudovany Ziadny Zelez-
ni¢ny tunel.

Tab. 1 Tunely, budované za Rakiisko-uhorskej monarchie
Table 1 Tunnels built under the Austro-Hungarian monarchy

Obr. 6 Schéma belgickej podchycovacej siistavy
Fig. 6 Chart of the Flying-arch (Belgian) system

tunnel was backfilled. It was cleared and stabilised with yiel-
dable TH arches after 1996, from the initiative of Banska
Bystrica tourists. The cross-section height is variable, ranging
from 2 to 4m. Currently it serves only as a draw and is listed
among technical monuments.

2. CLASSICAL RAILWAY TUNNELS IN SLOVAKIA

The first railway tunnel for steam traction in Europe was
built during the 1826 to 1832 period near the town of Leicester
(Great Britain), virtually concurrently with the manufacture of
the first steam locomotive. In the following decade of the 19th
century, the intense development of railways, thus also railway
tunnels, started in technically advanced states.

In general, classical historic tunnels are understood to be the
tunnels during the construction of which timbering was used
for the temporary support. The monopoly position among clas-
sical tunnelling methods in Slovakia was held by the so-called
Modified Austrian Tunnelling Method (see Fig. 3) with its
modifications, e.g. a system using the shaft-from-bottom sys-
tem, which was applied experimentally for the first time to the

tunel definiény usek dizka v m rok ukonéenia
tunnel definition section length in m year of completion
Marchegg - Bratislava: Uhorska centralna zeleznica — 2804 Devinska Nova Ves — Sn]rovo st. hr

Marchegg — Bratislava: Hungarian central railway — 2804 Devinska Nova Ves - Sturovo state border

Bratislavsky 1 (Lamacsky I) zst. Lamac — Zst. Bratislava hlavna 592,85 1848
Bratislava 1 (Lamac I) Lamac st. — Bratislava Main st. 592.85 1848
Bratislavsky 2 (Lamacsky II) zst. Lamac — Zst. Bratislava hlavna 595,8 1902
Bratislava 2 (Lamac Il) Lamac st. — Bratislava Main st. 595.8 1902
Kosicko — Bohuminska Zeleznica — Kosice - Zilina / Kosice — Bohumin railway — KoSice - Zilina

Stre¢niansky Il zst. Vratky — Zst. Varin 546 1871
Strecno Il Vratky st. — Varin st. 546 1871
Uhorska severna Zeleznica — 2902 Filakovo - Vritky / Hungarian Northern Railway - 2902 Filakovo - Vrutky

Piliansky vyh. Pila — vyh. Bzova 124,7 1871
Pila Pila sh. — Bzova sh. 124.7 1871
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tunel definiény usek dizka v m rok ukonéenia
tunnel definition section length in m year of completion
Pitelova zst. Hronska Dubrava — vyh. Stara Kremnicka 374,50 1872
Pitelova Hronska Dubrava st. — Stara Kremnicka sh. 374.50 1872
Velka Skalka zst. Hronska Ddbrava — vyh. Stara Kremnicka 213,20 1872
Velka Skalka Hronska Dubrava st. — Stara Kremnicka sh. 213.20 1872
Mala Skalka zst. Hronska Ddbrava — vyh. Stara Kremnicka 79,50 1872
Mala Skalka Hronska Dubrava st. — Stara Kremnicka sh. 79.50 1872
Skalicky zst. Hronska Dubrava — vyh. Stara Kremnicka 67,30 1872
Skalica Hronska Dubrava st. — Stara Kremnicka sh. 67.30 1872
Kecka vyh. Stara Kremnicka — zst. BartoSova Lehotka 338 1872
Kecka Stara Kremnicka sh. — BartoSova Lehotka st. 338 1872
BartoSka (Lehdtka) zst. BartoSova Lehotka — Zst. Kremnica 105,80 1872
Barto$ka (Lehotka) BartoSova Lehétka st. — Kremnica st. 105.80 1872
Hrenca | Zst. BartoSova Lehétka — zst. Kremnica 481,67 1872
Hrenca | BartoSova Lehotka st. — Kremnica st. 481.67 1872
Hrenca Il zst. BartoSova Lehdtka — Zst. Kremnica 128,93 1872
Hrenca Il BartoSova Lehotka st. — Kremnica st. 128.93 1872
Séhler (Séhlengrund) zst. Kremnica — zst. Kremnické bane 706,80 1872
Séhler (Séhlengrund) Kremnica st. — Kremnica Mines st. 706.80 1872
Kremnicky zst. Kremnica — Zst. Kremnické bane 120,70 1872
Kremnica Kremnica st. — Kremnica Mines st. 120.70 1872
Blaufuss zst. Kremnica — Zst. Kremnické bane 530,70 1872
Blaufuss Kremnica st. — Kremnica Mines st. 530.70 1872
Turéek Zst. Kremnické bane - zst. Horna Stubna 37,7 1872
TurCek Kremnica Mines st. — Horna Stubna st. 37.7 1872
prva Uhorsko — Hali¢ska zeleznica — 3211 Michalany - &t. hranica / the first Hungary — Hali¢ railway - 3211 Michalany - state border
Lupkovsky* vyh. Vydran Pobieda &t. hr. 234 1876
Lupkov* Vydran Pobieda sh. — state border 234 1876
miestna Zeleznica v udoli Oravy - 2611 Kralovany - Trstena / local railway in the Orava River valley - 2611 Kralovany - Trstena
Thurzovsky (Oravsky) zst. Kralovany — zst. Parnica 98 1898
Thurzo (Orava) Kralovany st. — Parnica st. 98 1898
Uhorska severozapadna miestna Zeleznica — 2711 Trnava - Kuty / Hungarian North-Western local railway — 2711 Trnava - Kuty
Jablonicky vyh. Bukova — vyh. Dubrava 899,7 1906
Jablonica Bukové sh. — Dubrava sh. 899.7 1906
Lucenecka miestna zeleznica — 2931 LuGenec - Utekac / Lucenec local railway - 2931 Lucenec - Utekac
Zlatno vyh. Zlatno — zst. Kokava nad Rimavicou 500 1908
Zlatno Zlatno sh. — Kokava nad Rimavicou st. 500 1908
miestna Zeleznica - 3131 Rimavska Sobota - Poltar / local railway - 3131 Rimavska Sobota - Poltar
Ozdansky zast. Husina — zast. Ozdany 160 1912
Ozdany Husina interm. st. — Ozdany interm.st. 160 1912
miestna Zeleznica - 2912 Prievidza — Handlova / / local railway - 2912 Prievidza - Handlova
Handlovsky vyh. Raztoéno - Zst. Handlova 133 1913
Handlova Réztocno sh. — Handlova st. 133 1913
Celkovy pocet: 22 v celkovej dizke 7068,15 m / Total number: 22, at the total length of 7068.15m
Vysvetlivky: Zst — Zelezni¢nd stanica, vyh. — vyhybna, zast. - zastdvka
Commentary: st. — railway station, sh. — shunt, interm. st. — intermediate station

Tab. 2 Tunely budované za prvej Ceskoslovenskej republiky po roku 1924

Table 2 Tunnels built during the First Czechoslovak Republic after 1924
tunel definiény usek dizkavm rok ukonéenia
tunnel definition section length in m year of completion
3073 Zvolen os. st. - Krupina / 3073 Zvolen pass. st. - Krupina
Neresnicky zst. Zvolen os. st. — vyh. Breziny 229,80 1924
Neresnica Zvolen st., pass. st. — Breziny sh. 229.80 1924
Pod VIéokom Zst. Babina - Zst. Krupina 129 1924
Pod VI¢okom Babina st.— Krupina st. 129 1924
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TuHel

tunel definiény usek dizkav m rok ukoncenia
tunnel definition section length in m year of completion
2791 Nové Mesto n. V. - Veseli nad Moravou / 2791 Nové Mesto nad Vahom - Veseli nad Moravou

Cachticky zst. Cachtice - Zst. Vadovce 248,96 1927
Cachtice Cachtice st. - Vadovce st. 248.96 1927
Pod Polanou (Tunel Generala

M. R. Stefanika, Myjavsky) zst. Myjava — hranica VD/SD 242293 1927
Pod Polanou (General

M. R. Stefanik, Myjava) Myjava st. — border between ET/NT 2422.93 1927
Poriadsky zst. Paprad' - Zst. Poriadie 486,41 1928
Poriadie Paprad' st. — Poriadie st. 486.41 1928
3101 Margecany - Cervena Skala / 3101 Margecany — Cervena Skala

Besnicky zst. Vernar — zst. Svermovo - Telgért 848,5 1935
Besnica Vernar st. — Svermovo st. — Telgart 848.5 1935
Gelnicky zst. Gelnica - Zst. Prakovce 220 1935
Gelnica Gelnica st. — Prakovce st. 220 1935
Hamricky zst. Mlynky — zst. DobSinské ladova jaskyna 300 1935
Hamor Mlynky st. — DobSinska Ice Cave st. 300 1935
Hronsky Zst. Vernar — zst. Svermovo — Telgart 250 1935
Hron Vernar st. — Svermovo st. — Telgart 250 1935
Jarabsky | — Krivansky zst. Mlynky — zst. DobSinské ladova jaskyna 372 1935
Jaraba | — Krivan Mlynky st. — DobSinska Ice Cave st. 372 1935
Jarabsky I zst. Mlynky — zst. DobSinska ladova jaskyna 326 1935
Jaraba |l Mlynky st. — DobSinska Ice Cave st. 326 1935
Mlynecky zst. Hnilec — Zst. Mlynky 140 1935
Mlynky Hnilec st. — Mlynky st. 140 1935
Stratensky zst. Mlynky — zst. DobSinské ladova jaskyna 105 1935
Stratena Mlynky st. — DobSinska Ice Cave st. 105 1935
Telgartsky (Tunel K. Stodolu, 5

Svermovsky) zst. Vernar — Zst. Svermovo — Telgart 1239 1935
'I:algért (K. Stodola tunnel, 5

Svermovo tunnel) Verndr st. — Svermovo st. — Telgart 1239 1935
2911 Horna Stubiia — Handlova / 2911 Horna Stubiia — Handlova

Hajnicky zst. Sklené pri Handlovej — vyh. Pstruharky 102 1930
Hajnica Sklené pri Handlovej st. — Pstruharky sh. 102 1930
Pekelsky zst. Sklené pri Handlovej. — vyh. Pstruharky 304 1931
Peklisko Sklené pri Handlovej st. — Pstruharky sh. 304 1931
Pstruharsky zst. Sklené pri Handlovej — vyh. Pstruharky 380 1931
Pstruharky Sklené pri Handlovej st. — Pstruharky sh. 380 1931
Bralsky

(Tunel T. G. Masaryka, Velky) | zst. Sklené pri Handlovej — vyh. Pstruharky 3011 1931
Bralsky

(T. G. Masaryk tunnel, Velky) | Sklené pri Handlovej st. — Pstruharky sh. 3011 1931
Stubniansky 7st. Horna Stubiia - Zst. Sklené 646,12 1930
Stubiia Horna Stubna st. — Sklené st. 646.12 1930
3151 Banska Bystrica — odboéka Dolna Stubiia / 3151 Banska Bystrica — Dolna Stubiia branch

Banskobystricky (Kacicky) ¢.1 | Zst. Banské Bystrica — zst. Kostiviarska 349,8 1938
Banska Bystrica (Kacdica) No.1| Banska Bystrica st. — Kostiviarska st. 349.8 1938
@abradsky [[GY5 zst. Ulanka — Zst. Dolny Harmanec 280 1938
Cabrad | No. 5 Ulanka st. — Dolny Harmanec st. 280 1938
@abradsky Il ¢.5a zst. Ulanka — zst. Dolny Harmanec 144 1939
Cabrad Il No.5a Ulanka st. — Dolny Harmanec st. 144 1939
Grehelsky 11 €.10 zst. Dolny Harmanec — Zst. Harm. jask. 280 1938
Grehelsky [l No.10 Dolny Harmanec st.— Harm. Cave st. 280 1938
Harmanecky | ¢.6 zst. Ulanka — Zst. Dolny Harmanec 200 1938
Harmanec | No.6 Ulanka st. — Dolny Harmanec st. 200 1938
Harmanecky Il €.7 zst. Dolny Harmanec — Zst. Harmanecka jaskyna 294 1938
Harmanec |l No.7 Dolny Harmanec st.— Harmanec Cave st. 294 1938
Kosiensky ¢.11 Zst. Harmanecka jaskyna — Zst. Cremosné 70 1938
Kosienky No.11 Harmanec Cave st. — Cremosné st. 70 1938
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tunel definiény usek dizka v m rok ukonéenia
tunnel definition section length in m year of completion
Robkynsky ¢. 12 Zst. Harmanecka jaskyria — zst. Cremosné 197 1938
Robkynsky No. 12 Harmanec Cave st. — Cremosné st. 197 1938

2601 Kosice- Zilina zdvojkolajnenie trate Vritky Zilina / 2601 Kosice - Zilina — double tracking the railway between Vritky and Zilina

Streéniansky I* zst. Vrutky — Zst. Varin 318 1939
Strecno I* Vratky st. — Varin st. 318 1939
Stre¢niansky I zst. Vrutky — Zst. Varin 593 1939
Strecno Il Vratky st. — Varin st. 593 1939

Celkovy pocet: 29, v celkovej dizke 13 274,52 m / Total number: 29, at the total length of 13,274.52 m

*dvojkolajny / *double-track

Tab. 3 Tunely budované pocas 2. s

vetovej vojny a po nej 1939/1960

Table 3 Tunnels built during World War 11 and after from 1939 through to 1960

tunel definiény usek dizka v m rok ukonéenia
tunnel definition section length in m year of completion
3151 Banska Bystrica - odb. Dol. Stubfia / 3151 Banské Bystrica — Dolna Stubiia branch

Cremogniansky &.14 .

(Tunel Dr. E. BeneSa, A. Hlinku) | Zst. Harmanecka jaskyna — zst. Cremo$né 4697 1939
Cremo3né No.14 (Dr. E. Bene$ 5

tunnel, A. Hlinka tunnel) Harmanec Cave st. — Cremosné st. 4 697 1939
Dolinsky | €. 2 zst. Kostiviarska — Zst. Ulanka 120 1939
Dolina | No. 2 Kostiviarska st. — Ulanka st. 120 1939
Dolinsky Il &. 2a zst. Kostiviarska — Zst. Ulanka 575 1939
Dolina Il No. 2a Kostiviarska st. — Ulanka st. 575 1939
Grehelsky 1 ¢. 9

(Tunel Dr. R. Bechyné) zst. Dolny Harmanec — zst. Harmanecka jaskyna 1300 1938
Grehelsky | No. 9

(Dr. R. Bechyné tunnel) Dolny Harmanec st. — Harmanec Cave st. 1300 1938
Japensky | ¢. 8a

(Tunel Dr. M. Hodzu) zst. Dolny Harmanec — Zst. Harmanecka jaskyna 1133 1939
Japen | No. 8a

(Dr. M. Hodza tunnel) Dolny Harmanec st.— Harmanec Cave st. 1133 1939
Japensky Il €. 8b

(Tunel Dr. M. Hodzu) zst. Dolny Harmanec — Zst. Harmanecka jaskyna 757 1939
Japer Il No. 8b

(Dr. M. Hodza tunnel) Dolny Harmanec st.— Harmanec Cave st. 757 1939
Polkanovsky | €. 3 zst. Ulanka — Zst. Dolny Harmanec 899 1938
Polkanova | No. 3 Ulanka st. — Dolny Harmanec st. 899 1938
Polkanovsky Il . 3a zst. Ulanka — zst. Dolny Harmanec 116 1939
Polkanova Il No. 3a Ulanka st. — Dolny Harmanec st. 116 1939
Tufensky €. 13 Zst. Harmanecka jaskyfia — Zst. Cremosné 49 1939
Tafna No. 13 Harmanec Cave st. — Cremosné st. 49 1939
Ulmansky | &. 4 zst. Ulanka — zst. Dolny Harmanec 525 1939
Ulmanovsky | No. 4 Ulanka st. — Dolny Harmanec st. 525 1939
Ulmansky Il €. 4a zst. Ulanka — zst. Dolny Harmanec 41 1940
Ulmanovsky Il No. 4a Ulanka st. — Dolny Harmanec st. 41 1940
Ulmansky Il €. 4b zst. Ulanka — zst. Dolny Harmanec 68 1940
Ulmanovsky [l No. 4b Ulanka st. — Dolny Harmanec st. 68 1940
Ulmansky IV €. 4c zst. Ulanka — zst. Dolny Harmanec 50 1940
Ulmanovsky IV No. 4c Ulanka st. — Dolny Harmanec st. 50 1940
Ulmansky V €. 4d zst. Ulanka — Zst. Dolny Harmanec 64 1940
Ulmanovsky V No. 4d Ulanka st. — Dolny Harmanec st. 64 1940
KapusSany — 3231 Strazske —PreSov / Kapusany - 3231 Strazske - PresSov

Strazsky zst. Strazske — Zst. Nizny Hrabov 3145 1943
Strazske Strazske st. — Nizny Hrabov st. 3145 1943
Nemcovsky (Pod Peticom) Pavlovce - Zst. Nemcovce 450,2 1943
Nemcovce (Pod Peti¢om) Pavlovce — Nemcovce st. 450.2 1943
Vrutky — SpiSska Nova Ves / Vriitky — Spisska Nova Ves

Stiavnicky* zst. Vydrnik — zst. Poprad Tatry 158 1943
Stiavnica* Vydrnik st. — Poprad Tatry st. 158 1943
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TuHel

tunel definiény usek dizka v m rok ukoncenia
tunnel definition section length in m year of completion
Tisovec - SlavoSovce / Tisovec - SlavosSovce

Tisovecky*** zast. Tisovec Banovo — Zst. Tisovec 770,2 1944
Tisovec*™* Tisovec Banovo st. — Tisovec st. 770.2 1944
Koprassky Kopras — Lubenik 245 1947
Kopras Kopras — Lubenik 245 1947
SlavoSovsky** (MniSansky) SlavoSovce — Kopréa$ 2400 1947
SlavoSovce™ (MniSany) Slavo$ovce — Kopras 2400 1947
Podolinec — Plave¢ / Podolinec - Plavec

Ruzbadsky zast. Forbasy — Zst. Podolinec 453 1966
Ruzbachy Forbasy interm. st. — Podolinec st. 453 1966
Milavsky zast. Forbasy — Zst. Podolinec 702,90 1966
Milava Forbasy interm. st. — Podolinec st. 702.90 1966
3091 Hronska Dibrava - Banska Stiavnica / 3091 Hronska Dubrava — Banska Stiavnica

Banskostiavnicky (Kolpassky) | zst. Banska Bela - zst. Banska Stiavnica 1194,45 1949
Banské Stiavnica (Kolpachy) | Banska Beld st. — Banskd Stiavnica st. 1194.45 1949
Roznava-Turiia nad Bodvou / Roziava - Turiia nad Bodvou

Jablonovsky zst. Jablonov — zst. Lipovnik 3148 1949
Jablonov Jablonov st. — Lipovnik st. 3148 1949
Vrutky - Kosice / Vrutky - KoSice

Kralovansky I* (U Sutovky) Zst. Kralovany — Zst. Turany 498 1948
Kralovany I* (U Sutovky) Kralovany st. — Turany st. 498 1948
Ruzinsky* zst. Mala Lodina — zst. Margecany 130 1955
Ruzing* Mala Lodina st. - Margecany st. 130 1955
Bujanovsky* zst. Mala Lodina — zst. Margecany 3410 1955
Bujanov* Mala Lodina st. - Margecany st. 3410 1955
Tahanovsky* Zst. KoSice — Zst. Druzstevna 320 1954
Tahanovce* KoSice st. — Druzstevna st. 320 1954
Revtica - Tisovec / Revtica — Tisovec

Pod Dielikom Muranska Lehota — Tisovec 2002 1949
Pod Dielikom Murénska Lehota — Tisovec 2002 1949

Celkovy pocet: 29, v celkovej dizke 26 719,18 m / Total number: 29, at the total length of 26,719.18m

*dvojkolajny; **nedokonceny; *** — mimo prevdadzky / *double-track; **unfinished; *** out of service

Najstar§Sim Zeleznicnym tunelom na udzemi Slovenska je
Bratislavsky tunel I, ktorého vystavbu realizoval taliansky podni-
katel’ Tallachini. Tunel je situovany na ZelezniCnej trati Vieden —
Marcheg — Bratislava — Nové Zamky — Budapest. Tunel bol
povodne dlhy 703,6 m, z toho bolo cca 600 m razenych, 103,6 m
budovanych v otvorenom vykope a ako jednokolajny bol odovz-
dany do prevadzky 20. 8. 1848. Pri vystavbe druhej tunelovej
riry v decembri 1899 doslo pri vychodnom portdli tunela
k rozsiahlemu zavalu za extrémne zlych klimatickych podmienok
a tunel bol skrateny na 595,8 m. Vystavbou Zeleznic po prehrate;j
prusko-rakiskej vojne a v hospodarskej krize sa pokracovalo az
v 70. rokoch 19. storoc¢ia. Uhorsko sa tym zaradilo medzi najza-
ostalejSie krajiny Eurépy. Tunely na uzemi Slovenska (Horného
Uhorska) budovali hlavne barabovia z alpskych krajin, a to najméa
Taliani a Nemci. Zostala po nich u nds stard tuneldrska termino-
l6gia ako kalota, Strosa, burst, mar¢ovanty, bankyny...

V obdobi Rakusko-Uhorska sa trasy budovanych Zeleznic na
naSom tzemi prisposobovali potrebdm Uhorska, tj. viedli prevaz-
ne severo-juznym smerom. Za obdobie cca 70 rokov sa na tizemi
Slovenska vybudovala len jedna vyznamnd Zelezni¢nd trat’
KoSice — Bohumin a len 18 tunelov diiky cca 7000 m. Vystavba
sa uplne preruSila cez 1. svetovi vojnu. Trianonskym usporiada-
nim v stredoeurépskom regiéne vzniklo na tzemi Rakisko-
Uhorska viacero ndstupnych statov. UZ niekolko rokov po vzniku
Ceskoslovenskej republiky bolo treba prepojit’ Zelezniénd siet

Bralsky tunnel sections passing through non-squeezing ground
(see Fig. 4). Of the other methods applied to the construction
of tunnels, the English Method was applied only to the first
tube of the Bratislava tunnel (see Fig. 5). The Flying-Arch
System was in addition experimentally applied to the Bujanov
tunnel (see Fig. 6). In the case of the Austrian tunnelling met-
hod, the excavation of the tunnel cross-section begins by dri-
ving a bottom adit (the so-called pilot adit), from which the
excavation is enlarged to the full profile gradually, usually in
8m long working blocks. This adit was used for the detailed
geotechnical investigation; in addition, it was used for the
transport, checking on the excavation direction and for ope-
ning other headings (see Fig. 8 to 10). A narrow-gauge track
was usually used for the loading and transport of muck. The
final excavation support (a massive masonry lining) was app-
roached only after the completion of the excavation in one or
several blocks. When the Flying-Arch System was being appli-
ed, the excavation and the following installation of the mason-
ry vault were carried out and the vault was subsequently
strengthened by the installation of massive masonry supports.
The application of classical methods in Slovakia ended in
1960, despite the fact that the finishing work on two tunnels —
the Ruzbachy and Milava tunnels — continued even after this
term. The total of 80 tunnels (of that number 7 double-track
ones) with the total length of ca 47km were constructed in




Ciech a Slovenska. Vystavbu tohto prepojenia v rokoch 1923 az
1938 je mozné oznalit' za prvy zlaty vek slovenskych tuneldrov.
Na Slovensku sa vybudovalo 30 tunelov, z ktorych si uvedené
len tie najvyznamnejsie:

e tunel Pod Polanou diiky 2423 m na trati Nové Mesto nad
Vihom - Veseli nad Moravou budovany v rokoch
1925-1927;

e Bralsky tunel diiky 3011,6 m na trati Handlovd — Horna
Stubria, realizovany v rokoch 1927-1931.

Trat' Nové Mesto nad Vdhom — Veseli nad Moravou sa stavala

v rokoch 1923-1929, nachddzaji sa na nej 3 tunely: Cachticky,
Pod Polanou a Poriadsky. Na trase pracovalo v priemere 2000
pracovnikov, maximdlne az 4000, z toho 1300 Tudi na stavbe
tunela Pod Polanou. Bol razeny v zlych geologickych pomeroch,
sCasti v napucavych hornindch. Pritoky vody do Stdlne boli az
200 L.s*!. Niveleta kolaje stipa az 16 %o, a preto bolo nutné doda-
tocne Vyhibit’ vetraciu Sachtu hibky 119 m. Na trati Margecany —
Cervend Skala je celkom 9 tunelov z nich najzaujimavejii je
Telgartsky tunel diiky 12394 m, vytvarajuci slucku na prekona-
nie vySkového rozdielu 31 m medzi Pohronim a tdolim Hnilca.
Razilo sa v krasovom prostredi aj s jaskynami, takZe tunel je silne
zvodneny.

Stredoslovenskd transverzdla to bola trasa Veseli nad Moravou
— Tren&in — Prievidza — Handlova — Hornd Stubiia — Zvolen —
Bansk4 Bystrica — Cervend Skala — Margecany — Kogice — Uzho-
rod. Stulastou tejto trate je usek Handlovd — Hornd Stubia
s piatimi tunelmi: Pstruhdrsky (380 m); Hajnicky (102 m);
Pekelsky (304 m); Stubniansky (646,12 m) a Bralsky (3011 m),
ktory bol uvedeny do prevadzky v roku 1931.

Problémy s krasovymi prostredim sa vyskytli v Telgdrtskom
a Jablonovskom tuneli. Iné tazkosti vznikli pri razeni tunela pod
Polanou pri Myjave. V trase tunela sa nachddzali mohutné polo-
hy priepustnych pieskovcov zovretych vrstvami nepriepustnych
bridlic. Pri prerazeni bridlic pieskovce odvodnili masiv,
v dosledku ¢oho vyschli studne a pramene v Sirokom okoli kopa-
nic a vo viacerych osaddch museli byt vybudované vodovody.

Bralsky tunel s dizkou 3011,6 m (do roku 1940 najdlhii v CSR)
je vybudovany na trati Handlova — Hornd Stubnia, dlhej 18,5 km
z toho je 25 % diiky trate v tuneloch a 30 % na mostoch
a viaduktoch. Tunel md vetraciu Sachtu hlbokt 129 m. Pri razeni
sa vyskuSala metdda dostropného zdlomu (obr. 4). Postaveny bol
v rokoch 1926-1931. P6vodné suché a tvrdé bridlice pocas raze-
nia tak napucali, Ze horninovy tlak zdeformoval hotovd vydrevu
a na dizke 9 m vznikol zdval. Vykon pri razeni $tolne rozmerov
4,5-5 m? bol 10 m za def pri praci na tri smeny.

Druhy zlaty vek nastal tuneldrom pocas 2. svetovej vojny
a ndsledne po vojne, ked v rozmedzi rokov 1939-1960 sa posta-
vilo, opravilo, pripadne dobudovalo celkom 32 tunelov. Dovodov
bolo niekolko:

¢ Po mnichovskom diktate pri$lo Slovensko o velku ¢ast’juho-
vychodného Slovenska, ¢im sa prirodzené dopravné korido-
ry prerusili a bolo nutné ich prepojit po novych trasach.

e Nemcov sa podarilo presvedc¢it, Ze niektoré navrhované trasy
budd vyhodné na presun vojsk do Polska a ZSSR (trasy
Banska Bystrica — Dolnd Stubtia, Podolinec — Orlov Plavet,
Muran — Tisovec).

Nasadenim slovenskych robotnikov na velké dopravné stavby
sa Cast’z nich podarilo zachranit pred nasadenim na nitené prace
do Nemecka.

Za vojny bolo znicenych 71,3 % z 3509 km Zelezni¢nych trati,
31 tunelov a 798 mostov, ktoré bolo v povojnovom obdobi nutné
opravit.

Po skonceni 2. svetovej vojny bolo potrebné opravit
a zmodernizovat' vojnou poskodené alebo zni¢ené mosty a tunely,
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Slovakia before 1960; several of them have already been
decommissioned. The time during which these tunnels were
constructed can be divided into the following three periods:

1. The Austro-Hungarian monarchy, the years 1848 through
to 1912 (21 tunnels completed, see Table 1);

2. The First Czechoslovak Republic, the years 1925 through
to 1938 (29 tunnels completed, see Table 2);

3.1939 through to 1966, the years of World War II (the
Slovak State) and the after-war period (30 tunnels com-
pleted, see Table 3).

No railway tunnel was completed in Slovakia from 1966

through to 2010, when the construction of the Turecky Vrch
tunnel commenced.

The oldest railway tunnel in the territory of Slovakia is the
Bratislava I tunnel. It was built by an Italian entrepreneur
Felice Tallachini. The tunnel is located on the Vienna —
Marcheg — Bratislava — Nové Zamky — Budapest railway line.
It was originally 703.6m long, with ca 600m of this length
mined and 103.6m cut-and-cover. It was brought into service
as a single-track structure on 20/08/1848. An extensive collap-
se took place in December 1899 during the construction of the
second tunnel tube, at the eastern portal, owing to extremely
bad climatic conditions; the tunnel length was reduced to
595.8m. The development of railways after the lost Austro-
Prussian war and during the economic crisis did not continue
until the 1870s. Thereby Hungary ranked among the most
underdeveloped European countries. Tunnels in the territory of
Slovakia (Upper Hungary) were built mostly by miners from
the Alpine counties, first and foremost the Italians and
Germans. Our old tunnelling terminology, such as calotte,
stross, burst, banchina... remained after them.

During the Austro-Hungarian period, the routes of the rail-
way being developed in the Slovakian territory were accom-
modated to the needs of Hungary, which means that the majo-
rity of them led in the north-south direction. Only one impor-
tant railway track (the KoSice — Bohumin track) and only 18
tunnels at the total length of ca 7000m were constructed during
the ca 70-year period. The development was completely sus-
pended during World War I. The Trianon Arrangement gave
rise to more successor states in the Austro-Hungarian region.
It was necessary as early as several years after the origination
of the Czechoslovak Republic to interconnect the railway net-
work of Czechia and Slovakia. The development of this inter-
connection during the 1923-1938 period can be considered to
be the golden age of Slovak tunnel builders. Thirty tunnels
were constructed in Slovakia. We will mention only the most
important of them:

e The 2423m long Pod Polanou tunnel on the Nové Mesto
nad Vdhom — Veself nad Moravou track, which was being
constructed from 1925 to 1927;

e The 3011.6m long Bralsky tunnel on the Handlovd — Hornd
Stubnia track, which was realised in the 1927-1931 period.

The Nové Mesto nad Vdhom — Veseli nad Moravou track,
which was carried out during the 1923-1929 period, contains
3 tunnels: the Cachtice, the Pod Polanou and the Poriadie. The
average number of workers working on the track amounted to
2000 (up to 4000 as the maximum). Of that number, 1300 per-
sons worked on the Pod Polanou tunnel construction. The tun-
nel was driven under poor geological conditions, partly
through swelling ground. The rates of the water inflows to the
adit reached up to 2001.s™". The track alignment gradient rises
up to 16%o, which was the reason why an 119m deep ventila-
tion shaft had to be additionally sunk.
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Obr. 7 Vydreva Bujanovského tunela
Fig. 7 Bujanov tunnel timbering

resp. niektoré hlavné trate zdvojkolajnit. Celkom sa dobudovalo,
resp. vybudovalo 32 novych tunelov, z toho 6 dvojkolajnych.

Do roku 1955 sa zmodernizovala a zdvojkolajnila najddleZitej-
Sia trat’ KoSice — Zilina, na ktorej bol vybudovany Bujanovsky
tunel, najdlhsi slovensky dvojkolajny tunel (3410 m) (obr. 7).

Do roku 1955 bola dokoncend aj trat’ Turna nad Bodvou —
Roznava, na ktorej sa nachddza Jablonovsky tunel (dlhy 3145 m).
V rokoch 1937-1940 bola postavend najpozoruhodnejSia trat’
Slovenska: Banskd Bystrica — Dolna Stubnia. Trat’ je dlhd 41 km,
s 22 jednokolajnymi tunelmi celkove;j diiky 12,2 km, medzi kto-
rymi je aj najdlhif tunel na Slovensku, Cremosniansky, dlhy
4697 m. Na stavbe tejto trate sa podielalo v Case jej maximalnej
rozostavanosti 12 340 pracovnikov. Cremosniansky tunel sa razil
na rozhrani neovulkanitov a krasovych formdcii Velkej Fatry.
Lokélne pritoky vody do smerovej §tdlne tunela boli zo zaciatku
velké. Maximdlny pritok bol az 800 L.s!, rychlo sa zmen3oval,
ustdlil sa na polovi¢nej hodnote a kolisal v zdvislosti od povr-
chovych zrdzok a klimatickych podmienok na povrchu.
Ststredené vytoky z niektorych portch dosahovali az 50 l.s’!
a prud bol taky silny, Ze strhaval so sebou aj dolomiticky piesok
a drvinu. Sposobovalo to lokdlne vykominovanie nadloZia, no
bez vaznejsich ndsledkov. Tieto javy sa predvidali a razi¢i boli na
ne pripraveni. Hydrogeologické podmienky masivu v tomto tune-
li sa podcenili, lebo prognézovali sa len pritoky cca 330 L.s!
(Zaruba a V. Mencl, 1966). V tomto tuneli sa dodatocne dordba-
la vetracia Sachta z dovodu parnej trakcie. Vetranie bolo pouZité
aj pocas vystavby.

Z tunelov rozpracovanych za vojny ako posledné boli dostava-
né v roku 1966 Ruzbassky a Milavsky tunel na trati Podolinec —
Plavec. Tym sa éra vystavby klasickych tunelov na Slovensku
skoncila.

3. CESTNE TUNELY

Az do konca 2. svetovej vojny bola vystavba cestnych tunelov
bezvyznamnd. Na Slovensku bol len jeden cestny tunel pod
Bratislavskym hradom. M4 dizku 786 m a bol vybudovany
v rokoch 1943-1949 klasickou rakidskou metédou (obr. 8).
Konstrukcia ostenia zodpovedd osteniam Zelezni¢nych tunelov
(opora z riadkového muriva, klenba z klenakov, rubova hydroizo-
lacia len v mokrych pdsoch). Stavba tunela bola oddvodnend
potrebou odlahcenia dopravy z centra mesta do Karlovej Vsi.
Obdobie vystavby (zaciatok r. 1943) viedlo k tomu, Ze tunel mal
slizit’ aj ako protiletecky kryt pre obyvatelov v SirSom okoli,
o Com sved¢i aj pristup do tunela chodbou z Palisdd

TuHel

There are 9 tunnels on the Margecany — Cerven4 Skala track.
The most interesting of them is the 1239.4m long Telgart tunnel,
which creates a loop to overcome the 31m difference in altitu-
des of the area along the central stretch of the Véh River and the
Hnilec River valley. The tunnel was driven through a karst envi-
ronment even containing caves. For that reason the environment
is heavily saturated with water.

The Central Slovakian transversal route led via Veseli nad
Moravou — Trenéin — Prievidza — Handlova — Hornd Stubfia —
Zvolen — Banskd Bystrica — Cervend Skala — Margecany —
Kogice — Uzhorod. The Handlov4 — Hornd Stubna section is part
of this track. It contains the following five tunnels: the
Pstruhdrky (380 m); the Hdjnica (102 m); the Peklisko (304 m);
the Stubna (646.12m) and the Bralsky (3011m), which was com-
missioned in 1931.

Problems with the karst environment were encountered at the
Telgart and the Jablonov tunnels. Other difficulties originated
during the driving of the tunnel under Polana mountain near the
Myjava River. There were thick layers of permeable sandstone
clutched between impermeable shale layers along the tunnel
route. When the shale layers were pierced through, the massif
was drained through the sandstone. As a result, wells and springs
in wide surroundings of secluded dwellings lost water and water
pipelines had to be carried out in a number of villages.

The 3011.6m long Bralsky tunnel (the longest tunnel in the
CSR until 1940) was built on the 18.5km long Handlova — Hornd
Stubna track (25% of this length run through tunnels and 30%
are on bridges and viaducts). The tunnel is provided with a 129m
deep ventilation shaft. The heading to top of arch system was
experimentally applied to the excavation (see Fig. 4). The tunnel
was constructed during the 1926—1931 period. The originally dry
and hard shale swelled during the excavation as much that the
confining pressure deformed the completed timbering and
a collapse developed along the length of 9m. The rate of the
excavation of the 4.5-5m? cross-section adit amounted to 10m
per day whilst working in three shifts.

The second golden age for tunnellers took place during World
War II and subsequently after the war; the total of 32 tunnels
were constructed, repaired or completed during the 1939-1960
period. There were several reasons for it:

After the Munich Dictate, Slovakia lost a significant part of
south-eastern Slovakia. As a result, the natural transport routes
were interrupted and had to be interconnected along new routes.

Slovakia succeeded in persuading the Germans that some of
the proposed routes would be profitable for moving armies to
Poland and the USSR (the Banskd Bystrica — Dolna Stubna
route, the Podolinec — Orlov Plave¢ route and the Murdn —
Tisovec route).

Owing to the employment of Slovak workers on large tran-
sport-related construction projects, a proportion of them were
successfully saved from the deployment as forced labour in
Germany.

71.3 % of the total of 3509km of railway tracks, 31 tunnels
and 798 bridges were destroyed during the war. They had to be
repaired during the post-war period.

After the end of World War II, it was necessary to repair and
modernise the bridges and tunnels damaged or destroyed by the
war, or to double track some principal lines. The total of 32 tun-
nels were completed and newly constructed, respectively; 6 of
them were double-track structures.

The most important KoSice — Zilina rail track, with the
Bujanov tunnel (the longest Slovak double-track tunnel —
3410m) built on it, was double-tracked before 1955 (see Fig. 7)
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Obr. 8 Schéma tunela pod hradom v Bratislave a) priecneho rezu b) vydrevy
plného profilu vylomu, c) vydrevy pristupovej §tolne pre chodcov z Palisdd
Fig. 8 Chart of the tunnel under the Bratislava Castle a) cross-section, b) full
excavation profile timbering, c) timbering of the pedestrian access gallery
from Palisddy Street

a vybudovanie ,,vlddneho* krytu s komfortnym vybavenim, pri-
stupného od vychodného portdlu. Od roku 1983 tunel po rekonst-
rukcii slizi pre elektrickovi trat. V rokoch 2009-2010 bol opitov-
ne zrekonstruovany.

Kratky automobilovy tunel Stratend dlhy len 325,7 m bol vybu-
dovany v tdoli Hnilca pri Stratenej a odovzdany do prevadzky
v janudri 1972. Technoldgiou vystavby a jeho terminom dokon-
¢enia ho mozno oznacit' ako prechodny typ medzi klasickym
a modernym tunelovanim. Tunel sa nachddza vo velmi zvodne-
nom prostredi bielych wettersteinskych vdpencov, preto v roku
1981 bol sanovany chemickou injektdZou, ¢im sa jeho stav zlep-
§il, ale len Ciastocne.

Tunel Celno sa nachddza na lesnej ceste 4 km juzne od obce
Lopej v doline Predajnianske Celno, na tzemi Odstepného
zavodu Lesy SR, Slovenskd Lupca. Tunel dlhy 41,5 m, znamy
aj ako Kelemenov tunel, bol vybudovany v roku 1928 a v roku
1971 bol rozsireny na Sirku 440 cm a vysku 435 cm. Tunel bol

The Turna nad Bodvou — Roznava track, containing the
3145m long Jablonov tunnel, was also completed before 1955.

The most remarkable Slovak railway track, Banska Bystrica
— Dolné Stubna, was constructed from 1937 through to 1940.
The track is 41km long and contains 22 single-track tunnels at
the total length of 12.2km, with the longest tunnel in Slovakia,
the 4697m long Cremosné tunnel, among them. 12,340 wor-
kers participated in the construction of this track during the
maximum volume of work. The Cremo$né tunnel was driven
at the interface between Neovolcanic and karst formations of
the Big Fatra mountain range. In the beginning, the rates of
local inflows of water to the pilot adit were high. The maxi-
mum inflow rate amounting to 8001.s-! quickly diminished and
steadied at a half, to vary depending on surface precipitation
and climatic conditions on the surface. Concentrated outflows
from some faults amounted even to 501.s-! and the flow was so
strong that it even drew dolomitic sand and grit with it. It cau-
sed local collapsing of the overhead, fortunately having no
more serious consequences. These manifestations were predic-
ted and the miners were prepared for them. The hydrogeologi-
cal conditions of the ground massif in this tunnel were unde-
restimated because only ca 3301.s-! inflow rates were predicted
(Zaruba and V. Mencl, 1966). A ventilation shaft was additio-
nally carried out in this tunnel because of the steam traction.
The ventilation was used even during the construction.

Of the last tunnels the work on which started during the war,
the Ruzbachy tunnel and the Milava tunnel on the Podolinec-
Plavec track were completed in 1966 as the last ones. It meant
the end of the construction of classical tunnels in Slovakia.

3. ROAD TUNNELS

The development of road tunnels was not significant until the
end of World War II. There was only one road tunnel in
Slovakia, the tunnel under the Bratislava Castle. The 786m
long tunnel was constructed from 1943 to 1949 using the clas-
sical Austrian Method (see Fig. 8). The lining structure corres-
ponds to railway tunnel liners (coursed masonry sidewalls,
a vault formed by wedges, external waterproofing applied only
to wet blocks). The tunnel construction was justified by the
necessity for easing the traffic from the city centre to Karlova
Ves. The consideration of the time of the construction (the
beginning of 1943) led to the decision that the tunnel would
serve as a bomb shelter for residents in the wider surroundings.
The proof of it is even the access to the tunnel via a corridor
leading from Palisddy Street and the development of
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Obr. 9 T unel Celno
Fig. 9 Celno tunnel

pomenovany po jeho autorovi Ing. Vojtechovi Kelemenovi,
ktory bol riaditefom Stitnych lesov a majetkov v Banskej
Bystrici pocas rokov 1921-1934. Ostenie tunela aj jeho portdly
st z betonu. Tunel na lesnej ceste je na Slovensku ojedinelou
stavbou, a preto bol zaradeny medzi technické pamiatky (obr. 9).

4. AKO SA PRACOVALO

Pri klasickom tunelovani v skalnych hornindch sa pouzivalo
trhavinové razenie. Do roku 1870 sa ako trhavina pouZzival tzv.
Cierny trhaci prach — zmes 65 % liadku, 15 % siry
a 20 % dreveného uhlia. Tdto zmes sa nabijala do vrtov vytvore-
nych ru¢ne pomocou kladiva a dlita, ¢o bolo velmi pracne
a zdlhavé.

Alfréd Nobel v roku 1865 vyvinul prvé nitroglycerinové trha-
viny a tieZ aj rozbuSky. G. Sommeiller zostrojil prvé vitacky
pohdnané stlatenym vzduchom, ¢o urychlilo postup razenia.
Bolo to ndrazové vritanie. Priklepové vitatky pohdnané stlace-
nym vzduchom sa zacali vyvijat'po roku 1890 a v rovnakom Case
sa rotatné hydraulické vitatky uZ umiestnili na vftacie stroje
(A. Brandt).

Najndro¢nejSia pracovna ¢innost’ je nakladanie rozpojenej hor-
niny, ktoré bolo dlho ru¢né, lopatami (aZ do konca vystavby kla-
sickych tunelov). Postupne sa v obmedzenej miere zacali pouZzi-
vat’ pneumatické lopatové nakladace. Odvoz ribaniny sa riesil
spravidla kolajovou dopravou cez spodni §toliiu. Vydrevu zhoto-
vili ru¢ne, pri jej osadzovani si robotnici pomdhali rozli¢nymi
jednoduchymi zariadeniami (napr. kladkostrojmi). Snahou tune-
larov bolo ¢o najskor prerazit’ pomocnd dnovi $tolnu, ktord sld-
zila ako transportnd a zdroven aj ako odvodnovacia, vetracia
a technologickd. Bolo z nej moZné otvirat’ dalSie pracoviskd
v niekolkych pracovnych pdsoch a tym razenie zrychlit.
Definitivne ostenie sa murovalo v opornej Casti prierezu spravi-
dla z lomového kamena, neskdor z monolitického betdnu, za
stiCasného odstranovania vydrevy. Klenba sa murovala z ka-
mennych alebo beténovych klendkov. V zavodnenych masivoch
sa ostenie chrdnilo z rubu cementovym poterom, asfaltovymi
doskami, resp. pozinkovanymi plechmi (obr. 10). Izolovali sa
spravidla len zamokrené pdsy, a to len klenba vyrubu — opornd
Cast’sa drénovala do svetlého prierezu. Pre navrh ostenia existo-
vali tzv. normdlie (Standardy) — pouzivalo sa 16 tlakovych typov
ostenia bez izoldcie, resp. s rubovou izoldciou. Podzemnd voda
zachytend rubovou pldStovou izoldciou sa odvddzala z tunela
systémom drendzi.

Prica v tuneli bola tazkd, nebezpecnd a vyzadovala Specifické
zru¢nosti, preto tuneldri — barabovia — boli hladan{ a putovali po
stavbach. Mnozstvo budovanych tunelov umoznilo ich plynuly
prechod zo stavby na stavbu. Robotnici postupne preberali sku-
senosti od talianskych a nemeckych tuneldrov, takZe uz za prvej
Ceskoslovenskej republiky na stavbach na Slovensku pracovali
prakticky len domdci Specialisti — tuneldri.
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a comfortably equipped “governmental” shelter accessible
from the eastern portal. After the reconstruction in 1983, the
tunnel has been used for a tramway track. It was repeatedly
reconstructed in 2009-2010.

The short Stratend automobile tunnel (only 325.7m long)
was built in the Hnilec River valley near the village of
Stratend; it was brought into service in January 1972. In terms
of the construction technique and the completion deadline, it
can be categorised as a type transiting between classical and
modern tunnelling methods. The tunnel is located in a highly
water-bearing environment formed by white Wetterstein
limestone. For that reason it was rehabilitated in 1981 by
means of chemical grouting. It improved its condition, but
only partially.

The Celno tunnel is located on a forest road, 4km south of
the village of Lopej, in Predajnianske Celno Valley, in the area
of the Lesy SR branch plant, Slovenskd Lupca. The width and
height of the 41.5m long tunnel, which is known as the
Klement tunnel and was built in 1928, was enlarged to 440cm
and 435cm, respectively, in 1971. The tunnel was named after
its author, Ing. Vojtech Klement, who was a director of Statni
Lesy a majetky (State forests and properties) in Banska
Bystrica from 1921 to 1934. The tunnel lining and its portals
are from concrete. The tunnel on the forest road is a unique
structure in Slovakia. For that reason it has been listed among
technical monuments (see Fig. 9).

4. HOW WERE THE TUNNELS WORKED ON

Blasting was used in the classical hard rock tunnelling.
Black blasting powder — the mixture of 65% of nitrate, 15% of
sulphur and 20% of charcoal — was used as the explosive until
1870. Blast holes, which were carried out manually using
hammers and chisels, which was a very laborious and lengthy
operation, were charged with this mixture.

In 1865, Alfred Nobel developed the first nitroglycerine-
based explosives and detonators. G. Sommeiller constructed
first pneumatic borers, which considerably accelerated the tun-
nelling process. It was the so-called solid tool drilling system.
The development of pneumatic percussive drilling machines
started after 1890 and, at the same time, rotary hydraulic drills
were already installed on drilling sets (A. Brandt).

The most demanding working operation is the loading of
muck. It was for a long time (until the end of the construction
of classical tunnels) carried out manually, using shovels.

Jsolace dilata

2¢_spdry ; prechod z fypu & nall.

036 —ee—da _ o5

| [ Vyrluioract mlir
y ; y “zdivor lori bamene

7Y 0q comeat rmalté,
}f;’/ﬁ;/ g i /
 Vygzlutova SRl AN

raltro 1 for kamens | £ *‘140“

7
s & ble,
iz oy N s s
< zdivo :

tropat Uenby: pas lyp 8\

agfallory_pds 0% silay S0im. dtousils N\
ORE_ tadiim  Ris dem a2 flem alipubel %

z ; "\ belsnowa_feds
1 asjm"{o_ra’ sofeee - AT W rmice

\masdessfnr’ & porrchoncn  mesmmimgs
W T

Obr. 10 Detail izolacnej Skdry
Fig. 10 Detail of a joint between waterproofing plates
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Obr. 11 Vystavba klenby portdlu Bujanovského tunela
Fig. 11 Construction of the Bujanoy tunnel portal vault
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Je prekvapujtce, Ze pri tejto trovni techniky rychlost vystavby
tunelov klasickymi metddami bola pribliZne rovnakd ako pri
modernom tunelovani. Dosahovalo sa to otvorenim dalsich pra-
covnych Celieb v smerovej §tolni, a tym aj nasadenie vicSicho
valo spravidla az niekolko tisic ndmezdnych robotnikov, po roku
1948 aj brigadnikov (obr. 11).

5. ZAVER

Poznat’histdriu vystavby tunelov je nutné z viacerych dévodov.
Dava to moznost lepSie pochopit’ nové technoldgie tunelovania.
rukcii je dobre vediet ako boli budované, aby sa dala navrhnit’
spravna technoldgia, ktord musi reSpektovat nielen aktudlny stav
ale aj histériu tunela.

prof. Ing. FRANT ISEK KLEPSATEL, PhD.,

ING. JANA CHABRONOVA, PhD.,
Jjana.chabronova@stuba.sk, SvF STU Bratislava

Recenzovali: Ing. Jozef Frankovsky,
doc. Ing. Vladislav Hordk, CSc.
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Pneumatic shovel loaders were gradually introduced to a limited
extent in our country. The transport of muck was usually solved
by means of track haulage via a bottom adit. The timbering was
installed manually. Workers used simple equipment (e.g. tac-
kles). The miners’ objective was to break an auxiliary bottom
adit through, which served as a transport adit as well as
a drainage, ventilation and technological adit. It was possible to
open additional headings in several working blocks from it, thus
to accelerate the excavation. The random stone final lining was
usually carried out in the lower part of the cross-section, whilst
cast-in-situ concrete lining was used later, with the concurrent
removing of timbering. The masonry vault was carried out from
stone or concrete wedges. In water-bearing massifs, the outer
surface of the lining was protected by cement screed, asphalt
plates or galvanised steel sheets (see Fig. 10). Usually only wet
blocks were provided with waterproofing in the vault — water
from the abutment part was drained to the cross-section interior.
The so-called normalies (standards) existed for the lining design
— 16 pressure-resisting types without waterproofing, respective-
ly with waterproofing on the outer surface, were used in
Slovakia. Groundwater intercepted by the outer waterproofing
skin was evacuated from the tunnel by a drainage system.

The work in a tunnel was difficult, dangerous and required
specific skills. For that reason Italian miners were sought for
and wandered from a construction site to another one. The
multitude of tunnels to be built allowed them to fluently pass
from tunnel construction site to site. Slovak workers gradual-
ly took the experience over from Italian and German miners.
As a result, only domestic specialists — miners — worked on
Slovak tunnel construction sites already at the time of the First
Czechoslovak Republic.

It is surprising that the speed of construction at this techni-
cal level using classical methods was approximately identical
with the speed of modern tunnelling. It was achieved by ope-
ning additional headings in the pilot adit, which allowed for
the deployment of a larger number of workers. Up to several
thousands of wage labourers (and temporary workers after
1948) worked on the majority of the tracks where tunnels were
under construction (see Fig. 11).

5. CONCLUSION

Getting acquainted with the history of the development of
tunnels is the necessity for several reasons. It allows us to bet-
ter understand new tunnelling technologies. The majority of
classical tunnels are still functional. Nevertheless, in the cases
of reconstruction it is good to know how they were built so
that a proper technology taking into consideration not only the
existing condition but also the tunnel history can be proposed.

prof. Ing. FRANTISEK KLEPSATEL, PhD.,
ING. JANA CHABRONOVA, PhD.,
Jjana.chabronova@stuba.sk, SvF STU Bratislava
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GEOLOGICKE SLEDOVANI MECHANIZOVANYCH TBM RAZEB
NA USEKU KAT2 TUNELU KORALM

GEOLOGICAL MONITORING OF TBM DRIVES IN KAT2 SECTION
OF THE KORALM TUNNEL

TOMAS SVOBODA

ABSTRAKT

Tunel Koralm s celkovou délkou priblizné 32,9 km je nejvyznamnéjsi konstrukci Koralmské Zeleznice s ndvrhovou rychlosti 200 km/h, kterd
nové propoji sousedské spolkové zemé na jihu Rakouska Korutany a Styrsko, konkrémé jejich hlavni zemskd mésta Graz a Klagenfurt. Tunel
prochdzi horskym masivem Koralpe s maximdlni vyskou nadloZi priblizné 1200 m. Trasa tunelu je rozdélena do tri jednotlivych stavebnich usekii
KATI, KAT2 a KAT3. Ndsledujici ¢ldnek je zamereny na iisek KAT2 délky cca 21,3 km, ktery predevsim zahrnuje razby jednokolejnych trato-
vych tunelii pomoct plnoprofilovych tunelovacich strojii TBM do skalnich hornin, ale i pomoci NRTM, ddle pak razby nouzové stanice a tune-
lovych propojek. Cldnek je zaméfen na inZenyrskogeologické sledovini TBM raZeb tratovych tunelii, které zahrnuje dokumentaci inZenyrskoge-
ologickych podminek v nezajisténém prostoru raZeb, odbér vzorku hornin a podzemni vody, dokumentaci a vyhodnocent priizkumnych predvrtii.
Tato dokumentace je podkladem pro ndslednd technickd opatreni, progndzy v oblasti geologické stavby, ovéreni a optimalizaci predstihového
prizkumu a stanoveni smluvné definovanych charakteristickych hodnot horninového masivu.

ABSTRACT

The Koralm tunnel with the total length of approximately 32.9km is the most important structure on the Koralm railway with the design speed
of 200km/h. It will newly interconnect neighbouring federal states in the south of Austria, Kdrnten and Steiermark, concretely Graz and
Klagenfurt, their capitals. The tunnel passes through the Koralpe mountain range with the maximum overburden height of roughly 1200m. The
tunnel route is divided into three separate construction lots, KATI, KAT2 and KAT3. The following paper is focused on the 21.3km long KAT2
section, which first of all comprises driving single-track running tunnels using full-face hard-rock TBMs, but also using the NATM, as well as the
excavation of an emergency station and cross passages. The paper is focused on the engineering geological monitoring of the TBM driving of
running tunnels, comprising the documentation of engineering geological conditions in the unsupported space of the excavation, the collection of
samples of rock and groundwater, the documentation and assessment of pre-drilled exploratory probe holes. This documentation is the basis for
subsequent technical measures, prognoses regarding the geological structure, the verification and optimisation of the advance survey and the
determination of the rock mass characteristic properties to be defined by the contract.

INTRODUCTION

The Koralm tunnel is part of the approximately 127km long
Koralm railway, which will newly interconnect neighbouring federal
states in the south of Austria, Kérnten and Steiermark, concretely
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jejich hlavni zemskd mésta Graz
a Klagenfurt. Zeleznice Koralm

tvori vyznamny dsek na mezindrod- pronagome- e // Useky / Sections
i { - o i = ) —7 e Graz - Feldkirchen
um Vy,sol‘i‘orvy CthS.tvIllfn ,,baI.t sko r N =t _/ e Feldkirchen — Weitendorf
jaderském® Zelezni¢nim koridoru ey 7 - m== Weitendorf — Wettmannstatten
(Baltisch-Adriatische Achse), ktery 1 / L = Wotmamsten- St And
byl navrzen Evropskou unii a pro- |/ 7. p == 5t Andd-Auch
L. B o o 7 fck ool dur { mmm= Aich Mittlern — Althofen an der Drau
pojyje Baltské more se Stredozem- 2 mmm  Althofen an der Drau - Klagenfurt
nim pres mésta Helsinki, Gdarisk ; G \ Baltsko-Jadersky korid
m joel 1NK1 Ll ! altsko-Jadersky koridor
o P L1y P L YN / o L ™ Baltic-Adriatic Achse
VarSava, Viden, Bendtky, Bolona. ks \ .
. R | A . . // mcm'g e | odpolenl’ze stavajici 'zeleznlcnl sité
Nove vyprojektovana trat’ o navrho- J f N\ e : Rakouskych spolkovych drah
vé rychlosti 200 km/h zkréti pre ! | : departure from e existing
. / (OBB-railnetwork
. . % e Feldkirch 4
pravni dobu mezi mésty Klagenfurt J | R ke stavajct jizni zelezniéni spojeni mezi Vidnf
1.7 . P Weitendarf == aKlagenfurtem / existing southern
a Graz z aktudlnich 3 hodin na méné \I" . e}aﬁ::slauen H |3 railwayline between Vienna and Klagenfurt
neZ jednu hodinu. Dokonceni razeb [ & L |
. J/ )3 s 5L Vel ! LA snnnpfl \"\;\eslsletelmdrkwmm {
je planovano na rok 2019, uvedeni ad “w = Bt Lavanttal N g
. v o1 Raamébm
trasy do provozu je predpokldaddno il gl :
v roce 2023 (obr. 1). Klagenfurt  Aithoten gy,
an der Drau el'h i
o
TUNEL KORALM 5
Nejvyznamnéjsi konstrukei ko-
ralmské Zeleznice je samotny tunel

Koralm s celkovou délkou pribliz-
né 32,9 km, ktery na hranici spol-
kovych zemi Korutany a Styrsko
prochédzi horskym masivem Koral-

pe s maximdalni vySkou nadloZi

zdrojl/source: OBB

Obr. 1 ,,Baltsko-jadersky“ Zelezni¢ni koridor na tizemi Rakouska, visek Graz — Klagenfurt s vyznacenym iisekem

tunelu Koralm mezi mésty Wettmannstiitten a St. Andra

Fig. 1 Baltic-Adriatic railway axis in Austria, the Graz — Klagenfurt section, with the Koralm tunnel section

between the towns of Wettmannstiitten and St. Andra marked in it
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Obr. 2 Rozdéleni tunelu Koralm do zdkladnich iseku, zobrazeni pruzkumnych podzemnich dél a vymezeni konvenénich a mechanizovanych razeb
Fig. 2 Koralm tunnel division into basic sections, representation of underground exploratory workings and specification of conventional and mechanised

drives

priblizné 1200 m. Investorem stavby je OBB Infrastruktur AG
a naslednym provozovatelem budou Rakouské spolkové drahy
OBB. Jedn4 se o dva jednokolejné tunely, které jsou po 500 m
propojeny tunelovymi propojkami. Priblizné uprostred tunelu je
situovana nouzova stanice o délce 920 m. Trasa tunelu je oriento-
vdna priblizné v Z — V sméru.

Trasa tunelu Koralm je rozdélena do tif zdkladnich stavebnich
dseku (obr. 2), na kterych pasobi raznd sdruZeni dodavatelskych
firem, dédle firmy a jejich sdruZeni zajiStujici v§echny inZenyrské
¢innosti a individudln{ experti.

Usek Koralm 1 (KAT1) je na vychodé vymezen portilem
v tdoli Frauental ve spolkové zemi Styrsko a pokratuje do oblas-
ti mésta Deutschlandsberg, pred prazkumnou Sachtu Leibenfeld.
Tento tusek je stavebné dokonfen a zahrnoval hloubené
a konvend¢né razené ¢dsti tunelt o délce piiblizné 2,5 km v kazdé
tunelové troubé. Razby probihaly v obdobi 2010-2012.
Zhotovitelem stavebnich praci bylo konsorcium firem ,,ARGE
KAT1* zahrnujici spole¢nosti Wayss & Freytag Ingenieurbau AG
a Granit GmbH.

Usek Koralm 2 (KAT2) je vymezen od zafizeni staveni§té pri-
zkumné Sachty Leibenfeld smérem na vychod prorazkou do sta-
vebniho tseku KAT1 a na zdpad do tseku KAT3. Pruzkumnd pod-
zemni dila se zapocala v roce 2005 vyhloubenim 60 m hluboké
pruzkumné Sachty Leibenfeld a prizkumného tunelu Leibenfeld
o délce cca 1,87 km. Usek KAT?2 o délce dseku priblizné 21,3 km
zahrnuje razby tratovych tuneld prevdZzné pomoci tunelovacich
stroju TBM, v men§im rozsahu konven¢né razenych, déle kon-
vencni razby nouzové podzemni stanice a tunelovych propojek.
Razby na tseku KAT?2 byly zahdjeny v roce 2011. Zhotovitelem
stavebnich praci je zde konsorcium ,,ARGE KAT2“ spolecnosti
Strabag AG a Jdger Bau GmbH, které tento dsek vysoutéZilo
v roce 2010 za 570 mil. eur. Podrobnosti o useku KAT?2 jsou uve-
deny v dal$im textu.

Usek Koralm 3 (KAT3) je na zdpadé vymezen portilem
v ddoli Lavanttal ve spolkové zemi Korutany a prordzkou do
stavebni ¢asti KAT2. Usek KAT3 zahrnuje piiblizné 10,6 km

Graz and Klagenfurt, their capitals. The Koralm railway forms an
important section on the international high-speed railway corridor,
the Baltic-Adriatic Axis, which was proposed by the European Union
and which interconnects the Baltic Sea with the Mediterranean via
Helsinki, Gdansk, Warsaw, Vienna, Venetia and Bologna. The newly
designed track with the design speed of 200km/h will reduce the time
of travel between Klagenfurt and Graz from the current 3 hours to
less than one hour. The completion of the tunnelling operations is
planned for 2019; bringing the line into service is expected in 2023
(see Fig. 1).

THE KORALM TUNNEL

The most important structure of the Koralm railway is the
Koralm tunnel itself with the aggregated length of approximately
32.9km, passing at the border between the federal states of Kirnten
and Steiermark through the Koralpe Range, with the maximum
overburden height of roughly 1200m. The project owner is OBB
Infrastruktur AG and the tunnel will subsequently be operated by
Austrian Federal Railways (Osterreichische Bundesbahnen, OBB).
The tunnel consists of two single-track tunnel tubes interconnected
by cross passages every 500m. An emergency station, 920m long)
is located approximately in the middle of the tunnel length. The tun-
nel route is oriented approximately in the W — E direction.

The Koralm tunnel route is divided into the following three basic
construction sections (see Fig. 2), which are carried out by various
consortia of contractors. In addition, there are firms and their con-
sortia, as well as individual experts, providing all engineering.

The Koralm section 1 (KAT1) is defined in the east by the por-
tal in Frauental valley in the federal state of Steiermark and it con-
tinues to the area of the town of Deutschlandsberg, via the
Leibenfeld exploratory shaft. The civil works on this section have
been completed. They comprised cut-and-cover and conventionally
driven parts of tunnels at the aggregated length of each tunnel tube
of approximately 2.5km. The tunnel construction lasted from 2010
to 2012. The civil engineering contractor was done by “ARGE
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konven¢nich razeb v jizni tunelové troubé a 12,1 km mechanizo-
vanych a cca 0,7 km konvencnich razeb v severni tunelové trou-
bé, dale kratké hloubené dseky v oblasti povrchového pristupu
Mitterpichling. Pruzkumnd podzemni dila byla zahdjena v roce
2004 vyhloubenim pruzkumné Sachty Paierdorf o hloubce 120 m
a pruméru 10 m. Z ni byly na prevdzném useku jizni trouby roz-
razeny konven¢nim zpasobem prizkumné tunely o profilu kaloty
budouciho tunelu (cca 48 m2), a to konkrétné pruzkumny tunel
Paierdorf délky cca 4,74 km a prizkumny tunel Mitterpichling
délky cca 3,05 km. Pocdtecni tseky obou tunelovych trub ze
zapadniho portdlu o délce 0,7 km k pristupovému mistu
Mitterpichling byly vyraZeny konven¢né v prubéhu roku 2014.
Zbyvajici tseky jizni tunelové trouby jsou raZzeny konvenéné
k hranici s ¢asti KAT2 a stavajici dseky s prazkumnymi tunely
budou rozsifeny na plny profil tunelu. Severni tunelova trouba
bude raZzena mechanizované na tvodnich cca 5 km v neogennich
terciérnich sedimentech pomoci plnoprofilového tunelovaciho
stroje v médu zeminového §titu (EPB), aby nésledné byl stroj pre-
stavén na horninové TBM se §titem v predem pripravené kaverné
o délce 40 m. Price byly zahdjeny koncem roku 2013 a razby
zapocaly v lednu 2014. Zhotovitelem stavby tseku KAT3 je spo-
le¢nost Porr AG.

GEOLOGICKE POMERY

Z&jmové lzemi je v okrajovych oblastech trasy tunelu tvoreno
severozdpadnim vybézkem Panonské péanve, kterd je zde zastou-
pena mélce marinnimi sedimenty a dédle intramontdnni
Lavanttalskou panvi. Ze stratigrafického pohledu se jednd
o sedimenty neogenniho stari. Horninové prostredi je zde tvoreno
predevsim ulehlymi pisky a mélo zpevnénymi pisCitymi prachov-
ci az hrubozrnnymi piskovei. Mocnost a prubéZnost jednotlivych
typl hornin je velmi proménlivd, a to pfedevsim v oblasti lavant-
talského ddoli, coz vede k vyrazné heterogenité horninovych pod-
minek v tunelu.

Prevaznd ¢ast trasy tunelu je vSak tvofena metamorfovanym sle-
dem hornin koralmského krystalinika (obr. 3), které ndleZi tzv.
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KAT1” consortium consisting of Wayss & Freytag Ingenieurbau
AG and Granit GmbH.

The Koralm section 2 (KAT2) is constructed from the con-
struction site facility located at the Leibenfeld exploratory shaft and
is limited at the east by lot KAT1 and at the west by the breakt-
hroughs to lot KAT3, respectively. The underground exploratory
workings commenced in 2005 by excavating the 60m deep
Leibenfeld exploratory shaft and driving the ca 1.87km long
Leibenfeld exploratory tunnel. The about 21.3km long KAT?2 secti-
on comprises the driving of running tunnels mostly by TBMs and,
to a smaller extent, conventionally. Conventionally are constructed
cross passages and the emergency station between the tunnel tubes.
Tunnelling operations on KAT2 section commenced in 2011. The
civil engineering contractor for this section was awarded to the
“ARGE KAT2” consortium consisting of Strabag AG and Jéiger
Bau GmbH in 2010, for the cost of EURO 570 million. Details
regarding KAT?2 section are presented in the text below.

The Koralm 3 section (KAT3) is defined in the west by the por-
tal in Lavanttal valley in the federal state of Kérnten and in the east
by the breakthrough into construction section KAT2. KAT3 section
comprises approximately 10.6km of conventional tunnelling in the
southern tunnel tube and 12.1km of mechanised tunnelling and ca
0.7km of conventional driving in the northern tunnel tube; in addi-
tion, there are short cut-and-cover sections in the area of the
Mitterpichling at-grade access. Exploratory underground operati-
ons started in 2004 by sinking the 120m deep and 10m-diameter
Paierdorf exploratory shaft. Exploratory tunnels were driven con-
ventionally from this shaft in the major part of the southern tunnel
tube, with the cross-sections corresponding to the top heading of
the future tunnel (the excavation cross-sectional area of ca 48m?2),
concretely the 4.74km long Paierdorf exploratory tunnel and the ca
3.05km long Mitterpichling exploratory tunnel. The initial 0.7km
long sections of both tunnel tubes from the western portal to the
Mitterpichling access point were driven conventionally during 2014.
Remaining sections of the southern tunnel tube are driven conventi-
onally up to the border with KAT?2 part; the existing sections formed

legenda / legend
—— tunel Koralm / Koralm tunnel
prizkumny tunel Liebenfeld / Leibenfeld investigation tunnel
prizkumna $achta Paierdorf / Paierdorf investigation shaft
@ prizkumny tunel Paierdorf / Paierdorf investigation tunnel
+ priizkumna $tola Mitterpichling / Mitterpichling investigation tunnel

“ amfibolity / Amphibolites

geologie - legenda / geology legend
neogenni sedimenty / Neogene sediments
slidnatd bfidlice — souvrstvi bfidlic a rul / Mica schist - schistgneiss squences
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Obr. 3 Geologie horského masivu Koralpe a tunelu Koralm
Fig. 3 Geology of the Koralpe mountain range and the Koralm tunnel

zdrojlsource: OBB




koridenskému komplexu krystalinika Lavanttalskych Alp. Jde
o polymetamorfni horniny kiidového stari, které jsou zastoupeny
predev§im masivnimi jemnozrnnymi a hrubozrnnymi pararulami,
deskovitymi rulami, bridli¢natymi rulami aZ slidnatymi bridlice-
mi, s polohami amfiboliti a ddle s méné hojnym vyskytem eklo-
gitd, mramory, pegmatitd. V tektonickych zénédch se pak jednd
o tektonické brekcie s Casto jilovitou vyplni.

Z tektonického hlediska se jednd o vyrazné postiZenou oblast.
Piikrovova stavba a ploché zvrasnéni masivu je variského pavo-
du, rozdilné strukturni vlastnosti rul pak predstavuji alpinsky duk-
tilni smykovy horizont. Neogenni tektonické zlomy a vyzdvihy
ndsledné vedly k sou¢asnému vzhledu koralpského masivu.

Prevladajici smér ploch nespojitosti a poruchovych pdsem je
SSZ — JJV sméru, tedy priblizné kolmy na osu tunelu, s dal$im
systémem kolmym na tento smér. Plochy nespojitosti jsou prevaz-
né strmé uklonény (50° az 90° k VSV). Prevladajici smér diskon-
tinuit koresponduje s orientaci lavanttalského zlomu, ktery, co se
tyCe tektonického vyvoje oblasti, predstavuje vyznamnou struktu-
ru, na které doSlo k vyzdviZzeni Koralpského krystalinika
a uklonéni smérem k vychodu. Tento zlom byl nédsledné prekryt
sedimenty lavanttalské panve. Trasa tunelu protind tento zlom
v blizkosti zdpadniho portalu.

Vyskyt podzemni vody je v drovni tunelu vdzén predevs§im na plo-
chy bridli¢natosti, polohy mramort a tektonické poruchové zony.

PRUZKUMNA PODZEMNI DILA

V letech 2003 a7 2010 byla realizovédna &tyfi pruzkumnd pod-
zemni dila v rdmci podrobného inZenyrskogeologického pruzku-
mu, jehoZ vysledky se staly podkladem pro ndvrh projektu, reali-
za¢ni dokumentaci stavby a soucasn€ pro vybérové fizeni na zho-
tovitele stavby. Souddsti prizkumnych praci byla realizace hlou-
bené Sachty a tunelu Leibenfeld v blizkosti vychodniho portilu
z duvodu ovéfeni geologickych a geotechnickych podminek kon-
taktu neogennich sedimentu s krystalinikem a tektonického systé-
mu ohraniCujictho masiv krystalinika. Ze stejného duvodu byla
realizovéna pruzkumna Sachta Paierdorf u zdpadniho portdlu tune-
lu, a z této Sachty prazkumny tunel Mitterpichling a Paierdorf,
ktery mel za dkol upresnit polohu a podminky lavanttalské poru-
chové zény. Ob€ Sachty v soucasné dobé slouzi jako ventilaéni
Sachty a z&asti k prepravé pracovnika.

STAVEBNI USEK KAT2

Spolecnost 3G Gruppe Geotechnik Graz ZT GmbH (spolecnik
Ceské spolecnosti 3G ConsultingEngineers s. r. 0.) v pracovnim
konsorciu se spole¢nosti POYRYPLC pod oznagenim GEO KAT2
zajistuje inZenyrskogeologické sledovdani mechanizovanych
a konvenénich raZeb tuneld na stavebnim dseku KAT?2 a ¢éstedné
stavebni dozor investora OBB. Geotechnicky dozor investora pro-
vadi spolecnost Geoconsult ZT GmbH. Vzhledem k ¢innosti firmy
3G CE na projektu se ¢lanek déle zabyva vyhradné tsekem KAT2.

Celkové délka tseku KAT2 ¢ini priblizné 31 km, z toho cca
21,3 km pfipadd na razbu dvou jednokolejnych tunelt, a to
v piipadeé severni tunelové trouby 17,2 km na mechanizované
a 4,1 km na konvenéni razby. V pripadé jizni tunelové trouby pak
16,2 km na mechanizované a 5,1 km na konvencni. Dale 920 m
konvenénich raZeb pripadd na nouzovou stanici a v prubéhu
mechanizovanych raZzeb jsou realizovany i pri¢né tunelové pro-
pojky o délce cca 40 m.

Tunely jsou navrzeny prevazné jako dvouplastové, kde primarni
osténi je tvoreno segmentovym prstencem s rozvrzenim 6 + 0, ddle
mezilehld deStnikovd izolace a sekunddrni osténi z monolitického
betonu. V tsecich s predpokladem priznivych geologickych pod-
minek (tvrdé, masivni ruly) je uvazovano pouze vodotésné seg-
mentové osténi. Standardni segmenty jsou z betonu tridy C35/45
XC4 XAIL tloustky 35 cm, vnitini monolitické osténi pak
z betonu C25/30. Pro poruchovd pasma jsou pripraveny specidlni
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by exploratory tunnels will be enlarged to the full tunnel profile.
The northern tunnel tube will be driven mechanically in the initial
ca Skm long section through Tertiary Neogene sediments using
a full-face EPB TBM; the machine will subsequently be overhauled
to a hard rock TBM in a 40m long cavern prepared in advance. The
operations commenced at the end of 2013 and tunnelling started in
January 2014. The contractor for KAT 3 section is Porr AG.

GEOLOGICAL CONDITIONS

The edge regions of the tunnel route area of interest are formed
by the north-western protrusion of the Pannonian Basin, which is
represented there by shallow marine sediments and farther by the
intramontane Lavanttal Basin. From the stratigraphical point of
view, there are Neogene sediments there. The ground environment
is formed mainly by compact sand and little solidified siltstone to
gravelly sandstone. The thickness and persistence of individual
ground types is very variable, first and foremost in the area of
Lavantall Valley, which in fact leads to the significant heterogenei-
ty of the ground conditions in the tunnel.

Anyway, the major part of the tunnel route is formed by
a metamorphosed sequence of rock types forming the Koralm cry-
stalline complex (see Fig. 3), which is part of the so-called Koriden
crystalline complex of the Lavanttal Alps. The rock types are poly-
metamorphosed, of the Cretaceous age and are represented mainly
by massive fine-grained and coarse-grained paragneiss, tabular
gneiss, schistose gneiss up to mica schist, with amphibolite inter-
layers and with the less ample occurrence of eclogite, marble and
pegmatite. In fault zones, there are fault breccias, frequently with
clayey filling.

In terms of tectonics, the area is significantly affected. The nape
structure and the flat folding of the massif are of the Variscan ori-
gin; the various structural properties of the gneiss represent the
Alpine ductile shear horizon. Neogene faults and structural highs
subsequently led to the current appearance of the Koralpen massif.

The prevailing trend of discontinuity surfaces and fault zones is
NNW — SSE, approximately perpendicular to the tunnel axis, with
another system perpendicular to this direction. The discontinuity
surfaces mostly steeple dip (50° to 90° ENE). The prevailing trend
of discontinuities corresponds to the orientation of the Lavanttal
fault, which, as far as the tectonic development of the area is con-
cerned, represents an important structure along which the Koralpen
crystalline complex got uplifted, dipping east. This fault was sub-
sequently overlain by Lavanttal Basin sediments. The tunnel route
cuts through this fault in the vicinity of the western portal.

The occurrence of groundwater at the tunnel level is bound main-
ly to schistosity surfaces, layers of marble and tectonic weakness
zones.

Underground exploratory works

Four underground exploratory works were realised within the
framework of the detailed engineering geological survey during the
2003-2010 period. The survey results became a basis for the design
draft, the final design and, at the same time, for the tendering pro-
cess. The realisation of the shaft and the Leibenfeld tunnel in the
vicinity of the eastern portal was part of the exploratory activities.
Its target was to verify geological and geotechnical conditions on
the contact of Neogene sediments with the crystalline complex and
the fault system bordering the crystalline complex massif. The
same reason applied to the realisation of the Paierdorf exploratory
shaft at the western portal of the tunnel and the Mitterpichling and
Paierdorf exploratory tunnels driven from it, which were designed
to refine the location and conditions of the Lavanttal Fault Zone.
The two shafts currently serve as ventilation structures and, partial-
ly, for the transport of workers.
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segmenty s vetSim mnozstvim vyztuze, pripadné i z vyssi tiidy
betonu C50/60. Pro tseky pri¢nych tunelovych propojek jsou téz
betonu a pro velmi nepfiznivé podminky i s ocelovymi trny.

Centrem stavby KAT?2 je zarizeni stavenist¢ Leibenfeld, které je
situovdno 3,5 km zédpadné od vychodniho portalu na okraji mésta
Deutschlandsberg. Zarizeni stavenisté zahrnuje kanceldre investo-
ra, zhotovitele, Zelezni¢ni napojeni, dvé betondrny s napojenim na
vyrobni zafizeni segmentu a jejich skladisté, ddle deponie pro ulo-
Zeni, pretridéni a dalsi vyuzZiti vytéZzeného materidlu.

Price na tdseku KAT?2 byly zahdjeny v roce 2011, a to nejprve
realizaci dvojité, rozepiené Sachty hloubky 60 m a prifezu 800 m?2.
Sachta byla vyhloubena za ticelem transportu jednotlivych &dsti
razicich stroju a nyni je vyuZzivdna k dopravé materidlu (segmen-
ty, rubanina, technicky materiél, apod.). Ndsledné byly konvenc¢-
nim zpusobem vyraZeny obé tunelové trouby (respektive v jizni
troubé rozsiten profil stdvajiciho pruzkumného tunelu) délky cca
4 km, a to do mista startu mechanizovanych razeb, v€etné kaveren
pro sestaveni stroju, a do prordzky s tsekem KAT1.

Pocatkem roku 2013 byly na KAT2 zahdjeny mechanizované
razby pomoci plnoprofilovych tunelovacich stroji TBM do skal-
nich hornin s dvojitym S$titem dodanych spole¢nosti Aker—Wirth
(obr. 4). Prumér fezné hlavy stroje je 9,93 m a vykon kazdého
stroje ¢inf 8000 kW a rota¢ni moment 30 000 kNm. Dohromady
obé TBM vyrazi 32,8 km. Soucasné s mechanizovanymi razbami
probihd konvencni razba propojek mezi severni a jizni troubou.
V soucasné dobe¢ (kvéten 2015) bylo v jizn{ troubé vyrazeno cca
11,1 km a v severni 11,4 km.

INZENYRSKOGEOLOGICKE SLEDOVANI

InZenyrskogeologické sledovani zahrnuje predevsim dokumentaci
inZenyrskogeologickych podminek v nezajisténém prostoru razeb,
odbér vzorkt hornin a podzemni vody a dokumentaci a vyhodnoceni
pruzkumnych predvrta. Dokumentace je podkladem pro ndsledné
technickd opatfeni, prognézy v oblasti geologické stavby, ovéreni
a optimalizace predstihového prizkumu a stanoveni smluvné defi-
novanych charakteristickych hodnot horninového masivu.

InZzenyrskogeologicka dokumentace

Po udcely provadéciho projektu na kontraktu KAT2 byla geolo-
gickym dozorem investora, spolecnosti 3G Gruppe Geotechnik
Graz, pripravena ,, Geologickd (inZenyrskogeologickd) dokumen-
tace“, kterd je rozdélena na jednotlivé dokumenty pro konvenéni
a mechanizované razby. Zpracovani dokumentu bylo realizovano

zdrojlsource: OBB
Obr. 4 TBM do skalnich hornin s dvojitym Stitem od spolecnosti Aker-Wirth
Fig. 4 Double-shielded hard rock TBM manufactured by Aker-Wirth

TuHel

KAT2 CONSTRUCTION SECTION

3G Gruppe Geotechnik Graz ZT GmbH (a partner of the
Czech company of 3G Consulting Engineers s. r. 0.) and
POYRY PLC, in a working consortium titled GEO KAT?2, pro-
vide the engineering geological monitoring of the mechanised
and conventional drives of tunnels within KAT2 construction
section and, partially, the client’s (the OBB) supervision.
Client’s geotechnical supervision is carried out by Geoconsult
ZT GmbH. With respect to the activity of 3G CE on the project,
the paper further deals exclusively with KAT2 section.

The total length of KAT?2 section amounts approximately to
31km. An approximately 21.3km long part of this length falls
on the excavation of two single-track tunnels, namely, in the
case of the northern tunnel tube, 17.2km of mechanised drives
and 4.1km of conventional drives. In the case of the southern
tunnel tube, 16.2km will be driven mechanically and 5.1km
conventionally. In addition, 920m of the conventional tunnel-
ling falls on the emergency station and approximately 40m long
cross passages are being carried out during the course of the
mechanised tunnelling.

The tunnels are mostly designed as double-shell structures con-
sisting of primary linings formed by 6+0 segmental rings, umb-
rella-type intermediate waterproofing and cast-in-situ secondary
concrete linings. In the sections where favourable geological con-
ditions are expected (hard, massive gneiss), only a watertight seg-
mental lining is assumed. Standard 35cm thick segments are pro-
duced from C35/45 XC4 XA1L grade concrete, whilst the cast-in-
situ concrete lining is from C25/30 grade concrete. Special seg-
ments containing more reinforcement or produced using higher
concrete grade, C50/60, are prepared for fault zones. Segments
with increased content of reinforcement, using a higher concrete
grade and, for the cases of unfavourable conditions, even provi-
ded with steel dowels, are designed for cross passages.

The Leibenfeld construction facility is the centre of KAT2. It
is located 3.5km west of the eastern portal, on the outskirts of
the town of Deutschlandsberg. This construction facility com-
prises client’s and contractor’s offices, a railway connection,
two batching plants with a connection to the segment casting
yard and a segment stocking facility, yards for depositing, re-
sizing and other use of muck.

The work on KAT?2 section commenced in 2011, first by the
realisation of a 60m deep and 800m? cross-section braced twin-
celled shaft. The shaft was excavated for the purpose of tran-
sporting individual parts of the tunnelling machines. It is cur-
rently used for the transport of materials (segments, muck, tech-
nical materials etc.). The two ca 4km long tunnel tubes were dri-
ven (respectively, in the southern tunnel tube, the profile of the
existing exploratory tunnel was enlarged) to the starting point of
the mechanised drives, inclusive of caverns for the assembly of
the machines, and to the breakthrough into KAT1 section.

Mechanised tunnelling using double-shielded hard-rock
TBMs supplied by Aker-Wirth commenced at KAT2 at the
beginning of 2013 (see Fig. 4). The diameter of the cutterheads
is 9.93m and the power of each of the machines amounts to
8000kW, their torque is 30,000kNm. Both TBMs will jointly
drive 32.8km. Concurrently with the mechanised drives, the
conventional excavation of cross passages proceeds between
the northern tube and the southern tube. At the moment (May
2015), ca 11.1km and 11.4km of the excavation has been finis-
hed in the southern tube and northern tube, respectively.

ENGINEERING GEOLOGICAL MONITORING

The engineering geological monitoring comprises first of all
the documentation of engineering geological conditions in
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Obr. 5 Skica pri¢ného inZenyrskogeologického rezu Celby se zakreslenymi
hlavnimi strukturnimi prvky, vlevo skica podélného rezu
Fig. 5 A sketch of the engineering geological cross-section through the hea-
ding with the main structural elements drawn in it; a sketch of the longitudi-
nal section on the left side

s cilem sjednotit definice pojmu a klasifikaci a umoZnit tak i pfimé
porovndni tdaju a parametru v geotechnické zpraveé s geologickou
dokumentaci razeb.

Geologickd kanceldr na strané investora je obsazena tfemi pozice-
mi, hlavn{ geolog, asistent hlavniho geologa a dokumentacni geolog.
Pracovni cyklus dokumenta¢niho geologa sestdva z 8 dni na stavbé
a 6 dni volna. V tomto cyklu se stfidaji dva geologové (3G
a POYRY). Hlavni geolog a asistent maji standardni pracovni tyden.

SoubéZné k dokumentaci sdruzeni GEO KAT2 (3G, POYRY)
existuje geologicky dohled zhotovitele, sdruZeni spole¢nosti
AGTXK2 (Dr. Plinninger Geotechnik, geo.zt gmbh, miiller+hereth
gmbh), které provadi vlastni tzv. konsenzudlni geologickou doku-
mentaci, odsouhlasenou investorem stavby. Dokumentace jsou
témér identické, li§i se zpusobem zakresleni &elby, kdy
v konsenzudlni dokumentaci AGT.K2 se zakresluji vyhradné
fyzicky dokumentované c&asti Celby, bez méfitka (napr. bez
zohlednéni skuteéné vzddlenosti diskontinuit), zatimco
v dokumentaci GEO KAT?2 se celba extrapoluje do dalsich ¢4sti se
zohlednénim méfitka (obr. 5).

InZenyrskogeologické sledovani mechanizovanych razeb zahr-
nuje dokumentaci horninového prostredi nasledujicich oblasti:

Oblast Fezné hlavy: predev§im dokumentace skrze otvory
v fezné hlavé pro ucely oprav a udrzby hlavy tzv. ,Mannlocher* —
kruhovité prulezy o pruméru cca 80 cm (obr. 6a); déle skrze otvo-
ry za&iStovacich dldt (obr. 6b) a otvory feznych disku.

Oblast teleskopického Stitu: otvory ve Stitu tzv. ,,geologickd
okna‘“, kterd jsou umisténa priblizné 5 metru za feznou hlavou;
v pripadé zatazeni teleskopického Stitu dokumentace kompletniho
horninového prstence ve vzddlenosti cca 3 m za Celbou.

Otvory v segmentech: dokumentace skrze otvory v segmentech
prvniho prstence za Stitem (otvory v segmentech jsou osazeny
zavitem s vikem a slouzi k injektaZi prostoru mezi prstencem
a horninovym masivem) (obr. 6¢).

Dokumentace rubaniny na pirepravnim pasu
pired prvni drtickou

Dokumentace Celby v prostoru fezné hlavy piedstavuje nejdule-
Zitéj8i referencni oblast pro stanoveni procentudlniho zastoupeni
horninovych typu a celkové posouzeni chovani horninového masi-
vu pii razbe. Zbyvajici oblasti pak slouzi jako doplnujici podklad
pro ovéfeni podminek dokumentovanych na ¢elbé, dalsiho vyvoje
chovani nezajisteného horninového masivu podél Stitu a pripadne
k ovéfeni dat z raziciho stroje. VySe uvedené typy dokumentace

s w2

zaujimaji ve zpracovani dokumenta¢nich list vlastni &4sti.
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unsupported excavated spaces, collecting samples of rock and
groundwater and the documentation and assessment of pre-dril-
led exploratory boreholes. The documentation provides a basis
for subsequent technical measures, prognoses in the field of the
geological structure, the verification and optimisation of the
exploration ahead of the excavation face and the determination
of the characteristic properties of the ground mass to be defined
by the contract.

ENGINEERING GEOLOGICAL DOCUMENTATION

“The geological (engineering geological) documentation”
was prepared by client’s geological supervision, the company
of 3G Gruppe Geotechnik Graz, for the needs of the final
design for the KAT2 contract. It is divided into individual
documents for conventional and mechanised tunnelling. The
document was carried out with the aim of unifying the defini-
tions of terms and classifications, thus allowing even for the
direct comparison of the data and parameters contained in the
geotechnical report with the geological documentation of the
drives.

The client’s office of geology employs three positions — the
main geologist, main geologist’s assistant and a documentation
geologist. The documentation geologist’s working cycle con-
sists of 8 days spent on site and 6 days off. Two geologists
alternate in this cycle (3G and POYRY). The main geologist
and his assistant have a standard working week.

Contractor’s geological supervision performed by the
AGT.K2 consortium (Dr. Plinninger Geotechnik, geo.zt gmbh,
miiller+hereth gmbh) exists in parallel to the documentation
carried out by GEO KAT2 consortium (3G, POYRY). It carries
out its own so-called “consensual” geological documentation
approved by the project owner. The documentations are nearly
identical. They differ in the method of plotting the excavation
face, where exclusively physically documented parts of the
face are plotted without scaling (e.g. without taking actual spa-
cing of discontinuities into consideration) in the AGT.K2 con-
sensual documentation, whilst the face is extrapolated into
other parts, taking the scale into account, in the GEO KAT2
documentation (see Fig. 5).

The engineering geological monitoring of mechanised drives
comprises the documentation of the ground environment in the
following areas:

The cutterhead area: it is first of all the documentation carri-
ed out through openings in the cutterhead used for repairs and
maintenance of the cutterhead (the so-called MannlGcher),
i.e. circular man-holes ca 80cm in diameter (see Fig. 8a); in
addition it is carried out through gates for the trimming cutters
(see Fig. 6b) and gates for the disk cutters.

The telescopic shield area: holes in the shield, the so-called
“geological windows”, which are located approximately Sm
behind the cutterhead; in the case of the telescopic shield
retracted; the geological documentation of a complete ring of
rock ca 3m behind the excavation face.

Openings in segments: the documentation through holes in
the segments forming the first lining ring behind the shield (the
ports in the segments are provided with fittings with inner thre-
ads and lids and they serve to injecting grout into the annulus
between the ring and the rock mass) (see Fig. 6¢).

Documentation of muck on the belt conveyor
before the initial crusher

The documentation of the heading in the space of the cutter-
head represents the reference part most important for the deter-
mination of the proportional representation (percentage) of
ground types and the overall assessment of the rock mass
behaviour during the excavation. The remaining areas are used
as supplementary bases for the verification of the conditions
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Ohledné struéného popisu dokumentace razby kazdy list obsa-
huje obecné informace o razeném dile. Na prvnim listu je ru¢né
kreslend skica dokumentované a ddle prostorové interpretované
Celby. Druhy list obsahuje zastiZené a procentudlné vymezené
horninové typy. Téch je v ramci projektu KAT?2 a razeb tykajicich
se hornin krystalinika vymezeno 27 typu, a to podle: anizotropie,
stupné rozpukani horninového masivu, jednoosé pevnosti (UCS),
stupné zvétrdni, pripadné vyskytu krasovych jevu a v piipadé
zastizeni tektonickych poruchovych zon a pasem charakter mate-
ridlu jejich vypIn€. Dale obndsi vyznadeni horninovych typu smé-
rodatnych pro chovéani nezajisteného vyrubu pri razbé (véetné
tvorby nadvylomu), obecny geologicky popis, strukturni charakte-
ristiky horninového masivu, pfitomnost a charakter podzemn{
vody, lepivost na ¢elbé a fezné hlavé a dalsi pozndmky k razbé.
Podrobné jsou ndsledné popsény jednotlivé horninové typy (tj.
napriklad vzdalenost ploch bridli¢natosti, blokovitost masivu,
rozevienost puklin, detailni litologie) a zatfidéna vyuZzitelnosti
rubaniny (tj. pfifazeni materidlové tfidy, ze které vyplyva tran-
sport na prislu$nou deponii a odpovidajici zpétné vyuziti). Ddle
charakteristika zdokumentovanych ploch odluc¢nosti (typ diskon-
tinuity, pripadné systém diskontinuit, vzdalenost, drsnost, zvinéni,
rozevieni, vypli, povlaky). Nésledujici listy jsou zaméfeny na
fotodokumentaci vysSe uvedenych oblasti. Poslednf list je doku-
mentace rubaniny (foto, popis — geologicky, zrnitostni, vyuZzitel-
nost atd.).

Inzenyrskogeologicka dokumentace in-situ

InZenyrskogeologickd dokumentace razeb probihd v obou tune-
lovych troubdch kazdy den rédno, a to jak geologem zhotovitele,
tak investora. Piijaté feSenf plyne z duvodu ovéreni geologické
situace jednotlivymi stranami a soucasné spliiuje podminky bez-
pecnosti. Spole¢né s geology se dokumentace tcastni geotechnik
a stavebni dozor za investora a déle stavbyvedouci a technik TBM
za zhotovitele.

Vlastni pribéh dokumentace in-situ zac¢ind v 7 hodin rdno
odjezdem dulniho vlaku z Sachty na &elbu jednoho z tunelu.
V soucasné dobe cesta zabere cca 40 min jizdy. Pokud nedojde
k zastiZen{ technologické pauzy (napt. vyména feznych disku, rea-
lizace prizkumného predvrtu, apod.), je mozné okamZit€é zdoku-
mentovat rubaninu na prepravnim pésu pred drtickou. V prabéhu
nékolika minut obsluha z divodu geologické a geotechnické
dokumentace zastavi razici stroj, couvne s feznou hlavou
o nékolik desitek centimetra (cca 20-30 cm) a umoZni pifstup do
komory pred hlavou. Ve vétSiné priipadd, a je to vhodnéjsi
i z hlediska dokumentace Celby, je pfistupnd dolni polovina komo-
ry (obr. 7) a skrze otvory je mozné fotograficky a fyzicky zdoku-
mentovat horninové prostiedi, tedy Celbu a lokdlné bocni stény
vyrubu. Standardné viditelnd oblast elby z otvoru v hlavé je pred-
métem obr. 8a. V ojedinélych pripadech je prostor mezi ¢elbou
a reznou hlavou zcela (kompletn€) pristupny. VétSinou se tak
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documented at the excavation face, the subsequent develop-
ment of the behaviour of the unsupported rock mass along the
shield body and, if necessary, for the verification of the data
from the tunnelling machine. The above-mentioned documen-
tation types take up their own parts in the preparation of docu-
mentation sheets.

Regarding the brief description of the excavation documen-
tation, each sheet contains general information on the working
being excavated. A hand-drawn sketch of the heading being
documented and the heading being subsequently spatially inter-
preted are on the first sheet. The second sheet contains the
encountered types and the ground types defined by the percen-
tage. 27 types are determined within the framework of KAT2
design and the tunnelling through the crystalline complex rock,
with respect to: anisotropy, the degree of rock mass fracturing,
the uniaxial compression strength (the UCS), the degree of
weathering or even the occurrence of karst phenomena and, in
the case of encountering fault zones, the character of the mate-
rials filling the cracks. In addition, it contains the marking of
rock types decisive for the behaviour of the unsupported exca-
vation during the work on it (inclusive of overbreaks), a general
geological description, structural characteristics of the rock
mass, the presence and character of groundwater, the stickiness
at the excavation face and on the cutterhead and other notes
regarding the excavation. Individual rock types (for example
the spacing of schistosity surfaces, rock mass blockiness, aper-
ture of cracks, detailed lithology) are subsequently described in
detail and the usability of muck (the material classes from
which the transport of muck to the respective stockpile is deter-
mined and from which the corresponding muck re-use follows)
is categorised. In addition, the sheet contains the characteristics
of the documented discontinuity surfaces (the type of the dis-
continuity or the system of discontinuities, the spacing, rough-
ness, undulation, aperture, filling, coating). The following she-
ets are focused on the photo documentation of the above-men-
tioned areas. The last sheet contains the documentation of
muck (photos, description — geological, grain-size related, usa-
bility etc.).

In-situ engineering geological documentation

The engineering geological documentation of drives is carri-
ed out in both tunnel tubes by both the client’s and contractor’s
geologists every morning. The adopted solution follows from
the verification of the geological situation by individual parties
and, at the same time, meets the safety requirements. Together
with the geologists the geotechnician and client’s supervisor, the
site manager and TBM technician on behalf of the contractor
take part in the documentation.

The in-situ documentation process begins at 7h a.m. by the
departure of the mine train from the shaft to the heading of one

zdrojlsource: OBB, 3G

Obr. 6 Fotografickd dokumentace Celby skrze otvory v Fezné hlavé, tj.“Mannloch®, otvory zalistovacich dldt, a ddle mezery mezi segmentovym prstencem

a horninou v klenbé

Fig. 6 Photo documentation of the excavation face carried out through openings in the cutterhead, the so-called “Mannlicher, gates for the trimming cutters

and the gap between the segmental ring and the rock in the crown




zdrojlsource: OBB, 3G
Obr. 7 Provddeéni inZenyrskogeologické dokumentace Celby ze dna razici ko-
mory skrze prulezy v Fezné hlavé Stitu
Fig. 7 Carrying out the engineering geological documentation of the excava-
tion face from the excavation chamber bottom through openings in the cut-
terhead

stane pouze v obdobi praci na tdrzbé stroje, které jsou podmine-
ny maximdlni stabilitou Celby (obr. 8b). Opakem je obr. 8c, kdy
Celba vykazuje vyrazné blokovité vylomy.

Pred samotnym vyklonénim se k Celbé je nutné se presvedcit
o stabilité Celby, Cili ptitomnosti volnych bloka, vzniku odpryski
apod. Vzhledem ke stisnénému prostoru a ¢asovému omezeni na
dokumentaci (cca 10 minut v pfipadé zastaveni razby vyhradné
z duvodu geologické a geotechnické dokumentace) je nutné jednat
rychle a soucasné opatrné vzhledem k vySce stroje. Nejprve je
Celba fotografovana v riznych na sebe kolmych smérech pohledu.
Viditelné strukturni prvky se popisi, jejich orientace a sklon jsou
odhadovény, jelikoz geologicky kompas nepracuje spravné
z duvodu magnetického pole raziciho stroje. Pevnost horniny je
overovana geologickym kladivem. Z prostoru komory je déle
mozné zkontrolovat zanesenf §titu stroje. Po ukonc¢eni dokumen-
tace Celby ndsleduje dokumentace ,,geologickych oken“ v te-
leskopickém $titu a v dal§im kroku kontrola otvoru v segmentech
a mezery mezi prstencem a horninovym masivem jednoho aZ
dvou prstencu piistupnych hned za $titem stroje. Kontrola se pro-
vadi z davodu odhaleni nadvylomt — rozvolnéni horninového
masivu a dosednuti vétsich bloku na prstenec, jeZ mohou zaprici-
nit vznik trhlin v segmentech.

V prubéhu &ekéni na dulni vlak, ¢i pfimo v ném, jsou vyplnény
jednotlivé dokumentacni listy konsenzudlni inZenyrskogeologické
dokumentace, a to za spoluprédce geologu obou stran. Identickym
zpusobem se postupuje i v pripadé druhé trouby, kdy je nejprve
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of the tunnels. The travel currently takes about 40 minutes. If
no technological break is encountered (e.g. the replacement of
disk cutters, the realisation of exploratory boreholes ahead of
the excavation face etc.), it is immediately possible to docu-
ment the muck on the belt conveyor before the crusher. The
operators stop the tunnelling machines during several minutes
to allow for the geological and geotechnical documentation.
They move the cutterhead several centimetres back (ca
20-30cm) and allow for the access to the chamber ahead of the
cutterhead. It is in the majority of cases, and it is more suitab-
le even from the aspect of the documentation of the excavation
face, that the lower half of the chamber is accessible (see Fig.
7) and it is possible to document the rock environment, i.e. the
excavation face and locally even the sidewalls of the excavated
space, photographically and physically through the openings.
The area of the excavation face commonly visible from the
openings in the cutterhead is presented in Fig. 8a. In rare cases,
the space between the excavation face and the cutterhead is
completely accessible. It mostly happens only during the
machine maintenance periods, which are conditional on the
maximum stability of the face (see Fig. 8b). An opposite case
is in Fig. 8c, where the excavation face exhibits distinct blocky
features.

It is necessary before leaning out of the space behind the cut-
terhead toward the excavation face to check the stability of the
face, i.e. to inspect the presence of loose blocks, the develop-
ment of rock bursting etc. With respect to the confined space
and the restricted time for the documentation (ca 10 minutes in
the case of stopping the excavation solely for the purpose of the
geological and geotechnical documentation) it is necessary to
act quickly and, at the same time, carefully taking into consi-
deration the height of excavated tunnel. First, pictures of the
face have to be taken from various angles of view perpendicu-
lar to each other. Visible structural elements are described, their
orientation and dip are guessed because of the fact that the geo-
logical compass does not work correctly with respect to the
magnetic field of the tunnelling machine. The rock strength is
verified by a geological hammer. It is further possible to check
the choking of the shield from the chamber space. The docu-
mentation of the “geological windows* in the telescopic shield
follows after the completion of the documentation of the face.
The openings in segments and the annulus between the ring and
the rock mass along one or two rings accessible just behind the
shield are inspected in the next step. The inspection is carried

zdrojlsource: OBB, 3G

Obr. 8 Pfiklady dokumentace Celby: a) pohled z ,,Mannlochu* vzhuru na stabilni éelbu s otisky Feznych disku, b) stabilni, kompletné pristupnd celba v obdobi
udrzby stroje, c) vyrazné blokovité vylomend ¢elba dokumentovand z ,,Mannlochu*

Fig. 8 Examples of the documentation of the excavation face: a) a view from the “Mannloch” up to the stable excavation face with tracks of disk cutters in it,
b) stable, completely accessible excavation face during a maintenance break, c) excavation face with distinct blocks broken from it, documented from the

“Mannloch”
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nutné dulnim vlakem dosdhnout prvni pruchozi pii¢né propojky
a dal$im vlakem pokracovat na ¢elbu. Pokud doslo k cerstvému
odstrelu na prave realizované propojce, je dokumentovana cestou
z &elby na zvlastni list i ona. Casova ndroénost dokumentace obou
(pripadné trech) Celeb je aktudlné priblizné 3,5 hodiny.

S dokumentaci razeb souvisi i kazdodenni odbér reprezentativ-
nich vzorkd rubaniny na vysypce a provedeni zkouSky pevnosti
horniny pri bodovém zatiZeni — Point load test a stanoveni pev-
nosti v jednoosém tlaku (UCS).

Denni zpracovani geologické dokumentace

Na inzZenyrskogeologickou dokumentaci in-situ navazuje oka-
mzité zpracovani fotografické dokumentace pro dcely pravidelné
dopoledni schuzky tzv. ,,geotechnické &tvrthodiny“, kterd se kond
v pul dvandcté a déastni se ji zdstupci investora a zhotovitele (geo-
logové, geotechnici, geofyzici, stavbyvedouci, stavebni dozor
a dalsi), kde jsou prezentovany aktualni geologické, geotechnické
a celkové technické podminky razeb a jejich postup (ddle napr.
progndzy raZeb, odsouhlaseni zmény typu pouZitych segmentu,
dalsi technicka opatren{ apod).

Déle navazuje vyplnéni dokumentacnich listu, zhotoveni skici
Celby a celkova digitalizace dat vyuZzitim softwaru 2DOC uprave-
ného pro stavbu KAT?2. Zakresleni, a tedy kazdodenni aktualizace
podélného a horizontdlniho geologického profilu tunelu ru¢né je
nutné vzhledem ke spoluprici s geotechnikem a geofyzikem.
Jelikoz dokumentace probihd jednou za den, je nutné vyrazeny
usek do dalSi dokumentace Celby interpretovat (denni postup
razeb na jedné tunelové troub¢ az 35 m). K danému dcelu jsou
vyuzivana geotechnicky zpracovand data z raziciho stroje (hodno-
ty pritlaku, kroutictho momentu, rychlost penetrace, zatizeni drti-
Ce, tfenf na plésti, hodnoty stabilizdtoru a zpétné odvozend pev-
nost v prostém tlaku horninového masivu UCS). Vyuzitim téchto
dat 1ze usuzovat na rozmér a orientaci geologickych struktur.

Identickd dokumentace a digitalizace geologickych dat se tyka
téZ pri¢nych tunelovych propojek raZenych prevdzné ze severni
trouby do jizni v odstupu cca 1 km za stroji.

Denné jsou vkldddna strukturni data do pocitate pro jejich
ndslednou analyzu vyuzitim softwaru Sphaira (obr. 9).

PREDSTIHOVY PRUZKUM V PRUBEHU RAZEB

V prubéhu TBM raZeb je pravidelné provddén predstihovy pri-
zkum a ndslednd prognéza geologickych a geotechnickych podmi-
nek razeb. Cilem je identifikace vyznamnych tektonickych poruch
&i poruchovych zén a zdroju pritoku podzemni vody. Metody pou-
Zivané pro tyto tcely zahrnuji jak geofyzikdlni metody, tak rota¢ni
priklepové bezjadrové predvrty a prileZitostn€ i jadrové vrty.

SF - bidli¢natost / schistosity

K - plocha odluénosti-diskontinuity
discontinuity;

K — diskontinuita s ohlazy
slickensided discontinuity

K - tektonicka zéna, pasmo,
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tectonical zone
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@ ST=SFviz vy$e / see above
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¢ ¢ 00
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—+— osa vrasy / foldaxis
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zdrojlsource: 3G
Obr. 9 Zpracovani strukturnich dat v programu Sphaira
Fig. 9 Processing structural data using the Sphaira software
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out with the aim of revealing overbreaks — loosening of the
rock mass and larger blocks pressing on the ring, which could
cause the development of cracks in the segments.

Individual documentation sheets of the consensual enginee-
ring geological documentation are filled jointly by the geolo-
gist of both parties during the time of waiting for the mine train
or directly on its board. An identical procedure is applied to the
other tunnel tube, where it is first necessary to reach the first
cross passage passable for pedestrians on the mine train and to
continue to the excavation face on another train. If fresh blas-
ting took place in the cross passage being just realised, the
cross-passage is also documented on a separate sheet during the
travel from the face. The time demands of the documentation of
both (or three) excavation faces currently amount to 3.5 hours.

The daily collection of representative samples of muck at the
dump, the execution of the Point Load Test and the determina-
tion of the Uniaxial Compression Strength (the UCS) are asso-
ciated with the documentation of the drives.

Daily processing of geological documentation

The processing of the photo documentation for the use in the
regular morning meeting, the so-called “geotechnical quarter of
an hour”, which is held at half pas eleven and is attended by
representatives of the client and the contractor, is immediately
followed by the in-situ engineering geological documentation
(geologists, geotechnicians, geophysicists, site managers, cli-
ents’ supervisors and others). Current geological, geotechnical
and general technical conditions of the drives and their proce-
dures (as well as, for example, excavation prognoses, approvals
to changes in the type of the segments to be used, other techni-
cal measures etc.) are presented in the meetings.

Filling the documentation sheets, drawing the face sketch
and overall digitalisation of data using the 2DOC software
(modified for the KAT2 construction) follows. Plotting the
data, therefore the daily updating of the longitudinal and the
horizontal geological profiles of the tunnel, has to be carried
out manually with respect to the collaboration with the geo-
technician and geophysicist. Because of the fact that the docu-
mentation is conducted once in a day, it is necessary to interpret
the completed excavation section (the daily advance rate for
one tunnel tube reaching up to 35m) into the subsequent docu-
mentation of the face. The processed data from the tunnelling
machine (the values of thrust, torque, penetration rate, crusher
loading, skin friction, values of stabilisers and retrospectively
derived unconfined compressive strength (the UCS) of the rock
mass) are used for this particular purpose. By using these data,
it is possible to deduce the dimension and orientation of the
geological structures.

In addition, identical documentation and digitalisation of the
geological data concerns the cross passages driven mostly from
the northern tube to the southern tube at the distance of ca 1km
behind the tunnelling machines.

The structural data are daily entered into the computer to be
subsequently analysed using the Sphaira software (see Fig. 9).

ADVANCE SURVEY DURING THE DRIVES

Advance surveying and subsequent prognoses of geological
and geotechnical conditions of the excavation are regularly
conducted during the course of the TBM drives. The objective
is to identify significant faults or fault zones and sources of
groundwater inflows. The methods used for these purposes
comprise both the geophysical methods and percussive-rotary
full-hole drilling and, occasionally, even rotary coring ahead of
the excavation face.

Of the geophysical methods, the Tunnel Seismic While
Drilling (TSWD) system, where the tunnel boring machine is
applied as a source of seismic waves, is used. These seismic




Z geofyzikdlnich metod je jednd o seismicky systém progndzy
TSWD (tunnel seismic while drilling), kdy plnoprofilovy razici
stroj je vyuZivan jako zdroj seismickych vin. Geofony, osazené
v radidlnich vrtech hloubky 10 m, ve tfech profilech o vzdjemné
osové vzddlenosti cca 150-250 m prijimaji tyto seismické viny.
Data jsou denné vyhodnocovidna s prognézou na vzdalenost cca
100 m pred Eelbu tunelu. Vyznamnym omezenim této metody je
nemoznost detekce tektonickych zén, které sviraji s osou tunelu
thel mensi nez cca 30°.

Predvrty realizované rota¢né-priklepovym bezjadrovym vrtd-
nim predstavuji nejdaleZit€j$i metodu predstihového pruzkumu.
Standardné je provéadén jeden cca 100 metru dlouhy, piiblizné
subhorizontdlni predvrt skrze vrtné prostupy v pldsti stroje.
Predvrt je realizovdn v zdvislosti na poznatcich geofyzikdlniho
pruzkumu a jejich doporudeni. Piitomnost geologa a celkova
dokumentace realizace predvrtu je téZ soucdsti geologické doku-
mentace in-situ. Ta zahrnuje petrograficky popis vynosu z vrtu
zachytavaného na situ. Na zdkladé charakteru rozvrtané horniny
a pozorované rovnomérnosti rychlosti vrtani lze pfiblizné odhad-
nout stupen rozpukanosti horninového masivu. Ze zvySeného
zakaleni vrtného vyplachu, vyrazné nerovnomérného prabéhu
vrtan{ a dlomku hornin na sité (nebo jejich Gplné absence) 1ze usu-
zovat na zastiZzeni poruchové zény a odhadnout jeji charakter.
V piipadé piitoku podzemni vody do vrtu je provddén odbér
a popis vzorku podzemni vody. Po ukonéeni pfedvrtu je geologic-
kda dokumentace porovndna a vyhodnocena s ohledem na data
z vrtné soupravy (tj. rychlost vrtdni, priklep, tlak vody, pritlak
vrtné soupravy apod.) a je soucdsti progndzy chovani horninové-
ho masivu na razbu v ndsledujicich cca 100 metrech. V pfipadé
zastizeni vyznamné poruchové zény je nejprve tato zéna prosto-
rové ovérena dal§imi vrty, aby se v pripadé nutnosti pristoupilo
k vrtu jadrovému skrze feznou hlavu. Dal$i metodou pro odhad
charakteru materidlu vyplné dané zény jsou vodni tlakové zkous-
ky. Pokud dojde k zastizen{ vyrazné zvodnélych poruch (napr. pfi-
tok do vrtu cca 20-30 1/s), jsou opét podle nutnosti realizovany
dal§i vrty z davodu odvodnéni horninového masivu. V misté
budouci pfi¢né propojky je pruazkumny predvrt realizovan vZdy.

V pravidelnych intervalech, v misté pricnych tunelovych pro-
pojek (kazdych 500 m) nebo v piipadé vyznamné zmény geotech-
nickych podminek razby jsou provddény jadrové vrty o praméru
50 nebo 100 mm pro laboratorni stanoveni jednoosé pevnosti hor-
niny v tlaku (UCS) a abrazivity horniny podle CAI (Cerchar
Abrasivity Index). Vysledky slouzi k upfesnéni charakteristik hor-
ninového masivu a ke stanoveni tfid vyrubu.

PROGNOZA

Souhrnné vysledky z jednotlivych &ésti predstihového prizku-
mu jsou zpracovany do prehledné prognézy geologickych
a geotechnickych podminek razeb v ndsledujicich priblizné 100
metrech budouciho dseku tunelu.

Geologicka prognéza

Obr. 10 zobrazuje zadznam z vrtani predstihového bezjadrového
vrtu a geologickou prognézu na cca 100 m razby. Pfedmétem je
predevsim petrograficky a strukturni popis horninového masivu,
pritomnost a charakter podzemni vody, obecné pozndmky
k prabéhu vrtdni (rovnomérnost atd.) a vyznaceni z geologického
hlediska vyznamnych oblasti horninového masivu.

Celkové shrnuti prognézy z predstihového pruzkumu zahrnuje
charakteristiku dokumentovanych aspekti horninového prostiedi
s ohledem na nadchézejici razbu useku, neboli stanoveni pfizni-
vosti zastiZzenych geologickych podminek. Dokumentovanymi
charakteristikami v pripadé geologického dohledu jsou: dosaZeni
koneéné hloubky vrtu, pritok podzemni vody, jeji zbarveni, vynos,
tlak, déle zastiZeni poruch, jejich mocnost a projev na zdznamu
z vrtani, dals$i doporuCeni ohledné vrtu. V pripadé geofyziky se
jedna o indikaci tektonické poruchy, jeji vzdalenosti od celby, ori-
entace vuci razbé, mocnosti a podobnosti k zastiZzenym poruchdm.
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waves are received by geophones installed in 10m deep radial
boreholes, in three profiles spaced at ca 150-250m. The data is
daily assessed, with a prognosis ca 100m ahead of the excava-
tion face. The fact that fault zones making an angle smaller
than ca 30° with the tunnel axis cannot be detected is
a significant limitation of this method.

Holes drilled ahead of the excavation face using percussive-
rotary full-hole drilling are the most important method of the sur-
vey ahead of the excavation face. One 100m-long, approximately
sub-horizontal, drillhole is carried out ahead through drilling gates
in the machine skin as a standard. The borehole is realised ahead
of the excavation face depending on the findings of the geophysi-
cal survey and its recommendations. The presence of the geologist
and the overall documentation of the process of drilling ahead of
the excavation face is also part of the in-situ geological documen-
tation. It comprises the petrographical description of the recovery
from the borehole retained on a screen. The degree of the rock
mass fracturing can be approximately estimated on the basis of the
character of the rock being subjected to drilling and the observed
steadiness of the drilling penetration rate. Encountering a fault
zone and guessing at its character can be deduced from the incre-
ased turbidity of the drilling fluid, the distinctly non-uniform cour-
se of drilling and the rock fragments on the screen (or the total
absence of them). Groundwater samples are collected and descri-
bed in the cases of groundwater flows into the borehole. When the
drilling ahead of the face is finished, the geological documentati-
on is compared and assessed taking into consideration the data
from the drilling rig (the drilling penetration rate, percussion,
water pressure, drilling thrust force etc.) and becomes part of the
prognosis of the rock mass response to the excavation along the
following ca 100-metre section. If a significant fault zone is
encountered, it is first spatially verified by additional boreholes so
that drilling of a cored hole through the cutterhead is proceeded to
only in the case of necessity. Another method of estimating the
character of the filling material in the particular zone is water pres-
sure testing. When a significantly water-bearing fault is encounte-
red (the rate of flow into the borehole of about 20-301/s), additio-
nal boreholes necessary for draining the rock mass are carried out.
A survey borehole ahead of the excavation face is always carried
out in the location of the future cross passage.

Cored boreholes 50 or 100mm in diameter are carried out at
regular intervals, at cross passages (every 500m) or in the case
of a significant change in geotechnical conditions for the exca-
vation for the laboratory determination of the uniaxial com-
pressive strength (UCS) of rock and the rock abrasivity accor-
ding to the Cerchar Abrasivity Index (CAI). The results are
used for refining the rock mass characteristics and determining
the excavation support classes.

PROGNOSIS

The summary results from individual parts of the survey
ahead of the excavation face are incorporated into a synoptic
prognosis of geological and geotechnical conditions for the
excavation in the subsequent approximately 100-metre section
of the tunnel ahead.

Geological prognosis

Fig. 10 presents a record from full-hole drilling ahead of the
excavation face and a geological prognosis for ca 100m long
excavation section. Its main objective is the petrographical and
structural description of the rock mass, the presence and cha-
racter of groundwater, general notes regarding the course of
drilling (penetration steadiness etc.) and marking of the rock
massif areas significant from the geological point of view.

The overall summarisation of the prognosis based on the sur-
vey ahead of the excavation face comprises characteristics of



24. rocnik - €. 3/2015

==0=} BATE Geubagadte Mydrogoubogioche Progimes aromr I
..... oy it

=)

mam e v g
_= -

b | |1 TH LT T o b ([T [ [

1 i;-l! | w |

OemtgaITig

SAT 2 - Spstemat sche Vorausersundurg
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Obr. 10 Zdznam 7 realizace predstihového bezjdadrového vrtu a geologickd
prognoza
Fig. 10 Record from the realisation of a non-cored borehole and the geologi-
cal prognosis

Geologickd prognéza pro s odstupem raZzenou druhou troubu je
obvykle omezena pouze na interpretaci geologickych a geo-
technickych podminek z prvni tunelové trouby. Pokud vsak byla
prvni troubou zastizena vyznamnd poruchova zdéna, pristupuje se
té7 k realizaci predvrtu z duvodu ovéfeni skutecné pozice
a rozsahu zény. Ddle rozsah predstihového prizkumu
v nasledujici troubé zdvisi na vzdjemné vzddlenosti stroju.
Geotechnické zhodnoceni

Ke geologické prognéze je vzdy pripojeno stru¢né geotechnic-
ké zhodnoceni pro dany cca 100 m dlouhy dsek. Hodnoceno je
predev§im ocekdvané chovani horninového masivu, tj. stabilita
Celby a bo¢nich stén vyrubu a popis pric¢iny vzniku mozné nesta-
bility a celkovéa doporuceni k razbe.

VYHODNOCENI CHOVANI ZAJISTENEHO VYRUBU
(CHOVANI SYSTEMU)

V pravidelnych casovych obdobich je vyhodnocovdno chovéani
systému horninové prostredi — konstrukce (tj. zajisténého vyrubu),
a to formou porovnani geologické dokumentace s geotechnickymi
daty =z razictho stroje a monitoringu deformaci prstenca
v odpovidajicich mefenych profilech. Vztah téchto dat je patrny z obr.
11, kde je uvedeno porovndni zdokumentovaného podélného
a horizontdlniho geologického fezu z vyrazené &asti tunelu (TM
10970 — 11170) s geotechnickymi daty z TBM. Na geologickych
fezech jsou vyznaCeny dseky, které byly osazeny jednotlivymi typy
segmentu (t]. ve stru¢nosti Typ Ila pro zhorSené podminky, Typ I1I pro
poruchové zény, Typ IIb pro priznivé podminky a Typ Q-III pro tsek
pri¢né propojky v priznivych podminkéch). Nasazeni jednotlivych
typt segmentu plyne z vysledka predstihového prazkumu a z aktudln{
geologické dokumentace razby. V profilu prevazuji ,,specidlni seg-
menty, nebot’se jednalo o tsek, kde byly zastizeny mirné az siln¢ roz-
pukané ruly s prechodem aZ k poruchovym pasmum, coZ dokazuje
nerovnomérnost dat z TBM. Na prikladu je evidentni, Ze poruchova
pdsma ¢i zmena na kvalitativné hor$i horninovy typ koresponduji se
sniZzenou hodnotou pritlaku stroje a soucasné se zvySenymi hodnota-
mi rotaéntho momentu a specifické penetrace. Sledovéna je i velikost
treni na plasti Stitu a zatizeni drtiCe, jejichz hodnoty téZ
v poruchovych, rozvolnénych zéndch vyrazné rostou (obr. 11).

SHRNUTI

InZenyrskogeologicky dozor je realizovén jak na strané zhoto-
vitele, tak investora, a to ze zminénych davoda moZnosti ovéfeni
geologickych podminek, ndroku zhotovitele a piipadné dalSich
nesrovnalosti. Dokumentace probihd kazdy den a je prabézné
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the documented aspects of the rock environment with respect to
the coming tunnelling section, which means the determination
of the favourableness of the geological conditions encountered.
In the case of the geological monitoring, the documented cha-
racteristics comprise: reaching the final depth of the borehole,
the inflow of groundwater, its colour, the recovery, pressure,
encountering faults, their thickness and manifestation in the
drilling record, other recommendations regarding the borehole.
As far as the geophysics is concerned, the prognosis comprises
the indication of a tectonic fault, its distance from the excava-
tion face and the similarity to the already encountered faults.

The geological prognosis for the other tunnel tube driven at
a distance behind the face in the first tube is usually limited to
a mere interpretation of geological and geotechnical conditions
from the first tunnel tube. Although, if the first tube encounters
a significant fault zone, the hole is also drilled ahead of the face
with the aim of verifying the actual location and extent of the
zone. In addition, the extent of the survey ahead of the face
depends on the distance between the tunnelling machines.
Geotechnical assessment

A brief geotechnical assessment for the particular ca 100m
long section is always attached to the geotechnical prognosis.
The assessment mainly deals with the expected behaviour of
the rock mass, i.e. the stability of the face and the excavation
sides, as well as the description of the cause of the origination
of the potential instability and general recommendations regar-
ding the excavation.

ASSESSMENT OF THE BEHAVIOUR OF UNSUPPORTED
EXCAVATION (SYSTEM BEHAVIOUR)

The behaviour of the rock environment — structure system (i.e.
the supported excavation) is assessed at regular intervals of time,
in the form of comparing the geological documentation with geo-
technical data from the tunnelling machine and the monitoring of
deformations of the rings in the respective measured profiles. The
relationships among these sets of data are obvious from Fig. 11,
presenting the comparison of the documented longitudinal and
horizontal sections from the completed excavation (tunnel chaina-
ge metres TM 10970 — TM 11170) with geotechnical data from the
TBM. The sections lined with particular segment types (in brief:
type Ila for worsened conditions, type III for fault zones, type Q-
IIT for the cross passage section driven in favourable conditions)
are marked on the geological sections. The application of indivi-
dual segment types follows from the results of the survey ahead of
the excavation face and from the current geological documentati-
on of the excavation. The “special segments” prevail in the profi-
le because it was a section where moderately to heavily fractured
gneiss with a transition even to fault zones were encountered,
which is a proof of the unevenness of the data from the TBM. It is
evident on the example that the fault zones or the change into
a qualitatively worse rock type correspond to the reduced value of
the machine thrust and, at the same time, to the increased values
of the torque (rotational moment) and the specific penetration rate.
The friction on the shield skin and the crusher loading, the values
of which also significantly grow in fault zones and loosened
zones, are also monitored (see Fig. 11).

SUMMARY

The engineering geological supervision is carried both by the
contractor and the project owner for the above-mentioned rea-
sons, i.e. the possibility of verifying geological conditions, con-
tractor’s claims or other discrepancies. The documentation is car-
ried out daily and is assessed continually. The categorisation into
individual excavation support classes is adjusted on the basis of
the results of the continual documentation and the documentation
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Obr. 11 Porovndni inZenyrskogeologické dokumentace razby s nasazenim ruznych typu segmentu a s daty z raziciho stroje, mezi daty je patrnd vyznamnd korelace
Fig. 11 Comparison of engineering geological documentation of a drive with various types of segments applied with the data from the tunnelling machine;

a significant correlation is visible among the data values

vyhodnocovéna. Na zdkladé vysledku prubéZné a predstihové
dokumentace je upravovéano zatiidéni do jednotlivych razicich
trid, je navrhovéna aplikace specidlnich segmentd osténi, je vyu-
Zivano dopliikového prizkumu a zkouSek atd. Duslednd doku-
mentace a jeji vyhodnoceni jsou dileZitym podkladem pro pre-
dikci podminek razeb v ndsledujici tunelové troubé, zvlaste
v pfipade poruchovych pasem.

VysSe popsané inZenyrskogeologické sledovani mechanizova-
nych raZeb neni popsdno v kompletnim rozsahu, vybrdny byly
nejdulezitéj$i Cinnosti, které probihaji soubéZné s raZbami.
V pravidelnych perioddch je provddéno souhrnné geologicko-geo-
technické vyhodnoceni a vysledky jsou vzdy porovndviny
s predpoklady pred zahdjenim razeb.

Tento pFispévek byl zpracovdn s podporou grantu TACR
TE01020168.
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OHLEDNUTI ZA VYSTAVBOU METRA V.A
LOOKING BACK AT THE METRO V.A LINE CONSTRUCTION

JAN KROUZA

ABSTRAKT

V pondéli 6. dubna 2015 byl na nové oteviené trase linky A mezi stanici Dejvickou a Nemocnici Motol zahdjen provoz s cestujicimi —
Jjeji vystavba trvala vice neZ pét let. Nastal tak vhodny okamZik ohlédnout se zpét v Case za vyznamnymi okamZiky pri realizaci z pohledu
dodavatele, stavebni spolecnosti HOCHTIEF CZ a. s. (ve SdruZeni metro V.A). Jsou zde pripomenuty technické zajimavosti rady pod-
zemnich staveb, které jsou soucdsti celého projektu. RaZeny tratovy dvoukolejny tunel v oblasti Vypich — Motol nebo jednolodni stanice
Borislavka, raZend za nepriznivych geologickych podminek. Necekané potiZe doprovdzely razbu vzduchotechnické §toly nedaleko motol-
ské nemocnice, pri razbé se narazilo na zavalenou &dst historického podzemniho dila. Nejen raZené podzemni stavby plnily strdnky
odbornych periodik, technickym unikdtem je konecnd stanice Nemocnice Motol, jako jedind hloubend, seviend mezi motolsky svah
a motolskou nemocnici. Cdst tunelu pro obratové koleje se kviili nesoudrinému nadlozi nevyrazila podle piivodniho pldnu, ale realizo-
vala se jako hloubeny tunel. Okrajové bude nahlédnuto do problematiky kolejovych svrski.

ABSTRACT

The revenue service of the newly opened metro line section A between Dejvickd station and Nemocnice Motol station commenced on
Monday the 6th April 2015. The construction works lasted over five years. The moment has therefore come to look back in time at the
moments in the realisation history important from the point of view of the contractor, the construction company of HOCHTIEF CZ a. s.
(a member of the SdruZeni Metro V.A consortium). Interesting facts about some underground structures which are parts of the whole pro-
ject will be brought to mind. Among them, there is the mined double-track running tunnel in the Vypich — Motol area or the one-vault
Borislavka station excavated under unfavourable geological conditions. Unexpected problems attended the excavation of the ventilati-
on gallery near the Motol hospital, where a collapsed part of a historical underground working was encountered. Not only mined underg-
round structures did fill the pages of technical periodicals. The Nemocnice Motol terminal station, the only station built in an open
trench, which is clamped between the Motol slope and the Motol hospital, is also a technically unique object. Part of the tunnel for dead-
end tail tracks was not driven according to the original design because of incoherent overburden. It was realised as a cut-and-cover tun-
nel. The problems of trackwork will also be looked inside.

uvobp

Velikono¢ni pondeli 2015 se zapiSe do historie prazské dopravn{

INTRODUCTION
The Easter Monday 2015 will be recorded in the Prague tran-

infrastruktury. Prave tento den byla oficidlné oteviena prodlouzena
linka A pro cestujici. Kone¢na stanice zelené linky metra se po néko-
lika desetiletich presune z centra mésta o dalsi Ctyfi zastavky ddle na
periferii, do stanice Nemocnice Motol. Tento okamzik také zname-
nd zavrieni vice neZ pét let trvajicich stavebnich procesu, na kterych
se podilelo nékolik set lidi ruznych profesnich zaméfeni
a odbornosti. Z pozice generdlniho zhotovitele provadéla v ramci
Sdruzeni metro V.A vyznamnou ¢ast projektu stavebni spolecnost
HOCHTIEF CZ a. s., ktera tim upevnila své postaveni mezi lidry
stavebniho trhu v této zemi. Zejména razici prace byly provadény ve
spolupraci s frankfurtskou divizi skupiny HOCHTIEF AG ktera
patii ke svétové $pice v oboru podzemnich staveb. Mezi jeji dila
patii také realizace metra po celém svéte, napriklad v Kodani,
Koliné nad Rynem, New Yorku nebo katarském Dauhd.

Tento prispévek pravdépodobné zavrsi sérii ¢ldnka, které byly
v uplynulych péti letech publikovéany. VSechny zajimavé uddlos-
ti spojené s realizaci nejruznéj$ich soucasti dila jiz byly podrob-
né popisovany a analyzovany. Pravé proto je spiSe ambici tohoto
¢lanku v retrospektivé volné zrekapitulovat vyznamné milniky
a hlavni pilife projektu realizované spole¢nosti HOCHTIEF CZ
a. s., pripomenout duleZité soucdsti dila a nékteré momenty
béhem jeho provadéni.

STANICE NEMOCNICE MOTOL

Stanice Nemocnice Motol, jedind z nové otevienych Ctyf stanic
prodlouzeného ,,a¢ka“, byla realizovdna jako hloubend z povrchu
v oteviené jame. Rovnéz jako jedind nema nastupisté ostrovni, ale
dvojici boénich. Umisténi hloubeného vestibulu pod troven nastu-
pisté také neni obvyklé a v prazském metru zistdvd ojedinélé.
Vestibul metra plynule prechdzi v podchod pod ulici Kukulovou

sportation infrastructure history. It was just this day that the line
A extension was brought into passenger service. The terminal sta-
tion of the “green” metro line will be after several decades shifted
from the city centre additional four stations farther to the periphe-
ry, to Nemocnice Motol station. This moment will also mean the
topping of over five years lasting construction processes, in which
several hundreds of people of various professions and expertise
participated. HOCHTIEF CZ a. s., from the position of the main
contractor within the framework of the SdruZeni Metro V.A con-
sortium, carried out a significant part of the project. In this way,

fotolphoto courtesy of Ladislav Kovdr

Obr. 1 Rozestavénd stanice Nemocnice Motol v dubnu 2013

Fig. 1 Nemocnice Motol station under construction in April 2013



fotolphoto courtesy of Milo$ Benysek
Obr. 2 Montdzni komora $titu EPB na Vypichu v zdri 2011
Fig.2 EPB TBM assembly chamber in Vypich in September 2011

a mifi zastfeSenym pristupem piimo do vestibulu motolské nemoc-
nice. Zamérem architekta bylo vizudlné rozdélit budovu stanice do
tii celkd — vefejny vystup na zdpadnim a servisni na vychodnim
konci s plochymi zelenymi stfechami a modfinovym obkladem,
dominantni stfedn{ ¢dst s ndstupistém a prosklenou strechou.

Budova stanice vykazuje radu architektonicky vyznaénych
a z hlediska vystavby mnohdy a7 pozoruhodnych prvku zajimavych
zejména z hlediska pozemniho stavitelstvi. Napfiklad lze zminit
pouziti velkoformétovych tenkosténnych keramickych obkladu,
jejichZ osazeni je rozmérové koordinovano s umisténim stresnich
nosniki. Dodate¢né predepnutych 39 stie$nich nosnika tvori nosnou
konstrukci zastresen{ o velkém rozponu, jejich tvar byl geometricky
koncipovan v souladu s lokalitou stanice u stoupajici ulice Kukulovy
podél jizni strany a prudkym svahem podél strany severni.

Téleso konstrukce stanice vykazuje prakticky nulovou torzni
tinosnost (kvuli absenci monolitické stropni desky), kterou by mohlo
prenaset ohromné zatiZeni zemnim tlakem ze strany severniho svahu
s blokovymi pohyby. Aby bylo moZné takto koncipovanou budovu
v odfezu svahu vibec postavit, bylo nutné vybudovat masivni trva-
le kotvenou podzemni sténu. Sténa je servisné pristupnd a napjatost
kotev prubéZné monitorovana. Na obr. 1 dplné vpravo je patrnd linie
trvale kotvené stény kopirovana bo¢ni sténou budovy stanice.

U trvale kotvené stény je vhodné zminit dramatickou genezi jeji-
ho provadéni. Pro uéel zaddvaci dokumentace nebylo mozné
v oblasti motolského tseku prodlouZeného metra realizovat nijak
zvlastrozsahly inZenyrskogeologicky pruzkum. Duvody jsou proza-
ické — v zalesnéném svahu relativné velkého sklonu nebylo mozné
vrtnou techniku dopravit na misto trasy budouciho metra,
v neposledni fadé také kvuli nesouhlasu ochrdncu prirody. Kromé
archivni dokumentace byly geotechnické podklady pripraveny
pouze na zdkladé vyhodnoceni Sikmych pruzkumnych vrtd
z Kukulovy ulice. Teprve az s rozbéhnutim vystavby se terén zpri-
stupnil a bylo moZzné dodate¢né provést doplnujici vrtny geologicky
prazkum. Jeden z nich také probéhl nad severni stranou stavebni
jamy motolské stanice a prinesl prekvapivy zaver — zastihl totiZ pru-
beh rozsdhlé diabasové Zily s velmi pevnymi magmatickymi horni-
nami. Novd skute¢nost méla prakticky dopad do zpasobu provadéni
trvale kotvené stény. Hloubeni ryhy pro Zelezobetonové lamely
pomoci drapakt bylo moZné pouze v omezeném rozsahu, majoritn{
Cast steny byla realizovana technologii frézovanim pomoci hydro-
frézy osazené na jerdbovém nosici.

Stanice s bodnimi ndstupisti a se stisnénym Sitkovym usporada-
nim v odrezu svahu souvisi s charakterem prilehlych tratovych tune-
1a. Ty bylo tieba kvuli poZzadované osové vzdalenosti koleji ve
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the company strengthened its position among the construction
market leaders in this country. Especially tunnelling operations
were performed in collaboration with the Frankfurt-based division
of the HOCHTIEF AG group, which belongs among worldwide
top companies in the field of underground construction. Among its
works there is also the realisation of metros in the whole world,
for example in Copenhagen, Koln am Rhein, New York or Quatar
Doha.

This paper will probably round of a series of papers published
during the past five years. All interesting events associated with
the realisation of various parts of the project have already been
described and analysed in detail. This is why the ambition of this
paper is rather to retrospectively freely recapitulate important
milestones and main pillars of the whole project realised by
HOCHTIEF CZ a. s., to bring back to mind significant parts of the
project and some moments during the works execution.

NEMOCNICE MOTOL STATION

Nemocnice Motol station, the only of the newly opened stations
on the extended Line A, was realised in an open trench. Also as the
only one it does not have an intermediate platform. Instead, it has
a pair of side platforms. The placement of the cut-and-cover con-
course under the platform level is also unusual and remains uni-
que in the Prague metro system. The metro concourse fluently
passes into the pedestrian subway under Kukulova Street, heading
through a decked access leading directly to the concourse of the
Motol hospital. Architect’s intention was to visually divide the sta-
tion building into three blocks — a public exit at the western end
and service exit at the eastern end, having flat green roofs and
larch cladding, a dominating central part with platforms and
a glazed roof.

The station building exhibits many architecturally outstanding
and in terms of the construction often even remarkable elements
interesting first and foremost from the aspect of building. For
example, it is possible to mention the use of large-format thin-wal-
led cladding tiles, the installation of which is coordinated as far as
the dimensions are concerned with the locations of roof beams.
The load-bearing structure of the large-span roof is formed by 39
post-tensioned roof beams. Their geometry was drawn up in line
with the station location at Kukulova Street rising along the sout-
hern side and a steep slope along the northern side.

The station structure body exhibits virtually zero torsion loa-
ding capacity (because of the absence of a monolithic roof deck
through which it could transmit the immense load by ground
pressure acting from the side of the northern slope affected by
block movements). For the construction of a building framed in
such the way to be viable in the side-hill cutting, it was neces-
sary to carry out a massive permanently anchored diaphragm
wall. The wall is accessible for servicing and stresses in anchors
are continually monitored. The line of the permanently ancho-
red wall copied by the side wall of the station building is visib-
le in Fig. 1 right.

It is reasonable to mention the dramatic genesis of the execu-
tion of the permanently anchored wall. It was not possible to
carry out any especially extensive engineering geological sur-
vey for the purpose of the tender design. The reasons are prosa-
ic — drilling equipment could not be transported to the future
metro route location on the wooded slope with relatively great
gradient and, at last but not least, also because of the disappro-
val of conservationists. With the exception of archival docu-
ments, the geological source documents were prepared only on
the basis of assessing inclined boreholes carried out from
Kukulova Street. It was only after the start of the construction
operations that the terrain was made accessible and
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stanici koncipovat jako dvoukolejné. Délka tunela byla optimalizo-
vdna tak, aby prechod trati do jednokolejnych (razenych stity EPB,
tj. Earth Pressure Balance) pak probéhl tcelné v takovych ¢dstech
mesta, kde je logisticky a urbanisticky mozné vybudovat startovaci
prostory pro rozjezd razicich $titQ.

PRILEHLE TRATOVE DVOUKOLEJNE TUNELY

Razici prace na podzemnich objektech metra V.A byly zahdjeny
v kvétnu 2010 razbou piistupové $toly Katefina s portdlem na roz-
sdhlém staveniSti oznacovaném jako BRE1 pobliz Vypichu.
Rozrdzkou boku konce Stoly se vybudovala podzemni montdZni
komora razicich §tita, kterd prakticky predstavovala zdrodek dvou-
kolejného tratového tunelu. MontdZzni komora pak byla zadsténa do
hloubené Sachty kruhového pudorysu hluboké 33,5 m a pazené Kot-
venou prevrtdvanou pilotovou sténou. V téchto prostorach byly
smontovany a startovaly razici $tity Tonda a Adéla smerem ke stani-
ci Petfiny a ddle na Dejvickou. Konéi zde dvoukolejny tunel
a dochdzi k rozdéleni trati do dvou jednokolejnych v samostatnych
tunelech (obr. 2). Mimochodem §tola Katefina byla, na rozdil od dal-
Sich pristupovych $tol koncipovanych soucasné jako vzduchotech-
nické, po pozbyti svého tcelu v celé délce zrusena a vyplnéna.

Tratovy dvoukolejny tunel raZzeny Novou rakouskou tunelovaci
metodou (NRTM) byl navrZen ze Ctyf pri¢nych profild (pro osovou
vzdalenost koleji 3,7-4,5-5,8-6,5 m) s teoretickou plochou vyrubu
62,7-71,1-90,0-97,1 m? (obr. 3), jehoz délka od montazni Sachty az
k portilu ve stanici Nemocnice Motol dosahuje 753 m. Upadni razba
ze stavenisté na Vypichu probihala pouze do konce roku 2010, kdy
bylo nutné uvolnit prostor pro montdZ razicich §tita a jejich logisti-
ky. PGvodni harmonogram sice sméroval znovuobnoveni razby
z Vypichu po odstéhovani logistiky razicich $titi aZ na rok 2012, nic-
méné diky optimalizaci koordinace s vystavbou stanice Nemocnice
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a supplementary geological survey could be carried out. One of
the surveys was conducted above the northern side of the con-
struction pit for the Motol Hospital station. It brought
a surprising conclusion — it encountered an extensive diabasic
vein with very hard magmatic rock types. The new reality prac-
tically affected the execution procedure for the permanently
anchored wall. The excavation of the trench for reinforced conc-
rete lamellas by means of clamshell grabs was possible only to
a limited extent; the major part of the wall was realised by mil-
ling using a hydrofraise mill suspended from a crane carrier.

The station design with side platforms and with the restrained
width geometry in the slope half cutting is associated with the cha-
racter of adjacent running tunnels. They had to be designed as
double-track structures with respect to the required track centre
distance in the station. The length of the tunnels was optimised so
that the transition of the EPB TBM-driven single-track running
tunnels took place reasonably, in such parts of the city where it
was possible to develop spaces for launching the TBMs from the
aspects of logistics and urbanism.

ADJACENT DOUBLE-TRACK RUNNING TUNNELS

Tunnelling work on metro V.A underground structures com-
menced in May 2010 by the excavation of Katefina access tunnel
with the portal in an extensive construction site named BRE1 near
the Vypich locality. The underground assembly chamber for
TBMs was carried out through adits bifurcating from the tunnel
sides. The chamber practically represented a germ of the double-
track running tunnel. It was subsequently connected to a 33.5m
deep circular shaft, the sides of which were braced by an ancho-
red secant bored pile wall. Tonda and Adéla EPB TBMs were
assembled and launched toward Petriny station and farther to
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Obr. 3 Pri¢ny Fez dvoukolejnym tratbvym tunelem raZenym NRTM o. v. 6,5 m (vynatek z vykresu DVZ)
Fig. 3 Cross section through NATM driven double-track tunnel, track centre distance of 6.5m (excerption from final design)




fotolphoto courtesy of Dipl.-Ing. Gottlieb Blazek
Obr. 4 PrordzZka dvoukolejného tunelu v breznu 2012
Fig. 4 Double-track tunnel breakthrough in March 2012

Motol bylo moZné tunel vyrazit z motolského portdlu s predstihem
fady mésicu. Slavnostni prordzka na TM 480,5 probéhla koncem
brezna 2012 (obr. 4), v opa¢ném smeru plynule navdzaly price na
hydroizolaci a sekunddrnim osténi.

Ze z4padni strany Usti do motolské stanice obratovy dvoukolejny
tunel dlouhy 406 metru, ktery je na druhém konci zakonden vétra-
cim objektem. Ten byl vybudovdan ve velké montdzni jamé
o pudorysu cca 30x30 metrii vyhloubené na rozsdhlém stavenisti
KU1 priléhajici ke Kukulové ulici ve svahu pred aredlem motol-
skych sklddek. MontdZni jdma byla navrZena pro sestaveni pojizd-
nych souprav na provadéni hydroizolace a definitivniho osténi dvou-
kolejnych tuneld, predevsim vSak odtud mély startovat razici Stity
EPB smérem k ruzynskému letisti. Pivodni scéndf vychazel
z predstavy, Ze po dokonceni trasy metra V.A bude plynule navazo-
vat dalsi dsek VI.A od Nemocnice Motol pres Bilou Horu, Dédinu
a na letisté s piipravou odbocky smérem k Sidlisti Repy a na Zli¢in.
Dalsi plany na prodlouZeni metra A byly nakonec odloZeny a trasa
prozatim kon¢f ve stanici Nemocnice Motol.

Tunel pro obratové koleje mél byt podle zadani v celé své délce
proveden jako razeny technologii NRTM, jeho razba z portdlu
v montazni jamé byla zahdjena zaCdtkem ledna 2011. Priblizn¢ po
vyrazeni 60 metri zacal vyrub vykazovat nadmérné deformace,
takZe dalS{ razici prace pokracovaly pod ochrannym mikropiloto-
vym destnikem. Nizké a nesoudrzné nadloZi ve zbyvajici ¢asti smé-
rem k motolské stanici nakonec zapri€inilo, Ze razba byla po dosa-
zeni délky 227 m zastavena a zbyvajici tsek u stanice byl realizovan
jako hloubeny tunel v oteviené stavebni jame.

Rozhodnuti investora o zpasobu realizace zbyvajici &ésti tunelu
predchdzelo nékolik variant, jakou technologii zvolit. Staticky posu-
dek zajisténi vyrubu vystrojeného mikropilotovym de$tnikem podal
negativni vysledek — dal$i razba smérem ke stanici byla tedy vylou-
Cend. Nabizely se jiné varianty technického feSeni, vSechny vSak
pocitaly se stavebnim zdsahem z povrchu. Zajisténi prijezdové
komunikace a pfiprava tzemi byly v kazdém pripadé nevyhnutelné.
Ve spoluprici s kolegy z Frankfurtu byla zpracovdna varianta razby
pod ochranou tzv. Zelvy. Princip spocival v tom, Ze se horninova
klenba v nadloZi prakticky vyméni za klenbu betonovou, odtud ana-
logie krunyfe Zelvy. Ten by pochopitelné musel byt realizovan
z povrchu, ale nejvetsi ¢dst presuntt hmot by se odehréla v podzemi.
Vyrazil by se profil tunelu, jeho primérni zajisténi by se vSak ome-
zilo pouze na boky a dno. Z hlediska plynulosti praci a nastaveni sta-
venistni logistiky by tento postup z pohledu zhotovitele vyhovoval
nejvice.
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Dejvicka station. The double-track tunnel ends in this location and
the track is split into two single tracks running in two separate tun-
nel tubes (see Fig. 2). By the way, Katefina tunnel, in contrast with
other access tunnels designed concurrently as ventilation structu-
res, was cancelled and backfilled throughout its length after losing
its purpose.

The design of the double-track running tunnel driven using the
New Austrian Tunnelling Method (NATM) uses four cross-secti-
ons (for the track centre distances of 3.7-4.5-5.8—-6.5m), with the
theoretical excavation cross-sectional areas of 62.7-71.1-
-90.0-97.1m? (see Fig. 3). Its length measured from the assembly
shaft to the Nemocnice Motol station portal amounts to 753m. The
downhill excavation from the Vypich construction site continued
only till the end of 2010, when it was necessary to leave the space
for the assembly of tunnelling shields and their logistics. While
the original works schedule planned the restoration of the excava-
tion work to start as late as 2012, after moving the EPB TBM
logistics to a new site, it was possible to excavate the tunnel from
the Motol portal in an advance of several months thanks to the
optimisation connecting it with the construction of Nemocnice
Motol station. The breakthrough ceremony at the chainage of TM
480.5 took place at the end of March 2012 (see Fig. 4); the work
on waterproofing and the secondary lining fluently continued in
the opposite direction.

The 406m long double-track tunnel for the dead-end tail track is
connected from the western side. There is a ventilation structure
on its other end. This structure was carried out in a large assembly
pit with the ground plan dimensions of 30x30 metres. The pit was
excavated on the extensive construction site KU1 adjacent to
Kukulova Street, located on the slope before the area of the Motol
muck stockpiles. The assembly pit was designed for putting the
waterproofing and final lining installation travelling scaffolds
together. First of all, EPB TBMs were to be launched from this pit
toward the Ruzyne airport. The original scenario was based on the
idea that another metro section VI.A will fluently follow from
Nemocnice Motol station via Bild Hora and the Na Dédin¢ resi-
dential area up to the airport, with the preparation of a branch
toward the residential area of f{epy and Zli¢in. Other plans for the
metro Line A extension were eventually postponed and for the
time being the line ends in Motol.

According to the tender documents, the tunnel for the dead-end
tail tracks was to be driven using the NATM throughout its length.
The tunnel excavation from the portal in the assembly pit com-
menced at the beginning of January 2011. Approximately after the
completion of a 60m long excavation section the excavation star-
ted to exhibit excessive deformations and the subsequent work
had to be carried out under the protection provided by canopy tube
pre-support. The low and incoherent overburden in the remaining
part toward the Motol Hospital station caused that the excavation
was stopped after reaching the length of 227m and the remaining
section was realised as a cut-and-cover tunnel in an open con-
struction trench.

The decision of the project owner regarding the method of the
realisation of the remaining part of the tunnel was preceded by
several variants. The structural analysis carried out on the support
of the excavation stabilised by the canopy tube pre-support gave
a negative result — the subsequent tunnelling toward the station
was therefore excluded. Other variants of the technical solution
offered themselves, but all of them expected a construction inter-
vention from the surface. The stabilisation of the access road and
preparation of the site were in any case unavoidable. A variant of
excavation under the protection of the so called “tortoise shell” (a
cover-and-cut type of procedure) was prepared in collaboration
with our colleagues from Frankfurt. The principle lied in replacing
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fotolphoto curtesyf l
Obr. 5 Pruval horniny z nadvylomu do VZT $toly v lednu 2012
Fig. 5 Inrush of ground from the overbreak into the ventilation gallery in
January 2012

Ondrej Minich

Soucasné se vSak pripravila varianta pro realizaci tunelu
v oteviené stavebni jamé, a to hned ve dvou alternativach. Prvni
moznosti byla forma ,,krabice*, tedy obdéIlnikové monolitické kon-
strukce sestdvajici ze zakladové desky, stén a stropu. S ohledem na
mnoZstvi zatéZovacich stavu a velikost zatiZeni zejména zdsypem,
na kterd musela byt konstrukce dimenzovéna, bylo nutné navrh-
nout vSechny jeji soucdsti jako velice masivni s vysokym stupném
vyztuzeni.

Variantné byla pripravena koncepce hloubeného tunelu s klenbou,
pracovné nazvand ,,podkova v jame“. Monolitickd konstrukce by
byla betonovana na bednicim voze, pomoci kterého se realizuje defi-
nitivni osténi raZeného tunelu. Dimenze konstrukce, kterd bude ve
findlnim stavu zasypand a vzdorujici celé vySce nadloZi, je vSak
pochopiteln¢ také masivnéjsi. Tato varianta by byla velmi vyhodna
z hlediska ndvaznosti betondZi definitivniho osténi na raZenou Cast,
kdy by souprava bedniciho vozu pokracovala v realizaci hloubené-
ho useku. Nésledné by byla protazena pres rozestavénou stanici
Nemocnice Motol a dél plynule pokracovala v betondzi sekunddrni-
ho osténi dvoukolejného tunelu smérem k Vypichu. Elegantni feSen{
je v souladu s puvodnim harmonogramem stavby, kdy neni nutné
pracné demontovat, transportovat a opétovné montovat soupravy
pro provedeni definitivniho osténi. Skala moZnosti na vybér vykrys-
talizovala ve volbu nejkonven¢néjsiho fesent, tedy podobu monoli-
tické , krabice®.

Zajimavosti je, Ze behem hloubeni stavebni{ jamy se narazilo na
»podzemni feku“ a vystavbou tak doslo k zastaveni prirozeného
proudéni podzemni vody. Linie télesa tunelu by tak pro ni fungova-
la jako bariéra, proto pro obnoveni puvodnich hydrologickych pod-
minek v celé oblasti bylo nutné kolem konstrukce tunelu vybudovat
dostate¢né kapacitni drendzni systém.

VZDUCHOTECHNICKA STOLA

Razené stoly projektované pro ucel vétrani nového metra se
nachdzeji na trase celkem Ctyfi, nepoCitaje hloubené vétraci objekty
nebo propojky mezi jednokolejnymi tunely. Nejdramati¢tejsi uda-
losti spojené s jejich razbou nastaly zejména u jedné z nich, u té,
kterd usti do dvoukolejného tunelu smérem na Petfiny necelych dvé
st€ metrti od motolské stanice. Tato 156 m dlouhd Stola o teoretické
plose vyrubu 38,1 m? je pak zakonend raZenou vétraci Sachtou
mezi Kukulovou a Roentgenovou ulici, nicméné §lo o jednu
z nejkomplikovanéj§ich soucdsti celé trasy V.A.

Koncem ledna 2012 se totiz prekvapivé narazilo na zavalenou ¢ast
nikdy nedokonéené podzemni nemocnice z roku 1944. To zfejmé
tzce souvisi se skute¢nosti, ze v téchto mistech probihd pasmo tek-
tonicky poruSenych hornin, které zde nebylo mozné predpokladat.

TuHel

the natural ground arc by a concrete arc, which is where the ana-
logy with the tortoise shell is derived from. Of course, this “shell”
would have to be realised from the surface, but the largest propor-
tion of the earthmoving operations would take place underground.
The tunnel profile would be excavated, but its primary support
would be restricted only to the sides and the bottom. This proce-
dure would have suited the contractor most of all from the aspect
of the fluency of work and setting the construction site logistics.

Nevertheless, a variant was prepared for the realisation of the
tunnel in an open pit, even in two alternatives. The first option was
the form of a “box”, i.e. a rectangular cast-in-situ concrete struc-
ture consisting of a base slab, walls and roof deck. It was neces-
sary with respect to the quantity of loading cases and the magni-
tude of the loads, mainly induced by the backfill, for which the
structure had to be dimensioned, to design all structural elements
as very massive items with high reinforcement content.

A concept of a vaulted cut-and-cover tunnel, named for working
purposes a “horse shoe in a pit”, was submitted as a variant. The
cast-in-situ concrete structure would have been cast behind travel-
ler formwork which is used for the construction of final linings of
mined tunnels. The dimensions of the structure, which would be
backfilled in the final state and would resist loads induced by the
whole height of the overburden, are naturally also more massive.
This variant would have been very advantageous in terms of lin-
king the casting of the final lining to the tunnel mined part, where
the traveller formwork could have continued to realise the cut-and-
cover section. Subsequently it would have been pulled along the
Nemocnice Motol station under construction and would have flu-
ently continued to work on the casting of the concrete secondary
lining of the double-track tunnel toward Vypich. This was an ele-
gant solution complying with the original works schedule, where it
was not necessary to laboriously dismantle, transport and repea-
tedly assemble the traveller sets required for the construction of the
final lining. The scale of the selection options crystallised into the
selection of the most conventional solution, the cast-in-situ “box”.

An interesting fact is that an “underground river” was encoun-
tered during the construction pit excavation and the natural flow
of groundwater was intercepted because of the construction. The
tunnel body line would have acted as a barrier preventing ground-
water water flow. For that reason it was necessary for reinstating
the original hydrological conditions in the whole area to build
a drainage system with a sufficient capacity around the tunnel
structure.

VENTILATION GALLERY

There are four mined galleries designed for the purpose of
ventilating the new metro spaces on the route, if we disregard
ventilation structures constructed in open pits or cross passages
between single-track tunnels. Complications associated with
driving them were encountered at one of them, the one which is
connected to the double-track tunnel in the direction of Petriny,
nearly two hundred metres from the Nemocnice Motol station.
This 156m long gallery with the theoretical excavated cross-
sectional area of 38.1m?” is terminated by a mined ventilation
shaft between Kukulova and Roentgenova Streets.
Nevertheless, it was one of the most complicated parts of the
entire Line V.A.

The reason was that a collapsed part of a never completed
underground hospital from 1944 was encountered at the end of
2012. It was probably related to the fact that a zone of tectoni-
cally disturbed rock, which could not be expected in this locati-
on, runs across this area. Similar situation was probably
encountered by builders and miners at the time of the
Protectorate. The loosened ground broke into the excavation




V obdobné situaci se pravdépodobné ocitli i stavitelé a hornici
v protektoratnim bez€asi. Rozvolnénd hornina se provalila do dila
a doSlo k vykominovdni kaverny kuZelovitého typu (obr. 5).
Okamzit¢ byly zahdjeny prace na zmahdni nadvylomu a stabilizaci
Celby, razici prace se na Cas zastavily.

Bylo nutné nechat provést podrobné inZenyrskogeologické pru-
zkumy a prepracovat realizani projektovou dokumentaci pro dalsi
postup praci. Celd oblast problematického nadlozi musela byt sano-
vdna, provedlo se zpevnéni masivu pomoci vysokotlaké injektdze
v rozsahu poruchového pdsma, aby bylo vibec moZné v razbg $toly
pokracovat. Teprve po téchto krocich bylo redlné znovuobnovit razi-
ci prace, dalsi postup pokracoval pod ochranou mikropilotového
destniku. Razby vSak kvali znaénému zdrZen{ takto probihaly pouze
nékolik dni. Kvuli znemoZnéni pristupu pro t€Zkou mechanizaci ze
strany dvoukolejného tunelu, kde se v t€ dobé rozbehly prace na
hydroizolaci a definitivnim osténi protiklenby, se presunula razici
Ceta na opacny konec k zahdjeni protirazby ze strany vzduchotech-
nické Sachty u Roentgenovy ulice. Kvili omezenym moZnostem
nasazeni vhodné mechanizace v manipula¢nim prostoru daném pro-
filem Sachty bylo nutné roz¢lenit horizontdlni déleni vyrubu navic
0 opéfi v lavici. Dusledkem byl velice pomaly a logisticky obtizny
postup razby vyZzadujici zdlouhavou svislou dopravu rubaniny
a materidlu. Pro tplnost je potreba dodat, Ze také samotnd Sachta
doCkala zmény, byla totiZ prohloubena kvuli bazi zvodnélych pis-
kovcu, které by byly situovdny piimo na lici kaloty Stoly.

Za zminku stojf, Ze pudorysné vedeni vzduchotechnické $toly
bylo nutno oproti zaddvaci dokumentaci upravit. Jednak z tech-
nologického hlediska provadéni definitivniho osténi dvoukolejného
tunelu bylo potieba zatsténi $toly o nékolik metri posunout, aby se
portél Stoly ocitl uprostred betonovaného bloku a nikoli na rozhran{
bloku dvou. Dale se pak zvétsil polomér pudorysného oblouku Stoly
kvuli optimalizaci provddéni sekunddrniho osténi ve Stole — pro
puvodni oblouk velké kiivosti by nebylo moZné pouZit bednici viz
a provadeén{ definitivniho osténi by bylo zdlouhavé a komplikované.

Kazdopddné uddlosti v této vzduchotechnické Stole spojené
s nafdrdnim na historicky podzemni objekt Stoly z druhé svétové
valky vzbudily velky zdjem odborného svéta.

KOLEJOVY SVRSEK

V druhém poloCase vystavby prinesl harmonogram praci dal{
vyznamnou kapitolu — kolejovy svrSek. Realizaci veSkerych kolejo-
vych svrsku a vystrojeni trati se spole¢nost HOCHTIEF CZ a. s.
Uspesné etablovala v segmentu staveb pevné jizdni drdhy pro kole-
jovou dopravu. Kolejovy svrsek je navrzen ve formé bezprazcového
upevnéni na podkladnicich a pevném podkladu z podéInych Zelezo-
betonovych prahl, u vyhybek jsou to Zelezobetonové desky.
Mimochodem vyhybkové objekty jsou v trase realizovdny dva — ve
stanici Petfiny (konec tseku V.A1) a stanici Nemocnice Motol
(V.A2), v obou pripadech v podob€ dvojité kolejové spojKy.

V tadé useka trati bylo z hygienickych divodu nafizeno zajistit
akustické odizolovani koleji od konstrukce tunelu kvuli ochrané sta-
vajici zastavby pred pfenosem vibraci. Kuprikladu v motolské stani-
ci jsou kolejové betony uloZeny na desky z recyklované pryze
a kolejnice opatfeny klasickym upevnénim, do dseku pod Ev-
ropskou ulici byl pofizen systém upevnéni Delta-Lager (specidlni
uchyceni tlumici stojinu kolejnice).

STANICE BORISLAVKA
Stavebn{ spole¢nost HOCHTIEF CZ a. s. realizovala rovnéz celou

stanici Borislavka, jeji podzemni i nadzemni ¢ast véetné pridruZe-
nych staveb. Zdpadni ¢4st stanice byla koncipovéna jako technolo-
gickd s navazujici vétraci Stolou, kterd je zakoncend Sachtou udstici na
povrch. Z néstupiSté stoupd raZend vytahovéa Sachta zadsténd do

hloubeného podchodu Evropské ulice. Vychodni konec ndstupiste
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and a conical cavern developed there (see Fig. 5). The work on
the excavation recovery and stabilisation of the excavation face
immediately commenced; the tunnelling operations were tem-
porarily suspended.

It was necessary to have detailed engineering geological
investigations carried out and the final design for the next
works procedure re-worked. The whole area of the problematic
overburden had to be stabilised. The ground mass was reinfor-
ced by high-pressure grouting within the scope of the fault zone
so that the excavation of the gallery could continue. Only after
these steps was it possible to renew the tunnelling operations.
The subsequent excavation proceeded under the protection of
a micropile umbrella. Nevertheless, the excavation continued in
this way only for several days, with respect to the significant
delay. Because of blocking the access for heavy equipment from
the double-track tunnel side, where at that time the work on the
waterproofing and final lining was starting up, the mining team
was shifted to the opposite end to start to open the counter-hea-
ding from the side of the ventilation shaft near Roentgenova
Street. With respect to the limited possibilities of deploying sui-
table equipment in the handling space defined by the given pro-
file of the shaft, it was necessary to modify the “horizontal”
excavation sequence by adding the bench excavation to it. It
resulted into very slow and logistically difficult excavation pro-
cedure requiring lengthy vertical transport of muck and materi-
als. For the sake of completeness, it is necessary to add that
even the shaft itself was changed. It was deepened because of
a water-bearing sandstone base, which was located directly at
the external surface to the gallery top heading.

Worth mentioning is the fact that the horizontal alignment of
the ventilation gallery had to be modified in comparison with
the final design. It was necessary from the technological point
of view of the installation of the double-track tunnel final lining
to shift the gallery connection point several metres aside so that
the gallery portal got to the centre of the concrete casting block,
not to be at the interface between two blocks. In addition, the
radius of the horizontal curve of the gallery was increased for
the reason of optimising the installation of the secondary lining
in the gallery — it would not have been possible to use a traveller
formwork; for the original large curvature of the alignment and
the construction of the secondary lining in the gallery, the work
would have been lengthy and complicated.

Anyway, the events in this ventilation gallery associated with
the encounter with the historical underground structure of the
gallery from World War 2 attracted great interest of the profes-
sional world.

TRACKWORK

In the second half of the works the schedule brought another
important chapter — the trackwork. By the realisation of all track-
work elements and the track equipment HOCHTIEF CZ a. s. got
successfully entrenched in the segment of the construction of
slab tracks for railway transport. The trackwork is designed in
the form of direct fixation of tracks on base plates and a fixed
sub-base formed by longitudinal reinforced concrete plinths or,
in the cases of switches, by reinforced concrete slabs. By the
way, there are two switching structures on the route — in Petfiny
station (the end of section V.A1) and Nemocnice Motol station
(V.A2), in both cases in the form of double crossovers.

Securing acoustic insulation of rails from the tunnel structure
was ordered for several sections for public health reasons,
because of the prevention of existing buildings from the transi-
tion of vibration. For example, trackbed concrete in Motol
Hospital station is placed on recycled rubber plates and rails are



24. rocnik - €. 3/2015

fotolphoto courtesy of Milo$ Benysek
Obr. 6 Razba eskaldtorového tunelu z vestibulu stanice Borislavka v srpnu 2011
Fig. 6 Driving the escalator tunnel from Borislavka station concourse in
August 2011

pokracuje v raZzeny eskaldtorovy tunel s portdlem v hloubeném ves-
tibulu pfimo u kfizovatky Evropské a Horomérické ulice (obr. 6).

Téleso stanice je navrzeno jako raZené jednolodni o délce
193 m s plochou vyrubu 243 m? a 224 m?. Razba stani¢niho
tunelu technologii NRTM byla zahdjena rozrazkou profilu pri-
stupové a ventilacni Stoly FrantiSek, kterd md portdl pobliz
Kladenské ulice. Béhem razby této $toly se geotechnické pod-
minky ukdzaly jako méné pfiznivé, neZ se projekéné predpokla-
dalo. Razba pfistupové §toly sice probihala hlavné zpocdtku ¢ds-
te¢né v oCekdvanych polohédch tvrdych skaleckych kiemencu,
nevyskytovaly se vSak v takovém rozsahu, proto misto majorit-
né uvazované razby v tfidé TT3 probihala vyhradné v tfidach
TT4 a TT5a. Navic béhem razby dochézelo k ¢etnému vyskytu
nahodilych nadvylomi kvuli nepfiznivé orientaci lavicovitych
vrstev. Pred zadsténim Stoly do stanice nastdva Sikmé kiizen{
s pravym tratovym tunelem EPB, a to s minimalnim vySkovym
rozdilem. V oblasti vzdjemného ovlivnéni proto bylo primarni
osténi Stoly zesileno, zejména v ¢asti protiklenby. Mimochodem
razba pristupové Stoly FrantiSek byla jedingm podzemnim
objektem, kde bylo tfeba pristoupit k trhacim pracim.
V ostatnich Stoldch a tunelech raZzenych NRTM se vystacilo
s mechanickym rozpojovdnim horniny pouze pomoci tunelova-
ciho bagru.

Skutecnost, Ze geotechnické podminky razby stanice neodpovida-
ji predpokladium zadavaci dokumentace, potvrdil i dopliujici geolo-
gicky pruzkum. Na rozdil od soubéZnych kifemencovych masivi
oCekdvanych v etapé pripravy zaddvaci dokumentace, musel byt
vyrub stanice realizovan témér vyhradné ve zvétralych jilovito-pra-
chovitych bridlicich s velmi nizkou pevnosti, které byly navic
v zéapadni ¢asti tektonicky porusené. Razbu doprovazely Cetné prito-
ky podzemni vody, které manipulaci s rubaninou jesté vice kompli-
kovaly.

Dusledkem nepriznivych parametra zastiZenych hornin byla pri-
jata zasadn{ opatfen{ spojend s razbou — zména ¢lenéni vyrubu z ho-
rizontdlniho na vertikdlni klasifikovaného tridou raznosti TT5b,
obecné zesileni primdrniho ostén{ a vystrojeni vyrubu. Razba pro-
bihala v levé a pravé postranni $tole, s odstupem pak dorazka stred-
ni ¢ésti vyrubu a uzavreni horni a spodni klenby celého stani¢niho
profilu. Razilo se proudovou metodou, kdy byl kazdy vertikalni
dil¢i vyrub soucasné horizontdlne délen na kalotu, lavici a dno, cel-
kové byla proudovd razba roztazena zhruba na sto metrech délky
stanice. Soucasné se podnikla dals{ technicka opatreni pro minima-
lizaci vlivu na stdvajici zastavbu a zvysila se Cetnost monitoringu

vy,

deformaci. Pro odstinéni poklesové kotliny od nejbliz§i povrchové
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provided with classical fixation components; Delta-Lager fixa-
tion system (special fixation attenuating the rail web) was pro-
cured for the section under Evropska Street.

BORISLAVKA STATION

The construction company of HOCHTIEF CZ a. s. in addition
realised entire Borislavka station, its underground and above
ground part, including ancillary structures. The western part of
the station was conceived as a technological part with a linking
ventilation gallery terminated by a shaft ending at the surface.
A mined lift shaft ending in a cut-and-cover pedestrian subway
under Evropska Street rises from the platform. The eastern end of
the platform passes to a mined escalator tunnel with the portal in
the cut-and-cover concourse located directly at the intersection
between Evropska Street and Horoméricka Street (see Fig. 6).

The station body is designed as a mined one-vault structure
with the length of 193m and the excavated cross-sectional area of
243m?2, respectively 224m?2. The NATM excavation of the station
tunnel commenced by the bifurcation of the FrantiSek access and
ventilation tunnel, which has its portal near Kladenskd Street.
During the excavation work on this tunnel, geotechnical conditi-
ons turned out to be less favourable than expected by the design.
The excavation of the access tunnel proceeded, mainly in the
beginning, partially through expected hard Skalec quartzite, but it
did not occur in so large extent. For that reason the excavation
passed through excavation support classes TT4 and TT5a instead
of class TT3, which was assumed for the majority of excavation.
In addition, random overbreaks occurred during the course of the
excavation because of the unfavourable orientation of tabular lay-
ers. An oblique crossing with the right-hand EPB TBM-driven
running tunnel takes place with a minimum difference in levels
before the connection of the gallery to the station. The thickness
of the primary lining of the gallery was therefore increased in the
area of the mutual affecting, mainly in a part of the invert. By the
way, FrantiSek access tunnel was the only case of an underground
structure where it was necessary to proceed to blasting operati-
ons. Mechanical disintegration using tunnel excavators was suf-
ficient in all other galleries and tunnels driven using the NATM.

The fact that the geotechnical conditions of the station exca-
vation do not agree with the final design was in addition confir-
med by the supplementary geological survey. In contrast with
parallel quartzite massives expected at the stage of the prepara-
tion of tender documents, the station excavation had to be

Jfotolphoto courtesy of Dipl.-Ing. Gottlieb Blazek
Obr. 7 Prordzka stitu EPB Tondy do vyraZené stanice Borislavka v dubnu 2012
Fig. 7 Tonda EPB TBM breakthrough into completely excavated Borislavka

station in April 2012




fotolphoto courtesy of Ing. Martin Smetana
Obr. 8 Soska sv. Barborky v rukou feditele vystavby opousti dokonéeny tunel
Vypich — Motol v iinoru 2013
Fig. 8 Saint Barbara statuette in the hands of the director, leaving the com-
pleted Vypich — Motol tunnel in February 2013

zéastavby se vybudovala pilotovd sténa vetknutd pod troven dna sta-
nice, hlubokd 40 metru. Déle se pod deformacemi nejvice ohroze-
nou budovou provedly injektdZe zlepSujici parametry horniny
a mikropilotovy deStnik z boku raZeného profilu stanice.

Kvili vyrazné pomalejsimu postupu razicich praci tyto okolnosti
zapfiCinily Casovou kolizi s protaZenim §titt EPB stanici a jejich
ndslednou razbou pod Evropskou ulici smérem k Dejvické (obr. 7).
Dorézka stiedniho dil¢iho vyrubu stani¢niho tunelu byla realizovdna
za komplikovanych logistickych a technickych podminek v soubéhu
s raZbou razicich §titd. Jejich samotny prutah rozraZenou stanicf si
dokonce vyzddal dva a palmé€si¢ni prerusent praci. Veskery sled uda-
losti byl nepiimym dusledkem zminénych zhorSenych geologickych
podminek a tyto faktory zapfiCinily vyznamné prodlouZeni Casu
razby stanice. Navazujici prace se vSak podarilo efektivné zkoordi-
novat natolik, Ze termin zprovoznéni nového dseku metra nebyl
nijak ohroZen.

ZAVER

Zavérem lze jisté zrekapitulovat, e fada velkych problému pii
vystavbé metra V.A byla zpusobena zejména zastizenim odli§nych
geotechnickych podminek, nez predpokladala zadavaci dokumenta-
ce. Je vsak potreba spravedlivé podotknout, Ze to neni ptipad pouze
tohoto projektu, ale fenomén vSech rozsdhlych staveb v prazském
intravildnu. Geologické prostredi hlavniho mésta je slozité, o tom
neni pochyb. Zpusobuje komplikace, které vyZaduji alternativni
technickd feSeni, ale mohou se pochopitelné také promitnout do
finan¢nich ndkladi. Dan za trend umistit méstskou infrastrukturu
pod zem.

Ing. JAN KROUZA, jan.krouza@hochtief.cz,
HOCHTIEF (CZ a. s., divize Dopravni stavby

Recenzovali: Ing. Viadimir Prajzler, Ing. Jan Korejcik
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carried out nearly solely through weathered clayey-silty shales
with very low strength, which were, in addition, tectonically
disturbed in the western part. The excavation was accompanied
by frequent groundwater inflows, which even more complicated
the handling of muck.

The unfavourable parameters of the encountered ground resul-
ted into principal measures associated with the excavation — the
change in the excavation sequence from “horizontal” to “vertical”
was categorised as excavation support class TT5b, generally mea-
ning strengthening of the primary lining and the excavation sup-
port. The excavation proceeded simultaneously through the left-
hand and right-hand sidewall drifts. The completion of the central
core excavation followed at a distance. Finally the upper vault and
the invert of the whole station profile were closed. The flow met-
hod was applied to the excavation, with each partial excavation
sequence further divided into top heading, bench and bottom. The
application of the flow method was spread roughly over the length
of the station of one hundred metres. At the same time, other tech-
nical measures for the minimisation of impacts on existing buil-
dings were implemented and the intensity of the monitoring of
deformations was increased. A 40m deep pile wall fixed under the
station bottom was carried out for screening the settlement trough
from the closest existing buildings. In addition, grouting impro-
ving the properties of ground under the most threatened buildings
threatened by deformations and the canopy tube pre-support from
the side of the mined station profile were carried out.

Because of the significantly lower advance rates of the excava-
tion, these circumstances caused a collision with the time of pul-
ling the EPB TBMs along the station and subsequent driving of
running tunnels under Evropska Street toward Dejvice (see Fig.
7). The completion of the excavation of the central core was rea-
lised under complicated logistical and technical conditions, con-
currently with the advancing TBMs. The pulling of the TBMs
along the station itself even claimed a two and half month inter-
ruption of the work. The whole sequence of events was an indi-
rect result of the above-mentioned worsened geological conditi-
ons. These factors caused a significant extension of the station
excavation time. Nevertheless, the subsequent works were effec-
tively coordinated so successfully that the deadline for putting the
new metro section into operation was not at all endangered.

CONCLUSION

To conclude, it is certainly possible to recapitulate that many
significant problems during the course of the metro line V.A
construction were caused mainly by encountering different geo-
technical conditions than those expected by the tender design. It
is nevertheless needed to be fair and say that it is a phenomenon
of all large construction projects in the Prague urban area, not
a case only of this project. The geological environment of the
capital is no doubt complicated. It causes complications requi-
ring alternative technical solutions and, naturally, can reflect
themselves into financial costs. It is a tax for the trend to place
urban infrastructure underground.

Ing. JAN KROUZA, jan.krouza@hochtief.cz,
HOCHTIEF CZ a. s., divize Dopravni stavby

METROPROJEKT Praha a. s. Prodlouzeni trasy A metra v Praze ze stanice Dejvickd, Provozni dsek V. A — Dejvickd (mimo)

— Motol, dokumentace pro vyber zhotovitele

METROPROIJEKT Praha a. s. ProdlouzZeni trasy A metra v Praze ze stanice Dejvickd, Provozni dsek V. A — Dejvickd (mimo)

— Nemocnice Motol, dokumentace pro provedeni stavby
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TECHNOLOGIA, POSTUP A SPECIFIKA RAZENIA TUNELA
POVAZSKY CHLMEC

TECHNOLOGY, PROCEDURE AND SPECIFICS
OF THE POVAZSKY CHLMEC TUNNEL EXCAVATION

ANTON PETKO, VIT PASTRNAK

ABSTRAKT

Razenie tunela Novou rakiuskou tunelovou metodou v podmienkach flySovych hornin nie je ni¢ vynimocné. Dvojrirovy dialni¢ny tunel
Povazsky Chimec dlhy 2,2 km md vSak stanovené velmi prisne terminy a milniky. Zvldstnostou je to, Ze okrem vstupnych portdlov na jeho kon-
coch je spristupneny aj dal§imi portdlmi situovanymi v strednej casti jeho trasy. UmoZituje to terénna depresia, v ktorej sa tunel na tomto iseku
buduje v otvorenom vykope. Na jednej strane to z hladiska razenia komplikuje postup (nizke nadloZie, taZsie triedy), na strane druhej to ddva
moZnost na razenie z dalSich portdlov. Cldnok opisuje spésob, ako sa s tym zhotovitel zamysla vyrovnat, a zdroveii opisuje technolégiu razenia,
nasadenie kapacit a organizdciu razieb samotnych. Tunel je aktudlne razeny Siestimi celbami pomocou zvySeného nasadenia kapacit. Toto robi
vystavbu tunela PovaZsky Chlmec vynimocnou.

ABSTRACT

Driving tunnels using the New Austrian Tunnelling Method in conditions formed by flysch-type grounds is nothing exceptional. On the other
hand, the conditions and milestones set for the 2.2km long twin-tube PovaZsky Chlmec tunnel are very stringent. The rarity of this tunnel exca-
vation is that the tunnel is made accessible not only through portals at its ends, but also through other portals located in the middle of its route.
It is possible owing to a terrain depression; the tunnel is built in an open cut in this section. On the one hand, it complicates the procedure in
terms of the excavation (low overburden, more difficult excavation support classes); on the other hand, it offers the opportunity to excavate the
tunnel from other portals. The paper describes the procedure the contractor is going to cope with it. At the same time, it describes the excavati-
on technology, the deployment of capacities and organisation of the excavation itself. The tunnel is currently being driven on six headings app-

lying the increased deployment of capacities. This fact is the reason why the PovaZsky Chlmec construction is exceptional.

uvoD

Na Slovensku je v sucasnosti vo vystavbe osem tunelovych
stavieb na dsekoch dialni¢nej siete. V Case pripravy ¢ldnku sa
v tychto tuneloch razilo na osemnadstich ¢elbach. Z tohto poctu je
Sest’Celieb na tuneli Povazsky Chlmec. Toto je neobvykly rozsah
v oblasti simultanne prebiehajicej tunelovej vystavby, ktory
Slovensko doteraz nezaznamenalo a z ktorého vyplyva potreba
obrovského nasadenia strojnych a persondlnych kapacit.

Tunel Povazsky Chlmec je stilastou stavby D3 Zilina
(Strézov) — (Zilina — Brodno), ktord je situovand na severozapa-
de Ziliny a tvori spojnicu st¢asného tseku D3 a komunikécie
1/11 smerom na Kysucké Nové Mesto. Bude slizit na prevede-
nie tranzitnej dopravy mimo mesta Zilina v rimci severo-juzné-
ho dopravného koridoru. Usek je dlhy 4,25 km a pozostiva
z estakady ponad vodné dielo Hricov (1471 m diiky), z tunela
Povazsky Chlmec, mosta cez rieku Kysuca a z napojenia na
sti¢asnt komunikdciu 1/11. Zhotovitefom je ZdruZenie D3 Zilina
(Strdzov) — Zilina (Brodno), ktorého &lenmi si EUROVIA SK,
a. s., HOCHTIEF CZ a. s. a STAVBY MOSTOV SLOVAKIA,
a. s. Zhotovitelom tunela je HOCHTIEF CZ a. s. Podla harmo-
nogramu vyplyvajiceho z terminov danych objedndvatelom ma
byt'tunel vyrazeny za $trndst' mesiacov a vozovka v nom ma byt’
hotova v termine 23 mesiacov od zaciatku razenia.

ZAKLADNE INFORMACIE O TUNELI

¢ lehota vystavby: 1095 dni — ukoncenie: 30. 6. 2017;

« dizka tunelov — severnd tunelov4 rira 2252 m, juZna tune-
lova rira 2189,40 m;

e plocha hrubého vylomu tunelovej riry: 83,1-112,02 m?
(podla geoldgie a vystrojovacej triedy);

INTRODUCTION

Eight tunnel construction projects are currently underway in
Slovakia on the motorway network sections. Eighteen headings
were worked on at the moment of the preparation of this paper. Of
this number, six headings are on the Povazsky Chlmec tunnel.
This extent is unusual in the area of simultaneously running tun-
nel construction, which has not been recorded in Slovakia till now.
The necessity for immense deployment of mechanical and per-
sonnel capacities follows from it.

The Povazsky Chlmec tunnel is part of the D3 Zilina (StrdZov)
— (Zilina — Brodno) construction lot, which is located south-west
of Zilina and forms a link between the existing section of the D3
motorway and the 1/11 road heading toward Kysucké Nové
Mesto. It will be used for the diversion of transit transport outside
the town of Zilina within the framework of the north-southern
transport corridor. The 4.25km long section comprises a 1471m
long viaduct over the Hricov hydropower scheme, the Povazsky
Chlmec tunnel, a bridge over the Kisuca River and the connection
to the existing 1/11road. The contractor is the ZdruZenie D3 Zili-
na (StrdZov) — Zilina (Brodno) consortium, the members of which
are EUROVIA SK, a. s., HOCHTIEF CZ a. s. and STAVBY
MOSTOV SLOVAKIA, a. s. The contractor for the tunnel is
HOCHTIEF CZ a. s. According to the works schedule following
from the deadlines set by the project owner, the tunnel excavation
is to be completed in fourteen months and the roadway in it is to
be finished in 23 months from the beginning of the excavation.

BASIC INFORMATION ON THE TUNNEL

e construction duration: 1095 days —completion:
30/06/2017,



24. rocnik - €. 3/2015

RAZENY TUNEL NA PATKACH - STR PRIECNY SKLON 2,5 %
MINED TUNNEL ON FOOTINGS — NTT CROSS GRADIENT 2.5% -

ol |

S | 8802

“““““ “-‘é?g‘?r";---- s

é §H E prejazdny prierez

So 2 ___ clearance profile

=allss —

8=22 _— e

© @ 5.0 definitivne ostenie Zelezo-

2 cll ] ___———beton C30/37

R2188 final lining, reinforced -
g concrete C30/37 2

tesniaca izolacia
waterproofing

poZziarny vodovod DN 200
fire main DN200

kablové chranicky slaboprid |

Strbinovy odvodriovaci
Zlab pre vozovkovd vodu
slotted drainage duct for
roadway surface water

cable protection pipes N [

drendzny beton 16 — 32 mm
porous concrete 16 — 32mm

boéna tunelova drenaz PVC
DN 200/ side tunnel drainage
PVC DN200

podkladny betén drenaze
C12/15 X0 - blinding concrete
under drainage C12/15 X0
pétka zelezobeton C25/30 *- A
reinforced concrete footing - A 5972

5/30 T See e el

podkladny betén C12/15 X0,
hf. 100 mm / blinding concrete
C12/15 X0, 100mm thick

EE)

kablové chranicky silnoprad
heavy current cable protec-
tion pipes

odvodenie vozovkovych
vrstiev DN 150

drainage of roadway layers
DN150

Obr. 1 Vzorovy priecny rez tunelom
Fig. 1 Typical cross-section through the tunnel

e tunel je razeny vo flySovych sidvrstviach tvorenych
prevazne flovcami, pieskovcami a polymiktnymi zlepencami;

e Sirkové usporiadanie — kategdria tunela 2T — 8,0 podla STN
73 7507 r. 2008 — dva jazdné pruhy, Sirka medzi obrubnikmi
je 8 m (obr. 1);

e tunel bude mat’dva nidzové zdlivy a osem prie¢nych prepo-
jent;

 vetranie tunela bude pozdiine, zabezpecCené prudovymi ven-
tilatormi;

e tunel je razeny NRTM (obr. 2) — cyklickym razenim s roz-

pojovanim vrtno-trhacimi pracami, z dovodu kratkeho Casu

vystavby na taky narocny projekt je razeny az Siestimi Celba-

mi sdacasne;

zhotovitel’ vyuZil na tento tcel priestor stredového portdlu —

depresie terénu, kde je tunel podla zaddvacej dokumenticie

v tseku cca 40 m budovany v otvorenom vykope a z toho pri-

estoru sa razi naraz Styrmi ¢elbami, dalsie dve Celby st raze-

né zo zapadného portdlu, pricom neskdr sa bude razit’ aj

z vychodného portdlu;

Specifikom tohto projektu je nasadenie velkého mmnoZstva

kapacit pocas razenia.

HLAVNA VYZVA PROJEKTU

Hlavnou vyzvou projektu je popri ndjdeni optimalneho technic-
kého rieSenia v rdmci Zltého FIDICU splnenie harmonogramu
stavby. Kazdd stavba vZdy bojuje s terminom, ale tu bolo uz od
zaCiatku zrejmé, Ze to bude mimoriadne zlozita dloha. Celkovy
¢as vystavby je pldnovany na 36 mesiacov. V tejto Casovej lehote
sa musi stavba vyprojektovat, prerokovat' nové stavebné povole-
nie, vybudovat’ portdly, vybudovat’ tunel, osadit ho technolégiou
a sprevadzkovat. Pre zjednoduSenie je mozné uviest, Ze na pocia-

lengths of tunnel tubes — the northern tube 2252m, the
southern tube 2189.40m;

the excavated cross-sectional area of the tunnel tube:
83.1-112.02m? (depending on geology and the excavati-
on support class);

the tunnel is driven through flysch series of layers formed
mainly by claystone, sandstone and polymict conglome-
rates;

the tunnel roadway configuration — tunnel category 2T —
8.0 according to STN 73 7507 standard from 2008 — two
traffic lanes, kerb-to-kerb width of 8m (see Fig. 1);

there will be two emergency lay-bys and eight cross pas-
sages in the tunnel;

the axial ventilation in the tunnel will be provided by jet
fans;

the tunnel is driven using the the NATM (see Fig. 2) —
cyclical excavation with the drill-and-blast technique
applied to the disintegration; with respect to the construc-
tion time short for such a demanding project, the tunnel is
driven at up to six headings simultaneously;

the contractor used the space of the central portal (the ter-
rain depression) where, according to the tender documen-
tation, the tunnel is built in a ca 40m long section in an
open trench; the tunnel is driven from this section on both
sides, working on four headings concurrently; other two
headings are underway from the western portal; the exca-
vation from the eastern portal will start later;

a specific feature of this project is the deployment of
a large amount of capacities during the process of exca-
vation.
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Obr. 2 Najviac zastiipend vystrojovacia trieda NRTM 5.1, dizka zdberu max. 1 Jm
Fig. 2 The most frequently represented NATM excavation support class 5.1; excavation advance cycle length maximum of 1.7m

to¢nu pripravu projektu portdlov a raZieb vritane ziskania nového
stavebného povolenia a na vybudovanie portédlov je k dispozicii 6
mesiacov. Nasleduje razenie, na ktoré je vyhradenych 14 mesia-
cov. Potom prebehne betonaZz definitivneho ostenia v trvani 1 rok
a zostdva 9 mesiacov na dokonovacie price, betondz vozovky,
ndter tunela a montaz technoldgie. Paralelne s tym sa musi zhoto-
vit' mostnd konstrukcia nadvizujica na tunel na oboch jeho kon-
coch. VSetko su to relativne ndro¢né tlohy. ZloZité si najmé pri-
prava projektovej dokumentdcie a zaistenie novych stavebnych
povoleni v takom kratkom case. KIticom na splnenie planovaného
Casu vystavby je vSak razenie tunela. Tu je moZné organizédciou
prace najviac ¢asu ziskat, ale i stratit’

Je potrebné vyrazit'za 14 mesiacov 4,3 km tunelov. To znamena
priemerny postup 310 m kompletne vyrazeného tunela (vritane
zalivov, prepojenf a profildcie) mesacne. Také tempo razenia zod-
poveda skor planom s pouzitim TBM. Aby to bolo mozné dosiah-
nut' metédou NRTM, je nutné maximalizovat pocet Celieb. V tomto
pripade bolo zvoleno namiesto obvyklych Styroch celieb stucasné
razenie na 6 Celbach. Priemerné tempo razenia je stanovené na
1,7 m vyrazeného tunela denne na kazdu celbu.

ORGANIZACIA VYSTAVBY

Prvé dve Celby su razené zo zdpadného portdlu, kde sa buduje
severnd a juznd tunelové rira smerom na vychod. DalSie 3tyri
Celby su, odlisne od pdvodného riesenia investora, razené zo stred-
nej hibenej Casti tunela (obr. 3). Tu mala pOovodne najmi
z priestorovych dévodov prebiehat’iba betondz tunela v otvorene;j
jame, razenie tu prebiehat nemalo. Zo stredovej jamy sa razi sucas-
ne v severnom a juznom tuneli zdpadnym i vychodnym smerom.

THE MAIN PROJECT CHALLENGE

The main challenge of the project, apart from finding an
optimum technical solution within the framework of the
FIDIC yellow book, is meeting the works schedule. Each pro-
ject always fights the completion deadline, but in this case it
was clear from the beginning that it will be an exceptionally
difficult task. The total construction period is planned for 36
months. In this term, the construction has to be designed,
a new building permit has to be negotiated, portals have to be
built, the tunnel has to be constructed, the equipment has to be
installed and the tunnel has to be put into operation. For sim-
plification it is possible to say that 6 months are available for
the initial preparation of the design for the portals and exca-
vation, obtaining the building permit and constructing the por-
tals. The tunnel excavation, for which 14 months are assigned,
follows. The final concrete lining will be constructed during 1
year, and 9 months will remain for finishing works, casting of
the roadway concrete, tunnel coatings and installation of equ-
ipment. The bridge structures connecting to the tunnel at both
of its ends have to be carried out in parallel. All of these tasks
are demanding by themselves. The most difficult tasks are the
preparation of the design documents and securing new buil-
ding permits during such the short time. Anyway, the tunnel
excavation is the key for meeting the planned construction
deadline. By its organisation it is possible either to gain or to
lose most of the time.

It is necessary to excavate 4.3km of tunnels during 14
months. It means the average monthly advance rate of 310m




24. rocnik - €. 3/2015

smer razby / /’;': { : "y 3
direction of excavation g

N JTT/STT

/ smer razby

direction of excavation

zépadny portal
western portal

smer razby

direction of excavation

stredny portal
central portal

smer razby
direction of excavation

STT/NTT

vychodny portal
eastern portal

Obr. 3 Schéma organizdcie razenia tunela PovaZsky Chlmec
Fig. 3 Povazsky Chimec tunnel excavation organisation chart

Po prerazeni severného a juzného tunela zo zdpadu a stredu bude
kapacita zo zdpadného portdlu presunutd na vychodny portél
a bude sa tu razit’ vychodnym smerom oproti postupujicemu raze-
niu zo stredového portdlu vychodnym smerom. Dika dseku raze-
ného tunela od stredového portdlu na zdpadny portdl je 1199 m a na
vychodny portdl 1025 m.

Na prvy pohlad to vyzerd ako jednoduché riesenie. Pokial je
malo Casu, pouZije sa vd¢si pocet [udi a strojov, aby bola tloha
zvladnuta. Je vS§ak nutné si uvedomit, Ze to znamenda zna¢nu kon-
centraciu kapacit na malom tzemf a to prindsa nemalé problémy.

Po prvé je potrebné zaistit'na relativne kratky ¢as zna¢ny pocet
robotnikov. Na Sest Celieb razenych v nepretrzitej prevadzke to
znamend mat’ podla pldnu celkovo 200 robotnikov — razicov,
strelmajstrov, banskych elektrikdrov a mechanikov. Bohuzial,
negativne sa prejavuje fakt, ze v okoli Ziliny je vo vystavbe 7
tunelov a je v chode razenie na 12 dalSich ¢elbach. Profesia tune-
lového robotnika ¢i strojnika je v dnesnej dobe vysoko Speciali-
zovand a pocet kvalifikovanych zamestnancov zo Slovenska ¢i
Ceska, ktori st k dispozicii, za¢ina byt uz vy&erpany. K tomu
takisto prispieva i sucasny tunelovy boom v nemecky hovoria-
cich krajinach a v Skandindvii, ktord vyznamni ¢ast' tuzemskych
kapacit odCerpava. Zarobky zo zahranicia su stale vyrazne vys-
Sie nez na tuzemskych stavbach a nie je lahké tuzemské kapaci-
ty vréatit spat’ domov.

Obdobny problém je i so zaistenim techniky. Je potrebné nasa-
dit' pit’az Sest’ vitacich vozov, striekacich strojov, tunelovych bag-
rov a dal§iu potrebnii techniku. Na jednej stavbe sti¢asne, ale iba
relativne kratko. Su to v8etko stroje, ktoré sa sice beZne vyskytuju,
ale nikdy v takej koncentricii na jednej malej stavbe v jednom
Case. VicSina existujucich kapacit materského koncernu a naSich
partnerov je nasadend na prebiehajucich zdkazkach. Preto sa
mnoho strojov muselo pre tito akciu kudpit &i prenajat.
Prenajimané mechanizmy sa zbierali doslova z celého sveta. Su tu
i stroje pozicané zo Spojenych Stitov americkych ¢i z Thajska.
Zaistenie techniky a persondlu bol od pripravarov stavby heroicky
vykon.

Poslednym z hlavnych obmedzeni, ktoré vzniklo v ddsledku
kratkeho Casu vystavby, je priestor. Stavba je situovand na okraji
Ziliny, nie v jej centre. Mohlo by sa teda zdat, 7e s priestorom

of the complete excavation of the tunnel (including lay-bys,
cross passages and profiling). Such the advance rate rather
corresponds to plans for the excavation using TBMs. If it is to
be viable when the NATM is used, it is necessary to maximi-
se the number of headings. In our case, we chose concurrent
excavation at 6 headings instead of customary four. The ave-
rage advance rate is determined at 1.7m of the excavated tun-
nel per day.

CONSTRUCTION ORGANISATION

The initial two headings proceed from the western portal,
from which the northern and eastern tunnel tubes are being
driven toward the east. Other four headings, in contrast with
the original solution, proceed from the central cut-and-cover
part of the tunnel (see Fig. 3). In this part, only the casting of
concrete for the tunnel tubes was to be carried out, first of all
for spatial reasons, and the tunnel was not to be driven from
this point. The excavation proceeds concurrently in both the
northern and southern tunnel tube, both in the western and
eastern directions. After the completion of the excavation of
the northern and southern tunnel tubes from the west and the
centre, the capacity will be moved from the western portal to
the eastern portal and the excavation will proceed from this
location west, opposite the headings from the central portal.
The sections driven from the central portal to the western por-
tal and the eastern portal are 1199m and 1025m long, respec-
tively.

It seems at first sight as a simple solution. If we lack time,
we will use a greater number of workers and machines to cope
with the task. It is however necessary to realise that it means
a significant concentration of capacities in a small area, which
brings not negligible problems.

First it is necessary to provide a significant number of wor-
kers for a relatively short time. It means to have 200 workers
— miners, shotfirers, mine electricians and mechanists to be
available for six headings, working around the clock.
Unfortunately, the fact that there are 7 tunnels under con-
struction in the Zilina surroundings and 12 other headings are
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Obr. 4 Situdcia stredovej jamy
Fig. 4 Central construction pit layout

nebude na stavbe problém. BohuZial, pre zhotovitela je opak prav-
dou. Pdvodné technické rieSenie investora nepocitalo s takym
nasadenim kapacit a tomu zodpovedaji i priestory pre stavbu
vyhradené. Zhotovitel sa, samozrejme, snazil zaistit'i dalsie plochy
pre zariadenie staveniska, ale konfigurdcia terénu a okolitej zdstav-
by znacne limituje a rozlohy zariadenia stavenisk sa prili§ zvicSo-
vat’ nedajui. Najvicsi problém to prinaSa v oblasti stredovej jamy
(obr. 4). Tu sd v prevadzke Styri Celby. Pokial z tunela vyjde vset-
ka technika, zariadenie staveniska vyzera ako parkovisko, ale uz sa
tam nedd ni¢ robit. Stroje sa tam skratka nevojdd. Preto je nevy-
hnutné vSetky operdcie spojené s pldnovanou ddrzbou strojov sta-
rostlivo pldnovat’ a vSetko, o je mozné vykondvat priamo
v stredovej jame alebo v tuneloch. Zdpadny a najmi vychodny por-
tal je zas limitovany mostmi, ktoré bezprostredne nadvédzuji na
tunel. Medzi razenym portdlom na vychode a zdpade a oporou
vychodnych a zapadnych mostov je priestor Siroky iba 10 az 20 m.
Miesta pre zdzemie razieb je tu minimum a takisto je nutné koor-
dinovat jeho vyuZitie a stavebnd ¢innost' v predportdli s kolegami
v zdruZeni, ktor{ ich potrebuji na vystavbu mostov.

Obr. 5 Vitaci voz Atlas — Copco Rocket Boomer E2C
Fig. 5 Atlas — Copco Rocket Boomer E2C drill rig

being worked on, manifests itself negatively. The profession
of a mine worker or mechanist is today highly specialised and
the number of qualified employees from Slovakia or Czechia
who are available begins to be exhausted. The current tunnel-
ling boom in German-speaking countries and in Skandinavia,
which drains a significant portion of domestic capacities, con-
tributes to it. Earnings from abroad are still much higher than
earnings from domestic construction sites and it is not easy to
return domestic capacities back home.

A similar problem also concerns procuring construction
equipment. It is necessary to employ five to six thousand dril-
ling sets, spraying machines, tunnel excavators and other
required equipment. On one construction site concurrently,
but only for a relatively short time. On the one hand, all of
these machines are commonly present on construction sites,
but never in such the concentration on one site at one time.
The majority of existing capacities of the mother concern and
our partners have been deployed on ongoing contracts. For
that reason we had to purchase or hire many of the machines
for this project. We collected machines for hiring literally
from the whole world. We have hired machines even from the
United States or Thailand. Providing the equipment and per-
sonnel was a heroic performance of our work preparation
staff.

The last of the main limitations which originated as
a result of the short time available for the construction is the
space. The construction is located at the edge of Zilina, not
in its centre. It could therefore seem that there will be no
problem with space. Unfortunately, the opposite is true. The
original technical solution did not take into account the dep-
loyment of so extensive capacities and the necessity for cor-
responding spaces to be assigned for the construction. Of
course, we tried to find even other areas for construction site
equipment, but the configuration of terrain and buildings in
the surroundings significantly limits us and the sizes of con-
struction sites cannot be expanded too much. The greatest




V sucasnosti je dokoneny zdpadny portdl a stredovd jama.
Prebieha planované razenie na dvoch celbach zo zdpadu a na
Styroch celbach zo stredového portdlu. Takisto na zdpadnom por-
tali prebieha v bezprostrednej blizkosti portdlov vystavba opory
mosta. Vychodny portdl je teraz vo vystavbe sicasne so stavbou
prilahlej opory a pristupovej cesty.

TECHNOLOGIA RAZENIA

Razenie a primarne ostenie

Razenie oboch tunelovych rir prebieha podla zdsad NRTM.
Celba je delend na kalotu, jadro, pripadne protiklenbu.

Na rozpojovanie horniny st pouzité prevazne (90 %) vrtno-
trhacie prace. Ostatny podiel tvori mechanické rozpojovanie
tunelovym bagrom Liebherr 944 Litronic, resp. CAT 328D LCR.

Na vitanie vyvrtov (obr. 5) sa pouZivaji dvojlafetové vitacie
vozy Atlas — Copco Rocket Boomer E2C, vybavené laserovym
navadzanim, pocitaCom (obr. 6) a ploSinou na nabijanie, resp.
vitacie vozy TAMROCK AXERA. Nabfjanie vyvrtov je manu-
alne, pouziva sa neelektricky roznet rozbuskami NITRONEL QS
a trhaviny ERGODYN 30E a EMULINIT. V tvodnych fazach
razby boli trhacie prace obmedzené kvoli seizmickym tcinkom
na vodovodné potrubie priemeru 800 mm pri stredovom portdli,
ktoré celby v smere na zdpad podchddzali vo vzdialenosti len
2 m od stropu kaloty. Seizmicky monitoring pri trhacich pracach
prebiehal kontinudlne. Priamo na potrubi si namontované seiz-
mografy nad kazdou tunelovou rdrou a hodnoty seizmickych
ucinkov si oznamované SMS sprdvami na mobilné telefony
zodpovednych pracovnikov.

OdtaZenie je realizované Celnymi kolesovymi nakladac¢mi
CAT 966 K do dumprov CAT 730, ktoré rozpojend horninu vyva-
7ajii na depéniu. Celba sa po trhacich pracach zadistuje (obtha)
od uvolnenych kusov horniny tunelovym bagrom Liebherr 944
Litronic, resp. CAT 328D LCR. Po rozpojeni a odtazeni nasledu-
je vzdy faza vystuzZovania, resp. budovania primarneho ostenia.
Striekany betdn je na tejto stavbe aplikovany pomocou strieka-
cich zariadeni MEYCO Potenza s teoretickym vykonom 30 m3
striekaného beténu/hod. s pouzitim bezalkalického urychlovaca
tuhnutia BASF Masterrock 183. Trieda beténu primérneho oste-
nia je C 25/30. Sdcastou primarneho ostenia sd priehradové nos-
niky typu ARCUS, KARI siete a hydraulicky upinatelné svorni-
ky HUS diiky 3 az 6 m, resp. IBO alebo SN kotvy.

Celba pri razeni je delend na kalotu a stupen. Priemerny denny
postup razenia na jednu Celbu je zatial 2,5 m/24 hod. a je pozna-
Ceny zaciatkami prdac, horS§imi horninovymi pomermi v pri-
portalovych tsekoch, obmedzenim trhacich prac a prehlbovanim
stredovej jamy na uroven stupna tunela za sucasného razenia
kalot v jednotlivych rdrach. Razenie a vystavba tunela a jemu
prislichajicich objektov prebieha v reZime nepretrZitej prevadz-
ky — 7 dni v tyzdni 24 hodin denne.

KAPACITY NA PROJEKTE

Ako uZ bolo spomenuté vysSie, pozoruhodné je nasadenie
strojovych kapacit a pracovnikov na tomto tuneli. V Case pri-
pravy ¢lanku sa na razeni tunela a priprave podielalo 37 tech-
nickych pracovnikov, 136 pracovnikov na obsluhu tunelovej
techniky a tuneldrov, subdodavatelia na geodetické merania,
trhacie price a geotechnicky monitoring.
Tunelové stroje nasadené na razenie:
¢ 5 dvojlafetovych vrtacich vozov (3x Atlas Copco Boomer
E2C a 2x Tamrock Axerra);

¢ 5 kolesovych celnych nakladacov (2x CAT 966 K,
2x KOMATSU WA470, 1x CAT 944);

¢ 6 tunelbagrov (4x LIEBHER 944 a 2x CAT 328D LCR);
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problem exists in the area of the central construction pit (see
Fig. 4). There are four headings in operation in this area.
When all equipment emerges from the tunnel, the constructi-
on site looks as a parking lot, but it is no more possible to
work there. The machines simply do not fit there. It is there-
fore necessary to carefully plan all operations associated
with the planned maintenance of machines and all that is
possible to carry out directly in the central pit or the tunnels.
In addition, the western and mainly the eastern portals are
limited by bridges immediately connecting the tunnel. The
distance between the mined portals in the east and west and
the abutments of the eastern and western bridges lies some-
where between ten and twenty metres. The spaces for the
tunnelling hinterland are minimum and, in addition, it is
necessary to coordinate their use and construction activities
in the pre-portal area with colleagues in the consortium, who
need them for the construction of bridges.

At the moment, the western portal and the central construc-
tion pit are finished. The planned excavation is underway at
two headings from the west and four headings from the cent-
ral portal. The construction of the bridge abutment in the
immediate vicinity of the portals used for the tunnel excavati-
on is also underway at the western portal. The eastern portal
is now under construction concurrently with the construction
of the adjacent abutment and an access road.

TUNNELLING TECHNOLOGY

Excavation and primary lining

Both tunnel tubes are being driven according to the princip-
les of the NATM. The excavation sequence is divided into top
heading, bench and, as the case may be, invert.

Rock is mostly (90%) disintegrated using the drill-and-blast
technique. The remaining proportion is formed by mechanical
disintegration using Liebherr 944 Litronic, respectively CAT
328D LCR tunnel excavators.

Twin-boom Atlas — Copco Rocket Boomer E2C drill rigs,
equipped with a laser guidance system, computer (see Fig. 6)
and a lifting platform for charging blast holes, or TAM-
ROCK AXERA drilling rigs are used for drilling the holes
(see Fig. 5). Blast holes are charged manually; non-electric
firing using NITRONEL QS detonators and ERGODYN 30E
and EMULINIT explosives is used. At the initial excavation
stages, blasting was restricted because of seismic effects on
an 800mm-diameter water pipeline at the central portal,
which was passed under by the west-leading headings at the
distance of a mere 2m from the top heading crown. The seis-
mic monitoring during the blasting operations proceeded
continually. Seismographs are installed on the pipeline above
each tunnel tube and the values of seismic effects are
announced through SMS reports to mobile telephones of res-
ponsible employees.

Muck is loaded by CAT 966K wheeled front end loaders on
CAT 730 dumpers, which transport the disintegrated rock to
the stockpile. After blasting, the excavation face is scaled by
Liebherr 944 Litronic, respectively CAT 328D LCR tunnel
excavator. After the disintegration of rock and removal of
muck, the stage of the installation of the excavation support,
or the construction of the primary lining follows. Shotcrete is
applied on this construction site by means of MEYCO
Potenza spraying machines with the theoretical output of
30m3 of shotcrete per hour, using BASF Masterrock 183alka-
li-free setting accelerator. The grade of the primary lining
concrete is C 25/30. Parts of the primary lining are ARCUS
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ted by initial problems of the excavation, worse
ground conditions in the portal sections, restricti-
ons on blasting operations and deepening of the
central pit to the level of the tunnel bench with the
top headings in individual tubes being driven
simultaneously. The excavation and construction
of the tunnel and structures associated with it is
carried out in the round-the-clock operation — 7
days in a week, 24 hours a day.

CAPACITIES ON THE PROJECT

As mentioned above, the deployment of mecha-
nical capacities and persons on this tunnel is
remarkable. At the time of the preparation of this
paper, 37 technical persons, 136 persons operating
the equipment and miners, sub-contractors for sur-
veying, blasting operations and geotechnical
monitoring participated in the tunnel excavation
and its planning.

Tunnelling machines applied to the excavation:

e 5 twin-boom drilling rigs (3x Atlas Copco

Boomer E2C and 2x Tamrock Axerra);
¢ 5 wheeled front end loaders (2x CAT 966 K,
2x KOMATSU WA470, 1x CAT 944);

Obr. 6 Protokol odvrtanej elby z pocitaca vitacieho vozu
Fig. 6 Excavation face drilling protocol from a drill rig computer

* 5 striekacich siprav MEYCO POTENZA;

e 6 dumprov (4x CAT 730 a 2x KOMATSU HM 300);
e 2 dvojramenné ploSiny Normet;

¢ | jednoramenna ploSina Normet;

¢ 3 manipuldtory MANITOU MRT1635.

ZAVER

Dovolime si tvrdit, Ze takyto rozsah raziacich kapacit nie je
nasadeny na ziadnom inom tunelovom projekte tak na
Slovensku, ako aj v Cechdch, aich zabezpecenie sucasného roz-
machu vystavby tunelov na Slovensku vdbec nebolo jednodu-
ché.

Zvycajne je po rozbehnuti razenia pre zhotovitela obdobie
a Cas na optimalizdciu razenia a dosiahnutia pldnovanych postu-
pov, ale na organizdciu a pripravu je menej ndro¢né. Na tomto
projekte je vSak nutné uz teraz planovat’a zabezpeCovat betondz
sekunddrneho ostenia. V Case vydania tohto ¢isla by mal byt
dsek od stredového portalu po zapadny portdl uz prerazeny
a mali by zacinat’ prvé betonaZze.

Ing. ANTON PETKO, Ing. VIT PASTRNAK,
HOCHTIEF CZ a.s., Zilina

Recenzovali: Ing. Pavel Poldk, Ing. Viktoria Chomovd
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e 6 tunnel excavators (4x LIEBHER 944 and
2x CAT 328D LCR);

¢ 5 concrete spraying machines MEYCO POTEN-
ZA,

e 6 dumpers (4x CAT 730 and 2x KOMATSU HM 300);

e 2 Normet twin-boom work platforms;

e 1 Normet single-boom work platform;

3 MANITOU MRT1635 manipulators.

CONCLUSION

We dare say that such the extent of tunnelling capacities is
not deployed on any other tunnel construction project in
Slovakia, nor in Czechia, and providing them during the cur-
rent tunnelling boom in Slovakia was not at all simple.

There is usually a period and time for the contractor after
starting up the excavation, during which the excavation can be
optimised and the planed advance rates can be achieved. It is
less demanding as far as the organisation and preparation are
concerned. It is however necessary on this particular project
to plan and secure the casting of the secondary concrete lining
already now. At the time of publishing this journal issue, the
excavation of the section between the central portal and the
western portal should be finished and first concrete casting
operations should be starting.

Ing. ANTON PETKO, Ing. VIT PASTRNAK
HOCHTIEF CZ a. s., Zilina

MAlVQfK, L. SO 410 Razenie a primdrne ostenie. IKP Consulting Engineers, s. r. 0., 2015
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TUNEL POVAZSKY CHLMEC NA DALNICI D3
ZILINA (STRAZOV) - ZILINA (BRODNO) OD PROJEKTU K REALIZACI

POVAZSKY CHLMEC TUNNEL
ON ZILINA (STRAZOV) - ZILINA (BRODNO) SECTION
OF THE D3 MOTORWAY - FROM DESIGN TO REALISATION

LIBOR MARIK

ABSTRAKT

V kvétnu 2014 byla zahdjena vystavba dvoutroubového ddlnicniho tunelu Povazsky Chlmec v tiseku ddlnice D3 Zilina (Strdzov) — Zilina
(Brodno). V dobé vyddni ¢ldnku byly vyhloubeny stavebni jamy zdpadniho i vychodniho portdlu i stavebni jama sted. Na zdpadnim portd-
le dokoncil zhotovitel zpetny zdsyp obou Zelv a vyrazil pod nimi plny profil tunelu. Probihd razba kaloty i opéFi v obou tunelovych troubdch.
Ve stavebni jame stred je konstrukce Zelvy rovnéZ zasypdna a razba probihd v obou tunelovych troubdch smérem k vychodnimu i zdpadni-
mu portdlu. Na vychodnim portdle se provddi zajistovact prdce portdlového svahu a raZba dosud nebyla zahdjena. Proto neni v ¢ldnku tech-
nické reSeni vychodniho portdlu popsdno a bude predmétem nékterého z dalich ¢ldankii. Text popisuje prdci konzultantu a projektantu od
fdze poradenské cinnosti pri zpracovdni nabidky zhotovitele stavebnich praci pres vlastni projektovdni realizacni dokumentace tunelu v reZi-
mu ,,navrhni a postav“ podle Zluté knihy FIDIC aZ po prvni zkuSenosti 7 realizace, které umoZiiuji porovndni predpokladii projektu se sku-
tecné zastiZenymi geotechnickymi podminkami. Spolu s ¢ldnkem autorii Petka a Pastridka z firmy HOCHTIEF CZ a. s., ktery vychdzi rov-
néz v tomto Cisle ¢asopisu Tunel, poskytuje ucelenou informaci o prvnim roce projektovdni a vystavby tunelu PovaZsky Chlmec.

ABSTRACT

The construction of the twin-tube Povazsky Chlmec motorway tunnel in the D3 motorway section between Zilina (StrdZov) and Zilina
(Brodno) commenced in May 2014. At the time of publishing this paper, the excavation of construction pits for both the western and eas-
tern portals and the construction pit in the middle of the route was finished. At the western portal, the contractor finished backfilling of both
“tortoise shell” structures and the excavation of the full tunnel profile under them. The excavation of the top heading and bench is under-
way in both tunnel tubes. Backfilling the “tortoise shell” structures in the mid-point excavation pit is also finished and the excavation pro-
ceeds in both tunnel tubes toward both the eastern and western portals. The portal slope at the eastern portal is being stabilised and the
tunnel excavation has not begun yet. For that reason the technical solution to the eastern portal is not described in the paper. It will be the
topic of some of the future papers. The text describes the work of consultants and designers, from the phase of consulting activities during
the work on construction contractor’s bid, through the work on the detailed design in the “design and build” regime according to the FIDIC
Yellow Book, up to the initial experience from the realisation, which allow for comparing the design assumptions with actually encounte-
red geotechnical conditions. Together with the paper by Petko and Pastridk from HOCHTIEF CZ a. s., which is also published in this
TUNEL journal issue, it provides self-contained information on the first year of designing and constructing the PovaZsky Chlmec tunnel.

UVOD A ZAKLADNI INFORMACE

Délnice D3 prochdzi v dseku Zilina (StrdZov) — Zilina (Brodno)
tizemim, které vyZaduje kvuli ndro¢né morfologii terénu celou fadu
umélych staveb. Trasa v celkové délce 4250 m prekonava nejprve
smérove rozdélenou mostni estakddou délky 1493 m (levy most)
a 1437 m (pravy most) vodni nadrZ Hri¢ov. Ta plynule prechézi do
zapadniho portdlu tunelu Povazsky Chlmec, aby se z néj po vice nez
dvou kilometrech opét vynorila a presla na smérové rozdéleny most
pres feku Kysucu délky 410 m (levy most) a 402 m (pravy most).
Stavba byla zahdjena v kvétnu 2014 a planovany termin uvedeni do
provozu je v Cervnu 2017. SoutéZ byla vypsdna a realizace probiha
v rezimu ,,navrhni a postav s definovanim smluvnich podminek
podle zluté knihy FIDIC. To projektantovi i zhotoviteli umoznuje
v rdmci pravidel uvedenych v zaddvaci dokumentaci optimalizovat
jiz ve fazi nabidky technické feSeni i postup vystavby. Tunel je
navrZen jako dvoutroubovy kategorie T2-8 s $itkou vozovky mezi
obrubniky 8 m a vyskou prujezdného prufezu 4,8 m. Pii provozo-
vani tunelu se nepocitd s obousmeérnym provozem. V pripadé uza-
vieni jedné tunelové trouby bude doprava prevedena na objizdnou
trasu. To md vliv zejména na technologické vybaveni tunelu. Tunel
je raZzen pomoci NRTM v celé délce s horizontalnim ¢lenénim vyru-
bu. Hloubené tuseky jsou navrZeny nejen v oblasti vychodniho
a zapadniho portdlu, ale i ve stfedni stavebni jamé, kde kvalita hor-
ninového masivu a vy$ka nadloZi neumoznuji tunel razit. Z celkové
délky jiZni tunelové trouby 21865 je raZzeno 21205 m. V severni

INTRODUCTION AND BASIC INFORMATION

The D3 motorway runs in the Zilina (Strézov) — Zilina (Brodno)
section across a territory requiring numerous artificial structures
because of the complicated terrain morphology. The alignment at
the aggregated length of 4250m first overcomes the Hricov dam
reservoir on a dual carriageway viaduct (the left-hand and right-
hand bridges 1493m and 1437m long, respectively). The route flu-
ently passes at the western portal into the Povazsky Chlmec tunnel.
It emerges from it after more than 2 kilometres and passes to the
dual carriageway bridge over the Kysuca River (the left-hand and
right-hand bridges 410m and 402m long, respectively). The con-
struction operations commenced in June 2014 and the deadline
planned for its opening to traffic is June 2017. The public call for
bids was issued and the realisation proceeds in the “design and
build” regime, with the contractual conditions defined according to
the FIDIC Yellow Book. It allows the designer and contractor to
optimise the technical solution and construction procedure already
in the tendering phase, within the rules specified in the tender
documents. The tunnel is designed as a twin-tube structure, cate-
gory T2-8, with the kerb-to-kerb width of 8m and the clearance
profile height of 4.8m. Bidirectional traffic tunnel operation is not
counted with. In the case of closing one tunnel tube, traffic will be
diverted to a bypass route. This system has mainly an impact on the
tunnel equipment. The tunnel is driven throughout its length using
the NATM, with the so-called “horizontal” excavation sequence
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Obr. 1 Puvodni zajisténi svahu zdpadniho portdlu — popis v textu
Fig. 1 Original stabilisation of the western portal slope — decription in text

tunelové troubé celkové délky 2249 m je razeno 2200 m. Plocha
vyrubu se pohybuje od 83 m? v pifpadé tunelu na patkdch aZ po 105
m? u tunelu se spodni klenbou a méni se s tloustkou primarniho
osténi, velikosti nadvySeni teoretického tvaru o predpoklddané
deformace, stavebni tolerance a tlousStku hydroizolaéniho souvrstvi.
Vyska nadlozi dosahuje az 125 m. Trasa tunelu vSak prochdzi
i izemim, kde naopak mald vyska nadlozi vede k razbé pod zastro-
penim, zndmé také pod ndzvem metoda ,,Zelva“. Tato konstrukce je
na zdpadnim portdle pouZita na jizni tunelové troubé v délce 37,5 m
a na severni tunelové troubé v délce 50 m. Ve stiedni stavebni jamé
je nasazena pro zahdjeni razby v severni tunelové troubé smérem
k vychodnimu portdlu a délka dseku razeného pod Zelvou je 34,5 m.
Ke zvlastnostem tunelu Povazsky Chlmec patfi jiste i skute¢nost, ze
napjaty harmonogram vystavby vyZzaduje razbu tunelu azZ z osmi
Celeb. Po dvou ze zdpadniho a vychodniho portélu a celkem ze &tyf
Celeb z prostoru stredni stavebni jamy. Tato skute¢nost je pri tunelu
takové délky nepochybné raritou. Oblast Ziliny, ve které se tunel
nachdzi, patfi do dzemi s moznosti vyskytu zemétfeseni. Proto jsou
docasné i trvalé konstrukce tunelu a stavebnich jam posuzovény i na
seismické tcinky. Razbu tunelu provadi ze stfedni stavebni jamy
firma HOCHTIEF CZ a. s., od zdpadniho portdlu jeji subdodavatel
firma TuCon, a.s.

INZENYRSKOGEOLOGICKE A HYDROGEOLOGICKE POMERY
Uzemi v trase tunelu je sou&asti pieninského bradlového pasma.

Severni a jizn{ ¢ast koridoru tunelu je tvorena flySovym souvrstvim
vapnitych jilovea a piskoveu. Ve vrchni &ésti tohoto souvrstvi
se nachdzeji exotické slepence a piskovce, které prevladaji nad vrst-
vami jiloveu a slinovcd. Hlavni slozkou piskoveu je kiemen
(20-60 %), dlomky karbonatovych hornin (5-56 %), granitoidnich
a metamorfovanych hornin (4-29 %) a dlomky vulkanitu (5 %).
Tmel je karbondtovy (3-30 %). Z hlediska tektoniky tzemi leZ{
tunel na vychodnim okraji z6ny paralelnich zlomu severo-jizné ori-
entovaného Zzilinského systému. Pokryvné ttvary tvori deluvidln{
komplex kvarternich sedimentd vyvinutych na svazich ddoli, které
v mensich mocnostech zasahuji i do vrcholovych ¢asti dzemi nad
tunelem. Jednd se o jily stredni az nizké plasticity s polohami pisci-
tého jilu a kamenito jilovité suté. V zdpadni portdlové oblasti a ve
svahu nad zdpadnim portdlem se pod t€mito vrstvami nachdzi tera-
sové sedimenty o mocnosti 1 m az 7 m. Jednd se o pisky s pfimési
jemnozrnné zeminy, jil Stérkovity, $térk jilovity a Stérk s primési
jenozrnné zeminy. VySkové zasahuji tyto terasové sedimenty
v oblasti zdpadniho portdlu do kaloty tunelu a komplikuji stabilitu
pristropi.

Hladina podzemni vody byla zjisténa jen lokdlné v hloubce od
4 m do 15 m na bazi terasovych sedimentu, resp. v podloZnich vrst-
vich mezozoického komplexu. Pri provadéni hydrogeologického

(top heading, bench and invert). The cut-and-cover sections are
designed not only for the areas of the eastern and western portals,
but also for the mid-point construction pit, where the quality of
ground mass and the overburden height do not allow for driving the
tunnel. Of the total length of the southern tunnel tube of 2186.5m,
2120.5m are driven by mining. In the northern tunnel tube with the
total length of 2249m, 2200m long section is driven by mining.
The excavated cross-sectional area ranges from 83m” in the case of
the tunnel on footings up to 105m? in the case of the tunnel with
invert. It changes with the varying thickness of the primary lining,
the magnitude of overcutting the theoretical excavation and the
anticipated deformation, construction tolerance and thickness of
the waterproofing series of layers. The overburden height reaches
up to 125m. Nevertheless, the tunnel route passes even through an
area where, on the contrary, small overburden height leads to the
cover-and-cut method known as the “tortoise shell” method. At the
western portal, this construction method is applied to a 37.5m and
50m long sections of the southern and northern tunnel tubes, res-
pectively. It is used in the mid-point excavation pit for the begin-
ning of the excavation in the northern tunnel tube toward the eas-
tern portal. The section driven using the “tortoise shell” method is
34.5m long. In the mid-point excavation pit, this method is applied
to the beginning of the excavation in the northern tunnel tube
toward the eastern portal. The length of the section driven under
the “tortoise shell” structure amounts to 34.5m. Among special fea-
tures of the Povazsky Chlmec tunnel, there is certainly the fact that
the tight construction programme requires the work at up to eight
headings: two from the western portal, two from the eastern portal
and four from the space of the mid-point construction pit. Taking
into consideration the tunnel length, this fact is undoubtedly
a rarity. The area of Zilina in which the tunnel is located lies in
a region where the occurrence of earthquakes is possible. For that
reason both temporary and permanent structures of the tunnel
and construction pits are designed even for seismic effects.
HOCHTIEF CZ a. s. is the contractor for the excavation of the tun-
nel from the mid-point construction pit, while TuCon, a.s. is its
sub-contractor for driving the tunnel from the western portal.

ENGINEERING GEOLOGICAL AND HYDROLOGICAL
CONDITIONS

The area along the tunnel route is part of the Pieniny Klippen
Belt. The northern and southern parts of the tunnel corridor is for-
med by flysch series of calcareous claystone and sandstone layers.
Exotic conglomerates and sandstone are located in the upper part
of this series, prevailing over the claystone and marlstone. The
main component of the sandstone is quartz (20-60%), fragments of



pruzkumu ani jeden vzorek odebrané vody nevykazoval agresivitu
na betonové konstrukce.

V rdmci inZenyrskogeologického pruzkumu byl horninovy masiv
rozdélen do &tyt kvazihomogennich celk pro raZené dseky tunelu
a tif celku pro hloubené portdlové tseky a stfedni stavebni jamu.
Pro kazdy celek bylo popséno ofekédvané chovani masivu pri razbé
nebo hloubeni, stanoveny rizikové faktory a popsdna doporuceni
pro zajistén{ stability vyrubu, resp. svahu stavebnich jam a pro bez-
pecnost provadéni. Tato doporuéeni nejsou pro provadeéni zdvazna
a zhotovitel si muZe vypracovat vlastni interpretaci vysledku pru-
zkumu, ktery je soucdsti zaddvaci dokumentace. V takovém piipa-
dé na sebe bere geotechnické riziko.

SPOLUPRACE PRI PRIPRAVE NABIDKY
V REZIMU ,NAVRHNI A POSTAV"

SoutéZ na stavbu ddlnice D3 v tseku Zilina (Strézov) — Zilina
(Brodno) byla vypsdna v rezimu Zluté knihy FIDIC. Vzhledem
k tomu, Ze dsek tunelu tvori 50 % trasy a jeho cena tvorila vyznam-
nou ¢ast z celkové nabidkové ceny, zacala tizka spoluprace mezi fir-
mou HOCHTIEF CZ a. s. a IKP Consulting Engineers, s.r.o. jiz ve
fazi zpracovani nabidky na vybér zhotovitele. Na rozdil od zadava-
ci dokumentace podle Cervené knihy FIDIC, kdy je technické fese-
ni zdvazné, je v pripadé Zluté knihy FIDIC dloha projektanta
a konzultanta nezastupitelnd. Druhym konzultantem firmy
HOCHTIEF CZ a. s. byli kolegové z firmy 3G Consulting
Engineers s.r.0., jejichZ dlohou byla vlastni interpretace vysledka
inzenyrskogeologického pruzkumu a v ndvaznosti na zji$téné infor-
mace optimalizace technologickych tfid vyrubu. Ulohou firmy IKP
Consulting Engineers, s.r.0. byla optimalizace rozsahu a zpusobu
zajisténi stavebnich jam, rozsahu hloubenych a raZenych dsekt
tunelu, optimalizace tvaru pri¢ného fezu tunelu, dimenzi definitiv-
niho osténi, prognéza nasazeni nevyztuzeného definitivniho osténi,
optimalizace blokového schématu a bezpe&nostnich prvka (pocet
a poloha tunelovych propojek, nouzovych zliva, vyklenku poZér-
niho hydrantu, skiini SOS, vyklenku Cisténi drendZe atd.). Pro urde-
ni dseku definitivniho osténi provddéného se spodni klenbou, nebo
na patkach slouZily vysledky zpracované firmou 3G Consulting
Engineers s.r.o. Na zdkladé progndzy rozdéleni razené Casti tunelu
do technologickych tfid vyrubu byla vytvofena prognéza useku
tunelu s raznym stupném vyztuZeni definitivniho osténi, pripadné
osténi bez vyztuze. Vzhledem k Casu na zpracovani nabidky
i omezenym nakladim na konzultadni &innost vychézel projektant
ze zkuSenosti ziskanych pii projektovéni tuneli v obdobnych geo-
technickych podminkéch. V pripadé tunelu PovaZsky Chlmec se
jednalo i o zkuSenosti ziskané pri projektovani realizaéni dokumen-
tace délni¢niho tunelu Branisko obdobnych rozméru, ktery byl rov-
nez z Casti razen v prostredi flySe.

Vzhledem k avizovanym geotechnickym podminkdm bylo nutné
stejnou pozornost, jako razenym tsekum tunelu, vénovat i sta-
vebnim jamdm. V oblasti portdla zastihly prizkumné vrty polohy
piskovcu, jilovcu a slepenct rizného stupné zvétrani. Pomérné hlu-
boko zasahovala i vrstva pokryvnych ttvaru. V oblasti stfedni jamy
situaci komplikovala pfitomnost svahovych suti a skuteCnost, Ze
udolim, do kterého je stfedni jama situovdna, protékd potok.
Prelozkou jeho koryta nebylo jesté garantovéno, Ze v prostredi pro-
pustnych sedimenti neproudi podzemni voda, kterd bude mit nega-
tivni dopad na stabilitu svaha stavebni jamy. Obecné proto byla
navrzena takova technickd feSeni, kterd byla méné citlivd na zménu
geotechnickych parametrd horninového prostiedi a pritomnost pod-
zemni vody. Snahou projektanta bylo minimalizovat hloubku
a rozsah stavebnich jam i Cas potfebny pro vystavbu definitivnich
konstrukei a provedeni zpétnych zdsypu.

Veskeré navrhy technického reseni byly konzultovény se zastup-
ci zhotovitele z hlediska ndkladu, ¢asu potfebného pro provadéni,
logistiky dopravy materidlu i nasazenf strojnich sestav a persondlu.
Vysledkem byl hruby vykaz vymér a navrh technologického postu-
pu vystavby, ktery slouZil zhotoviteli pro stanoveni ceny a doby
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carbonate rock (5-56%), granitoide and metamorphosed rock
(4-29%) and fragments of volcanic rock (5%). The fragments are
cemented by carbonate cement (3—30%). From the aspect of tecto-
nics, the area lies at the eastern edge of the north—south oriented
parallel faults of the Zilina system. The cover is formed by
a deluvial complex of Quaternary sediments developed on the slo-
pes of the valley, thinner layers of which extend even to the peak
parts of the area above the tunnel. It consists of medium to low plas-
ticity clay and stony-clayey debris. Terrace sediments Im to 7m
thick are found under these layers in the western portal area and on
the slope above the western portal. They consist of sands with the
admixture of fine-grained soil, gravelly clay, clayey gravel and gra-
vel with the admixture of fine-grained soil. As far as the levels are
concerned, these terrace sediments extend into the tunnel top hea-
ding in the area of the western portal and complicate the top heading
stability.

The water table was identified only locally at the depth ranging
from 4m to 15m, on the base of terrace sediments, or in the under-
lying layers of the Mesozoic complex. When the hydrogeological
survey was being carried out, not a single sample of water exhibi-
ted aggression to concrete structures.

The ground mass was divided within the framework of the engi-
neering geological survey into four quasi-homogeneous blocks for
mined tunnel sections and three blocks for the cut-and-cover portal
sections and the mid-point construction pit. The anticipated beha-
viour of the ground mass during the tunnel excavation or the exca-
vation of pits was described separately for each block, risk factors
were determined and recommendations were described regarding
securing the tunnel excavation stability, respectively the stability of
slopes of construction pits, and the safety at work. These recom-
mendations are not binding for the work and the contractor can pre-
pare their own interpretation of the results of the survey which is
part of the tender documents. In such a case the contractor take the
geotechnical risk on themselves.

COLLABORATION DURING THE PREPARATION
OF THE TENDER IN THE “DESIGN - BUILD” REGIME

The contract for the construction of the D3 motorway section
between Zilina (StrdZov) and Zilina (Brodno) went out to tender in
the FIDIC Yellow Book regime. With respect to the fact that the
tunnelled section forms 50% of the alignment and its cost forms
a significant part of the overall tender cost, close cooperation bet-
ween HOCHTIEF CZ a. s. and IKP Consulting Engineers, s.r.o.
started already in the phase of the preparation of the bid for the selec-
tion of the contractor. In contrast with the preparation of the final
design according to the FIDIC Red Book, where the technical solu-
tion is binding, the role of the designer and consultant is non-substi-
tutable in the case of the FIDIC Yellow Book. The other consultants
for HOCHTIEF CZ a. s. were colleagues from 3G Consulting
Engineers s.r.o. Their task was to interpret the results of the engine-
ering geological survey and, building on the obtained information, to
optimise the excavation support classes. The task of IKP Consulting
Engineers, s.r.0. was to optimise the scope and method of the support
of construction pits, the scope of cut-and-cover tunnel sections, the
tunnel cross-section and the final lining dimensions, to forecast the
application of the unreinforced final lining, to optimise the block dia-
gram and safety elements (the number and location of cross passa-
ges, emergency stopping lay-bys, fire hydrant niches, SOS boxes,
drainage cleaning recesses etc.). Results prepared by 3G Consulting
Engineers s.r.o. served for the determination of the final lining sec-
tions, whether with invert or on footings. A prognosis of tunnel sec-
tions with various final lining reinforcement contents or an unrein-
forced final lining was developed on the basis of the prognosis of the
division of the mined tunnel part into excavation support classes.
With respect to the time available for the preparation of the tender
and the limited expenditures for consultancy, the designer built on
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Obr. 2 Puvodni zajisténi svahu stavebni jamy zdpadniho portdlu — popis v textu

Fig. 2 Original stabilisation of the slopes of the construction pit at the western portal — decription in text

vystavby. Na zpracovani nabidky se podileli i kolegové z némecké
centrdly firmy HOCHTIEF. Priprava nabidky byla vyzvou
i zajimavou tymovou praci se spolecnym cilem optimalntho ndvrhu
technicky naroc¢ného dila.

TECHNICKE RESENI ZAPADNIHO PORTALU

Svahy stavebni jamy byly stabilizovany vrstvou stifkaného beto-
nu o minimélni tloustte 150 mm se dvéma vrstvami siti KARI
100x100x6 mm. V dolnich partiich skalntho podloZi byly pouZity
kotvy SN pruméru 32 mm a délky 8 m v Sachovnicovém rastru
1,5x1,5 m. Vrstva pokryvnych titvara byla prokotvena kotvami SN
pruméru 32 mm a délky 6 m v Sachovnicovém rastru 1,5x1,5 m.
Stavebni jama byla ddle kotvena ve dvou tdrovnich predpjatymi
lanovymi kotvami. Prvni kotevni droven 10 m nade dnem jamy tvo-
filo 29 ks predpjatych lanovych kotev 6 @Ls 15,5 mm, délky 22 m
s délkou korene 10 m. Druhou kotevni droven 5 m nade dnem jamy
tvorilo 44 ks predpjatych lanovych kotev 6 @Ls 15,5 mm, délky
20 m s délkou korene 10 m. Portdlovy svah byl zajistén kromé jiz
popsané vrstvy vyztuzeného stiikaného betonu a SN kotev predpja-
tymi lanovymi kotvami ve trech drovnich. Prvni kotevni droven
10 m nade dnem jamy tvorilo 22 ks predpjatych lanovych kotev 6
@Ls 15,5 mm, délky 25 m s délkou kofene 10 m. Druhou kotevni
troven 7 m nade dnem jamy tvorilo 15 ks predpjatych lanovych
kotev 6 @Ls 15,5 mm, délky 22 m s délkou kofene 10 m a treti
kotevni droven 5 m nade dnem jamy tvotilo 19 ks predpjatych lano-
vych kotev 6 @Ls 15,5 mm, délky 20 m s délkou korene 10 m.
Vsech 129 ks lanovych kotev v celkové délce 2778 m bylo navrZe-
no v trvalém provedeni a predepnuto pres Zelezobetonovou previz-
ku o rozmérech 600x1000 mm. Pro zahdjeni razby ze stavebni jamy
zajistoval pristropi nad kazdym tunelem mikropilotovy deStnik
z 60 ks mikropilot @76/10 mm délky 16 m vrtanych s osovou roz-
te¢i 300 mm. Zpusob zajisténi stavebni jamy a sklony portdlového
svahu ukazuje pohled na severni svah jadmy na obr. 2.

Objekt technického reseni zdpadniho portalu je v zaddvaci doku-
mentaci oznacen jako nezdvazny. Proto se rozhodli zdstupci firmy
HOCHTIEF CZ a. s. po konzultaci s projektantem jiz ve fazi nabid-
ky upravit technické feseni s cilem zmensit objem zemnich praci,
sniZit objem Cinnosti s technologicky vynucenymi pauzami (beto-
naz prevazek, provadéni lanovych kotev ve tfech drovnich)
a zkrdceni hloubeného dseku pro rychlé zahdjeni razby tunelu. Pri
navrhu zajisténi zdpadniho portdlu vychazel projektant
z technického feseni, které jiz diive pouZila firma HOCHTIEF na
tunelu Euerwang v Némecku. Jednalo se o konstrukci Zelvy po stra-
ndch v patdch upnutou do fady velkoprumérovych pilot, zajistuji-
cich stabilitu stavebn{ jamy i boku tunelu. Vzhledem k reliéfu teré-
nu se délka dseku raZzeného pod Zelvou v severni a jizni tunelové
troubé 1isi. V jizni tunelové troub¢ délka useku Cini 37,5 m,
v severni tunelové troubé je 50 m. Pricny fez v misté obou Zelv zna-
zornuje obr. 3.

the experience gathered in designing tunnels in similar geotechni-
cal conditions. In the case of the Povazsky Chlmec tunnel, it was
the experience gained during the work on the design of means and
methods for the Branisko motorway tunnel with similar dimensi-
ons, which was also partially driven through a flysch environment.

With respect to the predicted geotechnical conditions, it was
necessary to pay the same attention as to the mined tunnel sections
also to the construction pits. Boreholes in the portal areas encoun-
tered layers of sand, claystone and conglomerates with various
degrees of weathering. Even the cover layer extended relatively
deep. In the mid-point excavation pit area, the situation was com-
plicated by the presence of slope debris and the fact that a stream
flows along the valley to which the mid-point pit is designed. The
diversion of the stream did not guarantee that groundwater did not
flow through the environment formed by permeable sediments. It
would have a negative impact on the stability of slopes of the con-
struction pit. In general, such technical solutions were proposed
which were less sensitive to changes in geotechnical parameters of
the ground environment and the presence of groundwater.
Designer’s effort was to minimise the depth and extent of con-
struction pits and the time required for the construction of final
structures and the execution of backfills.

All proposals for the technical solution were consulted with con-
tractor’s representatives regarding the costs, the time required for
the works, the logistics of transport of materials and the deploy-
ment of mechanical equipment sets and personnel. The consultan-
cy resulted in a gross bill of quantities and a proposal on the con-
struction technological procedure, which was used by the contrac-
tor for the determination of the cost and duration of the works.
Colleagues from the Germany-based HOCHTIEF head office also
participated in the tender preparation. The preparation of the tender
was a challenge and interesting team work with a common objec-
tive to develop an optimum design for such the technically deman-
ding project.

TECHNICAL SOLUTION TO THE WESTERN PORTAL

The construction pit slopes were stabilised by a shotcrete layer
with the minimum thickness of 150mm, with two layers of KARI
welded mesh 100x100x6mm. SN anchors 32mm in diameter and
8m long were used in the lower parts of the bedrock, in a diamond
pattern, staggering at 1.5x1.5m. The cover layer was stabilised by
6m long, 32mm in diameter SN anchors, installed in a diamond
pattern staggering at 1.5x1.5m. The construction pit was further
anchored at two levels by pre-tensioned cable anchors. The first
anchoring level 10m above bottom of the pit consisted of 29 pre-
tensioned anchors 6-strand, Ls 15.5mm, 22m long, with the roots
10m long. The second anchoring level located 5Sm above the pit
bottom consisted of 44 pre-tensioned cable anchors 6-strand, Ls
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Obr. 3 Pri¢ny Fez v misté Zelv na zdpadnim portdle — popis v textu
Fig. 3 Cross-section in the location of “tortoise shell” structures at the western portal — decription in text

Projektovani konstrukce nardZelo na Cetnd tskali. Jako nejvetsi se
ukdzal problém s volbou matematického modelu, ktery by vystizné
a vérohodné dokdzal zohlednit interakci kotvené, pilotové stény
a konstrukce Zelvy ve vSech fazich vystavby, a to se zohlednénim
vSech z toho plynoucich zatéZovacich stavi. Propojenim vyztuze
klenby Zelvy a pilot vznikl sty¢nik, ktery byl schopen prendset vniti-
ni sily mezi obéma konstrukcemi. Citlivostni analyza ukazala, ze
v zdvislosti na obtizné¢ predvidatelné deformaci pilot se hodnoty
vnitinich sil v klenbé Zelvy i ve sty¢niku pilot a Zelvy méni v fadu
desitek procent. Vzajemné ovlivnéni obou relativné tuhych konstruk-
cf bylo nutno posoudit z hlediska jejich moZného chovani v prabéhu
vystavby. Faktory ovliviiujicimi vypoCet byly nejen geotechnické
parametry horninového prostredi a materidlové charakteristiky kon-
strukci, ale i presny zpusob provadéni ovlivnény matematicky obtiz-
né stanovitelnym lidskym faktorem. Vypocet byl provadén
v programech PLAXIS a SCIA Engineer s tim, Ze ani jeden z téchto
programti nebyl schopen danou problematiku feSit komplexné.
V programu PLAXIS byly modelovany faze vystavby vletné razby
tunelu pod Zelvou. Matematicky model MKP zohledrioval interakci
konstrukce s horninovym masivem. Z hlediska fazi vystavby se jed-
nalo o vykop stavebni jamy do drovné pro vrtani pilot, jejich vrtani
a betondz, vyhloubeni stavebni jamy do drovné prevézky pro predpi-
néni lanovych kotev, predepnuti lanovych kotev, vyhloubeni staveb-
ni jamy s tvarem dna pro betondZ Zelvy, rozepreni pilot klenbou
Zelvy, vyrazeni kaloty i opéfi tunelu a provedeni zpétného zdsypu do
drovné hlavy pilot. Vypocet vychézel z modelu v programu PLAXIS.
Nisledne byly v programu SCIA Engineer nastaveny takové okrajo-
vé podminky, které v daném zatéZovacim stavu vystihovaly defor-
macni a silové chovani konstrukce, jak bylo modelovano v programu
PLAXIS. Tak byla provedena kalibrace obou modelu. Konstrukce
byla pak v programu SCIA Engineer podrobena dal§imu zatéZovan{
nelinedrni kombinaci zat€Zovacich stavu, které v programu PLAXIS
nebylo mozné simulovat. Jednalo se zejména o nelinedrni zatiZeni
teplotou v zimé i v 1été, smrstovani s vlivem dotvarovani betonu
a seismické ti¢inky zemétreseni pro oblast Ziliny. Zatizeni zdsypem
bylo v modelu rozlozeno na vertikdlni a horizontdlni slozku. Do kom-
binaci zatéZovacich stavu tyto sloZky vstupovaly jako samostatné
zatéZovaci stavy, aby bylo mozné vySetfit jejich nejnepiiznivéjsi Gci-
nek z hlediska tinosnosti celého systému ,,piloty — Zelva“. Vypoctené
vnitini sily z programu SCIA Engineer byly vstupnimi hodnotami pro
dimenzovan{ konstrukce v programu FINEBETON.

Vystavba jamy zdpadniho portalu byla zahdjena v listopadu 2014.
Pro kaZdou tunelovou troubu byla nejprve vyhloubena mélkd, sva-
hovand stavebni jama, z jejihoZ dna byly vrtany vzdy dvé rady vel-
koprimérovych pilot o pruméru 800 mm a délky 19 m, 18 m
a 16 m. Piloty vrtané s osovou vzdalenosti 1 m nad konstrukei Zelvy
zajistovaly stabilitu bokd stavebni jamy, pod konstrukei Zelvy sta-
bilizovaly boky tunelu. I kdyZ se zpocdtku zhotovitel obdval, zda
bude mozné poZadovanou hloubku vrtani dosdhnout, a investor

15.5mm, 20m long, with the roots 10m long. The portal slope was
stabilised, in addition to the above described layer of unreinforced
shotcrete and SN anchors, by three tiers of pre-tensioned cable
anchors. The first anchoring level consisted of cable anchors 6-
strand, Ls 15.5mm, 25m long, with the roots 10m long. The second
level 7m above the pit bottom consisted of 15 pre-tensioned cable
anchors 6-strand, Ls 15.5mm, 22m long, with the roots 10m long
and the third anchoring level 5.5m above the bottom of the pit con-
sisted of 19 pre-tensioned anchors 6-strand, Ls 15.5mm, 20m long,
with the roots 10m long. All of the 129 cable anchors at the aggre-
gated length of 2778m were designed as permanent structures and
were pre-tensioned through 600x100mm reinforced concrete
walers. Prior to the commencement of tunnelling from the con-
struction pit, the top heading of each tunnel tube was secured by
canopy tube pre-support consisting of 60 tubes 76/10mm, 16m
long, drilled at 300mm spacing. The system of stabilising the con-
struction pit and the slopes of the portal slope are shown in the
view of the northern slope of the pit in Fig. 2.

The object of the technical solution to the western portal is refer-
red to as unbinding in the tender documents. For that reason, the
representatives of HOCHTIEF CZ a. s., after consulting the desig-
ner already in the tendering stage, decided to modify the technical
solution with the aim of reducing the volume of earthmoving, redu-
cing the volume of activities with technologically enforced breaks
(casting of concrete walers, the installation of three tiers of cable
anchors) and reducing the length of the cut-and-cover section to
allow the quick commencement of the tunnel excavation. In the pro-
cess of designing for the stabilisation of the western portal, the
designer built on the technical solution which had been earlier app-
lied by HOCHTIEF to the Euerwang tunnel, Germany. The soluti-
on lied in the “tortoise shell” structure, clamped between two rows
of large-diameter piles securing the stability of the construction pit
and the sides of the tunnel. With respect to the terrain relief, the
lengths of the sections excavated for the northern and southern tun-
nel tubes under the “tortoise shell” structure are different. The sec-
tion in the southern tunnel tube amounts to 37.5m, whilst its length
in the northern tunnel tube amounts to 50m. The cross-sections in
the locations of the two “tortoise shell” structures are presented in
Fig. 3.

Numerous pitfalls impinged on the work on the structure design.
The biggest problem turned out to be with the selection of the mat-
hematical model which would be appositely and plausibly able to
take into consideration the interaction between the anchored pile
wall and the “tortoise shell” structure in all construction phases,
taking into account all loading stages following from it. A joint
capable of transmitting inner forces between the reinforcement of
the “tortoise shell” structure and the reinforcement of the piles,
which originate by tying the two structures together. The sensitivity
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Obr. 4 Obnazend vyztuz pilot a vlepend kotevni Zeleza pro napojeni Zelvy
Fig. 4 Exposed reinforcement of piles and the anchoring bent bars glued into
them for connecting the “tortoise shell” structures to them

poZadoval alternativni feSeni pro pripad, Ze by se kvuli pevnosti
horniny nepodafilo piloty dovrtat, v8e probéhlo podle predpokladi
projektu. Takto vzniklou pilotovou sténu zajistovala v jedné drovni
fada predpjatych lanovych kotev délky 18 m a 16 m s koreny délky
8 m, vrtanych s osovou vzdalenosti 2 m. Druhou troven zajiSténi
pilotové stény predstavovala klenba Zelvy, kterd slouZila jako roz-
péra pro zachyceni vodorovnych sil. Konstrukci Zelvy propojovala
s velkoprimérovymi pilotami specidlni kotevni Zeleza vlepend do
betonu pilot. Pro vytvoreni niky slouzici k napojeni vyztuze pilot
a Zelvy byly v armokosi pilot naprojektovény ,.kapsy* vyplnéné
snadno odstranitelnym materidlem (polystyrenem). Tam, kde se
nepodarilo vlozku do armokoSe spravné upevnit, musela byt kapsa
dodate¢né vySramovéna. Kapsu v pilotové sténé i s kotevnimi Zele-
zy pro napojeni Zelvy na piloty ukazuje obr. 4. Celkem bylo odvr-
tano na severni tunelové troubé 18 ks pilot délky 16 m, 12 ks pilot
délky 18 m a 70 ks pilot délky 19 m. Na jizni tunelové troubé se jed-
nalo o 12 ks pilot délky 16 m, 14 ks pilot délky 18 m a 50 ks pilot
délky 19 m. Celkem zajistuje 87,5 m tunelu razeného pod Zelvou
3228 m pilot a 78 predpjatych kotev v délce 1326 m kotvenych pres
7elezobetonovou prevazku o rozmérech 700x800 mm. Celo staveb-
ni jimy pro tvarovani Zelvy stabilizovala $tétovd sténa kotvend
v kone¢ném feseni ve dvou trovnich predpjatymi lanovymi kotva-
mi. Sténa stejné konstrukce zajiStovala stabilitu stavebni jamy na
rozhrani budouciho hloubeného a razeného tunelu (obr. 5). Po odvr-
tan{ pilot zahdjila firma EUROVIA hloubeni stavebni jdmy mezi
pilotovymi sténami na droven prevazky lanovych kotev. Na této
drovni doslo k prvni technologické pauze spojené s vytvrdnutim
betonu prevdzky a korent lanovych kotev. Tuto fdzi vystavby
ukazuje fotografie na obr. 6. Nésledné probihalo téZeni stavebni

Obr. 5 Zajisteni Cela jamy $tétovnicovou sténou
Fig. 5 Excavation front end supported with a sheet pile wall
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analysis showed that the values of inner forces in the “tortoise shell”
vault and in the joint vary within the order of tens of per cent,
depending on the deformation of piles, which is hard to predict. The
mutual influence of the two relatively rigid structures had to be
assessed from the aspect of the possible behaviour of the structures
during the course of the construction. Among the factors influen-
cing the analysis, there were not only geotechnical parameters and
material characteristics of structures, but also the exact procedure of
the execution affected by the human factor, which is difficult to
determine. The analysis was carried out in PLAXIS and SCIA
Engineer programs, with neither of them capable of solving the par-
ticular problems comprehensively. PLAXIS software was used for
modelling construction phases, inclusive of the tunnel excavation
under the “tortoise shell” structure. The FEM model took into
account the interaction between the structure and the ground mas-
sif. From the aspect of construction phases, it was the excavation of
the construction pit down to the level for drilling for the piles, dril-
ling and casting of concrete piles, excavating the construction pit
down to the level of the waler for pre-tensioning the cable anchors,
excavating the construction pit with the bottom shaped to the form
of the bed for casting the concrete “tortoise shell” structure, bracing
the piles by the “tortoise shell” vault, excavating the tunnel top hea-
ding and bench and backfilling the pit up to the level of the top of
the piles. The calculation was based on the model created in the
PLAXIS software. Subsequently, such boundary conditions were
set in the SCIA Engineer software which gave a true picture of the
deformational and forces-related behaviour in the particular loading
stage as modelled in the PLAXIS software. In this way both models
were calibrated. The structure was subsequently subjected to other
loading by a non-linear combination of loading stages which could
not be simulated in the PLAXIS software using the SCIA Engineer
software, mainly the non-linear loading by temperature both in win-
ter time and in summer time, concrete shrinkage and creep and seis-
mic effects of earthquakes on the region of Zilina. The loads indu-
ced by the backfill were broken down into vertical and horizontal
components in the model. These components entered the combina-
tions of loading stages as independent loading cases so that analy-
sing their most unfavourable effect was possible from the aspect of
the load-carrying capacity of the whole piles-tortoise shell system.
The values of inner forces calculated in the SCIA Engineer softwa-
re became input values for designing the dimensions of structures in
the FINEBETON software.

The work on the excavation pit for the western portal started in
November 2014. A shallow, sloped construction pit was excavated
first. Always two rows of large-diameter piles with the diameter of
800mm and the lengths of 19m, 18m and 16m were carried out
from the bottom of this pit. The piles bored above the “tortoise

fotolphoto courtesy of Libor Matik
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Obr. 6 Odtézeni stavebni jamy do iirovné prevdzek
Fig. 6 Excavation of the construction pit down to the level of walers

jamy na droven jejiho dna ve tvaru klenby Zelvy. Diky pouZiti vhod-
né mechanizace i kvalité¢ horninového masivu se zhotoviteli podafi-
lo doséhnout pozadovaného tvaru bez vétsich odchylek od projekto-
vaného tvaru. Zemni téleso, vytvarejici bednéni Zelvy, bylo tvoreno
pokryvnymi utvary a silné zvétralymi slinovci a jilovei na jejich
bézi. Zemni price spojené s tvarovanim dna stavebni jamy do tvaru
klenby ukazuje obr. 7. Mensi odchylky vyplnil zhotovitel hubenym
betonem stahovanym pomoci dievénych $ablon, jak ukazuje obr. 8.
Na upraveny povrch dna stavebni jamy vyrovnany do tvaru klenby
Zelvy, pokryty separacni folif a geotextilii byla po blocich betonaze
smontovdna vyztuZz a provedena betondZ klenby Zelvy (obr. 9).
Vzhledem k napjatému harmonogramu vystavby pouzil zhotovitel
pro bloky betondZze bliZe k portdlu vyssi pevnostni tfidu betonu, nez
predepisovala projektovd dokumentace, aby diive dosdhl pevnosti
potfebné pro zahdjeni razby pod Zelvou. Ta byla ve smlouvé pro rea-
lizaci tunelu milnikem, jehoZ nesplnéni by znamenalo penalizaci.

Projektové feSeni umoznovalo razbu pod Zelvou bez omezeni
délky zabéru jak v kaloté, tak v opefi a razba proto postupovala
diky dobré rozpojitelnosti masivu tunelovym bagrem velmi rychle.
Po vyraZeni kaloty a opérfi v dseku pod Zelvou doslo k vytvarovani
boki tunelu do tvaru raZeného tunelu pomoci stiikaného betonu
primérniho osténi, nandSeného na stény z velkopramérovych pilot.
Podstiikdn{ patek Zelvy zéroven slouZilo jako podpurny prvek
nutny pro zasyp Zelvy (obr. 10). Stavba postupovala bez vét-
Sich technickych komplikaci a v dobé vydéni ¢asopisu jsou jiz
ob¢ Zelvy na zdpadnim portile zasypany (obr. 11), tunel pod
nimi vyraZen a razba pokracuje ddle v obou troubdch pomoci
NRTM s horizontdlnim ¢lenénim vyrubu smérem do stiedni
stavebni jdmy.

P .. ] v v . fto/phota courtesy of Libor Marik
Obr. 7 Tvarovdni dna jamy pro betondz Zelvy

Fig. 7 Shaping the excavation pit bottom for casting the concrete “tortoise
shell” structure
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shell” structure at 1m spacing secured the stability of the sides of
the construction pit and stabilised the tunnel sides under the “tor-
toise shell”. Even though the contractor in the beginning feared
weather it would be possible to reach the required boring depth and
the client required an alternative solution in case the boring could
not be achieved owing to the rock strength, everything worked out
in compliance with the design. The pile wall constructed in this
way was stabilised by one tier of 18 or 16m long pre-tensioned
cable anchors with roots 8m long, installed at 2m spacing. The
second level of the pile wall support was provided by the “tortoise
shell” vault, which acted as bracing resisting horizontal forces. The
“tortoise shell” structure was interconnected with the large-diame-
ter piles by special anchoring steel pieces glued into concrete of the
piles. “Pockets” were designed for the reinforcing cages of the
piles for the creation of a niche to be used for the interconnection
between the piles and the “tortoise shell” structure. The pockets
were filled with easily removable material (polystyrene). Where
the correct fixing of the insert to the reinforcement cage failed, the
pocket had to be subsequently broken out with a pick hammer. The
pocket in the pile wall with anchoring steel pieces for connecting
the “tortoise shell” to piles is presented in Fig. 4. The total of 18
piles 16m long, 12 piles 18m long and 70 piles 19m long were car-
ried out at the northern tunnel. At the southern tunnel tube, 12 piles
16m long, 14 piles 18m long and 50 piles 19m long were con-
structed. In total, 3228m of piles and 78 pre-tensioned anchors at
the aggregated length of 1326m, installed through reinforced conc-
rete walers, support the 87.5m long section of the tunnel excavated
under the “tortoise shell” vault. The front end of the construction
pit in which the “tortoise shell” ground support was to be shaped,
was stabilised by a soldier beam and lagging wall, which was in the
final solution anchored by two tiers of pre-tensioned cable anchors.
A wall of the same design provided the stability of the constructi-
on pit at the interface between the future cut-and-cover tunnel and
the mined tunnel (see Fig. 5). After the completion of the piles,
EUROVIA started to excavate the construction pit between the pile
walls to the level the waler for the cable anchors. The first techno-
logical break required for hardening of the concrete of the waler
and the roots of the cable anchors was necessary at this level. This
construction phase is presented in Fig. 6. Subsequently the con-
struction pit was excavated down to the level of its bottom in the
shape of the “tortoise shell”. Owing to the use of suitable mecha-
nical equipment and the quality of the ground mass, the contractor
managed to achieve the required shape without substantial deviati-
ons from the designed shape. The ground body substituting the
formwork for the “tortoise shell” consisted of superficial deposits
and heavily weathered marlstone and claystone located at their
base. The earthmoving operations associated with shaping of the
construction pit bottom into the vault are presented in Fig. 7.
Smaller deviations were filled by the contractor with lean concre-
te, which was struck off with wooden templates, as shown in Fig.
8. Concrete reinforcement was installed in blocks corresponding to
the concrete casting blocks, on the treated surface of the construc-
tion pit bottom having the shape of the “tortoise shell” vault.
A separation membrane and felt were spread on it and the “shell”
concrete was cast on them in the blocks (see Fig. 9). With respect
to the tight construction schedule, the contractor used a higher than
prescribed by the design grade of concrete for the blocks closer to
the portal so that concrete achieved the strength required for the
commencement of the excavation under the “tortoise shell” earlier.
It was a milestone in the tunnel construction contract. The failure
to meet it would have meant a penalty.

The design solution allowed for excavating under the “tortoise
shell” structure without limiting the excavation round length both
in the top heading and the bench. Also owing to the good cuttabi-
lity for a tunnel excavator, the excavation advanced very quickly.
After the completion of the excavation of the top heading and
bench in the section under the “tortoise shell”, the shape of the
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fotolphoto courtesy of Libor Maiik
Obr. 8 Vyrovndvaci beton pro dosaZeni presného tvaru Zelvy
Fig. 8 Levelling concrete for achieving the precise shape of the “tortoise
shell” vault

STREDNI STAVEBNI JAMA

Nedostate¢nd vyska nadlozi zhruba ve stredu trasy tunelu vyvo-
lala nutnost otevreni treti stavebni jamy, nachazejici se v ddoli situ-
ovaném do prabéZné zlomové poruchy s orientaci severovychod-
jihozdpad. Dno vyrazné asymetrického tvaru tdoli vyplnuji fluviél-
ni sedimenty horskych toku. Povrchovou vrstvu ndplav tvoii jily
s ostrohrannymi dlomky horniny a valouny z rozloZenych slepenca
skalnich vychozt nad ddolim. Pod touto vrstvou se nalézajf $térko-
vité zeminy razného stupné zahlinéni i mocnosti. Na bdzi pokryva
se nachézeji vrstvy hrubozmnych slepenci s vysokym obsahem
opracovanych valounu aZ balvanu s pevnym, karbonitovym tme-
lem. Vychodni, bradlovy svah spada prudce do tudoli a na jeho dpati
Ize pozorovat sutové kuzele. Zapadni svah je spiSe pozvolny
s malou mocnosti pokryvnych ttvara. Hladina podzemni vody byla
zastizena v pokryvnych ttvarech ve hloubce 2 azZ 4 m pod trovni
terénu. Udolim protékd bezejmenny potok, ktery tvoii pravostranny
pritok Vahu. Jeho vydatnost je izce spojena s klimatickymi pomé-
ry v dané lokalité. Vzhledem k dotovéni{ potoka z prament vyvéra-
jicich na dpati okolnich hor nevysycha ani v letnich mésicich. Podél
potoka vede lesni cesta.

Pred zahdjenim praci na hloubeni stavebni jamy bylo nutné pre-
lozit jak cestu, tak koryto potoka. V zaddvaci dokumentaci byla sta-
vebni jdma navrZena jako svahovand a stabilitu jejich boku zajisto-
valy kotvy (hrebiky) typu SN osazované do cementové zdlivky
a dale predpjaté lanové kotvy kotvené pres Zelezobetonové prahy.
Lokdln{ stabilitu svahi zajiStovala vrstva stifkaného betonu se sitf
KARI. Stavebni jdma hloubky 17 m aZz 21 m byla navrZena
s jednotnym sklonem svahl 3:1 a7 k povrchu dzemi, portdlové

Jotolphoto courtesy of Libor Marik

Obr. 9 Separacni vrstvy a montdz vyztuze Zelvy
Fig. 9 Separation layers and the placement of the “tortoise shell” concrete
reinforcement
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mined tunnel on the sides was reached by means of primary lining
shotcrete, which was applied to the surface of the large-diameter
pile wall. The application of shotcrete under the footings of the
“tortoise shell” at the same time served as a support element neces-
sary for the backfill of the “tortoise shell” structure (see Fig. 10).
The works proceeded without substantial technical complications
and, the backfill of both “tortoise shell” structures at the western
portal was completed (see Fig. 11), the excavation of the tunnel
under them was finished at the time of publishing the journal and
the tunnel excavation proceeds in both tunnel tubes using the
NATM with the excavation sequence consisting of top heading,
bench and invert (the so-called horizontal sequence), heading
toward the mid-point construction pit.

MID-POINT CONSTRUCTION PIT

The insufficient overburden height roughly in the middle of the
tunnel route necessitated opening of the third construction pit,
which is located in a valley situated to a continuous north-east —
south-west heading fault. The bottom of the significantly asymme-
trically shaped valley is filled with fluvial sediments of mountain
streams. The surface of the alluvion is formed by clay with sharp-
edged fragments of rock and boulders from the decomposed con-
glomerates forming rock outcrops above the valley. Gravelly soils
of a variable degree of the loam content and variable thickness are
found under this layer. Layers of coarse-grained conglomerates
with a high content of worked cobbles to boulders with hard car-
bonate cement lie on the cover base. The eastern klippe slope stee-
ply descends to the valley and talus cones can be seen at its foot.
The western slope is rather slow, with the thickness of the cover
small. The water table was encountered in the cover at the depth
under the terrain ranging from 2m to 4m. A nameless creek for-
ming a right-bank tributary of the Vah River flows along the val-
ley. Its yield is closely connected with climatic conditions in the
particular locality. With respect to the springs springing at the feet
of the surrounding mountains, the stream does not dry up even in
summer months. A forest road leads along the stream.

It was necessary before the commencement of the work on the
excavation of the construction pit to relocate both the road and the
bed of the stream. In the tender documents, the construction pit was
designed with slopes and the stability of the slopes was secured by
SN-type anchors (bolts) inserted into boreholes filled with cemen-
titious grout and pre-tensioned cable anchors anchored through
reinforced concrete walers. The local stability of slopes was provi-
ded by a layer of shotcrete with KARI mesh. Uniform 3:1 slopes
up to the terrain surface were designed for the 17-21m deep con-
struction pit; the portal slopes were designed at 5:1 gradient up to

Obr. 10 VyraZeni opérFi pod Zelvou a podstiikdni jejich patek primdrnim osténim
Fig. 10 Excavation of the bench under the “tortoise shell” structure and

application of shotcrete under its footings as a part of the primary lining
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Obr. 11 Zdsyp Zelv na obou troubdch zdpadniho portdlu

fotolphoto courtesy of Libor Maiik

Fig. 11 Backfill of the “tortoise shell” structures at both tunnel tubes at the western portal

svahy byly navrZeny ve sklonu 5:1 aZ na uroven terénu. Zpusob
puvodniho zajisténi je patrny z obr. 12, ktery znédzornuje zdpadni
portdlovy svah severni tunelové trouby. Svahy byly ¢lenény na
etdze s lavickami. V paté kazdé etdze byla navrzena kotevni Groven
lanovych predpjatych kotev 6 & Ls15,5 v délkach 16 m, 18 m, 20
m, 22 m a 24 m vrtanych s rozte¢i 3 m. Celkem bylo navrzeno
219 ks predpjatych lanovych kotev v celkové délce 4266 m, stika-
ny beton o celkové plose 4590 m?, vyztuz stifkaného betonu ze siti
KARI o hmotnosti 51,6 tun a kotvy SN délky 6 m a 8 m v celkovém
poctu 1874 ks a celkové délce 14 244 m. Do stavebni jamy byly
situovany v obou tunelovych troubach nouzové zilivy a mezi nimi
prijezdna tunelova propojka.

Ve fdzi zpracovani nabidky na vybér zhotovitele doslo
v souvislosti s tGpravou blokového schématu definitivniho osténi
a redukef poctu bezpecnostnich stavebnich tprav i k redukei poctu
nouzovych zalivii. ZmenSenim poctu nouzovych zélivu z 6 na 4 byly
oba zdlivy ze stiedni stavebni jamy odstranény. Cilem nového tech-
nického feSeni v rdmci zpracovani nabidky bylo sniZit objem zem-
nich praci, zmen3it padorysné rozméry stavebni jdmy a vzhledem
k ne zcela priznivym geotechnickym podminkam i dobu jejiho otev-
feni. Proto doSlo ke zkrdceni jamy ve sméru tunelovych trub,
k jejimu ziZeni diky odstranéni nouzovych ziliva a v misté ofekd-
vanych pfitoki podzemni{ vody opét ndvrhu konstrukce Zelvy. Toto
feSeni umoznovalo zasypani ¢asti stavebni jamy nad Zelvou jeste
drive nez ostatni ¢asti jamy a minimalizovat tak riziko neocekava-
nych situaci. Vzhledem k omezené ploSe zdboru pozemku nebylo
vZdy moZné zmirnit sklon svaht a projektant pfistoupil v hornich
partiich stavebni jamy k pouziti kotvenych zdporovych stén. Obr. 13
a 14 porovndvaji pavodni a nové technické feSeni vychodniho por-
tdlu severni tunelové trouby, kde byla ptivodné svahovana stavebni
jdma nahrazena zéporovou sténou a konstrukci Zelvy.

the terrain surface. The original system of stabilisation is obvious
from Fig. 12, demonstrating the western portal slope of the nort-
hern tunnel tube. The slopes were divided into stages with berms.
An anchoring level of 6 pre-tensioned cable anchors 6-strand, Ls
15.5mm, 16m, 18m, 22m and 24m, spaced at 3m, was designed for
the foot of each stage. In total, 219 pre-tensioned cable anchors at
the aggregated length of 4266m, shotcrete in the total area of
4590m?, concrete reinforcement with KARI mesh at the total
weight of 51.6 tonnes and 1874 SN anchors 6m and 8m long at the
aggregated length of 14.244m were designed. The emergency stop-
ping lay-bys in both tunnel tubes and a cross passage passable for

vehicles between them were situated into the construction pit.
The block diagram for the final lining was modified, the number
of the safety construction elements was reduced and the number of
emergency stopping lay-bys was reduced in the phase of develo-
ping the final design. The two emergency stopping lay-bys were
removed from the mid-point construction pit by reducing the num-
ber of lay-bys from 6 to 4. The objective of the new technical solu-
tion within the framework of tendering was to reduce the volume
of earthmoving, reduce the ground plan dimensions of the con-
struction pit and, with respect to the not fully favourable geotech-
nical conditions, to reduce the duration of opening the pit. For that
reason the length of the construction pit in the direction of the tun-
nel tubes was reduced and its width was also reduced owing to the
cancellation of the emergency stopping lay-bys; the “tortoise shell”
structure design was returned to the location of anticipated increa-
sed groundwater inflows. This solution allowed for backfilling the
part of the construction pit above the “tortoise shell” structure even
earlier than the other parts of the pit. As a result, the risk of unex-
pected situations was minimised. With respect to the reduced land
acquisition area, it was not always possible to reduce the gradients
of slopes and the designer proceeded to the

application of anchored soldier pile and
lagging walls in the upper parts of the con-
struction pit. Figures 13 and 14 compare
the original and new technical solutions to
the eastern portal of the northern tunnel
tube, where the originally designed sloped
construction pit was replaced with the sol-
dier pile and lagging wall and the “tortoise
shell” structure.

Trial holes were dug using mechanical
equipment available before the commen-
cement of earthmoving operations. They
confirmed the presence of debris mixed
with loam and supported the rightness of
the decision to give up the idea of the con-

struction pit sloped at 3:1 respectively up

Obr. 12 Puvodni svahovdni a zajisténi zapadniho portdlu severni tunelové roury — popis v textu
Fig. 12 Original sloping and stabilisation of the western portal of the northern tunnel tube — decription in text

to 5:1. The construction operations started
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Pred zahdjenim zemnich praci byly
dostupnou mechanizaci provedeny kopané
sondy, které potvrdily pritomnost zahling-
nych suti a podpofily spravnost rozhodnuti
upustit od svahované stavebni jamy ve

T -

sklonu svaha 3:1, resp. aZ 5:1. Stavebni
prace zacaly vrtanim zdpor, pri¢emz jejich
hloubka vychazela z prognézy irovné baze
pokryvu uréené na zdkladé inZenyrskogeo-
logického prazkumu, ktery byl souddsti
zaddvaci dokumentace. Obr. 15 dokumen-
tuje pocdtecni faze vrtdni zdpor a ukazuje
geologické pomery na vychodnim portalo-
vém svahu severni tunelové trouby.
Vzhledem k proménnému horizontu pis-

kovcu a slepenci musela byt hloubka vrta-
ni podle informaci zhotovitele ¢asto upra-
vovdna a projektant musel na tuto skutec-
nost rychle reagovat zménou trovné preva-
zek pro lanové kotvy. Vyhodnoceni vrti pro zdpory po obvodu sta-
vebni jamy poskytlo pomérné presnou predstavu o rozhrani pokryv-
nych dtvart i kvalit€ skalntho podkladu, coZ projektant vyuzil
k presnéj$imu navrhu konstrukce Zelvy i zahdjeni raZeb na vSech ¢ty-
fech portalech stavebni jamy. Na rozdil od zdpadniho portalu spoci-
vaji patky Zelvy ve stfedn{ stavebni jame na rostlém terénu vyztuZe-
ném vertikalné vrtanymi mikropilotami. Vzhledem k posunu termi-
nu zahdjeni raZeb do zimnich mésici byly puvodné nad profilem
kaloty navrzené Zelezobetonové vénce nahrazeny kotvenymi ocelo-
vymi prevdzkami, které nad tunely drZely paty zdpor. ZajiSteéni
svahu, fize vystavby Zelvy a stisnéné poméry stfedni stavebni jamy
ukazuje obr. 16. Problematiku raZeb popisuje dalsi kapitola.

TECHNOLOGICKE TRIDY VYRUBU A RAZBA TUNELU

V zaddvaci dokumentaci byly pro zajisténi stability vyrubu navr-
Zeny na zdklad€ interpretace vysledku inZenyrskogeologického pru-
zkumu technologické tfidy vyrubu a jejich rozdéleni po trase obou
tunelovych trub. Ve fazi zpracovani nabidky na vybér zhotovitele
tunelu provadela firma 3G Consulting Engineers s.r.0. v ramci kon-
zulta¢ni ¢innosti pro firmu HOCHTIEF CZ a. s. novou interpretaci
geotechnickych poméra a dpravu jednotlivych prvku zajisténi sta-
bility vyrubu v ramci jednotlivych technologickych tiid vyrubu.
Realiza¢ni dokumentace zpracovand firmou IKP Consulting
Engineers, s.r.o. respektovala pocet trid vyrubu a jejich rozdéleni po
trase tuneld ze zad4dvaci dokumentace, zohlednovala vsak redukci
prvku zajisténi vyrubu podle ndvrhu 3G Consulting Engineers s.r.0.
Technologicky postup vystavby byl ve fdzi zpracovani realizacni
dokumentace konzultovan se zdstupci firmy HOCHTIEF CZ a. s.,

Obr. 13 Puvodni FeSeni vychodniho portdlu severni tunelové trouby — popis v textu
Fig. 13 Original solution to the eastern portal of the northern tunnel tube — decription in text

by drilling for soldier beams. The drilling depth was built on the pro-
gnosis of the cover base level determined on the basis of the engine-
ering geological survey which was part of the tender documents. Fig.
15 documents the initial phases of the drilling for soldier piles. It
shows geological conditions at the eastern portal slope of the nort-
hern tunnel tube. With respect to the variable horizon of sandstone
and conglomerates, the drilling depth, according to contractor’s
information, had to be frequently modified and the designer had to
quickly respond to this reality by changing the level of the walers for
cable anchors. The assessment of the boreholes for soldier piles
around the circumference of the construction pit provided
arelatively exact idea of the interface between the cover and bedrock
and the quality of the bedrock. The designer used it for more accu-
rate designing for the “tortoise shell” structure and the commence-
ment of tunnelling at all four portals in the construction pit. In con-
trast with the western portal, the footings of the “tortoise shell” struc-
ture in the mid-point construction pit lie on unmade ground reinfor-
ced with vertically bored micropiles. With respect to shifting the
term for commencing the tunnel excavation to the winter season, the
originally proposed reinforced concrete collars above the top hea-
ding profile were replaced with anchored steel walers, holding the
toes of soldier beams above the tunnel. The stabilisation of slopes,
the “tortoise shell” construction phases and the constrained conditi-
ons in the construction pit are presented in Fig. 16. The problems of
the tunnel excavation are described in the following chapter.

EXCAVATION SUPPORT CLASSES AND THE TUNNEL
EXCAVATION
Excavation support classes and their

distribution along the routes of both tunnel
tubes were designed in the tender docu-
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ments for ensuring the stability of the
excavated opening on the basis of the
interpretation of the engineering geologi-
cal survey results. In the phase of prepa-
ring the tender design, 3G Consulting
Engineers s.r.0. carried out new interpreta-
tion of geotechnical conditions and modi-
fication of particular elements of the exca-
vation support within the framework of the
consultancy for HOCHTIEF CZ a. s. The
design of means and methods carried out
by IKP Consulting Engineers, s.r.o. res-
pected the number of excavation support
classes and their distribution along the
route of the tunnels contained in the tender
documents, but took into account the

Obr. 14 Nové reSeni s ohledem na inZenyrskogeologické podminky — popis v textu
Fig. 14 The new solution taking into account engineering geological conditions — decription in text

reduction of the excavation support ele-
ments according 3G Consulting Engineers
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Obr. 15 Geologické poméry na vychodnim svahu iidoli
Fig. 15 Geological conditions on the eastern slope of the valley

kterd je garantem tunelového useku stavby. Grafické zndzornéni
zastoupeni jednotlivych tfid vyrubu po délce tunelovych trub uka-
zuje obr. 17.

Do nejtézsich geotechnickych podminek byly navrzeny technolo-
gické tiidy vyrubu 6.3, 6.2 a 6.1. Tyto tiidy jsou situovédny do pfi-
portdlovych dsekt a do tektonickych poruch. V usecich razby, kde
byly ofekavany velmi Spatné geotechnické pomery, byla v zaddvaci
dokumentaci navrZena razba pod mikropilotovym deStnikem.
Jednalo se zejména o useky s nizkym nadlozim, navazujici na sta-
vebni jamu zépadniho portélu. Tato tfida nebyla pfi razbé pouZzita. Po
prekondni pfiportdlovych tdsekl a zlepSeni IG poméru byl
v realiza¢ni dokumentaci planovan prechod do technologickych tiid
vyrubu 5.2 a 5.1. V tsecich velmi pevnych a stabilnich hornin, tvo-
fenych zejména slepenci a neporuSenymi piskovci, jsou navrzeny
technologické tfidy vyrubu 4.2 a 4.1. Pro kotveni jsou ve tiiddch 5
a 6 pouzivany kotvy SN, nebo v pripadé, kdy hrozi zavalovan{ vrtu,
kotvy IBO. Ve tidach 4 se s vyhodou rychlé aktivace a snadného
osazovani pouzivaji hydraulicky upinatelné svorniky. Tloustka osté-
ni se méni od 250 mm v nejtézsich triddch, az po 100 mm ve tiidé
4.1. Tato tloustka osténi jiZ nemd z hlediska celého tunelu zddnou
nosnou funkci a ve statickém vypoctu neni uvazovdna. Zajistuje
pouze integritu horninového prstence a stabilizuje lic vyrubu
z hlediska bezpecnosti. Z tohoto divodu je vyztuZena jednou siti
KARI Q188. Hlavnim nosnym prvkem je prokotveny horninovy
prstenec. V této tfidé se nepouzivaji vyztuzné rdmy, coz klade

B et E : i

Obr. 16 Celkovy pohled na vychodni svah stavebni jamy
Fig. 16 Overall view of the eastern slope of the construction pit
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s.r.o.” proposal. The technological procedure of the construction
was consulted in the phase of the preparation of the design of
means and methods with representatives of HOCHTIEF CZ a. s.,
which is the guarantor of the tunnelled section of the project. The
graphical representation of individual excavation support classes
along the length of the tunnel tubes is shown in Fig. 17.

Excavation support classes 6.3, 6.2 and 6.1 were designed for the
most difficult conditions. These classes are designed for pre-portal
sections and tectonic failures. The application of the canopy tube
pre-support was proposed in the design for means and methods for
the tunnelling sections where very poor geotechnical conditions
were expected, first and foremost the sections under very low over-
burden joining the construction pit for the western portal. This
class was not applied during the tunnel excavation. The transition
to better excavation support classes 5.2 and 5.1 was planned in the
design of means and methods for tunnelling after the portal secti-
ons were overcome and the EG conditions was improved.
Excavation support classes 4.2 and 4.1 are designed for sections
running through very strong and stable rock formed mainly by con-
glomerates and undisturbed sandstone. SN anchors or IBO
anchors, in the cases where there is the threat of collapsing bore-
hole walls, are used for anchoring in classes 5 and 6. In class 4,
hydraulically expanded rock bolts are used with respect to the
quick activation and easy installation. The thickness of the lining
varies from 250mm in the hardest classes to 100mm in class 4.1.
The lining with this thickness has no more any structural function
from the aspect of the whole tunnel and is not taken into account in
the structural analysis. It only provides the integrity of the rock ring
and stabilises the surface of the excavated opening in terms of safe-
ty. For this reason it is reinforced with only one layer of KARI
Q188 mesh. The main load-carrying element is the rock ring stabi-
lised with anchors. Reinforcing frames are not used in this class,
which fact puts increased demands on miners and on maintaining
the excavation shape. The major differences in the excavation sta-
bility systems between classes 6.3 and 5.2 and class 4.1 are pre-
sented in Fig. 18.

In the environment formed by flysch, with alternating marl lay-
ers, claystone layers and sandstone layers, geotechnical conditions
frequently change at each excavation round. It is mainly manifes-
ted by the degree of jointing and orientation of discontinuities (see
Fig. 19). The situation is more favourable in the case of tunnelling
through agglomerates. For that reason, only the number of needles
required for the stabilisation of the excavation contour is designed
in the documents, with the assumption that their positions around

fotolphoto courtesy of Libor Maiik
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TuHel

Progndza rozdéleni technologickych tfid podle realizacni dokumentace
Prognosis of the division into excavation support classes according the the design of means and methods
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Obr. 17 Progndza zastoupeni tiid vyrubu podle realizaéni dokumentace

Fig. 17 Prognosis of the representation of excavation support classes according to the design of means and methods

zvySené ndroky na razice a dodrZovani tvaru vyrubu. Zisadni rozdi-
ly ve zpusobu zajisténi stability vyrubu ukazuji obr. 18 s tiidami
vyrubu 6.3,52 a4.1.

V prostiedi flySe se pfi stfiddni vrstev slinovca, jiloved a pis-
kovcu geotechnické podminky mnohdy méni v kazdém zdbéru. Jde
zejména o stupen rozpukdni a orientaci diskontinuit (obr. 19).
V pripade razby v slepencich je situace priznivéjsi. Pro stabilizaci
obrysu vyrubu jsou proto v dokumentaci navrZeny jehly pouze
pocétem s tim, Ze jejich poloha po obvodé kaloty bude uréena az na
zdkladé vyhodnoceni skuteéné zastizenych podminek. Funkci
NRTM inZenyra na stavbé provadi firma 3G Consulting Engineers
s.ro., kterd zajiStuje trvaly geotechnicky dohled, a spoleéné se
zastupci firmy HOCHTIEF CZ a. s. navrhuji zatfidovan{ do tech-
nologickych tiid vyrubu. V piipad€, Ze dochézi k tpravé zpusobu
zajisténi v rdmci tiidy (rozmisténi jehel po obvodu kaloty, zména
typu a délky kotev, stabiliza¢ni opatfeni na Celbé atd.), jsou tyto
zmény posouzeny a odsouhlaseny projektantem realizaéni doku-
mentace. Pro rozhodovéni o zpusobu zajisténi vyrubu a volbu tech-
nologické tridy vyrubu slouzi kromé vizudlniho sledovéni vysledky
geotechnického monitoringu, ktery pro zhotovitele provadi firma
ARCADIS CZ a.s. Vysledky méfeni jsou po vyhodnoceni v radu
hodin pristupné vSem kompetentnim dastnikim vystavby na
webovém portile BARAB, ktery umoZziuje zobrazovani jak vysled-
ku geotechnickych méfeni, tak pasportizace Celeb a jejich fotodo-
kumentace. Prace spojené s vytyCenim tunelu, stejné jako mereni
pro osazovéni vyztuznych rdma primédrniho osténi a méfeni defor-
maci vyruby provadi na strané zhotovitele firma Angermeier
Engineers, s.r.o. Kromé kazdodenniho vyhodnocovani geotechnic-
kych poméri a optimalniho nastaveni zpusobu razby probihaji
v l4dennim rytmu kontrolni dny monitoringu, na kterych se za
Gcasti zdstupct Ndrodni délni¢ni spole¢nosti vyhodnocuje minulé
obdob{ a stanovuje ofekdvany postup vystavby pro dal§i obdobi.
Zpusob zajistén{ stability vyrubu a postupu raZeb je pro jednotlivé
technologické tfidy vyrubu prehledné usporadan do tab. 1.

Kromé technologickych tiid vyrubu uvedenych v tabulce byla pri-
pravena technologicka tfida vyrubu pro razbu pod Zelvou na zépadnim
portdle a ve stfedni stavebni jadme a pro razbu pod mikropilotovym
destnikem. Mikropilotovy destnik byl pouzit pouze pro razbu jizni
tunelové trouby ze stiedni stavebn{ jamy smérem na zdpad, ktera pod-
chézela vysokotlaké vodovodni potrubf zasobujici mésto Zilina pitnou
vodou a nad kterou se nachdzelo preloZené koryto potoka i stavenistni
komunikace, kterd slouZi pro odvoz rubaniny na deponii. Zahdjeni
razby jizni tunelové trouby smérem na vychod a severni tunelové trou-
by smérem na zdpad zajistovalo misto ptivodné planovaného mikropi-
lotového destniku pouze jehlovani po obvodu kaloty. Jehly byly

the top heading circumference will be determined later on the basis
of actually encountered conditions. The function of the NATM engi-
neer on site is performed by 3G Consulting Engineers s.r.0., which
provides continual geotechnical supervision and, together with
HOCHTIEF CZ a. s. representatives, proposes the categorisation into
excavation support classes. When the excavation support is modified
within the framework of a class (the distribution of needles around
the top heading circumference, a change in the type and length of
anchors, stabilisation measures at the excavation face etc.), these
changes have to be assessed and approved by the author of the design
of means and methods. Decisions on the excavation support system
and selection of the excavation support class are made on the basis of
not only visual monitoring but also of the results of the geotechnical
monitoring, which is carried out for the contractor by ARCADIS CZ
a.s.. After the assessment, the results of measurements are available
to all competent parties to the construction on the BARAB web por-
tal, which allows for presenting the results both of the geotechnical
measurements and the condition survey of the headings and their
photo documentation. Operations associated with setting out the tun-
nel axis, the measurements for the installation of reinforcing arches
for the primary lining and measurements of excavation deformations
are carried out by Angermeier Engineers, s.r.0.. Monitoring Control
Days are held once in two weeks in addition to the daily assessment
of geotechnical conditions and optimum setting of the excavation
procedure. The past period is assessed and the expected excavation
procedure for the subsequent period is discussed in the meetings, in
the presence of representatives of the Narodnd Dialni¢na Spolo¢nost’
(the National Motorway Company). The method of ensuring the sta-
bility of excavation and the excavation procedure for individual exca-
vation support classes is synoptically arranged in Table 1.

Apart from the excavation support classes presented in the table, an
excavation support class was prepared for tunnelling under the “tor-
toise shell” at the western portal and in the mid-point excavation pit
and for the excavation under the protection of the canopy tube pre-
support. The canopy tube pre-support was applied only to the exca-
vation of the southern tunnel tube in the mid-point construction pit
toward the west, which passed under a high-pressure water pipeline
supplying the town of Zilina with drinking water, with the relocated
bed of a stream and the construction road serving for the transport of
muck to the stockpile above it. The initial excavation of the southern
tunnel tube toward the east and driving the northern tunnel tube
toward the west was supported only by forepoling around the top
heading circumference instead of the originally planned canopy tube
pre-support. In this particular case, the spiles were inserted into




Tab. 1 Zdkladni parametry zajisténi vyrubu v technologickych triddch podle RDS

Table 1 Basic parameters of the excavation support in the classes according to the design of means and methods
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tfida vyrubu jed. 6.3 6.2 6.1 5.2 5.1 4.2 4.1
excavation support class unit 6.3 6.2 6.1 5.2 5.1 4.2 4.1
délka zabéru [m] 0}751=+1;3 0,75-1,3 0,75-1,3 1,0-1,7 1,0-1,7 1,5-22 bez omezeni
excavation round length [m] 0.75-1.3 0.75-1.3 0.75-1.3 1.0-1.7 1.0-1.7 15-2.2 without limit
plocha vyrubu m?] 105,2 105,2 101,4 86,0 86,0 84,8 83,1
excavated cross-sectional area m3 105.2 105.2 101.4 86.0 86.0 84.8 83.1
plocha kaloty / top heading [m?] 58,9 58,9 56,2 56,2 56,2 55,3 54,0
cross-sectional area m? 58.9 58.9 56.2 56.2 56.2 5553 54.0
plocha opéfi [m?] 29,8 29,8 29,2 29,8 29,8 29,5 29,1
bench cross-sectional area m?] 29.8 29.8 29.2 29.8 29.8 29.5 29.1
plocha dna m 16,5 16,5 16,0

bottom cross-sectional area m? 16.5 16.5 16.0

tloustka osténi [mm] 250 250 200 200 200 150 100
lining thickness [mm] 250 250 200 200 200 150 100
pocet siti KARI [ks] 2 KY80 2Q188 2Q188 2Q188 1Q188 1Q188 1Q188
number of KARI mesh layers [pes] 2 KY80 2Q188 2Q188 2Q188 1Q188 1Q188 1Q188
pocet kotev v kaloté [ks] 9/10 8/9 7/8 6/7 6/7 5/6 5/6
number of anchors in top heading [pes] 9/10 8/9 7/8 6/7 6/7 5/6 5/6
délka kotev v kaloté [m] 6 4,6 4 4 4 3 3
engths of anchors in top heading [m] 6 4,6 4 4 4 3 3
pocet kotev v opéfi [ks] 11 11 11 11 11 11

number of anchors in bench [pes] 11 11 11 11 11 11

délka kotev v opéfi [m] 6 4 4 4 4 3

lengths of anchors in bench [m] 6 4 4 4 4 3

jehly [ks] 20 - 30 20- 30 15-20 15-20 podle potreby | podle potfeby

spiles [pes] 20-30 20-30 15-20 15-20 as needed as needed

celbovy klin ano podle potfeby | podle potieby podle potieby ne ne ne
face wedge yes as needed as needed as needed no no no

v tomto pripadé osazeny do cementové zalivky, pri razbé tunelu jsou
jiZ osazovéany na sucho. Razba severni tunelové trouby ze stfedni sta-
vebni jamy smérem na vychod probihala pod konstrukci Zelvy, kterd
byla v dobé zahdjenf razi¢skych pracf jiz Caste¢né zasypéna. Stisnéné
poméry se vzdélenosti portalt pouhych 12,5 m ukazuje obr. 20. Podél
klenby Zelvy vede pod zdsypem staveniStni drendZ, kterd odvadi vydat-
ny pritok podzemni vody zejména na severnim boku konstrukce Zelvy.
Diky tomu se podarilo omezit pritoky vody do tunelu. Pred zahdjenim
razby pod Zelvou a provedenim jejiho zdsypu byla oblast nad profilem
kaloty dseku razeného za Zelvou zpevnéna a zatésnéna vypliiovou
injektdZi. Nad profilem kaloty byl navrtdn dvojity deStnik, jehoZ vrty
byly vyplnény injektdZni smési a vyztuZeny vloZenou betondfskou
vyztuZi. Pfirazbé v tomto dseku nedochézelo k tvorbé nadvyrubu. I tak
je usek razeny za Zelvou silné zvodnény a v kaloté jsou pro odvedeni
vody z masivu navrzeny svodnice. Dalsi pritoky se objevily pfi razbeé
opéfi jizni tunelové trouby smérem na zdpad, a to hned u portdlu.
Razba hloubéji v hofe probihd zatim bez vétSich pritoku a prisaky
podzemni vody jsou vétSinou vazané na puklinovy systém horninové-
ho masivu. Po prvnich zdbérech kaloty se razba na vsech Celbach raze-
nych ze stfedni stavebni jamy pomérné rychle dostala do pevného hor-
ninového masivu, tvoreného prevazné slepenci, a délka zabéru se pro-
dlouzila z I m aZ na 3 m.

Zvysena pozornost byla vénovéana prechodu z razby pod Zelvami do
tiseku razeného NRTM na zdpadnim portéle. Davodem byly jednak
geotechnické podminky, jednak skutecnost, Ze Celo stavebni jamy pazi
Stétovnice, které nebyly do masivu beranény, ale vsazovany do vrtu,
které byly nésledné vyplnény vytéZzenym materidlem. Razba kaloty
pod Zelvou poskytla presné informace o horninovém masivu, ktery
bude nutné stabilizovat, az kalotu nebude chrénit konstrukce Zelvy.
V obou tunelovych troubdch do pristropi zasahovala §térkova terasa,
resp. vrstva silné zvétralych slinovct a jilovei. Stétova sténa tvorila
prekdzku pro podzemni vodu a neslo vylou€it zvodnéni materidlu
v nadloZi. Pro dalsi razbu bylo proto navrZeno zajiténi nadlozi pomo-
ci hnaného paZenf ocelovymi paznicemi UNION délky 4 m, které byly

cement grout; during the excavation of the tunnel itself, they are alre-
ady installed in holes without grout. The excavation of the northern
tunnel tube from the mid-point construction pit proceeded toward the
west under the “tortoise shell” structure, which was at the time of the
commencement of the tunnelling operations already partially back-
filled. The constrained conditions where the distance between the
portals is only 12.5m are shown in Fig. 20. Construction site draina-
ge leads along the “tortoise shell” vault under the backfill. It evacua-
tes the abundant groundwater inflow mainly on the northern side of
the “tortoise shell” structure. Owing to it, the rates of flows of water
into the tunnel were successfully reduced. The area above the top
heading profile of the section driven behind the “tortoise shell” was
reinforced and sealed by sealing grouting prior to the commencement
of the excavation under the “tortoise shell” structure and the executi-
on of the backfill. A double-umbrella consisting of concrete reinfor-
cement bars inserted into boreholes filled with grout was carried out
above the top heading profile. No overbreaks happened during the
course of tunnelling in this tunnel section. Nevertheless, the section
excavated under the “tortoise shell” structure is heavily saturated
with water and water collection lines are designed from the top hea-
ding out of the massif. Other inflows appeared just at the portal
during the excavation of the bench in the southern tunnel tube in the
western direction. The tunnel excavation proceeding deeper into the
mountain is for the time being without significant inflows and the
seepage of groundwater is mostly bound to the ground massif fissu-
re system. After the initial top heading excavation rounds, the exca-
vation process at all headings proceeding from the mid-point con-
struction pit got relatively quickly to hard rock mass, consisting
mainly of conglomerates. The excavation round length was increased
from 1m up to 3m.

Increased attention was paid to the transition from driving under
“tortoise shell” structures to the NATM-driven section at the western
portal. The reason lied in geotechnical conditions and in the fact that
the front end of the construction pit is braced with sheet piles, which
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Obr. 18 Technologické tiidy vyrubu a) 6.3,b) 5.2 ac) 4.1
Fig. 18 Excavation support classes a) 6.3,b) 5.2 and c) 4.1

TuHel

were not hammered into the massif. Instead, they were
inserted into boreholes, which were subsequently filled
with muck. The top heading excavation under the “tortoi-
se shell” structure provided precise information on the
ground massif. It will have to be stabilised when the top
heading is not protected by the “tortoise shell”. A gravel
terrace or a layer of heavily weathered marlstone and
claystone, extended into the top heading in both tunnel
tubes. The soldier pile and lagging wall created an obstac-
le for groundwater and it was not possible to exclude the
saturation of the overhead material with water. For that
reason the support using sheet piling with 4m long
UNION steel sheet piles driven into the ground around the
“tortoise shell” structure circumference with the boom of
the drill rig was designed for the next tunnel excavation.
In the locations where the gravel terrace passed into clays-
tone layers, the sheet piles were replaced by needles inser-
ted into cement grout. In addition, it was necessary to pre-
vent the loss of stability of the excavation face, which
would have led to an uncontrollable extension of the exca-
vation round length. For that reason, boreholes for 8m
long IBO anchors were drilled into the excavation face
and UNION steel sheets were attached to them in a flat
position and were pressed to the excavation face with nuts
and plates on the IBO anchors (see Fig. 21). The continu-
ous thread on the IBO anchors allowed for active suppor-
ting of the top heading excavation face immediately after
the completion of the excavation round by means of lag-
ging. The technological procedure proposed for the con-
struction allowed for safe passing through the risk zone on
the contact between the “tortoise shell” structure and the
NATM-driven section. Even though design documents
expected the subsequent excavation in the ca 70m long
section to be carried out under canopy tube pre-support,
the decision was made after assessing the geotechnical
conditions that excavation support class 6.3 would be app-
lied. This decision turned out to be correct and the tunnel
excavation using this class proceeded, owing to the expe-
rienced approach of the contractor, TuCon, a.s., without
more significant problems. The length of an excavation
round in this section did not exceed 1m. Despite the top
heading excavated cross-sectional area of nearly 60m” and
the low overburden, the excavation deformations in the
section behind the “tortoise shell” section to not exceed
I15mm and are reduced to a virtually non-measurable
value with the excavation proceeding deeper into the
mountain. Small deformational manifestations of the
ground mass have still been the common denominator of
the excavation at all headings. They remain far behind the
values of warning states.

CONCLUSION

The Povazsky tunnel construction proceeds through
variable geotechnical conditions formed by the
Carpathian flysch, ranging from heavily weathered inter-
beds of sandstone, marlstone and claystone at the western
portal up to very hard conglomerates in the sections in the
middle of the tunnel length. Both the tender documents
and the design of means and methods define one excava-
tion support class for the whole tunnel cross-section. The
actually encountered geotechnical conditions show that it
would be reasonable to define excavation support classes
for individual parts of the excavation sequence (top hea-
ding, bench and, respectively, bottom) in the design and,
depending on the situation encountered at the excavation
face, categorise the excavation into respective excavation




. . . . . fotolphoto court of Libor Marik
Obr. 19 Sklony diskontinuit na celbe
Fig. 19 Dipping of discontinuities at the excavation face

lafetou vrtaciho vozu zahndny po obvodu Zelvy. V mistech, kde $térko-
vé terasa prechdzela do vrstev jilovct, nahradily paZiny jehly osazova-
né do cementové zalivky. Ddle bylo nutné zabranit ztraté stability celby,
ktera by vedla k nekontrolovatelnému prodlouZen{ zdbéru. Proto byly
do Celby navrtany kotvy IBO délky 8 m a na né naplocho nasazeny
paziny UNION, které byly na ¢elbu pritlaeny pomoci matic a desek na
IBO kotvach (obr. 21). Priubézny zavit IBO kotev umoznoval okamzité
po provedeni zdbéru pomoci pazin aktivné podepirat Celbu kaloty.
NavrZeny technologicky postup vystavby umoznil bezpecny pruchod
rizikovou zonou na kontaktu Zelvy a tseku razeného NRTM.
I kdyZ projektovd dokumentace predpoklddala dalsi razbu v dseku cca
70 m pod mikropilotovym destnikem, bylo po vyhodnoceni geotech-
nickych poméra rozhodnuto o nasazeni technologické tiidy 6.3. Toto
rozhodnuti se ukdzalo jako spravné a razba v této tiidé probihala diky
zkuSenému pfistupu zhotovitelské firmy TuCon, a.s. bez vétSich pro-
blému. Délka zdbéru v tomto tseku nepresahovala 1 m. I pfes plochu
kaloty témé&f 60 m” a nizké nadloZ{ se deformace vyrubu v tseku za Zel-
vou pohybuji do 15 mm a s postupem razby smérem déle do hory se
snizuji az na prakticky nemefitelné hodnoty. Malé deformacni projevy
horninového masivu jsou doposud spole¢nym jmenovatelem razeb na
v8ech Celbach a zustdvaji daleko za hodnotami varovnych stavi.

ZAVER

Stavba tunelu Povazsky Chlmec probihd v pestrych geotechnickych
podminkdch karpatského flySe od siln€ zvétralych poloh piskovcd, sli-
novcu a jiloveu na zdpadnim portale aZ po velmi pevné slepence ve
stiednich dsecich tunelu. Zaddvaci i realizatni dokumentace definuje
jednu technologickou tridu vyrubu pro cely pri¢ny profil tunelu.
Skuteéné zastizené geotechnické podminky ukazuji, Ze by bylo vhod-
né technologické tiidy vyrubu v projektové dokumentaci definovat pro
jednotlivé dil¢i vyruby (kalota, opéri, pripadné dno) a podle situace
zastiZené na Celbé provést zatiidéni do prislusné technologické tiidy
pro kazdy dil¢i vyrub zvlast. Nejmarkantnéjsi byla v tomto smyslu
situace ve stfedni stavebni jamé, kde do kaloty zasahovaly vrstvy
pokryvu s razbou klasifikovanou do technologické tfidy vyrubu 6.3,
zatimco opeii razené v pevnych slepencich jiz zdaleka nevyzadovalo
tak masivni zpUsob zaji§téni, jaky predepisuje tiida 6.3.

Diky vstiicnému pfistupu zkuSenych zdstupct investora NDS
i stavebniho dozoru ze sdruzeni firem EUTECH&ESP&MUL-
LER&API-D3 se daif dosahnout shody v ndzoru na zpusob zajisténi
stability vyrubu podle geotechnickych podminek zastizenych pri
vystavbé a aplikovat v praxi zakladni principy NRTM. Névrh na zatii-
dovani do technologickych tid i jejich tpravy predkladajf zdstupci zho-
tovitele stavby, firmy HOCHTIEF CZ a. s. Pfi dosud provedenych raz-
bach doslo jiz k celé fadé tiprav zpusobu zajisténi vyrubu, at’se jednd
o0 zmenu typu, nebo délky kotev, rozsahu jehlovani, vynechdni vyztuz-
nych rdma pii razbé opéii nebo vrstvy vyztuznych siti. Napoméh4 tomu
realizace stavby podle Zluté knihy FIDIC. Tento smluvni vztah na roz-
dil od ¢ervené knihy nevyZaduje zdlouhavé a mnohdy odrazujici pro-
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fotolphoto courtesy of Libor Marik

Obr. 20 Stisnéné poméry ve stredni stavebni jame
Fig. 20 Constrained conditions in the mid-point construction pit

support classes separately for each partial excavation. In this sense,
the most marked situation was in the mid-point construction pit,
where cover layers categorised as class 6.3 extended into the top hea-
ding, whilst the bench excavation through hard conglomerates was
far from so massive support system which is prescribed by class 6.3.

Thanks to the helpful approach of experienced representatives of
the client, the Narodnd Dialni¢na Spolocnost, and the supervision
provided by the EUTECH&ESP&MULLER&API-D3 consorti-
um, the consensus of opinion on the method of ensuring the stabi-
lity of excavation according to geotechnical conditions encounte-
red in the construction process is successfully achieved and the
basic NATM principles are applied in practice. The proposal for
the categorisation into excavation support classes and their modi-
fications are submitted by representatives of the contractor,
HOCHTIEF CZ a. s.. Lots of changes in the excavation support
system have been made during the course of the till now comple-
ted excavation, comprising changes in the types or lengths of
anchors, the scope of forepoling, leaving out reinforcing frames
during the bench excavation or leaving out a layer of mesh, etc. It
is helped by the realisation of the works in compliance with the
FIDIC Yellow Book. This contractual relationship, in contrast with
the Red Book, does not require lengthy and often discouraging
negotiations about deviations from the design of means and met-
hods. It therefore allows for really economic and safe excavation
of tunnels. Each modification of elements designed to secure the
stability of excavation is authorised by a mine designer in the form
of his official written statement.

fotolphoto courtesy of Libor Marik
Obr. 21 Celba na rozhrani Zelvy a iiseku NRTM na zdpadnim portdle
Fig. 21 Excavation face at the interface between the “tortoise shell” structu-
re and the NATM-driven section at the western portal
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Matrice pro vyhodnoceni prvki zajiSténi stability vyrubu v kaloté
Matrix for the evaluation of support elements to stabilizing the top heading
excavation

VT 41 VT 412 VT 51

VT 5/2 VT 61 VT 6/2 VT 6/3

Obr. 22 Vyhodnoceni technologickych trid vyrubu podle TP06-1/2006

Fig. 22 Assessment of excavation support classes according to TP06-1/2006 specifications

jedndvani zmén oproti realizani dokumentaci a umoznuje tak skutec-
né ekonomickou a bezpe¢nou razbu tunela. Kazda Gprava prvka
zajisténi stability vyrubu je autorizovéna banskym projektantem for-
mou jeho oficidlniho, pisemného vyjadreni.

Zadavaci dokumentace vyZaduje vyhodnocovat technologické tiidy
vyrubu uvedené v realizatni dokumentaci podle metodiky uvedené
v TP 06-1/2006. Jedn4 se o pieklad rakouské normy ONORM B2203-
1, kterd definuje smluvni podminky mezi investorem a zhotovitelem
pii konvenéni razbé tuneld a mimo jiné uréuje pomoci matric zpusob
Uctovani za razbu v technologické tfidé vyrubu. V ramci realizacni
dokumentace byly proto vytvoreny pro kazdou technologickou tridu
vyrubu v zdvislosti na zpasobu vystrojeni, délce zdbéru a plose dil¢ich
vyrubl matrice, které zndzornuje obr. 22. Vzhledem k tomu, Ze pri
vystavbe plati smluvni podminky podle Zluté knihy FIDIC a nikoli
podle pravidel uvedenych v technickych podminkach TP 06-1/2006,
ma toto vyhodnocovani pouze akademicky vyznam a z hlediska
smluvnich vztahl mezi investorem a zhotovitelem nehraje Zddnou
roli. PFi posuzovdni tiprav zpusobu zajiStén{ stability vyrubu a postupu
praci nelze proto vysledky vyhodnoceni ve smluvnim vztahu pouZit.

V porovnani s predpoklady zaddvaci i realizaéni dokumentace probi-
hé razba v piiznivéjSich geotechnickych podminkéch. Deformacni pro-
jevy horninového masivu jsou zlomkem ocekdvanych hodnot.
Zastoupen{ technologickych tfid vyrubu zatim sméruje k leh¢im tiiddm
s mensim poltem vystrojovacich prvki a deliim zdbérem. Celkové
vyhodnoceni razeb bude mozné provést az po vyrazeni celého tunelu.

Unikétni razba tunelu az z osmi Celeb je ndrocnd na organizaci
¢innosti na jednotlivych pracovistich a podminkou pro dodrZen{ har-
monogramu vystavby.

Ing. LIBOR MARIK, HOCHTIEF CZ a.s.
libor.marik@hochtief.cz
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Recenzovali: Ing. Viktoria Chomovd, Ing. Pavel RuZicka, Ph.D.
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The tender documentation requires assessing the excavation sup-
port classes contained in the design of means and methods using the
methodology contained in the TP 06-1/2006 specifications. These
specifications are a translation of the Austrian ONORM B2203-1,
which defines contractual conditions between the client and the
contractor during conventional tunnel excavation and, among
others, determines the method of charging for the excavation in
a particular excavation support class by means of a matrix. For that
reason, the matrices presented in Fig. 22 were developed for each
excavation support class, depending on the support system, the
length of the excavation round, and the cross-sectional area of par-
tial headings. With respect to the fact that contractual conditions
according to the FIDIC Yellow Book are applied instead of the rules
contained in TP 06-1/2006 specifications, this assessing has only
academic importance and plays no role in terms of contractual rela-
tionships between the client and the contractor. For that reason, the
results of the assessment cannot be used in assessing the modifica-
tions of the excavation stability method and the works procedure.

In comparison with the assumptions contained in the tender docu-
ments and the design of means and methods, the excavation proceeds
in more favourable geological conditions. The values of the defor-
mational manifestations of the ground massif are a fraction of the
expected values. The representation of excavation support classes is
for the time being heading toward easier classes with a smaller num-
ber of support elements and longer excavation rounds. Carrying out
the overall assessment of the excavation will be possible only after
the completion of the excavation of the entire tunnel.

The unique tunnel excavation from up to eight headings is deman-
ding in terms of the organisation activities at individual workplaces.
But it is a condition for complying with the works schedule.

Ing. LIBOR MARIK, HOCHTIEF CZ a.s.
libor.marik @hochtief.cz

Dialnica D3 Zilina (Strdzov) — Zilina (Brodno), sitazné podklady. Bratislava, Ndrodna dialni¢nd spolocnost;, a. s., 5/2013
Dialnica D3 Zilina (StraZov) — Zilina (Brodno), realizaéni dokumentace stavby objektu SO401-00, SO403-00 a SO410-00. Praha, IKP

Engineers Group, s. . 0.

Technicko-kvalitativne podmienky MDVRR TP 06-1/2006 Podzemné stavby Cast’ 1: Cyklické razenie, vystrojovacie triedy
ONORM B-2203 Untertagebauarbeiten — Werkvertragsnorm, Teil 1: Zyklischer Vortrieb
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FOTOREPORTAZ Z EXKURZE CZTA NA SLOVENSKE TUNELY
POVAZSKY CHLMEC, ZILINA A OVCIARSKO

PICTURE REPORT FROM CZTA EXCURSION TO SLOVAKIAN
TUNNELS POVAZSKY CHLMEC, ZILINA AND OVCIARSKO

FotolPhoto Ing. Viktor Petrds HOCHTIEF CZ a. s.

Obr. 1 Uéastnici exkurze na zdpadnim portdle tunelu Povazsky Chlmec
Fig. 1 Excursion attendees at the western portal of the PovaZsky Chlmec tunnel

FotolPhoto Ing. Libor Ma¥ik, HOCHTIEF CZ a. s.

Obr. 2 Portdly tunelu Zilina s konstrukei Zelvy Obr. 3 Primdrni osténi tunelu Ovciarsko
Fig. 2 Zilina tunnel portals with the ,,tortoise shell structure Fig. 3 Ovciarsko tunnel primary lining

Obr. 4 Portdly tunelu Ovciarsko FotolPhoto Ing. Libor Mafik, HOCHTIEF CZ a.s.

Fig. 4 Ovciarsko tunnel portals



24. rocnik - €. 3/2015

.2 ARCADIS

Infrastructure - Water - Environment - Buildings

3D laserové skenovani,
modelovani a vizualizace
pomoci skeneru

Leica ScanStation P20

www.arcadis.cz

DOZORUJEME 3
tunely, dialnice, zeleznice, mosty, COV, vodovody, kanalizécie, pozemné stavby

PROJEKTUJEME
pozemne, vodohospodarske, inZinierske, dopravné stavby, geotechnicke konstrukcie, rizikové analyzy

REALIZUJEME
inZiniersku, poradensku a expertiznu €innost, geotechnicky monitoring, zameriavanie budov a tunelov, kolenia a kurzy




RAEMR

PROJEKTOVA INZINIERSKA o
A KONZULTACNA SPOLOCNOST

PROJEKTOVANIE

INZINIERING

MAJETKOVOPRAVNE
VYSPORIADANIE

GEODEZIA A KARTOGRAFIA =
KONZULTACNA CINNOST [
A RIADENIE PROJEKTOV

REGIONALNY ROZVOJ,
DOPRAVNA INFRASTRUKTURA
A PLANOVANIE

VEREJNE OBSTARAVANIE

Trnavska cesta 2? 831 04 Bratlsiava 3/T.+421 2 5556 6161 / E: reming@reming.sk / http://www.reming. sk

FORUM KOLAJOVEJ DOPRAVY
FORUM OF RAIL TRANSPORT

HOTEL DOUBLETREEWN BRATISLAVA v

‘

’
i —
'\ \Pmp

D

vaadzka»a sta\rby kolajovej dbgravy

*
- SR Eurdpska
@ ’ komisia

www.fkd.sﬁk'



SUDOP PRAHA a.s.

’ s u D o P je projektova, konzultacni a inzenyrska spole¢nost s tradici vice nez 60 let.

Spoleénost nabizi velmi Siroké portfolio komplexnich, profesionalnich sluzeb
® PRAHA * P P P

: I e k I v oblasti dopravni infrastruktury, pozemnich staveb a obsluhy uGzemi
projekty - inzenyring - konzultace | roinny dopravou, kde se soustfeduje na velké projekty ze statniho
i privatniho sektoru.

Olsanska 1a, 130 80 Praha 3 * tel.: 267 094 304 * fax: 224 230 316 * e-mail: praha@sudop.cz * www.sudop.cz




Jsme spulehllvy partner v podzemi, na Zeleznici i na puvr&hu
pisobime v Ceské [epuhllce i v zahranici.

EEE rellable partner under the ground, on the railwa
and above the gruund EIEIIIV..E in both the Czech Republic
and abroad. \_

.
www.subterra.cz

NedrZime se pri zemi Sulerartans

KozeluZska 224b/5

Never stuck on the ground 18000 Praha B - Libef



Vystavba metra V.A (Dejvicka—Motol), Praha
stanice Nemocnice Motol

Postavili jsme pro vas nové metro

Specializace na razené i hloubené podzemni stavby je nasi nosnou technologii. Disponujeme tymem zkusenych
technik a mame potfebné vyrobni kapacity umoznujici optimalizaci vasich projektl podle poslednich technologickych
poznatk(. Své zkugenosti jsme upevnili a rozsifili na fadé vyznamnych a technicky narocénych tunelovych projekt,
mezi které patfi | realizace stanic Nemocnice Motol a Borislavka a ¢asti tratovych tunell v ramci projektu prodlouzeni
trasy metra VLA v Praze.

HOCHTIEF CZ a. s.
Plzenska 16/3217
150 00 Praha 5

HOCHTIEF

www.hochtief.cz




Tuoel

24. rocnik - €. 3/2015

ZE SVETA PODZEMNICH STAVEB / THE WORLD OF UNDERGROUND CONSTRUCTIONS

MOZAIKA ZE SVETA

Zvyseni bezpecnosti Svycarského tunelu Belchen

V 3.2 km dlouhych tunelech Belchen na délnici A2 byla od roku
2008 provedena rada opatfeni ke zvySeni bezpeCnosti provozu.
Predevsim byly instalovany nové proudové ventilatory, upraveno
bylo vybaveni tuneli a zvySena poZdrni bezpefnost. Provadéné
prace vyzadovaly postupné uzavirani jednoho tunelu a obousmerny
provoz druhého.

Ovsem tunely uvedené do provozu v sedmdesatych letech minu-
1ého stoleti potfebuji podstatnéjsi renovaci, protoze jejich nosné
konstrukce jsou poskozeny ucinky bobtnani sddrovce zastizeného
pri razbé v pohoti Jura. Aby nedoslo k nezddoucimu omezenf inten-
zivni dopravy, rozhodla §vycarska sprdva silnic o vystavbé tretiho
tunelu, do kterého bude prevadéna doprava z opravovanych tunela.

Po dokoneni oprav starych tuneli se ale prozatim nepod&ita
s vyuZzitim vSech ti tuneli, v provozu budou nadéle jen dva
s celkové ¢tyfmi jizdnimi pruhy.

Parizské metro rozsifuje provoz souprav bez ridi¢u

PIné automaticky provoz na silné zatizené lince 1 parizského
metra byl zahdjen v roce 2011. Hlavnim dodavatelem byl némecky
Siemens, ktery veskeré doddvky a montdZe pro automaticky provoz
provedl bez preruseni provozu linky. Nyni instaluje automaticky
provoz na prodlouzeni linky 14.

Dopravni kapacitu linek metra 1ze zvysit pfechodem na automa-
ticky provoz aZ o 50 %, protoZe muZe byt zkrdcen interval mezi
jizdnimi soupravami. V Pafizi se ofekdvd, Ze pii automatickém
provozu bude nejkratsi interval 85 vtefin. Pokud mnoZstvi cestuji-
cich ndhle vzroste, zvysi se dopravni kapacita automatickym vysla-
nim dalsi soupravy z depa.

Odstranovani usazenin v drenaZznim potrubi tunelu

V jedné z tnikovych Stol z Zelezni¢niho tunelu Leinzer na tizemi
mesta Vidne byl zjisten dsek drendZniho potrubi vyplnény ze dvou
tietin tvrdymi vépenitymi usazeninami. Pokusy o jejich odstranéni
béznymi hydraulicko-mechanickymi metodami byly nedspésné. Po
vyhodnoceni ruznych variant v ndvaznosti na provedené prazkumy,
bylo rozhodnuto pouzit 10% kyselinu chlorovodikovou davkova-
nou do drendzniho potrubi v kontrolni Sachté nad danym dsekem.
Smés drendzni vody a roztoku kyseliny po jeji reakci s usazeninami
teCe potom do drendzniho potrubi hlavniho tunelu a po 3,5 km
vtékd do jimky Cerpaci stanice.

Cely proces probihal za stidlého monitoringu véetné sledovani
chemismu protékajici vody a mél v podstaté vyzkumny charakter.
Byl prerusovan také proto, aby nameérené hodnoty mohly byt
vyhodnoceny i v ndvaznosti na postupné rozpousténi usazenin. Po
deseti mésicich aplikace roztoku kyseliny mohlo byt provedeno
docisténi hydraulicko-mechanickou metodou.

Podrobnéji — viz ¢lanek v &isle 1/2015 némeckého Easopisu
Tunnel.

Problémy v zisobovini vodou mésta Las Vegas

Hladina v jezere Mead v Nevadé, ze kterého je zdsobovino
vodou mesto Las Vegas, za poslednich ¢trnact let klesla o 35 m. Jen
0 sedm metru hloubéji je umisténo odbérné okno ¢&. 1. Proto bylo
rozhodnuto o vybudovani podstatné hlubstho odbérného mista ¢. 3,
coz ale znamenalo ze 180 m hluboké Sachty vyrazit 4.4 km dlouhy
tunel trasovany z vetsi ¢asti pod dnem jezera. Tunelovaci stroj
musel byt schopen odolat rekordnimu tlaku vody 15 bart a razit
v proménlivych geotechnickych podminkdch s pouZitim ote-
vieného i uzavieného médu. Specidlné zkonstruovany a vybaveny
tunelovaci stroj praméru 7,2 m dodala firma Herrenknecht. Mimo
jiné umoznoval prejit z otevieného na uzavieny méd za 120 vtefin
nebo pouZzit pretlak vzduchu pfi ddrzbarskych pracich na fezné
hlavée.

Razba probiha od konce roku 2011 a m4 byt dokoncena v letnich
mesicich roku 2015.

Zahajeny ,,mokré* zkousky precerpavaci vodni elektrarny

Reisseck IT

Od tnora leto$niho roku (2015) probihaji mokré zkousky nové
preCerpavaci elektrarny Reisseck II, kterd bude s vykonem 1400
MW jednou z nejvétSsich v Evropé. Pri jeji vystavbé doslo
k propojeni do té doby samostatnych systému vodnich elektraren
Reisseck a Malta. Tato stru¢nd zprdva je pripominkou udspé$né
exkurze, kterou na tuto rakouskou stavbu usporadala CzTA ITA-
AITES v roce 2011.

Novy tunel Albula

gvycarské Zelezni¢ni spolecnost Rhitische Bahn AG provozuje
Zeleznici vedouci ze Sv. Morice do Churu, jejiz soucdsti je pres
5,8 km dlouhy tunel Albula. Ten je sto let stary a udrzet ho
v provozu by si vyzadalo rozsahlé opravy, jejichZ provadéni za sou-
¢asného provozu by bylo prili§ drahé. Proto investor rozhodl, Ze
radéji vybuduje soubézny novy tunel dl. 5860 m s raZzenym profi-
lem 58 m?. Sou4sti stavby bude vybudovéni dvandcti propojek do
starého tunelu, ktery bude v budoucnosti slouzit jako tnikova cesta.

Razba nového tunelu bude probihat v nadmorské vysce 1800 m
n. m. a mela by byt dokoncena v listopadu 2017.

Podzemni cyKklistické a pési stezky v Londyné

Koncept sit¢ podzemnich cyklistickych a péSich stezek zvitézil
v jedné londynské urbanistické souteéZi. Autorem navrhu je projekto-
vé firma Gensler, kterd navrhla vyuzZiti velkého mnoZstvi opusténych
podzemnich tuneld metra a Zeleznice i dalSich jiZ nepouZivanych
podzemnich prostor. Svij zdmér autori zdavodnuji skuteCnosti, Ze
Londynu kriticky chybi prostor pro pési a hlavné pro cyklisty.
Zv1aStnim aspektem nédvrhu je zpusob ziskdvani elektrické energie
pro provoz podzemnich prostor. Navrhuji pouzit dlazbu, kterd je
schopnd preménit kinetickou energii chize nebo jizdy na kole
v elektrinu. Takova dlazba by méla byt instalovana také v prestupnich
tunelech mimorddné zatiZenych stanic metra na kriZeni linek.

Uspéch dodateéného intenzivniho prizkumu

Po zahdjeni razeb tunelovacim strojem ve vychodni troubé tune-
Iu Bossler délky 8806 m na nové trati z Ulmu do Sttutgartu inten-
zivné pokracoval geotechnicky prazkum. Jeho vysledky podstatné
zménily planované nasazeni stroje. Ukdzalo se, Ze geologie dovo-
luje podstatné zvyseni podilu plné mechanizované razby. Puvodné
se predpokladalo, Ze tunelovaci stroj vyrazi v obou tunelovych trou-
béach asi 2800 m, ale nyni se pldnuje strojné vyrazit 7,5 km ve
vychodni a dokonce 8,5 km v zdpadni troubé.

Mimoridna presnost prvni prorazky na tunelu Ceneri

Béazovy tunel Ceneri délky 15,4 km je soucdsti nové trasy Zelez-
nice jizné od Gotthardského bazového tunelu. Prvni prorazka pro-
béhla v breznu 2015 v zdpadni troub€ s mimorddnou presnosti.
Odchylky byly zanedbatelné — 2 cm vodorovné a 1 cm svisle.

Nova budoucnost Karawanského tunelu

V souladu s mezistdtni smlouvou mezi Rakouskou a tehdejsi
Jugoslévii z roku 1977 byla v prvnim pololeti 2015 podepsana nova
smlouva o razb¢ druhé tunelové trouby tentokrat mezi Rakouskem
a Slovinskem. Piipravné prace na rakouské strané zahrnujici novy
most a prilehly dsek ddlni¢ni vozovky budou zahdjeny na podzim
roku 2015, vlastni razba by méla zacit v roce 2017. Po zprovozné-
ni nové trouby bude ta puvodni oteviend v roce 1991 kompletné
rekonstruovana. Zahdjeni provozu obou trub se predpoklada
v létech 2022 az 2023.

ITA-AITES bude udilet ceny

Na svych webovych strankdch vyzvala ITA-AITES tuneldfskou
verejnost k prihldSeni vyznamnych projektu, technickych a jinych
inovaci i prikladi mimorddného vyuZiti podzemi do soutéZe, kterou
vyhodnoti 19. listopadu 2015 v pruzkumném pracovisti Hagerbach.
SoutéZi se v deviti kategoriich a prihlasky mély byt zasldny do 14.
srpna 2015.
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Novy tunel pod kanalem u nizozemského Gentu

Cist silniéni dopravy jizné od tunelu Westerschelde otevieného
v roce 2003 silné naruSoval most pres kandl u Gentu, ktery kvali
lodim byl denné zdvihdn tfiadvacetkrét. Problém odstranil v kvétnu
2015 otevieny dvoutrubni tunel Sluiskil délky 1145 m (resp.
1330 m v¢. ramp). Razil se tunelovacim strojem v hloubce aZ 33 m
pod hladinou v kandlu. M4 vnéjsi profil 11 m pfi tloustce segmen-
ti 45 cm. Propojky mezi troubami byly raZeny konvenéné pod
ochranou zmrazené zeminy.

Novy tripatrovy tunel pod Bosporem?

V Istanbulu pod Bosporem je v provozu od roku 2013 Zelezni¢ni
tunel a v roce 2017 md byt otevrel tunel silni¢ni. Zjara 2015 ozndmil
turecky premiér, Ze vldda pldnuje stavbu dalstho tunelu délky 6,5 km
a profilu 16,8 m. M€l by mit tfi provozni drovné, horni dvé by nesly
dvoupruhové vozovky, spodni tiroven by pouzivalo metro. Velky istan-
bulsky tunel, jak jej premiér nazval, by mél byt dokoncen do péti let.

Podzemni vysokonapétové propojeni mezi Francii
a Spanélskem

Noveé zprovoznéné 64 km dlouhé vysokonapétové podzemni pro-
pojeni rozvodnych systémid mezi Francii a Spanélskem zahrnuje

TuHel

i 8,5 km dlouhy tunel pod Pyrenejemi, ktery byl razen dvéma TBM
firmy Herrenknecht.

Mimoradné pozadavky na segmentové osténi

V leto$nim roce bude uvedena do provozu nova centrdlni Cis-
tirna odpadnich vod v Abu Dhabi ve Spojenych arabskych emi-
rdtech véetné nové 41 km dlouhé kmenové stoky o praméru
5,5 m. Zivotnost segmentového osténi byla pozadovéna 80 let,
coz byl v nepfiznivych koroznich podminkdch velky ukol.
Horninové prostiedi obklopujici tunel obsahuje pétkrat vice
chloridi neZ morskd voda u pobiezi emirdtu a obsah sulfata je
5000 mg/l. Proto segmenty nemohly byt konve¢né vyztuZeny
a vyrobeny z bézného betonu. Po fadé zkousek bylo rozhodnuto
pouZit rozptylenou vyztuz z ocelovych dratki a siranovzdorny
beton C50/60. Pojivem bylo 50 % portlandského cementu, 20 %
polétavého popilku a 30 % mleté vysokopecni strusky.

Dalsim protikoroznim opatfenim byla instalace vnitin{ vystylky
tunelu félii HDPE.

Ing. MILOSLAV NOVOTNY , mila_novotny@volny.cz

ZPRAVY Z TUNELARSKYCH KONFERENCI / NEWS FROM TUNNELLING CONFERENCES

SWISS TUNNEL CONGRES 2015 V LUZERNU
SWISS TUNNEL CONGRES 2015 IN LUZERN

The Swiss Tunnelling Society, FGU (Fachgruppe fiir Untertagbau),
held the traditional Swiss Tunnel Congress at the Congress and
Culture Centre in Luzern from the 10t to the 12th June. The afterno-
on colloquium with the main topic “Design life and usability of struc-
tural parts of tunnels” was held on Wednesday the 10th June. The
standard full-day conference was held on Thursday and technical
excursions to underground construction sites in Switzerland were
organised on Friday. The standard number of attendees at this confe-
rence reaches 800 (this year 760) and about a half of them visit the
colloquium. Despite the fact that it is a national Swiss congress, about
80 foreign delegates took part in it.

Ve dnech 10. 6. az 12. 6. usporadala Svycarska tunelarska asociace
FGU (Fachgruppe fiir Untertagbau) v Kongresovém a kulturnim
centru v Luzernu tradi¢ni §vycarskou tuneldrskou konferenci (STC).
Ve stredu 10. Cervna se konalo odpoledni kolokvium s hlavnim téma-
tem ,,Zlvotnost a pouZitelnost stavebnich cdsti tunelu. Ve Ctvrtek
pak probehla standardni celodenni konference a v patek byly organi-
zovany odborné exkurze na podzemni stavby ve Svycarsku. Ucast na
této konferenci standardné dosahuje kolem 800 ndvstévnika (letos
760), kolokvia se dcastni vzdy priblizné polovina prihlaSenych.
Prestoze jde o ndrodni §vycarskou konferenci, zicastnilo se ji asi 80
zahrani¢nich delegdtt. Z naseho regionu CZ/SK se zti¢astnilo 6 dele-
gatu v poméru 2/4.

Témata predndSek na konferenci — to je prosté v§ehochut oprav-
du excelentnich predndsek z oblasti podzemnich staveb nejen ze
gvycarska, ale po jedné prednédsce i z Némecka, Itdlie, Francie,
Anglie, Nizozemska, Norska a Kanady. Kvalita prednések je dédna

velmi pfisnym vybérem ze strany pripravného vyboru — tispé$nost
prihldSenych referdti pro prezentaci na konferenci se pohybuje
hluboko pod 40 %. Prednasi se prevazné némecky, ale také ang-
licky a francouzsky s velmi kvalitnim simultinnim tlumocenim
v uvedenych fecech. Zavér hlavniho konferenéniho dne predsta-
vuje tradicné kulindfsky zdzitek — veCefe v luxusnim hotelu
Schweizer Hof.

Zajimavé bylo srovnani STC v Luzernu s neddvno probehnuvsim
WTC 2015 v Dubrovniku ze strany Gcastniki obou kongresu. Zcela
jednoznacné po organiza¢nf strance, ale i z hlediska kvality vétSiny
prednasek zvitézil Luzern. Potvrdilo se réeni, Ze ,,mén¢ a kvalitnéji*
je prinosnéjsi, nez megalomansky organizovana akce.

Odborné exkurze v tretim dnu konference jsou vzdy tradi¢né per-
fektné organizovany. V leto$nim roce byly na vyber nasledujici stav-
by ve Svycarsku:

a) novostavba silni¢niho obousmérného tunelu Galgenbuck pod

Casti mésta Schaffhausen;

b) Ceneri Basistunnel — navazujici bazovy tunel dl. cca 16 km na

jih od Gotthardského bazového tunelu;

¢) délni¢ni tunel — obchvat mésta Visp;

d) novostavba tnikové Stoly obousmérného silni¢niho tunelu

Gleissbach.

Souddsti obdrZenych materidla pro kazdého tcastnika konference
je jiz tradi¢né perfektne knizné vdzany sbornik na kiidovém papite se
vSemi prednaskami véetné DVD s identickym obsahem.

Ing. VLASTIMIL HORAK, AMBERG Engineering Brno, a. s.

SVETOVY TUNELARSKY KONGRES WTC 2015 A 41. VALNE SHROMAZDENI ITA-AITES
WORLD TUNNEL CONGRESS WTC 2015 AND 41™ ITA-AITES GENERAL ASSEMBLY

The World Tunnel Congress was held in Dubrovnik from the 22nd
through to 28t May 2015. It was organised by the Croatian
Tunnelling Association. The congress motto was “Promoting
Tunnelling in South-East Europe Region” .

PRUBEH KONGRESU

V pondéli 25. kvétna byl svétovy kongres zahdjen predsedou orga-
niza¢ntho vyboru WTC 2015 a prezidentem Chorvatské ITA Dr.
Davorinem Koli¢em a prezidentem ITA-AITES panem Sorenem




Tuel

Eskesenem. Slavnostniho zahdjeni se zucastnili i predstavitelé
Chorvatska — Zupan Dubrovnicko-Neretvanské Zupy pan Nikola
Dobroslavic a primdtor mesta Dubrovnik Dr. Andro Vlahusic. Oba ve
svych projevech vyzdvihli vyznam této akce, stejné jako celého
oboru podzemnich staveb. Po kratkém kulturnim programu, ktery
zajistil folklorni soubor ,,Lindjo®, vystoupil Ing. Pietro Lunardi s tzv.
»Muir Wood lecture*, tradi¢ni prednaskou na pocest zakladatele ITA-
AITES sira Muira Wooda. Ddle pokracoval prof. Thedosis Tassios
s tématem o verejnych stavbéach v antickém Recku, kde zminil i pro-
jekt Eupalinovy Stoly.

Letos byla nove uvedena prednaska s nazvem ,,Red-tie lecture® na
pamatku prvniho prezidenta Chorvatské ITA prof. Mladena Hudece —
0 podzemnich stavbach hovoril prof. In-Mo Lee v ramci prednasky
s obraznym nazvem ,,Krt¢i sny*.

Jednéni pokra¢ovalo udélenim cen nadace ITACET a dal$imi kli-
Covymi prednaskami — vystoupil Dr. Davorin Koli¢, ktery sezndmil
posluchace se soucCasnymi a budoucimi podzemnimi stavbami
v Chorvatsku a regionu jihovychodni Evropy, a pan Zdravko
Antolovic, tématem jehoZ prednéasky byly plany na vyuZiti podzem-
niho prostoru pri vyvoji Zelezni¢ni a silni¢ni infrastruktury
v Chorvatsku.

V odpolednich hodindch, stejné jako po dva ndsledujici dny, jiz
probihaly prednasky rozdélené do jednotlivych sekei:

1. Pldnovén{ a projektovani tunelt a podzemnich staveb

2. Mechanizované tunelovani — pldanované a ve vystavbe

3. Tunely raZené konvencnimi metodami — pldnované

a ve vystavbeé

. Plavené tunely

. Provoz a ddrZba tuneld a podzemnich staveb

. Vybaven{ tunelt a podzemnich staveb

. Pozarni bezpec€nost tunelt a podzemnich staveb

. Inteligentn{ systémy, mechatronika a robotika v tunelovani

. Vyvoj uzivani podzemnich prostor: pripadové studie (doprava,
odpady, energie, voda, odpadni hospodarstvi, protipovodiiova
opatfeni, komer¢ni a dalsi vyuZiti)

10. Planovan{ a uzivani podzemnich prostor ve méstech

11. Sekce jihovychodni Evropa: méstské tunelovani v zeminach,

tunelovani v krasovém tzemi

12. Rizikové analyzy a techniky pro podzemni stavitelstvi

13. Optimalizace ndkladu a financovéni podzemnich staveb

V dtery 26. kvétna se uskutecnilo tzv. ,,Open Session‘, behem néjz
diskutovali odbornici o moznostech vyuzivani podzemnich prostor
pro ziskdvani energie z vodnich zdroju.

Ve stredu 27. kvétna v podvecer byl kongres slavnostné ukonéen.
Zavitalo na néj celkem 1543 G&astnikii ze 71 zemi, Ceska republika
s 33 ucastniky byla patnictd. Celkem bylo prezentovano 390 piis-
pévka z 50 zemi, z nasi zemé bylo zafazeno celkem osm prispévku,
diky kterym CR bylo co do poltu prezentaci tfinicté v poradi.
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Prednasky probihaly vzdy v péti paralelnich sekcich. VSechny piis-
pévky jsou obsazeny v elektronickém sborniku. Ucastnici obdrZeli
ti§tény sbornik rozsitfenych abstraktu, ktery ma 821 stran.

41. valné shromazdéni

Jako soucdst kongresu se konalo i 41. valné shromazdéni, kterého
se zdCastnilo 57 ze 73 zéstupct Elenskych asociaci.

Prvni ¢ast valného shromdzdéni se konala v nedeli 24. kvétna.
Pritomni{ byli sezndmeni se zpravou o ¢innosti vykonného vyboru
ITA-AITES, byli predstaveni dva novi ¢lenové asociace — Guatemala
a Qatar. Nasledovala zprdva auditora o vysledku hospodareni asoci-
ace. Potom ucastnici z jednotlivych Clenskych zemi predstavovali
své aktivity, za Ceskou republiku zaznéla informace o pripravované
konferenci PS 2016.

Valné shromazdéni pokraovalo informaci o ¢innosti sesterskych
organizaci a zpravou o hospodareni za obdobi 2014-2015. Na konec
jednan{ prvniho dne byli pfedstaveni kandidati na konani WTC 2018
— Indie a Spojené arabské emiraty.

Ve stfedu se konala druhd ¢ast valného shromazdéni. Jednotlivé
pracovni skupiny podaly zpravy o své ¢innosti, zastupci pripravnych
vybori WTC 2016 (v San Francisco, USA) a 2017 (v norském
Bergenu) informovali o stavu piipravy budoucich kongresu. Byl
schvdlen rozpoCet na dal$i obdobi a nakonec probéhla volba mista
kondni WTC 2018. Z 51 pritomnych delegéta a 3 korespondencénich
hlast jich bylo 29 pro Dubaj a 22 pro Dili. Poté vystoupila vicepre-
zidentka tunelérské asociace Spojenych arabskych emiréta, podéko-
vala za zvoleni a pozvala vSechny pfitomné na WTC 2018.

Ceny ITA-AITES 2015

V leto$nim roce byla kvuli potfebé rustu infrastruktury, poZzadav-
kum na lepsi vyuZiti prostor i zdroju a identifikovani mimoradnych
projektu v oblasti podzemnich staveb zaloZena soutéZ ,,Ceny ITA-
AITES*. Probihd v deviti kategoriich:

1. Velky projekt roku (pres 500 mil. €);

2. Tunelovy projekt roku (50-500 mil. €);

3. Mimorddny projekt roku (do 50 mil. €);

4. Modernizace, inovace roku;

5. Technicka inovace roku;

6. Ekologickd iniciativa (vyuZiti podzemi pro zlepSeni Zivotniho
prostiedi);

7. Bezpecnostni iniciativa;

8. Inovativni vyuZiti podzemniho prostoru;

9. Mlady tunelar roku.

Vice informaci lze nalézt na webovych strankdch soutéZe
https://awards.ita-aites.org/.

Ing. MARKETA PRU§KOVA, Ph.D., pruskova@ita-aites.cz,
C7zTA ITA-AITES, z. s.

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 zah4jeni raZeb v tnoru leto$niho roku pokracovala razba jizniho
Ejpovického tunelu béhem jarnich mésicu v dseku, ktery byl ve zna-
meni nizkého nadloZi, vysoké nestability Celby a zna¢nych piitoka
podzemni vody. S postupujici razbou se geologické podminky ovSem
zaCaly ménit. Silné zvétralé bridlice postupné ustupovaly z profilu
razeného tunelu a byly ¢im dal vétsi mérou nahrazovény bridlicemi
zdravymi, lokdlné i prachovci. Zlepsené geologické prostredi tak
umoznilo zeminovému $titu S-799 prechod do rezimu bez podpory
Celby, coZ se okamzité promitlo i do zvySeni rychlosti razeb. Zatimco

THE CZECH REPUBLIC

MODERNISATION OF ROKYCANY - PLZEN RAILWAY
TRACK SECTION

After the commencement of driving the tunnel in February
2015, the excavation of the southern Ejpovice tunnel tube conti-
nued during spring months in a section which was in token of low
overburden, the high instability of the excavation face and signi-
ficant groundwater inflows. But with the excavation advancing,
the geological conditions started to change. The heavily weathe-
red shale gradually retreated from the mined tunnel profile and
was increasingly being replaced with fresh shale, locally even
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ke konci biezna 2015 bylo vyrazeno 178 m, ke konci Cervna je to jiz
1270 m. Béhem ¢Eervna bylo dosazeno i doposud nejlepsiho denniho
vykonu o hodnoté 32 m.

DALNICE D8 - 0805 LOVOSICE ~ REHLOVICE

V tunelu Prackovice je dokoncen sjednocujici a ochranny néter
vrchliku horni klenby a epoxidovy nétér odrazné vrstvy definitivniho
betonového osténi tunelu. Stavebné je dokonéen objekt odvodnéni tune-
10 a jsou provedeny i kamerové a tlakové zkousky potrubi odvodnéni.

Zhotovitel predlozil objednateli koncept dokumentu Zmeny béhem
vystavby zabezpeCovacich a sanacnich praci, pricemz v rdmci nezbyt-
nych zabezpecovacich praci byl zhotoven pfitéZzujici a stabilizalni
nasyp v pate zdrubni zdi.

V tunelu Radejéin jsou dokonceny stavebni ¢asti provozné-technického
objektu a byly zahdjeny prace na Casti elektroinstalace a na ¢dsti vzducho-
technika. Je dokoncen sjednocujici a ochranny nétér vrchliku horni klenby
definitivniho osténi tunelu. Provadi se beton4z chodnikt, montdZ chréni-
ek, dokoncuje se vypustni objekt a potrubni fad od zdsobovaci nadrze.

Tak jako v tunelu Prackovice, tak i v tunelu Radej¢in byly zahdjeny
préace na realizaci technologického vybaveni tunelu, a to konkrétné na
provoznich souborech osvétleni v tunelu, servisni telefonn{ sit, napa-
jeni elektrickou energif, kabelové rozvody v tunelu a dieselagregat.

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

PRUZKUMNA STOLA PRO RADLICKOU RADIALU
JIHOZAPADNI MESTO — SMICHOV (STAV K 10. 7. 2015)

Na stavbé prazkumné $toly pro Radlickou radidlu (obr. 1) bylo
k 10. 7. vyrazeno 560 m véetné treti vyhybny, tj. do vzdélenosti cca
50 m pred signalizovanou geologickou poruchou. Z duvodu predpo-
klddanych krasovych jevu se provadéji v intervalu dvacet metra pru-
zkumné jadrové vrty profilu 80 mm a délky 20 m. Neprodlené po
dokonceni kazdého vrtu se provede jeho geofyzikdlni vyhodnoceni,
na jehoZ zdkladé je urCena technologickd tiida a stanoven dalS{ postup
na razbé. V soucasné dobé probihd razba v technologické tiide TT3
a TT4. Soubézné s razbou §toly probihaji pruzkumné préce na povr-
chu v rozsahu celé trasy pldnované Radlické radidly.

Ing. JAN VINTERA, JVintera@subterra.cz,

Subterra a.s.
SLOVENSKA REPUBLIKA

TUNEL SIBENIK

Na stavbe dialni¢ného tunela Sibenik diiky 588 m bolo dokoncené
beténovanie sekunddrneho ostenia. V sti¢asnosti st vykondvané dokon-
Covacie prace a montdZ technologickych celkov. Tunel sibenik bude
stcastou tseku dialhice D1 Janovce — Jablonov celkovej dlzky 9.5 km.
Zhotovitelom stavby je zdruZenie Eurovia SK, a. s., Eurovia CS, a. s.,

Obr. 1 Pruzkumnd $tola pro Radlickou radidlu
Fig. 1 Exploratory gallery for Radlice radial road
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siltstone. The improved geological environment allowed for
changing the S-799 TBM to the open-face regime. This fact
immediately reflected itself into the increased excavation advan-
ce rate. Whilst 178m of the excavation was completed before the
end of March 2015, the length completed before the end of June
already amounts to 1270m. The till now highest daily excavation
advance rate of 32m was reached during June.

D8 MOTORWAY - CONSTRUCTION LOT 805:
LOVOSICE-REHLOVICE

The unifying and protective coating of the upper vault crown
and the epoxy coating of the reflective layer of the tunnel con-
crete final lining has been finished in the Prackovice tunnel. The
tunnel drainage object is structurally complete and camera
inspection and pressure testing of the drainage pipelines have
been finished.

The contractor submitted to the client a concept of the docu-
ment titled Changes during the construction regarding securing
and rehabilitation work. A surcharging and stabilising embank-
ment was carried out at the foot of the revetment wall.

As far as the Radej¢in tunnel is concerned, the services buil-
ding is structurally complete and the work started on the ventila-
tion part of the electrical installations. The unifying and protecti-
ve coating of the upper vault crown has been finished. The cas-
ting of concrete walkways and the installation of protective pipes
is underway. The outlet structure and the pipeline from the water
feed reservoir are being completed.

As is the case with the Prackovice tunnel, the work on the
installation of tunnel equipment, concretely on the tunnel ligh-
ting, the service telephone network, the supply of electrical ener-
gy, the cable distribution in the tunnel and the diesel generating
set commenced in the Radej¢in tunnel.

Ing. BORIS SEBES TA, sebesta@metrostav.cz,
Metrostay a. s.

EXPLORATORY GALLERY FOR THE RADLICE RADIAL
ROAD BETWEEN SOUTH-WESTERN SATELLITE TOWN
AND SMICHOV (THE STATE AS OF 10/07/2015)

The length of 560m of the excavation was completed as of
10/07, including the third passing bay, i.e. up to the distance of
ca 50m before the signalled geological failure (see Fig. 1).
Exploratory boreholes 80mm in diameter and 20m long are being
carried out at 20m intervals because of the anticipated karst phe-
nomena. Each borehole is geophysically assessed immediately
after the completion and the excavation support class and subse-
quent procedure are determined on the basis of the survey results.
At the moment, the gallery is being driven through excavation
support classes TT3 and TT4. Exploratory operations on the sur-
face are performed within the entire planned Radlice radial road
scope concurrently with the gallery excavation.

Ing. JAN VINTERA, JVintera@subterra.cz, Subterra a.s.

THE SLOVAK REPUBLIC
SIBENIK TUNNEL

The casting of the concrete secondary lining was finished at the
588m long Sibenik tunnel construction site. At the moment, finishing
work and installation of equipment complexes is underway. The
Sibenik tunnel will be part of the 9.5km long Jénovce — Jablonov sec-
tion of the D1 motorway. The contractor is a consortium consisting
of Eurovia SK, a. s., Eurovia CS, a. s., and Stavby mostov Slovakia,

a. s. The construction completion is planned for 2015.
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Stavby mostov Slovakia, a. s. UkonCenie stavby a uvedenie dialhicného
tseku do prevddzky sa predpokladd v roku 2015.

TUNELY POLANA A SVRCINOVEC

Na stavbe tseku dialhice D3 Svréinovec — Skalité sticastou stavby s aj
tunely Polana (890 m) a Svr¢inovec (445 m). V sicasnosti je na tuneli
Polana vyrazenych 801 m kaloty, 748 m lavice a 368 m dna v pravej tune-
lovej rire (PTR). Na lavej tunelovej rire (LTR) sa uz dokoncilo razenie.
Razenie sa realizuje od zdpadného portdlu. Na vychodnom portdli prebie-
haji prace na zdrubnom muire. St ukoncené prace na tinikovych cestach
1,2 a 3.V tuneli Svr¢inovec je v siCasnosti vyrazenych 183 m v kalote,
170 m v lavici a 130 m dna od zdpadného portdlu na CTR. Na PTR sa uz
ukoncili raziace prace. Vychodny portdl je dokonceny, prebieha priprava
na betondz sekunddrneho ostenia. Vystavbu tseku zabezpecuje zdruzenie
Styroch spolocnosti: Véhostav — SK, a. s., Doprastav, a. s., Strabag, a s.,
a Metrostav SK, a. s.

TUNELY OVCIARSKO A ZILINA

Na tseku D1 Hri¢ovské Podhradie — Lietavskd Liicka sticastou stavby
st dva tunely: Ovciarsko (2367 m) a Zilina (651 m). Na tuneli Ov&iarsko
prebieha razenie zo zdpadného portédlu, kde v severnej tunelovej rire je
vyrazenych 1130 m v kalote a v juZnej tunelovej rire 1020 m v kalote. Na
vychodnom portali zaCalo samotné razenie. V severnej tunelovej rire je
vyrazenych 105 m v kalote a v juZnej tunelovej rire 45 m v kalote.
V tuneli Zilina prebieha razenie od zapadného portdlu. V sti¢asnosti je
vyrazenych 95 m. Na vychodnom portéli prebieha zaistovanie portalovej
steny. Stavbu realizuje zdruZenie Doprastav, a. s., Vdhostav — SK, a. s.,
Strabag, a. s. a Metrostav SK, a. s.

TUNEL CEBRAT

Na tiseku DI Hubovd — Ivachnové, ktorej sii¢astou je tunel Cebrat
(1994 m), v sdcasnosti prebieha razenie od vychodného portdlu.
V severnej tunelovej rire je vyrazenych 150 m a v juZnej tunelove;j rire
150 m. V sticasnosti sd prace na tuneli pozastavené. Zhotovitelom stavby
je zdruzenie spolocnosti OHL 78, a.s.,a Vahostav — SK, a. s.

TUNEL POVAZSKY CHLMEC

Na tunelu Povazsky Chlmec v sicasnosti prebieha razenie zo stredo-
vej stavebnej jamy na obe strany v oboch rdrach. K 22. 8. 2015 je
v severnej tunelovej rdre v kalote vyrazenych 186 m smerom
k vychodnému a 404 m smerom k zdpadnému portdlu. V kalote juzne;j
tunelovej riry je vyrazenych 355 m smerom k vychodnému a 570 m
smerom k zdpadnému portdlu. Kalota juznej riry bola prerazend v TM
527 (obr. 2). Razenie prebieha aj od zdpadného portdlu. Je vyrazenych
535 m v severnej tunelovej rire a 515 m v juZnej tunelovej rire.
Zhotovitelom stavby je zdruzenie Eurovia a. s., HOCHTIEF CZ a. s.
a Stavby mostov Slovakia, a. s.

TUNEL VISNOVE

S vystavbou tunela Vistiové (7500 m), ktory je sucastou tseku D1
Lietavskd Licka — Visniové — Dubnd Skala, sa zacalo dna 27. 6. 2014.

fotolphoto courtesy of Mgr. Jiri Zmitko

Obr. 2 PrordZka JTT tunelu PovaZsky Chlmec
Fig. 2 The breakthrough of the PovaZsky Chlmec tunnel in the STT
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POLANA AND SVRCINOVEC TUNNELS

The Polana tunnel (890 m) and Svrcinovec tunnel (445 m) are
parts of the Svrcinovec — Skalité section of the D3 motorway
construction. Currently 801m of top heading, 748m of bench and
368m of the bottom excavation is finished in the right-hand tun-
nel tube (RTT) of the Polana tunnel. The excavation of the left-
hand tunnel tube has already been completed. The tunnel excava-
tion proceeds from the western portal. At the eastern portal, the
work on the revetment wall is underway. The work on escape
routes No. 1, 2 and 3 is finished. In the Svréinovec tunnel, 183m
of top heading, 170m of bench and 130m of the bottom has been
finished from the western portal in the LTT till now. The tunnel
excavation in the RTT has been finished. The eastern portal has
been completed and the casting of the concrete secondary lining
is under preparation. The construction of this section is provided
by a consortium consisting of the following four companies:
Vahostav — SK, a. s., Doprastav, a. s., Strabag, a .s., and
Metrostav SK, a. s.

OVCIARSKO AND ZILINA TUNNELS

In the Hri¢ovské Podhradie — Lietavskd Lucka section of the D1
motorway there are two tunnels: the Ovciarsko tunnel (2367 m) and
the Zilina tunnel (651 m). In the Ov&iarisko tunnel, the excavation
proceeds from the western portal, with 1130m and 1020m of top
heading excavation finished in the northern and southern tunnel
tubes, respectively. The excavation itself commenced at the eastern
portal. In the northern and southern tunnel tubes, 105m and 45m of
top heading have been finished, respectively. In the Zilina tunnel,
the tunnel excavation proceeds from the western portal. At the
moment, 95m of the excavation have been completed. At the eastern
portal, the stabilisation of the portal wall is underway. The construc-
tion is provided by a consortium consisting of Doprastav, a. s.,
Viahostav — SK, a. s., Strabag, a. s. and Metrostav SK, a. s.

CEBRAT TUNNEL

In the Hubové — Ivachnova section of the D1 motorway, a part
of which is the Cebrat tunnel (1994 m), the tunnel excavation cur-
rently proceeds from the eastern portal. The lengths of 150m and
150m of the excavation have been completed in the northern tun-
nel tube and southern tunnel tube, respectively. At the moment the
operations in the tunnel are suspended. The contractor is a con-
sortium consisting of OHL 7S, a.s., and Vahostav — SK, a. s.

POVAZSKY CHLMEC TUNNEL

At the moment, the tunnel excavation proceeds from the mid-
point portal in both directions, in both tunnel tubes. The top heading
excavation has been finished at the lengths of 404m and 186m in the
northern tunnel tube, respectively, and 570m and 355m in the sout-
hern tunnel tube, respectively. The breakthrough of the topheading
in the southern tunnel tube was in TM 527 (see Fig. 2). The exca-
vation proceeds even from the western portal. The excavation
lengths of 535m and 515m have been completed in the northern and
southern tunnel tubes, respectively. The contractor is a consortium
consisting of Eurovia a. s., HOCHTIEF CZ a. s. and Stavby mostov
Slovakia, a. s.

VISNOVE TUNNEL

The construction of the Visnové tunnel (7500 m), which is part
of the Lietavska Licka — Visnové — Dubna Skala section of the D1
motorway, commenced on 27/06/2014. At present, the tunnel
excavation proceeds from the western portal. The excavation
lengths of 153m and 21m have been finished in the northern tun-
nel tube and the southern tunnel tube, respectively. The excavati-
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V stcasnosti prebieha razenie od zdpadného portdlu na severnej tunelovej
rdre 153 m a juznej tunelovej rire 21 m. Razenie od vychodného portalu
prebieha len na severnej tunelovej rire. V stcasnosti je vyrazenych
122 m. Zhotovitelom tuseku je zdruZenie firiem Salini Impregilo
S.p. A aDiha,a.s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas.sk, NDS, a. s.

Tuflel

on from the eastern portal is underway only in the northern tunnel
tube. Currently the excavation length of 122m has been comple-
ted. The contractor for the section is a consortium consisting of

Salini Impregilo S. p. A and Duha, a. s.

Ing. MILAN MAJERCIK, milan.majercik@ndsas.sk, NDS, a. s.

VYROCI / ANNIVERSARIES

ZIVOTNI JUBILEUM ING. JIRIHO POKORNEHO
ING. JIRI POKORNY BIRTH ANNIVERSARY

Ing. Jifi Pokorny se narodil
29. 7. 1940. Po absolvovani
Stavebni fakulty Ceského vyso-
kého uceni technického, obor
konstrukce a doprava pracoval
od roku 1966 na mnoha kolejo-
vych dopravnich stavbach ve
firmeé Stavby silnic a Zeleznic.
Po Sesti letech presel do inves-
torské slozky Ceskych drah
Spravy prestavby Zzelezni¢niho
uzlu Praha, kde pracoval na
Zelezni¢nich stavbach vcéetné tunelu pod Bilou skédlou
v Praze.

V roce 1979 nastoupil do projektové organizace DP
METROPROIJEKT do funkce hlavniho inZenyra projektu
stavby metra, trasy B. V roce 1990 byla pod jeho vedenim
uspé$né zkolaudovdna a oteviena pro provoz s cestujicimi
trasa metra II.B. Po roce 1989 Metroprojekt vystoupil
z organizacni struktury Dopravniho podniku hl. m. Prahy a na
kratkou dobu se stal stitnim podnikem. V obdobi privatizace
se stala majitelem Metroprojektu firma Cimex z Karlovych
Vart. Od roku 1992 se METROPROJEKT Praha stal akcio-
vou spole¢nosti a je vyznamnou dcefinou spole¢nosti SUDOP
GROUP a. s. V pozici generdlniho rfeditele zde Ing. Jiri
Pokorny pusobil od roku 1996 do roku 2010. Za jeho vedeni
v této slozité dobe se akciova spolecnost stala vyznamnym
projektantem méstské hromadné dopravy a rozsitila spektrum
své Cinnosti i na razné pozemni stavby. Ve spole¢nosti doslo
k zméndm v reakci na nové ekonomické podminky. Od roku
1996 Ing. Pokorny zastdvda funkci predsedy predstavenstva
a. s. az do dnesnich dnu. VyuZivé svych bohatych zkuSenosti
k dalSimu rozvoji spolecnosti.

KdyZ se ohlédneme zpét na jeho témér padesdtileté puso-
beni v oblasti projektové pripravy staveb, zejména doprav-
nich staveb, musime zminit projekty tras metra v Praze,
rekonstrukce udsekd evropskych Zelezni¢nich koridoru,
modernizace tramvajovych trati, stavby ddlni¢nich a Ze-
lezni¢nich tuneld. Uvedme zde i projekty fady pozemnich
staveb, Aquapark v Cestlicich, rekonstrukce NK v Klemen-
tinu, rekonstrukce budovy Ceského rozhlasu Praha na
Vinohradech, budovy Zelezni¢ni stanice Praha hlavni nadrazi
a mnoha dalSich staveb.

Vyznamné Zivotni jubileum zastihuje Ing. Jifiho Pokorného
v plné tvurdi sile. Je mi potéSenim, Z¢ mohu jménem vSech
spolupracovniku a vés &tendit Casopisu Tunel popfdt naSemu
oslavenci pevné zdravi a hodné energie do dal3ich let.

Ing. MIROSLAV NOVAK

Ing. Jiti Pokorny was born on the 29th July 1940. After gradu-
ating from the Faculty of Civil Engineering, the Department of
Civil Engineering and Traffic Structures, of the Czech Technical
University in Prague with a degree in civil engineering, he wor-
ked from 1966 with Stavby Silnic a Zeleznic (a road and railway
construction company) on numerous railway construction pro-
jects. After six years he transferred to the investment component
of the Czech Railways, the Prague Rail Junction Redevelopment
Administration, where he worked on railway construction pro-
jects, including the tunnel through Bild Skdla rock in Prague.

In 1979, he entered DP METROPROJEKT, a designing offi-
ce, in the position of the chief design engineer responsible for
the Metro Line B. In 1990, the Metro Line II.B successfully
passed the final inspection and went to passenger service under
his leadership. After 1989, Metroprojekt got out of the organi-
sational structure of the Prague Public Transit Company Inc. to
become a state-owned company for a short time. In the privati-
sation period, Cimex, a Karlovy Vary-based company, became
the owner of Metroprojekt. In 1992, METROPROJEKT Praha
became a share-holding company and became an important
daughter company of SUDOP GROUP a. s. Ing. Jifi Pokorny
worked there in the position of the general director from 1996
to 2010. Under his leadership, during this complicated period
of time, the joint-venture company became an important desig-
ner for urban mass transit projects and broadened the spectrum
of its activities by adding buildings to it. Changes in the res-
ponse to new economic conditions took place in the company.
From 1996 till now, Ing. Pokorny has held the position of the
chairman of the Board of Directors. He has used the wealth of
his experience on behalf of the further development of the
company.

If we look back at his nearly fifty-year work in the field of the
design preparation of construction projects, first and foremost
transport-related ones, we must mention designs for Metro lines
in Prague, the reconstruction of sections of European railway
corridors, modernisation of tramway tracks, construction of
motorway and railway tunnels etc. Let us mention even the
designs for numerous buildings, Aquapark in Cestlice, recon-
struction of the National Library at Klementinum, reconstruction
to the Czech Radio Prague building in Vinohrady, the building of
the Prague Main Railway Station and many other projects.

The significant anniversary has catched Ing. Jifi Pokorny in the
full creative strength. It is a great pleasure for me to wish him on
behalf of all collaborators and you, TUNEL journal readers, good
health and lots of energy in the years to come.

ING. MIROSLAV NOVAK
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SESTDESIATE NARODENINY ING. PAVLA KUSEHO, CSc.
SIXTIETH ANNIVERSARY OF ING. PAVOL KUSY, CSc.

V auguste tohto roku si pripomina-
me Sestdesiate narodeniny nasho
dlhoro¢ného spolupracovnika a pria-
tela, Ing. Pavla Kusého, CSc., odbor-
nika v oblasti geotechniky a tu-
nelov, vysokoskolského pedagdga
a v neposlednom rade aktivneho
funkciondra Slovenskej tuneldrske;j
asocidcie.

Pavol Kusy sa narodil 5. augusta

This year, in August, we will commemorate the sixtieth anniver-
sary of birth of Ing. Pavol Kusy, CSc., our long-standing collabora-
tor and friend, expert in the field of geotechnics and tunnels, uni-
versity teacher and, at last but not least, an active member of the
Slovak Tunnelling Association.

Pavol Kusy was born on the 5th August 1955 in Nové Zamky. He
graduated from the Slovak Technical University in Bratislava with
a degree in civil engineering from the Department of Civil
Engineering and Traffic Structures in 1978. After the graduation he
continued in the form of internal postgraduate study at the
1955 v Novych Zamkoch. Vystu- Department of Geotechnics, where he later worked in the position of
doval odbor konstrukcie a dopravné a scientific-research and pedagogical worker until 1992. In the
stavby na Stavebnej fakulte Slo- 1970s, the design preparation for the Bratislava speed rail project
venskej vysokej Skoly technickej v Bratislave, ktory ukon¢il v roku commenced and he, together with colleagues from the Department,
1978. Po ukonceni Stidia pokraCoval internou aSpirantirou na participated in it by many expertises and assessments. During this
katedre geotechniky, kde neskor, posobil ako vedecko-vyskumny period, he passed several fellowships and courses, including a one-
a pedagogicky pracovnik aZz do roku 1992. V osemdesiatych year fellowship at the Bochum University and a three-month fel-

rokoch sa v Bratislave rozbiehala projektova priprava bratislavske;j lowship at the Braunschweig University in former West Germany.
rychlodréhy, na ktorej sa spolu s kolegami z katedry podielal mno- These stays not only opened the door for him to the modern tunnel-
hymi expertizami a posudkami. V tomto obdobi absolvoval aj nie- ling, but also helped him to the excellent knowledge of German. He
kolko stazi a kurzov v zahranici, vratane rocnej stiZe na univerzite intensely used it in contact with tunnelling professionals from
Bochum a trojmesacnej stdZze na univerzite Braunschweig vo vte- German speaking countries.
dajSom zdpadnom Nemecku. Tieto pobyty mu otvorili dvere After 1989 he held the position of the Associate Dean of the
k modernému tuneldrstvu a naviac mu dopomohli k vynikajicej Faculty of Civil Engineering of the Slovak Technical University in
znalosti nemciny, ktord neskor intenzivne vyuZzival v kontakte Bratislava for scientific-research activities and foreign affairs and,
s tuneldrskymi odbornikmi z nemecky hovoriacich krajin. subsequently from 1991, the position of the chief of the Department
Po roku 1989 zastdval funkciu prodekana Stavebnej fakulty STU | of Geotechnics. He remained in close contact with the university
Bratislava pre vedecko-vyskumnid Cinnost’ a zahranicné styky even during subsequent decades when he was a member of the
a nasledne, od roku 1991, funkciu Vedliceho’katedry geotechr}iky. Scientific Council of the Faculty of Civil Engineering, lectured at
So Skolou zostal v izkom spojeni aj pocas dalSich dekdd, ked bol postgraduate courses or worked in final examination committees.
Clenom vedeckej rady Stavebnej fakulty, prednasal na postgradudl- In the first half of the 1990s, plans began to be outlined in Slovakia
nych kurzoch, ¢i posobil v Stétnicovych komisidch. regarding the intense development of the motorway network inclu-
V prvej polovici devitdesiatych rokov minulého storocia sa na ding numerous tunnels. The not large number of Slovakian professi-
Slovensku zaCali Crtat’ plany na intenzivnu vystavbu dialni¢nej onals in the field of tunnel construction, with Pavol Kusy naturally
siete vratane tsekov s mnohymi tunelmi. Nevelky pocet sloven- among them, were concentrated around companies having the ambi-
skych odbornikov v oblasti tunelarstva, a Pavol Kusy bol prirodze- | tion of participating in the development of tunnels. In 1993-1996 he
ne medzi nimi, sa v tom ase koncentroval okolo firiem s ambiciou worked in the position of the director of Prva Slovenska tunelarska,
podielat’sa na vystavbe tunelov. V rokoch 1993-1996 pdsobil ako a. s., which was a joint venture of Véhostav Zilina and Banské
riaditel’' v Prvej slovenske;j tunelérskejv, a. s., Bratislava, ktord bola Stavby Prievidza. During this period he participated in the preparati-
spolo¢nym podnikom Vihostavu Zilina a Banskych stavieb on of exploratory galleries for the Branicko and Ov¢iarisko tunnels
Prievidza. PoCas tohto obdobia sa podielal na priprave prieskum- and in the preparation of several expertise documents and technical
nych $tdlni pre tunely Branisko a Ov¢iarsko, ako aj na tvorbe via- regulations for designing road tunnels.
cerych expertiznych dokumentov a technickych predpisov pre During the 1997 — 2013 period, Pavol Kusy worked in the position
navrhovanie cestnych tunelov. of the director and, later, the chairman of the Board of Directors of

V obdobi od roku 1997 az do roku 2013 pracoval Pavol Kusy | Terraprojekt a. s., Bratislava, which became the designer for the
ako riaditel' a neskor aj predseda predstavenstva spolocnosti Branisko motorway tunnel. During the very interesting and professio-
Terraprojekt a. s., Bratislava, ktord sa stala projektantom dialni¢- | nally demanding period of the construction of the first modern Slovak
ného tunela Branisko. Vo velmi zaujimavom a profesiondlne | tunnel he acted as a highly integrating element in the team consisting
ndro¢nom obdobi vystavby prvého moderného slovenského tunela | of Austrian, Czech and Slovak professionals. During the 16 years of
pdsobil vyrazne integrujiico v time zlozenom z rakuskych, ¢eskych | his work for Terraprojekt, he was active in designing stages and the
a slovenskych odbornikov. Pocas 16 rokov svojho pdsobenia | construction of a number of large construction projects. Apart from the

v Terraprojekte sa aktivne zidcastnil projektovej pripravy above-mentioned Branisko tunnel, he participated in the construction

a vystavby viacerych velkych stavieb. Okrem uZ spomenutého of the Sitina motorway tunnel and the flood defence of Bratislava,

Braniska to boli napriklad dialni¢ny tunel Sitina a protipovodnova which are projects appreciated by both the lay and professional public.

ochrana Bratislavy, stavby ocenované laickou aj odbornou verej- Results in the competition Construction of the Year prove it.

nostou, ¢oho dokazom su ich vysledky v stitazi Stavba roku. In addition to his working activities, it is necessary to remember
Popri pracovnych aktivitich je potrebné spomentt’ aj jeho akti- his activities in professional organisations. From the origination of

vity v profesnych organizaciach. Od vzniku Slovenske;j tunelarskej the Slovak Tunnelling Association in 1993, he worked in its Board

asocidcie v roku 1993 pdsobil v jej vybore, v obdobi rokov 1999 aZ | and, in the 1999 — 2003 period led it in the position of the President.
2003 ju viedol ako prezident. V rokoch 1993 az 1999 bol jednym In 1993 through to 1999 he was one of Slovak members of the
7o slovenskych ¢lenov redakcnej rady Casopisu Tunel. Prirodzenou Editorial Board of TUNEL journal. The participation in the organi-
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stcastou jeho profesného Zivotopisu je aj aktivna Gcast' na organi-
zdcii viacerych slovenskych i Ceskych tuneldrskych konferencii,
vratane v sucasnosti pripravovanej konferencie Tunely a podzemné
stavby 2015 v Ziline.

Aj ked svoje pracovné aktivity v poslednom obdobi utlmil,
zostava so svojimi byvalymi kolegami v kontakte. Vzdy ho radi
medzi nami privitame, ¢i uZ na pdde Terraprojektu alebo
Slovenskej tuneldrskej asocidcie a verime, Ze sa eSte budeme dlho
stretdvat’ pri odbornych ¢i spolocenskych prilezitostiach.

V mene vyboru Slovenskej tuneldrskej asocidcie zelam Pavlovi
Kusému do dalieho Zivotného obdobia vela zdravia, entuziazmu,
pohody a slne¢nych dni.

Ing. MILOSLAV FRANKOVSKY,
Jrankovsky@terraprojekt.sk, Terraprojekt, a. s.

SPOMIENKA NA ING. MIKULASA PAKHA
MEMORY OF ING. MIKULAS PAKH

V prvom jilovom tyzdni tune-
larsku verejnost’ zastihla smutnd
sprdva o odchode zanieteného
a vzdy optimistického priatela
a spolupracovnika Ing. MikuldSa
Pékha. Jeho tuneldrske srdce dobi-
lo 2. jila 2015.

Miky, ako sme ho vSetci famili-
arne volali, bol neobycajne hizev-
naty bojovnik za spravodlivé
a odborné usporiadanie technic-
kych a aj obchodnych zaleZzitosti
pri kazdej aktivite, na ktord sa
podujal.

Skutoénym tajomstvom jeho odbornych a riadiacich dspe-
chov bol entuziazmus — nadSenie, akym sa vedel zapalit’ pre
dany problém, a neoblomnd viera v zdarny koniec. Bol nielen
spolupracovnikom, ale najmé dobrym priatelom, s ktorym stret-
nutia a rozhovory vzdy vzdjomne obohacovali.

Ing. MikuldS Pdkh sa narodil 4. 2. 1942 v RuZomberku.
Gymndzium vychodil v Bratislave na Tehelnom poli. Po matu-
rite pokracoval v rokoch 1959 az 1964 Stidiom na Slovenskej
vysokej Skole technickej v Bratislave, odbor inzinierske konst-
rukcie a dopravné stavby. Od zaciatku Stidia bol prirodzenym
vedicim krizku a vzdy sa staral aj o Studijné napredovanie
ostatnych spoluziakov ako aj spolocensko Sportové vyzitie. Bol
vasnivym lyZiarom, ktory s oblubou hladal ,,¢ierne* zjazdovky
a obdvanym stdperom Vv tenise.

Po ukonceni Stidia nastipil v roku 1964 do Statneho podniku
Hydrostav Bratislava, kde zacalo jeho dlhorocné posobenie
v Ceskoslovenskom stavebnictve. Tu preSiel vSetkymi funkcia-
mi od stavbyvediceho az po najvyssie riadiace funkcie. Posobil
na najndroénejSich stavbach ako ropovody, vystavba Rafinérie
Slovnaft v Bratislave, obc¢ianskej a bytovej vystavby. Pocas
vystavby a uvedenia do prevddzky sustavy vodnych diel
Gabcikovo-Nagymaros, v tom ase najvicsej stavby v celom
Ceskoslovensku, zastdval ndro¢nud funkciu vyrobného riaditela.

Po zmenéch vo vedeni Hydrostavu v roku 1996 presiel do
spolo¢nosti Doprastav Bratislava, kde naSiel svoj druhy stav-
barsky domov. AZ do roku 2003 zastdval poziciu asistenta
obchodno-technického riaditela a neskor vediceho odboru.

Pracoval na realizdcii dialnicného programu v danom caso-
vom obdobi a vyznamne prispel k zavedeniu tunelovych stavieb

Tuel

sation of numerous Slovak and Czech tunnelling conferences, inclu-
ding the Tunnels and Underground Construction 2015 in conference
Zilina which is currently under preparation, is a natural part of his
professional career.

Even though he has recently dampened his working activities, he
has remained in contact with his past colleagues. We will always be
happy to welcome him in Terraprojekt or at the Slovak Tunnelling
Association. We believe that we will meet him for a long time at pro-
fessional or social events.

I wish Pavol Kusy on behalf of the Slovak Tunnelling Association
Board good health, enthusiasm, well-being and sunny days for the
future period of life.

Ing. MILOSLAV FRANKOVSKY,
Jrankovsky@terraprojekt.sk, Terraprojekt, a. s.

In the first week of July, the tunnelling public was caught by sad
news about the departure of an ardent and always optimistic friend
and colleague, Ing. Mikuld§ Pdkh. His tunnelling heart stopped
beating on the 2nd July 2015.

Miky, as we all familiarly called him, was an unusually tenaci-
ous fighter for equitable and professional arrangement of technical
and commercial matters at each activity he set about.

The real secret of his professional and managerial success lied in
enthusiasm owing to which he was able to get excited for a parti-
cular problem and his unbreakable faith in a successful end. He
was not only a collaborator but first of all a good friend the mee-
tings and discussions with whom were always mutually enriching.

Ing. Mikuld§ Pdkh was born on the 4th February 1942 in
Ruzomberok. He completed high school in the Tehelné Pole dist-
rict of Bratislava. After passing the leaving examination, in 1959
— 1964, he continued to study at the Slovak Technical University
in Bratislava, the Department of Civil Engineering and Traffic
Structures. He was a natural leader of the study group from the
beginning of the studies and was always concerned with the study
success of other schoolmates as well as the social-sporting enjoy-
ment. He was a passionate skier, who liked to select “black™ slo-
pes, and was a feared competitor in tennis.

After completing his studies, in 1964, he entered the state-owned
company of Hydrostav Bratislava, where his long-term activities in
the Czechoslovak construction industry started. He passed through all
positions, from a site agent up to the highest managerial functions. He
worked on most demanding construction projects, such as crude oil
pipelines, the development of Slovnaft Refinery in Bratislava or civic
and residential construction. He was in the position of the operations
director during the construction and bringing into service the
Gabcikovo-Nagymaros system of hydraulic structures, which was at
that time the largest construction project in the whole Czechoslovakia.

After changes in Hydrostav management in 1996, he passed to
Doprastav Bratislava, where he found his second civil engineer’s
home. He was in the position of commercial-technological director
assistant until 2003, later in the position of a chief of department.

He worked on the implementation of a motorway development
programme in the particular period of time and significantly con-
tributed to the incorporation of tunnel structures into Doprastav
production program. We all can remember his unbreakable belief
that all technical complications encountered during the realisation
of the 7.5km long exploratory gallery for the Visnové tunnel
(1998-2002) would be coped with.




Tuel 24. rocnik - €. 3/2015

vo vyrobnom programe Doprastavu. Vsetci si pamédtdme jeho From 2004 to 2005 he worked in the position of the assistant to

neoblomnu vieru vo vyrieSenie vSetkych technickych komplika- the chairman of the DPS a. s. Board of Directors and later in the

cif pri realizdcii 7,5 km dlhej prieskumnej §tlne tunela Visnové position of the assistant member of the DDM Group Board of

(1998-2002). Directors. In this position he significantly contributed to the
V rokoch 2004-2005 posobil vo funkcii asistenta predsedu successful cooperation between Doprastav and Metrostav.

predstavenstva DPS a. s. a neskor asistenta ¢lena predstavenstva
DDM Group. Tu velkym dielom prispel k dspesnej spolupraci
medzi podnikmi Doprastav a Metrostay.

Od roku 2007 pdsobil v organizacnej zlozke Doprastavu
Praha, kde zastdval do roku 2010 funkciu riaditela. Pod jeho
vedenim sa podielali tuneldri Doprastavu na stavbdch tunela
Blanka a vystavby metra trasy V.A. Aktivne sa angazoval pri
prvom nasadeni raziaceho stroja TBM v Cechéch. Aj po odcho-
de z riaditelskej funkcie pracoval ako expert pre podzemné
stavby, kde nasli uplatnenie jeho praktické skusenosti a ludsky

From 2007 he worked in the organisation branch, Doprastav
Prague, where he was in the position of the director until 2010.
Doprastav tunnellers participated in the construction of the Blanka
complex of tunnels and the metro Line A extension V.A. He actively
engaged himself at the first application of a TBM tunnelling machi-
ne in Czechia. He worked in the field of underground construction
even after the end of the work in the directorships position as an
expert, applying the wealth of experience and human approach.

Ing. Mikulds Pdkh immensely loved his construction profession

pristup. and unselfishly shared his experience in carrying out demanding
Ing. Mikula§ Pdkh mal svoje stavbarske remeslo nesmierne underground structures with collaborators, first of all younger col-

rad a o svoje bohaté skisenosti z vystavby ndrocnych podzem- leagues, for whom he was many times a good tutor.

nych stavieb sa neziStne delil so spolupracovnikmi, najmi vSak Along with the demanding working duties, he significantly con-

s mladS§imi kolegami, ktorym bol mnohokrat dobrym titorom. tributed to raising the Slovak Tunnelling Association, even on the
Aj popri ndro¢nych pracovnych povinnostiach vyznamne international stage. In 2003 through to 2014, he actively worked in

prispel k zveladeniu Slovenskej tuneldrskej asocidcie, a to aj na the STA committee. He participated in the organisation of the

medzindrodnom fére. V rokoch 2003 az 2014 aktivne pdsobil World Tunnel Congress in Prague 2007 and several conferences

vo vybore STA. Zicastnil sa na organizicii Svetového tuneldr- Underground Construction Prague.

skeho kongresu v Prahe 2007 a viacerych konferencii Podzemni Even though medical complications turned up during the last

stavby Praha.

I ked sa v mu v poslednych rokoch do Zivota priplietli zdra-
votné komplikdcie, nevzddval sa a stdle sa Zivo zaujimal
o vystavbu tunelov, ktord sa na Slovensku kone¢ne po desatro-
¢iach priprav a odkladov rozbehla.

Ti, ktor{ mali moznost’dlhodobo poznat' Ing. MikulaSa Pakha,
budd stdle spominat’ na jeho chut do Zivota, dlhé rozhovory
a najmi priatelstvo.

Slovenskd tuneldrska asocidcia v osobe Ing. MikuldSa Pdkha
strdca jedného z mimoriadne aktivnych funkciondrov, ktorému

years of his life, he did not give up and was still animatedly inter-
ested in the development of tunnels, which eventually, after deca-
des of preparations and postponements, commenced in Slovakia.

The people who had the opportunity to know him in the long
term will not cease to remember his desire for life, long discussi-
ons and, first of all, friendship.

In the person of Ing. MikuldS Pdkh, the Slovak Tunnelling
Association looses one of extremely active functionaries to whom
it has to thank for all he contributed to fulfilling its mission.

vdagf za vietko, &im prispel k napliianiu jej poslania. Miky, you will stay in our hearts forever — honour to your
Miky, navzdy zostane§ v naSich srdciach — Cest Tvojej pamiatke. memory.
Ing. JURAJ KELESI, Ing. VIKTORIA CHOMOVA Ing. JURAJ KELESI, Ing. VIKTORIA CHOMOV A

Z HISTORIE PODZEMNICH STAVEB
FROM THE HISTORY OF UNDERGROUND CONSTRUCTIONS

POHLEDNICE S TUNELY VE VZDALENYCH KRAJICH
PICTURE CARDS WITH TUNNELS IN REMOTE REGIONS

This part of the series brings us to remote, even exotic, regions | ‘1. AFGHANISTAN — TUNEL V SOUTESCE REKY KABUL
— the Caucasus, South Africa, Central Asia, South and North

] ) e Priblizné 100 m dlouhy tunel Mahi-Par Pass na silnici Kabul —
America, even to the antipodes, New Zealand. We present six pic-

Nangarhar (Jalalabad) Highway. Tato silnice, sledujici prevazné

ture cards W‘lth ro.ad tunnels (including on.e stone protec'tlon galle- el Fely Rt (ol ), s g w10 seieomrefnsiaih o
ry), three with railway tunnels and one picture card with a canal v.v . , L . o .
tunnel svéte. Jednd se o usek nachdzejici se cca 30 km vychodné (Tangi

’ Gharu Gorge, Mahi-Par Pass) od stejnojmenného hlavniho mésta
UvoD téZce zkouSené zemé. [1]

Tento dil seridlu nds privadi do dalekych az exotickych kraju —
na Kavkaz, do Jizni Afriky, Stfedni Asie, Jizn{ i Severni Ameriky

2. BRAZILIE - TUNELY NA DALNICI ANCHIETA

a také az k protinoZctim na Novy Zéland. Jedn4 se o $est pohled- Dvojice/¢tvefice ddlni¢nich tuneld na Anchieta Highway
nic s tunely silni¢nimi (v&etn€ jedné galerie), tfi s tunely Zeleznic- (Rodovia Anchieta, oficidlné silnice ¢. SP-150), pojmenované
nimi a jednu pohlednici s tunelem pruplavnim. podle jezuitského knéze P. José de Anchieta a spojujici Sdo Paulo
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Obr. 1 Afghdnistdn, soutéska Feky Kabul .

Kabul photo house — photo by Asefi. 1974. [sbirka autoru] o
V rozevicent soutésky se tyci jeden z ,,malych* horskych §titii jizniho HindiikuSe.
Fig. 1 Afghanistan, Kabul Gorge '

Kabul photo house — photo by Asefi. 1974. [authors* collection] ‘

One of the ,,low* mountain peaks of the southern Hindu Kush towers in the

opening of a mountain gorge.

s pristavem Santos na Atlantickém pobrezi. Na 57,6 km dlouhé
délnici se nachdzeji celkem 4 tunely (po 2 v kazdém sméru). Jde
o tunely TN-1 (270 m) a TN-2 (170 m), resp. TS-1 (230 m) a TS-
2 (170 m) — obr. 2. Tunely byly otevieny v roce 1947. [2]

3. BATUMI — TUNEL ZELENY MYS

Gruzinskd Zelezniéni sit’ &itd celkem 32 Zelezni¢nich tuneld.
Mezi né ndleZi i tunel nachézejici se 9 km na sever od Batumi (obr.
3). Prekonava v délce cca 320 m vrchol Zeleného mysu (Mtsvane
Kontskhi) na trati Baku — Tbilisi — Batumi. Trasa, stavénd pro
transport azerbdjdzanské ropy do terminalu v batumském pristavu,
byla dokonéena v druhé etape vystavby gruzinské Zeleznice roku
1883. V roce 1903 byla v miste zfizena Zelezni¢ni stanice na pri-
stupu do sve€tozndmé botanické zahrady. Tunel, stejné jako cely

. . g Iu
Obr. 3 Batumi, Zeleny mys vjezd do tune ) . )
V}Ijgavatelstvf I’ M. (Viertkox,la _ Batumi. Kolorovand fotografie. 1900. [sbirka
autortl] o o1
Za pozornost stoji jak osoba (strazce tun 1 2 jed
ni zl;stdvky (od roku 1903 stanice), tak i potrubi, poloZené vpravo o
Fig. 3 Batumi, Green Cape tunnel entrance . ( ‘ N
1 lf/l Certkova’publishers _ Batumi. Coloured picture. 1909. [authors cqllect]wn]
Woréh noticing is both the person (the tunnel guard?) sitting on one of th.e 7;11—)
ches of the intermediate railway station (a station since 1903) and the pipeline

laid on the right side of the railway track.

e tunelu?) sedici na jedné z lavicek z’eleznivc’-
d kolejiste.

Obr. 2 Brazilsky turismus, obrdzek z ddlnice Anchieta

Mercator® c. p. 21029 Sao Paulo 17. Cca 1960. [sbirka autori]
Fig. 2 Brazilian tourism, Partial view of the Anchieta-highway
Mercator® c. p. 21029 Sao Paulo 17. Cca 1960. [authors® collection

tratovy usek, je jednokolejny, s typicky ,,ruskym* Sirokym roz-
chodem. [3]

4. JIHOAFRICKA REPUBLIKA - TUNEL U VERULAM

Kréatky tunel (velmi pfibliZznym odhadem jen 25 az 30 m)
v republice Natal, dnes KwaZulu—Natal (obr. 4). Nachdzel se pfi-
blizn€ 25 km severné od Durbanu, na pivodni Zelezniéni trati
mezi pristavem Durban a méstem Verulam. Jednokolejna Zelezni-
ce, urend predevsim pro dopravu cukru do nejvétsiho jihoafric-
kého pristavu pri Indickém ocednu, byla oteviena 1. 9. 1879.
V soucasnosti zobrazeny tunel jiZ neexistuje; vzal za své pri
zdvoukolejnéni a elektrifikaci této Zeleznicni traté. [4]

5. NOVY ZELAND - HOMER TUNEL

Automobilovy tunel na State Highway 94, ktera spojuje Milford
Sound Te Anau s Queenstownem ve vysokohorské oblasti Jizniho
ostrova, nazyvané Fiordland.

Je trasovdn v primé, dokoncen byl jako jednoproudy, neobezdé-
ny (obr. 5). Tunel se vyznacuje mimoradné vysokym podélnym
sklonem (cca 1:10). Béhem stavby bylo tfeba zvladat znacné

Obr. 4 Tunel v blizkost; Verulam
77 1906. [sbirka autor]

Jednokolelnv' tunel, kil 7 F operou. F ohledm €, § postov-
, klasického prurezu, s tuhou P
; ¥
nimi zndmkami netradicné nal, 5

S o epenymi na lici, byla zasldna jen krdtce po ukon-
Fig. 4 The Tunnel near Verulam

77 1906. [authors* collection]

A‘single—track tunnel with a classical cross-sec.
picture card, with postage
posted only shortly after th

: tion, with rigid side-walls. This
stamps ‘unlradmonall y stuck to the front side, was
e end of the Second Boer War.




Obr. 5 Tunel Homer, silnice do Milford Sound, JiZni ostrov, Novy Ze’lal?d
Razba tunelu Homer byla zahdjena v roce 1935 v ramci systému Ye?ejnyvch
praci. V pocitku pracovalo jen pét muZz s lopatar{li a koleékem,. Jejich pocet
byl pozdéji zvysen a az v roce 1946 byla préace pIn¢ mecham%ovana. Tun.el b},/l
prorazen roku 1940 a kompletné dokon&en v roce 1953. To vse by%o r?ahvzova:
no v nadmoiské vyice 915 m n. m., v oblasti s ro¢nimi srazkovymi prumery az
6350 mm. Tunel délky 1,22 km klesd o 122 m. Silnice z tunelu do mesta
Milford Sound sestupuje na délce 19,3 km o 700 m. )
Photography and Printing by Colourview Publications Ltd. Oamaru. ?? [sbirka
autortl] .

Na pohlednici je dobfe zietelné, Ze tunel postrddd obezdivku. Fo/togmﬁe byla,
jak je patrné podle stop reflektorti projizdéjictho vozidla, snimdna s dlouhou
expozici.

Fig. 5 Homer Tunnel, Road to Milford Sound, South Island, New Zealand
The Homer tunnel was started in 1935 under a Public Works scheme employ-

ing five men using shovels and wheelbarrows, this number of men was later
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velmi ohroZena pddem lavin. Vzhledem k neustéle vzrustajicimu
turistickému ruchu je od roku 2005 zpracovan projekt rozsiteni
tunelu, s odhadovanymi naklady 14 az 15 mil. NZ $. [5]

6. NOVY ZELAND - GALERIE V SOUTESCE REKY OTIRA

Galerie je jednou ze soucdsti mostu Otira Viaduct postaveného
v roce 1999. Byla zde zfizena pro zachyceni a svedeni opakova-
ného skalniho ficeni — obr. 6. S timto problémem se setkali jiZ sta-
vitelé puvodni silnice v 60. letech 19. stoleti. Nebylo to vak fese-
no az do zemétreseni roku 1994. To zpusobilo skalni sesuv, ktery
zcela prehradil jak silnici, tak i koryto feky Otira. Pfi naslednych
rekonstrukcich byla, mimo jiné, zfizena i tato galerie. Jeji strop
byl pokryt deskami z tuhého pénového materidlu, slouziciho
k pohlceni energie dopadajicich dlomku horniny. [6]

7. USA — PRUPLAVNI TUNEL LEBANON

Tunel Lebanon, také zndmy jako Union-kandl tunel, je vabec
nejstar§Sim dopravnim tunelem v USA. Pfekonava hreben oddelu-
jici povodi Quittapahilla Creek (potoku Quittapahilla) a Clark’s
Run (Clarkovy feky). Pri stavbé jiz byla hornina rozpojovana ruc-
nim navrtdvdnim a stfelnym prachem — $lo tudiZz o velmi ranou
podobu metody D & B. Tydenni postupy raZeni jsou uddvény aZz
4,6 m. Vnitini 4st tunelu zustala neobezdénd, portély a opérné zdi
pristupu byly provedeny z kamenného zdiva — obr. 7. Prdce byly
zahdjeny v kvétnu 1825 a ukonceny v Cervnu 1827. Celkové
nédklady se udédvaji 30.404,29 US $. Tunel byl puvodné dlouhy
222 m. Roku 1858, pri roz$ifovani kanalu z 2,6 m na 5,2 m, byla
délka sniZena na 190 m.

increased and mechanization was fully
introduced in 1946. The drive was holed
through in 1940 work was completed in
1953. It was carried out at an elevation of
3000 ft. In an area that averages 250
inches of rainfall per year. The tunnel
drops 400 ft. In 3/4 mile and the road from
the tunnel to Milford Sound descends
2300 ft. in 12 miles.

Photography and Printing by Colourview
Publications Ltd. Oamaru. ?? [authors
collection]

It is easy to recognise in the picture card
that the tunnel has no lining. As obvious
from the traces of the passing vehicle
lamps, the picture was taken using long
exposure shooting.

pritoky vody. Prace probihala vel-
mi pomalu, za 2. svétové valky
byla prerusena. Razi¢i spali ve
stanech a nejméné tfi z nich zahy-
nuli pod snéhovymi lavinami.
Roku 1945 znicila snéhové lavina
vychodni portdl. Az do rozsiteni
jeho prurezu §lo o nejdel3i tunel na
svéte vybaveny pouze Stérkovou
vozovkou.

V roce 2002 vyhorel 150 m od
vychodniho portélu turisticky auto-
bus. Béhem nestésti se dva lidé
udusili.

Profil tunelu je sice dostatecny
pro autobus, ale je vylouceno sou-
Casné mijeni dvou vozidel. Pfi
kyvadlovém provozu proto v se-
zon¢ vznikaji ¢asté fronty pri porta-
lech. Cekajici vozidla jsou viak

Obr. 6 Soutéska Feky Otira

Vlevo dole se blizko za viaduktem na vyhlidce Candy's Point nachézi soutéska feky Otira. Karavan po prijezdu
ochrannou galerif prijizdi k Reidovu vodopéadu. Nésleduje Zertovné pojmenovany Mys (Ostroh?) hladovéni.

New Zealand Cards ®. Photography and design Bob Beresford. P.O. box 33-136, Barrington, Christchurch. 2001.
[sbirka autoru]

Prikladnou funkci ochranné konstrukce doklddd kuZel horninovych ilomkii v zariznutém koryté reky Otira pod gale-
rii. Strop galerie je pokryt drobnéjsim uvolnénym materidlem, ktery usmeérnuje pdd fragmentii do soutésky.

Reidiiv vodopdd, Finouct se po prudkém svahu hory Mt Philistine, je jednim z mnoha v této oblasti. Pres silnici je sve-
den ochrannym skluzem. [7]

Fig. 6 The Otira Gorge

Looking down The Otira Gorge, from just past the Viaduct at Candy s Point Lookout. A campervan approaches Reid’s
Fall, after paging under The Rock Shelter. Further down is the cheerfully named Starvation Point.

New Zealand Cards@®. Photography and design Bob Beresford. P.O. box 33-136, Barrington, Christchurch. 2001.
[authors® collection]

The exemplary function of the protective structure is documented by the cone of rock debris in the incised Otira River
bed under the shelter. The roof of the shelter is covered with loose material, which streamlines the fall of fragments
down the gorge.

Reid’s Fall, sluicing down the steep slope of Mt Philistine, is one of many in this area. It crosses the road on a pro-
tective shoot. [7]
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jstarsi Pennsylvania
Obr. 7 Nejstarsi tunel v USA Lebanon, enn )
C.E. Wh!:]ock & Co., Peoria, I1l. and Leipzig. Kolorovana fotog

1900. [sbirka autorti]
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Na snimku z prelomu IX.a XX.s iZni portdl tunet né J -
zeni portdlového zdiva a také Edstecné Ziiceni opérnych Z,dl prlstupu./Vk i
Casné dobé je prisluenstvi tunelu komplexné zrestaurované a upraveny o o
terén je porostly stromy.

i ] U. S. Lebanon, Pa
Fig. 7 The oldest Tunnel in the bar -
€ gE Whelock & Co., Peoria, Ill. and Leipzig. Coloured picture. Around 1900.
authors® collection] - I .,
[There is the tunnel portal South in the picture from the turn ()f the ]l9 ancleI(;w
century. The heavily damaged portal masonry and the partial col lapse of th
ainin, / i esSori-
ini alls , aecess are obvious. At the moment, the tunnel acc
retaining walls at the access are ¢ fiz oy c tunnel accessor:
es are completely restored and the surrounding finished terrain is overgr ow

rafie. Okolo

1. je jizni portdl funelu. Patrné je silné posko-

with trees.

Uzavreni dopravy na Union kandlu (tedy i tunelu) v roce 1885
zapriCinily jeho nédkladné opravy, trvalé problémy s vodou,
a predevsim dokonceni Zeleznice roku 1857.

Jiz od roku 1930 je snaha tunel obnovit. V roce 1950, resp. 1992
(severni strana), byl tunel v&etné prilehlych pozemku vykoupen.
Rekonstrukce probéhla 1998-2000 (severni strana 2005-2006).
Roku 1994 byl tunel zafazen mezi Ndrodni kulturni pamétky.
[8,9]

8. USA — TUNEL ALLEGHENY

Pavodné byl tento tunel zamyslen jako Zelezni¢ni, k realizaci
Zeleznice vSak nedoSlo. DuleZitd silni¢ni trasa prochdzi tunely
délky 1850 m pod stejnojmennymi horami. Zapadni tunel byl sta-
vén v letech 1938 az 1940, s jednim jizdnim pruhem pro kazdy
smér. Velké zvyseni provozu si vyZadalo roku 1965 otevieni 2.
(vychodniho) tunelu. Soubézné s tim byl starsi tunel rekonstruo-
van. V kazdém sméru maji tunelové trouby po dvou jizdnich pru-
zich — obr. 8. V letech 19871988 byly tunely zdsadné rehabilito-
vany. V letech 1995-1996 byl zjistén jejich zhorSujici se stav. To
vedlo k vypracovani 6 alternativ feSeni (ipravy trasy, nové tunely,
rekonstrukce ptuvodnich etc.). V soucasné dob€ jsou tyto moznos-
ti hodnoceny. Dnesni dopravni zatiZeni ¢inf cca 11 mil. automobi-
lu/rok. [10, 11]

9. USA — TUNELY NA MOFFATOVE ZELEZNICI

Tunely na Zeleznici pojmenované po podnikateli Davidu
Moffatovi. Jeho zdmérem bylo spojit Denver (Colorado) a Salt
Lake City (Utah) Zeleznici pojmenovanou puvodné NW & P
Railway, pozdéji Denver & Salt Lake. Za jeho Zivota zustal tento
velkorysy plan torzem.

Bezejmenné tunely na prezentované pohlednici (obr. 9) jsou
oznaceny &isly 35, 36 a 37. Pomdhaji prevést Zeleznici asi 5 km
dlouhym a 300 m hlubokym kanonem Gore. Ten se nachdzi na
hornim toku feky Colorado, v jihozdpadni ¢asti Grand Couty,
zhruba v centrdlni ¢ésti stdtu Colorado. Tunely byly prorazeny

Obr. 8 Allegheny tunel
Silnice Pennsylvania otevirg cest
tunelem a zrychluje cestovéni.

Published by Pennsylvania Beauty Vi
) y Views, 109 W. Caracas Ave., Hershey, P
](\I]o]or by M{kfa .Roberts, Berkeley, Calif. 94710. Okolo 19707 [sbirka aui]érﬁf]mn.
a pohlednici jsou vychodni tunelové portly.
Fig. 8 The Allegheny tunnel on th

;Fhe Pennsy‘lvanifi Tump-ike oves travelers beauty in its mountains as well as
Pastt)f[:f traveting, features in the newly constructed tunnel facilities.
ublished by Pennsylvania Beauty Views, 109 W. Caracas Ave., Hershey, Penn

Coloured by Mike Roberts, Berke alif
i erts, Berkeley, Calif. 94710. Around 1970? [author’s col-

There are the eastern tunne

ujicim krdsu svych hor nove vybudovanym

e Pennsylvania

L portals in the picture.

v roce 1907. Délka celého tratového udseku Gore je uddvdna
2050 m, tunely €. 35 a 36 jsou dlouhé 70 m, tunel ¢. 37 jen 41 m.
Tunely byly patrné puvodné neobezdéné, dnes jsou, stejné jako
jejich portdly, opatfené kamennou vyzdivkou.

Vzhledem k nestabilni povaze horninového masivu v kanonu
jsou zde skalni ficeni béznd. Byly proto zfizeny elektrické popla-
chové ploty. Pokud by padajici horninovy tlomek zavadil

o nastrazené drdty, alarm automaticky zastavi provoz. Vedle toho
vlaky kanonem projizdi snizenou rychlosti 20 az 25 mil/hod (cca
32 az 40 km/hod). [12]

Gore Canon Moffat Road Coloradb

Obr. 9 311 Tunely ¢&islo 35, 36 a 37 Goreho kation Moffatova Zeleznice
Colorado

Thayer Publishing co. Denver. 1910. [sbirka autori]

Gore Canon — sprdvné Gore Canyon! Jeden z mnoha karion reky Colorado.
Divoky vodni tok zde klesd cca o 90 m; byl poprvé splut na raftu az roku 1970.
Fig. 9 311 Tunnels Nos. 35, 36 and 37 on Gore Canyon Moffad Railroad,
Colorado '
Thayer Publishing co. Denver. 1910. [authors collection]

Gore Canon — correctly Gore Canyon! One of many Colorado River canyons.
The wild water siream descends 90 metres; the first raft flew down the river
only in 1970. *




Mitehsll’s Point Tunnel. Columbio River Highway, Oregon

Obr. 10 Tunel Mitchelliv ostroh, Silnice Feky Columbia, Oregon
Mitchell&v tunel ma pét boénich oken, ze kterych je krasny vyhled na mohut-

nou feku Columbii.
© Cross & Dimmitt. Angelus Commercial Studio, Portland, Oregon. Okolo

19207 [sbirka autort] 4
Fig. 10 Mitchell Point Tunnel, Columbia River Highway, Oregvn A
Mitchell Tunnel has five side openings or windows out of which a beautiful

view of the mighty Columbia River may be obtained.
© Cross & Dimmitt. Angelus Commercial Studio, Portland, Oregon. Around

1920? [author’s collection]

10. USA = TUNEL V MITCHELLOVE OSTROHU

Tunel (z dnesniho pohledu spiSe galerie) ve stité Oregon, ve
skalnim ostrohu, pojmenovaném podle trapera a lovce Mitchella.
Byl vybudovan roku 1915. Razba probihala v pevnych bazaltech
metodou D & B, bez obezdivky. Byl 119 m dlouhy, 5,5 m Siroky
a 5,8 m vysoky (podle standardu 1915). K fece Columbia bylo
otevieno pét mohutnych klenutych oken 6,1 x 9,15 m, pfi tl. stény
1,8 m (obr. 10).

Jiz ve 30. letech 20. stol. byl nutnosti kyvadlovy provoz.
Nicméné az do konce roku 1954 tudy byla vedena hlavni silnice.
Nasledné byl tunel nahrazen silnici pfi pat¢ Mitchell Point (Route
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30). VSech pét charakteristickych oken tunelu bylo zazdéno
a tunel byl zaplnén horninovym materidlem. Az do roku 1966 tak
zustal tunel uzavieny. Poté byl, v souvislosti s rozsifenim silnice
Interstate 84, zcela zni¢en. Jako relikt po ném zustaly jen tzké
fimsy/lavi¢ky puvodnich zdpadnich a vychodnich pristupt, 60 m
nad dnesni komunikaci.

Z historickych duvodu dnes uvazuje Oregonsky vybor dopravy

0 obnoveni tunelu. [13, 14]

ZAVER

Jak je patrné, i v pro nds az velmi vzdédlenych zemich se nacha-
zeji ¢i nachdzely zajimavé liniové podzemni stavby. O nékterych
t€chto tunelech bylo velmi obtiZzné ziskat nejen relevantni, ale
Casto vubec néjaké ddaje, a to i v dnesnf ,,informacni* spole€nos-
ti. Stale je prekvapujici, Ze se tyto podzemni stavby staly nimétem
i tak bézného predmétu, jakym je pohlednice. A je soucasné také
velmi inspirativni, Ze fada z té€ch starSich tuneli (predevSim
v USA), kterd byla ve své dobé predmétem obdivu, se dnes (jak
odligné vzhledem ke stavu v CR) stdva pamétkou technické histo-
rie a véci primé pamdatkové ochrany.

doc. Ing. VLADISLAV HORAK, CSc.,
Ing. RICHARD SVOBODA, Ph.D.,
Ing. TOMAS VRANA

Podékovdni: Prispevek byl vypracovdn s finanéni pomoci EU
,,OP Vyzkum a vyvoj pro inovace*“, projekt reg. ¢. CZ.1.05/2.1 .-
00/03.0097, v rdmci cinnosti regiondlniho centra AdMaS
,, Pokrocilé stavebni materidly, konstrukce a technologie*
a programu Centra kompetence Technologické agentury Ceské
republiky (TACR) v rdmci projektu Centrum pro efektivni
a udrfitelnou dopravni infrastrukturu (CESTI), cislo projektu
TE01020168.
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ZPRAVODAJSTVI CESKE TUNELARSKE ASOCIACE ITA-AITES
CZECH TUNNELLING ASSOCIATION ITA-AITES REPORT

www.ita-aites.cz

ODBORNY ZAJEZD CZTA ITA-AITES
ITA-AITES CZTA TECHNICAL TRIP

This year, the ITA-AITES Czech Tunnelling Association
again organised the traditional technical trip. It consisted of
three excursions to tunnel construction sites in Slovakia.
This year the excursions were took place atypically during
the pre-holiday period, from 18th to 20th June. The trip was
attended by 25 persons from individual member organisati-
ons of the association. They visited, step by step, the
Povazsky Chlmec, Zilina and Ov¢&iarsko tunnels.

Ceska tunelaiskd asociace ITA-AITES usporadala letos opét
tradi¢ni odborny zdjezd, jehoZ ndpln tvorily celkem tri exkur-
ze na tunelové stavby na Slovensku razené pomoci NRTM.
Tento rok se konal netypicky v predprazdninovém obdobi od
18. do 20. Cervna. Zicastnilo se jej 25 lidi z jednotlivych ¢len-
skych organizaci asociace.

Prvni exkurze se konala ihned po pfijezdu na Slovensko ve
¢tvrtek 18. Cervna na stavbu tunelu Povazsky Chlmec. Jedna
se o dvoutroubovy délni¢ni tunel, ktery je soucasti useku D3
Zilina (StrdZov) — Zilina (Brodno). Délka tunelu je projekto-
vana na 2250 m a termin uvedeni do provozu se predpoklada
v Cervnu 2017. Jeho zdpadni portdl navazuje na mostni esta-
kddu pres vodni nddrz HriCov délky 1493 m. Trasa za
vychodnim portdlem pokracuje smérové rozdélenym mostem
pres feku Kysucu.

Prohlidka byla zahdjena na zarizeni stavenisté u stredové
stavebni jamy. Nejprve stavbyvedouci Ing. Viktor Petras ze
spole¢nosti HOCHTIEF CZ a. s. podal zdkladni informace
o stavbé, pak nésledovala vlastni prohlidka vSech ¢tyr Celeb
razenych ze stfedové jamy. Napjaty Casovy harmonogram
vystavby si vyzddal otevieni az celkem osmi Celeb, coZ je
u tunelu délky néco madlo pres dva kilometry netypické. Nyni
probihaji razby na Sesti ¢elbach, dvé ¢elby budou otevieny po
dokonceni stavebni jamy na vychodnim portdle. Toto s sebou

Obr. 1 Tunel Povazsky Chlmec, stiedovd jama, jiZni tunelovd trouba
Fig. 1 The PovaZsky Chlmec tunnel, central portal, southern tunnel tube

nese samoziejmé dal§i vyzvy a rizika spojend nejen
s vysokou akumulaci pracovniku i mechanizmu na stavenisti,
(portédly severni tunelové trouby jsou ve stfedové stavebni
jame od sebe vzdédleny jen 12 m), ale i dalS$i problémy
s nedostatkem pracovnikd i stavebnich stroju, protoZe na
Slovensku je v soucasnosti velky boom v oblasti podzemniho
stavitelstvi. Potom se jiZ v§ichni pfesunuli k zdpadnimu por-
tdlu, kde si prohlédli dalSi ¢ast stavby. Exkurze byla zakon-
Cena v budové feditelstvi stavby, kde se dcastnikum vénoval
vyrobni feditel ,ZdruZenia Zilina (Strdzov) — Zilina
(Brodno)“ Ing. Antonin Petko a sdélil jim mnoho dalSich
tdaju a zodpovédél jejich otdzky. Vice informaci o této stav-
be lze nalézt v Clancich tohoto &isla Casopisu Tunel, odbor-
nému zajezdu je také vénovana fotoreportdz.

Po skonceni prvni exkurze se jiz uastnici presunuli do
Ziliny, kde bylo zaji§téno ubytovani a pak se uskute¢nilo jed-
nani redakéni rady, na kterém se projednédvala priprava toho-
to ¢isla Tunelu, které je z velké ¢dsti pravé vénovano tunelo-
vym stavbdm na Slovensku.

Druhy den byly naplanovdny exkurze dve, nejprve na tunel
Zilina a pak na tunel Ové&iarsko. Tyto tunely se nachazeji na
nove budovaném useku D1 Hricovské Podhradie — Lietavska
Lacka. Tunel Ovéiarsko ma délku 2367 m, tunel Zilina je
kratsi, bude dlouhy 651 m. BohuZel od rdna neprédlo pocasi,
silné desté komplikovaly nejen dopravu autobusem po sta-
veniStich, ale i vlastni prohlidky. Pri exkurzich na oba tune-
ly se tcastnikim vénoval Ing. Stanislav Sibert, ¢len feditel-
stvi stavby D1 Hricovské Podhradie — Lietavska Lucka.

Exkurze na Tunelu Zilina byla zahdjena u zdpadnich portali
opét sezndmenim se zdkladnimi daty o stavbé. Pak uz se v§ich-
ni presunuli k portdlum a prohlédli si obé &elby. MEli moZnost
presvédcit se o opravdu komplikovanych geologickych pod-
minkdch na stavenisti, které tolik pusobi zhotovitelim potiZe.

Obr. 2 Tunel Povazsky Chlmec, stiedovd jama, severni tunelovd trouba
Fig. 2 The Povazsky Chlmec tunnel, central portal, northern tunnel tube
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Obr. 3 Celba tunelu Zilina
Fig. 3 The Zilina tunnel face

Skute¢né zastizené geotechnické podminky si vynutily pou-
7iti specidlnich opatieni pro zajiténi stability dila. Celba
kaloty je zajiStovana sklolamindtovymi kotvami délky 16 m
az 20 m v poctu az 70 ks. Obvod kaloty je stabilizovan po
obvodu jehlovanim. Razba probiha tunelovym bagrem
s horizontdlnim ¢lenénim na kalotu, opéfi a dno. Zaborovani
celého tunelu az o 18 cm vyZaduje rychlé uzavirani profilu
spodni klenbou. Vzhledem k povétrnostnim podminkam si
Ucastnici exkurze prohlédli vychodni portdly tuneld pouze
z autobusu. V soucasné dobé probihd jejich hloubeni
a zajiStovani stability svahu stavebni jamy.

Dalsi cast pate¢niho programu pokracovala na tunelu
Ovciarsko délky 2367 m. Exkurze byla zahdjena u zdpad-
nich portdlt opét poddnim struénych informaci od zdstupcu
dodavatelské firmy Uranpres, kterd provadi razbu. Poté jiz
bylo moZno absolvovat prohlidku tunelové trouby, ve které
pravé neprobihalo odtéZovani rubaniny. Usekem vyrazenym
jiz v kaloté i opéri dosli tcastnici exkurze do mista prvni
tunelové propojky. V prubéhu prohlidky zdstupci zhotovite-
le odpovidali na technické dotazy. Témér poloviné Gcastni-
ki byla umoZnéna i prohlidka jeden kilometr vzddlené
Celby, na kterou byli postupné odvezeni osobnim automobi-
lem. Celba kaloty je typickou ukdzkou razby tunelu ve fly-
Sovém souvrstvi. V profilu kaloty byla vidét i pruzkumnd
Stola.

Diky hladkému prubéhu pate¢nich exkurzi zbyl &as i na
nav§tévu hradu Stre¢no, ktery se ty¢i nad fekou Vih.

VALNE SHROMAZDENI CZTA ITA-AITES
GENERAL ASSEMBLY OF THE ITA-AITES CZTA

The General Assembly of the ITA-AITES Czech Tunnelling
Association was held on Wednesday the 10th June 2015 at
OlSanka hotel, Tdboritskd 23, Prague 3. Important representa-
tives of the Czech underground construction industry were
appreciated at the beginning of the negotiations. The General
Assembly awarded commemorative medals for contribution
to the Czech underground construction industry to
doc. Ing. Vladislav Hordk, CSc. and Ing. Jifi RuZi¢ka. The
third medal was awarded in memoriam to RNDr. Otakar
Tesafr, DrSc. In his report on the CzTA activities from the pre-
vious General Assembly held on the 4th June 2014,

Obr. 4 Tunel Ovéiarsko, éelba s pruzkumnou $tolou
Fig. 4 The Ovciarsko tunnel, the face with the exploratory gallery

Obr. 5 Zacdtek navazujici estakddy u zdpadniho portdlu tunelu Ovciarsko
Fig. 5 The beginning of the elevated highway near the Ovciarsko tunnel portal

PrestoZe se letos dcastnilo mdlo zdjemcu, ohlasy nékterych
z nich sveédéi o tom, Ze exkurze na stavby slovenskych tune-
It byly pro né piinosem.

Velky dik za zajiS§téni prohlidek patfi spoleénostem
HOCHTIEF CZ a. s., Metrostav a. s., ddle pracovnikum, kte-
i exkurze na misté provadeli. Vlastni zajisténi exkurzi mél
na starosti Ing. David Cyron a Ing. Libor Marik.

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

Ing. Hrdina stated that the association activities successfully
continued in the full scope. Last year, the preparations of the
13th international conference Underground Construction
Prague 2016 got fully underway. In addition, the attendees
were acquainted with the main activities of the association
planned for 2015, with the publication of TUNEL journal,
holding the Tunnel Afternoons and a technical excursion
among them. Doc. HrubeSova informed the General Assembly
attendees about the results of the student competition.
Ing. Vrana from the Brno University of Technology, Faculty
of Civil Engineering with his diploma thesis titled The design



for a secondary urban utility tunnel with stress put on protec-
tion against infiltration of groundwater was placed first.
Ing. Bardnek from the Czech Technical University in Prague,
Faculty of Civil Engineering, with the topic Hosin tunnel
design was placed second. The third place belongs to
Ing. Holi§ from the VSB - Technical University of Ostrava,
Faculty of Civil Engineering, who processed the topic of his
diploma thesis Experimental determination of resistance of
encapsulated rock bolts. Ing. Butovic¢ informed about the con-
tinuation of the preparation of the UC 2016 conference. The
13th conference will be held at Clarion hotel, Prague, from
23rd through to 25th May 2016 and will be connected with the
3rd East European Tunnel Conference 2016 (EETC 2016).

Valné shromézdéni Ceské tuneldiské asociace ITA-AITES
se konalo ve stredu 10. ervna 2015 v hotelu OlSanka,
Taboritskd 23, Praha 3. Jedndni zahdjil a fidil predseda CzTA
Ing. Ivan Hrdina.

Mezi prvnimi body valného shroméazdéni bylo zarazeno
ocenéni vyznamnych piedstaviteli ¢eského podzemniho sta-
vitelstvi. Na navrh pfedsednictva byly valnym shromdzdénim
udéleny pamétni medaile CzTA. Predseda CzTA Ing. Hrdina
predal pamétni medaili doc. Ing. Vladislavu Hordkovi, CSc.
a Ing. Jifimu RuZi¢kovi. Treti medaile byla udélena in memo-
riam RNDr. Otakaru Tesafovi, DrSc., prevzala ji pani
Tesarova.

Ve zpréave o ¢innosti CzZTA od minulého valného shromézde-
ni konaného dne 4. ¢ervna 2014 Ing. Hrdina konstatoval, Ze se
podarilo i pres nelehkou ekonomickou situaci pokracovat
v plné §ifi v aktivitdch asociace (vydavéani Casopisu Tunel,
pordddni Tunelarskych odpoledni a odborného zéjezdu).
V minulém roce se jiZ také naplno rozbéhla priprava 13. roéni-
ku mezinarodni konference Podzemni stavby Praha 2016. Také
ocenil tdmér nezménénou ¢lenskou zédkladnu a to, Ze ¢lenové
asociace jeji ¢innost nadédle podporuji v nezmensené mire.

Ze zpravy o hospodafeni asociace, kterou prednesl
Ing. Viaclav Soukup, vyplynulo, Ze v roce 2014 byl vysledek
hospodareni asociace velmi priznivy, podarilo se dosdhnout
zisku, coZ bylo zpusobeno nejen dsporami, ale i uhrazenim
nedobytnych pohleddvek z minulych let. Pro zachovéni cel-
kové Site aktivit asociace navrhlo predsednictvo rozpocet na
rok 2015 se ztratou 124,99 tis. K&, kterd bude cCerpdna
z rezervy tvorené ziskem konference PS 2013.

Dale byli pfitomni sezndmeni s hlavnimi aktivitami asocia-
ce pldnovanymi na rok 2015, kam opét patfi vyddvani casopi-
su Tunel, poradani Tunelaiskych odpoledni a odborného
zéjezdu.

Pak pokracovala doc. HrubeSov4, kterd sezndmila tcastniky
valného shromdzdéni s vysledkem studentské soutéze.
Komise pro vyhodnoceni studentské soutéze o nejlepsi diplo-
movou praci z oblasti podzemnich staveb za rok 2014 vybra-
la ndsledujici prace. Na prvnim misté se umistil Ing. Tomds
Vréna s diplomovou praci na téma Ndvrh sekunddrniho mést-
ského kolektoru s durazem na ochranu pred prinikem pod-
zemni vody z VUT FAST. Druhé misto obsadil Ing. Tomas
Baranek s tématem Ndvrh tunelu Hosin z CVUT v Praze FSv.
Treti misto patii Ing. Jaroslavu HoliSovi, ktery v rdmci své
diplomové prace zpracoval téma Experimentdlni stanoveni
linosnosti tmelenych svornikii. Studia absolvoval na VSB TU
FAST. Ocenénym poblahoprdl a predal odménu predseda
CzTA Ing. Hrdina.

24. rocnik - €. 3/2015

Predseda CzTA Ing. Ivan Hrdina preddvd pamétni medaili doc. Ing.
Vladislavu Hordkovi, CSc.

Ing. Ivan Hrdina, the chairman of the CzTA, is handing over the CzTA medal
to doc. Ing. Viadislav Hordk, CSc.

Poté vystoupil Ing. Alexandr Butovi¢, Ph.D., predseda pri-
pravného vyboru konference PS 2016, aby informoval
o pokraCovdni pripravy této konference. Pripomnél, Ze se 13.
ro¢nik bude konat 23.-25. kvétna 2016 v hotelu Clarion
v Praze a bude spojen s 3. Vychodoevropskou tuneldiskou
konferenci 2016 (EETC 2016). Seznamil pritomné se sloze-
nim pfipravného vyboru a védecké rady, s terminy spojenymi
s konferenci. Konference méd samostatné webové stranky
www.pspraha.cz a www.ucprague.com. Déle oznamil rozd¢le-
ni do sekci, uvedl podporujici organizace a stav sponzoringu.
Vyzval zéastupce ¢lenskych organizaci k podpore konference
vysldnim dc¢astniku i sponzoringem.

K bodu ¢innost pribuznych spole¢nosti si Ing. Smolik pri-
pravil informace o &innosti sekce Tunely Ceské silni¢ni spo-
le¢nosti.

Pred zdvérem jednéni informoval predseda CzTA Ing. Ivan
Hrdina o neddvno probéhlém WTC 2015, které se konalo
v chorvatském Dubrovniku. O slovo se prihlasil Ing. Martin
Stb, ktery uvedl nékteré postiehy, které neprispély k dobrému
jménu svétového tuneldfského kongresu.

Valné shromazdéni prijalo nakonec toto usneseni:

1. Valné shromdzdéni schvaluje zprdvu predsedy o ¢innosti
asociace v obdobi od minulého valného shroméazdéni,
které se konalo 4. ¢ervna 2014.

2. Valné shromazdéni schvaluje hospodafeni asociace za
rok 2014 a navrh rozpoctu na rok 2015.

3. Valné shromdzdéni vzalo kladné na védomi hlavni aktivi-
ty CzTA v roce 2015:

e porddani Tunelarskych odpoledni a odborného zdjezdu;
e edi¢ni plan Casopisu Tunel;
e pfipravu mezinarodni konference PS 2016.

V rdmci odborného programu, ktery ndsledoval po ukonce-
ni jednani valného shromdzdéni, prednesl Ing. Vaclav Soukup
informaci o zahrani¢nich aktivitdch skupiny Metrostav a. s.

Ing. MARKETA PRUSKOVA, Ph.D.,
pruskova@ita-aites.cz,
CzTA ITA-AITES, z. s.
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» Vystavba a rekonstrukcia podzemnych stavieb

(cestné, dialnicné, Zeleznicné tunely, podzemné hydroelekirarne, prieskumné a tnikové téine, podzemné objekty pre
vodohospodarske stavby, velkopriestorové podzemné diela a iné)

o Vystavba a rekonstrukcia inzinierskych stavieb

(kanalizacie, COV, vodovody, vodojemy, revitalizacie verejnych priestranstiev a namesti, skiadky TKO, protipovodiiové
ochranné opatrenia a iné)

Nase stavby menia vas svet ...





